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1 - | DENTI FI CATI ON OF GENES The present, invention
relates to nmethods for the identification of genes

i nvol ved in the adaptation of a mcroorganismto its
environment, 5 particularly. the identification of
genes responsi ble for the virulence of a pathogenic

m croorgani sm. Background to the invention 10

Anti biotic resistance in bacterial and other pathogens
is beconming increasingly inportant.. It is therefore
i nportant to find neM/therapeutlc approaches to
attack pathogemmD.' I TTIONOF BENES :

mi cr oor gani sns have to- evade t he host s defence
mechani sms 15 and be able to grow in a poor

-mlthre' pieSa i @&Ydt{nofgmg.& tb Méthbay kérsﬁlgf‘iﬁfﬂtéﬁca%%tn & genc3 )

SO a. nu vitulence genes

rmmramcg dni gre adagtatioe ool ac dnickddrphmisme td G0 TnlibRment,
been, det ect ed, u5|ng clasgical genetics and a variety
g’ﬁfﬂ Qtlﬁﬁﬂl@ﬂb‘é"eﬁ“'@:ﬁé&sm@s&l@ ifen thet Ylmbp%oﬁa

wggﬂgggﬁgllﬁm}&;rga €m. i dentification of bacterial

nce genes or "exanpl e, nmutants have been

screened for defined physiological. defects,. -such as

the | oss of
d

iron, regulated proteins (HoIIand et

t 98 to study the penetration of
epl Theli al cells (Fl nlay et "al, 1988), and survi vaI _
within 25 macrophages (Fi el ds et al, 1989; Mller
aAntibBfiiea resiitancedn Bictetal ah88%lherTbﬂﬂh§E&fs0 s “bﬁc%ﬂhﬁg
have al so been tested for altered virulence in Ilive

alficReasingby npogant nktds therafqrriimportapt toafind negotierapentic

e 10 ok DB IR ARRT 7T oot

stages. of infection, but. is severely limted by the

nE ﬂ to.test a 30 vvlde range of nutants individually
Bathopenic micerrzanisme invg knewadeyhe hopt sdefgnceymechaisny

' SBRE08 0 Gl Pt fudk el CABRORHCR Rl LisShn o

biefeation. 7B@darsd Ohinbercef. “viBdenaceSegais ol dldémidr@ﬁ%ayusm
unbers of animals required, conprehensive

sﬂ”g’&ﬂﬁ“ﬁﬁ‘rof a bacterial genome for virulence genes
has not o : - _ _

Virulence genes have been detected using classical genetics and a variety

- of approaches have been used to exploit transposon mutagenesis for the

-identiﬁc'ation of bacterial virulence genes. For example, mutants have

30

~ been screened for defined phys:ologleai defects, such as the loss of iron

regulated  proteins (Holland er.al, 1992), or in assays to study the
penetration of. epithelial cells (Finlay ef al; 1988) and survival within
macrophages (Fields er al, 1989; Miller et al, '1989a;r Groisman et al,
1989). Transposon mutants have also been tested for altered virulence in

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

© the advantage-that genes can be identified which are important during

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

wide range of mutants individually for alterations to virulence. Miller ez




5 been feasible. Recently a genetic system (in vivo
expression technology [IVET]) was described which
positively selects: for. Salnonella genes that are
specifically induced during infection (Mahan et al,

1993). The technique 10 will identify genes that are
" expressed at a particular stage in the infection --
process. However, it. will not identify virul ence

genes that are: regulated pogttranscriptionally, and
nore inportantly, will not provide information on c
whe&hffr 980b§ ugﬁ]géﬁﬁpsvw g o NavAmideean indentd brally 85 separate
actually require or, or contribute to,
. nf gmups wigh mdﬁmnEnmméber&bF&BM\beG‘!%ﬂ&M‘% §aQ mice.
236, 1- 545 descr d
fac ‘l’”é’s?nﬂfu i ﬁﬁ"?'ﬂ%ls ‘Toﬁmg'w%alonfgn%]?' i {eghﬂ&i
gﬂ!ﬁeﬁﬁ% §crb6‘m¥i% bf 8 bbextchs ahiohiefobyiralenoy g&lesélas not
nut ant 20 Wl sh Cepko (1992) Sci ence 255,
N 34beptOfeasiblecritbe a, nethod’ of tracking the spatial
| ocation of cerebral cortical progenitor cells .du_ri_ ng
the devel opnent of the cerebral cortex in the rat.
TheR%rﬂér ?g@ng@@@. stefe{ii Oflve! e/ predsibA Qedindlog”o (VETH was
uni que nudc aC| sequence and the || acZ gene but
t hedescnbedlowhmh cpasitively hatleets efor. Fabmanelin ogengsndhat are -

v Bent g R R o B A o
‘(?47%1‘13‘&?%#2??%&@&% s%bdnatﬂa PhrticaBiristiptinfthe aifeorion

onal regl ons of a known gene. or at
| eaptocess.aHowWeven)| lemullenqt ddentify ofmtlﬁme genaoth@é arecrpgulated

information, is ble. 3 Gr

Pr GBOStRBRICTIPHERAIY, S MpETRRPAYIYS S %%‘éé?g ?‘g%““a“"“

t heoRliRdikithe ge?\ee‘st) ivaiah Havel bRy idtinkitied rave aoalallyireqeired

sequences specific to’. Salnmonella. 5 Sonme virul ence

. genfar, @r@oammww,kﬂlomfemmn PE@ISHeni ¢ mi croor.gani sme

‘ .1§uch as Escherichia coli, Sal nonell a typhi murium -
al nonel l a typhi, Irbrio cholerae, dostridium

bot phé BUFLIEY ?‘%H?M@E&ds%&'n@hﬂo@eﬁ@ 5Bl easadeiscribead method

Li steri anmbnocyt ogenes but in all cases onIP/

r el af i Mensjfysmm| factrsbinfluencing the invasion o Salmonella into

mammalian cells in vitro by isolating hyperinvasive mutants.

‘20 - Walsh and Cepko (1992) Sc:ence 255 434-440. describe a. method* of
- “tracking the spatial location of cerebral cortical: progenitor.cells: dunng the
“development of: the cerebral cortex’in the rat. The Walsh and Cepko

method uses-atag that contains a unique nucleic acid sequence and the
- lacZ gene but there is no indication that useful. mutants.or genes could b(; |
25 - detected by their method.

WO 94/26933 and Smith er al (1995) Proc. Natl: Acad. Sci. USA 92
: '-»6479 6483 dcscnbc methods aimed at.the: identification. of the functxonal
- regions of a known gene. or at least of a DNA molecule for: wluch some .

30 . -sequence information is available.
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of the total have been identified: 10 The di sease
whi ch Sal nonel | a typhi nuri um causes in mce provides a
good experinmental nodel of typhoid fever (Carter &
Collins, 1974). Approximately forty two genes .
affecting Sal nonella virul ence have been identified
to date (G oisman & Cchman, 1994). Thesé represent 15
approxi mately one third of the total nunber of
predi cted virul ence genes I Goisnman and Saier, 1990).
The object of the present invention is to identify
gEneismanver vt 1993 Rroc.addpl atdicad. Ski.a USAC 98r HaB3-$037
tg it,s environment, particularly to identjf 20
f -&SFHEFS the mglecidar, d’emr@ﬁ a?fgﬂ‘%@%ﬁ’ﬁaé‘y ﬁf‘éib'é%&_f AFAUGREeS
WdeRif %%%&&fi ciency. A further object is to

he nunber” of experinmental anifmals used in
identifying virul-ence genes. .Still further . objects of

the inpvention provide vaccines, and nethods for |
seome vimiencs genes ae already knosyyfer Rathegeajs microgrganisms

SR Endlericlln o2 SBloriodia bPHPaRR; Setfond oph,
nVibiriaostddérae Y yridiam Botikidiaas Yensdwn psiis)\SHgella Aexneri -
particul ar environnment 30 conprising the steps of. 4

(ayd isigtinananpcytageneshutin all casesonly aaelativelyramalbhowmber
ieh.is,ind dent .y _putated by the i ti onal
TR0 bt Y BRIRR R L ' 57 nlcl o' herd coori si n

a_. uni que nmarker sequence so that each nutant . ...
contains a different marker sequence, or clones of the
sEhadis¢ase sdigjuhilmonela pphimuetyingiapsssiin aiies previdss agood

ST e B W e S 0 il s

| th?pﬂéﬁirﬁﬂl@lwﬁﬂye(wé enRNRocting BHIMARALA Vithienes' Rhve been

mutant; (3) introducing a plurality of mutants

prlerifissd toydueGrdsment & (Oahrsan,d 19X i ciltese represon
FPPARGERE <5 e B WS b RARRER RLAGIRIEL Rtk et

(Groisman and Saier, 1990).

The object of the present invention is to identify genes involved in the
adaptation of a microorganism to its environment, particularly to -idéntify .
further virulence genes in pathogénic microorganisms, with i’nc‘rcas‘éa* .
efficiency.” A further object is to reduce the number- of .experimental
animals used ‘in idenﬁfying virulence genes. Still further objects of the

invention provide vaccines, and methods for screening for drugs which

- reduce virulence.: -
‘Summary of the invention -

© A first-aspect of the . invention: provides-a method for identifying a

.. microorganism- having-a reduced adaptation -to. a particular environment

-comprising the steps of:



(4) retrieving mcroorgani sns fromthe said
environnent or a selected part thereof and isolating
the- nucleic acid fromthe retrieved m croorgani sns;
(5) conmparing any marker sequences in the nucleic acid
isolated 15 in step (4)_ to the unique narker
sequence of each individual nmutant stored as in step
(2); and (6) selecting an individual mnmutant which does
not contain any of the markef. sequences as isol ated
in step (4). 20, Thus, the nmethod uses negative

. selecti- to i den ' o, ' i : ich i
capaci tyUt o BoSfHibe § PurIR MG bratbisths e 6F Ghich is
m cindeperafenty matatdd by the insemiordrinaétivitioncofeatgene with a

e ARRERS mesing § s oA oAl cff B
a a@én:#@?a g?gé{ehgmaﬂ&er%quéne@,%mémcﬁefﬁer;gﬁ%mbpgamsm,

or der geni c croorgani sm suc

Jat hogeng) - b?b@fdingniﬂdivimmﬂgg enisiored sample - afoescir mutent -
the

inits host product of opne aqr npre,Vvirul ence genes,
5 Produyged dy, SRS ARd providing BdVdHS A ngpitia acid
i nv ' . Of j BioneddH fidi
i cootnpriin? (HE il mineh SERRRAR Mo LiEH flaIAULARulaRE
. is-a vir@)encaugdiécing atplufatioy of manadty produeesd byt stepi(Brinto
~environnent. is a differentiated nulticellular ..~
or gésisaid partiRulas eavippnmentand allowing those gnigraorganisms which
1 ungl t .| - ' aiskaihey are able. -
lq 0 %lﬁra&:i(%é&\%gwi tﬁ é}ﬁ%e@%ts é‘ﬁ‘g{vz%use ntt’di sease because
of the pHyseneariefingmsicfoopgatians frdmdhe saidunvikmmment or a
~genes. 5. Suitable;-mcroorgani sns when .the particul.ar
* envicldsiorh mars Yiozeqh andl salatie the PH%‘-ﬁlS‘aE‘i‘ér‘ug‘A’% the . retrieved
L Agr,q?&ghga{nmg,unef aci ens which forms tunours (galls):
. particu y I'fl grape;. Erwinia.. anylovara y
- Pseudono@$ds comhparimpearyunmtier séqueacsssin the hucleic aridusdlated
| ant s; Rhi zabjum | egum nos '

ange of rum whi ch oy
1% 5 esteRi(Ddadhe bniage maskenseane af‘é‘c@é‘-ﬁﬁé%?# gutpgt stored.

p: V. | LEL Ahi causes canker in citrus fruits;. and
e LA O R

i nc ungi  Magnaporrhe grisea which causes

rice bl a&d di sbasing andsdividual sppantwiiicindocsanrg eoatain any of

varjety of plant diseaspe: ErisYphe SPp-.

20.. Thus, the method uses negative selection to identify microorganisms with A

‘reduced czipacity—sto.:pfoﬁferatc in the environment.

A microorganism can live in a number of different environments and it is,

known that particular genes and their products allow the microorgaﬁi'sm

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

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 microorganism which allows the microorganism to adapt-10 a particular.

30 environment is a virulence gene.
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gl oeospori odes; Gaeumannonyces gram ni s whi ch causes
root and crown diseases in cereals and grasses;

d onus spp., Laccaria spp.; Leptosphaeria 15 nacul ans;
Phoma rrachei phila; Phytophthora spp., Pyrenophora
teres; Verticillium al boatrumand V. dahliae; and
Mycosphaerella nmusicola and M fjiensis. As described
in nmore detail below, when the mcroorganism is a
fungus a haploid phase to its life cycle is, required.
20 Simlarly, many m croorgani sns includi ng bacteri a,

o geaBs” TR R FARRRRERAT B A A R
Stt;rgh«i@in ﬁfchtataea Pl'aﬁ{ SOARIRT S Mdh¥ bactetihand Tuigi areicown
the~ability he m croorganismto_cause di sease is

md Ue infect plants ;aadtthcjo archeblor essrvive withim thecplaneaad gause

RSB AR en ot SO0 ExEple i

Clostridiums

.-acagﬂlﬁbi@k?ﬁ‘ﬂ'@drgﬁlﬂﬁms p@ﬁét‘l QHE aﬁhﬁcuﬁr émlitdiinient is a plant

particularly C. botulinum

* Erinelude cthe usacsgria Agpabaatmnwn@aem&&um forms tumours

hi | arl "
Escgﬁ Dar eaen A, "R s oW R g uihonas

o t k _ . ;
EROIRRBEREH VAR, cpBR AN AR Wiad raild BF plankh CRAvEBb i

neunoni ae

- L degumniokaap pzhlaaciuseslklmehse in bpares MGihdmondsi campestris

Mﬂﬁsb%@?éh A R A T

gono Woeaéesgang I@ﬁgﬁneb%fsﬁgﬁﬁe 'S, HPseudgﬁ%%?s‘m Sggpw ©

- patatise Uk awditietys .of aplangi dissasesSaEnisywhd asppsppColletotrichum

15

S'ﬂ m‘ gel },S‘ns B r@%’u@@%@?ﬁ%ﬁ% whidh daftes Tootad grown

cFYé}%?ﬂﬁier&E d | N{RicaliRispp SRRprosphae.
par fﬁar QEA{} ese bact é I a cagg}é ria
dlm@cad@ns |th t&mizeipihsla migx@}ahwaaspmlmmhgr@fteres

R o tboarian vl Hocvalize: abd Urersaasrally mosicols and

M. ﬁ;zens:s As de:scnhcd i more dctaxl ‘below, when the mlcroorgamsm

Cis'a fungus a haploid-phase to its life cycle is' requ:rcd

'20- -

* trypanosoimes are known to infect animals, particularly mammals including

Similarly, ‘many microorganisms- including bacteria, fungi, protozoa and

* humans. Sitrvival of the microorganism within the animal and the ability

“ 1 of thé miéréorganism to cause disease is due in large part to the presence

: of -and’ expression” from virulence genes.. - Suitable bacteria include
"*Bordé:é'_liisfz spp. particularly B. pédussts, Campylobacter spp. particularly
" C: jejunii- Clostridium spp. particularly: C. botulinum, Enterococcus spp.

particularly E. faecalis, Escherichia spp. particularly E. coli; Haemophilus

. spp. paricularly H. ducreyi and H. influenzae, Helicobacter spp.

’ '-"":"f"f'pat‘tiéuliiflly"‘H pylori:. Klebsiella  spp. part:cularly K pneumomae.

30

1-Legtonella spp. particularly L. pneumophtla, Listeria spp. particularly L.



envi ronment i s an ani mal which they can infect and in
whi ch they cause 10 di sease. For exanpl e, -when

Sal nonel la typhinuriumis used to infect a nouse the
nouse devel ops a di sease which serves as a nodel for
typhoid fever in man. Staphyl ococcus aureus causes
bacteraem a and renal abscess formation in
mce. (Al bus et al (1991). Infect. |nmmun. $9,
1008-1014) and endocarditis gn rabbits (Perlman &
Freednan (1971) Yale J Biol. Med. 15 44, 206-213)..

,par as'n%,% '%gp{@% ﬁﬁbﬁ“s?)pr & evan?ﬂ%g?gﬁé i 'ti.gand- M.

i f meberosdovins Mmmﬁa spp. t pertecaldrtynNengprorPhedaz: adsidy , N.
- a DNA- nedi integrative trans tion systemis
av awweguﬁmf’se BEF $ifas mﬁrﬁgﬁf X‘as Nalponella

t tl I h
P Skl Ry . SfalisdeER ﬁbdfm“é fly | S aureus,
' o Swemocodchs bpﬁ.epaﬁcﬁlaﬂy S\gpegeds. ardsmzumohiau Vibrio spp.

exanpl e A. fum gatus), pt ococc‘Lf neo{)
ancand m@mmmm npettise M pf thege acteria cause disease

abo- e ,

2R AR AL 35 e O e ot BiBlags TR hen tese
ar ebYeHd adtk e ukad  fnhehe mmomfaﬂiml‘inyerﬁim Hﬁ: Upmdcular
being a parasite with a haploid phase. durin

i nfesvitosmensat aranimalavhich they can dnfegbapshin whighthey cause

2 A S A B3 bl e o

I't indusy Bkansed develdpe ardisemt which sérvesas aenod&l rﬁdf opteid
genes detected biythe nmet hod of the invention _using an

© ani feuer imoue. &ra,o Aqmmaﬁuwé’asﬁeéﬁmy apd rgnal abscess

bl PE AFERRIND of By LRSS it 9, 1PF 08 an

m Cém&wiussmstaf&ﬁts Perlisiant &EFrRERREI1911)t Kele J. Biol. Med.
i nvention are Sal nonel | a typhimurium Staphyl ococcus

BaurdisZ06-BPept ococcus pneunoni ae,. Ent er ococcus
faecalis, Pseudononas aentginosa and Aspergilus
funi gates. 10 A preferred enbodi nent of the invention

i s mewvelpnedithact fuigis ok igheacukaolp pasisite. lﬁhapibmmw the

mar ker sequence_i s made as fol .ows. A conpl ex pool
douislevast pamsiefitolfc. Gughesgsowthigstheiegyirgamenti ech crahly, |

a DNA-mediated integrative transformation system is available and, when

20 - the'microorganism is a human pathogen, conveniently an '-animal..model.- of
.- the human- disease.is available.. Sultable fungi pathogenic to ;ihumans
include certain Aspergillus spp--(for-example. A;.-:_.-ﬁcmigams), Ciypfdcoccué

. negformans and: Histoplasma. capsulatum -Clearly’ thc abovc—mcnuoncd

- fungi have a haploid phase and a DNA-mediated i mtcgratwc transformation

25 .systems. are available-for them. : Toxoplasma may also be used, being a
-parasi‘tcr 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 @ mouse, rat, rabbit, doa or.monkey.. Itis prcfcrred if thé animal is a

-
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usi ng ol i gonucl eoti de synthesis and a pol ynerase chain
reaction-(PCR). .15 Each DNA 'tag" has a unique
sequence of between about 20: and 80: bp; preferably
about 40 bp which is flanked by "arns" of about 15 to
30 bp, preferably about 20 by which are common to al

- "tags".: The nunber of bp in the unique, sequence is
sufficient to all ow | arge nunbers (for exanple >

© 1010) of uni que sequences toy be generated: by random
20 ollgonucleotlde synthesis but not too large to
al t t Svantioh| "
el TR dehlt 66ospd B U Rlel R df RE HVER YR uSlng an
| eamjurial nufdel ohehaman disease atelvleasiyf veiry likely: to degeneswhich
eff|C|ent riping of . oligonuclegtides in a.PCR 25 It
i sdeterming e yinujence of the BHCEAQERBAMSM AR MAR. ond -of -  he
oligonucleotide need riot match thé target. sequence
to be anplified. It is. usual that the PCR priners do

3 noPastienlaziyn peefirred mﬁic@mghﬁisms £drr ust uu ehe vimethodsaodf the

ot her, Iongerthan - bases especi al | -t hei-r, 3'
ertyention et pamonella P HErHTb o ePHROoCT A, PETRHS,

S . g AT R

f onePugirions iane M spergillss fimigamm] €x, and primer extension
results in a short duplex product called prlner

dimer". 5 Internal secondary structure

..10- jgﬁ%gg%@%‘ﬁh&@ﬁiﬁgk gﬁ ﬁe‘r‘{ eﬁgé% rmje nd eg %(')br‘ﬁgRt h

- primers, - with.no | ong stretches of any one base. The
cl assi cal nel ting tenperature calculati Qns used ijp
coftj Riedeis gnidamprixipg prusigucnyiBrediseaianss 1s madeas follows.

- of
R S L G O e%ﬁ?il; feherhied
=t eusiﬁ% ahgbmiudﬁdlcds;&flmiﬁinﬁi hipmlpnﬁmefq bgangeacmn (PCR).

' ri emat ur e n practice e rids.are
A5 ¢ EMP&A “tog hbasyaomqyg seauence 9f fke&gﬁ%r 28 d% bp,
. |

P eFSKAably oot A0 hichs AR B armPPot ?“’““a‘ B8,
b epiefghably dﬂ@ﬁmoib@d whicttlareTaand toall Y‘més él'hh)asmbav&f
activity in the 37- 55Cregt_p ext ensi-on _
WI q’ﬂ’ igcthgr vaigpe n‘i}‘lt’?f@ea%é'd* ‘%‘Fﬂ“s‘("eﬁi‘“&n gﬁé‘q@?ﬁr? for

darfjfle S aﬁ)"‘)' o8 duniqd SeGRORRE fo2bk OPénethteliNBy: random

pr| mers - ar
20 ollgonuclcoude synthésis but not too large to allow the formation-of -

- -.secondary structures which may interfere with a PCR. - Similarly, t‘he
. lengthzof the -arms should be sufficient to allow- efficient priming of

 oligonucleotides in a PCR.

‘25 Tt-is well ‘known that the sequence at:the 5' end of the oligonucleotide

- need not match the target. 'scqucﬁcc to be amplified.

It is usual: that the PCR primers do not contain ,aﬁy' complementary
- structures with each other._.longer- than 2 bases, especially at their.3’ ends,

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



equal in conventional (symretric) PCR andtyplcally,
wthinO.1l- tot- Mrange. 20 The
"tags".:Are:ligated.into. a,transposon. or
transposon-li ke element to form. the nucleic aC|d
conprising - a-, unique.. . marker sequence.

- Conveniently, the transposon is carried on. a suicide
-vector. which is maintained as a plasmd in a
"hel per" organism but whichgs lost after 25 transfer
to. the m croorgani smof the, nethod of the:
I nv Qvﬁﬂp theSfwo Priafdis ridiz¢, the
-béﬁghggfgﬂﬁagf Esc eélchla gJPF t he 9n1cro§?gan|sﬁl y
of folwm aftyirimed teapplate” Sampiesland paivienaxensiemresalts inga short

aI transf t hough t he transposon can be | ost

aft‘gﬂj e% P‘z}?ﬁg‘FEFaeﬁ‘?dnbl Mgt gHB?'i ion-ofcelts, 5
undergoes a, transposition.event through mhlch it 30
integrates at random along with:. its uni que_tag,

5 ntiatdrhsed @emdmy@frutﬂuee should be. amxgladl irsprioees) For symmetnc

a‘%@B 26Dl - Chimments aften breBuindeRORY hef 3
0
&E@M&@Q{méﬂéwr&e tﬁszawamwmﬁ@ﬂmm

pre ansposon and ekconjugants are

sel aldations eRd incagoacion wthNMprohe hybridezatipe gtudies

posSj bt e-to conpl epent an ayxo mar ker,in the

r ecquﬁ"ePRCdtCélthatvﬁ ewea BIiREs ?'aﬁ&'iﬁ'i ﬂﬁéﬁ'@ 4R wx%weam

@C'(%tﬁﬁ’t]rm ﬂw r:lfﬁfé‘ﬁﬂl deEEdate'iﬁéBﬂﬂrekﬁcmplatc
icu y convenlent

par hen fungl are used 1n
netiybeid pRimdtarelp) yin pmcuoaz;ptlwerhyhrmgaref more |e&'¢auvq;ynéle

is not. derived fromthe
r edFERamecessthap egacralyp 1ﬁ@3%e3§§gnﬁﬁ ??39#?“9“3
1 ntegration events may occur. is also particularly

convenient if the transposon’ or transposon i ke _
. el eOptitmuhsammaling temperatureemay bewlstermined empiricallygad mﬂy

pi.s | I ot as rt.of the.chrponmpso
15 P e e ilehictade T BIVA FOLFREHSG AT B ey f the
as PPESSE. r&gﬁn' 3Y PRl xR b WilRobdurSduriig/®B annealing step
condi t1on whereas, upon changing-that condition to a
: secmmkithglhgémd:wﬂ]hbelmhlhzdde cmnecntwmmwflb@pnmers are
V\rrz: -{]cfz,l%i ?q]e;go eé“%tais&grn%]gm’%fll’a anH 93;p1§alf: y ;wnthm 0.1-to 1-
uM range. R

-0 - et
. . The “tags” are ligated. into a. transposon.«.fo;:;—,transpoSo_n-e_l_ike -element to
- form «the: nucleic - -acid.. comprising. - . unique...marker sequence.
Conveniently, the transposon. is carried on a . suicide -vector -which is
maintained as a plasmid in a “helper” organism, but.which is lost after

25 rtran_sf.'er'rto. the -microorganism- of the method -of the .invention. “For
example, the ‘fhel_pcf’?- organism may.be a strain of Escherichia coli, the
microorganism of the method may be Salmonella and- the transfer is a

o conjugal transfer. Although the transposon cdn be:lost after transfer, in

a -proﬁonion of-cells. it imdergoés.- a-.-ti‘ansposition- event through which it

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



transposon-1i ke el enent has. undergone a transposition
event through which 20 it integrates at random al ong
with its unique tag, into the genone of the
m croorgani smused in the nmethod. This particularly
conveni ent enbodi nent is advant ageous. because, once
~a m croorgani smcarrying the episomal vector is nade,
then each tinme the transposition event is selected
- for-or induced by changi ng the condition of the
m croorgani sm (or a cIOne 25 thereof)' "froma first

? G paGEm s el BBl 6 i3 mosCPETprred bt Hapsposon
9eBP Hangfosbik ?ike AEGhER rcgﬁ%%@lccmu SFoPEkdimleTi¥ URY case of

col l'ection o m croorgani sms are made; - each member
of Sahaahl!apmkmamym toesistanee gene say llnerptesenhut the transposon
tran oson : of r son-l.,jke. elegent :carried:. o
ANE R gans et srlesbt phmErtors ropiming kgt ofiis 2o
.Zﬂf*ﬂ”é%@% oA s AR REANEEIY P EH R Whih
= wha ﬁlncuonahgm in thi hdcleie mtxdt eq;npmiqgl dmmu(;ue mankqu eThis
W|th|nthe pool ). This enbodi J S par | arl
usBethodiis patticuigrly convenisal oden et ¢ method.
compl exi ty of nmani pul ations -required to generate t he
- pl urality ("pool") of independently nutated 5
-ni Breferablyn tiensompleateating Rinaforhhgenetih awt. denisred Hromhihe
nunber of different  ta S need only be the.sane as the

10 s sBecis @by ERRRISE. MicrooRgRnigy OLGTRse, mon-random
.-om (1) of the nethod: Point. (a)
ﬁfc??itﬂ&l{‘égﬁ%hﬁ S‘%ggﬁ er to use in organisns for

vvh| ch. transposon mut-agenesi s is nore difficult to

P il s Lo oien s bR
.f-’f‘goaémambfs' éarﬁiea oA GARGARhRA ét@m@m &ﬁs&ﬁmtﬁ%m as

theretore Ing quality contr easl er.
15 dqmt pHte q:lrronmsemd)ahvahb duei*cmngamhn uxpd ] thcsnmélquof thie

. CQ, ni en ahout 2 nde n.t |y t at ed
RS Boeat o RentioR rehesrip Achh 8o OnaHop LR Gipon
ofcmgrng%ge&moﬁ fo § 3Bl G0 )éoﬁd:ﬁbﬁdﬂic%;ﬂﬁﬁné’fcaﬁﬂ&
15 96-well mcrotitre plates. . apartlcu arly
‘ ‘prw mnneainedr’podmmg the Ise!ecmtm;of gpdém whinhethe itnspaeson or
fir

transposon—hke element fias undergone a transposition event through which-

20 it integrates at random, along with its unique-tag, into the genome
- of the-microorganism used in the method. . This particularly CGnVel_iient
‘eﬁxbod‘ifmcnt is advantageous because, once a microorganism carrymg the
Epiéoma!- vector is made, then each time the transposition event is.selected

- for orinduced by changing the condition-of the microorganism (or a clone

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

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

- microorganism: - Thus; once a master collection of microorganisms are

"-'madé; each ‘member ‘of. which contains & unique tag .sequence in the.

