1 RECOMBI NANT LI VE VACCI NES The present invention relates %6ers ws
recombinant |ive attenuated bacterial strains expressing O serotype
deter < m nant's of gramnegative enteric pathogens in a formco- valently
bound {% a |i popol ysaccharide (LPS) core, wherein the resulting LPS

nol ecul es are essentially indistinguishable fromthe ones present in the
ori gi nal pathogenic strains. Such reconbt nant carrier strains may be used
as live vaccines for oral inmunization against e.g. bacillary dysentery
caused by virulent strains of Shigella spp. G am negative enteric

pat hogens cause a " variety of diseases, sone of which may develop into
acute diarrhoeal disease states and may eventually lead to the death of the
i nfected individual. Exanpl es of such di seases caused by said .category of
pat hogens are shigellosis, typhoid fever, cholera, infections with

ent er ot oxi geni ¢ and ent er opat h@BEAMBINANTSEVEIVACGIMES and infections with
Hel i cobacter pylori.

The present inventi_on 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 lipopolysaccharide (LPS) core, wherein
the resulting LPS 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 coli, and infections with @L@Q@QQQ&&; pylori.

Shigellosis is an 'acute enteric disease caused by viru-
lent strains of the species Shigella scnnei, Shigella bovdii,
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



Shigellosis is an acute enteric di sease caused by viru- lent strains of the

speci és Shigella sonnei, Shigella boydii, Shigella dysenteriae, and
Shi gel I a flexneri. Upon i ngestion, these organisns attach to and invade
the |Linen of the col on causing an acute inflamuatory response. Di sease

synptons include fever, tenesnus, cranm@gs, and bl oody stools often with
mucous. Vol unt eer studi es in V\/ni ch subj ects who ingested
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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/rfec genetlc locus which may be located
on the bacterial chromosome and/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
polymerizatien of the basic unit to form high molecular
éeight O-antigen molecules which are required for immuncgen-
icity. '

In Enterobacteriaceae 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



structural conposition of both the basic sugar unit and the pol ynerized

O pol ysaccharide. Genetically, enzymes involved in the biosynthesis of
Shigella spp. O-antigen nol ecul es are encoded within the rfb/rfc genetic

| ocus whi-ch may be | ocated on the bacterﬁ chronmosone and/or on a plasmd
epi sone (Hale and Formal, Mcrob. Path.,”1:511-518. 1986). Wthin the
rfb/rfc genetic |ocus, rfb genes encode enzynes involved in the
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S. sonnei LPenRles6id esthayRsDeRIE Sﬁeﬁmbb%nbedéﬂeiiﬁné?é gete Uviife YhREEZS
Sal nonel | a sp an he E. coli strains conmmonly used in”c)]onjng
experi nents terpinants for enterobacterial LPS core moieties are chro-

moseomally encoded within the so-called rfa locus (Rick, p.
648-662, In Escger;cgig coli and Salmonella typhimurium 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 Fﬁxer,
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, noﬁ covalently - attached 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 subsequehtly 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-



i zed by LPS of the Ra and K-12 types, respectively (L[err]deritz et al.,
Curr. "Top. in Menbranes and Transport 17:79-149, 1982). The chemi cal
structure of LPS core(s) present in V. chol erae strains has not been
deternmjned yet. The genetic determ nagts for enterobacterial LPS core

noi eties are chro- nosomally encoded within the so-called rfa locus (Rick,
p. 648-662, In Escherichia coli and Sal nonella typhimuriumcel- lular and
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al., Infect. Inmun. 29:207-214, 1980). This plas- md also encodes a
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155:1260_12%3@5%987§' §5§%%{ebgaﬁggaghg Finally, the expression of otherx
genes encoded by the S. sogne plasmid could adversely affect
the growth and/or meunizlng capacity of 8. tvphi strain
TY21la.

. 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. ] '



4 quent trials of a simlar design using 5 different |ots of 5076-1C
failed to show any evidence of protection against S. sonnei (Herrington et
al ., Vaccine 8:353-357, 1990). There are several possible explanations
for this finding. First, it is known that the O antigen noiety of LPSis

hi ghly i mmunogeni ¢ only when coval ently attached to the core-lipid A noiety
of LPS. Therefore, the presence of the S. sonnei O antigen as a
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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.



on a plasm d, expressed conplete hybrid LPS consisting in V. chol erae
O-antigen bound to K-12 type LPS.. However, in the process of strain
-construction, not only the rfa | ocus but also up to 200 kb of adjacent
geneti¢ material, cor- responding to abput 5% of total chronosomal |ength;
was re- placed in TY2la. Such a large ‘and uncontrol |l ed mani pul ation may
‘have affected the properties of the candidate vaccine strain in an
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Accor di ngly, present 1nvention relat 0 a recom bina t |ve vaCC| ne

strain for bas m.m: phedg¥iasrepanhinanyntPNe tackrpiogit segdihat it
di splayi ng gheriekl aWd@dgiddyddis 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-



(a) it is a bacterial strain known to be safe and i nmuno- genic when orally
adm ni stered ' to humans; (b) it carries a set of rfa, rfb and rfc
genes coding for the enzynes involved in the biosynthesis of

| i popal ysaccha- ride core, preferably heterol ogous Ilpopolysaccharlde core,
and het er ol ogous O pol ysacchar.i de antigen; (c) said set of genes is
stably expressed by said carrier strain resulting in the formation of an
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6 possible to the one observed in natural virulent strains. - As
discussed ab@ve, previocus ev;dence showed that the expression
of the §. sonnei rfb/rfc genetic determinant from the whole
S. sonnei virulence plasmid in the attenuated §. typhi/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 mclecules may have accounted for the weak
immunization levels against virulent S. 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



The eval uation of whether .said heterologous O polysaccharide is

I ndi stingui shable fromthe LPS nol ecul e of said heterol ogous pathogen in
item(c), supra, will usually be by physicochenical and/or i mrunol ogi cal
nmeans.. The term "reconbi nant |ive yaccine strain" as used herein means
a bacterial strain as defined in item{a) above which has been nodified via
recombi nant DNA technology so that it carries and expresses at |east one
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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 spec_iﬁically- express said lecus. Separation of
unrelated genes will, moreover, avoid adverse effects with
réspect to the growth and/or immunizing capacity cof 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



In the case of virulent (Phase |I) strains of S. sonnei the O antigen noiety.
of LPS nol ecul es consists in polynerized di saccharide units of two atypical
sugars which are present on the cell surface in a formcovalently bound to
the Rl-type LPS core-lipid A region (Fgrml| LPS) (Kenne et al., Carbohy-

7 drate Res. 78:119-126, 1980; Gam an and Romanowska, Eur. J. Bi ochem
129:105- 109, 1982). On the other hand, efficient inmunization against
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genes enCOQéé"giégfed 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 @ja-kl locus) and §. sonnedl
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.



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 Oantigen noieties. Preferably, the _
resul ting LPS has the sanme struc- turggas in the original pathogen, bei ng,
for exanple, a strain of Shigella spp. (honpblogous core and O antigen
noi eties). The mninal requirement for obtaining a hybrid polysaccharide
di spl ayi ng .t hetrt e@@[ﬂ@t@emfpmfagreésembbdﬁimgnknchfsmha_gtpﬁwﬂtel?ﬂm&%mi J_PfS
nol ecul e h : 2.0 egat | :p IS . ers o

t he respeg%n%eé%gfgi%? gg%‘eag%e%‘{c%g%ﬁggéa% > D grg'gl% %?g%g%_ ebkep ?é%% in
the same cb@rtBe geuwy. Shigeldas anSacdombdncetwpin tdre ar Bertholmd i on
it will beggegpgsary to obtain a set of genes which encodes different
conpati bl e conponents which forma functional LPS nnlefule.tltflfh _
concei vabl e that part of said set of genes is a. natural part o e carrier
strain.. Alter t$v¥?¥]¥lc’1‘ a?%ypggﬁgﬁgg d embodiment, 4f {dife ResANY Hemes

i s a nat uredntpbon, oabdisteatni £5 Strovphi rE2eat ker ;g;@@ge cagigabl e
genes "to be introduced into said carrier strain will preferably be cloned

i . i fi i ro-. type,
For exanpl o (I carfE sthdlIf, 706 CvRaRiE L Afnath D La o obadibm
sai d Shi getescribed ninodgtedilt 1y Gemmanibersand Firdsf, thie Tafeicte Disin
carries thesgenes78), s53-558, and US-A-3,856,935 (1972). The aroC
areD deletion mutant .strain 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 s’érain 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. '



coding a conpatible core, no further cloning and transforma- tion step may
be necessary. Alternatively, if the vaccine strain does not carry said
genes a further cloning step in- volving the orfiginal Shigella strain or
another strain of the same or a diffexrent bacterial species carrying the
genes en- coding a conpatible core will be necessary. Upon cl oni ng and
transfer of a conpatible set of genes into a suitable vaccine strain, said
strain will.expPeddies Bofh| E3ECEPEPLe Gasar o thia NatROT2RIPT gof JSfonaian

pat hogen dgsfkayeftenthes caviiase vabtine 8thlinololics odhifrasd &£ Xonolo-
pression, the imune system of .the vaccines_js stinulated qang a protective
i mune r esPEHBe FESOPRINRELIAN &nto F, Ryredefingg rggion of jthe ch 5
enbodi nent sofiet he \Fefierret r diargetst hfopr eclerdmosveal | dnteprat Seh efre

genes has S ed fr -rgle ge ic,l ti :L.he donor
strain. Eﬁggﬁ g%%asgrof%@%eﬁgs %%2%%'1 n%ﬁtteheaéégé‘g% i an%‘f‘%ggel?f
t he rfb/rfeitbersairendyi edifantathparatist knewn ctdebeunons @ssest igdndfor

encoded bYerpgclBckbfh@aidtion WLR' 4 SLABLYNAN GEPaEh! idld daiy o5
said | ocus. eparation of unrelated genes will, noreover, avold adverse

ef fects wi PhEpEBBEIVe: oPERESTESM htaxgess | #ouni intesxaldan y agte t fhasg -
rier strai §genes, thee iMRitSV=AAdRIdPGAMcISePaddd | 86 €hkdaltdenmaltiion on-

rel evant gepes.is. to,prqduce ene bank of the 180 kb plas- md in a
ol tabl e CELTRIRR, BrRRInE Gala3ol” rar Rbo. reRevaBY. VeRAITIRy TEEo nant
cl ones expressing the O-antigen are known

In a particularly preferred embodiment 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 arcC and arobp 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-



9 in the art. The nethod preferred hereln Is to use nonocl onal or

pol ycl onal antibodies specific for the S. sonnei OGanti- gen, preferably
nonocl onal anti bodi es (MAb). A preferred scenario for the isolation of
the care en- coding genes would entailjsa DNA fragnment carrying the rfa
genetic determinant |imted to the mnimal size allowing for the synthesis
of a heterologous LPS core able to covalently bind the Shigella O antigen.
Such a requradiiem off destroaty sSfesistance gémetiéo@éhgrméndnt was shown
characteri o] 0 a ; | RisQg, t

DNA fragmﬁ%teneggsséa$%é$%r%ﬂés g’@?&s?ﬁﬁ’%ﬂ’ o r% err"ﬁ%I s?’t E}%t [ %ﬁt%ﬁ%}%@%
one in whlquﬁmﬂaﬂ(ﬁﬁyﬂmﬁﬁiI@%ﬂ@iﬁkpﬁ§83e§e:anlénseﬁor% A6VrAgOt hel88Me

structure gégérfé)re@cté)iv‘h'fﬁ'fée?@ QuRbh 9e87: 9288185841 y168ypled to. In

the case of sonnei C)antlgen the preferred core woul d"be of the RL

t ype. Accordin , in.a preferred form the present inventio

i ncl ude the cl d&€h H%@% r?%n?%c?rﬁn%%dg nRtRes EgﬁgegFgacﬁﬁ¥8§ of
the Rl typdiment def meemmﬁ einvemtd o emte@raté& inedrridemnninte a
vacci ne Al h C uratien present_in .
ol s suc i itdle sf¥ondiodf [hEuaaht CBaPEEPE e Thdlbbshbety 18R,
avai | abl e K=t dénitd tdiwiduzhaintegrakidnbgitdst ype LPS Preferred strains
for this purpose may include, but are not limted to, E. coli Rl strains

(rfaferr] | Ocuﬁt)k%e%'éj sgit%Q”Q% %&%ﬁﬁ%%?j@ Jué%%%i}ch P& NRbnPEgkEh-Cd

strains may be-the E. ¢co tra n sonnei. strarn
53G | . tiad tfon dndneing nksPralestivet ABRVBRCHCSACRRG -E. col i K-

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 diffegemt 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 §. sonned bmantigen.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 Firer, ibid.; U.S. Patent No. 3,856,935) or
the aroC arolR deletion mutant strain CvVD908 (Hone et al.,



12 str,ain commonly used for cloning purposes. However, an efficient
screeni ng net hodol ogy is essential for the identi- fication of rfa clones
expressing Rl-type LPS. The preferred nethod may involve nonocl onal
antibadies (MAb) wth the suitable specificity. Therefore, the

i solation of MAb allowing for the spedfic identification of Rl-type LPS
Is also part of the present invention. I n anot her preferred
enbodi nent of  the present |nvent|on, the carrier strainis co

strain, a stPifn peVREEPRY Yo €RELEEAESCAEFdEM £trains MM %%% G 9# the,
chol erae steecr@type cllamﬁdﬂrt lrmkabal)y :pieéervwbméao@ﬁmmfnsof CVDEOPIr anent

:aﬂrl Vfgtjlh&%vgﬁg 2ICI %@%”?ler f’:li %@ T%éghgé@ede‘bygglscﬁv ed |anlt e na-I%PL R

Ger mani er avid & taercadrienf etraib mayl e (U9€55erobypesEltan (Ogawa)

US- A- 3, 856, I r D del etion nutant strain CVDI08 was
descri bed bgéi%ne e% % sg%%%@ %gbgﬁ?1991) 810- 816. I n anot her

particularly preferred enmbodi nent of the pre- sent invention, said V.
chol erae strai nkn sanethken| prageryedosubodingnt ofadheyDHRRGHR Yveption,

chol erae CVEH4@ s%@éé&ﬁ/@@edéé@éﬁ?é (daahdend Ve @ C @HRy Sl stiniaiD103

and CVD103- E;ghﬁ? eXe ;g'es glgec}t; geéleg,gn geiagl or L%Bigelia flexneri,
preferably Shigella flexneri serotpye IIa. The most prefer-
red strains are from the species Shigella scnnei.

ll(

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 flexneri serc-
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,
5. bovdii, S.dvsenterime, §.flexneri, Salmonella tvphi,
salmonella enterititis, E. coli being enteropathogenic,
enterchemorrhagic, entercenvasive or enterotoxinogenic, V.

- chelerae, Helicochacter lori, and Clostridium deficile.
Such an invention may also prevent enteric diseases caused by
Giardia lambia and Entercamoeba histolyticunm.

