;e3e.62T_mw7 April 2003 ----PCT~GB95~07?895 | | DENTI FI CATI ON OF GENES The
present invention relates to ods for the identification of7@emé3003

i nvol ved in the adapmm\‘wmwmm icroorganismto its environment) 5
particularly the ide I =of genes responsible for the virul ence of
a pathogenic m croorgani sm 20 Antibiotic resistance in bacterial and other

pat hogeng, om ng 1 inportant. It is ther Lpagos tant to
find newﬁt(*%flg%guti c JWMH’WW}MWM attack pathogenic m c?gg{(%gm SNs.
5

Pat hogeni ¢ m croor gani sns ,g(g%, to evade the host's defence nechanisns 15

and be able to growin a poor nutriti ohal environment to establish an
infection. To do so a nunber._of "virul ence” of the m croorgani smare
requi red. Virul ence genes R&¥=aNbEBANSIEYE IS4 C| assical genetics and a -
vari ety 20 of approaches have been used to exploit transposon nutagenesis

for the identification of bacterial virulence genes. For exanple, -nutants
have been scTRepréséntlinv@itioncrtlaey/ o sictlindsofor thé ddémtificatioh ofsgénge | oss of
iron regulated proteins (Holland et al) ,1992), ,or in _assays to study the
penetration BV el thel adaptatiqr-iaf| aymicrogrganismsto dtsd caviroament, wi t hi n 25

macr ophages (Fi.el |, . M. r . ’ | al, 1989).
Tr ansposgﬁ n&@ﬁf’g}lﬁge’g @F@‘zﬁ%é'é’% #eg't"ggyf@ro}'g?’?eg?%dﬂ' g@t@gﬁ%egﬁﬂ live

ani na! nodelgatﬁagé,ﬂéeﬁkmgﬁmghl_er et al, 1989b). This approach has the
advant age that genes can be identified which are inportant during different
stages of infection, but is severely limted by the need to test a 30 w de
range of rrutgnti i ndi!v'l dﬂal Jé far alterations to virulence. Mller et 7
April 2003 s~s al (1989b) used groups of 8 to 10
mce and infected orally 95 separate groups with a different nutant thereby

using between 760 and 950 mi ce. Because of the extrenely |arge nunbers of
ani mal s k0equAntitiioticorpsistaacesiinebacteralniand othen pathogarisalis deecoming or

virul ence genes has,not 5 bean f.egasible..Recentl enerjc system (in vivo
expr essi on” BEFISINELY) TPORRT) s WRrstors impotant Sak ew FpPeUc ! s | or
Sal nonel | a WS t bkl r?cﬁ‘g during infection (Mahan et
al, 1993). t%%ﬁitaégﬁi%%%?bﬁgeﬁ% y g@ﬁ@% that are expressed at a
particular stage in the infection process. However, it will not identify
virul ence gepes that arc regyl ated posttranscripjfi |1y, and,nore
ibrrpor_tgntslt yfﬁﬂm’ﬁt‘mﬁf‘lﬂfgg@smﬁf‘ﬂﬁ@ti ; °&\ﬂ§t’dgﬁr}g’@ $hi ?h P_ave
een i [ r : ed .k 0 m@? e . i nfection
process.q i 5 {eebg @é?&%ﬁ%bi)g%rh@f SBEn%ly%'I‘)‘ﬁ éé{“%ﬁ@g%%‘scri be a
met hod . of infsotion yTodofsacd mumbemdfl vdrulenas " tdenes of thei microbrganismonel | a i nto
mammal ian cells in vitro by isolating hyperinvasive nutants. 20 Wal sh and
Cepko (1992)aredeguwed. 255 434- 440 describe a nmethod of tracking the spati al
| ocation of cerebral cortical progenitor cells during the devel opnent of
the cerebral cortex in the rat. The Wal sh and Cepko nethod uses a tag that

contains a UMirglencegehes hawechebnsdueoted @siag ¢ldskicall ganéticeand Bwarietiere is no
i ndi catigon that useful nmutants or genes could be 25 detected by their

met hod. dguﬁ spproacheshave; basn aised ito explyip) trapspesornmutagenesis fosthe Us. | I92)
647 9' 6483 .l “ . H - . . .
SPGB ViRl iepbL Bl o AR Pl < "3

regi ons of nowngene, or "at [eas _ ( _ some 30
sequence i nf&tmhedsfoa\d%ﬁhé@bﬁrsioloﬁicﬁpﬂbfcc&&)@ﬁc}v\ﬁs e los§ of ifgil | CSISro~s
3 Goisnsn et al (1993) Proc. Natl. Acad. Scl. USA 90, 1033-1037

regulated proteins (Holland er al, 1992), or in assays to study the

penetration of epithelial cells (Finlay er al, 1988) and survival within
25 macrophages (Ficlds er al, 1989; Miller er al, 1989a; Groisman er 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 er



describes the nolecular) functional and evol utionary anal ysis of sequences
specific to Salnonella. S Soma virul ence genes are already know‘%ﬁ? 2003
pat hogeni ¢ m croorgani sms such as Escherichia roll) Salnonella ty murtum
Sal monel I a typhi, brio cholcrae, Costridiumbotulinum Yersinio pesos)
Shigella jlaatcri and Listerta nonocytogrnes but in all cases only a
rel ativel y wopdrirosiunber of the total have been identified. rchiichoklomrsli seade
whi ch Sal nonel | a typhi nmuri um causes in mce. provi des~, ~good experi nent al
nmodel of typhoid fever (Carter & Collinsy 1974). Approximately forty two
genes affecting Sal ntorulla virul ence have been identified to date
(Groisman&Ocl]HB(g 94 py.€ : J ird of
the total nunber ?s%taeélgiagt%@ﬁélgPgﬁeﬁcgﬁgﬁéﬁégn?&ag%nﬁhgk?sggﬁer 1990).
The object of tgreups e4thnd differemtrmonani thetebyi ubing bétwegn 768 and\A80vmitei n t he
adaptation of a mcroorganismto its environnent E?rtipul ar[ﬁgqto identify
a

20 further virJpesause gaheths nextermely e karge niny sAmals ; gequirede 55 ed
ffici . Af i j : j |
ani el s used | CrREheRileichedning G { Rl BORY RN IRRK BRIGR |

i nventi on psovitéen\fagsiblees, and net hods for screening for drugs which
reduce virulence. 25 Summary of the invention A first aspect of the
i nvention provides a nethod for identifying a mcroorgani smhaving a

reduced adapt atg 0n a i [ i o + 30 Cf LS| e.sleps of:
7 April 2003 Genhy & Bt Hiae (@ i"’(’l%%‘é’?’df’%@sﬁ {iz i}ywo

i croor gani sms qeaedibed Whichh positivelyeReReantby Salinetia Dychdse thatsard i onal

i nactivation of a %gne with a nucleic acid conprising a uni que marker

sequence so t hapecificallyrinduced duningiinfectioru(Makancertald93D: Eheytschrique or
cl ones of the sajd m ¢roorganism 5 (2 rovi ding,i ndi vi dual l.y,. a.stored
sanpl e of égch will idepti rﬂﬂ%& Ligge E’E‘é’ﬁzs(’g)a?érﬂi %gfgfg"\ﬁ i'&bﬁﬁ%ﬂ ly

tored nucl ei ' [
stored nucl ei Cﬁ?{;ﬂz%mbﬂrf‘a @hﬁﬂ&qgmmmwuema%%‘by step

i ndi vi dual mnut ) 1 ntroducing a ity of Trutants pr
(1) into the sgodttramseriptidrallyeand moneémponantly |Withwatprovide énformatian gani sns

whi ch 10 bl d t in th i, [ t. (4) . i evi
T cr oor gani s 41 WHFAHE e VRish haE BP ASeriited: 98 oAy RAMESE and
i sol ating the %F.'&onﬁﬁbﬂtcftbpméﬁ&&i%h?%i m croor gani sns; (5) conparing

any marker sequences I1n the nucleic acid isolated 15 in step (4) to the
uni que mar H8r sequence of each individual nutant stored as in step (2); and

6) selectin n indlyj du t.an i.ch dge C i n.any of the marker
geéuences asgi 3&‘%?&“‘%"3&%(@5‘;’%’1%6?? f##;%héfﬁgo&ig'é@e %é‘&}ﬂ?‘ce
selection to i s b gy el O f ni; i LN aRAcCt rald ferate
in theI envi-r ohﬂ?‘ﬁ%fﬁn@r gg‘?g'gn:‘?n@‘é‘g’rﬁ‘% ifﬁlgdﬁgggoﬁu%ew)g?h%f@{rdent
envi ronment s andammalianicellswn vinat by ésoldting| ypegevasivamiitatitei r  products al | ow

the m croorganism 25 to adapt to a particular environnment. For exanple, in
order for a pathogenic mcroorganism such as a pathogenic bacterium or

pat hogeni ¢ 9fhun t i béHy ks: h y n e
vi rul ence &gneg’&?ghrghfﬁeég%‘eqﬁgzs), s?'ﬁ»%s%?%‘f g??‘ggdg%gﬁf”n\%nﬁ“g{“{rﬁg
i nvention a geneackingtheispatiel gartion of oériebral ebitivakptdgenivorceedis dusing ttie t 0 adapt
to a particular, 30 environment is a virul ence gen 003 wo s~nsi

e ril
pcr~cs9sro~s 5 do¥alPpAIesh Of ythe creebral, ¢qrian iy thentaty oﬁhﬁn‘&‘ég ‘é‘ddéFPk?r entiat ed

mul ticcllular .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 er 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.



organi smsuch as a plant or aninmal. Many bacteria and fungi are known to
infect plants and they arc able to survive within the plant antAeal2E)3

di sease because of the presence of and expression fromvirulence genes. - S
Sui tabl e m croorgani sms when the particular environnent is a plant include
t he bacteria Agrobacteriunt tumefaciuts which fornms tunmours (galls)

parti cuksagy déva7o4) 9r ape; Erwinl a anryl ovara; Pseudononas peiragmsesarsitrt which
caues wilt in a wide range of plants; Rhtzobl m | egunrinosarum which caues
di sease in beans; Xaruhononas canpestgls 10 p.v. cirri which caues canker
incitrus fruits; and include the fungi Magnaporthe grisea which causes

rice bl ast sease: Fusarq S el S VE& | di seases;
Eri syphe sp TOISEEA éfofflfﬂc% g‘f)dtfé\(l)@%g'r IA(:) e's?s'(%aeur ng%ngin?ge@g&ar ninls
whi ch causegedcpiVes i molcdtlardfuiRass and evblutioharyadidlivotuesdes s spp. ,
Laccaria app.; Leptosphaerla 15 macul ans; Phona trachei phila; Phytophthora

spp., Pyrenspieificte nelig:ticl 11| um al boatrum and Y. dahllae; and
Mycosphaerel la nusicola and M fijieruis. As described in nore. detail )
bel ow) when the m croorganismis a fungus a haploid phase to its life cycle

is requiged virdle ] ! ; sbicli: Eb&?ﬁﬁi ka) fungi)
pr ot ozoasr angoﬁrgypanoé%rnéésﬂcgggélnom ltagd‘?ﬁ?%ﬁmgﬁha?‘g}lepar I Cu zkarl y mamal s
i ncl udi ng hswehnas Excherivkia coli,t hSalmoaellr eyphimarium, t Salmonelaagphinl and t he
ability of the mcroorganismto cause disease is due_in |arge part to the
presence of Vifip MF%iQIﬁ“ﬂdﬂm\bpﬂﬁﬂ%ﬁ PESESs &“ﬁ?ﬁ!‘@l a include

25 Bord | i . j
par i cul ar | YREBfarilombtioBbiel bt i Ladod bty o AFRKCRP BT nubfBRy

Ent er ococcuef theplotd) dalve bieenlidlantifiedf aecal i s) Escherichia spp. particularly
E. coli, Haenophilus spp. particularly H, ducrevi and N. injluenzae,

Hel i cobEQ:t er spp. particularly H pylori. Klebsiella spp. particularly K
pneunoni ae) .30 ,Legi on . ,parti.cularly L. .oneunophiJla. Listerla spp.
parti cul arﬁi#mg#‘x@b‘%a%%ﬁ'w TRES PEOVARIAEON ogenes,
Mycobact erié&fwﬁ&mﬂarhb&w a1 Yypfloid TRAER! (Carisrd M ¢amgpuim%s) Nei sseria

spp. pafticularly N gonorrhoeae and N. neningltidis) Pseudononas spp.,
parti cul ar | Approximately iforiy awo geheaffedtingsSaimondla virulencs have b&rmphyl ococcus

spp. particyl ar, S aoytas,..,5 Streptococcu . rticularly S pyogenes
and pneunp B‘,’k%‘i' bid J%F(G'Sﬁﬂ‘a‘?e%lé&é‘“%’bpiﬁﬁti gﬁlei‘l’l‘fm&sos. All of

t hese t g, i i 8 Qed i del s of the
di seas?T?@O&malyﬁ%n}g ac?{ekplgg&g!rigdwggﬁ fh@ae met hog OEECP e invention,
t he parti cu{Groistman andhSaier, 12900 ani mal which they can infect and in which

t hey cause 10 di sease. For exanple) when Sal nonella ryphimuriumis used to
i nfect a nouse the nouse devel ops a di sease which serves as a nodel for

typhoi d f iR: g 1 d I
Lbecase for The oBjRibr uht Yiesnf EiVeRlon 3014 eriy ehep HYGIEE B ST T one
1008- 1014) siaptationoskd diitroorganisnakbits envitenrhemy partioubatenideadfil) Yale . 1.

Bi ol . d. 15 44) 206-213). It is required that a fungus ,or higher
eukar ydl c fusthes | vimuleace, ggnesi in pathogenic  micsqerganisms; With inceeased ¢ (such as

growh int [ro er.a - Lat i jve
transfor rratél}gﬁ%@&t e%”?%nﬁpéﬁralg)#@%ﬁ k Qnﬁ‘,d@ Bﬁ@ %‘2 ﬁﬁg#@ﬁrﬁéﬁ&m is a
hunman pat hoggmalscesedein Rientifying virdionet geneke! Sdll furthel whiettslof gRse i s

avail abl e. Suitable fungi pathogenic to humans include certain Aspergillus
app. (for crxeatien provide vgegines, jand, methads fer screening far dsugsmwhiehst opl asma
capsul atumﬁgpﬁﬁaggﬁﬁg above-nentioned fungi have a haploid phase and a
DNA- nedi at e e I'Ve transformation 25 systens are avail able for them
Toxopl 285na may al so be used) being a parasite with a hapl oid phase during
infection. Bacteria have a haploid genone. Aninmal nodels of human di sease
are often anmany-of theinveatiome aninal 30 is a nouse, rat, rabbit, dog or
nonkey. It is preferred if the animal is a 7 April 2003 w ~i ~9si
rcr~cs~o~s 7 nouse. Virul ence genes detected by the method of the invention
usi ng an ang npﬂ,@b h eyl Headll | g4 V fhlcely to be
genes whi chmcrjrg{'sér m net ?Ee@l\?i ?ﬁlegtrlé:heigfaﬁtaﬁﬁ afﬁngértﬁﬁ g%ﬂi@?n“ﬁ'#‘ﬁn’y 5

Part i cul ar Imicroarganiseu havingom reshunced adapitation ¢ ai particelarmentivdameft t he

i nventi ﬁn arc Sal,nogg‘lcl a ryghl ~ruui um Staphyl ornceus aureus) Straptocxcus
pneurmr? ae)COMPIENRE N HEPS-Blical i s, Psarrdononos




aerugl nosa and Asperglllus fumtgotus. 10 A preferred enbodi nent of the
invention is now described. A nucleic acid conprising a unique %ﬂf@()og,
sequence is nade as follows. A conplex pool of double stranded sequence
"tags" is generated using oligonucleotide synthesis and a pol ynmerase chain
reaction (PCR). 15 Each DNA "tag" has a uni que sequence of between about 20
and 80 bp) wossiesibl y about 40 by which is flanked by "ar mCT/GEso851t 15 to
30 bp, preferably about 20 bp, which arc common to all "tags". The nunber
of by in the unique sequence is sufficiegt to allow |arge nunbers (for
exanple > 10'i of unique sequences to be generated by random 20

ol i gonucl eoti de syngfyesi prdvidinpd Prmn&aétgﬁaiéﬁo?%hﬁ%st Eathl 6f WHicPTs of
secondary structures which may interfefe with a PCR Simlarly) the length
of the arms shandependentlyt frutdtedh byt theaiinsertiondlf inactivatiopr ofa rgenef with a

ol i gonucl eotides in a ,RPCR 25.It is . ,well kpown that the sequence at the 5'
end of the ol | JBAEH Aci] CRmAENEE Aonifls O KeTeSeUPRRs: 52 mgfagk

amplified. It gnididdl diffefint k?r%@gﬁdc%ﬁds&swwm fiErodFYani

conpl ementary structures wth eac e onger than 2 es%%;ci ally at
their 3' enfis) 30 a€)t hi prdvidingr indindgualtyo mostored esafupleradfi escho fmutant

artifactual product | ed April 2003 wo 9s i pcrrcadsyoiars 8
"primer diner" P"‘Vﬁ‘lé’ﬁgﬁ% siep éibs‘“ﬁf PRaY 'f‘&\d“ﬂ’r"i'mlé' R‘?ﬁch‘i"fg)c # form a
"prinmed tenpl at.g, ) nwg 51..’ &?r i i rt dupl ex
product call edtc'a'|1')‘P|i:ﬂrr£ﬂrg %lér}'er . @ n é? a 6@3‘2@ a?i“?ti‘?ﬁ‘éit]u@g&g oul d be
avoided in primers. (3jor furodatinga plurhlitf of fRAMS produced biyesiép (1 infd en
recommended for both priners) wth no Iong stretches of any one base. The
cl assical el t theysaid ppaticylancaviranmantandatiowiag thass misrqosganisms wiichh  DNA

probe hybrigdiz i 0 . dj jven prinmer should anneal
at a speci Wc %ﬁéﬁ’%f"if? g’ﬁ&?h’gfh%t#g%%x en?fsi on tenperature wll

di ssoci ate the primegy t epatiaviag ilerostgamismitfrom the shid ativinnfeal okle hybri ds
are nore effective in the PCR process than generally predicted by sinple T"
cal cul ations. &jectedrparhthereohgnd dselating thee suelgic acid feemr theneatrievad rical | y
and may 15 be hi.gher than predicted. Taqg DNA pol ynerase does have activity
in the 37-55C gf%’ﬁfa'ggmﬁ'ri mer extension will occur during the annealing
step and the hybrid(§y || chnpardinpany mafker Sbquensdiciaihé atdleieach isblageddr i Ners
are equal in conventional (symetric) PCR andt) tﬁ/pl cally) within 0.1- to 1
(err)Mran®. »ostend4) tothe unique marker saquengecofeach indiyidudlmutant stored

transposon-|i kgﬁ%g{gﬁs} ),tﬁg{ ormthe nucleic acid conprising a unique nmarker
sequence. Convenhi 1 transposon is carried on a suicide vector which

is maintained as a péysnidledtingian individial vt Wiish d6dsindtiebhitdin sny ¢S5t after
25 transfer to the mcroorganismof the nethod of the invention. For

exanpl e, the "Mk parkercseguencesamisolated an step{#h of Escherichia coli) the

m croorgani sm of the nmethod may be Sal nonella and the transfer is a
conjugal transfer. Al though the transposon can be lost after transfer, in a

proportion20f qhiusSthelmethes usaChegativé sdl8divn toli@éntiTy ikrdopgatigtis Withch 1t 30
integrates at random alone with its unique tag, into the genome of the 7
April 2003 WO educed3apacity eplifera®7id the gnviroamentni sm used i n the net hod.
1t is nost preferred if the transposon or transposon-|ike el ement can be
sel ected. For exanple) in the case of Sal nonella, a .kananycin resistance

gene may be presgfibrdofgdriéinichd iV $S @ humber of different environments and it is
known that particular genes and their products allow the microorganism

25 to adapt to a particular environment. For example, in order for a

pathogenic microorganism, such as a pathogenic bacterium or pathogenic

fungus, to survive in its host the product of one or more virulence genes

is required. Thus. in a preferred embodiment of the invention a gene of

a microarganism which allows the microorganism to adapt to a particular

30 environment is a virulence gene.



and exconjugants are selected on nedi um contai ning kananycin. It is also -
5 possible to conpl ement an auxotrophic marker in the recipi ghrigghd3 W th
a functional gene in the nucleic acid conprising the uni que marker. This
method is particularly convenient when fungi are used in the nethod.
Preferably the conplementing functional gene is not derived fromthe 10

sane sp, the reci pient m croorgani sm otherw se - W_p
i nt egraﬁ%ﬁﬁint S may occur. It is also particularly Cg(%@gﬁl ent 1 f the
transposon or transposon-like elenent is carried on a vector which is

mai nt ai ned epi somal ly (ie not as 15 pért of the chronosone) in the
m croorgani smused in the ngthod of the first

ect of the inyention when
inafirst GopvanienHy, Ehcoﬁﬂmﬁ"ea%"m!m'dﬁ&rfbﬁﬁ% ted ﬂ?ﬁ‘hf‘éﬁ to a

second give t pL.S apng ‘?:tﬁfaf ﬁﬂ?@ ing the

sel ection OBré?@fH't sh?ﬁ)asm%ﬁﬁﬁé{ﬂ rgﬁsposgn or rg{r@p on- f%&lte‘l enment has
under gone atd ffecPprants 8id ¢eniret db1€ 48 Burvive witllin ithe ipldmotmi egusat random)
along with its unique ta into thefgenoma of , the m croorganl smused in the

met hod. Th| dispase begause p theopresericern virulengse @snes. because)

Che tranbpo SRR BULRArEas é@%@ﬁ“ﬁ'\?%ﬂﬁd&@é&*’%m%iﬁgﬁ Mo
condi ti 0N Ofnchiafe Thé VARIEEANBBgRlerfit BRGfaBnS KB forkisoRinfodts” St 91 ven

condition to a secon glven I't1on, transposon can integrate at a
different sigatlshn pamcngamlprmnofgram rﬂmulzr gamylovara@;huBsewloownas mast er

col l ection of m croorg ne are , each nmenber, Qf whi ntai ns a

uni que tag Segnasraruin, ‘#'Fﬁi‘ FRUSAS NG o‘ﬁ %)rw‘Fle'ﬂg%é’gqu?‘Ftﬁ;eI@?’é’ﬁ?&fﬁ carried on
t he epi soma t Ik ' an be used
repeat edl y ke Y‘g’@h‘g‘ﬁ”ﬁ &M}ﬁ &é@g&b@%ﬁ%ﬁ%@%ﬁ 10 pouts
of randpiin i paki batﬁnwhxchubmbs)caﬁmhxminml éiuitspahdi insludedibiel furgiit tag
sequence (ie unique within the pool). This enbodipent is particularly

usef ul 3ecaétagneayn csmmaldagchmsmwl rd;swlgﬂnwsﬂp iFhul at:jons
t t t at 5
i or oor gant SR <raisty 1 pF optad, i #@%s%d%rg&mﬁi AP e CARRALAA 7t £ e ant

tags need oglaeakfoﬁ&mr ?P@ﬁfniﬁvhf&xcdaﬁw AAE chdwi he
plurality o roorgani sns in step 1) of the nethod. Point (a) mekes the

met hod easi disessesiscerealsand grissess Glomusspp:hLadcanigsppad.eptasphaerssi s is nore
ﬁ{ﬁ%éc? . puilass, Broed ex@%ﬁ-.@@@?’?‘ﬁ%ﬁ%ﬁ Feaplerd szt " 10 ()
o Gesor! bey efticili BbopfuGF AfV: BN aRd WycoSphdbiBlla mistidlh iy | Bo0, O S

100 or 200 mg@muﬂcmwemﬂb@dénimnmdemlgnlnwmhmd;e microefganism he nast er

col l ection of croor conveniently stqred in one or two 15
96-wel | ni ctot !R"I'&!‘qu gﬂg .ﬁhﬂsﬁ“béﬁst“EMS‘eI%rﬁq‘Bffé‘rr ed enbodi ment the first

given condition is a first particular tenperature or tenperature range such
as ZSC to 32C) nost preferably about 30C and the second given condition is
a seconz 20Similarlg,umany treivpeorganisms dncloding daeteriag furgig protozda and 35C to 45C,

nost preferably 42C. In further, preferred enbo&‘rents the, first given
condi ti on | YYPAROSOMES SRR KNQYn tain mmah.em ma@m’émﬂﬂﬁﬂﬁm and the

second gi vep,6qnd! SuAvkiof AE ARREREGRH viliip B shifh abli thd Ghily Lhe first

given conditron 1'st he secon iven 25

condi tion i of tHeemidrooiiadisnto maﬁcds@igtdublmua@e parvosthe peesenseli t abl e for

integration into the genome of Gram negative bacterl I nglyde TnS, Tn 10

and deri vat Pl cand; isxpeessionTfroms iadences genasp| Syitable rhaé&fb& |'B‘H“¢‘ht o the

Anal op B, AT boe TerREURAY B. bPRIHE, CPoti fip* Paiditdalys ©

C. jejuni. Clostridium spp. particularly C. botulinum, Enterococcus spp.

)‘_JJ)

u

particularly E. faecalis, Escherichia spp. particularly E. coli, Haemophilus
spp. particularly H. ducrevi and H. influenzae, Helicobacter spp.
particularly H. pvlori. Klebsiella spp. particularly K. pneun;am'ae.
30 Legionella spp. particularly L. pneumophila. Listeria spp. particularly L.



7 April 2003 wo s6ii~9si rcr~cs9sro~rs 11 use with Staphyl ococcus aureus
include Tn917 (Cheung et al (1992) Pnt. Natl. Acad. Sci. USA 89)A%#16805466)
and Tn918 (Al bus et al (1991) Infect. Intrmun. 59, 1008-1014). 5 It is
particularly preferred if the transposons have the properties of the Tn917
derivatives described by CamIli et al (1990) J. Baueriol. 172) 3738-3744)

and are cawbisgdrdsy a tenperature-sensitive vector such aspphitBdsiasrs
(Villafane et al (1987) J. Baueriol. 169) 4822-4829). 10 It will be
appreci ated that although transposons age convenient for insertionally
I nactivating a gene, any ot her knovvn met hod) or nethod devel oped in the

future may be s r%wgei. obﬁ y A ﬁgi ﬂ&?ﬁ&ﬂﬂrt M] SmBEmasnand WM.

i nactivating a ge partlc tain bac eria such as
St r ept ococcus tuberculoisisg szma)nspmplpanmulm'ly mt agenershgearucndasV.t hat 15

ge;(r:]rhgggl 132 Morr.i SO ~fﬂ’al 6 1984)&% gaci ei?!&aﬁlisqgéé'ﬂ?‘{?‘g-’%\{ reslBIect to
m croor gani s S YerdaCt ngl ions are
cr eat ed by tgﬂg?o%?yn {@F‘n ﬁ%&lﬁ%}?r ag?@nts’J #ﬂ mgdsg%%rﬁ%‘yl ng the
"tags" and5 piSes waqﬁ.ﬂmlmernﬁmMWe,éﬂm&

resistance to hy ornycin or phl eonycin h et al ( 994) I nfect.
| mrt usol . 62) asd 3‘? P- Pﬂﬁ@@)‘ﬂﬂ)’lyg REFIES. | '&ﬁé'g ?F%‘Fam 1$58%ent s

Geing 1t B AES RRALE BB inddhd BEHR Tischie. THENTMMBere 001, o

1991 ); Lu et babickial9hd) uddiom Mle! inotigpcof B . inbihicdhl. H2GARIARES3) ar e

known. A sinple insertional nutagenesis technique for a fungus is described
in Schiest| &eReiresmeaOiddan ammal:pahldt &aymenkcbynd it whichnthey cams# i ncl ude)

ppr 1 2000 NORS I 0 Fpr saemplss e RaBroRen g Bevd b fetly,

transposon or agdifi8thENyuse deelsss ahise& wﬁeh 3eived a0k rod¥l Forlyphdidof
i ndependent |y nutated m croorgani sms wherein a different gene'is

i nsertional | y fevexdo man Staphylacaccusramrensicauses bagteracmia and renshabscoss a

di ff t lib f d
" vl | ed ORIl th B (AIbus ¢4 TLIQI3 1o Tapis s T00RTHO P ot ° it ant
M croor gani smg, ritiIRh! rabbigs g{z?nm &UFrdEBﬁﬁ)ﬁr(tlﬁmU?m? flf9l“f1ﬁom the ol one

i ndi vi dual nmutant m croorgani s conveniently t ot al

is used) 1S 1@4s206213)Conveniently, this is done by renmpbving a sanpl e of
the m croorganismfromthe mcrotitre dish) spotting it onto a nucleic acid
hybri di sati on menbrane (such as nitrocellulose or nylon nmernbrancs)) |ysing

the microorgagj §gpfhﬁihr@ti it b eﬁg@syfﬁﬁgr\txgﬁggﬁma@%m@% fgnbr ane.

Thus, a replica e cont mcrotitre dishes 15 is nade.
Pool s of the melevawtrpatsiofiits life ¢sachhas g\mwue'm ﬂmcmuronmmtul Frefamablyyade and

DNA is extract Th|s D%lsued as g for, a RCR usi gY rimers that
anneal to the '“‘Qﬂ'&‘h‘f&‘ﬁﬂ‘ ‘"P Systemig aysj M‘F 20 DNA i s
| abel | ed, 9for | robe the
DNA st oroabf réﬁ(@g@?‘a %Hé‘lﬁ Vi (fSaTJ% g‘nt @'ﬁé@%ﬁ@@qﬁe‘*‘gﬁ@@dﬁ flrol di sation
pattern for tMise heaplancdisease ishevaiieblecd Suitsblet fungie pathopenic 3Hiumams a check

t hat each of t,”g I ndi vi,dual m, croorggnhi sns oes Ipn fact) contain a marker
sequence and tifgind QF@%M&#’S@]&HGEHC OLexf f"’"'&'a‘“s)' ryptococcus

neoformans and Histoplasma capsulatum. Clearly the above-mentioned
fungi have a haploid phase and a DNA-mediated integrative transformation
25 systems are available for them. Toxoplasma may also be used, being a
parasite with a haploid phase during infection. Bacteria have a haploid

genome.

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



25 anplified and | abelled efficiently. Pools of transposon nmutants are nade
to introduce into the particular . environnent. Conveniently, 96hho3
mcrotitre dishes are used and the pool contains 96 transposon tants.
However) the lower Iimt for the 30 pool is two nutants: there is no
theoretical upper limt to the size of the 7 April 2003 WD 96117951
PCT1@B9Q}d¥eiirdsz 13 pool but, as discussed bel ow, the upper/dissbigzsay be
determned in relation to the environment into which the nutants are

i ntroduced. Oncx the microorganisnms arg introduced into the said particular
5 environment those mcroorgani sns which are able to do so are allowed to
grow in the oqgﬁ{, RGN c left in
t he envi ronn@?tiiuls ée?oﬁtéﬁﬁkgw%‘ &at{ltﬁgc(% tﬂr?elerlnﬂgoorganl ?rrt{and t he
envi ronnment . anfiériab modlel of mhhanldtngidmfclwtyevery fskely torbeogeresivehich ar e
recovered fromthe environment, DNA is extracted arid the DNA is used 10 as
a tenplate fmwmenhasmngcqumgmlﬁmormmmm he "arms" flanlong the
"tags". The PCR product is |abelled) for exanple with '~P, and is used to

pr obe the DNA stored from each individual nutant replicated fromthe welled

mcrotitse dpiiicufarly’ prefelitdam hishise forMise lin Nther inditeRisvefighe or not at
all with the probe generated fromthe DNA isolated fromI|S the

m cr oor gani sinventéarovared Salmonellw i r@MMMheS@Mcﬂm diayraug, DNAs

correspond t rrut ants whose adapt at .on _to the 9a ul ap |ronrrent has
been attenu Her he H‘ﬁ‘r‘f? 8'§"on ﬁ&ggher B%tncx. 20 In

a particular I "ﬂﬁm' "arnms" have no, or very little,

| abel conpar&eédh‘ bﬁ} é'i‘aq‘g E r eganp'l e, the PCR priners are suitably
designed to contai n no, or a single) Gresidue, the ~P-labelled nucleotide
is dCTP and) hi s, case), no or, one radiol abellcd residue is

i ncor porlg edAlm'céfdM Imant OQ%HHFBW"P]W dssenibed- ol abel | ed C 25

resi dues are |ncorporated inthe "tag". It is preferred if the "tag" has at
| east ten-fold nore | abel incorporated than the "arns"; preferably

twentyfol d oA rneleic abidf corpriding alinique mibker séguence #madeGarfolowent | y t he
"arnms" can be renpved fromthe "tag" usi n%a suitable restriction enzyne) a

site for whidromplexdach@fdeyble: stmndad (YA SIGUERCS ctABS N is Beneratedrpr i |~ 2003

ermhodi ment o1, SUBAONIER LI Furlicelh o R TRRRRRNE bhdlaliRabec (BERY, £1F "'

M croor dani SEAachDNA® ta}™ hascal biique 3¥quenteof betwiccnabout 20/and! 80 by, S
enbodi ment) the size of the pool of nutants introduced into the animal is

det er m ned mm(q;bltvwost Athpewhx@h is flankedoby Eammsof abputildato 30 bp, i kely to

t | | t ted
ond (&)t he MR Ryl 2Phe: “hich secRpuet ir S ulta®, e AfBls §E° )% o
too | ow therpgd %Sﬁcp(iﬁ'q]thﬁqﬁéﬁdé' {sS sifficicht | toCaltewl lai‘%é aniberdefor N (b) is

too high then the ani di e before enough mutants have had a chance to
grow in the examplei Pedl@y olehmqumrstucmbs del be gcmem;dchyr randdey er ni ned
for each,m cr,00 used but S e nor

prefera% n?lfgé’“gagﬁag]ﬁcfy é’snm’rtb@?t 6‘? E‘FF ¥H vﬁtﬁ‘ nF ‘ﬁz?%‘ n be

I ntroduced igkendaryi fHRlcurk? \alttbﬁr%.ey $ntBFfefecWith! & FCR e Simfifri 7N the500)

conveni ently about®100. It is prefennd if the total inocul um does not
exceed 106 dength Qﬁnhcrmnssshmdﬂ deasiifficicot tealllow cfficinnugniming ef ze of the
i nocul um nay be Va’{e §9 above_,dg bel ow t hi s ambunt dependi ng on the

m croorgani s %’HH REdehite 0 In a particularly conveni ent method an

i nocul um of 10s is used containing 1000 cells each of 100 different nutants
for a single animal. It will he appreciated that in this nmethod one ani nal
can be @5ed It ds seslk&nowdiOthattiensesjuencepat the §'oemqt o theroligovudieatidenhi ch
require at Ieaat 100 agi‘gals 25 to screen 100, ants. However, it is
conveni ent tNeeH Mt MACR he, fargetseauence t@iaeampiiietne pool of nutants 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 Neverthel ess, the
met hod sti | I1t ds cvsudbshat thee POR primers 3do fnok ccontain ngny comiplementary

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

-



7 April 2003 wo 9sri~9s~ rcr~cs9sro~rs 15 nunber of animals used. The tine
between the pool of nutants being introduced into the aninal and\ghe003

m croor gani snms being recovered nay vary with the m croorgani sm5 and ani nmal
used. For exanple, when the aninmal is a nouse and the mcroorganismis

Sal monel I a ryphinuriunm) the tine between inocul ation and recovery i s about
t hree dayswass/1mese enbodi nent of the invention m croor ganiPCRiGBIs/e28Tet ri eved
fromthe 10 environnent in step (5) at a site renote fromthe sits of
introduction in step (4), so that the vigul ence genes being investigated

I ncl ude those involved in the spread of the m croorgani smbetween the two
sites. For exanrpfifieridimern! aWhed B 81 eAdxoofghe two pHincbe hybfidieg grRg i n a
lesion 15 in the stemor at one site on a |eaf and the m croorgani sm
retrieved fronfamuva fiprimsditemplata”rcomplex, and @rimer extensiongesultsia ashortndi cat ed.
In the case of ,an aninmal) the,qicroorganixsm may be introduced orally,