- transposeon-or ‘transposon-like. element -carried: on the. episomal vector

- 30 - (when:in the first given condition). qit'-ca-ni_,bc' used repeatedly to generate



particul ar tenperature. or tenperature range such as
2-5C to 32C, nost preferably about 30C and the second
given condition. is a: second 20 particul ar
tenperature or tenperature range such as, 35C to, 45C,
nost preferably.42C. In further preferred enbodi nents
the first given condition is the: presence: of an
antibiotic, such as streptonycin,.: and the second.
given condition is the absen of the said antibiotic;
or the first givenconditionI's the absence: of an

ti bi
e PP St FangBFinkfiond AR pachbr iich EORBIT: aohtrRat g
Sui.kétjleficd Qe drig@owidhinthd poel)t Hﬁhxsgmdnm:hmeﬁt 15 particularly

negative Dbacteria include Tn derivati
. t husefuk becansafap droduces the awlﬂgef P'éfil COMP MPf&le?‘ﬁi‘ ons

L e GRS e B plipifity L0) Of ' BpAReddy) Rudfid
- par Hléx‘dﬂo?édn\’srﬁﬂnt (I? lof $He. xﬂéﬂﬁ:d\z\liahﬂl (l&t&plnyhthenofdﬁerent
aureus include Tn917 Cheung"ﬂera| 2). Proc. Nat ] .

: Acamgssmed o B0 thes some ot AW %9 8“%8@“@?‘%“ the

| nf.ect. |
p ar Pﬂ%ﬁ'l‘té(nrqfs&ﬁf@l"%%ﬂs frysted, gﬁtorféﬁ% é')oes ons ‘?15&'&%&? Hmkes the
pr ° Sasir ﬁoh&e ihnGhénidaisi foatvwhich temsposohadutagenesis is
[ et at (1990): J. Bacterlol. 172, 3738-3744,

an d nwre difficuit ¢al pesform (fansanmple, SI@Riyleaorens e m@mﬂt

15,685 00003 | bR, Aoyt Pl 2084 |

tr aBﬁﬁﬁé@fﬁn&rdﬁn%@%&l%eteﬂrthcrfeﬁire maling Gualitglcbgtrol easwr As
i nactivating a gene, “%é‘ ot her 'known et hod, . or
o

- et kodescdbodiin pm:tc idatad ws the “pegl” ize iscrpnvanegHy pbput

~ con | en ins [ i

e ond08 g oo SndeipSinmERRFbd HiREpdepRSAE 4. | Mlrdfore the
Str Qﬁs&‘iﬂb@loﬂ &f MEdrb8rgafisaistis eondenidnthyastored in one or two
mut agenesns such as that” 15 described in Mrrison et N

131 P6oved] micRbitreeplates. 159; 870 with respect' to
S. pneunoni ae. The general nmethod may al so be appli-ed
to other mcroorganisns, especially bacteria. For

- fungh a.paricaady g?abnwtembaahacmaccﬁmagwdn ogndition-is a first .

transformation using -20fra ment s g
car PyrtisylarHemperagye qﬁempsw&fér'aﬂ su %{q%ﬁ‘%% é mast

hyg?ﬁﬁéﬁ‘}% C%%&ﬂp &Qfe aﬁéaﬂﬁl SeconflS bﬁkﬁnE&ldﬁon is- a second

20 - particular temperature or temperaturc range such as 35°C tp 45°C, miost
‘preferably- 42°C.- In further preferred embodiments -the- first - given
condmon is-the: presence.of an antibiotic, such:as. streptomycin;.and the
. second given condition is the absencc of the said antibiotic; or the first

+ . given-condition is the absence of an antibiotic. -and the second given

-'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 zmcrcoﬁ.:.;-Ttanspésons' suitable

.forfintegrat-i(mfihto the: genome of Gram positive baéteria-.include Tn916

30 - -and derivatives or analogues thereof. Transposons particularly suited for -
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(see Smth'et a! (1994) Infect. | munol. 62,
5247-5254), Random single integration of DNA
fragnents encodi ng hygronycin B resistance into the
genonme of - filanmentous fungi using restriction enzyne
medi ated 25 integration (REM; Schiesti & Petes
(1991); Liu et at (1994) Proc. Nail. Acad. Sci. USA
91, 12649- 12653) are -known. A sinple insertiona
mut agenesi s technique for a 1ungus- is described in
ehlestl & Petes (1994) |nco# por ated herei'n by

R A e et Lr R TeEong Hat R0 prb.

-I nt\w e S, U1 BYAGIBR-HA66Y andt Ty91 8DKIbES Gy ICEL991)
allows .isolation of a plurali ty of independently

nuikfeetd Immdi'gdﬂog-riﬂléherel n-a different géne is
insertionally inactivated in each nutant and each
mut ant’ cont ains a different nmarker sequence. 5 A

-~ 51k "prefitRid ifOMhe TirRpbsors had Ry Popeities of ‘the
wel | e m cro re dishes so that each well "contains-a

- di @2 rdenmvemdemm&ygﬁmmlh BIDHIA(W@@MF iBdcrarialnd 72,
gy S oL el LG Tl
g' SEE04 Py wa&)faﬂée:)aﬂ((tgﬁt)w eﬂaaeﬁan\ml 8923-4g29)hi-s is

e by renoving a sanple of i croorgani sm f rom

“the ni'crotitre. dish, spottlnglt onto a nucl eic acid

00 By S AU e o

. anﬂzs&tﬂﬁxﬁu v IRSctNE fik Jahp 8 klRAP nidikod, T&U%tctﬁod

replica of the cont of the weiled mcrotitre
d| dﬁmiopasm thenfutare mapltm ufedt hd furthrescrogaenisns mfethod of
l.ed microtitre dish

- —exmsset y PfceRiaiing i Bt en PRRGCAIRAY, if apriaig, bagteiidgsuch as

S SEHapRIchBRLsS is Wil FNREESn-HEplidMeiof cn&is"f%uch as that
flankl ng the’" tags and the a lified

15 | adedoribed xhdvioaxmmbteaM1984Bl.l§BacT¢rwl pl59d @69 \Mﬁhtrmpcm

| SR oAb Rl Mot 91533? 29,58 SBfiled to other
' l;hygﬁélq;o;gﬁgdlgﬂs’péb&&myfi]g&ehge -replicas of the vvel | ed

mcrotltre

For fungi, insertional mutations are created by transfarmation using DNA

20 fragments or plasimids carfying thé “tags” and,” preferably,” selectable

-markefs encoding; for example, resistance to hygromycin B or phleomycin
- (see'Smith'ef al (1994) Infect. Immunol. 62, 5247-5254). Random, single
integtation of DNA fragments éncoding hygromycin B resistance into the

-genomie -of - filamentous fungi, using restriction enzyme -mediated

25 integration (REMI; Schiestl & Petes (1991); Lu et al-(1994) Proc. Natl.

"Acad. Sci. USA 91, 12649-12653) are known.

"+ A-siniple insertional ‘mutagenesis-technique for a' fungus-is described in

" Schiestl & Petes (1994) incorporated herein by reference. and _i'n'cllude,_'fo}

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



di shes. This is a check that each of theindividua

m croorgani snms does, in fact; cantain a, marker
sequence and t hat the mar ker sequence can be 25
~anplified and | abelled efficiently. Pools of
transposon nutants are nmade to introduce into the
‘particular environnent. Conveniently,. 96-well
mcrotitre dishes: are ;used and the pool contains 96
transposon nutants.. However,;p the. lower limt for
‘the 30 pool is two nutants. there is no theoretica

o SRl Biseadoty oF 6 nshfom dr A DRIA scBfence gflows
i N igobtivhi 6 plardlitg of ivdependanty mutmd/\inncrbotgamsmﬁ whesin
are introduced.. Once the microorganisns are introduced

i nt 8 diffierentgenciisinserionally isactivated sn sash mutagk and each mutant
r anl to do-so are allowed to.
groﬁ&? %ﬁ%dﬁ%&g{gﬁﬁ’g&ength of tinme the |
:5ncroorgan|srr5 are left .in the-envitonnment: i '

"determ ned by the nature of -the m cr.oor |sm
-t he Achitary nfrsweh insextion mutauts ispreayed in (e lm%mrf dishes

oruas? Al Pacit esl S lincH pitbrete Ll ARNGERIREL | DNA

f or ¢émpikin Suueguﬁ@w%arucb Cgaemaﬁom ehble marumax mutant

fl ankl ng tags". The P roduct_is |abelled, for
exanpcmovganﬁsm z(mmemcbnthf, m@g@gl DNA fo0mm the clongais used) is

t ored each. i d| vi dual a t
1§ ho5imd-caGepernienify hiol h7BY FRROGE' £ aill] of, the
. Whi, ﬁhc&%ggdn‘i’drﬁ Efromlembhﬁm%utﬁ*@fdnﬁ spbiting it foritb @ ﬁmﬂb:e acid
- generated fromthe DNA isolated from15 the

- m chmgmﬂmmdmne r(sects as rmitracelindeseenr nylgn: Jaembranes), .

non;z hybr i di si.n DI\IAscor p

bR Ue yetboregiot fUAUERPRHE dnf U YMATAR to the
at t gieadirefe. bnu@saefépn@ﬁ oﬂhet Eantenteof theswellal midrotitre dishes
DNA. sequence. 20 In a particularly pref erred ,

- 1%&nbisamedert the "arns" have no, or very little,” |abel
conpared to the "tags". For exarrpl e, the PCR priners
are suitably designed to contain no, or a si ngle, G

- respggs, of&ﬁ@nﬁ&%okg’d?ﬂd@ﬂ'oﬂuﬁhaﬁﬂedemcrmmh,arandlde and

in this case, no or one.radiolabelled ? re Eﬁg
| nc A ris exisaated.c s DEVAS wied 31 3 e84 fok 3 Bi Bring primers
1200 ARGl 38 gfe B R 2NGIGAE A 264 *dndl fhé Bplificd

' erre
20 DNA is labelled, for example with ¥P. Thc product of the. PCR is used

o »prob_c;—ghc,----DNA»r_:stored.--Afmm- ea_ch--,-umdmdualu-.-mutant;—-_tq plfovxdc a
‘reference hybridisation -pattern for the replicas .of the welled. microtitre
. dishes. Thisis 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 iransposen 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 fimit for the

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



| east ten-fold nore |abel incorporated than the
"arnms"; preferably twenty- fold or nore; nore
preferably fifty-fold or nore. Conveniently the
"arnms" can 'be renoved fromthe "tag using a suitable;
restriction enzyme, a site -for .which may be

- incorporated in the primer design. . 30... 14 As

di scussed above, a. particularly preferred enbodi nent
of the invention 1is when thhe mcroorganismis a
pat hogeni ¢ mi croorgani sm . d the particular

el BT i, B e Lo B89, 6 B in

~ aRkRBbn it tHEbAiPAdIREht kiuto(@ﬁxchhﬁe Rttty afe ditrodoicks. of

each nut ant that; are kely: to survive. in the,.

" anl mal “-*(assum ng a Vi ruI ence gene, ‘has not- - been

USSR R W

! @hsﬁﬂmaeﬁe b Uiy b wich 8 A81E t) lolsh urd WITGREA i

(b) 1s too ani mal may di e before

o emnghn 1hhigt emnmnmmte Thedengthofitines theonigroavgrnismisare bt
SRt BRSSPSR e

N I
B s B T 8 sy

mut ant's t hat can

" i ntoovdretleftoimnthe emvironmicrt; DN Asisiexttiacted apddhe mﬂAys used

10

PR RaFBIRS for 1 BCRwEinE PROTEEY U BUB A e irgtty At

Ceed Brapend Jiie P@lﬁ Ef&fu@f @iaﬁcﬂ&? fé?'e‘xﬁ% l@hﬁ!ﬁfmﬁh aﬁ@ s

Sl ze O% the 1 noc be vari ed ove or e ow
t il taproin thaelpﬁmstn@ddmxn Ieechnndmdnaj amtam repticattd from

PRt Toierls® PR Sl Rk s Rt e R bR Rtise

70 lwe RPN W20 hil Wikl 8RprobOfeiferaed Fink uR DI isoldiéd from
15

will Pe appreciated; "that in.44s,;nethod. one animal;
c the wicrporgadisms weoesad f@mh envireimentc SFhese sonthybridising

F B S, o et e, bt S By

' BRFMb &t ﬂzﬁr&%na&ﬁeﬂﬁﬁtﬁd \Hyt xl?ssértiﬁn oFthe Fiﬁﬁlkposen ‘or other

20

DNA sequence.

In a particularly. preferred embodiment the “arms™ have no, or very little, -

+ "+ -label'compared to the “tags™. For example; the PCR primers are suitably

++"designedsito contain no, or a'single; ‘G residue, the **P-labelled nucleotide

‘is dCTP and; in this ‘case, “no* or ‘ohe radiolabelled C residue is
- incorporated in each- “arm”™ “bﬁt’*‘a. g-featef’ number of radiolabelled C
residues:are incorporated iﬁ the “tag”. 1t is preferred if the “tag” hasat
least ten-fold more label incorporated than the “arms”; preferably twenty-

fold- or more; ‘more pre'ferabl:y‘-ﬁft’y‘-fold-*pn more: ‘- Conveniently the

- “arms” canbe. removed fromr the “tag” using'a’ suvitable: restriction

- enzyme; 4 site for.which ‘may be incorporated in the primer design.

30



of nmutants so that at. |east; two can be investigated
(one, as a replica to check the-reliability .of the
nmet hod), whilst. the third is-kept as a: back-up, 30
Nevert hel ess, the nethod still provides a greater than
30-fold saving in the 15 nunber of animals used.

The. -time between the pool of nutants being
introduced. into the aninmal and the m croorgani sms
bei ng recovered may vary witjg the m croorganism 5

and. ani mal used. For exanpl e, when the -animal .is a
MO USEdighifdsdd godVeC h PARERNBD ﬁc&xﬁi gmbediinient of the invention
typhimurium - the time between i'nocul at’i on

ands rvelemy ¢hey misredrganismhisca pathogenionamicrapeganisen rands the

EBEav'ai‘%ufq"r?‘meEraFm%h R pual; 18 e@%ﬁs&& 4ok i the
PSOPBF MblaaBY sitttctd) in®! M2 Adinal SR ddteiminBa by (a) the

[ ence genes bel ng |nvest|gated |nclude t hosée
5 | nuumbed of wellh of epck atadt. that are: hkdartgasmmbat the amimal

st h SRS b ol Bedh Fdliabif and (B) the, total

t h?no%hﬁml QF mﬁi?ﬁmgbféﬁmo Nfahd RdmbarTh. (ah & too. low then false '

m croorgani smretri from another site on the le

whgositive desulasmay asise and if thyi pamber in lﬁbl irSelOOaisish dhcza ﬂlc

| . th b d ||
R T ARG Ut RGNS A M A SRS AT RO i the

10} Sdégitdd Q459 Ghe %dfﬁﬁ&rof &let inMea)f EATba HekdthithdBlfor each

or gan such”as the spleen. It may be useful t'o conpare
- t hevicioonganisre: used dmt dtdisrpreferatlyopony tianaifhi mioss pmfmhly
and.t hose @ent ified by intraperi t oneal
aqu’??éﬁ?‘hf n as' sone-genes’ maybe requi red-
establlsh ~i.nfection by.one route but not by the
~other.; It is preferredlf Sat monel 1 a’i s |ntr0duced

i nThapsmibametdifferens nutans- tbfttemn be dntradueesh intotas single

1 nPRidiet GE Pratrafte betvhen SR o0y PANeGRARy BRHET0E! G5

angrefeirbd oifi @ik . totdll indluiid .dokk afit é‘)&iebd loﬁncelld ta;tfdeu is

Although using cells in cul'ture will be useful in‘its

owRraferghly 107 cem lthough the sz PE thednequlum spay the yagied

environmnmen
 animal.

2. -

V\’h%&e 3P bt%mmnsoﬁmgﬁxﬁnéepeﬁﬁm'ghSn Ctﬁé %i‘&%rggmsﬁsalw ﬁw.

,-‘:_,ln a parﬂcularly convenient method an: muculum of 10‘ is. use,d caqtammg' e
| 1000 cells each of:100: dnffcrcnt mutants: for a smglc animal. At will bc.
~ appreciated: that in this method. onc animal. can :be used: to screen 100- _
mutagnts. compared to prior art methods which: require.at.least 100, animals N

-25 .- to screen: 100-mutants..., ..

- -Howevcr At is.convenient 10 inocutate. three animals.with . thc same poal - -
.- of mutants 50 that at least: two. s:au_; be mmst;gqt.cc;l;,(onq as a replica to
check the refiability of the method); whilst the third is.kept as a back-up.
30 cherthéléss, the method still provides a greater than 30-fold saving in _tﬁ‘e-_ﬂ" "



gt 16 It. is also preferred if the environnent is a
part of: the animl body. Wthin a given
host-parasite interaction, a nunber of different
environments are..:possible, including. different
organs and tissues, and parts thereof such as the
Pet'er's. patch. 5 The nunber of
i ndi vi dual - m croorganisnms (ie cells). recovered from
the environnment should beygt |east tw ce, preferably:
at least ten tines, nore preferably 100-tines the
"iiHRBEr Of afinlSheg! mitants introduced into the
envi ronnent: For exanple,: when an. animal is"
: inoculated with 100 10 different nutants around-
: 000. ndividyal njcgoorganisps should pe retrigved
 ohetis boernahe pral ok SiEaa besa intiedurec fge ¢ apimal
N . | : 9 . .
oo BB o L Bk R B0 ey by Ml B FRL Wganirn
5 sumbaninfd)ysedr FobAxamiplesrwhen wige shimdleis 4 hrouseitandt the
sel ected | n step (6), .is an auxotroph; or 20 {

L BIaTePTBRNEY 1S SHinonella Ry, dhe gme Retwaen Ingculagion
. SO : j , ant m croorgani sm which
_reqUﬁng‘gv(()l\%\P%B?da@f%r@shot needed by the wild. type

.~ +.7-orby 25 prototrophs) -and a-nutant m C_.roqr.gan‘i,sm .
) - Boberalpdinoniatiie GeaNen MiGrOPERH RS dtreved from the
o (q«g?’ﬁ??\h%?l:gﬁr(’stseﬁ)&'i?at a)sqen'%r ei'ézr'aEI')}ﬁ %813%{’ ?c})%"s ararnot

~ rstepo @y sdhelmat thier vindane: genes baing beestipat&D include those
i.dentified. 17 A gfhcond aspect o; t he i-ﬂventi on

- prechvad dn the sprrad) ob the RNSTOPTBATHE Relyisn thGAVe 1881 ows

a mcroorganismto adapt to a particular environnent,
_.the nmethod; kconprising the nethod of the.. first

“dypaxanyile t inm plant/thetriienoorganism may be introduced in a lesion

13- ** in the stem or at one site on'a: leaf .and_-thc.micmorganism retrieved from

~ ‘another site on the leaf where a discase state is indicated.

. In the case of an animal, the -mi.ctciorgéﬂiism may. be iptroduqed";»oraify,
i*ntraperitoncally; intraircnously or intranasally and is retrieved aLa»-la'tér'
) 20 time from ar_riﬁternai erga-n“ such as the spléen. It may be useful 0.
| com‘pafe the virulence genes identified by ora‘l.fadmin-istx-?at,iqq_- qu-;tﬂc“)sé '

identified by intraperitoneal gdmihiSEration as some genes may be required

| - to-establish infection by one route but _ri_ot;,‘b'y the other.. It is-preferred if

.- Salmeonella is introduced. intrapéritoneally. .- '

| Other preferred environments -whi'ch_’még be used to idcnti,fy-\i:i-rulenccr‘
- genes are animal cells in ‘culture (particularly macrophages. and epithelial - E
- .- cells) and.plant célls,in- culture.. Although using cells in culture will b‘é
e couseful in its own T ghty: it will alse. com;plemcrit, the ‘use .of the whole

- 30 . animal or plant. as the case may be. as-the environment.. .~




foll owed by the additional step 5 (7) . isolating-the
insertionaily-inactivated gene orpart thereof fromthe
Jindividual nutant selected instep (6). j Methods. for
isolating a gene, containing a unique marker are well
known 10 in the art of nolecul ar biology. A further
preferred enbodi nent conprises the further additiona

TsrEp;TT" (8) isolating froma wild-type mcroorgani sm

. the corresponding wld--15 tﬁge gene using the
insertionaily i nacti vated ge isolated in step. (7)

part thereof g propbe. Mefhods for .gene prabing..
ar eI vw sws%fﬁrrcﬁ! iF the eaviropment foa Pt of 5@&%2’3’%?
hﬁ) LR 9iHodl-pdraLibe dfesrdbdah)! & fRimbiie ofm different

practlce of he pres I nvention are disclosed in :

Sarﬂnmﬁhnehtsaarc(il&@n:le.a inchuding. alifferent pegans and _tissues, ‘and
referen cr,oorgani smis a microorgani sm
patfiig§ éﬁ?‘@"}[%“cg‘na%ﬁ‘ier% yer s pa 9"3‘3 ‘the'y gene. is. a
svirul ence.gene, and a.,: transposon-has been used to :

i nsertionaily. i nactivate the gene, it. inconvenient

- f orThe hivabed oﬂimhmdudaumot@nhmse(l@weﬂb)bpcqvgeé tfromy the
genonic DNA from

% i ndi vi dual seI din

- steayiropgent shayld, ¢ @k J6ast (WiGH: EW%H@G pgs, more
ou |

SN A0l AR AR et W‘%‘%ﬁﬁ*%% e
anenehboanicnn g PoreRaiplescwhén ran usimabris tinoclateds with 100

ot i T RSHAS e T S
an
. adjr@ ﬁ..%ﬂje \ﬁi}l t Sftﬂq ?,DP‘N)Q ‘goqaégquenced usi ng two -

primers. annea the term nal regions of the
trans-on, :© and two-pri-mers whi-ch:anneal cl ose t:07the,

pol Iinersquece of the sm.d. The .
_seq%cgﬂ : %‘ﬂ%g”ﬁ‘?ép P‘g‘&%%wpﬂﬁﬁph‘&t%}%% searches to
.determne if. the transposon. has |nterrupt ed. a known
--vi-rulence . gene. Thus, convenient sequence . :
: lSobt(:iM e dretmpyvinigi aslxmplmifmm thophurlity dygwtnw predused in step.
gxences present in the publicly avail abl e databases
2% EMBL and GenBank. Finally, if the. |nterrupted
sequence appears to be na new

{(6A) determining whethér thie mutant sclcctcd instep (6) isan auxotroph
“or -

2. , :

© . both (TA) and (6A)s -+ -7

S ( is desirable tod-iS'ti@uiSh an.auxotroph-(that is -avg’tiutant ‘microorganism
which requires 'g_x_'owm‘.r-i-factors; “not:needed” by: the -wild :type ‘or by
25 prototrdph"s) and a finutant‘mii:rdo'r.,gAanism wherein 2 gene -allowing the -
"microdrganism  to. adapt ta- a- particular-environment:.is: -inaéﬁva(.e&. |

"-""-'Con‘veniémly; this is-doric between steps (1) and (2) or after step (6).

* “Preferabily auxotrophs' aré not reriioved when:virulenice genes-are being -

30 identified.



10 virul ence gene, the nutation is transferred to a

new geneti c background (for exanple by phage

P22- nedi ated transduction in the case of Sal nonell a)
and.: the M. of the nutant- strain is determned to
confirm that the avirul ent phenotype is due to the

transposition event and not a [ secondary nutation:

1S .. The nunber of individual nutants screened in

~order to detect all: of the h virul ence genes in a
e

m-croor gani sm depends. on.t nunber of genes in the

SRS orkr SRR MG ARG of bt el 6k

twhich allowecn eticidorginisn toaddpt GCa paﬁlddlm‘ emjigonnient Othe -
vr r ognce genes whereas for Asng;Fgr [l us spp , Whi ch
wqrapgsngg%mthqrbm She Wthe myeothon,
Appr oxi mat el y 4% of '

%ﬂ esse ttrf'al tﬁpnurr um genes. ar e: thought ‘to be
“required for vi ruI ence (Grossrran & :Saier, 1990) and,
g% so, the S phi muri um genome cont ai ns, - -

br olfoletng the lﬂ%tmnwx-maeﬁw% epaasor-part therepfifrost the

' tiﬂﬁmmt Cléclimdimrr%{gcﬁ%%n provide af aster

10

15

- nore.conveni en _
identifying virul ence. .genes. : A third aspect of the.

re practicabl e*routé to

i nventi on provides a | mcroorgani sm obtained u5| ng
dvietheds ferdisehating @ gencseentaipingra waique markersnei well ¥gown

?ﬁgﬁc HhCJfot%ﬁ?.Gi ﬁolgéf useful because they have
n

thepr operty 0 g adapt ed to survive ina -
particular environment.: I.n' -a preferred errbodl ment ,

) ;} at hogenr C m croor ganr smis, not adapted to

“prefesrabembedigiant sampsies e 5aémohahstme |

: cas_e,of .m croorgani sns that are pathogenic to

animals, particularly mammals, ~ nore particularly
Iﬁmranmolathg fmtramtmhblwenmd:r@yghhmrﬁt hockes;ﬁortd’mg wild-
i nvention be use a@,dyn a yaccj ne. The :mutant

1YRe BFUSing the 1Recahet éﬂa&tﬁe&deae%lseet%m skpd T oF

:gggrtﬂé&bfggrao& gg a_patient, but it i-s. 10 expected to

eantlgenlc and give rlsetoaprotectlvelmrune

- response. In:a further preferred :embodi ment. the.

) epic mcr ani s
. R/?ctnogs E)r "gENE pro Sin agc well'kn nown in- thc art of molecular biology.

20

- Moléeular biologECal méthods suitable for. use-in the practice.of the presest
- ‘invention:are disclosed. i in. Sambrook et a[ (1989) mcorporated herein by

refercncev_ o

<" When the microorganism is-a microorganism pathogenic to an animal and

25 A

‘insertionally inactivate the gene, it is-convenient for. the virulence genes

the= gene:is a’ virulence -gene . and a.:transposon. has been used ‘td-

to be cloned by digesting genomic DNA. from the -individual mutant

: 'seim -in step (6)-with a . restriction enzyme, which cuts outside the -
.- . transposon; ligating size:-fractionateﬂ-=‘DNA;c@ntai_ning: the. transposon into .
30 ' '

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




adapted to survive "in a host. organism obtained by
the nethods of the invention, is. nodified,
preferably by the introduction of a suitable DNA 15
sequence, to express an antigenic epitope from
anot her pathogen. This nodified m croorgani smcan act
as a vaccine for that other: pathogen. A fourth aspect
of- the invention provides a mcroorgani smconprising a
mutation-in a gene identifigqg using the nethod. of the
second aspect of the 20 invention. Thus,-. although
-t h&si&&fc@%cﬂﬁ&‘r@@tﬁvf tﬂchﬁ*ah |dJs6n ABRE Abt: B  teeplaBmant | The
s useful, It is referre If a nmutation is
: spwrbomlnis;n i genonuic E¥NAI adjecanitdo ﬂ?@eﬁmﬂnﬂé@ﬂ igsequenced

G R et S Bl BL et il ét{%ﬁg%—m;pom,
MR W8 priinéRCwhid E”ﬁmbil 8losé % %e b Yonfinker fsbquenzhi bF

mutat1on ‘or any ot mut at1 on subst anti al I y

5 i nplapminl. e Thie sequences mupy: lﬁusﬁbjgemd-te JRNAf database asearohes to

,Cﬁg be . rrage usi n ts_,gll?n o’&%ﬁ‘gﬁlﬂ eié.gu‘:h&mlclnﬁ% gene

MR, ﬁ@éhl@ﬂk ke hil§ﬁiétlﬁﬁ i§ eUfmparedl dpainst |

pl asm or VI T norre) and r yi'ng: on honol ogous 20
r ethg rsequatces mrtxmnt it thedpddicd avanlnlﬂc idatabasescsuch easdeiBL.

P Gl el B ToFRled SOuTRE AP Ip B8 i new

10 Su\hm%&: ge&f QRE FRRtaGoR 1s'5tr519§feﬁ’é& tb'h AeW b baaegraund

vacci he conprising a suitabl e mcroorgani'sm and
pfﬁonawmntplc aby ypbagpe;i’t%bﬂnedmmd i teansdudtive Sioi tthe| @Sc of

oor IS he- af orenent i gned .ayi ulent
 iAionoRe) S i Lot A PG R & HiEiTied to confirm
pr(ﬁﬁﬁfﬂeﬁﬁ‘wrﬁl@n@ BhénAAR R2gks (OB GanspBitforT¥V@land not a
m croorgani sns are prepared in an inmunogenic
- f osegoindary onutationt ai ni ng sui tabl e adj uvants and
15 -carriers and adm nistered to the pat| ent  in known
'ways.. Suitable adjuvants include.” Freund' s. conplete

Or'Thd aaﬁm@k R AndididedP Mutaity 'safacnediip et détaet all of the
"I scons". of EP 109 942, EP 15 180 564 and EP 231039,

ammlnnmma mamerooga@umdepmru@mumbcr of gengsrigithe .
é{agﬁﬁi u@ﬁt)aesmrlgrgeygan sh. V?%le* %ln%lé)' t?s h‘(g’llffct“a?§5000

mutants of Salmonella typhimurium need to be screened in order to detect. -
20 - the ma_]onty of virulence genes whereas. for Aspergillus. spp., which has -
- . a larger genome than: Salmaneiia around 20 000 mutants: are- screened. * .
- Approximately 4% of non-essential S..fyphimurium genes.are .thought to -
be required for virulence (Grossman '&3-.Saier,-"1990) and, if so, the S

- typhimurium -genome “contains - approximately . 150 - virulence - genes.

g
[
N

25 - - However, the niethods-of the invention-provide:a-faster, more.convenienit. - . -~

" and nuch more-practicable route to-identifying virulence genes.

