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KETEODS FOR PRODUCING- ENHANCED ANTIGENIC ENTERIC :
U BACTERIA AND VACCINES COMPRISING SAﬁE

This application is. a contlnuatlon-zn-part of. co-pendluq
s application serial no." 08/318 409 filed 0ctober 5 1994.

1 EIELD )3 THE INVENTIO

Thls iuvention relates generally to in vitro methods for
10 inducing or enhancing expression of enteric bacterial antxgens
and/or V1ru1ence factors thereby produd1ng antigenically
enhanced enterzc bacteria, to methdds for using antigenically
enhanced enterlc bacterla and to vacclnes comprising
antlgenlcglly enhanced enteric bacterla.

15

. 2 BACKGROUND OF THE INVENTION
It is widely recognized that bacteria cultured in vitro
using conventional media and conditions express
characteristics .that are different from the characteristics
20 expfessed during growth in their natural habitats, which
includes in vivo growth of normal microflora or pathogens in
an animal host. Therefore, such in vitro grown pathogenic
bacteria might not be good for use as vaccine components.
However, if it were possible to defiﬁe conditions that trigger

25 or enhance expression of virulence factors, welevant
physiology, or anfigens including outer-surrface antigens then
important pfpducts and therapeutics (e.g., new antigens for
vaccines, new targets for antibiotics, and novel bacterial
characteristics for diagnosti¢ applications) could be fapidly

30 identified. ;
Several environmental factors have been identified which

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

35 between iron and virulence of bacteria, in particular Shigella
{(Payne, Mol. MicroBiol., 3:1301-1306, 1989), Neisseria (Payne
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and Finkelstein, J. Clin. ulcroblol., .63 293-297, 1977) and
.Rasteurella (Gilmour, et al.,. Vaccxne, 93 137—140, 1991) .,

" other env1ronmenta1 signals that have. been. shown to
control: the expression of coordinately‘regulated vzrulence

_determxnants of a wide variety of . bacterla in plants gnd
.animals 1nc1ude phenolic compounds, monosaccharlde, amino

acids, temperature, osmolarity, and other ions (Mekalanos, J.
Ba riol., 174:1<7, 1992). e

Bacterial pathogens that- enter an anlmal host through the
intestine (i €.y ‘oral route) encounter numerous host ' .
env1ronment components and condltxons that may affect
bacterial physiology and expreSSion of virulence factors.
These components and conditions include bile, bile acids .or
salts, stomach pH, m1croaerophilllc conditions (the intestine
has high C0,, and low 0,), 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, 1590)}. = Therefore,
bacteria may optimally produce these invasive factors only in
response to certain environmental signals not ordinarily
present in vitro. This hypothesis is supported by the recent
report that antisera raised aéainst conventionally grown C.
jejuni had only a marginal effect on blocking in vitro
internalization (Konkel, et al., J. Infect, Dis., 168:948-954,
1993). However, immunization of rabbits with extracts of
Campylobacter grown in the presence of: epithelial cell
monolayers, a condition enhanoing invasiveness, resulted in
production of an antiserun that markedly inhibited the
internalization of the bacteria. . .

Researchers have been studying growth of bacteria in the
intestinal environment to identify relevant virulence factors.
For example, Campylobacter strain 81-176 grown in rabbit ileal
loops expresses proteins not expressed under conventional
laboratory in vitro culture conditions (Panigrahi, et al.,
Infect. Immun., 60:4938-4944, 1992}). New or enhanced
synthesis of proteins has been seen in Canmpylobacter
cultivated with INT 407 cell monolayers as compared to
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bacteria cultured in ‘the absence. of the epithelial cells

_(Konkel et al.,_g. Infect.. gis., 168 948-954, 1993).

Furthermore, these changes Were temporally assocrated with
increased inyasiveness of c. Jejuni. Other changes such as.
cellular, morphclogy, -loss of flagella, expression of a new
outer membrane’ protein and- alteration in cell-surface
carbohydrates wvere 1nduced or enhanced in an’ avzrulent strain

- of C. jejuni when passed intraVenously and’ chorio-
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' allant01cally through chick embryos (Field et al., J. ﬁéd.__

EICZObiolf. 38:293-300, 1993)

other 1ntestinal components, such as bile acids or salts,
are known to be inhibitory for some ‘bacteria, but the bile
acids may play another role by affecting v1rulence expresszon
by the bacterium. '

Pope and Payne (93rd Am. Soc. Microbiol., B-147, 1993)
reported that Shigella flexneri cultured in broth containing

" sodium chenodeoxycholate demonstrated 3 to S§-fold enhanced
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infectivity of Hela cell monolayers. They reported, however,
that other bile salts and detergents including cholate,
glycocholate, taurodeoxycholate, the CHAPS series, digitonin
and Triton X100 and sodium salts thereof, had no effect on the
invasiveness of S. flexneri. Moreover, their broth containing
chenodeoxycholate also had no effect on the invasiveness of E.
coli or other avirulent strains of Shigella.

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

PCT application publication number WO 93/22423, published
November 11, 1993, discloses methods for growing bacteria on
lipids, such as phosphatidylserine, or mucus and for the
isolation of proteins whose expression is enhanced by growth
in the presence of phosphatidylserine. This reference neither
discloses nor suggests methods of the present invention for
producing enteric bacteria having enhanced virulence or
antigenic properties.

Vaccines against many enteric pathogens, such as
Ccampylobacter and Shigella, are not yet available but the
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impqrtant goal._ shiqellosxs is endemxc throughout ‘the world
and in deveioping countries. 1t accounts for about 10 percent
of the S mllllon chlldhood deaths annually due to dlarrhea.
Campylobacter, although only recently 1dent1f1ed aé an enterzc

-pathqgen is. now recognized as dne “of the ma]or causes of -
'diarrheal dzsease in both the developed and underdevelcped

countrles. An estimated 400 to 500 mlllzon cangylobacter
diarrhéas occur yearly, and over 2 milllon cases _occur in the
United States. ’ )

’ Shigellosis is & consequence of bacterial invasion of the
colonic mucosa. The invasion is associated v1th the presenCe
of a plasmid found in'all invasive isolates (Sansonett1 et
al., Infect. Immun., "35:852-860, 1982). A fragment of thls
plasmid contains the invasion plasmld antlgen (Ipa) genes, Ipa

A, =B, -C, and -D. Ipa B, -C, and -p proteins are essent1al

for the entry process (Baudry et al., J. Gen. Microbiol.,
133:3403-3413, 1987) .

Ipa proteins are logical vaccine candidates although
their protective efficacy has not been clearly established.
Ipa B and Ipa C are immunodoninant proteins (Hale, et al.,
Infect. Immun., 50:620-629, 1985). furthermore, the 62 kDa
Ipa B protein (the invasin that initiates cell entry and
functions'in the lysis of the membrane-bound phagocytic
vacuole) (High, et al., EMBO J., 11:1991-1999, 1992} is highly
conserved among Shigella species. The prolonged illness
observed in malnourished children who have no significant
mucosal antibody to shigellé Ipa suggests that the presence of’
mucosal antibody to Ipa may limit the spread and severity of

infection.
Though a number of vaccine candidates for Shigella have

been tested in animals and humans, a successful one has not
been found. In spite of the potential significance 6f Ipa

‘proteins in virulence, most vaccine candidates developed

against shigellosis are based on the lipopolysaccharide

antigen, which carries the serotype-specific determinants. A

parenterally administered polysaccharide-protein conjugate
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vaccine has also’ been developed, but is yet to show

sxgnificant protection in animals (Robbins et. al.,-g- | znﬁ. ,
Qis., 13: 5362-365, 1991) A simiiarly admznistered rihosomal

vaccine does 1nduCe mncosal immnnity, but 1ts protectlve

.efflcacy remains to be demonstrated (Levenson et al.,-Arch.U

.Allg:gz Agg; meunol., ‘872 25-31, 1988).‘

" The ‘pathogenesis of: Campylobacter infections is not as

well understood as .that of Shigella 1nfections. Cell invasion

studies in vitro (Konkel, et al., J. Infect. D;s., 168 948~
954, 1993} and histopathologic examxnatlons (Russell, et al.,

‘J. Ynfect. QIS., 168:210-215, 1993) suggest that colonic

invasion is also important. - This conclusion is consistent
with the observation that.diarrheéa caused by Campylobacter may
be severe and associated with blood in.the stool. These
activities may be associated with the 1mmunodom1nant 62 kDa
flagellin protein. A recent report indicates that the
presence of flagella is essential for Campylobacter to cross
polarized epithelial cell monolayers (Grant et al., Infect.
Imnmtn., 61:1764-1771, 1993). ' :

No specific Campylobacter antigens have been established
as protective. However, the low molecular weight (28-31 kDa)
proteins, or PEB proteins, and the immunodominant flagellar
protein are thought to hold nromise in this regard (Pavlovskis
et al., Infect. Immun., 59:2259-2264, 1992; Blaser and
Gotschilch, J. Bio. Chem., 265:14529-14535, 1990}. The
importance of the flagellar protein is indicated by its
association with colonization of the intestine and with the
cross-strain protection against infection within Lior
subgroups (Pavlovskis et ai., nfect. Ymmun., $9:2259-2264,
1992). However, a flagella protein based Campylobacter
vaccine may have to include the flagella protein-.antigen from
the 8-10 most clinically relevant Lior serogroups.

Therefore, objects of the present invention inc;ude 1) in
vitro culture conditions for culturing or treating enteric
bacteria which optimally induce or enhance invasive activities
andfor certain cellular characteristics including cell surface
characteristics; 2) correlated altered invasiveness or
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cellular characterlstics including‘surface characterlstics ’

with changes in antigenic prcfiles, 3) increased virulence of.
these organisms in small an1ma1 models, and 4y antisera : '
agalnst organisms with enhanced invasiveness or altered
characterlstics including surface Characterzstics that- are

. more effectlve 1n neutralizxng live organxsms used for in .
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vitro or in vzvo challenges than antisera prepared against _
conventionally grown bacterla. This inVentlon addresses these
needs and others. . s R ,

_ None ‘of the references discussed above teach'or squest
the zn vitro methods of the _present inventxon nor the vaccines
of the present invention comprislng antagenically enhanced '

. enteric bacteria. Citation or identificatibn of any reference

in this section or any other section of- thls appllcatlon shall
not be construed as indicative that such reference is
available as prior art to the invention.

3 SUMMARY OF THE YNVENTION

This invention provides defined culture conditions and
components incorporated inte growth media of enteric bacteria
to induce or enhance the presence of virulence factors and
other antigens. Preferably, such antigens are immunogenic.
More preferably, such immunogenic antigens correlate with
indices of virulénce.

Enteric bacteria are grown in the presence of conditions
and components simulating certain in vivo conditions to which
the organisms are exposed in nature. Methods of the present
invention produce antigenically enhanced enteric bacteria with
phenotypic changes such as increased total protein per cell,
new or increased individual proteins, altered or increased
surface carbohydrates, altered surface lipopolysaccharides,
increased adhesive ability, increased invasive ability and/or
increased intracellular swarming.  Moreover, methods of the
present invention are adaptable to practical scale-up
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 vaccines, or for diagnostic purposes such as . for .
.the production of antibodies and detection of pathogenic

'enteric hacteria or to produce antibiotics. Further, the
'antibodies induced by the enhanced enteric bacteria of the

present inVention may be used aé pa551ve vaccines.
Therefore, an object of. the present invention is a method"

for producing enteric bacteria selected-from.the group
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'consisting of Campylobacter sp,, Yersinia. sp,, Helicobacter

sp., Gastrospirillum sp., Bacteroides sp., KIebszella spi,-
Enterobacter sp., Salmonella sp .r. Shigella sp., Aeromonas sp.,
Vibrzo sp+, Clostridium sp., Enterococcus sp. and Escherichia
coli, hav1ng enhanced antigenic properties. comprzsxng- growing
enteric bacteria in vztro with a combination of conditions
including: a) 0.05% to 3% bile or 0.025% to 0.6% of one or-
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% CO; with 80% to 95% air, S% to. 20% €O, with 80% to.
95% N;; or 5% to 10% O,, 10% to 20% CO,, with 70% to 85% N,;; and
optionally in the presence of a divalent cation chelator, such
as, but not limited to 0 to 100 uM, preferably 25 uM, of

BAPTA/AM, 0 to 10 mM of EGTA, and 0 to 100 uM of EGTA/AM; or

b) as in a) except in the presence of a divalent cation
chelator, such as 1.0 to 100 #M, preferably 25 uM, of
BAPTA/AM, 0.5 to 10 mM of EGTA, or 1 to 100 gM of EGTA/AM, and
without any-bile, bile acids or bile salts.

