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The present. invention relates to recollinbi1rumt live 
at.t.enuat.ed bacterial strains exp:ressinq o~serotype deter­
lilin@lnt.s of qra:im~neqativc enteric pathoqens in a forir.r. co­

val~t.ly bound. to a lipopolysaccharide (LPS) cor®, wherein 

th~ resulting I.PS ~olecules are essentially indist.inquishable 
frolil the ones present in the original pa:t.hcqenic ~t.rains. 

Su~h reco~nant carrier strains nay be used as liv~ vaccine~ 
f©r oral immunization aqainst e.g. bacillary dysent~ry caused 
by virulent. st.rains of ~b.icmlJl~ spp. 

Gram~neqative enteric pathogens cause a varie~y of 

@i~®al!l\es, som~ cf which may develop into acut.e diarrhoeal 

di~~©lse states and may 'eventually lead to the death ·of. the 

inf~cted individual .. 
~<lllid cat.eqory of pathogens are shiqellosis, typhoid :fever, 

chol~ra, infections with enterotoxigenic and enteropatboqenic 

Esch~-~~ ~i, and infections with Beli£oJl:.lilcte~ pylori .. 

Shigellosis is an acute enteric disease c~used by viru­

l~nt strains of the· species ,S,bi9§lla ~onn@i, .mil.~ boydii, 

Sb,t~J.b ~~ntfil~, and S~-l.<!. .fl~m~J... Upon inqest.ion, 
the~e orqanisms attach to and invade the lul!llen of the colon 
.cau~inq an acute inf'la!nlJlil!latory response e Dis~ase symptoms 

in~lud~ fev~r, tenes~us, cramps, and bloody stools often with 

m@©ous. Volunteer studies in which subj ect.s who ingested 
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s·. sonmei and developed disease were latter re~ch.allenged 

with s. sonn!U., showed that overt disease could induce a hiqh 

level of immunity (Herrington et ale, Vaccine 1:353, 1990). 

This demonstrated the feasibility of developing a live 

attenuated Shigell~ vaccine. Additional findinqs (Cohen et 

al .. , J.. Infect@ Dis. 157:1068~U>71, 1988) suqgest that t.he 

ability to·induce an anti~LPS antibody response is critical 

for protection against shiqellosis. At present, no vaccines 

are available for. the prevention of shigellosise 

Sb,iqrella 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 o~ 

the lipopolysaccharide (LPS) ·molecules (Luderitz et al., 

CUrre .Top. ln Membranes and Transport, 17:79~149, 1982). 0-

~erotypes are specifically determined by the chemical and 

structural composition of both the basic sugar unit and the 

poly.eriz~d o~polysaccharidee Genetically, enzymmes involved 

in the biosynt.hesis of Shigella spp. o~a~tiqen molecules are 

encoded within the rfbjrfc qenetic locus which may be located 

on the bacterial chromosome and/or on a plasmid episome (Hale 

. and Formal, Microb. Path .. I 1:511~518.. 1986) e Within the 

rfblrfc qenetic _locus, rfb genes encode enzymes ~nvol ved in 

the biosynthesis of the basic suqar unit, whereas the J"..f..Q 

qenes encode the o-antiqen polymerase responsible for . the 

polymerization of the bas.ic unit to fern high nolecular 

weiqht o~antiqen molecules which are required for immunoqen~ 

!city .. 

In Ent.erobacteriaceae includinq S.higella spp. virulent 

strains the o~antiqen is exposed on the cell surface in a 
form covalently bound to the core~lipid A moiety of LPS mole~ 

cu.leso 

Seven types of LP~ cores have been structurally defined 

in Enterobacteriaceae, and named Ra, Rl to R4, K~12, and B 

(Luderitz et al .. , Curr. Top.. in Membranes and Transport 
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1:;:19~~149, 1982; Jansson et al., Eur. J. Biochea., l.l.5:571~ 

511, 1981) .. .§.. §on_n.ei LPS molecules have been shown to be of 
the R.1 core type, whereas Sa_lmo!'lilllA spp. and. the ~. s;o.1:1. 
st.rains commonly used in cloning experiDents are character~ 
ized by LPS of the Ra and x~12 types, respectively (Luderitz 
et. al., CUrr.. Top.. in Membranes and Transport :11.7:79=149, 

1982). The chemical structure of LPS core(s) present in~-
cholerae strains has not· been determined yet .. The qenetic 

determ.inants for enteroba~terial LPS core mqieties are chro~ 
mmsomally en.coded within the so~called tiJ! locus (R.ick, p. 

648~662, In E..sche~i.ghiA £QLi and SalR.onel]J! ~im.uri~m eel~ 

lular and molecular biology. F.C. Neidhardt (ed.). American 
Society of Microbiology, Washington, D.C., l987). 

The t:.f1l. and possibly the ~ genetic loci encodinq 
s. film..,__nll o~antigen (which confers serospecif.icity) are pre~ 

sent on a larqe (about 180 kilobases, kb) virulence plasmid 
(Kopecko et al., Infect. Imuune 29:207~214, 1980). This plas~ 
mid also encodes a nW1!1ber of genetic loci which enhance the 
vir"Ulence of §.e sgnne;i (Sa:nsonetti et al., Infects .IJDmun. 
341: 75~83, 1981) • Forl'llla.l and colleagues. (Fornal et al. , In~ 

feet .. Il!mlllun .. 34:746-750, 19811 u.s .. Patent No. 4,632,830, 

1986) have introduced this plasmid via conjugation into the 

.BalJl.QMlla l:nm.i vaccine strain TY21a (Germanier and· Fur~r, 
Je Infecte Dis. 131:553~558, 1975; U.S. Patent No. J,856,935, 

1972} in an effort to a Ji .. ~gnnei vaccine. This strain, 

termm.ed 5076-lC, expressed. the §!. sonn@i o~antigen as attached 

surface layer, not covalently · attached to the core of. 

§. .. typhi LPS (Seid et al.' J. Biol. Chen. 25fU9028~9~34, 

1984), and perhaps other ant.iqens and virulence determinants 
encoded by ~.. §onnei virulence plasmid. 

Initial e~eriments, in which strain 5076=1C was orally 
administered to volunteers subsequently challenqed with 
s. sonnei, showed 5076~1C able to confer a modest, but siqni~ 
f icant deqree . of protection . against shigellosis (Bl a.ck et 
al., J. Infect. Dis. 155:1260-1265, 1987). However, subse-



qµ.e:nt trials of a siimdlar desiqn usinq 5 different lots of 

5076=1C failed to show any evidence of protection against ~ 

son.a~ (Herrinqton et ale, Vaccine 8:353~357, 1990). 

There are several possible explanations for this finding. 

First, it is known that the o~antigen noiety of LPS is highly 

immunoqenic only when covalently attached to the core~lipid A 

moiety of LPS. Therefore, the presence of the ~.· ~..Qnnei o~ 

antiqen as a non~covalently attached. cell surface layer · o:n 

S076~1c may not allow for routine induction of a protective 

immune response. Subseq~ent studies (Hartman et al., J. Clin. 

Microbiol. 29:27~32, 1991) have revealed the 180 kb s. ~on~~i 
plasmid to be qenetically unstable in 5076~1c, leading to the 

loss o"f the ,l:tb/rfQ locus and hence the inability ·t.o syn~ 

the~ize ~. sgnnei o~antiqens Finally, the expression of other 

qerH~s encoded by the S. sonnei plasmid could adversely affect 

the growth and/or immunizing capacity of s . .tm__bi strain 

TY2la .. 

In another study, the expression of v. cholerae o~antiqen 

in ,i .. typh~ TY2la resulted in unbound. o~antigen molecules, 

whereas expression in ~@ P.Pli x~12 led to conplete hybrid LPS 

nolecules correspondi:nq to v. £bolerae o~antiqen covalently 

bound to the K-12 core {Australian Patent No. AU~A=41023/89, 

1988) e In order to synthesize ·a. complete LPS molecule 

eareyinq v. sIDQleriU!! o~antigen in TY2 la, the s. !:yphi rfa 

loeu~ was replaced by a DNA region encompassing the cor~ 

respondinq &.fA locus of ~ .. Qolj K~12. As expected, the re~ 

sultinq strain, bea.rinq in ~ddition the y. s;;bol~~ I:_fb locus 

on a plasnid, expressed complete hybrld LPS consisting in 

V .. eholerae o~antiqen bound to K~12 type LPSe However, in 

the process of strain construction, not only the .t:.f-ll locus 

but also up to 200 kb of adjacen~ genetic material, cor­

respondinq to about 5% of total chro~oso~al length, was re­

placed in TY21a. Such a large and uncontrolled manip~lation 

.may have affected the properties of the candidate vaccine 

strain in an unpredictable way. 



Thus, the problem underlying the present invention was to 

provide hybrid live attenuated bacterial strains which stably 

expre~s on their surf ace o~serotype determinants from qram~ 

neqative enteric pathogens in a form covalently bound to LPS 

molecul~s essentially indistinguishable from the ones present 

in the pathogenic strains to be_ vaccinated against, without 

affectinq the properties of the· candidate vaccine strain in 

any unpredictable way. 

The solution to the above technical prolbleima is achieved . 
by providinq the embodiments characterized in the claims. 

Accordinqly, the present invention relates to a reco:m.~ 

binant live vaccine strain for the immunization ~qainst qra.m­

neq~tive enteric pathogens displaying the following features: 

(a) it is a bacterial strain known to be safe and immuno­

qenic when orally administered to humans; 

(b) it carries a set of r£a, rfb and rfc genes coding for 

the enzymes involved in the biosynthesis of· lipopolysaccha= 

ride core, preferably heterologous lipopolysaccharide core, 

and heterologous o~polysaccharide antiqen: 

(e) said set of qenes is stably expressed by said carrier 

· strain resulting in the fo:Dmation of an intact bm.unoqenic 

hybrid lipopolysaccharide. composed of t~e lipid A from the 

carri~r strain covalently attached to ~aid preferably hetero~ 

loqous core and said heteroloqou.s o~poly:saccharide, wherein 

said pref eralbly heterol~qous core and. said . heteroloqous o~ 

polysaccharide fo:nll an LPS molecule containinq a polymerized 

o~polysaccharide and beinq essentially indistinquishable from 

the LPS molecule of the heterologous qra:m~neqative enteric 

pathogen .. 

Said ad~inistration in item (a), supra, will usually be 

carried out. with the bacteria being in ?! live for.me 
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The evaluation of whether said heteroloqous o­
polysaccharide is indistinquis~able from the LPS molecule of 
~aid heteroloqous pathoqen in item (c), supra, will usu~lly 
be by physicochemical· and/or immunological meanse 

The tenn Hrecombinant live vaccine strainH as used herein 
mean~ a bacterial strain as defined in item (a) above which 
has been modlf'ied via reco:lilUlbinant DNA technoloqy so that it 

carries and expresses at least one set of heterolqqous gen~s, 
wherein expression of said heteroloqous qenes results in {a) 
new inmunoqenic _property ( ies) . of sa.id st.rain, allowing for 
the imariunization aqainst· said qra•~neqative enteric pathogen 
when administered to humans. 

The term Hcarrier strain" as used herein is intended to 
mean an attenuated bacterial strain carrying and·expressing 
one or more foreiqn qenetic determinants encoding protective 
antigens from a heteroloqous bacterium pathoqenic for humans. 

The tenn Hbeinq essentially indistinquishable from the 

LPS molecule of the heteroloqous qram~neqative enteric 
pathoqen1• means an µps molecule with a similar bandinq 
p~:ttern when examined by polyacrylamide gel electrophoresis 
~fter appropriate treatment to visualize said bandinq, which 
in addition binds antibodies which are specific for the 

h~teroloqous enteric. pathoqen and in addition elicits such 

antibodies when administered to an appropriate host. 

:rn the case of virulent . (Phase l) ~t.ra.ins of s e sonnei 

the O=antigen moiety of LPS •olecules consists in polymerized 
di~~ccharide units of two atypical sugars wh:i,ch are present. 

on t.he cell surface in a form covalently bound to the Rl-type 
LPS core~lipid A region (Form I LPS) (Kenne et al., carbohy~ 
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drate Res. 78:119~126, 1980; Gamian and Romanowska, Eur. J. 

Biochem. 129: 105~109, 1982). On the other ha.nd, efficient 
bmuniza.tion against virulent strains 

0

of S. .§!mnei may re­

quire the immunizinq antigen.to be present on the surface of 

the live attenuated carrier cells in a form as close a.s 

possible to the one observed in natural virulent strains. · As 

discu~sed above, previous evidence showed that the expression 
of t.he ,a.. sQJmei x.._fblrfc. «Jenetic determinant from the whole 

.s.~ .w!_Wlili virulence plasmid in the ·attenuated S. tyDW~ 
~~mnei hyl:)rid strain 5076~1C does not l~ad to the covalent 

attachment of the corresponding o~antiqen onto the ~. ~Y:P~i. 

Ra core structure (Seid et al®, J~ Biol. Chem. 259:9028~9034, 

1984). In the latter study, .failure of qettinq complete o- · 
antiqen~bearinq LPS molecules may have accounted for the weak 
i~unization levels against virulent $. m;,m~ei obtained with 
the hybrid strain. 

It now appears that qnly certain colk'abinations of rfa. 
genes encodinq the core reqion and x_fb!rfc qenes encoding the. 
o~antiqen lead to a stable expression of the o~antiqen on the 
surface of a qiven cell. This surface expression is a result 
of the covalent attachment of the core and o~antigen 

moieties. Preferably, the resultinq LPS has the sa~e struc­
tur~ as in the oriqinal pathoqen, beinq, for example, a 

strain of Shigella sppe (homoloqous core and o~antiqen 

The minaal requirement for obtainin9 a hybrid 

polyf:n\ccharide displayi:nq the feature of being essentially 
indistinguishable from the LPS molecule of the heteroloqous 
~ram~negative pathogen is that all members of the :respective 
set of qenes encodinq said. LPS molecule are co~expressed in· 

the ~ane carrier strain. 

Thus, in accordance with the present invention it will be 
necessary to obtain a set cf qenes which encodes different 

connpat.ible components which form (!j functional LPS molecule. 

It is conceivable that part of said set ot° genes is a natural 

part of the carrier strain. Alternatively, it is possible 
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that ncme of said qenes is a natural part of ~aid carrier 

st.1'.'«.\in. l:n either case the desirable qenes t.o be introduced 
into said carrier st.rain will preferably be cloned from a 
suit.able sourcEh In the case of a specific Shigel_l_,a o-sero~ 
type, for exanple, the correspondinq ~fltlrfc qe:ne locus may 

be transferred from said Sbigella strain to a suitable 

vaccin~ strain. If the vaccine strain carries the qenas en~ 
codinq a co!lllllpatible core, no further cloninq and transforma-

t.icm ~tep may be necessary e· Alternatively, if the vaccine 

st.rain does not carry said qerms a further cloning step in­
vol vhnq tbe oriqinal .Shig,ella straln or another strai:n of the 

sane or a different bacterial species carryinq the qenes en~ 

coding a compatible core will be necessary. 

U'pon cloning and transfer of a col'l!lpatible set of genes 

into a suitable vaccine st.rain, said strain will express a 

co:nmplet.e LPS structure· with the o~antiqen of the pathogen 

displayed on its surface. As a result of this surface ex~ 

press ion, the immune system o~ the vaccines is stimulat.ed. and 

a protective immune response, e .. 9. against s.- sonnei, in~ 

duced .. · 

In a preferred embodiment of t.he vaccine strain of the 
present invention, said set of qen~s has been separated from 
non=relevant genetic information of the donor strain. 