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



(1988), 467-470. A further preferred enbodi nent of the present
invention relates to a vaccine, wherein said set of heterol ogous genes are
either present on a plasmd vector or stably integrated into the chronosone
of the carrier strain at an.integratign site which is known to be
non-essential for inducing a pro- t ectifve i mune response by the carrier
strain. For cl oning purposes and prelimnary expression studies in

r econbi nant_ v, 04:%@%‘8%&%6%,%? eﬂgéﬁgg;\ﬁtggg S PWihYs P4 %@ﬁeﬁﬁngbﬁr@e

propagat ed® mal nt enance of plasmd
clones is fg:mcmtttzstyd!m@te@tmfﬁl mdlﬂmré&@mlﬂ&ﬁﬁ@ﬂn&l% Say_nuppire

positive Sqlffld OohdieloRyeinith dillnyidhenseoey b@SItﬁieinm;.ﬁﬁaKebathe

com plete | Tzat1on o one genes may nmed vi a,thei
i nt egr at i orkémrital t geuskr GAtEFeSWPSeHeeRE E'ﬁgﬁpsgé %ﬁ@nsrt raRA. pac'kagmg

In the nosty gy oxr abheadines s teeid néﬁﬂtam@ﬁ pkeferably ¢ssniasy i at gelladin
carrier vaccine strain wo

occur ,vi.a _h reco tj.on
pr edef i ned G%ﬁ%llgofa‘c‘héngﬁ?%ﬁoc"é&ﬁg ge m@eﬁ%@(ﬁq%ﬁ ‘ge ‘?fé g bgh %%btsg&%ﬁl
integrati oRgife, tbesang@llmiammrm s&c@e‘hes Selid mmlqtmnmsc@eﬁs

ei ther alread fecte Sse Olgt&itfd CheNtehe
I mruni zat i d%l ?‘% % ts%ral n nS| (ﬁéoe%ﬁ E [%aﬁr’%%%lévés preferred
targets forvamgngeathmughetMEOS‘éOmach gastric acid barrier.

The vaccine will usually contain as the effective agent
1%10%-1%101% viable bacteria, the preferred range. being
1x108-10% co‘lony forming units per dose.

The effective agent will preferably, but not necessarily,
be admixed with a pharmaceutically acceptable 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 ca_sein,
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 pﬁ
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.



genes,. the inactivation of which |leads to the attenuation of virul ent
strains related to the rel evant vaccine strain. In a particularly
preferred enbodi nent of the present in- vention, said set of genes is
integrated into an Herr]S locus, the 44 v locus, the  viaB |ocus, or any of
the aro | oci of Preferred target genes for chronosonmal integration
vi a honol ogous reconbination into S. typhi TY2la may be a chronp- sonal

| ocus involved in the production of Hgxad#LEd{err]S |ocus). Another target
nay be the |Iv gene cluster (ilv Iocus) which encodes enzynmes involved in
the biosynthesi s gf the am no-acids L-isoleucine (lle) and L-valine

(Vval). Fi- e '”=a third target Iocus nay be the viaB genetic |ocus

encodi ng the Vi capsule antigen of S. ty | ndeed, the vaccine strain
TY21a has dﬁsalﬂ%i@aapﬁeﬁﬂﬁﬁé é@%@%ﬁ §$@§Fti@§r§€396§93€%|@%&%ﬁ
al . : 'nf§8&1@£’§ma§§g é@ééik@é8£o§9§££he}h%haréggbiﬁéaéﬁuaﬁ$ﬂﬁﬂﬂx the

|ntegrat|on sites yphi be any one or nore of the aro
genetic | ocFoEe WRietysof Boc @@@dmpﬁeﬁﬁgﬁﬁ]s synt hesi s since aroC
and aroD nmu- tations also result in a lack of Herr]S synthesis. In
anot her particularly preferred enbodi nent said set of genes is inserted
into the hlyA |l ocus of V. chol erae. The target for chronosonal

integration int el i D1 ed’e

hl yA- the gene- §%¥%g%5§% %%ﬁgdgg?cég%g&iﬁgN;rg%i enﬁ%y5|ng¥%%ﬁ% Iocég)

| ndeed, di staptromndzet mm& oand forCibeoThayraotierisation cof LPS 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 pré&uctien of anti-1PS antibodies by ELISA assays using
p‘urified ILPS (see. below). Supernatants were screened in
paraliel for antibody binding against LPS from S. sonnei S$3GI
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) usxng 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,



12 gration of a nmercury resistance genetic determ nant was shown not to
af fect the immunogenicity of such |ive attenuated vaccine strains (Levine
et al., Lancet 2:467-470, 1988; M gasena et al., Infect. |nmun.

57: 3261- 3264, 1989). The rfa, rfb agd rfc genes are in another
preferred enbo- dinent of the present invention integrated in tandeminto a
single chronobsomal integration site or independentlyintegra- ted into

i ndi vi dual fpeBdyratPurifiedsILPS of Thesghsi veriantsprdff eEabtolihdRihesore

whi ch are ngnp-essep:-stial f | le a ot | VRl re se. .
' o far ¢ hot VEsoatiant S  EfphIfliEila 7 (Ren BBl Ry THOES] TERBEST were
froman E. purchesed nfrxem Jdiacarhy Ghemirelgenchunde Swedesy fr &inx h8astme

or different,ghuiBeqRlssdd! L8 RAGlES bR rRECEET 2Bbi R teﬁ@ﬁgﬁtgal
different gram “negative enterjc pathogens. |,

In a, particul ar . .
preferred eRBoSEREAONGEY HePHE SHITURes H8ing 2 FARL .s@%iis F?iﬁnmi“ék
charact eri zggreby mithidk t ¢ISoER endt Bieki,€ J. BacHdwidl .t ypezaspuature
is al so pregg&%z in Shigella spe- cies. Thus, a conbination of the
conponent s Re LPS of the present invention may conprise an S. sonnei
O antigen in a formcoval ently bound to LPS of the Rl core type derived
from E coli. SBDSAPRGEdiamflyimmuneblbéssr ol Analpsis. oforlk®S prbpatetgonss,
on one handyyAng JDe- S EEOL 240 8a SERCWdadigh® #h 128E 881y Ry RE1 hES

core structu rom
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.



source organism on the other.hand, nmay be co-expressed in the desired
carrier strain. Carrier strains for the expres- sion of conplete S. sonnei
Form | type LPS nol ecul es may include mﬁthout limtation, S. typhi or W
chol etae live attenuated vaccine tr. Preferred S. typhi carrier
strain may be the anti-typhoid I|ve % C|ne strain TY2la (Germani er and
Flerr]rer, ibid.; US. Patent No. 3,856,935) or the anrC aroD del etion

mutant strain QAR f bDEa L 0 of the MAb-producing cell lines. Thkee
ibid.), whereas, V. cholerae carrier strains nay be _one of _the- seerype

classical RYbEbgER; welhcdines: sacretdrmonosrcdonads- g aptidrdies
al., ibid juab) directédtegashsvegy. s@ﬁ&grggscaéle@ulégree&ewgﬁn&alm

serotype El | i ve vaccine stral, D n t her ef er
embodi nent %?’@Ef‘h éerﬂ“?‘ﬁv%ﬁ’fﬁpgﬁze ai*t C}Fﬁ %g%ﬂ'%%é 8"%‘(0 %ﬁ’ﬂ'oé’ ns
are Shi gel | 9. sepmee] str&bngsB6a. boyhei bisdingl b8 tipeset mbsetor LBisi dald-a
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strains are e specCl es a sonne I ment

present i nv@ntsennei Iat@@l@osafiv%cﬁh@mt ini Fabher 2i n BAbIShSS, anﬁbséﬁdﬁrfc
genes are aéizhi’ﬁité&dz{ g?i“ EEEEAQ 'Eéi%afbi‘et@ﬁehiﬁhp%m:nﬁr
from Shigella sonner, a boy Shi a dysefnteriae or gel I a

flexneri, pFaFe}Fpyms 10¥F§§h98€5%§t¥-@€xﬂ§rF@§€?%1Pld and Oépolysacchae»
: ride molieties, 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,




type Ila, and nost preferably from Shigella sonnei. A further object of
the present inventionis to provide a |ive vaccine for the inmunization
agai nst gram negative enteric pathogens conprising a strain of the

i nvention, op- tionally in adm xture mﬁ%?-a pharmaceutically acceptabl e ex-
ci pient and/or buffer. The vacci ne the invention may successfully be
used for the prevention of any disease caused by enteric pathogens.

Exanpl es of spieh 'smar ' c : NR&is, 3 Ml
S. dysenteri ae, %B#I exner e%as;éﬁmﬁailqﬁ t%ﬁ??@f&;@ St;clprrgﬁngl I%y%ril%fri titi sTd
E. coli bei ng08hTEFopEPKBALNRPE, 2dntedifeRtrr FEPVE . BArddber$hsi 198J For-
gn; er 9|t OXi g%%ﬂﬂi &t ¥1 .C,qu.% aepatlélﬁti mbaqt,;ﬁ:sz ,Eadmr ivéitzan@nél Q&&th@kﬁrﬁdw
eficile. Such an invention may als revent enteric diseases_gcause

G ardi s’ | anbYAnERRC LA baRbE . FTSLORGE, Binesic Gfn P rrintriveg Rore
i nvention i sstapiyl viedsetectdong fior $hendrathsposord Inds-enooded karlamyarin
whi ch consist_of culti- | sal l.ne.an | a |
Collection(ﬁ@s;sgan%e h¥elY SAhA¥REEhGC ¥ éwgéyeéggggcgggggggag)g%ﬁf
such cul t ur efloba®k87 and tte apubppsbedpdatne fory dNtE-clt | (Reiddetmal., J.

| yophi I zat i gnoof * gRieth . Madd Ve AHI0RE3 £ 44 PSpYRL CBe Wl heY Flob ot 1d 1%

L Lot . ,
of the |n|t|a? %ac- terial count af ter’ subsequent reconstitufion, an .
packagi ng lar properties as far as §. sonnel 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




‘into a container, said container preferably being a gelatin capsule, an
enteric-coatd gelatin capsule, glass or plastic vials, or an al um num f oi
sachet. Said forrmulation is de- signed to facilitate the passage in a

vi abl e state of the vaccine through thgs stonmach gastric acid barrier.

The vaccine will usually contain as the effective agent 1x10{err]-1x10[err]
viabl e bacteria, the preferred range being 1x10[err]-10[err] colony form ng
units per dese. detecteficnelitber! witdyda, R2/ B3 efBfabnpr mithng~12 LPS.
necessaril yy bséaaméﬁd wmmwwé‘rwtéﬁééwe?cageha@ .€ chfiddaRts il or

buffer and/or any i Very system desi gned iver said vaccCline strain
in a viabl et¥Pgt Qlt (Mfﬁ'@gg n?é@lleﬁ'almﬁ a@ﬂabﬁx%lt&e dPIRYR SEPEYRRe kR tH o
a sugar, spgetfkgavhy.gl ucose, |actose, sucrose or sorbitol, a m xture of
amno acids, preferably a digest or hydrolysate of casei n, tryptone

t h f .
ey m xture. R ToReERYRER oL thesarenprmaide PR e el A
wi t hout an anthnedi -irdaah, jpuairsskboly ﬁcoﬁ%cmpamﬁEM| firem clindaogd es
O g Dl i hTahe S o d hEATOIRAEL U IbBera-

phar maceut i ==Terapl yoascornr ¢ acrd, conbi ne
such proport¥past raamonmeﬁh&ppmgh aﬁ@@lqmsﬁmeﬂad yMI d@@m&ﬁ]} on

with a pH ofadekOo® b&éﬁéﬁ’i&@t séys&sphdc@?ao %mm 3532 d MAGE] Merdanier,
adm ni stered to vacci nqs oral i n- gesfion an enteric coated

capsul e, in§8sei 8FaER XBR%i néNGr gaﬁ’i@@@d&vt e af L8B4 nGEFEI 0P Y86~
i ngested si nyk-, tmesuﬁ’l y orhid), mbpfé&r dpeirgarent prasel, rmnc?.q OgRAE Naxk,
aci d. _ Ugge Fi ferr zdsléé)\lrjtgnaf rgor\]r',s%éatthe s | int Bﬁ lcl.Utﬁ 243~

112, 1984) (Table 3). Among the E. coli 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)



15 EXAMPLES Exanple 1 Isolation of hybridoma cell |ines secreting

nonocl onal anti- bodies (MAbs) specific for either the O pol ysaccharide or
the core noiety of S. sonnei -LPS nol ecul es Bacterial strains and

pl asmds. Bacterial strains used to iinmunize mce and for the
characterization of LPS struc- tures it h MAbs are listed in Table 1.
Production of MAbs. In order to isolate hybridoma cell |ines secreting the

i1 aper | L ORETTS W T EBore ouafufiEpkBEZR. SLKPTIBNEE Pagkageq mun
cells of smn*@mnmted intei E.-5s0li é%dﬂoeste@m rHBBOL[ dFppReoft) and

phosphat e- %éﬁéféb@é&l néelﬁ.&BSL;el%%k:%an IgAUNEe€RAEPCIBRE f(li%e@ wpﬁgg m.g
non- produmﬁﬁgrme oma cell 1 ne X63-Ag3. 653 (Kearney et aI 123 15 50,

g3
1979) as prRMAtREiy dResistant Feleniss  wereecrespspeRdesy: iggol
1989) . Hybra&lpi®s £ Upbuleds Witl n@m@ﬁeweu@p@sw@@bﬁorin 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 clones (pSSVIl@& 109, 110, 111) were further charac-

' ter;zedu-

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-



t he product lon of anti-LPS antibodies by ELI SA assays using purified LPS
(see bel ow). Supernatants were screened in parallel for antibody binding
agai nst LPS fromS. sonnei 533 and its rough variant 533 1. Positive
hybri:domas were cloned by Iimting dilgtion. Cass and subcl ass

determ nation of the MAbs were perfornmed by ELI SA (see bel ow) using a nouse
typer kit (Bio-Rad Lab.,” Richnmond, CA USA). Preparation of LPB. LPS
wer e isol ategabydt i heiquhena), mﬁéuﬁhsérﬁéspﬁéﬁénetmm chhe$bp8SV§&iGh

Tei |l B: 148-155, 1 d f h fied

I’IIbO- nucle%@% %g§§giggngggﬁ'3§; ur| :c%lstor%t&s/e Ted % S ”fo I%ﬁ\/\ggg% bnt
r epeat ed ulefaabaultl fmn;dchmmuadszdg prfe\PS@i@lylWé@& timpertax(betp end
et hod) ﬁ dljt%) xfé;éfrt”g&m é‘icﬁ%ﬁ Sig, F:i,g., 2|_\)4 is absent in

16 1984) ough variants of E. core type) .and
S. typhi mssW1@9Rc Thed sRye D6y seanands)is \ahao @ﬁs%dmr% 8F od&b

Chemi cal s, Qndéﬁﬁ# nlsoﬁﬁ'&;e@a%tfbm&iéﬁﬁé A5 e Ssuct-Fis V@$§V§MO aghed
fromlate exf nentla

stationary uid cultyres usin
smal | -scal el n(ﬁaﬁﬁeﬁ‘@ﬁeFHBHn@ i t%ﬁ@@g%yanﬁ ﬁF%&/ﬁca g@%@?%gfm of the
154: 269t 277:’@&9@5%‘:&}&1 g RAEEFagd ?m@mm sshoweakypats tife LB seg-
preparations el ectro oreS| on sodi C a
el 5 (SO PREBF=.&E16% Bt SRGRAT P PErdRCEKLA8HES
described 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&ssipn 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
cbservations 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- transformed

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



Laemm i (Nature 227:680-685, 1970) on either 15%or 7.5-20 % acryl am de
gel s. LAPS nol ecul es were then silver stained using the procedure of -

Hi t chcock and Brown (Hitchcock and Brown, J. Bacteriol. 154:269-277, 1983).
For i mmunobl ot anal ysis, LPS separat edzgn gel were elec- troblotted onto
nitrocellulose filters (Towbin et al roc. Natl. Acad. Sci. USA

76: 4350- 4354, 1979). Blocking of the filters, incubation with anti bodies
and enzymat LR ok-ga teri r t hakby1
descr i bed pr b o S e g ee bagy e
For i nmnod6¥PIeEses fiah arpunts 9t fa seenel Oraatigen @%Feﬁﬁéélﬁayﬁga

resuspended ¢hiz @€ gendE oﬁazi?@fge:@r@éc,iﬁé]mmssd onto nitrocellul ose
filters. The spots were allowed to dry at roomtenperature and were then

Phat i ne cabat | Bs SARGRHAE FRed: ST e piallk: ey e Bfes e csn
m nut es at pleamsmtieiy @m’ﬁtms and @SMMB mdntgmasaaysz,ntmml peXA osred

a5, de5Cr | DE LEINVARLA Sinlas d 4ATHEEknolELIONS1E0A0 368, rl880hne

with the ex I on for coa |n was I NCu hour s
37[err] C, f@awa)yc@ulevézmuwpeﬁc@atﬁm el @nd f P&Mulma%%‘% of

conj ugat ed gdayiislys S&é afs?n%wgpain a?ig ”QUS%iﬂMn@n&' 7 W'E%_jagﬁagment _
Burl i ngame, "USA, or Si gma Chem cal s t. Louis, USA) were use

devel opi ng &4 Fodf kb Smal fragment internal thereof. |This DNA reglon_

. 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, pSSVI1l3 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}.



