; e3eFxyFnnodqr Xx6$yTxy5 Sept enber 2002 11111111 ATTENUATED BACTERI A USEFUL
I N VACCI NES *16616G* The invention relates to attenuated bacteria useful in
vacci nes. 5 Background to the invention The principle hi nd vagecjnation is
to i nduce an i mune response in the host thus providing%ngP3¥¥%§ agai nst
summwmmmmwmmmmlengeﬂmﬁﬁNﬁnﬂﬁﬁfﬁxﬁﬁngﬂxuéSﬁ@vzt&nlﬁhééﬁngyed by _

in h a live attenuated strain of the pathogen, i.e. a strain
havi ng«gegtviced virul ence such } that it does not cause the di sease caused
by the virul ent 'T}Q@tm{?ﬁﬂtiéﬁ gei‘ﬁ'cgé' LY. akk%ﬁuétt%%”‘égtc%%r‘{ C%'fs%% trains
of bacteria and viruses have been selected using one of two differen

met hodol ogi &s. vdbitanés . have been created either by treatnment of the
organisg$using mut ageni ¢ cheni cal conpounds or by repeated passage of the
organismin 20 vitro. However, use of either nethod gives rise to

att enuat ed packgASuhd Wbi ehet havandgoaf attenuation is unclear. These
strains are particularly difficult to characterise in terns of possible
reversi on toPehRrWRFHPLFpREEL P HagsiaetdRtattiSork Omdy A& €6t dIMHYi%e (easily
25 reversibl&ipofisBUbhi phe AYLAt kAsepeBlSdiRdr bherRiaord tagasSifid ficult to
obt ai n such strains haV|n? opti mum i nmunogeni ¢ properties because of

nul ti pl e mit@pPFeAueREntR2lARBIRUIELEDI @ BEFaPAS My Pided Yo AFe used to

provi de; pr of egt £ f8qagi RabchngtRahhQgen. 23014 ng thRderR Jenatd G, of
techniques, it is now possible to construct genetially defined attenuated
bacterial sthaiPathagenich-stabl 6étapienhaviing dececieohy icad e crartted. A

nunber of sife direghed putantasef (Fal praekka have cr Hsi ng
this type o# tec%%o?ogy ?gF g, g, §§g12, aSS Septgﬁgzglggﬁbxﬁgﬁﬁ%%, 18).
Mut at i ons ipakhbaege nunber of genes have been reported to be attenuating,
including the aro genes (e. g. aroA, aroC, aroD and aroE), pur, htrA onpR
onpF, onmpC, gal E, cya, crp and phoP. 5 Sal nonella aroA nutants have now
been weld chhaattetiyedland batenbetrdshewcine Isérevioel lagntbddtes aacci nes
agai nst sal e LS.l ver [ peci.es. | itjon,.d rder to
reduce the %ﬁgngégﬁégsaﬂ?ggegggénggég§%F§Ig%égglgn%y%gg;%kbggfﬁg?%gﬂ?event,
mut at i ons hmeehbdehognesedMoédnitst batvaoberde perddértd gandersigh as ar oA/ pur A
and aroA/arpC _ldentical tations._in t .strains | . of

Sal monel | a gﬁ%ﬁéggng.%%pﬁgg(ﬁ%ﬁggéﬁﬁ gggﬁ%l%%%%g%tﬁfefﬁﬁ§§£§PSO resulted in
t he creati onompoandanber bef rébeasndi gateagienglfe tthes @ nvaedismesi mhi ch have
proved ccessful jn clinial (8, 11) and field tri,als (10). A Salnonella

Py bt mit D unSEFdr nhAPBBEY nigste B1 &R B R0 h AP GRS ARt ompE | s
descri b/ed i o €bpthtelds20aghsaln( #89th tek. mdke JMhen tadiigtisdreriad oral ly
to BALB/ c

unclear. These strains are particularly difficult to
characterise in terms of possible reversion to the wild
9 type strain as attenuation may reflect single (easily

25 reversible) or multiple mutation events. Furthermore, it
is difficult to obtain such strains having optimum
immunogenic properties because of multiple mutation
events, and multiple strains may need to be used to
provide protection against the pathogen.

30
Using modern genetic techniques, it is now possible to
construct genetially defined attenuated bacterial strains
in which stable attenuating deletions can be created. A
number of site directed mutants of Salmonella have been

35 created using this type of technology (2, 4, 5, 9, 12,

[
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mce the strain was attenuated, with the 500 | ethal dose (LD50) reduced by
approxi mately 1,000-fold. However, the intravenous LD50 was reduced only by
approxi mately 10fol d, denonstrating the inportance of t orins.in 25
confering on the bacteria the ability to infect by the %gﬁﬁe?‘bﬁ%é&

Expr essi on afg,t he onpG and, i aenas 4 S48 bRt BYo 8Mp&ne B gkaed et al
(1994, ref. 13) describes the cloning 30 of the onpB operon, conprising the
onpR and enPZeFedEPOoTtesnte® 8 Mm@ tyiphi 152l edspg dthankrangenes

charact eri sall.on by-dNA sequence, pnalysi Sor)The, PNA segrensgogat gnpgr e used
to identify appropriate restriction sites for ‘generating a defined del etion

of -2 5 SepwénberalZDOxBL7 e vinhighehe open reading frane of the onpR
gene. Thigs del etion was introduced by honol ogous reconbination into the
chronosones of two S.typhi strains which already harbored defined del etions
i n both theSaloCnaid aaraai» b mersst.s TevsS. ngphieanpRe it antsadispliagdd a

mar ked decreasge.in onpC and onpk rin ex ssion,as denpnstrated.b

exan nat | on OF QT TREROrIE breb s el LTt ko8 L65SNGRA e RAL NEfie
ompR-envZ t wa lempanedi s agul sdvrya 1S yat iam pl sysc bas | nperdaaitiohe A 10 the
regul ati on of Vi pol ysacchari de nthesis_in S.typhi. In animl studies,
att enuat ed §.rtd3?ﬁh&rﬂ.|ﬁ %st}k?eecﬁ"}/%%eos &f £ v’é?‘nY%F%l‘f’BrQ? h%lﬁﬁtlt?%?y of

het er ol agous yant irgeesdihdtieor randre: SHiei {Shs 6hald) bedhi sntabagsetine
potential 15 of the devel opnent of rrultiv%%ent vaccines for use in man (7)

Surmary of"'{e HHR ERAHE AN HRRT Pt AT dRE°4/BEEf e Pm at t enuat ed by

a non20 reveridAg MY .at iRfkddl @ACHhOfadith ar ol gese, adagreapkrgengsand the
onmdC gene. The invention also provides a vaccine containing the bacterium

--~ 1t is bélfi Spdaantdila HIGt BT ofmlRYRb Cledfibi i §ndBP1258 #Ge&EL6NS

gi ves a vacgine Ay NG SURAId Ofy HIAPEIAd 861 o 06 £ EXaRhSeri bei S bel i eved
that the aro( onpF/ onpC conbination may be superior to a aroC onpR

conbi natliSon ceovd itded & ediguns: Bosel. vahel hp Rvimuclat havie nayotadseuhigher

| evel s of a nyat i t.han e ONPF P& i { on mut at i ons because
onpR may retéftgfleiatig1 éﬂnqunrf’rohzir %éfl glgln)esgrgt herecjfjcﬂg#]gérrjb% égg) onpC which are

i nportant for survival of the bacteriumin vivo. Thus, the -3 5 Sept enber

vacei nat od Rodl TR ibrga i il 3 S R HERSVEVAR SERELEP £ 10 TR better
protection. mutations in both ompC and ompF is described in Chatfield
20 et al (1991, ref. 21). When administered orally to BALB/c
mice the strain was attenuated, with the 50% lethal dose
(LD50) reduced by approximately 1,000-fold. However, the
intravenous LD50 was reduced only by approximately 10-
- fold, demonstrating the importance of the porins in
25 confering on the bacteria the ability to infect by the

oral route.

Expression of the ompC and ompF genes is regulated by
ompR. Pickard et al (1994, ref. 13) describes the cloning

30 of the ompB operon, comprising the ompR and envZ genes,
from a Salmonella typhi Ty2 cosmid bank and
characterisation by DNA sequence analysis. The DNA
sequence data were used to identify appropriate

restriction sites for generating a defined deletion of



5 2. The onpR nutation may cause reduced i nmunogenicity conpared to the
onpF/ onpC conbi nati on of mutati ons because onpR may regul ate the expression

of antigens inportant for inmunogenicity. 10 Detail ed criptio t he
I nvention Bacteria useful in the Invention The bacteri ?%ﬁﬁ?%&%@ed

make the vaggin t I S nf ect by
the oral r og)'?e. % tzﬁlct%e:&aé rrmé?% Cg{srggt P%?n{)/gd{éﬂgngmé \b\n t hi
eukaryotic d"éllilss d@i{ﬂtwomMaﬂllmmm ksyurﬁmekogﬁme bacbmbmaaalien

generally G n ti 0. The b terl om1ihe genera

Escheri chi a, %g:al ?rcg%eﬁ%q:or%? 70 etrr"ﬁ%hl l uzp é?&%?ﬁ, w%é?ﬁi Atgeady
Bordet el | a twarBroreel |de f iExahmd €lse of orsaicin b@@tlertlaeaanEsahar eebpa coli - a
cause of _di arrhoea j.n h al monel | a t%ﬁﬂl muri um - the cause of

mans; . =- - ~
sal monel Posi%TSF 2 hseevﬁg'rtéfp%l éﬂ‘é‘tt?ae%ts <At oheY £a ByBAF €9t he cause of

human typhoiddic rSalswne] | anentaid tm}m po®i € aeer 8§ s{ 8@dapoi soning in
humans; Sal npnel |l a chol eraesvi s - cause_of sal nonellosis in pigs;

Sal monel | a @§HIGNS tratedh e qﬁ‘far‘b‘dﬁﬁc%ﬁ’%ﬁﬁ etteeanBelPaRPfoel disease in
cattle, 30 @sReel@ldiomf. new-hor i G VeisowRePPNEheSohBRLERDZA 08 Cause
of nmeningitis; Neisseria gonorrhoeae - a cause of gonorrhoeae; Yersinia
ent er ocol i t CORPONERE camE oo iy s‘iﬁéi:fterlmrﬁkﬁyf@il%IéaS@BOFhahEnnﬂéEr angi ng from
gast r oenteer ickis f.at.al e r nber
2002 pe:i :Ousécfhs -rte%ﬁlelaactguosrg%% \@n o(|§ol| gécg(%ﬁg l(@gngﬁgﬁl&%gﬁalab%r §g’g)th§'a
cause of abortion and infertility in cattle and a condition known as

undul ant fever Str cI .monel La_are

particul arl ;;%use m@‘lJj'masr}t%ndelelSrfveatltt?eonn]‘g)J § #Yﬁﬂgﬁgg%‘g}gvﬁ%& kﬁggnl HSFHei r
own right agai mastvehrifedet |fm:rr b;heSaiafmneéﬁ;a oﬁtmemmbbdg&ab naneluganeamobe
used as carrlhers of het erqal o¢13$ aé1t| ns ,ltrgom ot{lerso ani sggﬂ% g

i Mmune system vita 10'% hey ora dut € | nonet araérseepo 'ﬁt PP 5§ens and
are abl @5t 0odt itimel atesreslyginedritc camdndma&ab@ﬁtt uraccands anbrbady taspanses.
Systens for qu vi ng expression of heterol ogous antigens in Salnonella in
vivo are kndvR:; for exanple the nirB and htrA pronoters are known to be 15
ef fective drlvers of antigen expression in vivo. The invention may be

applied to enterotoxigenic E coli. (~~ETEC'). ETEC is a class of E. coli that
cause di arr#@@@a—rﬁh@yéé@%%%’eﬁﬂ%r oxi mal small intestine. 20 A standard
ETEC st rai nrins ARCGHHLOA0b:ddsd 1015 0l ETRE A€ ectihgr singleamsh 1 r equent
cause of travellers diarrhoea, causing 3 mllion cases per year anpbngst

Vi si t or 20 o FEEPETLIHIh FUEGUTIQT el Erfhdérm%rﬁ}ée 28raf e@8Ne ETELE| AMBEL i ons are
an i nportan e%%u%%o‘)f ﬁpﬁ?@tdé}ﬂe digfd hoede b s féﬂ&é@?ﬁv?[ﬁgggacm I dren,

resul ting | 800, 000 a year in the under |ves

devel opi ng (Y@l@mlmee§0rtttﬁelnm dere eoaft &I nf ecti ons | eading to clinical

di sease decreases 30 with age, indicating that immunity to ETEC i nfection

can be acquired. In contrast, naive adults fromindustrialized countries

Vi Si t edderdisc barldas et et ghthe sase@pembl éompCEF&EGbinhecbhonE. However,

with pr on r, eeated visits to ndemc areas. 35 susceptibili to

ETEC | n ect Igng%éa% Sp SquageCéJtI ngh %l g superlor propeggles. tE‘%r
example, 1t is belleved that the aroC/ompF/ompC
combination may be superior to a aroC/ompR combination

for two reasons:

30 1. The ompR mutation may cause higher levels of
attenuation than the ompF/ompC combination of
mutations because ompR may regulate a number of
genes other than ompF and ompC which are important

for survival of the bacterium in vivo. Thus, the

-3-



5 Septenber 2002 that a live attenuated approach to ETEC vacci nati on may
prove successful. The inventors chose to work on a non-toxigenic strain of
5 ETEC cal | ed E1392/ 75/ 2A. E1392/ 75/ 2A ar ose spontaneougb& fbgr1g é Xic
mutant by del etion of toxin genes. In human studies, oraPB&aBEREPDN with
i ve E1392/ 75/ 2A 7 r i |.nst l.enge with

t oxi n- expr essi ng %%é%yfggﬁfg éﬁﬁ%gﬁgﬁﬁgggggfvggslﬂgﬁgﬁ%??é%ﬁh¥%xF%ately 150
of 10 vacci nees expevigrced dihar nMaoed et el Sickt effdecd dngdre waeei ne. The
strain needs furtrc_]l%rd a tg\nu%t iro L educee thcei si de ekgfetcts before it can
be considered as 4°F B&t EiEST VACS T and the ThvehtT ot ves a means of
achi eving such at peptiaicitdmn.15 Seq 1d No. 1 shows the sequence of the

E. coli a%oC gene, Seq Id No. 3 shows the sequence of the E.coli onpC gene
and Seq. “Id No. 5 shows the sequence of the E.coli onpF gene. 20 Further
nmut ati ons Ope or maee ol et sl ines Jrk Herdditdaduaatinsdonidecy--1
bacteria of the invention to generate strains containing 25 nmutations in

addition to thoseCPRPEFEE, OIS SarfPRIMTHP SHATRL Fafri Hero mitat ¢ bhonay be
(i) an attenuatingetdbdbl g rdWeng oty dritan .aiaG s aspGand onpF, (i)
a mutation to provide in vivo selection for cells maintaining a plasmd
(e.g. a plasnid eRptrégensg 1EPs0 HettefGlodorints gt Y or (iii) a nutation
to prevegt expression of a toxin gene. The further attenuating nutation may
be a nutation that is already known to be attenuating. Such nutations -6

5 Sept enber Detad ledc Degenhptidmef jtheyInventon e. g. aroA, aroD and ar oE)
pur, htrA, onpR galE cya, crp, phoP and surA (see e.g. refs 2, 4, 5, 9,
12,5 13, 16, 17 and 18). 5 A nutation to provide sel ection for maintenance
of a pl asm Bamherbie mseEuly imuttdta Mpvergeiion t hat i s essential for the
bacteriumtg survive. /A plasm d carryj the essential gene is then

i ntroduced ?HFO ef eﬁ&@t%ﬁ%}naﬁﬁ)%%éﬁrgﬁﬂ%;%ﬁﬂﬁ e BTN the bP&smid can
survivelsThisvi@ iy hecusendratier eeHdwe: prasin ich €00t abpsthé osrgxanpl e, a
het er ol ogous antigen to be expressed by the bacterijum A nutation to
prevent expF88&fonthe RaHETH Y&y MYy LW Sfade'dlo ToRie MY $Fee-effects

caused by vagehnat ie@kalsyoMild ddha hagicfdiho i xaitSsal Nshheacase of
vaccination with E.coli strains such as ETEC it nay be desirable to nutate

the heat | abPPePegkied 1L P o e Stalliet R YST - genes so that they are
not expressed. 20 The nature of the nmutations The nutations introduced into

the bacterial vaccine generally knock-out the function of the gene
conpl et 8Py. TReTRAS bRy Sh @ayc RS ViePTei thfe 9 IRe Lo di § S ACRYAt hesi s of 25 any

pol ypept i desal mdhle 11OMytiRe- iGEN Q1 QimdPh iMakd NN JBE Afd Onydhainfgsul ts in
synt hesi s of non-functional polypeptide. In order to abolish synthesis of
pol ypept i deBOEFEREL 1ghe Te MY Idéhe BRI S QleRi HayPpet okl 2t 28BS A

del etion or gspsentin Mddyn 1 he coding 34 sequence of RufERg, My be used
to create a gene that synthesises only non-functional polypeptide (e. g.
potypept i de SeHatoneddtaitypoimur iuve N-the rdange sejuenbeondélibeiai Ld-t ype

protelan several animal species; Salmonella typhi - the cause of

human typhoid; Salmonella enteritidis - a cause of food
poisoning in humans; Salmonella choleraesuis - a cause of
salmonellosis in pigs; Salmonella dublin - a cause of
both a systemic and diarrhoel disease in cattle,

30 especially of new-born calves; Haemophilus influenza - a
cause of meningitis; Neisseria gonorrhoeae - a cause of
gonorrhoeae; Yersinia enterocolitica ~ the cause of a
spectrum of diseases in humans ranging from

gastroenteritis to fatal septicemic disease; Bordetella

-4~



_7_ 5 Septenber 2002 The nutations are non-reverting nutations. These are
mut ati ons that show essentially no reversion back to the wild-type when the

bacteriumis used as a vaccine. Such nutations include |%e}%rb§%&;08?nd

deletions. Insertions 5 and del etions are preferably | z?r ly at
| east 10 nucleotides in length, for exanple from 10 to 600 nucl eoti des.
Pref er abl y, pehguakdise codihrg ceageende winoogdingt ecbudt; Erel Brctee ] lan used in

t he vaccine_preferabl t ai anl efined, nmutati.ons,, i.e. mutations

whi ch are cﬁgfgfgfgésr i_sédf%%:&tsei s%%cla]eoé%lty “Undesi rab eerttlorllutsye £ b%ac*itgi? um whi ch
has unchar aghér esednputabnoksown ialss ugeludre tas eevaraciai nearzacause t here

woul d be a risk that 15 the uncharacteri sed nmutations nay confer properties
on the bacteriumthat cause undesirable side-effects. The attenuating

mut ati ons nmayrhénsnbrfodueed ibyneetshadenedllla knewpdra idioser skiddetain the

art (see ref. 14). .20 ropri_ate t hods i.nclude cloning the DNA sequence
o theowi | by bk RRenTRER pacRe g% PeiN AEHCLn S R AT e

sel ectabl e pagker apatasthe ndleerednDN Sequemea 101, dalwiiyeg part of the
DNA sequence, resulting in its inactivatiaon. A deletion may be 25

g )
i ntroduced BylmPBRléRafpleleciterhgst Fé INE *Se Qe icE U RFI®Stricti on

enzymes thafneihedt EWOrPRIRLS ot g@h skt tQUttFHda rinifh £ ofj Ngrpegpuience and
ligati ngoto ethér the two ends in the remaini ng sequence. A plasmd

carryi ng0t hEREnaéaily aP8ADNALERREIdE @&f 1Ot nSIBIRRE ST i 4D 2FR

bacteri um bypkpows teghniigues ssdeRmas anecliceRar atdjon @ Lanj ugation. It
is then possible by suitable sélection to identify a nutant wherein the

i nacti vat ed2DNAPSEYUEREE ORES Sr-e SOFIiEAEd fiodt 6l titve rchrestisotel OF ¢he

bacteri um apdcLhe1Wybdst ¥pe i NAs33 nsegueRse1nas heean yendel athown;
non-functional by honol ogous ™ g 5 Sept enber 2002 reconbi nati on.

Expressi on &prhewerplegshs artifyens THelatrompdieat et eniaim ofo the
| nventl ‘135 ggﬁg&%%%%%%%%‘ %.fe%%'(tg%‘%rne% %e%‘iro%ssi:f‘%f\%' gen that is not

expresse € nat’i vé "bacterium het'érol ogous antigen"), so that the
attenuated bacteriumacts as a carrier of the heterol ogous antigen. The
anti gen may_pe from anot her organi sm, so.that .the vaccine provides 10
prot ection Egﬁi ﬁ&f"e{l%éo& R&Y & gélrﬁ)lpg] e Atrsﬁ,uletrit\?ﬁoetn%xjv%eégfg E?h%‘flfbe
produced whiiehRTRGt') onl g TEICOVisd@s dimssnidey £ agal ntat heawdd ul ent parent of
the attenuated bacterium but al.so .provides inmuni tyr%gla]ienst t he, ot her

Y

organi sm FOFPREPRSPe, tTHE YalPehidtssd Wise P M dta ngt Her ¥ 15 to
express2porg thandare Eeter @ltagquws iantitgen,Hloyoshi ch case t he het er ol ogous

antigens may be fromthe same or different organi sns.
Infections of ETEC are the single most frequent cause of
travellers diarrhoea, causing 3-9 million cases per year
— amongst visitors to developing countries. In endemic
25 areas, ETEC infections are an important cause of
dehydrating diarrhoea in infants and young children,
resulting in 800,000 deaths a year in the under fives
world-wide. In developing countries, the incidence of
ETEC infections leading to clinical disease decreases
30 with age, indicating that immunity to ETEC infection can
be acquired. In contrast, naive adults from
industrialized countries who visit endemic areas are
highly susceptible to ETEC infections. However, with
prolonged or repeated visits to endemic areas

35 susceptibility to ETEC infections diminishes, suggesting

-5~



The heterol ogous antigen nmay be a conplete protein or a 20 part of a
protein containing an epitope. The antigen nmay be from anot her bacterium a
virus, a yeast or a fungus. Mre especially, the antig c.sequ may be
from E. col i (e g. ETEC),tetanus, hepatitis A B or ?rg%emge %ﬁgn
rhinovirus h as, type 2 or t 14, herpes 2 ex,viruys, poliovirus
type 2 or 061 H%gﬁ%EE%“%?gggs%PQFPagg gﬂfEEEﬁg§a€FﬁB§t 108y &3dki e vir us
or ChlanympxdWéuﬂuwﬁé$§fulBefuI antigens include non-toxic conponents of
E.coli heat labile toxin, E.coli K88 antigens, ETEC col onization factor
antigens, P.69 protein 30 fromB. pertussis and tetanus toxin fragment C.

The ETEC calhaniizatd o f CE06Se apd $OAROBRNESnbRCEBQE gaKE cPKi-#R 1¢angdi dat es
for expression as heterolﬂgous antigens., To instigaté diarrhoea) disease,

pat hogem ¢ Esifi Gst 39 351 EFEC w(1éh - b@lé%?é7?6260P6ﬁﬁﬁeSPﬁétﬁﬁ@@§ﬁﬂdé and

el aborate fiom H S&PLENHErarO03y eat 8ot oxXi a% t5Qi nMgehest. r @ann$ugfanETEC
coloni zation factors (CF) that are required for adhesion to the intestinal

nucosa have BEEF T dettd i vcCinr bl abstih11éH8eE 18RS/ 4P 28x grassdd tas

finbrae on gha ou&sn sakd acer ScQE11bggbagt eni aoxénLa&g%eegrmg EQ‘fECCFS have
been identified, the nost preval ent bei ng CFAI i ncl udes CSl1, 2,

CS3) and CHAIOR @ it} KRB Ts4s e LaBYPESEHOWe BT A @aeépﬁémﬁéeEYEéi‘m oI deal ly

gi ve prigf eGld Qi Aoad r@ﬁp@d@l@a@doalwmaégasgog E%E%f%e%ltg S ¢ ensure
that protection against different strains is obtained. In order to achieve

this, it V\Dl.ﬂqj:lb'@ pOBsE bfera bn expedssivetbeal atbeonBEADRONOf aedorcs in one
strain. esrﬂ?é'é’iefé(ctéh@eféﬂgafgtv??}fagéogén oyLdche, Eage in arange of

dlfferent C strains, each wt erent co onlzatlon actor. This
woul d |nvomﬂianﬁxﬁlrxﬁ¢¢mﬁ¢o&m@stbeonnsanthUrannss 20mThesDNA encodi ng

the heterol Qgous, 8N i geo, | 3+ XpLgssgd froma promoter that is active in
vivo. Two pronoters t have been shown to work well in Salnonella are the

nirB pﬂdhoter (19, 20) and the htrA pronoter (20). For =~ expression of the
T ol oniel Lo N Actor< A0S 06RS, oLOG.AR: bk d: LUPe, RLOTDLELS, Cayle be

used. A ruct conprisin ter opera i AK
encodi ng th&xhakenuiogbush@mﬁlgba ﬁﬁgubﬁcaade ahd EraOSEObmp¢ igrthe t he
attenuat ed ba teriun1 S|ng %0 conventi onal technl EﬁpTraggfornants

cont ai ni ng & N sq?uc ﬁ%@wﬁetgﬁléﬁﬂﬁancﬁop § IscPEEHi ng f or

a selectan%ﬁguker on the construct. Bacteria containing the construct may
be grown in vitro before being fornulated for adm nistration to the host
for vacd nation 35 pur poses. -10 5 Sept enber 2002

Further mutations

One or more further mutations may be introduced into the
- bacteria of the invention to generate strains containing
25 mutations in addition to those in aroC, ompC and ompF.
Such a further mutation may be (i) an attenuating
mutation in a gene other than aroC, ompC and ompF, (ii) a
mutation to provide in vivo selection for cells
maintaining a plasmid (e.g. a plasmid expressing a
30 heterologous antigen), or (iii) a mutation to prevent

expression of a toxin gene.