According to the present invention, concentrations of any
individual bile acid or selt thereof include 0.025% to 0.6%,
preferably 0.05% to 0.5%, more preferably 0.05% to 0.2%, most
preferred is 0.05% or 0.1%. Preferred are methods wherein
said bile acid or salt thereof comprises deoxycholate or
glycocholate.

A further object of the invention is enteric bacteria
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., Shigella AT Aeromonas sp., vzbrzo sp., Clostridium sp.,

Enterococcus sp. and EScherichia coli wherein said’ -enteric

" bacteria are qrown in vitro under a: ccmbinatibn of . conditions

‘to promote. enhanced antigenic properties, said conditions

comprising. a) 0. 05% to 3% bile or o. 025% - to o 6%-of one or

more bile acids-or salts thereofl at & temperature hetween
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30°C and 42°C,. until a growth.phase at about early 1og phase,
between . early 1og and stationary phases, or at’ about
stationaty phase; in air or under microaerophillic conditions,
such as 5% to 20% Co, with 80% to 95% air, 5% to '20% CO, with
80% to 95% N;, or'5% to 10% 0, with 10% to 20% CO,, with 70% to
85% N;; and optionally a divalent cation- chelator, such as,
but not limited to 0 to 100 uM, preferably 25 uM, of BAPTA/AM,
0 to 10 mM of EGTA, and 0 to 100 M of EGTA/AM, or b) as in a)
except in the presence of a divalent cation chelator, such as
1.0 to 100 uM, preferably 25 uM, of BAPTA/AM, 0.5 to 10 mM of
EGTA, 1.0 to 100 uM of EGTA/AM, and without any bile, bile

-

acids or bile salts.

Another object of the invention is a vaccine comprising a
vhole 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.sb.; Shigella
sp., Aeromonas sp., Vibrio sp., Clostridium sp., Enterococcus
sp. and Escherichia coli, or an immunogenic fragment or
derivative thereof, having enhanced antigenic properties; and

- optionally a pharmaceutically adcceptable carrier or diluent.

30

35

Preferred is the vaccine comprising whole, inactivated
antigenically enhanced enteric bacteria. A further object of
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
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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blological sample therefrom. The polyclonal and monoclonal
antibodies of the present 1nventxon ‘are also, useful as: passlve
vaccines for use in prbtectlng agalnst enterlc bacteria
infections and aiseases. L ‘ : .

A further object of'the 1nvention is an in vztro method

- for assayxng pbtential antimlcrobial agents compris;ng the

steps .of contactlug enterxc bacterla hav;ng enhanced antigenlc
propertles selected frem'the group consistxng of.

.campylobacter sp., Yers1n1a sp., Helicobacter spe,
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Gastrospurillum 8P, Bacteroides sp., KXlebsiella sp.,'
Ehterobacter Sp., salmonella sp.; Shigella sp., Aeromonas sp.,
vibrio sp., Clostridium sp., Ehterococcus sp. ‘and EScherzchla
coli with said potent1a1 agents and -assaying the '
bacteriocidal or bacterlostatlc effects.

Still ‘a further object of the invention is an in vitro
method for detectzng-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
present invention having enhanced antigenic properties
selected from the group consisting of: Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp.,
Bacteroides sp., Klebsiella sp., Enterobacter sp., $a1monella
sp., Shigella sp., Aeromonas sp., vibrio sp., Clostridium sp.,
Enterococcus sp. and Escherichia coli, antigens 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
to enteric bacteria or for detecting enteric bacteria,
comprising enteric bacteria having enhanced antigenic
properties selected from the group consisting of:
Campylobacter sp., Yersinia sp., Helicobacter sp.,
Gastrospirillum sp., Bacteroides sp., Klebsiella sp.;
Enterobacter sp., Salmonella sp., Shigella sp., Aeromonas sp.,
Vibrio sp., Clostridium sp., Enterococcus sp. and Escherichia
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coli or antibodies thereto and. all other essential kxt :

i compenents.

Preferred enteric bacterza that the varzous aspects of

'the present invention relate to are. Campylobacter Jejuni

Campylobacter cold, Yexs1nia enterocolitica, Yersinia pestis,
Yersinia- pseudotubercu1051s, EScber;éhia coIi Sbigella '
flexneri, Shigella sonnei, Sbigeila dysenteriae, Sh;gella

'.boydii Hblicobacter pylori, Helicobacter felis,
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Gastrvspzxillum hominus, Vibrio cbolerae, Vibrio

'parabaemolyticus, Vibrio vulnlficu$, Bacteroides fragilis,
.ciostridium difficile, salmonella typhimurium, Salmohella

typhx,‘salmoqella_gallinarum, Salmonella pullorum, Salmonella
choleraesuis, Salmonella enteritidis, klebsiella-pneumoniae,
Enterobacter cloacae, and Enterococcus faecalis. Preferred
Escherichia coli ineiﬁde'but are not limited to entero-toxic,
entero-hemorrhagic, entero-invasive, entero-pathogenic or
other strains. '

The present invention is based, in part, on the
surprising'discovery that antigenically enhanced enteric
bacteria of the invention induce immune responses that are
cross-protective against a broader range of strains or
serotypes of the same bacterjal species than that induced by
the same enteric bacteria but grown using conventional-
culturing conditions. 1In at least one instance, the immune
response induced by the antigenically enhanced enteric
bacteria of the invention is cross-protective against a
different species of enteric bacteria.

4 BRIEF DESCRIPTION OF THE DRAWINGS

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

grown bacteria “BHI*. Figure 1C: surface extracts of bacteria

grown according to methods of the present invention “DocCt,
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Figure 2 pictorlally deplcts ‘the results of sodium
dodecyl sulfate—polyacrylamide gel electrophoresis (SDS-PAGE)

:show1ng a comparison of proteins of. whole cell (columns 1, 2

and 3) or surface extracts (col S: and 6)- of C.,Jejuni 81~176
conventionally.grown “BHI" or. grown accordlng to methods of

" the present inverition (0. a% Oxgall bile acids *0X" or 0.1%

deoxycholate “DOC“) . i
Figure pictorially depicts the results of western blot

-analysis showing a compatison of proteins bound by ferret Iga-

containlng mucus produced by infection with ‘whole cell C. -
JeJuni 81-176. Whole cell C. je]uni 81-176 convéntionally
grown, %1%; or whole cell C. jejuni’ 81-176 groun according to
methods of the present invention' 0.8% Oxgall bile ac1ds,_“2“,
or 0.1% deoxycholate, %3%; or surface extracts of C. jejuni
81-176 conventlonally grown, “4%:; or surface extracts of C.
jejuni 81-176 grown. according to methods of the present
invention, 0.1% deoxycholate, “S%,

Figure 4 pictorially depicts the results of western blot
analysis showing a comparison of proteins bound by flagellin-
specific monoclonal antibody 72c from whole cell C. jejuni 81-
176 which were grown according to methods of the present
invention, “3“; conventionally grown, "2%; or grown in a
fermentor according to methods of the present invention, “1%.

Figure 5 pictorially depicts the results of SDS-PAGE
showing a comparison of lipopolysaccharides (LPS) of whole
cell S. flexneri 2457T conventionally grown, column "1i%, or
grown according to methods of the present invention, 0.1%
deoxycholate, column *2%.

Figure 6 graphically depicts the enhancement of immuno-
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 S (DOC) were used to induce entibodies.
The agglutination activity of the two types of antibodies
(i.e., anti-C. jejuni 81-176 cultured in BHI and-anti-C.
jejuni 81-176 cultured in DOC) against various C. jejuni

serotypes are shown. See Example 32 in Section 9 for details.
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Figures 7&, 7B and 7€ graphically depict the efficacy of
a wvaccine comprising inactivated Cs Jeguni 81-176 whole cells
in protecting ‘mice against a nasally delivered challenge of
live C. Jejuni 81-176 cells. Mice were. vaccinated with

'phosphate buffered saline (PBS, solid -Xine}, -PBS plus T

adjuvant (Adjuvant' dash line), formalinainactivated C. jejuni
81-176 whole cells that were grown and harvested acCOrding to
Example 5 without adjuvant (CWC; open- circle/solid line) or -
with LT adjuvant (CWC + Ad)uvant, solid circle/solid line)..
The vaccine efficacies was examined using the 1ntest1nal
colonization assay. Figure 7a (top. panel),shows the results
of the protection afforded by the vaccinations using three
oral doses of 10° inactivated bacterial particles ‘per dose.
Figure 7B (middle panel) shows the results-of the protection
afforded by the vaccinations using three¢ oral doses of 107
inactivated bacterial particles per dose. Figure 7C (bottom
panel) shows the results of the protection afforded By the
vaccinations using three oral doses of 10?9 inactivated
bacterial particles per dose. See Examble 34 in Section 11
for details. .

" Figures 82, 8B and 8C graphically depict the efficacy of
vaccine‘comprising inactivated €. jejuni 81-176 whole cells in
protecting mice against an orally delivered challenge of live
C. jejuni 81-176 cells. Mice were vaccinated as described in
the brief description of Figures 7A, 7B and 7C. The vaccine
efficacy was examined using the intestinal colonization assay.
Figure.ah {(top panel) shows the results. of the protection
afforded by the vaccinations using three oral doses of 105
inactivated bacterial particles per dose. Figure 8B (middie
panel) shows the results of the protection afforded by the
vaccinations using three oral doses of 107 inactivated
bacterial particles per dose. Figure 8C (bottom panel) shows
the results of the protection afforded by the vaccinations
using three oral doses of 107 inactivated bacterial particles
per dose. See Example 34 in Section 9 for experimental

details,
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Figure 9 graphically depicts the eﬁfect of the growth
phase ‘of the shigella flexner: culture cn the inva51veness of
the Sbigella flexneri 24S7T cells. snigella tlexner1 2457T

' cells -were grown conventionally (BHI), or accordlnq to the

methods of the present invention as exemplified by Example 9.
(DOC—EL) — that is harvestinq the .célls when' the culture is, 1n

‘early log‘phase<—-or according to Example 9 but allowing the

culture to reach late log phase before harvesting the cells

(DOC-LL). The 1nvasiveness of’ these different preparations of

cells are shown. See Example 35 in section 12 for details.
Figure 10 graphically deépicts the ephancement of

‘invasiveness of Shigella cells when they are cultured using -

the methods of the present'inﬁention. S. sonnei and s.
dysenferiae 3818 were cultured'conVentionally {BHI) or
according to the methods of the present invention as
exemplified in Example 9. The invasiveness of these different
preparations of Shigella cells against INT-407 cells are
shown. See Example 35 in Section 12 for details.

Figure 11 graphically depicts the enhancement of immuno-
cross reactivity.of Shigella groWwn according to methods of the
present invention. S. flexmeri 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.
dysenteriae and S. boydii grown conventionally (BHI} or
according to the methods of the present invention as
exemplified in Example.Q serotypes are shown. See Example 36
in section 12 for details.

Figure 12 graphically depicts the effect of bile
concentration and the growth phase of the Helicobacter pylori
culture on the adhesiveness of Helicobacter pylori NB3-2
cells. H. pylori NB3-2 cells were grown in culture medium
containing 0%, 0.025%, 0.05% or 0.1% bile and harvested at 8,
10, 12 and 18 h after inoculation. The invasiveness of these
different preparations of H. pylori NB3-2 cells against INT-
407 cells are shown. See Example 38 in Section 14 for

details.
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_ Figure 13 grephically depicts the effect of b11e
concentration and the growth'phase of the Helicobacter pylor:

“culture on- the adhesiveness’ of’ Helicobacter Rylori Gi-4 cells.

H.. pylori ‘G1-4 ‘cells -were grown in culture medlum containing
0%, 0.1%- or 0 2% bile and harvested at 6, 8, 10, 12, 14 and 16

"h after inoculation. The invasiveness of . these different

preparations of H. pylori G1-4 cells against 1NT-407 cells are
shown. " See Example 38 in Section 15 for details. :

s QETAILED'DESCRIPTION OF THE IE!ENTION

The methods of the present invention relate to growing
enteric bacteria’ in vitro in the presence of a combination of
certain_conditions with certain_components_selected to induce
or enhance the expression of antigens and/for virulence
factors. )

. As used herein and in the claims the term "“enteric
refers to bacteria normally found in or associated with any

part of an animal's gastrointestinal tract'aud.any bacteria

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 “componeuts“ and “conditions* as used herein
and in the claims relate to many factors associated with an
enteric bacterium's natural in vivo environment and other
factors. Such components and conditions include, but are not
limited to, bile, bile acids or salts thereof or their
biological precursors such as cholesterol, pH,
microaerophillic condition, osmolarity, and harvesting or
collecting the bacteria at a desired bacterial growth phase.

