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pCVD3s 5. Eng € chdm&ene for construction of pJBK108. Figure 11. .Schene
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endonucl e Ee | restriction endonucl ease site E = Eco R
restri ct| fp;‘, *‘eﬁ@ﬁa@?f"@"wm Hind Ill restriction endonucl ease site P
= PS% L te?a % ne%ensgv &wg?ypg site S = Sal | restriction endonucl ease
site’20 _)(Tmagg ol estrrcrron endonucl ease site Other abbreviations in
t he: draw ngs and e sevvhere i ncl ude: Ap Ampicillin resistance gene [err] =
ApI. Ci | A EDDeSEARFONUEE IMPENTIGN I ] Ampicillin sensitive phenotype 25
Chr om =—Chronposone Cm = Chior anpheni coI resi stance gene
xr—<‘4o The principle of the present invention is the isolation of a Vibrio cholerae vaccine sirain specifically
. altered through recombinant DNA technology to render it avirulent without affecting other components
necessary. for immunity. This attenuation was accomplished by restriction endonuclease digestion of -
plasmids. carrying appropriate V. cholera sequences, to specifically delete the genes coding for cholera
toxin, or-portion thereof. Conjugal gene transfer of these digested plasmids, Tollowed by procedures for
45 selecting in vivo recombinants with virulent host V. cholera, resulted in strains without the toxin genes or
portion thereof. It will be understood that the methods of the present invention are. applicable to the isolation
of other deletion mutants of virulent V. cholerae, or to the isolation of strains having all or part of such
deleted sequences reintroduced into the V. cholerae cell.
_ The starting material for the vaccine was the toxigenic Vibrio cholerae strain N16961, which has been
50 demonstrated to produce in volunteers both typical diarrheal disease and strong, protective immunity to
subsequent infection [Levine, M.M. et al., Acute enteric, supra, 1981]). The region of the bacterial
chromosome which was found to be responsible for production of cholera toxin was cloned into the plasmid
cloning vehicle pBR325, after screening Hind 1l digests of V. cholerae with an E. coli heat-labile enterotoxin
gene probe [Kaper et al. Amer. Soc., supra; Kaper et al. Symposium, supra]. The V. cholerae chromosome
56 fragment was found to contain all genss necessary for toxin production. Next, this chromosomal region was
then analyzed and mapped for the exact portions containing the toxin genes [Kaper, J.B. et al. Lancet |,
1162 (1981)]. Restriction enzymes were employed to cut out the DNA fragments containing these genes
and a DNA fragment encoding a selectable marker (e.g., resistance to ampicillin) was inserted by ligation.
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 transf or fggombinatienin vime f ound in Methods in Enzynol ogy, Volunme 68, Ray Wi,
editor, Academ c Press (1979). Another standard reference is Maniates, T.
et al. Nbl balmytant)ten genes.Caffey carsugals n§iRir 35oreseribag i  Exparle ¢ ingw \Rested
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the American Type Culture Collection, |located in Rockville, Maryland, prior

to execution of the present applrcatron The strains deposited are V.

chol erae JBK56, V. chol erae JBK70, V. &holerae N16961, V. chol erae JBK70
(pJBK51), V. chol erae Ogawa 395, and CVD10l1l, which have ATCC accession
numbers 39,317, 39,318, 39,315, 39,316, 39,541 and 39, 540 55 respectively.
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Construction of a Plasmd Having a Sel ectable Marker Gene Inserted to
Repl ace the Toxin Genes' 5~ The plasnid JBK16 contains a 4 kb Pstl-Bgl I
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resulting plasmd was designated pJBK21 (Figure 4) containing the deletion

toxi n regmpwd4and the Ap resistance gene. Exanple 2 20 Addition of Flanking
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pJ BK3% BegpklSoned (Fi gure 6). The resulting plasmd pJBKS5 was then nated
into V. chol erae N16961 using the COI’I_J ugat | ve pl asm d pRK2013, yielding V.
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i nconpati ble plasm ds w ll--be maintained. The plasm d pJBKS55, because of

its pRK290 origin, belongs to inconmpatibility (Inc) group P. The plasmd
R702 al so belongs to the Inc P gregpphgaiggcodes resistance to kananycin,
tetracycline, sulfonam’'de, and streptonycin, but not anpicillin. By mating
pR702 ([err]) into N16961(pJBKS5)([err]) and sel ecting on nedia containing
both ampicillin and sustengn daoyse! s ek WASTORYTREE JAXRI0cel s in which
the ampicillin resistance had been incorporated into the chronobsone and

sul fonam de resi stance remai ns qr4t §eur! ssepsbEIO02, since pR702 and pJBK55
are inconpatible (see Figure 2). " The resurtant strain JBK56 (Figure 3) was
anpicidlin resistant, and toxin negative when tested in Y-I adrenal cells
ans_by [err] ELISA Furtherm)re V\hwchronosonal DNA_was hybridi zed to DNA
probes cont ai plei) Was ot | ve,
suggesti ng X ] S eY- =gl | Di Ot C
resi st ance encodedl on 02 a3 (SerM sly
cured 8eri vawi ve facki thq pl asm gﬁﬁmﬁemof about
“1in 2,000). Examjl e 4 L5 EI§ m nati Pl (PO Exanmple 1
To elimnate the gnpiciflin yesistapce, BBE “Was
const r uct ed™=TryTi legu “6 MOy T eSS STancy to ‘(Hg) TTom R100
were ckoned Rt o thhe Ps 't Pad ot A Apf gene, {t her ertionally

i nactlvatl |p'1. g c:ncth\.,'c. s %'cli \'a

er cur

b_y_in

ed i' nt o

V. chol erae J8K56,) f & §wdd by:&R70} any sele s dbove for [err],
[err]” V. chol erae.} The §inal {st#%ain} V. {chol e s sensitive to all
antibiotics 0 cur o] pmﬂo Yaobs6dl Iy toxin

negat ixe. It@ehro‘rosomi did nqt d tectably hy ridi de to DNA probes

! .
cont ai ni ng Cngenei oo ar o, §aguer\g|ésng the EEIA mj the. ent| re chronosone,
tra

JBK70 appear g#ts0 bg unal erec d.oam t dar ent N16961 except for the
del etion of 25 thé toxiln gere%®3nd ¥ nsartion cury Y egi st ancanand
i nactive arrplellllqrmsist:an eo.gmnesf Such. as raingc revert to

t oxi gefli ci ty aretaude t he] t oxijn®-B¥nes| ar d n&* n pr gﬁt >d but are

conpl etely deletedl Exan
| munity |f tga;thatl'B‘&ceW 0% munjty fand an

itoxic
nity are desired

for synergy, @it Of
chol erg toxinsonly.| Teeakcwap| base this end!*Pg oM3n {d@ptvhti ve was made
that produces Bonlly andll ackk*®Me genes} o’ Ab(Figdre. A Hpa |1 :
fragnment fr ot : S ToTeTt into a
phage cl oni ng yetct of , "L $np? Ia?é1ng a Bpm H 3nd ar} Eco PI site on either
side of the ga : i O yerBemtt—sr+tes was
cl onedssi nto pNg 9 wlﬂ Q?‘ oPfPail Rsgsd he Jver éﬁ?"‘bﬁg"‘f’r Biiidter. - The placing
of the B genes undef t tran Q,tdmtl nal §contrql of strgng pronoter