The further attenuating mutation may be a mutation that

is already known to be attenuating. Such mutations



Formul ati on of the vaccine The vaccine may be fornul ated usi ng known
techni ques for fornulating attenuated bacterial vaccines. The vaccine is 5
advant ageously presented for oral adm nistration, for %% i

| yophi | i sed encapsul ated form Such capsul es may be pr?\ﬁ%’g Rné&@gn

enteric coatl ng conprising, for exanple, Eudragate " (Trade Mark),

Eudr agat e " LPCEFREdBURBIERPIScAR GIFos §SRESt dice I - cé"lqciﬂfos‘%r% Mt ate or 10
hydr oxypr opy-Be? hyJ_ouffel hwlrase omPres g aansWes, My bepisehas sygh, or
alternatively, t | yophi l'i Sed nateri al may be reéconstituted prior to

admi ni strat i(&f¢e @ g- &8fa 2w duspendiron? /Réconsth t Uit id sl@dvant ageousl y
effected in a buffer at a suitable pHto ensure the viability of the 15
bacteria. In order to protect the attenuated bacteria and the vaccine from
gastric aci8inytagisaditenpispyadsonstle cpleparia o int e ageous! y

adm ni SterEB%Q%%emﬁgCBfea%‘d@% %‘t%’% fg WheMpeaine Al ternally V%%y’ the
vacci ne may be prepar parenteral adm nistration, intranasa

admi ni strat Fon bdhei hecspuson &o adwivdivet.r ath (1§>riaSTThtej m@mm@hebe used in
the vaccinai(op,ef.2 gBANRLLAR RS, RRANIEY Al &ML AGS! Ut S8l so an
ani mal host I'n ec I'on caused by a m croorgani sm especi aJI

pat hogen, najathenéforelbe preventngd the gdrismist erdamesan efd ectThwes dose of
a vacci p ay ed rd 0 t 0S ed |
ul timat g?y {r}gQa{)gt Hgggﬁéck’@?‘ﬁ%n%f@ 1’;‘é fs%&néc-r%q S(Lj!t Wil 1€ )gg%‘l'é)iye en%[iment on
vari ous fachetsrphobudsngnthees ze @@de\p@lr@hstsecd kime:k‘rmsba@tﬂa)amtnt he type
of vaccine fornul ated. However, a dosage conprising the oral adm nistration
of yfrom 10' to 101 bacteria per dose may be convenient for a 70 kg adult
human host . A35utazitlon5t8eptrewbalt 262 eldsdnpl est 'EhetcEacarrrpja‘Se desgrivded in
this section ae%e | lustrate theflcfn %[nt an g)r i ef descr tion of the
drawi ngs Fi §areé sﬁS\%lcg &Vt EhFor Td6iTe rt?c?ﬁse(jj i e et ?rbns in
target genesiusi BgeSphicterguby overd akapllensiion t¥eR dadagenesi s. 10 Figure
2 shows the expected seauences of. target, genes after recorrbl nation and

sel ection fB?CHéP@FFSHS 1gPglr &3 s e SUBhidty BHEdet etTdh Rasset tes

into 15 pl agakdrpEYPA43. mbitgitice theshaws anpide F&%Qﬁrpr epey esh frioam ETEC
strains salt L-broth) .and high (no 20 osnolarity = markers; PTL002;

Sanpl e 3 = PY¥EBOHS; t8*iNgdRBE. ISRSISy Sics té’fatm}théary r?e‘??or%t'e SXRIRFSeDdndi ti ons
of | ow (no salt L-broth + 150 sucrose) Sanple 1 = PTL0O10; Sanple 2 = Sanpl e
4 - oaroCoonpC;, Sanple ---~ Figure 5 shows expression of CS1 and CS3 in

del et i oA025Ther nptyraf ofr theomtradio®®A agar. Equal nunbers of cells from
each strain were | oaded on a 150 SDS- PACGE gel and Western blotted with
nonospecific anti-CS1 or anti-CS3 polycional antibodies. Controls for

anti body spenkf makchy ivese intaloeluees] |intysathes ofctl@i £kl ¥ scexps essi ng the

30 mpjore pilin tein o , or rified or |I|n pr ot om CS3.
Cane M T o BEBRF PR el gt ke TneSh [Bhdnd ' dern RSt LY s
hai bouri ng mKlﬁgZ&ayl e a%hllerw@&@d&@]r (G |a%d’116hr§10.iﬂg ngytd&sls dane 3,

CSlETEC train; ine 4 -PTLOLO; e 5, PTLOOl | ane 6, 35 PTLO02;: | ane 7,
orLo05: 2Pandns PRANPEPEI S8 tnald: THH fne gerie 'S by mdking &

mutation that results in synthesis of non-functional
polypeptide. In order to abolish synthesis of
polypeptide, either the entire gene or its 5'-end may be
deleted. A deletion or insertion within the coding

30 sequence of a gene may be used to create a gene that
synthesises only non-functional polypeptide (e.g.
polypeptide that contains only the N-terminal sequence of

the wild-type protein).



-12 5 Septenber 2002 protein. Fiaure 6 shows a Southern blot of nutant

| oci. Chronpsonmal DNA was extracted fromthe wild-type ETEC 5

(E1392/ 75-2A), PTLOO1 (htrA aroC), PTL0O02 (aroC onpR) PTLOO3 roC onmpC
onpF) as indicated, digested with restriction endonucl gtnégﬁptﬁ@ W(S@nd

pul sed field el ectrophoresed through 1% agarose. DNA was blotted fromthe
gel onto HyBBRAMNFaR}OHS merehmaies VAT THAM U ealdl ams hyBréeie sedewi t h DNA

probes deri yedakhemst B9 a3 Qo tdsde MR 1 PIRE r &F e LIPS, | 95L K 28, SPAUN. The

bandi ng patterns are consistent with the rnutant |oci being deletions.
Fi aure 7 shbwddrigpegAhess s &aqienidiunteeised R adhi vascered dughcci ne

di t | i ) A 1) D - SATI ON OF
accor di ng Bulizg%l'oﬂ\éeﬁwcqrﬁdew&%ljonm %Héxg%dﬁ%\le tﬁgﬁ;xg%ggg&

STRAI'N ACCORDI NG TO THE I NVENTION -) 20 Desi~cn o
const r ucbi oandf dpllasiots ROEDGMEIE, r FAWDICHIE anty PV &t Dekasiohd wer e

desi gnat ed K he entire.,op | r t get gene.

Usi ng the E.}@Srlf%g\éﬁgﬁeqé‘egﬁé“ cgl’agfbarr %@%,%ﬁ?i%ré%\ere desi gned
to 25 anpli hyclleagnertss off red@rel( yhasehaihrsld |amkimg sdguénmcget sopen

r eadi ng fragglg%% Table 1 for priner sequences). Splicing by overlap

ext ensi on using was used to fuse the two flanking sequences, creating a
PCR product with the entire gene deleted (Figure 1). The 30 wld-type
sequencesg a&gungat he del eti on, si te and the.rpredi c]% ed sequences. after

del eti o Car & depPStEd TR BSGEr & ™2 P o rV asacH G ene® %ab|¥f%?%ﬁ?l?5st riction
sites were ohly dbfSepidemuera tAQ@0,i nt.reo.duoech i indros tdiei sipl ace regi on (see
Table 2 below). These were used far identificatian of deletion clones. The
PCR pri nerscﬁ%‘rélcttﬁgrlsgr?d &fuc t'fe cg@ﬁﬁq?yad‘}%#ﬁs%ﬁ BHUtRd I TRi Que restriction
sites that wareecusech whizhclhene dntthdragrentisdditmutdiei smbtipl ecel oning site
of pCvD442 (Figure 3). PCR produycts were .gel purified usin ) agen (Trade
Narb) gel - eSEPEREL G & A5l i GBS i LI 1ha'T B st = 1007 Bs CPRELT on
enzynes 1pri @het ankh@aticer rtie dden s tdiddes phas ich pEVI¥dRber} idsgested with
t he sane enzylrre and treated with al kalxjrdﬂe phasphat a(?e t gr event vector

sel f|i gat i ohREFPGGFETEPM Y iGatdomnmse 1¢ adorabtcFhto SY3272~pir
and plated on L-Anpicillin (100 ug/m) 15 plates. Plasmds fromAnpicillin

resistant transformants were screened for the presence of the deletion
cassettes byDPPestCEdrdA g JRSEHRn TR Y A9 oblt WP Prati ¥ MeFROgéner at ed:

well known to those skilled in the art (see ref. 14).

20 Appropriate methods include cloning the DNA sequence of
the wild-type gene into a vector, e.g. a plasmid, and
inserting a selectable marker into the cloned DNA
sequence or deleting a part of the DNA sequence,

1 resulting in its inactivation. A deletion may be

25 introduced by, for example, cutting the DNA sequence
using restriction enzymes that cut at two points in or
just outside the coding sequence and ligating together
the two ends in the remaining sequence. A plasmid
carrying the inactivated DNA sequence can be transformed

30 into the bacterium by known techniques such as
electroporation and conjugation. It is then possible by
suitable selection to identify a mutant wherein the
inactivated DNA sequence has recombined into the
chromosome of the bacterium and the wild-type DNA

35 sequence has been rendered non-functional by homologous

-8-



20 pCVDdAr oC pCvDAdOmpC pCV DdOTpF The suicide plasm d pCvD442 can only
replicate in cells 25 harboring the pir gene. On introduction into non-pir
strains, pCvD442 is unable to replicate, and the Anpici %in resi 6&fce
conferred by the plasnid can only be maintained if the % g8 erz
integrated in the chronosonme by a single honol ogous reconbi nati on event. 30
The pl asni dr§FeBPHEStd FacB gene, encodi ng | evan sucrase, which is toxic to
gram negati ve bacteria in the presence of sucrose. This can be used to

sel ect clones that have undergone a second reconbi nati on event, in which

t he sui ci deEpbzesisdons ofx hiedwyolagsmsaAntsiggns be resistant 35 to sucrose,

but Anpi ci |l Li itive. er . t tyon and
characterisgb?o%%g n%ﬁ%%f%E%%Hfﬁ%ﬁ§§B%gﬁﬁu%ﬁﬁggégéﬁgﬁHﬁ%gt+?nes t he
chronol ogy gknetnstarluot ieowy igwet deds ttar yexqfres 4.1 Ar cCAIgSa Onipdt st s anat I n the
section, 5 "ETEC' refers ecifically. to strain EL392/ 75{2A or its
derivativesS*§ %ééf&n%@h&%%ﬁ &&Qﬁ%<§%§%&ﬁ%§ﬁﬂ.%o d%%%rS%?%o%i392/75/2A in
the fol | ow agtdgeer) ,16 odAhel-dAro CdyytadArd CHpOdOmpFa Consas ust i on of
ETECdAr oC 1%fE1392/%§/%% fro orlqgnal m G&%gpkedrﬁéoggtmas plated onto

i .

L-Agar. 15 SFTEF&Et Pépdi'st ifoh Copetant G wer € pr epared 1 rom't iése

cells. 100 tlrocal iaguathe werre rricaen.s @)t EGVDhdr oG aasnpuptdbvedes rom SY327pi r
cells using a Q agen Q afilter (Tra Nane) mdiprep. The plasn d was
concent Fat erSES&t%lf@- £t etg ar?gi%% %ﬁjpﬁr{?atzi")dwfﬁ'hga@%ﬁ{étructi on of
pCVDdAr oC i sadeser hed akoyrod)cdd whioth concesmi Y atetopl ass dmmasi giyxed
with 100 ul defrosted cells and el ectroporated. The whol e transfornmation
wag pl ated BA3&RSE- SHAYHET &3 D ( ?RﬁrﬁSt%ﬁﬁﬁ?%gu%%?EﬁrBVErnight
at 37C. 5) Auti adls® PHIGIdds Nnresiistanigoiol onye g eveh &) Jhgasobany was

streaked onto an L-Ampicillin plate (100 ug/m ) and grown overni ght at 37C
(" mer odi pl oF§EHREEEOEE 3G-1R é\i%l:?ru&%tr?gd d?%%e%glﬁf*’rf@a nac TS29-P8pe.ffic for
the aro€sgene) akpra scohhe pinkedid amtde refod ph ot dyehat enapphthi ed two
bands, with sizes corresponding to that of the wild-type and daroC genes.
The sequenc€§58ft@ﬁeﬁﬁﬁ%ﬁﬂ%?%ﬁ%?:ﬁﬂi&??qﬁ'ﬁ%ﬂepﬁ.ﬁﬁ%% the same or

different organisms.