Characterization of the MAb-producing cell lines. Three hybridoma cell

| i nes secreting nonoclonal 1gM antibodies (MAb) directed against S. sonnei
LPS nol ecul es were generated from BALB/c mice i muni zed with heat-killed
whol e :cel I's of S. sonnei strain 533 . 5khe binding of these MAbs to LPS iso-
lated from smooth (Phase I) and rough (Phase Il1) variants of S.sonnei
strain 53G is shown in Table 2. MAb Sh5S and Sh1lS exhibited high ELISA
titers for gshanglieggly nol ecul ar wei ght (hmy) Form | LPS consisting of

core- I|p|d A and O pol ysaccha- ride noieties, but did not react with the

cont rast APPSR L SOBI g BERiRd [0k 8y $8FLCBF CRE BRRAR CF oy ence

for the Form Il LPS. Consistentl y, imunobl ot anal ysis reveal ed that Sh5S
and Sh11S bind to O pol ysaccha- ride bearing LPS, whereas Sh9R specifically
reacts with the core-lipid A noiety. The specificity of Sh9R and Sh5S
MAb was furtherp z%gﬁ{Edﬁ% Yot HRNPD! Gy MR VehEoRbabER | Bab! clhE0etie-
panel of bac- terial st réﬂi)ns nOV\Tﬁ“‘gantl enospgciB I10I tﬁ E(E;!gnree
structure. %e dekern %%r%m‘i t@%e”@%‘@%ﬁ%éﬁa@?d@@% 9"’W>€SI\/R§ thes

(Fig. 1B) rseiposaréeehyp%s %Irﬁcuéﬁﬁnédofiz@mf af%}@*ﬁmcﬂm I g&healmwf o%.

Shoel 1 of o e 528 T s T PCe o By T 6. SBnBosobRl PR

as S. sonnevag Bgant&alay , A EGHEt &8 c naltitol sm_z_eRIerseé’Brieﬁmgnlgﬁfzymmumdet

S rainre rgl eiOlggnéié(f ecul ggé\(/:\gfngh f}gpﬁ%zﬂf 7Q) gudfind! ng%?i%?zt

strains only ecules wer e
on the biwaxe llmaﬁexmecosmdpmmm%%tel@m prpkegiag by

the S. typhj % %&%ﬁrﬁ' ?néYﬂ- g%%@%ﬁ?:%‘%f 7 Sé’o Cﬁgﬂzzgergxn%ﬁ@s

al - though no ase | - coul ﬁ'y | ver stainin
Strai n TY3MafaPebiRrred: a8 @ﬁ%%@l%gﬁww%%n?uga heh baek THESt

S. sonnei’ Virgded G @ﬁésaz@b@\/&iéomé rgrycéi—b@l at 498-¢9(pVRL05) into the
S.typhi live oral

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



vacci pe strain TY2la, using the nobilizing replicon R386. Thus, TY37

contains the whole S. sonnei virul ence plasmd, - thereby being
essentially equivalent to the hybrid strain 5076-1C (Formal et al., Infect.
| muns 34:746- 750, 1981; For- nal et , U S. Patent No. 4,632,830) with

the further ad- vantage that the virul'enhce plasm d can be naintai ned nore
stably via selection for the transposon Tn5-encoded kananycin resistance

marker. Acgrighnexpdding el 6510686 RGP zed Wy TNRE SRAYR!O anthdwded
data for 5076-1C (Seid.et I&%} Bi ol . Chein 259: 9028- .903A§ 1984 3 bgtg
strains pres€ff SERPRILY ‘73@61) ¢ Parent clages,  SThAS T8l cate
expression tha@ogﬁmen&dfomatiﬁmi mgssgﬁﬁti @ fitrenb e ulblad ardiney | P mpraepdent tons
Fig. 10, gnly tho aipa.re t.o have LB ul es i F
Eypg cor)e sgﬁlﬁ%’ﬁﬁr eaggg%‘é bgﬁ?”%cg:g‘#'%bd,gﬁl @@%%’(I éélgeés\ﬁb ol%gf
S. boydii tHARAIITI ankpRPVIN7~F ] expB8EVILPHedt (IpREEI10GNY) | ) and cABgLAL
E. coli RL ' E470 ] a : i | an To °
our know ed @égv?%gﬁ%é %(%Ae(ﬁ’gtﬁhrél%tﬁ%eo?sfg}a%%idiél&%t#ilggé%ﬁjégbFlot%%ee%NA

descri bed .y&ragsente fe pRFEEPtcpEesent Anctlossy plasmids apdo the g~

positive si b, o reaBEhvieyt at & %@ ks18f dla RlpéyPéng chith sub-

possi ble LPS_core structyres, Rl and , _were _docupented . for E. | i

strains of Fﬂ’@“%w&%’h&% kR fhoup ;lnEﬂ?fta&ﬂeEF‘o H&m %o: %5%3'6?3

1969; Schni gtf ettlmd . , stibelones to Sh9R varied from nil to full.
interestingly, the strongest response did not come from the
association of the fragments shared between pSSVI1i06 and 107,
but from pSSVIi07-5, a clone which carries a 9 kb Bamil
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 hémslogy_ with a 17 kb BamiI
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
;B,,;a@;&igi 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 BapHl kb fragment of
pSSVIL0G.. Thus, 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



J. .Bi,ochem 16:382-392 , 1970); the pattern observed for 08 strain ATCC
23504 (lane n) indicates that it bears the Rl- type LPS. Two independent
strains, of S. flexneri type 6 were also tested. Although simlar anmounts of
LPS of: both strains were | oaded onto the gel (Fig. 1A, lanes i and j) ,
one of those (ATCC 14025) provided a weaker signal with Sh9R MAb (Il ane j)
whereas the second strain (S323,-lane i), and other clinical isolates from
the same so&ree m%hymyengamm atMgneW stignss, Th@@é‘%%&%vﬁb?@n§hmy

i ndi cate so | | it | 5iei SR sQlordidf etREt ¥F
fl exneri ty%gg%iias%ﬁaaf esé )elzélrﬁltaiél%/, E%%g ¥ aiéﬁé\dhnot res%%gl ze LPS fr rﬁlP

shi gel | oi de§©T€rr ai ABa\ETeghyicEion MaRs k ofhdthres (Hbudhres Y o Fich e%nd

cheni cal angésvuzgyggwmﬁlt driiey powihes)f tdre Risinane tm:pe F(1§&b| &.l).
Bi ndi ng act | vi tg. of _Sh

det ect ed neMRREAN; pﬁtﬁa t@e%r M th gvigences J??’%%fx@%?sf&ﬂq s&w\,g.ses
bi ndi ng wasppesenbedr bed o t (Exanpled ef aandevd; a)pewltol Eefiheciarhavdde

I nab th t : h

core-spect  LEPVALETOR 10E HRbR A5 R TRE | (piack [RASET on' e padd® or
prepar at i onpSEVEARE,i nFigl 4ol whdshofmay. kel clese %@u@@%n@@ne@ahglmﬂsa
with O seroyehupgs r%@@&é@efd?sfuii Qﬁgzgééé’iéﬂ%f'n{:ﬁéeﬁl' RpBOTRTRTiH

cases of bacterl al sepsis . rmani er, ed., Académ c
Press, |nc.gedl Krdd. uHut %%% tﬂ}§zreg1996cl@nes, 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 chromoscmal DN2& iso-~
lated from E. ¢coli 09, S. sonnei 53GII, S. 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



195. In S.J. Cyz, Jr, 'ed., Perganon Press, Inc., New York, USA 1990; -
Orskov and Orskov, Methods in Mcrobiol. 14:43-- 112, 1984) (Table 3).
Anong the E. coli strains, seven out of ten (with 01, 02, 06, 07, 018, 025,
and 075 serotypes) gave a strong reactign i ndicating that despite their

wi de range of O antigen serotypes they bear LPS with a Rl-1ike core
structure. In contrast, LPS preparations fromnine cli- nical isolates of
P. aeruginog@ﬂ%ﬁléﬁ eepacsatly t hobhgrupliete sinepafhiee batyehi fyagment

physi cal %ﬁg&%f§o£5oﬁ@”@?ﬁeﬁfﬁ&b%% %ﬂBﬁé@ substaﬁ%§£§r@ht§8t§5n§ 9%@1

bank of the onnei viradlence plasmd first_ step towar ds t
cloning of Yemling soneertaip/ #ﬁ&r&@néﬁ @?Wt%oﬁeﬁﬁlmﬁ@Bﬂsimh?q%

virul ence plpsdiskies Speppesdwith herd OgeReBY eniddBEng ORTH-SyNECLDPE (data
pPLAFR- 5. Plasn1 purified fromsS. sonnei strain 482-79(pWR105) (Tabl e

1) was partlgﬂ 35 ted with the re- striction enzyne Sau3Al and size
selected 20 to 30 kil obases (kb) Iong DNA fragnents were cloned in the
BanH site of pLAFR-5. In vitro packagi ng of DNA was ‘done using a comrer -
cial kit (G gapack[err] Il Plus, Stratagene, La Jolla, CA USA)

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 colonies grown out on selective plates
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



20 accordingly to the manufacturer's instructions. Packaged DNA was
transfected into E.coli K-12 strain HB101 (Table 4) and transfected cells

selected on tetracyclin (12.5 ng/nl) plates. Resi stant col oni es
were :resuspended in liquid nmedium %gol ed and aliquots kept. frozen in
presence of 40% gl ycerol at - 70[err] Screening of the cosmd

bank for col onies expressing S. sonnei O antigen. One frozen aliquot of.
the cosm d fli luted and plated for isolated colonies on tetracyclin
pl at es. ’%’%n“f es were transferred onto nitrocellul ose nenbrane
filters (Schl ei cher, and Schfell, Fel dbach , Switzer- |and ter wer e
then proces&XPrasstion #kibiet RF 8n SR 'f%f‘i)lﬂﬁ’?%%eﬁnpgﬁ{"ﬁEB ggous

( Sanbr ook eg@dgti@lm&@seﬁM| ngslu?dm@cuw Nrade] se Sptiagnsar bor
Laboratory Press, Cold Spring Harbor, USA, 1989). Probing the filters with
the S. sonnei O antigen-specific MAb SH5S resulted in the isola- tion of 15
| ndependent positive clones. After further propa- gation on selective
plates, all the clones were still strongly reacting with Sh5S and the
cells could be &mjlagted ngt e@gm@egmggc@l@mam were- Sragfarredbvina

Dok s AR o eR, e odn RqendESrhl 68 | Bohot-
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 53GIY and E. goli K-12
strains (lanes d, 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



Restriction analysis of positive clones. Digestion of candidate rfb/rfc
clones with restriction enzynes gave al nost identical patterns for clones
pSSVI 1 09, 110, and 111 whereas clone pSSVI 108 only partially overl apped
with fhe other ones. The S. sonnei rfb/ygfc gene cluster could be subcl oned
on a BanHl fragnment of about 30 kb, enconpassing al nost the whol e pSSVI 108
insert, into the BaMHl site of the | ow copy nunmber vector pGB2. The

resul ting claenes, sp@@# 1&3thnc pEev| Ifxlintbedisthet80 Hahdanth fhh@gnénterﬁ

either orie S

in Figure 2%l %:%a%]énse 2 lglraé"'cé'e‘r‘;?'lg CFC? ion §g%nl?§ ae(? %ﬂﬂ%&s ov}%ﬁap by
about 20 kban HowsuseblethDNA Hepeauerf apsﬁt afb kbisn m%egi@lle yas lost
pSSVI 113/ 11;)& ty, ﬁ’ée{?uﬁ’ﬂé%ftwv{'ié:%th@%ﬁ pheflSRi Gletfiol @,aﬁe 2kyi s

absent in sane segnent Is also mssing in other in-

dependent | y MW%ng@%%SWdL%I BREE lepealysbeuny) t2othRqgcelt PURERCRot
shown) . Fi ngdilne1 18y Crlé?;%ésﬂam ngti gL?f é‘éﬁeéesihl cyi og gag@g ef Etgai’d

Gl Frer”t o SR oot peborh Togpali SYanep.B a0y BhcAis Eeeaeedsn

Gen. M crobithe p8daB6¥idnd.ofl9®]) sonnei O-dmidlgwn oimob tfivewiuntemd to

plasm d m mm% c%%l | Cogltﬁgﬁgh 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.




DNA region fromthe S. sonnei |arge virulence plasmd which is unique to
pSSVI 113 coul d be excised fromthe latter on an EcoRl fragnent of about 7
kb (see Fig. 2). Interestingly, when cloned alone into the EcoRl site of
t he suicide vector pGP704, giving rise to plasmd pSSVI162, this 7 kb
fragnent was able to suppress the pGPfﬁ% replication deficiency in

non- perm ssi ve hosts, such as E. coli K-12 strain DH5a. The sane

suppressicngﬁgﬁé%é gas observed after subcloning of a 3 kb Smal fragnent
internal to e EcoRl fragnment of pSSVI113 into the pGP704 Snal site

(plasm d pSSVI 163), These, observations ssg ested that the about 30 kb
BanH i nserf*RFesHin, gtudiey of3 EnEpb\R1 18080 6-oi senned, nfai gepes: dx he

S. sonnei ridtéfsiloons, Gesegient vakkMduMlsCh ik PREEnd 0 $8V0- I YRl :
In order to conIirn1this,§the i sol ated BanHl, insert of %SSVI114 a%?a%ﬂéB

ligated to %F%%ﬁﬁ? DNA fragment of about 1.3 kb fromplasm d pW\4

encodi ng resistance to the antibiotics kananycin. The ligation m xture was
transforned into E. .coli DH5a and transformed cells selected on plates with .
50 ng/mM of kananmycin. Thereby, a kananycin-resistant (KnR) clone was"