i nsures hi gh=p - OFTITeTTONES gxam ged, mat el y
50% produced ra=ant i g%‘ TS fﬁ:ﬁ in re Iects(lt he two pogsibl e

orF‘e’nt ations for thq clorjed i nfPe9ss- -gne fjor war 40 Yone Rackward. One

deri vaf’i ve, OIS :Jﬁl,im, wnt ecb.unﬂo V. chol er ae
JBK70 and four?t} to H-r—onu evgn nore argt i gen t han §He®pdrent -strain N1
6961, vyi el di "Q;J.'BLC‘;_ T — e BN Y Ul anl.s Nhave bheen created
using different promoters, |nclud|ng the [err]pronoter and t hese can be

eval uagsed in appr riate m ESrpopouane dPYAI ficant in vivo expression

di ff erences. a,m@J,e anb\&atuemeaff danaant dBuse I ntestine with
JBK70 wi t hout Revlwsa%on -tmirmﬂgemmwwsatqslvn'g’“m ce (2.0-3.5g.) were
removed from thei bzl l¥ah S vadddgivemlsvaelief M1 530dn0 8 hours. Four of them 50
were then inocul ated on day 1 per os to stonmach using a 22g ani mal feeding
needl eso The i nocul um was about [err] CFU (col ony-form ng units)/nouse of
JBK70 i n a $diseqwentghocgletione évol@adOBoust-toamyse) (MXMY or aﬂa@ahVﬁlmcmP@mtmﬁe-pr@Ew ed
in BH br®XRXM)s Betrieduisgd diffesent precadurpshie dbreppre thedroicyyn comparegito iie Bagglght poto

i nocul um BoRelatrePnaBrlit 0. 01% Evans bl ue dye. The presence of th| ) d e in
t he st orrac hTo 8@%‘1"59 M’f?"d H'“'[“h‘ée &5(&’6?&'??81"9%"1 s‘°"i"‘1’?EIi‘ Sind rr erapion® %%of

the i nffc fb%ﬂtg Ej "Mtura
r ha T un t'

(see Tabl. "% b ' gg ﬁ qlerf':g\t mouse was chec ed for punty gxﬂ\ (

exga agar) p

SE PA ates. No vans ue dye was added.
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(24, HOUR. SCHEDULE) [err] 45 % MXM = Passage from Muse to
Mouse DT = Deat Total FA Ratio =_ weight of gut/(weight of carcass
- gut) MXPXM =Passage from Mou&E otwaqe’étBé to Mouse SMAM ani nal s were given
sterile BNl broth. 50 Subsequent inocul ations involved nouse-to-nouse

(MKM) , T 1 lofle BRI il TP Y S65ib B WaL ol 5 TERYS Sl WERXMMEA e - BAHBER]
1T b7 el e e LM b

pr ot 0COasfafiexbd® HoRRGdAbia! 41d.08M.10AY(arbut 109 GHLS RBéuRtM dsNRE Ui Mitant MBusBUt Was
di ssectﬁ&ie\faﬁmesdyema@ndgcp anus under sterile precautions. The 55 gut was

wei ghed, pbraamatbcilftions, Gica 3@reRRIIEG 6dkES fat dobkh @smpaiatiread gBir6 G- Beakdrs Bbik pt@at h
added. ikhe pastt bhok ewhivhSwaa oMl rtiovegd inr orédr |ty nvdirtdh te Taitd anslipigss tab@ve Lantbieht

ti ssue weperhturglabbut@el'F. The resul ti ng suspensi on was used to inocul ate about

[ err] CFUAS triegessiiscih Talie idrdicatgothere weistsufficient cdlle inkteadintpsiine toLindctiste the next peimili ng on
MEA ( rmeast chesked 4 strealjag yn MEAplates. Tg Mityia eholdsee (HBKA Shetpipse epivrierdl the gut of infapt 0 119
031 B1L mise-givefeamnae. Meriid aceraeistianpvels did not infreasp siage HR(e Vere 9@ sybstaptisbingeases cel | s
f r om ani"NVEAFbratene(ep FAEP gmatst Kan aphesye! tp 8069 is @mopitive fliid ascugyigtian): EYdessat 1 n
.of BHI ?@’i"?ﬁ‘éf‘%‘%@?%@%?ﬁ%‘ﬁ%‘%%’ Qs8$%0r med. The nmixture was vortexed to
hormgenﬁ é" 7and 0.05-0.1 m (about [err] CFU) inocul ated per os into each
I nfant No evans bl ue dye was added. 5 For all inoculations, mce

were’ eb&sirda.&eakﬁa@.e% Rofel Ebam%@ggh&um.o?[ﬁ;g@gm &%@%mw éene'ca&gd ina
pl astic PRE AGIbIn[T WS TO0SETYy CTOVE

sllghly apbove anbi‘ent tenperature, about 78 F. As the results in Table I

i ndi cat e, ahéifdr 1aldidaPstiall dhbsoh A6t attERiatich Wad Vi Rfoldridt Gglvia 385 talerhabGdi biddigRatbdne

next .Anigagl) whidh, ik RIISEG hidybesh BRSMSHAP stidledRAcItiedtsEMd cdifs AidimnunBhRbvieAE
JBKZD t aw.efitm@nite @ oidiezLeh EVaRatgdiin @dluntedfsANh Chlera Bhd Relatbdl DiaRBIDMARL, NédE
fluid asppssibmat Stadkhdire v a4ss (Ol iOdchioibny & Or B@ers et Babdhes. Earg@) sp. Ng6-200 hesent | al

| ncr easesine,M.Mheat d-AcutaEntgia, fugrn (F&1)]. dbé progadea employed damthe pitesgptiar of 1385 8as0Bb | s a
_ posi ti veubbteniiphy difecotiemabat employsBiar ddPRE: (ag fdescahedisbempleoi-Ploxi geni city woul d.
have 28 ndi dae égt gerhiarahied dhe doniggEne mMardi®y ddhms twouexin gane eppieg. of 3A% | Sovthesn dlot ai n -
CVD101 plrFip ¢pvepladctye Hind dif trgmenta gheheut 18cand @beyh 13k Rilengthnlotrceinick hudridiged or
the A SHiLFigned sholsraierin gqnes dhesyfragrpents; werepiied pyragrosggebqiesiennerasisyang olpned

chol er a@mg\“ﬁ %@%8" a&? freqted: '"C\/'Eldif’ 5 gg“?d” T@@W)"“W{P‘E’H‘bm?ﬂt R@S"N"sl6961

h beefon | lid
as bee ; ab%ﬁ%& nd | Eg i%&erg then ma%c@g*:g r sa'icfn S S an [%s é" OI era

