;e3e@"#T*-BH@~-@@ Y5 wo 9sii~9si rcr~cs9s~o~~s 1 | DENTI FI CATI ON OF GENES
The present invention relate for the identification of genes
involved in the adaptation oal‘mmmm}mmim smto its environnent, 5
particularly the identification OGM%«;_nes responsi ble for the virul ence of a

pat hogeni cm gani sm backgrc;un yo the invention 10 Mool Ny

resi stancewlglr?%ég{ erial and ot her pathogens is becom ng iﬁ%%’gg&s#’#y
inportant. It is therefore inportant to find new therapeutic approaches to
attack pathogenic microorgani sms. Pathodenic nicroorgani sms have to evade

t he host's defence nechanisns 15 and be able to grow in a poor nutritional
envi ronment to establish an mwmmer of "virul ence"
genes of the mcroorganismare required. Virul ence genes have been detected
usi ng cl assical genetics and a variety 20 of approaches have been used to
expl oi t transpROpredditIa0eREdS rdlftes td tndth@dyt fori tﬁéltidémiﬂ&tibﬁl@f?dn_éé

virul ence genes. For exanple, mutants have been screened for defined

physi ol ogi cal imeslyed sin she:tadaptation 0fo s mierdorganismgie Atseenyirenmemts ( Hol | and

CFi nl ay ot ai Parialey VAP BghBASiionpf BFR TR EbNe for the SRhliEGs S ° | °
1989; Ml ler qiati n&%ﬁﬁbox?aﬁi_sﬁfmn et al, 1989). Transposon nutants have
al so been tested for altered virulence in live aninmal nodels of infection

(MIller et al. 1989b). This approach has the advantage that genes can be

identified whigh.,are ipportant during different stages of infection, but is
severely limt a 30 wi de range of nutants

individually for alterations to virulence. Mller et WO 961 17951 2
PCTI GB9SI 0287s al (1989b) used groups of 8 to 10 mice and infected orally
95 separ atl® grémtihiotit t teststasicé f iav dactenial sand other epgthogensg i chesoming 60 and

954 m ce. Because of the extr |y large nunbers of .ani mal s _required,
conpr ehensi ve ‘EE'FE%H@H@“W'%“%E& éﬁ.‘\gqe?gg,{g}vﬁga%% 6P€3F8’n®8' 8% has not
5 been feasi blapprdRheNid AttakIHMRSgeRicSMidroBrganidnisl VO _expressi on technol ogy
[ TVET]) was described which positively selects for Sal nonella genes that

are specifically induced during infection (Mahan et al) 1993). 'The
technique 10 wilJl identif enes that are_ expr [ rticul ar stage
in the infect Yﬁoaﬁh%cgtce@éqrxg&ﬁgvg}sz have t&ncy?&n@ﬁ\%gteﬂfl?é?g%ﬁ‘%ﬁﬁ%%? genes
that are riggulapdest RBR! t g% lih K ipBHA nuititichall efirenmeMOfot athblish i | | not
provide informati on on wheéther the genes) which have been identified are

actual |y requiinfegtionr Toodo s@amuniber of {'wirulenee” genssof the microerganists Lee &
Fal kow (1994) Methods Enzynol. 236) 531-545 describe a nethod of

i dentifying faaé'?(S?%“'feﬁ’fl uenci ng the invasion of Sal nonella into manmal i an
cells in vitro by isolating hyperinvasive nutants. 20 Wal sh and Cepko
(1992) Science 255, 434-440 descri be a nethod of tracking the spati al

| ocation of ceYisblente genasihaxe been deteried using ¢lassingl genptich and ananstrent  of

cont ai ns. Aouniprieienet BEd Bhen bR (eblol anaROR MERRERAHLRR s ' 0
i ndi cati on t hadentifedatibn 81t ButtériadviciteRe gonebd Rer Stanmisie £aheshtdhavdei r
met hod. WO 941 26933 and Smith et al (1995) Proc. Natl. Acad. Sci. USA 92,

6479- 6483 desdieenscreeneddor defined physiclegiralednfeqts.csuch s the lesseoftigort i onal
regions of a kno ene., Or egst  of l.ecul e for ich, some 30
sequence i nf orrﬁﬁmg Protelns; ﬁ'&?ﬂ*‘é‘% et \ﬂb 38%9 lb(ﬂéﬁ%gﬂos%%e G oi snan
et al (1993) Ryepetrathd lof epitelialSEdlls UPMaf0sr dOADBEYP ARd aveivaP Hathime
nol ecul ar, functional and evol utionary anal ysis of sequences specific to
Sal nonel | &  macrophages (Fields er al, 1989; Miller er al, 1989a; Groisman et al,

1989). Transposon mutants have also been tested for altered virulence in

live animal models of infection (Miller er al. 1989b). This approach has

the advantage that genes can be identified which are important during

different stages of infection. but is severely limited by the need to test a

30  wide range of mutants individually for alterations to virulence. Miller e

AR
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5 Sone virul ence genes are already known for pathogenic m croorgani snms such
as Escherichia cola, Salnonella typhinmurium Salnonella typhi, brio

chol erae, Costridiumbotulinum Yersinia pesos, Shigella,flexneri and

Li steria nonocytogenes but in all cases only a relatively small nunber of
the total h identified. 10 The di sease which Sal no [ murium
causes in ma‘)c(’gggiﬁ% des a good experinental nodel of typho%@é&ﬁ? rter
& Collins) 1974). Approximately forty two genes affecting Sal nonel |l a

virul ence have been identified to date (Gr20i sman & Ochman, 1994). These

represent 15 approximately one third of the total nunber of predicted
virul ence genes @¥1988hhnsegharoups of 8 too)miceiaad dpfested orplly B snpamtet

m ot oor gani am ¢ obitiEe ith ¥ BiFGRY MRaHE Prebfbyl P BERISEh 780, 550 i,
virulence genes Becaasé hepete oxtférmélyJaavedMnuners ofCanimalsl eéduirdency. A

further object is to reduce the nunber of experinmental aninmals used in
i denti fyi ng vi r ufemprehersivesscrexning of abacterial gpneme forgfindenceigeneshasaot provi de

vacci nes, an . screening for drugs which reduce virul ence. 25
Summary of t%e%%@gt??%ﬁ{% first aspect of the invention provides a nethod
for identifying a m croorgani smhaving a reduced adaptation to a particular

environment 30 conprising the steps of: ~ WD 96117951 PCTI GS9SI 02975 4 (1)
provi ding a pl urBecenflyos genesicosystemi(mwiveaerpressionhteshnolegy THEEENdwas | v

mut ated by the impsertional.inactivation,o e ith a puclejc acid
conprising a uni%ﬁfgnh&fkgf 1€ ecﬂ?émygiysoseh‘fgﬁ afggcﬁ&#mugm @gﬁsaﬁh@ &c

di fferent marke _rsc?%emeany eadured dufing Snfebtiéd eMaRarlerdiC 1998)0 dMhes BchRiqle’)
providing individually a stored sanple of each nutant produced by step (1)

and provi di ni i nwillid¢ntify genesdshacre espressedantiacpartienlat staggyin the infecior nar ker
sequence from each indixidual nutant: (3).intrgducing a.plurality o
muitants produced”B§eEt e%%"iyﬂw At Bﬁf At é’&hﬁ pﬁf‘ﬂf'&‘iﬁ %q(}\ea r'\t\P/qt A Ma% d

al l owi ng those %&EWsﬁﬁPﬁén’iﬁly‘{“ﬂh& bndk iﬁfp%rtﬁﬁl’l)e, will A6t prBvide ifforiation t he
said environnent; (4) retrieving mcroorgani sns fromthe said environnent

or a sel ected paen whetheeshe gane(s)s whichi hayet besnridentified arei astyallynregnired

retrieved m crooggani Sns,.. C arel any marker sequences in the nucleic
acid isol ated 15@%0&{:@&1‘1&)&?&%0&%@1%% fEaPker sequence of each

i ndi vidual mgant stored as in step (2); and (6) selecting an individual
nmut ant whi ch does not contain any of the marker seciuences as isolated in

step (4). 20 Thubge &nEalkewHdB94sMethads Enrymols 23623 1o¥% desceiba aimethod

m croorgani sns Wit h,r ced aci.ty to.proliferate ingt environnent. A
m croor gan: :m c\%ft I'fj?fgﬂgﬂlga f(ﬂ:% e'rméyermuf)g elk'lgnfm'gﬂ\?f'lr 8&@%{"3’”{4‘6 %0 o
known that partimdimiialaane@is 3adikd ey lisglatdeiRyseriivasive niigants Cr oor gani sm 25

to adapt to a particular environnent. For exanple) in order for a
pat hogeni ¢ m croorgani sm such as a pat hogeni c bacterium or pathogenic

fungus) to Vi N i host oduc f e Q0 Jor.e Vi rulence.genes
i's required. hugﬁlﬁmaﬂé B;Céﬁ( r?@gié%f?&f;ﬁg’ﬁg 6@2#@ F?f\‘igﬁﬁ%ﬁﬁéébcggﬂg of a
mi croor gani sm Whlrﬁélu‘ﬁ# tHRV$patitid oBationQsT caAebr Allbokrical PAdtenitor GelRadviringith@r 30
environment is a virul ence gene. WO 961 17951 5

development of the cerebral cortex in the rat. The Walsh and Cepko

method uses a tag that contains a unique nucleic acid sequence and the

lacZ gene but there is no indication that useful mutants or genes could be

25  detected by their method.

WO 94/26933 and Smith et al (1995) Proc. Natl. Acad. Sci. USA 92,
6479-6483 describe methods aimed at the identification of the functional
regions of a known gene. or at least of a DNA molecule for which some

30  sequence information is available.



PGTI GB95102%75 Conveniently, the particular environnent is a differentiated
mul ticellular organismsuch as a plant or aninmal. Many bacteria and fungi
are known to infect plants and they are able to survive within the plant
and cause di sease because of the presence of and expression fromvirul ence
genes. 5 SQuitable m croorgani sns when the particular environnment is a plant
i ncl ude t TEOBSEPY, i o Agr obact eri um t ur nef aci ens whi ch f orff/CHINOAS (galls)
particularly in grape; Erwi nla anylovara; Pseudononas sol anacearum whi ch
causes wilt in a wide range of plants; Jhizobi um | egum nosarum whi ch causes
di sease in beans; Xarahonoruis canmpestris 10 p.v, citri which causes canker
p

in citrus frulGroismandet mé| (1993) HRrot.ud¥ael. vdgadipSet hBSdr 90eal 088 H37causes

ri ce blast digeaseg; Eusarjumspp. which cause.a variety. o | ant di seases;
Er i syphe spp. DEEEs R RplertAT gReal pod A28 danks auditin Ok eBBéen < wh oh
causes root agfecifi@y\SainiielHasS I n cereals and grasses; donus spp.,

Laccaria spp.; Leptosphaerta 15 macul ans; Phonma trachei phila; Phytophthora
spp., Pyrenophora teres; Verticillium alboatrumand V dahliae; and

h | i,cqQl dM jiji iS. d i bed | . det ai l
el ow wheh t RO GRS SRCh aresakeadl Ryave For BRI BT OTBANIS| |1 ¢ cycl o
s requi red. - SuShit@RlnichiFTE, SUASRARY R SallioRAR RphE, TUNGT

prot ozoa and trypanosones a nhown to I nf aninmal s, particufarly manmal s
i ncl udi ng huniilsrio choleraea|Clostridinem bottinemgXersinia\pestis, Shigetlafléxmeri and t he
ability of the mcroorganismto cause disease.is due in |large part to the
presence of afl M%@PWQ&?HF*/S\’UP S¢acoMly a relgtively smallnymbery | nei ude

25 Bordetell a Pﬂﬁ'toﬂﬁrhtaiv Wedd tidenBfie@er t Ussi s, Canpyl obacter spp.
8. [ %I og'E G|

particularly jejuni, rumspp. particularly C. botulinum
Ent erococt@s spp. particularly E. faecalis. Escherichia spp. particularly
E. coli, Haem)a_g i particuylarly H. ducr and H influenzae,

hi | us spp. ) evyi,
Hel i cobact er ﬁ.dlsﬁ&ﬁct‘?"g'ﬁh Sa{monalla gynhmuriv "@H%%él‘ miceprovidesagood ar |y K.
pneunoni ae) 3 j | 1 P.~eP j eyl : e it [ ria spp.
particularly Exﬁm\}\o&{l@sn@gfia6 ogc?ﬁzﬂs?gd;r g{—vgyrrgcnac{gé}t %2?&5‘!‘%??&& erium
spp. parti cul Appyoxiinatelie fory two gefles\fféctingrSulmonell) viksiencechave tsaen.
particularly N gonorrhoeae and N. neningitidls, Pseudononas spp.,
particul arly Mentified tg slaten (Gepismane ep'gﬂﬂ?'!’ E94)e| | Thessp reprssenthy| ococcus
spp. partjeul I esh . ' pyogenes
and pneuml)%t agl?ﬁrélxﬁlr‘?tg&s%. &lgﬁcﬁt \}égg{’t%fg&@g%r éiggrre%! %gélﬂt g}r?%"ﬂéé. g%)reﬁss"ti s. All
of these bact ¢Gicismanand Saiea$990)n man and al so there are animal nodel s of
t he di sease. Thus) when these bacteria are used in the nethod of the
invention, the particular environment is an animal which they can infect
and in which VAR i . § el |
typhi rnuri um itrgguosbi%v'?% t?'%ipg%st%ﬁgﬁﬁgﬂggﬁ tlﬁg@%l@gy %@% g?gwamdilnsglgse whi ch
serves as a madigtaticw oft y pticriodrdamisat to its envirohemphnicakatlystoddentify causes
bact eraen&g and renal abscess formation _in mce (Al bus et al (1991) Infect.
| mmun. 592U 106itheg 1virulange garrscil aathpgenia Mmigseerganisms, |with igereaseddnan
(1971) Yale J } d 44 . 204- top, i fungus or
hi gher eukar y8§'|ﬁ3§46¥'r2gtﬁé&'?°§ ‘ﬁ'%!ﬁ??‘oﬁd‘%flg‘grd“tc dhe Z‘\“Ge’@’gﬁt&g%ﬁ"%ﬁ’@ts life
(such as growahimals e Bnidentfyimy virulencefgenes! BtillofuRhér objécat efithent egr ati ve
transformati on systemis available and, when 20 the m croorganismis a
human pat hogeHiVeRUOR PRoVide vpcainesa Andanethpds forfereening, fomArugsswhich | s
avai |l abl e. Su*éq%géi"fuw& pat hogeni ¢ to humans include certain Aspergillus
spp. (for exanpl'é A Tumgatus), Cryptococcus neoformans and N stopl asna
capsul atupy Clearly the above-nentioned fungi have a hapl oid phase and a
DNA- nedi ated integrative transformati on 2S systens are avail able for them
Toxopl asma ma ve g a parasite with a hapl oid phase during
infection. Bacteria have a haploid genone. Aninmal nodels of human di sease
are often available in which the animal 30 is a nouse, rat, rabbit. dog or
nonkey. |t isApfRéchspedt idf thBeinvehii® provides dvondihod Y88 iideRifyREOar oas~rs 7
mouse. Virulence genes detected by the nmethod of the invention using an
ani mal nodel Bticreorgamism hiaviegse redused ladaptation &9 ¢ parlieylgr eavisenmentes whi ch
determ ne3¢nhe Vi rul.enCﬁ%of the mcroorganismin man. 5 Particularly
preferred 'cF%‘BPﬂ‘%ﬁHgs‘ KB Ofise in the nmethods of the invention are
Sal nonel | a typhi nurl um Staphyl ococcus aureus, Streptococcus pneunoni ae,
Ent erococcus faecalis) Pseudononas aerugi nosa and Aspergillus fum gates. 10
A preferred enbodi nent of the invention is now described. A nucleic acid
conprising a unique marker sequence is made as follows. A conplex pool of
doubl e stranded DNA sequence "tags" is generated using oligonucleotide
synthesis and a polynerise chain reaction (PCR). 15 Each DNA "tag" has a

o o - o N o ~ o I




WD 96! 179S1 PGTI GH95/0287s 8 "prinmer diner". Wen the 3' ends of the two
primers hybridize, they forma "prinmed tenplate" conplex, and priner
extension results in a short duplex product called "primer dinmer" . 5

I nternal secondary structure should be avoided in prinmers. For symetric
PCR) a 40- 60‘§ (,5+C content is often recommended for both pri E‘r with no

| ong stretch Q fﬂ”ﬁ‘ny one base. The classical nelting terrpep f N2875

cal cul ations used in conjunction with DNA probe hybridization studies often
predict that a given prinmer should anneal 4at a specific tenperature 10 or
that the 72C extension tenperature will dissociate the prinmerltenplate
hybrid prematurely. I(h) prpcovidisg a pluralityr ofi mienoorgasismseedchcof whichis he PCR

Pmeating s omsengidhentiemtiy Mk Ed 63 il R Siofa ivaBlifAtol o RogpnERda .
than predicted. pirEiddideOMPRSIAS D (RigEe hﬁd&ﬁcanélduEhéd’ sé thdthcl miaht " €gi on,

so priner extension will occur during the annealing step and the hybrid
wi || be stabil i zootainsediffenensmarker sequensie, ohelopes ofghe said miexporganism;

ti I tr) PCR.and, . tynpi ly, within 0,1- ~M . 20
The “tage ade |1 gat & 1 nproudiigxindbBuitliv slorkd Bowe  ofBadh AR Lo 1 orm
t he nucl ei c aci ;bl' i Byngqg ﬂpljﬂde m&qﬁg MANGRHR sfoPc SiacRId lagid t he
rri eg i e vg i I i

transposon is ¢ d on”a suici ctor Which is fmaintained as a plasmd
in a "hel per" oropmprising thet unihue: marker| sequensetfrom 28ch individual mutantie

m croorgani smof the gethod of the ipventiqn. For ex l,e, the, rhelper"”
organi sm may be a st (3 n JUrELCNg 8 Eﬂi‘@“&’cﬂ i",‘“tflﬂé W&%%@aﬂﬂéﬁ)cﬂmfhe
met hod may be S%hé*?ﬂﬁ'da?ﬁ&ﬂﬂ' éd%ﬁohﬁénﬁwauq%uiagqmwﬂehdrgm?ﬁ@wm though
the transposon can be'lost after transfer, in proportioh of cells it

under goes a l0r araypablet ioodo s éngraw i thehsaidhieovironma&q; i nt egr at es at random

along with its uni quz tag, into the genorr,e of .t he Vﬁ 96117931

PCTI GH951 Oz8' 15 9 ni éfbor GREXINe RisIo0rgapisms fEomhe spid evIEQament oL der red | f
the transposon %wcfeanﬁmstgefcbr KAd SsG1RRE 1héhuBRiS aLIACHEM tHelfetR¥ad®P! €, 1N
t he case of Sal nonella, a kanamycin resisStance gene may be present i1n the
transposon and amicoogrggaisms; are sel ect ed on nedi um cont ai ni ng kananycin. |t

is also 5 possible tg_conpl enent an auxotrophi c narker i.n.the, recipjent
vl b wth BT onct s ondB QoREmPRATE S, T Gir ORI L BYABF PusiRls abRLisiaed, ¢

mar ker. Thi 95metiiQehy @) B He! ot P h&Dbf ¥MeR Individkdhl AUt jn the
nmet hod. Pref erabll y tdh(g)coﬁrpllg‘rﬂi'%w‘g‘éﬁf gé/nﬂal onal gen?a Ii S not dgr ?l\?geé’ from
the 10 sane spedisas stap (Deandci pi ent ni croorgani sn) ot herw se non-random

integration events occur..lt is al.go,particul.arl,y convenjent if_.the
trangposon or transggébn- Isglﬁ%t“@ @h’é’ﬂ!"@%ﬂ'@%‘f‘?ﬁ“e‘&}“aﬁdé%’é‘ﬂf&‘%?wﬁ s
mai nt ai ned epi sqRRMarkér &d&@ﬁce@dsasjilgblﬁéﬂtinf%fept@?. chronosone) in the

m croorgani smused in the nethod of the first aspect of the invention when
ina first given condition whereas, upon changing that condition to a

d gi itiagn, t ' . t.b i ntai ned itti th
el oot on 0% cbnds. i wieihed BrEAeRaLRE SRRtHoT 1o Br G b B R Miffont has
under gone a trar}‘gg@&fdté@gc@/@mbr&mﬁwm iMeiemiirdAmeht. i Nt egrates at random

along with its unique tag, 1nto the genone of the m croorganismused in the
met hod. This particularly conveni ent enbodi ment i s advantageous because,
once a mcroorgapismcarrving the episomal vectar is made, then ch time
the transpositi dg "é'\‘?é‘?ﬂrg?'g's@g:laﬂgl"gdﬁfao'}“ eri‘ﬁdﬁ‘]@%’ “b‘g}“’&'i?gh’&ﬂpfga'}dﬁgls

condi tion of 't hauiguii AaF PARIcEIr (e ahd Wlr BrodubRIARM el AiBrdorgaiSin 01 ven
condition to a second given condition, the transposon can intedrate at a

di fferent si2Se itn adapt genangartiéulahenwironmentganFemexafhple, ionerden fonst er

coll ection of mcroorgani sns are, nade,, each nber .of which contains a

Ui que tag sequATRIPEEG MIFTPLEABISHY GHEBAS A PANGEERS harteRUmcr DRSS | ed on
t he epi somal ve (FeK fo i ik d i e used
repeatedly to gg}{gglé%g()(s%o%gf]lltgiggit ﬂﬁ%ﬁ%%%%fggggggIrﬁgrgg%ﬁuééﬁgfg?g%%om

i nsertional nut astrequisslc hThis.vihiaprefarnédembodinttint HE theninvemipnsegerenol (i e
unique within the pool). This enbodinent is particularly useful because (a)
it reduces the rRifMIROEGMISEyWMdLHawIhe RIGToATeanismE e aﬂé&dpﬁé&r&‘@'l%ner ate
the pluralityy (" " .d mutated 5 m croorganisns in step
(1) of the r%)t ho%?’ grqﬁ‘e?g)jg {‘ggﬂ%&ggg%%lt different tags need only be the
same as the nunmber of mcroorganisns in the plurality of m croorganisns in
step ( 1) of the method. Point (a) nakes the nethod easier to use in
organi sns for which transposon nutagenesis is nore difficult to perform
(for exanple, Staphylococcus aureus) and point 10 (b) nmeans that tag
sequences with particularly good hybridisation characteristics can be
selected therefore making quality control easier. As is described in mare
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In a particularly preferred enbodi ment the first given condition is a first
particul ar tenperature or tenperature range such as 25C to 32C, nopst

pref erably about 30C and the second given condition is a second 20
particul ar tenperature or tenperature range such as 35C to 45C, nopst
preferably 42C. In further preferred enbodinments the first given condition
is the pre¥@2L8k an antibiotic, such as streptonycin, EBASI028E on g
given condition is the absence of the said antibiotic; or the first given
condition is the absence of an antibiotiSc and the second given 25 condition
is the presence of the said antibiotic. Transposons suitable for

i nt egration i nConveméenglyn e pastic@lan envirgamentds adifferensiatedcmyltisetini@r Tnl O and

of ' G am posi t 1 FEABS SeR s BRnce” AbED Dear backei b Fifi ol Badwlf o Scoa
thereof . Transpompts phid 'adl| ey ¥reSHBIERS dufVive WiMiAGAS Phink AFTe4a895! ~0287s

11 use with Staphyl ococcus auré€us include Tn917 (Cheung et al ( 1992) Proc.
Nat| . Acad. SodisedsiShe&fyse@fahe priasbiceaoiianth&xpeysiorbfromevirulen¢d génes. | nf ect .

| mun. 59, 100 -.'1a8§c4).. 51t i,s aréi cul ar | .greferr.ed if the tr n?posons
have i he propeVHibIE Shicraprentigny Wher g iRANCHIE epvisamment & 4 pRAEC, )
1990) J. Bactigktu@k-tha 7 i S

'Eenpea atureiigelﬁ‘g:lluta thgév%gg%?ﬁggziﬁygergﬁgﬁ@gfﬁnlﬁig g:ﬁgfog'{nsaTu 01“5?37) J.
Bacteriol . 16Ygall§22patiedlarlylCinl tgrapeé;] Bewinipr esiyldvada;t hBseudonionagh

transposons are conveni ent for inserfipnally inactivatin ene, any ot her
known net hod, ¢fanacesizen sdeh Gpusesiwilk Heary _rr@nswfuéae}gé?ﬁ?m 4 t her
conveni ent et okmBlosaRaf Wiid Bddsks URBEL! i Bdahg. Xa&%ﬁwnﬁﬁk{zfnwglr’ﬂtﬁf' y in
certain bacteria such as Streptococcus, 1S using Insertion- I cation

mut agenesild symk. adrt iichl Tadsesceanker in rTitves fnden and mcludeOthe) fuhgBact er | ol
159, 870 with respect to $. pneunopni ae. The, general nethod may al,so be

g
appl i ed to ot HYASHARITHe:aTEservich eayseerige blastdisease; fusapigm sRrhgyhich
i nsertional | ops, akLe. Crea by: st oL i,0 Si : ragnents
or plasm ds glagrara%/él ng tv%égwt é’gsb&g'ﬁd¥'s%£rsg%er%'g%?'bsgmg'bt g%{%r ers
encodi ng, for gdaeopbrodes Cadurinnnoicds)graminis whidh cdusgtooald crowsee Snith
et al ( 1994) Infect. Imunol. 62) 5247-5254). Random single integration
of DNA fragmerfliscasesinseraplsandrasasses: Glamus spp+ baccariaspp- ihepiesphaeria of

Ye
filamento f i i i CL i Q0. i.aled i raii.on (REMI;
Schiest| 8 pertd "(""E@gpip‘j'&‘? E%Fréé’?”’gﬁg’( Wé%ﬁ?f’%?%é%maﬁﬁ%ﬁg ‘g’g’r USA 91,
12649- 12653) avértikilium-alPodthive 'afid V) Sahlia® " dild Myédsphaarella riiidola dne for a
fungus is described in Schiestl & Petes ( 1994) incorporated herein by
ref erence, and¥i filentie) Asdlesgribagiiarmens. detaibbelow, yherghemicrearganismy
ri bosonmal DNA ;i 79s I (5,12 Random i ntegration
of the transpo'l'ggn%ggﬁgo?ﬁgpwﬁé%q%e'#c@%ﬁ% ﬁ%g'lza ‘ion of a plurality of
i ndependent|y nutated m croorgani sns wherein a different gene is
insertionally inactivated in each nutant and each mutant contains, a
di ffer ent 4far Kaimilagky, apany. micrporgapisgsyingludingcbacterise fungis protozea and s arr ayed

m cr or gant sm U BROEESHE Rng Ppha s tATnIE necf OBy Rulndl nchlig, ™' o™
i ndi vi dual nmutiypandl SROHVARBF HE HPBorpANSAT Withint the ahithdllanBNhe abidity t he cl one

is used) is 10 stored. Conveniently, this is done by renoving a sanple of
t he mi cr oor garffdhe mieraorganismde causerdisatise is duspint largegpart toothe presenioe| ei ¢ aci d

Py sat on TR OGPk in TVRGEL AR, Sl BB R, L
Thus, a resl i cBordbtellaspp OpiictRriyfB.teruseils] €dmpylobatiek s;gq.qjamliaﬂarlﬁ i s nade.
Pool s of the microorganisms fromthe welled nmicrotitre dish are nade and

DNA i s extract@diej@tii Clamadiugn sprepasticwlan v Cydotnlsun, Frgerasereus sppi ners t hat
anneal to the co n," " f.lanking the "tags" and,.ths. | ifli 20 DNA is
| abel | ed) for ng%?%cajzg.ﬁsckﬁgdﬂqB%aaglbcfulqr EF@’i eﬂ?@é’%{qﬁ pr obe
the DNA storedghr O BRGRriyNH. v igdali W, Lntkemde dHAicoBARERDR,

hybri di sati on .B’Et?‘?rn ?oflyt he rep’lagrwcas of tt{eﬂwel led m gr otitr e%gi shes.
This is a cheglrtihdarlgath pflorheKiabdiellndepp. pacticudariyank s pmedmogiaei n f act)
contain a rker ,sequence and that_ the nmarker sequence can.b 5 anplified
and | abel Iibg qgmezlﬁtqpy.- PRy "b‘fL-tP'éﬁﬁ’é’WE‘Hﬂ id:ff%'fﬂ @%Pé"fﬁ&'gg%x & i ntroduce
into the particular environment. Conveniently, 96-well mcrotitre dishes
are used and the pool contains 96 transposon nutants. However, the | ower

limt for the 30 pool is two nutants: there is no theoretical upper limt
to the size of the WD 961179s1 PCTI GB9sl 02875 13



pool but, as discussed below, the upper Iimt may be determned in rel ation
to the environment into which the nutants are introduced. Once the

m croorgani snms are introduced into the said particular 5 environnent those
m croorgani sns which are ably to do so are allowed to grow in the
environnment. The |length of tinme the mcroorganisns are left_in the

envi ronment VP ni ned by the nature of the m croorgani FOTAGRISPIFES
environnment. After a suitable length of time, the m croorgani sns are
recovered fromthe environment, DNA is eracted and the DNA is used 10 as
a tenplate for a PCR using priners that anneal to the "arms" flanking the
"tags" . The PCriopoaxegenessMyspbaateriumispp. paatieplaslyM. smegmagisandsMused t o

probe the DNA stgred.fr.omgach indi vidyal. Nty repl] fr e welled
mcrotitre di Sh_}'&g{‘gﬂ%‘d-‘-[)@&#é‘ﬁ %éjﬁt i Hﬁi‘&%‘&cﬁvhﬁaﬁggﬁegﬁnyw;r not at
all with the prpleRin@fnas aPeildbmonas . Pidtlatly Ped abr@inoka, Shmonella

m cr oor gani sns recovered from environnent. These non-hybri di si ng DNAs

correspond to nspmnt Shigellg e spplaptSeaphylococcush sppar paxtichlarlyenSi raurensat has
been attenuated by insertion of .tﬂgﬂs’r ns sonaﬁr ot her equence. 20 In

a particul arty DVERBFOREHS SRBORATHEWAMY e PYGEGHES ad pleyoniae, VIRP SRR (| ¢,

| abel conpared " { . fihEselYal iSadeh abl y
designed to conthﬁoltli %’Qﬁg{t& g&?ﬁﬁgi‘@ﬂ?ér%gi ta’{}go t he' zdlgfel?{:ﬁ:glﬂfée:%l%gl eoti de
is dCTP and, i nint mas andalsp thereare snignal miidslsanfahe diseser cBius, when these

incorporated in_each "arm' but, a greater nugber of radiolabelled C 25

resi dues are i nBHd? AT “i"ﬁ"FPt'l‘Fet ?a‘@c.&ofit OFIS) ré'?vé’}“ﬁgﬁ’ i'ﬁet H@'%cl"éﬁ has at
| east ten-fold : lse r ~ n; f

twentyf ol d or  nerdroriifis sz Shfl heyf it ifecurefin wHEE B Sl 1
"arnms" can b@ rdiseased Foroexdnusle, When'Salmonellaxyphimuzirneis esedrtodnfechaenzyne,

a site for which may be incorporated,in the,griner design.. 30 WD 93 17951
PCTI GB95| 02875 MPUs& the; mpusedaye @eqlsessmﬁv&mra?wwﬂﬁsﬁcgmeda ment

of the inventi Ofjas; ] j ) i ani sm
and the parti curegfﬁle%??’oﬁ@r’f?b?é&%ggﬁﬁng}#&?gaftﬁ{agag@nﬂggl ment 8“'Ets e size
of the pool of farmmatioa inmiceAlbad er nl (99hy Irfectmithmus. 52t H008-H@d)land (a) t he
5 nunber of cells_ of each t ant _t hat i kel iye | he. ani mal
(assuning a vi rav@%@?éré%%ts F%@@%‘%ﬁ&&%&éﬂ%ﬁyﬁé %bf'qr}hélﬂdot al

i nocul um of 14 hegji g@@_gigﬁni sm |If the nunber in (a) is too |low then false

positive results may arise and if the nunber in (b) is too high then the
ani mal may di e before enough nutants have had a chance to growin the 10

desired way. The nunber of cells in (a) can be determi ned for  eac

m croor gani sm ugléél TeAWir tLF's‘" ﬁ%‘@\“éPéElé‘eﬁﬁ\r‘]@wﬂ%mfﬁ“%?'@p&‘%?@'ﬂgﬁI y nore
than 100. The n I ; t ; } o] jyito a
single 15 animal 1Is n[t)?é?gngtfgl?ﬂgﬁu%gﬁgg%v%‘rqg tl%%g')iv@glm/ée}ﬂ' eﬁﬁ??qg but 100.
It is preferredaiDNAhaediatedliniegrativie uransformation systere éslavidlableadnds whand it is

preferably s gells) although the size of the inpcyl um my be ri.ed above
or bel ow th%@ a creganImyy W"EWW%&‘BOF%W%#&M“P aldﬁp*al".f 20 In a

particul arly Comeeﬂﬁﬁ?ﬁ d1%daB0 s AailaIEY! Siitdle ¥0Sgil SathoRMic 90 hidnfingg 1000
cells each of 100 different nmutants for a single aninmal) It will be
appreci at ed t haindudetdertminsspergilian spmr(foredxample Scfiunggatus)y Gypoeoccld 0

mut ants conpared to prior art nefhods which reqyir t l.east 100 animals 25
to screen 10(1 afthans EPP}aF’T’ai‘gpi‘dﬁMi Fa"flba'lenmeéﬂ‘%m! e

animals with th f @n.f?sa : i :

i nvestigated (oﬁ“e’%g&&f@%‘f@gﬂ% C ec?ﬂtigﬁ?}a |da‘l§| |{ttt§/‘;e\g?a'§ﬁdg"4r%§?ﬂod),

whi | st the i rdystemkapd avdilabléofurkthein. Zoxdidasand mayedso be lusedyelicimglast i | |
provi des a greater than 30-fold saving in the . WO 9d 172@1 PCTI GB95I Qz875
15 nunber of anPside witya haploid phaseyBinfigaItediiony oBactena have achapkaid ng

i ntroduced into woqnéami mal and the m croorgani sns being recovered nmay vary
wth the m crooFganl Sm5 and ani mal used. For exanple, when the animal is a
nouse and the mcroorganismis Sal nonella typhimurium the time between

i nocul ation and recovery is about three days. i . ) .
Animal models of human disease are often available in which the animal

30 is a mouse. rat, rabbit. dog or monkey. It is preferred if the animal is a



I n one enbodi nent of the invention m croorganisns are retrieved fromthe 10
environnent in step (5) at a site renote fromthe site of introduction in
step (4), so that the virulence genes being investigated include those
involved in the spread of the m croorgani smbetween the two sites. For

exanple, in a Rl ant the m croorganismmay be introduced in a lesion 15 in
the stem oVOMAPAL site on a I eaf and the m Croorgani sm r EEVEBYAH om

another site on the | eaf where a disease_state is indicated. In the case of
an animal, the mcroorgani smmnay be int rdduced oral | y, intraperitoneally,

| ntex nal o1 gan iR AGru o es detepied B eat of e Srasign gz
virul ence genegnidithoddl o a MinfindiscablhR iy Ve 1REG thbRRnELERL' | od. DY

i ntraperitoneal adninistration as sone genes “nay equi to establish

infection by odetermidecthewiruleiceof theeniotdoeganish insmgm.eferred if Sal nonel | a
is introduced intraperitoneally. 25 O her preferred environnments which may
be used to identify virulence genes are animal cells in culture

ticul js i | s | |t )
(per e orby. ARSARIN el RidBHlegfcHdr Led o BbRbubl it bR o1l (1 e
al so conpl enentnventions caref M%gﬂ%@‘“‘@gﬁmﬁ Iogggghﬂoawmgasambm,case may

be, as the environnent. WO 961 1 516 It is also
preferred if tSgrepiogpecisnepueumoniagar EnteroeassusinifaeqalisodPseydamonasa gi ven

host -parasite interaction ,a number. of different environnents are possible)
i ncl udi ng di ffgfémn%ﬁgﬂ@s'{‘yﬁﬁgi?fj -gfﬂ'g, hd parts thereof such as the
Peyer's patch. 5 The nunber of individual mcroorganisns (ie cells)
recovered fromthe environment should be at |east twice, preferably at

| east ten 19ned) praferred cotbodiment of ahe inivention ksenom deseribed. di f f erent nutants

i ntroduced into the environnment. For exanple) when an animal is inocul ated
with 100 10 different nutants around 10, 000 i ndividual m croorgani snms

houl d b tri id B&bri i ' i d
shou e retrigygsdertid E%bgﬁ%&?ﬁ%qx%ﬁ@r%&&méﬁ HadBas fenewer re

enbodi nent conprises the ste enovi ng auxotrophs fromthe
plurality of mdt samplex peblcefddauble steanded) DNy s¢qhiancelEtagsriisigageratedt her t he

t ant I ted J t ) t h: 20 th (1A 6A). It
s Gesi rabl e ¢ 4siag. eyt Bhudd sEneHs B Sfdhumerssd shin reheddn BRCRE o om
whi ch requil§es BacR BNAS aag®his B YniqiRaegiery dfiRtwdenthbonp20 @ind B0 B

prototrophs) and a nutant m croorgani smwherein a gene all ow ng the

m cr oor gani sm Ppeefarably abouta0kp which iaflapked byisons” pEabousdbite )
Co i tly, thi i t t 1 d ft t 6).
b of or abl'y. L BRATETARLY PG Z20n are are fashimbn B0 Al <Fdes] L Bl fmbdraft 2o
identified. WP fPihe/ %#JBGIéqGBR&l@;%ZEﬁch%San@wdl_aaigl@emnuefrs thst

c

invention provides a nmethod of identifying a gene whi allows a
ni cr oor gani sm e¥ampkept>t $0%) mfr unigue asequendes otombat genematedeby oxandompr i si ng

t he met hod,Qf t first.aspe of ,the invention, foll owed.by t.he di ti onal
step: 5 (7}6i sgpg??%c?t}% F’H@@?‘?ﬁ BHQI“Pw?%QﬂngQt Q@O"&e & Eﬂ’*‘ﬂgp? ‘ﬁﬂereof
fromthe secondary structures which may interfere with a PCR. Similarly, the

length of the arms should be sufficient to allow efficient priming of

oligonucleotides in a PCR.

25 It is well known that the sequence at the 5' end of the oligonucleotide

need not match the target sequence to be amplified.

