WO 99/ 49026 PCT/ GB99/ 00935 BACTERI A
ATTENUATED BY A NON- REVERTI NG MUTATI ON | N EACH OF THE AROCC, OVPF AND OWPC
GENES, USEFUL AS VACCI NES The invention relates to attenuated bacteria
useful in vawtioases5S Background to the invention The pri RCT/GB%/00¥KI nd
vaccination is to induce an inmune response in the host thus providing

protect on SEHIANTERARDL BN RARREVERBINGMITATRNCAE BRACH THE hRocTR0MPP NS 0
achi eved bygrpBQENERL HSERUMAL lVABCINES e attenuated strain of the pathogen, i.e.
a strain having reduced virul ence such that it does not cause the disease

caused by the virul effe BakiRA8€8n Hetdbledstsalddondaitd BhEEIVIRS @Qe¥atcCi ne
strains of bacteria and viruses have been selected using one of two

di fferent net hd®oF3§FE4eS-Mut ants have been created either by treatment of
t he organi smg usi ng nut ageni ¢ chem cal conpounds or by repeated passage of
the organismin 20 vitro. However, use of either nmethod gives rise to
attenuated str } = attenuation is unclear. These

strains are parheCptafidipld behend tvddriohaliast & it9f inBuber 4% iKmunessi bl e
reversion to the wld type stglaln ﬂ;s attenuation may reflect single (easily
25 reversi bl e) ISFP%?%i%{)é% 88T o Uy BAPEL AR (FQERGFEOD 139358SGi fficult to
obt ai n such st sabbsghevt hadpbhge witiranpgendgemr dhest heg Hecause of

mul tiple tation,events, .and tiple,strajns nee o_,be .used to

brovi e’ pr dCeerBheReding et D iR 301 1% TR sBhEF s cumtanooF

techni ques, it the pathqussi bl.e.td storeshr betvimge netdualelyviledleyed attbnuat ed

bacterial strai i ' t ' | et ted. A
nanber of s f o HEFert ctb o Fat Sefpd SHETURLERCE (RWBEUORY G0 HEaRERE ST g
this type of t®ekhetery (2, 4, 5, 9, 12,

15 (¢Clasically, live attenuated vaccine strains of bacteria
and viruses have been selected using one of two different
methodologies. Mutants have been created either by
treatment of the organism using mutagenic chemical
compounds or by repeated passage of the organism in

20 vitro. However, use of either method gives rise to
attenuated strains in which the mode of attenuation is
unclear. These strains are particularly difficult to
characterise in terms oﬁ possible reversion to the wild
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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-1- 16, 17, 18). Mutations in a |large nunber of genes have been repeorted
to be attenuating, including the aro genes (e.g. aroA, aroC, aroD and
aroE), pur, htrA onpR, onpF, ompC, galE, cya, crp and phoP. 5 Sal nonella
ar oA mut ant g,ofigNdsd0W been wel | characterised and have bgghcadgesst 0 be
excel l ent |1ve vacci nes agai nst sal nonellosis in several aninmal species. In
addition, in order tﬁsr)ed ce the chances of a reversion to virulence 10 by

a recombi natib¥r éVen WET O s e 2pEBRIT MYRAFcOd PREBS thRY9 ndependent
genes such asbesroAleporfednto dreoAtarenGatifdgpt igdaludimigathanarsd nydinst adapt ed

strains of Salnonell a,such as S.typhi, (man) and S.dublin attle) has al so
resulted in tL%‘ Cr eazﬁofaéngﬁ?é’a Ht (?Pdo%rfg?taﬁﬂﬁr’dé’t%é%si ﬁﬂé’ ’ a‘ﬂ‘é‘ép)'vacci nes
whi ch have premmtl ad€essyaf ubrp raned pho®l (8, 11) and field trials (10). A
Sal nonel | agt yphi murium strain harboring stable nutations in both onpC and

onpF is deScribed in Chatfield 20 et al (1991, ref. 21). Wen adm nistered
orally to BALBIIlmomeddat Asocltmutiantsabaxet powdbesh weillthchhea&08sissidhal dose

(LD50) reducg%-fcp%a%pbgéﬁ nm&»;ryltja(% ?é;tg%g%exlx_pvﬁ%r vabB®nd tifavi%%%us LD50

was reduced y by approxi mately . denonstrating the i'nportance of
the porins i s@@ossdiepinginreatrraiaanémph spreiss.| Inyadditidrectinby t he

oral route. EaS%bORe@icd NEhOMandRd 9FPE S8RESion 804! AlRhdyy OnpR
Pickard et _al (1994, ref. 13) describes the cloning 30 of the onpB operon,

conpri si n§0t Y GnFRCIRBLRALY SYESE  FERRRLRS have Pgepyimtraderedosm d bank
and charact erimgat itwo bhydédpéhsamigraesapatiSas . arb/ A sgguence data were
used to ident;;gﬁjgggegpr&é%é%ical mutations in host adapted strains
of Salmonella such as S.typhi (man) and S.dublin (cattle)
has also resulted in the creation of a number of
15 candidate single dose vaccines which have proved success-
ful in clinial (8, 11) and field trials (10).

A Salmonella typhimurium strain harboring stable
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 l,OOO—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
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restrigtion sites for generating a defined deletion of -2- 517 bp within
the open reading frane of the onpR gene. This deletion was introduced by
honmol ogous reconbi nation int.o the chronosones of two S.typhi strains which
al ready har beioaeiashed | ned del etions in both the aroC .and aroDcBsgeses. The
S.typhi onpR nmutants displayed a marked decrease in onpC and onpF porin

expressi on as gﬂrqps .at e e 1 ] 0, ter pbr reparations.
It was al so shown g{ﬁ’%’%g gyn%@%?v%g%agg%ogn%%%eﬁg g%%u‘fng%rkglggngystem pl ays
an inportant r8hesideledichewaedgintacdunedfbyihqrollpgaes headagbisghidmsi s in

S.typhi. I'n anigal §idUhesmoddhdnuat eaossiefmiwrckgm{ﬁm@%eglyés as a

vehicle for the delivery of heterol ogous antigens to e I mmune system (3,
6, 15). This rhpskeeraddefinedtdedietiognafin hotdetbropneftanst axgPt i val ent

vaccines for U?@néé‘. e 67y SRR Rhcddss 'mgmsw al i Feayent i on

provides a bacterium attenuated by a _non- 20 reverting nutation in each of
t he ar oC gene, dedkeaifpEngeReC A RRFoRPG @@ reFAEOR rAifent i on al so provi des

a vacci ne cont g faRedbB¢t Sfdrimathbn | Sf RRIHeYREmbAdte t he ar ol onpF/ onpC
conbi nati on of 25 nutations” gives a vacci ne havi ng superior properties. For

exanpl e, it isPERRITAR@NERalt 1S 2180/ BRI SHFE EBALPFRR18YZnEyo be superi or

to a aroC onpR-empdtdit ireful Mo yE€aR Py s3@n importakite refBRipuUt ation may
cause higher levels of attenuatj.on &han t he onpF/ OITEC conbi nati on, of
mut ati ons Bdcafle ﬁ%aﬁ?nr%‘gmla?@ ¥SACRRARLASE SYRHRRSIG REr St R¥RRbnpF and

onpC which are inportant for survival of the bacteriumin vivo. Thus, the
In animal studies, attenuated S.typhimurium has been used
as a vehicle for the delivery of heterologous antigens to
the immune system (3, 6, 15). This raises the potential
15 of the development of multivalent vaccines for use in man
(7).

Summary of the Invention

The invention provides a bacterium attenuated by a non-
20 reverting mutation in each of the aroC gene, the ompF
gene and the ompC gene. The invention also provides a

vaccine containing the bacterium.

It is believed that the aroC/ompF/ompC combination of

25 mutations gives a-vaccine having superior properties. For
example, it is believed 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
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- 3- onpF/ onpC conbi nation may all ow the bacteriumto survive i-n the-
vacci nated host for a longer tinme and at higher levels, resulting in better
protection. 5 2. The onmpR nutation may cause reduced i mrunogenicity
conmpar ed t owhligdesgF/ onpC conbi nation of nutations becausrRiEesedsRy

regul ate the expression of antigens inportant for immunogenicity..10
Detail ed Descriiption t he I nvention Bacteria eful in the Invention The

9f N u
bacteria that are G%RE/ RPN RETISR PReL P B2 18aFEHR &7 are
general ly those thaurvifecin bhhe haceinbhtedticst Eoe bardegén time be t hose

t hat invade and grow,wihin.e r Lc cell.s.and/qr, col oni se nucosal
surfaces. The bactgp?aagp%ﬂggﬁgﬁg¥%§86?a%ﬁﬁéﬁiﬁﬁi&e.bﬁgL%ﬂe bacteria may be
fromthe genera Espheréchien. Sal nonella, Vibrio, Haenophilus, Neisseria,
Yersinia, Bordetella or Brucella. Exanples of such bacteria are Escherichia
coli - a cause of diarrhoea in humans; Sal nonella typhinurium- the cause

of sal nonel | i s | Ah850BRE dPufiatdennARY sprits e FedgspApRRPEREYSSIGity t he cause

of human typhoid; S8hpRA&h! @ eMeCblibioc AntANSe18h &LahL{RAISRRI NY iN
humans; Sal nonell a chol eraesuis - a cause. of salnonellosis in pigs;

Sal nonel | a dubl i n Pegags®is@mRft M5at Fegukike dfiec e¥Rgcasrier kel di sease in

cattle, 30 especi abh¥igénfemididitantakyesimtidRgRpAchieg. i nfluenza - a cause
of nmeningitis; Neisseria gonorrhoeae - a cause of gonorrhoeae; Yersinia

enterocol+?ica - the cause of a spectrum of di seases in humans ranging from
Detailed Description of the Invention

Bacteria useful in the Invention

The bacteria that are used to make the vaccines of the
15 invention are generally those that infect by the oral

route. The bacteria may be those that invade and grow

within eukaryotic cells and/or colonise mucosal surfaces.

The bacteria are generally Gram-negative.

20 The bacteria may be from the genera Escherichia,
Salmonella, Vibrio, Haemophilus, Neisseria, Yersinia,
Bordetella or Brucelia. Examples of such bacteria are
Escherichia coli - a cause of diarrhoea in humans;
Salmonella typhimurium ~ the cause of salmonellosis in

25 several animal species; Salmonella typhi - the cause of
human typhoid; Salmonella enteritidis - a cause of food
poisconing 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
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gastrognterijtis to fatal septicem c disease; Bordetella -4- pertussis -
t he cause of whoopi ng cough; and Brucella abortus - a cause of abortion and
infertility in cattle and a .condition known as undul ant fever in humans. 5
Strains of Ewapdorasend Sal nonella are particul arly useful PET/GRE/GFent i on.
As well as being vaccines in their own right against infection by

Sal monel | a, at t enuat, ggsSaIqgﬁphgg?%ggﬁEﬁﬁ%§3g§§§%ﬁﬁ&{g%%839% inerologous

antigens from dther orf gani sis o fe Sral route.
Sal nonel | a ar e Pwirgws +ngFensfanborionlbnd ifofertifhiltat énsyatttd ¢ and

l'ocal cellular mdaaeahmor{ %Bﬁﬁsgé m%ﬁafaﬁqsfé@ér dri YhRgngXpPression of

het erol ogous antigens 1n Salnmonella in vivo are known; for exanple the nirB
and htrA pronoters are known to be 15 effective drivers of anti gen

expression i§g Vgﬁfalnghéf'f“ﬁﬂﬁﬁ'QHd”@&lﬂBﬁé@QB'b?g §ékﬁi%h§59%ﬁxdéB¥H1C E. coli
("ETEC"). ETEC is a class of E.coli that cause diarrhoea ey col oni se the

proxi mal snal | imttest ipgentiens 3¢ aneht FEPRENGt YAFFLNES AFCENSHD AV,
I nfections of Elh tabgaiﬂf& sinFekeisp Ay foaauast 1 sauR phateavel l ers

di arrhoea, causi mllion cases ear a st visitors to

devel opi ng courﬁarl%@§e i3 usg %?é‘rfs‘y TieFE n?:}? é!ﬁg"‘é?e an i nport ant
cause of dehydraitiggnsi ﬁfdmmaeu:norgéramns abdtyeurrgmnﬁl Isglsem viasulting in
800, 000 dea ear.in Yes ) de veIo |n
countries, Eﬁe Hhfei 5enc"é°‘§)tPL3 E%E En%i i ons | ndmfumgﬁ hi cal “ditsease
decreases 30 widHleage, stiuilede systémic iantm;lpt:ylt@ﬁlEFE@rl ahéction can be
acquired. In copfy %ﬁkﬁlf@éﬁl&xs%gm %fsééx&ymeo&duﬂ?mé'é%@eggw& rds who visit

endem c areas are susceptible to ETEC In However, wth
hetero ogous antigens in Salmonella in vivo are known;

for example the nirB and htrA promoters are known to be

15 effective drivers of antigen expression in vivo.