The heterologous antigen may be a complete protein or a

20 part of a protein containing an epitope. The antigen may
be from another bacterium, a virus, a yeast or a fungus.
More especially, the antigenic sequence may be from
E.coli (e.g. ETEC),tetanus, hepatitis A, B or C virus,

—3 human rhinovirus such as type 2 or type 14, herpes

25 simplex virus, poliovirus type 2 or 3, foot-and-mouth
disease virus, influenza virus, coxsackie virus or
Chlamydia trachomatis. Useful antigens include non-toxic
components of E.coli heat labile toxin, E.coli K88
antigens, ETEC colonization factor antigens, P.69 protein

30 from B.pertussis and tetanus toxin fragment C.

The ETEC colonization factors and components thereof are
prime candidates for expression as heterologous antigens.
To instigate diarrhoeal disease, pathogenic strains of

35 ETEC must be able to colonize the intestine and elaborate

~9-



5 Septenber 2002 8) 5 on: 10 15 9) 10) 11) below. A colony fromthe
nmer odi ploid plate was grown up for 7 hr in a) L-Anpicillin broth (100

ug/m) and b) L-Broth. The colony grown on L-Anpicilli S mc (%nked.
Serial dilutions of the L-broth culture were set up a)gﬁé\g@ réS ar b) No

salt L-agar + 50 sucrose. The plates were incubated overnight at 30C
Col ony courtrststovedithat H0x mose sbreanesodr BREGnchlagarathiam on L-agar +

50 sucrose,¢.§ &Qg SHET P58 SEL sked, SUG of €8 §fant col oni es

gct 36
wer e screene or t e presence of %ig gene by P %ﬁ% Col oni es chosen for
screeni ng viertes i kel I@lm@@sanhﬁvaghﬁepl adenspdighown Iovedmoghtt adtl 37C. This

plate was stor %ﬂ @&S%ew@k,&mﬁ&swat erfmﬁ&aew@ﬁetﬁg gau%@roghrf%%% of 90

col oni es test had dar oC o Col oni es were teste rowh on: a) M9
m ni mal redifa Platlezscbyrh 9 nﬂnitaagenedmaer AEOfRFER plaateebee)x L- Amp (100

or o L A0 o s oo 808P BPERr PR bl nLIR "FhRT die: 12) 20°13)

25 30 Subst(amxe]ﬁnm C®hceds2at CHB) (alld CFAIV (1ncludes Ccs4, Cs5,
w/ v) Phenyl 341 i ne0. 004Tr ypt ophan0. 004Tyr osi ne0. 004p- am nobenzoi ¢
aci dO. 001di %rbxybenzoi c aci d0.001 -16

10 A vaccine to ETEC will ideally give protection against a
range of colonization factor antigens to ensure that
protection against different strains is obtained. 1In
order to achieve this, it would be possible to express
several colonization factors in one strain.

15 Alternatively, the same attenuations could be made in a
range of different ETEC strains, each with a different
colonization factor. This would involve deleting the

toxins from such strains.

20 The DNA encoding the heterologous antigen is expressed
from a promoter that is active in vivo. Two promoters
that have been shown to work well in Salmonella are the
nirB promoter (19, 20) and the htrA promoter (20). For

3 expression of the ETEC colonization factor antigens, the

25 wild-type promoters could be used.

A DNA construct comprising the promoter operably linked
to DNA encoding the heterologous antigen may be made and
transformed into the attenuated bacterium using

30 conventional techniques. Transformants containing the DNA
construct may be selected, for example by screening for a
selectable marker on the construct. Bacteria containing
the construct may be grown in vitro before being
formulated for administration to the host for vaccination

35 purposes.

-10-



5 Septenber 2002 These conpounds are made in wld-type bacteria, but the
aroC nutation prevents their synthesis.14)13/14 putative o0AroC col oni es
required Arom x forgrowh on M9 mninal nedia and wer e, ausee tigh@e
toS5Anpicillin.15)3 colonies (No. 1,2,3) were tested for Bﬁ) of the
CS1 major pilin protein gene by PCR usingprinmers MER169 and MaR170. A1l 3
col oni es gave PCRproducts of the expected size (700 bp.). ThelOsequences of
the primer s Fargudlddiord Nofl afle dad®ke®l onies 1, 2 and 3 from screening
mast er pl atewere streaked onto L-Agar and grown overnight at37C. Cells from
these pl at ed i@ Gfsldte t’%ﬁh&%l%‘?@“%%ﬁi%‘%aﬁﬁl?%bé’éoﬂ %?FCBP@H&% fogt or ed
in a mcrobgrkmwes useh it dero 1o &y 18) FoL cpehBEBNEMhSLALRGEe 8 shead
fromthe mcrobanktray was inoculated into 1 m L-broth, grown for 4hr with
shaki ng at 37CaatdIfBr 1o W%e%"g%\‘?2@%¥o‘b’é@l\/\ﬁﬁi’6hn\t\é‘ﬁéaﬁééﬂrtéolﬂ?ake freeze
dried stocksxEhs 1f r A C esi t

PTLO0O4. 20 m lﬂ%ler el?%’f‘ahdlvx%cg&a%%gﬁg? 8«%}%&?%{5??% @é{»ﬁ{ %%q % 3’%%% t he
cul ture wasMicutbst &F Biietad ghtthatamoantar ke @‘Path@got?@mﬁifgﬁtlzgeulfpurre was
transferred .t rty Vi d "

ni t rogen. Coné{%rnrt%ﬁo%fuoém 4 9 @t‘p @‘I’é’ggfaﬁgﬁ%g%g D&O’rpgrgldaesm d
DNA for30 elMagtk) opcﬂfaﬂtllldrpsﬁe caﬂ@)im/t%t @( Wlloﬁ)erph‘ahbd;atEngrpCVDdOrpC

DA s Tgor ey s et e L AYR: e LB RRR O ATl SR s
-17 5 Septa@ntﬁemhzomzc faﬂrttd*lrertatt::ombm retedl pyrkt hanet paecrrplatlatmacyn The

construction Céy‘[%ct Js_)lx{fs%ﬁgtfggpara

i o
Iactroconpetent ce Ar Is romihe mcfo ahk ?ray produced in
5 step 17 ofsmstm@rmmedlkﬂg:csml’omtmelsta@akedagaohsagaeffgcmm an 37C

overni ght and,f red a no_ nore_than_l week, bef ei_ng used
to inocul ate Cl}lll tl?rresa oX p#let?cai# ngp%l%%t?g%orr%et:éﬁt V(l:glollg t ECdAr oC

cell's ware éagdteropor atrebwid h 150L@r@tﬁec‘ontleetaatedupevaa@apeelbmé aard each

t f t pl_at ed L-A t 50.ug/ d
over ni gnt a3, G e Bt PR Frde GPLTLRY CaPaRhEuh BatdePobats™™ OO
ETECdAr oC/ M@mﬁmrmﬁqﬂxmrdtsagmslpbaamneﬁstéjreaiheaéoﬁrel enichs were

spotted onto master LA llin (100, u I at as terrpl at es
Por o it RS e e Tact il ot 6BhRe PR afeogart R
t enper at ur erra\yerbet t;ﬂ:e\f@eﬂ@mdfofrtpaﬂ@nsaﬁaﬁn@amﬁtstlaatpbhr;rermtaaaagla\ten in

Tabl e 1 bel %;/C\/i singl e col on i had t he donmp ene. 7) The col ony
was grow? f “Blrﬁrs‘irr?q_l%"ro‘tlﬁ ing r@é‘ﬂ?%‘? ﬂﬂﬁfillnbﬁésaf:af:ﬁ BL-broth culture
were set up 25 on: a) No salt L-agar b) No salt L-agar + 5~ sucrose. The

pl ates were incubated overnight at 30C. 9 counts _showed that 10

mor e col oni g&%rV&ﬁW%G“iY rUFHAntBntiRs a‘éﬁ?cﬁ{?ﬁ/&g’ﬂcf’(ﬁsé MAABRAG "

sucrose sel eeldgn pardiechl df)y 45 Isues 0SB0 eshbat anl seohankasmaer acser.eened
for dompC bﬁ\ PCR using prinmers TT7 and, TTB. 9 col onies had the donpC gene,

bui nost ha ntraabft?s‘:tolfo‘trv?au%%dc}?ﬁbcag‘éh%roqﬁ‘éagéﬁtﬂenéége&latlllré( Briners are
given -8 RatRRfaPe a0 erefore be prevented by administering an

effective dose of a vaccine prepared according to the
invention. The dosage employed will ultimately be at the
discretion of the physician, but will be dependent on
various factors including the size and weight of the host
30 and the type of vaccine formulated. However, a dosage
comprising the oral administration of from 10’ to 10
bacteria per dose may be convenient for a 70 kg adult

human host.

35
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in Table 1 below. 11) To further characterise putative ETEC-Ar oC-OmpC
colonies, they were grown in 1 nm L-Broth for 5 hr and plated on: 5 a)

L- Agar + 100 ug/m Anpicillin b) L-Agar c) L-Agar + 50 %gcro%gﬁd C

col oni es should be resistant to sucrose and sensitive t f 10 12)
Only 1 colony (No. 1) was Anpicillin sensitive and sucrose resistant. 13)
Colony 1 waEXaRpdesy for the presence of daroC, 4onpC and CS1 genes by PCR
wth prier enlTE9:REAG, EEUCLEG. AN MERO And 470 coh. seguences of the 15
prinmers are given in 1 below. 14) Colony 1 gave single PCR products
of the expeé é@ls§|r@éef dﬁledalﬂo'@ntdmfpc and CS1 genes. 15) The col ony was

m cr obanked. 16) For pernanent storage, a bead fromthe m crobank 20 was

i nocul at ed |nto 1 n1 broth gromm for 4 hr with shaking at 37C and used
to nmake agaBrslked T & ey el s The freeze dried stock of
E1392/ 75/ 2AdAr oCdOTpC was de5| gnat ed PTLOO8 20 M of L-broth was added to
the rest of the 1 m 25 culture and the culture was incubated overnight at
30C. 1 nml of QerO\leI’smﬂogﬁa;t aC@yts&fe@VﬂSrtd’cﬁfﬁﬁefd’tﬂdl@ adeache®f three
cryovials a ored i.n I Uld ni trogen. Cp(r)hstructlon of

ETEC~Ar oCd E‘ﬁ]rﬁ sC&ﬁ’] 9%m g\ﬁé’sesuéjesdnt%ﬁ Todte %d]ﬁﬁ’dﬁﬂ—' into

E1392/ 75/ 2AdAreed@apCrck) nuaniqegatdien donor cells SMLO1~pir were

transfo& d with pCvDdOmF-. The construction of plasmd -19 5 Sept enber
2002 = gE CVDAOnpF is described above. 2) ETECAAroCdOmC cells were

con ugat ed wi Wii 50 r SM2OBpioivs REVDEQTRI tee] | it O\EH 422 @S Genéscl udes a
transfer origin which allows the plasmd to be 5 transferred froma donor
stnain contQ%ﬁ?ﬁgrﬁﬁémﬁaﬁ%q%ﬁbﬁﬁdgﬁﬁk%? feen FoBMD= Y5t 0 a reci pi ent
strain (e.g. ETEC). ETECearoCeonpC cells and E.coli strain SMLOl~pir

har bouring the PcvdeonpF reconbi nant were cross-streaked on L-agar plates
so 10 as toFéguse dnsiows sheaspgranpdntated Wele i P atestovreitacubat ed at
37 C foR520phgsthan e egnowt h washed off using 4 nl L-broth and the
suspensi on pI at ed onto McConkey agar (Difco) containing streptonycin at 20g
m-1 and anpicillin 15 at 300~.cg m-1. Plates were incubated overni ght at
S7C and 1 esphbipg GOLAW, s MelshChatked SOl JiRr ot Roldy fumbidUsi ng
appropriate ol'i gonucl eotides as priners. 3) Put at1 ve ETEC transconj ugants
wer e screentderagego feomoMTES \edrre ipisc kedidy grrEiCorkey @afakopl &res and
grown overn n i Glld i 0 T £s 4onmpF
gene was chggggd%fgkoﬁggP%R%mh pr@ﬁgrs TTf?%%%ﬂj%Eg E%qu%ﬂ%gggé} t he

pri mer s28r eogigéaril yrablMe =1 msetkew.s; Sample 1 = PTLO10; Sample 2 =

PTL002; Sample 3 = PTLO03; Sample 4 = aaroCaompC; Sample
5 = aompF.