It is usual that the PCR primers do not contain any complementary
structures with each other longer than 2 bases, especially at their 3’ ends,

30 as this feature may promote the formation of an artifactual product called



i ndi vi dual nmutant selected in step (6). Methods for isolating a gene
containing a unique marker are well known 10 in the art of nvol ecul ar

bi ol ogy. A further preferred enbodi ment conprises the further additional
step: (8) isolating froma wld-type m croorgani smthe corresponding w ldl5
type gene usj insertionally-inactivated gene isol atedd 7) or
part thereoﬁggagbgrobe. Met hods for gene probing are well q,lgr{&mn%b%"{ he art
of nol ecul ar biol ogy. 20 Ml ecul ar bi ol og'écal nmet hods suitable for use in
the practice of the present invention are®disclosed in Sanbrook et al

1989) i ted herein,b f . Wen th ' ' [
I cr obr gani <m pa PRI AEISFD: PINGR B GAR S e, B @rEners 100HEE) URSG gene

and a transposo « i i&‘qgg éﬁ%ﬁdﬁﬁeﬁ ) it is
conveni ent for ?Qﬂéi ?ui enceﬁ'gleatrtlgsé%ﬁ%%’ C nljgﬁel‘by |s§est|%l§]§ea%gl%ﬁc DNA
fromthe indivi duplexnprodoct caled Cpeitherdimerh (b} with a restriction enzyne

whi ch cuts outside the transposon, ligating size-fractionated DNA
containing the transposon into 30 a plasm d, and, selecting plasmd

recomnbi nant sgon i ﬁﬂﬁc’t. I Qt. %gw <5 18
resi stance cgnf éyr&gnﬁgéé@ﬁg&trans%gg%ﬁggawggﬁy?ﬁé‘cgﬂgm : e

m cr oor gani sm gRCR; a 40MNG0 ZBdG & ebnient isheften accopmmendedsfos dagtie priatkrsisi ng t wo
pri mers whi ch anneal L‘;) the term_nal regi ons_of thE:FéLra sposon, and two
primers whi ch affiBuno kongestretehes RF apy,pye ‘Fﬂ@e?nl‘eﬂﬂfé meying Mpsratyees i g
The sequences SuUpj . . . kne i f the
trans pgs on has nl%ﬁ]tcgrsruﬁ’ g?lé'g&?ﬁﬁ r$ tg\f/%;%ﬁ Iq%ﬁg éﬁ%gAe ﬁ%ﬁ%ﬁggnbfc}gﬁ@% %I{démn%| Y,
sequence obt ai nefteR)predics thaetalgiver prigemshouid ampealratta peeifcwmpaeaerepr esent

in the publicly avail able databases such as . and nBank. Finally, if
the int envptlﬁd SE At the 781 6p £Xtension tamaparatuge Wﬁiﬁ@@%@ cprameg/iamplaten o

mutation is tra r e L.C : hage
P22 modi at ot SYRRGAT BafeElyy [ fh BERGRCET WRZRIBAAN IR, mbfd, oFKENTH b B P2
mut ant strain i PCRpesdEss eithnt genefillly prediche by sinple M Wdabalatigmsnot ype is due

to the transposition event and not a secondary mutation. 15 The nunber of
i ndi vidual nmutants screened in order to detect all of the virul ence genes

in a mcroorgani f 04t t he
m croor gani sm @M‘?ﬁ%ﬂ%‘%%@ﬁ%ﬁ hat @5@8“@00?‘5&@3&@“ 8'{“
Sal monel | af tlﬁphib:mlﬁ'ghmthﬁeﬁrd\xdﬁt&ﬁ R?MAAgbdlymerade_ o dwﬂlaweta\?;]i?itﬁﬂ?] thee
majority of virylence genes erfeas for, IIlus spp,, I ¢ as a
RAFOSG Fegiein. <9, Primek sriensiomBe1 eurdlusingthe apnealig dtep

| ar ger genone t
Appr oxi mat el y 4% af ty] : phi j to be
required for vi @?éﬁ%g%g&ﬁgn‘%ﬁh&ﬁg%r)th%%w éﬂlgi%?fo ?glge, b{iﬁ%ﬂ;.&re

t yphi mur i um geneemalcinn¢anvesticnab (symeretri) PO @nd; typicatlye withie §.1-20 However ,
t he nethods of the invention provide a faster, nore convenient and nuch
more practicabl #¥dah&-to i dentifying virulence genes. A third aspect of
the inventigg provides a mcroorgani smobtained using the nethod of the
first aspect of the invention. a0 WO 961 17951 PGTI GB95I OZ875 19 Such

m croor gani sns dhe titags’Ulard digated cantchetratepesdanher fraospsoy-liké elemertteiong

adapted to surviyve in a particular environnment. In a preferred enbodi nent,

a pat hogeni ¢ ni {PEBr Jheii S¥Flelc nafld o SOPPESING, & UNIARe, INATKER, §EAMENES-gani sm

(environnment) a I R hGTQO ! t saar t nic to
animals, parti c%&*glehgghEﬁ?raﬁ%@gégtéﬁPgr yahuma'gg,‘%tcﬁg %Ebg\n%s

obt ai ned by t he maihta@ibdods & ptashiid éntal tielpey drganismd but whislaiscioseaftemhe

mut ant is ayirul ent} and therefore expected to be %?i Lab,l e for

adni ni strat i%en tENatep40 ther migrporganism afpthe, ieghedy of ghe dngentiogeniBorand gi ve
rise to a protecti ' R . r : ogdi.ment the
pat hogenic m cr f)\e})drﬁg@lrﬁrs%y no?lg)glggg{éégrsfd oniggrl{ﬁui\{/é@iﬁh og%s{ﬁég?%g:gpsﬁl]e

obtai ned by the meidsrgsnioh éfhthel Megdti @By besSalp@dntlednd pheftanafelishy the
introduction of a suitable DNA 15 sequence, to express an antigenic epitope
from anot her patoeaiygal transfer.nydthonghl the rapsRogemicambe dost after kansfevaidci ne f or

that other path n. A fo e i Rt i on pProvi .

i er oor gani om cduopeftiey af fillsaE Rgftreds s SEansMER B R R AR I leh e hoo
of the second asmegi-atésf att FRdER, IalorRNivitrits dAidge t&d,LiIARMIGR EdtoniB 6f By gani sm
of the third aspect of the'invention is useful, it is preferred if a

mutation is specifically introduced into the identified gene. In a
preferred enbodi nent, particularly when the 25 mcroorganismis to be used
in a vaccine, the mutation in the gene is a deletion ar a franeshift

mut ati on or any other nutation which is substantially incapable of
reverting. Such gene-specific nutations can be made using standard
procedures such as introducing into the m croorganisma copy of the mutant

B o



30 (such as a piasmd or viral genone) and relying on honol ogous WO
96117951 PCT/ GH93101 87s 20 reconbination to introduce the nutation into the
copy of the gene in the genonme of the mcroorganism Fifth and sixth
aspects of the invention provide a suitable mcroorganism5 for use in a
vacci ne and a vacci ne conprising a suitable mcroorgani smand a

phar maceutW@a§ I8 khccept abl e carrier. The suitabl e m croorffHFRENEIS ¢ he

af orenenti oned avirulent nutant. 10 Active imunisation of the patient is
preferred. In this approach) one or nor& nutant mnicroorganisns are prepared
in an i nmunogeni c formul ati on contai ning suitable adjuvants and carriers
and adni ni st ermitroargahisnpuseddnithe methodwrit wamost [Beferedd if theijransposen i ncl ude

F d' | et i | et dj t, | di tid the "I "
of EP 100 o4z)orteansgosarmiike slemeat een be seleeted. Ko snamfify i Bk 8¢ € aponi n)
DEAE- dext r an, fw%h@izaqiﬂa%ﬁm%mﬁ%yﬂa‘%@sﬁmiﬁﬂm goft as

arachis oil), 11 poson®gs, nic po S or e R bl adjuvant system (see,
for exanpl e Gond-éxcofjagints are setatedoon méedium corfaigingtkaneohy€imadie isalsd. The
patient to _be imupised is a patient requiring to be protected fromthe

di sease Zoggaﬁgggi}ytq Femplement AR auXQLRO ct"H’é'g?ﬁ H@‘Gr‘%ﬁ‘lﬂ%"e yith

af orenmenti one e i |m' J q'&nm fqp:oul ati on

t her eof may bceja ggl'r?l{lwl@t Pgé&?)l%ogny %gﬁ\?eﬁhﬁgﬁgg Gn%ﬁﬁ% mgﬁfgi r_llgﬁgortjal and
parent eral ( egmethbdds pastivutarhy convenientsheh fungiiang @sed imthe2nethbd. t r eat ment
may consist of a single dose or a plurality of doses over a period of tine.
Whilst it is possible for an avirulent m croorganismof the invention to be
adm ni stered kot ¢haS [ déri ﬁm& ical 30
formul ati on) ta%lgg?ﬁ%l? %ct%&ﬁoﬁgﬁgﬁa%rﬁé&a@ﬁg?ﬁﬁ 5est ggtrsr ?%?éslﬁ eQ'(l:'éar riers)
w0 96117930 PGhhicBSpddits8as the racigierdtemicroorganisinl,e bthenwiseensenamloni bei ng
conpati ble with the, avirul ent m croorgani smof the invention and not

del et eri ous tdMEBEALUILEYENE MAY (O¢EYTa0f . Typically, the carriers will be
water or saline which will be sterile and pyrogen free. , 51t wll be
appreci ated that the vaccine of the invention) depending on its

m croor gani smle dspelse particdarlp eodsadient ifnthehgraispesals onf trimspesortike ci ne and
veterinary nedicine., 10 Di seases caused hy mi,croorgani snms are known in many
ani mal s, such elemepinisqarded ap fayectorTwhich g cnaiatained apisomailyetie inghas when

containin n }.;hgp i i ] a5k I I i rul ent
bacteri quSZr usé?ﬂ{c %Snn‘%#rwtﬁa ‘s.'o%l?{](%%or eilg%rdppgwclc!gy\gl,%s é@%) pi gs)
horses, dogs dofudt aspest ofishe invenion velien iaadfirsagivehicohdition wheréasy apoducks and
geese. 15 Seveﬁgh and_ei ghth aspects of, the invgntion provide afglwgene
obt ai ned by t Hkhapgingdhabeondition; ka8 second given gonditin,; the SPISORE canpmdt o

pol ypepti de e : : - ! 1 regi ons
of DA that ooar RiniREd Beblminkis A spRER ofPcly WRTAS ulfipbsblbr L3R cuch
as regi ons of todpbwmi-likegemehechdsuadagonea transpositioneivent throughdvhiélor somne
m croor ganj sns) ,spli ci ng‘ of RNA. Thus, the gene ingcl ud@f}agr onoters,
transcri ptddn it ARBEFUAsHITandom o along with #s Mgique Jagninge t HRe some

organi sns i ntr@ne microorganism used in the method. This particularly convenient
embodiment is advantageous because, once a microorganism carrying the

episomal vector is made, then each time the transposition event is selected

for or induced by changing the condition of the microorganism (or a clone

25 thereof) from a first given condition to a second given condition, the

transposon can integrate at a different site in the genome of the

microorganism. Thus, once a master collection of microorganisms are

made, each member of which contains a unique tag sequence in the

transposon or transposon-like element carried on the episomal vector

30 (when in the first given condition). it can be used repeatedly to generate



25 and splice recognition sites. Typically) sequence information of the

i nactivated gene obtained in step 7 is derived. Conveniently, sequences
close to the ends of the transposon are used as the hybridisation site of a
sequencing prinmer. The derived 30 sequence or a DNA restriction fragnent

adj acent to the inactivated gene WO 961 17951 PCTI GH95102875 22 itself is
used to makeWQM8%4 di sation probe with which to identify, BfFHs88H e from
a wld-type organism the corresponding wild type gene. It is preferred if
the hybridisation probing is done under sk ingent 5 conditions to ensure

that the gene, and not a relative, is obtained. By "stringent" we nean that
the gene hybri dipsets efsandam psspionshmutants egethel which epawinsiadiffersnt tagnenbr ane

and the probe (whj i j 5> 0 I j ik isin

sol uti on and th\é&b%ﬁi@g@@%g@ ‘Hy‘g? ipf?u%@édqgfso%g%@ﬁ‘%é‘ls%ehﬁﬁ%h@‘i’l x SSC

at 65 C for 10 niseful 58€ausé (4).if FedcdDthbiaiGitRr QA% chinblexity tof ahanipiatdrmsr r ed

pr obe sequences for, cl oning Sal nonella_virul enceioge,nes are shown in Figures
[

5 and 6 and desdequieed ito genarate dhe plusality, (3peelr} iof indepepdgntly aputated

Flgures 5 and. 6 OBty il MR ECoBP Byt R T9) e muply SFGRIESAT (e
are those cont aigggdn¥éd Bhly berthetsahRagd e niimder oF mivrédrgafiishnNinathieed

wi thin) the sequences shown in Figures 11 and 12 and whi ch have been
identified by tpunalityhefomisgroonganismsim step{ heefithe methnd. | Peint(a) makesthe
sequences shown in, Fiqures 11 and 12 are part cluster from

Sal nonel | a typhi%ﬂp?éj%?m &%ufc Hh%g PLAMSe Tv‘?’?@f'e‘ﬁ%'gsgsgjﬂgmg%g?‘é?s V4 (vee) .
The position of héRMEMMBANCIPRIH (EoSeanile, Stupmilscbcels direhi)mndiistequence,
and these transposon insertions inactivate a virulence determnant of the
organi sm AdOi s (b} smeansedhatotag fsequenche| with particularlyagopd uhybridisationanpl e 4,
when the nethod of the. second aspect. of the inventi [ sed to identify
virul ence genes ﬁraggnr}%ﬁ%?qngbet %‘ﬁ?ﬂjﬁfﬁ re ﬂ?“gﬂ“@ﬂﬁ cﬁﬁ@?le _'°5'c'
insertions (and i descefRl Gn IRGRSdetslE BeloW, @He “Pb61” 3izeC{sUsonVERiendly aBout
relatively smal Izlggart of the genone. This region. VGC2) WO 96/ 1795l

PCTI GH95| 02875 coh 280 nindependent}y-mutatad emigserrganinme hands stherefernei thed bel ow,
formpart of the_jnvention. The.gene isolated by.t t had of the

i nvention can bé"%&ﬂr ifggtaoq Hpgx%og{ﬁapgfﬁsels ggyé/ra%rmsy_ H%?Hsm %"ﬁ&'gls’ﬁe ( DNA)
may be used ji5n a%cwéniqm@ﬁ,tmctﬂa{@gpm techni ques, appropriately nodified in

vi ew of the teachings contained herein, to construct an expression vector)
which is then used to transform an appropriate host cell for the expression

Those di sol osed i REHBRRMRHRHEARA gt RE ArBl gy SOhdifH 1 818, ! V9
Rutter et al, 4,padicudsiltehperierest dtipyral@@rahge Wohs&sBSTC b 3B ,8M0sti ssued

15 April 1986 to Crowl ) 4,677 063 issued 30 June 1987 to Mark et al)
4,678, 751 i ssuedrefenably abwgy 305 Coaaddthe) sesondagiven canditan 35 Nosesasdr 1987

to Itak .4 710 ' o4, , 006
i gs ueg lirza\] ?Ibyaﬁgnicd%{'{ &Eﬁlﬁf)%ﬁgj rglrt; %pgfﬁ'gg;}gﬁg%g%?‘o#?mﬁogés {‘g ‘ﬁgéust 1988
to Goeddel et a?remhbfly AL (E6481h Surther préferrell dMBAditmentst Mk dirst @ivenof whi ch
are incorporated herein bﬁ/‘br ef erence. The DNA encodi ng the pol ypeptide

constituting th&opditigplndhe prasprcecef ameantibiptie, sueh asestieptatexrinoand thede

vari ety of other seguenc faor dn td .00 s anpr i host .
The conpani on DN v %ﬁgﬂgﬁﬁ’[}&ﬁ t{)%éﬁ%g?%rog(@ef %‘Jf]heanﬁglsot%,%’ toﬁgﬁhmer of
the introducti orgivdn cORdIEDI ik the db3endeosf anadlibibies Grd theiszooml giwnnt enance

or integration is desired. . L
condition is the presence of the said antibiotic.

Transposons suitable for integration into the genome of Gram negative
bacteria include Tn5, Tnl0 and derivatives thereof. Transposons suitable
for integration into the genome of Gram positive bacteria include Tn916

30  and derivatives or analogues thereof. Transposons particularly suited for



25 Generally, the DNA is inserted into an expression vector, such as a
plasm d) in proper orientation and correct reading frame for expression. |If
necessary) the DNA may be linked to the appropriate transcriptional and
transl ational regulatory control nucl eotide sequences recogni sed by the
desired host) although such controls are generally available in the 30
expressi orWQ8¢17851 The vector is then introduced into thePFISBISORETSUgh WO
961 17951 PCTI GB9510s875 24 standard techni ques. Generally, not all of the
hosts will be transformed by the vector llTherefore, it will be necessary to

select for transfornmed host cells. One selection technique involves

i ncor por ati ng use withtStaphyocesaisauraesinciude TR (Eheungaes al (§992) £nge.necessary
control el enen 5 that_,co r | ect ab it,.dn the,t f or med
cell) such as m’i M@Efcgcf'ez'ﬁétéﬁcé%ﬁféén%‘i &é‘b;é‘m “sgéhgli{i uch

sel ectabl e trai '"%1[10 a 1 ector, which is used to co-transform
the desired hoé’%feggpl. s%?’ gg? gb% at have been transforned by the

reconbi nant DNA of the 10 invention are then cultured for a sufficient tine

and under appropriate conditigns kno to thoSe skilled in the art in view
of the teachi néfsISHPAHE MH&B’H‘H ‘?dﬁgéﬁaﬂﬁﬂospﬂ%hé%p&gﬁ'%“ﬁﬂs ?fﬁ e

pol ypepti de, { . r@ﬂn- ERS BB Y ne are
known, i ncl ud%gm?gv%g@ f@%cé%}%?e .ll%otwgg%;{'i P?E%ﬁgﬁbﬁ ’i's),
yeasts (for ex3%p8-3784cahd rapencanied bycw itamperajuréistusitivd vactof sagh asf or
exanpl e Aspergillus), plant cells.  animal cells d jnsect cells. 20 The
vectors incl udBEégﬂ)%%kﬁﬂ!P&ﬂece‘roérﬂ%?ar{- %qfwoisleﬂe“@r%%%fi , for
propagation in a prokaryote, even if the vector is to be used for
expression in other, non-prokaryotic, cell types. The vectors can al so

i ncl ude anl@ppiowiilabe #pretiaed thde lhough RFRISPosONs| frep convEnient Cfapabl e of
directing the expression (transcription and _translation) of the genes in a

bacterial 25 hifgertianally ingetivatiogr gees.i any: PUWE tkapwaamethode gre methedpr onot er
IS an expressi ﬁgvc.f@% grlséh%;ﬁg@@tm&g%m&y A B%&%BH-?@?&J@@&M%W ts

bi ndi ng of RNA"poO transcriptron to occur. Pronoter sequences

conpati bl e wi t inserisrallgriviadibatifg iacgenep patticatarlySih tarpiin datteriarsuehdsd in
pl asm d vectors contai ning convenient restriction sites, wo 9s~j~9si 25
for insertion &freploospcusedsatsingoinseriionduplication MAgenesis such-asdhato~s

avai | abl 6 13 ontereibed Mool LA A firgra 185, &g VA vaBedd 0.2
pKK223- 3 avai | SipreutronraehaThHE Ceherdli methodimay blso bBAargpﬁeaytzi @thermanmal i an
cell vector plasmd is pSVL avallable from Pharnacia, Piscataway, NJ, USA

This vector us&icroesgaisms, especiplyhasteria.t o drive expression of cloned
genes, the highest |evel of 10 expression being found in T
anti gen-producing cells, such as COS-1 cells. An exanple of an inducible

manmal i an expr Fop ifengiyRséQionaBmpidtions slesPeA¥dby aahsfotmatioPising®NA. This
vector useg the glucocorticoid-inducible pronpter of the nmouse

. . t nammar y
t unour viré@ meatson Alasmide garmying) thedr'1ags” angds drefesablys selpetableoned

| &t .
deneral 1y aval FkeR et BF Lol EsREREL oA e teoh ool 57 ©
USA. Pl asnm ds pdee4idith BREAT994)0fzet Iniithol 621 324745258 aRanddin| sihgler at i ng

plasm ds (Yl ps) and incorporate the yeast selectable markers H SS, TRPI
LEUZ and URA. . imegration of | fEagmeptsercodingshygremyeisnB resiganceningns theyCps)

genome of filamentous fungi, using restriction enzyme mediated
25 integration (REMI; Schiest] & Petes (1991); Lu et al (1994) Proc. Natl.
Acad. Sci. USA 91, 12649-12653) are known.

A simple insertional mutagenesis technique for a fungus is described in
Schiestl & Petes (1994) incorporated herein by reference. and include, for

30 example. the use of Ty elements and ribosomal DNA in yeast.



A variety of nethods have been devel oped to operably link DNA to 25 vectors
via conpl enentary cohesive termni. For instance, conplenentary hanopol yner
tracts can be added to the DNA segnent to be inserted to the vector DNA
The vector and DNA segment are then joined by hydrogen bonding between the
conpl enent a honopol yneric tails to formreconbi nant DNA nol ecul es. 30

Wwo 9s~i ~9s~ “%B’f‘&?ﬂcs% ~oz~rs Synthetic |inkers contai ni ngPEHEBEYO2S, e
restriction sites provide an alternative nmethod of joining the DNA segnent
to vectors. The DNA segnent, generated by 12endonuel ease restriction

di gestion as described earlier, is treated with bact erl ophage T4 DNA

pol ynerase or E.Random mmganpoqunﬁ\cawsposwhpyrmbm rseqwsepallqwmm ng)

3' -single- strande ter i i,r 3 |t|es) and
fill in recessed® R}"lrﬁf{;'h%thpdmf‘@y @W@?&\?ﬁ@éﬁs ié/

conbi nati on of tikﬁﬁﬁre?ﬁhbﬂé {slifieriibmfiRiRivaRdan dhétbmbtandandedthdnhi 10
segnents. The bl unt-ended segnents are then incubated with a |arge nolar
excess of | i nkercontainsca different matkepsequance. of an enzyne that is able to
catal yze thecligation of blunt-ended DNA nol ecul es, such as bacteri ophage
T4 DNA Iigasé Thus, the products of the reaction are DNA segnents carrying
pol ynmeric |inkerg %i%?ﬂ?rﬁfes%cﬁ‘iniem’éd nfabihts is 'difsRd iR widled shRFEESdRR& t hen
cleaved with the appropriate restriction enzyme and |igated to an
expression vect co thatteablnswelb containga acdiffererit mntaahmmqrgausmr oddNAs

term ni corrpatlble with those.of th e‘alléfc nker s

containing a varCRBASHS the unique; elé‘ﬁdﬁﬁ%ﬁ?‘ifag@“g JBWARG i al 1y

avai l abl e from t | ogi es
e, New Haven) Ty S3RaniSt GRHGAEY by ORI DN TR 0 e R e

pol ypept i de 16f tslnrednv@dmmmnslyt cthiss s tdmepbemmag ahaaamplealft then as

di scl osed by Saikj et 25 a 9&?) Sci ence,. 87-491. In t dthod t he

DNA to be enzyrrdmcé%?rg?mé'i’i‘pfr By mucrphitr tf‘?oim i Pto a; puc cic aci

ol i gonucl eoti de lﬁbh@?sﬁﬁoﬁ"@h%bﬁh@”ﬁﬁéh’% RAEEETRIORCEHF MYIcH ﬁémmﬁﬁbsghe
anplified DNA. The said specific priners may contain ré&striction

endonucl ease redmgngtﬂlonnmromgammbm abralivend Jixing dhe aueleingcidnta the WO

961 17951 27 expression vectors u t hods kn t.he. art

oaT Bo5! a1 85e e Tine. S 2 reiaSe i 6°’§%‘}‘frf’g§\@t‘v‘g¥°dt’ﬂﬁf?%ﬁﬁ‘%‘n It is

prefen~ed ifist hgs wideant has at Ieast 70 ~6 sequence identity, nore

preferably at |least 85 ~ 5 sequence identity, nost preferably at |east 95 ~
sequence identity with the genes i sol at ed by the net hod of the invention.

O course) repl del etions a hser ey toI erated., The
degree of sinil %%0%‘3%\%8?%%@'%% eéieg K “": FIIH %n'Bf‘ﬁFe d.an be
determ ned usi ng)Nh@.sGﬁE}aereagrms DNA h@udéﬂldéfhrt&i‘gel/f&fa PCRcmsg prifiergout er
Goup. 10 Simlarly, variants of proteins encod enes are

i ncl uded. By "vdhatanneal tgethe rromrmien i‘ares’t flanking él@l elﬁgi)némgﬂw auplifiack ut i ons,

Cubstant 1 al 129 1P BB 355 EfarRbR Sl 2P Tod HuC B RERER 1€§%servat. ve
substitutions” it pripeNMeIDNADIGRE oM ehe individud) nAltant VRlprovide.a |,
Asp, Gu; Asn, dn; Ser, Thr; Lys, Arg; and Phe, Tyr. 20 Such varlants may

be made using Errequemqe kyhndxsammhpmw@ffowlm esphicen gf H@eNeHgd anigrotitre

site-directed mut. |s, { C v i Vi a

nmet hod of identi '36%38%% %ﬁfﬁ#%r%fdﬁ%éé‘n?ﬁggl %P P?{kaﬁ#s% d%%?

ni croor gani sm tq:x@tdaptcohﬁuaa%ﬁarﬂtef Sbdiiehed afd) hdt QRETRIAFkErOs¥RLEdeGintie St eps
of selecting a conpound which interferes with the function of (1 ) a gene

obt ai ned by 25he amplifiedl arfd labelied efficiently.

Pools of transposon mutants are made to introduce into the particular
environment. Conveniently, 96-well microtitre dishes are used and the
pool contains 96 transposon mutants. However, the lower limit for the

30 pool is two mutants: there is no theoretical upper limit to the size of the



t he second aspect of the invention or of (2) a polypeptide encoded by such
a gene. 30 Pairw se screens for conpounds which affect the wild type cell
but not a WD 96117951 PG | YGB95J02875 28 cel |l overproduci ng a gene

i sol ated by the nethods of the invention formpart of this aspect of the

i nvention. For exanple, in one enbodinent one cell is a wild type cell and
a second SWV@&F179%k the Sal nonella which is made to overe%’@"&%’% s gene

i sol ated by the nethod of the invention. The viability andl or growth of
each cell in the particular environmentldis determined in the presence of a
conpound to be tested to identify which conpound reduces the viability or
growt h of the papl dut,ype dissussedubelowt theaipper limiy cvay hecdeterminedeinsai d gene.

10 It is preferyed if the gene is.a vit.ul ence gene, Fo le, in one
enbodi et nECiHER 50 e prdFitucr g vkich H fhefRE e MfrodaRE ¢,
over-express the virul ence gene identified by the 15 method of the first
aspect of the invention. Each of (a) the "overexpressing" m croorgani smand

(b) an equi valGnee the: r micrgargasismswiare hintoducedbtinto, cthe e sgide partidudaryi r ul ence

d to inf Ils i | ture., W ti gyl ar, test
dompbund wbl | CEUTORBEGhose miftppRRaitms Y ich BiEcab bndo Bat A ote: e ni ned
by assessing ipghewahe'eniforiniéht! THe letkth OF it e WlcFdbraniShs did Rt 1 O

prevent infection of the host cells by (a) the over-expressing
m cr oor gani smimthe ¢nviranment isdeteimined by ¢he natyeenofsthe (microarganismands one

i I ducts it | I, d that..th {, d will
ot vat o ¢ nd eoitprraeny At TP IEneH OF s thE MGTOREBEI REy ence
gene product) m&ve@qﬁgﬁi gﬁg%vﬁeﬂmemwﬁ i %ﬂﬁhét@d’aﬁd’ﬂi&rEM‘is i nfection

by the (a) than (b i's suggests that the conmpound 1s selective. It
is preferd@d ia attemphite foroa BER vsing primers that Suneabtoethetiarms? fliakingoyed

t |1 ul arl i Ld i biotic. tani oi n. i ch t
oxt ace) |2 i, Gagls ™ BEH Ml HBIGE BEBRARRE Buh ol R ™
preventing i nfged ioPkobt ¢ Elibre@rdrh 8adH inBRASR RiutdRc replibatddfomy t he said

30 cell and determning how many m croorgani sns are present (for exanple
WO 961179s1 2therweleditmicrptitre dishr ) Storexk DN sareiidengifiedi which chybridesens and

ot her screens for. conpounds are generally disc¢losed.in,Kir Di Doneni co
(1 995) 1 -~ TraveBkUCSUBRA ol vy W arobs perberied o e DIAspiRi o

Pot ent al 15 Ehe idtoofinlsh 1echate o cRARSch Thade nEMISHIIENS), V. K

(i ncorporated herelin reference al rwi se screens can be designed in a
nunber of rel ANAsf corraspondn tohmuitant$ ewhedeatadaptatiomsta i thiet ypatticudarconpound
is conpared using two genetically 10 rel,ated strains. If the strains differ
at & single | SEYEONTRRENaS besasishusted by intertups of e, rapspasen o aheie
identified by raQAPRLusLeeach strain's sensitivity to the inhibitor. For

exanple, inhibitors 'specific to the target will be nore active against a
super-sensitive test strain when conpared to an ot herw se isogenic sister

train. | di ffusi f , Jthis is 15 det ined b [ th
i ze of tRQ 2RA Parie LIS tereL GRPOUATh e S, BvbRoet YR M ng the
conpound. BeCWc%gﬁigB{tﬁ%@”&ag?‘.cpméﬂl‘lﬁﬂé, tﬁembﬁa{erpwuﬁﬂ?@nt of

conpound is set up e strain's sensitivity to inhibitors
proportional wdesighed th eomaioend, oom single,dGgesidue,vtbe P-labelied nuleotide t he zone.

General antim,crghials), ot antimcrobials with d 0 of action other
than the desift® _ %'%qe e PsalcFV’oB%e?R/é}Teaga@GE?j&%sicgi fesidue cisi vt es
agai nst the t\i‘ﬁbogéuéﬁléasin éﬂﬁ]h“%ﬁmt’y E’ngHHEP%Hn%Er HNRidiclabelle8c0

i nvolving pairs stralns ere a cloned gene product 1s overexpressed in
one strai B5compsidwas dre iscarportatadl in2he $tagdi nit iF preferxed dhthe < thethhasdatt hi s t ype

of assay is that the rai n_containin n el evated,quanti of the target
protein shoul k%_&‘eﬁfff’g mosg @E’_ﬁﬁl”c?‘@qagﬁm’iaf‘é‘?%@gﬂﬁci Pf{}c'iai?}/)twn&f'oned gene
product than ghl 8P9ﬁ&’fcc mbfel phferabiit ﬁ?‘]tg'-f‘aﬂi ra?rme.ar@a.we%éﬁm tiig target
protein. In an agar diffusion“assay, t zone sl ze surroun mé’ a specific

conmpound i s exXpemitctahobderetfdvadefirbmr then “tagd asingi o suutablexresaritiong t he

target protein conpared to an ) ) .
get P enzynqg, a site for which may be incorporated in the primer design.

30



wo 9s~i ~9si 30 otherw se isogenic strain. pc-ri GS9siois~s Additionally or
alternativeiy selection of a conpound is achieved in the follow ng steps: 5
1. A nmutant m croorgani smobtained using the method of the first aspect of
the invention is used as a control (it has a given phenotype, for exanple,
avirulence). 10 2. A conpound to be tested is mxed with the wild-type

m cr oor gani N 96T ne i | d-type m croorganismis int r oduceCTRBEH
environnment (with or without the test conpound). 15 4. If the wild-type

m croorganismis unable to adapt to the dftvi r onnent (foll ow ng treatnent

by, or in the presence of, the conpound)) ghe corré)q?#nd i s, one which reduces
the ability of tAfdiscusseshabpys; 8 patticulaglyprefest WU%"#‘&F IRYRAUGRr t i cul ar
environnment. 20, [ {S a i

m croorgani smii s'%é'{ %%gﬁ?ét&#?%rﬁ%hr lgsaﬁi E%EBH@& c@%g%ﬂ%gﬁfﬁgﬁpﬁtlhgd by

this method can paticularcenvironmentlisca@iinal. o Ip tdy embodimentethewsizd 6f thef ecti on
with the mcroorganism 25 A tenth aspect of the.,nvention therefore

provi des a conpd®aab of Jentants; intraduged dnfe the: arimabyis (determined, bysfmcthe ¢ wil |

Lo the. mot hod byuiivek it et o el PRI WaChre' (el T8 WnAPE B i afipiel 5 ™
96/ 17951 PGT| G-RidsGiih addirulehcel périe has hotebéwasinaofivaedoiidgoyine total

m croorgani sm For example, if the conpound is identifiable by a nethod
whi ch uses a vi ingcsium of themicsponganisme pif ithrnurmberdadal isdop Jow themfalse

bact eri um whi ch_i nf- . . fiale b treating
infection of a M8 ?H‘gvﬁﬁs@ %épgrlfgin?ﬁ@a%@@%ﬁ?gt%h y(}r?pi(i)‘gnd i's
identifiable by agim@Etmgy dithbeforelemagh niitants haee hgd ahande ROgroRE thée

encoded thereby) froma fungus which infects a plant) the_ conmpound may be

useful in tABat idagired way: | dheoturabes| efneellsoiny(a)tgan: be Qnm.inqdn ar| eaghnt h

aspect of the inventi -Drovi j lactively | acts

W Ehe and subst MercrpghiRh st B B S rERYTy 0P ta o8 g areieVET: -
aspect of the i pysetth&n100. @ nucl ei c acid product thereof. 15 By "nucleic
acid product thereof”™ we include any RNA, especially nRNA, transcribed from
the gene. Preferably a nol ecul e which selectively interacts with, and
substantial ly 2Qwi.nhi bi cti fuapSai d i u ic acid
product is an aﬁﬁeﬁ\?@%&ﬁai%ﬁ%ﬁ&}@%@%&gl%ncbggﬁgodéfecﬁa\a/iﬁq ge.&‘%ﬁre

preferably, 15ai anifmdles PrefersblpbetienSOnae! 500,0s0nveniently dbout2f00ANTE igense
ol i gonuci eoti des are single-stranded nucleic acid, which can specifically

bind to a conpl Preferredyifnthe) tatal ineculuge gloen ot exgesd rrglls o(apdeit is

appropriate tar (3 n - TATY l}ﬁ@\lﬁ dHPi X is
formed. These ngjg%fgfa?wagpd?eggealwgﬁwﬁgrs?%gw\ént I s?gplrsugfe calse ey are
conpl enent ary t abbvee os cbedew ahiscardomg dépeaditgodn tlvee ntjervergdismiReandnthey

formation of a trj plle hel i x has proven possible where the wo 96ii 79s~
amimal.

20
In a particularly convenient method an inoculum of 10? is used containing
1000 cells each of 100 different mutants for a single animal. It will be
appreciated that in this method one animal can be used to screen 100
mutants compared to prior art methods which require at least 100 animals

25 to screen 100 mutants.

However, it is convenient to inoculate three animals with the same pool
of mutants so that at least two can be investigated (one as a replica to
check the reliability of the method), whilst the third is kept as a back-up.

30 Nevertheless, the method still provides a greater than 30-fold saving in the



32 PGTI GB9SI Oz87s ol i gonucl eotide is bound to a DNA duplex. It was found

t hat oligonucl eotides could recogni se sequences in the major groove of the
DNA double helix. Atriple helix was fornmed thereby. This suggests that it
is possible to synthesise sequence-specific nolecul es which specifically 5
bi nd doubl e-stranded DNA via recognition of najor groove hydrogen b| ndi ng
sites. C MOPIhe sequence of the antisense nucl eic acif§TyyB0287

oi i gonucl eotide can readily be determ ned by reference to the nucl eotide
sequence of the gene 10 in question. FolS exanple, antisense nucleic acid or
ol i gonucl eoti des can be designed which are conplenentary to a part of the
sequence shownumbeFiafianémalsmsed. 12, especially to sequences which forma
part of a virulence gene. 15 A igonucl eotides are subject to being degraded
or inactivated by cellular endogenous nucleases. To counter this problem
it is possibl erﬂ@nﬂﬁ%a%éﬁ V\Ré?él' Mu&tn&owﬂgsmm&a\tmwmumﬁﬂ

i nternucl eotide |inkages, ich the naturally occurring phosphodi ester

| i nkages have anddhe nngbamﬂlmibexmhwed malyagey with theamiorporganisgy aval et
al (1988) Pro Nat,| . . 20 Sci . JUSA .85, . 7079- 7083 showed i pcreased

i nhi bi tionJin Ws%’ﬂg'a&d'ls?é Zlg?)‘f cxgmple, d‘gtcﬂgthSI‘}'lj‘o‘ﬁﬁ&ﬁ adpeRse an and the
phosphor am dat maftirh Nthet ) tl.

Acad. Sci . SAr\ﬁ %é@gﬁﬁ 9@%2&12{ l@g»nggig{”?at ed | nctrhgaus‘g%j blétﬁ%éﬁln? F%‘ﬂg%‘%ﬂ\ﬁ V-1

usi ng ol i gonucindaecokeryds aboyththesetdayat es. Agrawal et al ( 1989) Proc. Natl.
25 Acad. Sci. USA 86, 7790-7794 showed inhibition of H'V-1 replication in
both early-infected and chronically infected cell cultures) using

nucl eoti de se t i ther et
(1990) Py oan SREHRRTntA e MBIl Gy g AR R e

ti ssue cullQur eemironnichuanxwp\(ﬁ) usarsaplrcmta ﬁnnbgheodﬁegmfmnﬁtoducnaiexn
phosphor ot hi oat es. i

Si rcr~G~~r,02S~S oti des
having artift iR (ﬂ rﬁéh&'é"é ‘gav‘é gRat Sﬁtﬁﬁlnb?'ﬁg Hqusé'gi’@ga'ﬁ? “H @Biﬁ adati on
in vivo. For ﬁn’ﬁ# 19, 747-750,
report that o? g‘?'\?mé‘gé“ un de q gg“%%%&%\%#‘é%ﬁ%@?%@?ﬁﬁ%@ resistant to
nucl eases in vivo when they are bl ocked at the 5 3" end by certain capping

structures and.that uncapped ol i gonucl eoti,de phosphar ot hi ate arc not
degraded in vq: example, in| B‘e@gﬂ“ﬁf‘?%&a‘mmﬂﬁ@'ﬁg %{ﬂf’r oach to

synt hesi zijgg ' | and
Tang (1990;3 18h+ﬂé’ On&&%}%&g@g&gﬁ?&%ﬁ% ﬁﬁsif?%r%g\ﬁ% g%@ﬁ?ﬁ'gﬁgo whi ch
are hereby i nmnbﬂmraitedml”thedéaf olyere af disense statSisninlirated. of ol i gonucl eosi de
met hyl phosphonat es, phosphor odi t hi oat es) phosphoram dat es, phosphate
esters, bridged phosphoranm dates and bridge phosphorothi oates are known in
the art. See, IhQhe R4l Gn diifidt\the irdapgatfin! laf iagamrod_ﬁeﬂadlﬁﬂgon 15
Letters 28, 3539; N elsen et al ( 9885 8trahedron Letters 29, 2911; Jager
et al (1988) Bntm;bmmaeatgy AfitravepBusly Wrrintahasally and ig meeyedtetta&mwr on

Letters 2 3401; Bannwarth 988 Hel v. 71, .1517;. Crosstick
and Wl e 3019§§5‘é‘fé‘trpa‘ﬂbmtﬁﬂ‘t suclpps %@éple%‘r :Ma(vet eapseftlol) proc.

Natl. Acad. Sciompdré ke v.rg.ﬂeﬁée ?é@é w&hﬁﬁéaeag mrﬂgﬁdrﬁtmsmheh afd tb&e
i ncorporated herein by referen O her for synthesis or production
al so are possiilemtifiedbyintrapértoneal adnbmdiramnastm«gengomwlbenqldeed s a

deoxyri bonucl ei c agj, al t hough ri bon c acid u nces ma
al soybe synt hégleﬂééi g’h&’%ﬁﬂq %0"%3% uppe ﬁ’f ‘l—,‘g gés L3S FU t he g
i nvention pr efﬁﬂﬁh}'”’flﬁq\?ﬂ@g{l%ﬂgra Qtﬁ‘%ﬁé*ﬁ# degr adatl on by endogenous

nucl eol yti c enzynes ion of ol igonucleotides produces
ol i gonucl @58ti de breakdown products of reduced Iength Such breakdown

products are e likely . to en einn hy. rld zation and are
less likely ti&b&' @F?ng‘%F’\Fé‘V"@g“\%étsa‘t"h gﬁt’? sreﬁftﬁ oY ulEBEtt erpart s.

Thus, it is d 6ﬁﬂ%

ol i gonucl eot i ?S'néf‘%c algtr?\gt’gtglss} Igt,@rltt'?l% Q’ aggéurla;ﬁ%tl 0?1 In Eéﬂéﬁg%@thegﬁld whi ch
are able to raetik) afeplaar gelleih celtdrs. Khbomtghewmg cells g\omlcdreomllclm can be
rendered norc resistant to degr adatjon in vivo by substituting one or nore

i nternal arti fusefudiiniits emmusighbt it ouill plseecpaplement: the wgt ol heoMdOhodi esteer
5 li nkage far.ex epl aci n a ul phur in the
| i nkage. E}?anpqne'gaogpt’ﬁﬁka% tg'e A% mﬁgyp%bg%eé I nct"tt}dg phosphor ot hi oat es,

met hyl phosphonat es) sul phone, sul phate) ketyl, phosphorodithioates, various
phosphor am dat es) phosphate esters, bridged phosphorothioates and bri dged
phosphoram dates. Such exanples are illustrative) rather than 10 limting,
since other internucleotide |linkages are known in the art. See, for
exanpl e, Cohen, (1990) Trends in Biotechnol ogy. The synthesis of
ollgonucleotldes haV|ng one or nore of these |linkages substituted for the

. o,




w0 961 17951 PGTI GB95102875 35 phosphodi est erase) DNA pol ynerase | and fetal
bovi ne serum The self stabilized region of the oligonucl eotide does not
interfere in hybridization with conpl enentary nucl ei ¢ aci ds, and

phar macoki netic and stability studies in mce have shown increased in vivo
persi stence of self stabilized 5 oligonucleotides with respect to their

li near count™®PEAY. | n accordance with the invention) the FCREE¥B™SHi ndi ng
specificity of antisense oligonucl eotides characteristic of basc pairing is
enhanced by limting the availability of 16he antisense compound to its
intend locus in 10 vivo, permtting | ower dosages to be used and m nim zi ng
system c ef f ect 4t isTilso, preférgesh if theoendeenmens ispp pasidof dheianimalobedyhi eve t he
desired effect. concentratign of .the oligonucleqti desired

| ocus is much m“lﬂ@w tthaStVFR i‘ﬂ@%ﬂﬁ&ndﬂ‘(”é‘l‘f?ﬁ"ﬂbsam@bg‘%gﬁn% é&@r"%‘ﬁ
system cal ly, a@ﬂvﬁ&ﬁn&ﬂ?rﬁ@%kiﬁlce‘ciﬁéiﬁain?adifﬂ?ﬂﬁcd}bﬁs?ﬁnd‘ftisﬁﬁb_s? and
significantly lower total anount. 15 The [ocal high concentration of

ol i gonucl eot i depantstiercefssushbrastthePeyer’vpatche targeted cells and effectively
bl ocks transkation of the target nucleic acid sequences. The

ol i gonucl eotides can be delivered to the |ocus by any neans 20 appropriate
For |ocalized aqmemunibed!dfindvidial MidtborFaiishy {ePiefls) fecoRbitld' £#8mOthet he

ol i gonucl eotides can be injected directly to the site or can be delivered
by i nfusion usi egvisonmesitushiould ratpleastitwics, ipgefietably at ledststen|times; amoroe

i ncorporated into an,| nt abl e device whi.ch en aced,at .t.he desired
site) permts tRBcfgﬁbbbnﬁé@ ilﬁ'ég“?‘b’%g{\ggﬁ’é%&héﬂuﬁaﬁ{sdmm@% 1oy &'ﬁundi ng

| ocus. The olig iwde r e | ded £ i hydr ogel
mater] al . The RelCORAbCCTG Crffiat, Mishchd snfndl IS MERRG Wit 100

mat eri al s nd0v adidféerantvmutants |anolindg 10008cindividud r microerganismsastuld beynt het i ¢
polyners. In a preferred F]‘nbodi ﬁ?ntsﬁ t he ﬁ?ey;()d exploits a WD 96/179s1
PCTI GB95I az875 S¥NfYeA BRL thel mapker DNAL{sP | ow body tenperature but gels
to forma shaperetaining sem solid hydrogel at or near body tenperature.
Preferred hydrogel are polyners of ethyl ene oxi de-propyl ene oxi de repeating
units. The propér firtergrefemedpmbodimentr comprises denstepsn t he nol ecul ar wei ght
of 5 the polynmer and the relative percentage of polyethyl ene oxi de and

pol ypropyl ene oxide in the polyner. Preferred hydrogels contain from about
10 to about 1§0&(py) WRdHbNing hitxdtrdihs Frontithedlaralily o mbQNis ptodaceddhsip 90 ~ by
wei ght propyl ene oxide. A particularly preferred hydrogel contains about
70% pol yet hyl en€l)oxirde and 30~ pol ypropyl ene oxi de. 10 Hydrogels which can
be used are avail able, for exanple, from BASF Corp.) Parsippany, NJ, under
the tradenane PluronicR 1In this enbodi nent, the hydrogel is cooled to a
liquid state angsAfedetetdmimicwaSherdhe nidtantaeRcteddn si8pQ6) is@nlauiotrspl;0 2
concentration of about 1 15 ng oligonucl eotide per gram of hydrogel. The
resulting mxtuog then is applied onto the surface to be treated, for
exanpl e by arayi ng or painting during surgery or using a catheter or
enddscopi c 2 ocedures. As the polyner warns, it solidifies to forma gel,
and the oli gonugbgp(ligeﬁ,djw/g{c}use out of the gel into the surrounding cells
over a period of tine defined by 20 the exact conposition of the gel. The
ol i gonucl eoti des can be adm nistered by nmeans of other inplants that are

commercially availaple .qr descrihed in the scientific literature. including
| i posones, micr g"c‘éﬁ@&ﬂ'ﬁ eé%g'sﬁ%‘f'glhf‘%ﬁv’é&@@&.‘s %g}ut% MUCLIORIBRISIA 1) ant s
made of bi odegr 3gaéH SrefBir&y 'g@b@tlﬁ‘fﬁélo%s nBP | neaad by (ﬁﬁb&wiﬂw't‘yﬁét&o ters,
polylactic acid and pol'yglycolic acid and | copol yners thereof, coll agen.

and prot ei n2pol pretotrophs) amwina bngtdetgmacrabtganisa evhierdin asgene allowirigythenevi ny|

acetate f EVAc), .pol yvi | acetate, ethylen ] . .
) mnBroc%ganqg/m to adapt to a B’aruc&\lar environment 1is inactivated.

Conveniently, this is done between steps (1) and (2) or after step (6).