The invention may be applied to enterotoxigenic E.coli

(“ETEC”). ETEC 1s a class ¢of E.coli that cause

diarrhoea. They colonise the proximal small intestine.
20 A standard ETEC strain is ATCC H10407,.

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
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prol onged or repeated visits to endem c areas 35 susceptibility to ETEC

i nfections di mnishes, suggesting that a live attenuated approach to
ETEC vacci nation nmay prove successful. The inventors chose to work on a
non-toxigen*& iﬁﬂﬁylﬁ of 5 ETEC call ed E1392/ 75/ 2A. E1392pépihiv/ibiase

spont aneous roma toxic nmutant by deletion of toxin genes. In human

st udi es, oral vaCC|nat|on th live E1392/ 75/ ave 75@6 otectlon agai nst
chal | enge wi tihatogi A gﬁp?%%?}%eﬁﬁepf?%%? todﬁﬁfv‘ r&ﬁ?c"s’é?* %g‘ YHowever ,
appr oxi mat el yprk8h shictd@ssflci nees experi enced diarrhoea as a side effect of
t he vaccine. The strain needs further attenuation to reduce the side
effects before it can be considered as a potential vaccine and the

i nvention gi Vide anveahersfchass &¢i Wgrkueh atnamTiarieeniassteegn @fNo. 1
shows the §eca¢@ac%a@&eah@1£92cpﬁwz@r o@w%vezs,%q ah:gsglospg&')MSh e sequence

of the E.coli_onpC gene and Id No. 5 shows the sequence of the E. coli
onpF gene. 2G5 €h meatraﬁ% bendedetien oF (FORABr ARt | BhIWEP be

i ntroduced i dradilkde, baeaprv&afnatttienl ﬁyemth% EQ39eNes AR é?évi’eam&%
cont ai ni ng 25 nut at| ons_in,

to th 05 n.aroC, onp npF. Such a
further nut atﬁrt?ﬁeﬁﬁfﬂﬂeaﬁ‘)nsé:n éﬁggﬁﬁﬁ?l °§tlf‘oﬁx‘”ﬁesa %q'g‘gher t han
ar oC, orrpC amtrormaFdi€EeYerst merattivon . tnoxpasmm deppnoximmte;ﬂ} acei eff for cells

mai nt ai ni 19 av(al‘?::clifl@‘gg néf%%io&c%'daﬁg‘agrﬁ@% & ”%13e39;f'§é‘f ' qgaus

anti gen), revent expression ox1 n ‘gene. The
further attemding.nmhammamylebésafmﬂmn @ttehgation to reduce

the side effects before it can be considered as a
potential vaccine and the invention gives a means of

achieving such attenuation.

15
Seq Id No. 1 shows the sequence of the E.coli aroC gene,
Seq Id No. 3 shows the sequence of the E.coli ompC gene
and Seq. Id No. 5 shows the sequence of the E.coli ompF
gene.

20

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
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is already known to be attenuating. Such nutations -6- i nclude nutations
in aro genes (e.g. aroA, aroD and aroE), pur, htrA, onpR galE, cya, crp,
phoP and surA (see e.g. refs 2, 4, 5, 9, 12, 13, 16, 17 and 18). 5 A

mutati on to fipisstes sel ection for naintenance of a pl asni dcmepsswesssade by
mutating a gene that is essential for the bacteriumto survive. A-plasmd

carrying the es i al .S then i uced. i th rium so that
only cells car %@?g%&?aﬁ“e&gﬁgghgduga%os%%\E}?ge?e ‘CILn'i gtr%é’ rr%g/&%ecatngisef ul where
the plasm d cometrafhs,pinr héxAnpbmpR,a dadEer cyagau -aphvend esuyrd expr essed

by the bacteri t gL ieQNot 04 PreevEnt 4 8Xpy £55ic0N, of tiaxi n gene nmay be
made to reducqu%?/pési@de- ef gecfs 'gau'sed %y'vac’ci nat ilonaq% l\?\iix)th t he
bacterium For exanple, in the case of vaccination with E.coli strains such

as ETEC it rpyabg,desidrlbeploviad ale@cbbeohepdr dihtenimd e kT) or heat
stable toxin (ST) genes so th hey are not expressed. 20 The nature of

that the
the nutations PhESHE [AY0RE PAET JILINGLAHRD 7 IRENSalPaFi LY SPsEBtARIgeneral Iy

knock-out the frypcth®maitethemoenawaipket eh yplabhiia fayrih@ehseved either
i romthe gene or by

by abolishing synthesis of 25 ny pol tide at | f
maki ng a nut at FOASE AL (9886 8 W”sﬁﬁﬂ%ggﬁge‘gfl%@nﬂ’ﬁnk&?‘ftoerfd'lumpoﬂ/’pepti de.
In order to abehashomiyntdeddsscafryioigy pept pilesmiel tcher stiweiwnt i Teigene or its
5'-end may e del ete e i ar i i i.t Rin e hng 30
sequence ofllba Sgﬁgb%ayse‘?gqugg%#?& hcer %? %ﬁg&gée)ér}’et\gtlhgf gépnt%x(e% slgé %nl y
non-f unct i onal hpbeypkygduse apbigen pul peepkpdessdtabycbhe dartegilp.t he
N-term nal sequence of the wild-type protein). -7-

A mutation to prevent expression of a toxin gene may be

made to reduce any side-effects caused by vaccination

15 with the bacterium. For example, in the case of
vaccination with E.coli strains such as ETEC it may be
desirable to mutate the heat labile toxin (LT) or heat

stable toxin (ST} genes so that they are not expressed.
20 The nature of the mutations

The mutations introduced into the bacterial vaccine
generally knock-out the function of the gene completely.
This may be achieved either by abolishing synthesis of

25 any polypeptide at all from the gene or by making a
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).



The nutations are non-reverting nutations. These are nutations that shew
essentially no reversion back to the wild-type when the bacteriumis used
as a vaccine. Such nutations include insertions and del etions. Insertions 5

and del et referably large, typically at least 1 jdes in
W piiind, PR

| ength, for e from 10 to 600 nucl eotides. Preferably, t
codi ng sequence is deleted. 10 The bacteriumused in the vaccine preferably
cont ai ns onl yTefmuted inns adfompn-reyermingt ietret iwinisch Theee cdvar act eri sed. |t

i's clearly ungasididllkechot Uskow d2aehel by W %mgiaﬂcggge%feh%ed
mutations in its genone as a vaccine because there would be a risk that 15
t he unchar act®rid%eyPRUPBER oFRe RAFtESARBr 1Hr ot 3% FACERRE haUY i um t hat

gause lﬁngesi rr}i\fﬂaﬁ:i%indeiﬁéi\ﬁ&é Sins-giftliahheﬂh@':]déﬂgaﬁi]&n%t.i QH§?H&yort.¥,e i ntroduced
y net hods_we wn.to those ski in the art (s ref.. 14). 20
Appropri at 8 nﬁ“h&@’ eii:ﬁc?f‘ﬁd%r%l%ﬁﬁlgﬁagﬂ@ %&W%’e @%@EEV thel$a9%9ype gene
into a vect ornucieptidepl dsniehgtand fiorsexample afroal 40t abl eotrar ker into the
cl oned DNA se .Qr _del gt i ar f it Dlg?.sequence resulting in
its inacti vatrﬂgﬁ'g%ilggfét i %%éfﬁ%ya%t}g’Zgh?n"td?%%ucce Y, ngVe%&%ﬁpﬁ e, cutting
t he DNA sequeddeetigsi-ng restriction enzynes that cut at two points in or
just outside the coding sequence and ligating together the two ends in the

remai ni ng_sequence. A plasmid carrying the inactivated DNA sequence can be
transfor nefl 3the PeGtERAUBRTY iiimtB¢ KABGine draficdabdysoentains

el ect ropor at i i1 y2ié £608H Ugatd ©ibn g, t il 8. tReFa sy W@ chyasyi tabl e sel ection
to identify a nutant \(\,hereig the i.nacti vat ed DNA _sequence has reconbi ned
into the chr cTRAFGTESEESERe bacteAlGAr K URFRSIFabd: 3Beufﬂﬁ@

bacterium which has uncharacterised mutations in its
genome as a vaccine because there would be a risk that
15 the uncharacterised mutations may confer properties on

the bacterium that cause undesirable side-~effects.

The attenuating mutations may be introduced by methods
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,
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 ox
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
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35 sequence has been rendered non-functional by honol ogous - 8-

reconbi nation. Expression of heterol ogous antigens The attenuated bacterium
of the invention may be 5 genetically engineered to express an antigen that
IS not expreswesabozét he native bacterium (a "heterol ogous PENVGBN93, soO
that the attenuated bacteriumacts as a carrier of the heterol ogous
antigen. The antdgeRiARYide from another organism so that the vaccine
provides 10 protection against the other organism A nultivalent vaccine
may be produced which not only provides imunity agai nst the virulent

parent of the & 4aitf SRHAerdibditis AntegBROVI des i mMunity against the
ot her organism Furthernore, the attenuated bacterium may be engi neered 15

to express nor &henatteneatrd Hactegbus ofnithgehnventign SRYcESe t he

het er ol ogouss aﬂ}érﬁ%ﬂ%amﬁy é}@lfn@eﬁhah@) PR e8E éirhfafr&rl%@h ehfeNi St The
het er ol ogous ant Iptgfﬁﬁée be a co Iete r ot ei Eart of a protein

cont ai ning an & THE % PEAY I RALE TR B an d‘(er’i@lm 88%%F i um a virus,
a yeast or a fuigigenhpr escesdaci ahéyatﬁelm-aaaallgﬁuérmaqueﬂseagr&y be from