— Figure 5 shows expression of CS1 and CS3 in deletion

25 strains after growth on CFA agar. Equal numbers of cells
from each strain were loaded on a 15% SDS-PAGE gel and
Western blotted with monospecific anti-CS1 or anti-CS3
polycional antibodies. Controls for antibody specificity
were whole cesll lysates of TGl cells expressing the

30 majore pilin protein of CS1, or purified major pilin
protein from CS3. Lane M, rainbow low molecular mass
markers; lane 1, induced TGl cells harbouring pKK223;
lane 2, induced TGl cells harbouring pKKCsl; lane 3, CSl-
ETEC strain; lane 4,- PTL010; lane 5, PTLOO1l; lane 6,

35 PTL002; lane 7, PTLOO3; lane 8, purified CS3 major pilin
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25 4) The colonies were grown for 5 hr in L-broth. 5) Serial dilutions of
the L-broth culture were set up on: a) No salt L-agar b) No salt L-agar +
50 sucrose. 30 The plates were incubated overni ght at 0 0 y counts
showed 105 nore col onies grew on Lagar than on L-agar iqﬁgn%ﬂgéﬁéﬁf showi ng
sucrose sel ection worked. 7) Sucrose resistant colonies were screened for
donpF 35 geMeHAPCR with prinmers TT1/ TT2. The sequences of -20 5

Sept enber 2002 the priners are given in TabIe 1 bel ow. The screened

col onies were over ni Agaﬁ %o oni es qut of 47 had the donpF
gene with cRNQ¥S ¢ esﬂPFHeF9pB BHpP gBHEANS gfc?o further

charact er i Sghfthdd divgl HWM@CQ@’E@%Ff@GhOHh%SWJ.U.Iaie)ty\{.\ﬁr gmat ed on: a)
L- Agar + 100 ug/ m A lin b) L- + 5% sucrose 10 do

col oni es® shBtA P e’ 7 éta%TLQB suEFgéeaéﬁﬁ se%gPPO@e F&Q&wﬁﬂ@ﬁI|Q?-wg) ALl

three donpFped @ni e&wer@mi@%ﬁpﬂlasseﬁahbbvedan@l@@ert@@ewrlesﬂ stant. 10)
The col onies were m crobanked and one col ony was 15 chosen as a naster

stock. 11) Fitpkederentneporageasy bealVir srflt RELF&st dilcdidock was
inocul ated d18 O dofiho e PEQL P 8HGWN1506 g4 rBEW t BNghalisn® 18t 3HC @ngy, used

to make agar sl opes which were uSed to nake freeze dried stocks. The 20
freeze dri dthstdek 9rtE1RYPP7E/ NP ARHLBTIBRPCEGRES AT edediaghatté® PTL003. 20

m  of Lz@rq{%mlég@e@lw bhﬁnge%egf dkhevdane ol ttwee At the gul ture was

i ncubat ed overni ght at the overnight culture was transferred
to each of @tipke @mxyféwersolstah@Cstéﬁeahpwnl i qih¢ Meryddgenpatterns

Character | Saax%é %@%} i B30/ (L RAIAL o] OAREPARE Lk 5 gg\eﬁte*lert%wsr ements:

€ehls taken fromthe master stock produced in step 10 of the preceding
section were streaked on L-Agar plate. At the sane time 8 nml L-broth was

| at ed h s Both pl d
| qui o cul tirgebert SF35R Bhe R FERpb S 1 R FRES The ot own piat e

wer e Stléakﬁﬁnnmiﬁtehed alvacc1ne according to the invention.

EXAMPLE 1: CONSTRUCTION AND CHARACTERISATION OF STRAIN

ACCORDING TO THE INVENTION

20 Design of deletions and construction of plasmids

pCVDAAXroC, pCVDAOmMpC and pCVDAOmMpF

Deletions were designated to remove the entire open
reading frame of the target gene. Using the E.coli genome
— sequence as a template, PCR primers were designed to

25 amplify fragments of 500-600 base pairs flanking the
target open reading frame (see Table 1 for primer
sequences) . Splicing by overlap extension using PCR was
used to fuse the two flanking sequences, creating a PCR
product with the entire gene deleted (Figure 1). The

30 wild-type sequences around the deletion site and the

predicted sequences after deletion are depicted in Figure
2.

For each gene two different restriction sites were

~13-



5 Septenber 2002 foll ow ng nedia and grown overnight at 37oc. Medi um G ow h
5 L-Anp No M@ mninmal nedia No M@ mnimal + Arom x Yes MO + sul fathiazole

(100 ug/m) No 10 MB + sul fathiazole (100 ug/m) + Arofhx 5 r + 50
ug/mM streptomycin Yes L-Agar + 50 sucrose Yes As expe%gﬁt,gﬁﬁﬁ}e_z@gal S were

Amp sensitive. The 15 cells were resistanf to sucrose, sireptomycin and
e P T H D AT I AR ISt thr o Seo TabLantl SE1OM Epa

anal ysi s offhREDMErea)uded reeze dsieds viat i o HTLOOBevasn bevkgas20 open.
The culture was resuspended in L-Broth and plated on L-Agar for growh.

Some cel | s THEr & & Papdif 167 f2tarkl R oF RPF P fi EhonBrK. LH3IRBRE cel s were

scraped of fin%%ddl%d—ﬁ)ﬁli?c%\é)rﬁgéﬂﬁid@§oﬁn§iy§§dth§_@?&§r¥‘ﬁ§588 yLsibl e
di fference between the LPS profile of PTLOO3 and original E1392/75/2A

strain. 93) céomE rthe i o Brefel Etionsh oy R Pl Alariapesédiecefl s was taken
fromthe platg3® nade;di iy 2a and streaked onto L-Agar and grown
overnight. b) Freshly grown cells were used for PCRwith prinmers that flank
the follow ng genes: aroC, ht rA onmpC, onpF, onpR . 35 ¢) PTLO03 was

shown to hayg d8lRlians v@efk@rc%g f@@ifiéd Sepi ggrber o 2092n opLagad onpF
genes, but not in htrA or onpR 4) Analysis of outer nenbrane protein
profil e of NEMeQOZelofxrr arrmanel hron@i higedetd onstiveteepreparadtfrom 5

st rai i PTLALG GELAS] 15( 2 21 1e de! £Ld00; 58T 8 ns, ETLO0Z, apd PTLOOI. A

7
strain with a single ompF et1on and a strain wth aroC and onpC
del eti on werle salisbh il 4452 2 )Stdiad st etriel g ovie upeiee eonnginei and of | ow

larit - 0] ' i J - h+15
sqporose) . TRESGRE pridl o MBS b SR B e e S et R ar
ereas théiQ@ayC qr odlictuis Bxpressedigit hbghmbsmedar ttgnsTheménpC and OmpF

protei ns have siJdu el ectrop I plJdENEY A th hi and | ow
osnol ari ti ésn,%ot r%—?i r>\ |lfﬁd%ﬁ%%%is%r%?@*%#%Jﬁf%%eli bﬁgdl@fhrrﬁg regi on when
conpar éd t @liahesm |Fd-dgnpied £10M 7ZMRAc 51 Y an nresisvabhet pAnsCoampeter oOnpF
deletion strains. The rAjes Itst are shsovvn in gi’glgﬁlre 4l %0 5) Exgrg%sion of
CS1 and CS¥HiT 1° GG a%%lf‘: B P BXPTaSei Oh B¢° S ahECESS BPFFTER t he

del eti on stoyaires twais teixain disge s tEogpal  Tiwebes 51 ¢wi AGopl asubdksyedt bacteria
strains PTLO10, PTLOO1, PTLOO2 and

generated:

20 pCVD4AroC
pCVDAOmpC
pCVDAOmpF

Ly The suicide plasmid pCVD442 can only replicate in cells

25 harboring the pir gene. On introduction into non-pir
strains, pCVD442 is unable to replicate, and the
Ampicillin resistance conferred by the plasmid can only
be maintained if the plasmid is integrated in the
chromosome by a single homologous recombination event.

30 The plasmid also has a sacB gene, encoding levan sucrase,
which is toxic to gram negative bacteria in the presence
of sucrose. This can be used to select clones that have
undergone a second recombination event, in which the
suicide plasmid is excised. Such cells will be resistant

35 to sucrose, but Ampicillin sensitive.

-14-



) 25 PTLOO3 grown overnight at 37C on CFA agar were subjected to SDS PAGE
and anal ysed by Western blotting with nonospecific polyclonal antibodies
agai nst CS1 or CS3. CS1 and CS3 pill were expressed eq I 1,40 four
strains (Figure 5). 30 A CFAIl-negative derivative of qﬁé@éﬁ%ﬁ@%\é%s
constructed for use as a control. This was done_by specific curing of the
CS encodi ngSpresRugEion, androhanacky b pATOCASIPCAOEBEeNt of DNA
35 was anpl gkkgdf romthe cooB gene using PCR with -23 5 Septenber 2002
ol i gonucl eofi des CSA01 and CSAO2 as priners and ligated into pGEM T Easy
pl asnmi d vectbds( Feadd oarmeit IRmmmeddle dosignedodwrof heors bniagiofh POR
products. The_tr t ) 0] i nto_ .pCvbD442 5 virtue of the Sall
and Sphl reggfﬁgg%ﬁr}eﬁ%rog%éemﬁ%mep p(i};[))?fﬂ '(:(2)%% g%er}i%% veé™has

i ntroducéd i"BT8CETEE fetrr=aigpdelidiz/anslw A dys toonj ugait 390/ 75 028 SE01tpir.
Ampicillin resi.stant transconjugants are nost likely to be the result of
fusion of tﬁgrﬂfa CVI5#42- cooB derivative with cooB-beari ng plasmd. Such
transconj ugates were then grown on L-agar supplenmented with 50 sucrose to
select for 1qgss of the sacB gene of pCvD442. Resulting, col onies were tested
for anpicil I"%ﬁogé]r?gﬂql\ﬁnﬁﬁ O%ﬁoewr}:%#%&? ng T €94 HRE° cSA02 as pri mers.
Three col onkesoef/7BY32/i#b/t2A Wel e dwicldideed&xs: positive control s anong
these PCRs. Two sucrose resistant colonies that gave no product with the
PCR wer &0st A8ERET ST KFR G 18P (AR A Ll emented with 50 sucrose to 20
obtain pure cultures. These were then grown in L broth at 37C for
approximately 16 h and m crobanked at -70C. Loss of the CSI encoding

3I asni d was CEBAFRREG By %%W@Tﬂct he plasmd profiles of the
efivatives-using r t r.ophor esi T er | i wer e
confirnmed a%l)1081 %2333?\72,@%utf%\%eﬂreé)%%qﬁlcé§gISO(Sa o%?h%#%@%l%%%i ng of
PTLO03: Structurepdbteged emniton Imitgtri.ons. Total DNA was 30 extracted from

cul tures.of ,t he thr et i nut ant s .grawn_fr.om the m crobanked stocks,

di gestezg)wi t2:)1 res %ggfcggkoé:ﬁggr?ﬁlclce%ee cn(;q:R\f,elalnsci erhrge oﬁ’@%%?%%gDﬂhom

subj ected to pul setebieelceldgar A® gal adlieptatophoresi SroDNA was bl otted from
the gels 35_onto N+, ( Tr ade . | on anes -24, 5

Sept enber 2882 hy%?’g)%gleré)cwgﬂtaﬁ f%%%%rméra%%fﬁiﬁﬁl?% 8t andar d
procedures. Resul Diagkeng@ria fG)l tshrow Tideate tNemdly biii dli sifeng. citi©npsosmi d DNA
fragnents of the nutants are shorter tha h i 1.d-type, consistent 5 with
the mutations bei H&Sdglo&c’leﬁsr.ar{@ﬁ]ﬁq%& inloi—%f%ab%%n% PWOteat - Stabl e (ST)
and HeatolLabil e (bFecigiithtdenas THe Borttdust i o £S89 4brad. i&or this

the ST and LT-AB %enes were 10 used as DNA probes against total DNA from
E1392/ 752A. Tot al IBREIAPSH BR€Moxi n positive ETEC strain E1393/ 75 was

i ncl uded as4q poskt e ogogrlent il plasmid was mixed with 100 pl

defrosted cells and electroporated. The whole

23 W Irsiaiebory

;“9 transformation was plated on an L-Ampicillin plate
25 (50 pg/ml) and incubated overnight at 37°C.
5) A single Ampicillin resistant colony grew.