I ntraperi toneafl\'é)fxi 53%@)&&@&% Q"erdﬂ'f'?rahasal ly and is retrieved at a

| ater 20 tine froman internal organ such as the spleen. It may be useful
to conpare the virul ence genes identified by oral adm nistration and those
identified 9y Intermapsscondaryastruatiwe should he avoidedinsprimerse rigor symymeteicr equi r ed
to establish i cti oute but not by the .o r t i.s preferred

i f Sal nonel | a Pg: ot mg‘g%ﬁ{ FonseEnt; l’(ﬂ‘ﬂ’é‘l WX%%B& Bf’é'f BRMESS,

envi ronnment s i | B4 e'cYdsSicsem Lmal cells
in culture (p\é\t@t“?lr(}lu ar F?ﬁ.crra&?r ogﬁga'es aniéz)égiht‘h'hel I al cgl I g%) g’ d plant cells
in culture. Al tdloulgtions usel irekonjunctionuvithr BNA Iprobiechybridiastiom siudiesown

right) it will also cgonplenent the_ use of the ole 30 gninmal or plant. as
the case may beftemprediet that 2 giyafRcprmer ShP“lé)l‘F ab3 smlgsﬂmmmm

PCT/ GB9s| ~{}y, ~ tyq : I & | A | art of

t he ani nmal odé‘?“\lf\mﬁz? 8’%‘\%‘3’6&[& Eﬁ;ggsshl%&]?sr?? gﬁag?i on,ég&e?lntﬁrggr of

di fferent envi hytsvid premaneelyosii praztice,whie Udibrigls diré fmoreneffentiyanin thed

ti ssues) and parts thereof such as the Peyer'.s patch. 5 The nunber of

i ndi vi dual i cPEBr peacessthap;generally predi repie Sancaleulatiopss onnent shoul d
be at least twice, preferably at least ten tines, nore preferably 1UO-tines
t he nunber of different nutants introduced into the environnent. For

exanpl e) when @ptisiniahnéalingefipéraiueés iy be de@rihedicnipitically aad mays ar ound
10, 000 i ndi vi dual A m croorganisns should be retrieved and their marker DNA

i sol at ed. 19 f ube highep thancpredistadshFrg BNA Polymarasedoes have aetivity incthe| A)

renovi ng suxot S t Al b d o Qf a0t ' (1); or
(6A) determ ni%ﬁ%gﬁﬂ‘gﬁ"t’ﬁg"%ﬁr sf%1°§c‘¥'é 1N é’f"g%g%ﬁﬁ‘s&gﬁgﬁgotroph;
or 20 both ( lafy tienhytirid\will lbe stabiliegl. r The eoncenttations'glithepriviesleret r oph
(that is a nutant m croorgani smwhich requires growh factors not needed by
the wild type equadyinzonyemional (;wnyyctaﬁhP%andaﬁvaléy.omtguh()dmtqﬂerei n a
gene al |l owi ng tﬂg m croorgani smto adapt to a particular environnent is

i nactivated. cH éﬂ?&?ntly, this is done between steps (1) and (2) or after
step (6). yeferably auxotrophs are not renoved when virul ence genes are

being 30 identified. . ) .
The “tags”™ are ligated into a transposon or transposon-like element to

form the nucleic acid comprising a unique marker sequence.
Conveniently, the transposon is carried on a suicide vector which is
maintzined as a plasmid in a “helper” organism, but which is lost after
25 transfer to the microorganism of the method of the invention. For
example. the “helper™ organism may be a strain of Escherichia coli, the
microorganism of the method may be Salmonella and the transfer is a
conjugal transfer. Although the transposon can be lost after transfer, in
a proportion of cells it undergoes a transposition event through which it

30 integrates at random, along with its unique tag, into the genome of the



7 April 2003 wo 9sri~rsi pcrrcsgsro~rs 17 A second aspect of the invention
provides a nethod of identifying a gene which allows a m croorggﬁin@%(??
adapt to a particular environnent) the nmethod conprising the nmethod of the
first aspect of the invention) followed by the additional step: 5 (7)

I solating the insertionally-inactivated gene or part thereof fromthe

I ndi vi dwa] nt selected in step (6). Methods for isao) ,bggﬁ,ﬁmgene
cont ai ni ng”ah%sﬁi gque marker are well known 10 in the art g# nol ecul ar

bi ol ogy. A further preferred enbodi ma%t conprises the further additional
step: (8) isolating froma wld-type i croorganismthe corresponding wild
15 type gene ,using the ingertionally-inactivated gepe jsolated in step ('n
or part thefUEFOREATHSH Y in fhe msthod; Jt 'sg@Hél ool gﬁébﬁgmf?sf?ﬂovm in the
art of ol egplAinshbindte cRMeMPEEE UL Sicbted] OPACSlanTEAltcisk AF! € for use
in the practice of the present 1nvention are disclosed 1n Sanbrook tt al
(1989) i ncoSahnonetla, adanamybin resisancigene tlipbe prosent inrthetrgaspasoni s a

m cr oor gani sm pat hggenic to an aninmal and 25 the gene is a_\irul ence gene

and a tr anspBd sKConiugateAre selactadon medium eontaining katamyein. cltdnalsgene, it is

conveni egt . V] ' [ om ¢ DNA
fromt hgfi nhﬁéﬁ‘l}}ggp %ﬂﬂ'{‘@ﬁﬁ"@%ﬁﬁ@?ﬁ%ﬁ&ﬁ%{%ﬁ %}ggl %t%@ﬁ%s‘%ﬁi on enzyne
which cuts @uffiétihal lgend irnthenafeliic atid GonipHsing te-uniqws manasre dTRRA
containing the transposon into 30 a plasnid. and selecting plasmd

r econbi nant seghod fsepasticularkyf canvenishtowhen fungi Ase used gotheymetiod1 7951

PCTI GB951 OzZ875 18 resi stance conferred by the transposon and not by the

pl asm d. The m croorgani sm genon ¢ DNA adj acent to the transposon is
sequenced U PRt tRE | doRiplemBhtidy Ririttiohall Bedd B hef deAvbd TR QRS Of the
transposon, and t prinmers which anneal close to the polylinker sequences
of the H)pl ssmedspeties sedhenmecipientyminroerganisot, e dtheowidelAndaramdome sear ches
to determine if the tcansposon has interrupted a known virul ence gene.
Thus) conveHitegfation ?&ﬁﬁéﬁ%%ﬁlrai ned by this nethod is conpared agai nst

t he sequences present in the publicly avail abl e databases such as EMBL and
GenBank: Finally) if the interivpted sequence appears to be in a new 10
virul ence ginés) alsoe pamticalarhyn coasvéniem sif athe enfarisposom e wemsposen-like kgr ound
(for exanpl e by phage P22-nmedi ated transdugtion.in,the case of Sal nonell a)
and the LDPe¥&Miqnds %ﬂ‘i"&ﬁﬂ’tz%t‘rwfi‘#“& ﬂmmmuwfl&mmql@n&emqhe

ol . . . L q
mut ati oy 1BRUPARE chioriborke fh i iifHaNREAT o G HEIMe fABMOR N e £0C T BT
all of the firstuispestfdhe ifvention whefiivg jiven domditios wherédsgu er of

genes in the genone of the mcroorganism For exanple) it is likely that
3000- 5000 nfkengiag that somdition toa ssoond @iy eendition.(the SPisomeean@t i n” or der to

detect 20 t L QE T Ly s\ T ' s spp.,
Whi ch has aof A pctnitinl IhE BN AinAch i, (3RGoHon bt 20
screened. Apnahspdsontlideieléméntdias ndergoncdiransposition epéntithrughnvedicies are
thought _to be required for virulence (Gossman & Saier) 1990) and, if so)

the S. 2@ phitrintagsates ahstdarantlong svithoits upiqugitag. intosthe geanemce genes. 25

mich ot e o P60 HERetRariolt s34 IR ihe et Ficparkibfibly BBeaRAR o' 0L 21
of the invegmnbodimén\s ddvarMagions Becadse) Grite Winidroerganisni Garriingihé hod of the

first aspect of the invention. . .. .
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 integratc at a different site in the genome of the
microorganism. Thus, once a master collection of microorganisms are
made, cach member of which contains a unique tag sequence in the
transposon or transposon-like eclement carried on the episomal vector

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



30 7 April 2003 wo ~nBsi rcr~cs~sro~rs 19 Such m croorgani sns are useful
because they have the property of not being adapted to survive?7igpre 2003
particular environnent. In a preferred enbodi ment, a pathogenic
m croorganismis not adapted to S survive in a host organi sm (environment)
and) in the case of mcroorgani sns that are pathogenic to animals,
particul arw@aivshl s, nore particularly humans) the nut antPCIGBISPEE by t he
met hod of the invention nay be used in a vaccine. The mutant is avirulent)
and therefore expected to be suitable f®@ adm nistration to a patient) but
It is 10 expected to be antigenic and give rise to a protective inmune
response. | n apdals ofimndpmeinsentionalanitaniseach dof whiglacdmigies adiffierenttaggani sm

t adapted t ' in.a host. ' ht ai .by th t f th
nvent i on) i s HOUFM 7 WG Sabity il borlt | e SaTREIDHLR BARRAEHI o DuA 15
sequence) to %ﬁﬁso%cﬁﬁs?@ itk tides TR hihBer z[r@”&cﬁ‘ﬁiﬂbﬂ?)‘ opgﬁahgﬁddﬁonlh' S

nodi fi ed m croorgani smcanh” act as a vaccine for that oth at hogen. A
fourth aspect sefjuired iongemératenther plurality € ‘poolMoof dadeperndentlyp mutated a
mutation irn a gene ideptifjed using the pethod gf 1he second aspect of the
20 inventig‘n. mmwrammgrstqm@)ﬁ?mp@aﬂ;m&) ’{‘%B“'F‘EF?GP &Mt of the

invention is BT ik an t i LfkGgal

i ntroduced i n@g% Fﬂﬂa‘g“%ﬁ‘?gggﬁg%ﬁ?“a“ pr e eirjfr)?:'(‘jlhzor?g m#ﬂi? &\¥
particularly Vﬁlﬂﬁlhﬁ%{ﬁﬁa@oﬁ%ﬂﬁrﬂﬁiﬁimﬁdl? of thehfiethod s Fointday makesthe t he
mutation in the &ene is a deletion or a firanmeshift nmutation or any other
nut ati on whi chmethod easies1oi uselin organipmp fer yhichetransposen nuitagengsisds speci fic

mut at i ons can ' angard e [ nLr ing into
the m croor gan&§W§8§§k‘g&rﬁﬂ“ %f %&'@gh%ﬁﬁlgyé%%%%}@w&éﬁgcon_ 30
(such as apl a@y thedhs Vihae! tagepyiencesNWithe | partivulary hgood dgbeidisation APri |
2003 wo ~rmst pcr~csqgsro~rs 20 reconbination to introduce the nutation into
the copy of t Hehageateristicsicaa bgeseloeted icrefiore makingastuglity eantraticasier.aAs si xt h
aspects of the_ipnvention praovide. uitable meroorganism.5 for, use in a
vaccine and a '5&@5?'#.\“{3 ’sf’ﬁ‘gf‘}*’i‘mt g‘ﬁl ) cf%ﬂ_gﬁﬂ?‘é' '%ﬂﬁ& ﬁb?'ﬁ

phar macxuti cal Jo0 ¢ CHU Qﬁﬁ@cﬁd’éxﬁl&%uﬂ@&?nﬁéﬂob?ﬂni%nﬁ @h@OkKEBforéNthe the
aforenentioned avirul ent mitant.“10 Active inmunisation of the patient is
preferred. |n master cgliectionidf miceoarganisme iscanwaniently stosed)imoseror twe pr epar ed
in an imr ge&'ic Borrrul atiog“é:sont ai ni ng suitable adjuvants and carriers
and adni ni‘st er 8%& 'E‘Pﬁ;o'[%?ip *in known ways. Suitable adjuvants include
Freund's conplete or inconplete adjuvant) nuranyl dipeptide) the "iscons"

of EP 109 942) EP 15 180 5b4 and EP 231039) al um ni um hydroxi de) saponin)
DEAE- dext r an) Imeasparticulsr]yspreferved embodigiept the, fisst giveaisioadisidnsis (astitsh as

hi i), li Pl ' | yol the Ri hioAd] t t
For exampl e cePSebenEEriogradind S feginntiee e su i 25r G40 3628, i\ e ©
patient to be preebiyedbokt 30PC! AR thd 28kbrid Hiven cORAIBBR! RChegkcbR@™ t he

di sease 20 caused by“the virulent formof thé m croorgani sm The
af or ement i2éhedparticular teperature or tmpesatarofangh suchneedf T Ctod5°E, imostul at i on

th f b 1 i St d ti I t hod | di I d
par ent eral (o BBt AEsas I Rirtiea R CaTest FiooRneits the o815 HBVER eat mont
may consi st of chditidiPisCthe Presenbe af}ahlarnabiom. eécrﬂsssamyﬁ. ch, AdIRE Of tine.

Whilst it is possible for "an avirulent m croorganismo he i nvention to be
admi ni st er ed adecomd giveni sonditidrersathe aabsencerafstbatsaid antibiatigzhasr thechusti cal 30

formul ati on, tagether wth,one or nore .acceptabl.e carr,iers. The carriers
glgcn condition is the absence of an antibiotic and the scoonI given )

bt o)

25 condition is the presence of the said antibiotic.

Transposons suitable for integration into the genome of Gram negative
bacteria include TnS, 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



7 April 2003 wo 9srms~sl rcrics9sro~xrs 21 nust be "acceptable" in the
sense of being conpatible with the avirulent mcroorgani smof 1Rgs) py@ntion
and not deleterious to the recipients thereof. Typically) the carriers wll
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 cr ooRGGBé Bk component, may be useful in the fields Ofrmﬁgi ci ne and
veterinary medi cine. 10 Di seases caused by nicroorgani snms are known in many
ani mal s, such as donestic animals. Thg vaccines of the invention, when

cont ai ning an appropriate avirul ent croorgani sm particularly avirulent

bacterium arc [ ! I ep, pigs)
hor ses) doggscaﬁ'ﬁ(eé{#é’fﬂgﬂé@ﬁpﬁ%(fﬁ?t'?@miscﬂt%éQ;(c’gﬁlﬁgggﬁgl ﬁ? Q?LQ% ducks and -«
geese. 15 SpueNtAcad)dS&l dUSA 895 64626466) tand Tn¥I8 (Albuspeow) (K99 ) gene

obtai ned by the nethod of the second aspect of the invention, and a

pol ypept i delnfacto deumnura % A00BADIRY " gene” we include not only the regions

of DNA that code for a pol ypeptide but al so regulatory regions of DNA such
as regions of DNA that regulate transcripti.on, translation and) for sone

i OF 00T QRN TR, pBh Ty pficrRUNE HeUPanshBSordel | BHOBErs BT S.

transcription term nat ri bosone- bi ndi ng secluences and for sone

organi sns | TnfdAderivatives desaribed rbyc Camilli enab(1999) Jrylsaetiol 17¢quence

i nformation i nagti vated gene obtained in step 7 is derived.

Conveni ent | 9%%'533@11 %"Fo%"é“ﬁ& Yhé @M'W"t‘?fé‘s'[q‘%ngﬁ%ﬁ“q}é‘used as the
hybri di sat i j i r gl B! sequence or a DNA
restricti onBFrlggir;g tilgﬁagﬁgﬁﬁgm.g ?%gg??’vg?egg gg?gza April 2003 wo

~i ~si pcr~cs9sroia~s 22 itself is used to make a hybridisation probe with
which to identify) and isolate froma w | d-type organisn) the corresponding

wild tyBd gltnawill] bei appreeintad: hati althayghh{ranspasans jage ganysniest ifer done under

stringent 5,canditions u a e r fve, is
obtai ned. B é&éﬂ@eﬁ#&mgkcb%ahﬁ h}bgh%eg'?vﬁlsg‘g?@?&s'egr t"gétﬁ e probe when
the gene i sdevelbped itk Aiture MAHEGdINA fithdr convenisht aidthed of hi s case i's
> 200 nucleotides in length) is in soluytion and the inmobilised

geneJhybr i dinsertiqnablycinactivetingeai gene, (particulardy incegain bagteriv suehas ssc is 0.15
M 10 NaCl10.015 M Na citrate. .Pref . brob f i

Sai monol | 2. STEROCREG, i (it interighoRplGER, mUTRARAE Subhas R, D
Exanpl €12. deschibed inMorfisok! 4! A9SAL T BdtiAVSICEE9TETO Wik respesdie! | a

vi rul encx genes conprise the sequence shown in Figures 5 and 6 and

descri bed i 8.pgneamoinéae2. Thef gerienalr muthad: meay alschdegappliediito othese cont ai ned
wi thin, or at |east .?art 20 igh Wh is contained within, the sequences
shown i n Fi JUFQOrganismsespsclany PR have been identified by the method of
t he second aspect of the invention. 'The sequenocs shown in Figures | 1 and
12 are part of a gene cluster from Sal nonella ryphi muriumwhich | have

cal | ed vii vFenfengicimsertional mutfiopy/@¢reated dbytoansforonation usirg BPason

insertigns arc indicated 25 w thin the segyencg, and ese. . transposon

i nserti®hs Rienis, of plagmids) carpring dhe. e unf“‘ﬁfpﬁg‘éﬂga’rﬁl"&qﬁ%‘% is

di scussed I o 1 n,.&fasﬁ' i t he net hod
of the secgﬁ{dﬁgéﬂégbgogﬁht#ée?%g!ﬁfl on |'§s&3égggtomgﬁr?§fa\ﬂ rul ence genes

i n Sal monel (seetSmith eval (1994)vhfact ofmmiweoln 62) $247-5254). iRaxndormi, sivglé and

t herefore genes identjfied) arc ) ] . )
integration of DNA fragments encoding hygromycin B resistance into the

genome of filamentous fungi, using restriction enzyme mediated
25 integration (REMI; Schiestl & Petes (1991); Lu er 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.



30 clustered in a relatively small part of the genome. This region, VGC2.

7 April 2003 wo ~t~9si rcrr~cs9srn~rs 23 contains other virul enggrildgings

whi ch) as described below, formpart of the , invention. The gene isol ated
by the nethod of the invention can be expressed in a 5 suitable host cell.
Thus) the gene (DNA) may be usod in accordance with known techni ques)
appropri at gJo/esimedyf i ed in view of the teachings contai ned pegiciskpstd
construct an expression vector, which is then used to transform an
appropriate host all for the expression gnpd production of the polypeptide
of the i nvention. Such techniques include those disclosed in 10 US Pat ent
Nos." 4, 440, 859 g ' [ gd 23
July 1985 to m’;"?rir’g‘ﬂ)'ﬁ‘i,é%“ség%sgaﬁéﬂﬁﬁﬁr? ElllgégAt 8% ?HENG?? 063

i ssued 30 June isSlafion of Wipluradity of Dndépﬁmnﬁ)'émuwedmdcrboﬂgnmsm%crm Goeddel )
4,704, 362 i ssued &}Novenbe 1987 to ltakura et al, 4,710,463 issued 1
Decenber 1987 tad W'ﬁﬁf"ﬁ‘%ﬁ'@%‘“k@ﬂwaﬁi incach mutansapd eachmytagt 5, o
al, 4,766,075 i eddel at al and 4, 810, 648 i ssued 7
I\/Uch 1989 to Sta g3q ﬁy&?‘?\&ﬂ#g rg'fahcor porated herein by reference.
The DNA encgdi ng the pol ypeptide constituting the conmpound of the 20

i nvention nmay be 10| ned to a wide variety of other DNA sequences for

i ntroduction i rAdt bawya%mbrlmr@onwmwmﬁﬂamw ednmicrptitre dishend upon

host)and wnet 10 U abhaeHcR e 3. girfeh ol hickBoighabtf, HRA !0 1 De

Generahy) the [éinprisihgXhé t@tlque infarRér SequieRes iffom \each Oindivided) mm\:pl asm d)
in proper orientation and correct reading frame for expression.

necessary) the rnicmmynbm (¢anvenicatly it the talah DNA| fem theglone iqousedhss and
translatio ato con ucl.eoti de,se nces recognis t he
desi rod horsli aﬁ?‘?'ﬁﬂughééﬁ %’&FYP Q" is  4onge R¥, g‘?’ﬁ af'| ﬁFt %
expressi on vectfierodig@niéht Fdm itie Mirodtretdigt) @lmgttz%xt:b% h@aéxctiwugh 7

April 2003 WO 96119951 PGTl GB9SI 01 875 24 standard techni ques. General ly,
not all of the Wybsidisation mbmbrlméiwhmsdnllupcelhdosnem mylorirmbmes). it owill
be necessary tq select for transforne 4353 IIs One eI ectkd]g echnl que
i nvol ves i ncor 5?‘&&% figrgotganISm, ip bﬁ“@ Digg the Bk %%(ﬂ.‘f QW% th any
necessary cont rlﬂEmS “Tﬁ't)s ark aM@&ﬁ@ﬁu%fﬁﬁ'@ﬂanﬁ:rbﬁ&bHdh@sthe
transfornmed cell) such as anti b| otic resistance. Alternatively) the gene
for such sdiSectisbthmdetrait can be on another vector, which is used to
co-transform the desired host cell. Host cells that- have been transforned
by the reconbi nant DNA of the 10 invention are than cultured for a
sufficient ti ”W@Jlg?ﬁﬂﬂ%xc‘w&rﬁ?ﬂ&hétfﬁm?m&u&ﬂﬁxmi’sﬁai@ﬁt’iﬂe gid ! led in

the art in view of e teachings disclosed herein to permt the expression
of the pol ypeptlDUh% lmttdcmhnThllsd)NAes umdmaucgetferll/&ﬁ:ﬁ es«pspwmn syst ens

Kk f | | i
Jeast s (1 or oxdtl BeaL i esybaen s3rae, Dasking U [aBEnantin MRAE o
exanpl e As glbhms) aBl:ﬂ&l fb?'ekﬁ;?‘f,con h2pc ehs ?&ﬂxct afsaetpenhls%seéo The

vectors include a pro aryotic re such” as the Col EI ori) for
propagation in ta prchaﬂ;eoDﬁAestared ffranh eeacle dndividugl troutaet ¢ cqarovide a

expression in olfer, nproprokaryelich celh, LuRes; of. Yaka SiGahed! SO

dishes. This is a check that each of the individual microorganisms does,
in fact, contain a marker sequence and that the marker sequence can be
25 amplified and labelled 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



appropriate pronoter such as a prokaryotic pronoter capable of directing
the expression (transcription and translation) of the genes i r’y,@pllgag)rogri al
25 host cell) such as E. coli, transformed therewith. A pronoter is an
expression control elenment formed by a DNA sequence that permts binding of
RNA pol ymerase and transcription to occur. Pronpter sequences conpatible
with exqupbaimspacterial hosts are 30 typically provi degcycpysassd vectors
cont ai ning convenient restriction sites 7 April 2003 wo s~nsi 25 for
insertion of a DNA segnent of the preggnt invention. pcr~cs9sro~rs Typi cal
prokaryotic vector plasmds are pUC 1 pUC 19) pBR322 and pBR329 avai l abl e

aval | abl e { PORT O Aaiacussed el “hiper i€ Ry, b8 dcienodliial “CCF"

vector pl asikldtibh 16 e cavirohmbattintd *Nidhhde Thataats dre dnrddueed) NJ) USA. This
vector uses the Sv40 | ate pronoter to drive exprrssion of cloned genes) the

hi ghest | evel of 10 expression being found in T antigen-producing cells)

ST ONBG, ol GG, RS e Ol M ORIyl B id " pRgltfaE °" Yector
gl ucocor§i C%hdlrbﬂﬂl!%@ngﬁe Hﬁ&%ﬁfimﬁﬁs wh @Hiﬁle%md’u%%ww"tbr us | ong

termnal repeat to ve expression the cl oned gene. Useful yeast
pl asmi d vec1gww inithe pRFi4GEMARIS MepMmadmmbmowmddlyﬁaval | abl e
from St rata e C qQning Systens O'E‘l ﬁz‘ CA&?%#R:;Z‘{S USA. PI asm ds pRS403)
pRS404, pR CERM %‘&FE“ £ RaByr s) and

e i eaﬁé@%ﬁe&?@ﬁ B B

net hods hav eedreredifroni tecchvitonnieat, DNA is exitraoted dml the DNA isrusedi a
conpl enentary cohesive termni., For_instance) conplegentary honopol ynmer

tracts &@n Beaéaﬂ'&&ﬂt?@tﬁ@%‘@&m&“tﬂ@‘ﬂ@“ﬁ‘é@r‘h‘edwt BEt or DNA,

corpl erent all RBREpol EHEr GR PRt s WBSIES, O SRMEAGSAURREL o 8702050 "
APTi | 2003 WG085 i ON ABRERSHEadpirdividuatiatahi rdpticted Erindi Ni ng_one

or nore restriction sifts provide an altcrnative nethod of £0| ning the DNA

segment to Hhcweted miceotise dishgnStared JUNA areddensjfied, which hybrdise estri cti on

SB???@?SQSM@ R SR i e b BB Mol RE BEA SINBR Rl 1 L ng)

- si ngi®- Siﬂﬁﬁi’@ﬂoﬁ@hﬁlﬁ! rébobéred FFom eﬁwrénm@ﬁ@omse%}ﬂ-ﬂ)‘brm&’ ities) and

feII in recessed 3'-ends with their polymerizing activiti'es.

conbi nat i onQNAs heemespandyito; eutastsr whose gdamt&nesOblthmwmderNA 10

xonss of 1 PREEPARCRER et HiTaCA M Cimaon T e Hombtamat ol 25y 0 1o

catal yze t hpNAGRghenceof bl unt - ended DNA nol ecul es, such as bacteri ophage
T4 DNA |igase. Thus, the products of the reaction arc DNA segnents carrying
poljrneric |inker sequences at their ends. These 15 DNA segnents are then

| h d | d
expr oostn Drd@aridlEy ueied frboalert T Faniin, Have pre of R fiflsauces
ternmni Conpke] EbrﬁPMflottﬁésﬁ?F Fofe 1%6%%115?%«@&:!3%% kdbnyer s

containing a variety of restriction endohuclease are 20 commercially
avai | abl e f desigaedtontoantaiof na; @rracsisglenGi residug, mt’ﬁdnhdlodawclepbdechnol ogi es

I New Ha d bl t di th
ool ypopt | doloRGTR 1RoiR | WiF caseo nacBF os. SRRSEEIEL ‘CrIs A8 | on o
di scl db 3 7a thod th
DNA 1o be chpmaed) iy et FphiCh butch FRERef s fof Mldiolaelied T ot od The

y two Specl
ol i gonu23 eotdésithuesraredncorpbrated hhthuﬁ&igfesltbsmmcdaﬁﬂmfagédms at

least ten-fold more label incorporated than the “arms™; preferably twenty-

fold or more; more preferably fifty-fold or more. Conveniently the

“ ”

arms” can be removed from the “tag” using a suitable restriction

enzyme, a site for which may be incorporated in the primer design.
30



into the anplified DNA. The said specific priners may contain restriction:
30 endonucl easc recognition sites which can be used for cloni rrgA'pﬂIQoo3 7
April 2003 WD 96J17951 pcr~cs9sro~a7s 27 expression vectors using methods
known in the art. Variants of the genes also formpart of the invention. It
is preferncd if the variant has at |east 70 % sequence identity, nore
preferabl ywosdimesit 85 % 5 sequence identity) nost prefer Poncessoiseast 95 ~
sequence identity with the genes isolated by the nethod of the invention.
O course) replaxnments) deletions and ingertions nmay be tol erated. The
degree of simlarity between one nucleic acid sequence and anot her can be
determ ned usi ngs discussbdalbsvey aqiiridulid\eprdférréd Embidifieny\bs R iaventanmput er
Goup. 10 Simlarly) variants of proteins encoded by the gents are

i ncl uded. By "\Jarwhen she oidroenganiem is @ pathegeniacmasrporgantsmi andbthtei t ut i ons)

substant al Ly RS eTRPTER S o1 tpiEtalo R G ERPORITOR e HeE OB er va i ve
substi tutions” dog) Tt MUGAE FRARIVEES 1R0S tRYSHNRS iF dotertiifed \6Y (a) bR Leu:

Asp) Gu; Asn) "An; Scr) Thr; Lys) Arg; and Phe) Tyr. 20 Such variants may
be made usi fig truenbesldf delisvaf emch mutantothap aret kely dogiumase i ingthe ranimal
site-directed t agenesi s.. ni nth aspect of the.inventi rovides a

met hod of | dentPISMHEE 2 WISHSBE &t heh it ey tnarivated) and Jbb i, total

m cr oor gani sm g, afd&R . U i o6 he steps
of selecting atl@orrpoutr?é @éﬁ'@?@éfrs*rgr%@ﬁwﬁﬁbﬁﬁé’ﬁﬂ%&?ﬁ%éﬁéf@&a gene
obt ai ned by t heositiveadsults inay arise and ifisheenambér irh@)i isvteathigin then te (2) a
pol ypepti de encodegég such a gene. 30 Pairw s creens for compounds which
affect the wi| @M ééﬂ!‘ &ff"'%@ﬂ‘m&h mutants haye SB@S G%B“%leﬂgl%cn%r 0~S
28 cel |l ovegppr ediiedd g -lﬁﬂl%&t h kv ion form
part of th?g agg'ect g??f hgmlgn{\'/en |o§€%§r@§gﬁe§g?ﬁ&m@%ﬁdﬁ%m one
cell is a w | drigpsorgsiismausedd but ¢eiznpreferatsly more thar 582 movecpleferdblych i s
made to overcxprrss the gene isolated by the method of the invention. The
viability and/ aorgthan A0&f each cell in the particular environment is
determ ned in the presence of a conpound to be tested to identify which
conmpound reducxs the viability or gromth of the wild type cell but not the
cell overexpreJhengumhber ofiidifferene mulshtd thatscanr bé ditréduced inbe agsinglel s a

vi rul ence ne. For exanple) in one enbodiment the microorgani sm(such as S
t yphi mur i ugs i anppalds pre Y betyeeassh and 300, gonvericatdy, aboutcHi0.1 Itdls by t he
15 nmet hod of t Lrgt. e o] i t] f ) e,"qver
expressing"” m ?%%b&gn'lfgg‘nea%l( Lrﬁ&gﬁnleq%\é?gé‘ogmmm?&ﬁpggrcﬁggi @rr‘ln(\kh'l ch does
not over - expr egpseferubly i108icelis)calgongh the rsizesofl tlieviriodiluai mhl bs vapiedul t ure.
Whet her a partigul ar test conpound will selectively inhibit the virul ence
gene function PRBOY¥RPEEHMhis ameuntsdspsading om they Aticroerganism and the conpound
which is requiada,4i0 prevent infection of the host cells by (a) the
over - expressi ng m cfoorgani smand (b) the equival ent m croorgani sm (at

| east for 20ne virul ence--gene~ products it is envisaged that the test
conpound wi Il inactivyate them and itself be inactivated, by binding to the
vi rul ence gene Ipadpagicularly conenienpmethod andnpenive ofslq? ésjusedecontainipg ey ent

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



25 infection by the (a) than (b) then this suggests that the conpound is
selective. It is preferred if the m croorganisms (such as Sal myngidiapoar e
destroyed extracellularly by a mld antibiotic such as gentam ein (which
dots not penetrate host cells) and that the effect of the test conpound in

preventing infection of the cell by the mcroorganismis by |lysing the said

30 cel | wyybp9aer m ni ng how many mnicroorgani sns are prepeficposmmgrexanpl e
7 April 2003 wo ss~i~9si 29 by plating on agar). pcr~ss9s”o~s Pairw se

screens and ot her screens for corrpoungf are generally disclosed in Kirsch &

DI Dontnico (1993) in "The Discovery Natural Products - _ 5 with a

Ther apeutic Potenti.al d .P. Gallo)) Chapter 6) pages 177-221
Butterworth "%feR.Of?%@%oqs&%{ed herein by reference). Pairw se screens can
be designed in a nunber of related formats in which the relative
sensitivity to a conpound is conpared using two genetically 10 related
strains. |f Thectimerkatweenlithe poolaof mutintsbeingoistrodueadbinte theapimald specific

for that target, can be identified by conparing ea strain's xnsitivity to
the inhibitd .%ﬁ'“%'?amﬂ"éﬁ"‘%‘Pﬂ\%ﬂ%&‘@pﬂwﬁ‘f&‘?@‘%ﬁ&‘?%&mm| be ?/mre -

active agai . adENBLL | S 'n,)T(mﬁp- ot herw se
i sogeni cgsi gﬁgrﬁgﬁig?{]seél nﬁgﬂbggg l%Eiit"f us?lgn‘l or maltg) tEiuggiagﬂl edet erm ned
by measuri ngnittoorgagiemois Sdimonellecryphirnriizh| theotime betweenlinugulatiendi sc or
wel | carrying,the conpoupd. Because of diffusion, a continuous

concent r at i 8Rd SEERNEEN S GP°‘é‘d§ﬁ9uA‘1|¥)'si s set up) and the strain's sensitivity
to inhibitors is proportional to the distance fromthe disc or well to the
edge of the zone. General antimcrobials, or antimcrobials with nodes 20
of action olhehe tmboaditiéntdf thd inderstivh mictogpanisaisiare phttievedfronsthBavi ng
simlar _activities against the two strains. Another type of nolecular

genet i cl@cr eavironment in sigp(3) ata site semate froph theosite of nteedugtian iproduct i s

beni nd i 3 SEPpR057E0, Bk TP iR R, Peifif oldigsina lifhdk mepd? o™ " ©
p g

quantity of invelvddimeie spreid b thehfitrEorpanisin Betwesh Ihétwo isites.nhi bi tor s
specific to the cloned gene product than an isogenic strain, containing

normal amounts of the target protein. In an agar diffusion assay) the zone

[ i i fi dis., ted.t Q || inth
St rai - over ERbFRGRI ThPIE GEMGRer Bt ARG PE A Tesierd In 3 PRI 2003 v

961179sis pcigd LR Gr'at %?: ﬁ&ﬁﬁ{ﬂ&?amﬂ@ﬂﬁero‘&gﬁﬁﬁn réGEved BRsh! Y or

alternatively selection a conmpound I's achieved in the foll ow ng steps:
1. A nut ant anéthensitg anithenleaftwiered dissasg stateisnimdicatedof the first aspect of
the invention is used as a control (it has a given phenotype) for exanple,
avinrlence). 10 2. A conpound to be tested is mxed with the wild-type

m croor gani méu@a%lﬂimw%ﬁnﬁw&gﬁmﬁmf benfroduciriotally0 t he
environment (wmth or wthout the test conpound)” 15 4. 1f the | d-type

m croor gani intriperitoadally, intrmdapesly ortintrarasally andds ret(icued anarlgter treat nent
¢ iduces2Q hobE, Fiomy st UsHEAl OB U FS 418 Pl 1 aY che u3eBl de i n. ¢ he
particular ggmphR i Virulence genes identified by oral administration and those

identified by intraperitoneal administration as some genes may be required

to establish infection by one route but not by the other. It is preferred if

Salmonella is introduced intraperitoneally.

25

Other preferred environments which may be used to identify virulence

genes are animal cells in culture (particularly macrophages and epithelial

cells) and plant cells in culture. Although using cells in culture will be

useful in its own right, it will also complement the use of the whole

30 animal or plant. as the case may be, as the environment.