[ Le\“a @%% lt wnth

fr gm CO! ta|

and Rel Egb 2{55 ﬂhe%?g‘ﬁ% "?“"f@gssag, i &9&)‘%19%

Qucht er Slops @h S Eigur no f

Levi ne, dl s n With aepo%l]lﬁt?o'f'l'o? Ilne§rur95!@cu &Jh)cl\ onI; fe &rfﬂé:@qursﬁesmlcﬁ}y ed in

the aitRakahd emsk tré95eaWﬁféleElﬁ€s wokd) b @ bibrbhdgéd @ fikiRy @ With ONATBolyhelasee XBd pyed

for NL6fHRdrs wa@ ligeCdntoBsblinderdéa CRl 18feskieking addilection of @edules Miwhich GPXba 16 Ved

t he cl oRbsgoaitbdrapé gheOfla I $ies. DOB | érayrhdwadad admiteEimatie 1B andSOwEdegdine bl ot

anal ysi ssisteiwe ajesxtlort woXibd Nichghbit vas agdeeining ligdteda bite trarks@rmadtioh BoCEItcolil R-1K land N

| engt h, sdtidn of tetrdviihe, Nyedplasthicz eshteni dfha cuntee of ichgbrapms waxdamiged dsvaridines e

fr agfme N tedetipe mertagions | Weree guriglyin adpich @pe og elorecXba diGlaolpiramess weraidleted.oOreddaleatioro

al kal i nevighiaep Bhesepswhich faskadendly [ierf§0 bp KbailrGleitagirien BRBINDG (1) Ay gere- Tis defejen

resul t i MyY@hte designateth AEVRPP i Rydfied o digestadi Wity Xiae! andxpligaigd ipodoleie the taeasymat ed
pCvD14 aeﬁ'atafgevmﬁesesu ting cigeaBrY 9. waeesRlveerdolg '8’(”!)1%’"93@?'@’ 'f‘IYé ﬁ‘df EIY with.

' &yl b%ﬁ°%ﬂa f‘if P"GF%?"?“ ?Pa?&'?‘r@ﬁtas B‘Pasél'lﬁ

ol

oot CH e ke '%‘(j 2 i "l rff?Pet ne

except I Q S;ﬁ\% r(Se IS t I'IV |Ve 0(;0 ggw‘g ‘?e 1 e lon r(t-!jl ! on ln ar.ﬁ(i S Xba
oL Ll il i éjon P

as
seri 65 g nﬁrﬁeiﬁasﬁﬁewml el eoﬁfﬂ ol Hﬁl

Wit h g6 Bos| 1! ik Cira@m&@ﬂ%aédvﬁﬁb Q&s J:lbd%ﬁ%o KBS, W s%ﬁind in d{)r{%ké“sh(ﬁgﬁ} %10 e 0

five C %trﬁcy&irmlsﬁﬁc% gﬁﬁg on an Xba | fragment was then cloned into the Xba site within the A; gene of

pJBK8S8, yielding pJBK107. This tetracyclme resistance was then recombined into the chromosome of 395

as previously done for V. cholerae pJBK56. pJBK107 (Tc', Cm") was mobilized into 395 and a second Inc P

plasmid, pR751 (Tpr) was introduced. Selection of Tcf, Tp', Cm® colonies resulted in V. cholerae JBK113,

55 which contained tetracycline resistance genes in both chromosomal toxin gene copies. pJBK108, containing

the deletion mutation, was then mobilized into V. cholerae JBK113. Homologous recombination of the

deletion mutation into the chromosome will result in the loss of the A1 gene sequences, an event which can

be detected by loss of tetracycline resistance. Because the recombination event occurs at a very low
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35 Next, the ends of the linear nokecul es were nmade blunt-ended by filling
inWwth DNA pol ynerase. Xba | linkers were ligated onto the blunt-ended C a
| sites yielding a collection of gplgeGylegeshn Which an Xba | site was
substituted for one of the Cla Il sites. Xba | enzyne was then added to trim
the linker and a tetracycline resistance gene on an Xba | fragnment was
added andrehbegayt, @d envkhineit ptotcedusf (ar tesbycine deniitve Eelis @04 poddiafidd o etlagyeline adsistant on
tetr acyclaettseyvast hepipyeds Mhisl so@hvhenh prooddus sxpinitedrthefiact thah biranydinatis aviasteriostatic
exam ned.anfbistigmiheregs apfriciid and] Bicetidserine aigtbatterisids). Tiereford. @usitivg of Vinptioletse R 1 1Y
nor e Xba dont@ning pIEK1 B wasraravn\irsSer dei7é tirelgbrotingentaiinge? niste oAt tetreeylinm $O BYesn!
whi ch bacisisilismng S0 raicrg 5imn Hreyxesarine. & the endi gt Jdut mesh Ak e IAARYCling Eesistapt cplls
gene.. Thiwerejkliedt angrietragycing: sensifive polip wpra get B"a\ﬂﬁgf%'r g ang replicqyRiding gt h
Xba T ano“gF’e‘I‘"f ac'% TaEACEAER JoRRlie pipnics e web jtag afﬁ%eécegfq gei v DNA
resul ti ngYe ‘i' Pﬁ(}ﬁg el @%g@f’f"\'/ a"F‘Blﬂe'ﬁ E’éi“hg?gg ‘%fs
adr enal Jolerae ‘? % I ack, su ra V cholerae
dd 1o roduce “su um't an le equu {to {0) lgem parent parent V.
produc{® o oga 't') P as rreasure R aro°ar ! supra
(1980)], <ed the genes-for [err] as shovvn by DNA hydri di zati on
usi ng Iab,gjae,g,e,g probe. The Hnd It fragrrent of pCvD30 containing the
toxin del®stTom nutation was then cloned into pJBK85, a Tc sensitive, Cm
resi st wtom«eséqﬁatdngefm& TERKEAE The resulting plasm d was desi gnat ed
pJBK108. The Tack of a selectable marker in. the toxin deletion nutation in
pJBK108 necabesbitigst BNA seqnande bil thetokid per@$ oft 1 ehalsedeinatha B2 746 ihediisdey doteverthet!,part of
at t enuat ewtiidh fibo bedN¥GDB4d M bockmeroetpl. isBiolt Chem dR2BB cti3V22r(1988). Theresténtior] engenedeasbs om
50 395, theppiioetip¢YO14 Rrdpfbn% inficaen tpCUBsSIuguses folndredirain et moBI@Preset e | ng
in memgo{lmmgwevf B95. Thy |pesdictsd ruawefclqﬂwedeleem ot €20 pr b2 hilad fragmept,| but with
fragment 39§80 e o d fikar seRvedce: e n §iowre 19 The Xpa t e of e eh OXiff SSEUABREB 3,
yi el"di ng JPIEKATTO 2<i¢ fasidyest 10800 it jof e A Sfraqtusgh 9ene,(9et SOHIRY thec Binasninfedp! 'ﬁ‘l‘dﬁr t he
chr onoson?qb‘?"c‘?s@fa"ﬁs rg@'i i‘}&g WeE?GFPé’C‘T '8|'°°i}ed s et é?é'd'['fl‘gl%é” 19 figiyrpsjdue of '