Preferably auxotrophs are not removed when virulence genes are being
30 identified.



vinyl al cohol. and derivatives thereof can be used to locally deliver the
30 ol igonucl eotides. The oligonucl eotides can be incorporated into the WO
961 17931 37 PGI/ GS93102873 nmaterial as it is polynerized or solidified,
using nelt or solvent evaporation techniques, or nechanically mxed with
the material. In one enbodi nent, the oligonucleotides are m xed into or

appl i ed orW@¢a%E ngs for inplantable devices such as dex@GTAFBISOWIEdI silica
beads, scents, or 5 catheters. The dose of oligonucleotides is dependant on
the size of the oligonucleotides and tH& purpose for which is it

adm nistered. In general, the range is cal cul ated based on the surface area
of tissue to kestcondtasgect o tﬁ'hmvehﬁempi'omddasmeﬂfodmf identifyingod gete i s

sonewhat depen eg]bpﬁn t he I.ength and c m cal rrg‘gm tian of thg@

ol i gonuct eot i PWS SferQ T%?“!sﬂ‘ f‘hé 30419 8 RATUSHAT, ERIFoRBeots ug per
sguare centi fe prisifig r ht}g._e t y be
adm ni steredn?'t(')étﬁ e [i?tc';.‘![ll ent syst@%ﬁgglﬁﬁd? :mitg otﬂlat}.lhg*raaggﬁtﬁflgﬁand
prophyl acti c [fallgpwedby théedditiogainstep:eot i des may be admi ni stered by any

effective thod, for exanple, parenterally (eg intravenously,
subcut aneodsl y, intranuscul arly) or by oral) nasal or other nmeans which

permt the ol igpnu r@&ﬁa ahr}h

bl oodst ream go?#ugﬁmgﬁﬁge'é&a ﬂ??'?gérle y%éﬁ 3’ E%% ial?’g'*erabl y are
gi ven in addi tmdmclual mutaitIsglearddiinisspe(6®d ol i gonucl eoti des, but al so have
utility in the absence of |l ocal adm nistration. A dosage in t he range of
from about O. to about | O granms ~ per admnistration to an adult human
generally will i 1 ci ated
that the nol e%ges OF&CIEME"%Q&?E’Q c? mtaﬁ{e"?? E&gl@oﬁaﬁ%%cs% Ekt?'lmélv‘;\‘treatl ng
or preventlOng imihe amfofqﬁolem]aﬁbm@)by the m croorgani smfrom which the said
gene has been isolated, of a close relative of said mcroorgani sm Thus,
the said nolecule is an antibiotic. 30 Thus. a twelfth aspect of the

i nvention proy I ] GB95102875
38 aspect of the mvﬁfcgﬁédf%}ﬂéds@%tn%n@%ﬁ&%%c %ﬁ%@éﬁ%hﬁ%pect of the
invention provides a method of treating a host which has) or |s suscepti bl e

to) an infecti W th a m croorgani sm the5nethod conpr i
admi ni stering g)n efsolating °'§rﬁ)t1’gﬁ -type MiggooEganism the,corzespon "Sd”'i‘he el eventh

t of y5he
%Sg(ragorganlss &vg&{é @ né\lg rgrtfgpft@fgﬁ%?ﬁnggvéé FH& gg%gfﬁ?sl%%% g} 0'reffecti ve

anmount" we rreqmrtahemvﬁumh probeh substantially prevents 10 or aneliorates
the infection. By "host"” we include any animal or plant which may be
infected by a mcroorganism It will be appreciated that pharnmaceuti cal
formul ati ons QhethB8s f! £hb bfotidh fHEWLE REEHF Ablde ion form
part of the |nveen??son ugh ollg %h%mgeuﬁcga?orngf atlloﬂgarlgti)mng& se the
said nol ecul e together with one or rmre acceptable carriers. The carriers)

trust be '“acceptabl e’ t.h cqonpati ble w the said

mol ecul e 3 RBoi e anbiopsical aneiboconabie P lvathécv%?fEFeafeﬂvhgreof.
Typically, U hengchfioh%re dY!cHsaﬁ"?%‘B@m"ro&( e8! {1989y Hcbbathtel HBfiRbS | | € and
pyr ogen free nmenti one ove, and as esc In nore detail in
Exanpl e 4 bel oeferdnckave found that certain virul ence genes ire clustered in
Sal monel la ryphl muriumin a region of the chronosone that | have called
VGC2. i DNA-DNA hybridisation experinments have ~ determ ned chat sequences
25 honol ogous el Vicfo j and
strains of Salwn@eﬂe'l I'gégé?&gé'émﬁgta pr esdg. li&ﬁ tﬂ)dggn i'zgtg?ﬁn%ﬂﬁﬁh Irgella
strains t @St ethe sgeae Eisanpiviruignce Tharre and qaemransposdr Hast bear twded| i

correspond to, conserved genes, at |east,  in Salnonell a. and at Ieast sonme of
whi ch are vi rmseﬁwa&anegcnwc the geae; etvlécfwmwréqfew%ﬁ ¥Huleges genasn ot her

Sal nonel I a 30 o S a enteric or

ot her bacteri éé%% El%é r}g'sidliéfﬁﬂvxglﬁ%ﬂg lg xv}c"rzoﬂf éﬁ%gﬁaeir@gp%%@cmsroas ~S

Whet her a geneelectediin step (G5GHith egmm&tsoraemym& avitich gﬁmeoumdee&rél ly
transposon, ligating size-fractionated DNA containing the transposon into

30 a plasmid. and selecting plasmid recombinants on the basis of antibiotic



determ ned. For exanple) those genes within VG2 which have been 5
identified by the method of the second aspect of the invention (when
applied to Sal nonella typhl murium and wherein the environment is an ani nal
such as a nouse) are virulence genes. Virulence genes are also identified
by making a _nutation in the gene (preferably a non-pol ar tation) and
det er m ni ng WRHE! the nutant strain is avirulent. 10 I\/b?ﬁ'&%égngf'aﬁi ng
mutations in a selected gene are well known and are described bel ow. A
fourteenth aspect of the invention provi s the VGC2 DNA of Sal nonel | a
typhinmurlumor a part thereof, or a variant of said DNA or a 15 variant of
a part ther eof . resistangeczonteged bysiienisarsposon wphineurbyuthe plageyid.ct The

o T o Y R e i 1
Col | ection, 123(iging GwBprimerswhith afhealiotky térhfinal YBgivhaofithéGidmdpoddn\ al so

deposited at the C, "Public Health Laboratory Service) Colindale, UK
under accessi onamb tworitnarsoghich aoneal close tonther pelylinker sequences) of thexanpl e

4. F , b ived f t.h in Ei 11 and
Tty bo-uchd PESRGne,sedithess BEYRmbiecic FoRaA SABua fRafttsiig cron o
25 library. Stagéteffiin@eifofe itahdposish RS HARervpied Rekovll Airlerice géleai N al |

of the VGC2 DNA. The restriction map shown in Figure 8 can be used to
identify and | o¥hus converierthyrsequents obtainedby tisis mathoed iscompaced againsbNA of

Sal [ hj ium’ . 30,. whi ch i
Cast 10 nuct eolidsatitnsespernl i e nupely wfAbR Bk sy 8 15 40
20 nucl eot i des) aﬁH)GSnBilﬁI.eFﬁﬁl% fFithé Ritérrufted BetfuleREY apRars ltd in I Ruwe

preferably at |east 100 nucleolides) and nost preferably at |east 500

nucl eot i desl®f vieTzncergens, tthe mutation isrtednsferced fona mews ganetic \backgrompd i s t he
sequence shown jn Fiqure 1 of a t_thereof. gf.her. 5 particularly
preferred part @'tﬂ@'ﬂf&ng@% ?ﬁ '@%{iﬁ‘gﬁc&ag%}ioﬁ' nf"FitBﬁr‘éasz)o?or a
part thereof. ASymiin2B@Phsd Yhe LDG oRfHe MutanPSriiwGe deb¥iniifed tdIeBMmeT part
thereof. 10 Genes can be identified within the VG2 region by statistical
anal ysi s of thethapthe avisdiengphenatype issduegtocthepoansposition cxemt &nsonet an t he
art. If an open rceagjﬂ_& fﬁgma is greater than about 100 codons it is likely
to be a gene (aftRB8 g'Bg smaller than this are known). Wether an open

reading fram®e corresponds to the pol ypeptide coding region of a gene can i5
be determ ned eerri mental ly. For exanple) a part of the DNA correspondi ng

to the open readhtgumbgnef individual putans serepneshin ordes to deteseplh of they) bl ot
to det i wh MRNA . 5| ich .h i di tQ th i d DNA;
., Sete e Wit OGSO R AR O
readi ng franme agéhdnieofiHecmicrobrgatismTUFaF eRdmple, aris tikelypian 30005000 t he

m croorgani smcan be determ ned.” |f the phenotype is changed then the open
readi ng frame cowfaspehdie/mosela giphimunipnneed tobe sareenedripionderdordetechi t hin a

DNA sequen arg k . insthe art. "valr oS Al DNAl vari ant
of a part t ere%"agﬁp’l%é’fd’&é"eéﬁﬁ g\?ﬁ% gﬁfreégf{)é?#pﬁg%d%g sgﬂ‘é ‘Ye‘?h\h%%ari ant"
in the seventh admeei gehorhéehimSanionella, arbond 20V600 mutdntO hreVédréerdeA of

Sal nonel I a typhi nurium include 30 equival ent g‘enes, or parts thereof, from

ot her Sal nonel | Apppximate}y 4% bf aen-essetigls’. 1ypBimupBm @8%5 1aye shought to

Sal nonel la typhj and.S nel l.a ergerica || equj val ent nes, or
parts thereof, #’?‘ 5Fﬂlﬁf°?eﬁ)q'b‘§5‘flg?‘i‘ca&&%ﬂ"%%%fs)t‘%gef ' é%?@r g’@’b‘i@f’ér‘?‘g& By

"equi val ent gengy Tt n § C ; tijgpa i nt 5 and
those in which g)p}r!rﬁ?‘aﬂt‘%nglgg%lgg t@%“xamgi %@?l%ﬁggotlggebzr?ﬁﬁeage*é'

avi r ul ence)23 | t Hawleveihdhapyethexis aff ¢l invantidrepmvidet s fasfer esone convearent on VGC2
or the genes cont(ﬂi ned t herei n.hgtj not beed% I, entifiﬁd and certainly not

i nplicated in vAPUMUGE ANQFEIRIACHGIRLS YL YHIdBAUEING YIFPIGBEC BEMSct s of the

i nvention provide a nutant bacteriumwherein if the bacteriumnormally
contains a gene that is the sane as or equivalent to a gene in VG2, said
gene i s nut at edActhirdbespedt ofrths anvintion pnovibes s enicroorganitrh obsaindd usikg ng a

mut ant bacterium wherein if the bacteriumnornally contains a gene that is
the same as or @ﬁdﬂ%%rﬂf‘F%ﬁés‘ﬁpﬁéﬁéth%"\yeﬁﬂ‘?“sai d gene is nutated or
absent in sgyd mutant bacterium The following is a preferred nethod to

i nactivate a VGC2 gene. One first subclones the gene on a DNA fragnment from
a Salnonella a DNA library or other DNA library using a fragnent of VGC2 as
a probe in hybridisation experinments, and map the gene with respect to
restriction 20 enzyne sites and characterise the gene by DNA sequencing in
Escherichia coli. Using restriction enzynmes, one then introduces into the
codi ng region of the gene a segnment of DNA encoding resistance to an
antibiotic (for exanple, kanamycin), possibly after deleting a portion of

Y b1 oy



WD 96117981 PCT/ GB95102875 42 reconbi nation of the nutant gene into the
chronosone. This approach is commonly used in Sal nonella (and can be used
in S. typhi~) and further details can be found in many papers, including
Galan 5 er al (1992) 174) 4338-4349. Still further aspects provide a use of
said nutant nutant bacteriumin a vaccine; pharnmaceutical conpositions
conpri si ngVOF/d9Bhct eri um and a phar maceutical | y accept abPEr’g 5. a

pol ypepti de encoded by VGC2 10 DNA of Sal nonella typhinmuriumor a part
thereof, or a variant of a part thereof]9a nethod of identifying a conpound
whi ch reduces the ability of a bacteriumto infect or cause disease in a
host; a conpouSuth chicrobfganisnes ime sseful berabsedthey havieathelpropérty lof met ecti vel y
interacts with, ,and sugjtantialliy inhi,bifs the function of, a gene in VG2
or a nucleic %, adapted {9, surviye. ing, particylag epvifon@ent .y phar naceut i cal
conposi tions thereof. The VGC2 DNA contai ns genes which have been
identified by the nmethods of the first and second aspects of the invention
as wel | as geninsa pieferredembodinwnt, gipathogenic migrobyanisn iscdtiadapteditd hough
identifiable by the 20 nethods of- the first and second aspects of _the

i nvent i on) 3 THAMWVEuiRhar hastcerganism ((ravirormaent) oand.c 1Bt thec| ¢ase| 9ft o t he
fourth) fifth,_sj nREME { i At N, n : | fth and
thirteenth asp'g?:dtré‘g‘{# 1\é" ?‘rﬁegﬁﬁe#’g@’g%'&? tgc%%wgﬁh%?&{lﬁgﬁl%?%i on given
~in relation tmotdﬂ?aﬂioﬁwgcmmamdﬁw fiutdre nebtsined (bye dree eheitlvod of ahé on to

t hose aspects,, applies to 25 these further agpects. It is, preferred if the
gene is from \Aa¥ontign may, becusedy il @nvaceiife f Banh & WHH&"&S“

Sal nonel I a su . j I Sy feerrad.i. s ha umis a S
typhi murium nmu 5%? oére@&%u?atétbeo@ug%@t@gra a%ﬁlé%se@eﬁﬁ H@%‘th{r'lgtllg such as
S. n~pl:i.10 Véxpetted 16%t dntifehicAnd(gite pisd 3o atprotectied immade trésponsd. | east
sone of the genes in VGC2 confer the ability for the bacterium such as S.
ryphimurium to enter cells. The invention will now be described with

reference to tfie, fol i i : e Elgurel 1
illustrates difaﬁg?a dgfq' i‘“ﬁ?ﬁc?re?ﬁ%ﬂﬁé@ﬁc@ﬂﬁ%{lé%ﬁg?fgpﬁg%oﬁréaﬁlggpgﬁ tt he
invention. 10 gdaptedetosurvivesinta Host brgahishy,bobtained tbyotheamethods f athe DNA from
12 S. typhinmurjum excqonjugants follow ng digestion with EcCoRV . The filter

was probed wi tiRventionds madified, prefesably by e datreduction afia suitahle PNéhsposon.
Figure 3 ws 0 LdLsatd ' o] S. 15

t yphi muri ?ns’loex% Hfrgégag%fﬁbgg%r&éb{]dggﬁigfépg@ﬁ??@ﬁ?P?tggfa'pgwgggﬁ1"“@? The
filter was hybmbdifieddmigrodrganismodun savmpra wicoine! fob ¢hdt ethearpaithdgead t ags from
DNA i solated froma pool of the first 24 colonies (Al-D6). Figure 4 shows a
DNA col ony bl ot hybridisation analysis of 95 S. 20 typhi nmurium exconjugants

of a mcrotitr i : < Whl L) LA Hﬁ*ﬁ epl i cate
filters were h‘?/b@lhﬁpsa(ééécvt\n%t]f#h? 5"{%‘@&‘@%???# gﬁkfﬂ’%ﬂ??‘g%ﬂ e g’%ﬁ

(i nocui um pat t motationdn avgenb idetified adingnethe infdtieet dfuhe skeand d3péeticfahat ed from
over 10, 000, pool ed, colonies that were recovered fromthe spleen of the

i nfected a0 malVeatTeen pattern). 25 Col onies B6, All and C8 gave rise to
weak hybridisation signals on both sets of filters. Hybridisation signals
fromcolonies A3, C5, G3 (aroA), and F 10 are present en the inoculum
pattern but noThus) sltheuglptieemigrabiganism bf ther third sspeotofithe iswmptionde of a
Sal nonel | a gene i sol.ated using the 30 pethod of_.the inventiop and a
conpari son to ?W@“Eébh‘-'epﬁfﬁffagdglat mutagion (FoSRESfi 51"‘“'(’8“"""i into tﬂ°

identified gene. In a preferred embodiment, particularly when the

L

25 microorganism is to be used in a vaccine, the mutation in the gene is a
deletion or a frameshift mutation or any other mutation which is
substantially incapable of reverting. Such gene-specific mutations can be
made using standard procedures such as introducing into the
microorganism a copy of the mutant gene on an autonomous replicon

30 (such as a plasmid or viral genome) and relying on homologous



44 protease genone. PCTI (B95102875 Figure 6 shows partial sequences of
further Sal nonella gene isolated using the nethod of the invention (SEQ ID
Nos. 8 to 36). 5 Figure 7 shows the mapping of VGC2 on the S. typhinmurium
chronosone. (A) DNA probes fromthree regions of VGC2 were used in Southern
hybri di sati on anal ysis of |ysates froma set of S. typhinmuriumstrains

har bouri ng |'W@REYWh Mid- P22 prophages. Lysates which 10 hyRHeR%EH% o a
7.5 kb Pstl fragnent (probe Ain Figure 8 are shown. The other two probes
used hybridised to the sane |ysates. (B) 2Zhe insertion points and packagi ng
directions of the phage are shown along with the map position in m nutes
(edition VI, rreéordbinatioEtaimtraducs thelmautaiomgintalthei eppytofdhe geoe imtheond to
the foll ow ng strains: %flr{gP) JT15242; 15 18Q 15241; 19P) TT15244; 190Q
TT15243; 20P, TEF89MG C FHEFOOFFAMIMS (Ref i n Exanpl e 4). The locations of
mapped genes are shown by horizontal bars and the approxi mate | ocations of
ot her genes are indicated. 20 Figure 8 shows a physical and genetic map of
VGC2. (A) The pdifthiandsixth aspects eﬁﬂpdnmtimmvidonsﬂﬁmbleshimmmbnism t he
line. The extsent of VGC2 is jndi at ed by the thicker ne.. The position and
direction of Ot r {AEYUSG K Ao¥aceine EYQ%‘EHP'{‘?I“& Hé“f‘éﬁ'ﬁ BiCTRYISANSE 4 ar e

shown by arrows gagl &!‘Pﬁ gﬁﬁ%ﬁ W &t. the nanes of simlar genes,
with the 25 excea?tlaoého W% an ose products are si nmiler to the
sensor and regul atory conponents respectlvely, of a variety of two
conponent regul gtory, systeps. (B), The i on Qf over, i ng cl ones and an
EcoRl | Xbal rest%g‘%ﬁ#gh‘aﬁﬁﬂﬁgaﬂﬁmﬂsl\fbﬁa “‘BFBW‘@E&&'H'?W‘?&5244 are
shown as filled bars. Only the portions of the ~ clones which have 30 been
mapped are shown and the clones may extend beyond these limts. i ED SHEET
(HIIE 91~ lOVIDA&ﬁMQBBﬂmﬁEatimIrdfathﬁmHs pteferrédhe Ip this nppnmchxfoneemt riction
sites are marked: B, BanH ; E) EcoRl; coRV; H, H ndlll; Ii’stl and X
Xbal . The p05| t iTROFS TRytaptpicroer ganismsare ‘I°P HP“{'BWBEg%)‘CM%“a pr obe
in Figure 7 and I |lahnd fald sed as
&Hﬁgugé esﬁgﬁgﬁ g\%#@? ﬁ'?satnh ekl la ffmsRred B %?a@-mu .

a probe in Figure ow the restriction map. posi tions
of Sequence 1 (desknowrdways.Fi Guitablé1jdjanghtSeagalade eFuqdiss comiplede ior Fi gur e

12 h by the th | |l ed,S 1 2
Fraure 9 descr | SREOTRRlEia ARG R dinstds, Wexbeomsy SFRE TR BED 10 o
mapped geneqsal 1RYYEahaEP 291 80 Hluififiul hnRbiidk\apiio ESOET R, ! | gned

with the corresponding region o i murium LT2 chronmosone '(m nut es
30 to 31). An expatrdeailsa(such ashaniglyod), r eegetablé mlksh(smhvnst IarabhlsSml),

typhi murium (S. ,t. fragne use robes thic s) .and, t

Bl et on i1 dosdmee TR pa Bl Ribi AR SYelen Gogy fof exBmPlg na |

K, Kpnl; P, PstigpM-2N¥9l 141nd ‘@luﬁﬂ’hé” ishd R@Qﬁt&é@‘l‘r&lﬁéﬁﬂhﬂt SqRelpatibnt Ol |

K12 {E. c.) genom c DNA are indicated by + "those which failed to hybridise

are indicated byo-be nlﬁnrgumeecms 8 fpatientt mlm be prateesed \frain dhe diseased
specific to,hhe 20 aat&m}&e % n']tﬁ} rom.Sal nonel |l a serovars and
ot her pat ho& ni FABSE CP'e 4 1§ rwcmorggqlf (A), Hindlll or EcoRV
(B) and subjected to Southern hybridisation analysis, using a 2.2 kb

PstlIH ndl Il fragment from~ clone 7 as a probe (probe B Figure 2). The
filters were hylFhediafmrdmentionls Iaedulcndemcsmorgalgems c(fA)heounmnoston ragent 25
(B) conditions. e 11 sho e of uenc of VGC2
fromthe centre fgﬂﬂ&ﬁﬂoFéh?wﬂ ﬁﬂ%’é’&""f yr B °9B &'\"@Bg‘s&f&%’ce 1in
Figure 2). The Dhulih td &é]suﬁbﬁiaﬁé?ﬁgbf%ufahﬁﬁemaﬁﬂﬂ ljektign St ar t
and stop 30 positions o put t|ve gen and the transposon ‘i nsertion
positions f@  Th® @éatiehO iy RONSISBOSA @Z@Mdm arar plocalitynof aoses oveerat i f i ed
by STM are indicate 6éfSEQ ID No 37). As is conventional a * indicates a
stop codon and $¥H di™ércl eoti de anbiguity codes are used where
necessary. 5 Figure 12 shows the DNA sequence of "Sequence 2" of VG2
(cluster C) (see the arrow | abelled Sequence 2 in Figure 2). The DNA is
transl ated i n alWhiipit iseptﬂ'sub@ for amesyiraheht nfiercor garisna iofl tist inpemam toibens  of

put ati ve genes) nd i he poson in rt| on OSI tions for varieus nmutants
i dentified by 18 aompisiered aerice ot o R big> 1RoP! @89"‘ ihAS; 3 RIgRmacautical, o
i ndicates aqgto I @Q’e used
wher e necesggry%%ﬁi@noﬁ?@gé@@?gjﬂﬂmg%g "ﬁdggt &IIhEI/s an‘fsﬂngé%) ~~npl e

1. ldentification of virulence genes ire Sal rmnel I a ~yphi murium 20

Material s and Methods Bacterial Strains arut Plasm ds Sal nonell a

typhi murium strain 12023 (equi valent to Anerican Type 25 Culture Collection
(ATCC) strain 14028) was obtained fromthe National



Col l ection of Type Cultures (NCTC)) Public Health Laboratory Service,

Col i ndal e, London, UK. A spontaneous nalidixic acid resistant nmutant of
this strain (12023 Nal ~ was sel ected in our |aboratory. Another derivative
of strain 12023, CL1509 (aroA::Tnl~ was a gift fromFred Heffron. 30
Escherichia coli strains CC 118 J~pir (D ara-leu], araD, O acX74, galE,

i i ECfitFt BWOSWITISI ~| || . E 91~ Wo 96117951 PGTI GB951028 78 TAGBSA8S phoA20)
thi-1 , rpsg, rpoB, arge(Am, recAl , 3~pir phage |lysogen) and S 17-1 7~pir
(Tp', Sm, recA) thi, pro, hsdR ~M+, R®4; 2-Tc: Mu: KmIn 7, ~rir ) were
gifts fromKenneth Tinms. E coli DHSa was used for propagating pUC 8

{ G bco-BRL) amusBbyeaeédptiblé'Sin diea@ase df béiag ofttpatibleowithithe aeinfent

typhi murium DNA. Plasnmid pUTm ni - TnSKn2 {de Lorenzo et al, 1990) was a gift
from Kennet h TRigFRosgarismsef the jiayentionsand nok delateriqusy ton the reejpientsd

| egations 10 i : ot . . . .

RT%( 5 - CTAGGTWCAWM?&&?‘% Aol he-yater o saligeyhigh yill e o6 1 p
No 1)) and pr isteeilé al® pyPogeh ARSI ACAACCTCAAGCT-3') (SEQ 1D No 2)) P3

(5' CATGGTACCCATTCTAAC- 3' ). (SEQ I D No 3)) P4 (5' TACCCATTCTAACCAAGC-3') ( SEQ
ID No 4) afd P5 (5' 15 CTAGGTACCTACAACCTG-3') (SEQ ID No 5) were

synt hesi zed o <9k L gonuck I S| (s i ed Bl nodel
3b08) . Doubl o s b aRrsied, el iy BholFie SF e ip B i RpRRAR B s ™00 e
PCR cont ai ni ngnirdorgividdi ComporbntMalTe. usafd irl the 1Ay bfimfatar Medidid) Wi th 200
pg of RT1 as target; 250 ~Meach dATP, dCTP) dGIP, dTTP; 100 pM of 20
priners P3 an@ndyetesingrymedising. Anplitaq (Perkin-El ner Cetus). Thermal
cycling conditions were 30 cycles of 95C for 30 s, 50C for 45 s) and 72C
for 10 s. The PCR product was gel purified (Sanbrook et al) 1989), passed
through anpel Disdabksclused by anRrdGRAMshE afe RRdW R hthy Antmalehsudh) asand
digested with Kpnl prior to legation into pUC 18 or pUTm ni-TnSKn2. For

| egations, 25dpmgstic @asimalse Theasecinesnpf thekinventon wgpmf@ptmupgaaned with
calf intestinal alkaline phgsphatase.(G bca-BRL). Lipearized plasmd

nol ecul es wer pﬁ’é’PE‘ﬁL"l ‘?"l“é@“?ﬁﬁfﬂ%%?“é’f" B’f'%c'?gég)“m’re&‘?ﬁ?céeﬁ“éﬁaﬁeon to
remove any regséfuRin HagWutISSH, FoPRkarhpRINcbWS, sHedps pigd hokse92ddgan
reactions contai ned approximately 50 ng each of plasmd and doubl e stranded
tag DNA in a 28d-cats, and inmpoultryhsuch36 amckeng.Aturkeys) duckscand@dsse- BRL) in a
buf f er suggl ied with the enzynme. i ECIIFIEb SHEEC (~I!!.~ 91) wo 9sri ~9si
4s rcrrcs9sroi eTs Legations were carried out for 2 h at 24C. To determ ne
the proportioSepénthand eighth aspebQIbf e MvEMidHproviI® Sdnebtaifdd by aat i on of
the plasm d DNA or uncut” plasmd DNA) a control reaction was carried out in
whi ch the doumeshed efithgcsscond)asmact ofithednvention, 2nd s nalypapsigateneededeact i on.
Thi s yiel ded r icillin 5 resistant bacterial colonies follow ng
transformation 0 . coli CC1 18 (Sanbrook et al, 1989)) conpared with 185
colonies arising froma | egation reaction containing the double stranded

tag DNA. Bacterial Transformation and Matings 10 The products of several
| egat i ons2Bet RyerigeneT weninciudskngt anly theeregions of EXNAnhat code fona wer e used

to transform Ql J. | .18 ( Sanbrook. et 989).. A total

appr oxi mat el yﬁgb'%ﬁ‘%detcﬁé%gf%rmqté%gémﬁo@ %gka%@pqsargmo&s Bl(liﬁr&‘t racted
from the pool thfisreggRet trAnsérfption0 tharislatiofl ands fbP sbme Mhitrdotgadifhenzo &
Tinm s) 1994). For mating experinments, a pool of approxinmately 40,000

anpi ci | 1in respliciagtofERNAI i Thusy theigene rimghides rameters,n dragsCptiomi mur i um
12023 Nal = were cultured sepanately to an optjgal RV ~ of 1.0.

A Lquots of | elSRRERIpH, FIDORERE tiding sfdhefeiid foFsoft Srabiiainiaigon s ng
filtered phrousd splitd tdcophitionsnepr ane (0.45 ~m 20 dianmeter). The filters
were placed on the surfacCe of agar containing MD salts (de Lorenzo &
Timm s) 1994) and incubated at 37C for 16 h. The bacteria were recovered by
shaki ng the fillterﬁ in Iiﬂui drg.LB medi umfar 40 rlgﬁg at 7tC and _exconj ugants
vere sel ect ed PB4t FeARerfe UAUBRYY 8h s nact et BT U5 PRAWEL 'R SIRP 1 00 ~g
nf' nal i di xi c75¢g@ri{éd @%he&iieﬁgﬁ'segﬁeﬁcbﬁcra@awthaf'ena§ bRt traligosth ~cg nf’
kanamycin (to select for the recipient strain). Each exconjugant was
checked by tr aresfisadr anthenhybriflisdtionasitedof & sequeanaing(pramer. KHveadgrived r esi st ant

(kan~ col gpies to MacCo Lactose | ndicatoy, nedium (to distjnguish

bet ween E.gacols?q‘%;ﬁﬁe gr aﬂs% REstRCHan }ragme@loa FeRbin {H’ﬁ '@B?H‘éﬁterd ﬁ%‘e
anpicillin. Approximately 90% of the nal ", kan colonies were 30 sensitive
to anpicillin) indicating that these resulted from authentic RECTIFI ED
SHEET (RUt. E 9~ WO 961 17951 PCTI GB9510Z87?5 49 transposition events (de
Lorenzo & Timm s) 1994). Individual anpicillinsensitive exconjugants were
stored in 96 well mcrotitre dishes containing LB nedium For long term
storage at '80C) either 7~ DVBO or 15~ glycerol was included in the nmedium




Phenotypi ¢ characterisation of nutorus Miutants were replica plated from
mcrotitre dishes onto solid nmediumcontaining M salts and 0.496 gl ucose
(Sanbrook et al, 1989) to identify 10 auxotrophs. Miutants with rough col ony
nor phol ogy were detected by | ow magnification m croscopy of colonies on
agar plates. Colony Blots, DNA extractlons) PCRs) DNA | abelings and

hybri di sati IW@9%H%or col ony bl ot hybridizations, a 48-wel IPCRB825/02875
replicator (Signma) was used to transfer exconjugants frommcrotitre dishes
to Hybond N nylon filters (Amersham UK) 22hat had been placed on the
surface of LB agar containing 50 ~cg m'"' kananycin. After overnight

i ncubation at 3ifsplftipaiséd itd amzkesa hpbridisatipnt probb awitle mihich toidentifys andr e
renoved and dried at room 2Q tenperature for 10 mn, Thei bacteria were
lysed with 0.4 NSQBEHraME WHA-tYP¢ CEgaBISH £ FOReRRPTSing Wild YR g% H 7. 0
according to the filter manufacturer's instructions. The bacterial DNA was
fixed to the filters by exposure to UV light frama Stratalinker
(Stratagene). dl—Mbriis dpreférvedh 3 ttbei@ddﬁgﬁbheﬁgpﬁiﬂg?ésldgaeeum[itddgw; under
stringent conditions, as previou 25 descri be en.et_al, ,1989). For
DNA extracti gns,c"S‘.’"‘WﬁﬂP ﬁﬂﬁqrﬁﬁf‘ﬂggﬁsﬁfd’ﬁoﬁ"ﬁﬂp&ﬁt ’I_"S‘t"r"ﬁ'r is; ohjainedq in

liquid LB medi uragn il i i : _ n
[ Gur 8 B ok P G 6 DB Y NSAUBREOE e St ! | o o
hexadecy! t ri met hiyimniobilissdon avhernbiacd AR tirsprobel (whichy ifi this dase AU>@0OI et al

( 1987). Briefly, cells from 150 30 to, 1000 ~I vol unes were precipitated by
centrifugation Awgleotidessinclength) inin sqtution-and, theimmobilised gene/hybridised)

and 5 -d of 20 RoRr1s Wdbed [R0:F i S5, dred ot FobD BTSSR #Y 1D, 5E

~d of 3 M NAQI WeCl2010¢8 M N oiteaeel t hor oughly, followed by 80 ul of 10 ~
(Wv) CTAB and 0.7 M NaCl. After thorough m xing, the solution was
i ncubated at 5 65C for 10 mn. Follow ng extraction with phenol and

phenol - chl or of or Bl% i /i ,ﬁ{?;y i j opanol ,
washed with 70 %}gc#alﬁo aﬁ\é&?gﬁfg%ef%tgg&ﬁ% $é1 a é&cgg;gg{,] r g%nagf

appr oxi mat el y 1sh6@nﬁaniFurb95Tm 6ad desqrived indanplbRect ed to two rounds
of PCR to generate | abelled probes. The first PCR was performed in 100 ~cl

reactions containing 20 MM Tris-C pH 8.3; 50 MM KCl; 2 mM MgCh; 0.01 ~

Tween 80; 2 p T thé - i i

pol yneri se ?ger%ﬁféprn%ﬁl tgg@'ﬁ‘gﬁb’dgﬁ%’ﬁ %?IS%IIE'# &aﬁgu@ﬁfm glr.i@"gS ~cg 15
target DNA. Aft eomprisenihiei sdquéacrishowh i inn Figurds 15 andit6 AmdCledchibedain cycl i ng
consi sted of 20 cycles _of 45 s at 50C, 10 s at 72C) and 30 s at 95C. PCR
products were eXXagmled.with chl orof orn i soanyl al cohol (2411) and
precipitated with ethanol. DNA was resuspended in 10 ~cl TE and the PCR
products were purified by el ectrophoresis through a 1.6 % Seapl aque (FMC 20
Bi opr oduct s) gellnifurtRéiEprieferé sue. th&gknes! dre ¢lsose aontminednyitin agnatrieast partabout 80

by were exci,sed and .used for, the second PCR This reaction carried out

5000 St 2Dor st WhiEk S comiscd Sy B SEUCAGFY SRRV Flguess T 48R kG - o

mV Mgl 2; 0.01 : ' sla P (3000
G ol - Aor s 2nf gy Have BEL MERAREH B fié pitholof el Econd asmecf BT 870 1g of
target DNA (1-2 invdntioh. 1TKe-séquamtesghowadaFigres ¢ htand 12ruge part dfia géner ound

PCR product); 0.5 units of Anpljtaq polynerise. . The reacti.on was overl ayed
with 20 ~cl mi nétustergiromadaimoriela piphinpwninm vhigh I have shilsckvindencesgenebed

o W ¢ Dl SR 2/ UGy, SRS bF ihakRn HiRfiods g ndleaftlo 0 DanCC
wo 9s~i ~9si 251 Iwikldnatthoseqobnst, aad tiwse Gafsposan fnseribing inicdvatdal vinnleddea

exconj ugants contai ni.ng tagged transposons were grown in 296 tryptone, 1 ~
yeast extract, dletermingny afithe erganjsr. 58%isd | more fulkybglopagdNnmedi um

(Ausubel et al, i 1 I Gr I 7 I
replicator was Léa?atggl%l%lj p‘r ?ﬁg'ﬁ‘g&é Ié' 3#%‘?‘5@31‘%@ %?qﬁﬁég%)\?gr%’)aﬁtgfh’l%t ures to
a firesh m crot iihventiphdk @sédto Ideatifubiruleace peries inrSalhondtid mphimiFiumt i1 the
ODs (neasured using a Titertek Miultiscan mcrotitre plate reader) was

appr oxi mat el y 0.manyhof hehnugleic. acid imsgrianse@nd tberefareigenesutdentiied)sanger e t hen
| ed d 4Ds~ det. 1 ned i { . Th
B uted 1 n SPor rEtarkf i Tiysls SRt datihes e FRBOLEL HRE redfif, HGCHT Fur'ons

were plated out onto TYGPN containing nalidixic acid (100 ng n¥') and
kanamycin (50 ng m-"') to confirmthe cfu present in the inoculum 15
G oups of three female BALB/c mce (20-25g) were injected intraperitoneally
with 0.2 m of bacterial suspension containing approximately 1x10s cfu nf'.
M ce were sacrificed three days postinocul ation and their spleens were
renoved to recover bacteria. Half of 20 each spleen was honogenized in 1 m

Y o, o o Y



WD 96117981 PGTI GH98J02878 52 Virul ence gene cloning ctnd DNA sequenci ng
Total DNA was isolated fromsS. typhi murium exconjugants and di gested
separately with Sstl) Sall) Pstl and Sphl. Digests were fractionated
through 5 agarose gels, transferred to Hybond N+ nenbranes (Anersham and
subj ected to Sout hern hybridisation analysis using the kananycin resistance
gene of pWMOMHPSITASKnR as a probe. The probe was | abel | W%‘!’ﬁ’%ﬁﬁoxygeni n
(Boehri nger-Mannhei m and cheni | um nescence detection was carried out
according to the manufacturer's instruédions. The hybridisation 10 and
washi ng conditions were as_described above. Restriction enzymes which gave
rise to hybri consaing othezyirvlanee genasiwhigh sasideseribrskbelew ofasmepart of egest DNA
for a preparative.agarose gel, and DNA fragnents corresponding to the sizes
of the hybri df"é’&?ﬁ‘%’g signal's were excised fromthis, purified and I|igated
into puCl 8. Ligation reactions were used to transformE. coli 15 DHSa to
kananycin resi stance. Plasm ds from kananycin-resistant transformants were
purified by pZbezggae isolated ibyzthe anethodof ¢he inventionl cambelexpressed Bsari cti on

method ( SehgerBbICht gefh, IhGE: e eFie DN mithy v IR aEoRa e Wi enci ng
e TR e e, anar e Of e edlins PO
(5' GCACTTGTGT#0maiGad>hierein, Xo)conSapt|aD exprespionvectorawhichi isithen ussdtoand O

termni of TnS, respectively. Nucleatide, sequences and deduced.am no acid
sequences wer Fansfornan app %%é%@f@@?&? r?%o%ﬁqcpqﬁ’sg“b%ﬂfd@g run on a
Maci nt osh SHE E{Eg‘;{mg W#ﬁ es§!y‘%r NTRAL hsk i L and
Genbank DNA dgél ses dtjﬂ'ustlhﬁg t eBBNI lﬁctﬁ?g{%&&t er ggél;mesm é%d@ﬁgwﬁlurran
Genone MaHbpi nYSFPatpmtdN odeh 440,859 @sned 3, Aptilr 1984 toRutteR-eT nh-4530090N (1|1 ~. E 9~
WO 961 1~9s1 53 Resylts T sign, PGT/ GB95/.02..875 S, The, st, re of the
DNA tags is sﬁé‘&ﬁﬁ’s % Jﬁ#)@ﬂgﬁg)ﬁa.%&ww%v%@@f@“ﬁﬂ Tg QBPF géég t_Eent ral
region Tlankegriu, £57F,053 Msutd' S0 TuAN198P RISER er 419, 67895 R lssued7 0"
sequence ([ NK[m~ was designed to prevent the occurrence of sites for the
comonl y usedJuly 1887 ex Goeddel p4, 704 36Riissued 3 Noveyntes 1987 to Itakurafef aki ent | y
variable to ensyre that statistical t same £ sho 10 only
occur once in4'§19’ "smﬂde\:be&m?ﬂ\w@e'& Wg“%%‘éwg‘g& ected
tags sho t h : iIAe R ko ‘Gedydrédsabl e

regi on). nei‘g}Bng;?}@/o%ég%ee?ﬁP{;96gbg? Iig anzé ﬁh%esg%gg%t%r T. %ia‘l'érﬁe arns
contai n Kpnl ail and 4,8086480issied ZnMfartip 1988i toi Stalkers ladl ofiiwhieh artoni ng
step, and the Hndll1l sites bg{f?eri ng the variable region were used to

rel ease 15 r aHicornasated dwrern by-1eferepessi ons fromthe arns prior to

hybri di sation analysis. The arns were al so desi gned such that prinmers P2
and P4 each contain only one guani ne residue. Therefore during a PCR using
t hese pri mer sTherDNAoeacwling the@olypeptitde constitnting abe compoond afhthaew y

synt hesi s arm conpared tq ap average of ten in t uni que seguence. Wen
r adi ol abef‘?ed"ﬁ'@‘ﬂ“"? fmaypbe ﬂf?!!‘ﬁ‘gé?iai WidehearsiRo Qﬂ’eévlgﬁ&gée "?@ng’Fol d nore

| abel will be; At i UepRe A rm This
is intended t})ﬂﬁ?{rﬁ"ssemg??%ﬁgﬂng ?19 fﬂl’ di saf?@gag?gg)a% ‘Plrlgarrﬁéﬂg ar s,
after they hauporbdennatetecofsthe Kostnthe eanner gfiehs injroduction lof the PNAI on wit h
H ndlI1. Double stranded tags, were ligated into the Kpn] s.ite .of, the
mni-Tn5 tran %ﬁ’fz‘,"g‘i‘ﬁ?fr?%ip%ﬁ magenageeArantegration 1s degred- Ti mi s)
1994). Replication of this plasmd is dependent on the R6K-specified ~r
product of the pir gene. It carries the oriT sequence of the RP4 plasm d,
perm ttingstr Geaératly] aher DINAI & jnsefted dntoenn adxpsgssionesectdd, | sueh & Wekal anos)
| 988), and the tnp' gene needed for transpositi.on of tlge m ni-Tn5 el ement.

The tagged mi Rlasmih iBepropemenentatien apd sorrpetreading Srame, feg eXRFESHNr i um by
i ti , I . B4 i: [ ti
o o < iHbcedlicy, EDRAA Mayibk ifigb (5l bR ftiad u i opligaamng, (ol 11 N0

Total DNA i sotraastatidriad fedulaby tdoneol waclediide séqenvest fecbgnibdd bynthesubj ect ed
to Sout hern hybridi sation anal ysis using the kanamycin re;i st.ance gene of

the mni - TnS fesifedpbostn althoughr surh cpptrelscares gengrally: awailableoip uhbsnt had
i . inal e 440t E f. ; j di ff t
ol e or oad LERrelsidh TeRHET TR FEAAL IoheR inkrdBucei MR SRCHos Thituid'! (B4

10 W& next determned the efficiency and uniformty of anplification of the
DNA tags in PCRs involving pools of exconjugant DNAs as targets for the
reactions. In an attenpt to mnimse unequal anplification of tags in the




PCR, we determ ned the maxi mum quantity of DNA target that could be used in
a 100 ~, 1 reaction, and the m ni num nunber of PCR cycles) that 15 resulted
in products which could be visualised by ethidiumbrom de staining of an
agarose gel (5 ~cg DNA and 20 cycles, respectively). S. typhinmurium
exconjugants _which had reached stationary growh phase in g i di shes
wer e conbi ne‘&?’ﬂ”ﬂshsed to extract DNA. This was 20 subj ec?&%&%ﬁ%
using priners P2 and P4. PCR products of 80 by were gel-purified and used
as targets for a second PCR) using the saft prinmers but with 32P-1abell ed

CTP. This resulted in over ,60! of the radiol abelled dCTP being | ncorporated
into the PCR prostandard teghniquesi oBemerallyangsralljakthe hestsowill geévg#om%

Hi ndl Il and used fo) C B i di ng
mcrotitre di she2§.' %g)('f §"1§f§pér/$ﬁ@aﬁf gﬁﬁest eg@%@ﬁﬁ{ ﬁﬁé‘%y@’ 3@@@3‘5‘?‘& to
yield a clear sibhoslcels. anOnet selextion oreahnitjod | iavolees dncorperaring hintexhesur e of

the colony blot. There are three gotenti al explanations for this. Firstly,
it is possible texRression vester a BINAsequence, with 3n¥ secessary coptrob glementss gs

However, by NPAL tr i i I .Lom
ligation r eag?i og‘rg k ?ﬁ?/égrf?r ﬁﬁﬁ@?@#&;@%ﬁ"%@ﬁwwﬁ sggl? ﬁé‘é‘ﬁﬂo{l&
rcrtcsasl o~t's S55ragistitRBe e Adermdtivelys hoigenodfor suth selecmbleniraik day benon

unt agged transposons coul d account for nore than approximtely 0.5 ~ of the

total (see Mater prgtBeraygetanm whigk js usedrte qorsansboran the desired host eall. ¢ he

vari abl e sequence was truncated in sone of the tags) andlor that sonme of
the sequences forned 5 secondary structures, both of which m ght have
prevented anplifHest télls thatihavé dedhtr@Rsformbd byt the Fevembingar DN A ufl the wer e
not included in further studies. The specifj.ci te/ of the efficiently

anmpl i fi abl e {Qgsinygsatior g shamewltured foe acsufficient timsr ykunrdesnapMORIAteNi es of

a mcrotitre dis d using it Lo pr a. cal ony .ol 0 | pni_es,

whi ch i ncl uded tE%"@QOTfsgﬂo\gg ‘8eﬂ‘8f§tsgﬁ@6 'tnhg’cpg%b'g.%%‘ﬁ'egf g‘ﬁﬁﬁ%‘:ﬂ%ﬁg
hybridi sation si gisgloséd ARein €o Périfiie|théeRPressibn WEakk polypeprideltvhith@apr obe
(Figure 3) shows that the hybridisation conditions enployed were
sufficiently st rmgémm@@v%ﬂé-vent cross-hybridi sati on anong | abel | ed tags)
and suggests that each exconjugant is not reiterated within a mcrotitre
dish. 15 There are further considerations in determning the maxi num pool
size that cah§ beMuigCexpression sy@Riss alel khowt, Tdluding ackFial(for daniple Equantity
of |abelled tag for each transposon is inverself/g%réo ortional to the

conpl exi ty of t heok apd Baeiflus sufuilis), yeasts (foriexamplet§escimrgmysesceretstig®. whi ch

xposur o of an afispatvl fREF or paRmiEHiPeiRo” Bl A%, Snlill BYCHRAOT

pool increases, #Retu&llst he |ikelihood of failure of a virulent
representative of the pool to be present in sufficient nunbers, in the
spl een of an infected animal, to produce enough | abelled probe. W have not

Sl monel | osi 251 hAE sclolt inclfs 3 JrReyoht SEplchoy YalTak i CHEF o for

Virul ence tests pfogagatién Bepakaryoi)ieveh if the vactbpisab befusdd fo? expregsiohy
tagged insertion nutants (fromtwp mcrotitre_ w 9s~i ~9si 5

; 6
rcr~cs9s~ozs~s dilsRESY, Repwprokaryalic.esll pipesy cheee vestors gan alsoiipguds, apye| ve

pool s, each repr L: - | 4. L GI.OF i | 0] an
'ntraper toneal FRPSpHRS-Prgoihuch dh & pliryGic pighobLitabl 6ERoKRE
transposon nut antie efprassibit (tParscriptish ahd (fdnsladogpoliitrngenesd ih @t Bdcterialhr ee
days after iniection mce 5 were sacrificed, and bacteria were recovered by
pl ating spl eéh hbesgeHasueh anko colibtransformedrtheremith.Appr oxi mat el y 10, 000

col oni es recovered from each nouse were pool ed and DNA was extracted. The
tags present in this DNA sanple were anplified and | abelled by the PCR) and
colony bl ots probefromélef RraeégHesdidtcdnifdl BleMidml iferiddoby R DN Arseqadticai ned

usi ng tags

that permits binding of RNA polymerase and transcription to occur.
Promoter sequences compatible with exemplary bacterial hosts are

30 typically provided in plasmid vectors containing convenient restriction sites



10 anplified fromthe inoculum (Figure 3). As a control) an aroA nmutant of
S. typhimuriumwas tagged and enpl oyed as one of the 96 nmutants in the

i noculum This strain would not be expected to be recovered in the spleen
because its virulence is severely attenuated (Buchneier et al, 1993).
Fortyone nutants were identified whose DNA hybridized tv | |l ed tags from
15 the i nd¥QPUHHut not from ! abelled tags from bacteria ‘?‘32‘%‘??&’5@&% romthe
spl een. The experinent was repeated and the sanme forty-one nutants were
again identified. Two of these were the2%roA nutant (one per pool)) as
expected. Another was an auxotrophic nutant (it failed to grow on m ni nmal
medi um) . Al | ofortinsertion afindDNAdsagmeand lof ¢t prejentdnpentiodgy. 20 Exanpl e 2:
Cloni nE and oartia! characterisation of seauences fl anki ng DNA was
extracted fromone of the nmutants described in Exanple 1 (Pool 25 1) F10))
di gested wi th Pepikal | st PRshits ARSPECTS, WUTIY PBRIZFaR§ance. The

sequence of 450" by flanki'ng one end of the transposon was detern ned using

pri mer P7. Thi pBR32fuevrilablehfrom Bivwad Laberatoriaso (Richmondc 614, USA) andn) gene,
whi ch encodes h -r rQ S Ei,qure .5) .. To our dge, this
gene has ng-’te w@ﬁ%wﬁ!@ﬁ%ﬁw@gﬁ%@&? AEIgt gﬁﬁ%ta‘gﬁydé?e nant. WO
96/ 17931 PCTI GB95102875 57 Partial sequences of thirteen further Sal nonell a

t yphi murium virul ence genes are shown in Figure 6 (sequences A2 to A9 and
Bl to BS). DedActypicali mammmalians egliemeater qilashits js p8YY) aadlablepfem and PIB7

bear simlarities to, a famly of ge i onsassoci at ed pr,ot at have
been conserve ngél‘éﬂ"cw %t i’;{]_géat mén‘éeclﬁr Smsﬁm%ga\?n@ Eﬂq&nt s, and
whi ch are knomﬁrogg)t‘fﬁg'tmlé %_ngessihﬁ b\EISREl h¥nes! the RigR& vELBFt he inv

genes are req r bacteri invasion into intestinal tissue. The
virul ence H¥ iexpressiomticing foumtltie Tumttipdn:predudingeeells; su¢hnascQOS8tkcellsy t he or al
route, but not when they are adm nistered intraperitoneally. The di scovery
of Inv-related 10 genes that are required for virulence follow ng

L ntraperi t oneahnlcRgmplebe Aflindes ﬁanmﬂﬁwegagﬁsgfogg&tcﬁgngws@, yigoch might

be required for invaSion non- phagocytic _spleen” and ot her
organs. The prawiilable fodmtPlesmaciaw Tis oector gises theglucomortidoid-inducibleg t ar get s

than the inv proteins jn the treatnent of established infections. 15
Furt her char ackOMQLEk b heomople, MASEEY, BERRHFr VIEUS 1908, terainal 16pRaL 9 s

descri bed j Wg@ﬁsiﬂaﬁ'ﬂkecléhed-gﬁﬁ determ nations and nousg
f

vacci nati on study tations | dent ed by the nethod of the invention
attenuate virulence. Five of the nutations in genes not previously

inplicated in viru] ence re.transferre P22- nedi n ctionto
the nali di xic ‘\all:‘ﬁfﬁi et ?%dz‘ffck?if &t _Pgrsraé?'ﬁ‘%éfar@. b@%ﬂ?%&@i #8025,
Transductants Rl Ralig6ke Porh S%{dFE%AﬁfgnWW%i,l%Jdlm e o237y the

i ntraperitoneal rout’e into groups o Cc mce to determne their 50~
| et hal dose (LUSA. TRiasinidso pRH403s pRE40dtpRRE405S408, pRSEKN) aPeFYcastd POB7

were all veral orders, of , j tude, hi gher than that of the w ] d-type
ot ai . NG 1 s PSP GOfpsbpd,cSpairalci BE YegR sslkeiahls marksss 137
however, therepyes grPyat; BURCahE YURAIO OPlsmidsd pREM18L41TE UFE OFEast

significant decrease In the proportion of P1F10 cells recovered fromthe’
spl eens of m cEentrgmettegplaswnids (XiCpshocul um consi sting of an equal proportion

A variety of methods have been developed to operably link DNA to
25 vectors via complementary cohesive termini. For instance,
complementary homopolymer tracts can be added to the DNA segment to
be inserted to the vector DNA. The vector and DNA segment are then
joined by hydrogen bonding between the complementary homopolymeric
tails to form recombinant DNA molecules.
30



of this strain and the wild-type strain. This inplies that this nutation
does attenuate vinalence, but to a degree that is not detectable by LDP. 5
Mut ants P3F4 and P9B7 were al so admi nistered by the oral route at an

i noculum | evel of 10" cells/nmouse. None of the mice becane i1l1l, indicating
that the oral LDP | evels of these nutants are at |east an order of

magni t ude hM¥f17™Man that of the wild-type strain. 10 | n PREGRHVRES

vacci nation study groups of five female BALB/c mice of 20-25 g in mass were
initially inoculated orally (p.o.) or in2baperitoneally (i.p.) with serial
ten fold dilutions of Sal monella typhi muum nutant strains P3F4 and P9B7.
After four week8ynthetigrilinkerse containing ionecer mase restristiswsites fpravidesami t he

parental wild type raj hs were t recor fqur ks. A
group of two m %lgergﬁﬁ\{%@@gbo%%boémgﬁ&ﬁ%éﬁ% %esg"{eﬁ'g?‘givgégfsnoﬁ* d"with the
nutant strains sphfent géndraedWy efdonucioasdVireftriefidn digestion Gis ddsbribéd d type
20 strain as a positive control. Both non-inmmunised mce died as expected
wi thin four weetasliemdstreated avith hagtoriophage T4 DNA pelymerase or E.i qali DNA

i nocul ation M th,nmutant ,strain P3FE4 initial ijpocy,umin c.f,u..no.. mce

sur vi vi ng (i st PUymerass J - sRgymes a‘§ﬁ?\9?’?xPFf5"!ﬂ?i'&1L§t ?HE“‘EH‘&T'P“&HJ%‘B‘“Q‘ 10952
(40995 x 1 CeS2uiQnel B’-s.’)é\%ﬁf“&éoi . ?:b?ivﬁic%(,)aﬂ&ﬁﬂanre&rsm. LS 4ot Sx1 O ~5
~~0(0% 2) i.p. tnitral inoculumWth mutant~strain P3F4 initial 1noculum
in c.f.u.no. mtheirpolymerinipgfactivitieshal | enge 'no. mice surviving wild type
chal l engeS x 10633 (100% S x 10s54 (80% 5x10' 65(83%5 X 10'S4 (80% 3) p.o.
initial inoculumw th nutant strain P9B7 initial inoculumin c.f.u.no. mce

surviving firstTRO8ohBINAOR of MesE aSlivitiey tidgefdhd gerleYdtes BliAt-LARATINA 10950
(0% 4) i.p. initial tnoculumwth nmutant P9B7 Tnitial 1noculumin
10 segments. The blunt-ended segments are then incubated with a large
molar excess of linker molecules in the presence of an enzyme that is able
to catalyze the ligation of blunt-ended DNA molecules, such as
bacteriophage T4 DNA ligase. Thus, the products of the reaction are
DNA segments carrying polymeric linker sequences at their ends. These
15 DNA segments are then cleaved with the appropriate restriction enzyme
and ligated to an expression vector that has been cleaved with an enzyme

that produces termini compatible with those of the DNA segment.