The term “antigens" and its related term “antigenic" as
used herein and in the claims includes antigens or antigenic
characteristics including, but not limited to, macromolecules
contributing to cellular morphology or cell motility;
proteins; more particularly surface proteins,
lipopolysaccharides and carbohydrates. Preferably said

antigens are immunogenic.
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. The term “1mmunogen1c“ as- used hereln and 1n the clalms
refers to. the ability to induce antzbody productxon in an
animal after said animal is. exposed‘to a compositlon
comprlsxng whole bacterla produced by the present lnventxon or

a fragment of said- vhole bactermum.

The term “antigenically enhanced“ or “enhanced antigenlc
propertles“ or “enhanced“ s’ used hereln and- 1n the claims
refers to the antzgenlc state of enterlc bacteéeria grown

-accordinq to the methods of the present anentlon. Such

bacter;a have hlgher levels of certain- immunogen;c antigens
and/or new 1mmunogenic antigens as compared to the same
bacteria grown u51ng conventional methods. ’ ‘

' The term *conventional* .as used heréin and in the Claims
relates to vhat is known in the prlor art.

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

~ 70% to 85% N,.
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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 andfor to survive in
a host and/or cause a pathological condition.

The term “immuno-cross protective" as used herein and ih
the claims refers to the ability of the immune response
induced by one bacterial strain or serotype, whole cell or
otherwise, to prevent or attenuate infection of the same host
by a different bacterial strain, serotype, or species of the

same genus.
The term “immuno-cross reactive% as used herein and in

the claims refers to the ability of the humoral immune
response (i.e., antibodies) induced by one bacterial strain or
serotype, whole cell or otherwise, to cross react with (i.e.,
the antibody binding)} a different bacterial strain, serotype,
or species of the same genus. Immuno-cross reactivity is
indicative of the bacterial immunogen‘s potential for immuno-

cross protection and vice versa.
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Thé' term “host“ as used here;n and in the claims ‘Yefers

- to either in vivo in an animal or in vitro in anzmal cell
cultures ﬂhe term “animal" as used herein ‘and. in the claims’

'includes but is not 1imited to all warm-blooded creatures such
as mammals and bi:ds (e. G s chicken, turkey, duck ete. ¥

Accordlng to the invention, in a vacclne comprlsing

,:antigenically enhanced enteric bacteria -or an immunoqenic

10

-fragment or derlvative thereof, thé enteric bacteria may be

either live _bacteria or may be inactivated and may further
qomprxse an adjuvant, such as, but. not limited to, alum, oil-
water emulsion,- heat labile toxin from entefetbxigenié E. coli
(ET) nontoxigenic forms théreof. (eg. mnT) and/or indiv1dua1

subunits thereof, Bacille Calmette-Guerin (BCG), or Fruend's
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adjuvant and may also fnrther comprise a suitable
pharmaceutxcal carrier, 1nc1ud1ng but not 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
claims, the term “vaccine elso'encompasses “passive
vaccines, % vwhich comprise antibodies that specifically bind
pathogens against whose infections or diseases protectlon is
sought.

The term “inactivated bacteria," as used heréin and in
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
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.

An effective amount of the vaccine should be
administered, in which “effective amount" is defined as an
amount of enteric bacteria or an immunogenic fragment or
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derivative thereof.that: is capatle'of érodncinq'aﬁ ‘immuné -

.response in.a subject. The amount heeded will vary depending

upon the antigeniCity of the . bacteria, fragment, or’ derivative
used, and the species ‘and weight of the subject to be

,vaccinated, b&t may be’ ascertained using standard techniques.
‘In preferred non~-limiting embodiments of the 1nvention, an

effective amount of vaccine produces an elevation of anti-

~hacterial antibody titer to at 1east two- times the antibody
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titer prior to vaccination.” In-a preferred, specific,,
non-limiting embodiment of tlie invention, approximately 107 to

10Il bacteria and preferably 108 to 1010 bacteria are -

~administered to a host. Preferred are vaccines comprising

inactivated whole bacteria. .

'The term “effective amount" as applied.to passive
Vaccines is an amount of antibody that is capable of
preventing or attenuating a bacterial disease or infection.
The amount neéded 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
standard techniques. |

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

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

Vaccines may desirably be administered at several
intervals 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 bf any
conventional methods known to those skilled in the art, such
as but not limited to the methods described in Antibodies A
Laboratory Manual (E. Harlow, D. Lane, Cold Spring Harbor -
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'Labératory PreSs,.1989). In general, an animal (a wide range
f.of vertebrate - species éan be uséd,- ‘the most Gommon being mice,
rats, guinea pig; hamsters and rabbits) is immunized with a

.whole cell or immunogenic fraguent or- derivative of an .
'antigenically enhanced enteric -bacteria’of .the. present .

. invention in’ the absence or. presence of an adjuvant or” any
_:agent that Wwould enhance the immunogen's effectiveness and .

io
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boosted at regular intervals. The animal serum is assayed ‘for
the presence of desired antibody by any convenient method.

“The serum or blood of said animal can be used -as the source- of

polyclonal antibodies.
For monoclonal antibodies, ‘animals are treated as

'described above. When an acceptable antiquy titre 'is

detected, the animal is euthanized and the spleen is
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 circqmstances fusion takes place in a
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
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
specificity towards the chosen antigen. Those cultures
containing the-antibody of choice are cloned by limiting
dilution until it can be adduced_that the cell culture is
single cell in origin. The antibodies of the present
invention have use as passive vaccines against enteric
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 include, but are: not 11m1ted to
'radioxmmunoassays (RIA), enzyme—linked immunosorbent assays'

-(ELISR),_flucrescent immunoassays, and fluorescence

' po1arizatiqn immunoassays (FPIA) .

Another enbodlment includes dlagnostic kits compr;sing
all of the essential reagents requlred to perform a desired -

' immunoassay according to the present.invention. The

10

dlagnostic kit may be presented. in a commercially ‘packaged

,form as a combination of one or more contazners holding the

necessary reaqents. Such a kit comprises an enterxc bacteria
of the present inVention, and/or a monaclonal -or polyclonal

' antibody of tne.present invention in combinat1on with several
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conventlonal kit components. Conventional kit components will
be readlly apparent to those skilled in the art and are
disclosed in numerous’ publications, including Antibodies A
Laboratory Manual (E. Harlow, D. Lane, Cold Spring. Harbor
Laboratory Press, 1989). Conventional kit components may
include such items as, for example, microtiter plates, buffers
to maintain the pH of the assay mixture (such as, but not
limited to Tris,fHEPES, etc.), conjugated second antibodies,
such as peroxidase conjugated anti-mouse IgG (or any anti-IgG
to the animal from which the first antibody was derived) and
the like, and other standard reagents.

Methods of the present invention include growing enteric
bacteria in a suitable basal essential culture medium, such as -
but not limited to commercially availablé brain heart infusion
broth *BHI%, Luria broth “LBY, sheep blood agar %“SBA%,
Brucella broth, Meuller-Hinton broth, proteose peptone beef
extract broth, etc., with various conditions and;components
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 bioclogical
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
stationary phase, in air or under microaerophillic conditions,
such as 5% to 20% CO, with 80% to 95% air; 5% to 20% €0, with
80% to 95% N,;; or 5% to 10% O, with 10% to 20% CO, with 70% to
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85% N&, and optlonally in: the presence of a dlvalent catxon
chelator, such as, but - not limiﬁed to 0. to 100 KM, preferably
25 uM, of BAPTA/AM. (2'(ethylenedloxy)dianiline o n,n',n‘-

"tetraacetic acid/acetoxymethyl ester;. Molecular Brobes,

Eugene, OR), 0. to 10 nM of EGTA" ,
(ethylenebis(oxyethylenenitrilo)-tetraacetic acxd, sigma
Chemical CO., st. Louis, M0), 0 to 100 ¢M of EGTA/AH
(ethylenebls(oxyethylenenittilo)-tetraacetlc
acxd/acetoxymethYl ester,‘uolecular Probés, Eugene,. OR), the
resulting combination of conditions and components producing
antigen1ca11y enhanced enteric bacteria.

According to -another embodiment, “the methods of the
present 1nvent10n also .include growing enterzc bacteria as
described 1mmed1ate1y above except in the presence of a
divalent cation chelator, such as, but not limited to 1.0 to
100 pM, preferrably 25 uM, of BAPTA/AM, 0.5 to 10 mM of EGTA,
or 1.0 to 100 uM of EGTA/AM; but without any bile, bile acids
or bile salts. - - .

Bile or bile acids or salts thereof useful for the
present invention include any natural bile compound secreted
by the liver and normally concentrated in the gall bladder as.
well as synthetic bile acids known by those skilled in the
art, such as but not limited to *OXGALL" (Difco Laboratories,
Detroit, Midhigan), bovine bile (Sigma Chemicals, St. Louis,
Missodri) or other commercially available preparations,
cholic, deoxycholic, taurocholic and glycocholic acids.
Preferred is deoxycholate (DOC), a commercially available bile
acid presenf-in vivo in the distal small intestine and large
intestine sites colonized by some enteric bacteria. Also
preferred is glycocholate (GC). ' _

According to the present invention, enteric bacterial
cultures selected from the group of Campylobacter sp.,
Yersinia sp., Helicobacter sp., Gastrospirillum sp., .
Bacteroides sp., Klebsiella sp., Enterobacter sp., Salmonella
sp., Aeromonas sp., Vibrio sp., Shigella sp., Clostridium sp.,
Enterococcus sp., and Escherichia coli can be prepared as
frozen stocks by methods generally known to those skilled in
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the art and ma1ntained at -80°C for future use. For 1nstance,

stocks of campylobacter'ge]unl can be prepared by growxng the
organism on trypticase*soy-agar COntaining % defrxbinated
sheep erythrocytes (SBA}, at; 37°C in. 5% ou,xo% C0,, 85% N,-

:(microaerophilic condition,'“MC“) ‘for 20 h. Stocks of
fEScberichia coli salmonella typhzmurium, Hellcobacter pylorr

"and Shigella rlexnerz can be‘prepared by growxng the organism

10

in brain heart infu51on broth '(BHI¥):- .Bacteria can be
harvested for freezing by any known method, for instance by

.sWabbing the culture and resuspending in BHY containing 30%

glycerol. Cultures for analytical experiments or for
production fermentations can be prepared by any genérally

“Known methods, sucli as by growzng the organism ‘on BHI with
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1.5% ;agar at 37°C under. MC or atmospheric conditions and then
transferring a siqgle'colony to broth and culturing according
to methods of the present invention described herein.
Bacterla can be harvested for use by any method generally
knovn to those skilled in the art, such as by centrifugation.
In.preferred embodiments, -antigenically enhanced cells of
Campylobacter sp., preferably of the species jejuni or coli
and most preferably of the jejuni strain 81-176, are grown in
a basal essential culture medlum, preferably BHI broth,
additionally comprising about 0.1% DOC or about 0.8% bile at
37°C in a mixture of about 10 to 20% CO, with about 80 to 90%
air and harvested after the growth of the culture has reached
about late log phase to about stationary phase, typically

about 20 h after inoculation.
In other preferred embodiments, antigenically enhanced

cells of Shigella sp., preferably of the species flexneri or
dysentariae and most preferably of the flexneri strain 24S57T,
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
min after inoculation with a culture that is at early to mid

log phase.
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"In further preferred embodiménts, antigenically enhanced

cells of Helicobacter pylori, preferably of the strain ATcC

49503, NB3-2 or 61-4, are.grown, in a basal essent1a1 culture
medlum, preferably BHI broth, additionally comprxszng about
0 05% to about 0.2% b11e or about 0.05%. gIYGocholate (GC) at

’37°c in.a mzxture of about 5% tq 20%. co, with ‘about 80% to 95%
air, or about’ 10% €O, with ahout 5% -0y with about 85% bﬁ and .-

-7harvested after the growth of. the culture has reached about
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log or about stationary phase. In a more preferred
embodiment the. cells are harvested after the culture has

reached about log phase.
Enterlc bacteria cultured accordlng to the methods of the

‘present invention have altered morphologies,’ and/or cell’

motilities and/or produce certain new proteins,
Iipopolysaccharidee and/of'carbohydtates andfor 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 cultural conditions, virulence-associated
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 chariges
might result from methods of the present invention as could be
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
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
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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-compared to. those from organisms grown in conventional medla.