- % A third aspedt of the invention provides a-microorganisni: obtained using.

. the igthod of the first aspect of the invention. -
30 : .




10

| i posonmes, Pluronic polyols or.the.Ri bi adj uvant

system (see, for exanple GB-A-2 189 141). "Piuronic"
is a Registered Trade, Mark. The patient to be

i mmuni sed is a patient requiring. to be protected from
the di sease 20 caused by the virulent formof the

m croorgani sm The

-aforenmenti oned. avi rul ent. m croorgani sns of the

invention or a formnulation thereof, may .be .

adni ni stered by any convendfonal : met hod, including
oral : and<.parenteral . (eg. subcut aneous. or
|$nqham@mrmsmaw precusesy lg because thewe hiaye henprapestyof not

9878 Sl 15 TR i § PRl Gt of doses

i S: possi-ble:for.an.avirul-ent - m croorgani sm of the -

~invention to be _ adm nistered alone,

phiest prefiened embodxm.s:e pathogpmsgm&mwﬁ@dé gt sdapted to

30 f | h ol &
cryivd . R RRC) WrlronRidEo°lagl . MRETRMEY &
tiferd6Fanisats Bl e Gativachid) @ whinkals,h mxlaﬂlyemhmmals

m croorgani smof the invention and. not- deI eterious to

tmery @@rtmllémﬂs hmmaﬁ@ne;] ytantc gbwmdt he the methed f the
te
R L e R S T

ttherdfaeeiipertd @aReaiabl fit ddministiativnao aamitient, but it is
conponent, maybe useful_in the fields, of, human

resgiecteddto’ benantigenisy andagiye s o) 3 Brotagiivie] IgHRWISS TS RORSE
. by m .croorgani snms are known inmany ani mals, such as

~ domestic animals. The vaccines of the |nvent| on, when

- onhafiRilied jreferARid baPbiRketattier pthogenic aniceoagg

iSsg not

| particularly avirul ent- bacterium, e usefu n n
~ bmapbadstsr BWEVive iy adhastnereanispyeb wéw’é‘; d“l’fiﬁ gvg?\

15

R %@m écﬁﬁ Sm%&am ___mmggg%rgeﬁs%ﬁrﬁbxc mqﬁ

geese ana

aselaehce, @b dipeessivemitigenit picopedfrom gpeotheroprathogeed - *m;;s

the  nethod of the second aspect  of the invention, and

T g @ftgelpﬂqrg@rmw aq:q@r%wccme for that other pathogén.

20

" A fourth a‘sheét ‘of the i‘h\xention provides.4 microorganism comprising a

~ mutation’in a gene identified using the method-of the second aspect of the

invention.

“Thus, althiough ‘the: microorganism of ‘the third aspect of the invention is

g useful, e i's-'-‘pi‘,éferr‘cd_ if 2 mutationis specifically introduced-into the
- ideriified gene. In- a-preferred - embodiment, particularly ‘when the

30

~idicroorganism is to be used in-a vaccing, the mutation in the: gene is'a

deletion ‘or- a frameshift miutation or any other mutation  which is

substannally mcapablc of reverting. Such gcne~specaﬁc mutations can be

- “niade using " ‘standard" proccdnrcs such as mtroducmg into the

" miicroorganism a-copy of “the ‘mutant gene -on an au.tonomous replicon

(such- as a plasmxd or viral gcnchw) and.;‘,_re]yin_g _ofi -homologous



.. 20 By "-gene we include not only the regi ons of - DNA
that code fora. polypeptide but- also
regul at oryregi ons of DNA- such as regi ons of DNA
""that regulate -transcription; translation and, for
some m croorgani sms, splicing of RNA 'Thud the-gene

i ncl udes, -pronoters', :transcription termnators,

ri bosom bi ndi ng- sequences and for sonme, organisnms
introns 25 and splices recogpition sites. Typically,
sequence infornation of the I nactivatedgene-: obtai ned:

I N rédofiiy djﬁl‘il‘d(‘l -
cl ose to t e ends o? ng transpggnﬂdclpg usedrhggl tlﬁthc

hy genatine af it mictoorginisnsequenci ng:- priner. The
. derived "30... sequence or a DNA restriction fragment
adj acent to the: inactivated. gene 22 itself is used

and | so‘?1 {kw?‘*’n}g%&g&mﬁdﬂfype rgan Smu‘iﬁhfeomi&%{glaj\&m

5 coforemcmda nacciné dnd wpeacgarecomprisiag ar sufteblecniicrbotganism

: ation probing is.done under stringent 5
coﬁ'&d F@H&“‘ gfqmbqfﬁéﬂlféne and nota-

relative, is obtained. By stringent" we nean that .the
gene: hybridises to. the. probe when the gene 'is

i nigheistitatdd nsigrcorgRaibmais ahaatbretmentioredeavisdienthmotant)
this case is > 200 nucleotides in length) isin
solution and the.. |nnnblIlsedgene/hybridised “probe is

10 CARES ihrilnisatipFRE o pAitnt i€ prifire in BREabPrat oo

f omood mmitatyy nﬁafmgahknas areprepiredinag Bnemnegtﬁuc forhmh:tmn

’ dd d '

C poganed lﬂﬁf?ﬁf@ﬂ@ AP s SR Saren an ROvaBRerrcLiq fhe pateat
. L ,
G0 JRORS. SO R r‘nﬁ‘ JROEE Fround 30 Wimipfbte or

f mnchmplqac edjovent; murhmygdtpepuda ahe filssemsd nf EPrid)9 942, EP

- 15 1 {al o R B 24100 o, Bl Hysem i cidoatio” B AL R,

WM% Resdh a8 EpfigiibRd. @gecabe rm&hedcnfast RfachRC ony,

pect of the 1inventidon. The sequences .shown.. in

mes] Phndnitpalyels patheoRiti adimvant sysiegt éeef fqgmample B

I 60 e s T i

.,_l NSehd irRfintded is wpﬁﬁé@%qumng to be protected fmm the dlscascj

20 causcd by the virulent form of the m:croorgamsm

The aforementioned . avirulent. microorganisins. of. the: -invention or z
. formulation thereof may be administered by any. conventional- method
including oral and parenteral (g subcutancous or intramuscular) injection.

‘25 - The treatment may consist of a single-dose or a plurality. of doses over &

period of time.

. Whilst it is:possible. for an avirulent mncroorgamsm of the invention to be

- administered alone, it.is prcferablc 40 .present . it. as a pharmaccuncal

- 30 ‘-,formu[atlon, together with one-or more acceptable carriers.. The carrier(s) L



25 within the sequence, and these transposon
insertions inactivate a-virulence determ nant of the
Organism As is discussed nore fully below, and in
particular in Exanple 4, when the ,nethod of the
second= aspect of the invention is used to identify
“U,MhLulence genes inSal monel I a typhi munum many of the
cleic acid insertions (and therefore genes
|dent|f|ed) are 30- clustered in a.relatively snal
_ part-of the genone Thi #eglon VGC2. 23 contains

_othr vjrule nes ich, as de L be
%bﬁar"f";ﬁ?“% e gt o6 g enran e Rifh OF ftigtent
~ mdl? Shtfmt 50§ R6SR@ rétipientd
sw tab imﬁﬂstefctg elrd‘rThus héwhe'ﬁggfga?gl\m may be ulged
ithereof: orEypicadlyyi the cakmersrwill beckater @ess inpprhishi wilk by
___ngqrgfl eg in vi e)é\(% the teachings .contajned.
o ct “an expreSS|en vector, which is
§ then- used to transform an-appropriate host -cel | for
t he expreSS| on and production of the polypepti de o
 tIhavill ibevappréciated tiatahe wacting gf e - inventioe, dépsading on its
disclosed in 10 US Patent

59.jssued :
REOTE g CgRATE R, TiAY b UseRild e Balds o bR neticing
Ja%@@etéim ?ﬁ(ﬁa 4,582,800 i'ssued 15. Aprll 1986 to -
Crow, 3 |ssued 30 June 1987 to Mark et at,
4,678, 751 issued 7 -July 1987 to Goeddel, - 4, 704, 362

. i.ssued 3 Noyenber 1987 to ltakura et at ,
10" hiserses Faused ByBIcraerEInisB\AF 1 wmm%%a%@%%&&&% |
L Hdmksd© ahBRAs! Oﬂe%emég of Ghe fiﬁvetﬂmﬁﬁﬁu&wcb an
August 1988 to CGoeddel -at and 4, 810, 648 i ssued 7
- Ivupmprmﬁﬁt@fmﬂelﬂtmiekmrgamhm phrtioularly ans:lemrmtqsm«wa.rd

by et Th
RSB R RSP 5 for oAl Ao ke 8 horses. does
‘ -aha\caﬁt lafd i ﬁr?ﬁbuh:?y bRINRACHiBkehY, ke, dicks ahd Qlebsy. DNA

.<..Sequences f =introduction Into an appropriate
15 host. -~ The" corrpanl on DNA"wi 1" depend ~upon-t he'

<. At ur the. indBn th
AR ot Efanlf Bipechofn BERHRR priide LRSS bA he
R thGE BA HeCscRbid @E}%E %F URNinvBaGiS | 41Rith palypephids. ghdoded
The DNA . is inserted into an expression vector, such
dkergby. .plasm d, in proper orientation and cor rect
reading-frame for expression.. |f necessary, the DNA
may be Ilnked to the appropri ate transcriptional and

- 20 - By “gene” we riclude- riot “only the regions of DNA that-code for'a

- polypeptide but also regulatory regmns of DNA. such as rcgmds- of DNA -
- ihar Fegilité tratiscription; - translation and, for some microorganisms, |
- “splicing of RNA% “Thus;” the ‘gene’ includes.promoters, -transcription
>+ férmitiators, ribosomé-binding sequenices and for sorme orgariisms introns -

© '25 “ind’Splice retognition sites: .

- T‘ypit:all-y;" séquerice -information of the: inactivated “gene-obtained in step
o Tisderived: Cenveménﬂy, Sequerices’ ‘close to: the ends of the transposon

et iséd- as the* hybiidisation site of a’ sequencing: primer. The. denved

' A'3'0-u- seqience or & DNA-restriction fragiment adjacent to-the inactivated gene .



transl ational regulatory control nucl eotide sequences
recogni sed by the desired host, although such
controls are generally available in the 30 expression

vector; ..The vector is then introduced.. into the.

host through 24 standard techniques.. Cenerally, not

all of. the hosts will be transformed by the vector.
“Théréfore, it will be necessary to select for

transfornmed host cells. ez?electlon t echni que

i nvol ves; incorporating int expressi on vector a

ONGIPSaS ol ARG B A0 S 6 BBy, S
LT o3 siaR ﬁ:ﬁﬂ" Q%ﬁcﬁg&% §m 0 b&‘réﬁpbﬁdmgaﬁildi typRcgene.

Alternativ for such selectable trait can
be on anot her vector which is used to co-transform

o retred i 6 bR oSl PSR swingen

5 ”V(%Hdit%hs%eaﬂsﬂf‘é‘ i Ithe! ?Sﬁ’c f Qfd Aot auklakive et obtaiiedanBy

under appropriate conditions known-to t hose skill ed
in ‘tdm:xgmt vrenmeam that the pene hyhridisasde theipsehieoslien the gene

o imaigbifisedriny BBRbERE ARLGE Prove i 8 ROIVRERLER >200

exgﬁlfq?éit@%ﬂ 6Py 81 slEuR, add%laliﬂin&ﬂnmiz e ybkidised

acl | 1 us subt s), yeasts (for
exeprpbe ISaoaﬁhadanyadsx St H556) for ﬂOIlatmntS*Sfé is ;lF M

for lus), plant cells,. animal cells
&@@ P§‘g2'5 The vectors include a =

prokaryot| C repI icon.such. as the ColE! on, for .
© propagation in a,prokaryote, even if the vector is to

be m&i’técbrprdaqosmnm forncloum Sakmfpega ovirlonge gones are

el PPt bt SibaeSRbeR T BARRES oo,

capable of directing  the expreSS|on (transcription
and transl ation) of the genes in a bacterial _ 25, host

: I e| In a qaeticulady Mreferesd] embedimen the 6 lgvyipyiengs genes -
: t d
- Drorc i, 2o Bt ion{iC Thy gt S 48, 9’?%%?2% n

andE;ugtﬁ JRCY | ptl on., to. occur ... . Pr-onot er. .sequences,..
conpatible, with exerrpl ar y bacterl al : "hosts are '

In further prcfcrenqc‘th_e genes are those contained within, or at l_ea_st part

20 - of whick is contained within, dic,'jsgq_izcr_;é:cgg shown in-Figures llandlz '
4+ and which havé been identified: by the method of the second aspect of the -
<+ invention. The sequences shewn-.‘ﬁ-i-nfﬁ-igﬂFQS;igl*-f and12:are-pait-of-a gene
- cluster from Salmonella typhimurium: whichd, havé.-called virulence gene 2
- cluster 2 (VGC2). The position of transposon.insertions are indicated

25  within the sequence, and these transposon mscruons mactlvate a varulcncc '

determinant of the organism. As is discussed more fully below, and in

~particular-in Example: 4, ‘wher- the .method ‘of -the . secandfaspect of the .

- . invention is used to 1dennfy virulence. genes-in Salmonella tvphzmunum o

- many of ‘the nucleic-acid insertions {and -therefore. genes: 1denuﬁed) are

- 30. - clustered in a relatively small.part-of the genome. - This region, VGE2,



.30: typically. provided in plasm d vectors containing
convenient restriction sites: 25 for insertion of a

DNA segnment of -the present invention. 't ---Typical
prokaryotic vector plasmds are. pUCl8, pUCl9, pBR322
and --pBR329-avail able from Bi orad Laboratori es,

(Ri chnmond, CA, USA) and 5 pTrc99A=and pl {i{223-3
avai | abl e from Phannaci a, Piscataway, NJ, USA A
typi cal mammalian cell vecygr plasmd is pSVL

avai |l abl e from Phprmaci a Pi scat anay, I\U USA Thi s

V&St bRk gfllilfen@/ g%nés%lﬁch pz[s‘l%&g&ﬁﬁed I% est ev e?art ?f 9!5

expr €essi on clon genes

. inyeptierssi on being found in T antigen- produci ng cells,

such as COS-1 cells. An exanple of an'inducible,
manmmal i an expreSS| on vector is pMSG al so- avai | abl e

g%cort I col d>?'%§‘.‘%ﬁ&d 8|or oo g?‘aﬁ? expressed in a

-rmuhhtqhdsu oellir Thiss, the pemg(DNAYima) be ea.dah at:m:diﬁcdmme

, ressign .0of the clope en efu]..yeast pl
- %ﬁ‘l NiGYAIS APPIORIIR d%@&l@%d’ Fafhe tea C?u“gs

- 10

15
<t hed 48 10,6495049

SRR

FARRAF Heftf g bt A eRp1sRARABEL RBcRSs i o

pRE6Sme an apROfibtediost Skbfor the é’ipressimegrdapmﬁactmxﬁsmhds |

(H\I(i&g tl%nd | pcorporate the yeast sel ectabl e markers '
lpeptidemf the fyentiond Sortechnigues dnglade Piose disclassd dne

05 T PR AR ASRET ApISh RS i, Es0

' tlssueﬂal?g valyt 1985 to/ mmesmmi e4582 800 odeals LY ApSY 1986 to -

oI 0oL 79 MBRE o815 fied 7

"ol nec?%y A Reotd { NGREREE | P8Pl Bihra r

o), 462 nssaedr lhg%mggicy o8V go Muairhg, t G57006 isaedrid hdpt
t t

TR TR ool e ol 4 %@fisé i a8 Aeust 1 98 noppadeler

% SQNLECHAT 5F u'-iﬂsh PN

segnent; géner at eg‘i by en onu aserestrrct| on

" dntgzafporawi hasin hlyssderdmd

The DNA encoding the polypeptide constituting the coiﬁp‘ouﬂd_ of thé. :
invention: may be joined to a-wide variety.of other DNA sequences for

- dntroduction into an appropriate host. The companion DNA: will depend
* .upon,the nature’ of the host, the manner of the introduction of the DNA

*"*into the host, atid whether episomal maintenance or integration’ _i!‘sadesirecl?.

‘Generally,. the DNA _is inserted into an expression vector, such as.a

‘plasmid, in-proper orientation and correct reading frame for expression.

LI necéssaly-;'thé DNA migy be linked to the ajaprOpriatc t'ra‘nsc:"iptibnal and’

. translational: regulatory. control -nucleotide. sequences: recagnised: hy the

30 .

-desired” ‘host, ‘although . such controls. are generally available - in the

_c:xp_ress_lon- vector. - The -vector is then introduced. into: the }"iids‘!;';'ti_irbugh



earlier, is treated with bacteriophage T4_ DNA

pol ynerase or E. coU DNA 5 polynerase |, enzynes that
renmove protruding3 '--single-stranded termni wth
their 3 5 exonucieolytic activities; and fill in

recessed 3' ends with their polynerizing activities.
The conbi nation of these activities therefore

generates blunt-ended DNA C) 10 segnents. The

bl unt - ended segnents are ther24i ncubated with a large .
nol ar excess of |inker nolecules in the presence of an
enzytmadaddaechiniquwdsl, chhﬂ‘al:Igt aby 2k of hke hbgﬁwxﬂrbeofransfomed

"~ bl upt -ended cul es,, such.as bacte
_ DNAFY %éfcct?% horﬁ@rer'édw&ée BECOSAEY rtea?e{%
. se t arr k u
cnaioit Sl OpRohR At Kdchnidl " Bivof B4 *‘Sﬂ%ﬁi’fﬁ% “ﬁ“ the
-t heexprpssign vedter & DAL sehientes Ridhany wuedssaing sbsicol elemBats,
f pr,essi on vect or that has, been cl eaved wth an enzyne,

athah podrsfoe-a;sefaptabl %mﬁaw. the tragstopmed gL, such as. antibiotic.

'\?Lrl et}/ﬂ% regép%ﬁvccyﬁ o%nuc eaiggﬂié?!%g&ggﬁgbﬁgbg on

-c onammtheravdcyora wehiibla fis asefd weatanstoan thé dssired Rest cell.
=i ncludi ng I nternational Biotechnol ogies |Inc, New _
'-Hav,en "CN, USA: A desirable-way :to rmdlfytheDNA o '
e t S : "
e hoBEL Gl P RO RELA inllorkil by BNCREBOBIA INESE e ()
}Get in2&ntivn O fin &ﬂttﬁ'ﬂdefoﬁ&gsufﬁaibw fimd and hlnﬂcﬂﬁbbf@natc'
t he .to'tie enzymatically amplified is flankl e&by

t wdo 151 kpown jtgothoss élﬁlle@e"bﬂl%ﬂs"\/\m% of thgsteadhiags
[ jef
f‘ﬁg‘é’g%ééf GRAL B Pl ThO chBfes B drlf hoiputbbutich can.
-‘endhnubbaa&mmmatognltlon sites-which can,. be.used for
-clonlng into 27 expression vectors u3|ng met hods’
- "known ¥n the art. Variants of the genes also

o le Ormn?%&br&fnohtﬁsiem%eﬁtc' dwl, lintladiy ﬁﬁfda%wrﬁd(fbi" eﬁlﬁpie E.

vari ant has Feast. /0% . séquence
: pr efadi andl Bacilius sduilisp5yetsts 5fczr@qumplae§'acdbmtam}ycgs mwsme),

er abl legst 95 % s e.d t|t W th
D Tugn Rt dhnsi B3 eXunplee Ot TRy RGN ok Anirpal galls and
coqhg;ﬁex ckRPl acenents, deletions and i nsertl ons may be

tol erated. The degree of simlarity between one
nucl ei.c acid. sequence and .anot her. can.-be determ ned

.20 'ﬂ?c vectors include a prokaryatic replicon, such:as the ColElL ori,: for." |
- propagation ina.prokaryote, even if the.vector is to.be used for expression -

in other, non-prokaryotic, .cell. types.. - The vectors can also include an,
-~apprapriate promoter such as a-prokaryotic promoter capable.of directing |

the expréssion_{trahscript'ion-and' translation) of the, genes in-a bacterial = —

:25 - host cell, such.as E. coli; transformed. therewith.

o oA prometer is:an-expression.control element-formed:by. a DNA. sequence . |
5 that ngs',rni-its;-r-bindi’-ng,-_,'bﬁr_;:R:NA\,;polyme'r;ase;.a_-nd.-ir&nst:l?ip_t.ian-‘ to occur.
Promoter sequences -compatible , with ; exemplary -bacterial: hosts are |

30, .. .-.tjfpi-call_y.providcd in plasmid vectors comtaining co,nyeqicnt:'fcstriction sités” RPN



10

the GAP programof: the University of Wsconsin
Conmputer Group. 10 Simlarly, variants of proteins
encoded by the genes are included. By "variants". we,

i nclude insertions, deletions and substitutions,

ei ther conservative or. non-conservative, where: such
changes do not substantially 15 - alter the nornal
function: of the protein. By "conservative
substitutions" is int ended pnbi nations such as Ay,
Ala; Vval, lie. Leu; :Asp, Gu; Asn, Gn; Ser, Thr

L¥er mséftmn ommmﬂ%ﬁﬂsht of . th%OprSmia iv@sen) S: nBy. . be

made using the well known nethods of protein;
engi neering and site-directed anutagenesis A-....ninth

SRR e YRR B ATCLE. PO e e

-al Bngwmlérﬁmh BigfharLabioRatdries,(Ridkhbadl €A, USA) and
;enV|ronnent conprising the., steps of sel'ectin

hvfadu@s frome Phatmacis di‘mc:awna)ofb? ,JSA.

gene obt ai ned by t he nmethod of the second aspect of

"the invention or of (2) a polypept|de enccoded, - by

S%Cfl?flplcal dnafifififian &Y Vidr &%nﬁ&rﬁeﬁsmravﬁﬁﬂﬂeuﬂﬁﬁl
whi ch affect the wld- &}/ e ceII but - hot a 28 <cell.

oPbamwasiac PisgatawpyndN],s ed Thys vaetomreuses dtheoS Vil clate

BRIl 850, Bilrbutln o 2650 vet) o R I,
cek res5i6h Being FomsH m5r aﬁhged-ﬁrddh@:néaien@ NRichas WOSN-defls.

e to overexpress the gene isol ated by ‘the net hod

T of the tnvention: The .viability and/or grovvt h of each

CR cxofhpat, B B el Masnialted ERTE Mo SellSt i PUBGE A

: -Wﬁbmﬁ@ﬂupﬁaﬁm eThisesctor @4k thé gi&bc&mmlnaﬁmb&e "

~185

20 -
“iHIS3, TRPI, LEU2. and URA3.. . Plasmids pRS413-416, arc Yedst
. ?‘Centro-mé're plasmids (YCps) o |

25

“wild- type cell but not. the cell overexpressing. the
' sﬁﬂqm‘&éﬁé the 'monse magmmary tr,ngopf ¥irus deng igrminal rpeat fos ‘

agbd g;(%@ggo,q%?%c ﬁl% c&éggpl e, in one enbodi nent the, - |

m croorgaint sm 't yphi rrurlurr) is made to

over-express.the virulence gene .identified by-the

'ﬂSefuT;’ -ycast"ﬁlasmid- vectors- are. pR§403-406 and pRS413-416 and aré
generally available from Stratagenc Cloning Systcms LaJolla, CA- 92037 ,
 USA. : . Plasmids pRS403 pRS404, pRS405. and pRS406 arc Yeast
. i'ntegragn;g- -plasmld_s. (Ylps)-and incorporate. the yeast selectable markers a

~A. variety of methods have been. dcveloped to opcrably lmk DNA to
‘vectors #via complementary cohesive .termini. . -For, mstancc,'

complcmcntary homopolymer tracts can be added to the DNA segment to

iober Amscrted-_ to the-vector BNA. T he vector and;:DNA.fsegment. are then |

S - -joined: by h‘ydfo‘gcn- bonding between the complc_mpntary'h'emopplym'cric -

-+ tails to form recombinant:DNA melecules,. . .. .- |

3’0; .



15 nethod of the first aspect of the invention. Each
of (a) the ."over expressing"” mcroorgani smand (b) an
equi val ent m croorgani sm (which does not over-express
the virul ence gene) are used :to.-infect cells in
cul ture. Whether a particular test conpound w ||
..oSelectively inhibit the virulence gene function is
deterni ned by assessing.the amount of the test 20 °
conpound which is required bg prevent%infection of
the. host cells by (a). the over-expressing
(agi};ﬁgw?fl;rﬁé&s thafrig.  ddCof oM HAMcridH SHACPARTIS

; or sone Vlr |'ence gene pr oducts i1t
enplteragiiet mvthod bf dnnhig thednwu nsegmcntl to vactars. V’EmeDNA

them andltself belnactlvated .b|n to t )
sgesrated: by rodprudipasespiogn; goigo B H&squbed

%‘ﬂl%ne qs | %ﬁpﬁactt&%?]ﬂﬁgé qi ﬁﬂAﬁ%olﬁﬁ@r&ébr@@&h DNA

S suggests the co I S-
5 sei:a iersse |, bhzyficphef emod protrudingpd esmgiemdaktemlm

(such as, sal nonel | a) are , destroy extracel |,y arI
| bywﬂh their 3™ texonugledlyts eﬁﬂﬁg%éd\dég}l u} recesiel 3yrends, with

en: - o Is) and that the effect of the
t&yﬁ- ?i%g'%' ' Eéué’?tgifentl ng i nfection of. the cell by
the,m croorgani smis by l ysing-the.said 30 -cell -and

det er m ni ng how many m cr oor anlsrrs are pr. sent
‘Bhe cembinatiop of thesernstigHics dhereforp gepgalas bluntzad g& Tina

o ] . T Sy o

Naﬁwlai'| exCeatefinker molbdulesia thé praxpacd ofcanRotzymeithat'is able

Ed, V.P. @Gll Chapt o,
e @a&aamsthe@)hgau@f o by A, Secies, svtoyes

 FREHRa P TNARa” RS DR pioludts LR e Ron, are

- -a Ddcogiens qamyﬁwgpdyumgmlm sggeatéscatithgir eads: - These

- ..related strains.. If fhe s differ at tngle
15 | (PNA scaments wethen Algavsst ﬁ?'l
1 dgey h%ktgﬂ tD%n &Eioﬂ%e%ﬁﬁrlhﬁtt KAiteef cleatés withVdd dhzyshe
the I-n tor. r exanpl e, inhirbitors specific to the
- t athge produdek té:mlmcmnpﬁiblwewagﬁimst@f &h@si?&e‘i segmentt i ve
test strain V\,hen conpared to. an otherw se |sogen| c
' S|ster strain.: In an agar: diffusion format::. this

{}-‘ihéeé RRREASSN Mo TP o rhgrigiieerdonidieaseoiies afe.

t1on surroun the Tisc or mell carrying the

20 comnﬂ:ﬁmaﬁy m&uﬁa-’ul@ffmin Bfrumilr: ofsouraes includiog Intemanonal‘-

Blotcchnologles Inc, New Haven; CN, USAt

A desirable way to modify"'thc DNA ér'tcoding ‘the polypeptide of the

“invention is to-use the polymerase chain reaction as disclosed by Saiki ef

25 al (1988) Sciericé 239, 487:491.

" In'this methiod: the DNA to be enzymatically-amplified is-flanked-by two
- specific oligonucleotide primiers which ‘themscl_v'gs,-bﬁcc'me incoerporated -
~into the amplified DNA. The said specific primers may contain restriction”

30 endonuclease recognition sites which can be  used ‘for cloning into:

e 4gProRiate Festionc ey R -

s
ul e
H 3

o




concentration gradient of conmpound is 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
wi t h- nodes 20 of action other than the desired one
are generally observed as having simlar activities
ties.against: the two strains.. Another type of
nol ecul ar genetic screen, 2nvol ving: pairs of strains
where a cloned gene product is overexpressed in one
- - SExpeessivarRRIcE usganelidd kAbwnaR thé ar n. The:
rati onal e behi nd FhIS type of. assay is that the
strai n contai ni ng. an el evated:  quantity of the

b |
Vs B B Beet R e G F e RO o1 mretpded it e
. SlatiahOhas. A4S 70% gud%%@ide%m}‘ Nndrd hrdféxabl f&t%sst 85%

proteln I n an agar diffusion assay, the Zone size

5 - SENanse adntity,. mastpwfembllyatbanqﬂﬁ%@equﬂmmmwmﬂn the
- FRBLP o e ol i g B O Bl e,

ARtbtion® Naldl InseHtions L AP e YSleYats®! ©qthieOde rg}&% f similarity |

conmpound. is.:achieved. in the follow t eps:
hetweearneniudlcio mgiihiegrents: aichadother nan bhe!etemhmﬂl ofmg

O Bromr SRl be Sfrwéwsis B Wshsindemaiia rgu.