In the case of the qen~s encodinq the s. sonnei.o~anti­
qen, the rfb.Ll:t.!; locus must first be separated from other un~ 
related genes encoded by the 180 kb plasmid in order to 
stably and. spec~f ica~ly· express said locus.. Separation of 
~nrelated genes will, moreover, avoid adverse effects with 

respect to the qrowth and/or immunizinq capacity of the car~ 
rier strain. 

The pref erred ~ethod of separating said locus from non­
relevant. genes is to produce a qene bank of the 180 kb plas­
Bid in a suitable E· CQli strain. Various •ethods of iden­
tifying recombinant clones expressing the o~antiqen are known 

. 



in the art~ The'nethod preferred herein is to use monoclonal 
or polyclonal antibodies specific for the s. so~n~i O=anti­

qen, preferably monoclonal antibodies (MAb). 

A pref erred scenario for the isolation of the core en­

coding qenes would. entail a DNA fraqaent careyinq the ~ff! 
genetic determinant limited to the min~mal size allowing for 
the ~ynthesis of a heteroloqous LPS core able to covalently 
bind the g>h~lli o~antiqen. such a requirement is best 
satisfied via the cloninq and characterization of the 

suitable rf_~ locus, i.e&, def~ning the minimal DNA fragment 

necessary for its expression. A preferred situation would be 

one in which the cloned· xn locus expresses an LP.S core 

·having the sa•e structure as the core to which the o~antigen 

is naturally coupled to. In the case of s. so~l o~antiqen, 
the preferred core would be of the Rl type. 

Accordingly, in a preferred form, the present invention 

may include the cloning of chromosomal rfa loci encoding LPS 

core st.ru.ctures of the Rl type in order to even better 

si•ulate / in the reccmbinant vaccine stra-in, the LPS 

eonf lquration present. in virulent s e spnnei cells.. such rf~ 

loci may be isolated fron chrol!IDloSoBal qene banks of · a:ny 

available bacterial strains characterized by Rl~type LPS. 

Preferred strains for this purpose may include, but _are not 

limit.ed to, ,I. cfil__i Rl strains (~Rl locus) and :i .. sonnei_ 

~trains (~fasonnei locus). Further preferred strains may be 
the R· coll.. Rl strain H~4704 and the s. so~e1 strain 53GII. 

Suitable qene banks nay be established in any ~- col.i K-
12 ~train commonly used for cloninq purposes.. However,. an 

eff ieient screening methodology is essential for the identi~ 
fic~:tion of rfa. clones expressing Rl-type LPS ." The preferred 

method may involve monoclonal antibodies (MAD) with the 
suit.able specificity. Therefore, the isolation of ~.Ab 

allowing for the specific identification of R:l~type ~PS i.s 
also part of the present invention. 
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In another preferred embodiment of the present invent.ion, 
the carrier st.rain is an E. coli st.rain, a strain belonging 
to the qeirn.ns Sl}igella., a S.. t.yphi strain or a V. .Q.holer<l§ 
strain. 

In a particularly preferred embodiment of the present in~ 
vent.ion, said ~train is Se typhi TY21a or Se t:3rnbi CVD908. 

The ant.i=typhoid live vaccine strain TY21a has been 
described in detail by Germanier and Furer, J .. Infect. Dis • 
.lJl (1975), 55J~558; and us~A~J,856,935_ (1972). The a.roe 
aroD deletion mutant strain CVD908 was described by Hone et 
al .. , Vaccine 9 (1991), 810~8l6e 

In another particularly ,pref erred embodiaent of the pre~ 
sent invention, said ~e cbolerae strain is V. cb~lerae 
CVD103, V. £hol.~ra~ CVD:U.03~HqR or y.. pholerae CVDllO.. . The 
serotype classical (Inaba) live vaccine strains CVDlOJ and 

·. CVDlOJ~HqR 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 heteroloqous genes 
are either present on a plasmid vector or stably integrated 
into the chromosone of the carrier strain at an inteqration 
~ite which is known to be non-essential for inducing a. pro~ 
tective immune response by the carrier strain. 

For cloninq _purposes and preliminary expression studies 
i:n recombinant vaccine strains, heteroloqoU;1s qenes may most 
conveniently be propaqated on pl~smid vectors. However, 
stable maintenance of · plasmid clones is frequently ha.rd to 
achieve in recombinant strains, e~en when positive selection 
is ailowed·for a pla.smid~encoded resistance na.rker. The com~ 
plet.e stabilization of cloned. qenes may be performed. via 
their integration into the chromosome of the relevant vaccine 
st.rain. 
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In the most favourable case, the integration of foreign 
genes into the carrier vaccine strain would occur via homolo~ 

qcms recombination into a predefined region of the chrome~ 

some. Preferred targets for chrolnosomal i:nteqration are 

t.ho~e qenes or groups of qenes, the activity of which is 

either already affected, or is kn.own to be non essential for 

efficient · immunization with the vaccine . strain considered .. 

Alternative preferred ta:rqets for integration are those 
qenes, the inactivation of which leads to the attenuation of 
virulent stra.i:ns related tQ the relevant vaccine strain. 

In a particularly preferred elitnbodiment of the present in= 
vention, said set of qenes is inteqrat.ed into an H2s -locus, 
the j.lv locus, the viaB locus, or any of the ar_o loci of 

L tmh.5.. 

Preferred· target qenes for chromosomal inte9ration via 

homologous recombination into s. typhi TY21a may be a chromo~ 

somal locus involved in t.he production of ~2s {H2s locus). 
Another tarqet may be the ~ gene cluster (ilv locus) which 

encodes enzymes involved in the biosynthesis of the amino 

acids L~isoleucine (Ile)· and L~vaJ.ine (Val) • Finally, a 

third t.arqet locus may be the yia.ll genetic" locus encoding the 
Vi c;apsule ant.iqe:n o.f .§.. typhi. Indeed, the vaccine strain 
TY21a has mutations affecting qene expression at all three 
locl (Silva et al .. , J. Infect .. Dis. l.55:1077~1078, 1987). 

The preferred ehromosomml inteqratio:n sites for s. typhi 

CVD908 aay be any one or nore of the a~ qenetic loci as well 

as a locus involved in H2s synthesis since aroc and a~Q]) mu~ 

tations also :result in a lack of H2s synthesis. 

In another. particularly pref erred embodiment said set of 
genes is inserted into the blYA locus of y. chole~ae. 

1~he tarqet for chromosomal integration into y. c_hol~:rae 

strains CVDlOJ, CVDlOJ~HgR, and CV0110 may be hAyA, the gene­
tic determinant for the v. £bolerae hemolysin (b}YA locus). 
Indee~, disruption of this locus in CVDlOJ~HqR via the inte-
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gration of a mercury resistance genetic deterninant was sho~"n 
n.ot. to affect the immu.noqenicity of such live attenuated 
vaccine strains (Levine et ale, Lancet 2:467=470, 1988; 

Migase:na et al., Infect. Immu.n. 57:3261~3264, 1989). 

The xfi!, rfb and r.'f£ genes are in another preferred embo~ 
diment of the present invention integrated in ~andem into a 

single chromosomal integration site or independently integra~· 
ted into individual integration sites. 

These sites are preferably the ones which are non~essen­
tial for inducinq a protective immune response. 

In a further embodimen~ of.the present invention, the rfil 
genes are derived fron an E· coii strain and said rfb and rfc 
qeirnes are derived from the same or different qram~neqative 
ent.eric bacteria, preferably fron the same or different qram~ 
negative enteric pathogens. 

In a particularly pref erred cmmbodinent of the present in~ 
vention, said E. 9Qli strain is characterized by an Rl~type 
LPS core structuree 

The Rl~t.ype structure is also p~esent in §gigrella 'spe~ 

Thus, a colllllbination 0£ the components of the LPS of 

the present invention may comprise an s. fiQnnei o~antiqen. in 
a form covalently bound. to I.PS of the Rl core type derived 

fro~ Ee co1te Accordinqly, the heteroloqous S. sgnnei 
rfbLrfc qenes, on one hand, and the heteroloqous rfa qenetic 
deter .. inants for Rl~type LPS core structures from a different 
~ource organism, on the other hand, may be co-expressed in 
the desired carrier strain. Carrier strains for the·expres~ 

sion of com.p~ete ji. sonnei. Form I type LPS molecules may 

include, without. linitation, .§.e tmhi or V. .c.hole)rae live 

attenuated vaccine strains. Preferred §. typhi carrier 

st.ra_in may be the anti~typhoid live vaccine strain TY21a 
(Germ~nier and Furer, ibid.: u.s. Patent No. 3,856,935) or 

the ~;-QC ~t.Q.D deletion mmutant. st.rain CVD908 (Hone et al., 
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ibide) 1 whereas Ve ch9~ carrier strains aay be one of the 
~e:rotype classical (Inaba) live vaccine st.rains CVDlOJ or 
CVDlOJ=HqR (Levine et . al .. , ibid.) .. An alternative 
Ve ~...2.lerae carrier strain may be the serotype Eltor (Ogawa) 
liv~ vaccine strain CVDllO. 

In another preferred embodiment of the present invention, 
said qram=neqative enteric pathogens are Sh~lla !lQ!l~i, 

fillls.ella poydi;t, Sbigella six.se.n.te.riae or Shiaella flexnerj., 
pr~ferably Shigella flexne~t serotpye IIae The •ost prefer­
red ~trains are from the species Shiqella ~onnei. 

Another embodiment of the present invention relates to a 
vaceine strain wherein said rfi!,, rfb and L~ genes are all 
de~ived from said qram~neqative enteric pathogen, preferably 
fron Shigella sonnei, ~igell~ boydii, ~hig~l~A·d~senteriae 

or ShiJL~ll~ .flexneri, preferably from Sbigela t.l§xne.ti sero­
type Ila, ~nd most preferably from ,S.hiqella sonn_Cld,. 

A further object of the present invention is to provide a 
live vaccine for the imm.uniz~tion against qram~neqative 

enteric pathogens comprisinq a strain of the invention, op­

tionally in admixture with a pharmaceutically acceptable ex= 
eipient and/or buffere 

T~e vaccine of the.invention may successfully be used for 
the prevention of any disease caused by enteric pathogens .. 
Exanples of such· diseases are diseases caused by s. sonnei, 
Jl. }l.oydj.J., ~ .. d.y§Emteriag, s.n,exne__x_t, Salmonella ~_yphi, 

~ ~nterititis, E· £..OJ.i being enteropathoqonic, 
enteroheaorrhagic, enteroe:nvasi ve or enterotoxinoqenic, v. 
chol~~ae, Helicoq~cte~ pylo~~, and ·c1ostrid~um def_i_gi*e. 
Such an invent.ion may also prevent enteric dbieases caused by 
Giar~~ lAmbia and Entero~mo~ba b.i§tp_lY__:tj,Q_,ym. 

The vaccine of the invention is formulated according to 
standard procedures known in the art which consist of culti­
vatin9 said vaccine on an appropriate med~um, collect.ion of 
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~aid culture, mixinq such. cultured bacteria with an appro­

priat~ cryoprotective medium, lyophilization of said nixture 

under conditions which will yield ~0.1% of the initial bac~ 

terial count. after subsequent reconstitution, and. packaging 

into a container, said container preferably beinq a qelatin 

capsule, an enteric~coated gelatin capsule, qlass or plastic 

vials, or an aluminum foil sachet® Said formulation is de~ 

signed t.o facilitate the passaqe in a viable state of the 

vaccine through the ·stomach gastric acid barrier. 

The vaccine will usually contain as the effective aqent 

1x105~1x1010 viable bacteria, the preferred range being 

1x106=109 colony forming units per dose. 

The effective agent will preferably, but not necessarily, 

be admixed with a pharmaceutically acceptable cxcipient 

and/or buffer and/or any delivery system designed to deliver 

said vaccine strain in a viable state to the intestinal 

tract.o Examples of such excipients are a sugar, specifically 

qlucose, lactose, sucrose' or sorbit.o:n., a Dixtu.re ·of amino 

acid~, preferably a digest or hydrolysate of casein, 

teypt.one, pepton.e or heart~infusion preparation, or a combi~ 

nation of a suqar-anino acid nixtu.re, with or without a 

sweetening and/or flavoric agent, with or without an antioxi~ 

dant, preferably ascorbic or citric acid. 

Examples of said buffers are sodiW!!Tl carbonate, alone or 

in combination with a pbarnaceutically acceptable acid, pre~ 

ferably ascorbic acid, combined in such proportion.that when 

appropriately reconstituted, it yields a solution with a pH 

of 3 to 8, preferentially pH 6 to 8. 

Said vaccine is administered to vaccines by oral in~ 

qestion of an enteric coated capsule, ingestion of the 

vaccine organisms either after ingestion or inqested simul~ 

taneously with a buffer desig~~d to· neutralize gastric acid. 

The preferred route of administration is the oral routee 
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X9olation of hybridoma cell lines seeretinq monoclonal anti~ 
. . 

bodies (MAbB) speeifie for either the o~polysaccharide or the 

core moiety of A· sonnei LPS aolecules 

Bacterial strains and plasmids.. Bacterial strains used 

to imllhunize mice and for the characterization of LPS st:ruc~ 

tures with MAbs are listed in Table 1. 

Production of MAbse in order to isolate hybridoma cell . 
lines secreting the suitable MAbs, female BALB/C mice were 

repe~:tedly immunized i:ntraperi tonea.lly with about 5 .108 heat~ 

killed (1 hour, Go•c) cells of ~. §onnei Phase I strain SJGI 

resuspended in 500 µl of phosphate~ltm.ffered. saline (PBS). 

Spleen immune cells were fused with the non~producing myeloma 

cell line X6l~Aq8.653 (Kearney et al., 123:1548~1550, 1979) 

~s previously described (Lanq et ale, Infecte ID!tun. 57:2660~ 

2665, 1989)0 Hybridoma culture supernat~nts were assayed for . 
the production of a~ti~LPS antibodies by ELISA assays usinq 

purified LPS (see .. below) u Supernat.ants were screened in· 

par~llel for antibody bindinq aqainst LPS from s~ sonne~ SlGI 

and its rough variant 53Gll• Positive hybridomas were cloned 

by linitlnq dilution. Class and subclass determination of 

the ¥.Abs were perforned by ELISA (see below) usinq a mouse 

typer kit (Bio~Rad Lab., Richmond, CA, USA). 

Preparation of L~S. LPS were isolated by.the hot phenol 

method of Westphal et al. {Z. Naturforsch. i.reilD:l48~155, 

1952) and further purified by incubation in presence of ribo­

nuclease, deoxyribonucleasc and pronase treatments followed 

by repeated ultracentrifugation rounds as previously reported 

(maxiprep method) (Cryz et ale, Infect. Im.mun.. 44:508~~.>lJ, 
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1~84).. Purified LPS of rough variants of ~. coli (R4 core 

type) and s.. ~inmnum (Re and Rdl core types) were 
purchased from Biocarb Chemicals, Lund, Sweden. For fast 

~nalysis purposes, LPS were extracted from late exponential 
or stationary liquid cultures usinq a rapid small~scale mini~ 

prep Bethod (Hitchcock -and Brown, Je Bacterial •. 154:269~277, 

1983) .. 