SDS-PAGE 'is. conducted to evaluate changes lnduced in bacter1a1
cellular and extracted proteins in response to antigen
enhancing or altering conditions. These data offer
qualitative and quantitative information concerning surface
changes associated with 1ncreased invas1veness or altered

' antigenicity.-
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The immunogenic potential of induced or. altered protein
antigens can be identified by western Blotting.
Immunogenicity of - induced or altered bacterial proteins.
identified by SDS-PAGE can be evaluated by the generally _
accepted techniques of Western Blotting as described below.-
Any source of antibody can be used, such as convalescent
immune rabbit -or ferret sera (source of antibody from animals
infected orally with live organisms grown conventionally or
according to methods of the present invention), intestinal
mucus (source of IgA antibody), polyclonal antisera, or a
monoclonal antibody, for instance one that is cross-reactive
with C. jejuni flagellin, for assaying bacterial antigens.

The increased production of several of these bacterial
antigens is accompanied with enhancement of properties
associated with virulence.  These properties include adhesion
to and invasion of cultured human intestinal epithelial cells,
and Congo red dye binding. The Congo red dye binding assay is
a generally accepted method predictive of virulence and is
described below and in Andrews et al., {(Infect. Immun.,
60:3287-3295, 1992); and Yoder (Avian Dis., 33:502-505, 1989).
Bacterial binding of Congo red indicates ability to bind
hemin, this ability to bind hemin is correlated with
virulence. Congo red binding also correlates with enhanced
bacterial invasion of epithelial cells.

Previously it has been shown that most conventionally
grown C. jejuni Lior serotypes are not immuno-cross reactive.
Based on this information, it would be necessary to prepare
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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.ZCampylobacter produced according to methods of -the present
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invention are: immnno-cross reactive against a hroader range of’
Lior serotypes than that obtained using conventionally grown

fCampylobacter. similarly, antigenically- enhanced Shigella

produced according to the’ _methods: of the present invention are -
immuno-cross reactive and immuno-cross protective against a
hroader range of Shigella species than that obtained ‘using
conventionally grown Shigella. These imﬁnno-cross reactive
and immuno—cross protective properties are indicated by the
results of agglutination assays and vaccine studies described
below. : . : ‘
Hethods of ‘the present invention for production of
antigenically enhanced enteric bacteria correlate to enhanced
virulence in small animal models. Several dqmestic'animals
can be used as nodeis of Campylobacter disease in humans. The
most studied 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
Lior serotypes with cross-strain protection. However, this
model measures resistance to colonization rather than
resistance to disease. The ferret model of Bell et al.
(Infectl Immun., 58:1848-1852, 1990} may be a more useful
model because this animal does develop disease symptoms like
those of Campylobacter disease in humans. A more recent model
is the mouse colonization model of Bagar (Infection and
Inmunity, 6€3:3731-3735, 1995). This model involves
immunization followed by nasal or oral challenges with live
Campylobacter to the immunized mouse and then examination of
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
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 anlmal modeis relevant to enter1c
bacterial invaszon and infection and they .cafi be used: to test

:for vacclne efficacy ‘of the enhanced enterxc hacterla produced
'accordlng to the methods of the present invention. ‘

“The. antigenically enhanced enterxc bacteria produced by

“the’ methods of . the present 1nvention are used to prepare

" prototype kilied whole-cell or subunlt vaccines. - These .
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vaccines when admlnlstered co animals ‘can he shown to induce
antibodies and thus establish the vaccines' protective )
potential. Elevation or induction of. these antigens in a
bacterial cell produces cells ‘that make more efficaczous

vaccines. . .
Vaccine ‘candidate preparatlons produced by the methods of

the.present invention can be used with various mucosal

immunization strategies to induce an intestinal immune

response. Successful immunization-protocols can then be used
to protect animals challenged with the pathogens with or
without enhanced antigenicities. Also vaccines can be
formulated and tested as combined vaccines, for example
Shigella and Campylobacter cells or components thereof can be
combined as a single vaccine.

" The experimental approaches déscribed below enable the
detection of changes in surface antigens and other
characteristics which are associated with enhanced
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
which is protectlve agalnst Anfections by a broader range of
bacterial stralns, serotypes and/or species and are therefore
useful as efficacious vaccines as cowmpared to conventionally
grown bacteria.

Several well-established models generally known to those
skilled in the art exist and are useful to evaluate enhanced
antigenic properties, virulence of bacteria and vaccine

efficacy as described below.
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Non—lxmltxng examples of the present 1nventlon are -
described below. :

6 EXM(PLES‘ KETKODS FOR PRODUGING ENT(A‘NCBD AR‘].‘IGENIC BACTERIA'

Example l. campylobacter Jejuni strain 81-176 was

'streakea on blood agar plates (containzng trxpticase soy agar,
"plus-. 5% defibrinated sheep erythrocytes) and incubated in a

microaerophilzc Gaspak jar (BBL, CO¢keysville, MD) for 20 h-at’

37%C. Lawns of- bacteria were removed by . swabbxng‘and

inoculated into flasks contalnlng 1 liter of BHI.medium pre-

_ equilibrated to 10% CO,, 90% ‘air, with 0.8% OXGALL (Difco,
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Detroit, ‘MI). Cultures we:e incubated for 20 h with shaking
at 37°C’'in a closed flask at 10% €O,  90% air and then
harvesfed as described above.

Example 2. Campylobacter jejuni strain 81-176 was
streaked on blood agar plates (containing trypticase soy agar,
plus 5% defibrinateéd sheep erythrocytes) and incubated in a
microaerophilic GasPak jar {(BBL, Cockeysville, MD). for 20 h at
37°C. Lawns of bacteria were removed by swabbing and
inoculated into flasks containing 1 liter of BHI medium pre-
equilibrated to 10% CO, with 0.01% to 0.1% sodium deoxycholate
(DOC). (It is critical to prepare and autoclave the DOC as a
stock solution separate from the BHI medium, and to
aseptically add it to the BHI medium to a final concentration
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% O,, 10% CO,, 85% N,, then
harvested as described above.

Example 3. cCampylobacter jejuni strain 81-176 was
streaked on blood agar plates (containing trypticase soy agar,
plus 5% defibrinated sheep erythrocytes) and incubated in a
microaerophilic GasPak jar {BBL, COckeysvillel MD)} for 20 h at
37°C. Laﬁns of bacteria were removed by swabbing and
inoculated into flasks containing 1 liter of Brucella broth
pre-equilibrated to 10% CO, with 0.01% to 0.1% sodium
deoxycholate. Cultures were incubated for 20 h with shaking



at 37°c in 5% 01, 10% Co,, 85% N;. and then harvested as.
deScribed above. :

' Example 4. Campylobacter JeJuni strain 81~176. was
streaked on blood agar plates (containing trypticase soy agar,
plus- 5% ‘defibrinated sheep erythrocytes) and incubated in a

k microaerophilic GasPak 3ar (BBL, 00ckeysville, MD}. for 20 h at

7°c. ‘Lawns of bacteria were removed by swabbing and
inoculated into flasks containlng 1 liter of Mueller-ainton

' broth pre-equilibrated to '10% cxh, with 0.01% to 'C.1% sodium
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deoxycholate. cultures were incubated for 20 h-with shaking
at 37°C-in 5% 0,, 10% 'CO,, . 85% N, and then harvested as ' .
descrihed above. : o - _

Example S. Campylobacter Jéjuni strain 81~176 was
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 BHI medium pre-
equilibrated to 10% CO,, with 0.1% sodium deoxycholate.
Cultures were incubated for 20 h with slow stirring at 37°C in
10% CO,, 90% air and then harvested as described above.

"Example 6. Vibrio cholerae is streaked on BHI agar
plates (containing trypticase soy agar, plus 5% defibrinated
sheep erythrocytes) and incubated in air for 20 h at 37°C.
Lawns of bacteria are removed by swabbing and inoculated into

‘flasks containing 1 liter of BHI medium with 0.1% sodium

deoxycholate, Cultures are incubated for 20 h with shaking at
37°C in air, then harvested as described above. -
Example 7. Salmonella cholerasius is streaked on BHI
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. —
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 with 0.1% sodium deoxycholate. Cultures

are 1ncubated for 20: h with shaking &t 37°C in’ 10% cxa, '90%
air. One colony is transferred into 1 1iter of LB containing

' 0.1%. poc and incubated in a- closed top flask at 37°C with slow -

shaking. After 12 h, 60 ml of the culture is diluted into 1
liter of the same fresh prewarned medlum and incubated a ' '
further 30 min, and then is. harvested -as described above.

- Example’ 9. Shigella flexneri 2457T was streaked on COngo

red. agar plates and incubated for 20 h at 37°c in air. Oone
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réd colony was inoculated into.flasks 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 of prewarmed BHI
containing 0.1% sodlum deoxycholate. ‘The culture was

-incubated with shaking for 4 h at 37°C in air. This culture

was then diluted to an ODg of about 0.17 with prewarmed BHI
containing 0.1% DOC and incubated for 30 min with shaking at
37°C in air, and then harvested as described ahove,

Example 10. Campylobacter jejuni 81-176, 81-116, or HC
(in BHI with 30% glycerol) was rapidly thawed and plated on
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
of BHI. The bacterial suspension was inoculated into 1 liter
of BHI broth alone or BHI broth containing 0.1% DOC, pre-
equilibrated to 10% CO,, 90% air, in a 2 liter flask. The
inoculum was added to preequilibrated medium until the ODgys is
equal to 0.05. The inoculated flask was returned to the 10%
CO, with 90% air and stirred slowly for 20 h at 37°C. At this
point the bacteria were harvested as described above.

Ekample 11.  Helicobacter pylori was added to BHI broth
plus 4% bovine calf serum. After inoculation the flasks were
flushed with 5% O,, 10% CO,, 85% N, and incubated for 22 h at
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% bov;ne calf serum or the sdme medlum addltlonally

containzng 0 os% sodium glycocholate. These cultures were
again flushed with the mlcroaerophilic gas mixture (s% o,, 10%

€0, 85% N;), ‘and “incubated 20-24 k at. 37°c. The’ cells. were

harvested as described above.

_ Example 12._ salmanella typblmurzum (in LB with 30%
glycerol) was streaked on a’ LB agar plate and cultured for. 18-'
20 h- at 37%C ‘in air. One colony was picked and transferred
into 1 liter of LB or LB containing 0.1% DOC in flasks that
are flushed with 10% Co,, 5% Cou 85% N,, sealéd and incubated
for 12 h at 37°c with shaking. The bacteria were then. diluted
inh the same media. to ODg, Of 0. 17, and incubated ‘inder _
identical conditions until the culture.reaches early log
phase, typically 30 min after the dilution. Cells vere
harvested as described above. _

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

The culture is then diluted (1/5) in the same fresh media and

incubated a further 4 hours under identical conditions. The
cultures are then diluted in the same fresh media to ODg, of
0.17 and incubated under identical conditions until the
culture reaches log phase, typically 30 minutes after the
dilution. Cells are harvested as described above.

Example 14. Klebsiella pneumoniae is streaked on a BHI
agar plate and incubated 18-20 h at 37°C in air. One colony
is picked and inoculated into 1 liter of BHI or BHI containing
0.1% DOC and shaken for 12 h at 37°C in air. The bacteria are
then diluted in the same media to ODg, of 0.17 and grown for
30 min further and then harvested as described above.

Example 15. Enterobacter cloacae is streaked on a BHI
agar plate and incubated at 37°C in air for 18-20 h. One
colony is inoculated into 1 liter of BHI or BHI containing
0.1% DOC and shaken for 12 h at 37°C. The bacteria are then
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diluted in the sdme media to ODg;.of 0. 17 and grcwn for 30 m1n

further and then harvestéd as described above.