E.coli (e.qg. ETEC t et apu a is A _B.or uman rhinovirus
such as type 2 Gt rﬁyﬁeg€4§1%gre%e§s:°£ qsulgrrp?l“«g)l(gf’/ﬁ’rus Sf’gb%’?d‘éa tg’ﬁe 2 or 3,
f oot - and- nout h fHogeasethér i ganabing ez &haitr ke mcsa@kpeoudeus or Chl anydi a

trachomatis, OGS risRC ' coli heat
| abi |l e toxi n USqufolg!ecgl%% ant |n52ngﬂgﬁ%%r}c %Lﬁlﬁlz i on or r!r?l i gens, P.69
protein 30 fromascpeetra%xukse aredueediiisichorph ¢nhgmwx®sm@m&

col oni zati on facfhgtaptl GAMRARAD! SatdiRr @2 cAE Cattidriil ted NGk Al 8% OF
expressi on as heterol ogous antlgens
but also prov1des mmunity against the other organism.
Furthermore, the attenuated bacterium may be engineered
15 to express more than one heterologous antigen, in which
case the heteroclogous antigens may be from 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,
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
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To instigate diarrhoeal disease, pathogenic strains of 35 ETEC nust be-able
to colonize the intestine and el aborate -9- ent er ot oxi ns. For nost
strains of ETEC col oni zation factors (CF) that are required for adhesion to
the intestipalogdissa have been identified. In al nost al lpcgrsp@sododzs ar e
expressed as finbrae on the outer surface 5 of the bacteria. A | arge nunber
of CFs have been identified, the nost preval ent being CFAI, CRAIIl (includes
CS1, CS2, CSEPTEFaterids: (ikan ass esyaimsmt EEEF. cedomizaticdme to ETEC
will ideally @c\terarﬁteﬂﬂmﬂ: agel &&huﬁ;é@nﬂﬁc_ %;dh%‘éheﬂi gatin fact O i ned
antigens to ensure.that protection _against different strains i s obtained.
In order to a |e§$én?ﬁirg"?c?sta &ﬁyﬁdbﬁgnpb%s‘?tﬁge‘etdo eiBr °*°ste\?&3al
col oni zat i on da@esOfEsi arorexstesaied. ad Sfhhenain vekyoutde smfacat t enuati ons
coul d be de,d dipf f, t Std alns hwth a different
MRO&F Bnd Eggﬁ&l sﬁvbuﬁdlgggg n % £ Erld H%Q?Cbeen

col oni zation factor. I'nvol ve etingt oxins from such
strains. 20 THeenbliiedcddindaskephevalerbdmisigafFA§enCREIRXpr essed from a

promot er that(siss188E5 V€31 N 420 cs3Y0. b PR RY S 1hR3kabaVEs beqisshown to work
wel |l in Sal rm(nléll la are the nirB prgorr%t er (19,3(210 and t e‘p'htrz pr onot er

(20). For ex&séési on of the ETEC col oni zation factor antigens, the 25
w |l d-type pronoters could be used. A DNA construct conprising the pronoter

CFanaf of ikl B PAES ot HAEL 24 BabeBR| i G TS0 CEHVRRIAIHE Fachni ques.
Tr ansf or mant sanget af ncolprtilratDNA caosér unitigensbeoseheetedhaftor exanpl e by
screening for, 3.8k £6h YA AT K8 E£RAL S SUISLT Y§! opBAGIEI T @ gONt @i i ng

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
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.
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the construct may be grown in vitro before being fornul ated for
admnistration to the host for vaccination 35 purposes. -10- For nmul ati on
of the vaccine The vaccine may be formnul ated usi ng. known techni ques for
formul ati ng aig®nem@sed bacterial vaccines. The vacci ne i spEmawnsageousl|y
presented for oral adm nistration, for exanple in a |yophilised

encapsul ated form Such capsul es may be provided with an enteric coating
conprising, for exanple, Eudragate "S" (Trade Mark), Eudragate "L" (Trade
Mar k), cel | ul ofermelattiom ofethey|waeiphkt hal ate or 10 hydr oxypropyl net hyl

cel l ul ose. Thegg, @féanees IBYpd di5td a e S&sclfh&%o%t@é&ﬁ% 'qrn%lsyfoihe

| yophilised materia reconstitute to adm nistration g. as
a suspensi on. R@élwﬂsatﬁltqgt |a§hem'safeﬁ§i/aﬁt=§gmﬂsmacgfmeet ethd ryagchnefes at a

suitabl e pHst 0a3@§ﬁ‘t§£‘geto@%ly'? bddritedOkok oS dghest Aacidh Okrder o protect

t he attenuated bacteria and vaccine fromgastric acidity, a sodium
bi car bonat e pr epAFRES di s L EeRHAIEGE0BRFIOSIMLR0s foFRd Dithorapeakes

admi ni strati onm@y Berraakacwitil bar ea&eyﬁi ycoatthﬁgve&ﬁpmsﬁ%y bsr prepared

for parenteral admnistration ragnasal 20 administratiqn
i ntramuscul ar SRR St rEé’?FSﬁatﬁ'hg't' 235?&% W)beEﬂgﬁﬁgﬁﬁ? t fre \ﬁﬁi’ﬁ!‘ﬁat i on of

a manmal i an homark)p,ardellaullasé yadletlam&ancé’lDMldHﬂ pakBalaye ax mal host. An

i nfection us ' ni s eC| | 1y a_25 pat hoge

t herefore g@ pﬁ éln’f’&’ﬁl?&%%n i Ster |ng %h e cf:?e%ulgeosé“agf ES é/%l ne
prepared accords nsgmfu meaihmumlyrhetlddwmém&mywe\mlaﬂ méyi mately be
Al Lhe discret bon:aloddha.Rbuglalan. tBua?mrLﬂs\% cdgRendant Jangvari ous

factors including the size an “he type of
vacci ne fornul a@wn%vww%mgen is advantageously effected in

a buffer at a suitable pH to ensure the viability of the
15 bacteria. In order to protect the attenuated bacteria and
the vaccine from gastric acidity, a sodium bicarbonate
preparation is advantageously administered before each
administration of the vaccine. Alternatively, the vaccine
may be prepared for parenteral administration, intranasal

20 administration or intramuscular administration.

The vaccine may be used in the vaccination of a mammalian
host, particularly a human host but also an animal host.
An infection caused by a microorganism, especially a

25 pathogen, may therefore 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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conprising the oral admnistration of from1l0[err] to 10[err] bacteria.per
dose may be convenient for a 70 kg adult human host. 35 -11- The
Exanpl es described in this section serve to illustrate the invention. 5
Brief descrygbdgieof the drawings Figure 1 shows a systegrfppodifist ructing
defined deletions in target genes using splicing by overlay extension PCR
nmut agenesi s. %0 Flgure 2 shows the expected sequences of target genes after
reconbi natio ection for deletions. Figure 3 shows the cloning of
del eti on cassmid @akupueslae@émcdmcvﬁw%e&mr @efvahpys an SDS- PAGE

anal ysi s of oufer .m te S; ared from ETEC strains under conditions of
| ow (no salt 0t a) h dﬁ“?ﬁ@ salt L-broth + 15% sucrose) 20
osnmolarity. M= narkers Sanple 1 = PTLO10; Sanple 2 = PTL0O02; Sanple 3 =
PTLOO03; Sagpl = deSk PS4 eld | S Sa Ie 5 = [err] onpF. Fi gure 5 shows
expressi on of Fains after growt h on CFA agar.
Equal nunbers of cells fromeach strain were | oaded on a 15% SDS- PAGE ge

and Western Lad Wikl qﬁgﬁ f |§§& pol yci ona
ant i bodi es. g%%@ m%orwgﬁ?l %hkgéﬁu ééﬁ EQEg mﬁ%f%g esll |ysates of
TGL cells exp#%%ﬁﬁlﬁgsthé EH¢QQﬁm9GP§SpV$im9rﬁniyﬂlnqobyC§n§rlny purified major

pilin protei nfuepdicn3rckane:Menealigbow | ow nol ecul ar mass nmarkers; |ane 1,
i nduced TGl cells harbouring pKK223; |ane 2, induced TGL cells harbouring

pKKCs1; |4%e 3, CS1-
. Figure 2 shows the expected sequences of target genes

after recombination and selection for deletions.

Figure 3 shows the cloning of deletion cassettes into
15 plasmid pCVD442.

Figure 4 shows an SDS-PAGE analysis of outer membranes
prepared from ETEC strains under conditions of low (no
salt L-broth) and high (no salt L-broth + 15% sucrose)

20 osmolarity. M = markers; Sample 1 = PTL010; Sample 2 =
PTLO02; Sample 3 = PTL003; Sample 4 = aaroCaompC; Sample
5 = sompF.

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. Controis for antibody specificity
were whole cesll lysates of TGl cells expressing the

30 majore pilin protein of CS1l, 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, CS1-
ETEC strain; lane 4, PTL010; lane 5, PTL00l; lane 6,

35 PTL002; lane 7, PTLO03; lane 8, purified CS3 major pilin
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ETEC strain;. lane 4, PTL010; |ane 5, PTLOO1l; |ane 6, 35 PTL0O02; | ane 7,
PTLOO3; lane 8, purified CS3 major pilin -12- protein. Figure 6 shows a
Sout hern bl ot of mutant |oci. Chronpsomal DNA was extracted fromthe

wi | d-type ET#Q obra9opde1392/ 75- 2A), PTLOO1 (htrA aroC), PTLORCT/GBIE®I®NpPR) and
PTLOO3 (aroC onmpC onpF) as indicated, digested with restriction -

endonucl ease E&Q&ei@pd pul sed field el ectrophoresed through 1% agar ose.
DNA was blotte romthe gel onto Hybond N+ nyl on nenbranes (Amershan) and
10 hybridised with DNA probes derived fromthe aroC, htrA onpR, onpC, or

onpF loci as shouire ThesHRARRdbNSowAdr BI 0Bl 6F GRSt €8Ei W th the nut ant
| oci being deletrons. Figure 7 shows the IEA responses in volunteers 15

admi ni stered aCPaERPIRIHCOYAINAY SHFHREeAntEM e YEldvBEe ETEEONSTRUCTI ON
QNID Cl'lARACTI':dd?| $BTBQ\VQ;—2$TRAFMW| derGa}'&:)THEmJWEI\I'&@d: Zﬂ\pﬁiﬁshm of g

el etions and cgnsiruction of plasmids err] ArqoC err] OmpC an
pCVD] er r] OnpF Bgir‘é{’{? o%‘%?@paeﬁéﬂ]afédgf%%% edtlﬁgsg?cl%/%’g:hopen r eadi ng
frame of the taegetigeitn endbngclduseEEcoRV, ganbipmlsequeheld as a tenpl at e,
PCR prinmers were designed .t l.i.fy fragmen of - b pairs
f1anki ng the tgﬁﬁ‘é r%‘%‘eorfersggd%ﬁﬁoﬁgr% %‘gaeléo%abl ey V%ré%glrolqr%%rd ggé‘&ences).
Splicing by ovéhkapelkxirdies Hyhond i Nig nRCRnvwasisarege st dAfsgseharkle ando f | anki ng

sequences, g{te%bpgdfs£a0'mhosﬂ&tpmbte@ glasi@éﬁif&ng%ﬂs dedet edepfigure 1).

The 30 wil e sequences around the deletion site and the predicted
sequences aft eomgB} e®FRy & CHRPI t2%d asSnskPur e The papding PajERENE WO

different restiietiQisiSdtled® WEEE the mutant loci being deletions.

Figure 7 shows the IgA responses in volunteers

15 administered a vaccine according to the invention.

