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RECOMBINANTY LIVE VACCINES

The present invention relates to recombinant live
attenuated bacterial strains expressing O-serotype deter-
minants of gram-negative enteric pathogens in a form co-
valently bound to a lipepolysaccharide (LPS) core, wherein
the resulting LIPS molecules are essentially indistinguishable
from the ones present in the original pathogenic strains.
Such recombinant carrier strains may be used as live vaccines
for oral immunization against e.g. bacillary dysentery caused
by virulent strains of ;s;gigde@@; spp.

Gram-negative enteric pathogens cause a variety of
diseases, some of which may develop intc acute diarrhoeal
- disease states and may ‘eventually lead to the death of the
infected individual. Examples of such diseases caused by
said category of pathogens are shigellosis, typhoid fever,
cholera, infections with enterctoxigenic and entercpathogenic
Escherichia eoli, and infections with Helicobacter pylori.

Shigellosis is an 'acute enteric disease caused by viru-
lent strains of the Species Shigella sonnej, Shigella boydii,
Shigella dysenteriae, and Shigelia flexmeri. Upon ingestion,
these organisms attach te and invade the lumen of the colon
causing an acute inflammatory response. Disease symptoms
include fever, tenesmus, cramps, and bloocdy stools often with
Bnucous. Velunteer studies in which subjects who ingested
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S. sonnei and developed disease were latter re-challenged
with S. sonnei showed that overt disease could induce a high
level of immunity (Herzingﬁon et al., Vaccine 8:353, 19%0}.
This demonstrated ‘the feasibility of developing a live
attenuated Shigella vaccine. Additional findings (Cohen et
al., J. Infect. Dis. 157:1068-1071, 1988) suggest that the
ability to induce an anti-LPS antibody response is critical
for protection against shigellosis. At present, no vaccines
are available for the prevention ef shigellosis.

Shigella spp. O-serotypes are determined at the molecular
level by so-called O-antigen structures, also termed O-chain
or O-polysaccharide, which consist of polymerized sugar units
anchored in the bacterial outer membrane as subcomponents of
the lipopolysaccharide (LPS) molecules (Lideritz et al.,
curr. Top. in Menmbranes and Transport, 17:79-14%, 1982). O-
serotypes are specifically determined by the chemical and
structural compesition of both the basic sugar unit and the
polymerized O-polysaccharide. Genetically, enzymes invelved
in the biosynthesis of Shigella spp. O-antigen molecules are
encoded within the rfb/rfc genetie locus which may be located
on the bacterial chromosome éné/or on a plasmid episome (Hale

.and Formal, Microb. Path., 1:511-518. 1986). Within the

rfb/rfc genetic locus, rfb genes encode enzymes involved in
the biosynthesis of the basic sugar unit, whereas the xfc
genes encode the O-antigen p@lymerase responsible for the
polymerization of the basic unit to form high meolecular

weight O-antigen molecules which are required for immunocgen-
icity. '

In Entercbacteriaceae including Shigella spp. virulent
strains the O-antigen is exposed on the cell surface in a

form covalently bound to the core-lipid A moiety of LPS mole-~
cules.

Seven types of LPS cores have been structurally defined
in Entercbacteriaceae, and named Ra, Rl to R4, K-12, and B
{Lideritz et al., Curr. Top. in Membranes and Transport



17:79-149, 1982; Jansson et al., Bur. J. Biochem., 315:571-
577, 1981). S. sonnei LPS molecules have been shown to be of
the R1 core type, whereas Salmonella spp. and the E. goli
strains commonly used in cloning experiments are character-
ized by LPS of the Ra and K-12 types, respectively (Lilderitz
et al., Curr. Top. in Membranes and Transport 17:79-149,
i882) . The chemical structure of LPS core(s) present in V.
cholerae strains has not been determined yet. The genetic
determinants for enterobacterial LPS core moieties are chro-
moseomally encoded within the so-called rfa locus (Rick, p.
648-662, In Eg.gggz;;ggjg coli and Salmonella tyvphimurium cel-
iular and molecular biology. F.C. ‘Neidhardt {ed.}). Awmerican
Society of Microbiology, Washingtom, D.C., 1887). '

The rfb and possibly the rfec genetic loci encoding
8. sonnei O-antigen (which confers serospecificity) are pre-
sent on a large (about 180 kilcbases, kb) virulence plasmid
(Kopecko et al., Infect. Immun. 28:207-214, 1980). This plas-
rid also encodes a number of genetic loci which enhance the
virulence of 8. sonnei (Sansonetti et al., Infect. Immun.
34:75-83, 1981). Formal and colleagues (Formal et al., In-
fect. Immun. 343746-750, 1881; U.S. Patent No. 4,632,830,
1886) have introduced this plasmid via conjugation intc the
Salmonella typhi vaccine strain TY¥2la (Germanier and Fﬁxei:,
J. Infect. Dis. 131:553-558, 1875; U.S. Patent No. 3,856,935,
1872) in an effort to a §. sonnei vaccine. This strain,
termed 5076-1C, expressed the §. sonnei O-antigen as attached
surface layer, not. covalently - attachgad te the core of
§. typhi LPS (Seid et al., J. Biol. Chem. 25%:9028-9034,
1984), and perhaps other antigens and virulence determinants
encoded by S. gonnei virulence plasmid.

Initial experiments, in which strain 5076-1C was orally
administered to volunteers subseque'ntly challenged with
§. sonnei, showed 5076-1C able to confer a modest, but signi-
ficant degree of protection against shigellosis (Black et
al., J. Infect. Dis. 155:1260-1265, 1987). However, subse-



cquent trials of a similar design using 5 different lots of
5076-1C failed to show any evidence of protection against §,
sonnei (Herrington et al., Vaccine 8:353-357, 1990)}.

There are several possible explanations for this fin'ding. '
First, it is known that the O-antigen moiety of LPS is highly
immunogenic only when covalént.ly attached to the core-=1lipid A
molety of LPS. Therefore, the presence of the S$. sonnei O-
antigen as a necn-covalently attached cell surface layer on
5076-1C may not allow for routine induction of a protective
immune response. Subsequent studies (Hartman et al., J. Clin.
Microbiol. 29327-32, 1991) have revealed the 180 kb $. sonnei
plasmid to be genetically unstable in $076-1C, leading to the
loss of the rfb/rfc locus and hence the inability teo syn-
thesize §. sonnel O—~antigen. Finally, the expression of otherx
genes encoded by the S. sonnei 'pla,smid could adversely affect
the growth and/or imunizing capacity of 8. tvphi strain
T¥2la.

In another study, the expression of ¥. cholerae O—antigen
in 8. typhi TY¥2la resulted in unbound O-antigen molecules,
whereas expression in E. coli X-12 led to complete hybrid LPS
molecules corresponding to V. cholerae O-antigen covalently
bound to the X-12 core (Australian Patent No. AU~A-41023/89,
1988} . In order to synthesize a complete LPS molecule
ecarrying V. cholerae O-antigen in T¥2la, the S. tvyphi rfa
locus was replaced by a DNA region encompassing the cor-
responding rfa locus of E. coli X-12. As expected, the re-
sulting strain, bearing in addition the ¥. gholerae rfb locus
on & plasmid, expressed complete hybrid LPS consisting in
¥. cholerae O-antigen bound to K-i2 type LPS. However, in
the process of strain construction, not only the gfa locus
but also up to 200 kb of adjacent genetic material, cor-
resp@nding to about 5% of total chromosomal length, was re-
placed in T¥2la. Such a large and uncontrolled manipulation
may have affected the properties cof the candidate wvaccine
strain in an unpredictable way. ] '
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Thus, the problem underlying the present invention was to
provide hybrid live attenuated bacterial strains which stably
express on their surface O-serotype determinants from gram-
negative enteric pathogens in a form covalently bound to LPS
molecules essentially indistinguishable from the cnes present
in the pathogenic strains toc be vaccinated against, without
affecting the properties of the candidate vaccine strain in
any unpredictable way.

The solution to the above technical problem is achieved
by previding the embodiments characterized in the claims.

Accordingly, the present invention relates toc a recom-
binant live vaccine strain for the immunization against gram-
negative enteric pathogens displaying the following features:

(a) it is a bacterial strain known to be safe and immuno-
genic when orally administered to humans:

{b) it carries a set of xrfa, rfb and xfc genes coding for
the enzymes involved in the biosynthesis of lipopolysaccha-
ride core, preferably heterolegous lipopoclysaccharide core,
and heterologous O-polysaccharide antigen;

(c) said set of genes is stably expressed by said carrier
"strain resulting in the formation of an intact .immunoggnic’
hybrid lipopolysaccharide composed of the lipid A from the
carrier strain covalently attached to said preferably heterxo-
logous core and said heterologous o-polysaccharide, wherein
said preferably heterclogous core and said heterclogous O-
polysaccharide form an LPS molecule containing a polymerized
O-polysaccharide and being essentially indistinguishable from
the LPS molecule of the heterologous gram-negative enteric
pathogen. '

Said administration in.item (a}, supra, will usually be
carried out with the bacteria being in a live form.



The evaluation of whether said  heterclogous 0~
polysaccharide is indistinguishable from the LPS molecule of
said heteroclogous pathogen in item (c¢), supra, will usually
be by physicochemical and/or immunological means.

The term “recombinant live vaccine strain® as used herein
means a bacterial strain as defined in item (a} above which
has been modified via recombinant DNA technology so that it
carries and expresses at least one set of heterclogous genes,
wherein expression of said heterologous genes results in (a)
new immunogenic property(ies} of said strain, allowing for
the immunization against said gram-negative enteric pathogen
when administered to humans. |

The term "carrier strain®" as used herein is intended to
mean an attenuated bacterial strain carryving and expressing
ocne or more foreign genetic determinants encoding protective
antigens from a heterologous bacterium pathogenic for humans.

The term %"being essentially indistinguishable from the
LPS wmolecule o©f <the heterologous gram-negative enteric
pathogen® means an LIPS wmolecule with a similar banding
pattern when examined by polyacrylamide gel electrophoresis
after appropriate treatment to visualize said banding, which
in addition binds antibodies which are specific for the
heterologous enteric pathogen and in addition elicits such
antibodies when administered to an appropriate host.

In the case of virulent (Phase I) strains of S. sonnei
the O-antigen moiety of LPS molecules consists in polymerized
disaccharide units of two atypical sugars ﬁhich are present
on the cell surface in a form covalently bound toc the Ri-type
LPS core-lipid A region (Form I LPS) (Kenne et al., Carbohy-



drate Res. 78:119-126, 1980; Gamian and Romanowska, EBEur. J.
Biochem. 129:105-109, 1982). On the other hand, efficient
immunization against virulent strains of §. sonnei may re-
quire the immunizing antigen to be present on the surface of
the live attenuated carrier cells in a form as close as
possible to the one observed in natural virulent strains. - As
discussed above, previous evidence showed that the expression
of the §. sonnei rfb/rfc genetic determinant from the whole
S. sonnei wvirulence plasmid in the attenuated §S. tvphi/S.
sonnei hybrid strain 5076-1C does not lead te the covalent
attachment of the'correspondiﬁg O-antigen ontc the S. tvphi
Ra core structure (Seid et al., J. Biol. Chem. 259:9028-5034,
1984). In the latter study, failure of getting cocmplete 0O-
antigen-bearing LPS molecules may have accounted for the weak
immunization levels against #irulent 8. sonnei obtained with
the hybrid strain.

It now appears that only certain combinations of xfa
genes encoding the core region and rfb/rfc genes encoding the.
O-antigen lead to a stable expression of the O-antigen on the
surface of a given cell. This surface expression is a result
of the covalent attachment of the core and O-antigen
moieties. Preferably, the resulting LPS has the same struc-
ture as in the original pathogen, being, for example, a
strain of Shigella spp. (homelogous core and OLantigen
moieties). The minimal regquirement for obtaining a hybrid
polysaccharide displaying the feature of being essentially
indistinguishable from the ILPS molecule of the heterologéus
gram-negative pathogen is that all members of the respective
set of genes encoding said LPS molecule are co-expressed in
the same carrier strain.

Thus, in accordance with the present invention it will be
necessary to cobtain a set of genes which encodes different
compatible components which form a functional LPS molecule.
It is conceivable that:part of said set of genes is a natural
part of the carrier strain. Alternatively, it is possible



that none of said genes is a natural part of said carrier
strain. In either case the desirable genes to be introduced
into said carrier strain will preferably be cloned from a
suitable source. In the case of & specific ﬁﬁigg&;g O-sero-
type, for example, the corresponding rfb/rfc gene locus may
be transferred from said Shigella strain to a suitable
vaccine strain. If the vaccine strain carries the genes en-
coding a compatible core, no further cloning and transforma-
tion step may be necessary. Alternatively, if the wvaccine
strain does not carry said genes a further cloning step in-
volving the original Shigella strain or another strain of the
same or a different bacterial species carrying the genes en-
coding a compatible core will be necessary.

Upon cloning and transfer of a compatible set of genes
inte a suitable vaccine strain, said strain will express a
complete LPS structure with the O-antigen of the pathogen
displayed on its surface. Bas a result of this surface ex-
pression, the immune system of the vaccines is stimulated and
a protective immune response, e.g. against S. gsonnei, in-
duced.