-



20 Wen the environnment is art animl body and the microorganismis a

pat hogeni ¢ m croorganism the conpound identified by this net h‘?%&ﬂ%@?
used in a nmedi canent to prevent or aneliorate infection with the

m croorganism 25 A tenth aspect of the invention therefore provides a
conpound identifiable by the method of the ninth aspect. It will be

appr eci at edotdsaresuses of the conmpound of the tenth aspect perspsSfozsm ated to
the nethod by which it can be identified) and in particular in 7 April
2003 wo 9s~i ~9si rcr~GS9sro=s~s 3|l relajgon to the host of a pathogenic
m croorgani sm For exanple, if the conpound is identifiable by a nethod
whi ch uses a Vitrigl f186 refpied I theéniiRmiTiede i€aCpardoft Uy aRimall by a2
bacterium which infects a mamal, the conpound may | x useful in treating
i nfection of aWitherak Igjverhahost-parasiteatntenartion, i nhumber)) of f diffeeentonpound

is identifiable by a nethod which uses..a vigrlence gene I _poi ypeptide
encoded thereb‘if‘,v‘%"&ﬁm‘g‘ ph ot 1&'}5‘!4%?&4‘3“5“%’5&&%‘ f'ifb%éﬂ'ﬁ:ﬁodﬁg may be
useful in trealdriOhbiofGutiPas He p?g}qr];at&{} by that fungus. An el eventh

: ! $ U

aspect of the invention provides nol'ecul e which selectively interacts
with) and Substantially inhibits the function of) a gene of the seventh

aspect of the jnvention ar. nucl ei,c _aci d, product, t.hereof . By. "nucl ei c
acid product t QB?‘lb%vQ?i'?@m’HJ m,‘usg%gﬁicﬁm)y"ﬁ%,"dt oMRe| bed from
the gene. Pref&hifon 8 i el LM BIvYatl f : 'Hﬁncand
substantial ly c% i n)m%'f ?@‘?h??ﬁ%f&%’f s%i dyg‘gnlg&%r@gg?ncfwhuc eic acid
product is an prefarstlyskdOtimeethe mmbstr of diffeseat mutanitsl introducad iinte.thé/br e
preferably, said, nolecule_is an antisense oligonycleotide. 25 Antisense

ol i gonucl eot i fdYirgnmest.ngFer sxp@mplee qwhen 2a; anifal d5 ippcwintedawithpd@0 i cal |y

bind to a oMy cl.al ' . Lodi. t e
appropri atlg F?rlggféﬁggréﬁtgﬁ{ée{"%gﬁd %W%Q%W h.géri'l' %ﬂmﬂﬁlﬂﬁ@ugﬁ’ ex iIs
formed. These mtridved andahéis markeODNA isotatedd " anti sense” because they are

conplenmentary to the sense or coding strand of the gene. 30 Recently,
formation of a triple helix has proven possible where the 7 April 2003 WO

961 17951 PCTI M%B j i i .to a DNA duplex. It was
found that ol ic%gﬁuc e%ﬁ%g%@%:;ggﬁé}%éggénggéés?ggﬁﬁg'es in the nmajor groove

of the DNA double helix. Atriple helix was forned thereby. This suggests
that it is_possible to synthesise sequence-specific nolecul es which

speci fi callfy A1) ndemovingauvsotrophsdaomithe plusality ebmwtants pragucedhinostepyr oove
hydr ogen bi ndié?? jtes. Cearly) the sequence of the antisense nucleic acid
or oligonucl eoff’de can readily be determ ned by reference to the nucleotide
sequence of the gene 10 in question. For exanple) antisense nucleic acid or
ol i gonucl eoti des can be designed which are conplenentary to a part of the
sequence showf6A) detpnmining whether the tegqsat:s%qtéﬂo instep(fd isancauxgtroph; f orm a
part of a vir (ence gene. 15 A i gonucl eotides are subject to being degraded
or inactivated by cellul ar endogenous nucl eases. To counter this problem
it is pos@0ble to use nodified oligonucleotides) eg having altered

i nternucl eotide |inkages) in which the naturally occurring phosphodi ester

| i nkages have botlelALpndi€&A).wi t h anot her |inkage. For exanple) Agrawal et
al (1988) Proc. Natl. 20 Acad. Sci. USA 85, 7079-7083 showed increased
inhibition in tissue culture of H V-1 using oligonucl eotide

phosphor ani datlefs desitables distinglizh aata@RotrjiH (thatas a%ut_ﬁﬂﬂﬁﬁ)ro&?ﬂﬁistﬂ\‘at' :

Acad. Sci. USA 8.22. 7448-7451 denonstrated increased inhibition of H V-1

usi ng ol i gonudvhieh j requires rgroptiv fattorsnet . neededh iyt the wild (Gypeopr thyoc. Nat | .
25 cad. Sgk. US, ~£r 85%? 7@0-7794 showed inhibitian of H V-1 replication in
both ear | y2i nPERIHEPAN AN, AJAIREE microrganismy wherein g, geq¢ allpwing the

nucl eoti de S ARSI SAISH té Cadabt qenucgﬂqhume SHVHORRENP! 31 Afkichvated &1 ther et
al (1990) Proc. Natl. Acad. Sci. USA 87. 3430-3434 report |nh|%| tion in

ti ssue 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.



culture of influenza virus replication by oligonucleotide
phosphor ot hi oates. 30 7 April 2003 wo 9s~i ~9si pcr~csgsroz~g Sgril 2003

A i gonucl eotides having artificial |inkages have been shown to be resistant
to degradation in vivo. For exanple, Shaw et al (1991) in Nucleic Acids
Res. 19) 747-750) report that otherw se unnodified oligonucleotides becone
nore resi to nucl eases in vivo when they are bl oc cHosrh 53 end
by cersgéﬁﬁgg%ping structures and that uncapped oIigonliglg"liveotlc#iéws
phosphor ot hi oates are not degraded ijp,vivo. A detailed description of the
H phosphonat e approach to synthesiziﬂb ol i gonucl eosi de phosphorot hi oates is
provi ded in Agrawal and .Tan 1990) 1Q ,Tet rahedr op. ers 31, 7S41-7544,

t he teachi |~1‘g§°‘0|“gampﬁﬁ %fr'gc ﬁ%‘?‘@b‘?“iﬂﬁﬁﬂpﬁ)? Q%Mgeggﬁh@"F&Mnce. ~ .
Synt heses Ol i ppr hfzlldr NGHviroRnRG t dhleOat es)
phosphoranﬁgégiggggﬁgggﬂgrgﬁ%sterg Bgﬁ?ggggaphosgﬁoranidatcs'g%d bri dge
phosphor ot imetisdd compriding vthei method af tthe Sirst aspecteafirthe einvéntianyal and
Goodchi I d %i$Z&ETea£ahsgfpnaE5 Letters 28, 3539; Nielsen et al ( 1988)

Tet r ahedr ofoli@¥ed pY the addigipnal sieper ot al (1988) Biochemistry 27, 7237;
Uznanskg et al (1987) Tetrahednvn Letters 28, 34Ul; Bannwarth (1988) Helv.
Chim Aua. 71) 1517; Crosstick and Wle ( 1989) Tetrahedron Letters 30,
4693; Agray® efisoldtirigleGhsertionallyhinattivatedigeneSor part/ifereal) frosdithe| 405, the
teachi ngs of which 20 are_ incorporated herein by reference. Qher nethods
for synt heindividuahmudantiselested iagstep G)possible. In a preferred enbodi nent
the ol igonucleotide is a deoxyribonucleic acid (DNA)) although ribonucleic
acid (RNA) sequences nmay al so be synthesized and applied. 25 The

ol i gonucl eptdtHess forcikolating at gemeidoviehininga wHigicmabker atavélEkhewrd to resi st
degradati on by endogenous nucl eol ytic enzynes. In vivo degradation of

ol i gonl@| ein thcart wfauoleclapbiajogiicl eot i de br eakdown products of reduced

| engt h. Such breakdown products arc nore likely to engage in non-specific
hybri di zation and are less likely to be effective, 30 relative to their
full-lengt A aHKrSirefrked ebodiment cbl‘ﬁFHQ‘és' me%ah&paatﬁﬁonaﬂstﬂm" 2003 wo
O9slt~si PGIlI GB9S| OZ87s 34 oligonucleolides that are resistant to
degradation in the body arid which are able to reach the targeted cells.
The presen

| | | epti des .can be .render ed i stant tq degradati
i vivo by @unstseliling o vl lar nicirapiim It FolrERnate wilici cor i de

I i nkag f t o [ : i by

r epl ac?'?lg %s é’t@“&%ﬁ%ﬁ%ﬁﬁ“‘ ﬁhﬁgifi n%ggg‘sag% ggﬁorm Fl}nkages t hat
may be usogarntithéned€ aplageober ot hi oat cs) met hyl phosphonat es) sul phone,

sul phate, ketyl) phosphorodithioates) various phosphoram dates, phosphate
esters) bridged phosphorothioatcs and bridged phosphoram dates. Such
exanpl es a i roahi : {aTh o | L Mr%bi r

i nternucl egﬁ%&ﬁg&gﬁ?gg&%ﬂP:ﬁar#gng{m_&ggg}ol or exlgi e) Cohen,
(1990) Trends in Biotechnol ogy. The synthesis of oligonucl eotides having

one or re qof these linkage ubstjtuted for the phosphodi ester

Ut er 2| e Molaeulas myweﬁi'ee §s of HSQ'Héh%P'E*'FBF%e iRTESeH nt het i ¢

pat hways f ; A I i e8¢ ; A 1 cl eoti de

| i nkages. @ﬁfggﬁﬁéﬁ%o F eggggﬁﬁbgﬁégggpﬁggpg?gh oﬁ%ﬁg&?%%@?@% y endogenous
enzynes byréfemmeeng” or incorporating simlar groups on the 5 or 3

term nal nucleotides. A reagent for capping is commercially available as 20
Am no-Link Ifs from Applied Bi oSystens Inc) Foster City, CA Methods for

rer' 19) *7 RHERE i dorathisfrid Winfrodteani balogniq b irdnblifadd ¢ © ¢ 2
88(17)25 75t 22RO, ist e viridetite ngéncofandhaC transpostier leddy beds Oligedr &6 ed herei n by

reference. 25 A further nethod of naking ol igonucleotides resistant to
nucl ease atnsegionallyfipactivadatheogans. ikis|qonyenipny fordhe vimlencegenped by Tang et

al (1993) Nuel. Aci 129-27 i pcor ated.herein by reference.
Sel f st abi ﬁ %M‘&ﬁ#@%ﬁ??%&ﬁﬁ&é"ﬁm fﬁﬁ(‘r Eﬁ%ﬁ“ ﬁﬁ%d“@‘r"?‘ﬂ‘@! N 1 Al
ends, 30 agdle@bdVini Step (@Y With & r&tAdich eAzyRE valsieh | cuts asid@ ke venom W 7
April 2003 wo ss~nst rcr~cs9sroZa~s 35 phosphodi esterase) DNA pol ynerase |
and fetal transpeson. ligatinphsizesfrattionated Di\&aaomtagnwtlmtmnspomn imomucl eot i de
does interfere in hybridizati.gn with conmpl epentary phucl.ei ¢ acids) and
ohar e ¢ § edasids and sEleRfing td dehrhelani bu R el eliitiade o b v vo
persi st~ectce of self stabilized 5 oligonucleotides with respect to their

| i near counterparts. In accordance with the invention, the inherent binding

specificity of antisense oligonucl eotides characteristic of base pairing is
enhancod by



limting the availability of the antisenx conpound td its intend locus irr
10 vivo) permitting |ower dosages to be used and m nim zing systagml 0003
effects. Thus, oligonucleotidcs are applied locally to achieve the desired
effect. The concentration of the oligonucleotides at the desired locus is
much higher than if the oligonucl eotides were adm ni stered system cally)
and the tweoopewsii c ef fect can be achi eved using a signi THQOE&GRING28TDWer

total amount. 15 The | ocal high concentration of oligonucleotides enhances
penetration of the targeted cells and ¢gfectively blocks translation of the
target nucleic acid sequences. The oligonucl eoti des can be delivered to the

| ocus by any paisncéOcctiférré®byaite (r@ispoSéiiland afbtsynihe plasatidonThé a drug.
For exanple) a solution of thé olﬁ’gonucl eotides can be injected directly to

the site or cevicrigorganisnygeadminy DNWA Ladjacenti¢o the s5ansposaaiissequensed The

ol i gonucl eotides al so can be.i,ncorporated intq an_i nt abl e devi ce which
Wneg pl aced aVSIPBAVAPLIMEY “f’b?“ i 5%’”5“’8!"’88%%*@&%3%%' be

rel eased int OaﬁJ‘ifw@é:rrgrgé{sWHﬂhfﬂgw%l se 13 theOpolgRikey! RQLenlRs GF'the MOSt

pref erably adm ni st via a hydrogel material. The hydrogel is
noni nf | amfat oplasmidtl Thedsequentad may behsubjeatedtorBNA databaseoseasehes itoown,

i ncl udi th made f t I d.30 thetj | | f d
embodi ment ,  WECRBIROl Beoipsposon fay insrPledos kb IuRE B Gmos10z675
Ao ae ] MGE doveniBiily seqlcite BBKihc YiRRIsThelhey B orfirsd dghise M 2

shaperetai ning semsolid at or né€ar body tenperature. Preferred
hydrogel are thel seqaencespresenyirethe publich availablesdatabasésisuchepeEMBIg uni ts.
The properties of the polyne re dependent on the nolecylar weight of 5

the pol ymer atd GsaBagk.g W’H;'p' the Htermepted seavedes RRCERIORS 1B

pol ypr opy{gne i i . i rom about
10 to aboiu 86@‘59&@?%% g%%ene“o%%&%ﬁ%?%@ﬁ&? c%%?{:%ﬂogg%ut 90% by
wei ght propyl ¢oe exdmisle By pphidgec PR22+mydipted! eransthisctignir g ethe coaseaiofis about

70% pol yet hyl ene oxi de and 30% pol ypropyl ene oxide. 1Q drogel s which can
be used are aYelmonsile) aﬂd)ﬁhfekaOfeﬁ‘ch{hﬂBAEF“Gérdﬁ?Mﬂbﬁ%ﬂ‘f“I\LJ, under

t he tradenane,P [ CH. [ i , e ] oled to a
liquid state %‘ﬁhﬁﬁ?gbﬁﬁ‘a{)ﬁﬁ%{z@e ie'ggs a{rsgmg(f%égodﬁ %‘%E ggﬁlﬁteérﬁ gﬁﬁ% to a
concentr at i onsezondirgUinutatibh. Ng ol i gonucl eoti de per gram of hydrogel. The
resulting nixture then is applied onto the surface to be treated) for
exanpl e spraying or painting during surgery or using a catheter or
endoscopi ¢ pr . i t tAighd fornn a gel,
and the oli go‘gﬁu‘gﬁ‘gg’ﬁ%{iggs‘ﬂélpﬁﬁlggméu ts(#?l?ﬁie gfgl ori'ilg% })&'P&ig@éﬁlﬁl%&}ﬁ%l ng cells

over a peri odviglilehtéBeriéefin B fflcrobrgdhisni deponds bn demanbdriofigents inftke gel . The

ol i gonucl eoti des can _be adm ni stered_by neans of other i rrgl ants that are
commerci al | y genameof theomicrearganisey Far example; iris likely that 3p89-50Q0 i ncl udi ng

e of b, odelPLATEEPLSAReRPHa PP sled Y of Feeredn SRaG B MRIR 0, o °
pol yt act 120 acthé majoritglof Hisitenck gefics Whareds fompaspergilins spp., acliich tas | agen. and

protein polyners, or non-biodegradabl e materi a@ such as et hyl enevi nyl
|

acet ate | EVAc} larger rﬂOI‘W}}F than-Salmonella.nground 20; 00 mutants,are serpeneder i vat i ves
th f b d to,.l | del i h i | eot,j Th

ol gonuct oot | ARBTEmatLy A% of hefarashiR £ o5p iz Hu? SIS Skl 0 17051 37
pcrrcs9sroi s7ge required for virulence (Grossman & Saier, 1990) and, if so, the .

ryphimurium genome contains approximately 150 virulence genes.

25 However, the methods of the invention provide a faster, more convenient

and much more practicable route to identifying virulence genes.

A third aspect of the invention provides a microorganism obtained using
the method of the first aspect of the invention.
30



material as it is polymeriud or solidified) using nelt or solvent |,
evaporation techniques) or nechanically mxed with the materialz Apsil 208
enboli meat) the oligonucleotides arc mxed into or applied onto coatings

for inplantable devices such as dextran coated silica beads) stcnts) or - _

5 catheters. The dose of oligonucleotides is dependent on the siu of the
ol i gonusveed/i?oe;s and the purpose for which is it adm ni $cefcEdsnigis general )
the range is cal cul ated based on the surface area of tissue to be treated.
10 The effective dose of oligonucl eoti,gie i s sonewhat dependent on the

| engt h and chem cal conposition of the oligonucleotide but is generally in
t he range of 0, - ~ C | fiet ti e surface
area. The o|s1“3‘§n‘ﬁgc‘i’§§¥é‘§'e§'q‘ong? g%fggﬁn?%ﬁg?g% gdﬁ{uocl ﬁ%e’s lS’gtg ftgn?s@?/kst emcally
for 1 S bot Ibeidjeaddpted te sarviveinog pytitalarenyviroparat. The ol i gonucl eoti des
may be adm nistered by any effective nethod, for exanple) parenterally (eg
i ntravenously) subcutaneously, intramuscularly) or by oral) nasal or other

means whi ch . perm . the. oli ucl egtiides.to. s.and circulate in the
TS o R eferkl AP €8t RBRERE AR T SRl i, "
preferabky aupyigeVeR an lﬁ@ﬂ'érgﬂﬂisﬁ:o (eR¢irbAnemy Tand,StAr QHe Olchgonyc! eoti des,
but also have utility in the absence of local admnistration. A dosage in
t he range ofmicraorgatusats that are pathogeni¢ Gocanimalsp qrartictitarly snammials; t o an

adult human general] i1 L be effective fqr, thi I pos 5 wll be
appr eci at ed "?‘Pf&t Pf’ﬁ@\é%yeh’ﬂf‘@gs'ofhet mwsﬁgm%fwlﬂﬂ%ﬁ#nﬁ‘&r e useful
| n {reating ifentioR iy B9 @RM iraCeidcitk. CAVRE dnidind i SARAGR! Gl S T om
whi ch the said gene has I

been isolated, or a close relative ol said

m cr oor gani therefdresexpetted taibd suitable foe administratiarn to atpatient3bullitis. a twel fth

aspect the invention provjdes g nol ecule of the_ el eventh 7 April 2003
oo ger i 185, °§B°%‘r§‘gé‘c‘,1b°cﬁ""[gﬁ%‘°i%a

thirteenth aspect of the invention provides a nethod of treating a host
whi ch has, or is susceptible to, an infection with a mcroorganism the 5

met hod conpilnsa ifgrthemiprefenedi epbadinehi ahd ipathogenicnmicrborganidm cndte accor di ng

to the el eventh aspect of'the invention wherein said gene is present in
sai d mi cr oodapted #9) susvivg i ddest erganispy ehtained dynthe, msthedsiafnthe By
"effective . fch ant j.al e s 10 or
anel i or at es%&%ﬂf E%P{W“E;b%ﬁ b%lgrﬁ@?%gﬁﬁfa *W%Want whi ch
may be L§fe ney, o Ekpreed af Antigenic lepitope IfrdmanmeePheiogdn.t IPhis

phar maceuti cal  fornul ati ons of the noiecule of the el eventh aspect of the
i nvention f &odified migroqrganismcantach as aiaseine fop that othes pathogent or nul at i ons
conprix the said nolecule together with one or nore acceptable carriers.
The earriec(s) nmust be "acceptable” in the sense of being conpatible with
the sai d nolAe€surth alpdcoof ithy hiveh@on provided a dfibotgdnisin dompriding &CI pi ent's
thereof. Typically) the carriers will be water or saline which will be
steril e andnpitadomin A gens idemtified msingithe owethasbefthe secondsaspectcofithed i n nore
det ai | %@ Exanpl.e 4 bel ow, 1 have found that certain virul ence genes are
cluster i ANS¥IBnel | a typhinruriumin a region of the chronposone that |
have cal |l ed VGC2. DNA- DNA hybri di sation experinents have determ ned t hat
sequences 25 honol ogous to at |east part of VGC2 are found in many species
and strai ns ThusSaltheugh the microerganisok ofrthethird aspeqtiaf the invdritioards Shi gel | a

o conser velsybhol isPrRIGmed if & SUANRcR SPeCHAl R INPRRWEL MR WE wni ch arc.

virul ence gehaifielt g'bﬁc_beln"e,y efebRd emgwﬁ,l,&ﬂ't ‘ﬂmga‘ilﬁ whégreweal nonel | a
30 species and. if present, eduivalent genes in other enteric or other
bacteri 3 Migpoorgameaais 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 proeédurcs 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

VS Fi§e QA RIGIECHY.C HBRIUNE FESPONSE~cSsOsro~rs A

-



wo ~nmBsi 39 will also be virulence genes. rcrics9s~o~rs: \Wether a gene
within the VGC2 region is a virulence gene is readily determ nekpfropo3
exanpl e) those genes within VG2 which have been 5 identified by the nethod
of the second aspect of the invention (when applied to Sal nonell a

typhl muri um and wherein the environnent is an animal such as a nouse) are
vi rul ence wWo®res9sVi rul ence genes are also identified by nBRT/GBISH2T8t at i on
in the gene (preferably a non-polar nutation) and determ ni ng whet her the
mutant strain is avirulent. 10 Methods 2y naking nutations in a sel ected
gene are well known and are described below. A fourteenth aspect of the

i nvention proveg6mbinatio €S intEbdce ithSalutatival into theptdpyLof ther geine dn jiee t
thereof) or a variant of said DNA or a 15 variant of a part thereof. The
VGCZ DNA of Sashemel ofatheymierearganisi i s depi cted diagrammatically in Figure
8 and is readily obtainable from Sal nonella typhinmuriurrr ATCC 14028

(avai l able fromthe American Type Culture Collection, 12301 20 Parkl awn
Drive) Rockvi IFigh svdr sikndpadiS bR ineiadentitnptovideasivigBleridroorgiplm Publ i c
Heal th Laboratory Service) Colindale) UK under accession no. NCIC 12021)
usi ng the Bnf dormuse dm apvaseingcand s vascinepeamprising @ suitablel mjcrpergapisnder i ved
fromthe sequenges shown in Ei qure 1 and 12 may be used to identify ~
clones froma I%m? '%‘fﬁ?ﬁ%&%ﬁﬁc 25 library. Standard genome
wal ki ng met hods can be enployed to obtain all of the VG2 DNA. The
restriction map shown in Figure 8 can be used to identify and | ocate DNA
fragment s froThéuitabRymiqraotgaaisnt iscthy@fisremisintiariedSatinmest! shatant:phi r nur i un
we nmean any 30 DNA sequence which conprises at |east 10 nucl eoti des.
preferably at feast 7 April 2003 WD 96117951 PCT/ GB9SI A 875 40 20

nucl eoti dgg, : PfEHEPL | J referably
at | east %80 nmljc ggﬁesg a%dgﬁn%g?ag%'gggpabl y at l??ﬁéfﬁg@gur‘fuc eorltoi des of
VGC2. A parti anorerthytant microosganisanstaroprepared WHAR ibhianogerit orsadationce shown
in Figure 11, or a part_ thereof. Another 5 particuyl arl referred part of
the VGC2 DNA icontaiping syitahle adivanss and wﬁéﬂézénwswé?q theipatign

Advant ageousl f . 1 n ' P reof . 10
Genes can be %‘ée%&%ﬁg{a&ﬁ)‘t h?&ﬁ?%%%%gpgﬁggyﬁs ugl?iss?%h‘g an@fysi s of
t he opendr ead:ciu@rﬁpht‘mﬁuﬁno.gnaﬂmlh Hgiepﬁdf),gheﬁkdcme\mew t09694@.;| Il:‘.P 1f ban
open reading fra IS qQre r an ahout, | 00 gcodons jt i ikely to be a °
gene (alt nggﬂseﬁs‘"ﬁ?ﬁ?aéf %M“WH"‘&?@’RH mepﬁﬂséﬁxgﬂbn r eadi ng
frame corresp £.h I i (ofaTel i O : 15 be

det er m ned exgiegglﬁ‘ge%lfgl 9‘?9%’??@ Q%’?I’e‘?éyg&%gr ?ﬂ(s)f &tuﬁlté EN% co}srcggz)'ondi ng to
t he open readilip@sémasiEPluronid polysisbralie Ribirndjuvantsysteno(selcfor ckiiple bl ot to

det er m ne whet her rrRl\@ i s expressed which h br'%i ses to the said DNA,
| (e

al ternati vel y @B-Arddl83 LAl | Pluronigalsi HRegis rade Matlee d erpagetthe open

readi ng frame 0 L he i of the

m cr oor gani smtgdmrjf ‘E@ﬁag{%(??ng ﬁ?éue*“? retEque %@2%%85@%‘?&%3@%%%5 t he open
readi ng f 2enme cagsadeby adeirilenefagminet thivbrhisestrgardfismdent i fyi ng genes within a
DNA sequence arc known in the art.

The aforementioned avirulent microorganisms of the invention or a
formulation thereof may be administered by any conventional method
including oral and parenteral (eg subcutaneous or intramuscular) injection.
25  The treatment may consist of a single dose or a plurality of doses over a

period of time.

Whilst it is possible for an avirulent microorganism of the invention to be
administered alone, it is preferable to present it as a pharmacc:utical

30 formulation, together with one or more acceptable carriers. The carrier(s)



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 aspect7 @il D603

i nvention. Thus, variants of VGC2 DNA of Sal nonella typhimuriuminclude .
30 equival ent genes. or parts thereof, fromother Sal nonella species, such
as 7 April 2003 wo ~t~9s ~ pcrrcs9srozs~s 42 reconbi nati on of the nutant
gene i wossiimsehr onosone. This approach is conmonly userci/cBE3atsmnel | a (and
can be used in S. typhc~) and further details can be found in many papers,
including Galan 5 et al (1992) 174) 4838-4.349. Still further aspects
provide a ux of said nutant nutant bacteriumin a vaccine; pharmaceuti cal

conpositio f‘q;gm' eBAbR2I [ PRBIeRGTRN the glinteRCCEPt abl e
carrier; an'f)‘g ypep%crdgg enco@e e%&/ﬁ%wmpof Sal nonel I'a tggﬁi murirun or -
a part thermidrporpanzm ofi thet invendopant hdte deleferions ntet theed redipienent i f yi ng a
conpound whi ch reduces the ability of a bacteriumgfo infect or cause

di sease in tHere: ;%XP theqcarsiers will in walsy %"a?’é‘%ﬁ‘!b‘g‘, “aﬁrﬁﬂ ecul e whi ch
sel ectivel yl- i and substantially inhibits the function of) a
gene in V(Iﬁé@tfe%ﬁcn@f)&%wpercbduct 15 thereof; and nedical uxs and
pharmac@guti cal conpositions thereof. The VGC2 DNA contai ns genes which have
been identified by the nethods of the first and xcond aspects of the

i nvention d¢ will be apprgeigted that the vaseincinfcthe iinvaation; d ingenrits| ocat i on
(although identifiable b he 20 net hods, of (Y d second aspects of
the. | nvent iBferoo B sabpaint JopLBe sseli it Pfids drtyniEmagiEtgy 200 V° o
the fourt h)a,{di,;étéﬁnﬁ'?)qhgdicﬁ*gnt h, eighth, ninth, tenth, eleventh, twelfth
and thirteenth aspecfs of the invention and) accordingly, the information

given ~in relation to those aspects, and preferences expressed in relation
to thogsge asRects. appli.es to 25 these further, aspects., It is.preferred if
the gord | OPFS GRESFARY MICkORTRANANIE TG Knogi in e B AimAACFIbASC cs of

Sal monel | & ypdbiaSariimalld The! VackineB'dtf (e indentiont Whél cafaidifg ! | UM s a S,
typhi muriunr mutant or a mutant of another 30 species of Sa nella such as

S n~phi.  appégpridte A0ivGlentmicrderganism, Papscubaiy-aviddeht bacterbahj sreed t hat at

| east sonme of _.the genes in V confer the ability ,for_the bacteriun) such
as S. typhl"ﬁﬁﬁad Man, b P‘[C!f?qrs‘?“ﬂi%cvi RN tSPEFP VI8P, h%be‘f%scri bed with

reference tpaqt fald gV la?ﬂ%d j I Jhmed | QUr e 1
illustrates iéalgsr'aﬂmcrlﬁti ca sgﬁg%g‘r?tﬁl cu'éﬁ%%f@dgrg?gg #&?ﬁod of the
i nventildn. 10 Figure 2 shows a Sout hern hybridisation analysis of DNA from

12 S. typhiguriurn exconjugants_follow ng digestion th ECoRV. The filter
was probed Sgventh:and qighth aspects ofthe dnvention peorade a SFH%OLWIWS“'& ansposon.

Figure 3 s ol e ' ‘ 48 S. 15
typhl nuri u%‘\é@%@rﬂ?gi&%g{‘s"“ P ?‘tgﬁ%%%éﬂ # F’SNF hgig?ﬁ%grﬂo%/%&gg EP%WG) The
filter was therebydi sed with a probe conprising |abelled anplified tags 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 nuri um exconj ugants
of a nh@r otg.d r |6 < [ L0 i,01,0 . Replicate
o2, 18 55l i W Uy e DA e

polypeptide but also regulatory regions of DNA such as regions of DNA

that regulate transcription, translation and, for some microorganisms,
splicing of RNA. Thus, the gene includes promoters, transcription
terminators. ribosome-binding sequences and for some organisms introns

25  and splice recogaition sites.

Typically, sequence information of the inactivated 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 primer. The derived

30 sequence or a DNA restriction fragment adjacent to the inactivated gene



anplified tags fromthe pool (inoculumpattern)) or with labelled anplified
tags from DNA isol ated fromover 10,000 pool ed col onies that wesgrrggavered
fromthe spleen of the infected animl (spleen pattern). 25 Col onies 86) A
11 and C8 gave rise to weak hybridisation signals on both sets of filters.
Hybri di sation signals fromcolonies A3, C5) G3 (aroA), and F 10 are present
on the i neggygspgiat t ern but not on the spleen pattern. Figgticnososhows the
sequence of a Sal nonella gene isolated using the 30 nethod of the invention
and a conparison to the Bscherichia coljg cl p 7 April 2003 WD 9611 7951
PGT/ GB9S~I ~0?87S 44 protcasc genone. Figure 6 shows partial sequences of

further Sal no %?ﬂét k0.0 t ‘ < t4 (SEQ I D
Nos. 8 to 36) qﬁ?@?gﬁ%@ S omﬁqmd@ngbﬁﬁﬁdggf@gfgﬁ%ﬁl@Fldeé&‘g.?ﬁryp i murium
chronmosone. ( AjolatAromabesdldityperotganism,r theiconespondid@ ildetype gemel | n Sout hern
hybri di sati on analysis of lysates froma set of S. ryphinmurtumstrains

har bouring Locked in Mud P22 prophages. Lysates which 10 hybridised to a
7.5 kb Pstl fn i i 2 8 Whe 0 L. i WO probes
used hybri di selgngomcﬁéerpés&;Brg ﬁ/s&bgsﬁ&%@? mi'f%?grt. ona_g&(;clrn%%ﬁ' g packagi ng
di recti ons5of cohiditiohsde caseresthattheageney and trot tahrelative, [i9 obtaims. i Bym nut es
(edition V111) ref 22 in Exanple 4). The phagc designations correspond to
the fol | owi ng “stringent” wsmmﬁgsmzméﬂs@,scam&e;pw,wmmgw 19Q

TT15243: 20P, .TI15246. apd 20 dT1 i -4 ti f
mapped genes e\ B“E‘Hﬁaﬁg@y“ﬁoﬁ%m’gf‘ﬁgﬁ&%%ﬁéﬁg@pﬁ‘é&%‘#ﬁyﬁ% g?i Io(rjlgso?
ot her genes arrﬁcic@;ﬁh&ﬁhﬁlépg%g ifisolatich ahd e immbbifisePgerm/RytiRiigd ¢ map of

VGC2. (A) The positions o transposon insertions are shown above the
line. The ext gnobeiis v@shed sn ilaliix 88€dath$S 1 G for HOcrim. | $$€.isThéSMsi ti on and

di rection,Qf L pti of s described in the text of Exanple 4 arc
shown by Aﬁroﬁ’ﬁ@@#?ﬂﬁff’ G-t ogether with the nanmes of simlar genes,
with the 25 exception of ORFs 12 and 13 whose products arc simlar to the
sensor and regul atory conponents respectively, of a variety of two
conponent regRrefeored probecsequencis fﬁh@lomnatﬁdz‘mmlaomkmmn@scmnes and an
EcoRI | Xbal res&ri ct.i cip fra%{rﬁ_g’t from M PZZF%r gpntia e strain TT15244 are
shown as fil| S80WRAB F1gHecy 0 8pd despribed I RXaMRle Gnos which have 30 been
mapped are shown and the clones may extend beyond these Limts. i EO SHEET
(RULE 9t) 7 April 2003 wo 9snr~st pcrics9sro-rs 45 (C) The positions of
restricti df silhes particutaxtyk posferfed Bebiadiment the Salmonsllabviralencd-igendsndl | 1 ; P)
Pstl and X, Xbal. The ,positions of the 7.5 kbsPstI é_{rﬁgmﬁnt {prabe A) used
as a probe i nCPMPESE heasrAueAcs sBewppip Figures, Spang 94499, fes M8nt (probe
B) used as a ;g,?g%m. Figure 10 are _ 5 shown below the restriction nmap.