SDS-=PAGE and immunohlots.. Analysis of LPS preparations 

by electrophoresis on sodium dodecyl sulfate=polyaceyla•ide 

gel~ (SDS~PAGE) was performed essentially as described. by 

!aemmli (Nature 227:680~685, 1970) on either 15% or 7.5-20 % 
aceylamide gels. LPS molecules were then silver stained 
usinq the procedure of Hitchcock and Brown (Hitchcock and 

Brown, J. Bacterial. 154:269~277, 1983). 

For imm.unoblot analysis, LPS separated on qel were elec­
troblotted onto nitrocellulose filters (Towbin et al., Proc. 

Natl. Aead. Sci .. USA 7«5:4350-4354, 1979). Blocking of the 

filters, incubation with antibodies and enzymatic detection 

of the imlmunoreactive Baterial were essentially as described 
previously (Lang et al., Infecte IllW!mlune 51:2660~2665, 1989). 

For i11m1unodot analysis o~ whole bacterial -cells, the lat­

ter were washed, resuspended in one volume of PBS, and 5 µl 

spotted onto nitrocellulose filters. The spots were allowed 
to drj' at room tem~erature and were then processed as for LPS 
immunoblots, startinq from the blockinq step, except that in~ 
cubations with the first and second antibodies were each for 
JO minutes at room temperatures 

BLISAo Binding assays were performed .as described 
(Bruder~r et al .. , J .. Immunol. Methods 133:263=268, 199"'0) with. 
the exception that for coating LPS was incubated for 2 hours 
at J7ec, followed by an overnight incubation at 4•c. Pcroxi~ 

da~e conju.qated affinity isolated qoat anti=miiouse. IqM anti~ 

bodies (Taqo, Burlin9a•e, USA, or Sigma Chemi~als, St. Louis, 
USA) were used as developinq antibodies. 
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Cbaracteriz~tion of the HJ.b~produeinq· ee11· lines. Three . 
hybridoma cell lines secretinq monoelonal IqM antibodies 
(MAD) directed aqainst ~ sonnei. LPS molecules were generated 

from BALD/c mice immunized wit.h hEu1t~killed whole cells of 

~. sonne.i strain 53GI. The bindinq of these MAbs to LPS iso~ 

lated from saooth (Phase I) and rouqh (Phase II) variants of 

S@ !!2»Mi strain SlG is shown in Table 2. MAb ~hss·and ShllS 
exhibited hiqh ELISA titers for the hiqh molecular weiqht 

(hmw) Fora I LPS consisting of core~lipid A and o~polysaccha~ 
ride_ :moieties, 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 •olecules with 

a preference for the Form· II LPS. Consistently, il!Dlunoblot 

analysis revealed that ShSS and ShllS bind to o~polysaccha­
ride bearinq LPS, whereas Sh9R specifically reacts with the 
core=lipid A 2oiety .. 

The specificity of Sh9R and Sh5S MAb was further examined 
by immunoblot analysis of LPS isolated from a panel of bac~ 

t.erial strains of knowr1 o~antiqcm specifi.city and IJ?S core 
structure. As shown in Figure l,· the o~polysaccharide speci­

fic MAb ShSS (~ig.. lB) recoqnized LPS molecules- from dif~ 

ferent Phase I strains of s. sonn.~i (lanes b and d) as well 

~s fro• strains M51 and C27 of ;e. sbigellgides (lanes k and 

l) r~ported to belong to the sue o~serotype as s·.. sonnei 

(Basu.et al., FEMS·Microbiol .. letters 2a:1~10, J.985; Raus~ et 

ale, Acta micro~iole Acade Sci. hung. 17:157~166, 1970) .. For 
all those strains only hiqh molecular weiqht (smooth) LPS 

~olecules were detected en the blot. · Furthermore, o­
poly~accharide determinants expressed by the s .. typb.i hybrid 
~train TYJ7 (lane t) were also recognized by ·MAb Sh5S al~ 

t.houqh :no hmw Phase I~like LPS could be detected by silver 
st~ining. Strain TY37 was constructed by introducing via 

conjugation the Tn5-taqged s. sonnei virulence plasmid pWR105 

from strain 482~7~(pWR105) into the :!·· typhi live oral 
vaccine st.rain TY2la, usinq the mobilizing replicon R386. 

Tl!.'ms, TYJ7 contains the whole ~. sonne.i virulence plasmid, 
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thereby being essentially equivalent to the hybr:id strain 

5076=1C (Formal et al., !nfecte Immun. 34:746-750, 1981; For~ 

mal et ale, U.S. Patent No. 4,632,830) with the further ad~ 
vantaqe that the virulence plaslmllid can be maintained more 

stably via selection for the transposon Tn5~encoded kanamycin 
resi~tance marker. According to the results presented here 

for TYJ7 and to published data for 5076~1C (Seid et al., Je 

B:i.ol.· Chem. 2sg:902s~90J4, 1984), both strains present simi~ 

lar properties as far as !? .. sorm.~..1 o~antiqen expression is 

concerned. 

Using Sh9R to probe the.same LPS preparations (Fig. lC), 

only those strains reported to have LPS molecules with an Rl= 
• 

type core structure could be recoqnized, namely s. sonnei 

(lanes b to d), g .. boydii type 3 (lane g), ~. il~i type 6 

(lanes i and j), a control~@ coli Rl strain (HF4704, lane m) 

and an R· .QQ.11 09 isolate {lane o). To our knowledqe, .the 

LPS core structure of s. po_.xd.U type l has not been described 

yet0 Since the reference strain ATCC 9207 (lane f) also gave 

a positive siqnal, we .conclude that its LPS. is of· the Rl 

type.. TWo possible LPS cc:u::e structures, Rl and R2, were 

doeumiented for ,1. S2li, strains cf the 08 serotype (Schmidt et. 
~l .. , Eur·.. J. Biochem. l.O: so1~s10, 1969: Schl!lidt et ·al. , Eur. 

J.. !!U.ochem ... 1fUJ82~J92, 1970): the pattern observed for 08 

~trai~ ATCC 23594 (lane n) indicates that it bears the. Rl~ 
type LPSu Two independent strains of ~· tlexne~i type 6 ~ere 

" al~c testedo Althouqh sinilar amounts of LPS of both strains. 

were loaded onto the qel (Fiq .. lA, lanes i and j) , one of 
those (ATCC 14025) provided. a weaker signal with Sh9R MAb 
(lane j) whereas the second 'strain (S32l, lane i) / and .. othe~ 
clinical isolates from the same source (not shown), gave a 

hlqher sig-nal. These observatlons may ind.icat.e some variabi~ 

lity in the core~lipid A reqion of different ~ .. fle~eri type 
6 isolates. Finally, Sh9R .MAb did. not recogrnize LPS fron 

.f .. filU,_g_elloides strains M51 and C27 {lflnes k and l) al~hough 

$eroloqical and chemical analyses suqqest.ed that they nay be 
of the Rl core type {Table 1) .. Binding activity of Sh9R ;MAb 
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was detected neither with Ra, R2, RJ, R4, nor with K~12 LPS .. 
Ill addition, binding was not observed with y:. chol§.rae sero­
t.ype 01 LPS of either the. Inaba or the Oqawa subtype (data. 

not. shown) .. 

~he .reactivity of the eore~specific.MAb Sh9R was also ex~ 

amined in an immu.noblot. of LPS preparations from clinical 

isolates of ,B .. £QlJ. and EseucjmaoJl.U aeruqinosa with o~sero~ 
types among the most freqt~ently encountered in nosocomial 

ca~es of bacterial sepsis (Cryz, p.317~351.. In R. Germanier, 
ed., Academic Press, Inc., Orlando, USA, 1984; cryz, p.186~ 

195. In S.J .. c:ryz, Jr, ed., Pergamon Press, Inc., New York, 
USA, 1990; Orskov and orskov, Methods in Microbial. 14:43~~ 

112, 1984) {Table 3). Among the E. c~i strains, seven out 
of ten (with 01, 02, 06, 07, cns, 025, and 075 serotypes) 

gave a strcmg reaction indicating that despi t.e their wide 
rarMJe ·of o~a.ntiqen serotypes they bear LPS with a R:D.~like 

core structuree In contrast, LPS· preparations fr~m nine cli~ 
nical isolates of ,E .. aeryginosa failed to react· with Sh9R 

M:Ab. 

Prepar•tion or a gene hanlt of the s. sonne,t virulence 

plmsnid. As a first step towards the cloning of the 
s. ~onn~.i .t:.O>Lrf c qenetic locus, a gene bank of the larqe 
virulence plasmid was prepared in the low copy nunber cosmid 
vector pLAFR~5. Plasmid DNA purified fron ~.- sonnJ!i strain 

482-79(pWR105) (Table 1) was partially diqested witli the re~ 
strict.ion enzyme ~au:tAI. and size selected 20 to 30 kilobases 
(kb) long DNA fragments wer~ cloned in the BamHI site of 
pLAFR=5. .In Yl,t~o packaqinq of DNA was done usinq a co~er­
cial kit (GiqapackR II. Plus, St.rataqene, ·La Jolla., CA, USA) 
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accordingly to the Banufacturer's instructions. Packaqed DNA. 
was transfected into·~. poli K~12 strain HB101 (Table 4) and 

transfected cells selected on tetracyclin (12.5 mg/Dl) 

plate~@ Resistant colonies were resuspended in liquid 
mediWIIDl., pooled and. aliquots kept frozen in presence of 40% 

qlycerol at = 1o•c. 

Sereeninq or tb.e cosm.id bank for colonies expressinq 

S@ ~onn~i o~antiqene One frozen aliquot of the cosmid bank 
was diluted and plated. for isolated colonies on tetracyclin 
plates. Grown colonies were transferred onto nitrocellulose 
membrane filters (Schleicher and Scbuell, Feldbach, Switzer­

land)@ Filters were then processed for immunodetection 
a.cmordinq to published· protocols (Sambrook et al. ~olecu.lar 

Cloning, 2nd edition, Cold Spring Harbor Laboratory Press, 
Cold Sprinq Harbor, USA, 1989)e Probinq the filters with the 

Su £...~ o~antiqen~specific MAb SHSS resulted in the isola~ 

tion of 15 independent positive clones. After further propa~ 
qat.ion on selective plates, all the clones were still 

strongly reactinq with Sh5S and the cells could.be agqluti= 

nat.ed in the presence of an anti~s • .f!ODDll rabbit polyclonal 

ant.i~erum pre~adsorbed against s. §o.nnei Phase II cells .. 

FolU" clones (pSSVI108, 109 11 · 110, · 111) were further ·charac~ 

terized., 

Re~t:riction analysi_s of positive clones.. Digestion of 

candidate .t:.tb.LrfQ. clones with restrlct-ion enzymes qave almost 

identical patterns for clones pSSVI109, 110, and 111 whereas 
clone pSSVI108 only partially overlapped with the other ones. 
The .:i. so,.nn,ll rfb/rfc qene cluster could be subcloned on a 

BallHI fragment of about JO kb, encompassing almost the whole 
pSSV~l08 insert, into the Bam!ll site of the low copy number 
vector pGB2. The resulting clones, pSSVIllJ and pSSVlll4, 

bear the JO kb Bamlit fraqment in either orientations. As re~. 
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vealed in Fiqu.re 2, the inserts present. in clones pSSVI113 

and pSSVI109 overlap by about 20 kb. However, a DNA. segment 

of about. 10 kb on one side of pSSVIllJ/114 insert (left end 

of pSSVIllJ insert as depicted in Fiq e 2) is absent in 

p$SVI109. The same DNA seqnent is also missinq in other in~ 

dependently isolated rf~ cosmid clones, such as pSSVIllO and 

111 (data not shown). Finally, a critical exanination of the 

restriction maps of Fig. 2 clearly shows that the DNA seg­

ment~ relevant to the present invention differ from the ones 

de~cribed in a previous study by Yoshida et al. (J'. Gen.. 

Microbial .. 137:867~874, 1991) .. ·· 

%9olation of the virulence plas•id ninimal replieon. The 

DNA region from the s. so~nei larqe virulence plasmid which 

i~ unique to pSSVI113 could be excised! from the latter on an 

]lcoRI fragment of about 7 kb (see Figs 2). Interestingly, 

when cloned aione into the EcQBI site of the suicide vector 

pGP704, giving rise to plasmid pSSVIl62, th.is 7 kb fragment 

wa~ able to suppress the pGP704 replication deficiency in 

non~permissive hosts, such a.s 1, .. £..oli K~12 strain DH5a.. The 

mime suppression effect was observed after subcloninq of. a 

3 kb ID!i\l. fraqnent. internal to the 7 kb jl:coRI fragment of 

pSSV!llJ into the pGP704 Saal site (plasmid pSSVI163). These 

observations suqqested that the about 30 kb .QamHI insert of 

plasmids pSSVI113 and pSSVI114 contains, in addition to the 

:; •.. so:nne.l, rfb/rf.Q locus, a segment of DNA. which is able t.o 

s@lf~replicate. In order to confi:nTi this., the isolated J!.amJ,U; 

insert of pSSVI114 wafii li91ated to a BamHI. DNA fraqment ·of 

about :n. .. 3 kb fron. plasmid pWW84 encodinq resistance to the 

antibiotics kanamycin. The liqation mixture ~as· transformed 

into E .. coli D!fl5a and transformed. cells sel0cted on plates 

with 50 miq/ml ~f kari.amycin. -Thereby, a ka.namycin~resista.nt 

(KmR) clone was isolated, named pSSVI161, which, by restrie­

tion and physioloqical analysis was shown to contain no pGB2 

vector sequences. . Plasmid pSSVIl61 replicates at a reduced 
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copy number as compared to pSSVI114. Cells bearing pSSVI161 
expressed high amounts of s. sonnei O=antiqe~ detectable with 
the ~e sonnei o-antiqen specific MAb SH5S. 

We conclude then that ~e BamHX DNA fraqment present in 

plasmids pSSVIllJ and pSSVI114 contains an internal DNA se~ 

quence which behaves as an autonomous replicone The relevant 
sequence could. be ma.Jt>ped to the left end of the insert of 

pSSVlllJ, as shown in Figu 2, within a 7 kb ~~R.L fragment 
and a 3 kb SmaI fragment internal thereof. This DNA region. 
may encompass the origin of replication of .§... .sonnei ~arge 

virulence plasmid that we.propose to call oriVIR. This would 
i~ply that the ~fblrtc locus •aps extremely close to ~~iVIR 
on the Se §tonnei virulence plasmids 

Subeloning of .B.· sonnei rfbLrf~ qenes independently of 
the adjacent oriVXR fragment. Knowing the position of griVIR 
within.the insert of ·pSSVI113 and pSSVIl14, we then attempted 
the su.beloninq of the 1:.._f!bLrfe l"Oeus independently of the 

adjacent internal replieon. For this purpose, pSSVI113 was 
partially digested wi~.h ~, self=liqated and the ligation 
mixture transformed into .B,.. .QQU DH5a with selection for the 
pGB2~encoded spectinomycin~~esistance ~arker. We could 
thereby isolate transfo:rlYlants which stably expressed 
s ® ~onnei o~antiqen while la.eking the 'J kb ori VI_B.~bearinq 
~..1.L.!U. fraqm~mt. Plasmid DNA isolated from one transformant 
colony was shown to contain only the riqht_part of pSSVlllJ 
·insert (18 kb ~ 5 kb B2QBl fraquents, see Fiq. 2) linked to 
pGB2.. The corresponding clone (pSSVll65) has a total size of 
21 .. 5 kb, includi-ng vector sequence (Fiqe 3). 
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Cloninq and physical mapping of Bo coli R1 rfa genes 

Preparation of an E. ~oli R1 chromosomal bank. The qene-
. . 