In a preferred embodiment of the vaccine strain of the
present invention, said set of genes has been separated from
non-relevant genetic information of the donor strain. '

In the case of the genes encoding the §. sonnei O-anti-
gen, the rfb/rfc locus must first be separated from other un-
related genes encoded by the 180 kb plasmid in order to
stably and speciﬁically-express said lecus. Separation of
unrelated genes will, moreover, avoid adverse effects with
réspect to the growth and/or immunizing capacity of the car-
rier strain. ' '

The preferred method of separating 'said locus from non-
relevant genes is to produce a gene bank of the 180 kb plas-
mid in a suitable E. coli strain. Various methods of iden-
tifying recombinant clones expressing the O-antigen are known
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in the art. The method preferred herein is to use monoclenal
or polyclonal antibodies specific for the S. sonnei O-anti-
gen, preferably monoclonal antibodies (MAb).

A preferred scenaric for the isolation of the core en-
coding genés would entail a DNA fragment carrving the rfa
genetic determinant limited to the minimal size allowing for
the synthesis of a heterclogous LPS core able to covalently
bind the Shigella O-antigen. Such a requirement is best
satisfiéd via the cloning and characterization o©f the
suitable rfa locus, i.e., defining the minimal DNA fragment
necessary for its expression. A preferred situation would be
one in which the cloned rfa locus expresses an LPS core
having the same structure as the core to which the C-antigen
is naturally coupled to. In the case of S. sonnei C-antigen,

the preferred core would be of the Rl type.

Accordingly, in a preferred form, the present inventicn
may ineclude the cloning of chromosomal rfa loci encoding LPES
~ core structures of the Rl type in order to even better
simulate, in the recombinant vaccine strain, the LPS
eonfiguration present in virulent 8. sonnei cells. Such xrfa
loci may be isclated from chromosomal gene banks of -any
available bacterial strains characterized by Ri-type LPS.
Preferred strains for this purpose may include, but are not
limited to, E. coli Rl strains (;lgkl locus) and S§. schnei
strains (xfac, nnei locus). Further preferred strains may be
the E. celi Rl strain HF4704 and the S. sonnei strain 53GII.

Suitable gene banks may be established in any E. coli X-
12 strain commonly used for cloning purposes. However, an
efficient screening methodology is essential for the identi-
fication of rfa élones expressing Rl-type LPS. The preferred
method may involve monoclonal antibodies (MAb) with the
suitable specificity. Therefore, the isolation of MAb
allowing for the specific identification of Rl-type LPS is
also part of the present invention.
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In another preferred embodiment of the present invention,
the carrier strain is an E. coli strain, a strain belonging
to the genus Shigella, a S. typhi strain or a V. cholerae
strain. '

In a particularly preferred embodiment of the present in-
vention, said strain is S. tvphi T¥21la or §. typhi CVDoOSs.

_ The anti-typheoid 1ive wvaccine strain TY2la has been

described in detail by Germanier and Fiirer, J. Infect. Dis.
431 (1975), $553-558, and US-A-3,856,935 (1972). The aroC
areD deletion mutant étrain CVD908 was described by Hone et
al., Vaccine 3 (1%91), 810-816.

In another particularly preferred embodiment of the pre-
sent invention, said ¥. cholerae sﬁrain is V. cholerae
€VD103, V. chelerae CVD103-HgR or V. cholerae CVD110. ‘The
serotype classical (Inaba) live vaccine strains ©cVDi03 and
- CVD103-HgR have been described by Levine et al., Lancet 2

(1988), 467-470.

A further preferred embodiment of the present invention
relates to a vaccine, wherein said set of heterologous genes
are either present on a plasmid vector or stably integrated
into the chromosome of the carrier strain at an integration
site whiech is known to be non-essential for inducing a pro-
tective immune response by the carrier strain.

For cloning purposes and preliminary expression studies
in recembinant vaccine strains, heterolagogs genes may most
conveniently be propagated on plasmid vectors. However,
stable maintenance of plasmid clones is frequently hard to
achieve in recombinant strains, even when positive selection
is aliowed for a plasmid-encoded resistance marker. The com-=
plete stabilization of cloned genes may be performed via
their integration into the chromocsome of the relevant vaccine

strain.
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In the most favourable case, the integration of foreign
genes into the carrier vaccine strain would cccur via homolo-
gous recombination into a predefined region of the chromo-
sonre. Preferred targets for chromosomal integzatioﬁ are
those genes or groups of genes, the activity of which is
either already affected, or is kncwn to be non essential for
efficient immunization with the vaccine .strain considered.
Alternative ' preferred targets for integration are those
genes, the inactivation of which leads to the attenuation of
‘virulent strains related to the relevant vaccine strain.

In a particularly preferred enbodiment of the present in-
vention, sald set of genes is integrated into an H,S -locus,
the ilv locus, the vial locus, or any of the arg loci of
8. typhi.

Preferred target genes for chromosomal integration via
hemelegeous recombination into S. typhi TY¥2la may be a chromo-
somal leocus involved in the production of H,S (H,S locus).
Another target may be the ilv gene cluster (ilv locus) which
encodes enzymes involved in the bicsynthesis of the amino
acids L-isocleucine (Ile) and L-valine (Val). Finally, a
third target locus may be the viaB genetic locus encoding the
Vi capsule antigen of S. typhi. Indeed, the vaccine strain
TY¥2la has mutations affecting gene expression at all three
loei (Silva et al., J. Infect. Dis. 155:1077-1078, 1887). .
The preferred chromosomal Iintegration sites for S. typhi
CVD908 may be any one or more of the aro genetic loci as well
as a locus involved in H,S synthesis since arocC and areoD mu-
tations alseo result in a lack of H,S synthesis.

In another particularly preferred embodiment said set of
genes is inserted into the hlvA locus of V. cholerae.

The target for chromosomal integration into V. cholerae
strains CVDi03, CVDL103-HgR, and CVD110 may be hlyA, the gene-
tic determinant for the V. cholerae hemolysin (hlyA locus).
Indeed, disruption of this locus in CVD103-HgR via the inte-
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gratisn of a mercury resistance genetic determinant was shown
not to affect the immunogenicity of such live attenuated
vaccine strains (Levine et al., Lancet 2:467-470, 1988;
Migasena et al., Infect. Immun. $7:3261-3264, 1989).

The rfa, rfb and rfc genes are in another preferred embo-
diment of the present invention integrated in tandem into a
single chromosomal integration site or independently integra--
ted inte individual integratibn sites.

These sites are preferably the ones which are non-essen-
tial for inducing a protective immune response. "

In a further embodiment of the present invention, the rfa
genes are derived from an E. coli strain and said rfb and rfc
genes are derived from the same or different gram-negative
enteric bacteria, preferably from the same or different gram-
negative enteric pathogens. '

In a particularly preferred embediment of the present in-
vention, said E. goli strain is characterized by an Rili-type
LPS core structure.

The Ri-type structure is also present in Shigella ‘spe-
cies. Thus, a combination of the components of the LPS of
the present invention may comprise an §. sonnei O-antigen. in

a ferm covalently bound to LPS of the R) core type derived

froem E. coli. Accordingly, the heterologous §. sonnei
rfb/rfc genes, on one hand, and the heterclogous rfa genetic
determinants for Ri~type LPS core structures from a different
source organism, on the other hand, may be co-expressed in
the desired carrier strain. Carrier strains for the expres-
sion ©f complete S. sonnei Form I type LPS molecules may
include, without limitation, S. typhi or V. cholerae 1live
attenuated wvaccine strains. Preferred §S. tvyphi carrier
strain may be the anti-typhoid live vaccine strain TY21la
(Germanier and Fiirer, ibid.; U.S. Patent No. 3,856,935) or
the areC arol deletion mutant strain CvD908 (Hone et al.,
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ibid.), whereas ¥. cholerae carrier strains may be cne of the
serotype classical (Inaba) live vaccine strains CVD103 or
CVD103-HgR (Levine et . al., ibid.). An alternative
V. cholerae carrier strain may be the serotype Eltor (Ogawa)
live vaccine strain CVD110.

In another preferred embodiment of the present invention,
said gram-negative enteric pathogens are Shigella sonnei,
Shigella bovdii, Shigella dvsenteriae or Shigella flexneri,
preferably Shigella flexneri serotpye IIa. The most prefer-
red strains are from the species Shigella scnnei.

Another embodiment of the present invention relates to a
vaccine strain whereln said rfa, rfb and rfc genes are all
derived from said gram-negative enteric pathogen, preferably
from Shigella sonnei, Shigella bovdii, Shicella dysenteriae
or Shigella flexneri, preferably from Shigella glgxgégg seroc-
type ITa, and most preferably from Shigelia sonnei.

A further object of the present invention is to provide a
live wvaccine for the immunization against gram-negative
enteric pathegens comprising a strain of the inventien, op-
ticnally in admixture with a pharmaceutically acceptable ex-
cipient and/or buffer. '

The vaccine of the .invention may Successfully be used for
the preventi@n of any disease caused by enteric pathogens.

Examples of such diseases are diseases caused by S. so i,
S. bovdii, S.dysenterisme, S.flexneri, Salmonella typhi,
Salmonella terititis, E. gcoli being enteropathogenic,
enterchemorrhagic, entercenvasive or enterotoxinogenic, V.
" cholerae, Helicobhacter lori, and Clostridium deficile

P

Such an invention may also prevent enteric diseases caused by

gigg@;gllgmbia and Enterocamoeba histelvticunm.

The vaccine of the invention is formulated according to
standard procedures known in the art which consist of culti-
vating said vaccine on an appropriate medium, collection of
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said culture, mixing such. cultured bacteria with an appro-
priate cryoprotective medium, lyophilization of said mixture
under conditions which will vield 20.1% of the initial bac-
terial count after subsequent reconstitution, and packaging
inte a container, said container preferably being a gelatin
capsule, an enteric-coated gelatin capsule, glass or plastic
vials, er an aluminum foil sachet. Said formulation is de-~
signed to facilitate the passage in a viable state of the
vaccine through the stomach gastric acid barrier.

The vaccine will usually contain as the effective agent
1%10%-1%101% viable bacteria, the preferred range being
1%108-10% colony forming units per dose. '

The effective agenﬁ will preferably, but not necessarily,
be admixed with a pharmaceutically acceptéble excipient
and/or buffer and/or any delivery system designed to deliver
said vaccine strain in a viable state to the intestinal
tract. Examples of such excipients are a sugar, specifically
glucose, lacteose, sucrose "or sorbitol, a mixture of amino
acids, preferably a digest or hydrolysate of casein,
tryptone, peptone or heart-infusion preparation, or a combi-
nation of a sugar-amino acid mixture, with or without a
sweetening and/or flaveric agent, with or without an antioxi-
" dant, preferably ascorbic er citric acid. .

Examples of said buffers are sodium carbonate, alone or
in cembination with a pharmaceutically acceptable acid, pre-
ferably ascorbic acid, combined in such proportion that when
appropriately reconstituted, it yields a solution with a pH
of 3 to 8, preferentially pH 6 to 8. ' '

Said vaccine is administered to vaccines by oral in-
gestion of an enteric coated capsule, ingestion of the
vaccine organisms either after ingestion or ingested simul-
 taneously with a buffer designed to neutralize gastric acid.

The preferred route of administration is the oral route.
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EXAMPLES
Example 3

Isolation of hybridoma cell lines secreting monoclonal anti-
bodies (MAbs) specific for either the O-polysaccharide or the
core moiety of B. gsonnei LPS molecules

Bacterial strains and plasmids. Bacterial strains used
to immunize mice and for the ghamcterization of IPS struc-
tures with MAbs are listed in Table 1.

Production of MAbs. In order to isclate hybridoma cell
~ lines secréting the suitable MAbs, female BALB/C mice were
repeatedly immunized intraperitoneally with about 5.108 heat-
killed (1 hour, 60°C) cells of §. sonnei Phase I strain 53GI
resuspended in 500 pl of phosphate-buffered saline (PBS).
Spleen immune cells were fused with the non-producing myeloma
cell line X63-Ag8.653 (Kearney et al., 123:1548-1550, 1979)
as previously described (Lang et al., Infect. Tmmun. 5732660~
2665, 198%). Hybridoma culture supernatants were assayed for
the préductien of anti-1PS antibodies by ELISA assays using
purified ILPS (see. below). Supernatants were screened in
parallel for antibody binding against LPS from S§. sonnei 53GI
and its rough variant $3GII. Positive hybridomas were cloned
by limiting dilution. Class and subclass determination of
the MAbs were performed by ELISA (see below) usm,ng a mnouse
typer kit (Bio-Rad Lab., Richmond, CA, USA). '

Preparation of LPSB. LPS were isclated by .the hot phenol
method of Westphal et al. (2. Naturforsch. TeilB:148-155,
1952) and further purified by incubation in presence cof ribo-
nuclease, deoxyribonuclease and pronase treatments followed
by repeated ultracentrifugation rounds as previously reported
(maxiprep method) (Cryz et al., Infect. Immun. 44:508-513,
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1984). Purified 1IPS of rough variants of E. coli (R4 core
type) and §. typhimurium (Rc and Rdl core types) were
purchased from Biocarb Chemicals, Iund, Sweden. For fést
analysis purposes, LPS were extracted from late exponential
or stationary liquid cultures using a rapid small-scale nmini-
prep method (BEitchcock and Brown, J. Bacteriocl. 154:269-277,
1983} .