The positions o equence 1 (described in Figure 11) and Soquence 2
(described in Figure 12) are shown by the thin arrows (Il abellod Sequence 1

dS .~ Fi 9d ib i th dar i f vGC2. (A Th
posi t1 one. 10 3 THEERIEGTAE it foh ATe Bhoss oBRSAgHURCOERt Bepartsy
chr ODSOMD0A" G khid ¢l cHialhel RAURR! (850CHR0 KA A FRfurtDE) Joa wgphi rnur | um

LT2 chronosonme (m nutes An expanded nmap o GC2 region is
shown with 11 asd whiphihave been idéntified bytbe methodwofithe second aspest ofthe (t hi ck
bars) and the.restrictlon sites uaed t.0 energie &ggm I%ngm-ﬂ; C 15
Clal; H, H ndPfven@enKyhiic sqquepces shown IRSHFuUrSs, 4! 4nd 44 4re dsBKat
hybri di sed to i ! Lavel - those
whi ch fail ed t@%ﬁ?%@"@?@”‘?ﬁ@ﬁ%ﬁ@%@l @?ﬁ%?@‘%“ﬁﬂ%@%ﬁ& VGC2 s
conserved anprfusterd2 YMGC2), c The pdsitici0ofSadansposodn drsertismsoaxiecindiddtetir om
Sal nonel | &ﬁsero.va,rs and ot her pathogenic bacgterja was ,restri,ctled with Pstl
I

(A), H nd Jyithip skesqquenee, @nd these trapspasen MSERIONS InactNate & WBHEES anal ysi s)
i 2.2 k . ! t ~ : be B
Fgure 2y Thaclerihd Yt hé b BRIED ad oBiscutcd Bord ety Behe MR 02

non-stringent paftiddidr o Esthinplen4, wheuhe nethod bfule sécondNApsadefethee of
"Sequence 1 " of VGC2 fromthe . )
invention is used to identify virulence genes in Salmonella tvphimurium.

many of the nucleic acid insertions (and therefore genes identified) are

30 clustered in a relatively small part of the genome. This region. VGC2.



centre to the left-hand end (see the arrow | abel |l ed Sequence | in Figure
2). The DNA is translated in all six reading franmes and the staApriand0o3t op
30 positions of putative genes. and the transposon insertion positions for
7 April 2003 wo ~i ~si pcricB9s~o=srs 46 various nutants identi Red by STM
arc indicated (SEQ ID No 37). As is conventional a * indicates a stop col on

and st apRedieH %KlAl eoti de anbi gw ty codes are used where pegessddrs O Figure
12 shows the sequence of "Sequence 2" of VGC2 (cluster C) (sec the
arrow | abel | ed Sequence 2 in Figure . The DNA is translated in all six

reading frames and the start and sto posi tions of putative genes, and the

transposon | nserii k] ijaﬂé ﬂg,q,% 10 STM arc
i ndi cat ed (@E&"P{)o r&@%{lédﬁg%nésgg}h\\égh*s onal a l|8‘r*1’d| ca gs a stop colon and -
standard nygvestidgle anbi guity codes are used where necessary. 15 Figures 7

to 12 are nost relevant to Exanple 4. Examiale 1: Identification of
virul ence genes in Sal m)nel la 20 Materials and Methods Bacterial Strains

Type 25 ul T EctboLed B Bamtdodiof 1 fbenBas SanBLatlr el ibdom the
Nat i onalg %itﬁﬁfe‘ﬂl{h@éﬂTMS%E%@ﬁ@m&Nm bE’Ui&dﬁ Jd@éidahcbmr atory

Servi ce, Col I ndal London A spont aneous nalidi xic acid resistant
mut ant of tkiosvrs ttecliniqées] 28proptidtelynvaodified dnedtiewn ofuthe oachingsr y. Anot her

11150, e Sson A S
PC'Ia' 3 GB93J %ngﬁ%&fﬁw If(%g:ell‘fﬂr f%%gsllz&p%d ar gé‘?in%h recAl, ~plr

phage | yso?’i;ﬁﬂdcmé invdéntion ptSuchreghniquds)intlade tlwse disclostd it RP4;

2-Tc: Kmln aplr ) were glfts fromKenneth Timms. E. coli DHSa was used

f or préQagzﬂS tantdN 5. (A4 85Brusved:3 A psil k984 to Rutterier 4/.4.838)908| asni ds 5

7000y waeiskyeh 2 I LSRY dpWelshal 4 RAMOO ks PHS, Apeil 1985900170 © 21
tags and | qUawl10as6790063 issted 30 dutd FI87 @Maslokr al, 4,678,751 issued 7

RTI (5' - CTAGGTACCTACAACCTCAAGCTT [ NK] m AAGCTTGGT TAGAATGGGTACCATG 3' ) (SEQ ID
No 1), andJphy m&tqﬁowd.mwﬁmt@q 198F o Itakygs epnl, P3

(5" CATGGTA AAC- SE P4 TT, (}CAAGC—B )
(SEQ I D No%gg (’é Q?&M&?MEQ"%M ver e

synt heg5zeq 988 3 TYaIe S lep @l 41966,!)'75 *iﬁ%béQB Aé?ﬁk 1988 &b Q‘fdé&&&”&) nodel
380B). Doubl e stranded DNA tags arod TromRTI in a |00 pl vol une
PCR cont ai il repd1 458 HiV64§ Gssued5D Mmhcﬂ?s rtd Swlkexd nlli of whichrarg. 0) with 200
pg of RT1 as target;.250 icM each dATP) dCTP, dGTP,~ dTTP; 100 pM of 20
primers P3! 5%?98‘%!?8"2 % gqmlfﬁpl itaq (Perkin-El ner Cetus). Thernal
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 4t al, 1989)) passed

t hr ough an 'l&ieuD'NbD a(dodmg tlees polyplptidef comtﬂniﬂgellmheompodnd-dfuhb) and

di gest w,t h | or t. egatiQn into 18 pUTm ni SI C-n2. For
Iegatl s ipve ?‘bé&" ﬁ"\ﬂPFH' mmél@[‘éemm:ﬁr&fat ed with

cal f intestj " R ﬁ%@ﬁ %c?bnliﬁﬂ} bN&aiiFg&herliasm d

nol ecul es we'?ga%%dﬁpg'r@??egﬂ n‘gr ook et a I98($’9n prior to Iggatl on to
renove any upemtﬂaaiatumcnftthpllmsmthc Bmlnér ofrthmmtmdgeuon ofithd BINAi on

reacti ons cont ai ned aparom mat c| na?neach of .pl asm d agd doubl e stranded

tag DNA i niatoshehost, apd whetheriep op tenance or integration is desired.

25 Generally, the DNA is inserted into an expression vector, such as a
plasmid, in proper orientation and correct reading frame for expression.
If necessary, the DNA may be linked to the appropriate transcriptional and
translational regulatory control nucleotide sequences recognised by the
desired host. although such controls are generally available in the

30 expression vector. The vector is then introduced into the host through



30 unit T4 DNA ligase (G bco-BRL) in a buffer supplied with the enzyne.
~lHEb St~T (!~IE 9~t ~ 7 April 2003 WD 961179s1 48 pcri cher%A;p"rﬂzom
Legations were carried out for 2 h at 24C. To determ ne the proportion of
bacterial colonies arising fromeither self |egation of the plasm d DNA or
uncut plasmd DNA, a control reaction was carried out in which the double
stranded t WP ®NMSIas onitted fromthe | egation reaction. TREHGBHSBIIA®RI no
anpicillin 5 resistant bacterial colonies follow ng transformation of E.
coli CCIl 18 (Sanbrook et al) 1989), conpgared with 185 col onies arising
froma Iegati on reaction containing the double stranded tag DNA. Bacteri al

Tra~t sf' or mat eoslarifagd Réshnfires.1 (Gereeally, Qb allsofothe trsar will be gainsformedet ween
pUT m ni-TnSKn2 and the double stran ed tag DNA were used to transformE.

coli CC 118 ( Sdibthsoxectar. aiTherefers) it will bsa!ccwa!arpﬁﬂ M@éltwi

Lo transtorm E“FC%E G TOR Sefbeffor ol Ihidiod TncdrBORRURE, RE 2, 120
experiments, ssith VeRESrON DINA e&ﬁnﬁ& Gofth anp néddssdry dontrob kleftients, col i

S-17 7~pir trans ormants) and St muri um 12023 Nah”wer e cul t ured

separately $o athabq:ndesd'or qmbmble(m) npﬁmftra_nsﬁonm epllosyclyas andbiotic| t ur e
0.4 m 5 i d filt M | |

oo ane (0. 45 Tesinianee-q; AlmaRy ey i gk 20 sogts aelpciablk degll Gnbeltp ( ube o

agar contai ni NGyrleherdekctor| thélpfseﬁﬁﬂ t&c@ﬁﬁsﬁnnl&ﬂddesﬁ'ed hoscedipt ed at 37C

for 16 h. The bacteria were recovered by shaking the filters in liquid LB
medi um for 40 mn at 37C and exconj ugants were selected by plating the

20ai nst the. doriBpetARe hak FEve, Reprcitmstarmd oy s Aesanbinadt BUA ol o7 Crc
reci pient gy a'xﬂi'el?d%%ck'rceiﬂ‘eﬂﬂd:dlﬁ?éﬁ forog sﬁl"ﬁ&&ﬁ%ﬁbﬁ iﬁdaﬂﬁde‘?ri lggﬂprﬂﬁé' di xi ¢

acid resistant kananycin resistant (kan~ colonies to Conkey
Lact ose i ndi catanndltmllsuhlc(Wm tdlthosenglulleth xbehwmm ifE. view| of ahtdtéichmgs

of "the nal ) kAEIeSHRRTED oPETbecrARrEHAD Bbiiarpolypettkey WHER E88 | ng t hat

t hese resul ted lle Fubd\erdd.C RECthIEO SHEET (RQ(, E gt~ 7 April 2003 WO
961 19951 49 pcr~csgsro S transposition events (de Lorenzo & Timm s, [994).
I ndi vidual ampicillin- , sensitive exconjugants were stored in 96 mell

mcrotitre dishes containing LB nmedi . | gng, t erm s§ or t '80 C,
either 7 %l 3\/5 AManpy £3PORSEOP SYSLEMS A 'lj‘Fﬂ\YFquS!}'q‘FS P%‘%&*%mxgmpﬁ ﬁhenot ypi c

charactertsatl g HisSs titre

di shes onto sol‘%b rre?ﬁum COM@W@%@?%%?%W%%%% rook et
al) 1989) to i diélatehtousFuagix@or exsntple Mspergilfus)y plant cslish anmhairc;:llmud)hol ogy
were detected hy | ow pagnification m croscopy of colonies on _agar plates.
Col ony Bl ots, Dﬂﬁ?%)@?ﬁgcti ons, PCRs) DNA | abelings acrd hybridisatioru 15
For col ony bI ot hybridizations, a 48-well netal replicator (Sigm) was used
to transfer exconjugants frommcrotitre dishes to Hybond N nylon filters

(Amersham 20K) Thawvediofs ichuidePs grokhrpotid FeplizonS aech @ thBCalEY ofpfbai ni ng 50
~g m'' kananycin. After, overni ght i ncubation at, 37C) the filters

supporting t he BrapagAtion)inaqrekaryateyeyen if dhavastoris to be need for cxprssion
in other, non-prokaryotic, cell types. The vectors can also include an

appropriate promoter such as a prokaryotic promoter capable of directing
the expression (transcription and translation) of the genes in a bacterial

25  host cell, such as E. coli, transformed therewith.

A promoter is an expression control clement formed by a DNA sequence
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



20 tenperature for 10 mn. The bacteria were lysed with-0.4 N NaCH and the
filters washed with 0.5 N'iris-d pH 7.0 according to the filyey 2003
manuf acturer's instructions. The bacterial DNA was fixed to the filters by
exposure to WV light froma Stratalinker (Stratagene). Hybridisations to
"P-1abel |l ed probes were carried out under stringent conditions as

previ oUgloeeadesdescri bed (Hol ders et al, 1989). For DNA god/&issva#iRs) S.
ryphirrcuriumtransposon nmutant strains were grown in liquid LB nediumin
mcrotitre dishes or resuspcnded in medi um fol | owi ng growm h on solid
medi a. Total DNA was prepared by the TWexadecyl tri nethyl amoni unbrom de
(CTAB) net hed accarding. t usubel et .al jefly, calls fromIl50

30 to 1000 i‘&'l' '”Sﬁfﬂ%gpm%’fcggﬁ"bf’%&%B‘cﬁbﬂg&ﬂﬁ'{ugati on and resuspended -
in RECTI FI ED SHEET ~R~E g~ 7 April 2003 WO 961 19951 PCT/ GB9510?. E73 50
576 ~d TE. To this was added 15 ~| of 2016 SDS and 3 fd of 20 ng nf'

prot ei nasc Aypidal qrrokanyotiat vactpraplagmidsf are pUGSE, pUGH,~pBR322 anl NaCl was

T A Oy S o B AU S
m n. Fol§owhra g had pKKR23L3 Eﬂﬁﬁ%oxﬁ'ﬂaﬁhﬁ&Q'PﬁE&tﬁW&omLUSﬂe DNA was
\évg by adél tP i ’ % et hanol

preci pitat on of 1sopropanol) washed wth 70 and
tesuspended in TE at a concentration of approximately | ~g |1 O The DNA

sanpl es were subjected to jwo rounds of PCR.,tO rate, el | ed probes.
The first PéR tRisahemammalin; gelf gvector M‘ﬁo%%&gﬁfaﬂﬁdﬂgﬁzm Tris-d pH

8.3; 50 mM x = 0. : woegr,:3Q; 0, dCTP)
dGTP) dTTP; @LE“%?%F{M s#Yg&‘Awn??fzi ﬂgq ‘g%‘gy nee@'e{gcel'?’é’(e}r Fﬁ%NEF’anegr"@:tTg%) T10 ng
each primer pismesed o drived ekpresgod Soft aloned gdwes, Ahé chiighesti level af
denaturation of 4 mn_at_ 95C thermal cycling consisted of 20 cycles of 45
s at 508 1expressionbeingfoundan T antigemproduoing ¢alls dsuchasEO8-kbegllsact ed wit h
chl orof ornmf i soanyl al cohol (24/1) and precipitated with ethanol. DNA was
resuspended in 10 ~1 TE and the PCR products were purified by

el ect r ophor aq éxdniple W¥FAndindudibRomananialiafl ékpfekiibn 2ecror B pMSGURES) gel in
TAE buffer. Cel slices_containing fragments of about 80 by were excised and
used for thavailablsfroncRhammacia, aﬂus vegtonwusesdhe glucgcodicaidrindweiblecl t ot al

vol une) and_contain 20 MM Tris-Cl_pH 8. 3; .50 MM KC| . 2. nV ; 0.01 %
Tucen B0; " SBFORPEE A TPt ajriRay Bampy? Vil JOHe-iermioghsthest iAo
Amershapy ; dfVe RapRASIdnlof thB cléied. gefie. and P4; approxi mately 10 ng of target

DNA (1-2 ~1 of 1.Db% Seapl aque agarose containing the first round PCR
product); 0.5 units of Amplitaq polynerise. The reaction was overlayed with

20 PI m il dth I | i f i bed ab :

2 ! e i e PO e R SR s TR B340 S a0,
Whi t man DE8JemaRRy ataifiblé fokh Sthatdferd QlodRdVystemsFCaTolth, CAigdo37>: & ~ 7
April 2003 Wo 9sri~s t S1 Injection Studies PCIl G89510287s 1ndi Vi dual

Sal nonel | a E8don; RjasmidscpRE4OTi pBSA04g pRS40anamb pR8AOGe age gYeash in 2%

trypto | 96 yeast extract), 0.92%yVvIv glycerol) 0.5%5 =PQ,, 1 % KNO~
("1 me@ft ung, sa&z!l’ﬁ) ‘1‘98'?5”@8"%? ?P%Y asf S °5‘I39[22§' ni ght at
3?C. A neta PlyER, or[q@f tr a I he

over ni ght ct’l"?’ﬁ'r es tid a resmq{:%{'i trapgﬁ%ﬁ@tsepgﬁgi?ﬁgecu u?éeas?iwere

i ncubat ed aCefit6men¢ plashitids (P€ps)Y measured using a Titertek Miltiscan

mcrotitre plate reader) was approximtely 0.2 in each well. 10 Cul tures
fromindividual wells were then pooled and the QDf~ determ ned using a

" hot . . . . i
ppr oxi rat el hggy STFEHp HEpBEed etBhed Lo IREILG Bl BRAR 1,
TYGPN c2int avedtog nala dicomplementayl 48otgivel ' Jerminl. kanadParci instaiéeny nf') to

confirmthe cfu present in the inoculum 15 G oups of three fenmale BALB/c
ni ce (20- 25¢9mplementafyharaepqlymerisacts cambeaddedto the DN Anseemenyint erj al

. ki ! | ot ¥ S

Chrbe days FoRERBHIE AETERE PR, The erck ahg DA Klifell 4 $&Toyer

bacteria. Huihedob I‘Qd%elh Wa?%mmmwmmy hofopelymée i | € saline
e. ul ar enri s

inam’crofu.gletu | was al lowed to settle and 1 m of

sal i ne cont @ilsitafoom|regombinant DNA meleelesn was removed to a fresh tube and
centrifj{ped for two minutes in a mcrofuge. The supernatant was aspirated
and the pellet rcsuspended in 1 m of sterile distilled water. A dilution
series was made in sterile 25 distilled water and 100 ml of each dilution
was plated onto T YGPN agar



containing nalidixic acid (100 ug nf') and kananycin (50 ug nf'). Bacteria
were recovered from pl ates contai ni ng between 1000 and 4000 cofl Aprie3003and a
total of over 10,000 col onies recovered fromeach spl een were pool ed and
used to prepare DNA for PCR generation of probes to screen colony blots. 30
~D SHEFT (R ~f 91) 7 April 2003 WO 961 19951 PGTI GB9SI ~0=8'!5 52 ~n~l ence
gent cl onwigeeanolsiDNA sequenci ng Total DNA was isol ated f rrayGRsAIsph| nuri um
exconjugants and di gested separately with Sstl) Sall) Pstl and Sphl.

Di gests were fractionated through 5 agagose gels) transferred to Hybond N+
menbr anes (Anmershan) and subjected to Southern hybridisation anal ysis using
the kananyci nsyfthetié Aivikers SoRtaiing e imdre. festrictivn Sitqdr pivvideTlap probe was
| abel | ed with di goxygeni noéBoehri nger Mannheim and chem | ym nescxncc

det ecti on was asermativel mathod of jeininggtheDNde segment0r Yackarss ThesONAti ons. The

hybri di sati on_10 and wash it . asd@scri
Rt i et on ofgmat: eAneatatby Hidoho ABRe s ticiin BREONCks Bifbed o o\
range were Usgghlfes, iditfaed wtifbictEricphiape TaBNAVgolpfiaraes 6r Betoli BNIA DNA

fragments corresponding to the sizes of the hybridisation signals were
exci sed frm pblymjerpser |, enzymes-that regrave protruding &-singleisgrandedhterminit i ons were

ananyci n- r os PO B eORHERRR G aruApet Al B feRneel debi ¥l an
vere partial| MR REARE RIVER: | Coxy ot hod (Sanger et al, 1077) Using
the -40 primer and reverse sequencing primer (United States Biocheni cal

S 0T Bkl by o S s 1
and O terygni g%\%g}[@) ﬁg%kmw.maﬂgﬁtﬁa%qﬁcﬁq@g&swmda gﬁggced am no

aci d sequence re assenbl ed uSIng cvect or sof t war ackage run

on a Maci nt os ol &essooflirler mdlermilariaahe presenc@ofanenaymel thatishatblae EVMBL and
Genbank DNA dat abases using the UN X/ SUN conp r systemat the Human
Genone Mappi ntp Feadglyee %s%ﬂﬂ%@" cainthlunt-anded oW@K.‘“ﬁQ"E@F# FHUeh 88EET (BtI I E

ot1 7 April ()—I?EEP 7 éﬁtB Seakd ign 5 The
structure of Pﬁéelg gg‘é&ﬁzﬁjé‘hg%kln |g%§ Rﬁ.gé a?ﬁl&t‘éag co%’s‘i sts of a
variabl e ct nt DNArsegmentsf ymefit Ninker sdquencesrat dhieir erelslicTimse The
central region _sequence ([ was designed to prevent, the, occturcnce of

N
sites forl§heDNARSEMentscarg thempleaved withithe SpPropriaiecesBiction SpR¥8e  put i s

sufficiently ! Sk d\Gi ence
shoul d 10 onl ﬁg@g@éhgg%%ﬁgh%&to%%cﬁ'gﬁ %vseqbtg%gﬁgi of 12
random y sel etiaeprodges drainicdhipitible ndthsthasedf therBNAhsegnid@66 i dentity over

the variable region). {N neans any bast (A) G Cor T) and K neans Gor T.)
The arns contain Kpnl sites close to the ends to facilitate the initial

cl oni ng st ep, . : S LG s ' [ wer e used
fo rel case. 15SVabeli ol Eonlaifing §varBhf Gt fafica cffbniate SR8

hybri di sa2 oncommersially avhitablé ffonya mRnites of dosricgnitdhdliwglritérmttional ner s P2
and P4 each contain on{y one guani ne residue. Therefore during a PCR using
t hese pri mer s Bietachnalegies Inco dNawe Haven, 6N,iVS4r porated into each newy

synt hesi sed arm conpared to an average of ten in the uni que sequence. \Wen
radi ol abel l ed dCTP is 20 included in the PCR, an average of ten-fold nore

| abel wi |l beApidesieibile iway 6& mddifi thes DPNIE Eicoding e grblypeptide asfithar m - Thi s
is intended to mnimse background hybridisation signals fromthe arns)
after they haifveption is to usesthe polymenabrchain geaction qs disclosed Py Had £ on with
Hiondl 1. ubl ed t igated into the Kpnl site of the

m ni - Tn5 angﬁsgdoiﬁ ‘%ﬁﬁ?géagﬁ'gai’on pl asrnid pUT (de Lorenzo & Tinm s)
1994). Replication of this plasmd is dependent on the R6K-specified ~
product of the pir gene. 1t carries the oriT sequence of the RP4 plasm d)
pernitting tramslhiemethod theaDINA o be enzymasidally amplifiedds flenkedby awarkal anos)

1988), and the trip' .. d.for t i Ll f the mini-Tn5 el t.
The t hgged m APEOHIE oHFODReiF B erets, Wh, BRERY PRSP eCineBIAGH | um by

conj ugation, g tkS8mplifiedPNA. FhE3aidQpecific pither?thal cohG@RPeSRiction

30 endonuclease recognition sites which can be used for cloning into




exconjugants resulting fromtransposition events were stored in the wells
of mcrotitre dishes. Total DNA isolated from12 of these was7d{ggsbed with
EcoRV, and subjected to Southern hybridisation analysis using the

| cananyci n resi stance gene of the mni-Tn5 transposon as a probe. In each 5
case) the exconjugant had arisen as a result a single integration of the
transpweogi1e8io a different site of the bacterial genmeriGhisgs?s 2).
Spec~clty end seruitivity studies 10 W next determ ned the efficiency and
uniformty of anplification of the BMA tags-in PCRs involving pools of
exconjugant DNAs as targets for the reactions. In an attenpt to m nim se
unequal an@ld-fiLadt | ; j owi} 3t erm ned the maxi num
guantity g%ﬂ %?S@?P‘{ﬂgﬁg?&dﬁ%g@ use ?ﬁtgﬁloo ~d reaction) and the

m ni mrum nunber of PCR cycles) that 15 resulted in products which could be

vi sual i sed. by et hidj um bromn de st ai ni of an agaronse gel (5 beg DNA and 20
cycl es, regﬂééi“r"\ﬂfl genrgs M@ié‘bﬁ“&gﬁg&“\mﬁmm‘egched
stationary, i 1 R S i d used to
oxtr act - Dt ARG 0% Sedbhed EndtyL e gREQrAMT R MEBLESE 20 b
productss odequendw/identity, andst prefefabhydatdeait 95 Hoseguence ientityf with thesecond PCR,

using the sanme prinmers but wth '=P-]abelled CETP. This resulted in over 60b
of the radgenestisolnted bythe methad of theinyertion d Qfiqoyrses sepleremedtsiuct s. The

radi ol abel L ed.product [ ' te | Hi I d . robe col ony
bl otted Dl\ﬁi%&fsr gﬂ?tﬁéﬁ"gﬁ%g&}&n@%&% Cr‘l?ﬁ:: td%é% gﬁis?ﬂd@t)fhe 1510

nut ant s t edt@den 'dnktiuRleieicid3eduérte! 1d driotheradad b déteanined disitig on an

aut oradi ogram fol | owi ng an overni ght exposure of the colony blot. There are
three pot ahcicqﬁmt mmtdfthe Ungye;s:w ?.f wliscms:wcomp:;er Qm-gl e that a .
pr oporgdd on o e transposons did not carry tags. wever, by conparing e
transfl mati on 30 frequencies resulting fromligation reactions involving
the transpeigsifarly) vdMants Zfﬁﬂy’téihs EREAcH DY ARE Fehed SfeindfiRfe@ TS 55 presence or
absence of tags)” it seens unlikely that “untagged transposons coul d account
for nore than approximately 0.5 % of the total (see Materials and Methods).
Mots probapl g cauxs,arse that .the.,vari able sequence.. truncated in sonme
o the tark} g otpwatmgﬁﬂs leﬁe;d%s@%mh_ ﬂ@ﬁﬂﬁﬁ‘@‘,ﬂge&m ary svetures,
oth of whigle RERORY VRS WY ulch CRRRE ot 3 ailed to
gi ve cl ear si gir?aﬂas \Ne?&esﬁ-r?gt I nf:lf uded | ngfurt heéast udi es.ﬁal'he pecificity of
t he edd endlier themorinahfinetivoaaf theproteinonst rat ed by generating a probe from -
24 colonies of a merotitre dish, and using it to probe a colony blot of 48
col oni es, which included the 24 used to generate 10 the probe. The |ack of
any hybri dysaj.] i 3 ] ngﬂh ] SshChsiGLyY rate the
probe (Fi Sﬁui el:glyﬁgi%%%%: R%t':tgﬁrés E?ﬁ'r? | Sg?llngﬁ\agghﬁl tl g‘rfs@lgfrgi%’yed wer e

suf fi ci entVgl, dle,i basnAsp, Glu; AvanGlay Sars-ThrbLys) Azgj amd RhenTyt.abel | ed t ags)
and suggests that tech cxconjugant is not reiterated within a mcrotitrc

di sh. 15 There are further considerations in determning the maxi num pool

Si ze typat . n.i I i d.:Ee the quantity
of | abe Ie§ agg?g'rﬁgcej'ggi l?r%‘hé%%‘?%‘#%%%ﬁ@e‘zr@gns“%%porpf§F% to the

conpl exi t yergfinddring ol sicsdiredted mutagenasisi Mt to the pool size above which
hybri di sati on 20 signals becone too weak to be detected after overnight
exposure of an autoradi ogram More inportantly) as the conplexity of the

ool incregs S St et d i.h . a] .\ t
Pepr esent a‘?i 5‘3')"&% %gotﬁgt'gbégdﬁr ggéei"r'l@&l fﬁ yﬁﬁ@c%n@e}r‘l‘ﬁ%ﬁf% in the
spl een of compodmt whictppediaeks the abiliofef @ aiicroorganismetbeslapt eba Ve have not

determ ned the upper Iimt for 25 pool size in the nurine nodel of
sal RSl | pArtcelantenyiranment compsising) theusteps afussleqtingi o eormpanndof 96,

Vi rul ence s . of -t he { 04d\: i quely

t agged i ns‘&ﬁ%}'dﬂ&ﬁﬁ‘g\%‘fv&tﬁ?ﬁ?g‘?ﬂ%ﬁ%m@;}oﬁnﬁfﬁ Bgci ﬁ%r‘ﬂ "%3}% % 9W' 1951
PCTI GBI5108k secarid sipebtesdth¥miventies b ef {2)'a polypeptide @ntaddd ByBschm ce in
twel ve pools, each representing a 96-well mcrotitre dish.” Animal s received
an intrapes gemheal injection of approximtely 10" cells of each of 96
transposon nmutants of a mcrotitre dish (10s organisns in total). Three
days afar injection mice 5 were sacrificxd) and bacteria were recovered by
pl ating sphARNisEVERGASTHEEomPothds APRER Bt HEBAiNdN IPBu kG v | 0,000

col oni es recovered from each nmoux were pool ed and was extracted. The
tags present in this




DNA sanmple were anplified and | abelled by the PCR and col ony bl ots probed
and conpared with the hybridisation pattern obtained using tag$ Afil 2003
anplified fromthe inoculum (Figure 3). As a control) an aroA nutant of S.

t yphi muri um was 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 | WOWW¥¥lence is severely attenuated (Buchnei er ACHFBISNAGR)
Fortyone nutants were identified whoa DNA hybridized to |abelled tags from
15 the inoculum but not fromlabelled 28gs from bacteria recovered fromthe
spl een. The experinent was repeated and the sane forty-one nutants were
agai n i dent i f celtl ov@rpsoddciog agenedsatated by the mathodsnof theriaventionpfooin) , as
expect ed. Another an_au rophic nutant (it failed to grow on m ni nal
nmedi un). All Bﬁtqgﬁﬁlﬁsgﬁ&s&ﬁhﬁ' V&Pﬁﬁ‘" col ony norphol ogy. 20 E am 1~1~! 111E
and ~trtial characterisation of seauences fl anking DNA was extracted from
one of the nutants described in Exanple 1 (Pool 25 1) F10)) digested with
Sstl) and subFopexample, ihenbembediafenkennositis wilditgpaoelt and asecomguence of
4S50 by fl anking one end of the {ransposon was determ ned ysing priner P7.

This sequehcecathisithegdalm which i§ made to ovegexpressithe gene 15lated by ch

encodes a heaj.r I tﬁdm fs (M : FNJB N:féi’ dhis gene
has not previ g‘ﬁs‘ﬁga\oogen H%ﬁﬁcglg?gb 'glscg’}ai w‘?% encg%wglg?erm g%rllltl.g‘ 7 April
2003 wo nr ~si thecpartia@tar eneirbnméintr is ideterminedhinethe Qresence of ancdmipdundr

Sal nonel | a typhi nurium vij rul,enc%ifgenes arc shown in Figure 6 (sequences A2

to A9 and Bl twbggstediq)ideatifiawhich eamppund feduces the vishilily ongrowthars, pr@

and P9B7 bear giup |l alil ] i j i ated proteins

t hat have beeﬂfwn‘g@ﬁ\f&hg g"@ ﬁp@uéﬁ%#%%&sé?ﬁéﬁ*g@?ﬁ%é@ﬁﬁé ‘ani mal s and

pl ants) apgl which are known in Salnonella as the tnv famly. In S

typhl nsurttun the inv genes are required for bacterial invasion into

i ntestinal tiBda@referved\if the genecis @ virwlencugenst s i s att enuat ed when they
arse inocul ated by the oral route, but not when they arc adm nistered
intraperitoneally. The discovery of Inv-rclatod 10 genes that are required
for virul encepgpl drautple, iRt bAPCEMbAdIARNt | the CHlictobAANSAMIIGEER & W ,
accretion apparatus which mght be required for invasion of non-phagocytic
cel I s of the &phimuriamlisomade taovesespress thevindenaesgase identifiedhythgenes ni ght

t tt th the J t el ipt t t t of
ot abi onkt | et Bf che HSk3spatl of e aveuiirC . b oF g RRE™ dent 11 ca
in this exanpkgpressifis mlitrRfgdnisnFaadigbart equiValbht MicroBFgantsdn (whickd by the

nmet hod of the i'nvention attenuate virulence. Five of the nutations in genes
not previ ous| doésnmpbt oxeedxpmss, theuvimleacewgeac) aenused tednfect Rells rindi at ed

transduction tqQ the |i,di Xxic acid-sensitive 25.parent. str.ajn.of S.

ryphi muri um ﬁ‘g%f’" TrethRs & BW@“\R)E?’E“ EHMW?WRFEE’FP?’@M 'Bh{g’h‘a‘é‘ﬁi ng then
injected by t 1 i s i j to

ot or i me. 1 hey TUISEE BBRE RifR ks OUinkd b) fHiAURE (¢ aRBUR 6F Hebut' 0 o)
P7&. P3R20 ancomp@ind\whichaisirequired to prevent infestionmfrthe host céllshey (@) han t hat
of the wild-type strain. No difference i &?(@530 L[ﬁ) was, det ect.ed for
mutant Pl F1OMeIBRETAPIESEE iciparaspiay sl (] the dayivalen Bicrqorfism o ssn-osi
rcr~cs9sr088~&tﬁaa§i'ﬁ?l&h@@hﬂﬁ@éﬁwgw&&em%ﬂs& & tede hehdQ cells

recovered fromthe spleens of mce injected wth an 1 nocul um consi sti ng of
an equal propcompoundwill iriastivdte them,cand itself beiihattivated, by ibinding Wthe i npl i es
that this nutati on does attgenyate virul.ence, but ,t.o a degree that is not

detect abl e by iTSRoE 2R ATRAUCaHh mee ObgIP FomBRId.if SEAUIER 10 RIFEAEA byt he

oral 1 out:ps atirfEuidiPBy! HE" o5 Hhkn @) Hn AR} sBpERIS at RO ccipdig i1 e becane

i11, indicatin
selective. It is preferred if the microorganisms (such as Salmonella) are
destroyed extracellularly by a mild antibiotic such as gentamicin (which
does not penctrate host cells) and that the effect of the test compound in
preventing infection of the cell by the microorganism is by lysing the said

30 cell and determining how many microorganisms are present (for example



that the oral LDP |evels of these nutants are at |east an order of
magni t ude hi gher than that of the wld-type strain. 10 In the oL 2003
vacci nation study groups of five female BALBIc mice of 20-25 g in mass were
initially inoculated orally (p.o.) or intraperitoneally (i.p.) with serial
ten foId dilutions of Sal monella typliiniuriumnmutant strains P3F4 and
POB7. ?g or weeks the mce were then inocul ated Wgd/chYnssrs U. 15 of
t he paren a1 W ld type strain. Deaths wen then recorded over four weeks. A
group of two mce of the sane age anﬁgbatch as the mce inoculated with the
mut ant strains were also inoculated “p. with 500 c.f.u. of the wild type
20 strain 03|t|ve ontrol. Both non-imrunised mce died as expected
wi thin four X/\B@Ei ‘s are tabul ated below. 25 1 ) p.o. initial

i nocul ation with rrutant strain P3F4 initial inoculumin c.f.u.no. mce
surviving first challengeno. mre surviving wild type

chal | enge5xaair\®is(=4masxndmmscmeno/fc;rcontpoupds aregaerally dsalosed h59 S 10 15
20 ~cs9 ~ ~5 ~ ~ .

strain popan i DhRamenie F% it hhe hiscovery OF NI B, Mange.

- WBRptérQ4ieBs 4 (8096
18065 (&92‘?@“&%@“& gOQ ?ﬁm?h(ﬁd Qﬁgﬁﬁ | a? | noéﬁrlﬂm W t?}ﬂrr-\??gnt ( st ral)ﬁ g

FOB7 i ni t i dButteremsths;iV.K. (idcorporatediheeciabyvrefenegcé)u~st chal | engeno. ni ce
surviving wild type challenge5 x 109S0 (096) 4) i.p. initial inoculumwth
mutant P9B7 initial inoeulumin c.f.u.no. mce surviving first chall engeno.

T 0%, U1 e o8By b pHE, 02 SFI Pl BERg 0o o>
subsequent d‘hb'rélati)#?%eﬁiiﬁﬂt?'l@le cofipdundri9icoiparsd asingaws genetitslly i n i ce
that were inmmunised i
10 related strains. If the strains differ at a single locus, then a compound
specific for that target can be identified by comparing each strain’s
sensitivity to the inhibitor. For example, inhibitors specific to the target
will be more active against a super-sensitive test strain when compared to
an otherwise isogenic sister strain. In an agar diffusion format, this is
15 determined by measuring the size of the zone of inhibition surrounding the
disc or well carrying the compound. Because of diffusion, a continuous
concentration gradient of compound is set up, and the strain’s sensitivity
to inhibitors is proportional to the distance from the disc or well to the
edge of the zone. General antimicrobials, or antimicrobials with modes
20 of action other than the desired one are generally observed as having

similar activitics against the two strains.

Another type of molecular genetic screen, involving pairs of strains where
a cloned gene product is overexpressed in one strain compared to a control
25 strain. The rationale behind this type of assay is that the strain containing
an elevated quantity of the target protein should be more resistant to
inhibitors specific to the cloned gene product than an isogenic strain,
containing normal amounts of the target protein. In an agar diffusion
assay, the zone size surrounding a specific compound is expected to be

30 smaller in the strain overexpressing the target protein compared to an



30 Fx_ anple 4: ldentification of s virulence |ocus encoding a second tune
| 1 section sv~~t in S ;~n_oneiln tynhinurium Abbreviations usegpimdobi s
Exanpl e are VGC 1, virulence gene cluster 1; VGC2) virul ence gene cluster
2. 7 April 2003 WD 96117951 PCTI GB9510~'!5 60 Salrrsontlla ryplrir>: urium
is a principal agent of gastroenteritis in humans and produces a systemc
ill ness i wassa®sshi ch serves as a nodel for human 5 typh®CWGBYeBTS 1) .

Fol l owi ng oral inoculation of mce with S. ryphinuriuni) the bacteria pass
fromthe lumen of the small intestine gf§grough the intestinal rnucosa) via
enterocytes or Mcalls of the Peyer's patch follicles (2). The bacteria
then invade ngheAPRRaG&szeaitdsti@yt rophils) enter the reticul oendotheli al
system and di ssem nate to other organs, including the 10 spleen and liver,
where further reproduction results in an overwhel m ng and fatal bacterem a
(3). To invad st gells) to surviye .and 4epll i n_a.vani.ety of

physi ol ogi cal 399&%@%%@%‘%}%@ *exﬁcgpnaqfraa %5@%@ *su?%ﬂ%ﬂ\}f‘r%ﬁment s and
to circunvent : inkd C antibacterial activities of the inmune system

S. typhtnr uriﬁ‘%%’elrﬁrgﬁgﬁ' a sophisticated repertoire of 1S virulence factors
(4). To gdin a nore conprehensive understandi ng of virul ence nechani sns of
S, ryphimuricymand ot her pat hogens t dlransposon nutage i S.System
described in Exa gmyta 'qufgﬂewﬁﬁﬂaﬁff|“§P“§aﬁﬂFe'B°&‘eag‘$ﬁ‘&ré- agged 20
nmut agenesi s’ is i t f o ' lysis with
the abi |1ty tSPFS| Yoo dferfioR iy DES) 4 cOhT GBI hs @ gl pherkipe, ToF:

di f f erent nutexunmspley aviruleacedi ngl e ani mal (5 and Exam-i e~ 1; Reference 5 was
publ i shed after the priority date for this invention). Using this approach
we identified 43 nutants with attenuated virulence froma total of 1152

mut ant s t hat woge d,,T Ofd dRixaBaUEHIEE f“ﬁ% :é%anki ng the
i nserti oﬁ@poih%'ts oé tc?)g{r@gggor%g :Bﬁ gwgf.&t segtglx'r?uat ants s cgvve t they were
rel ated to gemiroerganibang type 111 secretion systens of a variety of
bacterial pathogens (6. 7). The products of the invlspa gene cluster of S.
rvpirimurium (8, 9) are proteins that forma type |1l secretion system 30

hort | 2003 W0 o611 TRE Vg PegBitiafpdi R AR TRAGRRT itor e Mhirplbnl " 0 7 1
virul ence of @G#itihonwithdut Mierlgstrﬂdnqiduﬁd)i in the invlspa cluster is

attenuated only if the inoculumis admnistered orally and not when given
i ntraperiltsoneal ly (8). In contrast the 5 nutants identified by STM arse

avirulent foljow W raig k1.0 ' ati o : hi,s. exanpl e we
show t hat thel'traxpgg)n@?%@t {}gﬂ:}%%rggﬁg_%o?*tﬁleé’? 5‘%‘?3#{]stband‘ an

addi tional 1llenvitonnicati (fellowingedrdayméntMbgl | omdp tie tgresemeeeof,egheon of the
S. typhi murium chronpsone. Further, analysjs, of this regjgon reveals

addi ti onal getRMmPAUNEIe the Fompeupd oisuete which reducrsnthe ability 0f the 10 to

i ah e of cPictaORshisRF i a6 T RPVENE, BB vapllir GRARRRRRIC. o109 1"

nunber of2Mt her enteric bacteria) and represents an inportant |ocus for S.
typhirnuriumyirul ence. /1S Materials; and Methods Bacterial Strains,
Transduct i on Wiendhegnyingemeat issan animpl body, aad the, yeraorganismois g

(aberdeen)) Agif&ftnidRidrbRaHItl, ¢ Compdid e fRA By tiié hiethod can be

used in a medicament to prevent or ameliorate infection with the
microorganism,

25
A tenth aspect of the invention therefore provides a compound identifiable

by the method of the ninth aspect.