([err]) zed i nt seco P | as

ot SR D e e R b B 5
whi ch con gw, %&ﬁg Rl ol ‘%r“q% agntﬁép ﬁ ik

gene co! 4;943 Aol T Rl ol ’bégﬁ@.ﬁq b 0 et o
Pnto V. Chaleeae e S S AL o B | B, A 54dBkd ON

into the ﬁme%b'b%me% dgd%w.st inthe | oss of the err gene sequences, an
event which can be detected by |oss of tetracycli ne reS| stance. Because the

reconbi naCiabws event occurs at a very |ow 14 EP 0 119 031 B1 frequency,
an enrichment procedure for tetracycline sensitive cells in a popul ation of
t et racycl i:nénreeigilent ¥ihdo ahelbrlag having acivpiespmal def@ivn $n @ ANA sénwent cpdirgdierca feest part
expl oi ted t [vé teacholetsh ikint At subwyiciuffienti ts canfbraavirelpicesenst hayingre PNA clequonaghter eas
anpi ci | i n aeriptapee tpcheseusy. iwhereinthe \bshalesse exprgsses atTipast paropfdhe ¢holer@ teniy B syunit/,
chol er ae JBRuffiget &’dﬁt‘fa" 'WI“H@PQHBCBKE'@HWM§ cgﬂa@wtp ?Q*ﬂmss thﬁ rmt?ft'ﬂe[‘éﬁmﬂ AHMaL- br ot h
'contalnln 2 mcro g/ tetracyline, cillin and 50
: g{;’ :g? %%QE&EHE&—’“RP""( ‘%ﬁ'a'"b’f '“QVW?BG‘?@SDN%%"U‘QJ?’ ‘F%%"“fee‘%’rs&@il‘élhﬁwe
reS| st ‘ht C Pe killed, and tet racycline sensitive cells were detected
Pyl B Sk AR AN LRI D o0 RS i BB A s BhpARKT D
Tetracycl I'ng ,aﬁs obé e—presence 0 f’ genes
by DNA hybri Zati on e tet racycl | ne sensitive strain having del et| ons

~for botd @enGiri@Piviso afoleﬁaaeaciowg]to Sk MFerM@-§aldj$‘r§hcg&ﬁfeﬁg m¥erodrddRisR (P& sfrafP101
and tested fMaBodINAEREIga) o0he Babaldbtoiphd. Dy ELI SAT[Sack, Supra]. V. chol erae
10 CvD101 was found to produce B subunit antigen at' |evels substantially
equi val ens. tp@irm&m%m(i:ggemaacqaairgm any.on€ biadiamisato30 &rherdiX BTONA s8qubhce dobidy for
Sequenci ng oeésidtanes hanerauryGeinaspoldi ieihs chr@ndsbife sfeigpUdinioehddrad. he t oxi n genes of
V. chokerae | naba 62746 has been determ ned, part of which has been
reported fn Avivddotrifibrieetholafae accgrdin@ioginy or@hoé plim2 5&) 5, WBGEIA s{id B@BInimaT fse mammal.
~restriction endonucl eases mapping of pCvDlL 4 and pCVvDl 5 indicates that the
sequences7fo‘\!ﬁd‘*’?ﬁl‘l@&‘t’.‘aﬂﬂ_mﬂ@gﬁ@'@ﬁsﬂﬁefﬁ'ﬂé@éﬁ'ﬁmmﬁ"Qﬁé“% toxin genes of
395. The gredl cted junction after deletion of the 550 bp Xba |-C

fragmeft , "‘W"E%c Hring Fypvigent Mibdg cholprag pooprding da-34wy QAR &F clginas b}ﬁ’cﬁ/\fﬁ' ?’?fe‘iﬂP’gur e
12. The Xba 30ainst he SYPPIPRRO CPRAA T ae t oxi n sequence spans ami no acid residues
10 and 11 of the [err] structural gene (not counting the 18 am no acid

| eader sequence for [err]). The Ca |l site of the sequence is |ocated at

the | ast residue of [err] and the first residue of [err]. 25 Wil e the
i nventi on has been described in connecftfon with specific enbodiments
thereof, it will be understood that it is capable of further nodification

and this application is intended to cover any variations, uses, or
~adaptations of the invention follow ng, in general, the principles of the



departures fromthe pr esent d| scl osure as cone W|th| n kgg’v\@—gr_,chusi_gnar—y———_
practice within the art to whiich the invention pertains and as may be
appl i ed to the essential features hereinbefore set forth, ‘““m‘mmmx“ﬂ‘g
in the scope of the appended cl gipgng1iddRigs 1. An avirul “
havi ng a chronpsomal deletion in a DNA sequence coding for*at®| dast’ part 35
of the cholera toxin [err] subunit sufficient to confer avirulence, and
havi ng feaBR. e gorshoent frorceduess fos telipryeling gensitivecesily in anbrppletion of telracycling Frsisentae
expr esgels wes pmplgyedpdhis epfichmpal REoretuse gxaiqiird theBtastuhetntetracyelng jisc p daeteriogiaticonf er
i munoderiidie W°’8WWP$§"W e DC%{E%F“EV"? Brciegfidhh| Therelorse Pyl Vngholgrae dB‘ﬁ bt
ani mal .coptaining, pyRIf1AS, was gresn fgr TH G 87 58 Lé’é‘ﬁ'b?%?aﬁ‘g‘gtzd““&'f’&("i‘h‘?ﬁ'a?yr'i"‘i/vﬁ‘? DNA
codi fAg Wf‘:‘"t“haé’déﬂtri‘ Frg 9'%' Rgyel d gfy3 hou 'rl‘; F@HCI'"%'esﬁ\\?”trcﬁ' sent
Vi bri o b g" ﬁ " ' Vec?F' "e eF‘e "F{‘ ?%a’da"fi “r‘ao"'?f'

r wi Fl' racyc
10

Y RiRE
n cr oo SR gsc, i @afgéi’;s' i °"'es;2;s ksl

K

rese c genes

I’l i2 A1 S an ae
accor di th ¥t - Yol o 'hgi&m Eh Pé% gururaﬁ hudie
st raJo )B éﬁ UnTlt ?mg{eﬁ] é\leé%ﬁtﬁa)‘%ﬂy equival tl t5 ren V
chol er acgo,a,gggg I ng tO any one of clains 4, wher ei n SEC]UETICE

codi ng Tor Tesistance to nercury is |ncorporat ed in the chrormsorre of the
Vi bri o sxampiesae. 50 6. Avirulent Vibrio chol erae according to any one of
clains Tto 5 wherein said host animal is a manmal . 7. Avirulent Vibrio
chol er daNessperding @t the TolimBemes, wherein sai-d mammal is a human. 55 8. A .
vacci ne conprising an avirulent Vibrio chol erae according to any one of

claims 1 Tee qntifagPNi pesuense iobihe dyiniaenas of N inghe; 63716 hasdleen determiped, partpf (
119 031whigh has been reported in Lockman et al., J. Biol. Clrem. 258, 18722 (1§83) Ihqrp%&[m?onuﬁwses

enr i chrfdipPing obe@R1f @nd BQVQ’éf"PﬁE’ ?‘ﬁ'? %eé‘l"?g?e? ifeMad {nirpig 6R746 aroalsg RTesent 1iheot