SojaLed, mameh RERAI WRURD dY (58! Ekbrell 820t RN WPOLER oo

anal ysis was shown to contain sequences.
replicates ghones dpseyibed in Example 3 was performed in2@rderopp mimber
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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 illust:ated for some clcones 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 requirements. Most of the original plasmid clones
{pSSVI106, pSSVIL07, and pSSVI123 to 130) eﬁpressed 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. gheolerae
CVDL03-HgR, only some of the cosmid clones gave é 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 : i i .
analyses were performed with £ﬁ§sonne1 clones

pS8Vi232 to pSSVI234 and pSSVI248 to pSSVI2S51. &All six plas-



We conclude then that the BanH DNA fragnent present in plasmds pSSVvI 113
and pSSVI 114 contains an internal DNA se- quence whi ch behaves as an

aut ononous replicon. The rel evant sequence could be ‘mapped to the left end
of the insert of pSSVI113, as shown in Fig. 2, within a 7 kb EcoRl fragnent
and a 3 kb Smal fragment internal ther¥bf. Thi s DNA regi on may enconpass
the origin of replication of S sonnel | arge virul ence plasmd that we _
propose to call ori VIR _This loy t h r f 0QHS JiRPS
extrenely c@%‘i% gr&‘l%ﬁjgﬁaF %gﬁr‘% @igmi ﬁré‘%égéasérf?é ¥ rae
Subol oni ng @Dl@amneand ey i wm@mdﬂéén(ﬁ@ﬁ&‘f bflike FOFadefar:

oriVIR fra e 0 ri | &t WIS &fds Himi-
pSSVI 113 an %ﬁﬁégﬁétghgﬁﬁgté%g%n in 811 biiehd 8. @Eﬁ’ﬁg’“ S o

| ocus |ndepbmﬁen9n§«30ﬁw@nem§ﬁ%ﬁ @Me?ﬁﬁ’ prS iaforthie FBix; GLONGG Jike

pss¥| 113t %Dféiwbé' k¥ @.9HAGMMdN E@@Raetégﬁfme sicichandthie Niagad ion
m Xture ra :

ornmed Into col | ﬁlS ect onf the p
spect i nony cRPFESF4PANEECTRRH Srom V@w %{)I!lﬁ 8118& gere?i’om "b‘ff’asm
transformngsa Whsehbilstehl ledemiﬁ.ﬁemrmere madtal FronVCVRLOIgR g

the 7 kb \Y EcaoRl P f

tr anst o marENE e A it Ao ang SR fo BEahBR6Ril badik OaLs
i nsert (18 kblz StikrbinE@®a.fr aBesults §bewﬁdg that I@nﬂéédtwg 9@2 offhgive
- correspondi geagl %%%r% od 1E50m hes éhb@éﬁées'kﬁ% e Xt Dokkd. | BAnEdE Nthow-

vect or sequence |
evey, two ‘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 §S. sonnei
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/rfc genes and rfa genes encoding Rl-=type LPS (either
Efag; or Ifaggnneijs ¥We made use of §. sonnei rfb/rfc sub-
clones in plasmid vectors ccmpatm,ble 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. '



23 _Exanple 3 doning and physical mapping of E. coli Rl rfa genes
Preparation of an E. coli Rl chronpbsomal bank. The gene- tic determ nants
for the biosynthesis of LPS nolecules of the RL core type were cloned from
a chronmosomal gene bank of E. coli Rl strain F4704 (Table 1). Purified
chronobsonal DNA was partially digested®ith Sau3Al restriction enzyne and
si ze-sel ected (20-30 kb) fragrrents froma 3ucrose gradient were |igated

into cosmd -ve In vitrao ack gof apd
transfection ofqitlﬁ0 %%f rﬁsﬁtﬁ r&F R p%pf ofl%é gg%r
Exanpl e 2. THeldankadder ket hiwoLZEs heapmgegce_,gtg:g,@%gagatéqeh were ob-

JOLerT]C garvea. sRCHSEA Wi ived NSRANG | 8bsL BRGR* BEASS Bx Un i ! YRRLLPS

Transf ecte oni és grown ou rozen ank Were reat ed as

descri bed inelBefpheing ¥MAkeHHGHafoDs 0Bk Uy WwEbeu i nfe Aoner PSEYELEHI c

e e e T o v, shoneme ot
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




Restrjction mapping of the rfalferr] clones pSSVI106 and pSSVI 107.

‘Physi cal maps of plasmids pSSVI 106 and 107 car- rying the rfalerr] genes
were constructed with respect to re- striction enzynmes BanH and H ndl ||
(Fig.~4). Conparison of these maps andg$out hern hybridization analysis
(Southern, J. Mol. Biol. 98:503-517, 19/75) of plasm d .DNA preparations
usi ng subfragnents of pSSVI 106 and pSSVI 107 as probes re- vealed a 4.5 kb
BanH fragnéht aedriler adikientoRe SskbuBdnide dhiulltd dateas themorhiyy im-

Sl one t rom PRAR A o5 EEGPHA mtrrikery, Wil dnd dbrbet *lfﬂf Pafl SO0 |
24  whi ch 8kpRessethen f@msttop@m@m@m&-ed Suchvan MY % wag) lpexrfarned
strongly thgg &Eécmg t (&% gg%t ahhi S g u'zzn M&at@bfi@éy%%ﬁ 103,

i nformati on was ter subcloni ng n er to better
| oss, BanHi l@@%vw@@h @e%mﬁmstsﬁms and HF%?FP% PBSBVIaF??, summanzed

PSSVI 107- 4, 4 np Sk i’/ 67.) aR€cBEblihantP SSttd Ors %%gm%ewewmé@é atgd

from pSSvi 107 The fra rrent s of pSSVI 107 present, in those as d.s and
the de-  grEenBel §igres e SREREIOE R e AR ETRRA ¥ iitone
wi th MAb Shﬁgbarﬁi%w\/vn Im\ @@ml |casgef théd. rBashivee natferidie wasbcﬁm
to Sh9R var eres I tr

response di sgggl%fte& i;io %?#%% #hggf %ggnteéﬁﬂegl thar e% zCet‘g.’t?\Teen

pSSVI 106 anfiyphi TYBde ﬁzaamp@\hh@?s@leamb;aﬁ:mnlonegar dine which KiheBOrH

subfragment bt QEERSPokilcdd! £8 AL | BREnd NEo? thekPup®UbolBl (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-
neblot data (see Example 7), these cbservations suggest that
the c@valent“ﬂy 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

®



the 4.5 kb fragnent. Southern analysis indicated that the 9 kb fragment
shares extensive honology with a 17 kb BanH fragnent from pSSVI 106,

al t hough they do not seemto overlap. Possible explanations for this
di screpancy: included rearrangenents3ar chinmeric conposition of at |east
one of the clones. To clarify the latter point, the 4.5, 9, and 17 kb
BamHl fragnments were further hybrjdized to total digests of

{
chronosonal $HFRin gCVRIPRsHER Bmnd @ 13?1»%‘3%5&%@“%%5*&&&& i W’e‘% )at dFﬁ'é
expect ed si zeBre\EREBSOE PebOtb Brand iy bs i dia ggeﬁ,o rEulE b éxmgepsmﬂmss

| t di cat t hat t SVI107-5
st cor resHRE t GHARIHG iohatePsatero ICEARGPCRYeR, odRRNR AP ok i Rfo.
Thus, sonme DBiéblrites s arfyamestse nmykﬂwme t‘mﬁcpsﬁvmogcpnnvedpSGVbbomore
and/ or pSSVIA0f &1 LRET (RY dR1 AR T GLelfneAN EXLERST VE dPELIR! JAGTRN! W

fromthe |igation of on€ oOr bre non-adj ace€nt shal |l ef raghent
t he prepar atGUDLOT-HIR @ode Banksonnei P@a&espbl Wmu&t@”%rﬂmlm

cl ones vere ia?%ﬁ@jweﬁéo ﬁ'&@:’t@d %ﬂﬂe@%fﬂégnﬁéo@od@%%niﬁ%@walf

pSSVI 123 to e clones anal yze seven were found to_have a
simlar Barhthadi ply ﬁ%ﬁ%ﬁw pRf th?-ﬁt‘“kﬂ%eﬂ sedd spfARY And3z4x48

BanHI-HI nd| Iée:tm,gnaayg Q@ﬂmtespsi\ﬂ%%mg? 107 at days 0, 14 and 35
|

are al resent i n cl ones cati hat, t he shoul d
pI ay a cent \r@@?%lgr‘%ﬁ %hﬁeﬁﬁp?’éggflﬁﬁ“& aMe lé‘r%%]g £ o Ehe é Sence of
restricti on amips-sdnndei ePhaset 1o aredv ahbhegholerae 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



pSSVI 123, pSSVI 125 and pSSvl 128, are shown in Fig. 4. Mapping data,
together with evidences from expression studies presented bel ow (Exanpl es
6 and 7), allow to define an over- |ap region of about 13.5 kb (bl ack
area-in the map of pSSVI 128, Fig. 4)awhich may be close to the mnimal DNA
|l ength required for full expression of the RL LPS core in E, coli K-12.
Cutside this region clones, such as pSSVI 106 and pSSvVlI 107, nmay have

under gone gomd tazgethforrekronpgarals integratiden efaclonedk spnat bato

about 3.5 IkgyoGhat chagcar@B rigly th@e m&ﬂ%t@aswﬂé8co@;@spéhdi@gwsgémeb§c

required for full expre55|on t he core in ofher strains, such as,
e.g., S dpsms dfeSy. W)erf&’é’m %@aﬁw vﬁﬁﬁ’%l@fg‘f%rr] | ocus def i ned
here has a size of about 17 kb (bl ack and hatched area in Fig. 4).

Sout hern hybri gngats aa&hasswsagf clbgetif Zroacus pastiali fSeer3dt chromo-
ent erobacteri al s ec v'th PS of .t he. o e eq, of
# § rﬁgfgiﬁ] Estg.%flgﬁgé 80 the

sequence s e*¢| GcuS®5ha tor T esponding
Balplix mrufegiqmmr secis. . chii Kel2 RESarctmpetent|cells

strains L I d
usi ng thewf%ae %Q%%%fgr?gﬁB?h%frgggnen S o%n g%l%l-o%ﬁoa&a the 178%%&%%1-"
fragnent ofcoyé@dirgors ad Ofr mAmlo@fSoamﬁéF?hl&ﬁ&onm fhres pEabigoveiones
sequence si ﬁ{g t eie ClEOMOSOAEK DM deDes | abdfe f M p8bEatE! 1aR9, n@eﬂ

sonnei 53d flexnerl serotype 6 . flexneri_ser ATCC
12025), an®S§VIiRil2lsedBiyhe é gl%tg:m)t-wgr SRRRINMD %‘é"t‘f%ﬁ '
simlarity diorded DRARsI paR(iiand Bveﬁiﬂa el | (Rém;&ﬂonhmagesmml cDbites
Thus, - ther mat ch et ween o} i ned by DNA: DNA hy-
bri di zat i oﬁﬁ%s‘}jﬁiﬁ f%ﬁ%eﬁ SHeCi B %w%r%%egba +Hu ﬁ@ i mmunodetec-  tion of
Rl-type LPS with the Rl core specific MAb SHOR (see Example 1).
However, the i Mlaspats epSSWHL20,i t 123f, rdmd 122 were introduced into
T¥2la wvia electroporation. However, nocne 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
FGoRI fragment from plasmid pSSVIi22 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 the 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.



26 © genes is apparently not conplete since the target fragnent sizes for
one given probe showed substantial variations, re- vealing a certain degree
of restriction pol ynorphi smbetween bacterial species with rfa genes
encodiing R1-type LPS (data not shown). 35 Exanple 4 Coning and physi cal
mappi ng of S. sonnei rfa genes Preparation of a S. sonnei

chronosonal gene bank. In or- der to clone the S. sonnei rfa (rfaferr])

| ocus encodiB®eeRla \&de | PS core structure, a cosmd bank of S. sonnei chro-
nosomal DNA was prepared in cosmid vector pLAFR-5.  Purified chronmosoma

DNA from S. rreingi éﬁleee(twsl erds mg&@a af htlegh-A€56Rd o télo%_’é@%eﬁég -
si ze-sel ect%ﬁ%’f%to 40 kb). f g§ ﬁgts % ef into the BanH site of
PLAFR- 5. % FiiadicadiRpd e PrRPORRL ofORUS (i K 12 strain HBLO1

were as described in Exanple 2.

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 seguence
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
c@z‘responaing to @amH NotI, and GS:L_ restriction sj,tes {BNS
Spal sites approximately in the middle of pssvzlzn msert,
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



Screeni ng of the gene Rank for clones expressing “rfalerr] genes and
restriction mapping of sone isolated clones. Transfectant col onies grown
out on selective plates fromthe frozen bank were screened for expression
of the rfa genes using Sh9R MAb as destribed in Example 2. Six out of
si xteen isol ated positive clones, naned pSSVI 232, pSSVI 233, pSSVI 234,
pSSVI 249, pSSVI 250, and pSSVI 251, were nagged with respect to EcoRl, BanHl,
and H ndi | P98 Pr ¢Bi &P FEaRER1AFE-A nBVAFBE0C BeaF AN PHiBy o P SPSSHE IONA
inserts. pRAaseueri®! 81lawiagt rf@i’i'Qhém@oﬁiu%@ﬂéna§3\&ﬁé§)sfér$% in
Fi gure 6. . : .. 27 ? l e 5, Egﬁre gap
studi es of 940K EERE-TSrp/ FIH RFE i EHek KotdgSh qgﬁne‘fli’% Eké% i
i ncl udi ng tonfugatione ststxms (Fellay Seteafle SGemenres:21i9H424¢, cliwess
were trans d_yi | ectyt i _ nj ugati.o i Lkzati,on
rot hodo- T EEreh e i £ 887 FaERnGLERY, i1 YL BB B SRR
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 HindIII 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



O-antigen was exam ned using MAb Sh5S for the immunodot blot analysis of
whol e cells and in i munobl ot experinents of LPS preparations as descri bed
in Exanple 1. Results of one typi- cal immunobl ot experinment are presented
in FLg. 7 for dif- ferent strains (TahlLe 1 and 4) bearing the rfb/rfc
cosm d cl one pSSVI 109. I'n both S™ sonnei Phase Il variant 5331 and E.
coli K-12 strains (lanes d, e, g, and h) the expression of rfc/rfc genetic
det er m nantg- ﬁﬁ%d'rfzﬁl&h%o%y%ﬁwéﬁ&iai ai f€egfRUNbA @©ff Miigh &ol senhed
wei ght (th orm e LPS de- tectable as a [adder both by SDS-PAGE
anal ysi s arfcER{xie ning of LPS m ni preps and on the i munobl ot using
MAb Sh5S. Thus, the expression of the cloned rfb/rfc genes in the above
strains resulted in the sane LPS pattern as in S. sonnei -Phase | strains
(lane b). Thi s shows that the S. sonnei O antigen expressed from cl one
pSSVI 109 i%ui)% ed not only onto the honol ogous R1 LPS core type but
al so onto e ore. Strong evidence for covalent |inkage of the
O antigen to the K-12 core cane out of the fact that LPS maxi preps (hot
phenol nethod, see Exanple 1) provided the sane pattern as LPS m nipreps
(lanes g and h). In contrast, as observed for the S. typhi/S. sonnei
hy- brid Stéﬁéﬁa&i@fléﬁﬁi@@@ﬁ"ﬁé—ia ROv asdiofadiersi auer cdioaiined SHWLHES
- could be correlated with the expiessmn of the rfb/rfc genes in S. typhi
strain Ty218- (£¥RBL; %zysgﬁ%ﬁﬁﬁ Beuﬁntlgen nol ecul es produced in the
| atter strain were déetected. :

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 jilvC, but not ilvD or ilvE E. coli K-12 mutants. These
results indicate that T¥Y21la is mutated in the ilvD gene en-
cedlng dlhydroxyac.ld dehydrase. In both E. coli K-12 and

himurium ilvD gene belongs to an operon structure




28 as a snear with a few faint discrete bands in the inter- nediate

nmol €cul ar wei ght regi on when probed with Sh5S MAb in an i nmunobl ot.
Moreover, nost of this material was |ost during LPS purification via the
hot phenol method (lane k) indicatinggdgat it is only |oosely bound to the
cell surface. Finally, expression of rfh genes in V. cholerae strain
CVvD103- HgR (cl assical Inaba) (lanes mand n) also resulted in the .
product i on pflvkMEDRnepeBorti gelt i bsatherefontsoinikely | Heptotbe genedugh

in l'arger appn ! 2 g 4PayNnd 1 YcMEPAN @bePoRidgen
were al so o%%%%%éédg?nﬁgglghéﬁgrsae%%é{ ne! %?L% Oi(FJ'EI tgr “Oyawa) ( i%gne p) .
The detecti®n &¥plhigh amounts of Sh5S-reactive LPS in preparations of E.

coli K-12 and S. sonnei strains bearing clone pSSVI 109 denpnstrates that
- the cloned gen a&f&@i"ﬂocéé&&?ﬁoadda%s@t‘tes-fxﬁomﬁioﬁdébﬁalcdmﬁmml e

for the biosynthesis and assenb of the S .sonnei O -aptige | -9 S arj de -
unit structipeo T‘llzﬁaadd???orﬁmfgﬁsﬂ 13?91a11i§ Irh:?‘a%s pg%ﬁ oéi‘%]eed OE gﬁ@i géen
produced i sy@hesent thie tdierdmssoindl hgenobark toes | PEybhic 6Wgatdasar ibach
the presence wiithin th | oned fr fc USe_BRC QG

O anti - genl%o$¥ﬁ@?%§e§ g’ﬁr ﬁﬁ@ﬁ%ﬁ%v a aéf% h%ivl\gvgr'., g‘%‘i%qrir(pﬁgn%%‘%; mH%n
ef fect by atafitonsisomin | WBicled r Tbe | ALVE cienks 1S crdiagept to the
Therefore, att e | i t isf t ORES dgsURGladNesomEr
exam ned |$ﬁ%ﬁ‘bﬁc%%%x‘%§ﬁﬁﬁgjgn F 0(]TL='1;\/\/hi ch, crﬂg%ent smg,ecﬁrormso I '
del eti on t higolabederkoneshsanmpenanting. en ribyer OYtREON A@agho‘%%:?’??