EXAMPLE 1: CONSTRUCTICN AND CHARACTERISATION OF STRAIN
ACCORDING TO THE INVENTION

20 Desi of deletions d_cons rﬁction of plasmids

pCVDAAroC, pCVDAOmPC and pCVDAOmMDE
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
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- 13- I ntroduced into the splice region (see Table 2 below). These were
used for identification of deletion clones. The PCR priners at either end
of the PCR fragment introduced unique restriction sites that were used to 5
clone the fyg9Mle i Nto the nultiple cloning site of pCVigds:grbdnossr € 3) -
PCR products were gel purified using a Q agen (Trade Nane) gel extraction
kit and digested with the relevant 10 restriction enzynes prior to ligation

to the suici dePpFRARSH JOvB4EDE 291 ifigy&eadianwi19f (T 18akebeboYhe and
treated with ah&stiwmerphsespghibaseddntifiedenon VEE tdyletebh- chbgad i on (Figure

3). The ligatjipn mx was transformed into SY327[err]lpir and plated on
L-Anpicillin %%505%%/%1“)“% B a?le'[sgaeﬁ:’leélgmogsg?? O%PA 28FFPEN resi st ant
t r ansf or nant sineredwradamdduéoresthci grienenttenftiadte wdeketisod t@assett es by
restriction dig O £ AL ! oy I ' e ner d:. .20
pCVD| err] Ar%oCEp errE]. &E e#]%]%%ﬁ%l%\ﬁ%lcﬁngggpfgéfgn%fpCVD442 can
only replicat BCYPA %2l {Edg-Eehd}l boring the pir gene. On introduction into
non-pir strains, pCvD442 is unable to replicate, and the Ampicillin
resi stance conferred by the plasmd can only, be maintained if the plasmd
i s integratedffR Q’F\%d‘fﬁv‘?lsoWSE ngehPuridifgl BSiRG QJGgenr dT6R4R nati on event .
30 The pl asni NHamépogdlaexaraatBogenic agcadyogtdEathSeaEase1evdtch is toxic
to gram negative bacteria in the presence,of sucrose., This can be used to
sel ect ¢l dfles TRET: Fav® SRAGPEBIRL TS EOoRAIP EABH NP POR ETEIR , i n whi ch
t he suicide pphssmid irCVOAdR$22) Eupdsted Witk the mmeeshgimatand

treated with alkaline phosphatase to prevent vector self-

ligation (Figure 3). The ligation mix was transformed

into SY327Apir and plated on L-Ampicillin (100 pg/ml)

15 plates. Plasmids from Ampicillin resistant transformants
were screened for the presence of the deletion cassettes
by restriction digestion. The following plasmids were

generated:

20 pCVDAAroC
pCVDAOmpC
pCVDAOmMpF

The suicide plasmid pCVD442 can only replicate in cells
25 harboring the pir gene. On introduction into non-pir
strains, pCVD442 is unabie 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.
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35 to sucrose, but Ampicillin sensitive. -14- Construction and
characterisation of [err]Aro(Jerr]OmCerr] OnpF strain This section
outlines the chronol ogy of construction and history of a

[err] AroC erwhomdeber r] OpF strain. In the section, 5 " EAE@:Bw06%9S S
specifically to strain E1392/75/2A or its derivatives.

et o Dot ) RS AP kndl il OB YL € I O A6 bl g/ 7>/ 24 11

[err]AroC-[errgeaid err] OmpC-[err]AroCerr] Onp( err] OnpF Construction of
ETEC[err] AroC ). E1392/ 75/ 2A fr orj gi nal m crobanked stock s plated
onto L-Agar. 1@11%)5ec 12t lcz)lpnoersat% F%nc% ogtogﬁt O%e??nssl%\/]\:/éllpglﬁ?eapr\z{i@ed from
these cells. 1B0stery Jdf al BvetsompenompF ovtieraind) In tipC\dgcenphAr oC was

purified fr@m i I i i age i.af | Trad )

i prep. The pra d ascSpedialtatif A0S DT VR B TR

preci pitation. d¥hevatdivessructi on of pCvDerr] AroC i s descri bed above. 4)

5 [err]l of concentrated plasm d was m xed with 100 [err]| defrosted cells
and el ectroporated. The whole transformation was plated on an L-Ampicillin
pl ate 25 LA SAIRCAOTPErde iatd apat were vidrtiriogheedtind err] C. 5) A

single Ampicil £iferesishanh € GM18WEMy Sdder: The col ony was streaked onto
an L-Ampicillin plate (100 [err]g/m) and grown overnight at 37[err]C
SR CAomPR

("ner odi pl 3i%d ARAEEE4Arofgomp§ -4 SAMPHrimers TT19 and TT20 (specific
for the aroC gene)and a colony picked fromthe nmerodiploid plate anplified
tuo bands, i 142 285390 S5 "ARl Aoc
1) E1392/75/2A from original microbanked stock was
plated onto L-Agar.
15 2) Electroporation competent cells were prepared from
these cells, 100 pl aliquots were frozen.
3) pCVDAAroC was purified from SY327pir cells using a
Qiagen Qiafilter (Trade Name) midiprep. The plasmid
was concentrated about 10-fold by ethanol
20 precipitation. The construction of pCVDAAroC is
described above.
4) 5 pl of concentrated plasmid was mixed with 100 pl
defrosted cells and electroporated. The whole
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 ) 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 daroC genes. The

sequences of the primers are shown in Table 1
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to that of the wild-type and [err]aroC genes. The sequences of the priners
are shown in Table 1 -15- bel ow. 8) A colony fromthe nerodiploid
plate was grown up for 7 hr in a) L-Ampicillin broth (100 [err]g/m) and b)
L-Broth. Thgoookdssty grown on L-Ampicillin was 5 . Mpeir/iRodiesd. 9)
Serial dilutions of the L-broth culture were set up on: a) No salt
L-agar b) No salbtellbhagar + 5% sucrose. 10 The plates were

i ncubat ed overni ght at 30[err]C. 10) Col ony counts showed that 10[err]
nmor e col oni es8yr ewRorrollonyaf remdrheomerodigploid Phadec vosegrafrowipng Ssucr ose
sel ection worked. 1) 7 §yc;,g)s% es3k 8011 601 RIteS MWebeugahBened for the 15
presence of [err]aroC_gene by PCR Col oni es chosen for sCreening were

pi cked onto an L- addr LpP&APED anthgy oA BveF oyt d28PLeitlin RS s plate was
stored at 4[err]C mhidosbnked her tests were carried out. 12) 50% of 90
col onies tested had err]arél C ,onlgl. Zg 13) C}:lolo iles were tested for
growth on: a)?) METARA AU HEUS: of AP&siThroth Qud thERi Wee m&d ¥P+ Aroni x
pl ates c) L- Amp dnk00 [err]g/m ) [err]aroC col onies should not grow on

M9 mniml media 25 a) V"'_bfoh%%'itAﬁga X or on L-Amp. Aromix is a mx of
aromati ¢ conpounds as follows: "SubStance : Fi nal concentration
(% w v) Phenyl al anine b) No salt L-agar + 5% sQc@oOde.

10 The plates were incubated overnight at 30°C.

10) Colony counts showed that 10 more colonies grew on
L-agar than on L-agar + 5% sucrose, showing sucrose
selection worked.

11) Sucrose resistant colonies were screened for the

15 presence of daroC gene by PCR. Colonies chosen for
screening were picked onto an L-agar plate and
grown overnight at 37°C. This plate was stored at

4°C, whilst further tests were carried out.

12) 50% of 90 colonies tested had 4daroC only.
20 13) Colonies were tested for growth on:
a) M-9 minimal media plates
b) M-9 minimal media + Aromix plates

c) L~Amp. {100 pg/ml)
daroC 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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30 Tryptophan 0. 004 Tyrosine

0. 004 p-am nobenzoic acid 0. 001 di hydroxybenzoic acid
0.001 -16- These conpounds are made in wi | d- type bacteria, but the aroC
mut at i on pr ewen/issozénei r synt hesis. 14) 13/ 14 putative [WEI"FW@@%OI oni es
required Arom x for gromth on M9 mnimal nedia and were susceptible to 5

AmpicilTin. 15) 3 €odaniRapobRds lard Ahd¥ele Jle.%t-%péolsa&{@rﬁr epgace of
the CS1 major pilin protein gene by PCR using prinmefs MGR169 and M3ER170.

All 3 col oni es gave iﬁ‘%?di?&f-ét’cﬂn t%@vékb%c‘i%rslsiét’(’?@bsbp ). The 10
sequences of tha)pripers @Ju@aﬁh]@é\/rhﬁﬂbc-rabl&ﬂes :E@);ulr@'@fbnﬁ.& ¥or2 and 3

fromscreening master plate strea nto L- gar and graq over ni ght
ot BTLer ] C el s TYEH I EBeNSS TR Bt b YEABC AR SR TPLP OBk
tubes. 15 1%) Oolmnyicﬂillihored |n a m crobank, was used for further
wor k. 18) For er nan tqr d fromt & 4TESLO ank tra

I nocul ated i ntosﬁ &b &ieg gﬁ ! ng‘ﬁ? v&%srh%eghaﬁl n%g atprfﬂa}éﬁ] C and
used to nake agar 200f the CS3| npier wiildh mmeezuxs@@nEObyrak@ fasdsge dri ed

stocks. The freeze dﬁfﬁﬁer%t %Kég dﬂﬁ’]"g ﬁﬁbg,ﬂﬁr?]?%g%y%s QCLQ,%I gpated

PTLOO4. 20 m of L-br was a e rest o culture and the
culture was i ncubat eRreAMassi gt the %@[eéitPFCSlqe ni708f bPhk. dkhe&r ni ght 25

cul ture was;§ransferseghdiec8ast e i&rﬁersrg&/lsﬂo%naaé slred in liquid
ni t rogen. Oonstructlon of ETEC err] oC[ err]
16) Colonies 1, 2 3 from Screening master plate

were streaked onto L-Agar and grown overnight at
37°C. Cells from these plates were used to
inoculate microbank tubes.

15 1i7) Colony 1, stored in a microbank, was used for
further work.

18} For permanent storage, a bead from the microbank
tray was inoculated into 1 ml L-broth, grown for 4
hr with shaking at 37°C and used to make agar

20 slopes which were used to make freeze dried stocks.
The freeze dried stock of E1392/75/2A4AAroC was
designated PTLO0G4. 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

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 png/ml). Plasmid DNA was purified using 2
35 Qiagen Qiafilter (Trade Name) midipreps. DNA was
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1) Preparation of pCvD[err] OmpC pl asmid DNA for 30 el ectroporation: -A
col ony of SY327[err]pir harbouring pCvD err] OmpC was grown overni ght at
37[err]Cin 100 M L-Ampicillin broth (100 [err]g/m). Plasm d DNA was

purified Us{yBYego0s Qagen Qafilter (Trade Nane) p@rfligeésess DNA was
-17- further concentrat ed by et hanol preci pitation. The construction of

pCVDierr]OmpC is d de gt 1.on of . Iectro npet ent
cells: ETECerr] Ar 0 FF ?’pcgem%rﬁ%)e% 18 0 g’ﬁ%ﬁ reCl g%e €
step 17 of the pr e@@@sngusmn ®f \N@N@Agmpéak%cﬂmmbagaabowom at 37[err]C

overni ght and,{ hen P?Je?éfgt?&n @rerllthEQE:oxEk]?e{@Hte Jdh3a.1 week before being

used to inoculate cultures aring e ectrocorrpetent cells. 10 3)
ETEC[ err] AroC cel | §T\ﬁ€|ﬂér@¢é€ﬁlr1@p reme e nirmoHasks Frapf predussc dat ed

pCVvD| err] OgpC DNA, sakd eachr tirangraceBihgnsdd@ided w@Redssiogley loyAnpicillin
plate (50 [err]g/m ) and grown overnlcqht at l37Lerr 17 Ampicillin

resi stant col onies L('BQF’ét | YIS at PrREeigh %GhWéPF‘] TpC
mer odi pl oi ds) vvere4ecbtﬁcbmem mbre thdlesared® balfese\wéﬁ@m%uedoont 0 a

master L- Anpicilli 100, paq/ | at.e_and used as.tenplates for PCR with
ot mers 117 TTe.  THACKRLTEf iR Riagos, BerP AN SHFCLRREP IR B Cover | he
vveekend The 20 cellssequences of the priners are given in Tabl e 1 bel ow
A SI col d ene. col ony was
gr own for @ §) %Q-é %?OC %eﬂas gtgt.}g {E%&%R{B)oor e'& W%E% T &Fh culture
were set up concentrated pCVDAOmpC DNA, and each transformation
plated on a single L-Ampicillin plate (50 pg/ml)

and grown overnight at 37°C.

4) 17 Ampicillin resistant colonies (putative
15 ETEC4AroC/ pCVDAOmpC merodiploids) were obtained.
5) These colonies were spotted onto a master L-

Ampicillin (100 pg/ml) plate and used as templates
for PCR with primers TT7/TT8. The master plate was

grown at room temperature over the weekend. The

20 sequences of the primers are given in Table 1
below.
6) A single colony (No. 7) had the AdompC gene.
7) The colony was grown for 5 hr in L-~broth.
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 TT8. 9 colonies
had the dompC gene, but most had traces of w.t.