2cViefin g the. 55 HLP with
Efé[of%}agaﬂ%@ i ehe il e W'Fﬁé e %95 i T O D b,

anpi ci | FEH B0 BioAel Gpl AP acs b % oiniog Nbgleds Ry s g °La°'d of v
chol erag v 'Sglg%] i )cohnt—a-r m'ﬁ th%li%f %gs ated rovvn e i? 3‘@ ot sl_ gf
cont %' ni ng\lhge mecﬁ\%nﬂfnnﬂastb%&{ @é‘s\éJ.deHQn céple(m)rp Gvith géemfm Fémb@&mérﬁé {hlm‘e& @WI @0
M Cr o Glndbrstbbd ther i0S ShraBB of Mither RddiRAHornd i aBlichtion O rhen8dd th d6vet SiyIvakatéis! Ne
resi st afibs, 6P bdaptalibik @t thi idvEiion Rk Sih lgarkey; e/ RinG MBS ieVifveRitdh ladd WBiidhgdadect ed -
by pl atdeB&tuEH%thanéigﬁEenaﬁdcld’sﬁrmab GEmP Wil IGwrD B daistbmar@ Gedicticd! viithin trRtaktas wikitH ne.
Tet r acyaé inventicreptstaing SRl 23 hay i @Fpliade fohgéssdrtial fdaturest Haminpsters aaiderthy bnd Bidlipwsgenes
by DA ihyHerscehezfithe@ppen@aiksldived. r acycl i ne sensitive strain having del etions
for both gene copies of the [err] subunit was designated V. chol erae CvD101
and t es®8thsf or- producti on of B subunit by ELISA [ Sack, supra]. V. cholerae
10 CvD101 was found to produce B subunit antigen at |evels substantially
equi val BniAnEyrienkVipdp shglerp bavingrachrompsoma drleiipn i 239 seauenge, pesling for it 'eﬁ\ﬁ‘“
Sequ¥nci ngf §i° ehplerar EB{‘!" A‘Gé‘l‘?é’é" ?‘Hfé"eé 9 F‘é‘feDPQN %eﬁﬁ'&e"a&‘f‘g tahBN‘% 6?9%"@

V. chol er %s'sfaﬁ ebﬁ"ﬁ S%Ié gf‘ l
reported WYL RRA® e‘f“”‘é’f‘°ge"'§f‘y aBﬁ’ “‘%ﬁ?&?ﬁ“? oniges 2‘96‘1‘687&7 °5‘r?P8“a
restricgi 4 p t he
oquancbs Tt SRS LERRE e BARL B (RENRGEBRRARIIRY o oy, RinhlBle
395. The predicted junction after deletion of the 550 bp Xba I-Cla |
fragmens., MitlientWibhio atilirdd RBor@hg BciaRa dr 2| WG s UiBAY) EdiordeSmisaaYdRisNs bI gure -
12. The Xb® thavsist@typd. the chol erae toxin sequence spans am no acid residues
10 and 11 of the [err] structural gene (not counting the 18 am no acid

| eader 4 equianse Viood clokde] accordifieto Clain B, istolh sald \lilitie chalepde mingootganibro esadf ewehinat
the |ast Moe9eduATGT 343es) o] thamabd deetper st residue of [err]. 25 Whi |l e the
I nvention has been described in connection with specific enbodi nents

t her eof 8- iAvirulgnt Viblie choferherastanding to laat orietof iclaime 4 dald| wheesin the PNA sequeengichdivgafel on
and this agfareainsicuys's inaeresiiedinthy comesomarpy) the Airiachalsme. uses, or

adapf"at jons of the invention follow ng, in general, the princi pI es of the

i nvent i &n Akten FMﬂ&lﬁHﬁgﬁﬁﬁi’W"‘@é‘bﬂWPﬂ? é']s"'afr?so o{5n BhestinsichostAning 52 MBMRs cone

wi thin kn yust oary rat ce he art to which the invention
pert ai ng 2\%6‘" é‘émg?—a& °Tdéf‘8 R ‘83"[“\}% Qeé%'é?ﬂq P ANEE "her ei nbef ore set
fort Q.'f é‘nq\ \?aémnfxeoéomp\ﬁging an avxru entt %rlg %Po?e?aeogcct}rg}ﬁg tao mge (9 cfz:alms 1% "7 for protection

against the symptoms of cholera.

unlt
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Claims k. An avirulent Vibrio chol efae having a chromosormal del etion in a
DNA sequence coding for at |east part 35 of the chﬂlﬁlﬁ “3 1
subunit sufficient to confer avifPul 8®1Bhd having a

resi stance to nercury, wherein the V. chol erae expresseé‘ af |east part of

t he choler f r !ir;(mir\ | s the
capaci t%/ t@;%& gﬂfggvitt ﬁ rEM ah gvrr%f;it\;i(}o%ﬁ)orle . &C 99@/‘&;«8 {%arr]rtﬁp O[?:‘I o
chol er ae accor(?l ng to cl a| m 1 |n |ch he DNA COdI ng for the entire A
subuni t 1§ag G4 vaccine RBRAPrishg! Mt Hfutond vibhY 'cﬁdl@rfeniccéfhrhﬂ toOang RS BF @8maacerdiong to
cl ai g 1 Orprefectid kiRt theSHhslonVd &ichdler&NOT €r @€ m croorgani smis of the | naba
serotype. 45 4. Avirulent Vibrio cholerae according to claim3, wherein
saiN\d’ Vi bt.i omethal ferpaeiutihgCanGoIngsanVilsiv dhalered of aiby e pf 69 6 b 7 ctihEiBSing ¥ lstgps:0f t he

| naba ser ot yg)@btaibing Aviirst plagmitt chhtdningdflapkingd ssqaemceodt @r dbleteg chderatorindINA aid €| ai ns
1 to 4, whemeienfot & érsDbdikcilg erkee substiluting for @nd ingridcs tofi e aleleted mipiara foyrin jDNA,

i ncorpor at edvhérein sk flankindseauannes anf oftshificiapt lengtipto eregioterdatectatiigdin Givo yaoerphiriation

Vi bri o chol erhehaitihe dpipigd DHA zeges dereat iopst @) Rartipns of ithe eholsra tine fesubunitarhithlip st

ani mal is anpeATR for epcoding pViIERhIOXIY| bri o chol er ae accor di ng to claims®,
wherei n sai @)ﬁ‘ﬁ??f?ﬁl"gﬁ@d%{s‘rﬂﬁﬁﬁ '"’“5 vir “‘Mﬁ&%ﬁ-ﬁe’“ ?f?ﬁ" an avi rﬁent

|s
Vi b hol &7 “"%’ dr fﬁ" cqdgs
ag a[ Ir{gt Ct ﬁ e i 's s secz? r% ncompag% E?rl i@?Fgfg plgsfnj and sard seco %%ser.8

sard rst Selectablo m
c L iransfortin a a\éh R ifto §§J \Frul\éa%lng'& Fe%%é:lrfo 4&& s avirul ent
Vibrio cho'é ) SBecihd h@gnore s Hidod FoliBanto e S Aol rbPkcor

aga' nst the aﬁt.y B0 d FiectBie i@r top ué%rlang{;n%lent\&ii’&us 'cﬁbq’erééqm& idd; an -