It will be appreciated that uses of the compound of the tenth aspect are
30 related to the method by which it can be identified, and in particular in



(ryphimurium LT2) were obtained fromthe National Collections of Type 20
Cultures, Public Health Laboratory Service) UK. Sal nonella ryphiApBB@o(;g%
genom ¢ DNA was a gift from G Dougan) enteropat hogenic Escherichla coli
(SPEC)) enterohenorrhagic E. coli (EHEC), brio cholera biotype EI Tor,
Shigella flexneri serotype 2 and Staphyl ococcus aureus were clinical

i sol at Qg sghbedpned from the Departnent of Infectious D pesmmestusds 25

Bacteri ol ogy) Royal Postgraduate Medical School) UK. Gcnomic DNA from
Yerslnia pestis was a gift fromJ. I—ﬁgserrann. However, genom c DNA can be

i sol ated using standard nmet hods. The bacterial strains and the nethods used

t o gener at i e qgead WAL . n f. rvphi muri um
NCTC str ai ﬁel%g& Itl"gevfe&%een B@s‘@#ﬁ%ﬁ&'ﬁ%@?@ﬁ%ﬁy % % '3'.9' gg'hﬁouti ne
pr opagat i Ogoripo@hd i¢Tiidéntifabld by i metiod Whith ufscd eirutencergene, 6rApril 2003
WO 961 19951 62 PCT/ 893102875 grown in LB brot higgl'z} suppl emented with the
appr opr i at polypeptidecncnded theroby, froma bagterivm shichdnfectsr mammal, nut ant
strains wepe assesse t nutat ions were fir r phagc P22
nedi at ed t&ﬁn%%m??ﬁﬁafg% t"&e'ﬁté“ ﬁ?ﬂ"&é %?ffscé(iﬁ 8?§gﬁ§h%{’3§&p%ént al strain’
of S. t5’ph5£b3 i 12023. 5 Transductants were anal ysed by restriction

n ou

di gestion a f hern hybridi sation before use as inoculum Lanbda Library
Screeni ng. Lanbda (~) clones with overl apping inxrt DNAs covering VGC2 wen

obt ai ned by, standard methods (13) fro 10 h1059 |ibrar 14) containing
inserts frgw'éﬂfbbr !ﬁdﬂ'l" sampau g&éﬁc‘?ﬁrgag.h ?‘ypﬁi'ﬁiﬁhf’ﬁn\"g‘% éiﬁﬁo%n c DNA. The
l'ibrary . | Vi r e tic Stock
Centre (%“&@gﬁyfﬁé%@mgﬁ%%%%oﬁ@s. @H‘%@Ee | ed DNA
probes wer inféotd aiplarite thel conthdunddndy be'asefaliageating infestioreof a ptanDNA pr epar ed
fromlysates of a set of S. typhinuriumstrains harbouring Mid P22

proph S 'é!%(f\ﬂﬂgﬁbbsi tions in the S. typhinmurium genone. Preparation of
m t omyci n-i nduced Mid- P22 |ysates was as described (12) 15). The set of
Mud- P22 prophages 20 was originally assenbl ed by Benson and Gol dnan (16)
and was ObAgid)evkrith aipechof HelavedtRin prooides arnslessle wiiohl sélestivety n

Hybridi sation. Get electrophoresis was performed in 1 ~ or O b% agarox gels

run in 0. Sinterigl. withl andasubstantially) intdbinthe fenctionrefi a gene 06 thybond N or N+
menbranes (Antrsham , apd siringent hybridi sation i ng procedures
(permttin vﬁ?ﬁ’r Hﬂ%ﬁ??&f ‘d‘afé]sg%%ad\“dﬁ‘f ﬁ@dﬁﬁﬂ"gﬂg‘gg@ﬁt h 10b or |ess

m smatphes) were as described by Holden et al, ( 17). For non-stringent
conditions (permtting hybridisation between sequences with 506 m smatches)
filters weBy %oudigicr acids product itherghf™ ave 4acuder anyoRNA reaspecially 25 M

Na=NPO, / 7% 7 Ld |, 2003 WO 961 1' 1951 PCT| GB951078' 15 63 and t he nost
stri ngent E‘ﬁ‘iﬁé@‘\%p?%é%ma&% 11 % SDS at 42C. DNA fragments used as
probes were | abelled with [nP]dCTP using the "Radprinme' system (G bco-BRL)
or with [digoxigcnin-11 ]dUTP and detected using the D goxigenin system

( Boehr i ngePreferably annolkeculer which setectivelySinterants sothiraadssubstastialict i ons,

except,.t hal tbridi satipn S rfornmed i.n the .sane,solytion as that used
for r oamtbv,‘!ﬁ fhe iﬁ%qqoé‘do rﬂgiicn@e?foﬁ‘a ﬂﬁi‘%“br@ PelalSt 3 Sout hern
hybri di sat} j [AT=AVE1 : 3 )4 | ecul ar C oni ng and

Nucl eot i de*@%&ﬁi%gﬁﬁgd g'ggtoging%é!e%&%ﬁé{gﬁév‘é%{ges 10 and T4 DNA |igase were
obt ai ned from G bco-BRL. General nol ecul ar biol ogy techni ques were as

described jn Sanbrook et ,al) (18). Nucl eotide,sequencipg was perforned by
e’ i deoxllRradrRlerahiy AOIBOISAEE s an nGyens AUGORLIRSUtES enci hg. ki
(Pharmaci a). Sequences were assenbled with the MacVector 3.5 software or
Assenbl yLI GN packages: Nucl eotide and 15 derived am no acid sequences were
conpar2d wAntisénzseseligonucleotides apesingldseandedr nudileit cgyd, L athictatany (EMBL) and
Sw ssProt dat abases using the BLAST and FASTA prograns of {he GCG package
from the URestficallybigd toyaseomplementagy sueleicacid soquence Ry RIS k servi ce at

the Human Gepg qu}\@p?&ké‘&ri’éc%&&éncﬁeﬁ?ﬁﬁ‘%ﬁk?@ﬂﬁ BN ATBRIAC Dy Rilfa- 20
DNA duplex is formed. These nucleic acids are often termed “antisense”
because they are complementary to the sense or coding strand of the gene.

30 Recently. formation of a triple helix has proven possible where the



Virul ence Tests. Groups of five female BALBIc m ce (20-25g) were inocul ated
orally (p.o.) or intrapcritoncally (i.p.) with 10-fold dil uti ona\pefl 2003
bacteri a suspended i n physi ol ogi cal saline. For preparation of the

i nocul um bacteria were grown overnight at 37Cin LB broth with shaking (50
rpm) 25 and then used to inoculate fresh nmediumfor various |engths of tine
until an opov@missdensity (OD) at 560 nmof 0.4 to 0.6 hadrdreBssoegI8hed. For
cell densities of 5 x 10: colony formng units (cfu) per m and above,
cultures were concentrated by centrifugggion and resuspended in saline. The
concentration of cfu/m was checked by plating a dilution series of the 30
i nocul um ont o tgs r N ocd‘}pyé d i i . 7
April 2003 VD%%@SS@?HI%%TFG&’%{S[%\?SQ%P}RVOI umaxg agﬁjp‘gf‘%\f fdt??a g\??ge W th
the same vol undigninu'chotidthajnouldhecdgﬁ%wsuquescmeinedvmjﬂrazmvmogehc 28 days
by the nethod Reed ,and,. Meynch .5 Resul.t callsation of Transposon
| nsertions. TF@%&%&QFSS‘HX‘O% 'ﬁlpbéﬁﬁ]ﬁ*o‘ﬂaﬁéméﬁﬁ'ﬁehmm&!&#ﬁ hlaﬁi Tn5

t ransposon mnut; i i é@,,m&aﬁkg' i

attenuat ed vi rlgfgeﬁ%sg%\g&e]?yoﬁéﬁfﬁgg ri giéaﬁ%ﬂg?ﬁegié%hdsly (5). 'I'lfgﬂ“rlgpposons and
Banki ng DNA r etgfnd rdoubte-sirarided ONA oia eccognjtiopaof smdjor gedaet hydrogen

kananmyci n resi stance or by inverse PCR Nucl eotide sequences of 300-600 by
of DNA fl anki ntlj“ﬂllﬂé sitdnsposons were obtai ned for 33 nutants. Conparison of
t hese sequences with those in the DNA and protein databases indicated that
14 mutants resulted from 15 transposon insertions into previously known
virul ence genaSjeartyatheseeqhéme dfibeantisense nudléicraeid oreoligonuicldotide gan arity to
known genes of the entcrobacteria and 12 resulted frominsertions into
sequences wi t irsadily; berdeterminediby sfarencestojthe nyeleotige saquengepithe gaee abases

ref. 5, le 1 and i I i . i est ed
that 10" ofttso kst For RalBEDaftsend ndbRGcld BF BiigonfddtdE B 99°D |
three regions g dds BWRIGR aré BomplehreNtady 6 @ ' the s€qudnde Showm iSt)
conparing nucl eotide sequences fromregions flanking transposon insertion

poi nts with edtigurssHdrorali especiallyHesequancenwhioh faemapartef a Miswlencs hat sone
sequences over] apped with one another or had strong simlarity to different
regi ons of theg°§'§me gene. Second) Southern analysis of genom c DNA di gested
with several restriction enrymes and probed with restriction fragnments

flanki ng transposon insertion points indicated that some transposon
i nserti ondSner@ligonuclentides archsubjentio beingadegraded arrinactinateshby cellular d,  when

h DNA bridised 7 April 2003 WO 9G 1995
PCTI Cao5107. SAMBBeRAe TR i cauattr S5 Arobier, A5 SRR foupse (e

probes from mihadifieddli p&l_@@lid!s?ﬁ%%GinTgVQte'i’éd?ﬂﬁcmeleaﬁwﬁ%kﬁéésmrght be
| i nked were found to hybridise to the sanme a DNA cl ones. Thus two nutants

(P9B7 and P12pPshichdhe natwsalhnecsurringphasphedigster linkages haya beenmeplacedops) P 11

p7aa) Pree) Y soplhes Tmkbes, Feroernin, ARtall) ¥, g USRI £rod Mty e ).
Hybr i di satagon gkadNeiPr99£8S. " TOTOLTURS CsHWERE iricrétikb& Tifthibidn §R ltRSud T OM a set

of S. ryphimurium strains harbouring | ocked-in Mid P22 prophages (15) I6)
| O showed t hatcultuee t rafecHIVel weing adligdnocleptide i iphosphoramidates30and 31

region (edition ViJ1, ref. 2 Fi gu i ndi gat,i hat. t ree | oci
were closely IRHRE rophigglfs ¢ ?%Wﬁ‘eff %éggg’r géo‘fli&ﬂ'ltl‘e‘ag%‘%‘l S‘E‘ys"?‘&TBEdet ernine
i f any of the flagcidyies d%%f\sﬁﬂadcliuékﬁica Alntibitib Cofc OMIV-Dedusier | appi ng
DNA inserts) DNA fragnents fromthe termnal regions of each clone were
used as oligonucleotide methylphosphonates. Agrawat er al (1989) Proc. Natl.
25 Acad. Sci. USA 86, 7790-7794 showed inhibition of HIV-1 replication in

both carly-infected and chronically infected cell cultures, using nucleotide

sequence-specific oligonucleotide phosphorothioates. Leither er al (1990)

Proc. Nail. Acad. Sci. USA 87. 3430-3434 report inhibition in tissue

culture of influenza virus replication by oligonucleotide phosphorothioates.
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15 probes in Southern hybridisation analysis of the other ~ clones.

Hybri di si ng DNA fragments showed that several a clones overl ap7agiil tbed
clusters A) B and C conprise one contiguous region (Figure 8). DNA
fragnents fromthe ends of this region were then used to probe the ~
library to identify further clones containing inserts representing the

adj ace ians. No ~ 20 clones were identified that ¢ extrenme
ri ght %r?rﬁ?r%?n nus of the locus so this region was obtg?‘ﬁgg y cloning a
6.5 kb EcoRI| Xbal fragnment from a Iyggte of the Mud P22 prophage strain
TT15244 (16). Restriction mappi ng and~Sout hern hybridi sation anal ysis were

h d .25 i.Cad i i . T
i st ngut stOREPRTENeY RyThelRyALaTtnblE; Bavd MR OO L RHsa) 00 o
mnute 63 (t%@égi‘éﬂhﬁ\ﬂh'ih)vmlﬂf Fo? éXamh ke %hga'?ar ﬁgl%-inmzmwm er to the

| atter as virul'ence gene cluster 1 GC. ) Jhave termed t he new
virul ence |Resus19/GI47-150gurepot thaovathetvdse arimadifiedfoliganugleotidess of DNA

whose nucl eoti de sequence 30 has, been, det er mi ne " Seguenc and
"Sequence 2OES M@ ofR, FeSLRAt g nucleases in "%U’gl%éﬂagfﬁg%%} &3/ ~01895 66

sequence i S3sHBy ' andBREA E’P& Haél f VGC2 on
the S. ftgyp;al nmur | u%%ﬁﬁn&gﬁg;%@gﬁggﬁ de s‘eiq(li}ékna ng%aﬁglbg?\%@? at the
Left hand splibsphdrotliiGRtes ase nbedegradddeinmviesence of an open reading frane

(ORS whose deduced am no acid sequence is over 90 9b identical to the
derived product of a segnent of the ydhEi gene of E. coli and sequencing of

the 6.5 kb EcoRl. d ' ' VGC2

reveal ed th% %Jrﬂé'ggegﬁ?le”&o*&&ﬁ &%@éoﬁghﬁgt@ﬂwyggﬁﬁﬁ&nce is over
90% i dent i ciligonfclenside phosphordthivates i$ povided if @lgrawalumdeTanp)(1 pykF gene
(27(;. On tﬁoggEoTn gol il o ror%‘?orre lydhl% %nd.pyle agrr?: | ocat ed clgg to one

anot herl atTettahedeors Letters33l,( 234[-7544ha teachingscof adiich arerhargbyagnent s

di stributed al t kngt h, of V, , d i :Stri t
Sout hern. nyBRRCated cheBaRbe! sofsrence o SVilies®S BF VBABoRHAE s enom ¢
DNA. Hybri %é&@%@?ﬁ%&ﬁt&( ?B?ﬁﬁo?o&ihﬂ&ﬁ@s.t PiidspRofafitidtds Ophaspha@xi mat el y 40

kb conpri sing s absent Tfromthe E. coli genone and | ocalised the

boundar i es esters/dtitiged phiosplioramidates dnidchridgephosphorpthioatesaretknowa | ocat i on of
t he Xbal si.t | to,.th i ght . hand f Vi i ith f
(e a4 Syl ge Lo e Ll L S G R (AU Bl 12 o0 o
enabl eq5a P28 13539; RHlelién 31%!?1?88)'-?&:%&93%&%’29.@59& JF%ZJ[ hSt ructure

of VGC27 Nucl eot1de seduencing of portions of VGC2 has reve e
presence oferdl (I988) Bidchemistg) 27, TI23 75 Uzwanskicert alof1983p Terralkedrony 2b kb of

| id ithin VGC2 is 44.69b, 25 d 4 f VGC |
(9) and S Leadrsiih SHhlicpanawarh (48D, Bettal GHie) A@orve 1 58) ' The

lete d ] [ f - WA to th f
oroteins ofc RyRicl i YyRE foA eRAETh 12425 30, hebnPABr A il ©4"00° ©

required f q1990yePcpNatl. Mcadi Seil CSABT] 1401 405t teactdngseof whichof bacteri al
7 April. 2003 WD 96117951 PGT/ (B9510Z875 67 pat hogens of plants and aninals

(7). TRO preseiipeergomted derin diy taference.  Qther methads for, synthesis jofr i n

or gani sati :@ﬂﬂ‘ e o o} rodyct heqy : s4Qf Yersinia

pseudatubeﬁir?u osfoz‘ ?@%] gf{) Péné\;@lés)'pasﬂgf §t ﬁ’fg"i’e%\%spa C ﬁlg't%g‘re }h% VG&C 1 of

Sal monel | a dligphiereotiderig S)dea)tgﬁbéhddbié agid(DNA)a4lthodgh hboRpekiexi cluster

of Shigella Jluneri (32) 33) 34) 35,). For exaggl e the predicted amno acid
a

sequence ofaciRRNA)sequences maysalsobeisyathesized and applied.of v.

pseudot uberculosis (31 )) 34 %identical to Spa9 fromsS fltxneri (35) and
37% identical to SpaQ of VGO of S. ryphinuriu~rs (9). The predicted

prot ei 25pr ohecéligdndeldotides usefRs ¢h hé eﬁ@nﬁéntp}efehﬂaly;arerdas?fmlm 10 of
proteins with 43%identity to LcrD of Y. enterocolitlca (36)) 39b identity
to Mki A of resist, fdegmadation3d)y aendogérousdawcieplytico enaymesf VEBT1vivo(23).

Parti al nuc) eotj de seguences for.,the remini CRl:s Sho i Fi gure
(llcgra aaon o ghgonuc cotides pro&uces oﬁgonuc cotx%c rcakgowng

products of reduced length. Such breakdown products are more likely to

engage in non-spgciﬁc hybridization and are less likely to be effective.

30 relative to their full-length counterparts. Thus. it is desirable to use



8 indicate that the predicted protein from ORF10 is nost simlar to Y.
enterocolitica YseJ (37) a lipoprotein |ocated in the bacteriall Apl@0015
menbrane) with ORF 1 | simlar to S. ryphinmuriumlInvG a nenber of the PulD
famly of translocasts (38). ORFI2 and ORF13 show significant simlarity to
the sensor and regul atory subunits respectively, froma variety of proteins
conpri si nyva sdu7esInponent regul atory systenms (39). There iRCTARIN8EDHI ng
capacity for further genes between ORFs 9 and 10) ORFs 10 20 and 11, and
between ORF | 9 and the right hand end 3 VGC2. VGC2 is conserved anong and
Is specific to the Sal neonellare. A 2.2 kb PstllH ndlll fragnent |ocated at

the centre of oligoRudlpotides tiit aFé resistans o degradatign de thedrady asidrwhich arey t o
entries in the and  pr.ot ei n dat ahas was 25 used a robe .in Sout hern
hybri di sati on aa@'fq/mchgwcgmm Cgih £ T Peese R AlponuicleriBs, can e of her

oh ‘e b : . o . P
e ot TeRsRY RS s oMb by BRI 0 G

non-stri ngent con I ONsS Snho IS present

gal | i narum SinteriadreatifiCial linteitiuckoodde dinkiagesnforf the mativE @hdspliddiester pesti s.
S. fltxneri, V, . cholera and

S., aureus. Thus 30 V. | s copseryved anbng and
is likely o Mokagese w.%xanwlﬁ-rwrsaiamalpa@wteW#heﬁc\'épf’vfwdgeﬁvﬁmlugsl

PCT~GB9310287 t ] it i ' L S
conserved anon%d&ﬁ?g&Sa m@ﬁ&#g ishfgtr o@% %es%tg&agta??égesﬁﬁoégﬁta ern

hybri di sat i onsnathylphosphor aspl‘i&(ljdiog.e,stﬁdbhﬂd.hkem fphosphoroditdsivates,t | on
enzynmes were carried out. Hybridising DNA fragnents,showed that there is

sone het er ogeyerioys iphosphoramidates, phagphate estetss PFQSP‘F Phosphasathinateseen S,

|t 1 muri Wlirr. VDN ol Fi :
Forthernor o) 8ha bRAEed ppBiorAm@hidy) sien SANHE 48 Hiraliyl Yavieb a0
fragnent sjpo Uhﬁﬁ%&ﬁ&é%dmnkhﬁxd&dﬂﬁe livkhgasnge knowariantheagt, Se€gesting

that regions of V have been duplicated in these species. 10 VG2 is
required for foraxample. Gohenc€l990) drendssincBigeechnalogy, Jhevaymthesistofi he LDP

val ues for i.py. lnogulatiqn of transposon E 2(52) ? and P 11
G were at | MligoRGAe Hles Wiy ol BRe A RfHe [hbades ShssityA o dhty 20,0
to clarify thehbspHodicsteranemudidetide Tinkhgesis Wel kaowh in tHedtt, iABludinge 15 p. o.
and i.p. LDP values for nmutants P3F4 and P9B7 were determined (Table 1).
Both nutants shothetic a pathwaysi dor i producinge raligopecleatides adavinge wixedr s of
magni t ude ,py either,r . of inoculation in conparison with the parental
strain. T 55 b?tﬁmﬂﬁ??@ﬁgﬁcﬂﬁﬁ'on of virulence by both routes of

i nocul ati on denonstrates that VGC2 is required for events in the infective
20 ' process after epithelial cell penetration in BALBIc mce. Table 1. LDP
val ues of S. tOliganugleotides can abesmades resirantc fa)estensioni by . endogen@ns3 wi | d
type4. 26.2 x 10' P3F4}). S.x 1. 0Og> 5. x 10P9B7> 1@ x 1 06> 3 X 10" &fu, colony
forming units SAZYMES, B[ CAPRINE)PToHICORROLRUNESIFIRE BIQWRS 0D &he O QL T s A
hitherto U”k_”Q&!Wni\’lhfﬁﬁ&é&ﬁiekpqﬂk‘&dgﬂnﬁoru@ﬁ]hﬂ#¢ddﬁ|h&rdi’illﬁmm§l_c%te' y 40 kb
| ocated at mnute 30.7 on the chronosone by mapping the insertion 5 points

of a groupOof AsninveLinke If™gérom tApplicdoBinSymemsnine, wWFester Gityu&led
Methods for capping are described, for example, by Shaw er al (1991)
Nucleic Acids Res. 19, 747-750 and Agrawal et al (1991) Proc. Natl.
Acad. Sci. USA 88(17), 7595-7599, the teachings of which are hereby

incorporated herein by reference.

25
A further method of making oligonucleotides resistant to nuclease attack
is for them to be “self-stabilized™ as described by Tang er al/ (1993) Nucl.
Acids Res. 21, 2729-2735 incorporated herein by reference. Self-
stabilized oligonucleotides have hairpin loop structures at their 3’ ends.

30 and show increased resistance to degradation by snake venom



virul ence has been identified (5). This locus is referred to as virulence
gent cluster 2 (VGC2) to distinguish it fromthe invlspa virul en 1199 s at
63 mnutes (edition VII1) ref. 22) which we suggest be renaned V GCl
and VGC2 both encode conponents of type Il secretion systens. 10 However,
t hese secretion systens arc functionally distinct. O 19 nutants that arose
frominggyokiisyag i Nnto new genes (ref. 5 and this exanpl epcriépssmegRd to the
same region of the chronosone. It is possible that mni-Tn5 insertion
occurs preferentially in VGC2. Alternsgtively) as the 15 negative sel ection
used to identify nutants with attenuated virul ence (5) was very stringent
(reflected osPHSdﬂ&kﬁFaszBNW poBAmcial ratctfsmfemtwma séruni. S'I'ﬁ@%élfb' e that,
anong the previously unknown ge mutations in those of VGC2 result -
in a degr eestabilized eegian iof thesoliganuic nudc dommenmtem hybnidizatian een. The
failure of g ﬁvr ous, searches for S, rium virul ence,20 d term nants to

identify Wi nEemplementary, puqleig) FCA pharmacqkingic. a&és%@'%‘ Mat her than a

live ani rral nénﬁﬁ&y mq!y%g d regions
of the S. typ I'n Eu?‘rhﬁémﬂﬁ%m‘ﬂ%onosone t’ﬁﬁgﬂ?ﬁ rrong' | 'ae ll | ocat ed
one sucl§ r egligghuci¥otides with réspect @5 thdir fincar3dbunierpared.ore) RF333 nay
correspond to VGCZ) al though 1t was not known 25 that RF333 was involved in

virul ence determ nation. Conhparisons with the type [11 secreti on systems
encoded by ‘ﬂé‘:“ ﬁﬂ* as with
VG&C 1 of Sa*‘ngﬁg‘#rp%&ngﬁcatdge;% 8&/(%@ enco %?u(::ﬁs??? u ur al
conponent s gtisefise dlig é:amtmw chRfaateristic obeasé & ehhdnced of ORFs

1-8 in VG2 is the Agrrl 2003 WD 96J17951 PCTJGS931 02875 70 sane as the
gene order limitingitheoannélability véithe antisenshicgmpoundhtdiity@mendflosus inyphi nuri um

The f that th t d,st t . 0f .t.he V . creti 1

T no i o EreRAriEEPRar IS eRie beuse 4 Mirmiing sxSiTis SicBencs of
Y i nla, \V/ h VGEC2
ersinl a 12%%‘ Nei{gotubiRofiés Ju‘évip?ﬁgd qu%%rggtr? dg{t].tlfve @G?dés it et [ hat )

i ke VCC 41)” 42) was acqul rrurr um vi a
hori zont al Thecentargration dﬂtﬁlcpol(gmnboadmdedlcbqesﬁﬁﬁslotﬂs asignuich show strong

simlarity to bacteg onent regu) ator d coul d regul ate
ei t her ORFJIgheT ‘F“%PfdﬁSPi'Sﬁ%" W&W@F%‘Fﬁ‘é"ﬁys 0 Many

in V hi
Pnto epit hé??‘“’r’@cefrma%ﬁ??eg?%%%%‘ﬁ&re%ﬁ g anll Yol et Bmop. Y7 T 7

resul t 45i n The h:chbhtgtatoncemtmgeﬁeﬂgmdchwdegenlmnbwpénamumfor ane
ruffling (43, 44 r ol )f V 1 g’(ltsrostrlcrontot i s stage of
the inf ect it tacgetedk é"&’e eqtiy, B@F tragslation of w%rzatt\ gi&t i on of

vi rul ence 3%& n@%l" |Esc m ce |nocul ated p.o. with VGl nutants and by the
fact that tants show no toss of virul ence when adninistered i.p.

(8). The second observati on al so explains why no VGCL nutants were obtai ned
in our screen . In contrast, nutants in VGC2 are grof oundl y attenuated

fol | owi ng b qils&nualﬁetldesp canpbe trb&mﬁl tohs locyssby hery mednske VGCl, 20

VGC2 i 9 r eV he penetration)
but these % n Istgd‘("g’\{'n[) e%?ﬁ%@l role %) 8&,&1 |rhf|°?h| s?@a{?‘lé st age of
i nfection. sBImRm of dhgraligonucieptidéscanite injevtsd dieettlyoionthe site oktean

si gnature-tag ed 25 transposon nutants on the Sal nonel | a n~phi murium

chr onosone liered, by 'G@H!Q‘T paingiagrinbisien pumpp The l&’l"&ﬁﬂ@lg@rlﬂcscl ust er at

m nut e 30. 7 I erv speci es
exam ned, bu%0 %lo'fbé ?@%Mﬁm&qn?o %IWd@klgF Q"p@?ﬁoge %%ic eria or in
Escheri chi ahé Qidsu’éHZSItd\luﬁérﬁﬂtsl R oRfowittdotided fto cbed Pelehsd ﬁitot thes | ocus
revealgg 11 open reading 30 frames whose predicted proteins encode

conponéAt s syrroundingeloeus. secreti on 7 April 2003 wo ~i~si 71

rcri cs9s~u~xrs system To distinguish between this and the type |11
secretion system encoded by the inv/spa invasion |ocus we refer to the

i nvl spa | ocThe @figdhddléatides £€NMost réﬁblfy hditdnisteradOviahg r&%%%gcus as VGC2.
VGC2 has a | ower “G+C cont ent than t he Sal nonell a deno and is

f1 anked by rgatgaaks ‘Eheohmdrpgddlsummnthmmnmrgrwdtlnodagradatﬂe OMangentity with

th f th l.i, ydhE h bl d
R L S G T
ydhE ang pk?ﬁdﬂﬁaeﬁol%eﬁ 1Rlal rc\vérréd EHISSdﬁﬁéHE“ ﬂ’%rst’of@%gf“yﬁ? ts have

shown them fo be attenuated by at least five or e conpared
with the wild IO type strain follow ng oral or intraperitoneal inoculation.
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are commercially available or described in the scientific literature,
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25 cxample. implants made of biodegradable materials such as
polyanhydrides. polyorthoesters. polylactic acid and polyglycolic acid and
copolymers thereof. collagen. and protein polymers. 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
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92) 7252-7256 43 Finlay) B.B. & Rauschkowski) S. (1991) J. CeII Sci 99,

ﬁ/ﬁrgg?oldf nCI 3 8701'55) Hglfgﬁnbacgegf%déﬁ‘ Fgﬁkgﬂ) §F?( gga Eenes |n
Streptococcd onuBfebEIHéH ail ﬂl@é:umseqsf‘%i& i4 & ddininistereS IAGRNEF1A CONveni ent

transposon system the nost efficient way of creating tagged nut ants of
St r ept ococahe rpngiisocalculeted hased oaahc rsur:fncc monﬁouswattocbc treatedienesi s

ragmonbs GRS dss? of PREsHc e 1t SimeNy dsBEERERR e BHR o vi th 2

restricti orh.ﬂné%mcer cmpaﬁu&m'zﬁ@bnﬁbﬁ?du&mebuuﬁerg&ewmﬁ g owed by gel

fractionati on and DNA end-repair using T4 DNA pol ynerase. "The fragnents are
| i gat ed i ntrangé ef abalit 30R6B000 e par sqt:amlce{\tim&): dftissuéd\bunfadei axka. 9, 1037
which carries the ermgene for erythromycin selectioninl:. coli and S
pneunoni ae)) previously nodified by incorporation of DNA sequence tags into

one of the fp n#dﬂdci%%c? &hfn‘?s?creﬁﬁ r#gé ﬁgtla‘ft s%&ﬁﬁﬂal@a fneunoni ae

DNA is suffl cie to ensure ogous reco at1on uces the
possi billSi t yboth dwmhmdprm:hyiaatvmnmt i Thee d»llgm'uclcoudefma CHcl

(expressi on of pneunroni ag proteins canp be toxic to E.

Al ternat i vé‘%&’c‘!ﬁfsdctb)f r‘}'NngffﬁﬁqVFeMOdseﬁOéc?*ém SRR Vc “Gval | abl e and

can be use G, e fragnents
arc int rodﬂc ﬁ' %%&WO sn ; pér"x%:é]q’sro ~S appropriate
S. pneurmnnﬁemstwhldh p@hﬁcmdotigoﬁdwcdoms aomi:caermdymcmté in the! ence in a
marine nmodel of pneunpcoccal pneunoni a. ,Regul ation of conpetence for

genetic tr RMEBY srablapdsiream, pn«Qlw{!ﬂ“ﬂcaﬁd@s ymigistergd by‘%‘ﬁﬂ*ﬂﬁ!"&nce factor,

a pept is@de ntly by Don
Mor nsolr%és girr(e)ﬁe%atg?]{?ggﬂ@m ver sﬁf& &aﬁfmfﬂd&.ﬁﬁ F@&%d 0 ar?(rllﬁ\%}l ch is
descri bed thalsathavt)utﬂixyrinrtaewmcemlmraums(riﬁ&hi) lPIdOEa geNat | . Acad.
Scl . USA 92% 11140-1114. 4, Incorporation of mnute quantiti es of this
pepti de i n the ZaRgPFfM Abaut i teeshoyt |l@mm§cpomdwersm§perw an
transfornatl r clinical isolates of S.
pneunonl ae. d?'ﬂ I'L '@%ggﬁﬁé@y y’ﬂ%’%ﬁf‘fg?? gr}é'aﬁﬂyhﬁ}epf?g%coccal nmol ecul ar
genetics and the availability of the peptide greatly facilitates the

construction of S. pnewnonl ae nmutant banks and allows flexibility in
choosi A§ t Hewdl ba|&p9ycqa16®dlmﬂ1mettculqs of tiis aspesh obthetinypation angnt s are

anal ysed t i f us inte tion of -a uencxs, and
chocked f onsbiLis frefing FBRGERFy ey iABirDon 32 iy \Be iR RrBadig "\ T

mut ant s ge'}'&;rﬂt\ﬂﬁlchymbrh%ﬂf Fbﬁ!‘hﬁ!ybké&i’édlﬂéu'ﬁr H1dod® Fedstive of Rgidf act that
the duplicated regions wll be short (200-400 bp); however if the |evel of

rever si on inicooprgaristabThus gk sawhmiolecule is ancdndibiotem i s mai nt ai ned during
grom h of the transformants 20 in culture and during growth in the animal.
(b) Aninmal nodel The S. pneunoni ae nutant bank is organi zed into pools for
| nocul 3bi OrTTuat @ (weffESasPRct dlthEiBh(idh pi o@ﬁcs%nabneemeaam@m%ments are
conducted to 25 det erm ne the optinmm co exity of the pools and the

opti mum i nocul um | evel . One attractive rmdel utilises inocula of 10" cfu)
delivered by nouth to the trachea (Veber a of (1993) J. Anrim crobial
Chenot herapy 32. 473). Swiss nice devel op acute pneunonia w thin 3-4 days)
and C57B1/6 m ce devel op subacute pneunonia within 8-10 days. These

pul ronary nodels 30 of infection yield 10~ cfu/lung (Veber et al (1993) J.