10 avirulence), 10 2. : conpound to be tested is mxed -
with the W | d-type - mi croorganism 3. The wld-type .
ieiady guariants ﬂgpﬂmm@duw&dl by et pencerave innhudedt. . E
(with or without Ih'e test conpound). 15 4. If the
Wi | d-type mcroorganismis unable to adapt; ‘to the
By v iyt wel icludil insdriieas,"Blktio”Y an® subdlith€iéns, either
presence o, the  conpound), the conpound is oné which

Vs ngpraongsrvasive, meherﬁﬁwlb@hvgvsﬁs donotsubdtaptially,

15 el el @.un&,ﬁs ol b%&eﬁ., envi ronrrent.

P

By conservatlve substitutions” is.iftended combinations’ such as Gly, Ala
Val, Tle. Leu; Asp, Glu; Asn, Glu Ser Thr;- Lys Arg; and Phe, Tyr

} .20 Such ‘variants: may. be madc using. thc wcll known methods of - protein

engmeermg and site-directed mutagenesis.

. A,mﬂthaspcct of -the .invention ‘provides a method of: _identifying' a
- -compourid: which-reduces: the ability .ofa rﬁicroo_rganism to adapt to a
25 ' . particular -i'en-vi_rdnmcnt,;-._cdmprisi'n-g the 'stcpé, of selccti_ng a compound -
- -which interferés with the. ﬁ:né:fiét: af (1) a gene obtained by .the method ‘of ‘
-. the second aspect of thc mvcntlon or qf (%) a pclypcpudc cncodcd by such
CAEENG. [ b e el

a7l _.:w,.'_.'-.-,'_-;_";'- e R L

- 30 Pairwise 'SCmé_ns--. for compounds -wﬁighia_fféct the wild type cell b‘ﬁt-no_t a



:20: When the environnment is an ani mal body and the-

m croorganismis a pathogenic m croorgani sm the
conmpound identified by this method can be wused in a
medi canment to. prevent or aneliorate infection with
the mcroorganism 25 A tenth aspect of the invention
therefore provides a conpoundi dentifiable by the

nmet hod of the ninth aspect; it will be appreciated

that uses-of : the conpound ofg¢ he. tenth aspect are

"10 rel ated to the method by which it: can be
'd%en'cwcgﬁodeﬂﬂ o}l isbat8d70Y thedhethodd BF URinventife form
host  of pat oﬁen c- m croorgani sm For exanple, if
th@artomﬁﬂmmpecsofdaennvénm e by a nethod which uses.

a virul'ence gene, or - =>ipolypeptide encoded t her eby,.

from a bacteri‘um which infects a mammal; ~the c¢onpound’

5i

“el eve

”HBFJP% feu lin iofle ‘cv@mfﬁ&w dHeSRll 197 wild @p@%nedmwmm g

t hat ferium arly, 1t the conpound is

. deallui ﬂa:bS&lnbmcﬂa oeliiblpds miade o wes:xnrcsv .thmgmsomw _

it e e St ORI GG o ok Bet in
g Bich AL Sl A e

aspect o e 1 nvention prOV|des a. molecule

, V\:hlt(C hcsﬁt&t ta ¥danfify twidch icotnpoacd seducesh theawiability or growth

e ol o W B i P .

mproduct thereof i5 By "nucleic acid product thereof"

we include any RNA, especially nRNA transcribed from

-t hét gepreferfid dithe gohy is a vimlercelgenehi ch sel ecti vel y

interacts with, ‘and. substantially 20, inhibits the
function. of, said gene or said nucleic acid product

o 1 SyRp c:?:ﬁﬁﬂwl@enﬁle dHeC eRlbodRAbAL R  AitPoSHeRnisAr] Buch-.as §.

“derivative. Mre preferably, said nolecule is an-
' anvy;dmnuaum) igonade te oveseexpress the virulence gere identified by the

15

20

* - destroyed cxtraccllularly by:a mild antibiotic such as: gentamicin (Wthh |

30

method of the first aspect of the inventien. Each of () the-“over-.
" expressing” mxcroorgamsm and (b) an equwalent microorganism (whlch _
. does not -over-express the.virulence gene) are-used -to-infect - .c;ells,..m o

-cultire. Whether-a paﬁiculzar. test 'compoundl:'wili;,seléc_tively‘:e mhxblt the -

virulence gene fuilctipu is determined by assessing the amount of the iest

: 'compoun& which is required to prevent: i:nfccﬁon-“df'- the host: cells by (’:i)'f_‘

the ovepexprcssmg mlcraergamsm and:(b).the equivalent: mlcreorgamsm Iy

(at least for some v:tulence gene products it is enwsagcd that the test

- .compotind w:_ll-mactlvatc them, and itself be inactivated; hy, binding to the

- virulence gene product): -If:-'mor'c of the compound is. required to-prevent

- selective.’ It is -preferred if the microorganisms. {such. as: Salmonélla) are

_ does-not penetrate host cells) and that the effect of the test compound in ) o

* preventing infection of the cell by.the ml.cr_oprgamsm is by lysing the said S

infection by the (a) '.thénf. (b) then -this su'gges_t'sz-that-:‘the. compound is: }

cell and determining.how many micreorganisms are:present (for example:. -



- Batterveorths, 1\ K. h@ncarpbeated Herebrebyon

25 Antisense: ol i gonucl eoti des are single-stranded
nucl eic acid, which can. ..specifically,bind to a
conpl ementary nucleic acid sequence. By binding to
the appropriate target sequence, an RNA-RNA, a

DNA- DNA, or RNA- DNA duplex is fornmed. These nucleic
acids. are often terned "anti sense" because they

“ar'e; conpl enent ary tothe-sense. or coding: strand of -

the gene. 30 Recently, forﬁti on of a triple helix.
has proven possi bl e where e 32 oligonucl eodde is
Bo.u to_a DNA duplex._ It was found that

| V'ipg%m&?'éag?‘aes coul d recogni se sequences in ‘the
.maj or groove of the DNA double helix. A

tr| pl ehel i x. was formed. thereby. This suggests t hat
Prirwisepsesasnis|andtattienscréess ifoccanpowdsare geemily di

BRI 3l e Chrd oy v Sahia it

w:&.eamgaﬁama’pm&malﬁ TBUCVP. @mé)e Ch&btci@nﬁ»@gdktl@?ezn

acid or 1 gonucl eot i can readil é@:e ()Jleterm ned by
me)t he gene i "

. 10 in question. For exanple, antisense nucleic aC|d or

15

;ollgonueleotldes can be designed which are "~

PRIERS QIR He oy Rk 96 atdm%b%@weiﬁﬁa:@mmw & which

Figures 11 or ecially to sequences which forma
piwtelaﬁvcasenmwitgrtoen cgapeu:tslsctorgpm'@dlusmg u'e@gan@xcally

B btk PR, S8 Sttt el G g ool

QllS&ﬁﬁé"fSr [Ratl S5 getodh e ddQitianbg! &ﬂhpﬂﬁsg Qdk : IANA'8Y

altered- i nterngcl eotide_ I'inkages, in which the
sersitivityl ¥ Wicduhibitog. Herspaogilasinbibitors kpasafc kaths Wegas

L O R

ol QIRAWIRC 1028/ diftbH BickinONIA Bntdgas WRffusiof foimag this is-
H V-1: using ol i gonuct-eotide "phgosphoram dates_ and

deleBinsd unoatueing ta size of tha 2quect SRMbRIQRSUTGHNGINg the

A ) o e TSR GCy

sing ol T gonuc

BBidtRIe8 RRANIBACSE cApaNIR istet ap, 4ADER) sthiinG: se'ii&h'vuty o

25 Acad. ScCi. USA 86: 7790- 7794 showed | nhi b|t| on &f

* fq inhibitors g5 ipsapowienahito- Hist distaace frqmthe dise amyell 10

20

RgOBE 6! Lone. NERRLAH afiflhicrbblde! GoantalcPSbIRNOLAR thélfss

of ‘action other than the desired one are generally observed: as‘hav.:mg. '

-'stmilar activities against the two strains..

= Anothier type of molecular genetic screen, involving pairs of strains where

a cloned gene product is overexpressed in-one strain compared 16 a control

 strain. Therationale behind this type of assay is that the strain containing =

elf angéiévated"quantity of. the target p'rmcin -should be more. rcéiSt’ant to -

-inhibitors - specific to the cloned: gene product than an :sogemc: straln s

contamlnz normal amounts. of the target protem In.an agar dtffusaon

% the zorie size surroundmg a»specific cempound is expected. tobe ..

30

'smallcr in_the: straim @verexpressmg the target. protein- compared to- an’l, '
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sequence-speci fic ol igonucl eoti de phosphor ot hi oat es:
Leither eral.(1990). Prot. Natl. Acad. Set. USA- 87.
3430- 3434 report- inhibition in tissue culture of
i nfluenza virus replication by oligonucl eotide
phosphor ot hi oates. 30 33 digonucl eotides having
artificial |inkages have been shown to be resistant
to degradation in vivo. For. exanple, Shaw et at
(1991) in Nucleic Acids Reszyg:19, 747-750; report
that otherw se unnodified ol1gonucl eotides becomne

| eases in vivo when they are
bl. o‘ﬁu&g‘%fiﬁﬁ&m&%ﬁﬂgnd by certai n capping structures
and that uncapped ollgonucleotlde phosphorothloates
are raded in VIVO A det gj:| ed desc thn

CneAd pﬁwﬁh oF altermafiyely selectionSfd FREPoN i acileved in the
ol igy g#,ﬁ; i#ie phosphor.ot hiocates is provi ded in

- Agr ava ang (1990) f .. 10 Tetrahedron Letters
531 7541-7544, the teachings' of whi ch ar-e hereby '

i'ncor porat ed herein by reference eses of
ol ilgonuct &%mlm&m%&%ﬁaﬁéﬂ@ g ¢ method of the first

ph r \ .
* ERSBRh MRAER HRIL SO Gemd SR Yiknoyp, o
phexpmpltdvindémee).are known -in the art. See, .for. ~
exanpl e; Agrawal and Goodchi I d (1987) Tetrahedron. 15 .
Letters 28, 35397 N elsen et al (1988) Tetrahedron

10708 Ut anepidnd (9 he FsdL, 1 HRled RRACTLE Wiidme
34Gdicrddagamant h (1988) Hely.. Chim. Acta. 71; 1517;.

Crosstiek and VWyle (1989) Tetrahedron Letters 34,
4693; Agrawal et al (1990) Proc. Natl:' Acad., Sci.

58,7, TSNS i RIS gl e

sy i{ithsorswithout” thuehtcmnmmuad)so ar e pOSSI ble.: In.a
preferred enbodi ment the ollgonncl eotide is 'a
deoxyri bonucl ei ¢ aci d ( DNA), ‘al t hough ri bonuctei¢ - '
aciqd- (RIFR) the WRNHRR - MikrdtEanibm SYNuhSsbzes adipe . fo - the
applied. .25 The"dl'i gonucl eoti des useful in the

C nwammnmcpt effolicwing: -dreatraesnti @aeaer oin: the . presence..of,  the

d By igndog -
ensRndf RO Rihouy 5850 SRR PR okt ity gE e
L -pr ‘i’lﬁi@?&ﬁ'—g@ﬁlkﬂ%%aﬁpid, & Jﬁﬁrﬁ@%ﬁﬁ\’\'ﬁle_pamcular enviropment.

15

“When the environment is an animal bedy and -the-microorganism is a
. pathogenic microorgariism, the compound identified by this method can be
used in a medicanent to -prevent or -ameliorate - infection- with the

* microorganism, -

+ - Atenth aspect of the. mventlon thcrcforc prowdcs a compoundldenuﬁablc

e by the” method of the- mnth aspcct

-3 will be apprecxated thiat-uses ‘Of the- compound of thc tcmh aspect are - »

“30  related to the method by whnch it-can-be :dcnuﬁcd* -andin: pamcular in
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10

products of reduced |ength.' Such breakdown products
are-nore likely to engage in' non-specific
"“hybridi zation and are less likely to be effective. 30
relative' to their full-length counterparts. Thus,
it is desirable to use 34 oligonucleotides.that are
resistant to degradation in the body and which are
TTTanl€ to reach the targeted cells.. The present
ol i gonucl eoti des can be qndered nore resistant

. to: degradation in. vivo by“substituting one or nore

* rEeROn T (S et o erathotsiq HRzgath oo 5T SmblY, i e
ESH: aﬁhd‘ G5 mﬁﬁaﬁk%%t RefiddPlichi fisek hevinilelkeg gene, or
| es 'of |inkages that may be used |nclude

-z,phﬂ)ctmldad wrebyyeirom] qomgmav ich infeets monammal,

mghateﬁaﬁe@gﬁﬁﬁho d&thl. Pféﬁéw%lbythat.

gQ&gﬂPg{ ot hi oates and bri dged phosphoram dates:: Such
exanpl es are illustrative,. rather than- 1OI|mt|ng,
si nce ot her |nternucleot|de | i nkages are known in the

a3 S oReal 5t AR SIE bl b s
e WO gbt@cg& 1 1836ddd HEAES RSk fubibes whidor

nt ernucl eot'i de Ilnkages RS
infbtts Impiamt tire- domepannd maynad ustifvlgn tepting infeetiqruefmalast
oduci ng ol i gonucl eotides having m xed 15. °
Y|‘h?‘2‘$’|‘?§l§? eoti de |inkages.. O igonucleotides .can be.
. rrade resi st ant to to extension by endggenous.. enzynes
by ' capping" of incorporating sinmilar groups. on the
© #in devaith aspchofitie inventionqrovides ame e nhiehseleetieling
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E@Jcn@iﬁﬂgbdw of ﬂ{cemd&%dd Bﬁﬂmuﬁ:&ﬁc a@i&%ﬁcﬂﬂ@c{ thereofthaw et
Nucl eic Acids Res::.19, :747-750 and _

Agravval et al (1991) Proc. Nall Acad Sei .. USA "

7595-.7599, .
Bééle n 85id, BFed 88 %‘FSF'a‘E ﬂél]uer enym\%aﬁgwdﬁer
ﬁﬁulqu tPinsEAbdd frofl M@0 kel eot| des resistant to_ .

'nucl ease attack is for them to be "self- xtab|I|zedr

- " as described. by Tang et al-°(1993) Nuci. Acids Res.

20

PE?Z%F@H% Z;izr%o ccé% \tvﬁ"c el rs%?cc%&!g@ mté?‘g&g \WeRYand. substantlally -
mhlbus the function of, said gene or said nucléic acid product is-aw -
“antisense. nucleie acid: or nucleic:acid derivative. '
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- More preferably, said molecule is an antisense oligonucleotide..

. Antisense -oligonucleotides are single-stranded nucleic acid, which cari.

-sspecifically-bind to a épm-plc'méntaty nucleic acid sequence. By binding

" tothe appropriate target sequence anRNA-RNA, a DNA-DNA, or RNA'~ -

30

. DNA duplex i is formed. Thcse nucleic acids are oftcn termed “antisense”

- because they are- complemcntary to the sense or. codma strand of the genc -

‘Recently, formation of a triple Ahehx. has proven possible where vthe_' ‘_ i



. stabilized ohgonucl eoti des have hairpin | oop.

structures. at their 3.: ends, 30" and show i ncreased
resi stance. 10 degradation:. by snake venom 35
phosphodi est erase, DNA polynerase | and fetal bovine
serum The self- stabilized region of the

ol i gonucl eoti de does. not interfere in hybridization
with.: conplenentary nucl eic acids,

and- phar macoki netic and stabjdity studies in mce
have shown increased in vivo per si stence. of

seldighhaliblideeds SplrddABUS! ENAITpltt N 1ESPECtfobfd that

hel I near coun erparts. In accotdarice with t

i n\mlgbnnniwtides daukd recugnizenstiqnencsp dai the angjpr cgroove of the

5sy dimbidoublefseeinded DINAsviaotdopgnitioheolt nger greovaphydregen

- -ef-QHedrly;ahe bequenbe of dik mxsagscaumlagcr éidoamaligonucleetide can

100e|+§u9§i$nef1£&°£k 1¥, Bhe ﬁ aas.'aeid SPoRfoddfedidbdBin

o Afouble Al A dipls boinrs EmER IV TH shgesty tha
iy S SERE ARENE Seddents §%°‘d‘§§ i

permttin

Io al|lly to. achieve the:desired effect. The

B2 8%%n of the ol i gonucl eoti des at the desired
Iocus is much higher than if the oligonucleotides:
wer e admi ni st ered systen1ca||y, and the therapeutic

total .,amount. 15 The | gca cen rati on of
ol irepstilychecintermmiged by dﬁ%ﬁ%ﬂ‘?ﬁéﬁ 3{1? avcleets seqpence;of the gere

acid séqu nces |gonucleot| es can be

delbeviesigded evhidteare! mup!edn;znmrw toe pag of 2he a:pxplwpc shmen in

for Iocallzed adm nj stration.

exdires 11 ar 120psperfly dp seqhenges ﬁ@ﬁhff%%ﬁ RpgLoa Kirglgnce

|nJ fded directly to the site or .can. - be del.ivered by
usion-using an infusion punp. The ollgonucleotldes

also can be i ncorporated into an: |nplantable devi ce

Iaceda t he, desiyed errrit ‘the, . .
ol (Gl baur Betaciar Sbisst FEpERE eradPy FiinRtvasd by Bitutar
Surchab’é@lbﬂg nyefcdses. Tl‘l% BohueN uGh fiﬁbl‘:l@ﬁxs it iR IRssiBRS to use:

preferably admnistered . via a dr og el material .

Th @@ﬁcd)gbgt:nucéc:ondwncgﬂhhwngml@r%d WHBGBGEQ%MEEE@. i o

aciie? B ey o PR PuSHEHEh AL ek 1pfiesg

. P Qi hfsthe HRRAETE Hor d:AMpIE! Agfaveat o4l 19888 Proc. Nat[

20 Acad: Sci. ‘USA-85; 7079-7083 showed increased inhibition-in- tissue .

- sequerice-specific oligonucleotide phosphorothteatcs Leither er al ( 1990)-.-7 -
. “Proc. Natl. Acad. “Sei: ~USA-87: 3430-3434 -l_‘eport-=-mhtb_.rt|on... in tissue

© - culture of influénza virds replication by oligonucleotide phosphorothioates.

culture of HIV-1- :using .oligonucleotide: ":phos’phoramidat&s ~and e
_phosphorethioates. -Sarin-et al { 1988) Proc.-Natl. Acad: Sci. USA 85, |
7448-7451 - demonstrated mcrcased -inhibition .-of ~HIV-1 - using |
oligonucleotide methylphosphonates. Agrawal er _al (1989)- Proe. 'Na_ti; -
. Acad. Sci. USA 86, 7790-7794 showed inhibition of HIV-I replication’if

both early-mfected and chromcally infected cell culturcs. using. nuclcoude‘ -



hydrogel whiich is liquid bel ow body tenperature: but
gels to forma shape- retaining sem solid hydrogel at
or near body tenperature: Preferred hydrogel are

pol ymers of ethyl ene oxi de-propyl ene oxi de repeating
units. The properties of the polyner are dependent on
t he nol ecul ar wei ght of 5 the polynmer and the rel ative

VY WS YA Sern
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pEftentage of pol yethyl ene oxide and pol ypropylrene -

" oxide in the polynmer. Pr e:‘agrred hydrogel s contain from
" . about 10 to about 80% by

i ght ethyl ene oxi de and

siu%?s%c Coligeshaving ARRGial Rokages bve Jen oA o epistant
%gen&ags.g@ dvz% hﬁ(ﬁ%ﬂﬂlﬁl@ Bhad ek &crmm wmémtcem

rogel can be-used are avall abl e

ﬂu A9 876750, mpcBAﬁat Glhnep-viaarsmppdaﬁpd oligomm@ﬁd&he
tradenane Pl yronic. i s enbo t h dr.o

e PN (g meriatssh g' VR R Bley g BIORIEA R T
¥ ?%‘i’m %@P
gbgﬂ? h dgﬁu&* eotl pgtraggﬁa f%ﬁ?gﬁgg%‘mdc
ﬁhesphoﬁﬂhidaws@rmmt degratdéd in vsra applied onto the
surface to be treated, for exanple by sprayings or

' palntlng durlng surgery or using a catheter or

A SSAOR EsipRSH Ut e Fbhoblonsil Wi Y Bz

dilgcimli:osalatpmwhd?edm:es is providied mukgrawabiamtTaig (1990)

Mﬁ&k%%rfase":g& S5 ot Rjehings ol oviigh e dereby
ﬁﬁﬁ?@ﬁgﬁhs’tﬁé‘}&ﬂ fqy Rffend. of §f.hge%e' L DlighRhicledide

ral 'y ava e or. desc inthe-scientific

mettedphiasphonates, rﬂimﬂhmdithmmnphpsphmmda&su Iphesphatt
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and copo jmers .t ['agen.
bemﬂﬁ Bﬁgrriﬁrd;seeret abﬂQBBbEetgaimi'aM éettmﬂ& 721 84 hgelh

GBS ivatgamisie anor 23 rbaiwiskh a (SR EF
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. he-oll gomc el éot |

es -can be’incorporated into
" Crosstick and Byle (dﬂSQe)r Taraledron Legenscdl, 937 e%gnawal et al

(Sl%bfj %ce atl. Acaci 13% 6@{ &7 ?&018 ?A@? tﬁe teachmgs of Whlchj

-are’ mcorpcratcd hcrcm by reféfence. - Other methods for syntheésis or

rprod.ucuon_.. ‘also are p_oss_-xble. ~Inca preferred enbodiment the
dligondeleotide is a deoxyribonucteic acid (DNA), although ribonucleic

~ acid-(RNAY sequeices may alsa be synthesized and ‘applied.

“The oligonucleotides useful in the invention preférably are designed fo

“Iresist ‘"degradation’ by -endogenous nucleclytic' enzymes. . In vivo

. degiadation ‘of oligonucieotides produces- oligonucleotide breakdown

30 -

o préduété"bf reduced length:’ S[ibh"b‘réakdb\i}n prodticts' are more likély to

engagc in non«spccrfic hybridization’ and are ‘less likely to be effective.

‘relative to their full- length counterparts. Thus. it is’ desxrablc to use'



evaporation techni ques, or nechanically mxed with the
material. In one enbodinent, the oligonucleotides are
m xed. into or applied onto coatings for inplantable
devi ces such as dextran coated-silica beads, stents,

or 5 catheters Ile. . dose'. of oligonucleotides-is
dependent: on the size of the oligpnucleotides and
‘the purpose for which is it -admnistered. In general;
the range: is calcul ated basgg: on the surface area. of
tissue to be treated. 10 The effective, dose of

_oI [ -
o ATl o R o PERRENSH irdthe 8y aR Wil are
' ~| S 4RO a0 Achoh ithe tdigeted anle. oﬂmbﬂmelﬁmligolﬂeﬂetujespean be
square centinetre of tissue surface are

- ol | igakered swnrcqesistang toislegrrdationdk ¥pe by %ﬁ@ungamp@ﬁfmrc

o Bl et i e e TREREY, oF (Bl PRSAHier
SanYlirtkiaes; tfor examile by 1 iz&in@pﬁﬁ@h&tﬁ mﬂasmlllnanalthqluﬂagc _

i ntravenousl subcut aneousl g I ntr a scul arly)
by Bramplesafalinkagest Hat maynbe: wiein OFPFLﬂl'Othzoau:s

ol i id CEeSS

e TRy RLBE s, i %“ﬁuc poFUYE . BrbhnoRGritoates,

> NaFRE ﬁlﬁsbh’ora%%d@és?fﬁfoabhatc agsterg) . hﬁdgwphakiihbt(ﬁmda&:s:
| ocal |y admi ni stered: oli gonucl eoti des byt al'so haye

ut iandibridesd phesphiosamidatest -Sush sramples Araiiustrasye, rather than Ty

1odo t he 10 -
O st OB S i 1 ar e,
gerfar akhmpl, [tohen, (EIJ0) riends 110 BisraimologynoThe . syﬁﬁwsnbtof
w1l _ be, appreci ated that the nol ecules of this gg ect

of qliganpeigetidesdivingeone astare fdhesedinkaggs sbstituted for the
I A3 m,hwﬁ %nta?{ G&é&tﬁt& nﬁg@g&s%ﬂ mm%ga%auamg

sal d gene een at ed, ,

a Syhtiticr gattiways. dor s predudingr ohggamlenudcs Tlhasgngt heixed

sai_d nol ecule s an antibiotic 30: Thus. atvvelfth :
lsasri@@t‘“ leqtide linkages-i on provi-des a ::nolecule, of the

el eventh 38 aspect of the invention for use |n S

‘medi cine. A'thirteenth aspect. of.the: v .

| m(éhgmmmlmmdedean bc;rmudh@orcmfsmm dat engnaoholsjt cndlggc:lﬂus

“has, . or is suscept,bl e to;. .an infection - with . .

i GPEBISAMYS IFAPPHIS” ©F HSORBRF? Bﬁrﬂ‘ﬁng?‘hém"f’s on e 5° of 3

ad'fbﬂ'laﬁlta? hhélgoth%eég zg Eézﬁéhl g@p@dﬁﬂfé |s®onﬁn&%i£®%®ﬂable as

according to t ‘the i1 nvention
20wh ekmimo-Eaild Hj'é‘nérom sApplled BmSystems Inc,  Foster City, CA

- Methods. for capping. are descrlbed for. example, by. Shaw et al (199 1)
. Nucleic Acids Res.. 19, 747‘150 and‘,ﬁAlg,ra_\gal .et.al (1991) Proc. Nadl.
‘Acad. Sci. USA.88(17), 7595-7599, the teachings. of. which aré. hereby

- incorporated herein by reference.

ﬂ

A further method of -_maﬁng , olig-qnu@leotides_ resistant to nuclease atiﬁcl_e-
- 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 Qli’got'iucleotidgs_'_.-h__ave.'zrha"ikxl.—?pimlb_cp. structures, at their 3 e‘n‘ds.‘

30" ..and show ‘increased resistance .to degradation. by snake vemom . .
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present in said mcroorganisns, or a close relative of
said mcroorganism By. "effective anount” we nean an
anount whi ch substantially prevents 10 or: aneliorates
the infection. By. "host" we include any.animal or
plant. which may be, infected by a mcroorganism It
w || be appreciated that pharmaceutical fornul ations
of the nolecule of the eleventh-aspect of the..

i nvention form part of thegfventlon Such 15
pharmaceutical formul ati ons conprise the said nol ecul e

t 0, t -
 AEHRRici e, DRAGolTRRR 100 @l Bofift Seatnk, ThHEele
-stabilizexbregidn &f mcwhgbnudlhmdeaddcs not mtc:fere in hybridization

mo) ecul e: of , t he: |nv |on and ri | eteri-qus
tw@rww@ﬁﬂ@rxmc Ciflppiandy ﬁmﬁﬁgﬁe 3@35 %f’ﬁﬂty

b, I
pyrogen W%ghﬁ%ssh \Q{k}one ’ggg@% escrmge%l

|oligonucledgdeasi With Fespsont mcﬁﬂitieawcomﬁeipam f ound
that.certarn:virulence genes are.clustered in

Sal nonella - typhinurrium.in a region: of-.the.

A AR " ERGALL B8, i it ety o

mﬁmﬂe&ﬁlg%&uclcoﬁd&m&mnitm ofibasecpaiting ipamhanded by

XH[I are. found in- speci es and., strains lfg))cu
mgethf: Avpilability ef w@tarmsé%serﬁomwmﬁée isomtenshlpcus in

' % l’lﬁltﬂgé L@g&\ﬁggﬁ%glhﬁﬁ &s%ﬁ%nmm?@%n?systcmwéﬁgc

ces y Ccorrespon COI’]SGI‘VG

mms oligbnictésides RrSapplicdk Ideally aadichiave likba ﬂhsxm;heffecﬁt
whi ch are. ,virul ence .genes. i s. believ

aam %!Kéﬁtra@%@ﬁ the oligonesicatides i dhe die Cliselguch

o charDiE AR i gor OHGNAL A AR ﬁrg%e?elﬁggeguggs e R
mpﬁlt@ef@m eambé mac\tddmsu@@slgmﬁgmty fowen muat aihem(te

: dily d F
Fioloctl g covtemsranencal espuclhOiies SHEngs fereraton gf

t(tﬁmlﬁ g}@&@ﬁgﬁeﬁg d'ltﬂ %%FQQ% SPECtrafdladdifof éekEdhucleic

I a typhinurium and wherein-

- teoid saquenamsnent is an  ani mal such as.a _rouse) are
_virulence genes. Virulence genes are al so i dent ified
-by haki'ng a mutation-in the gene (preferably a’

| IO BbBAudibotitk AP e (EIFerlg! RS The gud iy By hdins

mutant “strarn 1s avirulent. 10 Metho rrakl ng
mppadpiries fon laczdtﬁeécachﬂmmtmoaref aelltugk nobier axsmples: a -

solutioni of the oligonucleotides can be injected directly to the site.or can.