avi r yhent V(fbsmamrgm&ﬁrﬁa%ma%%ﬁt £ DNR Wi coab¥ord roSidiante «u; dnaf OF 5

pr orect i on 36) AlaM:Sdiming REiId B TRIONTE i swakraérav.b&&choreramda@ebaﬁraﬁ sPSRAULkBEY an
avi rul ent Vi@t pro6dee be avirtlerd fvibaie yhored niirocidanisiiBesittahtGo mee@PI | Si Ng t he steps:
(a) obtaining a first plasmd containing flanking sequences of a deleted .
chol er a 12.0xmathdoNdcading ta cigient domprisingftiersititidelseps:abl e mar ker substituting for
and iam pl acdhobtainie addNeweich eritodes rah leasd i prartDiNMe BLSubunit of cholqul doxipi suffigientdo

f 1 anking seg prfef dragungganicity andliiesfesingrthis Piiigtorthet Vibria cholgsaecof ster tendbl e i n . vi vo

r econbi nat i dhisolging thgiYibrie choleraecof sen @ weprabhsrid \ikiie chalesge exprogspnaitoagt 38 ot hon of
the chol er a SPise tPXinch pybualt pyfficiept tiropier immupeoenicit 2pd hasoihe caRagityi t Golanise e ent
t OXi n (b) tipestineroh p poshgninaal; g f| rst plasnid i nto a vi ruI ent Vi br| o chol erae

m cr dB goobta nrn ondp ﬁh q
:}% p ly engi ed, avrrulent o ra cqrd m 1
enCOdeS {%rg h:'ﬁ:%\ sa%lvéu ibgio cholerag fstg'%ia) is of he Inal sero g?a g‘gé% a?ém d
i s inconpa BIE" Wi th g—%—r—s—ﬁplo th sal 2¥6hd sel ect abl e rrar ker

is diffqpenf .ﬁrtrg,m S rshué.r, $lgernBlif b esreamar.hrerq .(ﬂ) HoloRAB SESH rn NYc
second pl agfidh éaﬂt\flpjﬂé@*/rgng/dhtglu Ja8 Q}ﬁsfe\fﬂl id Qrafn I‘l\ﬁb@’% %ﬁéﬁ%ﬁﬁ@%f ) 2

sel ecting a Vibrio choterae mcroorgani smhaving resistance to bot sai d
first sekRatansPnscngar ker and said second sel ectable marker to produce an

avirulent Vibrio chol erae m croor gani sm 20 (f) obtaining a third
pl _ sm d 1C ORdrateritdr ngbra a8 e heir0 EleSmdsomalé Deletidn Sih dve DIND-SaGUen! layfiveistndle ( g)

r dnsd er r i augingesitens biner Thilpleasderbinted dsaiCithlegatixing kaalivkt, A6 Bustelzhic vl AR dadz zu- -
M cr oor ganvedeirene bet derd eingy DNAeSpafens | furt Quesksiohwesistena avineisti| vehei dér L. | aboledae| er ae
mi cr oor ganfigdasieesseipn et der 3-Yriqreienely des| Gholepatopins pHAMISG,cioF Wsraightt wn iresinpgenty
conpri si ngz"P'ri"é veyisihpn pnghilif Fagigkgiipufwaist, den '"teﬁ"cﬂ')akt@lﬁ'?sawwws&“ W‘Wc h encodes

at Ieast art of the B subunit of- lera toxin sufficient
conf ef i g}@‘ﬁ Vet e ASPYrt i rﬂ'bdﬁ"hf’@ diongRsamig & ‘L"}’:Pée"\VP'bF‘idt?re@%P'é‘? ae of
step (g) afP'Hyote8dtating the Vibrio chol erae of step (h) wherein said.

suffi g éﬂ?ﬁfﬁﬁ%ﬁﬁi&%ﬁ% AFEREY Nty Rarebe R e PR B
intespjine of ah animal . 30 13. The method for producing a genetically

engi ne_er4?dAvrr@I¥ﬂtJrq}rtﬁ9tch§\grg haBh ARGHER §ew&S.C&F YA cHoRrab lNWrc%}g;JranIs vor st €i n
sai d virul gi¥bei\hFEE 553 irdfa- mtﬁ;,gp (b) a serotype. 14. The
nmet hod for producing a genetically engi neered avirulent Vibrio chol erae
accor di iy Awruldtédi iBrid 3holedd® nach e-w&heaalﬁﬁns,saahdﬂusruhmt d.éfnhAsaqusktohnema:kat step
(b) is st ridrasidwhd Wedert( A GedCradackbh ded vibdvaehbigtadangsiedubisty pe.

6. Avirulenter Vibrio cholerae nach einem der Anspriiche 1 bis 5, wobsi das Wirtstier ein Sénger ist.
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Pat entanspruche 1. Avirulenter Vibri,o cholerae, der eime chronosomat-e

Del'etion in einer DNA-Sequenz aufweist die 40 zumn Te| I
der A -Untereinheit des Chol eratogpogikostigit, die ausr Mﬂ
zu verl ei hen, und der eine DNA-Sequenz fOr Quecksil berr

wobel der V. chol erae m ndestens einen Teil der B-Untéereinheit des

Chol er at dxi fdrulextprr\ityio ehaleraechagh Anservadibe tebsi denPinganaimoenséhistz t at zu verl ei hen
und die Fihigkeit aufweist, den Intestinaltrakt eines Wrtstieres zu

kol oni si & eMakain.gumiassendginey @uiryieatpn Vbt shgle@p Gpcly dnemndek MnsRAIcRS § &iF 712U FEhiam

di e dlg ges&‘???’éd'ﬂsym’?ﬁ?ﬂ‘%Y%qqﬂB’P't kodi erende DNA del etiert vvorden |st 3. .
Avi rul &nt er |o chol e nac Anspruch 1 er,

chal pr ac éaq@m g’L&i NG o g Quiote Vi iR et & g o
choler ae na% hspr uc W BP0 %Rol er ae- M kr oor gani smus. vom

St anm Nlﬁ%Gé (e'sb‘-(&gzzme3 %ﬂa@\an&/ S%Han' @ﬁh@\tt}ﬁ%bﬂ& Xpolér nac# emé?( 'dBtuAlﬁﬂ'Eé”e 1VIS|? '}'zgm

chol erge naghmglgg%m mplomB MoCeHa DNA- Sequenz,

QJeCkSI | - 55 rre5| stenz kod| ert i n das Chrom)som des Vibrio .choI erae
ei ngebaut1] 9érann 20V HeRAG QineYiabliuieRlert i lcAdlerita aith BdimMusteAnspgier Oplde7, 1
bis 5, wobeim@&sndMis akiiteer ein S.inger Tst. 16 EP 0 119 031 B1 * C L
M S * 7. Ad) Gawlireér s \érskon iPRsrBile day faskianandd Seyasqasnictiier Gholsrathan-dethtisriebanger
ein Measch i sind ¢ GeNaik ziimep ersthasisiktiadbaren Markea uls rEdatzniie and/pistello dehdslaterme
nach ei nem deGholrapinDtcenthilh iwobey dig dlarfiiereBish fieguenzey eiye It dntiscuBgispt drBusyaieht, -
Chol era. 5 9.um eing pishwaisbere inydveRekdnibingtiey z\yiiddrm und) whhet die delotisfte) BNA anidesi¢rent en
Vi-bri o chol er%’@"n&l&'hdeél%hﬁa@w Appriespithsit dediert di% sug Kadiereceinss zviglegem Telfne
Synpt one von THErdg gt 10, Oral es Vakzin, um‘ assend ei nen aV| ruI enten Vibrio
cholLer®e nachPk ﬁ@ﬁf’ﬁ@?d %? @'di'"lﬁ"@" ’7" Yirio cholerga