7 April 2003 wo ~nmsnt~rics9sro~s 76 Chcrnot herapy 32) 473) at the time of
death. if required) mce are also injected intraperitoneally f@rAﬁﬂilezom
identification of genes required for bl oodstreaminfection (Sullivan ct al
(1993) Antirnicrobial Agents and Chenot herapy 37) 234). 5 (c) Virul ence
gene identification Once the paraneters of the infection nodel are

opti m zedW@sosH1msint bank consi sting of several thousand SRGTZGBAS/OREIS
subjected to virulence tests. Mitants with aucnuated virul ence are
identified by hybridisation analysis, 13 using | abelled tags fromthe
“input' and “recovered' pools as probes. If S. pneunoniae DNA cannot be
col ony bl ot t eckspegsi ofythe investion damuscomamedicineber at ed chenical Iy or
enzymatically in the wells of mcrotitre dishes prior to transfer onto

nyl on menbranes using a dot-blot apparatus. DNA fl anking the integrated
plasm d is cl oRqHirt2énth &spetof the Gheentidntprovides a (Midthod of treadhg hShast ( 1984)
J. 8acteriol. 159, 8'10), and sgc1uenced.. Cenonmic DNA |ibraries are
construct ed i rwhighrhass onts susseptible tonantafeation withet thigroarganism;, the a

G am positiwve host ,strain, and arg probed w.th restrictipon fr nts
f1anking tRe i'H?'i}gﬁ’a“t%P'H'a&rﬂ ipigtdring a0 £Hachx Amount) of, e"l?igﬁg&‘ which is
then fully se gﬁgﬁ# J e i i I ks. 20
Exa~r ~npfe_~: q*IéSentl ?(gg!t‘légtryvgﬁmvi&rpgﬁeﬁgteﬂggﬁggé?mnwgr?t?éelrﬁoscag%] uis‘é klﬁgaecal is
(a) Mut agenesipresdnt msaic miisroofgafisms, ae axlase relative ofisaid mitrodrgamism. pl asni d
pPATI 12 or a 25 derivative, developed for this purpose. pATlI 12 carries
genes for selection in both G amnegative and G am positive bacteria. and
the att site iy tpffodfe sthort® vl flelin af BT wiich RitBREGRY dleldifs NOS!
strain of the I"ntegrasc tor transposition, and stable. si néle copy

i nserti ondOar eorcdmeliorews ithe irfectionst BgdtwstTotve dncltde anyanimali or plaase gent
(Trieu-Cuot et gl ( 1991 ) CGene 106, 30 21, ). Recovery of DNA flanking the
i ntegrated pl JdHel may Htfﬁ?}F‘ilgMéd"WWrg?“!ﬁﬂHl 2003 wo 9srt ~si
rcrics9sro~s 77 restriction digestion of genom c DNA) intranol ecul ar
ligation and , transformation of E. coli. The presence of single sites for
restriction erdewilbeiappredididdthanpharnracestical formubations lof theTmotaculeioft et  al
(1991) Gene 106, 21 ) .allows %he i ncor,poration of DNA sequence_tags prior
to transfer 5%h®cleventhpspeet of the inventien form pagtaef thec inveption. pPushni d pAT145

to provi t i . ] -8 . ] i .act roporation
or "t F anef &7 na T ATAEAEN ol BRIbAL Jorkn ) e Bl SRS RN SifiFoRe"R " T o35,
J. Bacteriol. otGhoreSatteptableCeatiersAnThe barried@) mist be Gacoepedide” @i thenserti on
mut ants are anal ysed for randgmintegratjon of the plasm d by isolating DNA

from transci pisemesgfl?%g compatihle i sadgeelsf\tlﬁ of the igyeRten gnd not
o <311 koW RUAAENS Ao UG, dUEBH Sihe S|

di shes) and c nd si'ze of poo a ue I'msed prior to

screeni ng of tdrasaling swhiichhwilk be Twrileliahd pyrogenifestel s of infection caused by
E. faecalig are enployed. The first is a well established rat nodel of
endocar di £ s, involving tail vein injection of up to 10" cfu of E. jaecalis

into animals t i ot i | ve (Whitnman
ot ol ( 1003) Aine iifdbun0l Mikdls deloieifl ik 99001 R T AL & peda (T
arc sacrificed hdvevfundUthat iceRginatirelentd @ehdsadreotlusterd b Sabhonlla
vegetations on the aortjic valyve are excised) hom)&leni zed andeI ated to

cul ture medi udYRkimugsm, by arsgionr ofathecchromosame what i bake palladeVGC2ire al so

d f d, aty: VAL OUS' 1] f ' ion. Th d
model 15 of paNASRNA HeRtiskily TBeriia Rk JeabARREL Thad SeanEste on of up
to 25 10 Qfu dlonfologdusCrl aslcaSihpai@Vstt VGE2 afte fobddlin Aﬂh'ymg;;efiebiaﬂd Agenrs

and Chenorherap~~ 34. 1800). As with the S. pneunoni ae no prelimnary

experinents astansioé Sabmeladiut sre noteprogent inthe Eowpli erd Shigellatstrainsool s and
the  opt i mum | g5l WL EREle B Ykl A o S o2l 3

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
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PGT/ GB951028' 15 I sol ation of DNA flanking the sift of integrat?apriobo@AT
112 using its E. toll origin of replication is sinplified by the |Iack of
sites for nost of the commonly used 6 by recognition restriction enzynes in
the vector. 5 Therefore DNA fromthe strains of interest are digested with
one of woegeeenzynes) xIf ligated) transforned into E. goxwdssangsrsequenced
using priners based on the sequences adjacent to the aft sites on the
plasmd. A genonmic DNA |ibrary of E gjgaecalis are probed with sequences of
interest to identify intact copies of virulence genes which are then
sequenced. 1 BXbd Rirdlehice lgdngy.i fication of virul ence Eenes in Pseudononas
aervQ nosa (a) Mitagenesis Since transposon Tn5 has been used by others -
t o mut ageni x Pseudononns aerugi noso) and the mini-Tn5 derivative that was

df thg,identificati f Ll a.typhi I i rul
(Bample 1) Whether,n 8608 Vihinape MObaraion isdMleuotpes o (o
bacteria, i | WHcH [ | 994
ot hods. En, PSRRI, ¢ FoF Tralp MRORE et RNR, V2 MoH AT bPer et

Met hods En, , rynol. .nosa mnut ant construct ed

usi ng o eidentified tppche afiethod ot the esetomt) aspect 1of -the Sinventionm (whers by
conjugal transfer of, the i Ci vector to,one or nore virulent (and
possi bl y rmudeplied F%@MH'SD’P myaiuniand Wherein, the FRYFOAMERLSISAR| gni f i cant

time saving,n: i i fos esddpe L | Neof P.

aer ugi nosa ?Yll‘Jl a%g‘ﬁ,’gg?;‘ %&Q#@S‘e@ Véﬁn%l%gﬂge%ﬁg@ﬁ%hg%S# %a%/

al t er nat i veidenlified by GsKingi 4 mitiGoini thENgerier Guteferstly . a (dfon-polaral model
and virul ence gene identifrcation The bank of P. aeruginosa Insertion

nutants i s Butationdd ardr determiniag ewhethen)|the cmutant aststinois avimlentnar y

it oduiba Methods"of BiskineRBIEOa ARG selesté dspe dft VERKERT B 365 o 1
pcrt cs9sr oayéseribad Helow! sease devel ops over a 30 day period (Wods et al

(1982) Infect. Irrthsun. 36) 1223). Bacteria arc recovered by plating |ung
honogenates to | aboratory nedi um and sequence tags fromthese are used to

possi bl e 1 oAs (BYBERTIY piREchi¥afe mpRGDD Boviiesn e viee PN ooel of

endogenous Raml Al Gpkii bh%&%??@%%hﬁiiwﬁmﬁuﬁggm; curd

Chenot herapy 36, 1198), and cystic fibrosis (Davidson a el ) Neture
Genet i cE5 9) vadant ofna partaher@bfini ng and sequenci ng of DNA fl anking the
transposons is done as described in Exanple 1. Genomic DNA |ibraries for
the isolation and |1 O sequencing of intact copies of the genes arc

const ruct Edﬁg\i@?zlﬁﬁ rgfﬁmamlﬁh@n%m&?qﬁﬁdggﬁgﬁmeﬁ nesi s The

functional eqiuvalent of transposon’nutagenesi Is restriction
enzyme nedi it Bigure) Bamdds reudilyrdbidipabilé fromaSalimonella gyphiihuitth ATECO and Pet es

( 1991 ) FPr Natl._ Acad. Sci. 88, 7583%). | hi s ocess) fungal cells
are transfo \XPYH"BK%C}F?'E nABIeEigan ai)ﬂ’ﬁ g“é\é‘f"eéﬁhﬁ?’@%?%ﬂl in the 20
pr esencsy of rh 24, ; € U alt i ccur at
differ eznbt gg%%ﬁéhs?ﬁg%'?ﬁgeg i%@%@%ﬁz@rzget s'eﬁtggggéﬂﬁ?ﬁ?é)est riction
enzynme. REMNCEG, RubkaHeallk Eaboraesty Seevies Calindule, UK sndat szcedsionl ence genes
of Cochl i obol u L | (1994) Proc. Notl. Acad. Sci. USA 91, 12649) and
Usti | ago (BBP-k&é.Eé ﬁoﬁigyy;s !"f@ﬁ“mt’ﬁé&& xample 4ndFOB have shown
that incorp QN ct,l I rd ction j t lyasy ncodi ng
hygronyci n ?@é@aﬁ%ﬁéﬁé’%fﬁﬁ%ﬁ %cqgﬁ%&géé%'e'% I#Jg‘?rgg&grﬁrﬂdn zzgr ation of
the linear plagtd ekedrtbadédtify A clones fidrhaSSdlmorelta ryphitueriam geagmicar e

introduced into a convenient sift in one of two vectors for hygronycin
resi st atte, libragy ustandasd generme watking enathedsganbsempleyed to-obtaimall f uni gat es.

7 April 2003 p0 %&éfﬂNEGﬁ@?&kﬁg}o%ﬁap 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 least



80 (b) Aninmal nodel and virulence gene identification The | ow dose nodel of
aspergillosis in neutropenic mce in particular closely matchey Ah§ ®ogr se
of pul monary disease in humans (Smith et trl (1994) Infect. Immut. 62)
5247). Mce are inoculated intranasally with up 5 to 1 (000, 000

coni di ospor esl nouse) and virulent fungal nutants are recovered 7-10 days

| at er by uwos§/vasmg honogenates to inoculate |iquid nedi urRCTIGRISEASTSr e
collected after a few hours) fromwhich DNA is extracted for anplification
and | abelling of tags to probe colony bl4ts of DNA fromthe pool of
transformants conprising the inoculum DNA from 10 the regions Ranking the
|t EM i nserti oROpoueleati aoph quefeyably gats deasy S0haucleatidessr slhtmpA with a

{1 ans or mat 1 on PRVGRIOIE g 1A, L PuCRaldl. ve o¥C Rt  fepslChO T ™
plasm d arc useqgcleatid@ 6f ViGE2.! h@ggﬁlgrﬁ%pr%fcmtdﬁhMGQQDﬁWes- To

prove that the insertion of the v S the cause of the avirutent
phenot ype) t heiy dbovsequengsl abowa ins Figurer 11y tdr a hpars athereofst rAnethem enzyne

used for clgning).and,transforned K w | d-type A furriigcrtus
parent strafn. Pg%"!ﬂ'g‘?‘w RER??“E Ragt qti'aatgxs \éatgelhﬁ "Iw@ﬁtﬁ%gﬁ‘ﬁﬁ? SO nat i on
are then subje -éﬂ.et g ts. 20 7 April 2003 WD 961L79s1 81
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Thus, variants of VGC2 DNA of Salmonella typhimurium include

30 equivalent genes. or parts thereof. from other Salmonella species. such as
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Nat I . %)Zd. » TRRNGr aspects o i8kgifion ‘w’@ﬁi ’PE%E)W@E LI STI NG (1)

GENERAL | NRER B4l iudhi noriallY c5hblrs d fonelEis afPMmdT e brebwoMend M t ed (B)
STREET: Commonweal th Buil ding, Du Cane Road (C) CITY: London (E) COUNTRY:

Uni ted Ki ngdom géne ROMGBC20GRId (gehed)is martedNr (dbspn(Tin |sEidOrUtAMENT| ON:

| denti ficat,i f iii) NUVBER OF SEQUENCES: 38, (i UTER
READABLE. Ferto VROROE 1Qfbmaine o mpiatlc Sasierum uherein conpat i bl e
C) OPERATI Q@ﬁ(,g@-,p@,c( RE as Rt #1.0,
(Veisi on #1.25 ‘%ﬂﬁk'z";aﬁ? NFORVAT] F&t ch%II D m’f%}':&m‘}ﬂ"ﬁ%%se

15 gene in VGC2, said gene is mutated or absent in said mutant bacterium.

The following is a preferred method to inactivate a VGC2 gene. One first
subclones the gene on a DNA fragment from a Salmonella A DNA library
or other DNA library using a fragment of VGC2 as a probe in
hybridisation experiments, and map the gene with respect to restriction
20 enzyme sites and characterise the gene by DNA sequencing in Escherichia
coli. Using restriction enzymes, one then introduces into the coding
region of the gene a scgment of DNA encoding resistance to an antibiotic
(for example, kanamycin), possibly after deleting a portion of the coding
region of the cloned gene by restriction enzymes. Methods and DNA
25 constructs containing an antibiotic resistance marker are available to
ensure that the inactivation of the gene of interest is preferably non-polar,
that is to say, does not affect the expression of genes downstream from the
gene of interest. The mutant version of the gene is then transferred from
E. coli to Salmonella typhimurium usiing phage P22 transduction and

30 transductants checked by Southern hybridisation for homologous



(i) SEQUENCE CHARACTERI STICS: (A) LENGTH 89 base pairs (B) TYPE: nucleic
acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULBpfiYPo3 cDNA
(ii1) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL SClJRCE (A
ORGANI SM  Synt hetic oligonucleotide (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO:
1: CTAGGTACCT ACAACCTCAA GCTTNKNKNK NKNKNKNKNK NKNKNKNKNK NKNKNKNKNK 60
NKNKAAGCT T WOFRATAATG GGTACCATG (2) | NFORMATI ON FOR SEQ | [BON(3B902875 )
SEQUENCE CHARACTERI STICS: (A) LENGTH 18 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: |4%ear (ii) MOLECULE TYPE: cDNA
(ti1) HYPOTHETI CAL: NO (iii). ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A
ORGANI SM  Synt HEFP® tnangmﬁéh%mmm g30¢ intp)th&ERIEMSEMOESCRI PTI ON: SEQ | D
NO 2: 7 April 2003 85 TACCTACAAC CTCAAGCT 18 (2) | NFORVATION FOR SEQ ID
NO: 3: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 18 base pairs (B) TYPE:
nucl ei ¢ aci d (CThiSUpAMNIRNESOmmbily! wed Bh SEPRSANG (anti (Ap%e Lbdd i ECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO {(iii) ANTI-SENSE: NO (vi) ORI G NAL
SOURCE: (A) m@mﬂu’ﬁmndsﬁxmmwhlmgmdoued)m many papersEaluding GEEOR PTI ON:
SEQ | D NO: : ﬂ@@@g B (2) | NFORMATION FOR SEQ ID NO: 4: (i)
SEQUENCE 18 base pairs (B) TYPE: nucleic acid
(O STRANDEDNESS SI ngl e (D) TCPO_OGY linear (ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETI CAL: NO, (iii) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A
ORGANI SM  Synt Isill furthercaspeats poovide a(use)of SEidUENGEt DREQR PIdteliomIAQ | D NO:

4: TACCCATTCT AACCAAGC | NFORMAT] ON FOR SEQ | D, EQUENCE
CHARACTERI STI cé’“f‘R? E’l!f'dc‘,ﬁ*%‘?czl %"tﬁ?gH—“-p tiong ‘PE)P"F%HE‘“%?FETB“%Z!PS ’?cJ:)

STRANDEDNESS: |
HYPOTHETI CAL ?‘?’?‘f%ﬂb?\nﬁ Eerdgble g ?f‘é‘r 4 vl dnfpdatl E{ A)V%NI
Synt heti c d0i gdNA ebSakiwnela yypimlkkorEpORIETe M\ or SN@riant WPa part 7
April 2003 86 CTAGGIACCT A INF Tl ON FOR SEQ I D NO: 6: (I)
SEQUENCE CHARAGHEIRPERrEath ﬁ%z Depppund hich fe@)wtﬂmblhuwfeu c acid
(C) STRANDEDNEg T i
(i11) HvPOTHET Aactddlfin ?oﬁﬁgect S i Yiscadd A héde! & ifrlpolhl fudniifiable” O
by said method; a molecule which selectively interacts with, and
substantially inhibits the function of, a gene in VGC2 or a aucleic product

15 thereof; and medical uses and pharmaceutical compositions thereof.

The VGC2 DNA contains genes which have been identified by the
methods of the first and second aspects of the invention as well as genes
which have been identified by their location (although identifiable by the
20  methods of the first and second aspects of the invention). These further
aspects of the invention relate closely to the fourth, fifth, sixth, seventh,
cighth, ninth, tenth, eleventh, twelfth and thirteenth 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. It is preferred if the
mutant bacterium is a S, fyphimurium mutant or a mutant of another

30 species of Salmonella such as S. nvphi.



(vi) ORIG NAL SOURCE: (A) ORGANI SM Synthetic oligonucleotide (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 6: CCTAGGCGGC CAGATCTGAT 20 (2) | NFORNPAPAN(BR SEQ
ID NO: 7: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 21 base pairs (B) TYPE
nucl eic acid (C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL
SQJRCE%@Q, NI SM Synthetic oligonucleotide (xi) ShfitlskoidssCRI PTI ON:
SEQ I D NO l/: CTTGTGT ATAAGAGTCA G 21 (2) | NFORVMATI ON FOR SEQ I D NO: 8:
(1) SEQUENCE CHARACTERISTICS: (A) L H: 300 base pairs (B) TYPE: nucleic
aci d (~) STRANDEDNESS:. double (D) T OGY: linear (ii) MOLECULE TYPE: DNA
(genom c) | Eé)]ﬂf Ve ne NAL SOURCE:
. (A m&%l@r Ia g%&?@?%ﬂ““gﬁf%ﬁgl | a t?[c)’ﬂlh‘%utﬁ/t%h%ﬁ ence gene «
7 April 20QRe EéteriuntEUCkNERS. DAl N ehter) celbs NO
8: GGTCTTAATGTACGGEGCATGGT CTGCAT CGATAACT CCGGCACCCAAAT CCCCATCGATAGOCTCATTTGITT
GGCTGGCATCCCAT CAAGCGAGAAACGT GCGCTAACTTCCGCCACCCTCL20TCGATACCTTTTGTAATGACAAT

CARAGEATCCATEARTA PRI AL I 1 A, R Pt oRe 19 e Felodie g rasacacr T4
ACAACCGATT of 20d HefinFOR SEQ ID NO: 9: (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH: 300 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom' c)

E’]IRIGIA?\II gR(AP Em%g%ééé‘ ANTI P?%Piy}lgﬁﬁ“#&rﬂ "ﬁ%%'ﬂf@% giane (xi)

SEQUENCE @\ &@A SEQ I D NO 9: GCGCGGACGEC
TAGTGTGGT ( AGACGT TACCGAACGGGAT GEGGCAGATCT60GT TGGCTTAC

AAAAGACAT GGOCCATAAGGCGCAAGGT TTTGGGACT GGACGT TTTCGCGL 20 GGCAGACAAG
AGTCGT 4 OB A hoHETR SaRheahy b ey apXH O DR R TEESA

SEQ 1D No: SHH AR g bR oR X T he R ha L 2 <
TYPE: nucl @rebetrwith(the kernnAYEIRRESSncalgerd) 6f he)mitPASArasposapar (1)

MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO
(vi) ORIA NAL SOURCE: (A) ORGANI SM Partial sequence of Sal nonell a

a1 2003 Faite R S ot bibt R epciaydis BE R A e T:CTACT !
AGTCATH g AT ST R TR HGHRRAGATIRRL HG)

COGGGAACCATACTATCTTT120 CCTTCGACCCLAT T T COCCAAAC T
TTGCGGOGAAfillecwas Aybridisededthra probeaos dromplis

T@@T@GS?&%?@%%@AWWW% N

CHARACTERI STICS: (A LENGTH 300 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: double (D) TOPOLOGY: |i near
Figure 4 shows a DNA colony blot hybridisation analysis of 95 §.

20 typhimurium exconjugants of a microtitre dish (Al-Hl1), which were
injected into a mouse. Replicate filters were hybridised with labelled
amplified tags from the pool (inoculum pattern), or with labelled amplified
tags from DNA isolated from over 10,000 pooled colonies that were
recovered from the spleen of the infected animal (spleen pattern).

25 Colonies B6, Al1 and C8 gave rise to weak hybridisation signals on both
sets of filters. Hybridisation signals from colonies A3, C5, G3 (aroA),

and F10 are present on the inoculum pattern but not on the spleen pattern.

Figure 5 shows the sequence of a Salmonella gene isolated using the

30 method of the invention and a comparison to the Escherichia coli clp



(ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO "' (iii)

ANTI - SENSE: NO (vi) ORI G NAL SOURCE: (A) ORGANISM Partial sequeqyf 2003

Sal nonel | a typhi nurium virul ence gene (xi) SEQUENCE DESCRI PTION: SEQ I D NO
11: '
TGCAGGCCGACT CTAGAGGAT CCCCGEGTACCGGTAATTTCTTTAACCT CGCAT CCCGGT6 0 GGATGAAAGGATA
TTCTGCCTCCHAFAMNAT GAAT GAACCGCCCAGTAGATAAAATATT120GAAAGT GTAAIEVERTET TTTAAT
AACGATGCAGGATATACATATAACATGCTGGCATC180AAACCAGGTAAGCAAATCATATTGTGCTGC~CAGGT T
ATTCAAACTATCGACCGGTGGT CC240AGGCGEGAATTT BECCACT AAAT GTAGGT GGGATCAATGGGCTAATTG
GTATAGGCGGAT300 (2) | NFORVATTON FOR SEQ ID NO 12: (i) SEQUENCE

CHARACTERI STI C?rot%f& ﬁlﬂ H 324 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: double {D) TOPOLOGY: 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 nonel |l g typhjnqurium virul ence gene (xi)
SEQUENCE DESCRFfgurefy:s SEQPWWQWE%MMMA@MWACG

S ASCTOTOA G Tk ffide S I ddioR ASEQ IBWNds! 848%5%).

TGTTCCAACGEATGCTGAAACGEGT TATGGL20ATATAT TCGT CGCGGT GAGT TGATAGGAAA
TGACGCT TATGCAGT GGCTGAATTTGI GGA180 GAAACCGCGATAT CGATACCGCCCGT GACTA

TTTCAAAT CAGCGGEINTAT TAGKoEsCthe Josppbarcofl Y GCRT 2o TheCSCAARARaDium
TTATTTAAACGAATTAAACGTATCTAT. 0 TIC ATACAGCLT, 2

| NFORMATI ON F '§EESSPE9°NO(.AA)§§§3£ in%éE"ﬁ{&%g% %@‘%A%“EENGTH:
292 b irs: : i . RGNS ]

TODC]_%ESK: p?: ;Zgﬁ §%¥‘F€%‘E@f§b§\?@gﬂﬁﬂ)ws§gnom c) (1 ?f)‘sdmw CAL: NO
(iii) ANTI - SENgtraind\Chd{rboariffRl locked inONREE=P22 Aprophigesl SMLyRSstes | whichequence

of Sal nonel | a typhimuriumvirul ence gene 324 (xi) SEQUENCE DESCRI PTI ON: SEQ
ID NO  13: oradnbridisedtoce @y &baPstl fragment (probe A in Figure 8) are shown.

CCATGTAAACA W W%@ TGAAC
GTTATTTACTTW A W&%ﬁ"
ATGGATAATAT TGASéRMPdiaty Tdittid RN O A THel % SeCIWN tlong

GATTTGGTTGTTTTTAAT TTAGCCT TATGGCT 1.1 CACTAGRA0GATGIGICIA TTTTTTTTGI
GGTCAAGCACAGAGKItIthermapgesitioniaonsates (ediNpoNlUT refil 2HaEemgple B) NThe 19: (i)

SEQUENCE CHARACTERI STI CS;.. (A) LENGTH: 0 i B YEE: | ei id
) STRANDEDNERES nsignations Carepgopoio the FRlbwink Braipet ISR T8 prn” *°'

i 300 1) L -1 |90 AT oo )\ Nﬁ' ) L SOURCE:
E%ancc)]g‘lez?\" ‘SSI\/II | %%@FFg%egﬁng@“éaﬁ%nel Illg tjgﬁpﬁurl lij?(%‘%/ﬁl ﬁﬁ ggcé gene
(xi) SEQUENCE DESSIS(ReMNn Ba@plONO The docatiohOol Fapped-E Qs ARE SRvaiGAT GCGAG

GTTAACGAAA TT C CAAAGCTGIG.60 .GAGGTGAGCG GTGT G CTGOCTGACT
COTATTAGTC. AMTEREOTREnsRb e T‘hfzePPm’f‘%?Gﬁf?c’éms other gSaPY e
TCAAACGAAA A GTGAGTGTAA GTATATACAC GCTTAAGTAT 180 GOCACTGOGA

TGGATACCCA GTA CCCGATCAGT CCGTCGTGGT TCCAGGEEGTC 240 GCCTAGIGTA
TTGCGTGAGA TGAGTAACAC CAGCGICCCG ACGTCATCGA CGAACAATGG 300 (2) | NFORNVATI ON

FOR SEQ | r 15 (i) SE NCE CHARACTERI STICS; (A) LENGTH. 297 b [
(B) Ty(p?E; 3{{]'8 E%g@rraézsi}ows?&\yg&al and gcnc%% map g? VG(CQ. (A) The positions ase palts
of 16 transposon inscrtions are shown above the line. The extent of
VGC2 is indicated by the thicker line. The position and direction of

transcription of ORFs described in the text of Example 4 are shown by

arrows below the line, together with the names of similar genes, with the
25  exception of ORFs 12 and 13 whose products are similar to the sensor and
regulatory components respectively, of a variety of two component
regulatory systems. (B) The location of overlapping clones and an
EcoRl/Xbal restriction fragment from Mud-P22 prophage strain TT15244
are shown as filled bars. Only the portions of the A clones which have

30 been mapped are shown and the clones may extend beyond these limits.

RECTHIED SHEET (RULE 91)



(C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA
(genomic) (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO (vi) OR GAWMI 2663RCE:
(A) ORGANTSM Partial sequence of Sal nonella typhinmuriumvirul ence gene
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO: 15: CATGAGTAACCTACCCAACT
GTAATCTTTACCAATATGCATCATAATCTTCTGCTGGTAAGOATGATTGGTAATATCGGAAA
GGTAAGMEAG6TRSECACGCCAT TACGT AAAAGT GCGGCCL 20 CCTAAACT GCCARTITGHIBAZSTS
TAAGGGAAGTAATAAAGAAAGGCT CAATGGT CGAATAAAAL B0 GCCACAGCCAATGCAATAAG
CCACTCATTTACCTGT TGTGCCATTCAACCATGCTCHECA240ATTCGTAACATTATCTGCCG
GGTATAATTCAACAGGATACCGCTAAGCCATGGGTAGR97(2) | NFORMATI ON FOR SEQ | D NO  16:
(i) SEQUENGE)CHRE&pOSitionS bf Cestriction kitdsGirel midkédbaB eBpmiils B,EBcoRIPE: nucl ei c
acid (C) STRANDEDNESS: double (D) TOPOLOGY. linear, (ii) MOLECULE TYPE: DNA
(genomi ¢) (Vi iEcoRYadt Bl P,\stk and X, Xkml.- Shrpositiqns ofithe & i NAL  SOURCE:

(7)) CRGAN .t Bl bl (BRI REGs 310 b bR Y A ¥ oo ce gene
GAACAATCAT g Wﬂﬁﬁl&l%@ﬁ@ﬁr&@ BYeddCad G%%GNBG?T re T{O-ARd ATGT

ATGTCATCAC GTAAAAGCGC 120 "TCTCCCCATT CTTCCTTAAG GGCAGTTATC
ACGGCTGACT shawiCxioadhe TeStacAarmaps Thegpmitions of Sequencd 1 fdessribad ( 2)

| NFORMATI ON FOR SEQ. | D 17: (4), SE CHA ERI STI CS; LENGTH:

306 base paﬁwéﬁc‘sﬁ P aad Seqificed Q&m%% °a‘6hB¥éﬁ% D)

TOPOLOGY: |4 jel ' ' iii) HYPOTHETI CAL: NO
(Ti1) ANTI -‘EE@E&@?V. k %@F&ﬁ@%ﬁw&gﬁ“ ISII\/% Partial sequence

of Sal nonella typhi murium virul ence gene (xi) SEQUENCE DESCRI PTION: SEQ I D
NO: 17:

GAGGCGCGTCTiTigursT P deserihesmapning A boundariesof XGERTAICEREROEHONST TACTCATTTTA
e R A R R feres:
CCAA AA

CGGAAAGT GCT CwithA\ the 46drhds Creptdit\ GECHRGASAHMEMARGMCTATSCT GGT TGGAGG

CAGATTATTCA300 TCTTCG (2) | NFORVATITON FOR SEQ ID NO: 18: (i) SEQUENCE
CHARACTERI Shramosomy (nriraesi30203 1dasen prpanded myaprofthe YiG82tegiorci d (O

STRANDEDNESS: , doubl TOPOL.OGY: |, i MOLECULE , TYPE: , DNA i
(iii) HYPC)T'ﬁI':‘FP%}gEL‘.W gis, W%W”éé‘rﬁgg“'?@‘l(bﬂméﬁdsﬁ&“% E%a n?m )
ORGANTSM meewmz%uqaseeﬁﬁcﬁ dite8 akddud genirdid thiewin B, BadsHPCgene (xi)
SEQUENCE DESCRI PTI - SEQ ID NO 18: 306

AGTTGCASTATGIRAT HhANndl ICE, CRaANGAM s aad 1S, CBaGCTRrobes BT CATTGCTTTAC -

TAGAGATAT ACGATTAGTIATCTTGLZ20AT D GATTTCAGAATG
wmeﬁi%ﬁ%ﬂéM PRCCGAAGGTGGTG
AAGT GGTTGATGARA TAGEE T ATR4 WT CGCTGACAGGACT GTTATCAGGAGCGGGCATCCT
CGATCGGCT297( 2) INFO?MA}I O%GE%J ® "19: 7 April 2003 92 (i)
SEQUENCE CHARACTERI STICS: (A) LENGITH. 297 base pairs (B) TYPE: nucleic acid

C) STRAN ESS:, .doubl e (D OGY: linear (il ECULE TYPE: DNA
Eg)enom' c) (Fieure HQPE#‘?-\E"I'I )V Ois conscrlf amo Ig' ;nciv%accx ic to the

20 Salmonellae. Genomic DNA from Salmonella serovars and other
pathogenic bacteria was restricted with PstI (A), Hindlll or EcoRV (B)
and subjected to Southern hybridisation analysi.j'.. using a 2.2 kb
Pstl/HindIII fragment from A clone 7 as a probe (probe B Figure 2). The
filters were hybridised and washed under stringent (A) or non-stringent

25 (B) conditions.

Figure 11 shows the DNA sequence of “Sequence 1" of VGC2 from the
centre to the left-hand end (see the arrow labelled Sequence 1 in Figure
2). The DNA is translated in all six reading frames and the start and stop

30 positions of putative genes. and the transposon insertion positions for

-



(iii) ANTT-SENSE: NO (vi) ORIG NAL SOURCE: (A) ORGANISM Partial sequence
of Sal nonell a typhi murium virul ence gene (xi) SEQUENCE DESCRI P-‘|]_|@}‘11 2968 I D
NO: 19: CAAGAGACAGATCCAACTCGGGCCGATCGC CATAACGCCAGCAGITTGAA
AGATGAAAGCE0CCAGCTTATCCAGCCATTCCGGTACAGCGT  AACGAGCAGGT TGCCAGAAA
TAACGATAAAL20GT TGCAACACCT CGEGATCAGGTCGGCTCA AAAACGGGGT CTCAGGCAAA
AATAGCCCATWaEABSAT GCCCACTCCTAATAACAGTCCTGT CAACGATAACAT CRATEGBLS0287S
AAGGGTATTT240CATCAACCACTTCACCACCTTCCCTTTATT GGCGT TGGATAACGTCCATA
ATCCAGA297(2) | NFORMATI ON FOR SEQ I D Ngg 20: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 298 base pairs (B) TYPE nucl eic acid (C) STRANDEDNESS: doubl e
(D) TOPOLOGY. viiBRBImukird IMHEEPLS SHiare ERMcABANSEREID N4 B7),HYPOTHETI CAL
NO (iii) ANTI- NO (viI SOURCE: NI SM artlal
sequence of Sal rmnel | a typhi rrurl um vi ruI ence gene (xi) SEQUENCE

DESCRI PTI ON:  SEQ I D NO: .20: A TTAT TGATTCCATTTTTACACTGA
TGAATGTTCCGTTS@CQ’MGMN&M lon apeosiandard nueleetide
CGAGCCAGGA AGATGAAGCATCCACCAGTA
OCCCAGTGeT T TPl otk B Rk ety AT T AT AT GOAGT TAA
CGGTAGGCGOGATTATCTTGT CAGAATAT240 CAGGOGCAGC ATCGCAAGOGCTTAATAAGT

TGGGTAACATGGCATGAAGGGGECAACCC298( 2) | NFORMVATI ON FOR SEQ 1D No: 21 (i)
SEQUENCE CHAFf\lZIERIl&'FhQBS thedpNACseguencexyfd' Sequencs 2 ™ref YEC21(ehster @)cl ei ¢ aci d

0 T R R e P i, |

CRIGINAL SQU ) aad hi muri um
vi rul ence gene l"’E%@NCE [s)Eagna ; C]%ﬁag [s)ﬂlf\cl)o@%izf @%‘J&%&%

AAAGCT TGCATGCﬂiEBﬁm mmm WM&%B@@G&EMMWAGATCT GAT
CAAGAGA TAA OCCAGCAGT TTGAAAGATGAAAGCCCAGCTTATCCA
GCCATT AW% TAACGATAAAGT TGCAACACCTCGGGATCAGGTC
GGCTCAAAAACGE240GGT CTCAGGCAAAAAT AGCCGAT CAGGATGCCCACT CCTAATAACAGT CCTGTCAACRE2
98 (2) I NFORMATION FOR SEQ ID NO 22: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 301 bAsds wenventidhal hYPEndioates Qi stopdodot @ndSstividdpliicRatidéoubl e (D)
TOPOLOGY: linear, (ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL: NO
(iii) ANTI- SEMBbiguND qodry acrusedwhere@ORSERTY( A) ORGANI SM Partial sequence

of Sal monel l a typhi murium virul ence gene (xi) SEQUENCE DESCRI PTION: SEQ ID
NO 22:

CTIRGERET 1602 S CRRREATE AR BRERpIYACCOCAT TCOOGCE 0 CATACAGGAGECC
AGCAACATATTTTCACGCGCCGCCAGATCGT GECCGT AACCCA 120 TTTCGGCAGCGATTTGCCAATCATC
GCTATCGCGCCAATCGCCAGCCTGI CGEaET. AAACGG180CGT GGCGTTGAGCGCGCTGTAGGCCTCAATCGCATGC

CHARACTERI STI%%@#[E)NGTH 289 base pal rs (B) TYPE nucI ei ¢ aci d (O

STRANDEDNESS: TOPOLOGY: |inear 7 April 2003 94 (ii) MOLECULE
TYPE: DNA (genom c) (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi)

ORI G NAL .SQU Ce A Nl SM Partial sequence of Sal nonella typhinmurium
vi rul enc@%geﬁ(ﬁ'??bw% SCRIPTION: SEQ I D NO. 23:

CGCGAACGT GCGCCGCAACT

GCTTGTGGACGGT GAAT TGCAGT TTGACGOCGCT TTCGT G50 CCBGAGGT CBCCBCECAAAA
AGCGCCT GACAC B SR ST SuP 6 Gr@ PladmideT GATGL 20 ATTTTCCCGT CGCT GGAGRT
GGGCAATATTGGCTACAAAAT CACT CAGCGT CTGGGAGGC 80 TATCGCGCT GTTGGGOCGCT
AATTCAGGGGCT TGECGCGCCGCT TCACGACCT CTCCCGA2 40 GGCT GTAGCGT GCAGGAAAT

'gé‘l@C%éET% e Gﬁ?ﬁﬁ%@%‘ Qra}n I'ﬁﬁ%qm EP%OSE%JnDcaIr\lDTy%g (1)
25 Culturc Collection (ATCC) strain 14028) was obtained from the National
Collection of Type Cultures (NCTC), Public Health Laboratory Service,
Colindale, London, UK. A spontaneous nalidixic acid resistant mutant of

this strain (12023 Nal‘) was selected in our laboratory. Another derivative
of strain 12023, CL1509 (aroA::Tnl0) was a gift from Fred Heffron.
30 Escherichia coli strains CC118 Mpir (Alara-leu), araD, AlacX74, galE,

RECTIFIED SHEET (RULE 91)



(A) LENGTH: 303 base pairs (B) TYPE: nucleic acid (Ci STRANDEDNESS: doubl e
(D TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genbmic) (iii) HYPAHHEUOGAL:
NO (iii) ANTI-SENSE: NO (vi) ORIA NAL SOURCE: (A) ORGANI SM Parti al

sequence od Sal nonel | a typhi muri um virul ence gene (xi) SEQUENCE

DESCRI PTI ON:  SEQ | D NO:

24 CCCGyp¥efrAdseCCT GCCGT TGT CCGGT TATTGCT CGT CAAGCGAACAGAT Coédv B 55ma s GAGAGCGACT
CTCGAATCATGGGGGEGT CATGTATCGGGATGGTGTAATCTGTGATGACT T120ATTGGTACGAGAAGT GCAGGAT
GTTTTGGATAAAAAT GGGT TACCCGCAT GCTGAAGT AT 180 CCAGCGAAGGGECCGEGEGAGCGTGTTAATTCATGA
TGATATACAAAT GGATCAGCAATGGEC240GCAAGGT TCAACCATTACTTGCAGATATTCCCGGEGT TATTGCACTG

CrarACTER SR HeARD: (RN o, P WEHAR g Mpicohe BRomey, ()

STRANDEDNES S DY Nefir (T, SPeOGYhi, pro,dadREM*) RGBT MulKREn /DNA ( genori ¢)
7 April 2003 95 (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi)" ORI G NAL

SOURCE: ( ANpitRcowearsigifteframaKeanetiy Fiowniss  EalcolinPHoe washusedrfoom vi rul ence

gene (Xxi ) SEQUENCE PTJ..ON:
MTMMAW%&WM¢MT%M@G
S ! PTG S LA
GITGAT & m [ TGACAAGCCCCA
CTAAACCCCTé#14l] ADMIMWTWWWCT GAGACTGATGAGAGTGACTATTCTGCCAGC
GCAAATAACCC300 (2) | NFORMATTON FOR SEQ ID NO 26: (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH: 303 base pairs (B) TYPE: nucleic acid (O

(i1 vpcRPRtelen fsaniandaitautdies d Yedhody o ‘sarce: ()

ORGANI SM  Partial sequence of Sal monella typhimuriumvirul ence gene (xi)
SEQUENCE DESCRI PTI ON: SEQ I D NO 26:
ATACCAAGT AT Adligsicizotide A pebCCRTMCCTAGG TACCTACAACCTEARGOTI-CCGAAAAAC

BRI SR e e S el S
T e e el

CHARACTER @N’@GTABG&NWCWNO?QS)G ¢ (B TYW&: B3ycl epg agsd (O
STRANDEDNESS: doubl e c)'_l(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genoni ¢)

7 April 20B8CRCATTOTARQGAAGGA!D) NSEQ i 1D AlNe - SENSEdNORSvi XSBRIGI NAL

e R LT STCO oW 9 Ve i

GOCGTAT g@@% GA6PGEKHCT CTCGAAT
CATGGGGGGTCATGIATCGGGA GGTGTAAT GATGA TATTGlZOGTACGA GTGCAGGATGTTTTGG
TAAAAAT SINEETRT OEFacsd Fom RTEOBCEGHD GG VOhE BCRATGATATTC

AT COT CACLANT LA T G R A LT AT AT CE 0/ 06T oA CATT

pg of RT1 as target; 250 uM each dATP, dCTP, dGTP, dTTP; 100 pM of

20 primers P3 and PS; and 2.5 U of Amplitaq (Perkin-Elmer Cetus). Thermal
cycling conditions were 30 cycles of 95°C for 30 s, S0°C for 45 s, and 72°C
for 10 s. The PCR product was gel purified (Sambrook et al. 1989), passed
through an elutipD column (available from Schleicher and gchull) 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 er 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 gl volume with 1

30 unit T4 DNA ligase (Gibco-BRL) in a buffer supplied with the enzyme.