Example 16.° EScherichia-coli _strain 0157: H7 was streaked
on ‘shéep blood.agar plate’ and incuhated at 37°C in dir for 18«
20 h. One colony was inoculated into 1 liter BHI or BHI
containlnq 0. 1% to o. 2% Doc flask and; shaken for 12 h at 37°c.
The bacteria were then diluted to cka of 0. 17 and’ grpwn for

.30 ‘min further and then. harvested as described ahove.
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Example 17. Enterocodcus faecalis is. streaked on sheep
blood agar plate and incubated at 37°C- in air for 18-20 h:

: One "colony is inoculated into 1 1iter EHI or BHI containing .

0.1% Doc flask -and shaken for. 12, h. at 37°C.' The bacteria are -
then dilited to 0Dy Of - 0..17 and- grown ‘for 30 min further and
then harvested as described above: -

Example 18, CIOStrzdium diff1c11e (modifxed chopped meat
medzum with 30% glycerol}) is streaked on a plate of Beef liver
medlum for anaerobes containing - 1.5% agar and cultured at 37°C
under microaerophillic conditions (5% cia'and’és%'bg). .One
cqlonf is transferred to 1 liter .of modified chopped meat
medium or same medium containing 0.1% DOC. The bacteria are
cultured under microaerophillic conditions at 37°C for 12 h,
and harvested as described above.

Example 19. Bacteroides fragilis (modified chopped meat
medium with 30% glycerol) is streaked on a modified chopped
meat medium agar plate and cultured at 37°C under
microaerophillic conditions (5% €O, and 95% N,). One colony is
transferred to 1 liter of modified chopped meat medium or same
medium containing 0.1% DOC. The bacteria are cultured under
microaerophillic conditions at 37°C for 12 h, and harvested as
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
diluted (1/5) in LB or LB containing 0.1% DOC and incubated 4
h at 37°C. Subsequently, the cultures are diluted in the same
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media to on@n of 0. 19 and incubated a further 30 min and then -
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harvested as ‘described above.
"' Example 21. Helicobacter pylori was added to BHI broth
plus 4% bovine ‘calf serum. After inoculation the flasks were -

'flusned with 5% 0;, 10% €O;, 85% .N, and incubated for 22 h at.

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

‘culture was transferred to a flask containing BHI broth with

4% bovine calf serum or. the same medium. additionally
containing about 0.1% to abouf 0.2% bovine bile. Thése
cultures were'again flushed with the'ﬁicroaeropﬁilic gas’
mnixture (5% 0;, 10% CO, 85% Ny}, and’ incubated 20-24 h at 37°c.
The cells were harvested as descrlbed above.'

7 EXRMPLES" ENHANCED ANTIGENIC BACTERIZ

Example 22. Microscopic examlnatlon of wét mounted
bacteria was utilized to observe motility and gross
morphology; Surface layers were ocbserved by capsule staining
in india ink (nigrosine). After air drying, the cells were
counter-stained with crystal violet. All observations were at
1000 x magnification.

Morphology of bacteria cultured according to methods of
the present invention (hereinafter referred to as “ENHANCED"
bacteria) was altered compared to those cultured in basal
media alone (conventionally grown). For instance, “ENHANCED"
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
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. €. jejuni surface compoﬁents were analyzed
by phenol extraction. Extracts were made from C. jejuni 81-
176 grown conventionally or cultured according to Example 2
above. (. jejuni cells were harvested from culture medium by
centrifugation as described above. The cell pellet was
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g extracted for 2 h at room temperature with 1% phenol. Intact f
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cells were: separated from extracted materials by

'centrifugation for 45 mln._ The sypernatant containing

extracted bacterial surface components vas dlalyzed aga;nst

'distllled water overnlgnt The retentate was'’ centrifuged :

105 000 x g for 3 h. at-4°c. The extract pellet was: .
redissolved in 10% NaCl and precipitated with two volumes of.
cold 95% ethanol. The preclpitation was repeated, and the '

.sample was lycphilized. Subsequently, the sample was -
‘diésolved in water at 1 mg/ml. for further analysis.

_ Carbohydrate content of. the extract was assayed with the
qeﬂerally accepted phenol-sulfurxc acid method utilizing _
glucose as a- standard. Urcnic acid content of the extract was
measured with the method of Dische using the carbazole
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
uronic acid polymers. Surprisingly, surface extracts of C.
jejuni 81-176 were in fact predominantly protein. However,
total carbohydrate content ef the “ENHANCEDY cell extracts was
increased over cells grown conventionally.

The carbohydrate to protein ratio of the extracts is

shown in Table 1 below.
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TABLE 1. Carbohydrate.Protein Ratio of Cell ‘surface
: Extracts of C. jejuni Growi COnventionally

(BHI} or.XAccording to nethod ‘of Examplé 2

'(Ennnuczo) )
‘Time after S L
-addition _(h) e .o .BHY . - ”ENHANGED

1 .. 0402 .0.02

2 . 0.02 0.10

4 0.02 0.15.

6 0.03 . 0.29

There was a direct_reiationship'between inclusion of pDOC
in the culture medium and enhanced levels of surface '
extractable carbohydrate from the bacterium (Table 1).
Surface extractable carbohydrates were increased more than 8-
fold in bacteria cultured according to the methods of the
present invention; no increase was seen .in bacteria grown

conventionally. The aggregation of the bacterial cells
cultured in POC medium appeared to be attributable to the

components of the surface extract.

Upon rehydration, the extract had a high geling capacity
in water fendering the solution highly viscous and mucus-like,
which was similar in character to the aggrégated bacteria.
The functionality of the extract resembled mucin-like

glycoproteins.

For analysis of individual monosaccharides, extracts were

hydrolyzed in 1 N trifluoroacetic acid in seadled vials.

The

samples were dried under nitrogen 2 h, and resuspended in
distilled water. Sugars were separated by HPLC using a Dionex
Corp chromatographic matrix and a solvent system consisting of
3% of 0.5 N NaOH/97% H,0 as solvent. BAmperometric detection
was utilized for measurement of separated monosaccharides.-

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

- was also subjected to HPLC ana1y81s for comparison.

aAn

L
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HPLC.analy51s of the hydrolyzed surface extract revealed

.. the presence of several monosaccuarides (Fiqure 1). There '

appeared to be no qualitative difference in the carbohydrate
composition of the extracts from conventionally’grown or
bacteria grown according to the method of Example 2 aboVe. _
However, minor quantitative differences were apparent. - '

' Example 24. Bacterial proteins Were analyzed by SDS-PAGE

'-and Western Blotting. The gel system of. Lugtenberg, et al.

10.

(EE Letters 58:254-258, 1975) was used. The gel. system 1s a
discontinuous gel consisting of a low acrylamide (typically
4%) stacking gél pH 6. 8, and a hiqher percentage acrylamide

'separation gel pH 8. 8. SDS (0.1%) was included in both. géls

. and all buffers used. Protein separation was according to
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molecular size, and 8 or 12% acrylamide separation gels were
used. Visualization of separated proteins was by silver -
staining of fixed gels, and molecular size determinations were
made based on the M, values of known proteins used as
standards. '

C. Jejunl cell protelns were separated by SDS-PAGE and
visualized by silver staining. Four proteins 1nc1ud1ng a 62
kDa protein were induced or enhaniced in cells cultured Wlth
poCc (Figure 2). .

Example 25. S. flexneri LPS was analyzed by phenol.
extraction. S. flexneri cells grown conventicnally or
according to the present invention as exemplified in Example 9
above were harvested from culture medium by centrifugation as
described above. Lipopolysaccharides (LPS) were extracted by
the method of Westphal and Jann (In: R. Whistler, ed., Methods
in carbohvdrate Chemistry, vol §; p. 83, 1965). Briefly,
cells cultured in BHI or as exemplified in Example 9 above
were harvested by centrifugation and washed once in PBS. The
cells were then extracted for 15 min at 68°C with 45% phenol
in water. The extract was cooled to 10°C and centrifuged. The
LPS-containing upper aqueous phase was aspirated off and
dialyzed against distilled water. The retentate was' .
centrifuged 7 h at 80,000 x g, 4°C once, and three times for 3
h each at 105,000 x g. The final pellet was lyophilized.
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Prior to analysls the LIPS was'resuspehded'ih water (1 mg/ul)

The purified LPS wvas bharacterized as to carbohydrate content

as descrlhed above, and by sodium’ dodecyl sulfate-..
polyactylamide gel e1ectrophoresis (SDS—BRGE) as described

below and shown in’ Eigure 5, 0
S. flexner1 protein profiles revealed né magor

.differences between conventionally cultured and “EHHANCED“

cells when analyzed using. this particular SDS-PAGE 'System.
Carbohydrate to dry weight ratios of LIPS from “ENHANCEDY cells
was decreased as compared to extracts from BﬁI cells: .
However, SDS~PAGE followed by oxidation and silver staining of
5. flexneri LPS demonstrated a major change ln LPs structure
(Figure S§).  As seen in lane “2% of the gel, the O-antigen |
fraction of LPS from “ENhANCEb"_S. flexneri was reduced in
length. This result complemented the findings of reduced
carbohydrate/dry weight ratio of LIPS from “ENHANCED" cells.

These results suggest shorter O-antigen side chain
presentation on “ENHANCED" cells, and potentially might render
the bacteria more hydrophobic. A more hydrophobic bacterium
might have greater interaction with hydrophobic surfaces in
the gqut. ’
Example 26. Immunogenicity of proteins was determined by
Western Blots. Proteins from bacteria grown conventionally or
according to the methods of the present invention as
exemplified in Example 1 or S5 above were separated by SDS-
PAGE, then weéere electropl ‘. r~ically transferred to
nitrocellulose or PVDF membranes and were blocked with a
standard blocking agent (3% BSA, 50 mM Tris (pH 8.5), S50 mM
NaCl, 0.2% TWEEN 20]. Primary antibody was applied in
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.

Figure 3 depicts proteins from Western Blotting with
immune rabbit mucus containihg 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 greatly enhanced in cells cultured
with Doc or bile‘ This protein was also the predominant

antigen in the surface extract of cells cultured with poc.

utilizing a mouse -mono¢lonal antibody cross-reactive with
Campylcbacter flagellin, it vas demofistrated tnat the enhanced

B 'protein was C. jejuai flagellin (Figure 4).- This was a .-

..significant finding because’ several: researchers have
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demonstrated that the c. Jejuni flagellin is involved in
pathogenesis ‘and- associated with the invasive characteristics
of the bacterium.

Example 27. Congo red dye binding was used to measure
virulence. Enteric bacteria grown conventionally (BHI) or .
according to the methods of ‘the present invention ("ENHANCED“)-'
on BHI ‘agar plates and containing 0.025% congo red were
resuspended in distilled water and extracted with acetone for
10 min. Cellular debris was pelleted by centrifugation, and
the 0D, of the dye was measured with a blank solution of "40%
acetone, 60% water. The dye absorbance was compared to the
cell absorbance at 660 nm and expressed as the ratio of
ODyg3/ODgy. The data are shown in Table 2 below.

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

— Dye Absorbance

Strain BHY ENHANCED
C. jejuni 81-176 0.07 0.49
C. jejuni 81-116 0.06 0.49
s. typhimurium SR11 0.05 0.30
5. flexneri 2457T 0.02 0.13
V. cholera 56%9b 0.70 2.00

Table 2 shows that for several species of enteric
bacteria cultured according to methods of the present
invention, Conge red dye binding was enhanced. These results
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show that 1n vitro methods or the present lnventzon are useful
to induce v1ru1ence and other characterlstlcs Known to - :
correlate with in vivo pathogenesis ‘for other bacterial

Spec1es. - . . .
Example 28.. Bacterial adhesion to cultured epithellal

.'cells was analyzed. Ba¢ter1a1 adhesion was assayed as :

described by Galan’ and. curtiss ( Foc. .

86.638376387, 1989). . Tlssue culture cells (INT—407 Jr Henle

- cells (ATCC # CCL§), and ¢acCo-2 (AECC # H$§37)ghuman,
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intestinal cell lines) were cultured in 24-well tissue culture
plates (37°C, 5% C0,) to a confluency.of 60-80%. The medium’
is dependent on the cell line used, -but Dulbecco‘s modified
Eagle's medium with 10% fetal bovine seruii and 50 mg/ml_each
of penicillin G and streptoﬁycin was used for Henle cells, and
RPMI 1640 medium with.10% fetal bovine serum and 50 mg/ul each
of penicillin G and streptomycin was used for thée culture of
CaCo-2 cells. At least 3 h before assay, the culture medium
was removed and the cells were washed twice with Hank's
balanced salt solution (HBSS) with magnesium and calcium. The
monolayers were then overlayed with antibiotic-free growth
medium.