35 ompC gene. The sequences of the primers are given
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25 . on: a) No salt L-agar b) No salt L-agar + 5% sucrose. The
pl ates were incubated overnight at 30[err]C. 9) Col ony counts showed
that 10[err] nore col onies grew on 30 L-agar than on L-agar + 5%
sucrose, showdéhssarer ose sel ecti on worked. 10) 45 sucr OPeT/oBSY/@HBNt
colonies were screened for [err]onmpC by PCR using primers TT7 and TT8. 9

colonies had the [ert]o n t nost had traces of wt. 35 ompC
gene. The sequences (%%l f%g'egﬁ‘l r%r’%%g‘yhre gi ven - 18- in Table 1 below. 11)
To further charkot er Toefyrither ¢haraREmse] pubeive EORSCAcotaMmRss, they were

grown in 1 nm L-Brot Bo_i&&ie‘%,hrthapdw@}@t%%wﬁnin% ml L-Broth foi)s nr L-Agar +
100 [err]g/m Anpicillin b) L- Agar C L- Agar + 5% sucrose [herr] OmC
col oni es shoul d be r@8fsRLiited 82sucr ose and sensitive to Ampicillin. 10

12) Only 1scolony (No. 1) wasLAguci+ hbd sensl tAmpecandisucr ose resistant.
13) Col ony 1 was checked for §he presence of [err]aroC, [err]onpC and CS1
genes by PCR with primers “FT19/ 'L TT7/ TT8 and MGR169 and 170. The
sequences of the 15 c)pri nef&ga @ ghveacidselabl e 1 bel ow. 14) Col ony

1 gRre Sinol o POR Praiuel %, 0L he SRS B BLE L L harsl el r) o
storage, a bead fronseheiniver tbakkpiXfillin. was inoculated into 1 ml
L-broth, gr pyn fj%f 4OH£y 1 colony (No. 1) was Ampicillin sensitive and
sucrose resistant. '
13) Colony 1 was checked for the presence of daroC,
dompC and CS1 genes by PCR with primers TT19/TT20,
TT7/TT8 and MGR169 and 170. The sequences of the
15 primers are given in Table 1 below.
14) Colony 1 gave single PCR products of the expected
size for AdaroC, AompC and CS1 genes.
15) The colony was microbanked.
16) For permanent storage, a bead from the microbank
20 was inoculated into 1 ml L-broth, grown for 4 hr
with shaking at 37°C and used to make agar slopes
which were freeze dried. The freeze dried stock of
E1392/75/2A4AroCAOmpC 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 liguid

nitrogen.

30 Construction of ETECAAroCAOmpCAOmpF
Conjugafion 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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wi th shaking at 37[err]C and used to nake agar slopes which were.freeze
dried. The freeze dried stock of E1392/75/2Al err] Aro( err] OmpC was

desi gnated PTLO08. 20 m of L-broth was added to the rest of the 1 m 25
culture an Jl ture was incubated overnight at 30[er of the
over ni ght ?YJ‘?%‘Pe was transferred to each of three cryow{’a (s; 9jatgnga"'gtored I n
liquid nitrogen. 30 Construction of ETECIerr]Aro( err] Omp( err] OnmpF

Conj ugat i on was us®8VPEOFRE risd #ee 5 OveR e3rq@pF i nto E13

92/ 75/ 2A
Pt o R S b o SthrgLly iyt o1 v

pCVD{ err] OnpF is d& PB%HFaﬂﬁ’N-é 2¥he P@'Iﬂ!@[?epﬂ-Pm@:[mch]\@q;Cacel s were
conj ugated with Slvlt%ﬁgfé:pldn’lga@/%%ﬁ]ﬁﬂb%;scechhesplé[@xﬁugcé@%z plasmi d

i ncludes a_transfer ori Vg;l ch allows the plasmd
transferred from atﬁﬁﬂﬁ fﬁ°§‘oﬁtQ?W‘Flgf"ttq?é"RPQnF?h‘Fﬁf%rth@eﬁBé (e.g.

SMiO[err]pir) to atlranspezerger&tsr dieDg ( esMn 0Npkk}) toEdELE @igiledroCf err] onpC

cells and E. coli SMLO] er, Lr uri t he PcydAonpF reconbi nant
Were Cross- streake%rc P’ﬁ g%ai &&lgﬁis gkg{%%am%go'wisceﬁﬁ Sc898r an area of
approxi mately 10 cﬂ{eol} .sthtaine SMMOKR] ¢ eidbaiedngt t B [ Bevdackplor 20 h, then
the grow h washed 4 L-broth and.the suspensio | ated onto
McConkey agar (Di fg%{: con |tn|w% sf ?J;espsf ohy S est ©30 e??ﬁrgpgd l'[f)gfrfoand
anpicillih015 as e QUG{reE|n] grek|[ef rdpproRimatelwel® dmicubat ed over ni ght

at 37(err]C and repuhibddudl 90LESaLES S hBOKEAEL LT g8 OdhRhoLGY bY PR
usi ng appropriate oligonucl eotides as pri
growth washed off using 4 ml L-broth and the

suspension 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 ng/ml) agar.
The presence of JdompF 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) Célbny 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 dompF
35 gene by PCR with primers TT1/TT2. The sequences of
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3) Put ati ve ETEC transconjugants were screened. 10 20 col oni es
were picked from McConkey agar plates and grown overnight on L-Anpicillin
(100 pg/ m) agar. The presence of [err]onpF gene was checked for by PCR
Wi th primers widdy4#d@8. The sequences of the priners are gi \ET/GBIYIREH e 1
bel ow. 25 4) The colonies were grown for 5 hr in L-broth. 5) - Serial
dilutions of the L DeplMbGld: Ul 8:uesfreiflinBafle Ploelowlorsglt L-agar b)
No salt L-agar + 5% sucrose, pl ates were incubated overnight
at 30[err]C. 6) @Fﬁw%&%@smmqefemom@g@& 8hi Ergpew3on L-

agar than on L-agar #obdfssdicioseos SOPWA thdChomsr SRInaCkion yorked. 7)
Sucr ose resistant col onies were screened forg%grr]oon 35 gene by

PCR with primers TT1PYH9RnCHQfsERE hides type 9e%%e primers are given in
Tabl e 1 bel ogv. ghhe stoepnsthecokharfsterise guesniwwer ni ght on L-Agar. 3

o one™s %5y "Bl AP SRl D, LMo e g e
ETECl err] Aro( err] Omp( er ra])OTpFLfmdar”lHespot h@mmlphmm on: a) L- Agar
+ 100 pg/m Ampicillin b)kB gég L- Agar + 5% sucrose 10

e resi

[ err] onmpF col oni es shoul d gnt to sucrose and sensitive to
Ampicillin. 9) Al thres [erktAggd +cORosnesossere Anpicillin sensitive

and sucrose; fesi stank,,1P)co1 L3S COURNELSREE: B £:0RBNKEL, J0A e col ony

was
sensitive to Ampicillin.

9) All three JdompF colonies were Ampicillin sensitive

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 PTL003. 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 E1392/75/2AAAroCAOMPCAORDF
1) Growth regquirements:
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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15 chosen as a master stock. 11) For pernmanent storage, -a bead
fromthe master stock was inoculated into 1 ml L-broth, grown for 4 hr with
shaking at 37[err]C and used to nake agar sl opes which were used to nake

freeze dri . The 20 freeze dried stock of

2A[ err]ar oaggr%%li onp( err] onpF was desi gnated PTL0O03. 20 EF}%?Z{O}E:{SOW was
added to the rest the.l1 ml culture and the cul ture i ncubat ed

over ni ght at 30[erﬁ°&.lt3%l%? né?&t%e‘an&/gfﬁwéh?v%‘iﬂ e? WS%?‘Fansferred to
each of three cryovials 25 and stored in liquid nitrogen.
Characterisation of E1392/75/2A[err] AroC[ err] Omp( err] OmpF 1) G owt h
requirements: Cells taken fromthe master stock produced in step 30

10 of the preceding sect¥e@iuere streaked on L-Agar plate. ABrowithsane tine
8 m L-brogh was inocul afefilghor a chronosomal DNA prep for Southern blots.

Both plate and liquid culéur_e wer.e grown overnight at 37[err]C. 35
Cell's fromthe grown pl a2 BEHdad: F€dkadd onto the -21- fol | ¥ ng nedi a

and grown overni ght at 3¥9anirdMe@ilum Aromix Yes G owt h
5 L- Anmp No M mi ni nmal
medi a No MP mininmal + Arom X

Yes MB + sul fathiazole (M90+ [srliflaghdh¥ole (100 pg/mlNo 10 No M +
sul fathi azgle (100 [err] ) 1 Ye -Aggr .+ 50 [err]glm

st reptorryélﬁn ﬁé{eﬁt_ ﬁ_l{iigrg?’géég%/gs Cdp()g%?ml) Patsiid 9T Yes
As expected, the cells werRgahp S8nvolmy estrEpsonycin cells Yere

resistant to sucrose, sStyepd£MiCis a3frose 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 PTL003:
a) A freeze dried vial of PTL003 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
25 profile was analysed. There was no visible
difference between the LPS profile of PTLO03
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,
htrad, ompC, ompF, ompR.

35 . c) PTLOO3 was shown to have deletions in arocC,
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sul fat hi azol e, but required Arom x to grow on mninmal nedia. 2) LPS
anal ysis of PTLO03: a) A freeze dried vial of PTLO0O3 was broken 20
open. The culture was resuspended in L-Broth and, pl ated on L-Agar for
growt h. Sonmewoelelsneer e scraped of f and stored in m cr obaRKT/GBY%/00935Nor e
cells were scraped off and the LPS 25 profile was anal ysed.

There was no visible diff C rofile P and
original E1392/ 75/ 2A st rai%%sas%&%gﬁgﬁl%%t :-ﬂ(:))ur? glfgdg+e?€%An§%%9g€R: a)

A scrape of cells waBnalieds PE putare mghbrang(protein profile mfde in in 2a
and streaked onto L-ggajpiand grown overni ght. b) Freshly grown cells
were used for PCRwith priners that flank the follow ng genes: aroC, htrA,
onpC, onpF, onpR 35Puter memprane prptedn HiraCiifginWese RARPAFEeEreRs in
a][oC, - 22- nsb ompC ma_&mﬂ@Fpgﬁ@m,(E?tstg%ms/mD)OJFHnrdAtaénb@éw.mo “Anal ysi s
of outer nmenbrane protei.n p 0 ; ter .menbrane protein
fractions were prepaffterc?’ﬂsoh?gbéze and ggkgggnsp‘ PFEG48 Yﬁ%@/ﬁ@ﬂ%ﬁ) and the
del etion strains PTLEREF aledePTdd0hd A straim withhbathi agbe awipbmgel et i on

and a strain with bo%shl[ q:r.loC an]g onpC del gtio vgﬁzre.al so_anal ysed. Strains
were grown under conditi6oRg 6F T SwoSsABf ¥??€'( §34BPtWEEe FFown br ot h)
and hi gh osnol arity Ynmidersabtditimet lvfl 50w soemalse)ity Theo @yl prot ei n product

s nornallylo broth) and high osmolarity (no salt L-broth+15%
sucrose}. The OmpF protein product is normally
expressed at low osmolarity whereas the OmpC
product is expressed at high osmolarity. The OmpC
and OmpF proteins have similar electroporetic

15 mobilities. At both high and low osmolarities, the
strain PTLO03 lacks proteins in the OmpC/OmpF
region when compared to the wild-type E1392/75/2A
strain or to the aAroCaOmpC or AOmpF deletion
strains. The results are shown in Figure 4.

20

5) Expression of CS1 and CS3 pili on CFA agar:
The expression of CS1 and CS3 pili in the deletion
strains was examined. Equal numbers (2 Agy,, units)
of bacteria strains PTL010, PTLOOl, PTLOOZ2 and

25 PTL0O03 grown overnight at 37°C on CFA agar were
subjected to SDS PAGE and analysed by Western
blotting with monospecific polyclonal antibodies
against CS1 or CS83. CS1 and CS3 pili were expressed

equally well in four strains (Figure 5).