6) The colony was streaked onto an L-Ampicillin plate

(100 pg/ml) and grown overnight at 37°C
("merodiploid plate").

30 7) PCR using primers TT19 and TT20 (specific for the
aroC gene)and a colony picked from the merodiploid
plate amplified two bands, with sizes corresponding
to that of the wild-type and 4daroC genes. The

sequences of the primers are shown in Table 1

-15-



"~ J that fromthe | aboratory E. coli strain ,7ML09 was included as a
negative. Hybridi sed nenbranes were 15 | eft under HyperfilmECL (Trade
Nane) for 1 h to obtain the nmaxi mum anount of signal. P r epar ed
using PCR with plasm d DNA extracted from E1392/ 75- 2A aé%ggﬁepﬂ%trgogénd

ol i gonucl eotides EQFQU, and ESTO2 as primers for ST, or LT-Rl and LT-03 for
20 LT-AB. There was no significant hybridisation with total DNA using
either the L87- AB dv ddieorST fraobe;helesprodipbtadnphgta wesy girowansg si gnal
fromthe positive contyql_ total A, Conf | tion, of ence qf, pCvD442
sequences from 25 f%re —{:ﬁ}%nlorlsoan)e of Iﬁ%fcejfli%ggrr%?%ﬁs.(agﬁepﬁl/éngr)d dcvpa42
was | abel |l ed and bri-thsech t dlliotabl ONA fromndehel.-dnpriutiddtiss REO01,
PTLOO2 a PTLOO3 d.icgresl;t eq( ith EcoRV. Total DNA from ETEC strain

E1392/ 75-2A was i AcIUded 8% & control . A conpl ex 30 pattern of hybridising
DNA fragnment%s was Sxxicd neth 1 Btitond hef ethasLAbrstgnchicame diefdfeersencaip
between the pattern obtained for the wild-type and that for the nutants,

i ndi cating that prodb'abl y no residual pCvD442 nucl eoti de sequences were |eft
in the 35 genones of the)nutamds.sallhe cagdex pattern of -25 5 Sept enber
2002 hybridi sing fragnments was_ nost. |ikely due %9 t he pCvD442 probe

hybri di sing with the pl &nmi d DA SOnpdheétidr of TheSEE595F75- 2A strain and
mutant deyivativeshd pladdedSidadl endubaPER PUEFBE§ht at 30°C.

NameTar get UseSequence(5' -3") TTl onpFPri mer Af or ¢| oni ngATCTGI TTGI TGAGCTCAGCAAT
CTATTTGCAACEPP20nEPr G e rE Bt 63 ot P TS ECER GRS T AR ACEEET ABFGT T30m
pFPri mer Cf or cl oni ngGREGAGHET AGCTICH I TATTACERE €A ST shonp iy ismyrF e ¢l oni
NgGAGCTAAGCCT CGAGTAATAGCACACCTCTTTGT T7onpCPr i mer Af or ¢l oni ngTTGCTGGAAAGTCGAC
GGATGTTAATTATTTGT GEFSpcdt i W% £ Sr ¢l oni ng GGCCAAAGCCGAGCT CAT TCACCAGCGGCCCGA
CGTT9onpCPr ier Cf oficd 1ad & T ANGHH AT AN ETREAE TCATATEESGT EHQorpePr i mer Df o
r cl oni ngCTCGAGGCTTAGCGTITATTAACCCTCTGITA -2 6 5 Septenber 2002 10 15
TT19ar oGFr i mer Af G¥Y &% UM & gUORECTOT T ACAGT EAACT CAPCARCAATIRPEZO £ UTPr i mer
Bf or cl oni ngAT CECAAITHITZL i e,

cl oni ngCTCGAGGCATCCTGAAT TTGTT22ar Egcng:;rr[ i F%rergb%fgg?lg%e S

¢l oni ngGCATGCCCT CRAGHRGCTOCSTITIIMGIAGIEMER1 690 B Ialse i wGS1stored at
sequenceTGATTCCCTTEGT TG I}g@?gﬁgigng_s i -
sequenceATTAAGATA&gA%m CRITT. ee ted out.

t ext GCCTTTTAAAGCGATCOFAGTT LI0 03t ToBSe et ¢ eke CATFATETFPCCCBATTGICESTOLSTSee

t ext CATGIT GGTAATAT. T e TTATATTATTAATACSA01CS1See
Lt TOOACT TP AT ATGAARC P RACOAD2Co1 S T ok FEACT TACT CRBCAT AATTGCS3- 01CS3See

t ext ATACTTATTAATAGGTCTTTQS3- 02CSB Seon irext THSTODSARGELATTGTTATA - 27

b) M-9 minimal media + Aromix plates
c) L-Amp (100 pg/ml)
) AaroC colonies should not grow on M-9 minimal media
25 without Aromix or on L-Amp.

Aromix is a mix of aromatic compounds as follows:

Substance Final concentration
(% w/v)
Phenylalanine 0.004
30 Tryptophan 0.004
Tyrosine 0.004
p-aminobenzoic acid_ 0.001
dihydroxybenzoic acid 0.001
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5 Septenber 2002 t 5 10 Table 2 Target geneSites used for cloning into
pCvD442Sites introduced for screening purposesSite 1Site 2Site 3Site

4ar oCXbal Sacl Xhol Sphl ht r ASal | Sphl Xhol Xbal onpCSal | Sacl %ﬁ%}%@o | Sphl Bl
pl Xhol onpRSal | Sacl Bl pl Sphl EXAMPLE 2: SAFETY AND | MVU

ATTENUATED VACCI STRAI N OF ENTERQTOXI %NI .C El %O o SDa fer ¢
(dar o 40npCl donpFyePR FORBRUTECURTEERE %50 Th& ‘S idy Ria L e glne’d 2%

eval uate a candi dahe hirwe: autamuahed reaeitze tdiaiai rsylftkﬁa*m&r.ot oxi geni c E.

coli, narrel the d nmpC/ donpE PTL descri bed abo Preparati on of
t he vacci ne deed th/g Tﬁétﬁéét"gr AT oSt Fe??ir?r\kgss Fieded t Ck‘%‘c’go"gr%y agar
for 25 purity andgtewtposhi MF8t ngRiak 1 deatiial undant e Al @St wiseded 0

i nocul ate a flask containing 200 mM of luria broth. After 8 hours

i ncubati 8n at +37&"P36iMi8F sterile glycerol was added to the broth

cul ture and;ghi quat sopbapaksednol i, 2pen Wedld) -t etk athsushe vébs were
30 frozen at -70C These vi al s constl tuted the seed | ot for the vaccine

strain. -28 5 Sept ERBefFS3082IPgr Py 16f PERE SSde @ttt RiasF Ehstt Bl by

sel ecting ten randefuial siGRARG Les! MERk1EMAIQr Pacdesr&ds pd ypard
freedomfromfungl. An additional three vials were tested to determ ne the

number of bacteri BIPAUEKE @ifaltdeusixpgcfest HdE d AP countléret hods with
serial dplutions gf h@%c%l LU @ HRr @t mefrseRarAtd NPT d Reayaeci ne 10The
vacci ne was prep areg fresh prior to each vaccinationand all steps in the
prepar ati onléb th§0|lﬁoet@|surh,c£r eindddutt fiom #sEenn T A Fiedr Thetelay pri or
to vaccination tQ _tf I_Sl.él’rfd'i I élanfl%?{ pl ates

u5| ngsterile cottgﬁmgm\ggzet%(% %?gmg&e%t g‘%l awn of acr}t ecﬁra 15sane
cul)ture broth vvas3§f<|3ea@@til@nfnowat;bbﬁkeylahésl Uﬁirﬁagléledplt@t es for purity.
The agar pl ates V\?E%chﬁggl%agn%%r%tb%?\g fQfk8 hours in a seal ed container

w th tanper-resisftant icator tape to ensure that the plates were

not t anpébed1Wit h dmilong' |lnCL$tLtazme@h lnAfat erl dnvdrt 4 ores tieed afw200f bacteri a
was harvested w t? ? sterile phosphatebuffered saline (PBS), and the
optical density o hesuspen5| on neasured. The appropriate vol une of

t hi ssuspensilén, c@oregppandinegtt ¢tdragdesiar édaa:li)s@omvalshQ hehptelezaki nt o uni t
dose bottles with 30rr1 of .bi car.hqQna buff red he

vol unteers. An extraYdsés &P\?éccclia(r)lce OIwals5t 5t €p grgle g Ie &ngr? f&p :

| aboratory, andi medwateel shafdierg tate Mdtuahdeusehladtobearkevaawmat ed

t heactu I nunber of bacteri,a.in each do of wvaccine was all at si ng

st andar d °col ony c&aPSSr §P&ly &€ M t%etcgerébf"ba}]%e d’élf%?l ons” gva%%?ﬁe The
procedure for dil ghiend rehe hantiesd asum e:ati 6Etﬂl3$21,9’d5,d2m11}ngoprxeésm nary

studi es using | awn cyl tures prep ated actly goefor t he
vacci ne prepar at i 8589835 Z)r‘le'd 2t t u"é?)%n%ﬁg‘iﬁ re made
and the -29 the rest of the 1 ml culture and ‘the culture was

- incubated overnight at 30°C. 1 ml of the overnight

25 culture was transferred to each of three cryovials

and stored in liquid nitrogen.

Construction of ETECAAroCAOmpr
1) Preparation of pCVDAOmpC plasmid DNA for
30 electroporation:
A colony of SY327Apir harbouring pCVDAOmpC was
grown overnight at 37°C in 100 ml L-Ampicillin
broth
(100 pg/ml). Plasmid DNA was purified using 2
35 Qiagen Qiafilter (Trade Name) midipreps. DNA was

-17-



5 Septenber 2002 nunber of viable bacteria enunerated by col ony counts of
serial dilutions and related to the determ ned optical density. Based on
these prelimnary studies, a standard procedure was devel d for epari ng
and validating the 5 correct dilutions of bacteria in o?é%#ﬁ??Piﬁzegﬁthe
doses stated. Prepaigth®on ebnbufifentd@ Aybuthahotopsikestiibng  @fi cs0diTia

bi carbonate in water was used. For each dose of vaccine 150 nml of deionised
wat er cont ai ni ng FYeRT'6FL 500 af BFEBABBRAL éSwaSSEréparedbPaYS il ter
sterilised. 30 m wfcthe, bubf essase bt 26€nbBEAnEO - 1gterile vials and the
dose of vaccine bacteria was added 15 to these vials. The remaining |20 ni
of buffer was pl acktEGARBoSepat bsefsorr the borrbbsnkAt relye prriodmasfd in

vacci nation, the v, teer ' i Qi d,| f ffer, then
a mnute later, 369#%90?¢b§¥rgégc%%%g%ﬁ?ﬁg]?héEggchﬁég %%r%gg%#%§§1on
schedul e Groups ofLvajamt egrewmeat stUliedeimightdosed esltah astonednaner. The
first group of vol ynteers receive d 0 i el X10'
bacteria, the secon g% ogg)0<N§%§¥§y}ﬁgﬁg%§<§§iﬁﬁgéﬂ§é?ﬁ% %%?gd%ﬁroup a
dose of approxi matehgcdXd08. cTheuvekuhbeepseperengi eér cCirprompexasitn 500 ny
BID for 30 three q$¥flgeginning on day 4. They were di scharged on day 6,
havi ng had a haematol'ogy and chemistry screen for safety. Serum was saved
for antibody3neasuEEDENMLroOncdays Vecaadeldcthepvebtptearishr &t wined f or
followup 35 outpatient visits af_which tj an interyal history was -30

5 Sept ember 2002 dUHACEHEE SEBE ootV LATBPE. RS- oBPHl REHTT it S g i
assays. In total, bloesd (40 &l yingsecolhppiedifion peaeloqy ot gemit)i mes,
prijor to vaccination and on day 9 and day_l14 after vaccination. 5
Laboratory Assay PR eQHIP 18R ?%?FBlFQB_?Seégﬂjspecinpns were cul tured each
day while theg vol unt egfsi el BihNr89spthat. cbobnadal i(batiave veul tures, a 10
faecal swab was placed into Cary Blair transport nedia and taken to the

| abor at 0¥y wher e iETE@4ArAGCUPGY B4OBPFeBEFPIbRE 61 NEE CHfkEy OBFai NSt ont o
MacConkey' agay conpial b Ngo BHLLDEOLLES $8LEELLYEALEN at BEs¥aGCINe strain. Up
to five colonies were shown to be agglutinated using antisera 15 specific
for the vaccine sthmpicikbinq(hffi natimke phpter angdf used gpediomed adash day
only) faecal specipenspMere; wei e apdrdh |l uted g PRS tW, rd al,c10-fold
dilutions up to 10-4, 5%% t hen ?gg ﬁ? o? eéc% di I'ution was &%@5% ont o
MacConkey agar w thwewtidiorpes. touspeetudecoreni ébewregkz@dsorithier med by
aggl utinggion withsantis0.sepEMnseprmues okl geted andosaved of or
subsequent assay f%?ggn??%odyyaga?ngt CFA 11 an??gens by ELI SA and
bact eri ci dal anti beelyowgai nst the vaccine strain. 25 Peripheral bl ood

nononucl ear ﬁﬁgls Xmﬁfgafgaégigﬁyfqﬁ§1m@9lﬁaglggg QQ%&%%Eﬁglinto citrate

and washed. se ce were cultured at "a density o cel'l s per m in
RPM tissue tul t ureheedolongnt wdgCgtownd48olobr 8r Ant &-b4®thour s
- 8) Serial dilutions of the L-broth culture were set up
25 on:
a) No salt L-agar
b) No salt L-agar + 5% sucrose.