Synthetic linkers containing a variety of restriction endonuclease sites are
20 commercially available from a number of sources including International
Biotechnologies Inc, New Haven, CN, USA.

A desirable way to modify the DNA encoding the polypeptide of the
invention is to use the polymerase chain reaction as disclosed by Saiki er
25  al (1988) Science 239, 487-491.

In this method the DNA to be enzymatically amplified is flanked by two
specific oligonucleotide primers which themselves become incorporated
into the amplified DNA. The said specific primers may contain restriction

30 endonuclease recognition sites which can be used for cloning into



c.f.u.no. mce surviving frst challengeno. mce surviving wild type

chal  enge5 x 10642 (50% Fromthese experinents | conclude that nutant P3P4
appears to give sonme 25 protection against subsequent wild type chall enge.
This protection appears greater in mce that were i munised i.p. 30 Exanple
4: ldentification of a virulence | ocus encodi nE a second t )o" |11

secreti onWOSHTII i n Sal nonel | a tvphi nuriurn Abbreviati oﬁ&@gﬂuﬂ? this
Exanpl e are VG 1, virulence gene cluster 1; VGC2, virul ence gene cluster
2. WO 96/ 19s1 60 pcr~cB9sroze~s Sal ndhel la typhimuriumis a principal
agent of gastroenteritis in humans and produces a systemc illness in mce
whi ch serves exprassiarieectérsrusingmmeth®ds knbwindnftbeart. ( 1 ). Fol | owi ng oral

i noculation of mce with S. typhinmurium the bacteria pass fromthe |unen

of the small intestine through the intestinal nucosa, via enterocytes or M
celI's of the Yaughts of B sdheb Alsh otk Paktof thel itvehidon, CItlis él?ﬂe&' Ree
macr ophages and ncutroph e, gnter ?ﬁé rete;rcul oendot h P system and

di ssemi nat e t varirritdwas at lpasts70% rsct;nnﬁcngdd:may,lmosqapmferabbdatl leastr85 %her e

furth duct | t d f |. b 3

To. | nvade TootoRUEneeidestyY. most preleimily s rest 33 & Seicncs Wdhuiry S the™ * %)

physi ol ogi cal ééﬁ}ﬁ%&&é&?&# th@tn'iﬁ%&d bEIR" M&NOFQSHsF ?{?lﬁ%\ﬂeh&””e”t s and
the specl ac

to circunvent c ant terial activitres o I mmuné system
S. typhi nuri udeletigrisonad dnsrtituss mayabe dolermed! oiThe dégréd ofi simtikasitg factors

(4). To gain nmor e conpr ehensgi ve unders and| n of ~virul ence nechani sns of
S. " typhi muri uﬁetyﬁanapﬁ@pc leig #eid émuqnﬁeafl& ﬁnkettf&g'éﬂgmuepgtem

described in I re-tagged 20
nmut agenesi s’ %Wbe%ﬂl{%“\n‘w % ﬁg{sw' é"sil’??vle'gn‘%\:g)tnﬁﬁl df:&qnﬂ?ékl onaki analysis with
the abilily to follow sinultaneously the fate of a | arge nunber of

di fferent nutgnt, thin a sjngle ani and Exanpl.e 1; Reference 5 was
publ i shed af tgﬂn‘fﬂg prarigpisiaf Ri'ﬁi%“sfﬁlcna?ﬂ g’)’l‘hﬁ/é?ﬁqscﬂff inglydedy ¢ hi s appr oach
we identified 43 nutants with attenuated virulence froma total of 1 |52

mutants 25 that were screened. The nucl eoti de sequences of DNA flanking the

i nsertion poi Bys‘vatiahts2ansgancode insefticads, ideltionsnahd substitotiony] éither t hey were
related to genes encoding type Il sec etionbsﬁéatem; of a variety of

bacteri al pat Fm@ewgn(feor non-copseryativa, wheresuch gRanges dp ngbsubstantiallyist er of .
typhi rrur|¥5'n r%eq’%ﬁgp ?il&?oftﬁ fotdid @ type 1l secretion system 30
or

required e asse sur appendages nmedi ating entry into WO
961179s1 61 rcrIchsross?s epithelial cells ( 10). Hence the virul ence of
strains carrying mutations in the jnv/spa iluster is atfenuated only if the

i nocul um i s aE}h ﬁi’%sFé‘faé'dreéPlaﬂt'Itliﬁl%ﬁdlsrwt Forg méﬂmﬁwchaéﬁlmmm ly (8).
In contrast t i T v t |+ QW n
i ntraperi tonegﬁ i nocu atpl§S hQ?E Afsg ﬁ ?spﬂg%%fa A% ﬁﬁoﬂ'ﬁfh@? thg

transposon insertion poi nts of these 5 mut ants and an additional 11 nutants
identified by STM al.l map
ﬂ) ySuc variants may ge made usmg the well known methods of protein

engineering and site-directed mutagenesis.

A ninth aspect of the invention provides a method of identifying a
compound which reduces the ability of a microorganism to adapt to a
25  particular environment comprising the steps of selecting a compound
which interferes with the function of (1) a gene obtained by the method of
the second aspect of the invention or of (2) a polypeptide encoded by such

a gene.

30 Pairwise screens for compounds which affect the wild type cell but not a



region of the S. typhimuriumchronosone. Further analysis of this region
reveal s additional genes whose deduced products have sequence simlarity 10
to other conponents of type Il secretion systens. This chronposomal region
which we refer to as virulence gene cluster 2 (VGC2) is not present in a
nunber of otQﬁr eric bacteria, and represents an inportant |ocus for S,
t yphl muri um P{Fie. 15 Materials and Methods Bacteri al iGT4rH33/02875
Transduction and Gom h Media. Salnonella enterica serotypes 5791
(aberdeen), 423180 (gallinarum) 710l (c@@ana) and 12416 (typhi murium LT2)
were obtained fromthe Nati,onal Collections of Type 20 Cultures, Public

Heal t h Labor at oc§ll s¥erpreducingka geae isplated dy:the e 19f3thgdpvantionfirmyas a
gift fromG Do t i c.Escherichia coli (SPEC),

ent er ohenorr haghsgarl':bftg{ogl ﬁg@ﬁ@g}]ﬂ?@{%ﬂﬁg chol era bi otype El Tor,
Shigella, flexneri serotype 2 and Staphyl ococcus aureus were clinical

i sol ates obtained fromthe Departnment of |nfectious D seases and 25
Bact eri ol ogy, REp@nExsmpleginenecmbpdiment onseelbis a wild typeeelhand msgeondom

Yeo ated beihg T ecSalinonb i Whio BIRER aye i e deHe Tl By 030 oo
to generate si g methodosfode ifivetition STHe @iability and/ov igaowth 6f eseh deMlGRi muri um

NCTC strain 12023 have been described previously (5, 11 ). 30 Routine
propagati on of pheapartiqulapgsviranmentcis detqpmined mathepresenge of a compausd17951 62

PGTJGB95JQZ$75 i,n, LB.braoth {1 I it Rt ropgiate
anti biotics. Beg%sé%t%k%@é'ﬂ?%\?é\'@ ﬁﬂﬁﬁﬂﬁjﬁghgﬁ% '#ﬁtvé?ﬁ'ﬁ@t &Zgﬁ’é‘p re
assessed) the myf dd Wild typé el bisf hot! &éfb‘élefv"c%_*tp_béssﬁ@Qﬂé siid2gdiedi at ed
transduction ( 12) to the nalidixic acid sensitive parental strain of S

t yphi nuri uml@2023. 5 Transductants were anal ysed by restriction digestion
and Sout hern hybri dirsFti gn. gﬁfore yse as, i noculum Lanbda Library

Screeni ng. Lanb a's(p~? Sk rfg BT B\Pe?"lrglﬁﬂf%ﬁe'fensert DNAs coveri ng VGC2
wer e obtained by standard nethods {13) froma 10 A059 |ibrary (14)
containing inserts froma partial Sau3A digest of S. typhinmuriumlLT2
genoni ¢ DNA. Th&ori ¢xamplends obeagmbadiment kthe Smienoorganism r uch has Sl nonel | a
Genetic Stock ntre (.SGSC ary, Canada. .15 Mid- P22 LVs ns

Rach ol abel | ed DRRHIPHHND) fnadh b Tekiexbirsr i yRe ek e DY e o <
bearing DNA1Sr epwilesl of afie | fistta8pecel ofathzeinvehtion. tE&dH GPI(a) Thé odkS

har bouring Mud P22 prophagcs at known positions in the S.  typhinurium
genone. Prepar a€kpressng himierapeganismand 4b) amgquivalent, nugroerganisny (whishcr i bed

(12, 15). The s of d- P22 prophages,.2 riginakly .assenpl.ed by
Benson and Col dﬁéﬁ O%""’Hﬁﬁp&é§%¢o; Hiu#é'ge},&i‘ﬁftaﬁ% ‘5&8‘ léqc?.cehs n

El ectr ophor esi s calfiste SOWHegHe? dphrtict]as aést QdmpoBhd &VilldelerfibEly SnhibitVhe
performed in 1 %or 0.6% agarose gels runin 0.5 x TBE. Gel fractionated 25

DNA was transf eVieience gepd binstinn ds determined byrassessingeghe pmopnuokithettestngent

nucl eot 1 de. 20quSaBBaY MbidHBOBANIEE 1o BRAht indidiomol e b8l bl Pt
Hol den et al, (ih® ov&wxgg%ﬁ@tmida@m@hnimrﬂidt(bpm dquivalérit tiogodrydMisieli sati on
% m

bet ween sequences with smatches) filters were 30 hybridi sed overni ght
at 42C in 10% f Gitnigastdler Gopw NirNignePEsne jreiusts itvie awisagedsthabtve te9502875

fragment s useq SEBPRRER InasbydlE Tncth, A et RadiiiRlon, by RipdiE g oy vt
system (G bco- BRlnileRte \dkhd pfediugd X i 1§ idrd of thd edmpowtidds dequifdded prevé t he

Di goxi geni n_system (Boehri nger Mannheim according to the 5 manufacturers'

i nstructiong} ekfegton bt thay( i thas 4b) shennthis puggestnthnti the tapmpoand isol ut i on
as that used for ,radioagt.ively |abelled.probes. noni ¢ prepar ed
for Southern hyB?lF‘Ea]lfV§a_t ﬁdﬁ ngﬁf@?ﬂ'}fg&*ﬁ?@(ﬁ?gﬁg\s s‘fcrplﬁﬁ%\p‘gﬁﬂl YF d oning
and Nucl eotide geg _G'd%aca?ﬁhﬂyfbtly' PhiRNARIBIGHE ffhSaslferdatdliclf (Whign! | gase
were obtained from G bco-BRL. Geheral nol ecul ar biol ogy techni ques were as

descri bed in Sadbesonit prnetate Kids8 celldiandabat e effequefithentgstveampountidnned by
t he di deo chain term nation hod,, (19 ing a T7 nci ng Kki.t

( Phar Imatci ):3/ Seh[Fé’ﬁBEgg ﬁ@%ﬁ%ﬂs&%‘%ﬁ#@gm&fﬁ? u- ?@Igég? F%Rﬂr e or
Assenbl yLI GB) pagkipgRs de lrﬁ{i&r he& mELY ArcrdBrdanRthsedte PResRhi Hof BRURHESS Vere

conpared with those i n the European




Mol ecul ar Bi ol ogy Laboratory (EMBL) and Swi ssProt dat abases using the BLAST
and FASTA prograns of the GCG package fromthe University of Wsconsin
(version 8) (20) on the network service at the Human Genome Mappi ng Proj ect
Resource Centre) Hinxton, UK. 20 Virulence Tests. Goups of five fenale
BALBI ¢ m ce %0- 259) were inoculated orally (p.o.) or int raFeri taneal |y
(i.p.) wiWP%H™H d dilutions of bacteria suspended in pHFI{GRYBIBE

saline. For preparation of the inoculum bacteria were grown overnight at
37Cin LB broth with shaking (50 rpm) 29 and then used to inoculate fresh
medi um for various lengths of tinme until an optical density (OD) at 560 nm
of 0.4 to 0.6 bymplategonragadhed. 1~or cell densities of 5 x 108 col ony
formng units (cfu) per M and above, cultures were concentrated by
centrifugation and resuspended in saline. The concentration of cfulm was
checked by pl giRds@scbbnildndbRE dcfcend For EinptSunds aFd! iskiBsapa’ |
plates. Mce were inoculated 1.p. wth 0.2 WO 961 19951 PGII (B9SJ0?875
64 vol unes andn Kischi® DidDamenicot(h99)dn 'Trhe Distovery of Natural Producthe LDP

val ues wereg cal.cul ated after 28,dg t hpd of . Rued unch (21).
5 Results SocéY‘ﬁ%%l m%vt‘eé%ﬁg‘b’jsmdﬂb%sﬁe:&#ﬁsagw éyé??&%\??ﬂ'ﬁyg'f a bank
of Sal nonel | a ' L Wil A tdPRSRRS feobys and the screen used
to identify 4?%&%@'%‘? gt‘%o-eyﬂggt ed viru eﬁipg ek?liav)z been described 10
previously (5). Transposons and flanki ng DNA regi ons were cl oned from
exconj ugant s .selection for, kananygi,n resistapce or, by inverse PCR

Nucl eot i de sed@NE¥sSEFen$RIN %SS"6$ 'W“mb&ﬁEPﬁgﬂFﬂ@%ﬁP%@ﬁé’b wer e

obt ai ned for ] [ i in the
DNA and pr ot ei:iﬁ>e gég%a ageens? n ic@afg@"%%@%}% ta%tf{s]ﬁ?gs}mot%ékpgagﬁ 15

t ransposol0i nyelatedosteainsit df theostrains idifférnatvan singleuloens,cthgr reesompoundose from

insertions into new genes with simJjlarity, t nown genes of the, |
ent er obact er i 3Pef cl%rr&hlqréﬂt AR he M‘tﬁican i GO ueAte SRN{ %ot

simlarity to 1GViES td_fhel iRt ' el 1 of anple 1
and this Exarrﬁﬁlg%“.rlh%tdrﬂ’ree@m I ne'sélﬂcz))gli e&éﬁ'@?ﬁ?%@ﬁgﬁzﬁﬁ' ttﬁ)atth © ?%rgg 19

t ransposon i nswitltbeomerd adtiveragainses saperasnsidvetest stedin vdetni comparedto egi ons  of
t he genone, initi l'li}% designated A) B and C. First, conparing _nucleotide
sequences fror‘H‘r‘é‘EF $€ A30gRRIC ISR KaiBosHhan agar diffsiony formatyfhitisach ot her
and W th tRosgajdpmi %ﬁﬂ&st : f’?ﬂﬁ | apped

w th one Agot ﬁlgr or@a%srsn?rong sﬁ%s'?grgr?&%ogegf erggﬁgﬁglﬁgﬁggg‘?the sanme
gene. Second, dimuethwel camyingihe cmmpandni Becatke of diffusi, \ai ¢cdntineves al

restriction enzynes and probed with restriction fragnents flanking
transposon i n§& ‘E‘?'EW“}?BiER’P eph%éme@H§§°%qur'§g§HGE§ﬁ SERRIEYIY ons were

| ocated on t hqo SaRBISA fsS5hpbfifdngl hée frbl b 4R WOIE A DNA
probes were hy%rl |lse se%bg&dln%glf %95152875 615 to plaques froma S
t yphi muri um ~ e\ of ithe aone. Geaeral abhgmidrobiaisnaor antimiciobidls mwhth modes ous t wo
steps had . guggested m ght be | i nked re found tq hybridise to the same ~
PNA ol oned TREACIAR OHIEE thar theotteaing o°q91§rlf5¥°%é§9' aggqrejﬂiast*&vermt er A
five mutants : nd 5 P11H10) to cluster B and
ni ne mutants %E’é@ aﬁﬁ@@?s @?A’gs,i E‘E?@%‘,’l%%% P8GL2, P9G4) PLOE1l and P11B9)
to cluster C (Figure 8). Hybridisation of DNA probes fromthese three
clusters to lysates from.a ?et of S. . typhirnuriumstrai PS har bour i ng

shae

| ocked-in Muid-shestype, ecular gepetic sereat, JRvplYIRg pairs af strags Whers were al |
| ocated in th ! i ! : ) kpure 7),

i ndi cating thgtmt) e gehn?%é@oczl}s %?%ﬁgfégg&eimbﬁkr}taéghg?bg';egs?tgi%tct?&gg one | arge
vi r ul ence 250c sgrainloTHe rationalecbehinduthys ype iofiassay dd thae thecsorain cogtaimingst ers A, B
and C contai ned overl appi ng DNA inserts, DNA fra nts fromthe term nal

regions of eadfl elevaed fitiagtitys el the tangehprpe should benmope KyHstaRt at i on
analysis of 't NanBhBRT specHiO 1S The %Yég{egg%a%engr&?w@ gh%gg%‘r“{i;%o;sﬁﬂowﬂn} hat

several ~ clones overlap an at ers rise one
conti guous regoaridiiz iorMmaBamduby 6f dgneirga promint hin smdgaotiffisien regi on
were then used to probe the ~ library to identify further clones containing

i nserts repredS¥aYs tie ZABE SHEsusTouUndingi %ﬁB@C'fI"dbcﬁm)éQqu snexpestadetd brent i f i ed
t hat dt . | h i f t.hi i
wne obtat A0 SyRER ih A straflo SRR Bk Sarer bGP ClTiod R 10 g "D O

Mud- P22 prophage strain TT15244 (16). Restriction mappi ng and Sout hern
hybri di sati on analysis were then used to 25 construct a physical map of
this locus (Figure 8). To distinguish this locus fromthe well
characterised invlspa gene cluster at mnute 63 !'edition VI, ref. 22) (8)
9, 23, 24, 25. 26), we refer to the latter as virulence gene cluster 1 (VGC
1 ) and have terned the new virul ence | ocus VGC2. Figure 2 shows the
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30 be required for the export of virulence determnants in a variety of
bacteri al WO 96/ 17951 PGITI GH951 02875 b7 pat hogens of plants and ani mal s
(7). The predicted proteins of ORFs 1 - 8 (Figure 8) are simlar in

or gani sati on and sequence to the products of the yscN U genes of Yersinia
pseudot uber cul osi s §31), to invC spaS of the invlspa cluster _in VGC 1 of

Sal monel | a tVﬂ’F’l‘?‘?ﬁ ium (8, 9) and to 5 spad7/spad0 of the l’s‘ﬂé‘i‘f?ﬂo“gf uster
of Sbigella flexneri (32, 33) 34, 35,). For exanple the predicted am no

aci d sequence of ORF 3 (Figure 8) is SO 80 dentical to YscS of V.

pseudot uberculosis (31 ), 34 ~ identical to Spa9 fromsS. , flexneri (35)
and 37 ~ identi cetherwdseSpsagenit str@®.| of S, typhinmurium (9). The predicted
protein product of ORF9 is closely related to the LcrD famly 10 of
proteins with 43 %identity to LcrD of Y. enterocolitica (36), 39 identity
to Mki A of S, TAGditiShdlly 8 hitérndtidélyOseléeién oF alcompdifid 3§ adhieded fdthe Parti al
nucl eoti de sequences for the remai ning ORFs shown in Figure 8 indicate that
t he predicted prfollewing steps:ORF10 is nost similar to Y. enterocolitica YscJ
(37) a Iipoprsot ein located in the bacterial outer 15 nenbrane, with ORF11
simlar to ST typhimuriumInvG a nenber of the PulD fam |y of translocases
(38). ORF12 and ORF13 %M%t,shﬁé}'oiﬂ-%‘aﬂﬁh Sbidined UdiHg ithe MhSE OF Qhe Fast

regul atory subunits respectively, Troma variety of proteins conprising two
conponent regul sspeat nyge imen(ice)s ustd asa cantelfit das agivep phepatypey fdaror
further genes between OREs,9 and 10, ORFs 10 20 and 11, and between ORF 19
and the right hd&'8 RYFTulEBeS). Va2 i s conserved anong and is specific to
the Sal nonellae. A 2.2 kb Pstl/Hindlll fragnent |ocated at the centre of
VGC2 (probe B, Figure 8) lacking sequence simlarity to entries in the DNA
and prot ei n 1@at ahaseA waempbund etb abe atgstedbdsi nnigedit Matn thebrwidd-typei on

anal ysis of genonm c DNA from Sal nonel | a serovars and ot her pathogenic
bacteria (Fi guré“‘fﬁ%rgaﬁﬁm'f ragment s hybri di si ng under non-stringent
conditions showed that VGC2 is present in S. aberdeen. S. gallinarum S.
cubana. S. n~phi and is absent from EPEC. EHEC, Y. pestis, S.,fJex~ieri. V
cholera and S. &ur euJTheTwild-tg®: WB3Rorganison s inteiuged injo ahel envirbnmenty t o be
specific to the (Sah‘m)nelhae. 961 17951 PCTI GH9510Z87S 68 To determ ne
if the organi satToW o Withaut the festicompgiad: yeq anong the Sal nonel | a serovars
tested, strijggent Sout hern hybridisations wth genom c DNA digested with
two further restriction enzynmes were carried out. Hgbri di sing DNA fragnents
showed that therd isIfothe hldtypgemicroprganisieis unablgndensdaptotorthetriction

sites between S._typhinuri LT2 and S. 10, gal | inarum S ba nd S.
Cyphi (Fi gare 108y PORmRDheruneSieaTiont safuarait L0 psries ool o

addi ti onal hybr i cbnfgcbedf,’ B2 TRBinpobRd i WiREIETedicest ihe abiliey oFalheonel | ae
exam ned, suggesting that regions of VGC2 have been duplicated in these
speci es. YGCZ i gnicseerganidmyf toradapt tgl, ensarvive i.cbe pprtioylas envirgpaenent s
showed t hat 4she LDP values for i.p. inoculation of transposon mutants P3F4,
P7&, P9B7 d P 11 C3 were at least 100-fold greater than the wld type
strain (5). In owfeh th® eavbhim¥nt! 3€ar ARIMdIBEEy @id WeChitrdotguisni g¢@ss of
infection, the 15 p.o. and i.p. LDP values for nutants P3F4 and P9B7 were
det er m ned ( Tablpathiogen@onisroenzarism, tesampoynd identificd by this methadgaodeof at

| east five orders of. magnitude by either route of. inoculal.ion i gnpari son
wi th the parent alfsegt V‘aian.meﬁl‘faé“ otPanﬁYeg{ toé'nﬁgltgpgﬁ?eofmtﬁc%? em!ﬁ bot h
routes of inoculmicréstgdfispnstrates that VGC2 is required for events in the
infective 20 process after epithelial cell penetration in BALBIc m ce.
Table 1. LD28 values of S. typhirnuriumstrains. 25 LDso
(cfu)Straini.p.p,0.12023 w typed. 26. 2 10P3F41. 5 x 106>.5 X

OPoB7o1. 510655 A aecl b e VeRdpf isdeties providens Solppaa ifsbfaplec ussi on
PGTI GBISI OZ875 ApyhinkNREthBd WRHROWMY hépécence | ocus in S. typhimuritun of
approxi mately 40°kb located at mnute 30.7 on the chronosone by nmapping the
insertion 5 points of a group of signature-tagged transposon nmutants with

tt ted virul h been identifi 5). This | [ f dt
Vi rul once gene df dalie spproanss B ves B b emphunt pEIS walh ApESLEe

virul ence gepes j i L . T i est be
f enamed VGC?@eV Gl%ift&f’tdﬂﬂ%%@ﬁlo&w Whith Vkchh be'i8Entifed) anliif pakfcudHog



and VGC2 both encode conponents of type Ill secretion systens. 10 However,
these secretion systens are functionally distinct. OF 19 nutants that arose
frominsertions ,into new genes (ref. 5 and this exanple) 16 napped to the
sane region of the chronosone. It is possible that mni-Tn5 insertion
occurs preferentially in VGC2. Alternatively, as the ZS negative selection
used to | MW nutants with attenuated virul ence (5) wRSHEBIYO8TS | ngent
(reflected by the high LDP values for VG2 nmutants) it is possible that,
among the previously unknown genes, onBYy nutations in those of VGC2 result
in a degree of attenuation sufficient to be recovered in the screen. The
failure of preelatinnstosthgrhase of & pathogenigpnicneorizanismi. r Gorexample, ifgher ni nant s
to identify V ight stem.f.rromrelianc n,cell culture assays rather
than a |1 ve SFORpuR i eBRERIP By, § HERGE oMot Saee & ViEtn B8 BEnci 11 e
regi ons of thﬁol?peﬁﬁdémmwmekw, TR AR EPiu WHiLD infecEPd WRRhage (40)

| ocat ed one such region (RF333) fo mnutes 30.5 - 32. Therefore, RF333 may
correspond t othe@Gompaindhmay tbei useful Snrtotatingdnfection taf 2 maresd bythatnvol ved in
vi rul ence et@{rri pation. Conparisons with the type Ill secretion systens
encoded b;jth K MWMence pl asm ds of Yersinia and Shigella as well as with
V& 1 of Salnonella indicates that VGC2 encodes the basic structural

conponents of the 30 secretory apparatus. Furthernore, the order of ORFs
1-8 in VG2 i Similerly, MQhe6ddriipound/i3 mentifiablerby-a methedawhidbcugpsna order in

honol ogues in .Yersinia. Shige]la apd VGGL,of S, typhinugium The fact that
t he or gani sat Y'S\WCBEf 8SRG-u8% BP "&ném@ éﬁ@PXt%ﬁ“?yé{"éHﬁ‘gh‘ﬁB nor e

closely rel at I Malel : LSl a,

Cogot hor v t PR p biint, e SBmpBuld Ba Bl RERPRFIAIGARRTIBH oK EPMAT, 0 ooy
(40, 41, UP) bpthatdgogused i ndependently by S. typhinuriumvia horizontal
transm ssion. The proteins encoded by ORFs 12 and 13 show strong simlarity
to bacterial two conponent regulators (39) and could regul ate either ORFs

| -11 and/or tRR eI&R i : LSy ;n VCC 1
have been shoexlnﬁ to ?g‘tf‘%ﬁg‘;?{éﬁf n@&?{'gﬁpto?lg%qsﬁqeféﬁi‘brrﬁirlalxtﬁ?nﬁ?ﬁ‘t%cl) epi t hel i al
cel | Si( ;I'hi sI pinteracts w'ﬂhl,uhncbslulmatd t'fallb'ailnh'?tmsttlhetfu(\él)o%ﬂ a gené ]'chlthel {

cyt oskel etal rearrangenen .eading to logalised nenbrane ru ing {43,
44). The rol S TCEPEC-RABE (TVGRON AT R IYRIOI GCKPEOISELBISSR. ¢t he 1 of ect| on
is reflecfged in the approximately 50-fold attenuation of virulence 15 in
BALBI ¢ m ce inoculated p.o. with VGl nutants and by the fact that VCGC

mut ant s show By Tmsdeiof acid r producte theineof™” avei inchider any iIRNA, (&pecidlly second
observation al xpl ai n no, VGC 1 nutants were obtained in our screen
(5). In contr'&‘g&‘gnﬁ?ﬁ?ﬁ'@e QMtbe &FRE-pr of oundl y attenuated fol | owi ng both
p.o. and i.p. inoculation. This shows that, unlike VGCl, 20 VG2 is
required for virulence in mce after epithelial cell penetration, but these
findi ngs do nBteferablyualenalecult avifich sal@gively intetacts weith,| andssubgantilly nf ect i on.

Thus in s .TBpRi ng the inserfjon points, of 16 signatuyre-tagged 2S
pransposmwﬁm‘Q @W &’r\'@"%l‘#or?él g Bﬁiﬁﬂf’ri“ﬂﬁllcl?nﬁﬂ_gro%‘??#ﬁc‘l ésdggo the
identificati °£hti§tan§b ﬁ"%‘léé?ﬁélrd aﬁ‘%ﬁgﬁ%ﬂpdﬁliw{vgf at mnute 30.7. This | ocus

is conserved anong a a specl es exam ned, but not present
in a variety of other pathogenic bacteria or in Escherichia coli K12.

Nucl eoti de se enci?r}g f a portion _of this,|ocus,reve Ieg 11 open reading
Eai’éﬂﬁ‘l“g lg,ptl e

30 frames who¥tOrHPE malerule HiantissRssopkiganuc type 1l
secretion WD 961 17951 PGTl GH95102875 71 system To distingui sh between
this and the type Ill secretion system encoded by the inv/spa invasion

| ocus we 2%f eAntisersé@eoligomliclpatidescare singleistranded: augeiveaci psetdch tag VGCl) and
t he new | ocus as, V! . .VGC2 has | ower G+C.confent than that of the

Sal nonel | a ge%ﬁ@% biad {9 ap08P Welﬁa‘@’eﬂlﬂge‘ﬁﬁ&deseﬂ%'éﬁ?ctéyi’d‘é{ﬁ@g great er
than 90 ~ i dent,i i g h - . Thus VGC2
was probably @ééﬁ?‘?@&%ﬁﬁ@@% g{qu%/ngeygpr@gb?}%%’Fr@gﬂaﬁﬂggicgﬁﬂg%rrespondi ng
to that betweBNA haEMdth&thp%seaudaidﬁcicﬁ.are@lﬁbn tafnfed ‘anticerRkudi es of

VGC2 mutants have shown themto be attenuated by at |east five orders of
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i t is 15 I'n th f hent .t
System the- moSeeERfatEndfva: Pot Stile; it et gLSREY MG 4BEDT Soccus
pneuroni ae i SRkQ ¥9. 7475750, | fApoUitat CGthérWisewnAfbdifRed Bligbhudiestideset al (

1984) J. Bacteriol. 159, 870). Random S, pneunoni ae DNA fragnents of
200- 400 by wi bécome meneresistantity nueleasasanDive wihgr shéyareblotked ataberi cti on

0 i cal ,sheatr,i b icati foll b l.
fe P ;Z?F oﬁ;tf )c/)ng'aﬁ'gcp ) C‘SW&IE Fgﬁéiﬂg H@#ﬁ’%&fﬁﬁ&%@%ﬁ@@%ﬁ&%ﬁagmnt s are
l'igated into phaBHbbiikdae? edoin wiv®93) Mol . Mcrobiol. 9, 1037

a%eDﬁ&r "ﬁd
whi ch carries ttﬁg ermgene for er ronmycin selection in E. toll and S
pneunoni ae), previously nodified by incorporation of DNA sequence tags into

one of the 25 | yl.i pker ¢loning sites. The size of c¢loned S. ,pneunoni ae
DNA i s suffi CAE&%&%{] 5ﬁ§‘iﬂ%‘%ﬂ€|‘h¥gi’ﬁ8“?§9§8wﬁ? rP&’PFQﬂ‘Eﬁ ‘é’n&Y'P‘E BE ¢ he

possi bility ofs. i Y- i

(expression o I i g%g%ﬂgg%rgﬂmg?cgﬁﬁaﬁeé%ﬁ%@éﬂe%&?gﬁﬁ%aE&‘l‘tﬁg%FQdOl\l ternative
vect ors cHY r yTereaktdrére Lenerss3l cT54Ib7$447ahk aeachings of/ ahichbhre herdbgan be used

in place of 30 pJDC9. Tagged pfasnids carryjng DNA fragpents, are introduced
to an WD 9eincomporated  herein s 0¥ gslerencg F‘ﬂ!ﬁ“é‘ S"t{)rfglﬂﬂ'}'HF’l&Bs‘ €rain

sel ected on tﬂ@th&?@r??gﬁél}gz E%ﬁ%&%tﬂbit%,%@ﬁ%ﬁi&@g {}Iﬁhcdipfgﬁé of

pneunococcal pne gultation conpetenc r gené ansformati on

in S. pneunonesters| tridgedephosphdrymidatesdnd britige phosphorathjpafesiatekndwd 7 ani no
aci ds which has been 5 characterized recentl Y, . ison's group at the
Uni versity of iNthe BHej Secaforexample, Aserwal g d@%&&%ﬂﬁﬁw@@i n,

Coomar as I 4 . r ! . ' 9

11140. 11174 ?%”?6?’%% RE r’?i'%@g%}”n@t(gg%?ﬁfathf@s%gf"?ﬁ 39’?2331 Tager

t ransf or mat i ogr gix(1988)"Bidchehisnngs27 0733, YU aidnskii erral (1087 Tesrakédron
frequencies in sone 10 _encapsul ated clinical isglates of Q. pneunoniae.

' Thi's over conk@tess 803481y Bannwarth, 61738 obe macdctt ddnebdlds and the

availability ] ty) t P h n i of S.
pneunoni ae w?gor?%ﬁ%aﬁﬁg vﬁg(g?@v#{r g%‘%‘l {'ig{e?ilsg’ gﬁ%%s‘ﬁhé%ee? SQI{ rains) to
be nmutated. AI1990pBrdd. NatrhfAdadaSal ¢S#E8T,s1 401 < 486 athgteathingsusrwiiigh 15

honol ogous, i ntegration of the piasm d sequ nces,%ﬁg&#hecked for stability.
The very 4Gw Mevisrogporated heseig by, sefeeange  dOher n or s\anhesit 88 by

i nsertion-dupli ! S~ M i N y t a i .C d regions
Wil be shor (PEIBHAADRES) SR ChESIEY ' BF b EhelehSl enfboint b

unaccept abl y dlighnuckotid®iiotai deoxgtiboiicleic iasid@DNAY akkbughr ribom@leivt h of t he
transformants 20 in culture and during growth in the aninmal. (b) Aninal
model The S. ¥R )seqnencesmayalzo b8 sypihesizedand Apliedool s fvr i nocul ati on
into Swiss andlor C57B1/6 mce. Prelimnary experinments are conducted to 25
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level . OBS atTha@li%umdmﬂﬁiesblIsbfdlSﬁ&hé @ednkion Qireferdiblg fase ddgignegned by nouth
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required, mice are also injected intxaperitoneal li{ for the identification
of genes requéngage finmoptspedificr khridizationt ansharedeby likely totbeaeffeatdes)

Antim cr oy al ents and t hera 37,.234). 5.(c) M.rulence gene
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mut ant bank consisting of several thousand strains is subjected to

virul ence tests.



Mutants with attenuated virulence are identified by hybridisation analysis,
10 using |l abelled tags fromthe “input' and "recovered' pools as probes. If
S. pneunoni ae DNA cannot be colony blotted easily) chronmosormal DNA is

| i berated chemically or enzymatically in the wells of mcrotitre dishes
prior to transfer onto nylon nenbranes using a dot-blot apparatus. DNA

f1 anki ng t heWPA6&8Fht ed plasnid is cloned by plasnid rescudGIFHISOIEAY |
(Morrison et 15 al (1984) J. Bacteriol. 159, 870), and sequenced. Genom c
DNA libraries are constructed in appropri-dte vectors nmaintained in either
E. coli or a Gampositiye host strain, and are, probe jth restriction
fragments fl ankiMigonHelep ’ééhﬁt“éﬂmﬁﬁm%d%ﬂ"waﬂg'&? andyyhich afce genes
which is then f d s ubihect i i I

Anal ysi 5. 20 By (5 FBRTTGRTppled d8liCT. Phe bRl BlipStlclodiel 38 b o
aecalis (a) Mt agadasd mdrbiregsantd depfadhtion aeiad by substidninggne criadrelsi ng
plasm d pAT112 qr a 2S derjvative. developed for this purpose, pAT112
carries genes fdntesaalcartifigial internucleotide Hinkages farcths native phosphodiesser

bacteria, ana& t j . ' esence in
t he host strgi nhg}ﬁ%séﬂl"tn ggr%%@%ﬁ“ﬁr"?r@%%ﬁ?%ﬁ?sgﬁgh‘gﬁgﬁgﬁkﬁeﬁgl e copy
insertions are dbtamiples! off linkegebothiat dngy bwtuswﬁhdudeaﬂl%ﬁﬁbmﬂﬁﬁﬁﬁﬁ gene
(Trieu-Cuot et al £l1991) Gene 106, 30 Zlqnzlﬁ Recovery of fl anki ng the
i ntegrated pl asrmeéthylphasphonpiesssulphope, siiphats, 7&styl; phosphprodithioates,

transt or rat i on-QRricld hossHerRHdaes: Pnobihale EREET brilzed SR es, o,
enzynmes in pAT1lladdiidged phosphoramidyes. BitH eXahipléyareilfistiative) rathk? tHan Cene

106, 21 ) allows_the incorporation of DNA sequence tags prior to transfer 5
to a virul ed stlimitingosinee othesdnternuclentidelinkages.arg knowarinabe arb Seewi de t he

o Cuncti ; j o " !
tranef ormat i on (9 Eatiie, SUREn. 9005 Tkl inTBREchBR0ES, TR, Bhhesiscgf o
1986) J. Bact er igligonidél@otides havingléhe( 60 more 6BRthes® tinkags Isabgituted T6L theof

insertion nutants are anal ysed for randomintegration of the plasmd by
i sol ati ng DNA f riRhesphasiestarintemusleotide dinkagesdswel kpawndn thesart.dacladingSout her n

hybri di sation. 1x0dinxi:dual n a red. || m titre
di shes, and corrpspggll%tlg %ﬁ%&getﬁé’f Bgo&ﬁé@lgi %&@Pgag?%&isﬁ‘égﬁ% 'g'g prior to
screeni ng ofl5t hdnepmridotideiinkadeso di fferent nodels of infection caused by

E. faecalis are enployed. The first is a well established rat nodel of
endocarditis, involving tail vein injection of up to 10 cfu of E. faecalis

into animals tha. .cat [ r r . QOf1 I (Whi t man
et al ( 1993) An H‘@‘X’?@Pg ?ig’éﬁﬂﬁ% BEE rfiudf B 35&4*31??' §86§3%%§%&5§ni mal s
are sacrificed anzymes wS“dabfmg”adﬂ cotpopminigasindly grodpsoas ttke iSalor 3’
vegetations on the aortic valve are excjsed, ,honogeni zed and plated to

cul ture medi um tirmidablusgleqtides.c A Fragerl ionicarping/is coamerqially aydilgbleas ) so

recovered Togm tAgid pafk i‘f‘“yg@kﬁ’?@ﬁlkﬁ?ﬁiﬁﬁﬁhé wui;ggtgﬁorqi}%hggecond

nodel is of peritonitis inm OW Ng I'ntraperi’tonea ection of up

to 25 1 Oy cfu d¥ethod$ dexc aipping alecdescribbd eforadxatnplI9) Skawianglr(@99Bl Agent s
arui Chenot herap~~ 34. 180 pneunoni ae nodel, prelimnary

4 1800). ae wihihe S
experinents ar e NWusheic tArids Rep| 12h 74150 nd ndygrasbysr i 99Dr Prace Mathl s and

the opti mum i noc % [W=\g en . i WO
9si i ~9si rcrrcsé‘sj"lrao&rps‘slfg %"(ﬁd‘&' r‘{ﬂgg%{s@%g’h‘ggelag@ﬁgﬁ?%'F@%%é‘g?eg’tyi on of
DNA f | anki ng t hdn&irberadéd hé}bﬁgbﬁi-éf@fbn@é, pAT112 using its E. coli origin of
replication_is sinplified by the lack of sites for nost of the comonly

used b by ré’é_ognition restriction enzymes in the vector. 5 Therefore DNA
fromthe strai NSA %rthenrt it o%rrrelakq}wg%ﬁggﬂjc\f\éottﬁeg '?eesisq;mttg%%%lease attack

is for them to be “self-stabilized” as described by Tang e al (1993) Nucl.