. -be-delivered by infusion-using an infusion pump.. The oligonucleotides . -
. also canbe incorporated into an impigrgtableidcﬁicq \;vhich,whcn placed at

 the ‘desired site, permits the oligonucleotides to be released into the

surrounding locus. -

-T,hc?foligonucleotidcs". are most .ﬁrcferébi-y. admitistered. via-a.hydrogel |

- material: “The hydrogei is. noninflammatory and biodegradable.. Many. -

RTINS such -materials: now are. known., mciudmg thosc made from. natural and
. 30 synthetic polymers: In a preferred embodiment. the method exploits: a



descri bed bel ow. A fourteenth aspect of the invention
provi des the VGC2 DNA of ~" Sal nonella typhinmurium or
a part thereof, ora variant of said=DNA or a 15
variant of a part thereof. The VGC2 DNA. of Sal nonell a
typhimuriumis depicted diagrammatically in Figure 8
and is readily obtai nable from Sal nonella typhimurium
TTATCC™"14028 (available fromthe : Arerican Type'

Culture Collection, 12301 --. 20 Parkl awn Dri ve,
Rockvi l | e; Maryl and 20852, U%g al so deposited at the

el et s bR EpSfath & bl D96t shpe-

i nf:@tamﬁhg ofenilislid gdrogel fat 2o heartbodip Itempmtm‘ee, Preferred
probes derived f r o mthe sequences shown i nFigyres .,

11 hydeoged arerpglymsrs of ethylenexida-propylese sixdde repsating units.

25 RSl A ol 8 s Bens onshe sh e B0 weight of “

50btpé npcﬁyincr ofrdh Qhé@@ati@%cf&ﬁtage séff ipa 3&@1&@@ @lidy\and

in Flgure can be used to identif y an | ocat e

f r aekypropylene oxideon theypolyemer. Jfrefareed lysdroprls @fmam from

o 5R0E X0 o raHBuE HOYe B e BE R RS it ana TR RRF D00

| eagbloud90 % 28 We h@ﬂi‘éﬂ@&m oige. W pirticalatly ;ﬁ&fdrmtsuyeﬁegcl_

nucl eoti des,” st nor e referaba/ at. | east 100

nuclostaiits ebomnz{)%omlyahafcec apide and 38% ipoatypropylene oxide.

w“”;ée bul i S QB okt Sl Lol b pste
Ggwt fifiderahe afddleﬁaaharﬂhyrohteéf erred. |
_ part of the Vi DNA is the sequence shown in Fi gure

or apart thereof. . Advant ageously, the part of

can btgcz i& gﬁ?bt%d pca: th? ﬁ{}%r?gg; ﬁ?@w%eoﬁiﬁugdl Qta%%‘ﬁ the

st afligohiiglabtide3aly silmixaf inté b Badd to aaudmwztmﬁmcf about §

usi ng conputer prograns. known in the art,. If au .open

"15r edtig whizpnugleoti @@remam of hydrogebThe sesuling mixture |“§,°ﬂ s

l%?b}‘e& 3 geth@fulqtgﬁ’.elt (15 frERME Yol g%ﬁg%'@ Jpﬁﬁyﬁﬁg%ﬁl painting

are nomn er an open

caimpﬁngsryt ar-tftingdal gadener de anddsotsgmr pgpcmdunis aAs the - -
e e L S oS At AL bl o e R fuse

" out of the gel into the surroundmz cells over a pcriod of time dcﬁned by |

20 ‘the exact composmon of the gel.

* *Thie oligonucleotidés can be administered by ieans of other implants that

" are commercially available or described’ in “the scic‘néiﬁ-c “literature, "
including liposomes, microcapsules: and implantable devices. For ..~

25 ‘example, implants made ‘of ~biodegradable ~materials- ‘stich * as

- polyanhydrides, polyorthoesters polylacuc actd and polyglycolic acid and

- A'l‘:-copolymcrs thereof. collagen. ind protein polyrmers. or non—b:odegradablc

materials such’as cthylenc\rmyl _ace_tate (EVAC), polyvinyl acetaté. ethylene

© * vinyl alcohol, and detivatives thereof can be used to locally deliver the .

"30 " dligonucleotides. - The oligonucleotidés can “be- incorporated into the” .-
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corresponding to the open reading franme. may be used as
a probe in a northern, (RNA) blot to determ ne
whet her nRNA i s expressed which: hybridises to the
said DNA, alternatively or additionally a .nutation
may be introduced into the open reading frane and.
the effect of the nutation 20 on the phenotype of the
m cr oorgani sm can bedetermned.. If the phhenotype is .
changed. then the open reagyng frame. corresponds toa
gene. Methods of identifying genes within a DNA
r n Rzbd =1 bR Ny "

?glﬁtgﬁ@PDﬁalA@ (;tf 15 ﬁv Hcant g?r %Euhdtﬁ%a aﬁsérrlg’ al?’lbﬁ br Yolvent
|mpgw0nanghmq1mst anmeakardeailmdceﬁywlth ke mammal In one
vafri t. of t he,., inventi gn.
Sieodificpr. i oligpnipie afey IR into ag ARpljFRL ONip coatings
P i dvites apts
{1oE TipdtE doy] heﬁ%%‘%ﬁﬁg%ﬁé’i?“e‘?%ﬁﬁsuc j fenlbre
Saﬂmmlla typhi and Sal nonell a-enterica; as well as
equi val ent genes, or parts thereof, from ot her
" bacteria such as ot her enteric bacterl a. By :' '

| YR | wde Aslre of
fbﬁ%gtqonaﬁfy M?%ﬁrﬂag %&da(rl] B ose |n V\ﬁl ch Of the
mhgpnudnoﬂ:mm:dtthc purpiosé farrwigok mhyﬂmlmsmndal aIm general,

e 2 et bendoon G it of v cke wvled:

O T P e OSSN

@nd tdheniical sromipositiomoof - the. d:gumahnudabue is gencshlly én the
cont ai .ns is the

fodaee Ly h
ke S5l 30 13 DO e per Yo SutoedR BFRwe Sat e

s |s mJt at ed or absent. i-n said mutant bacterl um

net' hods of maki ng a nutant bacteri umwhérein i f the
Ha@tcﬁrawhgudm gy beradaiinistezed tmthet ;m:ent sysmmacaum:as

K
BB O ol Brohw i doniBen Thh chEpudleotives dray be
“&ﬁinhlﬁ!MeP&i by anp' @Rt MnERbd 0%l xinipll 1;\@&&@1\,40@?%

gene. One first subclones the gene on fragmen

' fmwaogﬁymmmm;anmmmﬁmw _Dhaaal ¢rtmhmy
M hich SRR e, B RFet o Bl Ak

pﬂiéﬂthCtbleﬁdstrcam “Qligonueieotides - administered - systemlcally
preferably are given in addition to locally adm:msterad ohgonucleoﬂdcs ‘

.;buﬂ'; also have utility in the absence of:local administration.:: A dosage i’

L »_tl:‘lemmnggggﬁgfrom about 0.1 ta.about 10-grams per: administration to an.

R adultlh_uman.-';generally will be effective.for:this purpose: .

25,
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Itwill bezappreciated that the molécules of this aspect of the invention aié
.useful in treating or preventing any infection caused by the microorganism
.- from. whu:h the. said gene- has been isolated. or a close relative. of sald

mlcroorgamsm ’I‘hus the said -molecule is an antlblottc

- Thys..a twelfth aspect-of the invention providcs-' a:emqlecul¢-{of‘thé e—I-evexith o



20 enzyne sites and characterise the gene by DNA
sequencing in Eschericlua colt Using restriction
enzymes, one then introduces into the coding region
of the. gene a 'segnent of DNA encodi ng resistance to
an antibiotic (for exanple, kanamycin),. possibly
after deleting a portion of.the coding. region of.
the cl oned gene by restruction: enzynes; Methods. and
DNA constructs. containingggn antibiotic resistance
marker are.available :to ensure that the inactivation
of ashet Of ik Efvchﬁﬁ:?f(ﬁﬁlse':ﬁ Redithkabl y non-pol ar,

that. is to say, does not affect the ‘expression of
genes downstreamfromthe gene of interest. The

T Bl a3ord o iR S Ao rb ey A RIRLE b Bafif host

t wiGHINGS,| @Nistfilcdflible: ws&mﬁeﬁm igckasichiorgamisig e

h. bri di sation.e for honDIogous 42 reconblnatlon of
5 t henethad compeising: adwinisteriopr MMVC mmennt ofr sasplequie

SR S i i Ao s

- PapRistnt inaldMici8orgahidths, or S"clc%b 1#148020f sald microorganism,

8-4349:  Still further aspects prow de a use of said
mJt ant mitant- bacteriumin.a vaccine; phar maceut | caI

OISR aF R, SRt b SRR SRRty gpevens

10 eneaﬂs@uhw&@@% ihfecHR, - Oﬁ¥ SHosEIRE lifclodd iy hinkdD orOpladt

~part thereof, or a variant of a part thereof; a
rreﬂbvd’l Uﬂ)’lmﬂﬁtm by agnissoprganismahi ch reduces the’ _
ability of a bacteriumto infect or cause disease in
a host; a conpound identifiable by said nmethod a

- nojesil B hrebiafedl (R phaemiceutical fsrnfulatidng of idimolecule of

substantlaly|nh|b|tsthefunct|on of a,gene in

cie eleventh aspestcofpthigdimyention faem qut of tap inMentign. | Such -

- ""Bﬁh RS o Rlns R AR s Bafebuc HEaéei one

by ot tore retémalsle hrridis. TS baride(s duno e dupegitable” i lnlec_

i nvent i on as. well_as genes which have. been

i gaanse of deingycampatible wihithe saidanelseulgiof it vention padgpt, . .
h -
Ehé“‘?%&'é’ﬁ'f?%‘ﬁ'% Ripfingt gl Ty RS OB R beVater

-1 nge silimenwhithakitl bé eweile/ ahd pyhegehdised.h; fifth,sixthj:

_seventh eighth. ninth, tenth, el eventh, tvvelﬂ:f;h__and o

“thirtéent’h -aspects: of t he,

~ . -As:mentioned abeve; and.as edcscm-bcd-..m more dg;ail—fi,n-.E:_camp}e'iiAIielbw,'_ o
"-L-'hav'eﬂfound -that certain: virlence geries -are. clustered 'in. Salmonella _‘ "
Upkinturium- in a region .of the. chromosome -'tha_t T -have. called -VGC2. | o

- DNA-DNA hybridisation experiments have determined that sequertices

25 homologous -to- at-least: part of . VGC2 are; fourid.in- many species and. o L

strains of Salmonella but are not present in the-£: coli-and Shigella strains.

* tested (see Example 4). . These-sequences:almost-certainly-cortespond to o
conserved genes, at feast in Salmoriella. and at least some of which are. = =
-virulence genes. It is believed that equivalent genes-in-other Salmonella

30- - species and. if present. ¢quivalent genes in other enteric-or-othér bacteria. * .



i nvention 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 ispreferred if the gene is from
-VGC2 or is an equival ent gene from another species
of Salnonella such as S. nphi. It is preferred if the

‘mut ant bacteriumis a S. typlumurium nutant or a

mut ant of another 30: spegges of Sal nonella such as
S."ttphi. 43 It is believed that at |east sone of the

'mﬁsblbemeﬁ&fﬁeﬁksthe abi'lity for the bacterium .

such as S. typhinurium to enter. cells. The invention
vviII now be described with reference to the foll ow ng

PR acEerRa e tie RGCE Kon iy = Vkfefvd aetitls Fudly

- tdeasmﬂﬁ&nt | Ut exbithte OthicRe. f?geaspwwz mﬁ%ch have been

10

bridisation. analysis of" DNA frem 12 S.

' tl ifindc by rﬂléﬂoeﬁipd g@fnth; sesondvaspectoofythet irventipu (when

SBBR4 3 GohohisPE AP 5 WrePeih e SHRABARfy, i o
salmm ﬁxcﬁoésoilfmdﬂs@f a&vwrméhéagbm aV#fuleics %ew& k@M

I murium exconj ugants fromahalf of a

i mlmttﬁadt by maging( A mu&):onﬁne thef igenee (puedershypri dospdlar

A R R S A
(Mdthbey of iadSHE nthtatRIH A aPscidied frit e RIQE known and are

- &brldl sation anal ysis -of 95 S 20 typhi nurium

4

ey

15

hekow. of a microtitre dish (Al-H 1), which
were: .inj ected into. .a nouse. Replicate. filters.
wer e hybrldl sed with label |l ed ‘anplified tags fromthe

g0 douftedithU hspBep a3 @id)invaiitionl proliddelie vem iIBNAd of
tags. from . i sol.ated from over 10; 000 Fool ed

Selrepnells typhimumiims or acpiat thesert oo m vamant of said TINA or ne

'S . pl.een pattern).. 25 Colonies B6, All
,gﬁéﬁ& ga@ghﬁﬁglg’%?o weak 'hybri di sation signals on both
‘-sets of filters. Hybridi'sation signals from colonies

&3 (arOA) and Fl O.are present.on the inocul um

H&l@t‘éGQZh\NA obsalmene e taplineriuwds depipted diggrammatisally

20

?ﬂ‘?@ % Eeanﬁqg V&Rﬁ@ ob%ngb@%c;m %%%&w%%pﬂz%‘?}r&% &rcc _

’ 14028 (available  from the . Amcncan Typc Cilture: Cnllecnon. 1230!

Parklgvm Drive, -Roc_kv:l.le,. Maryl-and 20852, USA; also deposited at tht_a'-

£ -NCTC, Putilic Health Laboratory Sérvice, Colindale, UK under accession
" -z~ no. NCTC. 12021) usmg the information provided i in- Examplc -4, For

: cxample probes derived from the sequences shown in Figures 1’ and 12

may be used to identify N clones: from a Salmonella typhimurium genomle

-« library.+Standard genome waiking‘ methods can be chiployed to obtain all

.- of the VGC2 DNA: 'I‘hc restriction ‘map shown in Flgure 8 can be used

to: xdcnttfy and locate DNA. fragmcms from VGC2. .

- By *patt’6f the VGC2 DNA of Salmonella iyphimuriuin™ we méan any

30 D

DNAiscciﬁeﬁcé which cdmprisgs.--ét- least 10 nucleotides, preferably at least. -



30 nmethod of the invention and a conparison to

the: Escherichla coli clp 44 protease genone. Figure 6
shows partial sequences of further Sal nonella gene

i solated using the nethod of the invention (SBQ ID
Nos. 8 to 36). 5 Figure 7 shows the mapping of VGC2 on
the S. typhimrium chronosone. (A) DNA probes from
three regions of VG2 were used. |In Southern
hybri di sation analysis of | yd8tes froma set of 5,

typh| murium strains harbouring | ocked in Mid- P22
pr oph apsleotidgs.ateerewprafprably rapbleasti §8dnudeetidessy &l more

"o e RL B 908 At ot Bty gt e 500

A (B)nm@udeasﬁr%m p,@u Prficaaf vt t&a&um&rﬂbfﬂ% VOS2 BNA

t he phage are shown along wi he map position In

. i it B @e;wmmhdwn inrEigupe 1l Exampaet 4hercdfie  Another

Sgt r'g‘}rﬂ gnat ons, corrfigclg%égéjﬁg 94 %ékpw“ . :

19q:,gagesgg3m 2WRrt thdfkbE246 and 20Q | T15245 (Ref in

Exanpl e 4). The |ocations of mapped genes are shown
by hor.i zont al bars.and the approxi mate | ocations of

AR e P GE W ¥ ez DIOATS e BR phrs o

. of 16 transposon insertions are shown, above the |ine.
- The extent of VGC2 i-s indicated by the thi cker line. -
lﬂThcﬁmm&andm idnotified withirotheoV GO meginmy bpsﬂaum@d aoRkysis of

bed 4- h
ar R OB ST R ksiPe SGEHGF RRPERmE R Hishg art. Ifan

Si MpeArreading Framé i4 ghddfer’Paf 46601 160 c&ﬁomﬁs 1&eRh 882

whose products are Simlar to the sensor and

re@@mat(eh@owgingmmmall@sm@tthm knaytn)a, Whether yn agfen

| he J _
v eRAIRIASNL cort AL B e PHBl SRt HRlink HEgloR g e Yan
15 1 dgeBteriind MigefidntallyoOPhBGe cXafripld) ATHRAAGE GeCDNA

shown as fjlled bars. E‘i/fthe portions of the )
c| SREsspaiiding tadbe open peadin

hybndlses to the said DNA; altcrnatwcly or. addmonally a, mutatlon may

be .:_n_t;_r_o_;juccd into »thg open reading frame and the. effect of the mutation

120.. on the phenotype of the microarganism can be_determined... If the.

., -phenotype.is changed then ,t,h.q.-gpén-'_!:e;as!iﬂg,_:ftér@%cer.rgswﬂds’%’? gene. -
Methods of identifying genes within a DNA sequence are known in the -

0l
S e IS

25 " By “variant of sa:d DNA or-a. variant of A part, thcreof” we mcludc any . '

. variant as defined. by -the term . _.vanant in. the seventh aspect of the

.invention,

-mavebe msed asn mahs ina

3@’?‘5@? ¥Rﬁg)egﬂlt t&‘ay&é?é’nﬁnﬁg S\Shtl.thclp I‘rﬁlNA m“@?:r@ﬂ%ﬁ hlch L

)

. Thus, variaats. of .VGC2..DNA of - Salmotiella. typhimuriutn. include -

30 - equivalent genes. or parts thereof, from other Salmonella species. suchas - . -



r 45 (C) The positions of restriction. sites are

mar ked: B. BanHl; E, EcoRl; V, EcoRV; H Hindill; P,
Pstl and X, Xbal. The positions of the 7.5 kb Pal
fragnent (probe A) used as a probe in Figure 7 and
that of the 2.2 kb PstllH ndill fragnment (probe

B) used as a probe in Figure, 10 are 5 shown bel owthe
T"Y71éstriction map. The positions of Sequence I
(described in Figure 11) apd Sequence 2 (described in

Figure 12) are shown by the thin arrows (| abelled

. Qfll Zhtericad |g39
- RghESs Bl Ind SRR, ghuericad s Hel LCTFAAGE JEE A0
gqemstheteofj fiotneethd bacieis such ahother coteiric bik2eria.

- chronmpsome are aligned with the corresponding. region
of the S. typhi mJti um LM chronosonme (m nutes 30 to

Y eqffOnBHORAES TR detes Wi FRIRAR ORIl

5 mdbdmse (mhwhichbairrﬁl)taanni ledds teeat similar opheniotype (mehi as0
generate them B, Band ; H, Hi ndl I
ryiruiense). pliwill by apResciatid &-aébcglﬁe mgmmm%ﬂ

3}' b%cﬁgggbﬂmﬁw{iﬁtgélfgnﬁ(\ﬂéd <n§t fb& % Wﬂ%ﬁ\% i (o

""umﬁllcmddnbmd{tmr&t&ﬁnﬁhm that. VGC2.is conserved-
among and specific to the 20 Sal nonel lae. Genonic DNA
" from Sal nonel | a serovars and ot her - pat hogeni'c

10 ARt ISpASbr e fibatioh Dol o elian bitfiddm Hhercin
aﬁﬂic)lmlc&,nm nngnailﬂcéhtkllns aRent drdtisl tﬂd saneegasort eduieaien
ur.e The, filJters .

¢l one % probe B F|
fRrd &?ysrmd g&a vv&%‘l?ebs icds?ml?gem in ggid, utant
HaBeepiufr;n Q.%iﬁod@%f pgﬁ%u GO rﬁ%&h@ et \/auwehéxleﬂh GfSthe

t he DNA 'sequence of ence 1" fromthe
dmntermm notrhell)r et&utainamogamdhatsméh@ ha'nefras ow eqsibialdns 0 a

Ei DNA is t.rans a .
15 SR TR Poid et B bt of alriens iisif el Bssertyedne
R gghgfﬁtélllg%ﬁg{%easgﬁﬁ%?cr?&ﬂmbﬂﬁdtté WLAVAEUVETLESAQ One first |

suhcloncs the gene on a DNA fragment from a Salmaneila ADNA lxbrary

.;
1=t

or *other DNA library using a  fragment- of ' VGC2 as a ~probe in

hybridisation experiments, and map the -_geﬁe_ ‘with respect'._'to ‘restriction

20 enzyine sites and characterise the gene by DNA séquencing in Eschericliia

ol Using réstriction- enzymes, one -then: intcoduces into the- ccdmg
* ‘region of the gene-a segment of DNA encoding resistance to an antibiotic |

 (for example, kanamycin), p0351bly after dcletmg a portion of. the cedmg-

- region of the cloned gene by restriction. enzymcs Methods and DNA

25 constructs_. containing an “antibiotic resistance marker -aré availablé ‘to

" ensure that the iniactivation of the gene of interest is preferably non-polar,

that is to say, does not affect the expression of genés downstream-from the

© gene ofinterest. The mutant version of the gene is then transferred froi
' E. Coli t6-Salmonella ‘typhimurivim- usiing phage P22 transduction and .

30 . transdgctanté checked - by;: .S_out_hém-" ‘hybr.idi-saﬁqnﬁ-‘farr-' "hOm'o‘log'eu's“



various nutants identified by STM are indi cated (SEQ
ID No 37). As is conventional a * indicates a stop
codon and standard nucl eotide anbiguity codes are
used where necessary. 5 Figure 12 shows the DNA
sequence of "Sequence 2" of VG2 (cluster C) (see the
_arrow | abell ed Sequence 2 in Figure 2). The DNA is
translated in-all six reading franes and the start -
and stop positions of putatiwe genes, and the
transposon insertion positions for various nutants
-1 depddoitifladh ofitheTiMad( Leridiits B chrofiosbim®. No. 38) .
is conventional a, * indicates a stop ¢odon and
standard nucl eotide anbiguity codes are used wherée

Ei;ﬁ% élprog"h ';'fef‘%"ﬁdé%dlfl ca ion of(ra\sl'%lr%gl enc'tggad in 3.

gengphin aﬁalmaﬁ&l Utaild ¥aDbedondin2Mahiripa %ml fnchiiling Galan

Met hods Bacterial Strains and Pl asm ds | nonel | a

Jypen @L(1992) 374438849893 (equi val ent to Arerican Type’
25 Culture Collection (ATCC) strain 14028) was
- obtained fromtHhe National Collection of Type’

Qul Sin Sirth N FepectsFprdvide A1a8t (O shilRiutin® mutSe Mictétium in a

Col i ndal'e, London,” UK A spont aneous_nal idixic acid

r esyancne; ph;raﬂccmical oomnpositinns 1CoMpriSig, said baptonmen and a.

2?|rﬁl§t ed | n I abo E%GAFQ%?) Mggﬁéég?éﬁ}e R?fVGCZ

1FT eﬁN#fo?%wnel&OtyEﬁﬁrH% e pAt tth&éétab?% \fﬁ@lanl #f a part”

Xplr (a[.ara-1eu]. arab, AIacX74 gal E
. phored; awhethod of wﬁpfylpgs-qomcgﬂdmhi):h w@mthg hility of

o cRBRRbO RLinfEFLaraavse et it BT, peeBliboute Rasipie

| TJ NBY SsaidE- miethdd; DkISﬁmmws\eﬁhchogeleasW%wrmS PREhS and

(G bco-BRL) and Bl uescript (Strat agene(gc | asm ds 5
contbistantiglly inhibisn themncton ofia; gemean M S

15 e ElotchR fich aaélsi?"isﬁ%w%ﬁﬁom éé%?ﬁﬁ“? %é;g}&%%d

ligation

“The 'VGC2-DNA. cont:iiﬁs -genes. which. have. Been -identified. by "the

‘methods of the first and second aspects. of thc mvennon as.well as genes.

- “which have been ldCﬂtlﬁCd by their- Jocation (although 1dcnttﬁablc by the

| 20 metho_ds -gf: the first and second aspects. of the invention). These further
- aspects of ‘the invention-relate closely to the fourth, fifth; sixth, seventh, :
- eighth, 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.

ot ‘i#.q)'referred-: if the gene is from-VGC2-or is:an equivalent: géﬁe from

" ancther species of Salmonella such as S. ryphi. - It is preferred if the.

. mutant -bacterium is. a--$: ryphimurigm-mutant. or -a- mutant -of another o

~30- - species of Salmonéila éuch as S oyphi,

or ginvcleizpraduct

§
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P
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&
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R

10 The ol i gonucl eoti de pool
RTI (5' - CTAGGTACCTACAACCTCAAGCTT-
NK] , 0- AAGCTr GGTTAGAATGGGTACCATG- 37) (SEQ -1 D No 1),
and primers P2 (S - TACCTACAACCTCAAGCT-3") (SEQ I D No
2), P3 (5" - CATGGTACCCATTCTAAC-3') (SEQID No ., 3),
P4 (5'- TACCCATTCTAACCAAGC-3') (SEQ .< ID._ No 4) .
and P5 (5" 15 CTAGGTACCTACAACCTC-3'") (SEQ; 1D No 5).
were synthesized on a. ol43gonucl eotide. synthesizer.
(Applied :Biosystens, nodel 380B). . Double -stranded
DN hehgsed/\emeat lpase mhe @f thieogend in VG G2 d6ifer thc\ahixlwafor
PCR cont ai ni ng m MgGi 2; 50 mM % and 10 nM
the Qa@ﬁmewse%;s% pRhrggiuggtoeneaeells target; 250 M
each dATP dCTP, dGTP, dTTP; 100 pM of 20 prinmers P3
.and. PS; and 2.5.V of' Anplitaq..(Perkin-El mer Cetus):
mxerhwenu@zyahunaowmdbsdm withereterenye ltosthef folleWwifi@r
0 s, 509Cfor 45 s, and 72C ‘for 10 s. The PCR _
3% sk Figaresouhereinsd ( Sambr ook et at, 1989),
passed through. an el utipD colum (avai I able from
Schl ei cher and Schull) and digested . with Kpnl.prior,
Rigire QaﬂuthHﬁgrﬂJﬂMy diid'b‘ﬂrﬁd:uliﬂji'ﬁfﬂ'crr@ iméthiod of
| egations, . 25 pl asm ds were digested. with' Kpnl -
Qiﬂjllﬁ'épiﬁ@bphoryl ated wit h cal f intestinal :al kal i ne
phosphat ase (G bco-BRL). Linearized plasni d mol- -ecul es
were gel - purified (Sanbrook et at, 1989) prior to -
10 Figiati DBhows @ SQITRMA Wdl@ﬁidﬁuﬁﬂlalwwldf DNaasro NS,
from the,digestion. Ligationh reacti.onscontained: :
SPHirUT R EAFYIuSTIS ﬁ@owcmdmpstmrhwrﬂl&caﬁa’ B filter was

R i i

t he enzyme 48 Li gatlons were carried out for. 2 h at

Ry ; 24C..To determ.ne the proportjon of  bacterial
- Ewlﬁﬁu%smm xicalgny hiet %rhmbsatwel #nalysgsat)f E‘N“bfﬁ‘?lﬁé‘s S

ct

15 Rl RSl FronP T oF DR b L SLLHROC R,

 fibter o hieddised with hqubbgabmpﬁmn@easéneﬁmmﬂmesl B §ﬁ6ﬁﬂ
anmpicil1in 5 resistant: bacterial colonies follow ng

E’ﬁ%éwﬁ et 2opoat of dbe firgr colopia(ddold®-et at,
1989), ‘conpared with 185 col oni es ari'si-ng from a
l i gation reaction containing the doubl e stranded tag
Bigtire Bagthewisah DN Sobarniablainh 1Wiomgaaiysik(10ir oS .

roducts of several |igations betwee UT m nj - TnSKnQ |

20 . éamtgwgn exconjugants of a microtitre dish (Al lgll), which werc}
_ m_]ectcd mto a mouse. Rephcatc filters were hybndlsed wnth labelled3"
i amphﬁcd tags from thc pool (inoculum pattem), or w:th labelled amplxﬁed ,
tags from DNA 1solated from over 10,000 pooled colomcs that were

rccovered from the spleen of the- mfected agimal (splecn pattem)

25 Colomes B6, A1l and C8 gave rise to weak hybndlsauon signals on both
" séts of filters: Hybndlsatlon- sngna_!s from colonies A3, C5, G3 (_aroA).;‘ |

. and F10 are p_re:sé;it on the inoculum 'ﬁﬁttcm butfn:c{'i on'the spleenpattem

Flgurc 5 shows the sequeice. of a. Sa!moneﬂa gcne lsolated usmg the.

30 mcthod of the mvcnuon and a. companson to the Eschench:a colz clp




doubl e stranded tag. DNA were used to transformE. rol
CC 118 (Sanbrook et al,.1989). A total of

approxi mately 10,300 transfornmants were pooled and

pl asm d DNA extracted fromthe pool was used to
transformE. coli S 15 . 17 ).ptr W Lorenzo & Tinmm s,
1994). For mating experinents, a pool of

“approxi mately 40,000 ampicillin resistant E. colt.
S-17 Xpir transfornmants, ang48. t yphunurium ; -12023 °
Nal © were , cultured -separately to an optica
density.(0OD)s80 of 1.0. Aliquots of each culture. (0.4
m )Ph BF%%f<in5 ;m 10 -MM MSO4;. and filtered
through a M1 |ipore nmenbrane (0.45 pm 20 . dianeter).
The filters; were placed on. the surface of agar.

co rlﬁgum (ggxm panal?aqumdm of further Salinonieligene isotaigd “3“18
- 37C -
el Bedbocs o didevetiamSuRPLRes; §14 36 L5

5rred| um f or 40 m n at 37C and exconjugant swere sel ect ed
by plating the. suspension onto LB. medium.containing.
10Qrigurd '7  dhakisdithé Cudppihg( taf SEGERt oagahess. tiyphikamrium

fﬁaslsléanngé‘Piaﬁ%Np%ae"lm Koo s seEians of VGectropged
ety Bep@yiafioi Bianftie Bf GRkat Wi 4381 of S, ophimuria

W%ﬁ@ﬁkehhﬁﬁm € [ddMBH C i OMuaRl2 Prophetpes] St Lygudss which EE
between-E ;- colt: and S, typhimuriun), and-. .to LB T _

lﬂnedlybmdlsod o &l hrkp Regdi fragment, (protsphon Figue §) agmshown.