30
A CFAII-negative derivative of E1392/75/2A was
constructed for use as a control. This was done by
specific curing of the CS encoding plasmids from
ETEC strain E1392/75-2A. A short fragment of DNA
35 was amplified from the cooB gene using PCR with
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expressed at | ow osnolarity whereas the OmwpC product is expressed at -high
osnolarity. The OmC and OwpF proteins have simlar electroporetic 15
nobilities. At both high and | ow osnolarities, the strain PTLO03 | acks
proteins %%ﬂ@zmd OnpF region when-conpared to the Wdoehdowzd1392/ 75/ 2A
strain or to'the [err]Aro(Jerr] OmC or [err] OnpF deletion strains. The
results are shown in Figure 4. 20 g& Expression of CS1 and CS3 pili on
CFA agar: The expPti@eRfisrtédes hftisens CFAPR anerrideasi 8Rdst rai ns was
exam ned. Equal nupdeted (ihth] eGEY-TIMEdsy) pahshagt esdwbStrehAs FTLOlO,
PTLOO1, PTLOO2 ang_25 TLOO3 grown oyernight, at 37[err] C on CFA agar
wer e subj ected tog% F?A’@egﬁg §ﬁ3+%lgeed3\¥é§ %‘Egt%f?f"m%ﬂfi §Rwi t'h

nonospeci fi ¢ pol yptomadtsanTheofiragnargaivast s@bdlomedCShtoCptvang2 CS3 pi-l-i

rore exorgssed eougl Liofl e BuLobt EER (LS o S0 A G negative

derivative o was consiructe Oor use4a
done by specific sutréng Thfe PREDER et idegiphttve dead riomrbEd&€edt rai n

E1392/ 75- 2A. A sh fF By ﬂ\ﬁb% . . i fi fromthe cooB
gene using PCR wi ti)#? 2%_— Qgﬁ?gonyc zzlgt?iléésb%s%\%%%leéggoﬁs primers and
| i gated into pGEMM1ERir plaRiFil it itesisTaat et hamasoriugasya) adesi gned for-

the cloning of PGRpE oduchs £3hse fEgRAL1¥eSE SHRS ANed kgLo pCVDA42 5
by virtue of the Sall and Sphl r%stri ction enzyne sﬁ?es.lt%e pCvD442- cooB

derivatid® was i neFHMAZFINR: BeEivatiste #ilhEegoBrsyriagoplasnidgati on from

Such transconjugates were then grown.on L-agar ah
supplemented with 5% sucrose to select for loss of
the sacB gene of pCVD442. Resulting colonies weére
tested for ampicillin sensitivity, and by PCR using

15 CSA01 and CSA02 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 T
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
profiles of the derivatives using agarose gel

25 electrophoresis. Two derivatives were confirmed as
CS1l negative, but were still CS3+.

6) Southern blotting of PTL003:

Structure of deletion mutations. Total DNA was

30 extracted from cultures 6f 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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SMlO[err] pir. Arrpi cillin resistant transconjugants are nost likely to be
the result of fusion of the 10 pCVvD442- cooB derivative with

cooB- bearing plasm d. Such transconjugates were then grown-on L-agar

suppl ement edwaigblageddo sucrose to sel ect for | oss of the sap@r/GeIdsoss
pCvD442. Resulting colonies were tested for anpicillin sensitivity, and by

PCR usi ng 15 n S§40 f
E1392/ 75/ 2A were i nclﬁ?(?gélgsgpom %6%%0%%?%{ HEESE ese&ﬁ(é%sS
sucrose-resi stant cottmndasdt haecefaresno Pevalict (\Enghr@h@ mwmehetstreaked
out onto fresh L- aga{hé%&?&?ﬁﬁ@ c‘NrEHo?o/ﬂtéiJQfNﬁsﬁrwmg&s of theObtain pure

cultures. These-were then grown L- broth at 37[err]C for grom mat el y
16 h and m crobanked“‘&tant?of‘é?rsjf@rtﬁé’s’éh%‘f‘ e wesg- Eﬁ%dum%ﬁ 8htd was

confirmed bys anal ysiwitf theemptasiond Beohd | &sldfichBe derivatives using
agarose gel 25 el ectrophoresis. Two derivatives were confirmed as

CS1 negative, but were still CS3+. 6) Sout hern blotting of PTLOO3:

Structure of del eti ofodRilrAkir@68 . off blenBAl o Vaea30 stable (EX hagt ed from
cultures of the three dele a%ﬁgn nut ant s grown fromthe m cr obanked st ocks,

di gested with restri®ZaGFaBkdenlflle d931ECFERAS dfd Bt ARl Hi Y&Bd DNA
subj ected to pul sed m;eyzdwaganosercgeltnebeeﬁé @I ehasi.3-AB [Phesasebé ot t ed

o e S ey ot SRR ST 8, Wb

procedures. Result XX.Fi gotel 6DNAowmt hhe tdeirhpbsitiee IRYEchsorasonal DNA
fragments of the mitanigs 4ge, 2000 8 gbAA0s 1Sk d5L YOG £I0SLRE£O
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-R1l 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.
Confirmation of absence of pCVD442 sequences from
25 the chromosome of deletion mutants. The plasmid
pCVD442 was labelled and hybridised to total DNA
from deletion mutants PTL00l1, PTL002 and PTLO0O3
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 seguences were left in the

35 genomes of the mutants. The complex pattern of
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5 with the nutations being deletions. 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 fromthe toxin
positive ERuowisomsi N E1393/ 75 was included as a positive pe@/asofbogssnhi | e
that fromthe | aboratory E.coli strain JMLO9 was included as a negati ve.
Hybri di sed nenbranes were 15 | eft under HyperfilmECL (Trade Nane)
for 1 h to obtai hybhidimitignfragmenny waks sbghnalikeRyokdes werthepr epared usi ng
PCR with plasmd t e 9 I and
ol i gonucl eot i despgg%{a(ad’%%é gﬁ%%@%&%nﬁég}? e aEﬁHE @ﬁ?l and LT-03 for
20 LT- AB. conpenentg9Inshei B 32/dant I’l%/tb’-‘rqldli §§9|‘B‘|‘F%tth total DNA
usi ng either thegbfifBfes.he ST probe, despite obtaining a very intense
signal fromthe positive control total DNA. Confirmation of absence of
pCvD442 éequences from25 - the chronpbsone of deletion nmutants. The
pl asm d pCvD442 was | abell ed and hybridised to total DNA from del etion

mut ants PT TLO LOOB dlgested wi th EcoRV. Total DNA from ETEC
L@%@? e o UE

strain E139 A mas 0 ontrol . A conplex 30 pattern
of hybri di ) | Lant
di ff erence RE 95 i =3 br t he
mut ants, i dnkjﬂt pr oha:tulqt AOfmestchma.hng\'DMQTGmCTTIDdeeAGeq ences
were left ijn the genomes of the mutantg. %CA E§A0£¥Hﬂf5§ paktrn of
- 25- hydri di sind fragnments was nost |ikely due
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 h
TTG
H TT7 ompC Primer A for cloning TTG CTG GAA AGT CGA
CGG ATG TTA ATT ATT
h - er o
TT8 ompC Primer B for cloning GGC CAA AGC CGA GCT
CAT TCA CCA GCG GCC
CGA CG
15 || TT9 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 G'I“I‘j|
A
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pCvD442 probe hybridising with the plasm d DNA conponents of the

E1392/ 75-2A strain and nutant derivatives.

5 Table 1 - PCR priners Nane

Target Use Sequence (5'-3') TT1 onpF Primer A
for cloning ATC TGT TTG TEG AGC TCA GCA ATC TAT TTG CAA %&9@?
ompF  Prin¥O%%%¢ cloning TTT TTT GOC AGC ATG COG GCR P car AGT
G TT3 onpF Primer C for cloning CTC GAG CGCT TAG CTC TAT TTA TTA
CCC TCA TGG ] oIpF PrITET D fOr Cromng [ GAG CITA AGC CTC 5 TAA
TAG CAC ACC [GTIPTG [FFoC  pRpERer Apfpmeflonimgr ¢IGE /GC TOGEFG AGT
CGA CCG ATG ] TT8 onpC  Pri rfefacBater cxd @uign@Tc
CAA ACC CGA (b CCA G CGGCC CG CG15 1 onmpC Pri C
for cloning A —CeA—SFA—A G FEC-A GA
Primer D for jepr@o ng| az6€C GhEr Gdr BAGoCSGd1 dihgT AA XAIGCCECTeEE Raa26eT | TT19
aroC Pridger A fof cloning CCG CGC TCG C1C -”AC%AA@EA% C;Eg é;[g
TTT G
TT21 aroC Primer C for cloning | CTC GAG GCA TGC TGA
ATA ARA CCG CGA TTG
TT22 aroC Primer D for cloning GCA TGC CCT CGA GGG
CTCC GIT ATT GTT
GTG
5 | MGR169 |cCS1 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 || ESTO2 ST See text AGT TCC CTT TAT ATT
g ATT AAT A
nCSAOI cs1 See text TGG AGT TTA TAT GAR
ACT AA
CSAQ2 Cs1 See text TGA CTT AGT CAG GAT
AAT TG
| cs3-01 | cs3 See text ATA CTT ATT AAT AGG
TCT TT
€sS3-02 |cs3 See text TTG TCG ARG TAA TTG 'ﬂ
TTA TA

15
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AAC AAT A TT20 aroC Primer B for cloning ATG CGC GCG AGA CCT CAA

CCA GCG TCG CAC TTT G TT121 aroC Primer C for cloning CTC GAG GCA
TGC TGA ATA. AAA CCG CGA TTG TT122 aroC Primer D for cloning
GCA TGC CCT CGA GGG CTCC GIT ATT GIT GIG 5 MGR169 CS1 Bi nds in CS1

sequence TPEMNIIAPR6CCT TTG TTG CGA AGG CGA A MGR170 CS1 pcr/GBBI/ews i n 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
CIT TCC GGA TTG TC ESTO1 ST See text CAT GIT CCG GAG
GTA ATA TGAPs®le02 EST02 ST See text AGI TCC CTIT TAT
ATT ATT AAT A CSAO01 CS1 See text TGG AGT TTA TAT GAA

ACT AA CSA . T_AGT_CAG GAT _AAT TG
CS3-01. C5q rargerSgRnbext s £S3- 02

CSs3 S
Table 2

10

15

20

25

30

iten,upge ARE Tan TrGETFAAiERARERd ;.

cloning into for screening

pCVD442 purposes

Site 1 Site 2 Site 3 | Site 4

aroC Xbal SacTl Xhol Sphl
htrad Sall Sphl XhoI Xbal
ompC Sall Sacl Blpl Xhol
ompF SacI SphIl BlpI Xhol
ompR Sall Sacl BlpI Sphl

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

AaroC/A C/A IN () 9\

The study was designed to evaluate a candidate live
attenuated vaccine strain of enterotoxigenic E. coli,
namely the AdaroC/AompC/AompF PTL003 described above.

Preparation of the vaccine seed lots

The bacterial strain was plated onto MacConkey agar for
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
glycercl was added to the broth culture and aliquots
prepared (1 ml per vial). One hundred such vials were
frozen at -70°C. These vials constituted the seed lot for
the vaccine strain.
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Tar get ,gene . Sites used for Sites introduced cloning into

for screening pCvD442 pur poses 5

Sitel Site 2 Site 3 Site 4 aroC Xbal Sacl
Xhol S 99admé\ - Sal | Sphl PCT/ZRYH00935 Xbal
onmpC Sal | Sacl Bl pl Xhol onmpF

sSacl Sphlpyrity oBl Ble seed 18¥'QlaslB@nsufiPBy selecting ten rand !