Acids Res. 21, 2729-2735 incorporated herein by reference. Self-
stabilized oligonucleotides have hai'rpin loop structures at their 3’ ends,

30 and show increased resistance to degradation by snake venom



enzynes, self ligated) transformed into E. colt and sequenced using priners
based on the sequences adjacent to the att sites on the plasm d. A genomc

DNA library of E. , faecalis are probed with sequences of interest to
identify intact copies of virulence genes which are then sequencui. 10
Exam-l e~: ~dentifi~ation of vil lu ence genes in Pseudonpnas aerugi nosa (a)
Mut agenesiV0 81" nce t ransposon Tn5 has been used by ot hé’g’qqgs’m?%geni se

Pseudononas aerugi nosa, and the mni-TnS derivative that was used for the
identification of Sal monella ryphinmuri virul ence genes (Exanple 1) is

reported to have broad utilisation among G gative bactegria, including
several pseud®hespiwdiestsrasss DN Y polymarase | #@f?é}g VIRG-$aIR s ﬁ‘F—%I . 2b4, 20

38b), a P. aerjighl ' MaloH b 3iinNd pool of
<l gnatur o 1 ags MR e gD BEodRIcEROE LU A R bR d PO e
vector to one with womplethénthyninutleitd acids,s ahd ypharmacokinetiec and estdbilityr ai ns.
Thi s approach represents a significant tinme saving. Clcger deriyatives of
Tn5 desi gned $pwigsringnice have shown increased b5 Wvape iof selestabilized 5 (1985)

tcaregﬁsggsgﬁ.s ?%ﬁkgﬂlﬁéﬂ%%ﬁ%\é@éﬁpﬁ%ﬁﬁkﬁﬁnﬂ %‘%’P?c?t inionT'rI]'ﬁe bank of

P. aeruginosa insertion nutants is screened for attenuated virulence in a
chronic pul monary infection nodel in rats. Suspensions of 3Q P. aeruginosa
cel I's are int Ancasserianae avith ghe risventiong| the inherent hinirg sepcificityofos117951

PCTI GB95107879_£9 and.di se . devel Ler i s et al
(1982) Infect %P?ﬁ?ﬁﬁ .olggpufl;@gfeg %ﬁiﬁr%gsa?fzbﬁgfgﬁ?gg{ %@?a&%%’ ?&g | ung
honogenat es t@isﬂiﬁhgrtﬁé @Wilmifybtm th8 Gnfisshise Rompbant td ieinfeRddocirm used to
probe DNA col ony blots of bacferia used as the inoculum It is also

possi bl e 40 swhjoepermittinglomer dasagostabetused andiminimizing systemic effegtsdel  of
endogenous bacgterenm.a (Hirakata et al (19 Ant.l.nd cr,obl al It s and
Chenot her apy g&‘f"ﬁ%&?é“cﬁ:ﬁ?ﬁ{a&?@ﬁ Ep‘?lfegrlé’g%g)) tﬁjﬁ?}}'ﬁ‘éeoﬁ'eeqes Fé@rﬁg) Nat ur e
Cenetics 9, 3Tk ¢dhcBheionof the Sligoshickslideat Bk Bésifedocha ik inftht he
transposons is done as described in Exanple 1. Genomic DNA libraries for

t he i sol at i on high¢r tlansié thecoligonycledtidastveare adwiniseredisystamicpdiye andthe
t ted in the | ab b t andar d th j :
Cdent 1 11 cat i oMasAORHHR FHsRh Sinfh iebiava g oSinificabuy TePEE (ot dimoun,

Mit agenesils TiThel18841tHiER @onEstitrarioh DFloligbnddlesiiies eAhantes perdtedion ofn fungi is
restriction enzyne nedrated integration (REM) of transtorm ng DNA

(Schi est| and tiretasgeted aolly apd effectively blagksdranslation g the sarppt npeleichi s
process, fung?I@fells are transformed with DNA fragnents carrying a

sel ect abl e nmaPRErSEANERIE- 20 presence of a restriction enzyne, and single
copy integrations occur at different genomc sites, defined by the target
sequence of the restriction enzyne. REM has al ready been used successfully
to isol ate virlilieenligonuaieatides s ibei delivered (touther legus( byoany ppeans Nat | .

Ganet . 2480 cAPFroprie 387 ERHaAR deRHRrato o7 p Sl o P8 Slardl 4

restriction ergh@nWfithe alipbmscidtides eatlbe énjboted aireetyitd g sifeadicéanl eads to
single and apparently randomintegration of the linear plasmd into the A

fum gat us gendbaeleligseradeby dnfusign using aminfysion emmt dhg dizopueleetidessite in

one of two ve rs_f.or. hyaro in resi rma
clinical isol sg’ P bﬁ.'"&%&”ﬁﬂ}/‘géﬁqﬂ&‘ ‘"‘?’{?@&3’2‘1 qgg%l&gﬂl%éﬁ%g%aﬁ 80 (b)
Ani mal nodel g debired aNEE REMRS | tHE NSligonGéelkotides Tlebe rMicassE intedee of
aspergillosis in neutropenic mce in particular closely matches the course
of pul nondfy d@hgeusdingdotussans (Smith et rtl (1994) Infect. Imurr. 62)
5Z47). Mce arc inoculated intranasally with up 5 to 1,000, 000

coni di ospor esl nouse, and virulent fungal nmutants are recovered 7-10 days
later by usi ngrHeUsggdHRIFRITAES GPe Infost REfEaMIP ddnfifis@rédid' M hydhdbae are
collected after a few hours, fromwhich DNA is extracted for anplification
and | abel | i ng nudtetialgs The hydobgel dsinoninflamenatonyt aBNbiddegradable. pdbdnyof
transformants conpri si, t he i nocul um A from 10 the regionsg flanking the
REM inserti oﬁ“%bi"?ﬁ‘%"&gé‘o(‘!‘f GFFeg“‘E)‘V“'dl'lj B, {asg dng aﬁ?% ﬁ‘&ﬁ‘fl #Mda with a
restricti e ; S i e t | i;on and

t ransf or ngpl o%%@stﬁ& q%z))f'f%Pr IﬂPﬁ%r%Sr@%gtsegge on tlwgﬁtckr%gé\%ne;ig%{gh%%ﬁgfa t he
plasm d are used to determ ne the adjacent A. fum garus DNA sequences. To
prove that the insertion of the vector was 15 the cause of the avirulent
phenotype, the recovered plasmd is recut wwth the sanme restriction enzyne
used for cloning, and transformed back into the wild-type A fum gatus
parent strain. Transformants that have ari sen by honol ogous reconbi nation
are then subjected to virulence tests. 20 WD 961179s1 81 REFERENCES

. Y — = ~ o~ o o A ~ a2




and sensitive to the oxidative burst of macrophages. Mdl. Mcrobiol. 7,
933-936. 10 Carter) P.B. and Collins, F.M (1974) The route of enteric
infection in normal mce. J. Exp. Med. 139, 1189-1203. de Lorenzo, V. and
Timms, KN (1994) Analysis and construction of stable phenotypes in

G am negative bacteria with Tn5-and Tnl O-derived m nitransposons. Methods
Enrynol . 26M03@59%05. 15 de Lorenzo. V., Herrero. M. JakR&X{GBISAIB7Sind
Timms, KN (1990) Mni-Tn5 transposon derivatives for insertion

mut agenesi s, pronoter probing, and chrono3®nal insertion of cloned DNA in
gram negati ve eubacteria. J. Bacteriol. 172, 6568-6S72. Fields, P.I.,

Groi sman, E. A. ahydregélfwhich isliquid below bodytempardturg bup gels to fornmashapent r ol s

SeLotance L0 ] SRRl O I e R 1
Cnatfield. S . Fyu§gelarSpolyMiths GReltfline ride-pdpflent aiic epemigamiane

characterization of phoA rfutants of Sal nonella"that are unable to pass

through a WO 9Thd peepertesTofbe Jiotyraasae xepondant vadthe/meteadan weightiof cel |
| . M. iol. 2) 757-766. (ol , [E. i ao, . Li

O e o0k e OB atdshe! el P RERRER: B Hhe cavds ad 2°)

transcriptional E@S‘E{W e ﬁ&@é("ilbgf%b%ﬁféﬂd?xﬁfdmd%m?ﬂs cORtaln fdm - ©

G oisnman, E. A a n w to becone a pathogen. Trends
Mcroblol. 2) 288hd®30 @ shand)% by weightiethyleme oxide-Hand from @bo@020 to

5 ochom  aci . 15abois 90k by Seeliii progyicn aXe, A pa oyt pe i hyaragel
i ochem Sci. ‘ 783 ; : r bt v i -3 N

1990) Transposo 0 bbb i e | j s el ection
horkors 1 or o) onfontiiny 3608 70 %OBbHEMy e \iide Bhd DO% Ig0lyiFEpALAL SRS °F)

G am negat i VH) baHydragels whidhacarebe aised lare avéiiable 6 fB7exarplee from WASKr onst ad

J.W) Leong S. A (198 Mut at i in.a heat requl ated hgp70 gene of Ustil ago

maydi s. EMBO J. §$’TL9 AISIRPARY, 1M, HBW’a‘?fB tr "%BG\A%‘FOR‘.CJ:) WIlians P.

(1992) Tn916 insertion nutagenesis in Escherichia coli and Naenophil us

i nfl uenzae type b follow ng conjugative transfer. J. Gen. Mcrobiol. 138)

509-515. Mahan) M Jhis éshbadiment]. thie, hydrégdl aisosgoled Jo a 1ig6id) statd and ither of

bacterial virul ence'g‘g es, t hat %re speci fical Iy i ti ssues.
admixgd

Sci ence 259, 20 Bigompsieotifes preadmixed intq the, ‘I‘!iXA‘I? %%%ggé‘tﬁl@g‘?gﬁ’jhbg‘.“ 9.J.
ot ot ur 1 ¢ Ul B e RAHAC BE Eraft Bf RidioRel. STHE reBMang AR, femas Tonel 1 2
applied onto the surface to be treated, for example by spraying or painting
during surgery or using a catheter or endoscopic procedures. As the
polymer warms, it solidifies to form a gel, and the oligonucleotides diffuse
out of the gel into the surrounding cells over a period of time defined by

20  the exact composition of the gel.

The oligonucleotides can be administered by means of other implants that
are commercially available or described .in the scientific literature,
including liposomes, microcapsules and implantable devices. For
25 example. implants made of biodegradable materials such as
polyanhydrides. polyorthoesters. polylactic acid and polyglycolic acid and
copolymers thereof. collagen. and protein po‘l_vmcrs. or non-biodegradable
materials such as ethylenevinyl acetate (EVAc), polyvinyl acetate, ethylene
vinyl alcohol. and derivatives thereof can be used to locally deliver the
30 oligonucleotides. The oligonucleotides can be incorporated into the

I



WD 96117951 PGI/ GB95I Oz875 83 M Iler) L, Maskell) D., Hornaeche, C.,
Johnson, K., Pickard, D. and Dougan, G (1989b)| Isolation of orally
attenuat ed Sal nonella typhi murium foll owi ng TnphoA nut agenesis. |nfect.

| mun. 57, 27582763. 5 MIler) V.L. and Mekal anos, J.J. (1988) A novel

sui cide vector and its use in construction of invention nutations:

osnor egul AYP MY out er nenbrane proteins and virul ence FSTERABARtS in
Vibrio cholerae requires toxR J. Bacteriol. x70, 2575-2583. Sanbrook) J.,
Fritseh, E.F. and Maniatis, T. ( 1989) 3i¥bl ecul ar cloning: 10 a | aboratory
manual ) Col d Sprilg Har bor, New York: Cold _S‘&rﬂiYng Har bor Laboratory.
Sanger, F., Nimat¢erial) as. itaisd polymeriged or Rsolidifieds) using melfu®fcholyenti t h chain

termnating inhibitors roc, t A -SGi SA. 3-9467. 15
Scniest] ROH fOARTR AT tschhidies. 5 ghecraffgty Mied WRB il IR G
i |1egitimte efbodithént! tHeroligdbniclestids Ay ffited inte vt applivd dtito coatiiisl . Acad.
Sci USA. 88, 7S85-7589. 84" SEQUENCE LI STI NG (1) NERAL | NF TION: (i)

APPLI CANT: ( Afomimplanmblesdadcemsichgys dextraregoftey) silicreperds Cstentsn\aral t h

Bui | di ng, Calge Road (C) CITY: London (E) COUNTRY: United Kingdom (F)
POSTAL CGDE (SR'PFIeTAL2 ONN (i) TITLE OF I NVENTION: Identification of genes
(iii) NUMBER OF SEQUENCES: 38 (iv) COVPUTER READABLE FORM (A) MEDI UM TYPE:
Fl oppy di sk (B) COWUTER |BM PC conpatible (C) OPERATING SYSTEM

PC- DOS/ M5- DOSThD) desrToAARBligenucteotides Rs| slgpendent oon vihes size #of 2the( EPO) ( 2)

| NFORMVATI ON F SEQ, | D. : ; [ SEQUEN ERl STI . (A ENGTH: 89
base pairs (BSEM%C%@?@P&“&&%W%) °§’f‘%‘f‘!ﬁj§ : 'sé?rﬁ‘dfj“@&'gr OLOGY:
l'inear (ii) %_iﬂﬁ ulatdd\Basell | dn) the"SUFFREE-Atda bf tid¥ak (b itle) tréiteld.- SENSE: NO

(vi) ORI A NA (A) ORGANISM  Synt heti c ol i gonucl eotide (xi) SEQUENCE
DESCRI PTI 8t JFheeffiactive ddse of nligonuabaridads\samarwhot depamdearnpnikheNiEntRKNKNK

FOR SEQ | D N0 ChEm)cal el iiReon; A AR oo pcide B Seioraly it e pai r s
VOLECULE TYPE e Fovt 30 10 L PRl i eye QLR o)
ORI G NAL SOURCE: (A) ORGANISM Synthetic ol i gonucl eotide 89
The oligonucleotides may be administered to the patient systemically for
15  both therapeutic and prophylactic purposes. The oligonucleotides may be
administered by any effective method, for example, parenterally (eg
intravenously, subcutaneously, intramuscularly) or by oral, nasal or other
means which permit the oligonucleotides to access and circulate in the
patient’s bloodstream.  Oligonucleotides administered systemically
20 preferably are given in addition to locally administered oligonucleotides,
but also have utility in the absence of local administration. A dosage in
the range of from about 0.1 to about 10 gramsiper administration to an

adult human generally will be effective for this purpose.

25 It will be appreciated that the molecules of this aspect of the invention are
useful in treating or preventing any infection caused by the microorganism
from which the said gene has been isolated. or a close relative of said

microorganism. Thus. the said molecule is an antibiotic.

30 Thus. a twelfth aspect of the invention provides a molecule of the eleventh



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: 85 TACCTACAAC CTCAAGCT 18 (2)

| NFORMATI ON FOR SEQ I D NO: 3: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 18
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: cDNA , (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE:
NO (vi) ORIG NAL SOURCE: (A) ORGANI SM Synthetic oligonucleotide (xi)
SEQUENCE DEXG#6ITISIN: SEQ | D NO: 3: CATGGTACCC ATTCTAAC 18PEVEBIE2IvATI ON
FOR SEQ ID NO: 4: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid (C) STRANDEDNESS: 38; ngle (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: cDNA (i.ij).HYPOTHETI CAL: No,é_i ii) ANTI-SENSE: NO (vi)

ORl Gl NAL SOURCE:2specf Javepsionsiar use dp anesditiBenucl eot i de (xi) SEQUENCE
DESCRI PTI O\ SEQ | D NO: 4: TACCCATTCT AACCAAGC | g (2) | NFORVATI ON FOR SEQ
ID NO: 5: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 18 base pairs (B) TYPE:
nucl ei ¢ aci d (OA SiiftéaiithRsEE of sheniriventi®) priciddsGQnetiodnafatreating) a ktECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NQ (iii) | - SENSE: NO.(vi) ORI G NAL
SOURCE: (A) ORcAYRidhMass oF ﬁeﬁ‘ﬁsﬁemﬂbﬁblﬂ\lﬂ%?‘f% Y’%‘)‘ ‘1&*_458 IR PTI ON:

SEQ I D NO: 5 (el G | . 6
(), sequence o AT SoRpPRioe Atsitittrng, o, gHECT bl f ~itpleB 1 ¢ ¢
acid (C) STRANDztidriing wi tigl ele¢dath Bspyot @F\the linvemion( wherehOs&iGLdne TiYPE: CcDNA
(iii1) HYPOTHETI CAL: NO (jji) ANTI-SENSE: (vi), ORLG Q&L, SCOURCE;, (A

ORGANI SM  Synt h@!"?ﬁ?“b‘l“i%dﬂ&fﬁ%‘ﬂﬁﬂém@x%a o IBIQreRrsamsy-| D NO:

6: CCTAGGCGGC CAGATCTGAT (2) | NFORVATION FOR SEQ ID NO: 7: (i) SEQUENCE
CHARACTERI STICS: (A) LENGITH. 21 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: sBy??effc)(cﬁ)re “apuntOGxe thétm(em )a(nio'u)lt WhichGubstantially psd%ﬁts(i i)
HYPOTHETI CAL. NO (iii) ANTI-SENSE: NQ (Vi | Gl NAL, SOURCE: (A NI SM
Synt het i ¢ olllpgoﬁﬁ@m%‘ﬂﬁ@ the; infestionENBY: besggv@w@de gﬁ@mmﬂim ant

GCACTTGTGT ATAA . SEQ ID NO: 8: (i) SEQUENCE
CHARACTERI STI CS%E %E Lagl\lfé'hf éw&%ﬁ@l% TYPE: nucleic acid

STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)

(ti1) HYPOTHETI CAL; NO ) . .
It will be appreciated that pharmaceutical formulations of the molecule of

the eleventh aspect of the invention form part of the invention. Such

15 pharmaceutical formulations comprise the said molecule together with one
or more acceptable carriers. The carrier(s) must be “acceptable” in the
sense of being compatible with the said molecule of the invention and not
deleterious to the recipients thereof. Typicall]y, the carriers will be water
or saline which will be sterile and pyrogen free.

20 |
As mentioned above, and as described in moré detail in Example 4 below,
I have found that certain virulence genes are clustered in Salmonelia
typhimurium in a region of the chromosomé that I have called VGC2.
DNA-DNA hybridisation experiments haveldetermined that sequences

25 homologous to at least part of VGC2 are found in many species and
strains of Salmonella but are not present in the E. coli and Shigella strains
tested (see Example 4). These sequences alhost certainly correspond to
conserved genes. at least in Salmonella. and at least some of which are

virulence genes. It is believed that equivalent genes in other Salmonella

. ! . .
30 species and. if present. equivalent genes in other enteric or other bacteria



(i11) ANTI-SENSE: NO (vi) ORIG NAL SOURCE: (A) ORGANISM Partial sequence

of Sal nonella typhi nmuriumvirul ence gene 18 20 21 87 (xi) SEQUENCE

DESCRI PTION: SEQ I D NO: 8:

GGTCTTAATGTACGGGECATGGT CTGCATCGATAACT CCGECACGCAAATCGCCATCGATAGOCTCATTTGITTGG
CTGGCATCCCATCAAGCGAGAAACGT GCGCTAACTTCCGCCACCCTA 20TCGATA %ﬁ TGACAATAA
ATTGCACGAY RSP ARPEAT GGT AAAT ACGACCAACL 80 CCAACGGTGAGATTTCCT CTTACCGA
AAGCATCCACAAATATTACCGCEC240ATTATGT TGTAACAGTACCCAGCCGT GATGTGCTGATTGEGGAGT TAAC
AACCGATTTAT300 (2) | NFORVATI ON FOR SEQ PD NO: 9: (i) SEQUENCE

CHARACTERI STI CS;, (A), LENGTH: 300 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: ‘ﬂytpgﬂge ?D}Mh linear (ii) MOLECULE TYPE: DNA (genonic)
(iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A)

ORGANI SM Partial sequence of Sal monella typhimuriumvirul ence gene (xi)
SEQUENCE DESCFWEE'thé]\Ia gene) withinOthe WGC2GegiohdsQ virulence gene is readily

mg % GGGT tP GACGT TAOCC@%C\IBGAT%GAT%! gg ! %CI TAﬁ
o T e TR b ST AT et S0 TR e
AAAAGAGT GOCAGRBTTRAR G SalisellE T RInARAIT GRECEREEHVER0EnGnmedt GRMATI ON FOR

SEQ ID NO: 10: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 300 base pairs (B)
TYPE: nucl ei c aatmgl such mmgmmsgmdmmeneb) W@@W“ﬁl%&h‘o ii)

?/\L;]i_ )EC&FGTEKE:@%ﬁé&gg ﬁ?‘%ﬂ%ﬁ%ﬁﬂ F@@qu@r@e 0 Saal %r?ofﬁ o O

t yphi nuri um viniuth&@hee agandeteithinimEQuhdthér SGRUER QtraiSEQ labirklent.10: 88
CACTATAGGG. AAAGCTTGCA TGCCTGCAGG TCGACTCTAG AGGATCTACT AGTCATATGG 60
ATTGCACTTE GT AMfethodsnfmakimgrmosmtions iy exselected gene are well known and are
CCCIEAACCATAC@%J%@%%&T&TTCGAC&CATTT&%AAACCA@GAUTT
TTGCGGCGAATGA TGCTAACAACGCT GAAAAGAAAGCGAGAGT GATA
AAAGGAAAGCCAGGAATTAA240 AGCGAGGAGC ATTAAAACCA CAGCGGCTAA TATGAGCGAC
TGAGGTTGTC TGGCAATTTG 300 (2) | NFORVATION FOR SEQ ID NO_11: (i) SEQUENCE
CHARACTER! STI d@s: fonyteenthGaspecs o msérlvgatm%(BPVWPEthan&i@ DN ®fC)

STRANDEDNESS: S
(genomic) (iii )ﬂi’@&ﬁ?{ﬂé’f’ﬁ%@r ﬁﬂ(" EE‘N];@VE%‘ ok X@P&%ﬁ[ 8SOURCE: ( A)
ORGANI SM 1Far tv'aﬁhnﬁ@ﬂalgaﬁéth@tfeﬁﬂ rmnel | a typhi muriunvirul ence gene(xi)

SEQUENCE DESCRI PTI ON: SEQ | D NO. 11: TGCAGGCCGA CTCTAGAGGA TCCCCGGGTA
CCGGTAATTTCTTTAACCTC GCATCCCGGTI60GGATGAAAGG ATATTCTGEC TGCGTAAGTA

?@A&%ﬁm@éﬁﬁé@mﬁewwﬁﬂ RN A

CAGGT TATTCAAAGH KTged amBﬁIWAnMﬁmG
GGATCAATGGGCTAATTGGT ATAGGCGGA 300 (2). | NEORMATI ON FOR SEQ ID NO 12: (i)
SEQUENCE G%RA&@E&l @vritable (frgm | thrGrmerigan TypseCplinges Collpetionpel 23Qc ei ¢ aci d

ggZancS)-rl;‘lRﬁ\;\l i )%&%ﬁ?‘(ﬁ#ﬂﬁ% (i laW&E&I@tA %@ﬁ%ﬁfﬂggﬁﬁ% SOURCE:

(A) ORGANI SM N@T(, @'ubﬁ@iﬂé@nﬁtabéraﬁﬁb'&ﬁﬁbé ColindaleTUK uider dcatssivne gene
(xi) SEQUENCE DESCRI PTI ON: SEQ NO: 12: CCTGTGATTC CGGATGAAAT AGCTTTTACG

AAAGCTGTCA GAGQTG A@mxrﬂ@omfowtwm@mmmm&c RorTTGGGTAT

TGTTCCAACG %}%@@ e AL fropf hd Yalieces hown 1 Flgaied 1] and AT+

TGACGCTTAT
may be used to identify A clones from a Salmonella typhimurium genomic

25 library. Standard genome walking methods can be employed to obtain all
of the VGC2 DNA. The restriction map shown in Figure 8 can be used
to identify and locate DNA fragments from VGC2.

By “part of the VGC2 DNA of Salmonella typhimurium” we mean any

30 DNA sequence which comprises at least 10 nucleotides. preferably at Jeast



GAAACCGGATATCGATACCGCCCGTGACTA TTTCAAATCA GGGGAAATAT
TACTGGCCTA240CGCGECGATGTTTTTATTTCGCGCAAAGCCC TTATTTAAAC GAATTAAACG
TATCTATCAC300CCCCAAATTCATACAGCTTGTGAA324 (2) | NFORMATI ON FOR SEQ I D NO: 13:
(1) SEQUENCE CHARACTERI STICS: (A) LENGTH: 292 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii) . DNA
(genomic) (iYPPYH¥BOTHETI CAL: NO (iii) ANTI-SENSE: NO (v%@? OURCE:
(A) ORGANI SM Partial sequence of Sal m)nejtdra t yphi muri um vi rul ence gene
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 13: "TTACTAAACA GGGCCCCGGA CCATGTAAAC
ACCACGCTTG CCAA AA CGATCC 60 .TT AAA TIT. GTTATTIACT
TAATACGCCT ATTT%&‘%T&B&& RW’%&&W&%A‘@A“%A
TTGATAATAA GTAT ASTER(E I CRATCTO0 1RIcDAGRS] 1A IBEEHATAHIL SAIS SR
TTTTTAATTT A ATGQ TTCACTAG 2A0 GATG'IL GICTA TTITTTTT GGICAAGCAC
AGAGATTTAT TCCCOwhsider of ¥GC2) A Iyaoivuiatypreforedpartiaf the:-VGC2 DNA
SEQUENCE CHARACTER],STICS: (A) ,LENGTH: ..300 se pairs ( TYPE: ,nucleic acid
(C) STRANDEDNESSS uﬁ?%""('%ﬁ Shop S FiBpre, ddr ‘t"io ) PHEJ_E’?&UL  TybRotheg
(genom ) (113 ), SRETIARY rerrei Qe bf Ine VECSBNGE i U detfubn @ uiin SOURCE
(A) ORGANISM Parti al sg uence of Sal monella typhinmuri uérérquvi rul ence gene
(xi) SEQUENCE DERigmrePY2,0ot a PE théred: 14: TTTCCTTGCC GTGACAGTCC GGGATGCGAG
GTTAACGAAA TTACCGGCAC CAAAGCTGIG 60 GAGGTGAGCG GTGTCCCCAG CTGCCTGACT
CGTATTAGIC AATTAGCTTC AGTGCTGGAT 120 90 AATGCGITAA TCAAACGAAA AGACAGTGCG
GTGAGTGTAA GTATALAGHfa ddoh ari- 80 (HEOPAEDCERA, TCRAIACH prt ferddfT AT
CGCGATCAGT CCGTCGTGGT CCA% 240 GCCTAGIGTA T%GAGA TGAGTAACAC
CAGCGTCCCG ACGTCATCGA CGAACAATGG 300 (2) | NFORVATION FOR SEQ I D NO 15: (i)

SEQUENCE CTERI STI CS: (JA) . GIH 297 i B) .TYPE: | i id
(c:)QU STMN&%Sﬁewﬁﬁz%%fgﬁ%égﬂ @Fm@?ere&%'pr%%seﬁﬁ@f oha
E%amC)]ng?\ll (SII\/: | LJWIB% ﬂ%&%ﬁ’ﬁ% (I'kslg# %rgﬁgg 1%%%%%?%@&?‘#%‘” rul e'ng{:ﬂn gene
(xi) SEQUENCE DuipeRl readiogy: fr8Re)is pradter than abaRQUOTeodonCTABdikedCTo GEAATCTTTA

CCAATATGCA TCATAATCTT GGTAA 60. ATGATTGGTA ATAT AAGTGAC
ATAAGCACGC cmm&f@%&“%%%@@%@'&gtﬁm @WTT@M‘ K A PPeCT

AATAAAGAAA GGCT : TT
ACCTGTTGTG CCATT AT e S sinddlo (e pOlapRRid: oo o ol
AACAGGATAC JECT ArGaieterThmd Agpesmen@llyl NFEm\VexamplerCR BEQ ofDtMODNA (i)
SEQUENCE CHARACTERI STICS: (A),,LENGTH. 184 base pairs TYPE: ,nucleic acid
(O STRANDEDNESS‘?O%BB%"% ES?)"F?JS’&W&W gApe [jayy b pbdla & HEBE IR un
(genomic) (iii) AbAHSHIERINAY-bldQo(ddtérmiftNWheliddSRRNYO i§ \expréshédwiigh SOURCE:
(A) ORGANISM Partial sequence of Sal nonella typhinuriumvirul ence gene
(xi) SEQUENCE DHs®mRidises an:thesggd IDNAQ altematingly oradditionaiy:aanayation mayCCACTAT

GAACAATCAT CTTCTGGGIG GACAATCATT 60 ACCATCG G,.T TATGT
R e s e
ACGCCTGECT  GRAT G ks @%@tﬁ@%i@%ﬁ%m canl bé detdicEIATIOM&OR SEQ
ID NO: 17: (i) SEQUEN CTERI STICS: (A) LENGTH. 306 base pairs (B)
TYPE: nucl ei ¢ acphenp@pe 3T FpEDRESShe dhpab ireading framp@oaespondsiteargeiei )
MOLECULE TYPE: 1,C).. (i ii) HYPOFHETI ; | - SENSE: NO
(vi) R nal scHedsS AR Tubais decgsnek i ¥ O aillonls bl i i

t yphi murium vi rujgnce gene (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 17:

25 By “variant of said DNA or a variant of a part thereof” we include any
variant as defined by the term “variant” in the seventh aspect of the

invention.

Thus, variants of VGC2 DNA of Salmonella tvphimurium include

30 equivalent genes. or parts thereof. from other Salmonella species. such as



GAGGCCCGTIC TTCGGTTGAG GGTCGCCCTC CAGATCTTTA TGCTCCTGIT TTACGICATC 60
TTTACTCATT TTAAGATCTT TTCTAATCTT ATAATATTGA AAAGAATAGT CCAGTATGCC 120
AACGACGAAA TAAAGAAACA TCACCCCAAC CCATAACCATTTTTTCAATG
ATGAAAGCAC180AAGCACGCCA CAGGCTACAC CACAGCCCGG AGGGGEGECCGGAAAGTCGCTGG
GATCTTGATT240AATGAAAAAG GCAAAGGGAA GAGATAGGAT GATGCATGCTGGTTGGAGEC
AGATTATTOXBOGTEITCG306(2) | NFORMATI ON FOR SEQ I D NO: 18: !’?’!’GBEQZENICE
CHARACTERI STI CS: (A) LENGTH: 297 base pairs(B) TYPE: nucleic acid(C)
STRANDEDNESS: doubl e(D) TOPOLOGY: |inedd(ii) MOLECULE TYPE: DNA

(genomc) (iii) HYPOTHETI CAL NO(iii) ANTI-SENSE: NQ(vi) ORI G NAL SOURCE: (A)
ORGANI SM  Par tSakmongdig sple mm%g entenicpraswell anequivalentceengser xi )

%%EE%%?%%M R Y Il B cocre

GGTTGCAATACAGTACGATT AGTTATCTTGL20ATGCAGCCTG CTGATTTCAG AATGGCAGCT
GACGTACCCGCGAGACAAAC ATTCTGGATT180ATGGACGTTA TCAACGCCAA TATAGGGAAG
GTGGTGAAGT GGT Bya' fequivalant @eas’r wednclade gemss whichnrer

SEQUENCE. CARARY PSS bavmie gy T3S 8. € Sl ?%%cﬁnﬁd eic acld

(C) STRANDEDNGgirulest 'EM@beI%:@eﬁ@ﬂ that EBféfe the E}es%hﬁ%ﬁtﬁ)ﬂ GE2 DN\A
(genomic) (iii) HYPOTHETI CAL (rinm) (vi) ORI A NAL SOURCE:

(A) ORGANI SM oPzhe igahessconiained thﬁremahadomtl Mnu;ipmm audreertaiplyenote gene
(xi) SEQUENCE,DESCRI PTI ON: . SEQ,ID NO: ..19: CAAGAGACAGATCCAACTCGGGCCGATCGC
CATAACGCCAGCA MXarBleRcedateFmINation. \ T coAGOCAT TOCGGTACAGCGT
AACGAGCAGGTTGCCAGAAA TAACGATAAAI 20GT TGCAACACCT CGGGATCAGGTCGGCTCA
AAAACGGGGTCTCAGGCAAA AATAGCCGAT180CAGGATGCCCACTCCTAATAACAGTCCTGT
CAACGATAA@ﬂTCquuAmmwmmmmMWm
GGOGTTGGATAA TA ATCCAGA2 NFORNAT, (i)
SEQUENCE. CHARACPERPES PR normialytsclaaips & 8808 aLis (07 pai sy O SRIVEIRNL | o) ¢ aci o
(C©) STRANDEDNESS Hééﬁ&qhevﬁéz Tedi 'is! mteaRéd (drl absvhl Frdald TvdtEne DNA
(genomc) (iil) POTHETI CAL:" NO (Ti1) ANTI-SENSE: NO (vi) ORI d NAL SOURCE:
(A) ORGANI SM bectetivml; swethashsc of ahalkiag nenmiutant t hadteniumi wherdin uifethee gene
(Xi) SEQUENCE, DESCRI PTI ON;, SEQ 1D NO: 20:  AGOSCTTTAT .
TGATTCCATTTTTRASeHumRormatly coitain EeRe-Hiab i IF-SAMKAF QR KGUA toa

CTAGAGT CG‘A\%EEGMA &MBFTBIHW%H%%
AGATGAAGCATCCACCAGT AACGCCAGT TTATTACCGCAGGTTATGTlSOTGACCAGACA
AATAGATTATATGThefolpwagisapraeoed methai nanastivag a VA02 garscOnetirst

D NG 2L (1 FIREorE e M%Eﬁﬁé‘g%“’mﬁ“’“é%ﬁ%% R (5
TYPE nucl el ¢ oiChther BRA GlbrEhRANNEDME Sagniidis b VO TRRGH xbclannear (ii)
MOLECULE TYPE: DNA (genomc) (i) TI CAL: NO (iii) ANTI-SENSE: NO

(vi) ORI G NAL hsbludxsaxor( AxpeDiR@ant Sand Mapt thal gene guidin gespett Barestrictidna

t yphi mur virul ence gene SEQUENCE DE&&@;M SEQ NO 21:
SRS T A wma’iw%&h&m@ B gere b Ging

ATTCCTAGEC COh! @&%ﬁ&@% m@&%m&m
CCAGCAGTTT GAAAGATGAA AGCOCAGET T ATCCAGCCAT TCUGGTACAG | CGTAACGA
AGGTTGCCAG AALSRIoCGAThe\gox@Ta ginenCaCDNISeacoding BSitare toan entibingie

NFCRVATI O FOer SEPl-farapyein); Fossioi SNGEFANG Epericsr e SORs nar

301 b Y I RANREDN
TODO_%E\e( p?: ngélg%lcl;? BE&@&LEé& %Irgstt)ﬁ%?ggnom C) ?ﬁ& |h ) HYE%THIE'IQ? CAL: NO

(iii) ANTRSSENSEStridD (contairdfg GnNantiliGLRGEsis(anye aRaksr St #ailablal tosequence
of Sal nonella t rjumvi.rul enc ene (xi) S EN SCRI PTION: SEQ I D
NO: 22 cccccé&é%? thet the-nagtivatien of thpheene &'&&%'%'&M&O%ATTCCCGC
CATACAGGAG T T,

TTTOSEAGS GARTT Oy 1 A i et et b e RN

CGTGGCGTTG AGREREoT e eAGCTREANTantSEATEO0T (e ARGERATHRRAT I PAETIZAT
CGCCGTCACG TTT. CACGGAAGCA T CCACGTCCGG C ( 2)
| NFORVATI ON F(ﬁ%ﬁf ﬁ%ﬁj@ Wﬁ)m@%mgd%égéﬁa?ﬁmﬁwlomeﬂiENGTH

Topat ooy P ndsr s eS80 Syog e MER TN o s iomoReold




94 (ii) MOLECULE TYPE: DNA (genonmic) (iii) HYPOTHETICAL: NO (iii)

ANTI - SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANI SM Partial sequence of

Sal nonel | a typhi nurium virul ence gene (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO:
23: CGCGAACGTG CGCCGCAACT GCTTGTGGAC GGTGAATTGC AGITTGACGC CGCTTTCGTG 60
CCGGAGGT CGCCGCGCAAAA  AGCGCCTGACAGCCCGCTGCAAGGCCECEC

CAACGTGATGL MRIS/MBCCGT CGCTGGAGEC GGGCAATAT TGGCTACAAAAT CACTFEAGE2M02875
TCTGGGAGGC180TATCGCGCTGT TGEGECCGCT AATTCA TGGCGCGCCGCTTCACGA
CCTCTCCCGA240GGCTGTAGCGTGCAGGAAAT  TATCGAATH GCGGT TGGTGAGAAAACCAA289 (2)

| NFORMATI ON FOR SEQ | D EQUENCE CTERI STICS: (A) LENGTH:
303 base pairs (?F°TLPE"°HL&I‘E?&‘“A€'P‘C8°{‘€)‘“‘8‘I‘ ﬂg@mﬁssle doubl e (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c) (iii) HYPOTHETI CAL: NO
(ii1) ANTI-SENSE: NO (vi) ORIG NAL SOURCE: (A) ORGANISM Partial sequence

od Sal nonel | a t yPhisrapproathvisr¢ontmoni g.sad mm‘dm&ﬂlwf(‘m ¢anbEusEd @NS. SEQ | D

NO: 24: CGCCCTA GCCT TGT CGTCA AGCGAA GGT
60 GAGAGCGACT W@WW@&SWM
ATTGGTACGA gﬁ‘ TGGG TTACCCGCAT GCTGAAGTAT 180
CCAGCGAAGG M@@ AA ATGATAT ACAAATGGAT CAGCAATGGEC 240

GCAAGGTTCA ACCATTACTT GCAGATATTC CCGGGTTATT GCACTGGCAG ATTAGTCACT 300 CTC
303 (2) | NFORMATI ON FOR SEQ | D N0 25: (i) . SEQUENCE CHARACTERI STICS: (A)
LENGTH: 300 baseStihifuthgrspestomproyide acuse ofosaid maytantnputant-bagterumginud| e (D)

NO (111 AN - sexigelnes Sratiateliifel comelig EEOhfotng sl agpérlurpran =11 -
sequence of Sagﬂﬁhiaaeﬁacany nadceptablei éarheﬂce mﬂ%p(me)en‘é&w_ VGC2
DESCRI PTI ON: . SEQ | D NO: 25 ccc# G GCTCGACAGG TACACAGCCA CTGGTG

CAGGCAGTTA dPrcARAcef Salmmneiiaaypiimucnmcens maxt tsrenf;

SIS TTICHLGE 40 At S B tié"&@é&?
AACCCCTCTC TATTA %214\%@6%?%5%¢W@0§@%@%6

TCTGCCAGCG CAAATAACCC 300 (2) | NFORMATI ON FOR SEQ | (_i) SEQUENCE
CHARACTERI STI CS: ) said-nurthod 308 pelseulgawhigip)selpetipely ningerarts adthd ( apd

Caonor o) (11 PRSI Re ol dtRRir. &erdin YOS of Witk Rrodistce: (o

ORGANI SM  Par3 i athefsofiugmt medicab ugsansid ﬁﬁm&b&uﬁmﬁ W%eﬁ@ﬂe( Xi)
SEQUENCE DESCRI PTION: SEQ I D NO 26: ATACCGAGTA TTAA GITGTAACATC

GICATCCAACAACATACGCA GCGAGCCGCC60ACGCCGGAAA AACCGCATCG TGTCATGIGC

reocooeaCTTACT oAy SEt BNA SRR EctEhn e e MR SRR Y, dne

ATTTTTTGGAATGGT TiAg(i6dT SEGERORAT EAY GEAha MSpEEE obTHET IHUEKNER TCHelb@s/bhes
ATCCAAAGACCCTTTGEGICG CCCGTAGGGCSOOACC’%%S (2) ] NFORVATI ON FOR SEQ I D NO: 27:
(i) SEQUENCE cHAwhiehiiaveheemidantified hycheir loenionakthonghridenttfyable py-theyc| ei ¢

1 ST 0 s S i TR,

SOURCE: (A) ORGANDEME oPahé iwenﬁmuaaeecloéelﬁed tenfoutth, ﬁﬂhhsmﬂlmemhrul ence
gene (xi) SEQUENCE DESCRI PTI ON:  SEQ I D NO:
eighth, ninth, tenth, eleventh, twelfth ‘and thmeenth aspects of the

invention and, accordingly, the information given in relation to those
aspects, and preferences expressed in relation to those aspects, applies to

25  these further aspects.

It is preferred if the gene is from VGC2 or is an equivalent gene from
another species of Salmonella such as S. nvphi. 1t is preferred if the
mutant bacterium is a S. ryphimurium mutant or a mutant of another

30 species of Salmonella such as S. typhi.