Fig. 8, Cosgh ol R PHMEiSodrthe Ubekgies PeR¥olbhssinl antk 165 vERbAed
t he same LP

These r esul SBEEADW 1 O PPRER SEANY LGS EUAMHI SFhOTRE: BABER, SR 40

i nf or mat i onpREYessakerd dasalyiedent thorrddtariyintdiesenzphes oagdc lsliawrS. to

sonnei . O-apt!gen MolLa! $2cVhile® vt 2RI UHL 1288 (kT8 ana 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. goli K-12 jlvD mutant strain AB1280 and
§. typhi TY2ia. This shows that clone PpILV12,” but not
pIlvlig, most likely includes both the 1l1vGMEDA operon 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



29  Exanple 6 Expression studies of E. coli Rl and S. sonnei rfa genes in
het erol ogous genetic backgrounds including live vaccine strains

A detail ed study of the expression of sonme of the rfa[err] clones described
in Exanple 3 was perfornmed in order to pin- point the mninml DNA | ength
necessary and sufficient for the productd on of LPS nolecules of the Rl core
chenotype. Ex- pression |evels and types of LPS produced were determ ned

by i mmunodot_bl ot, ana Y8l $4° | s an d byalf ,nob ot _ana- |Lysis of
Ubs prepar acFoRe B8 RbSeRiareTiifac Bher patiug maght 93:8' sfhBenc) 81 e
for some cl obesert EfgptgvzanﬂasuhhanleadymatiablkySremh&edeqmesmﬁtaMg1mn
pr oduci ng a e L r€, ar i a

and S. typhi® V\ﬁ?gﬁ ar%f&rc%u&efct@?iézggg %e%#%&%t%%f’a Q?ﬂ;‘tt: ené@ljez
LPS core stri@iuwas dmtaodueed tinta %he unigue K&@lusﬁ@nn&meﬁ@etaﬁu the

Transport 17578a1490¢1%%¢ ﬁﬁ@éﬁ@” ﬁiviﬁg’tﬁérln¥e§¥ét16ﬁeaéctnr PSSVI50
115: 571-577, 1981 wher'eas olerde has nore

(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 14

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 bhivA 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'disrupted 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 (CmR) and HgCl,.



stringent requirenents. Mst of the original plasmd clones (pSSVI 106,
pSSVI 107, and pSSV123 to 130) expressed strongly reacting LPS cores in
S. - typhl (with the exception of pSSVI127 and pSSVI 130 giving a | ow
signal). On the other hand, subclone o5SVI 107-3 gave an internediate
signal in E. coli K-12 but was negative in S. typhi. In V. cholerae
CVD103- HgR, only sone of the cosm d clones gave a strong signal; pSSVI 106
showed a weakerTwespbntegrakionpSSveEhorsasweren %E%gﬁdprgﬁ%&pﬁ d¥&e 0 9% s

instability,e ly, : p 11 negbnypste QDL
whi | e bein 5&?{%%9 Y, DOZLF{éi Vgh?%%botéﬁé/fi Ogc%%?ﬂ%%z an ﬁg%% @1@#&3
I

sane anal yRGPIR4 e2 piniehieh &henOr7akbr 2eLL Sragmpasy ipgsHessy 9 d
pSSVI 249 1 gu@Spyd 221 amﬁélﬂi(n D|Mst$nce (ap®) determinant, was 18-

m ds -were conjugated jnto d l D

their. expr&%@‘é%dv\m "E@ﬁd?’gdkﬁé@gﬁo -f? gﬁgﬁg l%p‘mag’P% }cg:%prg?s%n

It E E. col : sé@@eﬁclyyptpssmm mendcﬂeﬁ omgismncessm 24¥Ciad @80y -out Pof
e six clones Qsit i k

of expr es&%?\@?%\% gegth‘llchg'r%p\ét §te W3 oF m%@ 1[%%%1 W@S{Igﬁ% g,ly T

i nst abi | i t yplphsserdeasaeptepinker pGRESS - Rr pACEYR1EY- ﬁgﬂe@ﬁ?&dT vith Bstx,

transcon “%ix{aﬁagwéﬁﬁdt slSANEQr m’ﬁ?é*l&té@' infedPatibal Rebfor car--

Results sho out -of five DNAs extracted from e
had del eti onkes &hecel0 hm Bstek  cagpebie; iy (FhesBshd fm@@'”{ﬁaﬁct

and expressgdiylinker and encodes resistance to both ampicillin and
chlzo . .

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



the Rl-type LPS after back-transfer into DH5a, we conclude that these .
clones | ack sone essential determ nant for the expression of the RL LPS
core in V. cholerae. Altogether, the best clone was pSSVI 250 whi ch was
positive in all strains and remained structurally unaltered, even in V.

chol erae. Plasmi d pSSVI 249 was unstable in CvD103- HgR. . Example 7
Co- expression studies of S. sonnei rftﬁiic genes and E. coli Rl rfa genes
i n heterol ogous genetic backgrounds As discussed in Exanple 5, the

expression of S. sonnei rfb/rfC genes in S. typhi and V. chol erae candidate
vacci ne Stragwgag@é&t% | ghkheperpdisiien @mg%ﬁmuﬂz%enwahewl es pphesgat
at the cell surface in a formunbound to the LPS core. I,n ordgn to test
the co-expr REFEGHLSDr v8S SERRE FFRPFFEryefey it cPriugakiendpegaingation
R]_:LE) } y_][?e LP§ fﬁ@tggrggjf_gl[gu;dstraﬁa[ 807l 1L, imglrrads_ptbﬁaeméoﬁs sdfampicin-
r rfc sub-_clpnes_jn, pl.as vect ors conpa th t R S replj -
con. The re%%%%%???{"qi&a%ug} edef*xélc%%%‘ﬁ%nggst&lraiqu%%% %M%@hd %hé’R
MAbs was exaresmlitingi ratureddot cwmmaagmmfef%elqpspmam)mmsseaomlgas
MNIPreEPsS.  amounts of S. sonnei O-antigen when grown at 30°C.

In order to select for those cells which may have inte-
grated plasmid pSSVI190 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.bn 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 S.
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-



31 , Typical results are presented in Fig. 10. In S typhi TY21la, | adder
of hmw LPS bearing S. sonnei O antigen were ob- served in both silver

st ai ned SDS-PAGE gels and in an i mu- noblot using MAb SH5S for, e.g., the
rfb/rfc clone pSSVI 165 associated with the rfa[err] clone pSSVI123 and the
rfaferr] clone pSSVI250 (Fig 10, lanes f and h).. In V. cholerae strain
CVD103- HgR, attractive conbinations wer&2 e.qg., the rfb/rfc cl one pSSVI 165
t oget her vvith the rfaferr] clones pSSVI 123 and pSSVI 128 (|l anes m and n), a

stronger agonse bel ng generally observed with the Iatter zgossw 125
associ at ed eHrpted Brevi HAROmEx e hAUELT FERWER ’%ﬁ%?%eﬁ*é%"e

SPO\[NH) | | mac%Ofatggw( lld:’&dmwlﬁﬁgla\tw &éﬁlﬂ@a éJnSCthEtm?mltflMinhof
rfaferr] clon cases the_presenc rfa_clones
directed theP g?ﬁ %§e8f %g%?eéf%lﬁ ?ﬁ"f‘he"ﬁlt&ﬁ g BERA icon
SHOR. Homeveﬁr@mhmeespﬁnmesbmesm Ut exo msiriaiq i § tMm;etbpbasﬁhcsylas-s
strains carr g h n
ef fect nost %‘Fg Fg%és @ %%g%%g%f%lg{yﬁé%% gothed g%_%%gg_fbéus
val ently boumut%a’ategemnmtwlreschromas¢meeonc@m| @rﬁ thosppatnminmt vase
CO- expr essi o s¢ﬁ;at gyfa del %gé p
- LPS and the sonnel @@f 4*ocugsﬁﬁ%ﬁ?gg c?%gggg?é%%}&:ﬁg i n%%f%tégi ﬁgz
TY21la and C,\/EM’QWH&RWaW& S2ing s5PReRtEic probem cpnfiiamedintilchhakathey
LPS nol ecul eg.ofgdrieiSapEby¥Pe Avchulze WesnPegeatted My thbenlyl rBddss Ofin
S. sonnei . 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).




| munof | uorescence detection of S. sonnei O antigen and Rl- type LPS at the
surface of reconbi nant strains In case the S. sonnei O antigen
and/or the Rl-type LPS produced in reconbinant strains bearing the cl oned
rfb/rfc and rfa genetic determ nants ghLe exposed on the surface of

32 the carrier cells, one should be 3l e to detect themby im
munof | uor escence m croscopy using the respective MAb Sh5S and Sh9R as the
first antibodies. Such an anal ysis was agyfg@gy ned as described (Lang et al.,
Hum Antibod. Hybridomas 1:96-103, 1990) wth selected strains and clones.
Data are sggg;ilzed in Table 6. Reconbi nant strains bearing the various

I wh bed MAb SMBS.
' each caditotaadb e TR v arh ot kel ShreeaeERtPafaRRupen i ool
surface. E§%ﬁ even true for S. typhi TY2la bearing the sole rfb/rfc
cl ones, k%;ﬁ;gﬁ§r§$e§€iégegfpéﬂﬂEC$Y2%3nqgi peunga.ka the LPS core (see

Exanple 5) t yphi uontalnlng oth rfaferr] clone
pSSVI 123 agga fc cIone pSSVI 165 were as expected strongly positive with
SHSS but - ongy, c!‘ﬁ%'&c@f@i{:irvﬁf% WAL YS EPECiLoLalll PHOR c11RcadTH
was true fog v '®trains of E. coli 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 mxcroscope analysls of recombinant strains
expressing S. sonnei Omant;gen and/or Rl-type LPS

Table 7
Test of the immunogenicity of the V. cholerae recombinant
vaccine strain CVDL03-HgR expressing S. gsonnei O-antigen



strain 53G 1 bearing clone pSSVI109. 1In agreenent with i nmu- nobl ot data
(see Exanple 7), these observations suggest that the covalently bound

O antigen sterically prevent the access of the core-specific MAb to its
target. Thus, LPS conponents produced in reconbi nant strains under the
control of the cloned cfb/rfc and rfa gengfic determnants are present at
the surface of the cells in a form acceSS| bl e to exogeneous nantl bodi es.

Thi s confi gurléﬂgéh iglstiainswsed indhe aharcterizati AANSLANGRRMeS. an | Mmune
re- sponse towards S. sonnei Oantlgen Exarrpl e 9 Im‘runogem city of

V. cholerae strain CVD103-HgR bearing S.. sonnei rfc/rfc clone pSSVI 109
In order to test if —reconbin expreSS| ng S. sonnei

Phase | cells,

O anti gen ”mSLéini nmul at e -an%iél@m

the i mmunogenicity of V. choferae e AR 33
Shigella
son. 53Gi B Form | A1 Phase! {1)2
son. 53G1 { Form i 24 Phase [f variant of 53G) (this study)
son. 482-79(pWR105) D  Foml Rt WHR6050, Ph. Sansonetii (2)
son. PCWVi1985 i rough a1 E. Romanowska
boyd. 1 - Ct smoaoth u type 1, ATCC 8207
bovd. 3 C3  smooth R1 type 3, ATCC 8702
dys. 1 "A1 smooth R4 type 1, ATCC 9361
flex. 4b B84b  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. 76 551 § 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 14@3@
HB101 _ / rough K12  (8)
HF4704 f rough Ri AA Lindberp (8)
O8:K8(L):H4 08  smooth RIM2? ATCC 23504
- 09:K9(B):H12 08  smocth Rt ATCC 23505
C14:K7(L.):=NM 014 smooth R4 ATCC 19110
0100:H500a 0100  smooth R2  NCTCegi00
8. typhi
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.



strain CVD103-HgR and a ri fanpicin-resistant (Rif[err]) deriva- tive

t her éof, both bearing S. sonnei rfb/rfc clone pSSVI 109 were exani ned via

r epeat ed intranuscul ar i nmuni zation of rabbits. For sorie unknown reason,
pSSVI.109 proved to be nore stable in the Rif[err] .nutant strain. Control
strains were CVD103-HgR and S. sonnei Phgge | strain 482-79 (pWR105).
Rabbits were injected three tinmes at about 15-day intervals with a 1 m
suspensi on of heat-killed cells (day 0, 3-4x10[err] cells; days 15 and 29,
10[err] cells). At days O, 14 and 35, bl ood probes were w thdrawn and
exam ned f or Ydthe2p BeainLeros BS\3ehndlil PSandnoeRhabalitiboaiee) er ase
classical Inaba anti- bodies by aggl utination and/or ELISA tests. As
shown in Tabfe 7, rabbits inmmunized with the recom bi nant strains provided
significative antibody titers against S. sonndinmBiwids pattesefd V. chol er ae
cells as determ ned by ag- gluti #won tests an%ﬁ,ﬂ ELI SA agsays. using S.
sonnei phase | and V. choI erae p fied LPS as € coating ‘anti gen.

Thus, it appkébs thatsolspe® sonBsd OS&dli genCisl ecul &8lro- ¢@ed by

reconbi nant V. cholera |ive vaccine strains ex- pressing the cloned S
sonnei rfb/ric —genet]c determnant are accessible to the immne system of
vaccinated rap®its an@¥stinul 228  a Zsi gni fi dant préduction” of serum
anti bodi es agait1sst boight V. chei{2srae #nd S. sennei Phase | LPS nol ecul es.
Exanmpl e 10 ghé’é?i ng Oﬂ(gMﬁ' typhimgeneé [ nvol_vgd in the production of Herr]S

(a) Isotype determination by ELISA as described in the text.

{b) Antibody titers were datermined by ELISA In wells coated with puntued S. sonnei Phase | (S.s.1)
or Phase 1! (S.s.11) 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 (0~=Ag) or low molecular weight {core)

LPS components.



Unlike the wild type strain TY2, S. typhi strain TY2la is known to have a
Herr]S err] phenotype (white instead of black colonies on
Kliger-lron-Agar, KIA plates) (Silva et al., J. Infect. D s.