The plates were incubated overnight at 30°C.
9) Colony counts showed that 10! more colonies grew on
30 L-agar than on L-agar + 5% sucrose, showing sucrose
selection worked.
10) 45 sucrose resistant colonies were screened for
dompC by PCR using primers TT7 and TTB8. 9 colonies
had the AdompC gene, but most had traces of w.t.

35 ompC gene. The sequences of the primers are given
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30 the supernatant was transferred to a cryovial and frozen at -20C until
it could be assayed for 1gG and I gA antibody to CFA Il by ELISA. -31 5

Sept enber 2002 Table 3 - Sunmary of the procedures of rqt Day
(Vaccination day is day 0)pre-101234569145Recr ui t nent %%8%&@9??%8%0@

(urine)xxTraini ng/ capsentxiQlnnatient stayxxxxxxxxVaccinationxQut pati ent
vi sit xxxStool culfures - quantitativexxxxxxxxxx15Stool cultures -
qual i t ati vébixxxDox xixSerhs ro gheoeCBE 1Gham palret kke 2E DT pAodCoHR@pCn 500ny BI D

fox 3dxxx Results: .25. syt re-S&en At C d s.0f 6.8 X
10" and 3.7 x 10 o(%fog‘.llg%t’ tﬁebﬁ@%%g %rose 2%@41_ ?éh)% ]?O%P%% g?ﬁu?\t fé(rars
experi enced di ar engeplaikR/dhhad m | d abdom nal cranps. Bacterial shedding

was seen inall vol unteers at -~ atrhe_,r PP gg/fuh(%(%nseiclielv&lnformday 1 post
vacci nation until, 30 as per "protocol,” ¢ipr foxaci n vies Started on day 4

after vaccination. Thi ®)i ndi datresargood i ntestinal colonisation, which is
i ndi cative of the potent,i al \L)bg_gig%grugre %ood i nmune response. At the two
co

. C . &S crose
| ower doses, vacci ne st r)al n vered ¥ omal | vol unteers on at | east

one time 35 poi ntadmpd ew Ingh ivae cd il 1 drodut e ¢ het st at 6 osuefotBearrcreti on
was reduced conpared to that seen, at. the highest dose. At the tinme of

filing the appli &5t ¥ he ArfdIRAT Sl b¥2 t he 90 i mmune responses gener at ed

by theivacaicne wasliynqogyiedey 82, 15 weptanbeci 2002 sHomeveivet Badl gA
anti-CFA Il responses in the culture supernatants of PBMNC purified from
the bl ood of reciSPiERSe died e Highest dose of vaccine at day 0 (before

vacci nationp)and cdavhy/ 120k L ERaste ¥ aEsH Natd Ofrdavec-besn aaapal ysed (see
{Fijgure 7). Supernatants were anal ysed by ELI SA on assay plates coated with

purified CFA || demRfer@nories o sns uedy offsRrveth fpbimehe BRYS7TEAE  day 10
sanpl es were si gﬂ*ﬁﬁﬁwl%@m@é%tm@e ’fl’i@%%&@eﬂ?é@ga{%?' Bak! on

sanpl es, denonstrating the induction of a 10 specific IgA response at these
time pdidnts. As expastisd anhaiesponsetrihow Opbak-at day 7 and are

reduced at 1dgy 10, ;¢ ilst{dkl Wi thephom nga @b+ pripedn L 9A:SECLELI N
Bcel |l s fromq?he %Iooo to the errucorgga# effecn%or s%tes of the G%t Associ at ed
Lynphoi d Ti ssue. si%ZeCdiet s oms; AdrpGtartuadkdoénee. strain of ETEC

(~aroC Do ~0 has heen s |1 tolerated in healthy adult
WH%/ WH%E C O%iiﬂﬁgfgﬁééékg§%¥§

vol unt eer s aﬁd t o colonis ne in a manner 20 consistent with its
utility asla) or alowacoimendot psiotexde agai msddt favml tkesmicapbhokga. It has

al so been demonstrated {Q, fli&ht; & SPEGT T £-BUGRA! oL ONUNE LegPRRSe.
with shaking at 37°C and used to make agar slopes
which were freeze dried. The freeze dried stock of
E1392/75/2AAAroCAOmpC was designated PTL008. 20 ml

) of L-broth was added to the rest of the 1 ml

25 culture and the culture was incubated overnight at

30°C. 1 ml of the overnight culture was transferred
to each of three cryovials and stored in liquid

nitrogen.

30 Construction of ETECAAroCACmpCAOmpF
Conjugation was used to introduce pCVDAOmpF into
E1392/75/2AAAroCAOmpC.
1) Conjugation donor cells SM10Apir were transformed

with pCVDAOmpF-. The construction of plasmid
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P- B- 0400958 (Dougarspetnsilon plated onto McConkey agar (Difco)
containing streptomycin at 20ug ml™' and ampicillin
15 at 300ug ml™'. Plates were incubated overnight at
37°C and resulting colonies were checked for
merodiploidy by PCR using appropriate
oligonucleotides as primers.
3) Putative ETEC transconjugants were screened. 10
20 colonies were picked from McConkey agar plates and
grown overnight on L-Ampicillin (100 pg/ml) agar.
The presence of dompF gene was checked for by PCR

with primers TT1/TT2. The sequences of the primers

) are given in Table 1 below.
25 4) The colonies were grown for 5 hr in L-broth.
5) Serial dilutions of the L-broth culture were set up
on:
a) No salt L-agar
b) No salt L-agar + 5% sucrose.
30 The plates were incubated overnight at 30°C.
6) Colony counts showed 10° more colonies grew on L-

agar than on L-agar + 5% sucrose, showing sucrose
selection worked.
7) Sucrose resistant colonies were screened for AdompF

35 gene by PCR with primers TT1/TT2. The sequences of
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J.,
i&ml‘ oot Io;yaﬁg’ | ﬁﬁ%ﬁ 53 %&e%%%‘g@zrb%%g%ge Egﬁ?éﬁ%‘ik 838(5%9?:& MB 1. A

bact eri um at t enuatsed-egned rom-qreles tWere nExewn opvennéabh of LhégaroC3gene,

t he onpF gene and t ene. , 2. el a ding,.tg claiml

whi ch i nfects by tcﬁg%gﬁﬁ%glu e&l%?fﬁb‘%g%tééﬁ% g%@%rh?ga 38 claim1l

whi ch is fromthe eyarmacEscherhiehiial, d-Saypenehp A, g&nbri o, Haenophi l us,

Nei sseri \%n ?ﬁrsi nié[a, ordetell.a or Brucella. %@é A bacteriumaccording to
claim3 [ is a5t Hor BRI eht 3 c%lf?, S4F nonel 1 a t yphi muri um

Sal monel | a typhi, ESsommeld ot ompF dtSloSedapnehéa vhokepaasedSon:

Sal monel | a dublin, Haenophilus influenzae, Neisseria, gonorrhoeae, 20
Yersini a enterocolitica2 Bordétd9F pert é%%)‘%]r BpRiet 51 3bortus. 5. A
bacterium according to ¢)jaim 4 uhjh is a strain of enterotoxigenic E coli
(ETEC). 25 6. A bacterium according to any one of the preceding clains

Q

which is further attenutcéd_ by I:fprﬂﬁraﬁ ot ITHEdurth gene. -36 5

Sept embarg 2002 7. Apactenidmascaising po £iai s hnwhereknctBaef awidt h gene
is aroA, aroD, aroE "pur, htrA galE _cya, crp, phoP or surA 5 8. A

bact eri um accor di f¢nS e die AFPi®el biecedi ng clains, wherein the
mutation ingach gane gk d&fﬁzﬁﬁ"cé‘l’éﬁiéé’“we?e ﬁn?%&ﬂ!‘xH”‘s@?x‘é@%@'v%g to
any one of the preceding 10 clains, wherein the nutation in each gene is
v and sucrose resistant.

10) The colonies were microbanked and one colony was
15 chosen as a master stock.
11) For permanent storage, a bead from the master stock

was inoculated into 1 ml L-broth, grown for 4 hr
with shaking at 37°C and used to make agar slopes
which were used to make freeze dried stocks. The
20 freeze dried stock of E1392/75/ 2AdaroCAompCAompF
was designated PTLOO03. 20 ml of L-broth was added
to the rest of the 1 ml culture and the culture was
incubated overnight at 30°C. 1 ml of the overnight
- culture was transferred to each of three cryovials

25 and stored in liquid nitrogen.

Characterisation of E1392/75/2AAAroCAOMpCAOMRE

1) Growth requirements:
Cells taken from the master stock produced in step
30 10 of the preceding section were streaked on L-Agar
plate. At the same time 8 ml L-broth was inoculated
for a chromosomal DNA prep for Southern blots. Both
plate and liquid culture were grown overnight at
37°C.

35 Cells from the grown plate were streaked onto the
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deletion of the entire coding sequence. 10. A bacterium according to any
one of the preceding clains which has been genetically engineered to 15

express a heterol ogous antigen. 11. A bacterium accordi o claimi0,
wherein expression of the antigen is driven by the ni rgr%p}ﬁ%?eé?o t he

htr A pronoter. 2Follomwing) mewkici mNE P WRi ageanbakteatud’/as . defined in any
one of the preceding clains and a pharnaceutically acceptable carrier or
diluent. 25 13. A bacteriumas defined in any one of clains 1 to 11 for use
in a method of vaccinating a human or ara.~mal . 14. An enterotoxigenic
E.coli cell attenuated , on30 reverting nutation in each aroC
gene, the -37 5 Sept g%éﬁmgooz onpF gene and the onpC gene,ﬁ[—ro%m%se in a
met hod df vaccinating &-ffwmman or ani mal agai nst diarrhoea. 15. Us® of a

bacteri um as defi ned i@,lga_rrl!yinolqne 1°fmecéiaai1”5 51 to 11 for the rranqu%cture of

a nedi canent for vaccinating a urten of ani mal . -38 -

AL, ACACA Aa. AN A A A ACAMA A A; PA@nix A9. A A, . A% AN A(. A Al (YRS A A A
A A A9L. A(9. A A(. A A AfAIC}! M *pgEIl Z{ vgl ga\ W] ca] caV] ca] ca] ca] c: a] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca]ca]ca] ca]ca]ca U] c”Ma] cal ca
UcraUcalca # %0 5M9 + sulfathiazole (100 pg/ml

) No
Eh ~ytoid ZT : Vv
o] cuvltoa] cal Ga] on] caF Eav Eayce T o] C0) EVMEE pokeRlze) gl oM ea
L-Agar + 50 pg/ml streptomycin Yes

L~Agar + 5% sucrose Yes

As expected, the cells were Amp sensitive. The
15 cells were resistant to sucrose, streptomycin and
sulfathiazole, but required Aromix to grow on

minimal media.

2) LPS analysis of PTLOO3:
a) A freeze dried vial of PTLO0O3 was broken
20 open. The culture was resuspended in L-Broth

and plated on
L-Agar for growth. Some cells were scraped
off and stored in microbank.
b) More cells were scraped off and the LPS
3 25 profile was analysed. There was no visible
difference between the LPS profile of PTLOO3
and original E1392/75/2A strain.

3) Confirmation of deletions by PCR:
a) A scrape of cells was taken from the plate
30 made in in 2a and streaked onto L-Agar and

grown overnight.

b) Freshly grown cells were used for PCR with
primers that flank the following genes: aroC,
htrA, ompC, ompF, ompR.