GCCGTATGCC TGCAGTTGCC CGGTTATTGC TCGTCAAGCG AACCGATGCC AAAGGTGAGA 60
GOGACTCTCG AATCATGGGG GGTCATGTAT CGGGATGGTG TAATCTGTGA TGACTTATTG 120
GTACGAGAAG TGCAGGATGT TTTGGTAAAA ATGGGITACC CCCATGCTGA AGTATCCAGC 180
GAAGGGGOGG GGAGCGTGTT AATTCACGAT GATATTCAAA TGGGTCAGCA ATGGGGCAAG 240
GTTCAACCCC CACTTGCAGA TATTCCCCCC CCTATTGGAC TGGCAGATTA GICACTCTCA 300 (2)

| NFORVATI W@ $5(1¥85EEQ | D NO: 28: (i) SEQUENCE CHARACTERI STIPEHGBRYOBISNGTH 300
base pairs(B) TYPE: nucleic acid(C) STRANDEDNESS: doubl e(D) TOPOLOGY:
l'inear (ii) MOLECULE TYPE: DNA (genorri cﬂi i) HYPOTHETI CAL: NO(iii)

ANTI - SENSE: NO(vi )., ORI G NAL SOURCE: ( ORGANI SM Part| al sequence

of Sal nonel | a Itypheligyved thatiat lﬁaétrﬁgmmf ¢ genesdpEfieconfesthe sbelityor SEQ | D No:

TR ARAT 60 BRI DR oA
GTTCTTAAAT60 G&@ﬁ%& & J"Jc_%%%"&’‘GTGACAATACTGCT
TGGAGAACACL 20CCAGACGTCC ATGATTATGC TATACAGATC ACAGCGGATGGGGGATGGTG

AATCGGTTAT1BOTATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGATAGAAAAACA
CCCCGCTTCA24 0 mr tavsmtion  withampw beTdescribatvitr refecmss Aoatbeafoliordegc

TGGCGTAT NF FOR.SFQ I D NO: 29: (i) SEQUENCE
CHARACTEQIA%TI Eg"‘)'(’f F@%&ﬁes MBREe pairs (B) TYPE nucleic acid (Q)
STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c)
(ii1i) HYPOTHETI CAL: NO 97 (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A)
ORGANI SM  Par Figare $ dliustrates disgrammaticelly ane particilarly preferred metbod 9fne (xi )
SEQUENCE DESCRI RTI ON.  SEQ I D NO: 29: TTCGAGCTGG GGCACCGCTA ATATCTTTAA
CCTCGCAT RYQUNORCGATATTCT60GGCTGOGTAA GTAATGAATG AACCGCCCAG
CAGATAAAATATTGACAGTG ATAACCCGAT120GTTTTTTTAA CGATGCAGGC TATACATATA
ACATAGCTGGCCACCAACAC AGCTGAAGTALBOAATCATATTG TTGCTGCCAG GCTACTTCAC

ACTATTGT W@Wﬁmnmmlnﬂwmm dTanAIR §6( 2)

| NFORMVATI ON FOR SE | D NO . 30: CE T, LENGTH: 300
base pai rs( B) VRHEE %EF@%"%&)‘%’ %&E@B& R@&[ﬂj@ é-gs)ﬁ(ié @ oGY:
l'inear(ii Y, q i

ANTI SENSE:  NECOS o) oA R ACES Pt seig pLYE e i Veandban.)

of Sal nonel I a typhi nmuri unvi rul ence gene(X| ) SEQUENCE DESCRI PTI ON: SEQ I D NO
30: AGTCTACGAT_TT ATAT CTTCTCTTAA ITT
TOCOATTTTAGO ABIEHIR SCREVE IO PIot AyPRAIALG SRAFIA PF ENALFERCAS Sn
CAGATAAAG®L20

ATGAT GG 80T H W@&%’@WW@

CT TTGCGATGZ40ﬁIE&°ﬁIH' 1diSed WitlCA probeZohiprising\labelled anplifieCags onsT

gT-lARACTERI s%oeé_a SSQ‘atF_ %gﬂimpng Si‘eQﬁl |2f‘s°0831 ST%ED%E&JFEFE acid (0

STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c)
(iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: 98( A)
ORGANI SM  Par Figare seghewsea dDNA coloaly| blot yipfiiridisa‘lionvanallysemmf BRde(xi)

SEQUENCE [ESCRI PTI ON: SEQ I.D NO: @i m GGT
ATTCTTGT A GXCRRINERRES
&%&%@%ﬁﬁé@%&%ﬁ%@@@@iﬁm %@‘f@%ﬁ%ﬁc
CAATCCCCCCACCHRK FAGONEAHON I ATATTAATE ), TGCVITh Rbel eGATHLACEG

CCAGACGTATCCCT COGGAAAT299(2) | NF | ON, FOR SE NO 32
SEQUENCE Q%Fé&agmfmp& ('%)lalEﬁl\fegm) 0‘3‘?!01(@5A mq@gpn&@ t WS o g')

Cqenom o) (1117 PUBSL-EATEADE Wseh oF BkrinrtoREEiel (e Y S ce: (o

N T R e
CGTQAJTGCACAACAG@:Afrﬁ AA%@@@%«B@G&@A’FT&W %ai@mmcﬁiﬁm
CTaRTARGATCT TR S A SeRr R e g e bt MGCahE kP A PR

TAATGGTGTAGGTTGTGGAG ATCATACGTA240TTTTCTGGCG TAAGTCGGTT AGTTCCTCCA
GOGCGATGATTTTCCCCATT TTTACGCGAT300 (2) | NFORMATI ON FOR SEQ ID NO 33: (i)
SEQUENCE CHARRGUERISSThav® tf(eA)secuencmq 2 Se/manella pganesispiedTysipg thecl ei ¢ acid

(genom ¢) 1.1 | PRRagRareritahion ant 3 Sompoiile BN Ml TR Source:

(A) ORGANI SM Partial sequence of Sal nonel | a typhi nurium virul ence gene
99 (xi) SEQUENCE DESCRI PTION: SEQ ID NO: 33: TTCCATATTG CTCGICCGGG
GAGCGTGITA ATTCTTGATG ATATACCAAT GGATCTGCAA TGGCGCAAGG TTCAACCATT
ACTTGGAGAT ATTCCCGGGT TATTGTACTG GGAGATTAGT CACTCTCATC AGTCTCAGGG
GGGTGATGIT ATTTCTGGGA TAATAGAGCA ACGGCGITAG CAGGGGTCGG TCAGTAGICA
CGGCCAACTT CGGTGCACT T TTGCGT ATCA CTGGGGTATC ATAACT GAAT CT CATCCCCC

NN N PN g —— g pr——— A A 7K 7N N 7~ R IF 7~k AA "I 1 /7R | I /7% /s~ 1 r~ w~N N~ IR N




(2) 1 NFORVATI ON FOR SEQ I D NO: 35: (i) SEQUENCE CHARACTERI STICS: (A
LENGTH. 297 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:. double (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c) (iii) HYPOTHETI CAL: NO
(ii1) ANTI-SENSE: NO (vi) ORIG NAL SOURCE: (A) ORGANISM Partial sequence
of Sal monel Il a typhi murium virul ence gene 60 120 180 240 278 60 120 180 240
300 301 (xi)WeReAISICE DESCRI PTION: SEQ | D NO: 35: 100 AT 2878
TGCTTTTCCT TAAAATAAAT ACCACGGAAG GATACTGGCC ACCTAGCCAA 60 ATTTAGAAAG
CAATGAACAT CCGGTITTATT CCTGAAAACG ATTACTCE3G CGCACGTITGT 120 TCTGGCGITA
CCTGAGCCAG CAAACGATAT AATGGEGGTGG TGACCCGCAT ACCGGTCATT 180 GGCATCCCAT
CCACACCGGA GGGAPratdse geofrle]l AGCC CATAGGTAAT ATCATTAAGA 240 CGCTCTAATA
AATGAGGGTG GGGEGGECCCAA ACTACCACTC CAGTATGTAT TGAGTCA 297 (2) | NFORVATI ON FOR
SEQ I D NO: 36: (i) SEQUENCE CHARACTERI STICS: (A) LENGITH. 291 base pairs (B)

TYPE: nucleic a

MOLECULE TYPE: %+&W§WW%“’%%° '&\ﬂ?@%\é@g
(vi) ORI G NAL Sehipsthdd of (He@déntidn [BIN6s @38, of Sal nonel | a

t yphi murium vi rul ence gene (xi) SEQUEN DESCRIPTICN SEQ I D NO: 36:

CCCATGGGCG CAATTTGTTG CGCAGOGTTT ACCCGACCAT CGCGTTTATG AGCTGTAATT 60

AGATTATTCD TAATGIRRGTCSMAGHS, TRBRRESEAV ST JE r it
ATICEEICTT Tl TAS A RS oA 68 SIBACE 0087 o Gt

| NFORMATI ON meﬁsaxm&mbﬁdisat(dn)anﬁs@,ﬂm&smfmsbﬂmpmmnuﬁmm

13417 base pairs (B) TYPE nucl ei c ag TRAN DNESS:. doubl e (
TOPOLOGY: | i neaStrains) hazhouring clopked: "D%i“g OIPTQB ages-i ) WI—E“‘!‘@AL' NO

(o 1“1 T ) T 0Pt S e TG AN SR
37: CTGCAGAACC (FheCéiheitiwo J Addd hiybFidised A0/ h Tsamiel Gysates CABVIHAT 60
CCACCAGTAA CGCCAGTGCT TTATTACCGC AGGTTATGIT GACCAGACAA ATGGATTATA 120 101

TGCAGTTAACGGTAGHEetEmApUistCan:pagiagingdirectionsaf Abe phege-aresshown @longaTAAGCTG
GATAACATGGCAT CAT TCTTIGLT, TGTGATG
TGGATCTTTATCGCT %&meg CATATTG
ATGCGAAAAAAAACA hsSebfrbspddd 1t R Tl (S8BT TS 24ATGCCGGI TG

AGGCTACTTAGA420 TATCCGCATAGGGCAGT TTACAA TAAGATGTTTCCGGCTAATCA
480GTTAGTGGﬂTd&QCOA%M@RﬂM@A@QTW%ﬁM@IA&M@A&MT@A@GAA

TGCTGAGTCAGAT TT CTTATGATGAGGGAAG
TM@TTU@WA@%W&%@#%MTTW
AAAAATTAAAGATTT AR TASHRNEAT 2R DT QR  paran e AR A SEATTAGE S TdfeAT GCAGCC
TGCTGAATTCAGAAT780GGTAGCTGACGTA CAAACATTCTGGATTATGGACGT TATCAACGCCAA
TAAS840AGCGAAGGT BRiiGNedsT GGT TGATGAAATACCCTTATCCGTTGATGT TATCGT TGACAGEI00ACTGTT

ATTAGGAGT GGGCATCCTGATCGECTATTTTTGCCTGAGACGCCGT TTTTGAGCI6 0 CGACCT GATCCCGAGGT G
TTGCAACTTTATCGTITATTTCTGGCAACCTGCTCGTTACCCTI 020GTACCGGAAT GGCTGGATAAGCTGGECECTT

TCATCTTCAAAGHCC %ﬁg R, g},[ﬁ@ﬂ Wﬁ'ﬁ WTAAATAG
ACTAAGAGGAACGCTCTGITALI 40TT GITT. TGACA@AAAAACC@A CGTCTTGCGECCEC

GTATATCGGlZOOCADfmﬁmeﬂMmahMWGH%CThEW@ﬁACCAGM
60AGTATCGGCAATT TTA T GCTATA 1320
AAAGAGATGGCAAAT%? &% G&‘FTE@I%%‘M@A TTCTT

TTT000oARGACT TR R PRES RPN AL AT P in M ACr ot

TGACGGAAAT TAACCATrYWa ek TRERRETDEEMAAWIT RAS MEiAES CASIAGTREEARE) GHTI ABAATTAACT
TTATTTGL620 GAGCAACAAGCTAAGAGAgTTCACAT%ATTGT,GA TACCGTAAGGL680

CTGAAAAAAT CAT COGXesRtionof AREsrThsath 20, CTAGCG
TGCTTGCGTAAAAAT (TTACAAGA
CoATCanaaTCanr T D ehss R A e A Rl Cacorre
TGTTGGCCTGGTT 20 [6TatidhCOEwA GRS Cake\GRCCACGECT
ATGGCGGAAGAGCIEAGl%80% TATTTC%%?Q&F&T TCCTGAAAAAGA% TGATGCGAGAAACTTTTGG
CAAGC2040GGTTTAGsPRUEXbahTaaAaRoTEgmag foreddeAPeA prmphagesraindeT BRdAC2100

102 GATATGOCGTTGAATTTTCA T
T%TTACGTMlGOAmm% ml?ﬂﬁt&‘f‘%hm
AATGACGCCC2330 y

e e

GATGGAAGAA2340 ATAGGAATGGCGCTGA ClLa TTATA

AATTCACTGATGCCTGAGAAA2400CT GG BT GCGTTTGATAAAACAAATACAGGAG
GATAATGEE2460GCAACGT TGCGT CCGCT TACCGAAGAGAATAGT GATCCTGATTTACAGAATGCGTATCAA25
20ATTATCCCTCTTGCAATGECCCT TACT GCCGECAEEGT TGT CAAAAAAGAAAAAACGCCGAT2580TTGCAATCG
CAACTGGATACGT TACAGCGGAGGAGGGATGEGAACT TGCCGT TTTTAGT T26 40 TACTGGAACT TGECGAAGT G
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ACCTGTGGCG AAGGGCAACG AGTGGGTATT TTTTCTGCTC CTGGCGTGGG GAAAAGCACG 6120

CTTCTGGCGA TGCTGTGTAA TGOGCCAGAC GCAGACAGCA ATGTTCTGGT GTTAATTGGT 6180

GAACGT GGACGAGAAGT CCGCGAATTCATCGAT TTTACACT GTCTGAAGAGACCCGAAAAG 240 CGTTGTGTCAT
TGTTGTCGCAACCT CTGACAGACCCGCCT TAGAGCGOGT GAGGGCGCTG6300 TTTGT GGCCACCACGATAGCAG
AATTTTTTCGCGATAATGGAAAGCGAGT CGTCTTGCTT6360GCCGACT CACT GACGCGT TATGCCAGGGCCGCA
CGGAAAT COMRIFHSECOGGAGAGACH 420 CGOGGT TTCTGGAGAAT AT CGCCAGEEE R T ccaTT G
ACGACTTTTAGAACGT 6480 ACGGGAAT GGGAGAAAAA GTATTACCGCATTTTATACGGTACTGGTGGAAG
GCGAT6540GATATGAAT GAAGCCGT TGGOGGATGAAGH TCACTGCTTGATGGACATATTGTACT6600AT

CCCGACGECT TCCAGAG ATCCT GCCATTGACGT GT W TTTTCCA
GTCGTTACCAGCCATEARE R " mﬁﬁﬁ ACCAGGAGGT

I\%Xﬁ%@%ﬁ@f@@?ﬁ@ﬁ%&%

t.
TTA@WTAmaWﬁ@TmﬁmWM GCAATTAC
GOG6960GCAAGCT TACCGTACTT GATCAGCAGCAACA TTATTACGGAACAGCAGATTTGCC?OZOAGAC
GOGCGCTTTAGCAKY dtely HimsHE A GragmantGiprobe BcasedTasse probr Andiigus 1ATME TGTCATTTAT

TGTTGGAT TAT CGGCAAGCA
GTTAGAWW%M%?%&A O ATCA
AAAAGAAAGAAAAM\Figiird ATi-4nd Seduehtd2{desckibied liA THifGe A (al @%&E@T TGGEGITGCC
ATGCCAGTCTTA7320TCAGGAT GATAACGAGGCGGAGGCGGAACGT ATGGACT TTGAACAACT CATGCACCAGG
C7380ATTACCCATaToRedabeited Seausmoe dcandrSequense @MNACGT GGTTTTCACGCA7440ACGTTA
TCGTGTTAGTGGCGGTTATCTTGACGGT GTAGAGT GTGAAGTATGT GAAT CAGG7 500 GGGGCTAATCCAGTTAA
GAATCAATGTCCCTCATCATGAAATTTACCGT TCGATGAAAGC7 56 0 GCTAAAGCAGT GGCTGGAGTCTCAGTTG
CTGCATATGGGGT. NMMTJ E@%&F C%AR& HIurdRAESSHT ARSEATART F R TPaafeCGT CCGTGGG
TGGAGATACTTCCAACGCAAGT TTGGT GAGCTGACAT TGAGT ATGCAACAATATCCAGTACAG
CAAGGGACATG 74ofrmﬂpwd:mmmwmmﬂmmﬂcqmm@@r 8 clmomasongare AAT GCTGGCT

800AGCGCTGGTGT, TTCRACCC@@WTC&HGAATT 60TATATGGA
ATAGCTGAAT GCCGCCAAC
ATCCTGCAGT AAT SRR AGMENERTASIGTTE GTAT AN SGiad o AGAGTTCCATA
GCATTATTTTTACATGGCCAACGGGTTTTT804(?@}\ 105 'IIGCGCAATﬁT AGTCGGA CTTTCTGCTG
AGCGACAACA GARTsheracwithAJCSTophim@ion (:SGGTmsc@aglmAtm:As ERIREGTGCC
ACCTTACATT ATEERAGTD SAGLCTATCE 8190 Ay R SRR BT €T TOCT

TCGGCGACAT CA

TTCAACTA ORGAGEA "GPPy TGACGAATTA
GTCCACIEA%CGAAACGCTACTTCI:G]‘ MTGTMAE@%%GA&%GTMGTCGA

ACTTGAGCAGATAtyiisehed VK12 (BGG) eesanics BNAGTedadicated heahatiose GGACAATTAC

GACAACTTAA AA TTGCCTG 846
TAGGTGGATGTTT%&A%% ?AA‘GH@?%PACCGTATTATTG@GCAAGB&OGTGAGTTGATT
GOCTGTGGCAATGAATTTATGGTGOGTATTACACGT TGGTATCTTTGCAS5 80 AAMAT ACAGOGT AMACCTGATA

AGAAAAATAAT ATGCGAACAATATAATAGCGT TCCAGG8640TCGT GTCATGAGAGATACAGTATGTCTTTACCC
GATTCGCCTTTGCEW@NMMABMOUﬁEZrTsr@mmmmpmfmATmsTCATGGGAAc

mgggm%ﬁﬁe%%“' &RVt A ATl SRR AP accTs00GT

AMAGAGCT ladterrh UdisT feslrtdidd With T Pdr Ggﬁg%am ICEBSRV GHFAGT AAAGCAT
TAGCGCCTTATCGACA TTTTGCAAAAAAACTCTGAAGAGAA '000GCCAATTATTT TTTGATA
AAACGAACCT GEOTTGAGYS Bha G TAPIANNGCRBYSIET TSI GAT2L2 TABTTCOGGCATT
TACGGT GAGTCA 9120TTTCGGATTGRATTACTTATTIA TTCTGGCTATTGACC
TGCTTATTTCAA% A@%Ggﬁ ’P@&f H&? ﬂ*eATTACCGTTT

AAI240CTGCTARTAETWE %AJQ@WW GC9300TTTT
CATGAATGATTCTGAATTGA R AT T TAT oA TT9360T CGTCTATGOCGG
TAGT GTTGCEHBGCAR OSBIHMEITEGGT GT CATCGT AAGCCT TGT TC94 20 AGGCCT TGACT CAAATACAGGACCAA

ACGCTACAGTTCATGATTAAATTATTGGCAATTGO480CAATAACCT TAATGGT CAGCTACCCATGGCTTAGCGG
TATCCTGTTGAATTATACCCGGCI540AGATAAT GT TACGAAT TGGAGAGCAT GGT TGAATGGCACAACAGGT AA
A9G6OAAGTCOCAEH AR B PP PECSEQUEbER r T NEER B0 R0 5o carar
TACCAATCATTTAWG&KME%E@QH&%MMMTMME&BDG‘E'Ff WG TAGTCACT
GTTTCTOCTTCATACT F IR SO EAID 6 L TSP BTN A e EREA AT BRRCL T GAAACLT
TTAAACATTC] 0080 oG8 FATEARRE s AT i AP PR RN ogiartpy 1 1141

ATTATTTGAC CAGCAATTTT 10080 TAAAATATAT CCAGGCAGAG TGGAGAACGC TTTATCAATT
ATGTATCAGC TTCTCTCTTC | 0140
CTGCCATAATATGTATGGTATTAGCCGATCTGECTTTAGGTCTTTTAAATCGGT CGGCAC10200AACAATTGAA
TGIGITTTTCTTCTCAATGCCGCTCAAAAGTATATTGGTTCTACTGACGY10260CCTGATCTCATTCCCTTATG
CTCTTCATCACTATTTGGT TGAAAGCGATAAATTTTATAT10320TTATCTAAAAGACTGGTTTCCATCTGTATG
AGCGAGAAAACAGAACAGCCT ACAGAAAAG1038OAAATTACGT GATGGCCGT AA%AAGGGCAGGT TGTCAAAA
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AACCGTCCAGTAGATAAAATATTGAAAGT GATAACCTGATGT TTTAATAACGATGCAGGA2 160 TATACATATAA
CATGCTGCCATCAAACCAGGT AAGCAAATCATATTGTGCTGCCAGGTTA2220 TTCAAAATATCGACCGGTGGTC
CAGGCGGAATTTTTCCACTAAATGTAGCTGTTATCAAT2280GGGCTAATAGTAATAGCCGTATCATAGTTCTCT
GAGAGCAGATGTNAAAACCTCTGCTAA2340TGGCATTTGT CTGGCATAAAGGGT GAAGTCATTACCTTTCCATG
ATAACTCATCACTCTT2900TGCTGTATTGAGTATAAATAGT AAAAT TAAGATTAAACGT TTATTTACTACCATT
TTATA2460 CONQHIAAT AAMAGT TTATGGTGATTGOGTATTACATTTTTTNAAAATEHERMY28 N 0520 GC
CAGGTGTTTTTCTATCTCAATAGCAATAAGCT CAGAGCTACTACTTGTGGTATAATAA2580CCGTTTAACCATC
CCCCATCCGCTGT GAGCT GTATAGCATAAT CATGGACGT GIGGGT GT 2640 GOGCAARCRGTAGT GTCAMVITAGG
CAAGACAAGGCTTAGGTAAGCT TTCCAGGTCATTTA2700AGAACAAAGAAATAGAAAATGCTTCTGAGAAAATT
TCTYCYBHNNNNNNINaliisisd it iR it tiyNSTINT sveAhidisaed TSEQUIDABABIEKMIVWAYMNYYKSS
SCYSVKATMYYSWR282 0\VWAT TAATGGAAT GCCTT TTAAAACT GCCAGCATGAAT CCCTCCTCAGACATAAATGG
GAG2880TTTCTATCAAATTCGCT CACAACCACAT CCGTAAAAAGCCT GATTCACATTTATTTCGAC2990TATA
CTCTTCTTGTACAATAT TTTTC
AT ARAT TNV FESEREpOPL A SRl 8 M bdirt Bl pp e e, AT
AACT GTTACGAT GT bl 26ty Codes/aFE LT Wik A Adudddds] AATTGTAGT CATCGACTNGGT TATATATGA
AGAAATTTATCTTCCTAATGATA3180ACACCAT CGATTAATCVWACT GATGAAACTATATGTACTGCGATAGT GA
TCAAGTGCCAAA3240GATTTTGCAACAGGCAACT GGAGGGAAGCATTATGAAT TTSSTCAATCTCAAGAATACS

OCTATCTGTOTT ACBR A2 AHRYATIG DA S rRr RS A iy (lste’cy©0T T
AT AGAGGA T T T AT Qg B T RS TG PG Y O BNA TGARMA A CCTGAAC

GIGACGCTAAAAATTTAATGTATCAATGCTCAT TAGCGACT GAGATTCA3540 TCATAACGATATTTTCCCTGAG

GT GAGCCGGCATCT A alt Giboeadingfranss antahe sBs Dandtapspoxiions ¢l e gones;ACCGT CTCT
TTCTGCAGWCCTCTGA@QECEATGAAASGGOATAGCTTT LAGTTTTATTCTITAATCATAAAAATGAG

ATTTCGTTATTATCPRE 7298 EARAROSARANIEFBAR,PPFAIPRE AR YA QS GCTTTCC
TTTAT3780AGECARGMEATSERBETT T3 % ACCAGAAT ACATAAACGGCAAAGGATGGC3840AA
CGCTTCOGTTGCGGT TGOOGAT CA ATTTTTTGAGGTGACGGTTAAACT3900 110
TCCOGATCTCATTACTAAGAGCCACCTGCCATTAGATGA' |

AGTATTCGAGTAT%GGQ%OTCAAAA CTTATT%W
AAAAATACGTACA BALORYLHLARA, AK%M

ATTTCTGATATTA T g%g;}g;e AGTCTGGTTA CGCTGTACCC
ATACGETANT Cr AT TR Ctsty abe e e

GCATCTTAAAAATTATCCTTCAACAAATCCCCTTTACATTAACAGCATTGGTGTTGATGAQ2OOCGTCGGCTTTT
TGCTGGTTA OGCTCACTGGCCAAACCGT TATGGOGI TTTGTCG4260ATGTCATTAATAAAACCGCAAC
TGCACCGCT M#?W@AM@VMQZEM‘WAGATAGTATTGCC&;TGCTTTTAACC
AACTGCTTGATACTCTACAAGTCCAATA 380 ACGACAAT CTGGAAAACAAAGT CGCAGACGCACCCAGGCGCTAA
ATGAAGCAAAAAAACG444OCGCTGAGCI\IAGCTAACAAACGTAAAAGCATTCATCTTACGGTAATAAGTCATGAG
TTACGA500 TACT ClG SCGTRIChGE . NIRCATA560AG
AGCAACAAGGATTAGCTGATACCGCCAGAAATTGTACACTGTCTTTGTTAGCTATTAT4620TAATAATCTGCTG
GATTTTTCACGCAT ¢YRkEmEriaar CATTTCACAT TACATATGGAAGA4 680 AACAGCGT TACTGCOGT TACTGGA
CCAGGCAAT GCAAACCAT CCAGGGGCCAGCGCNAAAAL 740 GCAAAAAACT GTCATTACGTACT TTTGTCGGTCAA
CATGTCCCTCTCTATTTTCATACCGI800ACAGTATCCGT TTACNNCAAATTTTGGT TAATTTACTCGGGAACGC
GGTAAAAT TTA0CCM G R RENIEDASGT CT GACGGT CAAGCGT CATGAGGAACAATTAATATTTCTGGT
TAGA920CGATAGOGGTAAAGGGAT TGAAATACAGCAGCAGT CTCAAATCTTTACTGCTTTTTATCA4980AGCA
GACACAAAT TCGCAAGGTACAGGAAT TGGACT GACT AT TGCGT CAAGCCT GGCTAA5 040 AATGATGGGOGGTAA
TCTGACACTAAAAA W ?FGTCTCGCTS 100AGTATTACCCT TACAAGAATACCAGC
CGCCTCAACCAATT, (REEES 0 CGT T CT GCCT GCAT CGECAACT GGCT TGCT GGGGAAT
ACGCGGTGAACCACCCCACCAGCS 220 AAAAT GOGCT TCTCAANNCNAGAGCT TTTGTATTTCTCCGGAAAACTC
TACGACCTGGCG5280CAACAGT TAATAT TGTGTACACCAAATATGCCAGTAATAAATAATTTGT TACCACCCTG
Gs34oCAGTTGCAGSﬁWmeG@pWMGmATmmImEmmeﬁAMM@MOOCTTGTC

A S o AP
B

WRDGRKDHWI 5640 G iaaeNNbhAGH VRCA sﬁmmmmmmm'rmmmof
AGTATTGCCGE 700CAGAATACCAACTTTTACGA AATATAGAGCTACAGGAGCAGGATCCH 746 | 11
CLAIMB 1. A ni éhlééugmrﬁlaazmalﬁl%gaasql@a%@uotada?ﬁratqrbn Angther dspivakve ar

envi ronment obt gi ned S S

provi ding a pl S?aﬁqaf'&quf% @Fggbggﬁfos‘ﬂs@% gsf tavﬁ'ft ﬁgﬁl F???d&%’gﬁ%nt |y

mut at ed by 3phe gspRatdHi@RBlI straRRICERIS Q,Buo(fA[arcﬂﬂzW WD) AlaeNg4epaiEaCi d
conprising a unique marker sequence so that each nmutant contains a

di fferent marker sequence, or clones of the said mcroorganism ( 1 A
optionally renoving auxotrophs erECﬂﬂﬂ)ﬂﬂﬂﬂgﬁnmanf mut ants 10 produced in
step (1); (2) providing individually a store e of each nutant
produced by step (1) and providing individually stored nucleic acid
conpr|5|ng the unlque narker sequence from each individual nutant; (3)

I T R e e I Y I . 7 AN - Ar- 21 N 1




(8) isolating froma wld-type mcroorgani smthe corresponding wld-type
gene using the insertionally-inactivated gene isolated in step (7) as a
probe. 5 3. A mcroorgani smconprising a nutation in a gene as defined in
Claim2. 4. A DNA which is isolated froma Sal nonel |l a genonme and hybri di ses
to any one of the Sal nonella sequences shown in Figure 5 under stringent 10
condi ti onVOSNIMIDNA which is isolated froma Sal nonel | a R§S/ANOBIY
hybri di ses to any one of the sequences shown in Figure 6 under stringent
conditions. 15 6. A virulence gene codirising a sequence identified herein
as any of SEQID Nos 8 to 36, or contained in SEQ ID No. 37 or 38, or a
vari ant ther galK, phoAR0y thicl,apsE, rpobs axgEtAn),mecdd, Bpéxiphage dysogen)si ng a
sequence 20 id | fi.ed rejn as SEQ I D No , variant thereof. 8. A
pol ypepti de éﬂ&giﬂe‘d W’&%ﬁé@'*ﬁ%‘é@( in"Ihﬁdlgﬁf&%@g@r?@@‘i’:@g!‘iG_ or 7. 25
9. A nethod . I foyi Whi-ch Fedue bk f a

m cr oor gani s {Hopg%g%tﬂ?%%ggﬁgwgﬁ@rﬁi r%n?r%ﬁ?ﬁégﬁpevrv?gh%& ?‘?{ce) step of
sel ecting a mg@galmk ;&Uccts (GitofBRE and t Blubstzipt UStratagene) pRsmfdse accor di ng
to any one o ains 2, 6 or 7 or a Eol ypept.ide accor izn&eto Cl aim 8. 114

10. A condoukentpining §.ioypkimurimBNA Riagmid pUTmipi-§noKm d
according to _( Ai wher el.n. t h It r.environnent is a host
organism 5 f‘z?@?éﬁb"&&ﬁ&'ﬁ%ﬂ?@‘%@“ﬁ‘b%ﬁ\% 11 wherein the host organism
is a plant. 13. A conpound according to Caim11l wherein the host organi sm
is an 10 aninmal. 14. Use of a conpound according to any one of Clains 11 to
13 for tr eat iCogstrudtiont ofosemiirasdorn shmcortmmtﬂ(imomsai d microorganism 15

15. A nol ecul e which selectively interacts with, and substantially inhibits
the function of, a gene or DNA according to any one of daim2, or 4 to 7

i i di .t h f " ' irm 15
oni oh 1 51 THE, BUBGARNEGdE, BB RTH T O A e TR PR AGETT 2

mol ecul e accNKi,fAAGCIRGGTTAGAATGGRTACCATG3 IN(SB@NH2 Nbi gpnaad eot i de.
25 18. A nol ecul e accordi ng to any one of Claim 15 to 1 [ use in

f
medi i ne. | PG PAKE- BACKT A RASETE ARG 3t CEGIPs e DoPiipound
according t ocQ FERAACECATTIHURED S ISR 15 PRFPNS) M gy (o

m croorgani smor a close relative roofgani sm-1’n a manlf acture

of a nedi canTACCOATTCPAACC AAGS B/ Whi(SBQhasD oMo s 4usaagti Bfe (3. an
infection. wth said 5 m croorgani sm 20. A pharmaceutical conposition

conpri si by aCRAGGTACGTAEAMCGTE-30c FERNEP t Nochhiwereasynthesizednan za

phar maceut i cg. C abl e, carri t ant Lum rein if
t he bacteri uﬂ'#%]‘%q%@%c&ﬁg‘?”h’sﬂra%@ﬂiﬁ%dﬁ?ﬁ%h éoggﬁ]%éﬁéh O%%’A‘,{h‘iﬁ, t he
gene i s absepéarfdedi DMA | t4gé OWeren pidparddU fAOM RREL R UDMDO Zd. vdlaegne/ECR DNA of
Sal monel Il a typhinuriumor "a part thereof, or a 15 variant of said DNA or a

part of a vafomtaininghbSeoM MgCl, A0mM KELoand KymM ToissCh(nth 8vievith 0@ he
ool 1 narum BRIoORE] R bR thHE SBehaaT ARePrr Ao 1) SIF M GRRMEBE o i ng
to Caim®@2 pfiméd PBCAMA PS{ A% RF U bhaneplitad IPérkin-BiMee Cetus). Thermal

cycling conditions were 30 cycles of 95°C for 30 s, 50°C for 45 s, and 72°C

for 10 s. The PCR product was gel purified (Sambrook er al, 1989), passed

through an elutipD column (available from Schleicher and Schull) and digested

with Kpnl prior to ligation into pUC18 or pUTmini-TnSKm2. For ligations,

25 plasmids were digested with Kpnl and dephosphorylated with calf intestinal
alkaline phosphatase (Gibco-BRL). Linearized plasmid molecules were gel-
purified (Sambrook et al, 1989) prior to ligation to remove any residual uncut
plasmid DNA from the digestion. Ligation reactions contained approximately
50 ng each of plasmid and double stranded tag DNA in a 25 ul volume with 1

30 unit T4 DNA ligase (Gibco-BRL) in a buffer supplied with the enzyme.
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25. A nmutant bacteriumwherein if the bacteriumnormally contains a 25 gene
that is the sane as or equivalent to a gene in VG2, said gene is nutated
or absent in said nutant bacterium | 16 26. A mutant bacterium according
to Claim25 wherein the gene that is the sane or equivalent to a gene in
VGC2 is nutated bééa deletion of a portion of the coding reqi

g?on. 5 27. A
nut ant bact QWM™ cording to O aim25 or 26 wherein the bAETEBIRPBs a

Sal nonel | a bacterium preferably any one of Sal nonella typhinurium

Sal nonel | a aberdeen, Sal nonel | a gal | i naruM8 Sal nonel | a cubana and

Sal nonel la typhi. 10 28. A nethod of meking a bacteriumaccording to Caim
25. 29. A vaccibizationpwiess ogrriednout for 2nh at 34°QanTs determinec ther proportioacsfdi ng

t f d ai 1,.3, 21.and, 25 2(, 15 . Us f. teri
i or obr gani sm APREHIA RoloRis g Asomre e el lgaion ofthe TS LINA DS upr, "

vaccine. 31. A [ | b &@HP& ' : }adMm Or
m cr oor gani sm a@%ﬁ%’f%ﬁ@g@h% ns |, bgt ﬁ%{ﬁgﬁ‘éﬁ%@&%@@%ﬁdﬁ a 20
phar maceut i cal | pag DNApwadlomitted fiopd theSHgatidbromaptiomt iThis gieldedenb hmpidilia DNA
of Sal nonella typhimuriumor a part thereof, or a variant of said

pol ypept i de Sor tgsistant shactarial 5 cploniest fllawing trgnsformation)| 9fydht ical &&dB8di ng

one of Sai monel ARG el Al RO bTembarel il |85 BTG seiting om & Kbalion? 0
Sal monel | a typhyeactionldontaifting’thERioUBR Stfandegitig DNAY a conpound which

reduces the ability of a bacteriumto infect or cause disease in a host
conprising the step of selecting a conpound which interferes with the

function of a ne i, GC2.accardin 0.Claim22 or a polypeptide according
to C aim 32. 5%;‘?.“’ cﬁﬁﬂgﬂﬁ'&a{'%ﬁﬂ‘?#%fﬂfgé by the nethod of Claim34. 36. A

mol ecul e whigch sel ectively interacts with, and substantially inhibits the
function of, a gene in VGC2 of a Sal nonella or a nucleic 10 product
thereof. 37. A Thd peoduztsof csevpral ligatdonobatweent pUT anini-To5Km23and dhe use in

dicine. 15 38, A ' ' b ' di
any one. of Ot aidauble stcandsd g BRASWET D5PAOHATIOTB oI b PSSOk g an
one of Ol aidRH R _
Accoraing to am nboSD° R eRl i ¥RBucty 10,300 GflRirRael WUREpbdIEE

. ALS?. A, N. An. Azandhpldsiidl DNASexikactdd fibim'thérpodl #his Osedvo. tbansformE. coli S-
AL Au. AL AN AL Au. AL AN A AN A Au. As. AN An. Au. A. A A AaE. A. Aa. A AN A_AYa% A

AU. A&r . Au. ASA. A7 hpir e horenzonk Timmis AL994). Kormating experiments, a pool of
e it a AorrouRlRg o ooe aRletiia RSl 3 oA 571y pir s it A
3. A(3. ANF. A(Fy .aid3SA riphimaribind 12023 Mal”\weré | cultbred sépafately to an optical
T cal cal oa] cal calegpits EpDise of £4a] AoaPer cop k] G2 ) wesc ke S P
ml 10 mM MgSO, and filtered through a Millipore membrane (0.45 um
20 diameter). The filters were placed on the surface of agar containing M9
salts (de Lorenzo & Timmis, 1994) and incubated at 37°C for 16 h. The
bacteria were recovered by shaking the filters in liquid LB medium for 40
min at 37°C and exconjugants were selected by plating the suspension onto
LB medium containing 100 ug ml"! nalidixic acid (to select against the donor
25  strain) and S0 ug ml' kanamycin (to select for the recipient strain). Each
exconjugant was checked by transferring nalidixic acid resistant (nal’),
kanamycin resistant (kan) colonies to MacConkey Lactose indicator medium
(to distinguish between E. coli and S. ryphimurium), and to LB medium
containing ampicillin. Approximately 90% of the nal’, kan' colonies were

30 sensitive to ampicillin, indicating that these resulted from authentic
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/ 10%: O- "ih8fabidn 2 i %%pfezens were 19#8vdd fo recover bacteria. Half of
20 each spleen was homogenized in 1 ml of sterile saline in a microfuge tube.
Cellular debris was allowed to settle and 1 ml of saline containing cells still
in suspension was removed to a fresh tube and centrifuged for two minutes
in a microfuge. The supernatant was aspirated and the pellet resuspended
in 1 ml of sterile distilled water. A dilution series was made in sterile
25  distilled water and 100 ml of each dilution was plated onto TYGPN agar
containing nalidixic acid (100 ug ml') and kanamycin (50 ug ml"'). Bacteria
were recovered from plates containing between 1000 and 4000 colonies, and
a total of over 10,000 colonies recovered from each spleen were pooled and
used to prepare DNA for PCR generation of probes to screen colony blots.
30
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Total DNA was isolated from S. ryphimurium exconjugants and digested
separately with Ss:1, Sall, Psil and Sphl. Digests were fractionated through

5 agarose gels, transferred to Hybond N* membranes (Amersham) and
subjected to Southern hybridisation analysis using the kanamycin resistance

gene of pUT mini-TnSKm2 as a probe. The probe was labelled with
digoxygenin (Boehringer-Mannheim) and chemiluminescence detection was
carried out according to the manufacturer’s instructions. The hybridisation

10  and washing conditions were as described above. Restriction enzymes which
gave rise to hybridising fragments in the 3-5 kb range were used to digest
DNA for a preparative agarose gel, and DNA fragments corresponding to

the sizes of the hybridisation signals were excised from this, purified and
ligated into pUC18. Ligation reactions were used to transform E. coli

15 DHS5a to kanamycin resistance. Plasmids from kanamycin-resistant
transformants were purified by passage through an elutipD column and
checked by restriction enzyme digestion. Plasmid inserts were partially
sequenced by the di-deoxy method (Sanger ez al, 1977) using the -40 primer

and reverse sequencing primer (United States Biochemical Corporation) and

20  the primers P6 (5'-CCTAGGCGGCCAGATCTGAT-3') (SEQID No6) and
P7 (5'GCACTTGTGTATAAGAGTCAG-3') (SEQ ID No 7) which anneal

to the 1 and O termini of TnJ, respectively. Nucleotide sequences and
deduced amino acid sequences were assembled using the Macvector 3.5
software package run on a Macintosh SE/30 computer. Sequences were

25 compared with the EMBL and Genbank DNA databases using the
UNIX/SUN computer system at the Human Genome Mapping Project

Resource Centre, Harrow, UK.
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Tag Design

5 The structure of the DNA tags is shown in Figure 1a. Each tag consists of
a variable central region flanked by “arms”, of invariant sequence. The
central region sequence ([NK],, was designed to prevent the occurrence of
sites for the commonly used 6 bp-recognition restriction enzymes, but is
sufficiently variable to ensure that statistically, the same sequence should

10  only occur once in 2 x 10" molecules (DNA sequencing of 12 randomly
selected tags showed that none shared more than 50% identity over the
variable region). (N means any base (A, G, C or T) and K means G or T.)
The arms contain Kpnl sites close to the ends to facilitate the initial cloning
step, and the HindllII sites bordering the variable region were used to release

15 radiolabelled variable regions from the arms prior to hybridisation analysis.
The arms were also designed such that primers P2 and P4 each contain only
one guanine residue. Therefore during a PCR using these primers, only one
cytosine will be incorporated into each newly synthesised arm, compared to
an average of ten in the unique sequence. When radiolabelled dCTP is

20 included in the PCR, an average of ten-fold more label will be present in
the unique sequence compared with each arm. This is intended to minimise
background hybridisation signals from the arms, after they have been
released from the unique sequences by digestion with HindIIl. Double
stranded tags were ligated into the Kpnl site of the mini-Tn3 transposon

25 Km2, carried on plasmid pUT (de Lorenzo & Timmis, 1994). Replication
of this plasmid is dependent on the R6K-specified # product of the pir gene.
It carries the oriT sequence of the RP4 plasmid, permitting transfer to a
variety of bacterial species (Miller & Mekalanos, 1988), and the tnp” gene
needed for transposition of the mini-TnS element. The tagged mini-Tn$

30 transposons were transferred to S. ryphimurium by conjugation, and 288



10% U& ()- f 10% U& ()-F 10% U& ()- 'N 1094 [& ()-!m 10%JU& () -
10(455516v67a?4/ 10F !l pmlO%WUVU& ()-F F-10% U& ()-F 10% U& ()- F S-10%
U& ()- 'DmM0% U U& ()-F "-10% U& ()-7R77777)8dE4/ 10F '1Y f,10% U& ()-F
*-10% U& ()-) 10% U& ()-F "F10% U& ()-F % 10% U& ()- F &$-10% U& () -
)8n88:f:g:h:i::u = 10! T- 109%0& ()-' 10

WO 96/17951 PCT/GB95/02875

54

exconjugants resulting from transposition events were stored in the wells of
microtitre dishes. Total DNA isolated from 12 of these was digested with
EcoRV, and subjected to Southern hybridisation analysis using thc'
kanamycin resistance gene of the mini-Tn5 transposon as a probe. In each
5 case, the exconjugant had arisen as a result a single integration of the

transposon into a different site of the bacterial genome (Figure 2).
Specificity and sensitivity studies

10  We next determined the efficiency and uniformity of amplification of the
DNA tags in PCRs involving pools of exconjugant DNAs as targets for the
reactions. In an attempt to minimise unequal amplification of tags in the
PCR, we determined the maximum quantity of DNA target that could be
used in a 100 ul reaction, and the minimum number of PCR cycles, that

15  resulted in products which could be visualised by ethidium bromide staining
of an agarose gel (5 ug DNA and 20 cycles, respectively).

S. typhimurium exconjugants which had reached stationary growth phase in
microtitre dishes were combined, and used to extract DNA. This was
20  subjected to a PCR using primers P2 and P4. PCR products of 80 bp were
gel-purified and used as targets for a second PCR, using the same primers
but with **P-labelled CTP. This resulted in over 60% of the radiolabelled
dCTP being incorporated into the PCR products. The radiolabelled
products were digested with HindlIl and used to probe colony blotted DNA
25 from their corresponding microtitre dishes. Of the 1510 mutants tested in
this way, 358 failed to yield a clear signal on an autoradiogram following
an overnight exposure of the colony blot. There are three potential
explanations for this. Firstly, it is possible that a proportion of the
transposons did not carry tags. However, by comparing the transformation

30 frequencies resulting from ligation reactions involving the transposon in the
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and Methods). More probable causes are that the variable sequence was
truncated in some of the tags, and/or that some of the sequences formed
secondary structures, both of which might have prevented amplification.

Mutants which failed to give clear signals were not included in further
studies. The specificity of the efficiently amplifiable tags was demonstrated
by generating a probe from 24 colonies of a microtitre dish, and using it to
probe a colony blot of 48 colonies, which included the 24 used to generate
the probe. The lack of any hybridisation signal from the 24 colonies not
used to generate the probe (Figure 3) shows that the hybridisation conditions
employed were sufficiently stringent to prevent cross-hybridisation among
labelled tags, and suggests that each exconjugant is not reiterated within a

microtitre dish.

There are further considerations in determining the maximum pool size that
can be used as an inoculum in animal experiments. As the quantity of
labelled tag for each transposon is inversely proportional to the complexity
of the tag pool, there is a limit to the pool size above which hybridisation
signals become too weak to be detected after overnight exposure of an
autoradiogram. More importantly, as the complexity of the pool increases,
so must the likelihood of failure of a virulent representative of the pool to
be present in sufficient numbers, in the spleen of an infected animal, to
produce enough labelled probe. We have not determined the upper limit for
pool size in the murine model of salmonellosis that we have employed, but

it must be in excess of 96.

Virulence tests of the transposon mutants

A total of 1152 uniquely tagged insertion mutants (from two microtitre

100 100
<g\ ;

100
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injection of approximately 10° cells of each of 96 transposon mutants of a

microtitre dish (10° organisms in total). Three days after injection mice
5 were sacrificed, and bacteria were recovered by plating spleen homogenates
onto laboratory medium. Approximately 10,000 colonies recovered from
cach mouse were pooled and DNA was extracted. The tags present in this
DNA sample were amplified and labelled by the PCR, and colony blots
probed and compared with the hybridisation pattern obtained using tags
10 amplified from the inoculum (Figure 3). As a control, an aro4 mutant of
S. typhimurium was tagged and employed as one of the 96 mutants in the
inoculum. This strain would not be expected to be recovered in the spleen
because its virulence is severely attenuated (Buchmeier et al, 1993). Forty-
one mutants were identified whose DNA hybridized to labelled tags from
15  the inoculum but not from labelled tags from bacteria recovered from the
spleen. The experiment was repeated and the same forty-one mutants were
again identified. Two of these were the aroA mutant (one per pool), as
expected. Another was an auxotrophic mutant (it failed to grow on minimal
medium). All of the mutants had normal colony morphology.
20
le 2;: Clonin ial isation of n kin

the transposon

DNA was extracted from one of the mutants described in Example 1 (Pool
25 1, F10), digested with SszI, and subcloned on the basis of kanamycin
resistance. The sequence of 450 bp flanking one end of the transposon was
determined using primer P7. This sequence shows 80% identity to the E.
coli clp (lon) gene. which encodes a heat-regulated protease (Figure §5). To
our knowledge. this gene has not previously been implicated as a virulence

30 determinant.
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acid sequences of P2D6, S4C3, P3F4, P7G2 and P9B7 bear similarities to
a family of secretion-associated proteins that have been conserved
5 throughout bacterial pathogens of animals and plants, and which are known
in Salmonella as the inv family. In S. typhimurium the inv genes are
required for bacterial invasion into intestinal tissue. The virulence of inv
mutants is attenuated when they are inoculated by the oral route, but not
when they are administered intraperitoneally. The discovery of inv-related
10  genes that are required for virulence following intraperitoneal inoculation
suggests a new secretion apparatus which might be required for invasion of
non-phagocytic cells of the spleen and other organs. The products of these
new genes might represent better drug targets than the inv proteins in the

treatment of established infections.

15
Further characterisation of the genes identified in this example is described
in Example 4.
Example 3: LD, determinations and mouse vaccination study

20

Mutations identified by thé method of the invention attenuate virulence.