S R, ol BRES R AR LD TR SSsedg ® The

AUt RS 6&3 hﬁ@%ﬁ@%ﬁg SHireBNOR 5F (HSpHapeeaShidwn along

"Timm s.1994). Indiv. an|C|III|n- sensitive -

.ex oot} tlvgam;spmhm it pr@es I, nef 22 da Bxample $hedhe

S e, Bt Vo o Tl 9 RS P2 Pt

15| ntﬂsq Mg 9Ph PSRt wgprmsezaasamonrpfsm ad 20Q,

s were rellca lated from m crotitre di shes ,
ont'la‘léaﬂﬁ dRetiti Emmplm‘l)al The lpatiosnet mapped. genpgoare shown.

O\ NS° RO BRS e Pt bl O o s e

-det;gdigﬁgd by low magnification mcroscopy of col onies
on agar pI ates. Colony Blots, DNA extractions, PCRr,
DNA | abel ing:. and hybri di sati.on 15 For col ony bl ot

20( Si gé,l%ﬂ.z&at o gggymgalmzﬁlld goql%llg Imap &l lf%f (A) Thc posmonn
N of 16 transposon mscmons are shown abovc lhc lmo Thc extent of
'VGCZ is indicated by the thtckcr linc The pos:txon and dxrcctxon of
transcnptxon of ORFs dcscnbed in the text of Examplc 4 are shown by

arrows below thc lmc, togethcr thh thc names of sumlar gcncs, with thc
AN cxcepuon of ORFS 12 and 13 whosc products aro snmllar to thc scnsor and
l' _ regulatory componcnts rcspccuvely, of a vancty of two_component |
regulatory systems. (B) “The locanon of ovcrlappmg clones and an
o EcoRI/XbaI rostncuon fragment from Mud-P22 prophage stram TT15244
A -,‘ are shown as filled bars. Only thc portions of the A cloncs wluch have' e .

30 : been mapped are shown:- and the clones may extend hcyond these fimits.

RECTIFIED SHEET (RULE 91



10

to. transfer exconjugants frommcrotitre dishes to
Hybond N. nylon filters (Amersham UK) that had been
pl aced on the surfaceo.LB agar containing 50:pg m'
kananycin. After overnight incubation at 37"C, the:
filters supporting the bacterial colonies were
renoved and dried at , room 20.c tenperature for 10
mn. The bacteria were l.ysed with QA N NaCOH and t he
filters washed with 0.5 N4§is-C pH 7.0 according .
to the" fitter -Wnmanufacturer's instructions. The
(€ THirei pdsitidud ofaesticken sites hfmiarkdder B, Bunflil GBUEEORR

ht froma Stratalinker - ([Strat agene)
&/-bﬁ ol dfgdHE P, Byl pad X, | Xha pr'HMOSJMILS of dhe (Tt kb

e MRS AT S A o Rl RO A e B 22

b P.th)ﬁ!ﬂﬁ@m lﬂ"ﬁ gment gb?db%pBi Qﬁedﬂdsaﬂtprﬁﬁé #h fﬁgw %0 arc
Isgrownln UIdL medi um in=mcrotitre: i shes or:

Ay belare &hq wsmtma anaym The pesitinns of Sequencn [ {described

Eidhre 1Y AR Aol (RisRAPGTIn Pl 2 ars shpw by the

mﬁmmﬂﬁlﬁblfﬁd bnée Rland(Sk9Bdnce By ef | y,:cells
from 150 30 to -1000 pi vol unes -were precipitated by

ceqtrlfugatl on. and resuspended in. 50 576 pl TE. To

e Y esBARE hpuihethe BOMRTRR R VB P THe Fsitlons

bf afapBed/pbiRds! at kGt AR 386n magd cbﬂamquahbmosomc are
foIIovved by20 pl of 10% (w' v) CTAB * and M-NaCl .

Alignad iy dhghcorrssprgdingheegion uef dhe whs typfumwed Iét‘2 5

- SRorlonpioflnbse i oo GRS hh e i ot EYRRS <8

| :'.-1.,5

20

‘Bdshiowirowithf 11 50 :ghmnﬁhm hDNA FghHs 64
'lrtﬁ,susperi(ljed in ? at @ I) 5 ehaﬁ},%oaesﬂ

asconcentrati on of approxinately

«Tn@uwpwrs%tmglt@gd {egenesypjtherme Bt Banllh C,

\%gsgﬁe(ﬁ?? 8%[[ Eg@% r?gpégg‘%?‘m P%‘Z@SLM

. Fiybridi€d RHESedli K39 gll_'ivb K Q@enomidMNA GrRindicdd/by WELMoSD:;

I\eaeach dATP d GIP, dITP; 2.5 units of
ﬂgiﬂ fl!ig@rﬁ elﬂbﬁmbﬁfl'r-rer Cetus); 770 ng each

Cpri mer P2 and P4% "and Spy ‘15 target DNA: After an o
initial denaturation of 4 mn.at95C thermal- cycling -

E@gsﬁg gﬂleghegfs Slgact:CYGCEZS 19fcoﬁ&ﬁc@tanW% add si)caiﬁc7?cp,thc ’
gar}monellae Genomlc DNA from Salmonella serovars and othcr_; :
pathogcmc bactcna was restnctcd with Pstl (A) Hmdlll or EcoRV (B)':
and subjccted to Southern hybndlsatlon analys:s usmg 2 2.2 kb

PstIledIII fragment from A clone 7asa probe (probe B Flgure 2) The

}‘ﬁlters ‘were hybndlscd and washcd undcr smngcnt (A) oF non-stnngent
' ’(B) condmons T a ' '

-Flgure 11. shows the DNA scquence of “Sequcnce 1™ of VGCZ from thc

centre to the fefi-hand end’ (sec thc arrow labellcd S’equcncc 1'in Flgure.

o ':"2) The DNA i IS translated m all Six: readmg framcs and the start and stop

30

’posuuons OF putatwe genes and thc transposon mscrﬂon posmons for
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PCR products were. extracted with chlorofornfisoanyl

al cohol (2411) and- precipitated with ethanol: DNA was
resuspended in 10.pl TE and the PCR products were
purified by el ectrophoresis through a.1l.6% Seapl aque
(FMC 20 Bi oproducts) get in TAE buffer. Gel slices
containing fragnents-of abou 80 by were- excised- and
used for the second PCR. ' This reaetion was carried
out in a 20 pl total vol uma46and cont ai ned 20

MM Tris-Cl pH 83 50 mMKCl ;- 2. mM Mg 2, 0.01.% Tween

(SpsheidsR lﬁﬂffﬁﬁ%@%ﬁﬁdgagﬁg%ﬁ’%%

and P4 approximately 10 ng of target DNA (17214 ‘of
1. 6%Geapl aque .agarqgse contai ning the first.round PCR

prébsiie Cpnvantiopal, 8 ¥ dndicatema stopgcodssi e siaadardaucieotide

T Wﬂy%@ over‘(ﬁgée‘g*é%g{éﬁégagémdgggf! bgijl agg\o/le_-

Incorporatl on of the radioactive | abel was

quantitated by absorbance to \Wat manDE81

(Sigoreotstiavs 80 DINA seReo)ce off Serease 2 b6z (gg.ster 0
e e failed st ki ORhE A% |aagatka

e %
AR P ks <R MR anid o piapRT S Benes,
plaaﬂel:hcctvarspoght lmenibﬁCposbum &ir vafmuscmumntsmknuﬁedi by

ST R RdieAdSEQ W NaBDand the cul tures were

|ncubat ed at 37C until the ODsj (measured-using a -

Titertek Miltiscan- microtitre plate reader). was
: apim mc«mta&itmnﬁl % mdaeatbs wetbp c:'cﬂoﬁuixtdmtaaddrﬂomcleoﬂde

“i.ndi.yi dual . vvel | s were then peol ed and the 0D550 -

15

é{‘g}’ﬁﬁ'%ﬁ es g ufgd "é‘%ﬁé'&??séﬁﬁ'otoneter The" cul ture

vias- di'l uted in.sterile saline to approximately.. 5x10;

~cfu-tnt’ Further. :>diluti-ons were plated ‘out. onto
TFEE\Nesmwtcﬁlﬁmnmimlcwmtacﬁmn(m&@ mg m'') and.

~ kananycin. (50 nmg. rrFt) “t.o confirmthe cfu. present

20

o thxs strmn ( 12023 Nal') was selectcd in our iahoratory Anothcr denvatm:‘ .
| of stram 12023 CL1509 (aroA TnlO) was a gtft frem Fred Het'fron,“ ,_
30

t he |nocul um I5 Groups L of three femal e, BALB/c

-féﬁeﬁél'éf}aig&'{a}i& Lf”_la;s'm. ; ,vd‘:s'_., S

‘,Salnwnelfa ryph:munum stram 12023 (cquwalcnt to Amcncau Type,_.
Culture Collectxon (ATCC) strain 14028). was obtamcd from the Natxonal' .

Collectton of Type Culturcs (NCTC), Public Health Laboratory Service,
Colmdalc London UK A spontancous na11d1x1c acxd resxstant mutant of

'Eschenchza calt strams CCl 18 )\p:r (&[ara—leu] araD Alacx 74, ga[E




B
+ '_1

approximately, ixIO cfum'' .. Mce were sacrificed
t hree! days-post- inocglatiog .and their spleens were

renmoved. to recover bacteria. : Half of 20 ygach

spl een was honogenized in |I: nil of sterile saline in
a mcrofuge tube.. Cellular debris was allowed to
settle and .1 nm of saline. containing cells still in

suspensi on was renoved to a fresh tube and centri fuged
for two minutes in a mpfuge. The supernatant was
aspirated and the pellet resuspended in 1 m of

BISPAGLD, T AL T qreB A k0, 390, B Boomem)
 aad St i0ir (B, Sityrec, o, pra SR Ga RPA2 Qot MK nhn?,
- N} Seracu troms Kt Sapurom: ol DHSVEyag oed 0 ng
- ehgalgeRe s é@‘#‘%’@@f Ay PRt b R) S

5 comaingsl SNgpliiiftli DNN £ PRsti@P Triini ACSIIRY edSL bRz

Erobes to screen colony blots. 30 52 Virulence gene-
e

#loriORY) aea areift fromukernatly Tiwmais. DNA was i sol at ed.
from S.. typhinmurium exconjugants: and digested
separately W|th Sstl, Sall, Pal and. Sphl . Di gests were

 Cohasldinrsred (;Aﬁu‘f)&ﬁw ﬁawb :bhﬁnsferred_ to

Hybond N+ rrerrbranes rsha and Ject ed to
- Sout hern hybr| di sati on anal ysi s.-.usi ng .t he kananycin

0 THEShEAGE gr;gaf Vﬁﬁdﬂm@g}gﬁ”&@m&%& Berr.

- gg-m TACh1@-09526ROC IBCIGF 1) Ohad
. MBS carrled out accor |ng tO t u urer’s
© pimsts P2t {(JEACORAQAACOTEAAGET-3Y) SEQVED mmgz;, P3 (5'-

B s I

. TACCGATTOTARCCANE &ﬂsegsge digeSing DN T Qfpd? ps  (5'-

. reparatlve agarose fra ment’s
15 - CFAGREASRTAGAACCTIR3Yi (8RQOIDt Ne Bybwexél syntthesized on a

T N T T T
AR gy Sl gk iy 'RPETYELLD0 i pOn

cqnlammhgddS lyM m&mmwmmxﬂmmmmm-cptm @rwluh 200
restriction-enz estion. -Pla
P8 AE Rl aqiaracty 250, W SachoabEEn el By AGHE, ATTROK0 pM of

20 prifRéA98s: (a§&%eranﬁt2 3y éfgxmpﬂ&d Tﬁc}lé?r?-ﬂt%gr el Thetimal |

~cycling conditions were 30 cycles-of 95°C for 30 s, 50°C for 45 s;and 72°C k -
for 10 s.. The PCR product was gel purified (Sambrook ez al,-1989), passed
-~ through an elutipD colums (available -ﬁ*om.&chicichcr‘gnd Schull) and digested
..z with Kpnl prior to ligation into:pUC18 or pUTmini<FnSKm2. For: ligations,

25 -plasmids were: digested with *Kpnl and dephosphorylated with calf intestinal

. iy alkaling -phosphatase (Gibeo-BRL): . Lincarized plasmid molecules. were gel-
punﬁcd (Sambrook et al,-1989) prior fo. hgatmn to remave any- resxdual uncut
plasrmd DNA from the dlgesuon Lxgat:cm reactions: contamcd approxlmately

. 50 ng each of plasmid and double stranded- tag DNA. ina 25 plvolume wlth- 1 |

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



and reverse sequencing prinmers (United States

Bi ochem cal Corporation) and 20 the priners P6

(5' - CCTAGGCGECCAGATCTGAT-3") (5EQ I D Nd6) and P7

(5" GCACTTGTGTATAAGAGTICAG 3') (SEQ ID No 7) which
anneal. to the | and :Utermni of TO respectively.
Nucl eoti de sequences and deduced anmino acid sequences
wer e assenbl ed using the Macvector 3.5 softvvare
package run: on a Macintosh: & 30 conputer

’ Sequences were 25 conpared. with the EI\/BL

10

- 15

s Wb EfialBvE Tor 24 20 2ihe; Thiakierhiih hesgﬁk%ﬂfon of

' ch em at the Human- Genoni e Mappi ng Pr Q] ect
A€

tegal momowansllﬂg fﬁfim cither kalﬁhggmimﬁ tgﬂ plisenid DNA or uncut

%ﬂ%&sﬂm&’ﬁépﬂ Packiaf vensccarned pul ok the 4R Shpnded .
' #ig'P NAQ%[sN?}}‘Im Pt desrﬁg%ﬁgy %Q@twr?epltlﬁ?hnélg&i 86 ampicillin

sequence ( revent
otesistann bectefial mdaﬁasfﬁaﬂd\hagc&amfohuamdoﬁ E. coli CCl1I8

b itiqQn restriction enzynes, but is
&W%Fogﬁtqfﬂv 398%p| compnredh avitte 183 solonien adsing £rom:a ligation

TSRS OBt B 52 oo, "

sel ected tags showed that. none, shared nore. than 50%

identit over the variable.region).. (N means any
p}/?‘r

agterial TransfaxmstionyndbMuringseans G or T.) The arns

‘contain Kpnl sites close to the, ends to.fae litate

the initial cloning step,. and the Hindl 1l 'sites

bDhel @irbidects ToF Xé\fe'rﬂbhﬁaﬁ&ﬁ‘ BEwWHRhepUTEhihPTHSKADS Siid The
radi ol abel | edvari abl e regi ons fromthe arms prior to

rﬂﬂs&hlfdstsmded rta&w@nsvm usdthto tansform i cali<AC HES (Spndstook

o, 1289, B B orrspsiBrimaie R0 00 robeferianis,werroaepled

mndrmaﬁmcpnm eRGacted HR5H e pboll w&euéca R PN FIrRPE! BLPS-

each newl y synthesised.” arm "conpared an average:

- olf7. \edir (e Liolenzoudsi Tisemis J904) e For manng cxpenments apootof

en. r.adi ed: dCTR. is 20 i the PCR, .an .
MRl A harialie Faianc e gﬂé%«r@m il
1ahe BN P IRmAPEE 2825 ONRA G Wi Jh};reg%garﬁa ' to S|g Sofieal

intended to mnimse backgroun I sat

. fdeosity. (@Dgprof- Iaﬁ t- liquivés/ofeach chﬂmne (0.4l - mbswdref mimadtine

SR nrql' 105 ﬁfﬁfg Hyﬁltcrcg%lsl;(;u%ﬂ a Mlﬁhpoﬂ:nn?tl*.:lnlbrango(%ﬂ.‘iepm
. 20 - diameter).-. The ﬁltcrs were placed on the surface of agar containing M9 R
L . salts (de Lorenzo & Timmis, 1994) and incubated at 37°C for.16h. Thc |

- bacteria were recovered by shaking the filters in liquid-LB medium’ for 40

- -minat37°C and exconjugants. were selected by platmg.thc: suspension onto:

. LB medium 'cOntaihing- 100 pg ml*nalidixic acid (to-se'lcct ziga-inSt th‘e‘fdbnor--

- exconjugant was - checked by transfemng nalidixic.. ac1d resistant: (nal'),

e kauamycm resistant (kan®) colonies to MacConkey Lactose indicator mcdwm

e {to distinguish between E.: coli: and S. typhimurium), and to LB medmm,- a

sensitive to. ampicillin, indicating. that. these resulted - from authentxcf-“”- s

"

-« containing ampicillin. Approxlmately 90% of the nal; kan".colonies were ;-‘
30



ad
e

stranded. tags were -ligated into, the Kpnl site of
the mni.-TnS transposon 25 KnR, carried on plasmd
pUT (de Lorenzo & Tinms, 1994). Replication of this
plasm d is dependent on the: R6K-specified "product of
the:pirgene. It carries the ori T sequence: of the RP4
plasm d,.permtting transfer to a variety of

bacterial species (MIler. & Mekal anos, 1988), and the
tnp' gene :needed for tragsposition of the mni-TO

el enent. The. tagged mni-Th5 30 , transposons. mere

R R R

| eumifive éﬁfoﬂsn%faﬁfs%tbrktokh fn %l dvéu %xc%tﬁf&ﬂish&? cshﬁihﬁg

ated from 12 of these was digested w

Tot al DNA i

e E&)mﬁdlmd Embﬁoagtlﬂﬂh gmrmjamﬂﬁﬁChy:&hedﬂgaDMSO or 15%

ﬁp |s USIE'?B‘& kan |n resistance gene of the
U them obe l.n each 5 casé, the
§= - exconjugant -had" arisen as a result -a single .
integration of :the -transposon i nto a di fferent site.

'_Bﬁeﬁdﬂpzb&ﬂhm&aﬁs&d&nqﬁﬂz&gmre 2). - Specifei t and
sensitivity studies 10-.. W next determ' ned t he

~ efficiency and umformty of . anplifijcation of the

n I o) c
b Lt B AP RORO R Bl 900 i
comainingeMedaind0mby glueaid (f&hnﬂfrobaga& dIn198® tcﬂ@&mﬁﬁ
deternmi ned _the maxi mun= quantity of DNA. target
10 auyxetrophs Myants withoeough celonyomprpholegyt weore detacted thy. low

O R Rs R T AP BB o 1 i um bromi e

©ostaini ng of an:agarose- gel (5 j.rg: -DNA and: .20 -
phi.muri um exconj ugant s

cI es Egggct ively). S, E
pemations. BaEBsyD§blabelippegnd itbridisations
'm crotltre di shes wer.e conbi ned, and-.used to extract
‘DNA, This was 20 subjected to a: -PCR -using primers :

TS IRicobory B16t hyeAiRARAMICA A8afelfiReP 1 %ﬂfcat&qfsxgaﬁﬂ Whesed
. "and fLézed as,  targets for a second usi ng the sanme
iﬁrt{%@ ciqsgmumth from maigeatitesodistis. tcrHyboméMnyhm filters

| ncortgagrfam Faﬁthggg’l % a@ﬁé pl?cﬁ%?@e Oﬁg dgar coritaining

* S0agy QhPb&LhAHycinPr met(ﬁ:emgm ﬂieﬁﬁﬁéi&@' awﬁ'hd*' i filters
i and used to probe col ony-blotted

o syp@mngotheedpgmiahgcoimm overer e‘eninstcésalﬁf dﬂmj 1w 1eoon
20si témbearaa&etf 64 min. The bacteria:were. lysed with 0.4 N NaOH and the_‘
i filters washied with 0.5 -N: Trs-Ct pH ~7.0' -according to- the filter

: fr maﬁu&ciﬁrer"s 'ihstnictions\- The bacterial DNA ‘was' fixed to the filters by
exposure to UV dight from.a Stratalinkesr (Siratagcsue) ‘Hybridisations to
”P«labclled probes were carried out urider stringent condmons as previously
25 descnbcd (Holdcn et al,-1989). For DNA extracuons, S typhzmunum |
R transposon matant strains. were .grown-in: hqu:d LB ‘medium i in- ‘microtitre
*-dishes or: resusmndcd in-LB-medium: foﬂowang growth:on solid - mcdla :
~Total DNA ‘was prepared- by the hcxadccylmmeﬂaylammomumbromxde
(CTAB) method according to Ausubel-er al (1987). Briefly,: cells from 150

30 to 1000 ui volumes were precipitated by centrifugation and’ ,_rc.suspended-ms '




this way, 359 failed to- yield a clear signal on an
aut oradi ogram -foll owi ng an -overni ghtexposure, of the
colony blot. There are three potential explanations
for this. Firstly, is possible that a proportion of
the transposons did not carry tags. However, by
conparing the transformation 3f :frequencies.

FIWF FUT LI Fu

resulting fromligation reactlons i nvolving the -
transposon in the 55 presegﬁf or absence of tags, it
seens unlikely that untagge ransposons e i could

(S0 R T SRREBNOH OF R sBssid S ket b

| afﬁrowa&setﬁe Xkt ﬁmusaﬁfg WERTECVIBE | haui)dabed of 3 MMaCl

- 10

of' the tags, and/or that  some of the- sequences forned

s ewmdddqd sid mixed toroughly, bllowtpdchy 0 ghof 18% (wiv) CTAB

e 0 O B N e Al st g 0 i VG2 et

Jﬁ*v;sﬂgf&%' 10 it VE Wil olchinfdiPAich phedflanfiAEhl dra6koform,

nonstra enerating a pro .
caherDNA fas protipitaed thyeaddition .of dsapropam], iwashed withoB@%.
a colony blot of 48 col onies, which . included the

usthanal agdressuspsnded i EEtah goncepiratian jof &Ppgwmatclydl v

hy ni di sation signal fromthe -24.col onies not wused.
generate the probe (Figure 3) shows. that. the

.hybrldlsatlon conditions enployed were sufficiently

strln n revent cross-hybridisation a
qlahiAt agyp

eanwcmggjm@lgdttﬁat\%a@m@(@é nEBaFﬂ gpgeratc' "

B S T TR i I e

. PQSUntAhi#H maw Toi-CIepHUS 39 516 nivt KAODe 0 M iMg@hj; 10201 %

e PN R AT S By ey of A bliea

15t

nSRHRE AR FUREL o 770 b Gl 2 BRIR AT MAE S s

Qa&g%t Mﬁct@ﬂcﬁddﬁ[ﬁa@wﬁmﬁ%n@m&&w . 95°C, ahermal- cychng:‘-—i o

aut or adi ogram More. inport antly as the >co IeX|

) Ofc‘m’é‘qdo& 20 eyelescbA5 s 865876t Wreal 7L anbd o?at °C.

-~ sipreduagts weze: purlﬁné bysinstraphosasis tbresghos | % SsaplagueFMC.

.'Blogpedou)éa? ‘gel Tn II"M:T. buffcr ‘Gel slices containing’ fragments of about- :

" 80 bp were excised and uscd for the second PCR.' This: reacuen was -

. carried out m a20pul totaj-volumc, and contamcd 20 niM-T-ns—Cl pH 8.3; ¥ ‘
.50 mM KCI; 2.mM MgCl;; 0. 01% Tween 80; 50 uM each dATP dTTP,
'AdGTP 10 pb7P-dCTP (3000 Cu’mmol Amersham), 50 ng cachpnmcr P2'- ) | |

E r.and 'P4; approximately 10.ng of target DNA (12 of -I. 6% Seaplaquc[._ SR

: .agarose contalmng the ﬁrst round PCR product); 0.5- umts of Amplitag. |

.‘polymerase “The reaction was overlayed with 20yl mineral oil and thcnnal- |

20 °

30

| PR Gl it el AR BB BBl L RCBRR i ams
Vgire&bn&ewmbmaha - DINAOWas eeanpaigledlialiel Ména ,mdm PCR

have not determ ned the upper Iimt faor_ 25; pool

* cycling was performed as described above. lncorporat:on of the- radxoacnve .

- tabel was quantitated by absorbancc to’ Whatman DESI- paper (Sambrook ez-:_ o .

-al, 1989)



it must be in excess of 96. Virul ence.rests. of
t hetransposon mvants 30' A total of 1152 uni quely
tagged insertion nutants (from two:mcrotitre 56
di shes) were, tested for virulence in BALB/c mice. in
twel ve pools, each representing a 96-well. mcrotitre
dish. Animals received an intraperitoneal injection
of approximtely HP cells of. each of 96 transposon :
mutants of a. mcrotitregdish (101 organisns. in
total).:. Three days. after injection mce 5 were

- Infeetibt SaRfles and. bacteria were recovered by plating
spl een honogenates onto | aboratory nedium.:
Approxi mately. 10,000 col oni es recovered from each

B el XA SANY ORRMOE AREed Franspasans were
SR st PR A0 SRERTY G9%5 i PR 505 %

5 .NesPQg 1%gKND @VGPN eediuk)osibel #osly 1987)(in Aikrati:

‘a.control, _an aroA nutant of S., typhinurium was

l -P@i"g‘g%‘fffﬁwiﬂ ata7 dyedd metabrplieator weasosedhto Aransfarma sinall
sl train woul g . | t to,.

. VREOE B ol tuden B fresty BfcroRfre RS i g e

- wess/dnekbai@d tae NP dudtBU e RIBY;, Slrmésured® ﬂ.ﬁhgi ‘Eggﬁﬁ,“*

Mouie_ mutants were identified whose DNA hybri
- Muitsoancacrofitre pletsnrepdechwas mppodximatnly. hBtinf eamh well:

Yt A AT A N
. using tay spuReropRbioRbsr, VIR cllfiitk Nwad AR’ ir\egmmsﬂe@iﬁ to
t hese were_the aroAnutant..(one per,.pool), as

e amwmaéﬂyw h@ﬁulaﬂ‘é.-'aﬁ’u_mhmtdibqﬂl@hs‘f‘wﬁaphte(d ouf airr]:tcgd
TG PR R 0 e s o

. toRAfiPR thie Vfu PredeRt i HeSRbE@NnPf Sequences Nanking the
t ransposon was extracted fromone of the nutants

15 descri.bed in Exanple | (Pool 25 I.. FIO), :digéested :

O e b SHOLS LT R SRR
IntrlrbRAINOS ARG Il CTJF iRl "GublicniR Flontdiflsy

~ sequence Shows 80% identity to ‘
.approximately 1x10° cfu ml'. Mice' were sacrificed three :days post-

- ....inoculation and. their spleens.were removed to- recover bacteria. ~Half of
20 ﬁQﬁCh spleen was humoée;ﬁZed' in I'mi of "s_téﬁle-‘salifrie'-inf-a microfuge tube.:
S Cellular debiis,was allowed to settle and I ml of salirie containing cells stifi

- -.-in suspension .was removed to a fresh tuba and céntﬁﬁxfged;for two minutes B
.. inamicrofuge. The supernatant was aspirated and the pellet resuspended
. :;if'n_-.__i_; ml of sterile distilled water. - A dilution serics was. made in. st.e'ri!_é

25 . distilled water and 100 ml.of each dilufion; was Vpiat.edi onto TYGPN agar.