35 c) PTL0O03 was shown to have deletions in aroC,
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W& ()-z!'hf 10%& ()-f 10% U& ()-f 10% U& ()- 10 h 10 hi{Y: HB 10 h, .10%

U& ()-!; & "10%HUHU& () - Y(s$10% U& ()- !, 1110% U U& () - 51%‘?%%%9@ '

Y'10% U U& ()-xnbC 10 h 10% h& ()- 10 U 10 U 10 U; 10%

U& () - LB}O%)U& ()o%lB%ﬁU&l@btﬁM%@a%@Q%llgAH:d@%@gw%g)prf%ers and
10%ghgh&' () - s10% h&™(
llgated 1nto pPGEM-T Easy plasmid vector (Trade

Name, Promega) designed for the cloning of PCR
products. The fragment was subcloned into pCvVD442
5 by virtue of the Sall and Sphl restriction enzyme
sites. The pCVD442-cooB derivative was introduced
into ETEC strain E1392/75/2A by conjugation from
SM10Apir. Ampicillin resistant transconjugants are
most likely to be the result of fusion of the
10 pCVD442~cooB derivative with cooB-bearing plasmid.
Such transconjugates were then grown on L-agar
supplemented with 5% sucrose to select for loss of
| ) the sacB gene of pCVD442. Resulting colonies were
tested for ampicillin sensitivity, and by PCR using
15 CSAQ0l and CSAQ02 as primers. Three colonies of
E1392/75/2A were included as positive controls
among these PCRs. Two sucrose resistant colonies
that gave no product with the PCR were streaked out
onto fresh L-agar supplemented with 5% sucrose to
20 obtain pure cultures. These were then grown in L-
broth at 37°C for approximately 16 h and
microbanked at -70°C. Loss of the CS1 encoding
plasmid was confirmed by analysis of the plasmid
Ly profiles of the derivatives using agarose gel
25 electrophoresis. Two derivatives were confirmed as

CS1 negative, but were still CS3+.

6) Southern blotting of PTLOO03:
Structure of deletion mutations. Total DNA was
30 extracted from cultures of the three deletion
mutants grown from the microbanked stocks, digested
with restriction endonuclease EcoRV, and the
digested DNA subjected to pulsed field agarose gel
electrophoresis. DNA was blotted from the gels

35 onto Hybond N+ (Trade Name) nylon membranes and
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Confirmation of absence of Heat-Stable (ST) and
Heat-Labile (LT) toxin genes in E.coli strain
E1392/75-2A. For this the ST and LT-AB genes were
10 used as DNA probes against total DNA from E1392/75-
2A. Total DNA from the toxin positive ETEC strain
E1393/75 was included as a positive control, while

that from the laboratory E.coli strain JM109 was

included as a negative. Hybridised membranes were
15 left under Hyperfilm-ECL (Trade Name) for 1 h to
obtain the maximum amount of signal. Probes were

prepared using PCR with plasmid DNA extracted from
E1392/75-2A as template and oligonucleotides ESTO1
and EST02 as primers for ST, or LT-R1 and LT-03 for

20 LT-AB. There was no significant hybridisation with
total DNA using either the LT-AB or the ST probe,
despite obtaining a very intense signal from the
positive control total DNA.

L_) Confirmation of absence of pCVD44Z2 sequences from

25 the chromosome of deletion mutants. The plasmid
pCVD442 was labelled and hybridised to total DNA
from deletion mutants PTL001l, PTL002 and PTLOO3
digested with EcoRV. Total DNA from ETEC strain
E1392/75-2A was included as a control. A complex

30 pattern of hybridising DNA fragments was obtained.
But, there was no significant difference between
the pattern obtained for the wild-type and that for
the mutants, indicating that probably no residual
pCVD442 nucleotide sequences were left in the

35 genomes of the mutants. The complex pattern of
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& ()-11*G 10%N& [HCVD@AE' TOBBE! Kb # {1 dDUCUKURA ()} h 558 5EEx5860BRE: 1
components of the E1392/75-2A strain and mutant

derivatives.

Table 1 - PCR primers

Name Target Use Sequence (5'-3")

TT1 ompF Primer A for cloning ATC TGT TTG TTG AGC
TCA GCA ATC TAT TTG
CAA CC

) 10 TT2 ompF Primer B for cloning TTT TTT GCC AGC ATG
CCG GCA GCC ACG CGT
AGT G

TT3 ompF Primer C for cloning CTC GAG GCT TAG CTC

TAT TTA TTA CCC TCA
TGG

TT4 ompF Primer D for cloning GAG CTA AGC CTC GAG
TAA TAG CAC ACC TCT
TTG

TT7 ompC Primer A for cloning TTG CTG GAA AGT CGA
CGG ATG TTA ATT ATT

— TGT G
TT8 ompC Primer B for cloning GGC CAA AGC CGA GCT
CAT TCA CCA GCG GCC
CGA CG

15 TTO ompC Primer C for cloning GCT AAG CCT CGA GTA
ATC TCG ATT GAT ATC
CG

TT10 ompC Primer D for cloning CTC GAG GCT TAG CGT
TAT TAA CCC TCT GTT
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h& () - @64" LOWVhE' () - @ ! &10% (& ()-y! 4l &1094T& () - yl%&‘k{%ﬂéﬂ %C’%)
0% T TOVE )~ T09& )= RTOY& () TZL0%E (= F— 09—

1 1 <<1 m= -
10 h 10 h ,$$$S??<@qén¢ 10| Primer A for cloning CCG CGC TCG CTC
h! ) $S&L0%&|I() - !~ $S&I0%yy& ()1"!'109& ()-:109& ()-,!! &LQ% ' ! ]é)l./ -k
@ @aABB Bjj*?4: 10 10,f;-109% ()-99310%& ()-96 10%& %—ﬁ-a(,gAG@ &ﬁ& &&A%C
"109& ()-Y6."10% t& ()-& 109& ()- BBBBBBBC DeC. 10 | AAC AAT A
10I F&lO%ﬂhd‘lé%( L F&LOYh& () - ’\F&10%~h F&10°/<3&' ()-.10% h&'G()- 10
10i DDEOFj FRGX6E: 10 44%&2100hFE1En &é%b%e 9 - | 9PEG0eCGC GCG 'AGA GCT
h& ()-!F&LYWPPE () - | F&LOYMh& ()-I F&LOYBS&' ( ) GHHHHHHUAA_@EA GCG TCG CAC
TTT G
TT21 aroC Primer C for cloning CTC GAG GCA TGC TGA
ATA AAA CCG CGA TTG
TT22 aroC Primer D for cloning GCA TGC CCT CGA GGG
CTCC GTT ATT GTT
GTG
) 5 MGR169 { CS1 Binds in CS1 sequence TGA TTC CCT TTG TTG
CGA AGG CGA A
MGR170 | Cs1 Binds in CS1 sequence ATT AAG ATA CCC AAG
TAA TAC TCA A
LT-R1 LT-AB See text GCT TTT AAA GGA TCC
TAG TT
LT-03 LT-AB See text GGT TAT CTT TCC GGA
TTG TC
ESTO1 ST See text CAT GTT CCG GAG GTA
ATA TGA A
\ 10 ESTO0Z2 ST See text AGT TCC CTT TAT ATT
L ATT AAT A
Ccsa01l Csl See text TGG AGT TTA TAT GAA
ACT AA
CSAQ2 Cs1 See text TGA CTT AGT CAG GAT
AAT TG
C$3-01 | Cs3 See text ATA CTT ATT AAT AGG
TCT TT
CS3-02 | Cs3 See text TTG TCG AAG TAA TTG
TTA TA
15
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"10% | & () - SPEQRQ Q-Q RR_@_>

Target gene Sites used for Sites introduced
cloning into for screening
pCvD442 purposes

5 Site 1 Site 2 Site 3 Site 4
aroC Xbal SaclI Xhol Sphl
htra Sall Sphl Xhol Xbal
ompC Sall Sacl BlpI Xhol

. ompF Sacl Sphl BlpI Xhol
C) 10 ompR Sall Sacl BlpI SphI

EXAMPLE 2: SAFETY AND IMMUNOGENICITY OF ATTENUATED
VACCINE STRAIN OF ENTEROTOXIGENIC E. COLI

15 (daroC/lAompC/AompF) IN HUMAN VOLUNTEERS

The study was designed to evaluate a candidate live

attenuated vaccine strain of enterotoxigenic E. coli,

namely the daroC/AompC/AompF PTL003 described above.
20

Preparation of the vaccine seed lots

The bacterial strain was plated onto MacConkey agar for
25 purity and for confirmation of identity, and 5 colonies
used to inoculate a flask containing 200 ml of luria broth.
After 8 hours incubation at +37°C, 30 ml of sterile
glycerol was added to the broth culture and aliquots
prepared (1 ml per vial). One hundred such vials were
30 frozen at -70°C. These vials constituted the seed lot for

the wvaccine strain.
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culture broth.
Preparation of the vaccine

10 The vaccine was prepared fresh prior to each vaccination
and all steps in the preparation of the inoculum carried

- out in a safety cabinet. The day prior to vaccination, 0.2
L) ml was spread onto the surface of luria agar plates using
sterile cotton swabs to prepare the lawn of bacteria. The

15 same culture broth was streaked onto MacConkey and luria

agar plates for purity. The agar plates were incubated at

37°C for 18 hours in a sealed container with tamper-

resistant indicator tape to ensure that the plates were not

tampered with during incubation. After incubation, the lawn

20 of bacteria was harvested with 5 ml of sterile phosphate
buffered saline (PBS), and the optical density of the
suspension measured. The appropriate wvolume of this
suspension, corresponding to the desired dose, was then

2 placed into unit dose bottles with 30 ml of bicarbonate
25 buffer and administered to the volunteers. An extra dose of
vaccine was prepared and left in the laboratory, and
immediately after the volunteers had been vaccinated the

actual number of bacteria in each dose of vaccine was

validated using standard colony count procedures with ten

30 fold dilutions of wvaccine.

The procedure for diluting the bacteria was established
during preliminary studies using lawn cultures prepared and
incubated exactly as done for the vaccine preparations

35 administered to volunteers. Suspensions were made and the
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On days 9 and 14 the volunteers returned for follow-up

35 outpatient visits at which time an interval history was
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#1, <#10%b|&f&e@bl&whg% Was placed into Cary Blair transport media and
B <#10% | & & () - & <#10% | & & ()- & <H10% | & & () - &gl suy 2/ 4, <#1, <#10% | & & (
) - & <#10% | &3&eP) tg %@%@@@&a%yr& Yheass 1i& &39 - WEThoL @ @Ll(f)ecgléi#lO%l

& & ()-&17/ 4M:B" NacConke ag and onto MacConke% 9ar containin
#, §#10% | & & () - & <#10% | ()-& <#10W | & & () - & <#10% | & & ( -&IX82N[<#10

%l & & ()-&2 109prtEce (%G‘—J&Qﬁqﬂl‘()% faratpp- &W@#@@%af&%q) l&s<#qo%m& & ()-

& <#10% | & & (hn&et# 1020 L& & )y &HX8AM Qg1 ytinated usin antisera
#O, <#10% | & & () -& <#10%W | & & () - & <#10% & & () - & <#10% | & & () - & X84M <#1

0% | & &1P) - &pegidod &og (Bheg, w@eIOvR ¢ @@rqan&cygm&l@%n&i&ac}v& erlowres: & ()
- & <#10% | & (& (k& sHLOYLS &bén&HXB4MA1y) faecal specimens were

weighed and diluted in PBS, with serial 10-fold dilutions
up to 107%, and then 100 pl of each dilution was spread onto
MacConkey agar with antibiotics. Suspected colonies were

20 confirmed by agglutination with anti-O serum.

Serum was collected and saved for subsequent assay for
antibody against CFA II antigens by ELISA and bactericidal
1y antibody against the vaccine strain.
25
Peripheral blood mononuclear cells were separated from
whole blood collected into citrate and washed. These cells
were cultured at a density of 10’ cells per ml in RPMI
tissue culture medium at 37°C for 48 hours. After 48 hours
30 the supernatant was transferred to a cryovial and frozen at
~20°C until it could be assayed for IgG and IgA antibody to
CFA II by ELISA.
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was recovered from all wvolunteers on at least one time

35

40

point following vaccination but the duration of the

excretion was reduced compared to that seen at the highest

dose.

At the time of filing the application, the analysis of the

immune responses generated by the vaccine was incomplete.
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9. A bacterium according to any one of the preceding
10 claims, wherein the mutation in each gene is
; ) deletion of the entire coding seguence.
.
10. A bacterium according to any one of the preceding

claims which has been genetically engineered to

15 express a heterologous antigen.

11. A bacterium according to claim 10, wherein
expression of the antigen is driven by the nirB

promoter or the htrA promoter.
20

— 12. A vaccine comprising a bacterium as defined in any
one of the preceding claims and a pharmaceutically

acceptable carrier or diluent.

25 13. A bacterium as defined in any one of claims 1 to 11
for use in a method of vaccinating a human or

andmal.

14, An enterotoxigenic E.coli cell attenuated by a non-

30 reverting mutation in each of the aroC gene, the
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