8DE~-PAGE and immunoblots. Analysis of LPS preparations
by electrophoresis on sodium dodecyl sulfate-polyacrylamide
gels (SDS-PAGE) was performed essentially as described By
Laemmli (Nature 227:680-685, 1970) on either 15% or 7.5-20 %
acrylamide gels. LPS molecules were then silver stained
using the procedure of Hitchcock and Brown (Hitchcock and
Brown, J. Bacteriol. 1543269277, 1983).

For immunoblot analysis, LPS separated on gel were elec~
treblotted onto nitrocellulose filters {Towbin et al., Proc.
Natl. Acad. Sci. USA 76:4350-4354, 1979). Blocking of the
filters, incubation with antibodies and enzymatic detection
of the immunoreactive material were essentially as described
previously (Lang et al., Infect. Immun. 57:2660-2665, 1989).

For immuncdot analysis of whole bacterial .cells, the lat-
ter were washed, resuspended in one volume of PBS, and 3 uxl
gspotted onto nitrocellulose filters. The spots were allowed
to drf at room temperature and were then processed as for LPS
immuneblots, starting from the blocking step, except that in-
cubations with the first and second antibodies were each for
30 minutes at room temperature.

BLIBA. Binding assays were performed .as described
{Bruderer et al., J. Immunol. Methods 133:263-268, 1990} with
the exception that for coating LPS was incubated for 2 hours
at 37°C, followed by an overnight incubaticn at 4°C. Peroxi-
dase conjugated affinity isclated goat anti-mouse IgM anti-
bodies (Tago, Burlingame, USA, or Sigma Chemicals, St. Louis,
Usa) were used as developing antibodies.
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Characterisation of the MAb-producing c€ll lines. Three
hybridema cell lines secreting monoelonal IgM ‘antibodies
{Mab) directed against S. gsonnei LIPS molecules were generated
fron BALB/@ mice immunized with heat-killed whole cells of
S. sonnei strain 53GI. The binding of these MAbs to LPS iso-
lated from smooth (Phase I) and rough (Phase II) variants of
" §. sonnel strain 3G is shown in Table 2. MAb ShSs and Shiis
exhibited high ELISA titers for the high molecular weight
(hmw) Form I LPS consisting of core-lipid A and O-polysaccha-
ridé_ noieties, but did not react with the low molecular
weight Form II LPS lacking the O-polysaccharide. In
contrast, MAb Sh9R reacted with both kinds of molecules with
a preference for the Form II LPS. Consistently, immunoblot
analysis revealed that Sh5S and Shiils bind to O-polysaccha-
ride bearing LPS, whereas Sh9R specifically reacts with the
core-1ipid A moiety.

The specificity of ShSR and Sh5S MAb was further examined
by immunoblot analysis of LIPS isclated from a panel of bac-
terial strains of known O-antigen specificity and LPS core
structure. As shown in Figure 1, the O-polysaccharide speci-
fic MAb ShSS (Fig. 1B) recognized LPS molecules from dif-
ferent Phase I strains of §. sonnei '(lanes b and d) as well
as from strains M51 and €27 of P. shige lloides {lanes k and
1) reported to belong to the same O-serotype as S. gonnei
(Basu et al., FEMS Microbiol. letters 28:7-10, 1985; Rauss et
al., Acta microbiol. Acad. Sci. hung. 17:157-166, 1970). For .
-all those strains only high molecular weight (swmooth) LS
molecules were detected on the blot. =~ Furthermore, O©-
pelysaccharide determinants expressed by the S. tvphi hybrid
strain T¥37 (lane t) were also recognized by MAb ShSS al-
though no hmw Phase I-~like LPS could be detected by silver
staining. Strain TY¥37 was constructed by introducing via
conjugation the Tn5-tagged §. sonnei virulence plasmid pWRiOS
from strain 482-79(pWR10S) intoc the §S. typhi live oral
vaccine strain TY2la, using the mobilizing replicon R386.
Thus, TY¥37 contains the whole §. sonnei virulence plasmid,
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théreby being essentially eguivalent to the hybrid strain
5076-1C (Formal et al., Infect. Immun. 34:746-750, 1981; For-
mal et al., U.S. Patent No. 4,632,830) with the further ad-
vantage that the virulence plasmid can be maintained more
stably via selection for the transposon TnS-encoded kanamycin
resistance marker. According to the results presented here
for T¥37 and to published data for 5076-~1C (Seid et al., J.
Biocl. Chem. 259:5028-3034, 1984), both strains present sini-
lar properties as far as £. gsonnel O-antigen expression is
concerned.

Using Sh3R to probe the same LPS prepaxations'(Fig. icy,
enly those strains repcgted to have LPS molecules with an Ri-
type core structure could be recognized, namely $. sonnei
(lanes b te d), S. bovdii type 3 (lane g), S§. flexneri tvpe 6
(lanes i and ), a control E. goli Rl strain (HF4704, lane m)
and an E. cell 09 isolate {lane o). To cur knowledge, . the
LPS core structure of S. bovdii type 1 has not been described
'yete' Since the reference strain ATCC 9207 (lane f) also gave
a positive signal, we conclude that its LIPS is of the R1
type. Two possible LIPS core structures, R1 and R2, were
decumented for E. g¢oli strains of the 08 serotype (Schmidt et
al., Bur. J. Biochem. 10:501-510, 1965; Schmidt et al., Eur.
T Bi@cnem,.163382$392, 1970); the pattern observed for 08
strain ATCC 23504 (lane n) indicates that it bears the Rl-
type LPS. Two independent strains of §. flexneri type 6.were
also tested. Although similar amounts of LPS of both strains.
were loaded onto the gel (Fig.lA, lanes i and j), one of
these (ATCC 14025) provided a weaker signal with ShSR MAab
(laﬁe j) whereas the secend strain (5323, lane i), and other
elinical isolates from the same source (not shown), gave a
higher signal. ‘These observations may indicate some variabi-
lity in the core-lipid A region of different S. flexneri type
6 isoclates. Finally, Sh9R MAb did not recognize LPS from
2. shigelloides strains M51 and C27 (lanes k and 1) although
serclogical and chemical analyses suggested that they may be
of the Rl core type (Table 1). Binding activity of Sh9R Mab
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was detected neither with Ra, R2, R3, R4, nor with K~12 LPS.
In addition, binding was not observed with V. cholerae sero~
type 01 LPS of either the Inaba or the Ogawa subtype (data
not shown). '

The reactivity of the core-specific MAb Sh9R was alsc ex-
anined in an immunoblot of LPS preparations from clinical
isclates of E. coli and X domonas aeruginosa with O-serc-
types among the most frequently encountered in nosocomial
cases of bacterlal sepsis (Cryz, p.317-351. In R. Germanier,
ed., Academic Press, Inc., Orlando, USA, 1984; Cryz, p.l186-
195. In 8.J. Cryz, Jr, ed., ?ergamc‘n Press, Inc., New York,
USA, 1990; Orskov and Oré-;kov, Methods in Microbiol. 14:43--
112, 1984) (Table 3). Among the E. coll strains, seven out
of ten (with 01, 62, 06, 07, 018, 025, and 075 sérotypes}
gave a strong reaction indicating that despite their wide
range of O-antigen serotypes they bear LIPS with a Rl-like -
core structure. In contrast, LPS preparations from nine cli-
nical isolates of P. aeruginosa failed to react with ShoR
MAb.

Exanmple 2

.Cloning and physical mapping of g. sonnei rfb/rfc genes

Preparation of a gene bank of the 8. sopnei virulence
- plasmid. As a first step towards the cloning of <the
8. sonnei rfb/rfc genetic locus, a gene bank of the large
virulence plasmid was prepared in the low copy number cosmid
vector pLAFR-5. Plasmid DNA purified from §. sonpei strain
48279 (pWR105) (Table 1)} was partiall? digested with the re-
striction enzyme Sau3Al and size selected 20 to 30 kilobases
(kb) long DNA fragments were cloned in the Bami] site of
| PLAFR-5. In vitro packaging of DNA was done using a commer-
cial kit (GigapackR II'PIus, Stratagene, La Jolla, CA, USA)
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was transfected into E. goli K-12 strain HB101 (Tablé 4) and
transfected cells selected on tetracyclin (12.5 wmg/ml)
plates. Resistant colonies were resuspended in liquid
medium, pooled and aligquots kept frozen in presence of 40%
glycerocl at - 70°C.

Screening of the cosmid bank for colonies expressing
§._sonnei O-antigen. One frozen aliguot of the cosmid bank
was diluted and plated for isolated colonies on tetracyclin
plates. Grown colonies were transferred onto nitrocellulose
membrane filters (Schleicher and Schiiell, Feldbach, Switzer-
land) . Filters were then processed for immunodetection
according to published protocols (Sambrook et al. Molecular
Cloning, and edition, Cold Spring Harbor lLaboratory Press,
Cold Spring Harbor, USA, 1989). Probing the filters with the
8. sonnei O-antigen—specific MAb SHS5S resulted in the isola-
tien of 15 independent positive clones. After further propa-
gation on selective plates, all the clones were still
strongly reacting with Sh5S and the cells could be aggluti-
nated in the presence of an anti-S. somnei rabbit pelyclonal
antiserum pre-adsorbed against S. sgonnei Phase II cells.

Four cleones (pSSVIi08, 109, 110, 111) were further charac-
terized. . '

Restriction analysis of positive clones. Digestion of
-candidate rfb/rfc clones with restriction enzymes gave almost
identical patterns for clones pSSVIi®s, 110, and 111 whereas
clone pSSVI108 only partially overlapped with the other cnes.
The S._sonnei rfb/rfc gene cluster could be subcloned on a
BamHI fragment of about 30 kb, encompassing almost the whole
pPSSVI108 insert, into the BamHI site of the low copy number
vector pGB2. The resulting clones, pSSVI113 and pSSVI1ll4,
- bear the 30 kb BamHI fragment in either orientations. As re-
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vealed in Figure 2, the inserts present in clones pSSVIii3
and pSSVI109 overlap by about 20 kb. However, a DNA segment
of about 10 kb on one side of pSSVI113/114 insert (left end
of pSSVI1l3 insert as depicted im Fig. 2) is absent in
pSSVI109. The same DNA segment is also missing in other in-
dependently isolated xfb cosmid clones, such as pSSVI1l0 and
111 (data not shown). Finally, a critical examination of the
restriction maps of Fig. 2 clearly shows that the DNA seg-
ments relevant to the present invention differ from the ones
deseribed in a previous study by Yoshida et al. {J. Gen.
Miercbiocl. 137:867-874, 1991} .

Isclation of the virulence plasmid minimal replicon. The
DNA region from the S. sonnei large virulence plasmid which
is unigque to pSSVI1i3 could be excised from the latter on an
EceRI fragment of about 7 kb (see Fig. 2). Interestingly,
when cloned alone into the EcoRI site of the suicide vector
pGP704, giving rise to plasmid psSsVIi62, this 7 kb fragment
was able to suppress the pGP704 replication deficiency in
non-permissive hosts, such as E. goli X-12 strain DHSa. The
sane suppr@ssion effect was observed after subcioning of. a
3 kb Smal fragment internal to the 7 kb EccRI fragment of
pSSVIil3 inte the pGP704 Smal site (plasmid pSSVILi63) . These
ocbservations suggested that the about 30 kb BamiI insert of
plashids pSSVI113 and pSSVI1l4 contains, in addition to the
§. socnnei rfb/rfc locus, a segment of DNA which is able to
self-replicate. In order to confirm this, the isolated BamHl
insert of pSSVIii4 was ligated to a BamHl DNA fragment -of
- about 1.3 kb from plasmid pWWB4 encoding resistance to the
antibiotics kanamycin. The ligation mixture waS'transforméd
into E. coli DHSa and transformed cells selected on plates
with 50 ng/ml of kanamycin. Thereby, a kanamycin-resistant
(KmR} clone was isolated, named pSSVIL61, which, by restric-
tien and physiological analysis was shown to contain no pGB2

vector sequences.. Plasmid pSSVI161 replicates at a reduced
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copy number as compared to pSSVIil4. Cells bearing pSSVILsl
expressed high amounts of §. sonnei O-antigen detectable with
the 8. sonnei O-antigen specific MAb SHSS. '

We conclude then that the BamHI DNA fz;agment preéent in
plasmids pSSVIil3 and pSSVIll4 contains an internal DNA se-
quence which behaves as an autonomous replicon. The relevant
sequence could be mapped te the left end of the insert of
pSSVIil3, as shown in Fig. 2, within a 7 kb EcoRI fragment .
and a 3 kb Smal fragment internal thereof. This DNA region
. may encompass the origin of replication of $S. sonnei ';large
virulence plasmid that we propose to call oriVIR. This would
imply that the rfb/rfc locus maps extremely close to oriviRr
on the 8. sonnei virulence plasmid.