Sacl Bl pl Sphl EXAMPLE 2: = SAFETY AMD I MM NICLTY OF

ATTENUATED VACKYIE ssTRAANEERt EMrerofPeERpEL gt iadopurity and freedom
([err]aroC [erriopChlegi] OARFadibe FAAAN VREANTEERSs Therst udstwas wdesi gned
to evaluate a candidate |ive attenuated vaccine straipn of enterotoxigenic
E. coli, namel IS4 EFr | HOPPET oﬁgC/r[aecrtﬂréﬁpF”PTﬁgﬁi% dader i e %bove.
20 Preparatisn sfaddagdvarstaecaaedntohicdsihd thasteiahldidutabis Wes tHeat ed

onto MacConkey agar for_ 2 purity and for confirmation of identity, and 5
col oni es used t%'gﬁ' F”é?

N&Eu a flask containing 200 mMl of luria broth. After
8 hours incubation at +37[err]C, 30 nl of sterile glycerol was added to the

broth culture i S.Pr.epa m per vial). One hundred such vials
were 30 frozenaﬁal oF G?ke{?'?] i %eg'gg?/l{r}a s constituted the seed lot for the

vacci ne strain. -28- Purity of the seed |ot was ensured by selecting ten

random vi al Is C Lal j t f rom fungi.
An additi ongP taﬂ% ete"%\%?:épg &ggen% {%satr% lt:fgé%igt %&rgfnetz)et %gqﬁu&ggg%&boglct eria
in the vials usingg a3 lssiaBar &0 ptha Prepanather Hsthe tinosutvm| caltiwd ons of

the culture brofft in a safety cabinet. The day prior to vaccination, 0.2
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 volume of this
suspension, corresponding to the desired dose, was then
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 1laboratory, 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 vaccine.

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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Preparation of the vaccine 10 The vaccine was prepared fresh prior to each
vaccination and all steps in the preparation of the inoculumcarried out in
a safety cabinet. The day prior to vaccination, 0.2 mM was spread onto the
surface of ybymemzdar plates using sterile cotton swabs per@Bemass the | awn
of bacteria. The 15 same culture broth was streaked onto MacConkey and
luria agar plates for_purity. The agar pl ates re incubated at 37[err]C
for 18 hours PH™REEeRf et 301Ht ﬁaﬁg?r tﬁg‘f!&?ﬁ%tre\-ﬁetbé(sic ﬁ'&ﬂ? Fﬂ‘d’i""c%t%# tape to
ensure that tlkerpahtd$luweiensnosnd anphatest wid htHer idegerninddit optica¥ t er

i ncubation, the |awn 2 tend V, it.h .5 m _of ile
phosphat e buf 138?%%1@% %%Je¥%§sghe§ﬁ3@?ﬁgﬂéb‘fﬁs’}é§%t g%gffyaofg?%ééguspensi on
measur ed. Phecedwrs oS stevelepednor oprepdsing Hrehviadndatbng eslpondi ng to

the desired dose.ouasyi AN lsaEe0pkBEO: A {n AORRDUS li85eWhD 3088 of

bi car bonate 2 fer and adm nistered to the volunteers. An extra dose of
vacci ne was pS&pEP@d and left in the laboratory, and imediately after the
vol unt eers had been vaccinated the actual nunber of bacteria in each dose
of vaccine was validated using_standard col ony count procedures with ten 30
fold dil uti onErBPagatiamhes ’Pﬁgfﬁ‘?ocedure for diluting the bacteria was
established during prelinminary studies using |awn cultures prepared and

i ncubat ed exactly %s done for.the gaoci ne pée arations 35 adm nistered to
vol unt eer st9 Shs PAfLPENSOREM BEHRFOhnFOLHR - BeCarbonahscin oFatA L HYaS bact eri a
enuner at ed by uselonyrFenwich dbseesf araatiingt 160SmANGE rdd iainddetiowd ber

determ ned optical.density a .f.he jJgnary studies, a standard
procedure was cﬁgggf%%g% 40‘%“;?} Z%grs:argé'&gngﬁ\:/a{]?%a%end' h& Iépéﬁ?(ri e d
di lutions of adteristenildsedr 80 mi \af tthe Buffer was placed into 50

ml sterile vials and the dose of vaccine bacteria was added
15 to these vials. The remaining 120 ml of buffer was placed
into separate sterile bottles. At the time of vaccination,
the volunteers were first administered 120 ml of buffer,
then a minute later, 30 ml of buffer containing the
vaccine.
20

Vaccination schedule

Groups of volunteers were studied in a dose escalation
manner. The first group of volunteers received a dose of

25 approximately 5X10” bacteria, the second a dose of
approximately 5X10° and the third group a dose of
approximately 5X108.

The volunteers were given Ciprofloxacin 500 mg BID for
30 three days beginning on day 4. They were discharged on day
6, having had a haematology and chemistry screen for

safety. Serum was saved for antibody measurement.

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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stated. Preparation of buffer 10 A buffer consisting of sodium bi carbonate
In water was used. For each dose of vaccine 150 nml of deionised water
contai ning 2 gram of sodi um bi carbonate was prepared and filter sterilised.
30 m of theywodofsesewas placed into 50 m sterile vials aRgTiGBe9/eedSe of
vacci ne bacteria was added 15 to these vials. The remaining 120 m  of

buffer was pla i ep i le tt . td f .
vacci nation, t gge\a/olghﬁt Zaergié\ué(?e%ﬁéis% ggrgn r#bgé:é?é% tf%% r#é%fl% ﬁf?ér t hen
a minute |ateras8@ysd ofIrbutsterl.comteddi htP t Md) vackadecoRbeskrti fari on

schedul e G oupgephy Qﬂkgérﬁxﬁ@%r,gpr?itd&dit@dvé&i@aa@géﬁ &afahaiipn graner. The
first group of volunteers recejved a dose of 25 approxinmately 5X10[err]

bacteria, theda¥etbriftez vassEratdPnapproxi mately 5X10[err] and the third
group a dose of approximately 5X10[err]. The volunteers were given

G profl oxacin 500 BID for 30 three days beginning on day 4. They were
di scharged on ﬁﬁ?°%”';,gt?ﬁv?‘ﬁ§aﬁaﬁr%f’eﬁi§§ﬁﬁtol ogy and chemistry screen for
safety. Serum was saved for anti body nmeasurenent. On days 9 and 14 the

e Lo e 8L OBt PULBT LT S AL e o
serol ogi cal asgaysnteedsnweotain Huspadal(4Borrigualivasiveldetneds] os
ool 0% NS ehTES s Mg L BACLARE A1, 00a A aBoR AL e
taken to the laboratory where it was inoculated directly
onto MacConkey agar and onto MacConkey agar containing
antibiotics selective for the vaccine strain. Up to five
colonies were shown to be agglutinated using antisera
15 specific for the vaccine strain. For quantitative culture
(first specimen each day only) faecal specimens were
weighed and diluted in PBS, with serial 10-fold dilutions
up to 107, and then 100 pl of edach 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
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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Up to two faecal specinens were cultured each day while the volunteers were
In hospital. For qualitative cultures, a 10 faecal swab was placed into
Cary Blair transport nmedia and taken to the | aboratory where it was

i nocul at edgjygrﬁﬁﬁéy ont o MacConkey agar and onto I\/acConk,ecyr,‘?,g,g}g,o,gpnt ai ni ng
antibiotic s«g ective for the vaccine strain. Up to five colonies were
shown to be aggl utinated using antisera 15 specific for the_vaccine

strain. For ¢ t4ht7 PRURAFYPE BHS RECCEHBERALRE e PFRFesAty) faecal

speci mens were wei ghed and diluted in PBS, with serial 10-fold dilutions up

Larrll of o-chkh dil it \A Q fa Fle.G‘
;Oarlo\[me'[ L] én?' %&YOJ( accmag.asn‘”g r'é?d '&%Tp}ﬁ' \sﬂ;/u;%avch conili t npd bt ° * prkey
g Y Lé %gzo v <l ol PN

p Yy
aggl uti nat isonm‘lg_tﬁehﬂ -/C sSartm Setrpm s ortTeetaga—ana W
subsequent aspkayeifhganti body againsf CHA I'l anfiggns by ElI SA ang

TeTrgt—btood

f o

ni
S

LA

bact eri ci dal EvVarcine siTal

e . 2
nmononucl ear clells were separlatedifro olelblopd dollectefdl into gitrpte
and washed. ThB®énkng(|s werd ctil furep at] a dlensjty jof STO' cell|ls per nf in
RPM tissye cufTHt¥ nedium 37err] C flor 48 bhurd After| 48 lhouds 3D the
super nat aft® WaBPRHEREIERY ed [t o a|cFypvi dl *and® | dzdn*af *2pferfr] Clunt |1 it
coul d be assayF¢cIRIEISYC and I gA[ant| ko TO CRR TIT D A 31 Tabl e
3 - Sunmmary of_.the procedureds of It hel prgtocagl v (\Vacginario pte +1 O
1 2 3 Outgatiegt vigit 1) Hay is| day 0) |5 Recrfuitfent|/ | ¥ =
screening H ddbl Tt ltures - [X X | x | x | X TNy | x | x f x
gquantitative
15 [ stool cultures - x | x x x % % X x x X
qualitative
Serolegy x X x
CBC/Chem panel x X
Ciprofloxacin x x x
20 500mg BID for 3d

Results:

25 No symptoms were seen at all actual doses of 6.8 x 10’ and
3.7 x 10® cfu. At the higher dose of 4.7 x 10° 1/6
volunteers experienced diarrhoea and 2/6 had mild abdominal
cramps. Bacterial shedding was seen in all volunteers at
the 5X10° cfu dose level form day 1 post vaccination until,

30 as per protocol, ciprofloxacin was started on day 4 after
vaccination. This indicates good intestinal colonisation,
which is indicative of the potential to induce a good
immune response. At the two lower doses, vaccine strain
was recovered from all volunteers on at least one time

35 point £following vaccination but the duration of the
excretiéh was reduced compared to that seen at the highest
dose.

At the time of filing the application, the analysis of the
40 immune responses generated by the vaccine was incomplete.
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consent 10 I npatient stay X X X X X X X X

Vacci nati on X Qutpatient visit X

X x Stool cultures - X X X X X X X X X X
quantitative yg gm0l cultures - X X X X XPCT/GBOS/00935 X
X X qualitati ve Ser ol ogy

§ xX CE’C/Zghe 500 BI Df % anti-CFA II responses in th%(egéggﬁ}éat?x:ﬂ n
actual doses of &% tfﬁf%%f] W?ufl 13%§r8f“ut§é/%ﬁt?°gf%ywﬁfefjﬁ€+e%e of
4.7 x 10[err] 146 vokbheat ddigheexpeddsEnced dvaccimseaabndd®y/ 6 Chadbafdxe

abdomi nal Cra%ccfi%rc%hﬁ'aﬁ]%%ng AR$ 1$%stnv§ééuva%%t ﬁﬁ{ré Bded he

5X10[err] cfu dose IeveI form.d %/ ost _vaccination until, d?—ﬁ? er
protocol , ci pr o¥o¥seth (fee Eidrted’on d%@P?F%WFSVQ’EEFnQP?BYFe
i ndi cat es good ELiSEsbnnassagolpdateatdcatedwhiclh puriifiddcelrA ia afhtidmen.

potential to inguce, ganQQQs JBBISCHERONthe Bhy! HoabiidyOVRb dgRSTLs Vacei ne

strain was recovered from al ol unteers on at | east one tinme 3 p0| nt

fol | owi ng vacciYRf& oFiBHEELFRRtYr ab i SRt Y38 ekBPRRi ofiFWas thRdRIRT
conpared to thatacsdeamtabnt mambnghestdedonetrdxtmd1ethe mandhictidn ngft ke

appllcatlon t VA Oai I o engia

vacci ne was Pncl’:'%r%{ﬁl% téAQEeg&%ﬁ% wever , htq'ﬁ\QABgﬁés%; § Fggesponses in
the culture supeihdCERPRSSY SHTWNE Bﬁ?‘Ff?"ediaﬁ’r JnPPﬁea]Eﬂ o’%ﬁﬂiué’fv‘ ratid@¥ent s of
the highest doseconbisvatcivieh gahe Heyind of( beiné® Iga secreting B-

cells from the blood to the mucosal effector sites of the
Gut Associated Lymphoid Tissue.