For adhesion assays, the bacteria were prepared as
follows. For slow growing énteric bacteria such as
Campylobacter and Helicobacter the bacterial culture density
was diluted to an ODgs of 0.1 with fresh, preequilibrated
medium and then used in the assay. For Shigella and other
fast growing enteric bacteria, the bacterial culture was
diluted to 6.17 at ODgy with fresh, preequilibrated medium and
then used in the assay. The bacteria were added to the
epithelial cells at a multiplicity of infection of 10 bacteria
per cell to avoid saturation. The number of bacteria
inoculated into the tissue culture well was calculated by
plate counting. Following 2 h infection under 5% CO, for
Campylobacter, and 30 min for Shigella, unbound bacteria were
removed by washing with HBSS pefore lysis of the monolayer
with 0.1% deoxycholate and plating for the determination of

adhesion.
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ﬁhe'effect'of temperature on adhesion to INT-407 cells by
C. jejuni 81-176 grown conventionally or according to ‘the _
methods of the present invention as exemplified 1n Example 5
above is shown in Table 3 below._ -

'5 Differences in adhesion of seVeral strains of c. Jejuni
grown conventionally or according to methods of the present
invention are shown in Table 4 below. ' :

Percent adhesion is expressed as.the number of colony
forming units (CFU) recovered.from the monolayer divided by
/10 the number of CFU inoculated onto the monolayer multiplied by -
100. S : ) )
‘rable 3: Effect of Temperature on ADHESION to INT-407
Cells by C. jejuni Grown Cornventionally (BHI) .

or According to Metliods of the Present
Invention (ENHANCED)

15
BHI ENHANCED
Temperature % adhesion) ~ (% aBhesion
37°C 5.5 . 62.3
20 42°C 5.9 . 11.2

25 Table €. Adhesion (FOLD INCREASE) to INT-407
by Different Strains of C. jejuni Grown
Conventionally (BHI) or According to -
Methods of the Present Invention

(ENHANCED)
30 Strain BHI ENHANCED
81-176 1.0 8.4
81-116 1.0 12.5
HC 1.0 28.2
s In invasion assays, epithelial cells were grown and

prepared accordinc to the methods described above for the



10

15

20

25

ae

as

39
edhesioo assay. - . Bacteria ‘grown conventionally or accordinq to
methods of the present invention were added to the epithelial
Cells at a multlplicity of infectlon of 10" bacteria per ‘cell
to 'avoid saturatlon. The number of bacteria inoculated into
the tissue culture well was’ calculated'by -plate: counting.
Followxng 2 h- infection under st CO,'for camgylobacter, and 30
min for Shigella, the infecting bacteria vere aspirated ‘off,

‘and the’ monolayer was overlaid with growtn medium containing’

gentamicin to kill any extracellular bacteria. . Any culturable
bacteria remaining at this pornt have invaded the epithelial
cell monolayer. The incubation continued under €0, for 3 h in
the case of C. Jejuni infected cells,. and 1.5 h for Shigella
infected cells. - Monolayers were washed with HBSS to remove
gentamicin, ‘and lysed by the addition of 0.1% deoxycholate.
Bacteria in the lysates were enumerated by plate counting and
percent invasion was expressed as the number of gentamicin
resistant ‘bacteria compared to the number of inoculum
bacteria.

Invasion is expressed as the percent of cell entering the
monolayer, as determined by the number of colony forming units
(CFU) recovered from the monolayer after gentamycin treatment
divided by the number' of CFU inoculated onto the monolayer
multiplied by 100.

The effect of temperature on invasion of INT-407 cells by
C. jejuni 81-176 grown conventionally or according to the
methods of Example 5 above is shown in Table § below.

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

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-
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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ffable S: Effeéct of Temperature: on INVASION of INT-407

Cells by C. jejuni.81-176 Grown Conventionally
‘(BEI} or According to Methods of the Present
_ Invention (ENHANCED)

Table 6. INVASION (FOLD INCREASE) into INT-407 Cells
by Different strains of C. jejuni
Grown Conventiohally (BHI) or According
to Methods of the Present Invention (ENHANCED}

Strain BHY ENHANCED

81-176 1.0 9.2
81-116 1.0 10.0
HC 1.0 26.7

Table 7. Effect of DOC Concentration on Adhesion and
Invasion of INT-407 by C. jejuni 81-176 Grown
Conventionally (BHI) or According to Methods of
the Present Invention (ENHANCED)

Treatment Adhesion (%) Invasion (%]
BHI 9.3 6.3
ENHANCED; 0.025% DOC 18.3 . 17.4
ENHANCED; 0.1% DOC $2.6 37.0
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‘Table.-8: . Effect of %oc on s. tlexnerz Invasion (Percent)
. or Adhesion’ (Eercent) to INT-407 Cells Grown .
COnventibnally (BHI) or ‘Neccording to aethods of
the Present Inventzon (ENHANCED) )

bhgracterﬁétic.... : ~ BHY . ENHANGED
Adhesion I 1;0 j_. " 140.0%.

Inivasion . 1.0 . 94.4

a More than the iniéiailj added bacteria were .
' recovered due to growth of the bacteria durzng the
assay )

Adhesion to and invasion of cultured INT-407 cells by
several human isolates of C. jejuni (i.e., 81-116, 81-176 and
HC) was greatly enhanced by addiftion 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
temperature at which Campylobacter is conventiénally grown}
(Tables 3 and §).

Similar findings were made with Shigella flexneri (Table
8). Shigella grown according t¢ the methods of the present
invention had greatly enhanced abilities of both adhesion and
invasion.

These data show methods of the presént invention enhance
invasion and adhesion of enteric paéhogens.

Example 29. A rapid slide agglutination assay was used
to show immuno-cross reactivity. C. jejuni strains grown
conventionally or according to the methods of the present
invention as exemplified in Example § were exposed to serum
IgG from animals immunized with C. jejuni 81-176 (Lior S)
grown either conventionally, or according to the present
invention (e.g., Example 5). The IgG antibodies were
immobilized on Protein A coated latex beads. If there are
cross reactive epitopes between the test serotype and the
antibodies generated against the Lior s serotype, then nearly
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imnediate clumpiné (i.e. agélutiﬁetfod)'of the cells is" -

visible.

This clumping is rated based on a scale -of 0. to 3-

after allow1ng the reaction to proceed for a short perlod of
tine, where 0 means-no observable clumping .and 3 medns a high

5 degree of agglutination.

The results of four stra1ns are

presented in Table 9 below.

.“Tablezsfl cross’ Reactivity of'nior Serotypes Grown |

Conventionally (BHI) or According to Methods of
Lo the Present'znvention'(ENHANCED) B
" CULTURE: .GROWTH' BEADS | REACTIVITY
__ ; CONDITIONS ': N .
81-176 (L5) 'BHI " Anti<BHT? 1 -
1s " “ Anti-ENub
b ENHANCEb- Anti-BHI 2
“ " Anti-ENH 2.5
L2 BHI Anti-BHI 1.
20 u : u . Anti-ENH 1.5
u ENHANCED Anti-BHI 0
" « ‘Anti-ENH 1.5
L8 BHI Anti-BHI
o « Anti-ENH
25 « ENHANCED Anti-BHI
" " ~ Anti-ENH 2.5
L21 BHI Anti-BHI 0
“ « Anti-ENH 2
30 t - poc Anti-BHI 0
" “ Anti-ENH 2
Media BHI Anti~-BHI 0
" Anti-ENH )
a Antibodies induced by 81-176 grown conventionally
3y Antibodies induced by 81~-176 grown according to methods

of the present invention as exemplified in Example S
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' Table 9 shows all four of the tested Lior serotypés (LS,"

‘L2, L8, L21) cross-reacted with antibody generatéd ‘from.

animals {mmunized with enhanced c. JeJuni 81=176 ILior serotype
LS. Mucus lavage from the intestines of rabbits infected with
c, jejuni- 81-176, comprisxng IgA, ‘reacted vith eiglit out of
the 10 major clinical serotypes (i €.y human pathogens) of c.
Jejuni grown according to methods of the present invention
cross reacted with antibodies to Lior 5 serotype strain (see:
Table 16 below). The results" show that methods of the present
invention 51gnif1cant1y extend the number of -Lior serotypes
which. cross react with anti-serum from animals immunized with
Lior S serotype strain of c..Jejuni. '

Also, several species of Sbigella grown according to

" methods of the present invention, but not those grown
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conventionally, cross react with IgG antibodies from animals
immunized with Shigella flexneri 2457T grown with DOC.

8 EXA&PLES: VACCINE EFFiCACY
Example 30. The ferret model for studying Campylobacter
pathogenesis can be used as a model to evaluate vaccine

efficacy in protecting against colonization and/or disease
because infection of ferrets reproducibly generates two of the
three disease manifestations seen in humans.

Twenty-four 7- to g-week-old .male ferrets were immunized
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 vas isolated to
determine baseline IgG titres. All vaccines and PBS were
administered in the presence of the adjuvant LT, two times,
one week.apart (Day ¢ and day 7, “yaccination¥). Serum was
collected one week later (day 14) (“post-vaccination"} to
determine IgG antibody titres. Four weeks post-vaccination
(challenge), the ferrets were anesthetized with ACE promazine—
Ketamine and challenged orally with a 10 ml PBS solution
containing live C. jejuni 81-176 (1x10l0 CFU). Thereafter the
animals were monitored daily for mucoid diarrhea, bacteremia,
fecal shedding of Campylobacter, weight changes, occult blood,
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and fecal leukocytes. Bicteremia was detected by. drawing 1.to
2 ml of hlood'from the jugilar vein of anhesthetized ferrets.
and incubating. the spetimen in - vented: frypticase soy brdth
culture. Subcultures to bloed agar plates were taken at 2, 5

“and 7 .days" post challenge. Serumn samples were collected prlor-

to’ immunxzation (bdselitie) ,- one: week after the .second
1mmnnlzat10n, and at. the time of challenge, and onée Week post
challenge to determlne IgG titres. ' -

Occult blood was detected by testinq fecal materzal on a
Hemacult card. Fecal materlal wvas smeared on a ‘slide and -
stained with methylene blue to'aetect fecal leukocytes. Fecal
sheddlng of Campyiobacter was establxshed.by culturxng smears

" from rectal swabs on Campylobacter—seiectlve medium, plates -
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(trypticase soy agar, $% sheep blood, trlmetpoprlm,
vancomy¢in, polymyxin B, cephalothin, and amphotericin B,
Remei Lenexa, KS). Results from these experiments are
presented in Tables 10 and 11 below.

-

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

POSITIVE COLORIZATION

VACCINE DAY S POST-CHALLENGE? DISEASEb
PBS 6/6 1/6
BHI . 0/6 2/6
ENHANCED . o/s¢ o/6
a Number positive colonizationf/number tested
b Presented with green mucusfunformed/watery stools
¢ one animal died in the group after disease state was

determined but before colonization was scored
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. Taile 11{ Ferrét Sera IgG Géometric Mean Titer
"o . ‘ ;..oﬂé veek . at - Oﬂe week
Gtoup. . Baseline post-vaccine challeage - post
~ . - R challenqe
SOUPBS e i 4.9 . T 64 .1380.4
BEL-© 6.4 0 94.0 - - 94.0. . .26505:3°
ENHANCED 6.8 - _ 234.4 © 1621.8, 56234.12 -
2 Mean titre for the.five surviving animals

" rable 10 shows that upoﬁ live chéllenge, aniﬁils

‘immunzzed wzth a killed-whole cell vaccine ‘of the.present

: invention were protected aga1nst colonization and- dxsease.
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The data in Table 11 show that a much greater IgG antiboay

"titre results frow’ vaccznes of the present invention

(ENHANCED) than from enteric bacteria grown conventlonally
(BHI). '

These results demonstrate that  immunogenicity (Table 11}
and protection from infection (Table 10) was obtained with
vaccines of the present invention and was greater than that

seen when animals were vaccinated with bacteria grown

conventionallyt Therefore- bacteria produced by the methods of

the present invention are useful as vaccines to protect
mammals from infection..