Subcloning of 8. sonped rfb/rfc genes independently of
the adjacent oriVIR fragment. Knowing the position of oriVIR
within the insert of '-pSSVIM,B and pSSVIii4, we then attempted
the subcloning of the xfb/rfc locus independently of the
adjacent internal replicon. For this purpose, pSSVIi.13 was
partially digested with EcoRI, self-ligated and the ligation
mixture transformed into E. goli DHSa with selection for the
pGB2-encoded spectinomycinﬁ;esistanée marker. We could
thereby iselate transformants which stably expressed
5. sonnei O-antigen while lacking the 7 XXb gorivViR-bearing
EcoRI fragment. Plasmid DNA isclated from one transformant
colony was shown to contain gnly' the right part of pSsSvVIil3l
‘insert (18 kb + 5 kb EcoRI fragments, see Fig. 2) linked to
pGB2. The corresponding clene (pSSVIL165) has a total size of
27.8 kb, including vector sequence (Fig. 3}.
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Exzumple 3

cloning and physical mapping of E. coli Rl rfa genes

Preparation of am E. goli R1 chromosomal bank. The gene-
‘tic determinants for the biosynthesis of LPS molecules of the
Rl ecore type were cloned from a chromosomal gene bank of
E. g_gii Rl strain HF4704 (Table 1). Purified chromosomal DNA
_was partially digested with SaulAI restriction enzyme and
size~selected (20-30 kb) fragments from a sucrose gradient
were ligated into cosmid vector pLAFR-5. In vitro packaging
of ligated DNA and transfection of E. coli X-12 strain HB101l
was performed as described in Example 2. The bank was kept

frozen in presence cof 40% glycerol at -70°C.

Screening of the bank for the expression of Rl-type LPS.
Transfected colonies grown out from the frozen. bank were
treated as described in Example 2, except that probing was
using the R1 core~specific Mab ShSR. Initially, two clones
were iseolated, named pSSVI106 and 107, which expressed Rl-
type LPS on the cell surface.

Reastrictiocon mapping of the rfay, clones pSESVILOG -ami
p88VIi07.  Physical maps of plasmids pSSVI106 and 107 car-
rying the g;ggal genes were constructed with respect to re-
striction enzymes BamHl and HindIIY (Fig. 4). Comparison of
these maps and Southern hybridization analysis (Southern, J.
Mol.. Biol. 98:503-517, 1975) of plasmid DNA preparations
using subfragments of pSSVI106 and pSSVI107 as probes re-
vealed a 4.5 kb BamHI fragment and the adjacent 2.5 kb BamHI-
HindIII one as the only common fragments. Accordingly, sub-
cloning of the 4.5 Xb BamHI fragment alone from .ylasmid
pSSVI106 into wvector pCL1920 leads to plasmid pSSVIL06-1
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which expresses an epitope recognized by MAb ShSR, although
less strongly than the parent .clones. This result indicated
that some information was lost after subcloning. In order to
better define this loss, BamHI (pSSVIi07-5, pSSVI107-6)},
HindIXI (pSSVI107-3, pSSVIL07-4, pSSVIL07-7) and Bgllil
(pSSVI107-9) subclones were isoclated from pSSViIiCc7. The DNA
fragments of pSSVILNT presant'in those plasmids and the de-~
gree of reactivity of E. cgoli X-12 cells bkearing each sub-
clone with MAb Sh9R are shown in detail in Fig. 5. Response
of the subclones to Sh9R varied from nil to full.
interestingly, the strongest response did not come from the
association of the fragments shared between pSSVI106 and 107,
but from pSSVIi07-5, a clone which carries a ¢ kb BamHl
subfragment from pSSVI107 which overlaps the 2.5 kb, but not
the 4.5 kb fragment. Southern analysis indicated that the
9 kb fragment shares extensive hémslogg with a 17 kb BamHI
fragment from pSSVIL06, although they do not seem to overlap.
Possible explanations for this discrepancy included
rearrangements or chimeric composition of at least one of the
clones. To clarify the latter point, the 4.5, 9, and 17 kb
ggggi fragments were further hybridized to teotal digests of
E. coli Rl chromosomal DNA. Both the 4.5 and 17 kb bands
were identified at their expected sizes whereas the 9 kb band
hybridized to a 17 kb fragment. This result indicates that
part of the 9 kb BamHl fragment éresent in pSsSVI107-5 must
correspond to the distal part of-the 17 BanHI kb fragment of
pSSVIL0G.. Tmus, some DNA rearrangements nay have happened
within clones pSSVI106 and/or pSSVI107, either by deletion of
an extensive internal fragment or from the ligation of one or
more non-adjacent smaller fragment(s) during the preparation
of the gene bank. ‘

To dispel any doubts, further xfa clones were isclated
from the E. g¢gli Rl chromosomal bank and named pSSVIi23 to
131. Out of nine clones analyzed, seven were found to have a
similar BamHI-HindIII restriction pattern. The 4.5 kb Bamil
and 2.5 kb BamHI-HindIII fragments common to pSSVI106 and 107
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are always present Jin the new clones, indicating that they
should play a central role in the expression of the rfay,
core. The restriction maps o©of three of the new clones,
pSSVI123, pSSVIL25 and pSSVIIlZS,- are shown in Fig. 4.
Mapping data, together with evidences from expression studies
presented below (Examples 6 and 7), allow to define an over-
lap region of about 13.5 kb (black area in the map of
pSSvVIizg, Pig. 4) which may be close to the minimal DNA
length required for full expression of the Rl LPS core in E.
eoli X-12. Outside this region clones, such as pSSVI106 and
pSSVIi07, may have undergone some rearrangements. However,
an additional DNA segment of about 3.5 kb {(hatched area in
the map of pSSVI128, Fig. 4) seems to be reguired for full
expression of the Rl core in other strains, such as, e.g., S.
tvphi and V. cholerae. Thus, the whole rfap, locus defined
here has a size of about 17 kb (black and hatched area in
Pig. 4).

Bouthern hybridization analysis of the gfa locus £from
‘different entercbacterial species with LPS of the R1 core
type. The degree of sequence similarity between the cloned-
rfagn, locus and corresponding chromosomal DNA sequences pre-
sent in different enterobacterial strains with reported
Rl-type LPS (Example 1 and Table 1) was examined using the
4.5 kb and 2 kb BapHI fragments of pSSVI107 and the 17 kb
BamllI fragment of pSSVI106 as probes for Southern analysis.
Results showed sequence similarity to chromosomal DNA iso-
lated from E. coli 09, 8. sonnei 53GIX, .§a flexneri serotype
6 {8323), 8. flexneri serotype 6 (ATCC 12025), and §. hovdii,
serotypes 1 and 3. There was no detectable similarity to E.
goll €600 and P. shigelloides C27 chromosomal DNA. Thus,
there is a perfect match between data obtained by DNA:DNA hy-
bridization using rfag,-specific probes and the immunocdetec-
tien of Ri~-type LPS with the Rl core specific MAb SH9R (see
Example 1). However, the interspecies similarity of xfa
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genes is apparently not complete since the target £fragment
sizes for cne given probe showed substantial variations, re-
vealing a certain degree of restriction pelymorphism between
bacterial species with rfa genes encoding Rl=ty§e LPS (data
not shown).

Example 4

Cloning and physical mapping of §. sonnei rfa genes

Preparation of a 8. gonned ehr@mésamal gene bank. In or-
der to clone'the S. sonnei rfa (xfa. hnei) locus encodiﬁg
Ri-type LPS core structure, a cosmid bank of §. sonnei chro-
mosomal DNA was prepared in cosmid vector pLAFR-5. Purified
chromosomal DNA from S§. gonnei 53GII (Table 1) was partially
digested with SaulAl and size-selected (30 to 40 kb) frag-
ments ligated into the BamiI site of pIAFR-5. In vitro
packaging and transfection of E. golil X-12 strain HEB101l were
as described in Example 2.

Screening of the gene bank for clones expressing
rf8 omne; 9enes and restriction mapping of some isclated
clones. Transfectant celonies grown out on selective pl&tes
from the frozen bank were screened for expression of the rfa
genes using ShSR MAb as described in Example 2. Six out of
sixteen isoclated positive clones, named pSSVI232, pSSVI233,
PSSVI234, pSSVI249, pSSVI250, and pSSVI251l, were mapped with
respect toc EcoRI, BamHI, and HindIII restriction enzymes and
shown to carry widely overlapping DNA inserts. As an ex-

ample, a restriction map of clone pSSVI250 is shown in Figure
60
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Example S5

Expression studies of §. sonnei rfb/rfc gemes in heterologous
genetic backgrounds including live vaccine strains

Selected S. .sonnei rfb/rfc clones were transferred via
electrotransformation or conjugation/mobilization methodo-
logies into different strains and the expression of §. sonnei
o-antigen was examined using MAb Sh55 for the immunodot blot
aﬁalysis of whole cells and in immunoblot experiments of LPS
preparations as described in Example 1. Results of cne typi-
cal immunoblot experiment are presented in Fig. 7 for dif-
ferent strains (Table 1 and 4) bearing the rfb/rfc cosmid
clone pSSVIL0S. '

In both S. sonnei Phase IT variant 353GIX and E. coli KR-12
strains (lanes 4, e, g, and h-)-, the expression of rfb/rfc
genetic determinant resulted in the synthesis of large
amounts of high molecular weight (hmw) Form I type LPS de-
tectable as a ladder both by SDS-PAGE analysis and silver
staining of LPS minipreps and en the immuncblot using MAb
Shss. Thus, the expression of the cloned rfb/rfc genes in
the above strains resulted in the same LIPS pattern as in
S. sonnej Phase I strains (lane b).  This shows that the
§. sonnei O-antigen expressed from clone pSSVI109 may be
coupled not only onto the homologous R1 LPS core type but
alse onto the K-12 core. Strong evidence for covalent
linkage of the O-antigen to the X-12 core came out of the
fact that LPS maxipreps (hot phenol method, see Example 1}
provided the same pattern as LPS minipreps (lanes g and h).

In contrast, as observed for the §. typhi/S. sonnei hy-
brid strain TY37 (see Example 1), nc ladder of silver stained
hmw LPS could be correlated with the expression of the
rfb/rfc genes in S. typhi strain TY2la (lane j). S. sonnei ©O-
“antigen molecules produced in the latter strain were detected
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as a swmear with a few faint discrete bands in the inter-
mediate molecular weight region when probed with Sh5S MAb in
an . immunoblot. | Moreover, most of this wmaterial was 1lost
during LPS purification via the hot phencl method (lane k)
indicating that it is only loosely bound to the cell surface.
Finally, expression of xfb genmes in ¥. cholerae strain
CVD103-HgR (classical Inaba) (lanes m and n} also resulted in
the producticn of § . sonnei O-antigen in a form unbound to
ILPS core, although in larger amounts as in TY2la. Good
levels of unbound §. gsonnei O-antigen were alsc cbserved in
V. cholerae strain CVD110 (Eltor Ogawa) (lane pj.

The detection of "high amocunts of ShS5S-reactive LPS in
preparations of E. coli K-12 and §. sonnei strains bearing
clone pSSVIi09 demonstrates that the cloned genes actually
correspond to the §. cs_g@e_i rfb locus responsible for the
biosynthesis and assembly of the $. sopnei O-antigen di-
saccharide unit structure. In addition, the fact that a
large part of the O-antigen produced is present in the form
of hmw Form I type LPS is compatible with the presence within
the cloned DNA fragment of the rfc locus encoding the O-anti-
gen polymerase. From the above data, however, a qumplementae
tion effect by a chromosomally encoded rfc locus cannoct be
excluded. Therefore, LIPS patterns associated with different
clones and subclones were examined in the E. goli K-12 strain
SF874 which presents a chromosomal deletion that remuvled the
whole E. gold K-12 rfb/rfc locus. As shown in Fig. 8, cosmid
clene pSSVI109 and subclones pSSVILIL4, '161, and 165 provided
the same LPS pattern in SF874 as in the control E. goli X-12
strain. These results show that all plasmid tested contain
the complete genetic information necessary and sufficient for
the éynthesis of long chain §. SOnneiE, O-antigen meoclecules
which are present as Form I type LPS.
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Ezxample 6

Expression studies of E. goli R1 and §. sonnei rfa genes in
heterclogous genetic backgrounds including 1live vaccine
strains

A detailed study of the expression of some of the zfag,
clenes described in Example 3 was performed in order to pin-
point the minimal DNA length necessary and sufficient for the
production of LPS molecules of the R1 core chemotype. Ex-
pressicn levels and types of LPS produced were determined by
immunodot blot analysis of whole cells and by immunoblot ana-
lysis of LIPS preparations using the Rl core-specific MAb
ShoR.

As illustrated for some clones in Fig. 9, and summarized
in Table 5, the requirements for producing a Rl-type LPS core
are similar but not identical in E. coli K-12 and S. tvphi,
which are characterized by structurally related indigeneous
LPS core structures (Lideritz et al., Curr. Top. in Membranes
and Transport 17:79-149, 1982: Jansson et al., Bur. J. Bio-
chem., 115:571-577, 1981l), whexeas V. cholerae has more
stringent regquirements. Most of the arigingl plasmid clones
{pSSVI106, pSSVI107, and pSSVI123 to 130) expressed strongly
reacting ILPS cores in $. tvphi (with the exception of
p8sVIl27 and pSSVI130 giving a low signal). Oon the other
hand, subclone pSSVIL07-3 gave an intermediate signal in
E. goli K-12 but was negative in §. typhi. 1In V. gholerae
CVDL03-HgR, only some of the cosmid clones gave a strong
signal; pSSVI106 showed a weaker responée, and pSSVIiO? was
even weaker probably due to its instability.  Finally, sub-~
clone pSSViIL07-5 was negative in CVD103-HgR while beihg
strongly positive in both E. goli X-12 and S. typhi.