15
Conclusions:
The attenuated live strain of ETEC (AaroC/AompC/AompF)
has been shown to be well tolerated in healthy adult
volunteers and to colonise the intestine in a manner

20 consistent with its utility as an oral vaccine to protect
against travellers diarrhoea. It has also been

demonstrated to elicit a specific mucosal immune
response.

25

30
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vacci nation) and days 7 and 10 post vacci nation have been 5 anal ysed-(see
Figure 7). Supernatants were anal ysed by ELI SA on assay plates coated with
purified CFA Il antigen. The OD val ues observed fromthe day 7 and day 10

sanpl es Lgni ficantly higher than those fromthe ppepcE¥dRedsgati on
sanpl es,%‘ﬁ%gzdggrgati ng the induction of a 10 specific IgA response at these

ti me poi nts.Ege %é@%‘;t ed, the responses show a peak at day 7 and are

reduced at 3 nsistent with the hom ng of prined |IgA secreting B-
cells fromthe blood to the nucosal effector sites of the Gut Associ ated
Lynphoi d Ti ssue. 15 Conclusions: The attenuated |ive strain of ETEC

([err]aroC [grr] omacohers]lonpBukiaasheriw showh vheebp Mel l1dsoherated in
heal t hy adult vol unteers and to col SQI S??]a’{: e intestine in a manner 20
t -

consistent with its -dtF¥PryPad%dn-o ‘e to protect against

travellers diarrhoea, .lt. ha so.been de trated_to eljcit a,specific
nucosal i rs?m.%'e re?%%%%é?l%ss%gd'!3&9“%%52{&%(: SET"}" Z?BL'CS G A,
Burrows, T.W and (¥ab2s) BAo{ekd50L0Br 888892 Pathol ., 31, 714-24 5 2.

Chatfield, S.N., Charles, I.G, Mikoff, A J. et al (1992a) Biotech. 10,
888-892 3. 3. ChaChp&fdeld N -N.gt Bahahan K K. PiPdkkaud, V., Charlles, |1.G ,

Hormaeche, C E. aRdgDOugéfmadane1898D)ald liadl, - cPaiheshy) 12, 145-151 10
4, Curtiss Ill, R and Kelly, SSM (1987)
Microbiol. Pathog., 12, 145-151

10 4. Curtiss III, R. and Kelly, S.M. (1987)
Infect.Immun. 55, 3035-3043

5. Dougan, G., Chatfield, S., Pickard, D., Bester, J.,
O'Callaghan, D. and Maskell, D. (1988) J.Inf.Dis.
158, 1329-1335

15 6. Fairweather, N.F., Chatfield, S.N., Makoff, A.J. et
al (1990) Infect.Immun. 58, 1323-1329

7. Gomaz-Duarte, 0.G., Galen, J., Chatfield, S.N.
{1995} Vaccine, 13:1596-1602

8. Hohmann, E.L., Oletta, C.A., Killeen, K.P. and
20 Miller, S.I. (1996) Vaccine 14, 19-24

9. Hone, D., Morona, R., Attridge, S. and Hackett, J.
(1987) J.Infect.Dis., 156, 167-1

10. Jones, P.W., Dougaﬁ, G., Haywood, C., MacKensie,
N., Collins, P. and Chatfield, S.N. (1991) Vaccine
25 9, 29-36

11. Levine, M.M., Galen, J., Barry, E. et al (1995)
J.Biotech, 44, 193-196

12. Miller, S$.I., Kukral, A.M. and Mekalanos, J.J.
{1989), Proc.Nat.Acad.Sci., USA 86, 5054-5058

30 13. Pickard, D., Li, J.L., Roberts, M., Maskell, D.,

-34-




I nfect. | nmun. 55, 3035-3043 5. Dougan, G, Chatfield, S., Pickard, D.,
Bester, J., O Callaghan, D. and Maskell, D. (1988) J.Inf.D's. 158,
1329-1335 15 6. Fai rweather, N.F., Chatfield, S. N, Mkoff, A J. et al
(1990) I nf ectwbnwmpaze 58, 1323-1329 7. Gomaz- Duarte, O Cegr/Eivdomonss J.
Chatfield, S.N (1995) Vaccine, 13:1596-1602 8. Hohmann, E. L., Qetta,

C A, Killeen, KP. auhe0p., revidd,! Mer.p s ( 9? 91!6} 4, .19-24 9.
Hone, D., Morrona, R, Attrlv\gge ewf and I'—lac%% ? %38@? %lgiécf' D s.
156, 167-1 10.  Jone&l9%) B%’iﬂg%ihan ®2,C3984u1%nsie, N,
Collins, P. and_ Chatfield, $S. N, 199%:) VaCCI ne 25 9, 29-36 11.
Levine, MM, Gifen, SAmPXggk,yJ. £ Frdtsgh, (Edgos)ang Mppiakis, 44, 193-196 12.
Mller, S 1., Kukr al , (1m8d) and Mekal anos, J.J. (1989), Proc. Nat.Acad. Sci .
USA 86, 5054-5058 30 13. Pickard, D., Li, J.L., Roberts, M, Maskell,

D., -34- Hone, D. Mdlecuder quilhgugasLalﬁbraeumdydqahﬁéE,l €Col3. spO)

I nfection and | nmuni t %@r{l? ok h, E.F. and
Maniatis, T., (1989) }gar@%’r dgﬁﬁ)ﬁ ecul’a H |ng, gafb%ore{\f gﬁ’ﬁ/bnual Col d
Spring Harbor Labor atgry, ggj_d RSQ{l NGolighdOorg  N¥éy Not LUg

R A, Dougan, G . Chatfield S N et 3‘3@ Tochy ChptBleld e, 3 0 594- 4002

16.  EP-B- 0322237 (Odd§2n Etl Y- Imunﬂ 60, F998-0409958 (Dougan et al) 18.

EP- B- 0524205 (Dgg.gan EePt_Bqlo£22237 (Dougan et al)

10 17. EP-B-0400958 (Dougan et al)
18. EP-B-0524205 (Dougan et al)
19, WO 82/15689 (Charles et al)

20. Everest, P., Allen, J., Papakonstantinopoulou, A.,
Mastroeni, P., Roberts, M. and Dougan, G. (1995)
15 FEMS Microbiol, Letts., 126, 97-101

21. Chatfield, S.N., Dorman, C.J., Hayward, C. and
Dougan, G. (1991) Infection & Immunity 59, 449-452

22, Donnenberg, M.S. and Kaper, J.B. (1991) Infection
and Immunity 59, 4310-4317

20

~35-



19. WD 92/ 15689 (Charles et al) 20. Everest, P., Alen, J., . .
Papakonst anti nopoul ou, A., Mastroeni, P., Roberts, M and Dougan, G (1995)

15 FEMS M crobiol. Letts., 126, 97-101 21. Chatfield, S.N.,

Dor man, C. J.., ward, C. and Dougan, G (1991) Infecti Sipedi ty 59,
449- 452 22&099] n6nenber g, MS. and Kaper, J.B. (1991) In gfé‘;tnlbon and

| munity 59, 4310-4317 20 - 35- CLAhMRs 1 A bacterium attenuated by a
non-reverting nmutation in each of the aroC gene, the onpF gene and the 5
onpC gene. 2. A bacteriumaccording to claim1 which infects by the oral
route. 10 3.. A bacteriumaccording to claim1 which is fromthe genera

Escheri chi a,1 .Sal mpngddtdriVinbat fenldey® B hUfon Nedw&iiing, my€aEisn a,
Bordetella or Brucell a. 1% ﬁ ?r‘ﬁ bact er | umﬁéé;ordi n%(?%lo claim3 which is
a strain of Eschet?HiH &5l {Fhe SaF Horfisinca F%}ﬁh? i4fRe mbR®I 1 a typhi,

Sal nonel s ent eri dmelf syenBal nonel | a chol eraesui s, Sal nonel | a dublin,

Haenophi |l us i nfl uenzae, Nei sseria gonorrhoeae, 20 Yersinia
enterocolitica, Bordetella pertussis or Brucella abortus. 5. A bacterium
according to claim4 which is a strain of enterotoxigenic E. coli (ETEC). 25
6. A bacteri urk deaghediing eecarginndcoflahe hrwtviah dgfectsngy which is
further attenutedihy GaUtaLkan in

10 3. A bacterium according to claim 1 which is from the
genera Escherichia, Salmonella, Vibrio,
Haemophilus, Neisseria, Yersinia, Bordetella or

Brucella.

15 4. A bacterium according to claim 3 which is a strain
of Escherichia coli, Salmonella typhimurium,
Salmonella typhi, Salmonella enteritidis,
Salmonella choleraesuis, Salmonella dublin,
Haemophilus influenzae, Neisseria gonorrhoeae,

20 Yersinia enterocolitica, Bordetella pertussis or

Brucella abortus.

5. A bacterium according to claim 4 which is a strain

of enterotoxigenic E.coli (ETEC).
25

6. A bacterium according to any one of the preceding
craims which is further attenuted by a mutation in

a fourth gene.

e
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a fourth gene. -36- 7. A bacteriumaccording to claim6 wherein the
fourth gene is aroA, aroD, aroE, pur, htrA galE cya, crp, phoP or surA 5

8. A bacterium according to any one of the preceding clains, wherein the
mutation in epelygmese i s a defined nutation. 9. A bact epdrugseaemss di ng to
any one of the preceding 10 clainms, wherein the nmutation in each

gene is deletion of tah@aeBéi{i@n f‘a%bﬁgiﬁﬁ%@%q%lmlﬁ wher®iRagher Feur@ccor di ng
to any one of the precedi ng £l ai ms8 whi ch has been«gﬁ%etl cal |y engineered to

15 express a I980&rb &rePgefroty PUz, AlibERr &4lém §€ording to
claim 10, wherein exp;rzpssjgaapcxfr tdag@aantigen is driven by the nirB pronoter
or the htrA pronoter. 20 12. A vaccine conprising a bacterium as defined
in any one of the preceding clainms and a pharmaceutically acceptable
carrier or diluent. 25 13. A bacterium as defined in any one of clains 1
to 11 for usé i#. a mét bedtefiwmcoiceatiing o Rmyannerofaribeapre¢dding An

ent er ot oxi geni ¢ E CO'c’laCﬁU @iézeeﬁ'ﬁartﬁg R%ta%i’?ﬁnin?’ ach ene gv%rti ng

mutati on in each of the aroC gene, e an e onpC gene,
for use in a nethod @lfefvaeéﬂwaﬁatﬁ@na human or ani rral agal nst diarrhoea.

9. A bacterium according to any one of the preceding
10 claims, wherein the mutation in each gene is

deletion of the entire coding sequence.

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 c¢laim 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 ox

anamal.

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

30 reverting mutation in each of the arcC gene, the
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15. Use of a bacteriumas defined in any one of clains 5 - 1to 11
for the manufacture of a nedi canent for vaccinating a human or animal. 16.
A nmet hod of raising an i mmune response in a mammal i an host, which conprises
adm nistering to 10 the host a bacterium attenuatgd. Byefesas

non-r ever t MP7*M%4ti on in each of the aroC gene, the onpF gene and the onmpC

gene. 15 -38- )
ompF gene and the ompC gene, for use in a method of

vaccinating a human or animal against diarrhoea.

15. Use of a bacterium as defined in any one of claims
5 1 to 11 for the manufacture of a medicament for

vaccinating a human or animal.

le6. A method of raising an immune response in a
mammalian host, which comprises administering to
10 the host a bacterium attenuated by a non-reverting
mutation in each of the aroC gene, the ompF gene

and the ompC gene.
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