C COntaimngnalxdxxxc acid ( 100-;ug__m1r') and kanamyein.(50 ug mlY). Bacteria
- were recovered from plates containing between _iQQO;-and-AOOO:co_lenics-, and

. 'a;tétz.i;l of over 10,000 colonies recovered fr'om‘ each spleen were pooled and
L ‘used _tg_ prepare DNA for PCR .gen;ratiéxi of probes to screen k;alon_y blats. -

.30 - | ' o



eo/i cip (ion) gene, which encodes a heat-regul at ed,
protease (Figure 5). To our know edge, this gene has
not previously been .: inplicated as a virulence 30
determinant. 57 Partial sequences of thirteen further
Sal nonel I a typhi nurium virul ence genes. are shown in
Figure 6 (sequences A2 to A9 and Bl to B5). Deduced
“amno  acid sequences of P2D6, S4C3, P3F4, P7& and
POB7 bear simlarities'to ajafamly of
secretion-associ ated proteins that have been conserved -
5- y? of animals and
pl zﬁ?gﬁﬂUﬁgﬂ ‘?ﬁ&%?éazﬁgﬁﬁkgun Sdl nonel la' as the inv
fanlly In S typhlnurlun1the inv genes are required

oL TR, e 6ot Fro PPl rsbibesn Al digested

g:eda m l%re@y&l’?raper |q Maﬁ?ﬁ%#bqﬁl sco@@?‘bﬁym"gh |

50 nugare&eatge.lt tingerred tohilybanéd. Néqmenddahedy (Aniersieanee and

foI ow‘@ﬂ I. ntraperl toneal i nocul ati on. suggests, a new

e hybistisationgimelysts ysing shed@namycin resistance

MR 5 ST ABGPRRE oL he WA e ByRf v

r edﬁi;@ﬁﬁl-lmxb m@am&mnﬁﬁaddmmmmmammwuewaﬁm Was

the ™ tTreat rrent of "establ i shed infections. 15 . Further

c hearsied eut scordingdd thd magefwturﬁd efnstuicddns. Whe thiybridisation -

10 SRR hine oneitions eps.as Al aBoys, KSHRHChgizyntes which

Vel raStol KIH d1§1h (Tr% dft€id Be 0 18 rdrip@ WENERYed QB digest

attenuate virul enc ve of the nutations in genes
: ndDNﬁt éor v pstparitivg agaaoseigélnand INAragmente corresponding to

nlFF gpige T Ape obeiiiivg diapisls WERLRAciset P s GPurified and

t)’l it it Hae18, I."?ﬂﬁﬁuf‘éaﬁﬁbﬁé"w&c ‘il'ﬁ&f K6 %rkiisforim . coli

restriction mappi ng hen i njected by t

15 | MdHaperot dnakmyciot gesistancer Rlpsnids fENlI :kauamucm—mmtant -

. ]geterﬁ% ne their 50%% fgﬁﬁgggﬁgdﬁ%a%v ghg |c§lumn and

SQURERLA 85 e5ichlon: AR HestinINFlodeliQNicdsbl. ire! Piltially - o

d-type. strain. férence in
sequenoed by the dl-deoxy mcthod (Sanger et al, 1977) using the -40° pnmer

. and reverse:sequencing primer-(United States Biochemical C_Orporauon) and
20 -the primers P6(5'-CCTAGGCGGCCAGATCTGAT-3'y (SEQID N6y and

© PT(5'GCACTTGTGTATAAGAGTCAG-3') (SEQ ID No:7) whidh-anneal

‘to the I and-Q ‘termini of TaJ, 'i'cspe(':tifvelyi 'N'u?;‘lcot-idelfseq,ﬁencésf ‘and

-deduced -amino acid sequences were assembled using the Macvector 3.5

'SQﬁWaref-packag,c' run’on a Macintosh SE/30 computer.” Sequerices ‘were

25 compared. with the EMBL 4nd "Gén-tiank ‘DNA - databases “using the

- UNIX/SUN computcr system at - the Human Gcnomc Mappmg Progcct _—

: _Rcsourcc Centre Han'ow, UK
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- the umqua sequence compared ‘with each arm.- This is; mtendad to miniimise

30 LD5 was detected for nutant P1F10: however, there -
was a statistically 58 significant decrease in the
proportion of PLF10 cells recovered fromthe spleens
of mce, injected with. an inoculum consisting. of an
equal proportion of this strain and the wild-type
strain. This inplies that this nutati on does
attenuate virulence, but to a degree. that is not
detectable. by LD50. F 5 Miégqnts: P3F4 and P9137 were
al so adm ni stered by the oral route at an inocul um
| Reahltof 107 cel | s/.nmouse. None of the nice becane ill;
i ndicating that the oral LD5, |evels of these nutants
are at |east anorder of magnitude. hlgher t han that
q?d%gp wi|d-type strain. 10 In, the nouse vaccination.
e&?&ups of five fenale BALB/C m ce of 20-25° g in
mass were initially. inocul ated orally (p;0.) or
ntraperitoneally (i.p.) w'thserial ten fold

- dFheustrantarecst Bl AdthgsistshoinrinFigurenis. aBacts tagadonsists of

P3b4s 987 f t oyy vve,eks the m ce were then
4 saittle eRnld Frasom Hanféd by Hargs ™y lrﬂf&rﬂem &F‘I‘WW‘?}I The

f/%&gggﬁid g‘f?@%ﬁ@m e\gép % s?arre age a Hail of

- aites Hor meceomnmly amtjﬁvbn-iecogiuaen nestrietibn Tnzpines, W ie

| atedi 500.c,f u. of th Id t
Il VaBatie o Gy, ebﬂw%;can%oﬁw %\sﬁ ﬁ@&m@éoum

e ot tdom RXPSE 160 m%lcculé@ EIB'NK f
1) p:.o. nocu

are tabul at ed bel ow on y

wphﬁtedlmaﬁtshQWMNhatP&ﬁm shamd |rmbrc| lhanlﬁﬂm iidentity oforOthe

w_{_%ﬁw ng“’gﬁal(ﬁe‘ﬁ%’é‘ss%\# Vi n%g & Egm(l_g &chal I g:%fr)

mm%onﬂa'iﬁ Kl &P %lose to.the-ends to.facilitate the initial cloning

- -step, and the HindH¥ sites bordéring the vai'iahle region were used to release

radiolabelléd variable regions from the-arms pnor to. hybndasatmn analys:s
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 wlli be: mcorporated mto each newly synthesised. arm, compared to

an average. of ten in the. unique scqucncc “When radiolabelled dCTP is
mcludcd in the PCR, an average of ten-fold more label will. be: preseit ir in

background hybridisation. signals: from the arms, after they -have been

§ relcascd from. thc umque sequences by d:gcstmn with Hmdﬂl - Double
© stranded. tags were ligated into the Kpnl ts-xt;c_-ai-""-,_tl_ua j,mml__-.f_l_’.q.{j-;t:ansposoq
<. Km2, catried on plasmid pUT (de Lorenzo & Timmis, 1994). Replication

‘of this plasmid is depcndcrit on -the‘ R6K-specified % product of the pir. gene,

-t cames the oriT sequence -of the: RP4 plasmld pcrmlttmg transfer to a

. variety of bacterial spcmes (Miller . &- Mckalanos 1988), and the mp gene

30

<. mieeded for -t—ransp,osuwn: of the mm:{l‘nﬁ,clemem. The. tagged mini-Tn5

- "transposons. were transferred to S, typh_i‘muriumrby’ conjugation, and 288



‘.SUbg

2) i.p. initial inoculumw th nutant-strain P3F4
initial inoculumin no. mce surviving no. mce
surviving c.fu. first--challenge wild type challenge
5x106 3 3(100% 5 x 10" 4-(80% 5 6 5(83% . 10
5X10" 1 5 4(80% 3) p.o. initial inoculumwth nutant
strain P9137 initial inoculutu itt'. no. mce

SUrviving no. mice surviving 15. c¢,f u.. first

challenge wild type challengg 5 x 109 5 (1(0%'4)
initial inoculumw th nmutant P9B.7 20 initi al

I NO

A T B 00 e o
2( Sﬁwronﬁeomuehesa)mbm mlmed rrmmalofahesehm d:geaed with
P3P4 appears to_give sone 2 fj.on agai

ﬁmm | subjeetred dpabp f@

Senmw@h@ ex66iigarityidd ‘afitdn: asar sisultna simglerintegration of the
Sal nonel I 'a yphi'muri um 30 Abbreyi at i ons used | n th! s

* ExaWpasposen inje1difierentisitn of the hacterigkgaome (H

virul ence gene cluster 2. 60 . Background to the .
experiments deseri bed Sal nonel | a typhinuriumis a

- P c%t}a&ﬁ'ﬂ}erﬁfmﬂ?%hfdiwt eriti-s. i-n humans and:

producés a systemc illness in mce which serves as a
nodel for human 5 typhoid fever (1). Following: ‘oral

| ldDac lﬁé’ho@ §§"‘f‘f‘8‘%§‘f$8}4&§‘°}{ ;{,-%&p P‘lﬁwﬂn%f bi E?Faﬁm of the

- thrphgh tﬁé%@anGRﬁdv%ﬁ}mg iﬁﬁl@&ﬁﬁxwwjugmtdlmﬁﬂaesangeml‘fnr the

cells of the Peyer's patch fQ||IC| es,

2
- bacteaptions: hm an Hgaet fhchiimiscuncgal 4 ﬁkﬁaﬂﬂw o ags in the

-t hePCR, we determined the maximum: quantity: of DNA target that-could be.

used in a 100 il reaction, and the minimum number of PCR cycles, that

' IS " resulted in products which could be visualised by ethidium bromide. staining

- of an agarose gel (5 pg DNA and 20 cycles, respectively). - =

2 8 typhimurium exconjugants which hadt%‘reachcd-.s.talidnar}_r-grewﬂhﬁhase in

" “microtitre dishes were combined, and-used to -extract: DNA; ‘;-.‘I?hi‘s was

o 20 - subjected to a PCR using primers P2 and P4. PCR products:of 80:bp were. -
- :gg].pu;iﬁad ‘and: used as .targcts-‘for--a-:second PCR, using the:same/ primers -

" but with “P-labelied CTP. This:resulted in-over 60% of:the radiolabelled

=-" dCTP "being - incorporated into. the- PCR "products.: - The:‘raiol-abel.l_t-‘ad*-
-~ products were digéstéd with-HindIIE and used to probie colony blotted DNA
- 25 - from théir*cbx‘r_c"spdnding.-iﬁicrét‘itréfdif_sh’_es-.e- “OF the' 1510 ‘-mutaﬂts‘ftestc'd}inf:
. -this :.way, 358 failed to yield a clear-ssignalre'rta;n antoradiogram :fdllbwin'éf '
' -:--ahi-‘-'ovemight “exposure-.of the.colony blot.. There: -are -three - potential

?explanati‘ons— for this. Firstly, -it-is ':‘possihlé 7.:that-ae-p_rop6rtion' of the'

c@na ams .using the

o e el LS R . ot

o
L .

' -trénsposons did not carry tags. However, by comparing the transformation .- -

E 30 -frequencies resulting from ligation reactions:involving the: transposon in-'the" C
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reticul oendot helial system and, dissem nate to other
organs, including the 10 spleen and liver, where
further reproduction results in an overwhel m ng and
fatal bacterema (3). To invade host cells, to survive
and replicate in a variety of physiologically
stressful intracellular ... and extracellul ar

envi ronnents and to circunvent the specific

anti bacterial activities okg the inmmune system S.

- typhi nmurium enpl oys a sophi sti cat ed repertoire of 15,

. ﬁkésﬂhﬁ‘ﬁ? ab@GicR o gﬁ it Qetﬂé Iﬁoﬁhﬁt untagged transposons

onpr ehensi veun ence-

muldmmttfor mdﬂnappmnpmtdhp Qéﬁ «affihe tatal(spoMaterials

|ngo

BT, i B e s

(readeed wlss&cﬁaﬂ@ t&}ﬁ/&t ?%Hwoéf et Rhbonk - formed

analysis wt [ ow si mJI t'aneously

v sevondatyestoictares aboth aﬁmhn:h might diavé @rwmtahamphﬁcatmn

- Vhteaned ik 130 v sleng Shepais et aot g gn furher

- SONRR! TR )sﬁ:hg ﬁﬂ\h%ﬁ&@ﬁ@fgﬁgﬁﬁlg&%ﬁ Wwhi aémaﬁs

mutants w ttenuat ed vir t-ot al

‘ ‘h)ﬂgammnﬁga prhlm fmarﬁfl solosifzsaif a fikerofitre idésh, iadd using it to'

B D 0 S R e

. 30

it

M fobt &1 Al lijickcbf%ﬂ' Qf@oﬁg&léw q'rélh lthe 2@ &%b%si not

systens of a varl ety ct erial  pat hogens

" 'O¥ed tpgonkeratesthe pfolier(&gumm sleovgethat diedwbadxsaﬁoﬁcondmons :

T R R R e R

BUENGE Bigs ARRE SEIALSE (HIRU A2hi dxdoRjREAM. is HoP réilerated within a

epitheli a1 cel I's (10) -Hence -thé virul ence of strains

. wueptiraglishut ations in  the invispa cluster: is.
15

attenuated only if the inoculumis adm ni stered oraIIy
and not when given |ntraper|toneal ly - 7(8): In

 TRER8 Furtit® Dnbldbalibhs in @aeﬁma‘niaegiuﬁunﬁmum ool size that

avirulent follow ng intraperitoneal inoculation (5).

g3 b jused aa sl inoselughdo mat cxwrtmmt&poéarthe rvantityoaf

A e o Al sy

20

off the &g BooF, WhbrerTs al KIRIC(Or RETPoBNBize MYLVE Whian hybStiatén
this region reveals.additional deduced ﬁroducts hi ve

sigaply beeomertes whals ¢o heedaseatid aarﬁeryovcrmg t exposure of an -

. awtoradiogram. More importantly, as. the: eomplex:ty of thie:pool i mcrcases,

so must the likelihood of failure of a virulent repgqgengatw&gf the pool to

be present in sufficient numbers, in the spleen of an 'infcc;ed-‘animal,‘to -

+ produce enough labeélled probe. We have- nut'deten'nitied the upper limit for

'pool size in the murine model of salmoneliosis that wc have. cmployed, but

. it must be in excess of 96

. Mirulenice 1ests of the:transposon mutants - ., -vio o o i

30

A total of 1152 uniquely tagged -insertion mutants '(fﬁom:'f:.7twﬁjmiér6titre




10 to other conponents of type Ill secretion systens:
This chronmosomal region which we refer to as

virul ence gene cluster 2 (VGC2) is not present in-a
nunber. of otherenteric bacteria, and represents an

i mportant |ocus for S. typhinmuriumvirulence. 15

Mat erials and Met hods' Bacterial Strains,

Transducti on-and G owth Media. Sal nonella enterica
serotypes 5791 (aberdeen), 428480 (gallinarun) 7101
(cubana) and 1241.6 (typhinmuriu)n 'LT2)were obtained
frofishBe ek 8RN for! ViRAEAR M BALB/EANRE inlwelve pools, each
Public Health Labor at ory ‘Service; UK Sal monel|a ryphi
BRDrepresentigg n&ﬁ-wctbltnlcmrcadlghf tAmm@lﬁ received,an ntraperitoneal

et SN FRRgPETely A" cp s aF goth PEIE, Wapgpaspy mutants of

bi opipiife didR (10 bigdfishs fd QRIS THreE @ayP @idr jdction mice

St aphyl ococcus aure ss were clinical isolates
-5bt sicneshctifioed, amiebaammwmcovcredmbrphtmwplembemnaws

- Songf ebReators Rediii. cdpproriame B} foldfis Feboyered from

91 T badl MBUusk wERESSIES Snd IINRWoss exifiedl CThObs GBsene in this

i sol at edu3| ng standard nethods: The bacterial- strains

- andDiNk samplér wdse aneplified . amch dabelled HyghatRER, mad gedony blots
' t f yph

Tt SRR GG s A e
- 10° SQmBgnui %&W@ﬁ%&lmw&far@hys s £18ote6l, iaf droAChiant of

acteria were grown in LB-broth ( %
~supfl- erpénnmdum was. tdggedh anépqmipwehaaeompf BieoP6 arutants in. the
Bef pre. | ru nce | evel i ndi v nut ant
St r SioRultgh IR Senf oyt e sapes bt {aCbe sV Eit dp the splcen

- LT agadapks ﬁ@'vnum.ce if ity batb@shied (BRoRGERiRRL, 112396)) Forty-

"the nalidi-xic acid sensitive arental strain of.

t y phneruitamts me ddentificth whosth DN thybridized 4a da@d@é tggs from

T P

Langsiaed. X)l‘hélc m\é}hi Was PopRaledpmiditle dame forty-DhAsnutants were
CO\r;rg‘?In Gcgéﬁwere oﬁ% ned by standard . nethods_’

i (13)lgﬁmcld¢tmﬁe;lo STvos of theseawgre (11]'_‘—4qmdolmltﬂmm(ﬁ§€ pesppel, as.
L 3A di gest s
: g;grgnﬂﬁ?e(??%n glurﬂlagplg g% tt@él‘g(?h‘lt@% a:arﬁe dta é{gamn minimal -

Sanﬂﬁﬂﬁﬁﬁ NPT tHeButahied ﬁwabhﬁalmy moﬁbtﬁﬂ&g)cent re
(SGSC) Cal gary, .

£

" DNA was extracted from one of the mutants described in Example I (Pook’ A

- 25 L -'FflO)‘; -digested with Ssd, and: subcloned on the .basis - o‘f‘.,kanamy_chvt_{ o
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.

 eoli clp (lon) gene. -which-'énccdc':s'-a'heatércaulzited prdtcase.(Figurc 5). To .

. our knowledge. this gene has not prckuslv been, lmplxcatcd as a.virulence -

RS 30. - determinant.
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Canada. 15 Mud- P22 Lysogens. Radi ol abel | ed DNA probes;

were, hybridised to Hybond N (Arersham filters
beari ng DNA prepared from |ysates of a set of S_
typhi murium str,ins: harboyring Mud, F22 , prophages
at known positions inthe S typhinuriungenone.
Preparation of mtonycin-induced Mid-P22 |ysates was.

wuyeggsdescri bed (12,,15). The set of- Mud- P22 pruptiages~20

was originally assenbled by Benson and Gol dnan (16),
and was obtained fromthed®GSC. Gel: Electrophoresis
and Southern Hybridisation. Gel electrophoresis was

' Mai sequenioes of thistepndgahersSalganello Wﬂlﬂ'ﬂ"ﬁ"@" wirylenee genes.

3 shayh i FEMeS 8 (sreidnrad AL A R LD, JRe bR Al

Heitied TIPS, $403, P34, 'FTGY id BOBtbean sinkibirizs to

nucl eoti de sequences ; with: 10%. or. |l ess

- @i damilyhef) seuretiomassodiate iprodingy thtl deve - beem cquscved

B e A S R R tgow

A r d yqver rédirft 2e inv. pid¥0are
o e 3 ) i 1S e o

: ’s-eqmregefw tmbmma\lvasvammhimmmﬁnal‘ isxus. 1 The Sislence: ofiay

and the nost.

- rﬂ‘ﬁ ment E’é‘%“%mb %B&rﬁ%el | §d Gﬁf&%‘gr“"‘

el daeg& Wacﬂﬁi?x'lﬁe ?/aemeeﬁtmwry Q)ftdw’-related
e rlnger

10

15

: 4;'.rcstr1cuon mappmg then‘injected by the mtrapcrltonea} route mto groups of
s "ZBALBIC mlce to dctermmc their 50% Iethal dose (LD,(,) Thc LD, values -
,for mutants S4C3 PIG2, P3F4- and P9B7 were. all several m_'dc_rs of

30

Di goxi deni n system nnhei m) according to

eheesSthat ard mqmlredrfsnt \nmzhzncg dollowing intxappritangal inoculation

. d Lyt
Sfeicstiantey Srerthan Batrpbarrirh ety SRR oHRRRE of
- 5?2@* h&%a*@ﬁwn&c%%rf EfBeropid aﬁw ofpik) ditieairodic@®f these

previously (13) - Mol ecul ar Cloni ng_and

‘Rew! gaves aeigBbgeprashng @ﬂnﬂeémg tergebsithandba sy quetsins ingthe
%ﬁ‘é‘? %@ﬁg@dﬁ%obtal ned from G bco- BRL..
¥ WFSBSy t echni ques were as _

~described in Sanmbrook et al, (-18). Nucl eotide. -

sequenci ng was perfornmed by the dideoxy chain
Farthen aarapterivationnaf (hegenedidentified. Wﬂafea’e%ﬂelﬁr!g dgsaribed
ﬁ;gg%gmag 2) .Sequences were assenbled with the

W 3. 5 softvvare or, Asserrbl yLI GN packages

- Nucl eoti- de and
_i * Exdi "Ie 3 LD "
20

-~ Mutations identified by thé method of the inventien"'at_tdnuaté‘zv‘ti‘tileﬁffc- |

eterminations and mouse vaccination study

Five of the mutations in genes ot previously implicated in virulence were
iransferred by P22-mediated : transduction to the nalidixic -acid-sensitive

parcnt ‘strain”of -8, typhimurium’ 12028 Transductants ‘were chccked by

magmtude mghcr than that of ‘the wﬂd—type stram No differchée in the

LD,[, was detected for mutant PIFI0; howevcr, thére was a stausucaiiy



15 derived am no acid sequences were conpared. with
those in the European Mol ecul ar Bi ol ogy Laboratory
(EMBL) and Swi ssProt databases using the BLAST and
FASTA prograns of the GCG package from the University
of Wsconsin (version 8) (20)on the network service
at the Human Genone- Mappi ng Project Resource Centre,
H nxton, UK. 20 Virul ence Tests. -G oups of five female
BALBIc mce (20-25g) were imggulated orally (Po.)
orintraperitoneal y (i.p) with 10-fold dilutions of

baciighiffeafit 88688 0N the FHMP&IQIOQ%ICFIFWICEHQ redoRered from the
preparation of the, inocu bacteria were. grown

ovesplcgmofamce Tujertod mlmmmcv&unhc@munag)f @sEquabpRoportion

250 S i S AR By Shtpgon docs

(O@u@hawrﬂ%éé Hit fo h%gr&, thReis Mitaietdced B9 LIDQ!

cell ~densities of 5 x olony formng units (cfu)
“m .and above, cultures were---concentrated by

Jer
A B i Ao e o

di ligbERRnERVEESE A7 chilmithlsé. nm&wﬁm@hﬂ@&@aﬁxu indicating
plates. Mce were inoculated i.p. with 0.2

vol thaetheardbl.D;, loyelg af these wiutants are &taln@stmquder of magnitude.

i-nqcul u The L v.al pes te calcul ated after 28
da&?ghﬁfﬁﬁgqﬁﬁ‘%@c&‘%@&s % Meunch (21).- Results

10Local i sation of Transposon-insertions. The. generation
of a bank of Sal nonella typhinufiummni Tn5

()

tr dingho gmusnuamwmmmdyrgosm @%ﬁvmmie BaLiR{¢mice pf 29-25-*
mut ant s Wi th at.t at.ed i ebendecr :
16 & P bk R Tl dnteub B PR of FiPaRRISHERY ..
I kit SeriNIRERSIH anado.isrdmzmmm tyﬁmmunbm-ﬁﬁh%&m@rmm

for kananycin resistance or by inverse PCR

Nu AndRIRE Adtpndnerweeks thomico oreng then =mlaqedrwmg0@ et u.

1 RSPl s AR 5ot T SRR 8 foue

pr ov&dky. dat abases |nd| cat ed that 14 nutants resulted
from 15 transposon 'insertions into previously _
knownvi rul ence genes, 7 arose from . insertions into -

eYK GRS of td hidd Bt 'kt 45 dFADARIORAS fibe bleutated with

the mutant strains were also inoculated i.p..with 500 _'c_.f.@n.___g_ff the wild- type _

20  strain as a positive control. Both non-immunised mice died as -expec"tcf-',da

-within -four weeks.
- R#sults are tabulated below:

25 1) - op 0. initial inoculation wnth mutant strain P3F4

1 initial moculum in ° fno. mlce survmng ‘| -no.” mice: survwmg
jefw. | first ¢hal1§an_g¢ Co wdd type challenge
S E 'xAlO_".‘ R N P Y T
gsxwet s |2@0%) .
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enterobacteria and -12 resulted frominsertions into
sequences, wWthout simlarity to . entries in the DNA
and protein databases- (ref. 5 Exanple 1 and this

Exanple): 20 Three lines of evidence suggested that 16

of 19. transposon insertions into new sequences -
were clustered inr three regions ,of: the. genone,'

dnitially.. .designated. A B and C. First; conparing

nucl eoti de sequences from rggi ons flanking :
transposon: i nsertl on points wth- each ot her-and Wi th.

" C C O--u-‘ = et _
ﬂmu with onddanot her or had $

to different. reglLons .o e sane gene

Qut hdim inftiak idicuburd witle R -sBhih papgsted with
sever aI rest ri ct| on enzyn‘es and probed wi h

ityf

- % nnammlsgt '! lrmgs po ¥ a. |
.%lll ocated on thef‘n‘dtehﬂ[bngestrl ct: 'uﬂdfmmléhge

; T whermr—ttre xre i v - =~ 5
5 §aues froma $3 typhl muri um A D\ﬁ\(lhry,, the {

L Trommoutantge Wil.Ch tne previ , “Steps—trad
-53%2?2 ed mi ght be ?I Zaéﬁb

nked wer e found ridise tof

HS,S_. -Thus .two r,‘rutai] i %?37 and !
; 183%¥ |

Beneme k .DNA cl'o
5 ‘ . fants ,
1q35 Pl 1 D| 0 and-s - A mﬁ) tO C| USt

-' ?Glzﬁytjg 'ﬁ'é.‘sit}% ' ﬁ%‘ﬂﬂ%@g@;‘i e gflegure
ers_to lysates froma set: of S .. h|

“Finitiahindeatinalini 10| hoclee SaEvikiag PZIm.cm RORAV

;emo shoued_t hat| fite &fM@Agt oc! rﬁtlﬁ'¢pé

=YallWala ' \/L1
ing that the t hried (ﬁ%pm vvere

L., " o
O‘V "i! = oe Y,

cus1 sﬂ}ﬁﬁsﬁh&lgﬁbc &%Kmﬂi?bﬁ? k cI ones coveri ng

uste ont al ned over | appi ng DNA [ nserts

0l ons.of . ‘|.1
. | oo ] 'mdmhtdecbzﬁ-atwﬁgl
tﬁfsta:tﬁneﬁge Hybrii wild thge chliferize |

+'r\‘ ahbaaed eoariar . Al '.g r\ rnno
Dttt -

B and .C conprise cﬂnéiﬁ%ht |-‘_gd_ous
Ljf\v-\lragnentblrc —

From thcse cxpenments I conclude that mutant P3P4 appcars to nge some B |

protcctmn agamst subscquent wnld type challcnge Thls protcctton appcars

grcatcr in mice that wcrc tmmumsed i. p

.. D secreton sstom in Salmanell ophimuciu

Abbrcwauons used in thts Examplc are VGCI vxruience gene clustcr I;

VGC2 wrulence gene cluster 2




the ends of this region were .then used: to probe, the
).library to. identify further clones containing
inserts. representing- the adjacent regions.. No X 20
clones were identified that covered the extrenme right
hand term nus of the [|ocus so this region was

obtai ned by cloning a 6.5 kb EcbRI | Xbal fragnment from
a,.lysate.of the Mud-P22 .prophage strain TT1524.4
(16). Restriction mappi ng andgout hern. hybri di sation
anal ysis were then used to 25 construct a physical

Map Ba@! orfiHbkts HescriBedli Stinguish this
| ocus charact er I sed |nv/spa gene-
" cluster at minute 63 (edition VI,  ref. 22) (8,. 9,

. we refer,.to the Latter as, vir I ence
gené"agﬂ%eﬁg{mau%m{'mrm&l peent QFWF'EE t5aq fumans s and
V‘ rtﬂ' %ﬁmlt\! h\?\ﬂi& whi hﬁf@est £€a 71841 AR human

portrons. ose nu c eot 1 de sequence.

| 5 SOtyphbaisfebeeﬂ)d df(ﬂtamng:dral(ih&dmmw thice avith S, typhimurim,
Se juenc The cleotid sequence | hpwn.
3&9 qus !@Liummfﬁ i'ﬁ%“ ﬁ‘ £h the gtestinal

ggghier%lgs%h ?H&F&f one a?aﬁ&’@eft 9%3 ?a“l ge% Thc

revhadterida Shede mtraiiaenmwép}mges)pmd raattmmm%r arenter  the
(ORF), V\ﬂx deduced am no ci d,sequence-i s over, 90%
i deffltic

T o SERR Berruteft uBE R SRR i 18 oiylpming and

VGOital ehaetdrentia I{3). pTesavade dbstcelSREo sui‘mse apd adplitatel in a
am.no, amdl,soh ie-lfover %Jdent 1o pyruvatF
20 Vi o of Gehymiolggie Al S BRIy AN TECI RS 5O cpipgelfular

O ¢dBrdRm&Rd had G RSO0 m%eem MTeRESL L&Rﬁfn&dof the

- close to one anot at mnute-37 to 38 (28) even

nonmemb aypleny S)I\wypfhzmgnum suplaysr abaﬂphtsuaatodgrapbao:rc of

?%2 \/@Le used as .probes in non-stringent
ﬂc‘h PilShtion E anal ysi-s of E coI i and S.
yphl muri um genomi ¢ DNA. Hybri di si ng DNA.. i 15
ragments showed that -a_region of -approxi mately 40 kb
n%o iggimy;mor¢@manprehensinesendertanding lof vitulensk treg
and l.oc I.lsed the b undari es. of

(F.%u& higgi glfﬁ

- cl O&ﬁcrnb&l tiﬁ%idrﬂ;!ﬂb hagsianss. @fmmﬁ@':télléﬂe‘s@nam&thgged
a map of known Xbat sites.
0 mutagenems (ST M), whxch combines the strcngth of mutauonal analysxs

t
f

-A‘wnh thc abihty to follow s:multaneously lhe fate of a large number of B
- different mutants w:thm a smglc ammal (5 and Example L Referencc 5 was

. published-after the priority date for this mvcntlan) Usmg thts approach we:' :

1dcnuﬁcd 43 mutams with- attcnuatcd vu-ulcncc from a‘total of i 152 mutants
25 .'that were screencd Thc nuclcotlde sequcnces of DNA ﬂankmg thc_