" The same analyses were performed with ;ﬁgsonnei ciones
pS8Vi232 to pSSVI234 and pSSVI248 to pSSVI2S51. &All six plas-
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mids were conjugated into §. fg;@_@ TY2la and V. cholerae
cVD103-HgR, and their expressibn was studied like for rfap,
clones. Whereas expression in E. coli and S. tvphi was simi-
lar, only two (pSSVI249 and 250) out -of the six clones were
positive in ¥. cholerae. To determine whether this lack of
expression stemmed from incomplete information or from plas-
nid instability, plasmid minipreps were made from CVD103-HGR
and TY2la transconjugants and used to transform back E. coli '
K-12 strain DHSa. Results showed that only two out of five
DNAs extracted from ¥. cholerae had deletions. Since, how-
ever, two of the unresponding DNAs were intact and expressed
the Ri-type LPS after back-transfer into DH5a, we conclude
that these clones lack some essential determinant for the
expression of the R1 LPS core in ¥. cholerae. . Altcgether,
the best clone was pSSVI250 which was positive in all strains
and remained structurally unaltered, even in V. cholerae.
Plasmid pSSVI249 was unstable in CVD103-HgR.

Example 7

As discussed in Example 5, the expression of §. sonnej
rfb/rfc genes in §. typhi and ¥. cholerae candidate vaccine
strains, resulted in the production of O-antigen molecules
present at the cell surface in a form unbound to the LPS
core. In order to test the co-expression of §. sonnei
rfb/rfec genes and rfa genes encoding Rl-type LPS (either
Efag; or Ifaggnneijs ¥We made use of S. scnpei rfb/rfc sub-
clones in plasmid vectors compatible with the pLAFR-5 repli-
con. The reactivity of double recombinant strains with both
8h58 and SHY9R MAbs was examined in 'immunodot 'blots {whole
cells) and immunoblots of LPS minipreps. '
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Typical results are presented in Fig. 10. In §. tvphi
TY2la, ladder of hmw LPS bearing S. sonnei Oaantiqeh were ob-
served in bgth silver stained SDS-PAGE gels and in an immu-
noblot using MAb SHS5S for, e.g., the rfb/rfc clone pSSVI1ES
assgcatec; with the rfag, clone pSsViiz3 and the Lf#a»somiei
clone pSSVI250 (Fig 10, lanes £ and h). In ¥. cholerae strain
CVD103-HgR, attractive combinations were, e.g., the zfb/rfc
clone pSSVI165 together with the rfap, clones pSSVIi23 and
pSsVI1i28 (lanes m and n}), a stronger response being generally
observed with the latter. pSSVI125 associated with pSSVIle2
provided the same patterix as bssvmza (data not shown). A
ladder of hmw LPS responding with Sh5S was alsc detected with
rfagonne; Slone pSSVI250 (lane ). In all cases the presence
of rfa clones directed the synthesis of LPS detectable with
the Rl core-specific MAb SHSR. However, the . response to ShSR
was considerably reduced for those strains carrying both
plasmids together (lanes £, h, m, n, and p). This effect
nost likely resulted from the masking of ShSR epitope by co-
valently bound O-antigen molecules.

In conclusion, it appears that the co-expression of both
suitable rfa genetic determinants encoding Rl-type LPS and
the S. sonnei gf!qgrfc' locus in the candidate recombinant
strains T¥2la and CVD103-HgR leads to the synthesis of com-
plete O-antigen-bearing LPS molecules of the same type as the
ones present in virulent strains of §. sonnei.

Example 8

Immunofivorescence detection of §. sopnel O-antigen and Ri-
type LP8 at the surface of recombinant strains’

In case the §. sonnei O-antigen and/or the Rl-type LPS

produced in recombinant strains bearing the cloned rfb/rfc
~and rfa genetic determinants are exposed on the surface of
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the carrier cells, one should be able tc detect them by im-
munoflucrescence microscopy using the respective MAb-ShS5S and
-ShQR as the first antibodies. Such an analysis was performed
as described (Lang et al., Hum. Antibod. Hybridomas 1:96-103,
1¢%0) with selected strains and clones. Data are summarized
in Table 6. Recombinant strains bearing the various §.
sonnei rfb/rfc clohes were strongly positive when probed with
MAb SHSS. In each case, the reactive material was found
assoclated with the cell surface. This was even true for §.
typhi TY2la bearing the sole rfb/rfc clones, in which the O-
antigen produced is not bound: to the LPS core (see Example
§). . Interestingly, §. typhi TY¥2la containing both rfap,
clone pSSVIiI23 and xfb/rfc clone pSSVIieS were as expected
strongly positive with SH5S but only weakly positive with the
core-specific MaAb SHSR. The same was true for §. sonn_e_:j.s
strain 53GII bearing clone pSSVIL0S. In agreement with immu-
noblot data (see Example 7), these cbservations suggest that
the c@valentiy bound O-antigen sterlcally prevent the access
@f the core-specific MAb to its target.

_ Thus, LP8 components produced in recowbinant strains
under the control of _the cloned xfb/yfc and xrfa genetic
determinants are present at the surface of the cells in a
form accessible to excgeneocus antibodies. This configuration
may be most favourable for the stimulation of an immune re-
sponse towards S. sonneil O-antigen. . |

Example §

Immunogenicity of V. cholerae strain CVD103-HgQR bearing
8. gonnei rfb/rfc clone pSSEVILILS

In order to test if recombinant strains expressing
sonnei O-antigen may stimulate an immune response against
sonnei Phase I cells, the immunogenicity of ¥. ¢gholerae

ka (e
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strain CVD103-HgR and a rifampicin-resistant (RifR) deriva~
tive thereof, both bearing S. sonnei rfb/rfc clone pSSVIi0s
were examined via repeated intramuscular immunization of
rabbits. For some unknown reason, pSSVI109 proved to be more
stable in the Rif® mutant strain. Control strains were
CVD103-HgR and S. sonnei Phase I strain 482-79 (pWR10S5).
Rabbits were injected three times at about 15-day intervals
with a 1 ml suspension of heat-killed cells (day O, 3-4x108
cells; days 15 and 29, 10° cells). At days 0, 14 and 35,
blooed prcbes were withdrawn and examined for the presence of
anti-sonnel Phase I and antiﬁggglgggg classical Inaba anti-
bodies by agglutination and/or ELISA tests.

As shown in Table 7, rabbits immunized with the recom-
binant strains provided significative antibody titers against
8. sonnei Phase I and V. cholerae cells as determined by ag-
glutination tests and by ELISA assays using S. sonnei phase I
and V. cholerae purified ILPS as the coating antigen.

Thus, it appears that S. sonnei C-antigen molecules pro-
duced by recombinant V. gholerae live vgccine strains ex-
pressing the cloned §. sonnei rfb/rfc genetic determinant are
accessible to the immune system of vaccinated rabbits and
stimulate a significant production o©of serum antibedies

against both ¥. cholerae and §. sonnei Phase I LPS meclecules.

Example 10

Cloning of §. typhi genes invelved in the production of H,8

Unlike the wild type strain T¥2, S. typhi strain TY2la is
known to have a E,S$ phenotype (white instead of black
colonies on Kliger-Iron-Agar, KIA, plates) (Silva et al., J.
Infect. Dis. 155:1077-1078, 1987). “Thus, the genes re-
sponsible for the production of H,S on KIA plates may be a
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good target for chromosomal integratfion of cloned genes into
TY2la. Accordingly, we isolated the corresponding genetic
locus (H,S locus) from the parent strain TY2.

The H,S locus was cloned from a partial Sau3Al chromo-
somal gene bank of §. typhi strain T¥2 established in the
BapHI site of vector pUC18. E. goli K-12 DH5a competent cells
were transformed with the bank and plated onto KIA plates
containing 100 mg/ml of ampicillin. Three stable clones
giving rise ¢to black ‘colonies were isolated and named
pSSVI120, 121, and 122. Restriction mapping showed that the
cloned DNAs partially overlap. Restriction maps of clones
pSSVIi120 and 122 are shown in (Fig. 11).

Plasmids pSSVIL20, 121, and 122 were introduced intec
TY2la via electroporation. However, none of the trans-
formants presented black colonies on KIA plates. In parallel
we cbserved that T¥2la is transformed at a low frequency with
high copy numbexr vectors, such as pucis, as compared with low
copy number vectors based on the pSCl01 repiicon, such as
pEB2. ’I’herefore, we subcloned the H,5 locus on a 4.5 kb
FcoRI fragment from plasmid pSSVI122 into the EcoRI site of
plasmid pGB2 to give pSSVIi32 and 133,' carrying the 4.5 kb
‘insert in either orientation. Both plasmids still conferred
the expected phenctype in DHSa while being negative in TY21la.
However, since plasmid DNA extracted from one TY¥2la trans-
formant still conferred ﬁhe st*' phenotype when transferred
back into DH5a, one may conclude that the cloned genes alone
are unable to complement TY¥2la deficiency. This suggests
that the ste phenotype of TY2la results of mutation(s) in
either another or in more than ene region of the chromosome.
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Example 11

Design of vectors for targeted integration of cloned genes -
into the §. typhi H,8 chromosomal locus

The integration of large (e.qg. 20%30 kb} DNA fragments
into the chromoscme of TY2la may reguire the presence on the
integration vector of an extended DNA region of sequence
similarity with the target locus. In order to derive an in-
tegration cassette, a 6.8 kb Kpni-Bamil fragment ‘from
pSSEVI120 (Fig. 11) was subcloned into wvector pMI'L2l1par/NE,
giving plasmid pSSVIMS. A 24 bp synthetic oligonucleotide
corresponding to BamHI, NotI, and Sall restriction sites (BNS
cassette} was then introduced into either the EcoRI or the
Spal sites approximately in the middle of pSSVI120 insez}t,
resulting in plasmids pSSVI150 and pSSVI151, respectively.

In order to force integration into the chromosome, - the
genes to be integrated have to be introduced inte the
recipient strain on a so-called suicide vector based, e.g.,
on the temperature-sensitive plasmid pMAK700. The suicide
préperty of plasmid PMAX700 comes out of the fact that it is
' replication deficient at high temperature (42 to 44°C)
whereas it normally replicates at the permissive temperature
{30°C) (Ramilton et al. J. Bacteriol. 171:4617-4622, 1389).
Therefore, rare integration evénts_- into the chromosome ©f the
recipient strain may be selected for by shifting the cell
population from the permissive to the non-permissive tempera~
ture and selecting for the plasmid-encoded chloramphenicol
resistance (c;‘mR) marker. Later on, the specific re-excision
of the plasmid out of the chromoscme leads to chlerampheni-~
col-sensitive (cmR) plasmid-free cells (Hamilton et al. J.
Bacteriol. 171:4617-4622, 1989%9). In order to facilitate the
introduction of cloned genes into candidate vaccine strains,
PMAK700 was first modified by the introduction, intoc its
blunted BamiI site, of a blunted EcoRI-BamHl fragment of
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about 0.75 kb from plasmid pJFF350 bearing oriT, a specific
DNA seguence dllowing for ‘the conjugational transfer from
doner strains, such as E. coli K-12 S§17.1, via the RP@/RKZ
conjugation system (Fellay et al., Gene 76:215-226, 1989;
Simon et al., Bio/technology 1:784-791). This gave rise to
plasmid pMAK7000riT.

Another suicide vector may be plasmid pGP704 (Miller and
Mekalanocs, J. Bacteriol., 170:2575-2583, 1988). pGP704 bears
the plasmid R6K replication origin without the genetic deter-
minant (pir gene) for the p effector protein indispensable to
its replication. Its suicide behavior results from the fact
that replication is only made possible in permissive E. coli
K-12 host strains (e.g. SM10lpir or SY¥3271lpir) carrying the
pir gene integrated in the chromosome. pGP704 is alsc mobi~
lizable from strain SMiOlpir via the RP4/RK2 conjugation
system (Miller and Mekalanos, J. Bacteriocl., 170:2575-2583,
1988) . pGP704 contains three BagHT festriction sites. How-
ever, since the presence of a unigque BapHI site may later be
useful for the cloning of, e.g., the S. sonnei rfb/rfc locus
inte the integration cassette, the BamHI sites of pPGP704 were
eliminated via enzymatic treatment. The resulting vector was
named pGP704.2. ' ' '

Two integration vectors bearing H,S integration cassettes
were constructed (Fig. 12). In the first one, 'pSSVIlsé
(about 13 kb}, the blunted KpnI-HindIII insert of about 7 kb

from pSSVI1S0 was cloned inte the blunted HEindIII site of

vector pMAK7000riT. In the second integration wvector,
pSSVI160 (abeout 7.4 kb), the blunted HindIiI-Smal insert of

about 4 kb from pSSVI1SO was cloned into the Smal site of
vector pGP704.2. ’

»

from, e.qg., clone.pSSVIlﬁs into the BNS restriction cassette
present in the integration vectors pSSVIi54 and pSSVIL60.
The resulting integration clones may then be transferred into
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§. typhi TY2la for chromosomal integration of the §. sonnei
rfb/rfc locus.