RECTIFIED SHEET (RULE 91)



(2) | NFORMATION FOR SEQ ID NO 28: (i) SEQUENCE CHARACTERI STICS: (A)

LENGTH: 300 base pairs (B) TYPE nucleic acid (C) STRANDEDNESS7 Apeillkbes ( 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 |l a typhi murium virul ence gene (xi) SEQUENCE DESCRI PTION: SEQ ID
NO: WO 96/17951 PCT/GB9S/N2875

28: GEECGACCT GCCCGCGECGCAACT TTCCCCGAAGCGTTTTCCATTTCCTTGT TCTTAAAT6 0 GACCTGGAAA
GCTTACCTAAGCCTTGTCTTGCCTATGT GACAATACT CCT F$GAGAACACL20CCCGACGT CCATGATTATGCTA
TACAGATCACAGCGGATGGEGGGATGGTGAATCGGT TAT180 TATACCACAAGT CGCAGCTCTGAGCTTATTGCTA
TTGAGATA TECAT T, ATATT
COGGTGAOGTATARI D) T RO PN R RS 5 N S A pfcdieorT
CHARACTERI STI bctefisl) calbmi€STatisig fronnsithqraielfdigatipn of/the: plasmiddd N Aaer whun)

STRANDEDNESS: | TOPOLOGY: . | i) MOLECULE TYPE i
g Iolu :?)CE W(PgFHEPFOUb W) a-gopispl rreaew%wifz”cu‘r{ehgou;\ﬂ?rw JDCN@‘ S’ llncémN%_

e ence
cone (i) SePEnERA iRy, GGHURL oy WM%%EWW
ATATCT TTAACCT (s starit ChE it bl @dloriésSFoNdWinkd Qtdnsiorhiation of ABTGONT €C118

AACCGOCCAGCAGATAAAATATTGACAGTG ATAACCCGAT120GTTTTTTTAA CGATGCAGGC
TATACATATAACA(Supthreck@a@lANE9), somparedarithsids aubpnies aasingdrvmochigation

GCTACTTCACACTATTGTCCGGOGGGC%(’WAT Tf| 2 AAAT CTCGCTGGIT CTCAAA
(2) | NFORVATI BHCHER COpaining CHARACTERI STI CS:  (A)
LENGTH. 300 base pairs (B) TYPE nucI ei ¢ aci d (C) STRANDEDNESS: doubl e (D)

TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c) (iii) HYPOTHETI CAL: NO
(i11) ANTI - SEBgEreriaDTransforntdtionnNd MatdgsE. (A) ORGANISM Partial sequence

of Sal monel |l a typhimurium virul ence gene 266 (xi) SEQUENCE DESCRI PTI ON: SEQ
ID N0 30tAGTCTACGAT

TTCGCTATATCTTETCTTAAT 1y

GOCATCTT TCATT R ARG O YL ek ins et AT R A the
TTGAGT GATACGT die\dthaiideltd £ DNAS Wektssed (oArdns e XV dolDECA T Mrook
GGCATCATTTTCATGAGGAT TATGAA TCTTTCICTTTGCGATG290CGCA

CTCTTTCAACTCA#tAH, APBMTWW@WWM@MWQ were msdaWAﬂ ON FOR

TR ik SRS S Rl A O
5 T 6 i T 59 i ind oot

Sal monel | a t ygpiproximately\40,00@ ampigiineregistant EECOEEISSE RpHQRdsTorlintsSEQ | D NO:
31: GCGCCCCTTT TTGGTTGA ATTCTTGTAA

GGGTAATACTA ereuitiradr senactiohCAg T80CeRea A TCATTTTA
o ACC S

cosma HETRRR e

GAAAAGATTTGA ' a CCACC
TCACCAAGATTGA@W%S(D%@ Ripord micnitssaivA (0.5 ;EﬁR SEQ I D
NG 32: (i SEQUENCE ERI STICS: (A) LENGIH. 300 base pairs SB) fi YPE:
nucl ei ¢ d diameter). The filters were placed on the surface of agar containing M

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 mi"! nalidixic acid (to select against the donor
25  strain) and 50 ug mi* 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 senmsitive to ampicillin, indicating that these resulted from authentic

RECTIFIED SHEET (RULE §1)



(C) STRANDEDNESS: double (D) TOPOLOGY: 1'inear (ii) MOLECULE TYPE: DNA
(genomic) (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI TGANAL2@BURCE:
(A) ORGANI SM Partial sequence of Sal nonella typhinmuriumvirulence gene

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 32:

GGATAAGATCCCGGATAAGT AT GT CAGCCTCGTATGCACAACAGGCATTATAAACCTCTAGOGACCATTTTTAAC
ATGCTCRRG 54175511 AAAAT GAGGCCAGGGT AATAAGGCATTCATAAL20T TTTCATGATC
G i CTACH I AATAAGATCTTATATTCTTTCATTTGGC180TGCCCTCGCGAAAATTAAGATAATATTAAGTAATG
GTGTAGGT TGT GGAGATCATACGTA240TTTTCTCEgépT AAGT CGGT TAGT TCCTCCAGCGCGATGATTTTCCCC
ATTTTTACGCGAT300 (2) | NFORVATION FOR SEQ ID NO 33: (i) SEQUENCE

CHARACTERI id (O
STRANDEDNESRR TSR vl U Rriie & Fubid, 1908 MR RUBIAIRR S (0 ) -
(iii) HYPCHdrsitive txconfugants werd\StoredENII5 wilD ricrpti@RIdisldsLcontlifdag: (A

ORGANI SM  Parti al uence of Sal nonel |l a typhi nuri um vi rul ence gene 7
Apri | 2003L59n\edmmsEEyE tersctomge ah803EQ sitherd % M Sﬁ@@tﬁ@m
CTCGTCCGGG G%%XA ﬁ‘% JATACCAAT GGATCTGCAA TGGCGCAAGG
TTCAACCATTEH WRGTACTG GGAGATTAGT CACTCTCATC

AGTCT GGGTGATGIT ATTTCTGGGA TAATAGAGCA ACGGCGTTAG CAGGGGTCGG
TCAGTAGICA CGGCCAACTT CGGTGCACTT TTGCGTATCA CTGGGGTATC ATAACTGAAT
CTCATCCCCCPRaHSIyJit @it rad@risdtion df mutaifsORVATI ON FOR SEQ I D NO 34: (i)
SEQUENCE CHARACTERI STICS: (A) LENGTH. 301 base pairs (B) TYPE: nucleic acid
(C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA

070, by VRV ok A, O o e

(xi) SEQJ%HE%RI?RI@EMSEQ% [gliédse I8ambrookCérTdl] A 989 E-Adeémtify CTCCGTGGCA

TAGCGATACA GAGTATTAAG CGGGIGIGIT ACATCGICAT CCAACAACAT ACGCA G
ccmammmmmmm@mmmmmme
CATGAGTACG TGT, GCGC TATCATA GAAATTTCCC CTTACT GATAAGCCCT

GTCAGTTGGAM# BARMICTOSRARY-9 GTTGT TATCTGCCCC
CCGACTCATA AGATCGGGTA TTCCGCGGTG G (2) | NFORVATI ON FOR SEQ ID NGO 35: (i)
SEQUENCE CHARACTERI STICS: (A) LENGIH. 297 base pairs (B) TYPE: nucleic acid
(C) STRANDEDIdnSBlotk) INA exipcli6BOFCRs, DNAdabellrigs)andhybridlikatiodsE: DNA
(genomc) (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI d NAL SOURCE:
(A) ORGANI SM Partial sequence of Sal nonella typhinmuriumvirulence gene 60

No. 30 > Hordiony ik hvbiisline d sty il el g s sl 50 10

ACCACGGAAQ@:’FMET MmicrdiréAishesAd n Hlfers

CCT GAAAACGATTACT CGT TGT 120TCT GGCGT TA CCT GCCAGCAAACGATAT

CTCATTA TA TATCATTAA 0 AATA AATGA

ACTACCACT Aﬁ‘i‘l’&&t!ﬁ % E#WCE%E ‘% iﬁ (i)
SEQJENCE | &l 1 et GedP AndS dridd ucleic acid
(O STRANDE ESS: d@gbl Eg@ % e?rlgl near (11) I\/D_ECU-LEE I'DIFE DNA

( genorXc) t@mpe}athh@ﬁifHBTmMLﬁmmma )vemmzmm 4I\N)Na0ﬁ apdithe NAL  SOURCE:
(A oA b el e e v B 1" " Waghoe 9ome
manufacturer's instructions. The bacterial DNA was fixed to the filters by
exposure to UV light from a Stratalinker (Stratagene). Hybridisations to
2p.1abelled probes were carried out under stringent conditions as previously
25  described (Holden et al, 1989). For DNA extractions, S. ryphimurium
transposon mutant strains were grown in liquid LB medium in microtitre
dishes or resuspended in LB medium following growth on solid media.
Total DNA was prepared by the hexadecyltrimethylammoniumbromide
(CTAB) method according to Ausubel es al (1987). Briefly, cells from 150
30 to 1000 ul volumes were precipitated by centrifugation and resuspended in

RECTWIED SHEET (RULE 91)



CCCATGGGCGCAATTTGT TGCGCAGCGT TTACCCGACCATCGCGT TTATGAGCTGTAATT60CATGGGGEGGTAAA
AACGGGCGT GACGACCCCAACGGAAGATAAGGCCGGGCTTAAACAGGL20AGATTATTGCTARA

AGTGT TGCTGCCGGACAGCAGTAAGTATGECGCGC1I80ATTCCCTCTTTAATGT GGTGCCGCTTGAGCGCTTTAA
TGACGTGATTACCGACGT CAATC240TGCCGCCGT CAGCGCAGGT TGAACT GAAAGGGCGCCCTTTTTGCGCTAA
C&291(2) | NFORMATTON FOR SEQ I D NO: 37: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 13vQJ%/15aske pairs (B) TYPE: nucleic acid (C) STRANISE/SE9SO2873oubl e
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomc) (iii) HYPOTHETI CAL:
NO (iii) ANTI-SENSE: NO (vi) ORIG NAL SBQJRCE: (A) ORGANI SM DNA sequence of
V& Il fromcentre to left hand end (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO:
37: CTGCAGAACET Gz wvad added 19 LT bF SOKCSDSTardCT (vt EAWT 60
CCACCAGTAA CGCCAGTGCT. TTATTACCGC AGGTTATGIT. GACCAGACAA ATGGATT TA 120 7
April 2003 10proteisasTRaAd fesinabatrg atAT 1@ fortchawadab ATl AdEMEIA

ACTGTOCTTA 24deEaided saEmika tideavably SRiehaR by B 4 R R b
GATGAAGCGA 308nd 0,7 M _NaCl. After moroct%_ mixing, the solutmn ion was incubated at

ATCAAATGCTGGCAT TACTTATGCAGCATCATAT GAGGA360TGGTGTAACCTT
ACGT GTCGACCAG S X Ormi. TEall aeingEx GacamTwith phciiol aod:pﬁemt@h‘rmfaamCATAGGGCA

GITTRCAACGEC TGT TTCCGGCT TCA48QGTTAGTGGT ATCA! % CAGGCAGAAGA
TTAATTTTTTAAA RCARAGA 'ﬂ'@&é&ﬂ»&é‘%&?@ﬂgﬁ Wit GGCAAAAGT
GACCATTGCGCT6 A, ATTTATAAAATA
oA ORI PO PRl e
AATCCCTGGGT TGIATACAGTAAGATTAGTATCT TGATGCAGCCT GCTG

AATTCAGAAT?SOGGT AGCTGACGTACCCGCGAGACAAACATTCTGGATTATGGACGT TATCAACGCCAATAAB4
O0AGGCGAAGGT GGTGAAGT GGT TGATGAAATACCCT TATCCGT TGATGT TATCGT TGACAGE00ACTGITATTAG

ACTTTATCOLT AT TIRCICX A ARoplat ey AU 78 bl ot BB B B

TTCAAACT GCT Gt TWTCl €2 e9( 7, 3 T GHO0A S ATAGACTAA
GAGGAACCTCTGITAL -{§0 QﬁG'% TTAAATGACXW% ggfmm ATA

TCCISIZOOCATTTWWMTF@A&GT GACEM TG, @M M COTHTAGL260AGT
ee

ATCGGCAATTGCT, CTA ) G %ﬁmomeAAm
GATGGCAAATTA AMPMATTCTTAATCG
GGAAGCGCATGA ATACTTTGG
CCGAAGACTTCT%X%SX?T 1 %ﬁ@%@ﬁwwa@m
GAAATTAAJGAT Aafiged mm~AC&Q@T@MAIMMMW%&A@&E,TMWWTAACTTTAT

TTGlGZOCGCAAGAGCAAm! AA%GAgI TTCACATGCT ATTW TACCGTAAGGL680CTGA
AAAAATCAT @RIEcTAGCGTGCT
CARRATCAATT TATR ARG HF 28 mﬂfﬁ R A orrerar
GAAAATCAATTT% m % GGTTCTGIT
GGCCTGGT TCCAGizaipitatedweith 2thaacl DNAGvas\Fésuspendd il (0 GCTE &#d eP@R\CCGCTATGG

CGGAAGAGGGAGL980CGCT TTATTTGOGT AT TCATCCT GAAAAAGAGGCAT TGATGOGAGAAACT TTTGGCAAG
C2040GGTTTACHredugts merepurifiedby electroplioresia tioneghrad b & 1Scpptaque AEMS 100 102

ToaTTACGPRD 1 RPN gk AT, s B et koA RO Bbout
AATGACGOCC22 dised-2hl isel Pordd AdAAICPORCANHS FLdAioh  (as
GOCTTCAATG228ATTAGCT CTCCAGGAGT TACAGGAAACGACGEGEGGCAGOGCT CTATGAGAC

GATGGAAGAA2 3mmmgmtmmwmummmmmma
[ \

COATANT G 46D RS AR 8 AR AR AR

AG
GCATAATGGR24 eﬂ

TGOGTATCAA25 24 FPAT @g@wﬁlwgﬁ CGCGAT2
580 TTGCAATCGCAACT GGATACGT TACA TTTTAGI I12640TACTGGA

ACTTGGCGRAGT GRdTRECEpProRimaIyCTU Hg TehAfRE DNAATICZAAGAD T (1 %S2aplB4@ACAACGATGA
AATGCOCTTATCGCAGT GGT TCAGA GACTGGCC2760 GRATOGCT GTGAACGRG] CCGTATTTTGC
TAAGAGCAGTAGAERIOSS SNt Ao Toundr8ER ST CAMRIACGCAGCATTA
GTACGTTTGCGT W e AAAAC STCAGEACTCCATTTGCCA
GTTGCCGCCZQ4%$@%T o N AR AL ST GATTGR0
O0OGTTGCTTGAT d AVacpertbhned &9 dds 'EEBWTH WWQGQACAACTTGA

TGCGCAGTTTATGCTGATACCCGATAACT GT TTTAACGACGAAGATCAACG3 120 TGAACAAATTCTCGAAACGC
TTCGTGAAGT AAdabet svasTquaatitatedrayr sospebanac tor Wietraar PESL spaper (Sanalpak 4T TGGCTTTCT
GGCTCATC$§ GGATGGATTG3240GGATCTCATTACTGAACGTAATATTCAGCTTTTTATTCAATT
AGCAGGAT 300GCCTTTAGCAACCAATATGT TCTGGCGGCAAGGACAATATGAAACTATCATAA
CGGTCGT3360ATTCTCTTATGX CAGATACT CAAGCAAACCT TCTTAGACGAAGAACTGCTTTTTAAAGCG3420
TTGGCTAACT GGAAACCCGCAGCGT TCCAGGG REFTIRIED SHEET (AURE BN TTTGTTGCGC3480GATGGGCTTGC
AATGAGTTGTTCTCCACCTCTTTCCAGCT CCGCCGAGCT CTGGTTACGA3540 TTACATCATCGACAAATAAAAT
TTCNTGGAGT CGCAATGCGT TCATGGT TAGGT GAGGGA3 600 GT CAGGGECGCAACAGT GGCTCAGT GTATGCGCG
GGTCGGCAGGATATGGT TCTGECGACG3660GTGTTATTAATCGCTATTGTGATGATGCTGTTACCCT TGCCGAC
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7 April 2003 107 AAAAAGATGG AACGCGTATC TTTATAACCG CGCAGAATAC CGCTGCCGAT
AACCTGTATA GAGTCGGAAA TCTGGTAAAC CGCAGCGAGC AGCATTAATT mpgﬁﬂ 2003
CCACGACCTC AGGGTTGICA TTGTAGAGCA AAGCAATATG CTTACGCAGA GTAACGGT,
AAATAGCGGT AACCACAGCC ATACAAATGC CGACGCCTAA ACCGGTACGC GCTGCGTTTG
CGCATCCAGC GTTGAGCCCT GGCCCAGACC GATAACCCAC TCGAATCGTT ACCGCCGCAG
CCAGCGAWABsARBLAGTACG AACATCAGCG AGCTAAAGTT AAGCGCAATC HCHGBRNZSIS
CGACATCCAC AATACCTAAT GGCGAAACCA GCAGCGCAAC GACCGCAAAT AACGTCACTT
CAAAGAACAG CCAGCGCAAT CGGCAACCCC AGTSGAATCA GGOGCTTCAT GACGACGCTA
TCGGGTTTGC CAAAGCCTTT TTCATTACGA ATATCACGCA TTGAACGCGC GTGITTAATG
TAAGAAAGCArifesHon Sebltes CATCACCCAA TAGACCGCCG CAGTCGCAAC GCCGCAGCCG
ATACCGCCGA GTTCOGGCAT ACCAAAATGG CCATAGATAA AAATATAGTT CACCGGAATA
TTCACCAGCA GGCCCAAAAA TCCCATCACC ATACCCGGTT TGGTTTTGGC CAGACCTTCG
CACTGGT : GG TAT

TARCaoA R SH e e spats, o Prtne g ol Y
CCGGCATT yREEABACRA O/ SHOCAOGHT
TGTCGAA GATGCGCGAT% CORCCRGAGE CATTGAGTTG CGCAATCACA
mmwmmmmmmmmmm NTAERGIIFEC

ATCCATTGOPIBREOVPREEN 849 Annealrismiesi vt pes st pesmelin
Cranaaacocy SRR e et e s A et Rl b MERIET )

COCCCGTAT Twékel Addubiatéd Qt\eswwmms% midesredCading Ca T PiteAlIcC
TGTTTTTCCA CCTGCTATTG TGCTGAACAG TTCT ATTTATTTCACGEAGTTGAAG

ATATGTTTAMBlixean Osivrotireqimecrade wac rpproximaalyr .2 2in eaghomediT| ON FOR SEQ

I e A AT ey LB i 2

MOLECULE T, ENSE:  NO
(Vi) R e 2 R&mﬁﬂem‘"@w" Woﬁﬁzﬂugﬁ‘é‘é"ﬁm cleitig s8fic 19°N5F | D60

12120 1218(pptamm1930ﬂ1&‘28ﬁ0nﬂzgzmumemnmﬁanﬂ waeoplamsmt GhI@0 12780
12840 12900 1 960 13020 13080, 131400§3200 13260 13320, 13380 13A17 7 April
2003 108 (k¥ wioacih nand kanamycin (50 mg mi*

TAAT TGCGT TGATGAGATTCATCC60AGTACACCAC
T@TMMéMWMMNWMZOAACCGTTCTCTATTATCGCAGA
AATAATISTCAT CCOCCT GAGACT GAT GAGAGT GACTAAL 80 TCTGCCAGT GCAAT AACCCGGGAATAT CTGCAAG

TAATGGT TGAACCT TGCGCCATTGCT240GATCCAT TTGTATATCAT CATGAATTAACACGCTCCCCGGCCCTTC
GCTGGATACTamups 0 0efATHsssCfemaeCABALEBf AT anica AR BECATIECTORAGEAATAAGTCATC

AC360AGATT.A! Wmﬁ?&@ CCCTCT CA TTTCCA420TCTGITC
GCTTGACGA RATAATGAATATT

GCTTTTGICY TP ANCOT MG GO R IR CTAATACTTAA
CAGGACA TGAAAAT CAB 00 AGAA TACGCCAGCCAACCACCAGT ACCCT GATCT GGAAACGEG
TATTTGATAAEGMEGMIG AAGTHERGARERS WETE TaMeNed CEEROMES SAAETACOMM G TGCAAAACCCC
ACTGG OAT B}mﬁwmm TCT TTAACTCTAACTﬁ&%GGCTTTCCCGGmOCATC
AA ARG ABBR| AU\ CAAAT ATCGCAT

A I A S T
CGTATTTTOCR A ‘Fﬂc&% TTAATCAAAAA
AAGCCTGAT TiA EWRWJM%WHWMQMWTATC@CCA
ATAAAGGGAL080TTTTGT TTTGOGAGTGGATTTGT TTACCTTGT TTAAACCCTCCCAGCAATNAGACTTTGCL 1

?&W‘%m NEFNEANCMES ApiTatetA TWMOOﬂg\é%\Q
AR AT SR distlied L Rt See A el S  Crooer
CCAGT BHCGhdth{sy watetAhA T 100 dh ot 4L Tatetd | 6rt6ATY OPM\@paACCACAGATGEC

TGGGAAAGTACATAAGCC1440TGAGAGCT TTTT TCCAGGGCAT TCAGACGCACCATAAAGT TTGAGGTATCGCT
GATTACCL 5 coaitagralidizicizidCiaiung od hondiacamycirdbAugankHedectara CTTGCCAL560

CACCCARATREFATe3tE aﬁ@?m“”w&dwmﬁ@@%” L&“&X’?ﬁﬁé&
aoeTcancc Ta e SRRl e

CTCIJ\INAACG)W&IW ﬂWWAWﬂG@é@ﬁWACTTAA&GTGT

ATA'I(;éi 7 April 2003 109 CTTACACTCACCGCACTGICTTTTCGITTGATTAACGCAT
TAT CTGAAGCTAAT1980TGACTAATACGAGT CAGGCAGCT GGGAACACCGCTCACCT

CCACAGCTTTGGTACCGGTA2 04OATTTCEW|€§W GATGAAAGGATATTCTGGCTGCGTAAG
TAATGAATG2100AACCGTCCAGTAGATAAAATATT AACCTGATGTTTTAATAACGATGCAGGA21
60 TATACATATAACATGCTGCCATCAAACCAGGTAAGCAAATCATATTGT GCTGCCAGGTTA2220TTCAAAATA
TCGACCGGT GGTCCAGGCGGAATTTTTCCACTAAATGTAGCTGT TATCAAT2280GEECTAATAGT AATAGCCGT
ATCATAGI TCTCTGAGAGCAGATGTNAAAACCTCTGCTAA2340TGGCATTTGT CTGGCATAAAGGGT GAAGT CA
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2. A gene which allows a mcroorganismto adapt to a particul ar environment
obt ai ned using a method conprising the steps of: ( | ) providiTngpri 2003
plurality of mcroorgani sms each of which is independently nutated by the

i nsertional inactivation of a gene with a 5 nucleic acid conprising a

uni que mar ker sequence so that each nutant contains a different narker
sequence, wasetirgsies of the said mcroorganism ( 1 A optAcorGHSN287E£NDOVI Ng
auxotrophs fromthe plurality of mutants produced in step ( 1); (2)
providing individually a stored sanple ¥ each nutant 10 produced by step (
1) and providing individually stored nucleic acid conprising the unique
mar ker sequen¥k engene lclaning aid DNA mquamcmg(3) I ntroducing a plurality of
nmutants produced by step (1) into the said particular environnent and
aIIovm ng those microorgani sms which are able to do so to grow in the said

envi f onnent e r pﬁ,rj anment or
a selected par?um%véowqy liikg%{ﬂéﬁ%g e nuclelc aid%néaomt chtn eved
M croor gani sngepatdiglyoeitiv 8sd,\SalR BstlnandkSphl s Bigesucwere fradtivnatedahmyughaci d

i solated in step (4) to the unique marker sequence of each indjvidual

(rjrut ant st & edagagoses gels, stransferped  to chlybendo N W@Wﬁﬂl(ﬁéﬂ%ﬁha‘nﬁtﬂaﬂt whi cg
(6% opti onal Tubesiad. e SorthErRBr RizaBos ARHFHS nfiRe WRCkPFY O cdlibhes)” | "o

auxot roph; 2 ?Qj-pt TSRMR6" | YPHeNpfobeVwhs JalsdRd witRm t he
I ndi vi dual 5%‘?1%% og t’ggﬁ’] n step%(gfsat béknﬁlllS % April 2003 (8) ?gol ating

froma wld- tdagexygmm(mmmngm-anhclm)mdchﬂndgnmdscbncpmwgaoewas| ng the
t | t t d I t d te 5 3. A
M ar oor gan 1RADRGOULAROTANES the BRYACTe s losEuctions | TG briiatians. 4 A
I t
P a5 nel o Sas LY B s ViE 95 ARLER 1808, Riciction epzymes whish oo a0 ays

. A T L. A@D AAJav@ride@o Hybriising\Tiagelsf inAhS 3-7kb Aari@e Wwef@ustdAofdigehSL. A@ AS.
ASAS. AS, AU@A A, 9 A h, % Ast. AS. A . A A AU, AFU,_. AGAS. A{ L. AS9. AA@ AGS. A, . AS.

2. A, 9. AA@ AONA for agrepsrative agaross @h@nd/ DNA fpsmentsor@spanding tsL . Af . A

R A R S L T T

UV] ca WV] caU) téé/lﬁl% velBcaLipdtien feddtions were used to transform E. coli
UV] cay caU] caUl cal] cal] cal] cal] cal] cal] cal] cal) cal] cal] ca
Ul c”aU] cdPpcalPHipc taUkandmyeiT; regist@ideN Pldsmids fromB kaoamypinRresistant

V] Cacl ol o fURFTALY S(ACF HEied; s Pesgs Yrouet AncclutipP: Somn ped

W] cal ca U@kl by restriction enzyme digestion. Plasmid inserts were partially

sequenced by the di-deoxy method (Sanger et al, 1977) using the -40 primer
and reverse sequencing primer (United States Biochemical Corporation) and

20 theprimers P6 (5'-CCTAGGCGGCCAGATCTGAT-3') (SEQ ID No 6) and
P7 (5'GCACTTGTGTATAAGAGTCAG-3') (SEQ ID No 7) which anneal
to the I 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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> CS\ '(H (17>Ug| voi c] VP WU ca WV]cal] cal] calU] ca UWV]cal] ca

WV] cal] ca] ca] ca] caU] ca] caV] ca] caV] ca] ca] ca] cal] cal] ca 7 April 2003
WV] cal] ca] caV] ca] calU] ca WV] cal] ca! 84FI b35r | MP{ uoi c] WQ c] VP

UVUU] cal] caU] caU] cal] cal] cal] caU] cal] ca] caU] ca] ca] ca] cal] ca

Ul c”a] caU] cal] cal] ca UV] caU ca WV]cal] cal] calU ca W] calU] ca WV] caPCq:

WB\ ~ 4 UVUUU] cal] ca
W] cav%kégfg’gfq%aq cal] cal] ca] caU] ca] caU] ca] caU] cal ca] caljrcaﬂ caﬁ’ca] caU] cal]
cal] cal] cal] cal] caU] caU] caU] ca"1] gv ( n ri=rcl}vpic\va U ca

UV] cal] ca UV]caUl ca UWV]cal]ca W] caU]séaU] ca U\ﬂ cal ca W] cal] cal] ca
W] cal] ca calll ca UV calU ca W]caUca W]ca W]cal ca UWca
UV] caCl VI MRyt el EEE" K" #######SS $- SFS[ $nhS$$~xr ke XQKUY] U] ca WV] cal] ca

UV] cal] ca WV] cal] caU] ca UWV]cal ca UV]caU ca UWV]cal]ca
Tag Design

S  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 ([NKJ,, 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 HindIll 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 HindIll. Double
stranded tags were ligated into the Kpnl site of the mini-Tn5 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 inp® gene
needed for transposition of the mini-TnS element. The tagged mini-Tn$

30 transposons were transferred to S. ryphimurium by conjugation. and 288
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caV] ca] caghca sybjected 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 HindIII 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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so must the likelihood of failure of a virulent representative of the pool to

e pool increases,
be present in sufficient numbers, in the splecn of an infected animal, to
produce enough labelled probe. We have not determined the upper limit for

25 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

30 A total of 1152 uniquely tagged insertion mutants (from two microtitre
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S typhimurium was tagged and cmployed 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 er 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 aro4 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

DNA was extracted from one of the mutants described in Example 1 (Pool
25 1, F10), digested with Ssrl, 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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in Example 4.

E le.3; LD.. determinati l inati !
20

Mutations identified by the 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. fyphimurium 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 (LDy,). The LD, 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 LD, was detected for mutant PIF10; however, there was a statistically
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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 ) p.o. initial inoculation with mutant strain P3F4

ﬂinitial 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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5x10 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 jecfu. first challenge wild type challenge

5x10° 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

5x 10 4 2 (50%)

From thcse 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.

30

Abbreviations used in this Example are VGCI, virulence gene cluster 1;

VGC2, virulence gene cluster 2.
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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. typhimurium employs a sophisticated repertoire of

15 virulence factors (4).

To gain a more comprehensive understanding of virulence mechanisms of
S. typhimurium and other palhogcn§ 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 simultancously 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 5 of these mutants showed that they were
related to genes encoding type 11 secretion systems of a variety of bacterial
pathogens (6. 7). The products of the inv/spa gene cluster of .
rvphimurium (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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Bacterial Strains, Transduction aad Growth Media. Salmonella enterica
serotypes 5791 (aberdeen), 423180 (gallinarum), 7101 (cubana) and 12416
(typhimurium LT2) were obtained from the National Collections of Type
Cultures, Public Health Laboratory Service, UK. Salmonella typhi BRD123
genomic DNA was a gift from G. Dougan, enteropathogenic Escherichia
coli (EPEC), enterohemorrhagic E. coli (EHEC), Vibrio cholera biotype E!
Tor, Shigella flexneri serotype 2 and Staphylococcus aureus were clinical
isolates obtained from the Department of Infectious Disecases and
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-TnS5 transposon mutants of
S. typhimurium NCTC strain 12023 have been described prcviousl); S, 11).

Routine propagation of plasmids was in E. coli DHSa. Bacteria were
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Hybond N (Amersham) filters bearing DNA prepared from lysates of a set
of S. typhimurium strains harbouring Mud-P22 prophages at known
positions in the S. typhimurium 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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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 er 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 pmpaﬁtion 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 am of 0.4 to 0.6 had been reached. For cell
densities of S 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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Localisation of Transposon Insertions. The generation of a bank of
Salmonella syphimurium mini TnS transposon mutants and the screen used
to identify 43 mutants with attenuated virulence have been described
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
transposon insertions into previousty 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).

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
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 transpc;son insertions were located on the same

restriction fragments. Third. when the same DNA probes were hybridised
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10%& () - &10¥Kich)the pré¥i¥ils two steps had suggested might be linked were found to
hybridise to the same A DNA clones. Thus two mutants (P9B7 and P12FS5)
were assigned to cluster A, five mutants (P2D6, P9B6, P11C3, P11D10 and
5 P11HI10) to cluster B and nine mutants (P3F4, PAF8, P7A3, P7B8, P7G2,

P8G12, P9G4, P10El1 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 n;:gions of cach 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 (Figurc 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 EcoR1/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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v V\ovw(xxxxxxnbsgqucln%gx@ @9:9/60 ‘56) 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 vdhE 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. ryphimurium 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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yscN-U genes of Yersinia pseudotuberculosis (31), to invC/spaS of the
inv/spa cluster in VGC1 of Salmonella typhimurium (8, 9) and to
S  spa47/spad0 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. ryphimurium (9).
The predicted protein product of ORF9 is closely related to the LerD family
10  of proteins with 43% identity to LcrD of Y. enrerocolitica (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
1S membrane, with ORF11 similar to S. fyphimurium InvG, a member of the
PulD family of translocases (38). ORF12 and ORF13 show significant
similarity to the sensor and regulatory subunits rcsbcctively. 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
Pst1/HindlIl 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. tvphi and is absent
from EPEC. EHEC. Y. pestis, S. flexneri, V. cholera and . aureus. Thus

30 VGC2 is conserved among and is likely to be specific to the Salmonellae.
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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
5 arrangement of restriction sites between S. fyphimurium LT2 and S,
gallinarum, S. cubana and S. typhi (Figure 10B). Furthermore, §.
gallinarum and S. typhi contain additional hybridising fragments to those
present in the other Salmonellae examined, suggesting that regions of VGC2
have been duplicated in these species.
10
VGC2 is required for virulence in mice. Previous experiments showed
that the LDy, values for i.p. inoculation of transposon mutants P3F4, P7G2,
P9B7 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
15 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

20" process after epithelial cell penetration in BALB/c mice.