Synpt one von ?g’e'ff Y grl*r T"ﬁﬁ' e"eﬁ‘”ﬁ 38 'f 'hV'%’her

- Vibrio chol ergée ﬁ%‘éhnﬁ e iy X 45%'“3%;1(9‘1; %&fi@ é‘%" K g’ hAttPe:

(a) Gew nnen Qﬂ%fe {e EE@&% nv le ?o'a grﬁsnﬁ}sner :
Chol er gt oxi “'g .E Qrﬂas I%erae-Mukroordél 63%83 st@rf Siekfbrbaren
sel e‘kt I er bar eﬂarM?r Eucﬁ & sdibRGbrisient Rirk& i?ske‘ﬁ; laGfwbiStN um_ einen

Chol er at oxi n- Q[}me,ﬂ;atm%ho,%mkmmaﬁsms%|ej§b@jeﬁsnden Sequenzen ei ne LUnge
auf wei sen, di @ caWmkdA Bt dritlei PRI, N3 CIAVEBNA BRAAL, 4i8 QuéckMERRKINBHRY 1KBaS; aft ZU

f ordern, und (op hedstettiorendiet aiitter PlaémitINA deh MASRGHte@P seikiieion. dviribntéheVibrio cholerae-
Chol erat OXi N- Mikrobigdntsimes, umediden lgegbh @ubcksitléraesistanten lsaicator Mibed ¢heBrav-Mikkdogyakie n
Toxi ns not wenwispuieseygeR0 (b) Transferrieren des ersten Plasmids in
ei nen virulenten Vibrio chol erae-M kroorgani snus; (c) Gew nnen ei nes

zwei t en Fl2a¥erfabiren naph d\nepryeh 1 DNmfassenthdie eusétgickendichvilie: zwei t en sel ekt i er bar en
Mar ker kodi er®) Gexinmes eipps §NAygig miadestenssairion) ToH der Bdintersinbeitges Bheleyatpxins kodiert, der

i nkonp®t i bel qusreichingm drapunegRalzita 24 kqrisiaer, 8t RrprstavisraectiesedPNAYie fer Mibrie gholerae

sel ekti er bar e‘h”“ fP"R‘éi?)“v‘érschl eden ﬁst' Sd) Tr ansferrl eren geess zvei ten

Plasmids in Qs &H ‘ﬁz e)

Sel ekt i eren el nagrngt ey i ’r"‘g’f"@f 6’?’ %gh‘ugm i ga%ﬁﬁ 2 et
er dig Fahi ufvlv<e|s est nal ra em ores 2u kol “énIS| ren

er’s%enwsel ektierbare auch gegen [en Sél ektierbaren:

-Mar ker el 136 Vggﬁﬁﬂeﬁ Eﬁ%rs@éﬂ&ﬁﬁ%n’%& geﬂi%rﬁ‘écﬁ' fbk é\/élllreh' la@r@feﬂgn me ¢nlBierae nach Anspruch
chol erae- M ki Qar @R GbsTHs vifhenfo ViRH Gftibrae (vbr ScRRMBR R InSHaTEeRRNik L T en Pl asm ds,
das eine DNA enthalt, die QuecksiTherresi stenz kodiert; .und (Q)

Tr ansf er rige varah.desurd{ewgtasa@ ditled géhitddfinisch n6testteiien SEfichtbh vma choRiaf KEthﬂ(nE;ﬁlﬁbh
avi r ul gnt en13/iwabdi @elCtiriomé &rio Adierae von Schivit kb) @6 Siarfiin NTBSB1 (NTOCEBI3ES) vEre GRBa-
Quecksi | ber sereigp Bt ent en avi rulenten Vibrio chol erae-M kroorgani s- nmus zu
erzeugen. 12. Verfahren nach ‘Anspruch 11, unfassend-di e zusktzlichen

Schri tt e:Regpndic@igbnnen ei ner DNA, die ni ndestens ei nen Teil der

B-Unterei nheit des Chol eratoxins kodiert, der 35 ausreicht, urn

| munoWent- z VibeQ cholerapeavirdian ayent yng (iékitiog rehmPIOMique fans usg sfausnga dAPN eadanyipBii o

chol er ae une partie au moins de la sous-unité A; de la toxine du choléra suffisante pour conférer une avirulence,
et ayant une séquence d'ADN pour une résistance au mercure, ol le V. cholerae exprime au moins
une partie de la sous-unité B de la toxine du choléra suffisante pour conferer une immunogénicité et
est capable de coloniser [intestin d'un animal hbte.

2. Vibrio cholerae avirulent suivant la revendication 1, dans lequel I'ADN codant pour la sous-unité Aq
entidro a été délété. _
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von Schritt (g) und (i) Isolieren dés Vibrio chol erae von Schritt

wobei der Vibria cholerae mndestens einen Teil der ImuﬁmﬂulmmllﬂmL
Chol eratoxins exprimert, der ausgehehést sim | mmnogenl

und der die Fahi gkeit auf\/\/el st, den Intestinaltrakt ei nes Wrtstietes zu
kol oni si eren. 40 13. Verfahren zur Herstellung ei nes gentechni sch

her gest & | ilwia_cholpree ladmteatnsuidatir o revbrsicetione 1rnaich dapssieaugt be Micrapeiapisme Vibiigbei
der virul esheleraspshy graitpsiebae von Schritt (b) vom I naba-Serotyp !st. 14.
Ver fahren zur Her stel I ung ei nes gentechni sch hergestellten avirul enten

Vi bri o éhofigiegholyas gy H%g YShla jeyendication Badang isgugl cqjmicrogropnipmen{isioghelgraeg,est
chol et ae \ﬁ?rf°'§5ﬁP' 6t9?1 3%?15)5‘{”6?%’?*"?{&@%1 (ATCC 39315) vom | naba- Serotyp

| \

Cﬁ'lt‘ ;ﬁgg%er\?' %aé olerae g{\j,:]rulent sunvan pune g.u%ﬁ%ilqer gr%c\a/nldr !oﬁsn aqugntd s;:i;qne zg E%’qﬁz{\cg de | a
y?u'?ge sg}@e[ br

sous-unite g t oXl ne du C era su |sante pOUI‘ con

avi r%e@ce\ﬁbr%tchﬁl&%é”avuﬂdﬁﬁ’t s%@%@'ﬂﬁéeqnﬂlcﬁﬂ% B overiEatibrisSil £ 5ARUAE 16del IVBE &rithdf:  OU
| e V. chol ghd&: GrhdniiRredU NDI NS une partie de |a sous- unit6 B de |a toxine

du chol era suffisante pour conferer une immunog6nicite et est capable de
col oni s@r Vibrolthé&hd dvirdlent! Buvait iRVenbiB4tion 6, 2ansdequdlic aMmfdie b esmnayi I ul ent’

sui vant la-revendication 1, dans |lequel |'ADN codant pour |a sous-unit6 At
ent i ese 8a ean coidpbdnént ud Yibrio chielerad aﬁﬂ:@nt&ﬂiianﬂhnaque\ém’mué descévehdidatiehs d\&i 7, pdur Nt
suivant | el prwviondentrateassymptdmenduzhoiélans lequel ce micr oorgani snme Vibrio
chol erae est du sérot ype Inaba. 4. Vibrio cholerae avirulent suivant |a
revendi Sat Yasein 3, celilen oneeqgumventesecamipranard 1 mmwlwnbﬁwgr'a@_wmwue
de:souche mwmcetméﬁmslyp@@ctioe@mvy symigrees 99 chalfdr i o chol er ae