Example 31. Mice do not naturally develop Campylobacter
or Shigella infections as do ferrets, but they have been used
by those skilled in the art to show resistance to intestinal
colonization upon oral challenge of immunized animals or °
resistance to illness via lung infection of immunized animals.
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
were immunized orally with phosphate-buffered saline (PBS)

C. jejuni conventionally grown (BHI} or C. jejuni grown
according to Example S (ENHANCED) in doses of about 107 CFU or
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109 cr-‘U, then challenged. "IghA ‘titres, frou ini:es:tinal nucus in

‘each group were determined by ELISA .methods- and aré presented .
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in Table 12 below.-

-
. -

‘gahle 12. ng fsponses After .oral. Immunization with (107

7 or 10%) Camgyiobacter Wholé. Ce11 vacc1nes in
Mice .
,.Immunizgtioﬁ' -Yavage iqkfritxq4 -_% Responders?

' PBS ... 23 LT 14
ENHRNCED (103} 114 o - 75
. ENHANCED (1% 78 . o . 75

BHI. (107) 40 - 25 .
BHI (109) 32 12

‘2 ‘Lavage titre indicates the mean anti-C.jejuni Iga titre

obtained for each individual group of mice.

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

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

grown conventionally.

9 EXAMPLE: MECHANISK OF ANTIGENIC RLTERATION 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 (ﬁOC) appears to have a two fold action in
altering or enhancing the antigeﬁicity of enteric¢ bacteria.
Evidence indicates that one aspect of DOC*'s effect is mediated
through calcium dependent effects, as DOC binds calcium and
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'thus lowers the calcium concentratlon in the médium.  The

. ‘evidence is'as follows. When C. Jejuni 81—176 isicultured -

with -thé mewbrane permeahle calcxum chelator BAPrA/AM and

"WLthout DocC, its -invasiveness of INT—407 cells 1s enhanced

. reactiv1ty of "C. Jejunl ‘81-176 cells.,

approxzmately.10~fold (see Table 13 below? BAPTAIAM ;f
treatment alone, however, dces ‘not enhance the 1mmnno—cross

" -

The results shown in Table i3 were: obtalned u51ng c.’

. jejuni 81-176 cultured dccording to the - protocol déscribed -in

.10

Example 5 except that 25 m«x BAPTA/AM was substituted for 0.1%

" DOC. - The invasion assays were carrxed out and scored as
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descrlbed 1n Example 28 1n Sectlon 7 above.

Table 13 Invasion of INT-407 Cells by C.‘ jejuni Grown
Conventionally (BHI} or with BAPTA/AK

Culfure condition
‘Strain BHI BAPTA/2AM
j 3.0 36.9

C. jejuni 81-176

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 homoiogous to low calcium response (lcr) genes from

The lcr locus is known to regulate virulence of
Two Campylobacter

Yersinia.
Yersinia in response to low calcium levels.

genes involved in flagellin expression and assembly which are
required for invasion (flah, flbA) are regulated in part by
the Icr product. Analysis.of the behavior of Campylobacter
flah and f1bB mutants grown conventionally or under virulence
enhancing conditions of the present invention show that
invasion, but not Congo red dye binding or increased cross-

reactivity, is calcium dependent (see Table 14 below}.
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48 :
The results shown in 'l‘able 314 were obtamed usmg C.

Jejunz cultured conventionally oruaccordlng to the methods of
the present inventmn as exemplified in Example 5.. The
1nvasxon assays were carried put and scored as descrlbed ln

‘Example 28 above._ ) .o ._' L
Table 1(. Invasmon'of INT—(O? Cells by C._JQJunl untgnts
Grown COnreut;onally (BHI7. or Recording to .
-Hethods of the Eresent Inventlon (ERK&RCED)
"Culture cogdiﬁion

Strain : . . | BHI- ENHANCED

C.. jejuni 8i-176 3.5  40.8

C. jejuni flaa ' 0.05  0.05

C. jejuni f£iba 0.01 0.04

The C. jejuni fla and f1bA mutants do exhibit
significdntly‘enhanced Congo red binding and immuno-cross
reactivity when cultured with DOC (see Table 15 and Figure 6,
respectively). The results shown in Table 15 and Figure €
were obtained using €. jejuni cultured conventionally or
according to the methods of the present invention as
exemplified in Example $ above, The Congo red dye binding
assays, whose results are shown in Table 15, weré carried out
as described in Example 26 above. " The immuno-cross )
reactivity, whose results are shown in Figure €, were carried

out as described in Example 29 above.
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Table 15-'00ngo Red Dye ‘Binding ‘by. C-_JQJunl Kntants
. -Grown Conventionally (BHI} or agcordzng to
T H&thods of the Inventloa (EHHZNCED) .

k ‘c'&z_cui-e' bphditibg

s‘tra'in_' .. .- BHI - ENHANCED .-
c. Jejunt 81—176 Sl 0.07 "1.68

c. ]e]luu flak, - © © . .. 0.10° 1:60
. C, jejuni fiba - .- ei127 - 0.80
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The flaA mutant is unable to express flagellin. The
flaA mutant and a flaA-flaB dodb;e'mutant (received from C.
Grant, NIH) are both noninvasive even after tfeétmenf with
DoC, indicating that flagellin is required for invasion.
Interestingly, the normally exhibited (i.e., non-DOC induced)
immuno-cross react1v1ty observed between the isogenic parent
strain of these fla mutants and certain other Lior serotypes
of é. jejuni is absent in the mutants. However, DOC treatment
can induce these flagellin-less mutants to exhibit enhanced
immuno-cross reactivity and Cdngo red binding;

These findings indicate that DOC regulates virulence
functions in enteric bacteria via calcium-dependent (e.g.,
invasiveness) and calcium-independent (e.g., Congo red dye
binding)} mechanisms. These findings further suggest that -
enhanced immuno-cross reactivity and Congo red binding -induced

by DOC is at least in part flagellin-independent.

10 EXAMPLE: DOC INDUCES ENHANCED SEROTYFPE AND SPECIES
IMMUNO-CROSS REACTIVITY OF CAMPYLOBACTER JEJUNX

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

present invention was examined using the rapid slide

agglutination assay. The assay used intestinal mucus from

immunized and non-immunized rabbits to determine the effects
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of aiterlng culture condltlons on the cross—react1v1ty of

heterologous stfains of Campylobacter. The rabbxts vere

,1mmunized “with Yive C.. JeJunl 81-176 grown convent;onally. .

The agglutination activity of the macus’ antibodies vere tested
agaxnst twenty-four Campylobacter stralns, compr151ng eighteen .
serotypes, grown conventionally in ‘BHI-YE medium or’ according
to the methods of the invention as exemplifxed in Example s.
‘The results .of the agglutlnatlon assays show that the |
cross—agglutlnation of - heterglogous Campylobacter strains was
broader and, ih many cases, stronger when the strains were

- gréwn’ according to the methods of . the invention than when they

1s
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Were grown conventlonally. Spe01f;ca11y, there was-an- over
two fold increase in heterologous agglutlnatlon react1v1ty. 6
of 24 conventlonally-grown heterologous strains agglutinated
at level + or greater in the anti-81-176 immune mucus, vwhereas
14 of. the same 24 strains grown under DOC conditions
agglutinated at level + or greater. Further, while eighteen
of the heterologous strains demonstrated week (+) <or no
agglutination when conventionally grown, eleven of these same
strains showed an enhanced agglutination response when grown
under ENHANCED culture conditions {e.g., DOC containing
medium) .
Table 16 illustrates cross~reactivity of anti;81;176
immune’ rabbit mucus against 19 heterologous Lior serotypes
consisting of 22 strains grown conventionally (BHI-YE} or
using the methods of Exanmple S (éNHANCED). Even though this
experiment assayed only a fraction of the known Lior
serotypes, the results demonstrate that the methods of the
invention induce substantial immuno-cross reactivity between
Lior serotypes. The results further show that the DOC
enhanced or induced antigens in Campylobacter appear to be
important in the secretory IgA.responsé associated with
resistance to and recovery from intestinal infection by
Campylobacter .

It should be further noted that strains of Lior 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 anti-81~-176¢ immune rabblt mucus.. This resuit 1n<11cat:es

tha.t a“vaccine derxved “from a C. Jejum. straz.n (e. g., Ih.or 5) .

not’ only can. cross—protect agalnst hetex:ologous serotypes
w:.thm thé. same species, - but also other Campylobacter spec:.es ;

.(e.g. ‘ Campylobacter COlJ.) . Also wm:th not:.ng .LS that Lmr

) serotYpes 1, 2, 4. 9, and 11 are’ among the most prevalent

) dxsease—assocxated serotypes worldvm.de. They .all

10 .

15

20

25

30

35

-

démonstrated detectable cross-reactlnty in ttus assay.
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‘.l‘a.ble 16, ;&qglutxnation Respo;xse of 20° Campylobacter_
gserotypes Grown Conventionally (BHI-YE) or :

" According to the-Methods, of the Invention
(ENHANCED) to Non-immune? or’ nnti-s;-usa
Immune Rabb:.t uucus . ..

-

o Agglut:.na.t1on response° :

1

) Non-lmmﬁne mucus Immune Mucus
- Lior ' A . : kK
- Strain .Serotype BHI-YE ENHANCED ng.:m ' Emncpg
134 C - . - BT ) ++
195 2 . - S - +
) 4 : - TLo- . - A
170 s - -~ 4 e
81-176 5 - - -+ ottt
6 6 - - S ++t
81-116 6 - - « -+
35 7 - - - +
52 8 - + + ++
VC-167 - - - + -t
VC-159 8 - - + -
88 g - - - +
244 ) 11 - - + 4
556 17 - - + -
563 18 - - - -
544 19 - e - ++
699 21 - - + ++
1180 28 - - + 4+
1982 29 - - - -
910 32 - ++ - 44
2074 36 - - - -
HC 36 - + - +
2984 46 - - - -~
79171 72 -~ - - -
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of anlmals sheddlng Campylobacter organlsms on & givern: sample '

As shown in Flgure 7, all nasally challenqed anlmals, .
both immunlzed and’ control, shed organxsms 1mmed1ate1y after
challenge (day 1). Eighty to ohe hundred percent of: the

.control anlmals remaxned colonlzed for 9 days after challénge.

In contrast, sxgniflcantly fewer anlmals in-the. vacc;nated

’ groups shed organxsms dur;ng the course of the 9 day assay
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period. Both the degree of. and time to ciearance of. challenge
organisms were dependent .on the amount of vaccxne . :
admlnlstered. The low (105 partlcles/dose) andhlntermedlate
vacclne doses (107 partlcles/dose) gave a gradual and -

1ncomplete rate of clearan. The presence of adjuvdnt
increased the degree of protection at these doses. .
Surprisingly, at the highest dose tested (10'9 particles/dose)
the non-adjuvantized vaccine produced a level of protection
equal to or slightly greater than that obtained when a
comparable dose was administered with the LT adjuvant.

Similar results were obtained when otaliy vaccinated
animals were subsequently challenged orally (see Figure 8).
These results indicate that immunization with inactivated
Canmpylobacter grown according to the methods of the present
invention affords protection against subsequent challenges of
live campylobacter and the immunization is efficacious even
when administered orally without the use of an adjuvant.

The protective efficacy of formalin-fixed whole cell
Campylobacter jejuni grown according to the. methods of the
present invention (see, e.g., Example S} administered

" intraperitoneally (IP) was also evaluated. For these

3¢

35

experiments, groups of 20 female Balb/fc micé were administered
a single dose of 1.3x10!0, 2.s5x10%, s.0x108, 1.0x10% or 2.0x107
inactivated C. jejuni particles in 0.5 ml endotoxin-free PBS
without adjuvant. The animals were challenged. 14 days later

with a single lethal dose of live C. jejuni 81-176
(approximately 1.0x1010 ¢cFU in endotoxin-free PBS) delivered
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intréperitdneﬁi;yt :a;imalg'Were monitored daiiy for 4 days
for mortality. . l . - .