155: 1077- 1078, 1987). Thus, the genes re- sponsi bl e for the production
of Herr]S on KIA plates may bea 34
good target for chronosomal integration of clé®ed genes into TY21a.
Accordingly, we isolated the corresponding genetic locus (Herr]S |ocus)
fromthe parent strain TY2. The H[err]S | ocus was cloned froma parti al
Sau3Al chrono- Sk 3.0BRMe HacRKvIe) ofSheRIBAb toSilirsisiateArces Eihdalighed i n t he
BanH site of vector M@ust@sqgﬁng&gﬁ@th@@etent cells were
transfornmed with the bank and plated onto KI'A plates containing 100 ng/ n

of ampicillin. le clgresygsVi Ny i FhdikQctidl®ck col onies were
isolated and naned pS SV 120, 121, and 122. Restriction mappi ng showed
that the cloned XA partially oved*gap Restriction maps of clones

pSSVI 120 and 122 are shown in (Figpzll). Pl asmsds pSSvI 120, 121, and
122 were introduced into TY2la vi &4 el ectroporation. However, none of
the trans- formants presented bl acl®écol onies on KlA+plates. In parallel we

observed that TY2la is transformed@t a | ow frequenc@y wi th high copy nunber

vectors, such. as pUC18 as conpare@:ﬁnth | ow

018
025
075

4t

P. aeruginosa .ot
o2
03
. 04
06
07
010
o1
oi6

] [ 0 ) [] [] ] [} 9

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

{b} Acceording to the International Antigenic Typing System (IATS)
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pSSVI 120 (Fig. 11) was subcloned into vector pMPL21par/NE, giving plasmd
pSSVI 148. A 24 bp synthetic oligonucl eotide corresponding to BanH , Notl,
and Sall restriction sites (BNS cassette) was then introduced into either
the EcoRl or the Smal sites approxinmately in the mddle of pSSVI120 insert,
resulting in plasm ds pSSVI 150 and pSSVI 1548 respectively. In order to
force integration into the chronbsone, the genes to be integrated have to
be introduced into ;the recipient strain on a so-called suicide vector
based, e.g., on the tenperature-sensitive plasm d pMAK700. The suicide
property of plasm d pMAK700 cones out of the fact that it is replication
deficient at " high tenperature (42 to 44[err]C) whereas it normally
replicates at the perim ssive tenperatute (30[err]C) (Hamilton et al. J.
Bacteriol . 171:4617-4622, 1989). Ther o§ e, rare integration events into

t he chronosone of theirem pi ent’ stralgmay be selected for by shifting the
cel | population fromthe permssive t tfegnon- perm ssive tenpera- ture and
selecting for the plasm d- erﬁoded chl (ﬁﬁrﬂem col resistance (cnjerr])

mar ker. Later on, thej speC|f~r=c re-exei gi®n<of the plasnmid out of the
chronosone |eads to c Ioranmegl- gger}sgtlve (Cnrerr]) plasmd-free
cells (Hamlton et al.j J. @a‘gt‘é ol .g1F124518- 4622, 1989). In order to
facilitate the introducti cm ﬁfm onéd Befles Bnto candi date vaeci ne strai ns,

pPMAK700 was first nodified:b gne i srodficgian, into its blunted BanH
site, of a blunted EcoRI - B& ngnféweféisw
36 about 0.75 kb fgo plﬁ%dg@FFﬁkbgamlﬁ ori T, a specific
2 g5 Cd ﬁg,ﬁ o
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escrl
3 kb Smal (orlyjp-bearing) fragment from pSSVi108 cloned Into

7 kb EcoRl (orlyjn-bearing) fragment from pSSVI108 cloned into

High copy number vector with Kanamycin-resistance cassstte.
EcoBl-BamHi fragment of pJFF350 biunt cloned Into the Bami!

Low copy number, broad host range cosmid vector. TeR

Low copy number general purpose cloning vector. SmP, SpcR

Low copy number general purpose cioning vactor, smf, Spcﬁ

Low copy number temperature-sensitive sulclde vector. cmit

Transposon delivary vector with oflT sequence. KmP, ApR
.pPMTL21par/NE From pMTL21par. Single EcoRl site blunted, ApR

High«wopy number, general purpose cloning vector. Apﬁ
High copy number, general purpose cloning vecter. Apﬁ

PMAK700grT Mobilizable sulcide vector. From pMAK700, 0.75 kb griI-bearing
pSSVI113/114 About 30 kb BamHi fragment from pSSVI108 cloned into pGB2
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DNA sequence allowi ng for the conjugational transfer from donor strains,

such as E. coli K-12
al., Gene 76:215-226
gave rise to plasmd

pGP704 (M|l er and Mekal anos, J.

bears the plasmd R6
(pir gene) for the p
Its suicidebehavior
possi bl e in pernmi ssi
SY3271pir) carrying
al so nobi- lizable f
(MIler antd Mekal an
contains three BanH
uni que BanmH site ma
sonnei rfb/rfc |ocus
pGP704 were elim nat
named pGP704. 2.
cassettes were const

13 kb), the blunted
cloned into the bl uni
second integratiqf
H ndl Il -Snal inserd

site of .vector pGHO

possible from e. @

S17.1, via the RP4/RK2 conjugation system (Fellay et

, 1989; Sinon et al., Bio/technology 1:784-791). This
pMAK700ori T. Anot her suicide vector may be plasmd
Bacteriol., 170:2575-2583, 1988). pGP704
K replication origin-%ﬁthout the genetic deter- m nant
ef fector protein indispensable to its replication.
results fromthe fact that replication is only nade
ve E.- coli K-12 host strains (e.g. -SMLOlpir or

the pir gene integrated in the chronobsone. pGP704 is
omstrain SMLOlpir via the RP4/RK2 conjugation system
bs, J. Bacteriol., 170:2575-2583, 1988). pGP704
restriction sites. How ever, since t:he presence of a
y | ater be useful for the cloning of, e.g., the S.
into the integration cassette, the BanH sites of

ed via enzymatic treatnent. The resulting vector was
wo integration vectors bearing Herr]S integration
ructed (Fig. 12). - In the first one, pSSVI 154 (about
Kpnl-Hi ndlI'l insert of about 7 kb from pSSVI 150 was
ed Hindlll site of vector pMAK700oriT. In the
vector, pSSVI160 (about 7.4 kb), the blunted

bf about 4 kb from pSSVI 150 was cloned into the Snal

. 2. ‘Subcl oning of the S. sonnei rfb/rfc locus is
cl one pSSVI 165 into the BNS restriction cassette

present in the intggfatgon vegtors pSSE 158 ang p$PVI 160. The resul ting
i ntegration clones® MRy ghen bg transfeddedgintd 2

S a2 a a a g

&l = £ = £ £

;

8. Plasmids (continued)
Plasmid |

Table 4
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4.5 kb Bamhi fragment from pSSVI1086 cloned ihto pCL1920 (BamHi) This

. SmA. smﬁ
pSSVi107-3/-4/ Ditferent subciones of pSSVIL07 In pCL1920 (Flg. 5). SmA, spef

fragment from pSSVi114 encompassing both oty and Hiirg locl,

KmR
. From pSS8Vi113 via partiai EcoRli digestion and religation. Missing

KmP BamH] casseite from pWW-84 sloned Into the 30 kb Bamiil

the 7 kb otiyir-bearing EgoRi fragment. SmF, SpcR

PSSVI106/107/ Original aR1 cosmid clones (pLAFR-5). Tet?
pSS§VI232/23% Original ﬂésonneﬂ cosmid clones (pLAFR-5), TetR



rfb/rfc .

sonnei
and

The auxot rophic
requi rement was observed for

integration of the S.
| ine which had to be suppl enented both to- gether.

characterization of TY21la ilv character
A strict

ilv genetic |ocus

chr onosonal
TY21la were first examned by inoculating the

tes that TY2la bears a nuta- tion in the ilv genetic
I nvol ved in the biosynthesis of both am no acids.
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Exanple 12

t yphi
cloning of the S

into a m ni mal
| euci ne and: L-v

S.
essenti al

*

at the concentration of 20 ng/nl.

37

| ocus.

requi.renents of S
strain

L-iso- _
Such a phenotype indic
| ocus encodi ng enzynes
O her



acids were L-cysteine and L-nethionine,

addéd al one to the m ni nmal
Such a phenotype is conpatible with a genetic defect
for ;.which these am no acids may be needed X®.g. as donors of a sulfur

atom. Finally, L-tryptophane

but was di spensabl e.

(weakly), ilvB, ilv
~~nutants. These res
en- codi ng di hydroxy
t yphi nurium .the.il v
38 (il vGQvEDA operd
TY21la maps in the cg
to design a cassettsd
corresponding ilv |g
of S. typhi TY2 desg
K-12 il vC mnu- 1

medi um cont ai ni ng L-

slightly stinulated

ei ther one pronoting growth when
i sol euci ne and L-vali ne.

in a nmetabolic step

the grow h

of TY2la

The nature of the ilv nutation carried by TY2la .
was det erm ned by crﬁioss-feedi ng on mninal plates using defined ilv mutants
of E. coli K-12. TY2la was fed by ilvE, but not by
ilvC, or il¥D nutantjs. In

i1vM and il vc,
Its indicate that TY2la is nutated in the ilvD gene

aci d de

for ch

10 kb Psif iragment encompassing the VY, gholeras

s
8. Plamids (continued) -
Plasmid -

BINIK10

il VA,

ilvB, ilvG ilvM

turn, TY2la was able to cross-feed il VA
ilvD or il VvE E.

hydr ase.

r onosonal

10 kb plyA/mer Psii integration casseile cloned into pMTL21pa/NE  This study

{Psil). Mcdifications of the cassetls included the removal of the

disrupted by a mercury resisiance genetlc determinant; ApR HgP

unique BamHl site present in the Insert of pIMK10, and the blunt
cloning of the 24 bp BNS cassstie Inloc the Kpnl site localed al

about 8 kb on pJMK10 map (Fig. 15). ApR HgR -

integration veciors. Blunted 10 kb hivA/mer

p88VI153

but not

In both E. coli

col i

K-12 and S.

D gene belongs to an operon structure _
n). It is therefore likely that the genetic defect of
rrespondi ng i | vGVEDA operon of S.

typhi .

integration into TY21a,

Pall integration casaslie This sludy

of pSSV1163 biun! cloned into the Hindll] site of pMAK7000HT

{2 orientalions). CmA HgR

pSSVI155.1
and 155,2

pSSVI158

This study

anﬁegmﬁﬁpn vector. 0.7 ib fragment of pGP704.2 replaced by the

This study

Pall integralion casselte of

I

mer Pail integration casselte of pSSVI153, HgR (ApS)

Integration veclor. 10 kb hiyA

pSSVi184

pSSVI153 cloned Into the Psij sile of pGP704.2 polylinker.

This study

resiriction siies and cloned into the Sall site of integrailon veclor

imtegration clone. 23 kb inser of pSSVI185 bracketed with Sall
pSSVI155.1. Cmfl HgR

pSSVI180

t he

cus was cloned froma gene of the chronosonal
ribed in Exanple 9 by conpl enentation of the E. coli

K-12

| n order

gene bank



tant strain AB1419. The ilvC locus is adjacent to the il vG@QVEDA operon in
the E. coli K-12 chronosone so that sone isol ated cl ones conpl enenting an
ilvC nutation may extend into the neighbouring region enconpassing the
i Lv(QVEDA operon. Two conpl enenting plasm d clones, naned plLV12 and plLV18,
were analyzed with restriction enzymes &l shown to bear inserts providing
both a sufficient size (6.6 and 9.7 kb, respectively) for the chr onosomal
integration of Iarge pleces of DNA and unique restriction sites |ocated

roughly i Mabiaé s o & Gd1es qeinetds Beck@foundisy.
the S sonnel rfb/rfc Iocus (Flg 13) "It is note- worthy that plLV12, but

not plLV18, also conplenented the ilv defect of both the E. coli K-12 ilvD
mut ant strain AB1280 and S. typhi TY21la. This shows that clone plLV12,

but not plLV18, nost | L&ely . includes baididibifor dsleyddYEAanoRe Sbs

adj acent il vC | ocus. 3rein, the insert present 1 n pl 4

to as theS®alntyphi il %m%etlc | ocusWcle celis jmagnogols ; e

for targeted integration of cloned genes into the S typhl |Iv chr onosonal
| ocus I'n order to derive a vector for chronosomal integration
into the ilv genetic locus, the Sall-Hpal fragnment of about 6 kb from

pl LV12 wag, bdiitetzd and subcloned into the blunted Hndlll site of vector
pMAK700o0ri T (see Exanpkg 10), giving '

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;



39 ,rise to plasmd plLV23. The unique BanH site present in the insert of
pl LV23 was then enzymatically renoved, resulting in plLV24. Finally, the -
BNS restriction cassette (see Exanple 10) was introduced into the unique
Kpnl -site present in the mddle of the insert, giving the integration
vector pSSVI50 (Fig. 14). Subcl oning of, e.g., the S. sonnei rfb/rfc

| ocus is pos sible into the BNS restricti cassette of vector pSSVI50. The
resulting integration-clones may then be introduced into S. typhi TY2la for
chroneosopnl integration of the S. son ey AR IAAK Desi gn
of vectorf?”@f'“@&£931”*”’“* HEpags *:*”em@‘Lnéﬁ%ﬁgﬁé%%%%%¥%% hl yA
chronmosomal | o@usennei C-antidan aoxd for Bidyped PS arget  for chronosonal
integration. of foreign genes into the chronosone of V. cholerae live
vacci-ne strains is the hlyA | ocus, encoding the henolysin virul ence

det er m nant . From pllasm d pJMK10, a suitable integration
First antibody
. pSSVI |

Strain plasmidf{s} MaAb Sh5S MaAb SheR
E.coliK-12 ,
DH5a noe _ . nd.
HB101 109 e  nd
56874 A{rfbidc) ne - ad.
S®874 Afivrdc) 165 b nt.
HBiO1 - $23 nt. N
$. sonnei
853Gl no .. -
853G 108 B 1 & ++
S.typhi .
TY21a . no - nt
TY21a 109 ' s - ol
TY212 _ 123+165 b | +
Y. cholerae _
CVD103-HgR no - -
CVD103-HgR 108 Py nd.