·tic determinants for the biosynthesis of LPS nolecules of the 
R1 core type were cloned from a chromoso:imu1l qene bank of 

i· Q.O~i Rl strain HF4704 (Table l). Purified chromosomal DNA 

was partially digested with Sm.llAI restriction enzyme and 

si~e~selected (20~Jo kb) fraqnents frollm a sucrose- qradient 

were ligated into cos~id vector pLAFR=S. .l.n vitJ:Q. packaging 
of ligated DNA and transfection of ~. coli K~12 strain HB101 
wa~ pe~formed as described in Example ·2. The bank wa~ kept 
fro~en in presence of 40% glycerol at ~1o·c. 

screening ·of the bank for the expression of Rl-type LPS. 

Tran~fected colonies ~.rown out from the frozen. bank were 

treated as described in Example 2, except that. probing was 
usinq the Rl core~specific MAb Sh9Re Initially, two clones 
were isolated, named pSSVll06 and 107, which expressed Rl~ 

type LPS on the cell surface. 

Restriction mapping or the rfaR1 clones pSSVX106 and 

p8SVI107 o Physical maps of plasl!lltids pSSVIl.06 and 107 car~ 
eying the ~Rl qenes were constructed with respect to re~ 

striction enzymes Ba1!!Hl and HindIII (Fige 4). Comparison of 
these maps and Southern hybridization analysis (Southern, J. 
Mol. · Biol. 98:503~517, 1975} of plasmid DNA preparations 

usin~ su.bfraqments of pS$VI106 and pSSV'I107 as probes re­

veal~d a 4.5 kb BamHI fragment and the adjacent 2.5 kb BamHl­

Hi~.Ill one as the only coamon fraqments. Accordingly, sub­

cloning of the 4. 5 kb J)amHI · fraqment. alone from plasmid 
pSSVI106 into vector pCL1920 leads to plasmid pSSVIl06~:ll. 
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which expresses an epitope recognized. by MAb Sh9R, although 
less stronqly than the parent.clonese This result indicated 
that soDe information was lost after subcloninq. In order to 

better define this loss, BainHI (pSSVI107=5, pSSVIl07~6), 

Himttll (pSSVI107~3, pSSVll07~4, pSSVIl07~7) and Bgllt 

(JPSSVIl07~9) subclones were isolated fro]JD. pSSVIl07 e The DNA 

fragments of pSSVI107 present in those plasmids and the de~ 
qree of reactivity of I· coli ·K~12 cells bearinq each sub~ 

clone with MAb Sh9R are shown in detail in Fig. 5. Response 

of t.b.e subclones to Sh9R varied from :nil to full .. 

Interestingly, the stronqest r-espon~e did not. come fro~ the 

association of the fragments shared between pSSV!l06 and 107, 
but. from pSSVI107~5, · a clone which carries a 9 kb BamJII 

subfragment from pSSVI107 which overlaps the 2.5 kb, but not 
the 4 G !> kb :fra<JDent. Southern analysis indicated that the 
~ kb fragment shares extensive homology with a 17 kb l)amliI 

~ragment from pSSVll06, although they do not seem to overlap. 

Possible explanations for this discrepancy included 

rearrangements or chimeric composi~ion of at least one of the 
clone~e To clarify the latter point, the 4e5, 9, and 17 kb 
bmH.I. fragments were f~rther hybridized to total digests of 

Ee poli. Rl chronuosonal DNA. Both the 4: .. 5 and 17 kb bands 

wer~ identified at their expected 
hybridized to a 17 kb fraqmente 
pelrt of the 9 kb D~mHI fragment 

sizes whereas the 9 kb band 
This result indicates that 
present in pSSVI107~5 -must 

correspond to the distal part of the 17 DADHI kb fragment of 
pSSVI106 .. - Thus, some ·DN~ rearranqements may have happened 

within clones pSSVI106 and/or pSSVI107, eit~er by deletion of 
~n extensive internal fragment or from the liqation of one or 
nore non=adjacent sllllller fragwent(s) durinq the preparation 
of the gene bank. 

1~0 dispel any doubts, further xfA clones were isolated. 
f roi:iil the E.. coli Rl chromosonal bank and nammed pssv:r 12 3 to 
131. Out of nin~ clones analyzed, seven were found to have a 
similar BamHI~H.indIII restriction pattern. The 4.5 ·kb BamHJ 

and 2.s kb ~~Hin4III fragments collDton to pSSVll06 and 107 
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are :always present in the new clones, indicat.inq that. t.hey 
should play a central role in the expression of the rhRl 
core u The restriction maps of three of the new clones, 
pSSVI123, pSSVI125 and pSSVI128, are shown in Fig. 4. 

Happing data, together with evidences from expression studies 
pre5ented below (Examples 6 and 7), allow to define an over­
lap reqien of about 13 .. 5 kb (black area in the map of 
pSSVIl28, Fig.. 4) which may be close to the minim.al DNA 

lenqt.h required for full expression of the Rl LPS core in E· 
coli K~12. outside this reqion clones, such as pSSVll06 and 
pSSVI101, may have underqonc ~ome rearrangements. However, 
an addi tiona.1 DNA s~gment of about 3. 5 kb {hatched area in 

tJu~ map ~f pSSVJI:l.28, Fig .. 4) see"mS t.o. be required for full 

expression of the R1 core in other strains, such as, e.g., s. 
t..XRhi and V .. phoJ,erae. Thus, the whole l:t!!Rl locus defined 

here has a size of about 17 kb (black and hatched area in 

Fiq. 4). 

southern hybridization analysis of the ~~ locus from 

4ift'erent entercbaeterial species with LPS of the Rl core 

typeQ The deqree of sequence similarity between the cloned· 

~Rl locus and corresponding chromosomal DNA sequences pre­
sent in diffe~ent enterobacterial strains with reported 
Rl-type LPS (Example 1 and Table 1) was exa.:mdned using the 
4 .. 5 kb and 9 kb Dadl fraqDents of pSSVI107 and the 17 kb 

~ fragment of pSSVI106 as probes for Southern analysis .. 

Ret:;ul ts showed sequence similar! ty to chromosomal DNA iso-
. . 

la.ted from ~. ~ 09, s. ~ SJGII, ~· i.l.exneri serotype 

6 {SJ23), s. tlexne~i serot.ype 6 (ATCC 12025), ands. ~oydii, 

serotypes 1 and J. There was no detectable similarity to ~. 
£P-l.i CGOO and .f .. sb;igelloi4e1J C27 chronosomal DNA. Thus, 

there is a perfect match between data obtained by DNA:DNA hy­

bridization using rfaR1~specific probes and the im.munodetec­
tion of Rl~type LPS with the Rl core specific MAb SH9R (see 

Example 1).. However, the interspecies similarity of x.__fa 
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genes is apparently not complete since the target fraqment 

sizes for one given probe showed substantial varia.t_ions, re­

vealing a certain de9ree of restriction polynorphism between 
bacterial species with rfa genes encoding Rl~type LPS (data 

not shown). 

Cloninq and physical nappinq of S@ sonnei rfa qenes 

Preparation of a s .. f:fOtmei chromosomal qene bank. In or.~ 

der to clone the s. ~onnfil xfa ( rfasonnei) locus encodinq 
R1~type LPS core structure, a cosmid bank of ~9 son~ chro~ 

Dosomal DNA was prepared in cosmid vector pLAFR~5. Purified 

chro~osomal DNA from s. sonnei SJGII (Table 1) was partially 

d.iqested wit.h SauJAI and size~selected (30 to 40 kb) fraq= 

ment.s ligated into . the BgHI site of pLAFR~s & In vitx_o 

packaginq and transfection of X· .QQli K~12 strain HB101 were 
as described in Example 2. 

Sereeninq of the gene bank for clones ~xpressinq 

~oonnei genes and restriction :m.appinq of sone isolated 
elone~e Transfectant colonies grown out on selective plates 

from the frozen bank were screened for expression of the r~~ 
genes using Sh9R MAb as described in Example 2e Six out of 

sixteen isolated positive clones, named pSSVI232, pSSV!23J, 

pSSVI234, pSSVI249, pSSVI250, and pSSVI25l, were napped with 
respect to EcoR.I, BaEJil, and HiP4III. restriction enzymes and 
shown to carry widely overlappinq DNA inserts. · As an ex~ 

a~ple, a restriction map of clone pSSVI250 is shown in Fiqure 
6e 
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Expres~ion studies of §u sonne! rfb/rf c genes in heteroloqous 

qenetic baek~rounds including live vaccine 5trains 

Selected .§.. . sOnJUli xfbLi;:fc clones were transferred via 

electrotransformation or conjuqation/mobilization methodo­

loqies into different strains and the expression of s. ponnei 

O=cuat.iqe·n was examined using MAb Sh5S for the immunodot. blot 

analysis of whole cells and in im:munoblot experiments of LPS 

preparaticms as described in Example :1.. Results of one typi~ 

cal immunoblot experiBent .a.re presented in Fig e 7 for dif­

ferent strains (Table 1 and 4) bearing the rt»Lrfq, cosmid 

clo:m~ pSSV:I109. 

In both a. sonne1 Phase II variant 53GII and Ea coli K~12 

st.rains (lanes d, e, q, and h), the expression of rfblrtc 
genetic deterainant resulted in the synthesis of large 

a&ounts · of high molecular weight (hmlw) Form I type LPS de~ 

tectable as a ladder both by SDS~PAGE analysis and silver 

staining: of LPS minipreps and on the immunoblot. usinq MAb 

Sh.SS., Thus, the expression of the cloned J"fb/rfc qenes in 

the above st.rains resulted ·in tlle fUlli!lle LPS pattern as in 

S .. .§O:nnei Phase I strains (lane b). . This shows· that the 

a_o ,&lOtmei o-antiqen expressed from clone pSSVI109 may be 

coupled not. only onto the homoloqous Rl. LPS core type but 

~l~o onto the K~12 core. Stronq evidence for covalent 
linkage of the o~antiqen to the K=l2 core came out of the 

fact that LPS maxipreps (hot phenol method, see Example 1) 

prf)vided the same pattern as LPS minipreps (lanes q and n). 

In contrast, as observed for the s. ~ypbi/S. sonnqi hy~ 
brid strain TYJ7 (see ExaDple 1), no ladder of silver stained 

hmw LPS could be correlated with the expression of the 

~fb/rfc genes in~- t~ strain TY21a (lane j). ~. sonn~i o~ 
antiqen molecules produced in the latter strain were detected 
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as a s11near with a few faint discrete bands in the inter~ 

Dediate molecular weight region when probed with Sh5S MAlb in 
an hmmnoblot.. Moreover, most of this material was lost 

durinq LPS purification via the hot phenol method (lane k) 

indieatinq that it is 
Finally_, expression 

CVDlOJ=HqR (classical 

only loosely bound to the cell surface. 

of tl_b. qe:nes in V. pbqlerae strain 

Inaba) (lanes m and n) also resulted in 
the production of s . .§Q.~n,ei o~antiqen in a form unbound to 

LPS core, although in larger aJDmounts as in TY21a.. Good 

levels of unbound ~- sonnei o~antiqen were also observed in 
y. chol~ ~train CVDllO (Elter Ogawa) (lane p). 

The detection of · hiqh amounts of Sh5S~:reacti ve LPS in 

prepara:tions of J,. coli K=l2 and s. sonm~J. strains bearing 

clone pSSVI109 demonstrates that the cloned. genes actually 
correspond to the s. sonn'!i, r~ locus responsible for the 

biosynthesis and assembly of th.e s.. son~i o~antigen di= 

saecharide un.tt structure.. In addition, the ·fact· that a 

larqe part of the o~antiqen produced. is presen_t in the form 

of. hmw Fora I typ~ LPS is conpatible with the presence within 
the cloned DNA fragment of the ~fc locus encodinq the o~anti­
qen polymerase. From the above data, however, a complementa­
tion. effect. by a chromosomally encoded .I:fs ·locus cannot be 
excluded. Therefore, LPS patterns associated with different 
clone~ and subclones.were examined in the~. coli K~12 strain 
SF874 which presents a chromosollmlal deletion that renoved the 

whole :1 .. gill x~12 rfb[r~ locus. As shown in Fig .. 8, cosnid 
clone pSSVI109 and subclones pSSVIl14, 161, and 165 provided 
the same LPS pattern in SF874 as in the control E. coli K-12 
~tr~in. These results show that all plasnid tested contain 
the complete qenetic information necessary and sufficient for 
the synthesis of long cha.in .:i· §ionnei o~anti9en l!ll!lolecu.les 
which are presen~ as Form I type LPS. 
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~xpression studies of E. coli R1 and s. §.On~ei ~fa qenes in 
hetcroloqous qenetic backgrounds includinq live vaccine 
strai:m; 

A detailed study of· the expression of some of the r_f,gRl 
clone~ described in Example J was performed in order to pin~ 
point the minimal DNA longrth necessary and sufficient for the 
production of LPS n~lecules o'f the Rl core chemotype.. Ex~ 
pression levels and types of LPS produced were deternined by 
immunodot blot analysis of whole cells and by iltmunoblot ana~ 
ly~i~ of LPS preparations using the Rl eore=specific MAb 
Sh~R. 

As illustrated for some clones in Fiq. 9, and sulmlltarized 
in Table 5, the requirements for producing a Rl~type LPS core 
a.re s:i.mila.r but not identical in E .. · ~ol.i K-12 and s. :tn?hi., 
which are characterized by structurally related indiqeneous 
LPS core structures (Luderitz et al., cur~. Top. in Membranes 
and Transport 17:79~149, 1982; Jansson et al., Eur. J@ Bio~ 

ch~llilil. /1 :U.5:571-577, 1981), whereas v. cholerae has more 
strinqent requirements. Most of the original plasmid clones 
{pSSVIl06, pSSVI107, and pSSVI123 to 130) expressed strqnqly 
reactinq :LPS cores in §.. typhi (with the exception. of 
pSSVI127. and pSSVIllO givinq a low siqnal). On the other 
_hand, subclone pSSVI:t07~3 gave an intermediate siqnal in 
~@ ~oll K~12 but. .was negative in ,S.e typhi. In y. ~holerae 
CVDlOJ=HqR, only some of t.he cosmid clones qave a. strong 
siqnal; pSSVIl06 showed a weaker response, and pSSVI107 was 
eve~ weaker probably due to· its instability.· Finally, sub~ 

clone pSSVI107=5 was negative in CVDlOJ-HqR while being 
stronqly positive in both ~- ,gglt x~12 and ~- ~yphie 

· The same analyses were performed with r.:fa!mirmei clones 
pSSV!2J2 to pSSVI2J4 and pSSVI249 to pSSVI251. All six plas~. 
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mid~ were conjuqated into §e t_y_pJli, TY21~ and v. chru.er(!e 

CVDlOJ=HqR, and their expressio~ wa~ studied like for [faRl 

clones. Whereas expression in ~. coli and Se tYD..hi was simi~ 

lar, only two (pSSVI249 and 250) out. ·of_ the six clones were 

positive in v. cholerae. To determine whether this lack of 

expression stemmed from incomplete infonmation or from plas~ 

mi.d :instability, plas1nid minipreps were made from CVDlOJ-HqR 

and! TY2la transconjuqants and used to transform back E.. coli 

K~12 strain DHSa. Results showed that only two out of five 

DNAs extracted from v. cholerae had deletions. since, how= 

ever, ·two of the unrespondinq.DNAs were intact and expressed 

the Rl~type LPS after back~transfer into DH5a, we conclude 

that. these . clones lack some essential det.e:nmina.nt for the 

expression of· the ·Rl LPS core in V. cholerae.. . Altoqeth.er, 

the best. clone was pSSVI250 which was positive in all strains 

and remained structurally unaltered, even in :!l· cholera.e. 