Y e o e oL bl Vbt e b Sl TR SR TR O EBTRTE ' ddhe
sequencéd®d : ns Ie
chrormsonep°HUaVi°[?th°8 cﬁ(ﬁleérsé'@ptmi"is “@ﬁwgf’brl o chol er.ae avirul ent suivant

u nu ne g q?el?rg&g% Soy%ﬂprga%y}za%luﬁ aﬁbng Qr?me;aepév?t{lenpgngnt l ?&L@Llco%g %@ ré@*dncgg’o%ng st

S I'van cati on dans

| eque ﬁtfoﬁ d%R lprami Qidhide leSnterant d\é@%&c&oﬁp&ﬁm@@& ruH RO 0b hdxfRe de

chol er ae av 'chélér@ Bé16tS B VhRhe boud B piaMRl MAGEHUEPdIGRt 48 \s8IBGbIR LrbrAfkark 'ADN de POUT
| a protecti Qikinedt &rRIcraCEsISHY BP EIREES sl Pia6d) AhRY BquePees \BGohEbs Hahdilahtsd Sdht de .
entieres Vi V@agidassuliRind sdanflorisdt ukd RcorbiralRed iR Ve d6ttabid) & Bins Je4udXADN béistae
quel conque @8de Hodl aNdbitsline @asie He /A dus-PaélR, Balapsxdnb @6 chalifa Qo8 mBcdsiffe pour
synpt 8mes  dwoddn pbue Lide. toxird. virlergei N or al conprenant un Vibri'o chol erae:

avi rul ent sub)ransferydeign ereqise blesmmidpidans ersmiceorganitime dibrio ciplefae girdflent pour | a
protection derpleetioh dyn s9eepd siardedeonionrnt @y DN qui coddrngwred oqpod matageup patantt i on
d' un Vi bri o &¥nsflestionsé.lany lagushee seaendplpsmide gvdnceforatitle)Avge 6o Eremior Bigssted 8801 ons
25 3 1 g 7PeCORgFFAAMOUYaRE St slRctonesioftafifident de op RIS NTAEYPUY PRHYA ¥R er
pl asm de corftBHSME des seq Jences fl anquantes d' un ADN de toxi ne de chol 6ra

délete et u d’d@??ée S‘Eﬁ‘?"ﬁbﬁ’ leRide dansge @Eﬁ'g ?/Mﬁ'éﬁ Ygilenty tlonn6

mpl agant  1®294°t B0, C %? % @‘}%
Ig\dﬁe ces q%@l’émf’% rm gﬁﬁb cﬁlﬁé ﬁitseaﬁ‘dlnban‘ﬁﬁ%ﬁ?uvg ¥ ﬁ'fj?"ep‘?ﬁﬂ' FPPIBr i ser
une reconb ﬁ Fun‘ttols a @ yn?enarﬁhnm Ul l]5llru @Q&angg@ grcﬁ'gﬂ
code pour aq r{Bhé?ét 4B 1R’ Bla aan§QUﬁudrU3+gtaﬁs VIS chdlorhe? rm&n 1 6ra
qui est nec Qﬁu%a‘e{ase {35 Bbur pREGTe ul Aidrodrd3Risthd WibrdEcndibr réSI ab hiRRaker t
"ce prem er plasmde dans un m croorgani sne Vibrio choI erae virul ent, (c)
obt enisi AR Blotsas SPRAIMIreInaiSalionl €1, GaniraaMMs dbesSoppidittntakaaGaivaaRet  UN second
mar queur pouNabibntdh dan A0N @it dotnioér auttasks dnepaidl dedescaeaita @ dpliaEnetiy casléra
I nconpat i bl euffisese poar @nnt ane plrasiogsdieitécdt tanstédSde cot ADNSIRGO fRAViFRI chaietas de
pouvant 8t r-d'éed (@rdti onn6 est diff6rent de ce premer mar queur pouvant 8tre

s6l ect i onn6;® {sefytion du Mibfieeholerke de Etapedin) 08l cpVibriprtholeraelexpime au meits upe Py tindsiae
Vi bri®® chol esp@gm\ﬁ B db daripxine du choléra suffisante pour conférer une immunogénicité et est capable de
coloniser Iintestin d'un animal hbte.

= O

13. Procédé pour la production d'un Vibrio cholerae avirulent modifié par génie génétique suivant I'une
queiconque des revendications 11 ou 12, dans lequel ce Vibrio cholerae avirulent de ['étape (b) est du
55 sérotype Inaba.

14. Procédé pour la production d'un Vibrio cholerae avirulent modifié par génie génétique suivant la
revendication 13, dans lequel ce Vibrio cholerae avirulent de I'étape (b} est de souche N16961 (ATCC -
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(e) selection d' un mcroorganisnme Vibrio chol erae ayant—une-rb6sistance—& | a
fois & ce prem er rndrqueur pouvant 8tre s6lectionn6é et a ce second

mar queur pouvant 8tre s6l ecti onngp pays oprvtui re 40 nullm u HH H sme
Vibrio cholerae avirulent; (f) obtention d' un troisieng? L tiEmant

un ADN qui code pour une r6sistance au nercure; et (g) transfert de ce
troi si ene pdasytdudérogpaisabee m cr oorgani sne Vi brio chol erae avirul ent

sel ectionne dans |'6tape (e), pour produire un mcroorganisno Vibrio

chol erae avirulent resistant au nercure. 45 12. Proc6d6 suivant |a

revendi cation 11, conprenant |es 6tapes suppl enentaires suivantes: (h)

obt entsi on d' un ADN qui code pour au noins une partie de |la sous-unit6 B de
| a toxi ne du chol 6ra suffisante pour conf6rer une i mmunogenicit6 et
trafisfert de cot ADN dans le Vibrio cholerae de |'etape (g) et (i)
isolation du Vibrio cholerae de |'6tape (h) ou ce Vibrio chol erae exprine
au noins une partle de la 50 . sous-unit6 B de | a toxine du chol era
suffij dante pour. conf6rer une i munog6nicit6 et est capable de col oniser
|"intestin d un animal hote. 13. Proc6d6 pour | a production d un Vibrio
chol erae avirulent nodifi6 par g6ni o gdneti que suivant P una quel conque .des
revendi cations 11 ou 12, dans |oquel ce Vibrio cholerae avirulent de
.I[6ta@g (b) est du 55 serotype Inaba. 14. Procede pour |a production
d'un Vibrio cholerae avirulent nodifie par gbénie gén6ti que suivant |a _
revendi cation- 13, dans |equel ce Vibrio cholerae avirulent de 1'6tape (b)
est de souche N16961 (ATCC 18  EP 0 119 -031 Bl 39315) du serotype |naba.
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