Table 1. LDy, values of S. typhimurium strains.

" LD, M)
Strain i.p. p.0.
25 12023 wild type 4.2 6.2 x 10 )
P3F4 1.5 x 10¢ >5x 10°
P9B7 >1.5x10° >5x10°

cfu. colony forming units
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A hitherto unknown virulence locus in S. ryphimurium of approximately 40
kb located at minute 30.7 on the chromosome by mapping the insertion
S 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. VGCl
and VGC2 both encode components of type III secretion systems.

10 However, these secretion systems are functionally distinct.

Of 19 mutants that arose from insertions into new genes (ref. S and this
example) 16 mapped to the same region of the chromosome. It is possible
that mini-Tn$ insertion occurs preferentially in VGC2. Alternatively, as the
15 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
20 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. ryphimurium 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

25 that RF333 was involved in virulence determination.

Comparisons with the type III 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

30 secretory apparatus. Furthermore. the order of ORFs 1-8 in VGC2 is the
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S. ryphimurium. The fact that the organisation and structure of the VGC2
secretion system is no more closely related to VGCI 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 either ORFs [-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 VGCI mutants and by the fact that
VGCI1 mutants show no loss of virulence when administered i.p. (8). The
second observation also explains why no VGC1 mutants were obtained in
dt;r screen (5). In contrast, mutants in VGC2 are profoundly attenuated
following both p.o. and i.p. inoculation. This shows that. unlike VGCI,

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 cluster 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 111 secretion
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encodcd 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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Example 5: _Identification of virulence genes_in Strepfococcus
pueumnoniae

(@) 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 er 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 §.
pneumoniae proteins can be toxic to £. coli). Alternative vectors carrying
different selectable markers are available and can be used in place of

30 pJDC9. Tagged plasmids carrying DNA fragments are introduced to an
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characterized recently by Don Morrison’s group at the University of Illinois
at Chicago and which is described Havarstein, 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
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 arc analysed to verify
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

in culture and during growth in the animal.

(b) Animal model

The S. pneumoniae mutant bank is organized into pools for inoculation into
Swiss and/or C57B1/6 mice. Preliminary experiments are conducted to
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 al (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

of infection yield 10 cfu/lung (Veber er al (1993) J. Antimicrobial

% ()-S 10O () $SlO%& ()-
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10%E\ B\ & () - F 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 ecasily, 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
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(@) Mutagenesis

Mutagenesis of E. faecalis is accomplished using plasmid pAT!12 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. It 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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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 et a! (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 ez al (1990) Antimicrobial Agents and
Chemotherapy 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.
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DNA library of E. faecalis are probed with sequences of interest to identify

intact copies of virulence genes which are then sequenced.

10

(a) Mutagenesis

15  Since transposon TnS has been used by others to mutagenise Pseudomonas
aeruginosa, and the mini-TnS derivative that was used for the identification
of Salmonella typhimurium 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-TnS 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 TnS
designed specifically for P. aeruginosa mutagenesis (Rella et al (1985) Gene

25 33, 293). may alternatively be employed with the mini TnJ 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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and cystic fibrosis (Davidson et al (1995) Nature Genetics 9, 351) in mice.
Cloning and sequencing of DNA flanking the transposons is done as
described in Example 1. Genomic DNA libraries for the isolation and

10  sequencing of intact copies of the genes are constructed in the laboratory by
standard methods.

15 (a3 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 et 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 sitc in one of two vectors for
hygromycin resistance. and used to transform a clinical isolate of A.

30 fumigatus.
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recovered 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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(2) INFORMATION FOR SEQ ID NO: 1:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 89 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOQOURCE:
(A) ORGANISM: Synthetic oligonucleoctide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
CTAGGTACCT ACAACCTCAA GCTTNKNKNK NKNKNKNKNK NEKNKNKNKNK NKNKNEKNKNK 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
(1ii) HYPOTHETICAIL: NO
(11i) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
(A) ORGENISM: Synthetic oligonucleotide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:
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(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(i1i) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4:
TACCCATTCT AACCAAGC 18
(2) INFORMATION FOR SEQ ID NO: 5:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iil) ANTI-SENSE: NO
{(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 5:
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CCTAGGCGGC CAGATCTGAT 20
(2) INFORMATION FOR SEQ ID NO: 7:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic oligonucleotide
(i) SEQUENCE DESCRIPTICN: SEQ ID NO: 7:
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)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene
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(iii) HYPOTHETICAL: NO
(1ii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

{A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9:

GCGCGGACGC TAGTGTGGTG GGTGACAGCC AGACGTTACC GAACGGGATG GGGCAGATCT 60
GTTGGCTTAC AAAAGACATG GCCCATRAGG CGCAAGGTTT TGGGACTGGA CGTTTTCGCG 120
GGCAGACAAC GTATCTCTGT CTTATTAAARA TGTGTCCTGC TTCGGCATAT GTATCGAACC 180
CTCGGAGCARA AGTCGTTTGG GCGCAGAATT AGTACGTTTG GGTCGGTTGC TGTTATTCCT 240
TGGGCTCGGA AAARAGRGTGC CAGCGTGAAG GAGTGGGATT TGGCAGACTG GCCGCCTAAT 300

(2) INFORMATION FOR SEQ ID NO: 10:
(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: 10:
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WG HRCER (TP
GGATGAAAGG ATATTCTGGC TGCGTAAGTA ATGAATGAAC CGCCCAGTAG ATAAAATATT 120
GAAAGTGATA ACCTGATGTT TTAATAACGA TGCAGGATAT ACATATAACA TGCTGGCATC 180
ARAACCAGGTA AGCAAATCAT ATTGTGCTGC CAGGTTATTC AAACTATCGA CCGGTGGTCC 240
AGGCGGGAAT TTTTCCACTA AATGTAGGTG GGATCAATGG GCTAATTGGT ATAGGCGGAT 300

{2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 324 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(1ii1) ANTI-SENSE: NO
(vi) ORIGINAL SOQURCE:
(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

CCTGTGATTC CGGATGAAAT AGCTTTTACG AAAGCTGTCA GACNTGCTGA AGAATACGCT 60
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{(iii) HYPOTHETICAL: NO
(i1i) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

CACTATAGGG AAAGCTTGCA TGCCTGCAGG TCGACTCTAG AGGATCTACT AGTCATATGG 60
ATTCCTAGGC GGCCAGATCT GATCAAGAGA CAGATCCAAC TCGGGCCGAT CGCCATAACG 120
CCAGCAGTTT GAAAGATGAA AGCCCAGCTT ATCCAGCCAT TCCGGTACAG CGTAACGAGC 180
AGGTTGCCAG AAATAACGAT AAAGTTGCAA CACCTCGGGA TCAGGTCGGC TCARAAAACGG 240
GGTCTCAGGC AARARATAGCC GATCAGGATG CCCACTCCTA ATARCAGTCC TGTCAARCG 298

(2) INFORMATION FOR SEQ ID NO: 22:
(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 SQURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xl) SEQUENCE DESCRIPTION: SEQ ID NO: 22:

CCCCCCCCCT TCTCCTGGCT TACACAGCCC CAGACCGGCG CTGGARAAGG CCATTCCCGC 60
CATACAGGAG GCCAGCAACA TATTTTCACG CGCCGCCAGA TCGTGGCCGT AACCCACGGC 120
TTTCGGCAGC GATTTGCCAA TCATCGCTAT CGCGCCAATC GCCAGGCTGT CGGTAAACGG 180
CGTGGCGTTG AGCGCGCTGT AGGCCTCAAT CGCATGCGTC AACGCATCGA TRACCGGTICAT 240
CGCCGTCACG TTTGGCGGAA CGCCTTCGGT CACGGAAGCA TCAAGAATCG CCACGTCCGG 300
c . 301

(2) INFORMATION FOR SEQ ID NO: 23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 289 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
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CGCCCTAGCA TGCCTGGCGT TGTCCGGTTA TTGCTCGTCA AGCGAACAGA TGCARAAGGT 60
GAGAGCGACT CTCGAARTCAT GGGGGGTCAT GTATCGGGAT GGTGTAATCT GTGATGACTT 120
ATTGGTACGA GAAGfGCAGG ATGTTTTGGA TAAAAATGGG TTACCCGCAT GCTGAAGTAT 180
CCAGCGAAGG GCCGGGGAGC GTGTTAATTC ATGATGATAT ACAAATGGAT CAGCAATGGC 240
GCAAGGTTCA ACCATTACTT GCAGATATTC CCGGGTTATT GCACTGGCAG ATTAGTCACT 300
CTC 303

(2) INFORMATION FOR SEQ ID NO: 25:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
. (D) TOPOLOGY: linear

(1i) MOLECULE TYPE: DNA (genomic)
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(2) INFORMATION FOR SEQ ID NO: 27:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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GCCGTATGCC TGCAGTTGCC CGGTTATTGC TCGTCAAGCG AACCGATGCC AAAGGTGAGA 60
GCGACTCTCG AATCATGGGG GGTCATGTAT CGGGATGGTG TAATCTGTGA TGACTITATTG 120
GTACGAGAAG TGCAGGATGT TTTGGTAAAA ATGGGTTACC CCCATGCTGA AGTATCCAGC 180
GAAGGGGCGG GGAGCGTGTT AATTCACGAT GATATTCAARA TGGGTCAGCA ATGGGGCAAG 240
GTTCAACCCC CACTTGCAGA TATTCCCCCC CCTATTGGRC 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
(1ii) 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 GTTCTTAARAT 60
GACCTGGARA GCTTACCTAA GCCTTGTCTT GCCTATGTGA CAATACTGCT TGGAGAACAC 120
CCGGACGTCC ATGATTATGC TATACAGATC ACAGCGGATG GGGGATGGTG AATCGGTTAT 180
TATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGA TAGAAAAACA CCCCGCTTICA 240
ACTTGGATTT TGAATAATGT AATACGCAAT CACCATACAC TATATTCGGG TGGCGTATAA 300

(2) INFORMATION FOR SEQ ID NO: 29:

(1) SEQUENCE CHARACTERISTICS:
(R) LENGTH: 266 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(1ii) HYPOTHETICAL: NO
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TTCGAGCTGG GGCACCGCTA ATATCTTTAA CCTCGCATCC CGGTGATGAA AGGATATTICT 60
GGCTGCGTARA GTAATGAATG AACCGCCCAG CAGATAARAT ATTGACAGTG ATAACCCGAT 120
GTTTTTTTRAA CGATGCAGGC TATACATATA ACATAGCTGG CCACCARCAC AGCTGAAGTA 180
AATCATATTG TTGCTGCCAG GCTACTTCAC ACTATTGTCC GGCGGGCCAG CGGGGATTTT 240
CCCCCTARAAT CTCGCTGGTT CTCAAR 266

(2) INFORMATION FOR SEQ ID NO: 30:
(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 SOQURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 30:

AGTCTACGAT TTCGCTATAT CTTCTCTTAA TCATGGCCGC CATTTGTGGA TGCGATTTTA 60
ARATATCCGG GCGATCTTTC ATTAAAAAAT AAAGATTCCC CATGACTTCA CAGATAAAGG 120
TATCGGTATT TTGAGTGATA CGTAACAATT CGTTCTCTTC GTGTGGGTCC ATGATGCGAA 180
GRAATAATGGT GGCATCATTT TCATGAGGAT TATGAACCCG ARATCTTTCT CTTTGCGATG 240
CGCAGGCTAA CTCTTTCAAC TCAAAAARAA TCTCTGTAAG CCGCTCTCGT GTGGGGGCGC 300

(2) INFORMATION FOR SEQ ID NO: 31:
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 299 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:
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#109RH#&& JOFCCCUENABVAATTGGTTGA GGCGGCTGGT ATTCTTGTAA GGGTAATACT AGCGAGACCC 60
AGGTTCCACC CCCGGGGACA CTTTTTAGTG TCAGATTACC GCCCATCATT TTAGCCAGGC 120
TTGACGCAAT AGTCAGTCCA ATTCCTGTAC CTTGCGAATT TGTGTCTGCT TGATARAAAG 180
CAGAAAAGAT TTGAGACTGC TGCTGTTTTT CBATCCCCCC ACCGCTATCG CTAACCAGAA 240
ATATTAATTG TTCCTCACCA AGATTGAGCG CCAGACGTAT CCCTCCCCCC TCGGGARAT 299

(2) INFORMATION 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)
(1ii) HYPOTHETICAL: NO
{1ii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 32:

GGATAAGATC CCGGATAAGT ATGTCAGGCT CGTATGCACA ACAGGCATTA TAAACCTCTA €0
GACCATTTTT AACATGCTCT ACTATTTTAA AATGAGGCCA GGGTAATARG GCATTCATAA 120
TGCCGTTAAT GATGATTTCA TGATCGTCTA CTAATAAGAT CITATATTCT TTCATTTGGC 180
TGCCCTCGCG ADAAATTAAGA 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)
(1ii) HYPOTHETICAL: NO
(1ii) ANTI-SENSE: NO

{(vi) ORIGINAL SOURCE:

(A} ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

F53
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FLOVERSE: () --23 #OVEHE: ()--21 -F53 #10%HER' () -- 25V6V #3 HIOYiifinbis - 23
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B10VRHER' () - - 23 #10VRHER! () - - 23 #10VEHEE' OP- - 23 F10VEH&E' () - - 23

H10YRHER' () - - 23 #10VRHER! () - - 2) *5@VanN. F53 #1008#8& () - - 23 #10Y&#&& () - - 23
H10YRHES! () - - ORHRE! () - 23 #1Q0RHEL! () - 256V #al qr } MM F53

#10%8H#8&" ()-‘-"%g %@Eﬁfﬁﬁﬁ%‘?‘”@”ﬁlg%‘?ﬁ P56y #43 #109EHER () - - 23
#10%&# &&rfdcarTRtrd TR cdidddd SR ety e a VBV e Be A0 MBARRCANT -GRBTEHHIBRH#&E' (90 - 23

#10Y8H#&E () - - 23 #10VBH&E () --2_?F53 #1098H#&3 #10YEH&E () - - 23
#1084 &&TEGCACRRCG FIBAERTT \ACTIGCASAIORIREICEGCT IATISIATEH GEREATIAGS 120

0, ! - -
#10/6Q#&&b£éTCT%ATC AGTCTCAGGG GGGTGATGTT ATTTCTGGGA TARTAGAGCA ACGGCGTTAG 180
CAGGGGTCGG TCAGTAGTCA CGGCCAACTT CGGTGCACTT TTGCGTATCA CTGGGGTATC 240
ATAACTGAAT CTCATCCCCC CCACTTTGGT AATCACAC 278

(2) INFORMATION FOR SEQ ID NO: 34:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 301 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 typhimurium\
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34:

AATTCTTTTA CCTCCATAAG CTGCGTGGCA TAGCGATACA GAGTATTAAG CGGGTGTGTT 60
ACATCGTCAT CCAACAACAT ACGCAGCGAG CCGCCACGCC GGARAAACCG CATCGTGTCA 120
TGTGCCTGTT GTAGGGTCGG GTCTTTTITT CATGAGTACG TGTTCTGCGC TATCATACTG 180
GAAATTTCCC CCCACTTACT GATAAGCCCT GTCAGTTGGG TARGGACAGC GTTAAGCTCC 240
TGAGACATTT TTTGAGTTGT TATCTGCCCC CCGACTCATA AGATCGGGTA TTCCGCGGTG 300
G 301

(2) INFORMATION FOR SEQ ID NO: 35:
(1) 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

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 35:
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#109&# &&'TCY STV \c K SRR LRAERACEATAT? An TEHIUEHEFcAYCCGRRT Al ¥ENRET( ) - - 280
#10%RH&&' () - - 2u_7?F53 #109&#&3
GGCATCCCAT CCACACCGGA GGGAGTAAAA CTCATTAGGC CATAGGTAAT ATCATTAAGA 240
CGCTCTAATA AATGAGGGTG GGGGGCCCAA ACTACCACTC CAGTATGTAT TGAGTCA 297
(2) INFORMATION FOR SEQ ID NO: 36:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 291 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(1i) MOLECULE TYPE: DNA (genomic)
(1il) 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 AAADACGGGC GTGACGACCC CAACGGRAAGA TAAGGCCGGG CTTARACAGG 120
AGATTATTGC TAATGCGCAG CGCARAGTGT TGCTGGCGGA CAGCAGTAAG TATGGCGCGC 180
ATTCGCTCTT TAATGTGGTG CCGCTTGAGC GCTTTAATGA CGTGATTACC GACGTCAATC 240
TGCCGCCGTC AGCGCAGGTT GAACTGAARG GGCGCGCTTT TTGCGCTAAC 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)
(iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGANISM: DNA seguence 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 AGGTTATGTIT GACCAGACAA ATGGATTATA 120
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GTTAGTGGTA TCACCCCAGG

TTGAAGGAAT
ACCGACTTAT
TTCACCTCAG
AATCCCTGGG
GGTAGCTGAC
AGGGAAGGTG
ACTGTTATTA
CGACCTGATC
GTACCGGAAT
GGCCCGAGTT
TTCCAGCCTG
CATTTGCCTT
AGTATCGGCA
GGTTGGGGCA
AGATCGGTAC
TTAGTATTAT
ATCTTCATGG
AGCTACCCGC
CGCAAGAGCA
CTGAAARAAT
AAGAACTAGC
AGCATGTAAA
CGCATCATAT
TAGACAGTGT
CGCTTTATTT

GGTTTACGTT

GCTGAGTCAG
GATGAGGGAA
GTCAATATGG
TTGCAATACA
GTACCCGCGA
GTGAAGTGGT
GGAGTGGGCA
CCGAGGTGTT
GGCTGGATAA
GGATCGTCTT
TTTAAATGAC
TGGGCTGGGA
ATTGCTTCTA
AAGAGATGGC
CGCCATTCTT
TACCCCCTCC
AGCATTTGCT
TCGAAATATT
ACAAGCTAAG
CATCCGAGAC
GTGCTTGCGT
ACATTTACAA
TAAAAATAGT
TATGTGCCAT
GCGTATTCAT

GATTATCGAG

AAGAACAGGC
ATGGAGGGGC
GTAACGCTTC
AGGCCTTTCG
GTAAGATTAG
GACAAARCATT
TGATGAAATA
TCCTGATCGG
GCAACTTTAT
GCTGGGCTTT
CTTGACAGAG
AGGCAARRAAC
TTATTCAAAC
CAGTGGTTTA
AARATTACTTC
AATCGGGAAG
GCAGCGTATA
ATGAGTTITTA
ATTGAGTCAC
AGAGTTTCAC
GCCTATCGTT
AAAAATACGC
GACGATGARA
ATAGAACAGG
CGTCTGGCAC
CCTGAAARAG

CCTGGTTTCT

AGAAGATTAA
GTGATTAATG
TCCGAGCTCA
GGTAAARATT
TATCTTGATG
CTGGATTATG
CCCTTATCCG
CTATTTTTGC
CGTTATTTCT
CATCTTCAAA
CGTTAARATAG
GGCAGGTTCG
TCAGGTGTAG
GCGAGGATGA
CTCCGCAAGT
CGCATGACGA
CTTTGGCCGA
CTTCACTTCC
AGTGGATAAC
ATGCTATTGT
ATCAGCGTGA
TGGARAAAAT
ATCAATTTCG
TTCTGTTGGC
GCCAGGCCAC
AGGCATTGAT

CTCCCGATCA

TTTTTTARAA
GCAARAGTGA
GTTGCCGTAT
AAAGATTTAA
CAGCCTGCTG
GACGTTATCA
TTGATGTTAT
CTGAGACGCC
GGCAACCTGC
CTGCTGGCGT
ACTAAGAGGA
TCTTGCGCCG
TGACTATTTT
GATCTGGCAG
GATGCAACAA
TGCGGGTTTT
AGACTTCTCT
TCTGACGGAA
ATTACAATTA
GAGCTCCGCT
ACAGAAAGTT
GGAAGTGGAA
TTCATTGGTC
CTGGTTCGAC
GGCTATGGCG
GCGAGAAACT

GGCTGARACTT

GAACARAGAA
CCATTGCGCT
TTATRAAAATA
TAGAGATGTC
AATTCAGAAT
ACGCCAATAA
CGTTGACAGG
GTTTTTGAGC
TCGTTACGCT
TATGGCGATC
AGCTCTGTTA
CGTATATCGG
ATGCTACCAG
CTATATGGTT
ACTGCATTGC
ACATGCGCTA
TACCGAGATT
ATTAACCATA
ACTTTATTTG
TACCGTAAGG
GAGCAGCAAC
TGGCTGGARAC
GATCACGCAG
CAACAGTCGG
GAAGAGGGAG
TTTGGCAAGC

TCCTCAACAC
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AACARTTGAA TGTGITTTTC TTCTCAATGC CGCTCAARAG TATATTGGTT CTACTGACGY 10260
CCTGATCTCA TTCCCTTATG CTCTTCATCA CTATTTGGTT GAAAGCGATA AATTTTATAT 10320
TTATCTAAAA GACTGGITTC CATCTGTATG AGCGAGAAAA CAGAACAGCC TACAGAARAG 10380
AAATTACGTG ATGGCCGTAA GGAAGGGCAG GTTGTCARAA GTATTGARAT AACATCATTA 10440
TTTCAGCTGA TTGCGCTTTA TTTGTATTTT CATTTCTTTA CTGAAAAGAT GATTTTGATA 10500
CTGATTGAGT CAATAACTTT CACATTACAA TTAGTARATA AACCATTTTC TTATGCATTA 10560
ACGCAATTGA GTCATGCTTT AATAGAGTCA CTGACTTCTG CACTGCTGTT TCTGGGCGCT 10620
GGGGTAATAG TTGCTACTGT GGGTAGCGTG TTTCTTCAGG TGGGGGTGGT TATTGCCAGC 10680
AAGGCCATTG GTTTTAAAAG CGAGCATATA AATCCGGTRA 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 GATTAGAAAA 10980
GCTATCTAAA BATGAGTAARRA GATGACGTAA AACAGGAGCA TAAAGATCTG GRGGGCGACC 11040
CTCAAATGAA GACGCGGCGT CGGAAATGCA GAGTGAAATA CARAGTGGGA GTTTAGCTCA 11100
ATCTGTTAAA CAATCTGITG CGGTAGTGCG TAATCCAACG CATATTGCGG TTTGTCTTGG 11160
CTATCATCCC ACCGATATGC CAATACCACG CGTCCTGGAA AAAGGCAGTG ATGCTCAAGC — 11220
TAACTATATT GTTAACATCG CTGAACGCAA CTGCATCCCC GTTGTTGAAA ATGTTGAGCT 11280
GGCCCGCTCA TTATTTTTTG AAGTGGAACG CGGAGATARA ATTCCTGAAA CGTTATTTGA 11340
ACCCGTTGCA GCCTTGTTAC GTATGGTGAT GAAGATAGAT TATGCGCATT CTACCGAARC 11400
ACCATARATG CTTTTGGTAT GCTTCTTCAG GCCACTGCGA AGGTTAAGAG GGTAATAGCG 11460
TATAGAGCAG TGCTTGACGA TAAAGGTGAG AGACTGARAAA TAATCGCTTT TAGCCTGGCA 11520
CAAGCACCAG ATAGCGTATT ATAAAATTAA ACAAGATAAT GGATTGGTGC GTCTGAATGG 11580
ACTCGAACCA CTCGACCCCC ACCATGTCAA GGTGGTGCTC TAACCAACTG AGCTATGAAC — 11640
GGCAACGTTG TAGGTGACAR CGGGGACGAA TATTAGCGTC ACAACCGCAA TGAGGCAAGA 11700
GGGARATCGC AATTTTCTTC CTGARATCAC CTGATTGCGG TGGAAATATG CAACATGICG 11760
AGAAAATAGC CGCCATGCGA CGGCTATCGT CGTATTATCG GAGCGCGCTG CAARATGATG 11820
GCGGACGGCT GACGTTGTAG ATAGCGCATC CGTAGCATCA TTAACACCGC CGCCGAGGTC — 11880
AGGCCGATGA TGRACCCCAT CCAGAAGCCT GCCGGTCCCA TACGATCCAC CACCAAATCC — 11940
GTTAACGCCA GGATATAACC GCTGGGTAAA CCTAACACCC AGTAGGCGGT AAAGGTGATA 12000
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(2) INFORMATION FOR SEQ ID NO: 3B:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 5746 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
{(i1i) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: DNA sequence of VGC II cluster C
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GTTGAGCCCT GGCCCAGACC GATAACCCAC TCGRATCGTT ACCGCCGCAG CCAGCGACAT 12300
CGGCAGTACG BACATCAGCG AGCTAAAGTT AAGCGCAATC TGATGACCGG CGACATCCAC 12360
AATACCTAAT GGCGAARCCA GCAGCGCAAC GACCGCARAT AACGTCACTT CAAAGAACAG 12420
CCAGCGCAAT CGGCAACCCC AGTTGRATCA GGCGCTTCAT GACGACGCTA TCGGGTTTGC — 12480
CAARGCCTTT TTCATTACGA ATATCACGCA TTGAACGCGC GTGTTTAATG TAAGAAAGCA 12540
TGGCGATAAA CATCACCCAA TAGACCGCCG CAGTCGCAAC GCCGCAGCCG ATACCGCCGA 12600
GITCCGGCAT ACCAAAATGG CCATAGATAA AARTATAGTT CACCGGAATA TTCACCAGCA 12660
GGCCCAAARA TCCCATCACC ATACCCGGTT TGGTTTTGGC CAGACCTTCG CACTGGTTTC — 12720
GCGCTACCTG AAAGAAAAGG TATCCTGCGC CCCACAGCAG CGCGCGAAGA TAACCCACGG 12780
CTTTATCGGC CAGCGCCGGA TCAATATTAT GCATAGAGCG GATAATGTAT CCGGCATTCC — 12840
ACAGGACGAT CATCACCAGC ACGGAGACAA AGCCCGCCAG CCAGAACCCT TGTCGAACCT 12900
GATGCGCGAT ACGCTCACGA CGGCCGGAGC CATTGAGTTG CGCAATCACA GGCGTCAAGG — 12960
CCAGCAGTAA GCCGTGACCA AACAABATGG CGGGAAGCAG ATAGAGGTGC CGATAGCGAC 13020
GGCAGCCATG TCCGTAGCGC TATAGCGTCC CGCCATGACG GTATCGACGA ATCCATTGCG 13080
GTCTATACCA CTTGCGCAAG GATCACCGGT ATCTGAACGC TAATAACTGA CGCGCTTCAC — 13140
TGGTATACTT CTGCACGTAT TCACCTTTTA TTTTGTTGTT ATATGARAGA CTAAARAGCC 13200
GCCGAAGTGG CAGCCARAAG ARATAGCAGG GGAAATTTCA GTCTATTGTA GCGGGGTATT 13260
ACTATTTCTC CAGTGAAAAA ACAGTTGTTA ACGGCGCATT GCTGGCAAGC TGTTTTTCCA 13320
CCTGCTATTG TGCTGAACAG TTCTGCTTTT ATTTATTTCA GGAGTTGAAG ATATGTTTAC 13380
GGGGATCGTA CAGGGTACCG CGARACTGGT ATCGATA 13417
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TCTGCCAGTG CAATAACCCG GGAATATCTG CAAGTAATGG TTGAACCTTG CGCCATTGCT 240
GATCCATTTG TATATCATCA TGAATTAACA CGCTCCCCGG CCCTTCGCTG GATACTTCAG 300
CATNSSGGTA ACCCATTTTT ATCAAAACAT CCTGCACTTC TCGTACCARAT AAGTCATCAC 360
AGATTACACC ATCCCGATAC ATGACCCCCC ATGATTCGAG AGTCGCTCTC ACCTTTTGCA 420
TCTGTTCGCT TGACGAGCARA TAACCGGACA ACTGCAGGCT GCCATCTTCT TTCCATTGCG 480
CCCGCACATA ATGAATATTG CTTTTGTCTA ATAAAAACTT AACCCGCAARA GGTAAGTCAT 540
TTACCGTTTC AGGCTGACCA CTAATACTTA ACAGGACACC CATTCCACCG ATGAAAATCA 600
AGAATACGCC AGCCAACCAC CAGTACCCTG ATCTGGAAAC GGGTATTTGA TAATCAGCAA 660
GTTCACABRTC CTGTTTACCA AACGCGATAS SCACTCCCGC BAACCTGCAAA ACCCCACTGG 720
ATGGTAGCGG CTTATTTGGA TTABRATCTGC GGCCATTAAC TCTAACTCTG GCTTTCCCGG 780
CATCARCAAA TARACTATCT GCCTGTTCTC TCAGAATAAT TTTTTCATTT ATAGCCAGCG 840
AATACAMAATA TCGCATCCCT TCTCCCCCAG TGACAGGTTA CCTTCATTCA GCCATACTTC 900
CCGGCCTTGT ARAACGTGAC CTAAAARACG TATTTTCCAG GAACTCTTTG GATTAACCAT 960
GAGATATGCC ATTATTTACT ACTGAGGCTT TAATCAAAAR AAGCCTGATT ACACTATGTA 1020
CTTGAGTCGT ATCATTGCGA BACAAATGAC CTACAACAGG AATATCGCCC AATAAAGGGA 1080
TTTTGTTTTG CGAGTGGATT TGTTTACCTT GTTTAAACCC TCCCAGCAAT NAGACTTTGC 1140
CCGGCCARTA ATGTGGCTTG CGABRNCRATT TCAGAATTTT GCACTTCGGG CAGCGGGTCT 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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TATACATATA ACATGCTGCC ATCAAACCAG GTAAGCAAAT CATATTGTGC TGCCAGGTTA 2220
TTCAARATAT CGACCGGTGG TCCAGGCGGA ATTTTTCCAC TAAATGTAGC TGTTATCAAT 2280
GGGCTAATAG TAATAGCCGT ATCATAGTTC TCTGAGAGCA GATGTNAAAA CCTCTGCTAR 2340
TGGCATTTGT CTGGCATARA GGGTGAAGTC ATTACCTTTC CATGATAACT CATCACTCTT 2400
TGCTGTATTG AGTATAAATA GTAAAATTAA GATTAAACGT TTATTTACTA CCATTTTATA 2460
CCCCACCCGA ATABAGTTTA TGGTGATTGC GTATTACATT TTTTNAAAAT GCAAGTTAAA 2520
GCCAGGTGTT TTTCTATCTC AATAGCAATA AGCTCAGAGC TACTACTTGT GGTATAATAA 2580
CCGTTTARCC ATCCCCCATC CGCTGTGAGC TGTATAGCAT AATCATGGAC GTCCGGGTGT 2640
GCGCAARRCRG 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 TAAATGGGAG 2880
TTTCTATCAA ATTCGCTCAC AACCACATCC GTAAAAAGCC TGATTCACAT TTATTITCGAC 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 TCTTTAGTARA TCAGGCTARAC 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 ARGCACCGTC TCTTTCTGCA GTCCTCTGAT ATCGATGAAA 3660
ATAGCTTTCG TCGCGATAGT TTTATTCTTA ATCATAAAAA TGAGATTTCG TTATTATCTA 3720
CTGATAACCC TTCAGATTAT TCAACTCTAC AGCCTTTAAC GCGAAAAAGC TTTCCTTTAT 3780
ACCCAACCCA TGCCGGGTTT TACTGGAGTG AACCAGAATA CATAAACGGC AAAGGATGGC 3840
AACGCTTCCG TTGCGGTTGC CGATCAGGCA AGGCGTATTT TTTGAGGTGA CGGTTAAACT 3900
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" 109&’ () ?G%SOGTCTGGTTA CGCTGTACCC A GTAAT CTACAT c 4140
GCATCTTAARA AATTATCCTT CAACAAATCC CCTTTACATT AACAGCATTG GTGTTGATGA 4200
CGTCGGCTTT TTGCTGGTTA CTACATCGCT CACTGGCCAA ACCGTTATGG CGTTTTGTCG 4260
ATGTCATTAA TAAAACCGCA ACTGCACCGC TGAGCACACG TTTACCAGCA CAACGACTGG 4320
ATGAATTAGA TAGTATTGCC GGTGCTTTTA ACCAACTGCT TGATACTCTA CAAGTCCAAT 4380
ACGACAATCT GGAAARACAAA GTCGCAGACG CACCCAGGCG CTARATGAAG CAAAAAAACG 4440
CGCTGAGCNA GCTAACAAAC GTAAAAGCAT TCATCTTACG GTAATAAGTC ATGAGTTACG 4500
TACTCCGATG AATGGCGTAC TCGGTGCAAT TGAATTATTA CAAACCACCC CTTTAAACAT 4560
AGAGCAACAA GGATTAGCTG ATACCGCCAG AAATTGTACA CTGTCTTTGT TAGCTATTAT 4620
TAATAATCTG CTGGATTTTT CACGCATCGA GTCTGGTCAT TTCACATTAC ATATGGAAGA 4680
AACAGCGTTA CTGCCGTTAC TGGACCAGGC AATGCAAACC ATCCAGGGGC CAGCGCNAAA 4740
GCAAAARACT GTCATTACGT ACTTTTGTCG GTCAACATGT CCCTCTCTAT TTTCATACCG 4800
ACAGTATCCG TTTACNNCAA ATTTTGGTTA ATTTACTCGG GAACGCGGTA AAATTTACCG 4860
ABRACCGGAGG ATACGTCTGA CGGTCAAGCG TCATGAGGAA CAATTAATAT TTCTGGTTAG 4920
CGATAGCGGT ARAGGGATTG AAATACAGCA GCAGTCTCAA ATCTTTACTG CTTTTTATCA 4980
AGCAGACACA AATTCGCAAG GTACAGGAAT TGGACTGACT ATTGCGTCAA GCCTGGCTAA 5040
ARTGATGGGC GGTAATCTGA CACTAARAAG TGTCCCCGGG GTTGGAACCT GTGTCTCGCT 5100
AGTATTACCC TTACAAGAAT ACCAGCCGCC TCAACCAATT AAAGGGACGC TGTCAGNNNC 5160
CGTTCTGCCT GCATCGGCAA CTGGCTTGCT GGGGAATACG CGGTGAACCA CCCCACCAGC 5220
ARAATGCGCT TCTCRAANNCN AGAGCTTTTG TATTTCTCCG GARAAACTCTAR CGACCTGGCG 5280
CAACAGTTAA TATTGTGTAC ACCAAATATG CCAGTAATAR ATAATTTGTT ACCACCCTGG 5340
CAGTTGCAGA TTCTTTTGGT TGATGATGCC GATATTAATC GGGATATCAT CGGCAAAATG 5400
CTTGTCAGCC TGGGCCAACA CGTCACTATT GCCGCCAGTA GTAACGAGGC TCTGACTTTA 5460
TCACAACAGC AGCGATTCGA TTTAGTACTG ATTGACATTA GAATGCCAGA AATAGATGGT 5520
ATTGAATGTG TACGATTATG GCATGATGAG CCGAATAATT TAGATCCTGA CTGCATGTTT 5580
GTGGCACTAT CCGCTAGCGT ASCVNMAGAW RWTMWTCRTY GTDDAAAAAA WRDGRKDHWT 5640
CATHAYANNT TACAAAACCA GTGACATTGG CTACCTTAGC TCGCTACATC AGTATTGCCG 5700
CAGAATACCA ACTTTTACGA AATATAGAGC TACAGGAGCA GGATCC 5746
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the marker sequences as isolated in step (4); and
25 (6A) optionally determining whether the mutant selected in step (6)

is an auxotroph.
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2. A gene which allows a microorganism to adapt to a particular
environment obtained using a method comprising the steps of:

(1) providing a plurality of microorganisms each of which is
independently mutated by the insertional inactivation of a gene with a
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
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;

(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
as in 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,;

(7)  isolating the insertionally-inactivated gene from the individual

mutant selected in step (6);
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(8) isolating from a wild-type microorganism the corresponding
wild-type gene using the insertionally-inactivated gene isolated in step (7)

as a probe.

3. A microorganism comprising a mutation in a gene as defined in
Claim 2.

4. A polypeptide encoded by a gene according to Claim 2.