Plasmid pSSVI249 was unstable in CVDlOJ~HgRe 

co~e:xpression s~u4ie~ of s. sonnei ~fb/rrc genes and E. coli 

~rfa genes i?;\uheterologous genetic back.grounds 

As discussed in Example 5, the expression of .S. •. sonnei 

.r_fb/rfc qenes in ~@ typhi and y .. choJ~~ae. candidate vaccine 

st.rains 1 resulted in the production of o~antig-en molecules 

present at the cell surface in a. form unbound to the LPS 

core.. :n::n order to .test the co~cxpression of s ... rumnei 

tlb/rfc genes and rfa genes encodling Rl .;.type LPS (either 

X.~Rl or rfasonnei)' we made use· of S. s9nnei rfb/rfc sub~ 

clones in plasmid v~ctors compatible with the pLAFR~S repli­

con. The reactivity of double recombinant strains with both 

Sh!:liS and SH9R MAbs was examined in iir.m1umdot. blots (whole 

cells) and imnunoblots of LPS lmdnipreps. 
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Typical results are presented in Fig. 10. In .§. l:Ynhi 

TY2la 8 ladder of hlmlw LPS bearing ~. sqnnei O=antiqen were ob~ 

served in both silver stained S~S~PAGE ~els and in an immu~ 

:noblot using MAh SH5S for, e .. 9., the rfb/rf_c clone pSSVI165 

associated with the ~Rl- clone pSSVIi2J and t.he t:fason~ei 

clone pSSVI250 (Fig 10, lanes f and h). Inv. cholerae strain 
CVD103=HgR, attractive combinations were, e.q., the rfb/rfq 
clone pSSVI165 toqether with the rfaRl clones pSSV!123 and 

pSSVI128 (lanes m and n), a stronger response beinq qeneraliy 

observed with the lattera pSSVll25 associated with pSSVI162 
provided the same pattern as 'pssvI12a (data not shown) • A­

ladder of hmw LPS responding with ShSS was also dete_cted with 

r(aso:rrmei clone pSSVI250 (la.ne p). In all cases the presence 

of rfa clones directed the synthesis of LPS detectable with 

the Rl core=specific MAb SH9R. However, the.response to Sh9R 
was co~siderably reduced for th~se strains carrying both 

plasmids together (lanes f, h, m, n, and p).. ~his effect 

most -1ikely resulted from the maskinq. of Sh9R epitope by co~ 

valently bound o~antigen molecul~s. 

In conclusion, it appears that the co~expression of both 

suitable. r_fa genetic determinants encodinq Rl ~type LPS and 

the .§... §On:nei ;:fl>/rfc locus in the candidate - recombinant 

~trains TY2la and CVDlOl-HgR leads to the synthesis of com~_ 

plet~ o-antiqen~bearfnq :tPS molecules of the sane type as the 

on~s present in virulent strains of ~e ~onne.i. 

Inmunofluoreseence detection of ~. sonnei o~antiqen and R1-

type LPS at thft surface of recombinant strains' 

In case the s.. sonwll, -O=antigen and/or the Rl-t.ype LPS 

produced in recombinant strains bearing the cloned rfb/rfc 

and tl~ qenetic determinants are exposed. on the surface of 
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the carrier cells, one should be able to detect them by im­
munofluorescence nicroscopy usinq the respective KAb·ShSS and 

Sh9R ~s the first antibodies. such an analysis was performed 
as described (Lanq et al., HW!lll. Antibod. Hybridomas 1:96~10J, 
1990) with selected strains and clcmes .. Data a.re. summarized 

"in Table 6. Recombinant strains bearinq the various !i,. 

§onru:tl. r-l!bLrfc clones were stron9ly positive when probed with 
MAb SHSS. In each case, the reactive material was found. 

associated with the cell surfaces This was even true for s. 
tv»hi TY21a bearing the sole ~fc clones, in ·which the o­
antiqen produced is not bound' t.o the LPS core (see. Example 

5).. Interestingly, .§.. !:;yphi TY2la. containing both rfaRl 

clone pSSVI123 and rfb/r(Q. clone pSSVl165 were as expected 

stronqly positive with SHSS but only weakly positive with the 
core~fjpecific MAb SH9R. The same was true for s.. f!pnnei 

str~in 53GII bearing clone pSSVI109. In agreement with immu= 
noblot data (see Example 7), these observations suqqest that 
the covalently bound o~antigen sterically prevent the access 
of the core~specific MAb to its tarqet. 

Thus, LPS components produced in recombinant strains 
under ·the control of the cloned ;:fb/rfc and rfa qenetic 

dete:ndnants ·are present at the surface of the cells in a 

form accessible to exoqeneous antibodiese Th.is configur~tion 
may be most favourable for the stimulation of an immune re~ 

sponse towards s. sonnei o~antiqene 

Immuno~enicity of ~· cholerae strain CVD103~HgR bearing 
S@ ~o~nei ~Lrfc clone pSSVI109 

In order to test if recombinant strains expressing 
S. spnnei 2::$Wtirutn may stimulate a:n ·immune response aqainst 

.s, .. JiQnnei Phase I cells, the immunogenicity of y. cholerae 
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strain CVDlOJ~HqR and a rifampicin~resistant (RifR). deriva­

tive thereof, both bearinq ~. sonn_~i r~~fc clone pSSVll09 

were examined via repeated intra?Dmuscular immunization of 
rabbitse For some unknown reason, pSSVI109 proved to be more 
stable in the RifR mutant strain. Control strains were 

CVDlOJ~HqR and s. sormei, Phase I strain 482~79 (pWR105) • 

Rabbits were injected. three times at about 15s."day intervals 

with a 1 ml suspension of heat-killed ceils (day o, J~4x108 

cells; days 15 and 29, 109 cells). At days o, 14 a:nd 35, 

blood probes were withdrawn and examined for the presence of 

anti~so~i Phase I and anti~p,.b_olet:M classical Inaba anti­

bodies by aqqlutination and/or ELISA testse 

As shown i:n Table 7, rabbits immunized with t~e recom­
binant strains provided siqnificative antibody titers against 
~· .§S!pne~ Phase I and ~. cholerae cells as detex-mined by aq~ 

glutination tests and by ELISA assays usinq ~. sonnet phase I 
and Ve cholerae purified LPS as the coating antigen. 

Thus, it appears that s. ~onnei o~antiqen molecules pro~ 

duced by recombina~t v.. @ol~rM live v~cci:ne strains ex~ 

pre~sinq the cloned ~- §Pnnei rfb/rt~ genetic determinant are 
accessible to the immune system of vaccinated rabbi ts and 
stimulate a siqnif icant production of serum antibodies 
aqainst both v .. cbolerae and§.. so:nnei Phase I LPS molecules. 

Unlike the wild type strain TY2, ~- ~i strain TY21a is 
k~own to have a H2s~ phenotype {white instead of black 

colonies on Kliger-Iron-Agar, KIA, plates) (Silva et al., J. 
Infect. Dis. 155:1077~107&, 1987). ·Thus, the qencs re~ 

sponsible for the production of H2s on KIA plates may be a 
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good tarqet for chromosomal integration of cloned qenes into 

TY21a e Accordinqly, we isolated. the corresponding ge:netic 

locus (H2S locus) fron the parent strain TY2s 

The H2S locus was cloned from a partial SauJAI chrono­

sol1!lflal qene bank of Se typhi strain TY2 est~blished in the 

~I site of vector pUC18. E. pg4i K~12 DH5a competent cells 

wer~ transforned wi~ the bank and. plated onto KIA plates 

containi:nq 100 mq/ml of ampicillin. Three stable clones 

giving rise to black colonies were isolated and named 

pSSVI120, 121, and 122. Rest~icti~n mappinq showed that the 

clcmed DNAs partially overlap. Restriction maps of clones 

pSSVI120 and 122 arc shown in (Fig. :u."1). 

Pla.smids pSSVI120, 121, and 122 were introduced into 

TY21a via electropora.tion. However, none of the trans= 

forDants presented black colonies on.KIA platese In parallel 

we observed that TY2la is transformed at a low frequency with 

high copy number vectors, such as pUClS, as compared with low 

copy m.mmer vectors based on the pSClOl replicon, such as 

pGB2.. Therefore, we subcloned the a2s locus on a 4. 5 kb 

.IP-2RI fraqBent fron plasmid pSSVI122 into the ·EcoRI site of 

plasmid pGB2 to give pSSVI132 and 133,· careyinq ·the 4 .. 5 kb 

insert in either orientation. Both plasmids still conferred 

the expected phenotype in DH5a while being negative in TY21a. 

How~ver, since plasmid DNA extracted from one TY2la trans~ 

formant still conferred the H2s+ phenotype when transferred 

back into DH5a, one nay conclude that the cloned genes alone 

are unable to complement TY21a deficiency.. This suqqests 

tl!:mt. the H2s~ phenotype· of TY21a results of mutat.ion(s) in 

either another or in more than one region of the chroaosome. 
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DfHBiqn of vectors for tarqeted! inteqration of cloned qe:nes · 

into the s. ~~hi u2s chromosomal locus 

The inteqration of larqe (e .. q. 2o~JO kb) !DNA fragments 
into the chronosome _of TY21a ~ay requi~e the presence on the 
lntegration vector of an extended DNA reqion of sequence 
similarity with the target locus.. In order to derive an in­
t.e~ration cassette, a 6 .. 8 kb KmlX~BmuuBl fragment from 
pSSVI120 (Fig-. 11) was subcloned into vector pMTL2lJ.ll!..Y'NE, 

giving plasmid pSSVI148. A 24 bp synthetic oliqonucleotide 
corre~pondinq to B.§mH~, HQtI, and ~ restriction sites (BNS 
casm~t.t.e) was then introduced into either the E~oBI or the 
.s.uI sites approximately· in the middle of pssv1120 insert, 
resulting in plasmids pSSVIlSO and pSSVI151, respectively. 

In order to force integration into the chromosome, the 
genes to be integrated have to be introduced into the 
recipient strain on a so~called suicide vector based, eeg .. , 

0~1 the temperature~sensitive pla.snid pMAK700. The suicide 
. . 

property of plasmid pMAK700 comes out of the fact that it is 
replication deficient at hiqh temperature (42 to 44•c) 

~hereas it normally replicates at the permissive temperature 
{JO"C) (Hamilton et al .. J,. Baeteriol. 171:4617~4622, 1989) .. 

Therefore, rare integration events into the chromosome of.the 
recipient strain may be selected for by shiftinq the cell 
population from the penaissive to t.he non~pernissive tempera~ 
ture and selectinq for the plasmid~encoded chloramphenicol 
resistance (C.R) narker. Later on, the specific r~~excision 
of the plasmid out of ·the chromosome leads t~ chlorampheni~ 
col=m~nsitive (CmR) plasmid-free cells (Hamilton et al. J. 

Bact.eriol. 171:4617~4622, 1989). In order to facilitate the 
introduction of cloned qenes into candidate vaccine strain_s, 
pMAK700 wa~ first modified ·by the introduction, into its 

blunted k.mlil. site, of a blunted ~~DR..mHJt fragment of 
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about. 0.75 kb from plasmid pJFFJSO bearing gr~~, a specific 
DNA sequ.umce allowinq for ·the conjuqat.io::rnal transfer from 
donor strains, such as ~. ~ K~12 s11.1, via the RP4/RK2 
conjuqaticm· system (Fellay et a.1., Gene 76:215~226, l;.989; 
Silllillon et. ale, Bio/technology l.:784~791). This qave rise to 
plasmmid pMAK700oriT. 

Another suicide ve~tor may be plasmid pGP704 (Miller and 
Mekalanos, J. Bacterial., 170:2575~2583, 1988). pGP704 bears 
the plasmid R6K replication origin without the qenetic deter~ 
minant. CR.ii: qene) for the p effector_protei~ indispensable to 
it~ replication. Its suicide behavior results from the.' fact 
that replication is only made possible in permissive R.. coli 
x~12 host strains (e .. g .. SMlOlpi.~ or -SY327~) carrying the 
atr ~ene integrated in the chromosoRe.. pGP704 is also mobi­
lizable fro:nun st.rain SMlO~ via the RP4/RK2 conjuqa.tion 
syst~• (Miller and Mekalanos, J .. Bacterial .. , 170:2575~2583, 

1988) o pGP104 contains three Bamln: restriction sites. How= 
ever, ~ince the presence of a unique Baml{I site may later be 
useful for the cloninq Of, e. q" , the .s.. son:nei i-.f.:t>Lr..fP._locus 
into the integration cassette, the BmgnHI sites of pGP704 were 
eliRinated via enzymatic treatment. The resultin9 vector was 
D.®Red pGP704s2e 

Two integration vectors bearinq H2S inteqration cassettes 
were const.:rneted (Fiq. 12).. In the first one, pSSVI154 
(abo~t 13 kb), the blunted K1m.1~HindilI insert of about 7 kb 
from pSSVJ:150 was· cloned into the blunted HindI:rI site of 
vector pMAK700oriT.. In the second inteqration vector, 
pssv:n:160 (about 7 .. 4 kb), the blunted Hinc.n:n~.sJal. insert of 
W>out. 4 kb from pSSVIlSO was cloned into the ~ site of 
vector pGP704 .. 2. 

Subcloning of the s. sonn~J r,t_b{_.,:fc locus is possible 
fro~, e.q .. , clone pSSVI165 into the BNS restriction cassette 
present in the inteqration vector_s pSSVI154 and pSSVI160. 
The resultinq inteqration clones may then be transferred into 



37 

s: txnbi TY21a for chromosomal integration of the ~8 $...O_nnei 

tlb--='.tl~ locus@ 

Char~et.erizat.ion of TY21& ilv eha.ra.cter and cloning of the 

Sc ~~~ ilv qenetie locus 

The auxotrophic requirements of s. typhi TY2la were first 

examined by inoculatinq the strain into a nininal salt medium 

supplemented with different a.mine acids at the concentration 

of 20 mq/ml. A strict requirement was observed for L~iso~ 

leucine and L""'valine which· had bi be supplemented both to~ 

gether. Such a phenotype indicates that TY21a bears a muta~ 

tion i:n the lli genetic locus encoding enzymes involved in 

the biosynthesis of both amino acids. Other essential amino 

acids were L~cysteine and Irnethionine, either one promoting 

qrowt.h when added alone to the minimal nedium containing L~ 

i~oleueine and L~valine. Such a phenotype is compatible with 

a qen@tic de feet in a metabolic step for which these amino 

aeid~ may be needed (e .. g.. as donors of a sulfur atom)@ 

Finally, Irtryptophane slightly stimulated the qrowth of 

TY2la but was dispensable. 

The nature of the ili . mutation carried by TY2 la was 

determined by cross~f eedinq on minimal plates using defined 

ilv nutants of ~. coli x~12. TY2la was fed by ilvE, but not 
In turn, 

TY21a was able to cross~feed ilvA (weakly), ilvB, ilvG, ilv_~, 

and ilvc, but not ilvD or ~ K· £Oli K-12 mutants. These 

results indicate that TY2ia is ~utated in the· ilvD qene en­

codinq dihydroxyacid dehydlrase. In both ,&. coli K-12 and 

s... J?rnhi.BUX~-mn, the .il vp gene belongs to an operon structure 
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(ilvGMED~ operon). It is therefore likely that the qenetic 

defect of TY21a maps in the correspo~dinq ilvGMED~ operon of 

~. j:.yphi .. 