Five of the mutations in genes not previously implicated in virulence were
transferred by P22-mediated transduction to the nalidixic acid-sensitive
25 parent strain of S. ryphimurium 12028. Transductants were checked by
restriction mapping then injected by the intraperitoneal route into groups of
BALB/c mice to determine their 50% lethal dose (LDg,). The LDy, values
for mutants S4C3, P7G2, P3F4 and P9B7 were all several orders of
magnitude higher than that of the wild-type strain. No difference in the

30 LDy, was detected for mutant PIF10: however, there was a statistically
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5
Mutants P3F4 and P9B7 were also administered by the oral route at an
inoculum level of 107 cells/mouse. None of the mice became ill, indicating
that the oral LDy, levels of these mutants are at least an order of magnitude
higher than that of the wild-type strain.
10

In the mouse vaccination study groups of five female BALB/c mice of 20-25
g in mass were initially inoculated orally (p.o.) or intraperitoneally (i.p.)
with serial ten fold dilutions of Salmonella typhimurium mutant strains P3F4
and P9B7. After four weeks the mice were then inoculated with 500 c.f.u.
15 of the parental wild type strain. Deaths were then recorded over four

weeks.
A group of two mice of the same age and batch as the mice inoculated with
the mutant strains were also inoculated i.p. with 500 c.f.u. of the wild type

20 strain as a positive control. Both non-immunised mice died as expected

within four weeks.

Results are tabulated below:

25 D p.o. initial inoculation with mutant strain P3F4

initial inoculum in no. mice surviving no. mice surviving
c.f.u. first challenge wild type challenge
5x10° 5 2 (40%)

5x 10 5 2 (40%)
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5 x 107 |5 - |0(0%) ﬂ

2) i.p. initial inoculum with mutant strain P3F4

5 | initial inoculum in no. mice surviving no. mice surviving
c.f.u. first challenge wild type challenge
Is x 10° 3 3 (100%)
5x10° 5 4 (80%)
5x 10 6 5 (83%)
10 | 5X10° 5 4 (80%)

3) p.o. initial inoculum with mutant strain P9B7

initial inoculum in no. mice surviving no. mice surviving

15 Jef.u. first challenge wild type challenge
s x 10° 5 0(0%)
4) i.p. initial inoculum with mutant P9B7
20 initial inoculum in no. mice surviving no. mice surviving
c.f.u. first challenge wild type challenge
15 x 10° 4 2 (50%)

From these experiments I conclude that mutant P3P4 appears to give some
25 protection against subsequent wild type challenge. This protection appears

greater in mice that were immunised i.p.

le 4; ificati virulence lo codin econ
I1 ti in i
30
Abbreviations used in this Example are VGCI, virulence gene cluster 1;

VGC2, virulence gene cluster 2.
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Bacl 1Lt ] iments described

Salmonella typhimurium is a principal agent of gastroenteritis in humans and
produces a systemic illness in mice which serves as a model for human
5 typhoid fever (1). Following oral inoculation of mice with S. typhimurium,
the bacteria pass from the lumen of the small intestine through the intestinal
mucosa, via enterocytes or M cells of the Peyer’s patch follicles (2). The
bacteria then invade macrophages and neutrophils, enter the
reticuloendothelial system and disseminate to other organs, including the
10  spleen and liver, where further reproduction results in an overwhelming and
fatal bacteremia (3). To invade host cells, to survive and replicate in a
variety of physiologically stressful intracellular and extracellular
environments and to circumvent the specific antibacterial activities of the
immune system, S. ryphimurium employs a sophisticated repertoire of

15 virulence factors (4).

To gain a more comprehensive understanding of virulence mechanisms of
S. typhimurium and other pathogens the transposon mutagenesis system
described in Example 1, which is conveniently called ‘signature-tagged
20  mutagenesis’ (STM), which combines the strength of mutational analysis
with the ability to follow simultaneously the fate of a large number of
different mutants within a single animal (5 and Example 1; Reference 5 was
published after the priority date for this invention). Using this approach we
identified 43 mutants with attenuated virulence from a total of 1152 mutants
25 that were screened. The nucleotide sequences of DNA flanking the
insertion points of transposons in § of these mutants showed that they were
related to genes encoding type III secretion systems of a variety of bacterial
pathogens (6. 7). The products of the inv/spa gene cluster of §.
ryphimurium (8, 9) are proteins that form a type Il secretion system

30 required for the assembly of surface appendages mediating entry into
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epithelial cells (10). Hence the virulence of strains carrying mutations in
the inv/spa cluster is attenuated only if the inoculum is administered orally
and not when given intraperitoneally (8). In contrast the 5 mutants
identified by STM are avirulent following intraperitoneal inoculation (5).

In this example we show that the transposon insertion points of these 5
mutants and an additional 11 mutants identified by STM all map to the same
region of the S. typhimurium chromosome. Further analysis of this region
reveals additional genes whose deduced products have sequence similarity
10  to other components of type IIl secretion systems. This chromosomal
region which we refer to as virulence gene cluster 2 (VGC2) is not present
in a number of other enteric bacteria, and represents an important locus for

S. typhimurium virulence.
15 Materials and Methods

Bacterial Strains, Transduction and Growth Media. Salmonella enterica
serotypes 5791 (aberdeen), 423180 (gallinarum), 7101 (cubana) and 12416
(typhimurium LT2) were obtained from the National Collections of Type
20  Cultures, Public Health Laboratory Service, UK. Salmonella ryphi BRD123
genomic DNA was a gift from G. Dougan, enteropathogenic Escherichia
coli (EPEC), enterohemorrhagic E. coli (EHEC), Vibrio cholera biotype El
Tor, Shigella flexneri serotype 2 and Staphvlococcus aureus were clinical
isolates obtained from the Department of Infectious Diseases and
25  Bacteriology, Royal Postgraduate Medical School, UK. Genomic DNA
from Yersinia pestis was a gift from J. Heesemann. However, genomic
DNA can be isolated using standard methods. The bacterial strains and the
methods used to generate signature-tagged mini-Tn5 transposon mutants of
S. typhimurium NCTC strain 12023 have been described previousl); (5, 11).

30 Routine propagation of plasmids was in E. coli DH5a. Bacteria were
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grown in LB broth (12) supplemented with the appropriate antibiotics.
Before virulence levels of individual mutant strains were assessed, the
mutations were first transferred by phage P22 mediated transduction (12) to
the nalidixic acid sensitive parental strain of S. fyphimurium 12023,
5 Transductants were analysed by restriction digestion and Southern

hybridisation before use as inoculum.

Lambda Library Screening. Lambda (\) clones with overlapping insert
DNAs covering VGC2 were obtained by standard methods (13) from a
10 21059 library (14) containing inserts from a partial Sau3A digest of S.
ryphimurium LT2 genomic DNA. The library was obtained via K.
Sanderson, from the Salmonella Genetic Stock Centre (SGSC), Calgary,

Canada.

15 Mud-P22 Lysogens. Radiolabelled DNA probes were hybridised to
Hybond N (Amersham) filters bearing DNA prepared from lysates of a set
of S. ryphimurium strains harbouring Mud-P22 prophages at known
positions in the S. ryphimurium genome. Preparation of mitomycin-induced
Mud-P22 lysates was as described (12, 15). The set of Mud-P22 prophages

20  was originally assembled by Benson and Goldman (16) and was obtained
from the SGSC.

Gel Electrophoresis and Southern Hybridisation. Gel electrophoresis was
performed in 1% or 0.6% agarose gels runin 0.5 x TBE. Gel fractionated
25 DNA was transferred to Hybond N or N+ membranes (Amersham) and
stringent hybridisation and washing procedures (permitting hybridisation
between nucleotide sequences with 10% or less mismatches) were as
described by Holden er al, (17). For non-stringent conditions (permitting
hybridisation between sequences with 50% mismatches) filters were
30 hybridised overnight at 42°C in 10% formamide/0.25 M Na,HPO,/7% SDS
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using the Digoxigenin system (Boehringer Mannheim) according to the

5 manufacturers’ instructions, except that hybridisation was performed in the

same solution as that used for radioactively labelled probes. Genomic DNA

was prepared for Southern hybridisation as described previously (13).

Molecular Cloning and Nucleotide Sequencing. Restriction endonucleases
10 and T4 DNA ligase were obtained from Gibco-BRL. General molecular
biology techniques were as described in Sambrook et al, (18). Nucleotide
sequencing was performed by the dideoxy chain termination method (19)
using a T7 sequencing kit (Pharmacia). Sequences were assembled with the
MacVector 3.5 software or AssemblyLIGN packages. Nucleotide and
15 derived amino acid sequences were compared with those in the European
Molecular Biology Laboratory (EMBL) and SwissProt databases using the
BLAST and FASTA programs of the GCG package from the University of
Wisconsin (version 8) (20) on the network service at the Human Genome
Mapping Project Resource Centre, Hinxton, UK.
20
Virulence Tests. Groups of five female BALB/c mice (20-25g) were
inoculated orally (p.o.) or intraperitoneally (i.p.) with 10-fold dilutions of
bacteria suspended in physiological saline. For prepa‘ration of the inoculum,
bacteria were grown overnight at 37°C in LB broth with shaking (50 rpm)
25  and then used to inoculate fresh medium for various lengths of time until an
optical density (OD) at 560 nm of 0.4 to 0.6 had been reached. For cell
densities of 5 x 10* colony forming units (cfu) per ml and above, cultures
were concentrated by centrifugation and resuspended in saline. The
concentration of cfu/ml was checked by plating a dilution series of the

30 inoculum onto LB agar plates. Mice were inoculated i.p. with 0.2 ml
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21).
5 Results

Localisation of Transposon Insertions. The generation of a bank of
Salmonella typhimurium mini TnS transposon mutants and the screen used
to identify 43 mutants with attcnuated virulence have been described
10  previously (5). Transposons and flanking DNA regions were cloned from
exconjugants by selection for kanamycin resistance or by inverse PCR.
Nucleotide sequences of 300-600 bp of DNA flanking the transposons were
obtained for 33 mutants. Comparison of these sequences with those in the
DNA and protein databases indicated that 14 mutants resulted from
15 transposon insertions into previously known virulence genes, 7 arose from
insertions into new genes with similarity to known genes of the
enterobacteria and 12 resulted from insertions into sequences without
similarity to entries in the DNA and protein databases (ref. 5, Example 1
and this Example).
20
Three lines of evidence suggested that 16 of 19 transposon insertions into
new sequences were clustered in three regions of the genome, initially
designated A, B and C. First, comparing nucleotide sequences from regions
flanking transposon insertion points with each other and with those in the
25 databases showed that some sequences overlapped with one another or had
strong similarity to different regions of the same gene. Second, Southern
analysis of genomic DNA digested with several restriction enzymes and
probed with restriction fragments flanking transposon insertion points
indicated that some transp(;son insertions were located on the same

30 restriction fragments. Third. when the same DNA probes were hybridised
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to plaques from a S. typhimurium X\ DNA library, the probes from mutants

which the previous two steps had suggested might be linked were found to
hybridise to the same A DNA clones. Thus two mutants (P9B7 and P12F5)
were assigned to cluster A, five mutants (P2D6, P9B6, P11C3, P11D10 and

5 P11HI10) to cluster B and nine mutants (P3F4, P4F8, P7A3, P7B8, P7G2,
P8G12, P9G4, P10E11 and P11B9) to cluster C (Figure 8).

Hybridisation of DNA probes from these three clusters to lysates from a set
of S. typhimurium strains harbouring locked-in Mud-P22 prophages (15, 16)

10 showed that the three loci were all located in the minute 30 to 31 region
(edition VIII, ref. 22) (Figure 7), indicating that the three loci were closely
linked or constituted one large virulence locus. To determine if any of the
A clones covering clusters A, B and C contained overlapping DNA inserts,
DNA fragments from the terminal regions of each clone were used as

15  probes in Southern hybridisation analysis of the other A clones. Hybridising
DNA fragments showed that several A\ clones overlap and that clusters A,
B and C comprise one contiguous region (Figure 8). DNA fragments from
the ends of this region were then used to probe the A library to identify
further clones containing inserts representing the adjacent regions. No A

20 clones were identified that covered the extreme right hand terminus of the
locus so this region was obtained by cloning a 6.5 kb EcoRI/Xbal fragment
from a lysate of the Mud-P22 prophage strain TT15244 (16).

Restriction mapping and Southern hybridisation analysis were then used to
25  construct a physical map of this locus (Figure 8). To distinguish this locus
from the well characterised inv/spa gene cluster at minute 63 (edition VIII,
ref. 22) (8, 9, 23, 24, 25. 26), we refer to the latter as virulence gene
cluster 1 (VGC1) and have termed the new virulence locus VGC2. Figure
2 shows the position of two portions of DNA whose nucleotide sequence

30 has been determined (“Sequence 1™ and “Sequence 2"). The nucleotide
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Mapping the boundaries of VGC2 on the S. tyyphimurium chromosome.
Nucleotide sequencing of A clone 7 at the left hand side of VGC2 revealed
5 the presence of an open reading frame (ORF) whose deduced amino acid
sequence is over 90% identical to the derived product of a segment of the
ydhE* gene of E. coli and sequencing of the 6.5 kb EcoRl/Xbal cloned
fragment on the right hand side of VGC2 revealed the presence of an ORF
whose predicted amino acid sequence is over 90% identical to pyruvate
10 kinase I of E. coli encoded by the pykF gene (27). On the E. coli
chromosome ydhE and pykF are located close to one another, at minute 37
to 38 (28). Eleven non-overlapping DNA fragments distributed along the
length of VGC2 were used as probes in non-stringent Southern hybridisation
analysis of E. coli and S. typhimurium genomic DNA. Hybridising DNA
15 fragments showed that a region of approximately 40 kb comprising VGC2
was absent from the E. coli genome and localised the boundaries of VGC2
to within 1 kb (Figure 9). Comparison of the location of the Xbal site close
to the right hand end of VGC2 (Figure 8) with a map of known Xbal sites
(29) at the minute 30 region of the chromosome (22) enables a map position

20 of 30.7 minutes to be deduced for VGC2.

Structure of VGC2. Nucleotide sequencing of portions of VGC2 has
revealed the presence of 19 ORFs (Figure 8). The G+C content of
approximately 26 kb of nucleotide sequence within VGC2 is 44.6%,
25 compared to 47% for VGC1 (9) and 51-53% estimated for the entire

Salmonella genome (30).

The complete deduced amino acid sequences of ORFs 1-11 are similar to
those of proteins of type Il secretion systems (6. 7). which are known to

30  be required for the export of virulence determinants in a variety of bacterial
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pathogens of plants and animals (7). The predicted proteins of ORFs 1 - 8
(Figure 8) are similar in organisation and sequence to the products of the
yscN-U genes of Yersinia pseudotuberculosis (31), to invC/spaS of the
inv/spa cluster in VGC1 of Salmonella typhimurium (8, 9) and to
5 spa47/spa40 of the spa/mxi cluster of Shigella flexneri (32, 33, 34, 35,).
For example the predicted amino acid sequence of ORF 3 (Figure 8) is 50%
identical to YscS of Y. pseudotuberculosis (31), 34% identical to Spa9 from
S. flexneri (35) and 37% identical to SpaQ of VGCI of S. typhimurium (9).
The predicted protein product of ORF9 is closely related to the LerD family
10  of proteins with 43% identity to LcrD of Y. enterocolitica (36), 39%
identity to MxiA of S. flexneri (32) and 40% identity to InvA of VGCI
(23). Partial nucleotide sequences for the remaining ORFs shown in Figure
8 indicate that the predicted protein from ORF10 is most similar to Y.
enterocolitica YscJ (37) a lipoprotein located in the bacterial outer
15 membrane, with ORF11 similar to S. typhimurium InvG, a member of the
PulD family of translocases (38). ORF12 and ORF13 show significant
similarity to the sensor and regulatory subunits respectively, from a variety
of proteins comprising two component regulatory systems (39). There is
ample coding capacity for further genes between ORFs 9 and 10, ORFs 10

20 and 11, and between ORF 19 and the right hand end of VGC2.

VGC2 is conserved among and is specific to the Salmonellae. A 2.2 kb
Pstl/HindIII fragment located at the centre of VGC2 (probe B, Figure 8)
lacking sequence similarity to entries in the DNA and protein databases was
25 used as a probe in Southern hybridisation analysis of genomic DNA from
Salmonella serovars and other pathogenic bacteria (Figure 10A). DNA
fragments hybridising under non-stringent conditions showed that VGC2 is
present in S. aberdeen. S. gallinarum, S. cubana. S. rvphi and is absent
from EPEC. EﬁEC. Y. pestis, S. flexneri, V. cholera and S. aureus. Thus

30 VGC2 is conserved among and is likely to be specific to the Salmonellae.



10 111
6R 2}[9bC 10

1V Y109& () - ! NY10%@g& () - ! DrlOY%&: () -
10 [11c 10%h& ()-

LoshP

h& ()-3 $10%h& ()-11

ro\:
f1109& () -
h& ()-!1

h& () - <8} ASH=

10

15

20

25

1 10%@& () -

i%,?%& () - hnl wX9g\:

, 109%@& () - mlO%@& ()- 10/ 10/ 10/f9Z10% & ()-

10@ 10@ 10 @109
10 Y10% hé& () -
1S@10% & ()- '\ 10%]|& ()
Y10% hi h& () -3 10%(;8h&' ()-3

)- &s610%@& () -
3 10% h&

NyaBg\ :
-10% h& ()-3 @0%

To determine if the organisation of the locus is conserved among the
Salmonella serovars tested, stringent Southern hybridisations with genomic
DNA digested with two further restriction enzymes were carried out.
Hybridising DNA fragments showed that there is some heterogeneity in the
arrangement of restriction sites between S. typhimurium LT2 and S.
gallinarum, S. cubana and S. ryphi (Figure 10B). Furthermore, S.
gallinarum and S. ryphi contain additional hybridising fragments to those
present in the other Salmonellae examined, suggesting that regions of VGC2

have been duplicated in these species.

VGC2 is required for virulence in mice. Previous experiments showed
that the LD, values for i.p. inoculation of transposon mutants P3F4, P7G2,
PIB7 and P11C3 were at least 100-fold greater than the wild type strain (5).
In order to clarify the importance of VGC2 in the process of infection, the
p.o. and i.p. LDy, values for mutants P3F4 and P9B7 were determined
(Table 1). Both mutants showed a reduction in virulence of at least five
orders of magnitude by either route of inoculation in comparison with the
parental strain. This profound attenuation of virulence by both routes of
inoculation demonstrates that VGC2 is required for events in the infective

process after epithelial cell penetration in BALB/c mice.

Table 1. LD;, values of S. typhimurium strains.

,810% & () -
1 @LO% ()-: 310%@& () -- 10%@& () - GH Jh}
(

-13 1098 h8
1PosI82875 1 00y

~ LD, () |
Strain i.p. p.o.
12023 wild type 4.2 6.2 x 10*
P3F4 1.5 x 10° >5 x 10°
P9B7 >1.5x 10° >5x 10°

cfu. colony forming units
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Discussion

A hitherto unknown virulence locus in S. typhimurium of approximately 40
kb located at minute 30.7 on the chromosome by mapping the insertion
points of a group of signature-tagged transposon mutants with attenuated
virulence has been identified (5). This locus is referred to as virulence gene
cluster 2 (VGC2) to distinguish it from the inv/spa virulence genes at 63
minutes (edition VIII, ref. 22) which we suggest be renamed VGC1. VGCl1
and VGC2 both encode components of type III secretion systems.

However, these secretion systems are functionally distinct.

Of 19 mutants that arose from insertions into new genes (ref. 5 and this
example) 16 mapped to the same region of the chromosome. It is possible
that mini-TnJ insertion occurs preferentially in VGC2. Alternatively, as the
negative selection used to identify mutants with attenuated virulence (5) was
very stringent (reflected by the high LDy, values for VGC2 mutants) it is
possible that, among the previously unknown genes, only mutations in those
of VGC2 result in a degree of attenuation sufficient to be recovered in the
screen. The failure of previous searches for S. ryphimurium virulence
determinants to identify VGC2 might stem from reliance on cell culture
assays rather than a live animal model of infection. A previous study which
identified regions of the S. typhimurium LT2 chromosome unique to
Salmonellae (40) located one such region (RF333) to minutes 30.5 - 32.
Therefore, RF333 may correspond to VGC2, although it was not known

that RF333 was involved in virulence determination.

Comparisons with the type 111 secretion systems encoded by the virulence
plasmids of Yersinia and Shigella as well as with VGC1 of Salmonella
indicates that VGC2 encodes the basic structural components of the

secretory apparatus. Furthermore. the order of ORFs 1-8 in VGC2 is the

n
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same as the gene order in homologues in Yersinia, Shigella and VGCI1 of
S. typhimurium. The fact that the organisation and structure of the VGC2
secretion system is no more closely related to VGC1 than to the
corresponding genes of Yersinia, together with the low G+C content of

5 VGC2 suggests that VGC2, like VGC1 (40, 41, 42) was acquired
independently by S. typhimurium via horizontal transmission. The proteins
encoded by ORFs 12 and 13 show strong similarity to bacterial two
component regulators (39) and could regulate cither ORFs 1-11 and/or the
secreted proteins of this system.

10 Many genes in VGC1 have been shown to be important for entry of S.
typhimurium into epithelial cells. This process requires bacterial contact (2)
and results in cytoskeletal rearrangements leading to localised membrane
ruffling (43, 44). The role of VGC1 and its restriction to this stage of the
infection is reflected in the approximately 50-fold attenuation of virulence

15 in BALB/c mice inoculated p.o. with VGC1 mutants and by the fact that
VGC1 mutants show no loss of virulence when administered i.p. (8). The
second observation also explains why no VGC1 mutants were obtained in
our screen (5). In contrast, mutants in VGC2 are profoundly attenuated
following both p.o. and i.p. inoculation. This shows that. unlike VGC1,

20  VGC2 is required for virulence in mice after epithelial cell penetration, but
these findings do not exclude a role for VGCI in this early stage of

infection.

Thus in summary mapping the insertion points of 16 signature-tagged
25 transposon mutants on the Salmonella ryphimurium chromosome led to the
identification of a 40 kb virulence gene ciuster at minute 30.7. This locus
is conserved among all other Salmonella species examined, but not present
in a variety of other pathogenic bacteria or in Escherichia coli K12.
Nucleotide seciuencing of a portion of this locus revealed 11 open reading

30 frames whose predicted proteins encode components of a type III secretion
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encoded by the inv/spa invasion locus we refer to the inv/spa locus as
virulence gene cluster 1 (VGC1) and the new locus as VGC2. VGC2 has
a lower G+C content than that of the Salmonella genome and is flanked by
5 genes whose products share greater than 90% identity with those of the E,
coli ydhE and pykF genes. Thus VGC2 was probably acquired horizontally
by insertion into a region corresponding to that between the ydhE and pykF
genes of E. coli. Virulence studies of VGC2 mutants have shown them to
be attenuated by at least five orders of magnitude compared with the wild

10  type strain following oral or intraperitoneal inoculation.
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pneumoniae

(a) Mutagenesis

15 In the absence of a convenient transposon system, the most efficient way of
creating tagged mutants of Streptococcus pneumoniae is to use
insertion-duplication mutagenesis (Morrison et al (1984) J. Bacteriol. 159,
870). Random S. pneumoniae DNA fragments of 200-400 bp will be
generated by genomic DNA digestion with a restriction enzyme or by

20 physical shearing by sonication followed by gel fractionation and DNA
end-repair using T4 DNA polymerase. The fragments are ligated into
plasmid pJDC9 (Pearce et al (1993) Mol. Microbiol. 9, 1037 which carries
the erm gene for erythromycin selection in E. coli and S. pneumoniae),
previously modified by incorporation of DNA sequence tags into one of the

25 polylinker cloning sites. The size of cloned S. pneumoniae DNA is
sufficient to ensure homologous recombination. and reduces the possibility
of generating an unrepresentative library in E. coli (expression of S.
pneumoniae proteins can be toxic to E. coli). Alternative vectors carrying
different selectable markers are available and can be used in place of

30 pJDCY. Tagged plasmids carrying DNA fragments are introduced to an
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appropriate S. pneumoniae strain selected on the basis of serotype and

virulence in a murine model of pneumococcal pneumonia. Regulation of

competence for genetic transformation in S. pneumoniae is governed by '

competence factor, a peptide of 17 amino acids which has been

5 characterized recently by Don Morrison’s group at the University of Illinois

at Chicago and which is described Hava;'stein, Coomaraswamy and

Morrison (1995) Proc. Natl. Acad. Sci. USA 92, 11140-11144,

Incorporation of minute quantities of this peptide in transformation

experiments leads to very efficient transformation frequencies in some

10 encapsulated clinical isolates of S. pneumoniae. This overcomes a major

hurdle in pneumococcal molecular genetics and the availability of the
peptide greatly facilitates the construction of S.

pneumoniae mutant banks and allows flexibility in choosing the strain(s) to

be mutated. A proportion of transformants are analysed to verify

15 homologous integration of the plasmid sequences, and checked for stability.

The very low level of reversion associated with mutants generated by

insertion-duplication is minimized by the fact that the duplicated regions will

be short (200-400 bp); however if the level of reversion is unacceptably

high, antibiotic selection is maintained during growth of the transformants

20  in culture and during growth in the animal.

(b) Animal model
The 8. pneumoniae mutant bank is organized into pools for inoculation into
Swiss and/or C57B1/6 mice. Preliminary experiments are conducted to
25 determine the optimum complexity of the pools and the optimum inoculum
level. One attractive model utilises inocula of 10° cfu, delivered by mouth
to the trachea (Veber er af (1993) J. Antimicrobial Chemotherapy 32, 473).
Swiss mice develop acute pneumonia within 3-4 days, and C57B1/6 mice
develop subacute pneumonia within 8-10 days. These pulmonary models
30 of infection yield 10° cfu/lung (Veber et al (1993) J. Antimicrobial
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injected intraperitoneally for the identification of genes required for
bloodstream infection (Sullivan er al (1993) Antimicrobial Agents and
Chemotherapy 37, 234).

(c)  Virulence gene identification
Once the parameters of the infection model are optimized, a mutant bank
consisting of several thousand strains is subjected to virulence tests.
Mutants with attenuated virulence are identified by hybridisation analysis,
10  using labelled tags from the ‘input’ and ‘recovered’ pools as probes. If S.
pneumoniae DNA cannot be colony blotted easily, chromosomal DNA is
liberated chemically or enzymatically in the wells of microtitre dishes prior
to transfer onto nylon membranes using a dot-blot apparatus. DNA flanking
the integrated plasmid is cloned by plasmid rescue in E. coli (Morrison et
15 al (1984) J. Bacteriol. 159, 870), and sequenced. Genomic DNA libraries
are constructed in appropriate vectors maintained in either E. coli or a
Gram-positive host strain, and are probed with restriction fragments
flanking the integrated plasmid to isolate cloned virulence genes which is
then fully sequenced and subjected to detailed functional analysis.

20

xample 6: Identification of virule in Enterococcu

(a) Mutagenesis

Mutagenesis of E. faecalis is accomplished using plasmid pATI112 or a
25 derivative, developed for this purpose. pAT112 carries genes for selection

in both Gram-negative and Gram-positive bacteria. and the art site of

Tnl545. 1t therefore requires the presence in the host strain of the integrase

for transposition, and stable. single copy insertions are obtained if the host

does not contain an excisionase gene (Trieu-Cuot er al (1991) Gene 106.

30 21). Recovery of DNA flanking the integrated plasmid is accomplished by
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restriction digestion of genomic DNA, intramolecular ligation and
transformation of E. coli. The presence of single sites for restriction
enzymes in pAT112 and its derivatives will (Trieu-Cuot er a/ (1991) Gene
106, 21) allows the incorporation of DNA sequence tags prior to transfer

5 to a virulent strain of E. faecalis carrying plasmid pAT145 (to provide the
integrase function) by either conjugation, electroporation or transformation
(Trieu-Cuot et al (1991) Gene 106, 21; Wirth et al (1986) J. Bacteriol. 168,
831).

10 () Animal model
A large number of insertion mutants are analysed for random integration of
the plasmid by isolating DNA from transcipients, restriction enzyme
digestion and Southern hybridisation. Individual mutants are stored in the
wells of microtitre dishes, and complexity and size of pooled inocula are

15 optimised prior to screening of the mutant bank. Two different models of
infection caused by E. faecalis are employed. The first is a well established
rat model of endocarditis, involving tail vein injection of up to 10® cfu of
E. faecalis into animals that have a catheter inserted across the aortic valve
(Whitman er al (1993) Antimicrobial Agents and Chemotherapy 37, 1069).

20 Animals are sacrificed at various times after inoculation, and bacterial
vegetations on the aortic valve are excised, homogenized and plated to
culture medium to recover bacterial colonies. Virulent bacteria are also
recovered from the blood at various times after inoculation. The second
model is of peritonitis in mice, following intraperitoneal injection of up to

25 10° cfu of E. faecalis (Chenoweth et al (1990) Antimicrobial Agents and
Chemotherapv 34. 1800). As with the S. pneumoniae model, preliminary
experiments are done to establish the optimum complexity of the pools and
the optimum inoculum level. prior to screening the mutant
bank.

30
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: ntificati f vi

(a) Mutagenesis

15  Since transposon TnS has been used by others to mutagenise Pseudomonas
aeruginosa, and the mini-Tn5 derivative that was used for the identification
of Salmonella ryphimurium virulence genes (Example 1) is reported to have
broad utilisation among Gram-negative bacteria, including several
pseudomonads (Delorenzo and Timaris (1994) Methods Enzymol. 264,

20 386), a P. aeruginosa mutant bank is constructed using our existing pool of
signature tagged mini-TnJ transposons by conjugal transfer of the suicide
vector to one or more virulent (and possibly mucoid) recipient strains. This
approach represents a significant time saving. Other derivatives of Tn$
designed specifically for P. geruginosa mutagenesis (Rella et al (1985) Gene

25 33. 293). may alternatively be employed with the mini Tn5 transposon.

(b)  Animal model and virulence gene identification
The bank of P. aeruginosa insertion mutants is screened for attenuated
virulence in a chronic pulmonary infection model in rats. Suspensions of

30 P. aeruginosa cells are introduced into a bronchus following tracheotomy.
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standard methods.

15 (a Mutagenesis
The functional eqiuvalent of transposon mutagenesis in fungi is restriction
enzyme mediated integration (REMI) of transforming DNA (Schiestl and
Petes (1991) Proc. Natl. Acad. Sci. 88, 7585). In this process, fungal cells
are transformed with DNA fragments carrying a selectable marker in the

20 presence of a restriction enzyme, and single copy integrations occur at
different genomic sites, defined by the target sequence of the restriction
enzyme. REMI has already been used successfully to isolate virulence
genes of Cochliobolus (Lu et al (1994) Proc. Natl. Acad. Sci. USA 91,
12649) and Ustilago (Bolker er al (1995) Mol. Gen. Genet. 248, 547), and

25 have shown that incorporation of active restriction enzyme with a plasmid
encoding hygromycin resistance leads to single and apparently random
integration of the linear plasmid into the A. fumigarus genome. Sequence
tags are introduced into a convenient site in one of two vectors for
hygromycin resistance. and used to transform a clinical isolate of A.

30  fumigatus.
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10%& ()-/-!< recovcred 7-10 days later by using lung homogenates to inoculate liquid
medium. Hyphae are collected after a few hours, from which DNA is
extracted for amplification and labelling of tags to probe colony blots of
DNA from the pool of transformants comprising the inoculum. DNA from
10  the regions flanking the REMI insertion points are cloned by digesting the
transformant DNA with a restriction enzyme that cuts outside the REMI
vector, self ligation and transformation of E. coli. Primers based on the
known sequence of the plasmid are used to determine the adjacent A.
Jumigatus DNA sequences. To prove that the insertion of the vector was
15  the cause of the avirulent phenotype, the recovered plasmid is recut with the
same restriction enzyme used for cloning, and transformed back into the
wild-type A. fumigatus parent strain. Transformants that have arisen by

homologous recombination are then subjected to virulence tests.

20
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INFORMATION FOR SEQ ID NO: 1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: B89 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
{(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
CTAGGTACCT ACAACCTCAA GCTTNKNKNK NKNKNKNKNK NKNKNKNKNK NEKNKNEKNKNK 60
NKNKAAGCTT GGTTAGAATG GGTACCATG 89
(2) INFORMATION FOR SEQ ID NO: 2:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
{vi) ORIGINAL SOQURCE:
(A) ORGANISM: Synthetic oligecnucleotide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
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(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
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)’>$ (1i) MOLECULE TYPE: cDNA
tk" [t 109 ()| nf 109 () -1 nt 100& ()- | ¥ 10% () -1 nf 10%& ()- 61 Al LI bl xI | 1}1d:u

hG " 1))9$ (1ii) HYPOTHET : NO

tk$l it 100 (! ArkO%ida).- kgt 10%& () -1 mi 109%& () -1 i 10%& ()-}1111111d:uhG "1)
tk" | m' 1098 (Wi | oRTHA%EL (SouRer:10%& () - | mt 109&' () -1 m'109& ()-1 1111111t/ G nt 10
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GCACTTGTGT ATAAGAGTCA G 21
(2) INFORMATION FOR SEQ ID NO: 8:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(€) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene
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(A) LENGTH: 324 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
{vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

CCTGTGATTC CGGATGAAAT AGCTTTTACG AAAGCTGTCA GACNTGCTGA AGAATACGCT 60
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098N " &&' () ', Jyo A %ﬁ(#Lm 0%8N" &&' () -
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Yi "t 109&"" & () - _uz{sS325nt 100" &&' () - nt 100" && () - nt 1098 &&: () -/ K(
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h*1 TTGCCGTAAA AABATTGAAC GTTATTTACT TAATACGCCT ATTTTATTTA CATTATGCAC 120
GGACAGAGGG TGAGGATTAA ATGGATAATA TTGATAATAA GTATACTCCA CAGCTATGTA 180
AAATTTTGGG GGCTATATCG GATTTGGTTG TTTTTAATTT AGCCTTATGG CTTTCACTAG 240
GATGTGTCTA TTTTTTTTGT GGTCAAGCAC AGAGATTTAT TCCCCAACCA CC 292

(2) INFORMATION FOR SEQ ID NO: 14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 14:
TTTCCTTGCC GTGACAGTCC GGGATGCGAG GTTAACGAAA TTACCGGCAC CAAAGCTGTG 60

GAGGTGAGCG GTGTCCCCAG CTGCCTGACT CGTATTAGTC AATTAGCTTC AGTGCTGGAT 120
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%)(fﬁFOEMATION FOR SEQ ID NO: 15:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 297 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO
{vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella
virulence gene
(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 15:
CATGAGTAAC CTACCCAACT GTAATCTTTA CCAATATGCA TCATAATCTT
ATGATTGGTA ATATCGGAAA GGTAAGTGAC ATAAGCACGC CATTACGTAA
CCTAAACTGC CACTTTTTAA TAAGGGAAGT AATAAAGAAA GGCTCAATGG
GCCACAGCCA ATGCAATAAG CCACTCATTT ACCTGTTGTG CCATTCAACC
ATTCGTAACA TTATCTGCCG GGTATAATTC AACAGGATAC CGCTAAGCCA
(2) INFORMATION FOR SEQ ID NO: 16:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 184 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella
virulence gene
(x1i) SEQUENCE DESCRIPTION: SEQ ID NO: 16:
ATTCCAGCCC CCGGGCCATC TAACCACTAT GAACAATCAT CTTCTGGGTG
GGTACCATCG GCCAGGCTTG TGCAATATGT ATGTCATCAC GTAAAAGCGC
TCTCCCCATT CTTCCTTAAG GGCAGTTATC ACGGCTGGCT CAATGGCCGG

ACAG

typhimurium

CTGCTGGTAA
AAGTGCGGCC
TCGAATAAAA
ATGCTCTCCA

TGGGTAG

typhimurium

GACAATCATT
GGCCCCTTAA

CTTAACAGCC

60

120

180

240

297

60

120

180

184
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STRANDED double
(D) TOPOLOGY llnear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17:

GAGGCGCGTC TTCGGTTGAG GGTCGCCCTC CAGATCITTA TGCTCCTGTT TTACGTCATC 60
TTTACTCATT TTAAGATCTT TTCTAATCTT ATAATATTGA AAAGAATAGT CCAGTATGCC 120
AACGACGAAA TAAAGAAACA TCACCCCAAC CCATAACCAT TTTTTCAATG ATGAAAGCAC 180
AAGCACGCCA CAGGCTACAC CACAGCCCGG AGGGGGCCGG AAAGTGCTGG GATCTTGATT 240
AATGAAAAAG GCAARGGGAA GAGATAGGAT GATGCATGCT GGTTGGAGGC AGATTATTCA 300
TCTTCG 306

(2} INFORMATION FOR SEQ ID NO: 18:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 297 base pairs
(B) TYPE: nucleic acid
{(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAI SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18:

AGTTGCCGTA TTTATTAAAT ATTCACCTCA GGTCAATATG GAGGTCTTCC CGGCTAARAA 60
TCATTGCTTT ACTAGAGATA TCACTCCCTG GGTTGCAATA CAGTACGATT AGITATCTTG 120
ATGCAGCCTG CTGATTTCAG AATGGCAGCT GACGTACCCG CGAGACAAAC ATTCTGGATT 180
ATGGACGTTA TCAACGCCAA TATAGGGAAG GTGGTGAAGT GGTTGATGAA ATACCCCTAT 240
CCCTTGCATG TTATCGCTGA CAGGACTGTT ATCAGGAGCG GGCATCCTCG ATCGGCT 297

(2) INFORMATION FOR SEQ ID NO: 19:



"109%RMN"&& ()-. 1 109N && () -. 1 109N && () -.5W h"l "109&M"&& () - .1 M 25l
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"1098MN" &&' ( )(- I o&A" ' TE.R "109&N" &&' ()- "1098MN" && () - . |
"1098~" && ()1 ° " 109%& " &&' () - .| M 251 "109& " &&' ()- .
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(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOQURCE:
(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:
CAAGAGACAG ATCCAACTCG GGCCGATCGC CATAACGCCA GCAGTTTGAA AGATGAAAGC 60
CCAGCTTATC CAGCCATTCC GGTACAGCGT AACGAGCAGG TTGCCAGAAA TAACGATAAA 120
GTTGCAACAC CTCGGGATCA GGTCGGCTCA AAABACGGGGT CTCAGGCAAA AATAGCCGAT 180
CAGGATGCCC ACTCCTAATA ACAGTCCTGT CAACGATAAC ATCAACGGAT AAGGGTATTT 240
CATCAACCAC TTCACCACCT TCCCTTTATT GGCGTTGGAT AACGTCCATA ATCCAGA 297
(2) INFORMATION FOR SEQ ID NO: 20:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 298 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
{(vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20:
AGGGCTTTAT TGATTCCATT TTTACACTGA TGAATGTTCC GTTGCGCTGC CCGGATTACA 60
GCCGGATCCT CTAGAGTCGA CCTGCAGAAC CGAGCCAGGA GCAAATTAAT TTTTTTGGGC 120
AATTGCTGAA AGATGAAGCA TCCACCAGTA ACGCCAGTGC TTTATTACCG CAGGTTATGT 180
TGACCAGACA AATAGATTAT ATGCAGTTAA CGGTAGGCGT CGATTATCTT GTCAGAATAT 240
CAGGCGCAGC ATCGCAAGCG CTTAATAAGC TGGGTAACAT GGCATGAAGG GGCAACCC 298

(2) INFORMATION FOR SEQ ID NO: 21:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 298 base pairs
(B} TYPE: nucleic acid
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(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella
virulence gene
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:
CACTATAGGG AAAGCTTGCA TGCCTGCAGG TCGACTCTAG AGGATCTACT
ATTCCTAGGC GGCCAGATCT GATCAAGAGA CAGATCCAAC TCGGGCCGAT
CCAGCAGTTT GAAAGATGAA AGCCCAGCTT ATCCAGCCAT TCCGGTACAG
AGGTTGCCAG AAATAACGAT AAAGTTGCAA CACCTCGGGA TCAGGTCGGC
GGTCTCAGGC AAARAATAGCC GATCAGGATG CCCACTCCTA ATAACAGTCC
(2) INFORMATION FOR SEQ ID NO: 22:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 301 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(AR) ORGANISM: Partial sequence of Salmonella
virulence gene
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22:
CCCCCCCCCT TCTCCTGGCT TACACAGCCC CAGACCGGCG CTGGAARAGG
CATACAGGAG GCCAGCAACA TATTTTCACG CGCCGCCAGA TCGTGGCCGT
TTTCGGCAGC GATTTGCCAA TCATCGCTAT CGCGCCAATC GCCAGGCTGT
CGTGGCGTTG AGCGCGCTGT AGGCCTCAAT CGCATGCGTC AACGCATCGA
CGCCGTCACG TTTGGCGGRA CGCCTTCGGT CACGGAAGCA TCAAGAATCG
C
(2) INFORMATION FOR SEQ ID NO: 23:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 288 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

. 5W h"|

h"l "109& " &&' () -

typhimurium

AGTCATATGG
CGCCATAACG
CGTAACGAGC
TCAADAACGG

TGTCAACG

typhimurium

CCATTCCCGC
AACCCACGGC
CGGTARACGG
TACCGGTCAT

CCACGTCCGG

60

120

180

240

298

60

120

180

240

300

301
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(vi)

ORIGINAL SOURCE:

(xi)
CGCGAACGTG
CCGGAGGTCG
ATTTTCCCGT
TATCGCGCTG
GGCTGTAGCG

(2)

(1)

(ii)
(iidi)
(iii)

(vi)

(xi)

CGCCCTAGCA TGCCTGGCGT TGTCCGGTTA TTGCTCGTCA AGCGAACAGA
GAGAGCGACT CTCGAATCAT GGGGGGTCAT GTATCGGGAT GGTGTAATCT
ATTGGTACGA GAAGTGCAGG ATGTTTTGGA TAAAAATGGG TTACCCGCAT
CCAGCGAAGG GCCGGGGAGC GTGTTAATTC ATGATGATAT ACAAATGGAT

GCAAGGTTCA ACCATTACTT GCAGATATTC CCGGGTTATT GCACTGGCAG

CTC
(2)
(1)

(ii) MOLECULE TYPE: DNA (genomic)

(A)

virulence gene

CGCCGCAACT GCTTGTGGAC GGTGAATTGC AGTTTGACGC
CCGCGCAAAA AGCGCCTGAC AGCCCGCTGC AAGGCCGCGC
CGCTGGAGGC GGGCAATATT GGCTACAAAA TCACTCAGCG
TTGGGCCGCT AATTCAGGGG CTTGGCGCGC CGCTTCACGA

TGCAGGAAAT TATCGAACTG CGGTTGGTGA GAAAACCAA

(A)
(B)
(C)
(D)

LENGTH:
TYPE:

MOLECULE TYPE: DNA
HYPOTHETICAL: NO
ANTI-SENSE: NO

ORIGINAL SOURCE:
ORGANISM: Partial sequence od Salmonella

(B)

INFORMATION FOR SEQ ID NO: 24:

SEQUENCE CHARACTERISTICS:
303 base pairs
nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

(genomic)

virulence gene

(A)
(B)
(C)
(D)

TYPE:

INFORMATICON FOR SEQ ID NO: 25:

SEQUENCE CHARACTERISTICS:
LENGTH: 300 base pairs
nucleic acid
STRANDEDNESS: double
TOPOLOGY: linear

SEQUENCE DESCRIPTION: SEQ ID NO: 23:

SEQUENCE DESCRIPTION: SEQ ID NO: 24:

ORGANISM: Partial sequence of Salmonella typhimurium

CGCTTTCGTG 60
CAACGTGATG 120
TCTGGGAGGC 180
CCTCTCCCGA 240
289
typhimurium
TGCAAAAGGT 60
GTGATGACTT 120
GCTGAAGTAT 180
CAGCAATGGC 240
ATTAGTCACT 300
303
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(ii) MOLECULE TYPE: DNA (genomic)
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

GCCGTATGCC TGCAGTTGCC CGGTTATTGC TCGTCAAGCG AACCGATGCC ARAGGTGAGA 60
GCGACTCTCG AATCATGGGG GGTCATGTAT CGGGATGGTG TAATCTGTGA TGACTTATTG 120
GTACGAGAAG TGCAGGATGT TTTGGTAAARA ATGGGTTACC CCCATGCTGA AGTATCCAGC 180
GAAGGGGCGG GGAGCGTGTT AATTCACGAT GATATTCAAA TGGGTCAGCA ATGGGGCAAG 240
GTTCAACCCC CACTTGCAGA TATTCCCCCC CCTATTGGAC TGGCAGATTA GTCACTCTCA 300

(2) INFORMATION FOR SEQ ID NO: 28:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 28:

GGGCGACCTG CCCGCGGCGC AACTTTCCCC GAAGCGTTTT CCATTTCCTT GTTCTTAAAT 60
GACCTGGAAA GCTTACCTAA GCCTTGTCTT GCCTATGTGA CAATACTGCT TGGAGAACAC 120
CCGGACGTCC ATGATTATGC TATACAGATC ACAGCGGATG GGGGATGGTG AATCGGTTAT 180
TATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGA TAGAAAAACA CCCCGCTTCA 240
ACTTGGATTT TGAATAATGT AATACGCAAT CACCATACAC TATATTCGGG TGGCGTATAA 300

(2) INFORMATION FOR SEQ ID NO: 29:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 266 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29:
TTCGAGCTGG GGCACCGCTA ATATCTTTAA CCTCGCATCC CGGTGATGAA
GGCTGCGTAA GTAATGAATG AACCGCCCAG CAGATAAAAT ATTGACAGTG
GTTTTTTTAA CGATGCAGGC TATACATATA ACATAGCTGG CCACCAACAC
AATCATATTG TTGCTGCCAG GCTACTTCAC ACTATTGTCC GGCGGGCCAG
CCCCCTAAAT CTCGCTGGTT CTCAAA
(2) INFORMATION FOR SEQ ID NO: 30:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30:
AGTCTACGAT TTCGCTATAT CTTCTCTTAA TCATGGCCGC CATTTGTGGA
AAATATCCGG GCGATCTTTC ATTAAAAAAT AAAGATTCCC CATGACTTCA
TATCGGTATT TTGAGTGATA CGTAACAATT CGTTCTCTTC GTGTGGGTCC
GAATAATGGT GGCATCATTT TCATGAGGAT TATGAACCCG AAATCTTTCT

CGCAGGCTAA CTCTTTCAAC TCAAAAAAAA TCTCTGTAAG CCGCTCTCGT

(2) INFORMATION FOR SEQ ID NO: 31:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 299 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO

{vi) ORIGINAL SOURCE:

W h}"  "1099q"9& () -2

g"9& ()-2YdozdD15W

"1099q9"9& ()-2

"1099q9"9&' ()-2

iM15 "109®q"9& ()-2
"10999"9&' ()-2

"19&h{purd um

AGGATATTCT 60
ATAACCCGAT 120
AGCTGAAGTA 180
CGGGGATTTT 240
266
typhimurium
TGCGATTTTA 60
CAGATAAAGG 120
ATGATGCGARA 180
CTTTGCGATG 240
GTGGGGGCGC 300
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AGGTTCCACC CCCGGGGACA CTTTTTAGTG TCAGATTACC GCCCATCATT TTAGCCAGGC 120
TTGACGCAAT AGTCAGTCCA ATTCCTGTAC CTTGCGAATT TGTGTCTGCT TGATAAAAAG 180
CAGAARAGAT TTGAGACTGC TGCTGTTTTT CAATCCCCCC ACCGCTATCG CTAACCAGAA 240
ATATTAATTG TTCCTCACCA AGATTGAGCG CCAGACGTAT CCCTCCCCCC TCGGGAAAT 299

(2) INFCORMATION FOR SEQ ID NO: 32:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

GGATAAGATC CCGGATAAGT ATGTCAGGCT CGTATGCACA ACAGGCATTA TAAACCTCTA 60
GACCATTTTT AACATGCTCT ACTATTTTAA AATGAGGCCA GGGTAATAAG GCATTCATAA 120
TGCCGTTAAT GATGATTTCA TGATCGTCTA CTAATAAGAT CTTATATTCT TTCATTTGGC 180
TGCCCTCGCG AAAATTAAGA TAATATTAAG TAATGGTGTA GGTTGTGGAG ATCATACGTA 240
TTTTCTGGCG TAAGTCGGTT AGTTCCTCCA GCGCGATGAT TTTCCCCATT TTTACGCGAT 300

(2) INFORMATION FOR SEQ ID NO: 33:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 278 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene
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CACTCTCATC AGTCTCAGGG GGGTGATGTT ATTTCTGGGA TAATAGAGCA ACGGCGTTAG 180
CAGGGGTCGG TCAGTAGTCA CGGCCAACTT CGGTGCACTT TTGCGTATCA CTGGGGTATC 240
ATAACTGAAT CTCATCCCCC CCACTTTGGT AATCACAC 278

(2) INFORMATION FOR SEQ ID NO: 34:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 301 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:

AATTCTTTTA CCTCCATAAG CTGCGTGGCA TAGCGATACA GAGTATTAAG CGGGTGTGTT 60
ACATCGTCAT CCAACAACAT ACGCAGCGAG CCGCCACGCC GGAAAAACCG CATCGTGTCA 120
TGTGCCTGTT GTAGGGTCGG GTCTTTTTTT CATGAGTACG TGTTCTGCGC TATCATACTG 180
GAAATTTCCC CCCACTTACT GATAAGCCCT GTCAGTTGGG TAAGGACAGC GTTAAGCTCC 240
TGAGACATTT TTTGAGTTGT TATCTGCCCC CCGACTCATA AGATCGGGTA TTCCGCGGTG 300
G 301

(2) INFORMATION FOR SEQ ID NO: 35:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 297 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

{A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 35:
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(2) INFORMATION FOR SEQ ID NO: 36:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 291 base pairs
(B) TYPE: nucleilc acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 36:

CCCATGGGCG CAATTTGTTG CGCAGCGTTT ACCCGACCAT CGCGTTTATG AGCTGTAATT 60
CATGGGGGGT AAAAACGGGC GTGACGACCC CAACGGAAGA TAAGGCCGGG CTTAAACAGG 120
AGATTATTGC TAATGCGCAG CGCAAAGTGT TGCTGGCGGA CAGCAGTAAG TATGGCGCGC 180
ATTCGCTCTT TAATGTGGTG CCGCTTGAGC GCTTTAATGA CGTGATTACC GACGTCAATC 240
TGCCGCCGTC AGCGCAGGTT GAACTGAAAG GGCGCGCTTT TTGCGCTRAC G 291

(2) INFORMATION FOR SEQ ID NO: 37:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 13417 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DNA sequence of VGC II from centre to left
hand end
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 37:
CTGCAGAACC GAGCCAGGAG CAAATTAATT TTTTTGAACA ATTGCTGAAA GATGAAGCAT 60

CCACCAGTAA CGCCAGTGCT TTATTACCGC AGGTTATGTT GACCAGACAA ATGGATTATA 120
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GGTAGCTGAC GTACCCGCGA GACAAACATT CTGGATTATG GACGTTATCA ACGCCAATRA 840
AGGGAAGGTG GTGAAGTGGT TGATGAAATA CCCTTATCCG TTGATGTTAT CGTTGACAGG 300
ACTGTTATTA GGAGTGGGCA TCCTGATCGG CTATTTTTGC CTGAGACGCC GTTTTTGAGC 960
CGACCTGATC CCGAGGTGTT GCAACTTTAT CGTTATTTCT GGCAACCTGC TCGTTACGCT 1020
GTACCGGAAT GGCTGGATAA GCTGGGCTTT CATCTTCAAA CTGéTGGCGT TATGGCGATC 1080
GGCCCGAGTT GGATCGTCTT CTTGACAGAG CGTTAAATAG ACTAAGAGGA AGCTCTGTTA 1140
TTCCAGCCTG TTTARATGAC AGGCAAAAAC GGCAGGTTCG TCTTGCGCCG CGTATATCGG 1200
CATTTGCCTT TGGGCTGGGA TTATTCAAAC TCAGGTGTAG TGACTATTTT ATGCTACCAG 1260
AGTATCGGCA ATTGCTTCTA CAGTGGTTTA GCGAGGATGA GATCTGGCAG CTATATGGTT 1320
GGTTGGGGCA AAGAGATGGC AAATTACTTC CTCCGCAAGT GATGCAACAA ACTGCATTGC 1380
AGATCGGTAC CGCCATTCTT AATCGGGAAG CGCATGACGA TGCGGGTTTT ACATGCGCTA 1440
TTAGTATTAT TACCCCCTCC GCAGCGTATA CTTTGGCCGA AGACTTCTCT TACCGAGATT 1500
ATCTTCATGG AGCATTTGCT ATGAGTTTTA CTTCACTTCC TCTGACGGAA ATTAACCATA 1560
AGCTACCCGC TCGAAATATT ATTGAGTCAC AGTGGATAAC ATTACARATTA ACTTTATTTIG 1620
CGCAAGAGCA ACAAGCTAAG AGAGTTTCAC ATGCTATTGT GAGCTCCGCT TACCGTAAGG 1680
CTGAAAAAAT CATCCGAGAC GCCTATCGTT ATCAGCGTGA ACAGAAAGTT GAGCAGCAAC 1740
AAGAACTAGC GTGCTTGCGT AAAAATACGC TGGAAAAAAT GGAAGTGGAA TGGCTGGAAC 1800
AGCATGTAAA ACATTTACAA GACGATGAARA ATCAATTTCG TTCATTGGTC GATCACGCAG 1860
CGCATCATAT TAAAAATAGT ATAGAACAGG TTCTGTTGGC CTGGTTCGAC CAACAGTCGG 1920
TAGACAGTGT TATGTGCCAT CGTCTGGCAC GCCAGGCCAC GGCTATGGCG GAAGAGGGAG 1980
CGCTTTATTT GCGTATTCAT CCTGARAAAG AGGCATTGAT GCGAGAAACT TTTGGCAARGC 2040
GGTTTACGTT GATTATCGAG CCTGGTTTCT CTCCCGATCA GGCTGAACTT TCCTCAACAC 2100
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GCCTTTAGCA ACCAATATGT TCTGGCGGCA AGGACAATAT GAAACTATCA TAACGGTCGT 3360
ATTCTCTTAT GTCAGATACT CAAGCAAACC TTCTTAGACG AAGAACTGCT TTTTAAAGCG 3420
TTGGCTAACT GGAAACCCGC AGCGTTCCAG GGTATTCCTC AACGATTATT TTTGTTGCGC 3480
GATGGGCTTG CAATGAGTTG TTCTCCACCT CTTTCCAGCT CCGCCGAGCT CTGGTTACGA 3540
TTACATCATC GACAAATAAA ATTTCNTGGA GTCGCAATGC GTTCATGGTT AGGTGAGGGA 3600
GTCAGGGCGC AACAGTGGCT CAGTGTATGC GCGGGTCGGC AGGATATGGT TCTGGCGACG 3660
GTGTTATTAA TCGCTATTGT GATGATGCTG TTACCCTTGC CGACCTGGAT GGTTGATATC 3720
CTGATTACTA TCAACCTTAT GTTTTCAGTG ATCCTGCTCT TAATTGCTAT TTATCTTAGT 3780
GACCCTCTCG ATTTATCGGT ATTTCCGTCT TTATTACTTA TTACTACATT ATATCGTTTG 3840
TCACTCACAA TCAGCACATC ACGGCTGGTA CTGTTACAAC ATAATGCCGG TAATATTGTG 3900
GATGCTTTCG GTAAGTTTGT CGTAGGAGGA AATCTCACCG TTGGGTTGGT CGTATTTACC 3960
ATCATTACTA TCGTGCAATT TATTGTCATT ACAAAAGGTA TCGAGAGGGT GGCGGAAGTT 4020
AGCGCACGTT TCTCGCTTGA TGGGATGCCA GGCAAACAAA TGAGTATCGA TGGCGATTTG 4080
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GGTATTATTG TTGTTCTGGT GAACATTATC GGCGGTATCA TTATCGCTAT CGTACAATAT 4260
GATATGTCGA TGAGTGAGGC TGTTCACACT TATAGCGTAC TGTCAATCGG AGATGGTTTA 4320
TGTGGGCAAA TTCCATCGCT GCTGATTTCC CTTAGCGCGG GAATTATTGT CACCCGTGTC 4380
CCGGGTGAGA AACGCCAGAA CCTGGCGACA GAGTTGAGTT CTCAAATTGC CAGACAACCT 4440
CAGTCGCTCA TATTAACCGC TGTGGTTTTA ATGCTCCTCG CTTTAATTCC TGGCTTTCCT 4500
TTTATCACTC TCGCTTTCTT TTCAGCGTTG TTAGCATTGC CAATTATCCT CATTCGCCGC 4560
ABRARAGTCTG TGGTTTCCGC AAATGGCGTC GAAGCACCGG AAAAAGATAG TATGGTTCCC 4620
GGCGCATGTC CTCTAATCTT ACGTCTTAGC CCGACGTTAC ATTCTGCCGA CCTGATTCGT 4680
GATATTGACG CCATGAGATG GTTTTTATTT GAGGATACCG GCGTCCCTCT CCCTGAGGTG 4740
AATATTGAGG TTTTGCCTGA ACCCACCGAA AAATTGACGG TACTGCTATA TCAGGAACCC 4800
GTATTTAGTT TATCTATTCC CGCTCAGGCG GATTATTTAT TGATAGGCGC GGACGCTAGT 4860
GTGGTGGGTG ACAGCCAGAC GTTACCGAAC GGGATGGGGC AGATCTGTTG GCTTACAAAA 4920
GACATGGCCC ATAAGGCGCA AGGTTTTGGA CTGGACGTTT TCGCGGGCAG CCAACGTATC 4980
TCTGCCTTAT TARAATGTGT CCTGCTTCGG CATATGGGAG AGTTTATTGG TGTTCAGGAA 5040
ACGCGTTATC TAATGAATGC GATGGAAAAA AACTACTCTG AGCTGGTGAA AGAGCTTCAG 5100
CGCCAGTTAC CCATTAATAA AATCGCTGAA ACTTTGCAAC GGCTTGTATC AGAGCGGGTT 5160
TCTATTAGAG ATTTACGTCT TATTTTCGGC ACCTTAATTG ACTGGGCGCC ACGTGAARAA 5220
GATGTCCTGA TGTTGACAGA ATATGTCCGT ATCGCGCTTC GTCGTCATAT TCTGCGTCGT 5280
CTTAATCCGG AAGGAAAACC GCTGCCGATT TTGCGGATCG GCGAAGGTAT TGAAAACCTC 5340
GTGCGTGAAT CCATTCGCCA GACGGCAATG GGGACCTATA CTGCGCTGTC GTCTCGTCAT 5400
AAGACGCAGA TCCTGCAACT TATCGAGCAG GCGCTGAAGC AGTCAGCCAA ATTATTCATT 5460
GTCACTTCTG TCGACACCCG ACGTTTCTTG CGAAAAATTA CAGAAGCCAC CTTGTTCGAC 5520
GTACCGATTT TGTCATGGCA GGAATTAGGA GAGGAGAGCC TTATACAAGT GGTAGAAAGT 5580
ATTGACCTTA GCGAAGAGGA GTTGGCGGAC AATGAAGAAT GAATTGATGC AACGTCTGAG 5640
GCTGAAATAT CCGCCCCCCG ATGGTTATTG TCGATGGGGC CGAATTCAGG ATGTCAGCGC 5700
AACGTTGTTA AATGCGTGGT TGCCTGGGGT ATTTATGGGC GAGTTGTGCT GTATAAAGCC 5760
TGGAGAAGAA CTTGCTGAAG TCGTGGGGAT TAATGGCAGC AAAGCTTTGC TATCTCCTTT 5820
TACGAGTACA ATCGGGCTTC ACTGCGGGCA GCAAGTGATG GCCTTAAGCG ACGCCATCAG 5880
GTTCCCGTGG GCGAAGCGTT ATTAGGGCGA GTTATTGATG GCTTTGGTCG TCCCCTTGAT 5940
GGCCGCGAAC TGCCCGACGT CTGCTGGAAA GACTATGATG CAATGCCTCC TCCCGCAATG 6000
GTTCGACAGC CTATCACTCA ACCATTAATG ACGGGGATTC GCGCTATTGA TAGCGTTGCG 6060
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GAACGTGGAC GAGAAGTCCG CGAATTCATC GATTTTACAC TGTCTGAAGA GACCCGAARA 6240
CGTTGTGTCA TTGTTGTCGC AACCTCTGAC AGACCCGCCT TAGAGCGCGT GAGGGCGCTG 6300
TTTGTGGCCA CCACGATAGC AGAATTTTTT CGCGATAATG GAAAGCGAGT CGTCTTGCTT 6360
GCCGACTCAC TGACGCGTTA TGCCAGGGCC GCACGGAAAT CGCTCTGGCG CCGGAGAGAC 6420
CGCGETTTCT GGAGAATATC GCCAGGCGTA TTTAGTGCAT TGCCACGACT TTTAGAACGT 6480
ACGGGAATGG GAGAARAAGG CAGTATTACC GCATTTTATA CGGTACTGGT GGAAGGCGAT 6540
GATATGAATG AAGCCGTTGG CGGATGAAGT CCGTTCACTG CTTGATGGAC ATATTGTACT 6600
ATCCCGACGG CTTGCAGAGA GGGGGCATTA TCCTGCCATT GACGTGTTGG CAACGCTCAG 6660
CCGCGTTTTT CCAGTCGTTA CCAGCCATGA GCATCGTCAA CTGGCGGCGA TATTGCGACG 6720
GTGCCTGGCG CTTTACCAGG AGGTTGAACT GTTAATACGC ATTGGGGAAT ACCAGCGAGG 6780
AGTTGATACA GATACTGACA AAGCCATTGA TACCTATCCG GATATTTGCA CATTTTTGCG 6840
ACARAGTAAG GATGAAGTAT GCGGACCCGA GCTACTTATA GAAAAATTAC ACCARATACT 6900
CACCGAGTGA TCATGGAAAC TTTGCTGGAG ATAATCGCGC GGCTGAARAG CAATTACGCG 6960
GCAAGCTTAC CGTACTTGAT CAGCAGCAAC AGGCGATTAT TACGGAACAG CAGATTTGCC 7020
AGACGCGCGC TTTAGCAGTG TCTACCAGAC TGAAAGAATT AATGGGCTGG CAAGGTACGT 7080
TATCTTGTCA TTTATTGTTG GATAAGAAAC AACARATGGC CGGGTTATTC ACTCAGGCGC 7140
AGAGCTTTTT GACGCAACGG CAAGCAGTTA GAGAATCAGT ATCAGCAGCT TGTCTCCCGG 7200
CGAAGCGAAT TACAGAAGAA TTTTAATGCG CTTATGAAAA AGAAAGAAAA AATTACTATG 7260
GTATTAAGCG ATGCGTATTA CCAAAGTTGA GGGRAGTCTT GGGTTGCCAT GCCAGTCTTA 7320
TCAGGATGAT AACGAGGCGG AGGCGGAACG TATGGACTTT GAACAACTCA TGCACCAGGC 7380
ATTACCCATT GGTGAGAATA ATCCTCCTGC AGCATTGAAT AAGAACGTGG TTTTCACGCA 7440
ACGTTATCGT GTTAGTGGCG GTTATCTTGA CGGTGTAGAG TGTGAAGTAT GTGAATCAGG 7500
GGGGCTAATC CAGTTAAGAA TCAATGTCCC TCATCATGAA ATTTACCGTT CGATGAAAGC 7560
GCTARAGCAG TGGCTGGAGT CTCAGTTGCT GCATATGGGG TATATAATTT CCCTGGAGAT 7620
ATTCTATGTT AAGAATAGCG AATGAAGAGC GTCCGTGGGT GGAGATACTT CCAACGCAAG 7680
GCGCTACCAT TGGTGAGCTG ACATTGAGTA TGCAACAATA TCCAGTACAG CAAGGGACAT 7740
TATTTACCAT AAATTATCAT AATGAGCTGG GTAGGGTGTG GATTGCAGAA CAATGCTGGC 7800
AGCGCTGGTG TGAAGGGCTA ATTGGCACCG CTAATCGATC GGCTATCGAT CCTGAATTGC 7860
TATATGGAAT AGCTGAATGG GGGCTGGCGC CGTTATTGCA AGCCAGTGAT GCAACCCTCT 7920
GTCAGAACGA GCCGCCAACA TCCTGCAGTA ATCTACCACA TCAGCTAGCG TTGCATATTA 7980
AATGGACAGT TGAAGAGCAT GAGTTCCATA GCATTATTTT TACATGGCCA ACGGGTTTTT 8040
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AAATCGGCAT GGGCGTTCGG ATTCATTGCT TCGGCGACAT CAGACTCGGT TTTTTTGCTA 8220
TTCAACTACC TGGGGGAATC TACGCAAGGG TGTTGCTGAC AGAGGATAAC ACGATGAAAT 8280
TTGACGAATT AGTCCAGGAT ATCGAAACGC TACTTGCGTC AGGGAGCCCA ATGTCARAGA 8340
GTGACGGAAC GTCTTCAGTC GAACTTGAGC AGATACCACA ACAGGTGCTC TTTGAGGTCG 8400
GACGTGCGAG TCTGGAAATT GGACAATTAC GACAACTTAA AACGGGGGAC GTTTTGCCTG 8460
TAGGTGGATG TTTTGCGCCA GAGGTGACGA TAAGAGTAAA TGACCGTATT ATTGGGCAAG 8520
GTGAGTTGAT TGCCTGTGGC AATGAATTTA TGGTGCGTAT TACACGTTGG TATCTTTGCA 8580
AAAATACAGC GTAAACCTGA TAAGAAAAAT AATATGCGAA CAATATAATA GCGTTCCAGG 8640
TCGTGTCATG AGAGATACAG TATGICTTTA CCCGATTCGC CTTTGCAACT GATTGGTATA 8700
TTGTTTCTGC TTTCAATACT GCCTCTCATT ATCGTCATGG GAACTTCTTT CCTTAAACTG 8760
GCGGTGGTAT TTTCGATTTT ACGAAATGCT CTGGGTATTC AACAAGTCCC CCCAAATATC 8820
GCACTGTATG GCCTTGCGCT TGTACTTTCC TTATTCATTA TGGGGCCGAC GCTATTAGCT 8880
GTAARAGAGC GCTGGCATCC GGTTCAGGTC GCTGGCGCTC CTTTCTGGAC GTCTGAGTGG 8940
GACAGTAAAG CATTAGCGCC TTATCGACAG TTTTTGCAAA AAAACTCTGA AGAGAAGGAA 9000
GCCAATTATT TTCGGAATTT GATAAAACGA ACCTGGCCTG AAGACATAAA AAGAAAGATA 9060
AAACCTGATT CTTTGCTCAT ATTAATTCCG GCATTTACGG TGAGTCAGTT AACGCAGGCA 9120
TTTCGGATTG GATTACTTAT TTATCTTCCC TTTCTGGCTA TTGACCTGCT TATTTCAAAT 9180
ATACTGCTGG CTATGGGGAT GATGATGGTG TCGCCGATGA CCATTTCATT ACCGTTTAAG 9240
CTGCTAATAT TTTTACTGGC AGGCGGTTGG GATCTGACAC TGGCGCAATT GGTACAGAGC 9300
TTTTCATGAA TGATTCTGAA TTGACGCAAT TTGTAACGCA ACTTTTATGG ATCGTCCTTT 9360
TTACGTCTAT GCCGGTAGTG TTGGTGGCAT CGGTAGTTGG TGTCATCGTA AGCCTTGTTC 9420
AGGCCTTGAC TCAAATACAG GACCAAACGC TACAGTTCAT GATTAAATTA TTGGCAATTG 9480
CAATAACCTT AATGGTCAGC TACCCATGGC TTAGCGGTAT CCTGTTGAAT TATACCCGGC 9540
AGATAATGTT ACGAATTGGA GAGCATGGTT GAATGGCACA ACAGGTAAAT GAGTGGCTTA 9600
TTGCATTGGC TGTGGCTTTT ATTCGACCAT TGAGCCTTTC TTTATTACTT CCCTTATTAA 9660
AAAGTGGCAG TTTAGGGGCC GCACTTTTAC GTAATGGCGT GCTTATGTCA CTTACCTTTC 9720
CGATATTACC AATCATTTAC CAGCAGAAGA TTATGATGCA TATTGGTAAA GATTACAGTT 9780
GGTTAGGGTT AGICACTGGA GAGGTGATTA TTGGITTTTC AATTGGGTTT TGTGCGGCGG 9840
TTCCCTTTTG GGCCGTTGAT ATGGCGGGGT TTCTGCTTGA TACTTTACGT GGCGCGACAA 9900
TGGGTACGAT ATTCAATTCT ACAATAGAAG CTGAAACCTC ACTTTTTGGC TTGCTTTTCA 9960
GCCAGTTCTT GTGTGTTATT TTCTTTATAA GCGGCGGCAT GGAGTTTATA TTAAACATTC 10020



"1098" & ()-2 "1098"& ()-2 "10%8"& ()-2ni15 "1098"& ()-2 "10%8"& ()-2
"1098" & ()-2 "1098"& ()-25V dy}" "1098"& ()-2!"-8i M15 "1008"& ()- 2
"1098" & ()- 25V dy}" "1008"& ()-2 "10%8"& ()-2 "10%8" & ()-28CNYdj k_) 15V
dy}" "1098"& ()-2 "1098"& ()-2 "1098"&hE)-2 "1098"& ()-2
11098" & ()-2kvdDloVe dy} t1008'g ()2 M09 ()-2 109" ()2
o8 e e S e B D0l 0
" 1098" & {ahp 2BWRT AYdRcccARYBedkchicd TTLYRAST (A)PG?—AT 260U c&ctdrTre) 47Rad 15V
dy}" "1098"& ()-2 "1098"& ()-2 " 0%" & ()-
CTGCCATAAT ATGTATGGTA TTAGCCGATC TGGCTTTAGG TCTTTTAAAT CGGTCGGCAC 10200
AACAATTGAA TGTGTTTTTC TTCTCAATGC CGCTCAAAAG TATATTGGTT CTACTGACGY 10260
CCTGATCTCA TTCCCTTATG CTCTTCATCA CTATTTGGTT GAAAGCGATA AATTTTATAT 10320
TTATCTAARA GACTGGTTTC CATCTGTATG AGCGAGAAAA CAGAACAGCC TACAGARAAG 10380
AAATTACGTG ATGGCCGTAA GGAAGGGCAG GTTGTCAAAA GTATTGAAAT AACATCATTA 10440
TTTCAGCTGA TTGCGCTTTA TTTGTATTTT CATTTCTTTA CTGAAAAGAT GATTTTGATA 10500
CTGATTGAGT CAATAACTTT CACATTACAA TTAGTAAATA AACCATTTTC TTATGCATTA 10560
ACGCAATTGA GTCATGCTTT AATAGAGTCA CTGACTTCTG CACTGCTGTT TCTGGGCGCT — 10620
GGGGTAATAG TTGCTACTGT GGGTAGCGTG TTTCTTCAGG TGGGGGTGGT TATTGCCAGC 10680
AAGGCCATTG GTTTTAAAAG CGAGCATATA AATCCGGTAA GTAATTTTAA GCAGATATTC 10740
TCTTTACATA GCGTAGTAGA ATTATGTAAR TCCAGCCTAA AAGTTATCAT GCTATCTCTT — 10800
ATCTTTGCCT TTTTCTTTTA TTATTATGCC AGTACTTTTC GGGCGCTACC GTACTGTGGG — 10860
TTAGCCTGTG GCGTGCTTGT GGTTTCTTCT TTAATAAAAT GGTTATGGGT AGGGGTGATG 10920
GTTTTTTATA TCGTCGTTGG CATACTGGAC TATTCTTTTC AATATTATAA GATTAGARAA 10980
GCTATCTAAA AATGAGTAAA GATGACGTAA AACAGGAGCA TAAAGATCTG GAGGGCGACC 11040
CTCAAATGAA GACGCGGCGT CGGAAATGCA GAGTGAAATA CAAAGTGGGA GTTTAGCTCA 11100
ATCTGTTAAA CAATCTGTTG CGGTAGTGCG TAATCCAACG CATATTGCGG TTTGTCTTGG 11160
CTATCATCCC ACCGATATGC CAATACCACG CGTCCTGGAA AAAGGCAGTG ATGCTCAAGC — 11220
TAACTATATT GTTAACATCG CTGAACGCAA CTGCATCCCC GTTGTTGAARA ATGTTGAGCT 11280
GGCCCGCTCA TTATTTTTTG AAGTGGAACG CGGAGATAAA ATTCCTGAAA CGTTATTTGA 11340
ACCCGTTGCA GCCTTGTTAC GTATGGTGAT GAAGATAGAT TATGCGCATT CTACCGAAAC 11400
ACCATABATG CTTTTGGTAT GCTTCTTCAG GCCACTGCGA AGGTTAAGAG GGTAATAGCG 11460
TATAGAGCAG TGCTTGACGA TAAAGGTGAG AGACTGAAAA TAATCGCTTT TAGCCTGGCA 11520
CAAGCACCAG ATAGCGTATT ATAAAATTAA ACAAGATAAT GGATTGGTGC GTCTGAATGG 11580
ACTCGAACCA CTCGACCCCC ACCATGTCAA GGTGGTGCTC TAACCAACTG AGCTATGAAC — 11640
GGCAACGTTG TAGGTGACAA CGGGGACGAA TATTAGCGTC ACAACCGCAA TGAGGCAAGA 11700
GGGARATCGC AATTTTCTTC CTGAAATCAC CTGATTGCGG TGGAAATATG CAACATGTCG 11760
AGAAAATAGC CGCCATGCGA CGGCTATCGT CGTATTATCG GAGCGCGCTG CAAAATGATG 11820
GCGGACGGCT GACGTTGTAG ATAGCGCATC CGTAGCATCA TTAACACCGC CGCCGAGGTC 11880
AGGCCGATGA TGAACCCCAT CCAGAAGCCT GCCGGTCCCA TACGATCCAC CACCAAATCC — 11940
GTTAACGCCA GGATATAACC GCTGGGTAAA CCTAACACCC AGTAGGCGGT AAAGGTGATA 12000
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AGGGTTGTCA TTGTAGAGCA AAGCAATATG CTTACGCAGA GTAACGGTAA ARATAGCGGT 12180
AACCACAGCC ATACAAATGC CGACGCCTAA ACCGGTACGC GCTGCGTTTG CGCATCCAGC 12240
GTTGAGCCCT GGCCCAGACC GATAACCCAC TCGAATCGTT ACCGCCGCAG CCAGCGACAT 12300
CGGCAGTACG AACATCAGCG AGCTAAAGTT AAGCGCAATC TGATGACCGG CGACATCCAC 12360
AATACCTAAT GGCGARACCA GCAGCGCAAC GACCGCAAAT AACGTCACTT CAAAGAACAG 12420
CCAGCGCAAT CGGCAACCCC AGTTGAATCA GGCGCTTCAT GACGACGCTA TCGGGTTTGC 12480
CAAAGCCTTT TTCATTACGA ATATCACGCA TTGAACGCGC GTGTTTAATG TAAGAAAGCA 12540
TGGCGATAARA CATCACCCAA TAGACCGCCG CAGTCGCAAC GCCGCAGCCG ATACCGCCGA 12600
GTTCCGGCAT ACCAARATGG CCATAGATAA AAATATAGTT CACCGGAATA TTCACCAGCA 12660
GGCCCAAAAA TCCCATCACC ATACCCGGTT TGGTTTTGGC CAGACCTTCG CACTGGTTTC 12720
GCGCTACCTG AAAGARAAGG TATCCTGCGC CCCACAGCAG CGCGCGAAGA TAACCCACGG 12780
CTTTATCGGC CAGCGCCGGA TCAATATTAT GCATAGAGCG GATAATGTAT CCGGCATTCC 12840
ACAGGACGAT CATCACCAGC ACGGAGACAA AGCCCGCCAG CCAGAACCCT TGTCGAACCT 12500
GATGCGCGAT ACGCTCACGA CGGCCGGAGC CATTGAGTTG CGCAATCACA GGCGTCAAGG 12960
CCAGCAGTAA GCCGTGACCA AACAAAATGG CGGGAAGCAG ATAGAGGTGC CGATAGCGAC 13020
GGCAGCCATG TCCGTAGCGC TATAGCCTCC CGCCATGACG GTATCGACGA ATCCATTGCG 13080
GTCTATACCA CTTGCGCAAG GATCACCGGT ATCTGAACGC TAATAACTGA CGCGCTTCAC 13140
TGGTATACTT CTGCACGTAT TCACCTTTTA TTTTGTTGTT ATATGAAAGA CTAAADAGCC 13200
GCCGAAGTGG CAGCCAAAAG AAATAGCAGG GGAAATTTCA GTCTATTGTA GCGGGGTATT 13260
ACTATTTCTC CAGTGAAARA ACAGTTGTTA ACGGCGCATT GCTGGCAAGC TGTTTTTCCA 13320
CCTGCTATTG TGCTGAACAG TTCTGCTTTT ATTTATTTCA GGAGTTGAAG ATATGTTTAC 13380
GGGGATCGTA CAGGGTACCG CGAAARCTGGT ATCGATA 13417
(2) INFORMATION FOR SEQ ID NO: 38:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5746 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(1iii) HYPOTHETICAL: NO
(1ii) ANTI-SENSE: NO

{vi)

ORIGINAL SOURCE:

(A) ORGANISM: DNA sequence of VGC II cluster C
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&S10984 GGIACAEHSITPFRRCAAD- B3ACPENAGC RTUYGCNEAN MATKENIMRY QISCNNNACTBUK" &180 -

"10%K" &
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"109%K" &tk c&WETB} CAATARCCCE GEGAATATCTG CARGTAATGG TTGAACCTTG CGCCATTGCT 240
GATCCATTTG TATATCATCA TGAATTAACA CGCTCCCCGG CCCTTCGCTG GATACTTCAG 300
CATNSSGGTA ACCCATTTTT ATCAAARACAT CCTGCACTTC TCGTACCAAT AAGTCATCAC 360
AGATTACACC ATCCCGATAC ATGACCCCCC ATGATTCGAG AGTCGCTCTC ACCTTTTGCA 420
TCTGTTCGCT TGACGAGCAA TAACCGGACA ACTGCAGGCT GCCATCTTCT TTCCATTGCG 480
CCCGCACATA ATGAATATTG CTTTTGTCTA ATAAAAACTT AACCCGCAAA GGTAAGTCAT 540
TTACCGTTTC AGGCTGACCA CTAATACTTA ACAGGACACC CATTCCACCG ATGAAARATCA 600
AGAATACGCC AGCCAACCAC CAGTACCCTG ATCTGGAAAC GGGTATTTGA TAATCAGCAA 660
GTTCACAATC CTGTTTACCA AACGCGATAS SCACTCCCGC AACCTGCAAA ACCCCACTGG 720
ATGGTAGCGG CTTATTTGGA TTAAATCTGC GGCCATTAAC TCTAACTCTG GCTTTCCCGG 780
CATCAACAAA TAAACTATCT GCCTGTTCTC TCAGAATAAT TTTTTCATTT ATAGCCAGCG 840
AATACAAATA TCGCATCCCT TCTCCCCCAG TGACAGGTTA CCTTCATTCA GCCATACTTC 900
CCGGCCTTGT AAAACGTGAC CTAAAAAACG TATTTTCCAG GAACTCTTTG GATTAACCAT 960
GAGATATGCC ATTATTTACT ACTGAGGCTT TAATCAAAAA AAGCCTGATT ACACTATGTA 1020
CTTGAGTCGT ATCATTGCGA AACAAATGAC CTACAACAGG AATATCGCCC AATAAAGGGA 1080
TTTTGTTTTG CGAGTGGATT TGTTTACCTT GTTTAAACCC TCCCAGCAAT NAGACTTTGC 1140
CCGGCCAATA ATGTGGCTTG CGAANCRATT TCAGAATTTT GCACTTCGGG CAGCGGGICT 1200
GTNTYGCYTT KGNSTATCAC TTTGTTGTCC ATCCTGAANT ATTAAGATTA AGCATTATTT 1260
TTTGCGTGCC ATTGTCATTT AACAAGCGAG GTGTAACGCG WNAACAAAGA ACCCGTAGTG 1320
ATGGATTCAA GTTTAGCCAC TTTTTCTCCC TGCAGTTTGG TATAGAAAGT AATATTTTTA 1380
TCCAGCACAG CCTGGATATT ATTTAAAGTC ACCACAGATG GCTGGGAAAG TACATAAGCC 1440
TGAGAGCTTT TTTCCAGGGC ATTCAGACGC ACCATAAAGT TTGAGGTATC GCTGATTACC 1500
GTTGANNAAC CACTAGCACC ACCGTCATTC AAACCTGTAT TGAACGCAAT TTTCTTGCCA 1560
CCCAGCGACA CTGCCGTTCC CCAGTCGATG CCTAACTGGT TAATATCTCC AGCATTAACA 1620
TCGATAATTT TCACCGAAAT CTCTATCATC TGCTGGCGTT GATCTAATTC TGTGATGAGT 1680
TTCCGATACN NNGCCATATT GGNNNCATAA TCACGAACGA TCACTGCATT CTGGCGTNGG 1740
GTCGGCAGCA AACATNGGCA ATGCCTGTGT AGCGGGTGAA CCATTGTTCN TCGATGACGT 1800
CGGGACGCTG GTTTTACTCA TCTCACGCAA TACACTAACG ACCCCTGGNN AACCACGACG 1860
GACTGATCGC GATATTGGTA CTGGGTATCC ATCGCAGTGG CATACTTAAG CGTGTATATA 1920
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GCCAGGTGTT TTTCTATCTC AATAGCAATA AGCTCAGAGC TACTACTTGT GGTATAATAA 2580
CCGTTTAACC ATCCCCCATC CGCTGTGAGC TGTATAGCAT AATCATGGAC GTCCGGGTGT 2640
GCGCAARCRG TAGTGTCAMM TAGGCAAGAC AAGGCTTAGG TAAGCTTTCC AGGTCATTTA 2700
AGAACAAAGA AATAGAAAAT GCTTCTGAGA AAATTTCTYC YBHNNNNNNN NNNNNNNNNN 2760
NNNNNNNNCA TCAATAGTCA TTATCCAGGA TSSKMTWWYM NYYKSSSCYS WKATMYYSWR 2820
WWTTAATGGA ATGCCTTTTA AAACTGCCAG CATGAATCCC TCCTCAGACA TARATGGGAG 2880
TTTCTATCAA ATTCGCTCAC AACCACATCC GTAAAAAGCC TGATTCACAT TTATTTCGAC 2940
TATACTCTTC TTGTACAATA TCAGGATGCT GTCTACATAT ACCTTGTCAC AGGCGATTCT 3000
ATCATTCGGA TTTTCCGATA AATTNMMCAA TTACATTTTC AGCATTGACA TAAAAACTTA 3060
CAATTTGNAA AATTATTTAT TAAATAAACT GTTACGATGT TTTTACATCG CCATCTTATT 3120
ARAAAGTAAT TGTAGTCATC GACTNGGTTA TATATGAAGA AATTTATCTT CCTAATGATA 3180
ACACCATCGA TTAATCWWCT GATGAAACTA TATGTACTGC GATAGTGATC AAGTGCCAAA 3240
GATTTTGCAA CAGGCAACTG GAGGGAAGCA TTATGAATTT SSTCAATCTC AAGAATACSS 3300
YSYRNNNNNN TCTTTAGTAA TCAGGCTAAC TTTTTTATTT TTATTAACAA CAATAATTWT 3360
TTGGCTGCTA TCTGTGCTTA CCGCAGCTTA TATATCAATG GTTCRGAAAC GGCAGCATAT 3420
AATAGAGGAT TTATCCGTTC TATCCGAGAT GAATATTGTA CTAAGCAATC AACGGTTTGA 3480
AGAAGCTGAA CGTGACGCTA AAAATTTAAT GTATCAATGC TCATTAGCGA CTGAGATTCA 3540
TCATAACGAT ATTTTCCCTG AGGTGAGCCG GCATCTATCT GTCGGTCCTT CAAATTGCAC 3600
MGCCGACGCT NAACGGAGAG AAGCACCGTC TCTTTCTGCA GTCCTCTGAT ATCGATGAAA 3660
ATAGCTTTCG TCGCGATAGT TTTATTCTTA ATCATAAAAA TGAGATTTCG TTATTATCTA 3720
CTGATAACCC TTCAGATTAT TCAACTCTAC AGCCTTTAAC GCGAAAAAGC TTTCCTTTAT 3780
ACCCAACCCA TGCCGGGTTT TACTGGAGTG AACCAGAATA CATAAACGGC AARGGATGGC 3840
AACGCTTCCG TTGCGGTTGC CGATCAGGCA AGGCGTATTT TTTGAGGTGA CGGTTAAACT 3900
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25 (6A) optionally determining whether the mutant selected in step (6)

is an auxotroph.
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(1)  providing a plurality of microorganisms each of which is
independently mutated by the insertional inactivation of a gene with a

5 nucleic acid comprising a unique marker sequence so that each mutant
contains a different marker sequence, or clones of the said microorganism,;

(1A) optionally removing auxotrophs from the plurality of mutants
produced in step (1);

(2) providing individually a stored sample of each mutant

10 produced by step (1) and providing individually stored nucleic acid
comprising the unique marker sequence from each individual mutant;

(3) introducing a plurality of mutants produced by step (1) into
the said particular environment and allowing those microorganisms which
are able to do so to grow in the said environment;

15 (4) retrieving microorganisms from the said environment or a
selected part thereof and isolating the nucleic acid from the retrieved
microorganisms;

(5) comparing any marker sequences in the nucleic acid isolated
in step (4) to the unique marker sequence of each individual mutant stored

20 asin step (2);

(6) selecting an individual mutant which does not contain any of
the marker sequences as isolated in step (4); and

(6A) optionally determining whether the mutant selected in step (6)
is an auxotroph;

25 (7)  isolating the insertionally-inactivated gene from the individual

mutant selected in step (6);
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as a probe.

5 3. A microorganism comprising a mutation in a gene as defined in
Claim 2.

4, A DNA which is isolated from a Salmonella genome and hybridises
to any one of the Salmonella sequences shown in Figure 5 under stringent

10  conditions.

5. A DNA which is isolated from a Salmonella genome and hybridises

to any one of the sequences shown in Figure 6 under stringent conditions.

15 6. A virulence gene comprising a sequence identified herein as any of
SEQ ID Nos 8 to 36, or contained in SEQ ID No. 37 or 38, or a variant
thereof.

7. A virulence gene according to Claim 6 comprising a sequence
20  identified herein as SEQ ID No 30, or a variant thereof.

8. A polypeptide encoded by a gene according to any one of Claims 2, 6

or 7.

25 9. A method of identifying a compound which reduces the ability of a
microorganism to adapt to a particular environment comprising the step of
selecting a compound which interferes with the function of a gene
according to any one of Claims 2, 6 or 7 or a polypeptide according to
Claim 8.
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11. A compound according to Claim 10 wherein the particular

environment is a host organism.

5
12. A compound according to Claim 11 wherein the host organism is a
plant.
13. A compound according to Claim 11 wherein the host organism is an
10 animal.

14. Use of a compound according to any one of Claims 11 to 13 for

treating infection of said host organism with said microorganism.

15 15. A molecule which selectively interacts with, and substantially
inhibits the function of, a gene or DNA according to any one of Claim 2, or

4 to 7 or a nucleic acid product thereof.

16. A molecule according to Claim 15 which is an antisense nucleic acid

20 or nucleic acid derivative.

17. A molecule according to Claim 15 or 16 which is an antisense

oligonucleotide.

25 18. A molecule according to any one of Claims 15 to 17 for use in

medicine.
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according to Claim 13 or 15 and a pharmaceutically acceptable carrier.

10 21. A mutant bacterium, wherein if the bacterium normally contains a
gene defined in Claim 6 or Claim 7, the gene is absent or inactivated in the

mutant bacterium.

22. The VGC2 DNA of Salmonella typhimurium or a part thereof, or a

15  variant of said DNA or a part of a variant thereof.

23. A DNA according to Claim 22 wherein the variant DNA is VGC2
DNA from any one of Salmonella aberdeen, Salmonella gallinarum,
Salmonella cubana and Salmonella typhi.

20
24. A DNA according to Claim 22 or 23 wherein the part thereof is a

promoter.

25. A mutant bacterium wherein if the bacterium normally contains a
25 gene that is the same as or equivalent to a gene in VGC2, said gene is

mutated or absent in said mutant bacterium.
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15 30. Use of a mutant bacterium or microorganism according to any one of

Claims 1, 3, 21 and 25 to 27 in a vaccine.

31. A pharmaceutical composition comprising a mutant bacterium or
microorganism according to any one of Claims 1, 3, 21 and 25 to 27 and a

20 pharmaceutically acceptable carrier.

32. A polypeptide encoded by VGC2 DNA of Salmonella typhimurium
or a part thereof, or a variant of said polypeptide or a variant of a part
thereof.

25
33. A polypeptide according to Claim 32 wherein the variant polypeptide
is encoded by VGC2 DNA of any one of Salmonella aberdeen, Salmonella

gallinarum, Salmonella cubana and Salmonella typhi.
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15 38. A mutant microorganism or a mutant bacterium according to any one
of Claims 1, 3, 21 and 25 to 27 further comprising DNA encoding an

antigenic epitope from another pathogen.

39.  An isolated polypeptide according to any one of Claims 8, 32 or 33
20  for use in therapy.