"As shown in. Tabie 17, a single 1ntxapermtonea1 dose of
s mﬁ.o8 xnactivated c. Je]unz particles mduced an

PRI

lxve C. Jejunl chailenget

' frable 17: Protection Afforded’ ay 1P Delivered
V2Thactivated C. jejuni Prepired According to
the uethods of the Present Invention

Dose e &6ftaLiﬁyi- ’ -Survivors
Day 1.~ 2 3 4 - - A
1.3%x1010 0 4 0 o0 16
2.5%107 6 0 o0 o 20
5.0x10% 0 0 0 0 20
1.0x108 11 7 0 o© 2
5.0x107 10 6 2 0 2
PBS Control 4 3 2 0 1

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

Example 35. The invasiveness of Shigella sp. grown in
vitro is affected by the culture's growth phase. The
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 anh early log phase culture), or according to
Example 9 but allowing the culture -to reach late log phase
before harvesting the cells (DOC-LL} was tested according to
the procedures described in Example 28. The results show that
culturing with DOC enhances invasiveness and that the maximum

enhancement is achieéved during early log phase of growth (see

Figure 9).
Culturing with DOC according to the methods of the

invention also enhances the invasiveness of other Shigella.
species, S. sonnei, and S. dysentariae (see Figure 10}. 1In
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‘a ‘The dnti-81-176 mucus were obtained from rabbits

53

-
"

Jiﬁfeeted‘qiph”live c,‘jejgni_§1—17q‘grown_eonventionally

b - The non-lmmune mncus were obtalned from unlnfected
nrabblts A L. B .
¢ The agglutination :respinses range from«negatiVe -], to

very weak (1).;. to-very strong (++++)

11 - . EXAMPLE: LDDITIONAL EXEERIHENTS OF VACCINE EFFICACY
OF CZMPYIOBAC%ER : .

Example 34. The protectlve efficacy of formalln-fixed
whole cell campylobacter jejuni grown according to the methods
of the present invention was determlned u51ng the mouse

‘colonization model reported by Bagar (Infect. & Tmmun.,

63:3731-3735, 1995}. .
C. jejuni 81-176 was gEOWn and harvested according to
Example $ and inactivated with 6.075% formalin as described
above. Groups of five 6 to 8 week old female Balbfc mice were
administered three oral doses (0.25 ml/dose in endotoxin-free
PBS) containing either 105, 107, or 10? inactivated bacterial
particles alone or in combination with 25 xg of the heat
labile enterotoxin from E. coli (LT). Doses were given at 48
hour intervals and immediately after two 0.5 ml doses of S%
sodium bicarbonate solution {pH 8.5) were given at 15 minute
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

colony forming units (CFU) of live conventionally grown C.
jejuni 81-176. The duration of intestinal colonization was
determined by monitoring fecal shedding every day over.a 9 day
period. Fecal material was emulsified in sterile PBS and
aliquots plated on Campylobacter blood agar. Plates were
incubated at 35°C under microaerophillic conditions
(Campylobacter GasPak, BBL) for 3-5 days to allow growth of C.

jejuni. Colonization results are expressed as the percentage
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polarlzed eplthellal cells the enhanced 1nvasxveness of

.sﬁigella was observed only’ “When- the eplthelial cells~were
infected basolaterally by. the. bacteria.. This’ ﬁlnalng is -

conslstant with the" inva31on process observed in’ :vivo.
Comparztlve studles £hot - that Shigeila grown accordlng

" to the methods of: the present lnventlon are- nearly 10-fold

more invasive. than shlgella prepared accordlng to, the )
procedure descrlbed bx)Pope et al. (Infect. & Immun., 63 3642—

3648 19955
Example 36, shigella cultured according €o- the methods

of the present lnvention also exhiblt enhanced Congo red .
blndlng. 8. flexner1 24577 'and S. sonue1 grovn conventxonally
(BHI) or accordlng to the methods of the present anentlon as
exemplified in Example 9 were assayed for their dye binding
abilities usxng procedures described in Example 26 above. The
results show that growth in DOC enhanced Congo red blndlng by
the two Shigella species 10 to 20 fold (see Table 18}.

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

Culture condition

Strain BHXI ENHANCED
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 aéglutination assaf as described in Example
28. The assay used antiserum from immunized rabbits to
determine the effects of culture conditions on the immuno-

cross reactivity of different Shigella species. The rabbits
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_were immunized #ith formalin~fixed Sbigella flexneza 2457T

Y

qrown accordlng €o the methods of - Example ‘9. The
agglutinatlon act1v1ty of _the IgG antzbodles obtalned from the

'.lmmunlzed animals ‘were tested ‘against all four 5hlge11a .
.Spécles grown conventlonally in BHI . mgdxum dr accord;ng to the

methods of tlie 1nventlon (e.g,, Example ) The results of

-the - agglutination assays show that growth with’ Doc o -
t_sxgnlflcantly enhanceg ‘the agglutxnatlon activ1ty of the

: homologous Shlgella flexnerl as. well -as those of the three
3heterologous Shlgella species to. anti-s. ‘flexneri. antlbody'

10

15

20

25

30

35

(see Flgure 11)

13 EXAMPLE: VACCINE EFFICACY OF SHIGELLA .

Example 37. The protective efficacy of formalin-fixed
wholé cell Shigella flexneri grown according to the methods of
the present invention was determined using the mouse nasal
challenge. model developed by C.P. Mallett et al. (Vaccine,
11:190-196, 1993). Briefly, Sbigellé'flexneri was grown and
harvested according to the methods exemplified in Example 9
and inactivated with 0.075% formalin as described in Example
30. Approximately 107 inactivated bacterial partiéles 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 ¢l of
this material was administered nasally to groups of 10 lightly
anesthetized animals. * A total of three imnunizations wvere
given at 14 day intervals.

To test the effect of an adjuvant on the protective
ability of the Shigella whole cell vaccine, groups of animals
were immunized using a suspension that contained the
inactivated vaccine and S pg of tﬁe heat-labile enterotoxin
from E. coli (LT). Fourteen days after the third
immunization, animals were challenged nasally with a sublethal
wasting dose (105 cfu) of either live S. flexneri or S.

sonnei. Immediately before and at 1, 2, 5, and 7 days
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following . the challenge, annnals vere Weighed and the: mean

'grodp welght deternuned‘ Results ‘are shown in Table 19..:

' Tablé 197 - Inactivated Sbigéila flexneri Whole ‘Cell
 Vaccine Protects ice Against Nasal challenqe

with vae S. flexperi ‘or S. sonned.

A

Challenge Vaccination o Percent'ﬂeight Change
organism - | - Post Challenge "

Bay 1 Day 2. -Bay § Day 7

S. flexneri . PBS ~'g.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 nice in ?ach group were immunized 3X nasally with vaccine
comprsing 10/ inactivated 5. flexneri grown acqording to

Example 9

The mice immunized with vaccine comprising inactivated s.
flexneri grown according to the methods of the invention were
protected against challenge with live S. flexneri organisms.
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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Qéccine. The 5. flexnerl vacc1ne alone also conferred
protection to heterologous challenges by S. sonnel.. The -
anlu51on of the LT adjuvant however, notlclbly enhanced the
protectlon against the challenge by 5. sonnei. These flndlngs
indlcate ‘that vaccine-comprxslng ‘inactivated Shzgella prepared

"accordlnq to the methods of the lnvention is effect1ve in a-

recognized sﬁigella disease model and does not requxre an

'adjuvant in. preventing or attenutatlng varlous shlgella
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14 EXRHPLE. F&CTORS TEAT AFFECT TEE ADHESIVENESS OF H.
PYLORI TO ANIHAL CELLS

) ,Example.sa. The adherence of: H. pylorl is enhanced by
growth in glycocholate or bile.. Cells ‘of H. zlogl strain
NB3~2 or Gl-4 were added to BHI broth plus 4% bovine calf
serum. After inoculation the flasks were flushed with 10%
C0,~-5%0,-85%N, and incubated for 22 h at 37°C with shaking.
After this incubation, the culture was diluted 1 to 10 to a
flask containing 1 liter of the BHI medium with 4% bovine calf
serum containing various concentrations of bovine bile (0.025%

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

nixture, and incubated at 37°C. The cells were harvested at

various times up to 18 h and their adherence to INT-407 cells
assayed using the methods described in Example 28. The
results show that'culturing with bile enhanced the '
adhesiveness of . pylori to INT-407 cells (see Figures 12 and
13). For the NB3-2 strain, peak adhesiveness, a 4 to 6 fold
increase over that of non-enhanced culture, occurred after
about 8 h of growth (Figure 12). For the Gi1-4 strain, peak
adhesiveness, a 2 to 3 fold increase over that of none-
enhanced culture, occurred between 12-14 h of growth in 0.2%
bile (Figure 13). These “peak" times generally corresponded

.to the period when the culture of each strain was in log phase

growth.

15 EXAKPLE: VACCINE EFFICACY OF HELICCBACTER GROWN
ACCORDING TO THE METHODS OF THE PRESENT INVENTION
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Example 39. The protect;ve effxcacy of'formalln—flxed
whole cell ﬂellcobacter'pyiorl .grown accordxng to the methods

'of the present jnvention was determlned uszng the mouse

Eellcobacter fe11s gastrlc colonlzatlcn model descrlbed by.
Chen et al. ‘(Lancet, -339% 1120-1121, 1992) .. Helz.cobacter )

. Rylorn “strain Gl~4. vas grown as.a seed culture for-about 22 h

10

is
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3s

&t 37°C under 10% cou.so% air in BHI medla containzng 4%

hov1ne calf serum aAn aliqout of this culture was used to

'inoculate a 10-f01d volume of the same media containing 0.1%

(v/v) bov1ne bile. After 12—14 h of qrouth at’ 37°c, thie cells.
are. harvested by centrlfugatxon and resuspended in 1/10. of the

“orlglnal ‘volume of Hank's Balanced Salts Solution- (HBSS) at "

room temperature. Cell$ were recentr1fuged and agaln
suspenéed in 1/100 of the original wvolume of HBSS. To the
buffered .cell suspension, formalin was added to a
concentfatioh'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
administering 3 doses of this inactivated whole cell vaccine
orally to 6-8 week old female Balb/c Hellcobacter—free nmice at
days 0, 7 and 14 or at days 0, 7 and 21. Doses of 109
bacterial particles per dose were evaluated in combination
with the heat labile enterotoxin of E. coli. Fourteen days
after the third immunizing dose, animals were challenged
orally with a single dose (10_l CFU/dose} of live H. felis.

Two weeks after challenge the arimals were sacrificed and
antral stomach segments analyized for urease activity to )

determine the presence of H. felis. Urease activity wvas

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

Helicobacter whole cell vaccine prepared ‘using H. pylori
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straxn G1-4 protected anlmals against an H. fel:.s ordl

-

Iable 20: Brotectxon‘hgainsb ﬂél;cobacter Infecﬁxons wlth

- . Vaccines ‘Comprising Inactivated.H. pylori Grown

nccordzng to uethods of the Present Iuventxon

Challenge.

Immunzzlng organisms GoloniZed/ ‘Percent’
A.gentsa (10‘cru) - " Total’ -". Protection’
Experiment: 1.
H. pylori® g. felis 4/13 71
PBS + LT H. felis 9/9- - 0
Ezgeriment 2
H. pylorib H. felis 2/15 87
PBS # LT H. felis 16/10 0

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

b Given as 1 x 10° CFU of Strain Gl1-4 in a 0.25 ml dose

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

The methods of the present invention produce bacteria
capable of inducing an immunogénic response which is
protective and therefore are useful as vaccines.

16 DEPOSIT OF ¥ICROORGRNISY

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

accession numbers:
Microorganism Accession No.

Helicobacter pylori NB3-2

Deposit Date
September 2%, 1995




. Helicobacter pylori Gl-4 =
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| -septembér 29, 1995 -

-Other equlvalents of the methods of the. present lnventlon
may be’ easity. determined by those.skilled in the. art and such

N equ1va1ents are intended to be’ included by thls znventxon.
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The foregbing disclosure lncludes all the Lnformation deemed
essential ‘to enable those Skllled 1n the art to practice the
clalmed invention. Because ‘the cited patents or publlcations
may - prov1de further useful lnformatlon all the materials’ c1ted
hereln are hereby 1ncorporated by reference ln thelr entlrety.
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What is claimed isg :

1. An enteric bacterium having enhanced antigenic
properties, wherein the enteric bacterium is selected from
the group consisting of Campylobacter sp., Yersinia sp.,
Bacteroides sp., Klebsiella sp., Gastrospirillum sp.,
Enterobacter sp., Salmonella sp., Shigella sp., Aeromonas
sp., Vibrio sp., Clostridium sp., Enterococcus sp. and
Escherichia coli which enteric bacterium is harvested from
which a culture of the enteric bacterium grown in vitro
under a combination of conditions comprising:

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

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

c) in air or an microaerophillic condition,
wherein the microaerophillic condition
comprises 1) about 5% to about 20% CO, with
about 80% to about 95% air; ii) about 5% to
about 20% CO, with about 80% to about 95% N,;
or iii) about 5% to about 10% O, with about
10% to about 20% CO, with about 70% to about
85% N,,

wherein sgaid enteric bacterium culture is at about or
between early log phase to stationary phase.