In order to desiqn a cassette for chromosomal int.eqration 

into TY2 la, the correspondin9 lli locus was cloned from a 

gene of the chromosomal qe:ne bank of s. _i:yphi TY2 described 

in Example 9 by complementation of the E. coli K~12 ilvC nu~ 

tant strain AB1419. The ll vc lecus is adj a.cent to the 

~lvG.MID~ operon in the E· coli x~12 chromosome so that some 

bmlated clones complementin~ an il v<; mutation may extend 

into the neiqhbourinq reqion encompassing the ilvGMEDA 

operon. Two complementinq plasnid clones, named pILV12 and 

pILV18, were analyzed with restriction enzymes and shown to 

bear i:nsert.s providi:nq bot~ a: sufficient size (6.6 and ~f .. 7 

kb, respectively) for the chromosomal integration of· larqe 

pieces of DNA, and unique restriction sites located rouqhly 

in t.he middle of the inserts, suitable for the cloning of, 

Gog .. II the s. 2i,Opne,i rfb/r1!.,Q locus (Fiq. 13).. It is note~ 

worthy that pILV12, but not pILV18, also conplemented the ilv 

defect of both the E· coli_K~12 ilvD mutant strain AB1280 and 
. . 

So .tnmi TY2la. This shows that clone pILVl~, · but not 

pILV18, most likely includes both the ilvGMIDA operon and the 

adj a.cent i1 vc locus. Herein, the insert. present in pILV12 

will be referred to as the s. ~ ilv qenetic locus. 

Desiqn of a vector for tarqeted inteqratio~ of cloned qenes 

"into the s .. j;yphi ilv chromosomal locus 

In order to derive a vector for chromosomal integration 

into the ily qenetic loc~s, the ~~Hnah fragment of about 

6 kb from pILV~2 was blunted and subcloned into the blunted 

H.iwlI.II site of vector pMAX700~ (see Example 10), c;iving 
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rise to plasmid pILV23. The unique Bam!;lt site present in the 

insert of pILV23 was then enzymatically removed, resulting in 

pILV24. Finally, the lBNS restriction cassette (see Example 

10) was introduced into the unique .IRnI site present in the 

middle of the. insert, givinq the integration vector pSSVI50 

(!'iq .. 14) .. 

Subcloninq of, e.g., the§. .. sonru!i J;fpLrfc locus is pos­
sible into the BNS restriction cassette of vector pSSVI50. 

The resultinq integration clones Bay then be introduced into· 
s .. typbi TY21a for chromosomal integration of the Ji. sonn«U,. 

~rfc locus. 

Desiqn of vectors for the inteqration o~ cloned qenes into 

the J:.. ~ hlXl\ chromosomal locus 

An attractive target for chromosomal inteqration· of 

forelqn qe:nes into the chromosome of ]l.. pholerag live vaccine, . , .. 

st.r~ins is the b,lYA locus, encodinq the hemolysin virulence 
determinant.. .. From plasmid pJMKlO, a suitable integration 
cassette of about 10 kb (hlyAJmer integration cassette), en­
compassing the blyA locus disrupted with a mercury resistance 

(De~) deterainant, was designed and subcloned into both sui~ 
cide vectors pMAK700oriT and pGP704.2e 

Based on pMAk700oriT, t.wo integration vectors were de~ 

rived, pSSVI155.l and pSSVI155.2, carryinq the hly~mer 

cassette as a blunted l?§ll fraqment in either orientation 

within the blunted Hi_ndIIl, site of pMAk700o.riT (Fiq.. 15). 

such plasmids bear resistance d.eter-minants to both chloram~ · 
ph@nicol (C.R) and Hqcl2 • 
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Two integration· vectors were derived making use of 

pGP704.2.. The first one, pSSVIl59, consists in plasmid 

pGP704.2 in which the 0.7 kb~ fracplllent, includinq most·of 

pGP704. 2 ampicillin resistance (ApR) determinant, was re~ 

placed by the 10 kb E&.tX hlyA[mg~ integration cassette. Con~ 

sequently 1 pSSVI159 encodes resistance to Hqcl2 only. A 

second inteqration vector was constructed via cloninq of the. 

hly~/mQX cassette into pG~704.2.part.ially diqested with~, 

qivinq plasmid pSSVI164. The latter inteqration vector car~·. 

ries the 10 kb Pstl; cassette in the PstI site of pGP704. 2 

polylinker and encodes resistance to both a~picillin and 

H9Cl2 .. 

Subclonin9 of, e.q., the s. sonnei rfb/rfc locus is al= 

lowed_ into the BNS restriction cassette present in-plasmids 

pSSVI155ol, pSSVI155.2, pSSVI159, and pSSVI164, and the re­

sultinq inteqration clones may then be introduced into, e.q, 

Ve eholerae CVDl03~BgR for chromoso•al inteqration cf the s. 
sonnei ~fb/rfg locus. It is· noteworthy that the chromosomal 

inteqration of foreign qenetic determinants using the 

blyA/~~ integration ca~sette described here is accompanied 

by the inteqration of an active ~ qm11etic determinant al~ 

lowinq for the later identification of the vaccine strain. 

Xnteqration of the ~- sonnei rtbLrfe locus into the chromo~ 

~ome of Vo cholerae strain CVD103-KqR 

The 23 kb ·insert of s. !i<>nnei rfb/X,fQ ·clone .pSSVI165 

(Fiq. 3) was modified so that it is bordered with Sall :re~ 

strict.ion sites. The ensuing . 2j kb .SAll fra.qme:nt was then 

subeloned into the unique. !iAU site of inteqration vector 

pSSVI155 .. 1, qivinq pSSVI190 (Fiq •. 16). The latter clone 

st.ably expressed §.. sonnei o~antigen in E. coli 1<~12 when 
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propagated at the permissive te:mperature (JO"C).. Plasmid 

pSSVI190 was then transferred v~a conjuqation/!lllllobiliza:tion 

from E. cqli x~12 strain Sl7.l into a spontaneous rifampicin­

resistant (RifR) derivative of v. cbol@.l'.ru! CVDlOJ~HqR. The 
:resu.ltinq ·strain · cvoioJ~HgR RifR (pSSVll90) expressed hiqh 

amounts of s. sonnei o~antiqen when qrown at J0°C. 

~n order to select for those cells which may have inte­

qrated plasmid pSSVI190 into their chromosome, a culture of 
CVDlOJ=HqR RifR (pSSVI190) growing exponentially in DHI me~ 
dil:n.• at JO"C was streaked. onto BHI plates with or without 

chloramphenicol ( 17 :m.q/:ml) • Incubation was in parallel at 
30"'C and 42 9 C.· :tncubati.on of selective· plates at the non~ 

perl!iilissive temperature resulted in a survival of about Selo-5 

relative to the same plates incubated at Jo•c or to nonselec­
tive plates incubated at 42"Ce Sone rare colonies from 

selective plates at 42 • c were shown to agglutinate in the 

pre~ence of both s. sonnei Phase r~specific and ~. ghol§ll"s...,e 

Inaba~specific antisera. Aqqlutinatinq colonies were f~rther 
streaked onto selective plates and incubated at 42•ce Newly 

qrown colonies still aqqlutinated in the presence of both an~ 

tisera and presented a strong reaction with MAb ShSS, iridi~ 

catinq that they stably expressed ~. sonn@,i o~antiqen. 

Streaking of the colonies on non~selective plates and ineuba~ 
t.ion at lO"C, followed by .re~streakinq on non-selective 
pl~tes at 42"C resulted in the isolation of chlorruil!lphenicol~ 

sensitive colonies which still strongly reacted with ~. 

~onnei~specific antiserum and MAb SH5Se Such colonies when 
further streaked on non~select.ive (BHI) plat.es only qave rise 

t.o positive o:....antiqen producinq colonies at both 3o•c and 

0 42 "C.. Examination of the DNA content of such strains failed 

to reveal plasmi~ DNA whereas strain CVDlOJ~H9R RifR 
(pSSVI190) grown at Jo•c presented the expected pl~r;n'illid pat~ 

tern. 

From the above data we conclude that colonies isolated on 

selective plates at 42°C carry plasnid pSSVI190 in a form in-
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t~9rated in the chromoso•e.. Later growth cm non-selective 

plates at J0°C followed by 42°C resulted in the isolation of 
plasmid~free strains via excision of the plasmid replicon 
from the chroaosoze and later curinq of the cytoplasmic plas~ 

mid forlilill.. The resultinq strains bear Se sonnei ~fb/rf£.,.locus 
int.eqrat~d in their chromosome e One of those strains was 
named CH2 (Table 4). sout..bern hybridization analysis of CH2 
chronosomal DNA using specific probes confirmed (i) that the 
~. sonM.i, ;:fb/rfc locus is integrated i"n the hly:A locus in 

the expected orientation, and (ii) that the strain is devoid 
of plasmid vector sequence. 

Strain CH2 proved to be extremely stable·with ~espect to 
the expression of ~. sonnqi o~antiqen. Indeed, after 45 

generations of qrowth in BHI medium at Jo•c and streakinq on 
BHI plates, 100~ of the colonies were positive in an immu~ 
noblot with MAD Sh5S. Finally, CH2 presented the saDe HqC12 
resistance level a.s CVl0103-HgR ·(overnight growth at 30"'C in 
liquid BHI medium containinq 60DM HgC12 , versus 30 to 40 mM 

HgC12 for CV0103). 
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Table 1 
Bacterial strains used in t.he characterization of MABs 

1~able 2 
Bindinq properties of anti~s. sonnei LPS VABs 

Table 3 
Bindinq activity of MAb SH9R to LPS isolated fro~ clinically 
relevant strains of ~. col1 and Re aerJJ.__g,iposa 

Table 4 
Bacterial strains and plasmids used in the cloning and ex­
pression studies of the §. sonnei rt?---Lrf c qenes and the ~_J:a 
genetic determinants encoding Rl~type LPS molecules 

Table 5 
Expression studies of Is .QQl;l Rl rfa qenes in heteroloqous 
qenetic backgrounds 

Table 6 .. 
Iwnunofluorescence microscope analysis of recolll!Winant strains 
expre~sinq Se sru:me~ o~antiqen and/or Rl~type LPS 

Table 1 
Te~t of the immunogenicity of the ~e cholerae reconnbinant 
vaccine strain CV0103~H9R expressing s. ~onnei o~antiqen 
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E~~ 
LES £Q_tf! 

~ ltructtu11 00e~ Qrfigir1.Lnd commenm 

mn. 5.1Gi D Form I 
sm.SSG!G I Form 11 
~. 482~79(pWR105) D Fo1ml 
~- PCM1985 I ro\!Jgh 
~.1 C1 smooth 
~.3 C3 smooth 
~J~.·1 . A1 smooth 
~.4b B4b smooth 
~.6 96 smooth 
1~1£. 8323 66 smooth 
Is. R6~1 I roQJgh 

.[~. R6268 I rotngh 

F,. ~bluHoide$ 

M51 §00. smooth-
C21 

.E.eol 

HB101 
Hf4704 
08:K8(l):H4 
09:K9(B):H12 
014:K7(L):NM 
0100:H500a 

ji.iYJ!bl 

~oo. smooth 

I rough 
I rough 

08 smooth 
09 smooth 
014 smooth 
0100 smooth 

TY21a. . 01(9,12) &-rough 
1-Y37(pWR105) · 01(9,12) s-mugh 

a. typhfmurmm 

rvns I maJigh 

R1 
R1 
R1 
R1 

IL! 

R1 
R4 
R3 
R1 
R1 
R1 · 

R1 

R1? 
R11 

Ke12 
R1 

RtlR2? 
R1 
B4 
R2 

Phw;e ~ ('!)a 
Phase U variant of 53G! (this stooy) 
WRGOOO. Ph. Sansonetti {2} 
E. Romanowska 
type 1, ATCC 9207 
type 3, ATCC 8702 
type 1, ATCC 9361 
t)<pe 4b, ATCC 12024 
type 6, A 'TCC 12025 
type s, E. Rormoowska (3) 
doop rough mwn of~- type e 
E. Romaoowska {4} 
Ame origin as RS 5§1 

(Bad~r) ATCC 14029 
(Ferguison) ATCC 14030 

(5) 
A.A Lindberg (6) 
ATCC23504 
ATCC23505 
ATCC19110 
NCTC9100 

;IE(7) 
Rlfampldn-res1stoot derfivattive of TY2.1a 
bearing plasmid from 482c79(pWR105) 
(this study) 

K.E. Sandeirson 

im}., ~pnnei; ~ .• ~i: fif.!x .• flexn~ri; u, uokoovm; l!H'ough, semU-wough pheootype linkoo to the . 
~ gcmetic oockgrolJlnd. 

·a) References are: (1) Kopecko et al., infect .lmmun. 29:207-214, 1900. (2) Sanoone!ti ~~~. 
nnfect immun. 34:75-83, 198.1. (3) Przoodo-Hoosek and Romaoowslka, Ada Micmblol. Pol. . 
21:97-102, 1918. (4) Ka!zenellenbogelll and Romaoowska, Eur. J. Bioohem. 111:205-211, 
1960. (5) Boyer Sllnd Rou"and-Dussoix, J. Mot Bae!. 41:459-412, 1969. (6) Jansson 11.m .• Eur. 
J. Bk>chem. 115:571-517. 1981. (1) Gemmnier «md Furer, J. Infect Dis.1131:553-558. 1975. 
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.. 
~tMtt~.mte 

mm_b S..--JW SA.ll 

M& li.o1»ma ~ .sJ!.ll ~ ~ ~9re 

Sh5S lgM >128 <2 + 

SM1S lgM >128 <2 + 

Sh9R !gM 16 64 + + 

{ai) Uootype detel!'mioo.Uon by ELISA as describoo in the text 

(b) Aliiitabocly titers wem detel!'mined by ELISA In we~~ coated with purifooo ~' sollinei Phase I (S.sJ) 

Oil" Phase U {Sos.Ii) LPS. Titers are expressed as the reciprocai value off the dillrtion ll'esulting in 

MOD of 0.4, 

(c) Bioonng to high mo!ecutar weight 0-antigen-bearing (0°Ag) or low mo!ooular weight {core) 

l?S oomponenits. 
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T~bl~. llliLcfu:mlt~t¥-i1ll_.of Sb9B.MA__UQ lPS ~Ui\t~ ainJ~11lly 
fi!~Wnt .$tmkl~LQf_-E.._~0Ci_a_ml_~~--SlifW~. 

0:§.L~ Biml~~ 
=-:or=.,-----== 

01 + 
02 + 
04 
06 + 
01 + 
012 
015 
018 + 
025 + 
075 + 

01b 
02 
03 
04 
06 
01 
010 
011 
016 

-.-="'"'"~__,___~~~ 

(a) Detormill1l~f lby immunoblot us]ng purified lPS as the antigen. 
(+). MA.b reacts with the oore-fspld A region; B. oo reaction. 

{b) Acoord~ng to the lntematbna.I Antigernc Typing System (IATS} 



I1ble 4. S1c~eri1! sttraijma acd plasmfilds m11d hi Hu~ cfilcmbng ;md cb1mcteri~lmJLQUhiL~~onrieij rlhMe_g_8n~s ~-~!Uh~ n!1 g@§mtila;=~d•Wmlmmts 
mccdfl!JG IFU 0 i)!pe .LI?S. . 