Example 12

Characterization of TY2ia ilv character and cloning of the
8. typhi ilv genetic locus

The auxotrophic requirements of §. fyphi T¥2lia were first
examined by incculating the strain intoc a minimal salt medium
supplemented with different aminoc acids at the concentration
of 20 mg/ml. A strict requirement was observed for L-iso-
leucine and I~valine which had teo be supplemented both to-
gether. Such a phenotype indicates that T¥2la bears a muta-
tien in the ily genetic locus enceding enzymes involved in
the biosynthesis of both amino acids. Other essential amino
acids were IL-cysteine and L-methionine, either omne promoting
growth when added alone to the minimal medium containing L~
iscleucine and L-valine. Such a phenctype is compatible with
a genetic defect in a metabolic step for which these anino
acids may be needed (e.g. as donors of a sulfur atom) .
Finally, L-tryptophane slightly stimulated the growth of
TY2la but was dispensable. '

The nature of the ﬁg_. mutation carried by TY¥2la was
determined by cross-feeding on minimal plates using defined
ilv mutants ef E. coli K-12. T¥2la was fed by ilvE, but not
by ilva, ilvB, ilvg, ilvM, ilve, or ilvD mutants. In turn,
TY2la was able tc cross-feed ilvA (weakly), ilvB, ilvG, ilviM,
and ilvC, but not ilvD or _i;};g_g E. coli XK-12 mutants. These
results indicate that TY2la is mutated in the ilvD gene en-
cedlng dlhydroxyac.ld dehydrase. In both E. coli K-12 and

himuar ilvD gene belongs to an operon structure
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{i1lvGMEDA operon). It is therefore likely that the genetic
defect of TY2la maps in the corresponding ilvGMEDA operon of

8. typhi.

TIn order to design a cassette for chromosomal integration
into TY2la, the corresponding ilv locus was cloned from a
gene of the chromosomal gene bank of §. typhi T¥2 described
in Example 8 by complementation of the E. coli K-12 ilvC mu-
tant strain AB1419. The ilvC locus is adjacent to the
i1vGMEDA operon in the E. g¢oli XK-12 chromesome SO that some
isolated clones complementinq an ilvC mutation may extend
into the neighbouring region encompassing the jlvGMEDA
epercn. Two complementing plasmid clones, named pILVi2 and
pIlvis, were analyzed with restriction enzymes and shown to
bear inserts providing both a sufficient size (6.6 and 9.7
kb, respectively) for the chromosomal integration of large
pieces of DNA, and unigue restriction sites located roughly
in the middle of the inserts, suitable for the cloning of,
e.g., the S. sonnei rfb/rfc locus (Fig. 13). It is note-
worthy that piLVlz, but not pILV1i8, alsoc complemented the ilv
defect of both the E. coli K-12 ilvD mutant strain AB1280 and
§. typhi TY21a. This shows that clone piﬂviz,' but not
pIlvig, most likely includes both the ;;gggggg opercn and the
adjacent ilvC locus. Herein, the insert present in pILVi2
will be referred to as the §. tvphi ilv genetic locus.

Exanple 13

Design of a vector for targeted imtegratior of clomed genes
inte the §. tvyphi ilv chromosomal locus

In order to derive a vector for chromosomal integration
into the ilv genetic locus, the Sall-Hpal fragment of about
6 kb from pILVliz was blunted and subcloned into the blunted
HindIIT site of vector pMAK7000riT (see Example 10}, giving
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rise to plasmid pILv23. The unique BamHI site present in the
insert of pILV23 was then enzymatically removed, resulting in
pILV24. Finally, the BNS restriction cassette (see Example
10} was introduced into the unique Kpnl site present in the
middle of the insert, giving the integration vector pSsSvVI5o
(Fig. 14). : |

Subcloning of, e.g., the §. sonnei rfb/rfc locus is pos-
sible into the BNS restriction cassette of vector pSSVI50.
The resulting integratioh clones may then be introduced into -
8. tvphi TY¥2la for chromosomal integration of the §. sonnei
rfb/rfc locus. |

Example 34

bDesign of vectors for the integration of clomed gemes into
the ¥. cholerae hlyhA chromosomal locus

An attractive target for chromosomal integration:  of
foreign genes into the chromosome of V. cholerae live vaccine.
strains is the hlvA locus, ‘encoding the hemolysin wvirulence
determinant. From plasmid pJMK10, a suitable integration
cassette of about 10 kb (hlvA/mer integration cassette), en-
compassing the hlvA locus 'dismpted with a mercury resistance
(mer} determinant, was designed and subcloned into both sui-
cide vectors pMAK7000riT and pGP704.2.

Based on pMAk7000riT, two integration vectors were de-
rived, pSSVI155.1 and pSSVI155.2, carrying the hlyA/mer
cassette as a blunted Pst]l fragment in either orientation
within the blunted HindIIY site of pMAk7000riT (Fig. 185).
Such plasmids bear resistance determinants to both chloram--
.phenicol (C‘mR) and HgCl,.
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- Two integration- vectors were derived making use -of
pGP704.2. The first one, pssvnsg, consists in plasmid
pEP704.2 in which the 0.7 kb PstI fragment, including most of
pGP704.2 ampicillin resistance (ApY) determinant, was re-
placed by the 10 kb Pstl hlvad/mer
sequently, DpSSVI159 encodes resistance to HgCl, only. A

integration cassette. Con-

second integration vector was constructed via cloning of the.
hivA/mer cassette into pGE?Oé.Z' partially digested with Pstl,
giving plasmid pSSVI164. The latter integration vector carx--
ries the 10 kb Pstl cassette in the PstI site of pGP704.2
polylinker and encodes resistance to both ampicillin and
HgCl,. . '

Subcloning of, e.g., the S. sonnei rfb/xfc locus is al-
lowed into the BNS restriction cassette present in plasmids
pSSVIls5.1, pSSVIl55.2, PSSVI159, and pSSVilée4, and the re-
sulting integration clones may then be introduced inte, e.g,
¥. cholerae CVD103-HgR for chromosomal integration of the §. -
sonnei rfb/rfc locus. It is noteworthy that the chromocsomal
integration of foreign genetic determinants wusing the
hlva/mer integration cassette described here is accompanied
by the integraticn of an active mer genmetic determinant al-~
lowing for the later identification of the vaccine strain.

Integration of the S8. gonnei rfh/rfc locus into the chromo-
some of V. cholerae strain CVD103-EgR '

The 23 kb ‘insert of §. sonnei xfb/rfc 'clone pSSVILES
(Fig. 3) was modified so that it is bordered with Sall re-
striction sites. The ensuing 23 kb Sall fragment was then
subcloned into the unigue Sall site of integration vector
@35?1155;1, giving psSsviiec (¥Fig. 16). The latter clone
stably expressed S. sonnei O-antigen in E. goli K-12 when
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propagated ‘at the permissive' temperature {(30°C}. Plasmid
pSEVI1S0 was then transferred via conjugation/mobilization
from E. colil K-12 strain 8$17.1 intc a spontaneous rifampicin-
resistant (RifR) derivative of V. cholerae CVD103-HgR. The
resulting strain  CVD103-HgR RifR (pSSVI190) expressed high
amounts of S. sonnei O-antigen when grown at 30°C.

In order to select for those cells which may have inte-
grated plasmid pSSVI1920 into their chromosome, a culture of
CVD103-HgR RifR (pSSVI190) growing exponentially in BHI wme-
dium at 30°C was streaked onto BHI plates with or without
chléramphenicol (17 mg/ml). Incubation was in parallel at
30°C and 42°C.. Tncubation of selective plates at the non-
permissive temperature resulted in a survival of about 5.107%
relative to the same plates incubated at 30°C or to nonselec-
tive plates incubated at 42°C. Some rare colonies from
selective plates at 42°C were shown to agglutinate in the
preseﬁce of both §. sonnei Phase I-specific and ¥. cholerae
Inaba-specific antisera. agglutinating colonies were further
streaked onto selective plates and incubated at 42°C. Newly
grown colonies still agglutinated in the presence of both an-
tisera and presented a strong reaction with MAb shss, indi-
cating that they stably expressed §. sonnej O-antigen.
Streaking of the colonies on non-selective plates and incuba-
tion at 30°C, followed by re-streaking on non-selective
plates at 42°C resulted in the isolation of chloramphenicol-
sensitive colonies which still stréngly reacted with §.
sonnel-specific antiserum and MAb SHS5S. Such colonies when
further streaked on non-selective (BHI) plates only gave rise
te positive O-antigen producing colonies at both 30°C and
42°C. Examination of the DNA content of such strains failed
te reveal plasﬁid DNA whereas strain CVDLO3-HEgR RifR

(pSSVIi90) grown at 30°C presented the expected'plgsmid pat-
tern. )

From the above data we conclude that colonies isolated on
selective plates at 42°C carry plasmid pSSVI1S0 in a form in-
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tggrated in the chromosome. Later growth on non-selective
plates at 30°C followed by 42°C resulted in the isclation of
plasmid-free strains via excision of the plasmid replicon
from the chromosome and later curing of the cytoplasmic plas-
nid form. The resulting strains bear S. sonnei rfb/rfc locus
integrated in their chromosome. One of those strains was
named CH2 (Table 4). Southern hybridization analysis of CH2
chromosomal DNA using specific probes confirmed (i) that the
S. sonnei rfb/rfc locus is integrated in the hlvA locus in
the expected orientation, and (ii} that the strain is devoid
of plasmid vector sequence.

Strain CH2 proved to be extremely stable with respect to
the expression of S. gonnei O-antigen. Indeed, after 45
generations of growth in BHI medium at 30°C and streaking on
BHI plates, 100% of the colonies were positive in an immu-
nocblot with MAb ShSS. Finally, CH2 presented the same HgCl,
resistance level as CVD103-HgR (overnight growth at 30°C in
ligquid BHI medium containing 60mM HgCl,, versus 30 to 40 mM
HgCl, for CVD103).



43
TABLES

Table 1
Bacterial strains used in the characterization of MABs

Table 2
Binding properties of anti~5. sonnei LPS WABs

- Table 3

Binding activity'of MAb SHOR to LPS isclated from clinically
relevant strains of E. g¢oli and P. aeruginosa

Table 4 :

Bacterial strains and plasmids used in the cloning and ex-
pression studies of the S. sonnei rfb/rfc genes and the xfa
genetic determinants encoding Rl-type ILPS molecules

Table 5

Expression studies of E. coli Rl rfa genes in heterologous
genetic backgrounds :

Table 6

Immunoflucrescence microscope analysis of reccmbinant strains
expressing S. sonnei O-antigen and/or Rl-type LIPS

Table 7
Test of the immunogenicity of the V. cholerae recombinant

e,

vaccine strain CVDL03-HgR expressing S. gsonnei O-antigen




44

Iable 1: Bacterial strains used in the characterization of monoclonal antibodies.
. LPS gore N
Strain Odype structwre chemolype Origin and comments
Shigella
son. 53Gi B Form | A1 Phase! {1)2
son. 53G1 { Form i 24 Phase [f variant of 53G) (this study)
son. 482-78(pWR105) D Form ’]1 WRE050, Ph. Sansonetti {2)
son. PCWVi1985 N rough a1 E. Romanowska
boyd. 1 - C1 smoaoth u type 1, ATCC 8207
bovd. 3 C3  smooth R1 type 3, ATCC 8702
dys. 1 At smooth R4 type 1, ATCC 9361
flex. 4b B4h smooth R3 type 4b, ATCC 12024
flex. & B8 smooth R1 type 6, ATCC 12025
flex. $323 Be smooth Ri type 6, E. Romanowska (3) .
flex. B8 551 § rough Rt deep rough mutan? of flex. type 6
E. Romanowska (4)
flex. R 288 / rough Rt same origin as RS 551
E. shigelioides
M54 | son. smooth  Ri?  (Bader) ATCC 14029
C27 son. smooth - R1? {Ferguson) ATCC 1_4@30
HB101 / rough K12  (8)
HF4704 f rough Ri AA Lindberp (8)
O8:K8(L):H4 o] smocth  R1/R2? ATCC 23804
- O2:Ke(B):H12 08 smooth Rt ATCC 23505
O14:K7(L):NM 014 smooth 274 ATCC 19110
0100:H{509a 0100  smooth R2 NCTC 8100
8. typht
Tv2ia D842 stough  Ra  galE(N
TY37(pWR105) D1{2.12) s-rough Ra Rifampicin-resistant derivative of TY21a
bearing plasmid from 482-79{pWR105)
(this study)
S. typhimerium
TVi19 / rough Ra  K.E.Sanderson

son., sonnei; boyd., boydii; flex., flexneri; u, unknown; s-rough, semi-rough phenotype linked to the
galk genetic background.