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



cassette of about 10 kb (hl'yA/ mer integrat i on cassette), en- conpassing the
hl vA | ocus disrupted with a nercury resistance (ner) determ nant, was
desi gned and subcl oned into both sui- cide vectors pMAK700ori T and

pGP704. 2. Based on pMAk700ori T, two integration vectors were de- rived,
pSSVI.155.1 and pSSVI 155.2, carrying _the hlvA/ner cassette as a blunted
Pstl fragnent in either orientation w t#M n the blunted Hindl Il site of

pMAk7000ri T (Fig. 15). Such plasm ds bear resistance determ nants to both

chl oram . phenicol (Crerr]) and HgCl [err]. ) :

40 Two integration vectors were derived making use of pGP704.2.
The first one, pSSvl159, consists in plasmd pGP704.2 in which the 0.7 kb
Pstl fragment, including nost of pGP704.2 anpicillin resistance (Ap[err])

determ nagt, was re- placed by the 10 kb Pstl hlyA/ mer integration

cassette. n- sequently, pSSVI159 encodes resistance to HgCO[err] only.
A second Entegration vectorjwas constructed via cl bni ng of the hl yAgmer
cassette finto pGP704.2 partfally digestjed with Pstlj, givingj plasm dgg
pSSVI 164. 4 The | attef, i nt eg;ation vectdr car- riesit 18 kb Pstl c&Sette
in the Ps& site oR,R2(04. 2 pelylibhker} and enco‘tfeq rgsi & ahce to ba B
anpi ci |l | |% and Hg&[%g]. Subcl oni ng of, e.g:, the S. | sonnei &glrfc
locus is af- Iovvedgrﬁ%the BNS restriction cassettie presentgn pl 'a%‘rgds
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pSSV) 155. 1, pSSVI 155. 2, pSSVI 159, and pSSVI 164, and the re- sulting

I ntegration clones may then be introduced into, e.g, V. cholerae CvD103- HgR
for chronosonmal integration of the S. sonnei rfb/rfc locus. It is
noteworthy that the chronbsomal integration of foreign genetic
determnants wusing the hlyA/ner integration cassette described here is
acconpani ed by the integration of an active nmer genetic deterninant al-

lowing for the later identification ofgthe vaccine strain. Exanpl e 15
Integration of the S. sonnei rfb/rfc Tocus into the chrono- sonme of V.
chol erae strain CvD103- HgR The 23 kb insert of S. sonnei rfb/rfc

clone pSSVI 165 (Fig. 3) was nodified gucgupdg it is bordered with Sall re-

et

striction sites. The ensuing 23 kb Sall ‘fragment was then subcloned into
the unique Sall site of integration vector pSSVI155.1, giving pSSV]I 190
(Fig. 16). Pifaee att er Reeatsvdtablof GhAS: sesl SISR thime| tramis ot | isE

coli K-12 when lated from various entercbacterial species

Figure 2 Restriction maps of the 8. gonnei rfb/rfc clones
pPESVI10e and pSSVI113

Figure 3 Restriction map of the S§. sonnei xfb/rfc clone
pPSSVI165

Figure 4 Restriction maps of xfag; clones pSSVIL06, 107,
123, 125, and 128 '

Figure 8 Restriction maps and expression levels of dif-
ferent subclones derived from xrfayq clones:
p8SSVIL06 and pSSVILO0T

Figure 6 Restriction map of the rfa ,nhney clone pSSVI250

Figure 7 Expression of the §. sonnei xfb/rfc cloﬁg
pSSVI10S in heterologous genetic backgrounds

. Pigure 8 Expression of the §. sonnei zrfb/rfc locus in
E. coli K-12 strain SF874 Drfb/rfc

Figure 9 Expression of rfa clones encoding Rl-type LPS in
heterologous genetic backgrounds

Figure 10 Co-expression of S. sonnei rfb/rfc locus and rfa

loci encoding Rl-type LPS in heteroclogous genetic
backgrounds

Figure 11  Restriction maps of S. typhi H,S clones pS5Vi120
and pSSVIi22 ' '



41 _propagated at the perm ssive tenperature (30[err]C). Plasmd pSSVI 190
was then transferred via conjugation/nobilization fromE. coli K-12 strain
S17:1 into a spontaneous rifanpicin- resistant (Rif[err]) derivative of V.
chol erae CVvD103-HgR. The resulting strain CV/D103-HgR Rif[err] (pSSVI 190)
expressed high amounts of S. sonnei O antigen when grown at 30[err]C.

In order to select for those cells whigh may have inte- grated plasmd
pSSVI 190 into their chronmosone, a culture of CVD103-HgR Rif[err] (pSSVI 190)
growi ng exponentially in BH nme- diumat 30[err]C was streaked onto BHI
plates witFighre thout Resteiavimniwesd 0¥/ afeddatidmcweatioms RESYILS4
parallel at 30[err]C a 42[ err.] cubat, on of selective plates at the
non- perm ssive temerg%ré&%%ﬁdqi%%)smvi val of about 5.10[err]
relative to the same plates incubated at 30[err]C or to nonsel ec- tive

pl ates inc 42[£r. ot 1oTE e opi.es &ro cti p at
42[err] C we %R%%o% to%ﬁ%ﬁ]ﬁqtnlat e fmrﬁl%{%e%%jr egg%ceé‘éf n%%@h‘is. %%nnéé?éﬁ%ﬁase
| -specific and V. chol ®@Td&Ahand RFENA8 c antisera. Agglutinating col onies

were further streaked onto selective plates and incubated at 42[err]C

Newl y grown col onies still 'g‘%!rijti nated in_the é)r esence of b%tph an- tisera

a

and presentfd@urestifong RestiiGnion t BapRy OEhSRtegFRtI Vi Rat PPRESSC
stably expressed S. sonei_ i i gBR. 1sdd£pki ng of the colonies on

non-sel ective plates and incuba- tigon at 30[err]C, followed by
re-streaking on non-selective plates at 42[err]C resulted in the isolation

of chl or amignireol1s semsEdinicicidonass wefc hlydi-merstalong ypINEID eaindi bl S.
sonnei -speci fic antiser . | €55, r
streaked on non-sel ect i%@%%a?ggégﬁl %%%\y)%%ﬁ)’sqé 3%{;&%;3%‘%%5% %%%B’gen

produci ng col onies at bgeenrs[err] C and 42[err] C. Exanination of the DNA
content of such strains failed to reveal plasmid DNA whereas strain
CvD103- HgR oRif[er'ré (pSSVI 190) , grown at 30[err] C presented the exgect ed
pl asmi d patEigure 1 Restriction map of integration clone pSSVILZ0

(¥. cholerae hlva locus)



tern, From the above data we conclude that colonies isolated on
selective plates at 42[err]C carry plasmd pSSVI190 in a formin-

42 tegrated in the chronmosone. Later growmh on non-sel ective plates at
30[err]C followed by 42[err]Cresulted in the isolation of plasmd-free
strains via excision of the plasmd replicon fromthe chronosone and | ater
~curing of the cytoplasmc plas- md fgfm The resulting strains bear S
'sonnei rfb/rfc locus integrated in their chronosone. One of those strains
was naned CH err] (Table 4). Southern hybridization analysis of CH err]
chr onosonekzEbs usEeENBEECi fi c ‘probes confirnmed (i) that the S. sonnei
rfb/rfc locus is integrated in the hlyA locus in the expected orientation,

and (ii) that the strain is devoid of plasm d vector sequence. Strain
CH err] proved to be extrenely stable with respect to the expression of S.
sonnei O anti gen. | ndeed, after 45 generations of growth in BH nedi um at

30[ err] C aRdigueeecdki ng on BH plates, 100% of the colonies were positive in
an i mmu- noblot with MAb Sh5S. Finally, CH err] presented the sane c

HoCl [err] gRaLelidley lvesnss aWdl (hdiRufnye HywiYa0r 0ps D i8o1ded rifos

Lo %\,BT})?,,@S%%%Q; Ao eyl hpecied. VE1TVEr 2thlniRg™a)9G4 YA
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 low molecular
weight protein standard (Bio~Rad); b, S. sonnei $3GI; c, S.
sonnei 53GII; 4, S. . sonnei 482-79 (pWR1O5);: 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 (5§323): 3,
§. filexneri type 6 (ATCC 12025); k, 2. shigelloides M51
(ATCC 14029):; 1, P. shigelloides €27 (ATCC 14038); m, E.
coli HF4704; n, E. goli ©8 (ATCC 23504): o, E. goli 09 (ATCC
23505); p, E. coli 0l4 (ATCC 19110); g, E. ¢oli 0100 (NCTC
9100); ¥, E. coli HB101l; s, S. typhi Tv2la; t, 8. typhi TY37

(PWR105: :R386) .

Figure 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.



43 : TABLES Table 1 Bacterial strains used in

t he characterization of MABs Table 2 Binding properties of anti-S. sonnei .
LPS MABs Table 3 Binding activity of MAb SHOR to LPS isolated from
clinically relevant strains of E. coli and P.. aeruginosa Table 4
Bacterial strains and plasm ds used iggthe cloning and ex- pression studies
of the S. sonnei rfb/rfc genes and the rfa genetic determ nants encodi ng
R1-type LPS nol ecules Table 5 Expression studies of E. coli RL rfa genes

i n het er ol pdguseqgdneti c backgrounds Table 6 I-nmunof| uorescence m croscope

anal ysis of r %‘%ie nt_strair ressi . ' anjl.gen d/o '

analysis OhebfEIMN I ndbA 7l SR UMY 5RRVELOR, H4PT"39Y OLas,
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 xfa,, clomes pSSVII06 and

107. Restriction 'maps correspond to insert DNA. Expression
levels of LPS reacting with MAb SHSR are given 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, CVDLlO3-HgR (pSSVIig9) LPS M¥P; n, V. gholerae CVDil0; 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,



Test_of the imunogenicity of the V. cholerae reconbinant vaccine strain
CVD103- HgR expressing S. sonnei Oantlgen

44 Table 1: Bacterial strains used in the characterization of nonocl onal
anti bodi es. Expected LPS core Strain O | ype

structure chenot ype Oigin and céfnent s Shigella son. 53G

D Form | Phase I (1)[err] son. 53d1

R1
AT T e e
(2) son. POMLOSF874  (pSSVL1l4): gouglhHSa (pSRVII6L): K,RonBfdWeka
poye. 1 (pssvriel); i CTousa (pSSPRLdE); 4, dkeva (pssx:%ggg? "1, ATCC 9207

boyd. 3 ATCC 8702
dys. 1 Al snoot h R4 . type 1, ATCC 9361 flex. 4b
B4b S e s R3 . type 4b ATCC 12024 flex. 6 B6
snoot h ' 12025

, 6
snmooth  Expyession tﬁé 6«5% RS Rafdws kﬁnﬁgﬁgﬁgf I eéggﬁgggl I'PE
rough. hetédiologous géﬁé}ti@omxgtmﬁasu‘ flekivgpe staining (A) cf

sEérreROg?ing},ﬁlg% (%n%g%géaggééﬁggel (o] des a 15% OU§BS$PAGE %'ej, and -

izmuncblot analysis (B) using Sh9R 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,
HB10l (pSSVI107): e, DHSa (pSSVI107~5); £, HB1O1 (pSSVI123);

, B. coli K-12 S17.1 (pSSVI250); h, S. typhi T¥2lia; 4,
TY2la (pSSVIi06); j, TY2la (pSSVI107): k, TY¥2la ({pSSVI1i07-
§): 1, T¥2la (pSSVI123); m, T¥2la (pSSVI2S0); n, ¥. cholerae
CVD103~HgR; ©, CVD103-HgR ({pSSVIio6); p, CVD1O3-HgR
(pSSVIl07); g, CVDLO3-HgR (pSSVI107-3); r, CVD103-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 protein ' standard {(Bio-Rad); » and g, E.
goli K-12 DH5a (pSSVILE5): c, S. typhi Tv2ia; d, T¥2la
(DpSSVI123); e, TY21la (pSSVIL65); £, TY21la
(pSSVI123/pSSVI165); g, T¥2la (pSSVI250); h, TY2la
(pSSVI250/pSSVIL16S); i, V. cholerae 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) .



Mol. son. snoot h R1? (Bader) ATCC 14029

C27 son. snoot h R1? (Ferguson) ATCC
14030 E. coli HB101 K ] - rough K-12

(5) v HF4704 / rough R1 A. A Lindberg
(6) OB:K8(L): H4 c8 §foot h R1/ R2? ATCC 23504

: K9(B): H12 @2} snmoot h R1 ATCC 23505

O14: K7(L) re 11 O14 snmoot h R4 ATCC 19110

O100: H509 0100 snoot h R2 NCTC 9100 S. typhi

TY21a Restrieum(@% of- r8ughtyphiRaE,s clongsl E@WSVINGY ([(AMRA05)

DL(9:. 12) pedsih.  elftyctBdATpliol NebesbabBRl 42y ¥AL! Whotle 10Fdfes

(this studycluddng rmmmrvaﬁ#:orm@ence (black areg). The GRfjh box

Ra K@Et&ﬁﬁﬁ%ﬁf@ﬁ‘ seqiiffice &%@% ey dp1 a bRyl bmi_;'z.ﬁx of fh&ngsd- U,
unknown; Jough, ng - roug g pe li,nked to the al enetigc
backgroun@l@n%n F@@%renc@@Pé %11%@) K&E&§F§n€? algeng (n eterpinant.

29: 207- 21 pthidtwide?)l iSan Fuetigte d. | nf ect. | mmun. 34: 75-83, 1981.
(3) Przondo- Hessek and Romanowska, Acta M crobiol . Pol. 27:97-102,
1978. (4) Katzenell enbogen and Ronanomska Eur.,J. Bi ochem 116:205-211,
1980, (5) fBapwe J;p Roulland Dussoi x, J. Biol. 41 :459-472, 1969, (6)
Jansson e 1%@5 Y/ ma nd
Flerr] rertm%tg nt ect %lag 1€13&%§@§'§§§.§%7 eéggrs v1(1§4 G% ”_éﬂ“_f

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.

b re 14

Restriction maps of integratiom vector psSSVISO (8. tmhi ilvy
locus) . Restriction map corresponds to the whole clone
ineluding pMAK‘?O_Og;ig; vector seguence (black area). (E/H),
(H/H) , blunted EcoRI, respectively Hindi¥I, ends cloned into
blunted HindIIT site of pMAXK7000riT. Othemise like 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,



45 . Tabl e 2. Binding propertles of anti-S. sonnei LPS

nonocl onal anti bodi es. | mmunobl ot
pattern[err] titer[err] S.s. | S.s. 1l MAb | sotype[err]
S.s.4 S.s. |1 O-Ag core corg, Sh5S | gM _ >128

<2 + - - Sh11S | gM >128 '<2 +
- - Sh9R | gM 16

(a) |sotypgs R mﬁoﬁm&% %%%én?ﬁ‘éhéé‘ﬂtbﬁlaéw aréﬁ‘)' bo&bhe
titers were eternlned LISAin wells co

q% sonnei Phase
| (S.s.|)%Pelor %g@‘qmn( §‘%er?) Seggenee e?%r%%l@%&% &oogthe aHasnid
reci procalrepalidatdfon herigint i on(resy) t blgnted PoT Oanafs Ocﬂcméﬁ) Bt ng

to high ec qg en- bear,i n 0 | ecul ar i ght

(core) m%klgs %&‘?ﬁgﬁgnt 3, dfﬂi %ﬂze of M@@&rﬁi. ﬁiiﬁ? %lsmp\@dg
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
ggggggg locus. Otherwise like for Figures 2 and 12.



46 TabLE—&JMgLCtVIty of Sh9R MAb to LPS isolated fromclinically

rel evant strains of E coli and P, aerugi nosa. Bacterial species
O ser ot ypﬂ’lmmﬂﬂmﬁ ifmy activity[err] E coli oL

Em :uu‘ 02 +

PO 62 o6
+ o7 +
OL2 - cLaxxs  O5 - -
0o18 ' + . 25
+ : Or76 + P. aerugi nosa
Ol[err] 1. A recombinant live vaccine strain for (phe immunization
‘04 against _gramnneg%%:ive enteric pathog&na displaying the
o7 ' following features: o1L0
o1l 016
(a) Deter ned obI ot ,usi n i ed LPS t he antl

(51 Wb T eact LG 15 Hhotc SREERRSRY, ALFBYRONIGT) B oBecARtEg A Tmmunc-

aeglc vhen orally administered to 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.

2. 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.