A. 61dtl!'UI! s~m!M 

&mm Goootypft P .. maumd comments 

---=============~----~--~--~-~-~--~-=~~~--~--~--·~------·- --- -- -"~-~-====~==~-

E.~&12 

AB~2SO 

A81419 

DH Sa 
HBH>l 

SMrnM:m 
SH.~ 
S~814 

s..~ 

TY21a 

CV0908 

fhuA2 lacY1 or la.cZ4 supE44 gal-6 hlsG1 tfbD1 ga!P63 rpsL8,9 or 1'1 !3. Sachmanin 
mafA 1 {AR) xy!D1 mtl-2 llvD16 metB1 argH1 th/.11\; 
thJ..1 livC49 argH1 metB1 hlsG1 lacY1 or lac Z4 mtl-2 xyl-7 ma!A1 ara-13 B. \Bachmami 

strAB, -9, or • 17 tonA2 ).R 1" supE44? 
supE44 hsdR17 mcA1 endA1 gyrA9fJ th/..1 re/A1 Hanahan, J. MoUl!o!., 166:557, 1983 

supE44 hsdS20(rs~mtf} mcA 13 am-14 pmA2 lacY1 ga!K2 rpst20 Boyer and Rcl!andDDusso!x, J. Mo!. !B!ol. 41 :459, ~ 969 

xy/~5 mtl-1 
thief thr1 lmiBS supE44 tonA21 lacY1 mcA.":RP4~2-Tc::Mu Km 'AIJ/l Mii~er and Meka~anos, J. Baderfct, 170:2575, 1989 

t!!I pm recA hsd(rm+) RP4-2~Tc:!M1J°Km::Tn1 TpR smR 
trp-49 lacZ2286 A.(sbcB·ffb)BG upf>'12 ro!A1 rpsL160 B. IBachmarm. Neu.sh~rd and Thomassen, J. 9ac~eriot 

1126:999, 1976 

ga!E l!vD lliaB (VI") H2s· 

. aroC aroD H2s· 

Antl 0 typhcld vacc!ne strain, der!vaUve cf .S..1mbl stm!n TY2. 

Germanfonmd FG:rell', J. Infect D!s., ~31:553, 1975 

Antt!otyplho!d vacc!:rm s~m!:n, derivative of .S,, - strain lY2. 
Hone .m.,w., Vaccine, 9:81 o, 1991 

CVD103 .1toxA Antl~eho!~ra vacc1ne sttrain, del'ivaUve or Y.... cho~erae 01 
c!ass!ca! ~naba strain 5699. Levine .flll., lancet !!:467, 1989 

CVD103-HgR .dtoxA hlyA::mer (HgR) 

CVDHO 

CH2 
~toxA 

.dtoxA h!yA::mer::rfbllfcsonnel (HgR) 

Ant!achc!era vacc!rie stm!n, derivative of CVD103. levimi 
.ti,,W., Lancet 11:467, 1988 
Ard!-chclera vaccine stm!11Clcholera01 E! Tor Ogawa) 

Th!s study 

bo 
-..I 
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a. Pu1sm~ds 
ea~ JOescdptlon S~uetenmco 
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D~vemu 

plAFR·S 
pUC18 
pM1'l21~ 
pWW-84 

Low copy rmmbor, broad host mngo cosm!d vector. rcR 
H!gh'Copy number, genem! purpose c!on!ng vector. ApR 
High copy number, genoml purpose clcmlng vector. ApR 
High copy number vec~or with Kanamycln-res!stance cassette. 
ApR, KmR 

pGB2 · low copy number general purpose cloning vector. Sm~. spcR 
pCL 1920 Low copy rmmber gonemi purpose clonlng vootor. smR, SpcR 
pGP104 low copy number suicide vector. ApR 
pMAK100 low copy number tompomtunMsonsmve suicide vector. cmR 
p.»FF350 Tmnsposon deheay vedor w!th mfi sequence. KmR, ApR 

· pMll21smlNE From pMru1gm:. Slng!e fQOSl site bla.mted. ApR 
pGP704.2 From pGP104. No S1mW siaes. ApR _ 
pMAK700sm! Mobilizable suicide vector. From pMAK700. 0.15 kb mil-bearing 

~-ilmnlil fragment of pJFF350 blunt c!onedl !n~o the BAmHa 
site of pMAK700. cmR 

S~somiel rfbldc c!ones 

pSSVl106/109/ Or!g~nal ~ oosm!d c!ones (plAFtHi). TetR 
and 110/H1 
pSSV!113/114 About 30 kb SJtmlii fmgment from pSSVl108 cloned Into pGB2 

03.amH.0 (2 orlen~aUons). smR, spcR 
pSSVl162 7 l<b ~ (mivn~·bearlng) fragment from pSSV!108 cloned Into 

pGP704 (EooBO 
pSSVl163 3 kb SrimJ. <ru:lv1R·bearfrog) fragment from pSSVl108 cloned lnto 

pGP704 CS!:M!) 

Keen et al., Gene, 70:191, 1988 
Yan!sch.Permn et at, Gene, 33:103, 1985 
Chambers e~ al., Ge:ne, 68:139, 1988 
MO!Jelt ea al., gene, 46:131, 1986 

Churohward et al., Go:ne 31:165, 1984 
lemerand Inouye, Nuc!e!c Acids Res., 18:4631. 1990 
Miiier and Mel<a!anos, J. Bacteriot, 170:2575, 1988 
Ham!!tcn ea at, J. IBacier!ol., 171:4817, 1989 
Fe~lay e~ ai., Gene, 76:215, 1909 
Th!s study 
This study 
n11isstudy 

Th!s study 

fh!sstl.idy 

This s~udy 

Th!sstudy 

.. 

ol!I> 
00 
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ji. ~-~ {ecneirmed) 

5@.mil~ D.~on ~m.~~~J 
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pSSVl~61 l(mA Sinti1 euseUe from pWW·M cloned Into tho 30 kb .Blm!:U This study 
fragment from pSSVl114 encompassing both mlviR and~ !ool. 

KmR 
pSSV!165 From pSSVl113 via partla~ ~digestion and rellglllt!on, Mfss!ng This study 

the 1 kb OOv!Rebearing ~ fmgment smR, spcR 

IL~ 

pSSV!H>6/101/ Original .d§R1 ·cosmld clones (plAFR~5). TetR This study 
and 123 to 131 
pSSV!10~M 4.5 kb Dlmi:il fragment from pSSVl106 cloned Into pCt.1920 CBmnHO This study 

. smR, spcR 
pSSVl107·31~41 Different subc!onu of pSSV!107 In pCl 1920 (Rg. 5). smR, SpcR Th!s study 
and ·51·61·1M1 
pSSV!2321233/ Original .tflsonne! oosmki c~ones (plAFR~S). TetR This study 

23412491250/251 

~ 
\C 

,, 
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B. ft~~ {ccnUnm~d) 

f!umid ~n S!wrce Qlr reoo~ 
~~=--~~-=-=--~~~~ ~~ ~~~~~-=-~~~--..=:..:-~~ 

li2~ 

pSSV!120/121/ Original clones fn pUC18. ApR Th~'l ShJdy 
and 122 
pSSVt132/133 4.5 kb~ fragment fmm pSSVl122 cloned Into pGB2 (E._d) This study 

(2 orientations). smR, SpcR 
pSSV!148 6.8 kb Kl:ml·B.amtn fragment of pSSV!120 cloned lnto pMTl21~NE This s1udy 

{!SpnH3.oW). ApR 
pSSV!150 24 bp ol!gonuc!ootide sequence with B1mHJLM<>U/SWJ. restriction sites Th!s s~udy 

(SNS cassette) biunt cloned !n~c the .E;Qru site of pSSVl148. ApR 
pSSVl151 24 bp BNS cassoUe clonoo !n~o the~ sit~ of pSSV!148. ApR This study 
pSSV!154 integration vector. 1 kb Kp.nH:ilmWl fmgment of pSSVl150 blunt T!1ns s~udy 

cloned Into the J1::Undlil site of pMAK700QdI. cmR 
pSSV!1~0 !ntogmtkm vector. Blunted 4 kb lilndil·,Smot fmgment of pSSV!159 This study 

~QM~ 

pllV12/18 
plLV23 

pUlV24 

pSSV!SO 

cloned Into the~ site of pGP704.2. ApR 

Original clones In pUC1 a. ApR 
Blunted 6 kb SmM:fml fragment of p!LV12 b~tm~ cloned !rdo the 
~site of pMAK700gd!. cmR 
From pil V23. Unique S1Wltll site removed ~la ~l digestion,_ 
blunting and rellgat!on. cmR 
lntegmtion vector. 24 bp BNS cassette blunt c!c:mecHnto the Kimi. 
s!~o of pll24. cmR 

This study 
This study 

Th!s study 

This study 

\ 

.~ 
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labmtJ 

a. Pll1mff0 (iz;cUla!m.ned» 

Plumld 

bly,Nmer cl<m_e1 

~MK10 

pSSV~~53 

pSSVl1S5.1 
and 155.2 

pSSVi159 

pSSVIHM 

pSSV!190 

D•&Qdpt!Qrn Soi1re1 m [eferer!jrCjl 

,, . 
. ~"·:I 
~ ... , .. ~ 

1 o kb fill fragmen~ encompassing the~ chqitm1 bb'A?Ccwa J. Kaper 
dlsrup~od by a mercury resistance geneUc detormlna~!~ .ApR iHgR 
1 O kb blyNmer fm1 integmtlon cassette ck>nod ~rato pM1U1pWNE This study 
CflW. Modifications of the cuseua Included the remova~ of the 
unique Bamijl site present ~n the ln1el1 of pJMK10, and the b~un~ 
cloning of the 24 bp BNS cusetto Into ~he K;m site bcated at 
about 8 l<b on pJMK10 map (Fig. 16) •. ApR HgR • 
!ntegmticm vectors. Blunted 10 kb blyNmc !?IU MntegraHon eusett• ·rti!s study 
of pSSV!153 bllllnt cloned !nto the liindfil site cf pMAK700oriT 
(2 orientaUons). cmR HgR 
lntegmUon vector. 0.1 l<b fmgmenft of pGP704.2 rapiaced by the Th~ st~y 

10 kb bl.YNmtr fill ~ntegraUcn caaeg~e of pSSV~153. HgR (Ap8) 
integmUon vector. 1 o kb ftllYNmer fill a~te~muo~ cassette of This stOOy 
pSSVl~53 cloned into the J2lll site of pGP704.2 poMlnker. 
ApRHgR 
ijntegmUon clone. 23 kb ~Mart off pSSVa1 es bracketed with Sd This study 
westrlcUon sites and cloned in~o the lln1! •i~e of ~ntegm~~on vector 
pSSVl155.1. cmR HgR . 