‘8) References are: {1) Kopecko el al., Infect. Immun. 28:207-214, 1880, {(2) Sansonetti et al.
Infect. immun. 34:75-83, 1981. {3) Przondo-Hessek and Romanowska, Acta Microbiol. Pol. .
27:97-102, 1978. {4) Katzenelienbogen and Romanowska, Eur. J. Biochem. 118:205-211,
13980. (5) Boyer and Roulland-Dussoix, J. Mol. Biol. §1:453-472, 1969, {6) Jansson gt al., Eur.
J. Blochem. §15:571-577, 1984. (7) Germanier and Firer, J. Infect. Dis. 131:653-558, 1975.
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Table 2. Binding properties of anti-S. sonnei 1.PS monoclonal antibodies.

immunobiot pattern®
titesD Ssd Sslt
 MAb jsolype®  Ssl  Sall  OAg core core
Shss igM >128 <2 + - -
shi4s ight >128 <2 + - .
ShoR igM 16 64 . + +

(a) Isotype determination by ELISA as described in the text. .
{b) Antibody titers were determined by ELISA in wealls coated with purified S. sonnei Phase { (S.s.1)

or Phase 1! (S.s.) LPS. Titers are expressed as the reciprocal value of the dilution resulting in
an OD of 0.4.

{c) Binding to high molecular weight O-antigen-bearing (O-Ag) or low molecular weight {core)
LPS components. : :
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Jable 3. Binding activity of Sh8R MAb to LPS isclated from clinically
relevant strains of E, coli and P. aeruginosa.

Baclerial species O-serotype ' Binding activity®

)

E. coli O1
. 02
04
08
o7
012
015
018
025
075

O S R A S g

P. aeruginosa - o -
o2 .
03 -
04 -
06 .
07 -
010 .
o1 -
oi6 ;

(a) Determined by immuncbiot using purified LPS as the antigen.
{+}, MAb reacts with the core-lipid A region; {-), no reaction.

{b} Acceording to the International Antigenic Typing System (IATS)



AB1280
AB1419

DHb5a
HB101

SM10ApIr
$17.9
SO874
S, lyphi
TY21a

cvDees
V. cholerae
CVD103
CVD103-HgR

CVD110
CH2

fhuA2 lacY'1 or lacZ4 supE44 gai-6 his@i b1 gaiP63 rpsl.8,8 or 17

matat (\R) xyl-7 mti-2 IvD 18 metB1 argH1 thi-1 "
thi-1 iivC49 argH1 metB1 hisG1 lacY{ or lac 24 mtl-2 xyi-7 ma!A? ara-13

strA8, -9, or -17 tonA2 AR & supE44?
supE44 hsdR17 recAl endAt1 gyrA98 thi-1 relAt1

supE44 hsdS20(ry my’} recA13 ara-14 proA2 lacY1 galK2 rpsL20

xyl-5 mti-1
thi-1 thri leuB8 supE44 tonA21 lacY! recA-RP4-2-Te: Mu Km Aple

 thi pro recA hsdfrm*) RP4-2-Te:Mu-Km::Tn? TpR smR

trp-489 lacZ2286 A(sbeB-11bj86 upp-12 reiAl rpsL150

galE VD viaB (VI') HpS"

. aroC aroD HoS"

. AloxA

AtoxA hlyA.mer (Hgﬁ)

AloxA
AloxA hlyAzmer:ibhifesonnel (Hg™)

8. Bachmann

B. Bachmann

Hanahan, J. Mol.Blol., 166:557, 1883 -

Boyer and Rolland-Dussolx, J. Mol. Blol. 41:458, 1969

Miller and Mekalanos, J, Bactetiel., 170:2575, 1988

B. Bachmann. Neuhard and Thomassen, J. Baclsriol.
126:899, 1876 ‘

Anti-typhoid vaccine straln, derlvative of S, {yphl sirain TY2.
Germanler and Farer, J. Infect. Dis., 131:553, 1975 |
Anti-typhold vaccine straln, derivative of S, typhi strain TY2.
Hone el al., Vacelne, 8:810, 1891

Antl-cholera vaccine strain, derivative of ¥, ¢holeras 01
classlical inaba straln 5698, Levine et al., Lancsl 11:487, 1988

Antl-cholera vaceine strain, detivative of CVD103. Levins

al a]., Lancet {§:467, 1988
Antl-chelera vaccine strain (V. cholera O1 £1 Ter Ogawa)

This study

Ly
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Diverses
pLAFR.§
sUC18

pMTL21par
PWW-84

pGB2
pCL1%20
pGEP704
PMAK700
pJFF350

Low copy number, broad host range cosmid vector. TeR
High«wopy number, general purpose cloning vector. Apﬁ

High copy number, general purpose cloning vecter. ApH
High copy number vector with Kanamyein-resistance cassstie.

ApR, kmR

Low copy number general purpese cloning vecter. SmF, SpcR
Low copy number general purpose cioning vactor, smi, Spcﬁ
Low copy number sulcide vecior. ApP

Low copy number temperature-sensitive sulclde vector. Cmit
Transposon dellvery vector with ol sequencs. KmP, ApH

-pMTL21pat/NE From pMTL21par. Single EcoRl site biunted. ApPR

pGR704.2

From pGP704. No BamH] sites. ApP

pMAK7002iT Mobilizable suicide vector, From pMAK700, 0.76 kb orlf-bearing

EcoR{-BamHi fragment of pJFF350 biunt cloned inte the Bamis!
site of pMAK700. CmPt

pSSVI108/109/ Original Hb/fc cosmid éﬂones (pLAFR-8). Tetf
and 1107911
pSSVI113/114 About 30 kb BamHi fragment from pSSVI108 cloned into pGB2

pSSVI162

pSSVI163

(BamH) (2 crientations). SmR, SpeR
7 kb EcoRl (orlyj-bearing) fragment from pSSVI108 cloned Into

pGP704 (EcoBl)
Sk Smal (Qﬂv!R=baar!ng) fragment from pSSVi108 cloned into

pGP704 (Smal)

Keen et &i., Sene, 70:1921, 1988
Yanisch.Perron et al., Gene, 33:103, 1985

Chambers et al,, Gene, 68:139, 1988
M{ller et al,, gene, 46:131, 1986

Churchward et al., Gene 31:165, 1984

Lemer and inouye, Nuclelc Aclds Res., 18:4631, 1990
Miller and Mekalanos, J. Bacteriol., {70:2575, 1988
Hamliton et al., J. Bacterlol,, 171:4817, 1989

Fellay et al., Gene, 76:215, 1988

This study

This sludy
This study

This study
This study

This study

This study

8¥
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B. Plasmids (continued) .
Plasmid Description Source or reference ,
pSSVI161 KmP BamH casseite from pWW-84 cloned Info the 30 kb Bambl  This study
fragment from pSSVH 14 encompassing both oty and db/ife focl, _
KmR
p8SVI165S = From p8SVi113 via partiai EcoRli digestion and refigation, Mﬁsssng This study
the 7 kb orlyjn-bearing EcoRl fragment. Smﬂ speh
da ciones
PSSVI106/107/ Original aR1 cosmid clones (pLAFR-5). Tet? This study
and 123 to 131

pSSVIios-1 4.5 kb Bamill Emgmem from pSSVI1086 cloned En&o nCL1920 (BamHi) This study

- smf, SpcR
pSSVIi107-3/-4/ Different subclones of pSSVI107 In pCL1920 (Flg. 5). SmB, Speft
and -5/-6/-7/-9 -
pSSVI232/23% Original Hagonnel cosmid clones (pLAFR-E). TatR
234/249/250/251

This study

This study

6%




Table 4

B. plamids (centinued)
Blasmid Deseriplion Source or reference
HoS8 clones

pS8Vi120/121/ Qriginal clones In plUC18. ApR + This study

and 122

pSSVI132/133 4.5 kb EcoRl fragment from pSSVI122 cloned Into pGB2 (Emi) This study

(2 orlentations), SmR, SpcR
PSSVI148 6.8 kb Koni-BamHi] fragment of pSSV{120 cloned into pMTL21pat/NE This sfudy

{Kpni-Bglll). ApR

pSSVIT50 24 bp oligonuciectide sequence with BamHi/Noll/Sall restriction sfles This study
(BNS cassette) biunt cloned into the EcoRl site of pSSVi148, ApR

pSSVMS‘ﬁ 24 bp BNS casselte cioned Into the Smal site of pSSVI148. ApR This study
pSSVI154 integration vector, 7 kb Koni-Hindi!l fragment of pSSVI160 blunt This study

clonad into the Hindlll site of pMAK7000rIL. Cmf
pSSVi160 Integration vector, Biuntsd 4 ib Hindill-Smal fragment of pSSVI169  This study

cloned info the Smal site of pGP704.2. ApR

lv clones

pILV12/18 Orngma! clonas In pUC18, ApR This study

piLv23 Blunted & kb Sall-Hpal fragment of piLV12 biunt cloned into the This study
Hindiij site of pMAK7000iT. CmP

pil.vV24 From pilV23, Unique BamkH] site removed via BamH{ digestion, This study

blunting and refigation. CmP
pSSVIS0 integration vector. 24 bp BNS cassatte biunt cloned into the Kpnl This study

shte of piL24. CmBR




Tabie s

8. Plamids (continued) -

. 0*c e

pSSVI153

pSSVI155.1
and 155.2

pSSVI159

pSSVI184

pSSVI60

3 M Yoous J. Kaper
disrupted by a mercury resislance genetic determinant; ApR HgR
10 kb hlyA/mer Psii integration casseite cloned into pMTL21psyNE  This study
(Psil). Modifications of the cassetle included the removal of the
unique Bamkl site present in the insert of pdMK10, and the blunt
cloning of the 24 bp BNS cassaile inlo the Kpnl sile located al
about 8 kb on pIMK10 map (Fig. 16). ApR HgR -
integration veciors. Biunted 10 kb hivA/mer Pall inlegralion casasite This s&udy
of pSSVI153 biunt cloned Into the Hingll] ahe of wm@@om
(2 orientations). CmP HgR
anﬁegmﬁon vector. 0.7 kb fragment of pGP704.2 replaced by the This study
Almer Pall integration casselte of pSSVI183, HgR (ApS) .
ntegraﬁon vecior. 10 kb hiva/mer Pal] integralion casselte of This study
pSSVI153 cloned Into the Psi] slle of pGP704.2 polylinker.
ApP HgR
integration ciona. 23 kb insert of pSSVI185 bracketed with Sell This study
restriction sites and cloned into the Sall site of inlegralion veclor

pSSVI155.1. Cmfl HgR

10 kb Psif iragment encompassing the ¥, gholeras




52

Table 8. Expression studies of E. coli R1 tfa genes in heterologous genetic backgrounds.

Strain plasmid
E. colt K-12 .
o ] ]
106/107/123 o P
124 to 130/107-5/107-6 4+ nt.
107-3/07-4 - ni.
S.typhi TY21a _
- ) ' - -
106/107/123 FE b
124 to 126/128/107-5 e nt.
127/130 4 : n.t.
107-3 . | nd.

V. cholerae CVD103-HaR

123/124/125/128 bt e
| 108 5
- 1078 +

126/427/130/107-5 . | At

a) clone pSSVI107 was highly unstable in CVD103-HgR.

+++, Strong reaction; ++, intermediate reaction; +, weak reaction; -, no réac%km; n.t., not tested;
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Table 6. lmmunofiucrescence microscope analysis of recombinant strains expressing
S. sonnel O-antigen and for Ri-type LPS. |

First antibody

pSSV) |
Strain plasmid(s) MAb Sh58 MaAb SheR
DHS@ no - nt.
HB101 © 108 e nd.
56874 A{rfbidc) ne - ad.
S®874 Afivrdc) 165 b nt.
HBi6t - 123 n.t. e
$. sonnel
53GH no nd. PR
853Gl 108 . ++
S. typhi
TY21ia no - nd.
TY21a 108 e nt
TY21a 123+165 FVS +
Y. cholerae
CVD103-HgR no - -
CVD103-HgR 109 . nd.

+++, strong reaction; ++, intenmediate reaction; +, weak reaction; n.t., not tested.



CVD 103-HgR expressing S. sonne! O-antigen.

Table 7. E%MMMBMMMMM 1t straln

A. Aggﬁm‘mgﬁqmg {day 14 sera)

Babblts Immunlzed with® . :
| V. gholerae V. cholerae®
: S. sonnel V. gholeras CVD103-HgR cVD103-HgR RER
 Tested 482-79{pWR105) CVD103-HgR (pSSVI108) (PSSVi108)
- slrain A 8 G R E E Lc} H i
482-79 ++ 4 . - - + +fe + 4
(PWR105) - .
mm - . ++ 4 ++ P #l- Fs
CVD103-HgR . |
B. ELISA tests (day 35 sera)
from ' A B & 3] E E - & H i
8. sonnel 9630 5750 <100 / <100 1680 4150 2670 - 3020
V.cholerae ) Tel00. <100 7040  19'480 17700 T 49°300 12380 g'121 4'205

a) Rabbits were immunized intramuscularly with 3-4x1 08 (day 0), or about 10° (day 15 and 28) heat-killed cells.

b) Strain CVD103-HgR RiF(pSSVI108) Is a rifamplein-resistant derivative of strain CVD103-HgR.
¢) A, B, ....l, designate different rabblts immunized with bacterial strains as described in Table A.

For agglutination tests, undliuted and non-preadsorbed 14 days sera were used. in the ELISA tesis, purified LPS from either
S, sonnel 53G! or V, choleras CVD-103 wera used as the coaling antigen. Thers are expressed as the reclprocal vaiue of the

dilution resulting in an OD of 0.4,
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Restriction map of integration vectors pSS?IlSé
(8. typhi H,S locus).