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

4. The strain according to claim 3, wherein said §. ,_xgm
strain is §. typhi TY¥21a or §. ngm., CVD908.



(b) Accordmg tothe—tnternati onal Antigenic Typing System (I ATS)
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The strain according to claim 2, wherein said ¥. cholerae

strain is V. cholerae CVDi03, V. cholerae CVD103-HQR 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.
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pSSVI ' Detection of Rl-type LPS with MAb ShoR

Strain pl asm d Whol e cell s i mmundol s LPS i mmunobl ot s
E. coli K-12 no . - .
- 106/ 107/ 123 +++ +++
124 to 130/ 107-5/107-6 +++ 65 n.t.
1073/ 107- 4 ++ N no
- . 0q/ 1027/ +++
= 124 to 126/128/10%‘¢——é~g 2% kﬂé*ﬁ n.t.
127/ 130 n.t. 107-3
- n.t. e 1 .
193/ 124/ 125 128 RXcoﬁnB%Shﬁ L&Q_@ﬁcéﬁes 106
++ + 107[err] +
+ 126/ 127/ 130/ 107-5 n.t. a)

cl one pSSVI 107 was highly unstable in CVD103 HgR. +++, strong reaction;
++, intermedipe rpRebedt Hnve@dKidgackblBtes ML ! epetbABindnt. . 11¥e

tested attenuated bacterial strains expressing O-serctype deter-
'minamts of gram-negative enteric pathogens in a form co-~
valently bound to a lipopolysaccharide (LPS) core, wherein
the resulting IPS 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 § ﬁngegla 8pp.
(Figure 3)



53 Tabl e 6. | munofl uorescence m croscope anal ysis of reconbi nant strains

expressi ng S. sonnei O antigen and/or Rl-type LPS. First antibody
pSSVI Strain . pl asm d(s) , MAb Sh5S - MAb
Sh9R; E coli K-12 DH5[err] ' ‘ no _ -
.n.t. HB1O1 109 +++ n.t.
S[err]874 [err](rfb/rfc) no ' - n.t.
S[err]874 [err](rfb/rfc) 165 1/16 i n.t.
HB101 123 n.t. +++ S

sonnei 534
109 ) n.t.
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FIGURES Figure 1  Reactivity of Sh5S and Sh9R MAbs towards LPS iso-

| ated from various entercobacterial species Figure 2 - Restriction maps of
the S. sonnei rfb/rfc clones pSSVI 109 and pSSVI 113 Figure 3
Resteiction map of the S. sonnei rfb/rfc clone PSSVI 165

Figure 4 Restriction maps of rfaferr] clones pSSvl 106, 107, :

123, 125, and 128 Figure 5 Restrict3Qe maps and expression |evels of
dif- . ferent sybclones derived from rfaferr] clones

pSSVI 106 and pSSVI 107 Figure 6 Restriction map of the rfaferr] clone
pSSVI 250 Figure 7 Expwession of the S. sonnei. rfb/rfc clone

pSSVI 109 i n het erol ogous g%‘f*JGLba@kgrounds Figurg 8 Expression, of
the S. sonnei rfb/rfc 1ocus {{H % E. col| K-12 strain SF874
Drfb/rfc : ] 8 %
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Figure 9 Expression of rfa clones encoding RL-type LPS in
het er ol ogous geneti ¢ backgrounds Figure 10 Co- expression of S. sonnei

rfb/rfc locus and rfa . - loci encoding RL-type LPS in heterol ogous
genefic ' backgrounds Figure 11 Restriction maps of S. typh
Herr]S cl ones pSSVI 120 and g5Vl 122 ' Figure 12
Restriction map of integration vectors pSSVI 154 (S. typh
Herr]S locus).  Figure 13 Restriction maps of the S. typhi ilv clones
pl LV12 and plLV18 Figure 14 Restriction maps of integration vector
SSVI 50 (e} St i ilv loecw 1y ®0
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Figure 15 Restriction maps of. hl yA-nmer clone pJMK10 and of

i ntegration vector pSSVI155.1 (V. chol erae hlyA | ocus) Fi gure
16 Restriction map of integration clone pSSVI 190 (V. chol erae
hl yA. | ocus) 57 FI GURE LEGENDS

Figure 1 Reactivity of Sh5S and Sh9R MAbs towards LPS isol ated from
various enterobacterial species. Silvegsgtaining (A of LPS

m ni preparations run on a 7.5-20% gradi ent SDS- PAGE gel and i nmmunobl ot
analysis wusing Sh5S (B) and Sh9R (C) MAb, respectively. Lanes a .
and u, pre-staiped: |ow nol ecul ar weight protein standard (Bic-Rad); b, S.
sonnei 533 ; c, & sonn$ 534G | d,+ S. soﬂ,nel . 482-79 (pWRL05); e,
S. dysenteriae tybe 1-(ATCC 9361‘5;- f,*s. boydll type 1 (ATCC 9207) g, S
boydii type 3 (A 8702); h, S. flexnerl type
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4b , (ATCC 12024); i, S. flexneri type 6 (S323); |, S. flexneri type
6 (ATCC 12025); k, P. shigelloides Mol (ATCC 14029); |, P. shigell oides
C27 (ATCC 14030); m E. coli HF4704; n, E. coli O8 (ATCC 23504); o, E.
col¥. 09 (ATCC 23505); p, E. coli Ol4 (ATCC 19110); q, E. coli 0OL00 (NCTC
© 9100); r, E. coli HB101; s, S. typhi TY2la; t, S. typhi TY37 (pWRLO5:

- R386) . Restriction maps of S. sonnei rfb/rfc clones pSSVI 109 and
pSSVI 113.  Restriction maps corresporkfifo insert DNA. Re- striction sites
bel onging to the vector, pol ylinker sequence are |abeled with a square. The
heavy line indicates tli& rfb/rfc |l ocus. Scales next to the maps give the
DNA |l ength in base paxrd (bp). Figure 3 Restriction naps of the S. sonnei
rfb/rfc clone pSSVI 168.5 The restriction map corresponds to the whol e clone
i ncl udi ng pGB2 vector re (black area).  The open box within pGB2
sequence | abel s plasm d. rep %cath4ﬁ origin. Oherwise, like for Fig. 2.
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Figure 4 Restriction maps of rfa[err] clones pSSvl 106, 107, 123, 125, and
128. Restriction maps correspond to insert' DNA. The bl ack and hat ched
area in the map of pSSVI 128 define the rfa[err] |locus (see text).

QO hérwi se, like for Fig. 2. Figure 5 Restriction maps and expression
levels in E. coli K-12 of different subclones derived fromrfa[err] clones
pSSVI 106 and 107. Restriction nmaps cof/&spond to insert DNA.  Expression
| evel s of LPS reacting with MAb SHOR are given on the right of the
respective maps and are codified from++++ (strong reaction) to - (no
reaction). Restriction map of the rfaferr] clone pSSVI250. The re-
striction map corresponds to insert DNA. Oherwise, like for Fig. 2.
Figure 7 Expression of the S. sonnei rfb/rfc clone pSSVI109 in
het er ol ogous genetic ba%gr ounds. Silver staining (A) of LPS

m ni preparations run ab ﬁ% eSD@- RACE] g¢lm rhed | nmmobl ot anal ysis
using Sh5S MAb (B) . Lanes: a, B Bonnei, B8 9£HVRI05); b, S. sonnei
5331 LPS maxiprep (MP); c, Y 1 1 Elel (pSSVI 109) LPS MP;
e, E coli K- 12 HB101; pw‘? 38 jP1 (pSSVI 109) LPS MNP
h, S.typhi TY2la; i, TY21ﬁ(pS - SRR f SVI 109) LPS MP; k, W
chol'erae CVD103-HgR, 1, CVI 41

MP; n, V. chol erae CVD110;

B abcdefgh |
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Figure 8 Expression of the S sonnei rfb/rfc locus in E. coli K-12 strain

SF874 Drfb/rfc. Silver staining (A) of LPS mnipreparations run
on a 15% SDS- PAGE gel and i mmunobl ot anal ysis using Sh5S MAb (B). Lanes: a,
HB101; b, SF874; c, 59 HB101 (pSSVI 109);

d, SF874 (pSSVI109); e, HB101 (pSSVI114) f, "SF874 (pSSVl11l4); g, DHba
(pSSVI 161); h, SF874 (pSSvl 161); i, gda (pSSVI165) j, SF874

(pSSVI 165).. Figure 9 Expression of rfa clones encoding: Rl-type
LPS- in heterol ogous genetic backgrounds. Silver staining (A of LPS

m ni preparations run on a 15% SDS- PAGE gel and i mmunobl ot anal ysis (B)
.using Sh9R MAb. Lanes: a and t, pre- stained | ow nol ecul ar weight protein
standard (Bio-Rad); b, E coli K—12 DH5a; c, E. coli K-12 HB101

(pSSvI 106); d, HB101 (pSSVI%L% ( SSVI 107-5); f, HB101

(pSSV1 123): g, E. coli K-12 R d iy I h s typhi Ty21a; i,

- TY2la (pSSVI 106); j, TY2la (pSSVI 1G7j | (pSSVIlO? 5); 1, TY2la
(pSSV1 123); m TY2la (pSSVI250); n, § §CVD103- HgR, o, CVD103- HgR
(pSSVI 106); p, CvD103- HgR (pSSVi{i@ s 'VD103- HgR  (pSSVI 107-5); r,
CVD103- HgR (pSSVI 123); s, CVvD103- Hdf E

2

Fig. 8



Figure 10 Co-expression of S. sonnei rfb/rfc locus and rfa loci en- coding
Rl-fype LPS in heterologous genetic backgrounds. Silver staining (A
of LPS minipreparations run on a 15% SDS- PAGE gel and i munobl ot anal ysi s
using Sh5S (B) and Sh9R (C) MAb, respectively. Lanes: a and r,
pre-stained |ow nolecular weight protein standard (Bio-Rad) ; b and q, E
coli K-12 DHba (pSSVI165); c, S P{)]pﬁﬂ TY21la; d, TY2la (pSSVi 123);
e, ' TY2la (pSSVI 165) ; f, TY21la (pSSVI 123/ pSSVI 165); g,
TY21la  (pSSVI250); h,  TY2la (pSSVI 250/ pSSVI 165); i, V. chol erae

CVD103- HgR, j, CVvD103- HgR (pSSVI123); k, CVD103-HgR '(pSSvi128); 1,
CVvD103- HgR (pSSVI 165); n, CVD103- HgR (pSSVI 123/ pSSVI 165) ; n, CvD103- HgR
(pSSVI 128/ pSSVI 165) ; o, CVD103- HgR ( pSSVI 250); p, CvD103-HgR :

(pSSVI 250/ pSSVI 165) . A abcde PG R D rR glﬁm R@prq @tg;o&n maps of S,
typhi  Herr]S clones p3@v Ikl NEEEY Bst ECt4 on nmaps
correspond to the whole ct§# : Pl o lequence (bl ack
area). The open box withijge l'asmi d origin of
replica- -‘tion. Ap[err], ¥ WiCc determnant.
Gt herwi se like for Figure 2 | =




Figure 12 Restriction map of integration vectors pSSVI 154 (s. typhi Herr]S

| ocus) . The restriction map corresponds to the whol e clone including
pMAK700ori T vector sequence (black area). (HK), (HH, blunted Kpnl
respectively Hndlll, ends cloned into blunted HndlIl site  of
pMAK700Qori T. oriT, conjugation origin; replOlts, genetic determ nant

of the tenperature-sensitive repipastion . - protein; Cnerr],
chl oranpheni col regi stance nmarker. G herwise |ike for Figure 2. - Figure 13 -

Restriction maps they . éyp@ hi wﬁ“o#‘gd @fone@i KVl and plLVi8.

Restriction maps correspgnhd ()@the at NCl udi ng pUCL8 vector
sequence (black area). } ) . s 2 and 11. Figure 14
Restriction maps -of int Etyphi  ilv |ocus).
Restriction map correspq @k udi ng pMAK700ori T vector
sequence (bl ack area). Oori T vector sequence
(bl ack area). (EH, - EEctively Hindlll, ends
cloned into blunted H n{ies ®herwi se |ike for
Figures 2 and 12. Fi | l yA-nmer clone pJMK10 and
of integration vector 'J;A | ocus). Restriction
maps correspond to pUC19,

oo o @earon

Cabcdef hﬁjk Emnoqu
N ~; : o

Fig. 10



61 respectively pMA7000ori T, vector sequences (black area). The open box
wi t hi n- pUC19 sequence corresponds to the plasm d replication origin.

(HP), blunted Pstl ends cloned into the blunted H ndlll site of
pMAKYQOori T; hlyA, disrupted hlyA genetic |ocus; ner, mercury

resi stance genetic determnant. QGherwise |like for Figures 2 and 12.
Figure 16 Restriction map of t he 1142t egration cl one PSSVI 190 (V.
cholerae hlyA lo ). The restriction maggycorresponds to the whole clone
I ncl udi ng pMAK700qfy yect or sequence (bl agy ~area). The heavy |ine

indicates the S. s i rfb/rfc locus. Orhergise |ike for Figures 2 and
12. 62 — LAl MS 1. A reconbinant
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agai nst gramnegative enteric pathogens displaying the fol |l ow ng

f eat ures: (a) it is a bacterial strain known to be safe and i nmuno-
geni ¢ when orally adm nistered to hunans; (b) it carries a set of
rfa, - rfb and rfc genes coding for the enzynes involved in the

bi osynt hesis of |ippoly- saccharldi core, preferably heterol ogous
| i popol y- saccharide core and hetd @Iogous O pol ysacchari de an-
tigen,; (c) said set of genes is stably expressed by said carrier
strain resulting in the farmation of an intact immuno- genic hybrid
| i popol ysaccharide conmposéd of the lipid A fromthe carrier strain
covalently attached to sairt——gs preferably heferol ogous core and said

V?harldf, wherei n-said preferably

het er ol ogous O pol ysaj@
het er ol ogous core and @i ;rologou pol ysaccharide form an
bggolysa ride and bei ng

LPS nol ecul e contai ni ng a=pol yjeri zed|

essential ly indistinguishable & | mol ecule of the
het er ol ogous gram negati ¥o—efl | patﬁbgen 2. The vacci ne
strain according to claim1, wEerein $aid set | of genes has been
separated fromnon rel evant gegetic in- formation of the donor strain.
3. The strain according to clafm 1 or{R2, whereinihe carrier strain is
an E. coli strain, a strain befongingjjto the genus Shigella, asS. typh
strain or a V. chol erae straﬂ;ﬁ : : -
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4. The straln according to claim3, wherein said S typhf strain is

S. typhl TY21la or S. typhi CvD908. 63 5. The strain
according to claim2, wherein said V. chol erae strain is V. chol erae
CvD103, V. .chol erae CvD103-HgR or V. chol erae CvD110. 6. The strain
according to any one-of clains 1 to 5, wherein said set of heterol ogous
genes are either present on a plasnlé ﬁ@%tor or stably integrated into
the chronmosone of _the carrier strain aﬁaagglntegratlon site which is
known to be non-essential for |ndUC|E§ 28 protective inmmune
response by the carrier strain. 7. The s i) according to claimé,
wherein said set of genes is |ntegrateﬂ£| o an Herr]S locus, the ilv
| ocus, the viaB . locus, or any of the afd loci of S. typhi. 8. The
strain according to cla|n16 wher ei n sai deset~ef genes is inserted into
the hlyA | ocus of V. chol erae. = : '
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9. The strain according to any one of clains'1 to 8, wherein -

said rfa,
rfb and rfc genes are integrated in tandeminto

a single chronosomal
|nt§grat|on site or independently in- tegrated into individual
integration sites according to any one of clainms 6 to 8. 10. The

strain according to any one of clains 1 to 9 wherein
are derived froman E. coli strain and sd#d® rfb and rfc genes are
derived fromthe sane or different gram negative enteric bacteria,

preferably fromthe sane or different gram negative enteric pathogens:
11. The strain according to claim 10, wherein the E. col

said rfa genes

strain is
characteri zed by an él-type LPS core structure 12. The strain according
to claim10, wherein sai dggram nega- enteric pathogens are
Shigel l a sonnei, Shigell a§l boy Vi, @%g IIa dysenteriae or Shigella
fl exneri, pre- - B _ m f bly Shigella flexneri serotype
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13. The strain according to any one of clains 1 to 10, wherein said rfa,
rfb and rfc genes are derived fromsaid gram ne- gative enteric

pat hogen, preferably from Shigella sonnei, . Shi gel | a boydi i

Ski gel | a dysenteriae or Shigella flex-. neri, preferably from Shigella

fl exneri serotype lla, and nost preferably from Shigella sonnei. 14. A
i ve vaccine for the imuni zation agki/A8t gram negative enteric

"pat hogens conprising a strain according to any one of clains 1 to 13,
optionally in a mxture with a pharma- Y eeutically accept abl e exci pi ent
and/ or buffer, and/or any delivery sg%t designed to deliver said

vaccine strain in -a viable state to £he=tntestinal tract. 15. The
vacci ne according to claim14, wherein &ne®®oute of i mruni zation is the
oral route. o
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