:\ 
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E~~i!K0l2 

s., 1mbl D'21i 

~sv~ · 
12-!i-smad 

00 

1061107/123 

124to130/107-51107·6· 

107°31107 °4 

. 00 

10611071123 

124to126/128J107a5 

127/130 

107°3 

~~~ CVD10HigB 

123/12411251128 

106 

1072 

12611.271130/107-5 

52 

llemdion Qf ru-tp ~s wtthMAb Slfili 
Wboie cells immunod___Q~ LPS immunq_b.klt~ 

+++ +++ 

+++ lll.t 

++ lftt. 

+++ +-t+ 

+++ n.t. 

+ n.t. 
n.t 

+++ +++ 

++ + 

+ + 
n.t 

a) clon0 pSSVl107 was highly umrtabne in CVD103-HgR 

+++, strong rooction; ++, intermediate rea.ction; +, weak reaction: *• no reaction; n.t, not tested; 
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T~blfl i. fimm11,mofluom_scence m_igg_~op~D."Jll~_o(.r.ecom.blrull\1 stlflID~JmLm>lM . . 

~ ..... sminei o~:m!Ul"-~nd mr_Al~J.,_e§. 

E..milK0 12 
DH5«.it oo 

HB101 109 

5~874 A(tl~ no 

S<ifil874 h~J 165 

HB101 123 

S,.Jmbl 
TY21a 

TY21a 

1Y21a 

~@ 

CV01Q3o.HgR 

CVD100-HgR 

109 

no 

109 

123+165 

109 

+++ 

+++ 

i!l.t. 

ro.t 
n.t. 

n.t 

lftt 

n.t 

ll1.t 

+++ 

+++ 

++ 

n.t. 

. n.t 

+ 

n.t. 



.ll.hm-1. l!.-WO oJJ~tlmm™~n~d:y ofJbe Y-~~~Mi stmffn c~·o 10~b!sfl.•~.JWlSlL~Q~_mm. 

A. ~~lmrtH~~:I (day 14 sem} 

~___lll,Jm~'~a 
y_,,~ml Y-~rub 

s..~ Y ... cnonom1 CVD103-HgR CV0103-HgR RlfR 

Iui~d 482· 79(pWR105) even OS..NgR (pSSV!109) (pSSV!109} 

·~ fjp B !t n E E G li i 
-=....~. 

--~~ 

~~ 
482·19 ++ ++ .. ~ . . + +I· + + 

(pWR105) 

~cbQitlCH . . ++ ++ ++ ++ +I· +I· ++ 
CVD103·HgR 

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

.§. ~AJnts. {dey 35 sem) 

Le..S. .BB...bb 
;mrml.d 
kom A .a ~ D. E E ·G li ! . 

--~~~~~-· ~~
- --~~ -~ 

£.~ 9'630 !i'750 <100 I <100 1°aso 4'150 2'610 3'020 
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a) Rabbits we~e immunized Intramuscularly ~h 3m4x108 (day 0), or aooui 109(day15 and 29) heaM<llled ce!~. 

b) Stmira CVD103~HgR RifR(pSSV!109) Is a rifamp!cbwesls~ant derivative of strain CVD103·HgR. 
c) A. B, .... !.designate different rabb!Us !mmun!zed with bacteria! stmfns as described !fl! lalb!e A. 

For agglut!na~con tests, und!luted and nonwpreadsomed 14 days sam were used. In the ELISA tests, pu~med LPS from either 

S. ~ 53G! or Y.,, ~mi CVD~ 103 were usod es the coating antigen. Tlters are exprnssed as the rec!procal value of the 

di~ution resulting !n an OD cf 0.4. · 

\. 

~ 
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Reactivity of Sh5S and Sh9R MAbs towards LPS iso­

lated from various enterobacterial species 

Restriction maps of the S • .£2DD§i rflUEj!'c clones 

pSSVI109 and pSSVIlll 

Restriction •ap of the s. ~on_n_tj .J:"fb/rfc clone 

pSSVI1_65 

Restriction maps of ~faRl clones pSSVI106, 107, 

123, 125, and 128 

Restriction imtaps and expression levels of dif­

ferent· subclones derived. from r-llRl clones · 

pSSVI106 and pSSVIl07 

Restriction map of the.rfasonnoi clone pS~VI250 

Expression of the S. sonnei :\:tbL;:fg clo~~ 

pSSVI109 in heterologous genetic backgrounds 

Expression of the s. som1ei ~-LJ;J;_c locus in 

E. col-1 K~12 strain SF874 DJ;,_fP/rfQ 

Expression of rf i clones encoding Rl-type . LPS in 

hete.roloqous gene.tic backqrounds 

co~expressian of s. so~-!mi rfDL,rfQ locus and rf~ 

loci encoding Rl~type LPS in he.terolo~ou~ 9enetic 

backqround.s 

F~qure 11 -Restriction maps of~. ~i H2S clones pSSVI120 

and pSSVI122 



Fiqure 13 
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Restriction map of integration vectors pSSVI154 

(S.. tn.hi,. H2s locus) .. 

Restriction maps of the s.. ~i ilv clones 

p~LV12 and pILV18 

Restriction maps of inteqration vector pSSVI50 

(~·~-Y~.b--i ilv locus) 

Restriction maps of _h],X!\-mm;: clone pJMKlO and of 

integration vector pSSVI155.1 (V. choler~£ h1y~ 

locus) 

Restriction map of integration clone pSSVI190 

(V. ~jlolerae blyA ~OCUS) 

0 
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Rea.ctivity of Sb.SS mid Sb.9R Ml\hs towaras LPS isolated from 

va.rious ®nt~robacterial species@ Silver staininq (A) of LPS 

ain.iprepa.ra:t.ions run on. a 1 .. 5=·2 o~ gradient s10s~ PAGE qel and 

ilmmmU)blot a:m~.lysis usin9 Sh5S (B) and Sh9R (C) 1"..Ab, 

respectively. Lanes a and u, pre~stained low molecular 

weight protein standard (Bio~Rad}; b, ~. §O~~ SJGI; c, ~. 

$otmei 5JGII; d, · s .. filIDILU 482-79 (pWR105); e, s. 
d~n_ter_ia~ type· l (ATCC 9361) ; f, s.. ll~QY.dii type 1 (ATCC 

9207); q 0 ~. i:toydii type J (ATCC 8702); h, S.. fl,cxneri type 

4b (ATCC 12024); i, ~~ fle~n~..i. type 6 (5323); j, 

S. flex;ner-i type 6 (ATCC 12025): k, ~. mimt:J.i_gi,!l..9S M51 

(ATCC 14029); 1, P. sb_j.gell.Qj.d~!i C27 (ATCC 14030); m, E. 

CQ~i HF4704; n, ~- QQi.i 08 (ATCC 23504); o, E· co:U.. 09 (ATCC 

23505); p, E· colt 014 (ATCC 19110); q, ~ .. coli 0100 (NCTC 

9100)6 r, ·R· coli HBlOl; s, s .. t~i TY21a: t, ~- typb_i TY37 

(pWR105: :R386) .. 

li.~2 

Re~triction ~aps of s.. sonng,:i rfb_lrff! clones pSSVJ:109 a:nd 

pSSVX113.. Restriction maps correspond to insert DNA. Re­

striction sites belonqinq to the vector polylinker sequence 

are labeled with a square. The heavy line indicates the 

rfb/_r~c locus.. Scales next to the maps give the DNA lenqth 

in.base pair~ (bp). 

fiWltJ'ff 3-

Re~trietia:n naps of the b S<?....D-11...@i rfblrfc clone pSSVIl.65. 

The restriction map corresponds to the whole 

pGB£ vect.o_r sequenc~ (black area). Th~ open 

seqlllence labels plasmid replicatlon origin. 

for Fiq. 2. 

clone including 

box within pGB2 

Otherwise, like 
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f!gyre __ ~ 

Restriction maps o·f rfa.a1 clones pSSVI106, l.07, 123, 

and. 128.. Restriction maps correspond to insert DNA. 

!black and hatched area in the - illl!ll~.p of pSSVI128 define 

~faRl locus (see text). Otherwise, like for Fiq. 2. 

jj___ll!!__.XLS 

125, 

The 

the 

Restrict.ion maps and expression levels in E.. Q=2il llt"l!'12 of 

different subelones derived from rf'aRl. clones pSSVZ.106 and 

107e Restriction maps correspond to insert DNA. Expression 

levels of LPS reacting with MAb SH9R are given on the right 

of the :resp.ective maps and are codified from ++++ (strong 

reaction) to~ (no reaction). 

l.igu~e 6 

Restriction map of the :l"f:'1sonnei clone pSSVJ:250.. The re­

striction map corresponds to insert DNA. Otherwisee like 
for Fig e 2. 

ti~~~ 1 

Expr~~sion of the s. somg_~ rfb/,rZ£! clone pSSVX109 in 

hete~olo9ou9 genetic backqrounds.. Silver staining (A) of 

LPS •inipreparations run on a l.5% SDS~PAGE gel and 

il!lmRunoblot analysis usinq Sh5S KAb (B). Lanes: a, s . .§2Dne~ 

482~79 (pWlUOS); lb, ·s.. $Om1eJ, 53GII LPS 1Dll!axiprep (MP); c, 

SJGII (pSSVI109); d,· 53GJ::( (pSSV:tl09) LPS MP; e, ~ .. £Ql_i K-

12 HBlOl; f, HB101 (pSSVI109); q, HB101 (pSSVI109) LPS MP; 

h, ~--tYphi TY2la; i, TY21a (pSSVI109); j, TY21a (pSSVI:109) 

LPS MP; k, v. ~qlora~ CVDlOJ~HgR; 1, CVDlOJ~HqR (pSSVI109); 

~, CVD:JLOJ=HgR (pSSVIl09) LPS MP; n, y. cb,ole_r_~tl CVOllO; o, 

CVD110 (pSSVI109). 

F_i_gy,re 8 

Expre~micn of the §. • .J_om.tei rf]Urfc lo~us in ~- ~oli x~12 

~t.rain SF874 DJ:'.fb/:rfc. Silver staining (A) of I.PS 

iminiprepairations run on a isi SDS=PAGE. qeJL and immunoblot 

analysis using Sh5S MAb (9). Lanes: ~, HBlOl: b, SF874; c, 
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KB101 (pSSVI109); d,. SF814 (pSSVI109); e, HBlOl (pSSVI114); 

f, SF874 (pSSVI114); q, DH5a (pSSVI161); h, SF874 

(pSSVIl61); i, DH5a (pSSVll65); j, SF874 (pSSVI165). 

z__igu;e=1 
Expression cf rfa eloDes encoding R1~type LPS in 
heteroloqouR genetic baekgrou:ncls. Silver staining- (A) of 

:LPS niniprepa.:ra:tions · run on a 15% sos~PAGE qel and 

imm~noblot analysis (B) usinq Sh9R MAb. Lanes: a and t, pre~ 
stained low molecular weight protein standard (Bio=Rad); b, 

JI .. coli K=12 DH5a; c, .I,. coli . K=Jl.2 H:SlOl (pSSVI106); d, 

HB101 (pSSVI107); e, DH5a (pSSVI107-5_); f, HB101 (pSSVI123); 

q 6 _I. col_.i K=12 S17.l (pSSVI250); h, Ss tmhi TY21a.; ·1, 
TY21a (pSSVI106): j, TY2la (pSSVll07); k, TY21~ {pSSVIl07~ 

5); 1, TY21a (pSSVl123); m, TY2la (pSSVI250); n, v. cho~era~ 

CVDlOJ.;,,ErgR; o, CVDlOJ~HqR (pSSVll06); p, CVDlOJ~HqR 

(pSSVI107): q, CV!D103=HgR (pSSVIl07-5): r, -CVDlOJ-·HqR 

(pSSVI123); s, CVD10J~HgR (pSSVI250). 

Z!!mre ~o 
Coeoexpre~udon of L. sonnei t:.n>lr.tg, locus and rf'a loci en­

codin9 Rl~type LPS in heteroloqous qenetie baekqrounds. 

Silver st.airi.inq (A) of LPS uinipreparations run on a .15% 

SDS~PAGE gel .and immunoblot analysis using Sh5S {B) and Sh9R 
{C) MAD, . respectively. Lanes: a and r, pre~stained low 
molecular weiqht. protein standard (Bio~Ra.d); b and q, · E. 

~i x~12 DHSa. (pSSVI165); c, ~. tY.Rhi TY21a; d, TY2la 

(pSSVI123); e, TY2la (pSSVI165); f, TY21a 

(pSSVI123/pSSVI165); q, TY21a (pSSVI250); h, TY21a 

(pSSVl250/pSSVI165); i, ~- .cho.l..el'@e CVDlOJ~HqR; j, CVD103~ 

HqR (pSSVI123); k, CVDlOJ~HqR (pSSVI128); ~ 1 cyDlOl~HgR 

(pSSVI165); m, CVDlOJ~HqR (pSSVI123/pSSVI165); n, CVDlOJ~HgR 

(pSSVIl28/pSSVI~65); o, CVDlOJ~HgR (pSSVI250); p, CVIDlOJ~HqR 

(pSSV!250/pSSVI165). 
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) .. ~_g]!;t'ft 1~ 

Restriction maps of ~. ~i s2s clones pssvz120 and 

pSSVI122 © • Restriction maps correspond to the whore clones 

includinq pUClS vector sequence (black area)e The open box 

within pUClS sequence labels the plasimuid orlqin of replica~ 

tiono ApR, a~picillin resistance genetic determinant. 

Otherwi~e like for Figure 2. 

D~L.12 

Re9trietion nap of integration vectors pSSVIl.54 (S. j:.ypb.i, 

n2s. locus).. The restriction map corresponds to the whole 

clone including pMAK700oriT vector sequence (black area) . 

(H/K), (H/H), blunted .&m.I, respectively Hin.$1Ill, ends 
clorri~d into blunted l;lindIII si;te of pMAK700or_iT. Q_r:f,.T, 

conjugation origin; renlOlts, genetic det.e?:llllhi:m.mt. of the 

temper~ture=sensitive replication protein; emR, 
chloramphenicol resistance marker. otherwise like for Figure 

Pismrt ll, 

Restriction ll!maps of the ~ t.:'!R)i il v clones pILVl.2 and 

pILVl.8., Restriction maps correspond t.o the whole clones, 

inclU.dinq pUC18 vector sequence (black area) • Otherwise 

like for Figures· 2 and 11. 

Figure 1~, 

Reatrietion maps of integration vector pSSVISO (Se typhi ilv 

loeu~)o Restriction map corresponds to the whole clone 

includirriq pMAVOO~ vector sequence (black area) • {E/H) , 

(H/H), blunted EcoRI, respectively HindIII, ends cloned into 
blun:ted .HindIII site of pMAK700grU. Otherwise like for 

Figure~ 2 and 12. 

Pigu~~~ 15 

Restriction m~ps of hlyA~mer clone pJMElC and of inteqration 

vector p.SSVI155 .. 1 (V. cholerae }lln locus> • Restriction 

~~p~ correspond to the whole clones includinq pUC19, 
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respectively pMA700QJ'iT, vector sequences (black area). -The 
open box wit.hi:n pUC19 sequence corresponds t.o the plasmid. 

replication. oriqi:n.. {H/P), blu.nted PstI ends cloned into 

the blunted Ji.i~llJ site of pMAK700QL_U: bJJ!A, disrupted 

hlyA genetic locus; ~, mercury resistance . qenetic 

doter-minant. Otherwise like for Figures 2 and 12. 

:rimu:.·e 1=~ 

Re~trietion •ap of the integration clone pSSVX190 
(V.. ~erg_" ~ locus) .. The restriction map corresponds 

to the whole clone includinq pMAK700o~iT vector sequence 

(lbJJ.ack area} • The heavy line indic.ates the s: sonnej, 
rfb/~c locus. Otherwise like for Figures 2 and 12. 
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A recollnbinant live vaccine st.rain for 

against qram-neqative enteric pathogen~ 

followinq features: 

-
the immunization 

displaying th~ 

(a) it is a bacterial strain known to be safe and immuno-.. 
qenic when orally adll!Ainistered t,o humans; 

{b) it carries a set of xf.!A, ~ an~ ~ genes coding for 

t.he enzymes involved in. the biosynt.hesis of~ lippoly­

saccharide core, preferably_ heterologous · lipopoly~_ 

saccharide core and heteroloqous o~polysa.ccharide an~· 

t.iqen; 

(c) said set of qenes is stably expressed by said carrier 

strain resulting in the format.ion of an intact immuno~ 

genie hybrid lipopolysacchar~de comp<?sed of the lipid 

A_fro• the carrier strain covalently attached to said 
preferably. heteroloqous core and said heterologous o~ 
polysaccbaride, wher~in said p-referably heterologous 

• 0 

core and said ll.ete;rologous o~polysaccharide form an 
LPS molecule containing a polymerized o~polysaccharide 
and being essentially indistinguishable froB the LPS 

molecule of the heterologous gram~neqative enteric 
pathoqen. 

2 .. The vaccine strain according t.o claim 1, wherein said set 

of genes has been separated! ·tromm non relevant genetic in­

fonol!ation of the donor straine 

J. The strain accordinq to claim l or 2, wherein the carrier 

~train is· an ~- ~ strain, a st.rain belonging to the 

qemus ~ill, a ~· typhi str~in or a 3!. ~boler&V.! strain. 

4 e The strain according to claim l I wherein said §.. typhJ, 

~train is Ii· tYPbi TY2la or ji .. .tmbi CVD908 .. 
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5. The strain accordinq to clai~ 2, wherein said ~. ~~e 
strain is V. cho~~~ CVOlOJ, v. £haler.Ail CVDlOJ-HgR or ~-

. . 

~lerae C.'VlD110. 

6. The strain accordinq to any one of claims l to 5, wherein 
5a.id. set of heteroloqous qene~ are either present on a 
plas~id vector or stably integrated into the chromosome of 
the carrier strain at an inteqratlon site which is known 
to be non~essential for inducinq a protective immune 
re~ponse by the carrier strain. 

1e The strain accordinq to claim 6, wherein said set of qenes 
is integrated into an H2S locus, the iJJ! locus, the yiaB 
locus, or any of the aro loci of ~. ~yphi. 

8. The strain according to clai• 6, wherein said set of genes 
is inserted into the ~l:Y~ locus of v. cbol~~· 

9. The strain accordinq to any one of claims 1 to 8 1 wherein 
said r.fa, i:fb and &....f£ qenes are integrated in tandem into 
a sinqle chrouosomal integration site or independently i:n~ 

tegrated into indi vid.ual int.eqration s~ tes accordinq to 
~ny one of claims 6 to 8. 

10.. The strain according to any one of clailllllls 1 to 9 ·wherein 
mdd rfa qenes are derived from ·an ~ .. £2ll,. strain· and said 
tlb and !:f£ genes are derived from. the same or different 
q:ram~neqative e:nteric bacteria, preferably from the same 
or different qram~neqative enteric pathogens .. 

11. Th.c strain · accordinq to claim 10, wherein the .Is coJ..i 
~train is characterized by an Rl~type LPS core structure. 

The strain according to claim 
tive enteric pathogens are 
boydii, Shigella dysenteri«tt=! 

10, wherein said qram-nega~ 
Sb...~lll! · sonnei, §higella 

or Sbi,gella f,lexneri, pre~ 
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ferably Shigell.J! · flexnfil serotype II a, and. •est pre­

ferably ShigellA S9U.11f!i. 

13. The strain according to any one of claims l to 10, wherein 
said ~, xfR and r~ genes are derived from said gra~~ne~ 
qat.:ive ent.~ric pathogen, preferably fro:m Shj.qella. son_nlei, 

fil:l;igelb )2Qy,qU, SbigellJA siysent~u~:i_«&e or ~igella flex~ 

llll!r_i, preferably fron filligella ~i serotype IIa, and 
nest preferably from Shigella §Qllnei. 

14. A live vaccine for the immunization· against gran~neqative 
enteric pathoqens comprisinq a strain accordinq-to any one 
of claims l to J.3, optionally in a mixture with. a pharma~ 
ceutically acceptab~e exciplent. and/or buffer, .and/or any 
delivery system designed to deliver said vaccine strain in 
~ viable state to the intestinal tract. 

15 e The vaccine a.ccordinq to claim 14, wherein the route of 

immunization is the oral route. 