Restriction maps of the S. &yphi ilv clones
pILviz and pILV1S '

Restriction maps of integration vector pSSvVIse

{s._typhi ilv locus}

Restriction maps ©of hivA-mer clone pJMKL0 and of
integration vector pSsviiss.l (¥. cholerae hivhA
locus}

Restriction map of iﬁtegration clone PpSSVILISO
(¥. cholerae hlvA locus)
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FIGURE LEGENDS

Figure 1

Reactivity of 8h558 and Sh9R MAbs towards LPS isolated from
various entercbacterial species. Silver staining (A) of LPS
rinipreparations run on a 7.5-20% gradient SDS-PAGE gel and
immunoblet: analysis 'using shss (B} and ShSR (C) MaAb,
respectively. Lanes a and u, pre-stained 10#_ molecular
weight protein standard (Bio~Rad); b, S. sonnei $3GI; c, S.
sonnei 536II; 4, S. . sonnei 482-79 (pWR105); e, 8.
dvsenteriae type 1 (ATCC 9361); f, S. boydii type 1 (ATCC
9207); g, S. boydii type 3 (ATCC 8702); h, S. flexneri type
4b (ATCC 12024); i, 8. flexneri type 6 (8§323): 3,

LSS =Ry

§. filexneri type 6 (ATCC 12025); k, 2. shigelloides M51

(ATCC 14029); 1, P. shicgelloides €27 (ATCC 14030); m, E.
ceii HF4704; n, E. golj ©8 (ATCC 23504); o, E. goli 09 (ATCC
23505); p, E. coli 0Ol4 (ATCC 19110); g, E. goli 0100 (NCTIC
8100); r, E. coli HB101l; s, S. tvphi T¥2la; t, §. tvphi TY37
(PWR105: :R386) .

Eigure 2 :
Restriction maps of 8. seﬁneﬁi rfb/rfe clones pSEVIiICYS and
pPE8VI1i3. Restriction maps correspond to insert DNA. Re~
striction sites belonging to the vecter polylinker sequence
are labeled with a sguare. The heavy line indicates the
rfb/rfc locus. Scales next to the maps give the DNA iength
in base pairs (bp}.

Figure 3

Restriction maps of the B5. sonnei rfb/rfc clone pPBEVILES.
The restriction map corresponds to the whole clone including
pGB2 vector sequence (black area). The open box within pGB2

sequence labels plasmid replication origin. Otherwise, like
for Fig. 2.
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Figure 4 , .

Restriction maps of rfagp, clcﬁes pBSVIi0G6, 107, 123, 125,'
and 128. Restriction maps correspond to insert DNA. The
black and hatched area in the’ map of pSSVI128 define the
rfag, locus (see text). Otherwise, like for Fig. 2. '

Figuze 5 :

Restriction maps and expression levels in E. golli K<12 of
different subeclones derived from rfay, clones pSSVIi06 and
107. Restriction maps correspond to insert DNA. Expression
levels of IPS reacting with MAb SHOR are giveh on the right

of the respective maps and are codified from ++++ (strong
reaction) to - (no reaction).

Figure 6 _
Restrietion map of the ZE8 onnej Clone pESVI250. The re-

striction map corresponds to insert DNA. Otherwise, like
for Fig. 2. :

Figqure 7

Expression of the §S. gonnel zfb/rfc oclone pESVIIO0S in
heterologous gemnetic baekgr@uﬁ.&s@ Silver staining (A) of
LPS minipreparations run on a 15% SDS-PAGE gel and
immuncblot analysis using Sh58 MAb (B). Lanes: a, S. sonnei
482-79(pWR105); b, S. sonneid 353GII LPS maxiprep (MP):; c,
53GII (pSSVI109); d, S$3GII (pSSVI109) LPS MP; e, E. coli X~
12 HB101l; £, HB10l (pSSVI10%8):; g, HB1Ol (pSSVIi09) LPS MP;
h, S.. tvphi T¥21a; i, TY2ia (pSSVI109); 3}, T¥2la (pSSVILO09)
LPS MP; k, ¥. cholerase CVDiO3-HgR; 1, CVD103-HgR (pSSVIi09);

m, CVD103-HgR (pSSVIig9) LPS ¥P;: n, V. cholerae CVD1i10; o,
CVD110 {pSSVIL109). '

Fiqure 8
Expression of the 5. _ sonnei xrfb/rfc locus in E. geli X~12
strain 8F874 Drfb/rfc. Silver staining (A} of LPS

minipreparations run on a 15% SDS-PAGE. gel and immunoblot
analysis using Sh5S MAb (B). Lanes: a, HB10l; b, S¥874:; cC,
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HB101 (pSSVI109); d, SF874 (pSSVI109); e, HB1OL (pSSVI1l4);
£, SF874 (pSSVIll4); g, DHSa (pSSVIi6l); h, SF874
(pSSVI161); i, DHSa (pSSVI165); j, SF874 (pSSVI16E5).

Fi e 9

=S

Expression of xfa <clones encoding Ri-~type LPS8 in
heterclogous genetic backgrounds. Silver staining (A} of
LPS minipreparations run on a 15% SDS-PAGE gel and

izmuncblot analysis (B) using ShSR MAb. Lanes: a and t, pre-
stained low molecular weight protein standard (Bio-Rad); b,
E. coli K-12 DHSa; ¢, E. coli X-12 HB101 (pSSVI106}: d,
HB101 (pSSVI107); e, DHSa (pSSVI107~5); £, HB1O1 (pSSVI123);
g, E. goli K-12 817.1 (pSSvI250); h, S. typhi TY2la; i,
TY2la (pSSVIi06); J, T¥2la (pSSVIi07); k, T¥2la {pSSVI107-
§): 1, T¥2la (pSSVI123); m, T¥2la (pSSVI2S0); n, ¥. cholerae
CVD163~-HgR; ©, CVD103-HgR ({pSSVIi06); p, CVDLO3-HgR
(pSSVIL07): ¢, CVD1O3-HgR (pSSVIL07~5); r, - CVD1O3-HgR
(PSSVI123); s, CVD103-HgR (pSSVI250}.

Figure 10
@@aexpressien of §. sonnei rfb/rfc locus and rfa loei en-
coding Ri-type LP8 in heﬁerélag@us genetic backgrounds.
Silver staining (A) of LIPS minipreparations run on a 15%
SDS~PAGE gel and immunoblot analysis using ShSS (B) and ShSR
{C)} MAb, respectively. Lanes: a and ¥, pre-stained low
molecular weight grotein' standard (Bio-Rad); » and g, E.
coli K-12 DHSa (pSSVIL65); ¢, S. typhi TY21la; d, TY¥2ia
(pSSVIi23); e,  TY2la (pSSVI165) ; £, TY21a
(pSSVI123/pSSVI165); g, T¥2la (pSSVI250); h, TY2la
(pSSVI250/pSSVI16S); i, V. gholerae CVD103-HgR:; j, CVD103-
HgR (pSSVI123); k, CVD103-HgR (pSSVI128); 1, CVD103-HgR
(pSSVI165); m, CVD103-HgR (pSSVI123/pSSVI165); n, CVD103-HgR
(pSSVI128/pSSVIL65); o, CVD103-HgR (pSSVI250); p, CVDLO3-HgR
(pPSSVI250/pSSVILES) .
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Figure 11

Restriction maps of §. typhi H,S clones pSSVI120 aad
pB88vIi22. Restriction maps correspond te the whole clones
including pUCl8 vector sequence ({black area). The open box
within pUCl8 sequence labels the plasmid origin of replica-
tion. APR, ampicillin resistance genetic determinant.
Otherwise like for Figure 2.

Fiqure 312

Restriction map of integration vectors p8SVIiS4 (8. Ltyphi
H,8 locus). The restriction map corresponds to the whole
clone inecluding pMAX7000riT vector sequence (black area).
(B/Ky, (B/H), blunted Xpni, respectively HindIII, ends
cloned into blunted EHindTIX site of pMAK700oriT. oriT,
'c@njugaticn origin; replOlits, genetic determinant of the

temperature-sensitive replication ~ protein; cnR,
chloramphenicol resistance marker. Otherwise like for Figure
2.

Figqure 13

Restriction maps of the §. typki ilv oclones pILVi2 and
pILViB. |[Restriction maps correspond to the whole clones,
including pUC18 vector sequence (black area). Otherwise
like for Figures 2 and 11.

3 re 14
Restriction maps of integratiom vector psSSVISO (8. typhi ilv
locus) . Restriction map corresponds to the whole clone

ineluding pMAK?OQg;ig vector seguence (black area). (E/H),
(H/H) , blunted EcoRI, respectively Hindi¥I, ends cloned into
blunted HindIII site of pMAX700oriT. Otherwise 1like for
Figures 2 and 12. '

Figqure 15

Restriction maps of hlyas-mer clome pIMK10 and of integration
vector pESVIiSS.: (V. cholerae hlva locus). Restriction
maps correspond to the whole clones including pUC19,
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respectively pMA700criT, wvector segquences (black area). - The
epen bex within pUC19 segquence corresponds to the plasmid
replication origin. (H/P), blunted PstI ends cloned into
the blunted HindIII site of pMAK700oriT; hlyA, disrupted
hlyA genetic 1locus; mer, mercury resistance ~genetic
determinant. Otherwise like for Figures 2 and 12.

Figure 16

Restriction map of the integration clome pSSVIiso
(v. chelerae hlyh locus). The restriction map corresponds
te the whole clone including pMAK700oriT vector sequénce
(black area). The heavy line indicates the S. sonnei
xg;,@ﬁg locus. Otherwise like for Figures 2 and 12.
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CLAINMS
4 recombinant live vaccine strain for the immunization

against gram-negative enteric pathogens displaying the
following features:

(a) it is a bacterial strain known to be safe and immuno-~
genic vhen orally administered teo humans;

{b) it carries a set of rfa, rfb and rfc genes coding for

the enzymés involved in the biosynthesis of lippoly-
saccharide core, preferably heterclogous ~1lipopoly-
saccharide core and heterclegous O-polysaccharide an<
tigen:

{c) ‘said set of genes is stably expressed by said carrier
strain resulting in the formation of amn intact immuno-
genic hybrid lipopeolysaccharide composed of the lipid
A from the carrier strain covalently attached to said
pfeferably. heterclogous éore and said heterslogous O-
polysaccharide, wherein said preferabl? heterologous
core and said heterologous oepélysaccharide form an
1PS molecule containing a polymerized O-polysaccharide
and being essentially indistinguishable from the LIPS

molecule of the heterologous gram-negative enteric
pathogen.

The vacc;ne strain accord;ng to claim 1, wherein said set
of genes has been separated from non relevant genetic in-
formation of the donor strain.

The strain according to claim 1 or 2, wherein the carrier
strain is.an E. coli strain, a strain belonging to the
genus Shigella, a §. Ltyphi strain or a Y. cholerae strain.

' The strain according to claim 3, wherein said §. ,_xgm

strain is §. typhi TY2ia or §. ngm., CVD908.
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The strain according to claim 2, wherein said ¥. cholerse
strain is ¥. cholerae CVDi03, VY. cholerae CVD103<HgR or V.

cholerae CVD110.

10.

115

120

The strain according to any one of claims 1 to 5, wherein
sald set of heterclogous genes are either present on a
plasmid vector or stably integrated into the chromcsome of
the carrier strain at an integration site which is known
to be non-essential for inducing a protective immune
response by the carrier strain.

The strain'according to claim 6, wherein said set of genes
is integrated intoc an Hés'locus, the ilv locus, the viaB
locus, or any of the aro loci of S. typhi.

The strain according to claim 6, wherein said set of genes
is inserted into the hlyA locus of V. cholerae.

The strain according to any one of claims 1 to 8, wherein
said rfa, rfb and rfc genes are integrated in tandem into
a single chromoscmal integration site or independently in-
tegrated into individual integration sites according to
any ene of claims 6 to 8. -

The strain according to any one of claims 1 to 9% wherein
said rfa genes are derived from an E. coli strain and said
rfb and rfc genes are derived from the same or different
gram-negative enteric bacteria, preferably from the same
or different gram-negative enteric pathogens.

The strain  according to claim 10, wherein the E. goli
strain is characterized by an Ri-type LPS core structure.

The strain according to claim 10, wherein said gram-nega-~
tive enteric pathogens are Shigella sonnei, Shigella
bovdii, Shigella dysenteriae or Shigella flexneri, pre-
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ferably Shigella 'flexneri serotype IIa, and most pre-
ferably Shigella sonnei. '

The strain according toc any one of claims 1 to 10, wherein
said rfa, rfb and rfc genes are derived from said gram-ne-
gative enteric pathoéen, preferably from Shigella sonnei,
Shigella bovdii, sShigella dysenteriae or Shigells f};exé
neri, preferably from Shigella flexneri serctype IIa, and
most preferably from Shigella ggggg;.

A live vaccine for'the jmmunization against gram-negative
enteric pathogens comprising a strain according -to any one
of claims 1 to 13, optionally in a mixture with a pharma-
ceutically acceptable excipient and/or buffer, .and/or any
delivery system designed to deliver said vaccine strain in
a viable state toc the intestinal tract. '

The vaccine according to claim 14, wherein the route of
immunization is the oral route.