- insertion points of transposons in 5 of these mutants showcd that thcy wcre o

related to genes cncodmg type II! secretion svstcms of a vancty of bactcnal

.jpathogcns (6. 7). The products of thc mv/spa gene clustcr of S

ryphimurium (8 9) are protcms that form a type I secretion system-_

30 'rcqmred for thc asscmbiy of surface: appendages- medtatmﬂ cntrv into

ndethehial systemy and disseminatgsto. @%g%ﬁps,omc yding the

ns-of

b dies iy St B i tad e

A,



'é"ﬂa
=
.-

(29) at the mnute 30 region of the chronosone

(22)' enables a map position 20 of 30.7 mnutes to be

deduced for VGC2.' Structure of VGC2.' Nucl eotide

sequenci ng of portions of VG2 has reveal ed the

presence of 19 ORFs (Figure 8). .. The G+C content of
approxi mately 26 kb of 'nucl eotide sequence,

VIR Nt VGC2 i s 44, 6% 25 conpared'to' 47% f 3T

(9). acid 51'-53%estimated 'for. the entire:
Sal nonel | a genoi ne (30): T conpl ete deduced- ani i no~'

" ooPieBRERTR AP e dhe vileing? o sirklp cofyipd migors in

10

15

V\lhbfihwﬁﬁ&c M hfenuatd Gfly | F&B'lﬁ&‘éﬁllﬁ@r lgraﬁﬁuﬁ%ﬁ?é& oy

virulence Sternnante in & var.i ety of -bacterial 67

pandh L3 nehaf gﬂmimﬁmﬂyl @)( 7)In mmrqst dhe 5 adutants

RLEASE T STV e Svimbat ETIAD inbprnil b tonion

yscMUf genes of- YerS| ni a.. pseudot-uber cul osi s- (31)
to.. invC/spaS of the i nvl spa cluster in VGC of
Sal thmekampleywblsimm ik (the t@yisposandnseartios points of thesc 5

!§a47/§3£1aclgagpoi th;ha /m<| %ﬂggﬂgfﬁ&%ﬁllafe éame .
?%bf\((icho pseﬁ%%ercu fi%‘rih?rﬁ /lol en @{on

- tmveﬁafﬁdtﬂnggnnl ga%neﬁwﬁme |dcdﬂ&)i ;a'odu:&s have dap.tdncgknmdx}jmy
Vi | t
IBEoUE companests GiF bRECHT SertgR systbims; 20D CHramesomal
-%éﬁnfmhw%fei to%ocglgﬁlgﬁcc%ctn/o I‘i/ea PRGN if folfleRnt

Y. enterocollitica dentity t

- dn:afnuenbrrraf otk @ Pntericbada, iand repleyerito ai mpottantlagls for

Oé’#ip Partial. ucI eoti de sequences for the remaining
it wing e&ﬁ‘?e 8 indicate that the ;predicted

~protein fromORFI Ois nDst simlar to Y

enterocolitica Ysd" (37) "a .I'ipoprotein located : in

tMatayidds anddViethadsi | S menbrane, Wi th ORFI-1 siilar
to.S. typhimur umInvG. .a nenber of the. PulD. .
- family::of translocases (38). ORFl;2 and ORF13show

- Baeri ﬁmﬁﬁlnssﬂﬁﬁﬂdd%n‘aﬁd@ﬁiﬁmﬂ@n%mullékﬂeﬁca S

’-‘subunlts respectlvel , . froma variety of proteins’

s -@etqmesm@u(uberdmpomm@gwmmy Mt erbandINd 12616

20

el ey 5 Refe Bl oy ionef el R vee

Tiflodebie Prubﬂlanéa&n abi6FiftoryHerMEEAUK. ‘Salnionellatyphi BRDI23.
genomic DNA was. a gift .from G. Dougan, enteropaﬂwgemc Eschenchm

* coli (EPEC), enterohemorrhagic E. coli (EHEC), Vibrio cholera biotype Ef

** - ‘Tor, Shigella flexneri-serotype 2 and"Staphvlococcus aiireus were clinical

'iiso['ate‘e‘ obtained ™ fromthe ‘Départment of Infecti‘chsf"Dits'eéirlx_ES' and-
“Bactefiology, Royal’ Postgraduate' Medical School, UK. “Genomic DNA
" from:Yersinia pestis was a gift from J. Heesemann. However, genomic
-DNA cédn be :solated usmg standard inethods: The bacterial strams and the = )
Tt "methods used 1o’ gencrate s:gnature—tagged mmr-’l‘nS transposon mutants of

L8, typh:munwn NCT C stram 12023’ have been deséribed prewously (5 11). i

30

'Routmc propaeatton of plasmlds was in £ ¢oli DHSa:" Bactha were



VGEC2, -is conserved anong and is specific to the

Sal nonel lae. A 2.2 kb Pstl/Hndll1l fragnent | ocated

at. the centre of VGC2 (probe B, Figure 8) I acking
sequence simlarity to entries in the DNA and protein
dat abases was -25- used as a probe in Southern

hybri di sation anal ysis of genom c DNA from

Sal nonel | a serovars and ot her -pathogenic bacteria
(Figure LOA).." DNA fragnent&2 hvbndi si ng under
non-stri-ngent conditions showed. that VGC2 is present

i n SrovabdndeBrbroth ¢h2)l suppiétamt’éd ﬁth cthd:)aupproprﬁxc tanfibiotics.

&P VR lGneeh bl oh ot E%Svms@ed the

' gglnrmnel I aﬁgwwww%e or ganl sat oérﬁﬂ)of(lz)t‘o

ot heﬂicoualsdim @it sensttivea parentaih strainSal r&in eypidmarinmy 42023,
5{es st ri ngent Southern hybridjsation with genomic -

ang ugtanss wwene + aRAlYSod 37 TeSiichOR  AiReSupyy#Rd, Setbern

car IS lm}ﬁ fragments showed t hat
the’rie |s sone bér-]%{é:eﬁ&& i

rogene 'y I'n‘the' "5 arrangenent of
‘restriction sites between S.." typhi.nurium LT2 and S.

" galJinarum.S. cybana,and_ S phi (Fi gure 10B).
.Furtﬂ'@i‘ﬁ‘ér?e‘ brary Sgrg ‘W%m’-ﬁ*ﬂﬂiﬁé Ci‘gﬁ}?ﬁlw%ﬁt'%f ping insert

the ot er %w%g&égm ne%i%gtgge&?a t{ﬂh&f?ﬁ) o 2

lﬂr eghi39 Nibravie(l4) kameinee ingvg! from! ecbalrli)altm digest of §.
speciges. 10 V&2 is required far virulence in nice.

< Pr d¥ptpsrisey de T renomin oA - .« fhe fiearyDses vebtameds yia K.

o EpnlBSH! T Salrh AR S CERR S Colgary,

Wi |Chrtadpe. strain (5). Inorder to clarify the .

i mpor t ance of VGC2 in the process of infection, the 15

"P.O - and i.p. LD50 values for nmutants P3174 and P9B7 . -
15Wengugaser iy, Ta t ts spa.ge :

reduction |r1ﬂ’%grﬂ!f en?é&gga cu@fﬁl gzl;‘s:@tKI of ergbﬁ?lsed to

mad'iufhcmdeN (A radrshan) ﬁlleltsebcahngthAapnepal‘bd from lysates of a set

{(rjgatrslaso h fhe Parj‘ str L;‘..

' wceIMuquéﬂyattemas agd BB (12, dé) Hhe'ﬁﬂilif@dﬂ:d—%ophagcs
val ues of. S typhi nunnum st rai

29 ~was originally assembled by Benson and Goldman (16), and was obtained

..~ from.the. SGSC.

-_ Gel Electrophoresns and Southem Hybndlsauon Gcl glectrophores:s was
- pcrformed in 1% or 0.6% agarose gels:run.in 0.5 x, ‘TBE. Gel fractionated B
| 25 DNA was transferred. to-Hybond . N.-or. N+, membrancs (Amcrsham) and

L ‘strmgcnt hybridisation: and: washing procedures (permxttmg hybndlsatlon .'

between nucleotide sequences;. Wlth 10% or less mlsmatchcs) were as

. dg:scnbcd by Holden ez al ( !7) For, non-stnngcnt condltlons (pcrmlttmgA

-'.-,,,hybndnsauon Jbetween_ sequcnces thh 50% mlsmatchcs) ﬁlters werc; L

. L0001 Lﬁ?i pEeph ra%feso uthd known )
'evZ’%t“éﬁ?‘%?‘?h“‘*em?ﬁ"*{'@&éﬁ'z%%ﬁ%’éﬁ#@é‘?féﬁ“ﬁ%%‘fm"rdm -

30 hybridised overnight at. 42°C in10%. formamxde!{) 25 M. NaqHPO,,f’I% SDS'_' S




R

LDs (efu) Strain I.P. P.O 25. 12023 wild type 4. 2.
6.2 x 104. P3F4 1.5 x 106 > S x 109. P9B7 > 1.5 x
106 >5x109 cfu. colony. formng units | 69

Di scussion A hitherto: unknown virul ence I ocus in S
ryphi murium of approximately 40 kb |located at m nute
30. 7. on the chronmpsonme. by mapping.. the insertion

wureg®® points:: of a group of. signature-taggéd =TT

10

15°

20

transposon nutants with atfenuated virul ence has been
identified (5): This locu 3s referred to as virul ence

1 e g0 ”S;Etﬁflme\tmﬁégt v o8 miiNadtiou | & SB8 Gre
1\3/&1\2 fﬁ%‘% enco &veﬁ? b%ﬂ@(["%ﬂﬂz Fi; C‘l@hsm@rﬁc. _

( conmponent s o type 11 ecretion '
Mpﬂm systém MRL) oheith [dlgoxlgemnfi 13d4TPand detected
funct onal |y, distinct. tstht arose from "

¢ dMgokigenin, syste e@é’ﬁ'}'(‘i‘ ﬁg N@a&&w @f

a |
f.]‘éfm%%%s P R ep 0 ?fss%&ﬁgéﬁf’&%"’s HFin &t
sunef snimﬂn ﬂl that usadmdm%lctaeely dabiclled protes. Geaofific DNA
negatlv Iectlon used to.identify mytants wth
Wes Brepareio Southare £ glisgiign a@smﬁ ipRgeasty (13).
(reflected by the high LDS values for. VGC2 nutants)

it is possible. that, ‘anong the previously unknown

Mfobsular ﬁmmnm@Nmmuﬂ@ Seqoaccingf Rm:mmtdmuclams'
ee of attenuation suffjcient t covered |n ‘

AT SoRae Redstrucrephtamed dromiely 0 o Senmeat mglec
SRR Wit el SR S0 lef d cqsgemciaeude

Stem fromr reliance on ce assays

- sequdresing st prerfdrited &1y thel didestel clodin iteid aaticaan meﬁmd (19)

previ gus study which identified regions

of .t.h
4SJnR SeqvenCcing lahfRhasagsia) uﬁ?w%wersasmﬁ zathythe)
-.Mae%fzﬂ @E‘%‘@Ee&i Asdefibr gﬁﬁémt Pad V&:zesNﬁgeéu&z and

There may correspond al t hough i1t

-dmcd(nmiunmml sétprencdshwerd chinpfedasith those e dhé European o

Mo echarCIfioggyeLarEo?gt%})? E}EMBL) and SwissProt databases using the

'BLASI. and FASTA programs of the GCG. package from the .Umvcrsu_y of

- 'Wisconsin (version 8) (20)-on the network. sérvice at the Human Genome:

Mapping Project Resource Centre, Hinxton, UK.,

.Virulence' Tests. Groups of five female BALB/c micc(ZO—ZSg) weré
“*. inoculated oraliy-(p.o.) or intrépaﬁtonea-llyv(i.p,)f with 'lO;fpld‘ dilutions of

- bacteria suspended in physielogical saline, For prepara-tiqn"_oﬁ the inoculum,

25
R optical-density (OD) at 560 -nm of 0.-4.- to 0.6 had been rcadggd_, - For cell

- densities-of 5 x 10°.colony.forming -’_,u_ni_ig- (cfu) per .ml‘: and abdvga,:._cultu,r’es

‘bacteria were grown overnight at 37°C-in LB broth with shaking (50 rpm) |

and thién used to inoculate fresh medium for various lerigths of .Jt_-imq;:_..‘tlﬂtil' an

'werc*-‘canocntrated:‘by'-ccntlrifugazion-:;and.; resuspended in-saline. The -

' “concentration of ‘cfufml was: checked by plating a dilution series of the

30 inoculurm onto ‘LB agar plates. Mice were inoculated i.p. with 0.2 ml~ =




Conparisons with the type-111-, secretion systens.
encoded by the virulence piasmds -of : Yersinia and.
Shigellqg. ;as well; as with, VG | of. Salnonella

i ndi cates that :VGC2 encodes, the., basic structural,
conponents of the .30. secretory apparatus.
Furthernore, the order of OAFS 1 .-$. in VG2 is the

70 sanme as the gene order in honologues in Yersinia,

10

Shigella and VGC1 of S. typhinurium The fact that .
the organi sation. and structlre of the VG2 secretion

LRl wf@&%@éﬁ%@%@t il HEPes B, 85,

: V%u@{%@%ﬁﬁj&?& was acqu re Pﬁfg{gggﬁé’ently %:;&gdcuncﬁ-

@)L murium vica horizontal transm ssion. The proteins

-encoded by ORFs 12 and 13 show. .strong simlarity
to bacterial two conponent regul ators (39) and coul d

:rmhﬁgeeither ORFs..1-11 and/or the -secreted

proteins. of this system ' 10 Many genes in VGCl have
been shown to be-inportant for entry of -S. '

phinuriuminto epithelial cells Th| S pr,oces
i@ﬁﬂh@ﬁ%@f CTranspesn dusections.  The, gaerton f a bank of

AR g MBI o it i v

i 6 .identfyi 981 trmms tviiitls - stteagatedf virblence hfave t haen dsst:nbcd

reflected in th 50-fpl d at t enuat
| pewE Gb I n%%ﬁ%@'a@ml%% BN e B SIF el

M AgH; ﬁg @ysw@u %m}nycvﬁbssmhwbs W‘ﬁw&fb PCR. -
| 535 OPEVHT UeRce When adm ni'st er ed p. (8)

k -.“sehmil@btmbsequaweo of 308-600bp! of DNA flanking tlw@mnamsm\gerc

15

C RRRirBEadiEa | AhRe D E RAuRS rﬁ&noinseﬂmssimaaeqmmggwom |

e ieal P e Gosrsean T ibest hoipied Sher faose o the

f[—SN' Ounpgkm@gﬂﬁa@ﬁ iddiGted NASUIIAL nfiftantd hictuRBD irom

t hat . i's required for'virulence

i rtrampmmfmwrtleps ime iprevicesly knpwmevindenesngenssy 7 arse from:
these . find ngs. ' not, excl ude, a. roloe krto%n—v e:s'-%f the

{ Apsertony (intg a@"‘é” oﬁc“qsnf"é' | YA, st e

25 transposon nutants on the Sal nonel.la t} t i-y :
w Clsinitegtnty entdes on thehDNA gadiprotein datghases (g“—é (51 ﬁ?‘amp{c }

20

7 Threé lmes of ‘evidence suggested that 16 of 19. transposon: mscrtlens into

Vi n e.cluster at minute 30.7. This |ocus..is .
(ﬁﬁ’ge‘ﬁ Z’g %f‘&]&?rg all" other. Sal rmnel | a speCLes S

exam ned. but not present’

‘new sequences Wwere" clustercd in- three regions : of the. genome, mlually‘

dcqgnatcd A B and C. Flrst, compating nucleoudc sequences from regxons

“flanking transposon- msertlon pomts with-each other-and: with those in the_'

" databases showed that’ some scqucnces overlapped with-one another-or had
 strong similarity o dtffcrent reglons of the same gene: -Second, Southcm‘- _
iaﬂalYSlS of gcnomlc DNA- dsgcsted ‘with several restriction- enzymes and-
~ probed with” resmcuon fragmcms flanking transposon mscmon -points

- indicatéd” ‘that ‘some- transposon “insertions were - located on- the samie

36

S
N .

restncuon fragments Th:rd ‘whén thie same DNA- probes were. hybndlsedi o



N

in, a variety of other pathogenic 'bacteria or in
Escherichia colt K12, Nucleotide sequencing of a
portion ofthis I ocus revealed I 1 open reading :30
frames whose predicted. proteins encode conponents of
a type Ill secretion' 71 H system To distinguish
between this and the type IIl secretion system encoded
by the inv/spa invasion |ocus we refer to the, inv/spa
| ocus as virulence gene cggster | (VGCl) and- the new

_IOcus ‘as VGEC2. VG@EC2 has a Iovver G+C content than

I ;S -
wﬁfaggé%gljsagl §§ F’é& S ar e gr eat er ~hﬂeﬁé§%dﬁ'§§éh@u%ants
whﬁdsh tH&q&evhhs bba skeps hadisliggedtdd might bekinked vasge fa'timisto

was probably.. acquired’ _horizontally

- B fidhise 1@ thersamer s DNA clnss. T é‘ygmmfg (PIBT aud P12F5)

10

SRHERTLANT iR Rl lRTPODR! PBR6 Pl Ic3, Pri @R

' HllHliO)‘:ltcﬁduhmr Etaddeﬁﬁé niutists (P3R4, SPAFS, PLAT, tm PIG2,

strain foll-ow ng

BR3P0 1B 1 mod GBS o aluster 65 (Figrey Bh-ences for

this Exanple 1.. Carter,,P.B. & Collins,, F.M (1974)
J. Exp. Med. 139 1189-1201 15 2... Takeuchi, A

© -HiBfidjsafion of DNPRiphsbes fhéin tHAS 116 clus&rs o Bsaogs fidnba set
. (1994) Curr.. Top. Mcrqbiol. lpmunol. 197, 163-185.

of S. typljrmuriyn: swraips harhoutipg lacked-inMudtBRprophages{15, 16)

'%o‘%&c@oih‘% H;ezthrgég?%ci%rs alt Bacf{é'gﬁﬁﬁha rléhutcs%ﬁ?%Pg .%gro

: Wht{a‘tﬂ?ﬂ)[ r@CEEWg%gl) intliating. thl, the threSddoinve closcly

& Reeve s (1993) . Trends 13i aechem _Sc.

. Iigccd qr ‘qonstituted gne ia@? ggg@me focus dshdlgtermige 1gany of the

RO o 853l A 3G Uy Mo

T m»w ﬁ'é;‘g.‘menttl ford. th8 erminAB IeFidAT .of Qich Bond me,usa As

_‘IS;_ .

1993) EMBO J; 3779-.3787. o
”Ugﬁ@%@e(hy%adrﬁ%ﬂ analysis 0% thggther X elopesg, Iéuﬁuaﬁsmg :

- ﬁl\g\ f‘a%%%ﬂs stfdvhdd thilt s&%?ﬁlagéloncs overlap and that clusters A,

" Band C comprise one contaguqus region (Figure 8). DNA -fragn;ents from
= the ends of this region were then used. to probe. the A library. to. identify-

20

.- further ‘clones containing inserts representing- the adjacent regions. No X

clones were identified that covered. the extrefme right hand terminus of the:

.. locus so this region was obtained by cloning a-6.5 kb EcoRI/Xbal '}fragmén't

&

30

. from aysate of the Mud-P22 prophage strain TT15244 (16).

. Restriction mapping and Southern hybridisation analysis were, then.used to-

.. construct a physical map: of this locus (Figure 8). . To disti-ngu_ish this locus -

from the well chgracteriéed inv/spa gene cluster at minute 63 (edition VIIL, -

ref. 22) (8, 9, 23, 24, 25.,?..6)._ we refer to the fatter .as virulence gene-

. cluster 1.(VGC1) and have termed the new virulence focus VGC2. Figure

2 shows-the. position. of. two portions.of DNA whose nucleotide sequence.

‘has been determined (4Sequence 1™ and “Sequence 2").. The ‘nucleotide: . e
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T Manping o AT Y 67 onte 5° Wity Sl b me.

Leﬂ &eo@i g E&m? 2?010!1@? at thel RALBHA-sI@B34f VT2 revealed

roo

& Mamat i s; gegg
5 I\/ulheq)rbmnce «if aani opn- rcadlmgcfmnc @mﬂnﬂme(éydn ging acid
Har b b

oL PSR oL g R Bl o el of e
g;g&ﬁ" ﬁénle oﬁﬁﬁ&gfl bag@ @iﬂu&n&n.g%fﬁhfz?gsﬁﬂ@%oﬁiﬂi? Zz%ned

At fmgmcwﬁchistlﬂaight hhd sRR7FEEC2rvErled ﬂlq_p(g‘.setg;c @qda
138) A 7, 493-497. 2 '
K g‘nesq.gg@?q:tecf ‘apipg Rg@lgscq%nge is Pﬁrgég ,\fc[jspglsflo{b )z\%\yate
AIO 25kxtn§9e Izrﬁ1 %bé é’bdggi‘bgntherﬁF g@lé‘gm' oOnGhedE. coli

eas riol 338-4349. 24.
G ﬂﬁ@ﬂhﬂsﬁmc@dixEP&dqaku are Sodatddaclpse) tocone another, at-minute 37

( 199%@ ({’r OCE even noé%%grla;%ihg DNA fragments- dlstnbuted along the

- length of VGC2 were: ‘used as probes in non-stringent Southcrn hybndxsatmn
analysis of E. coli-and S. typhimurium genomic DNA. - Hybndxsmg DNA
1S fragmenis showed that a region of approximately 40-kb: comprising; V_GCZ_
' was absent :from.thc E. coli genome and lacalised the-boundaries of VGCZ
~to within T kb (Figure 9 ?Cbmi;.)_a_z:is"on-Oﬁ-t_h'eildeati_cmfdﬁﬂ;c. XbaI;;i-{te.’.:elos‘e;-

" “to the rigﬁt hand end-of VGC%-(Fi"g‘u‘re 8) with a map-of known Xbal sites
(29) at the minute 30 region of the chromosome (22) enables a map posut:on

20 -of 30.7 minutes to'be deéduced for VGC2. v

Structure of VGC2." Nucl’éoﬁ_-de‘-’sequcﬁciﬁ’g. of portioris’ of VGC2 has
revealed the presénce of 19 ORFs (Figure 8). .The G+C content of
'approxiﬁlateiy' 2 Kb of “nucléotide - sequenice “within* VGC2- is 44.6%, |
25 | compared ‘to’ 47%- for VGCL (9 and’ 51-53% estrmated for-the entire.
) -'Sa!manefla genomc (30) S e
- ;-'Thécomple-séfacdﬁee&'am‘inorﬁfacid'éseqnenbescof ORFs -1 L aré similar to -
- -those of *ﬁrétcin"s of type 111 secretion sys_;[iems j'("6::-‘7)-..-‘_ which are known to.

30 - be required for the éxport of virulence determinants in-a variety of bacteriaf.
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- (23) Partxal nucleotide sequences for the remaining ORFs shown in F:gure

8..indicate that the predicted p_ro;em ﬁ'om ORF10 is m_gsg‘._gl-mﬂa_r to Y.

-, .enterocolitica Ysc) (37) 'a lipoprotein located 'in the bacterial outer
.. PulD family.of transiocases (38). ORF12 and ORF13 show significant.

- similarity.to-the sensor and.regulatory subunits respectively, from a variéty

membrane, with ORFH similar to . fyphimurium TnvG, a member of the.

- of prdtéins -comppzis.ing_twog-cp,mpénent _gggu!atony systems (39). . There is
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- ample -cdding capacity-for further genes between ORFs 9 and 10, ORFs. 10

and 11, and between ORF 19 and the right hand end of VGC2: -

VGC2.is _conserved_amot_ighnd_is.;s'peci.ﬁcg to. the Salmonellae.: A 2.2 kb

" PstU HindHIT fxfagmept‘}:qcsttgdi at_the centre of VGC2 (probe B,—'-Fig'u-re 8)

- lacking scquénce' sihilaritylo'entries‘ in the DNA and protein- datﬁbaécs was

used as. a probe in Southern hybndlsatlon analysis of gcnomlc DNA from

: Salmonella serovars and other pathogemc bacte:na (thure 10A) DNA

fragmems hybridising under non-smngent condltmns showed that VGCZ is -

o - . presentiin.S. aberdeem S gaﬂmarum -§.. cubana. :S. typhi and i is absent

30

from EPEC. E'HEC Y pestis, 8. ﬂexnen. V.. clzolera and S aureus. Thus

VGC2is conserved armong and is likely to be specnf“ ic to the Sa!manellae
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Streptococcus pireunoni ae (a), Mutagenesis 15 In the

adaNAc dxg:fsted aodthy éwo cfirther aestpiétion enzymes, wengecasied out.

:St % \éﬁéﬁspﬁgg%eat n\ﬁgé ﬂ%? ﬁgcggﬁt e hetgtrogcnclty inthe

e% A sl @uésa%as@dns S(Ngphina@UmeILEY and .
(1984 . Bacteria 15 870), Random S. pneunoni ae
' Dw&mynenSs ambammndocs biyphi ((Figvee: lglﬁiera&t@lwore,
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ol B AT o BT s
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I'ynmer ase nts are |gated|nto. pl asm d
pJE@b@E’eduphcﬁtdmd(cié)gﬂe)cmal Mcrobial. 9, 1:037. °
which carries the enn gene for erythromycin selecti on -
| n E coli rand-S. yneunoni ae)j previously nodified by

a _
o5 54 yT‘. n@gerﬂréef £ \VArGRALE 1 Pnick A Wrebidho eﬁﬁ&uﬁfenﬁ;fgﬁowed

cloning sites.: The size: of cloned S. -.

" pribatitbe LIy, Bhlaes fard. s ifidaudition ofttmrepmmenmmiflﬁfu PIG2,

" Table 1. LI)S., values of S, typhrmunum strains.

. cfu. colony forming units
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fl‘S‘tOXI c to E.coil). A'ternative vectors carryin ’

diff-0eradti. nseLBtsct aihies for mynarl’éﬂ‘évm BB wm detgpmined:

TR Dt FEGat T0uPd A e laee

"< paréntal strain. Th-ls_ profound -attenuation of v:rulcncc:.by both routes. of
~ inoculation ‘demonstrates that VGC2 is required for events in the infective -

process after epithelial cell penetration in BALB/c.mice. -+ .- . ™
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- orders of: magmtude by either Toute -of meculauon in- companson with the... ..
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75 appropriate S. pneunoni ae strain selected on the
basis of serotype and virulence in a nmurine nodel of
pneunococcal pneunoni a. Regul ation of fi conpetence
for genetic transformation in S. pneunoni ae is
governed by conpetence factor, a peptide of 17 am no
acids which has been :5 characterized recently by Don
Morrison's group at the University of Il1inois at

Chi cago ‘and. which is descggbed Il avarstein,

Coomar aswanmy and Morrison (1995) Proc. Nad. Acad.
Didcusdigy 92, - 11140-11144. .1 ncor poration of mnute

‘quantities of this peptlde 1 in transformation

experiments leads-to very efficient .transformati.on

| r.e uenC| S |n so 10 enc.a uI ated cli n| cal |sol

??kﬁ?&? Gf ?ﬁm Y ﬁf ‘?' aﬁ tﬁésd?t‘ﬂ:d b%v lﬂg | .tﬁQ '1h§c§'ﬁon :

pepti de grea yfaC| I tates truaction

pﬂmt‘s ofpagromp i signatasitaggedk raasphsan Inumm&l with ittenaated

NPERESEhrfeied G hyl o Rl BB el

| é]ﬁggtggm?; g?ﬁgﬁﬁh?ﬁ@hq ﬁ*n&ﬁ?very I (ﬂ’sl evel E@%en&”ﬂ 63

_:mmmmﬂedmms‘ém:,l af. m)wﬂtnbh wetsmugpest erenmhed VIGCl. VGC1
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15

n lication is mnim he fact that
%'ﬁé%{?gi &&?’goeﬂcee?ommmﬁrm o émtﬂim Sg§tems-
ﬁewﬁv&r thdse! 2Bretiod st%.sfa%%ﬁbwgl %ig@.agept ably

hi gh, anti-biotic sefection is nalnt uring grov()th

~of the transformants 20 in.culture and, durlng grovvth :

~ -':%#Qtﬁt@? i agpss 5 %"!?S?ﬁnwg%ba@hﬁc% SUB o this

tiple) V6 Atappldled Ehc?izrge?ygﬁ)d'fbff the AirbldoRbMar yIt is possnblc

exper| ments are con ?3 determ ne the optinmum

L tbmimxTu.‘.iuméruohmccm@rsfcmxaﬂlyend{ﬁCﬁu élterpativelynas the
@) tt { del uti.l l, f
P AR 0 T

o ﬁc}ggangentmﬂdaﬁrppw higherDL edlaey fA2VEED) mutandy)iisss -

~ mte devel op' acute ‘pneunvni a W thin 34 =days,
- possiblesthal, Benorigribe pdaa«msbp uamwgenq;nemmnuwmm it tnhose

BTN S G SRR aFO S irdesto LSRR in the

© . sOfddn-criRbiglure of previous searches. for. S.. typhimurium: virilence
‘determinaits to identify. VGC2 might stem. from reliance on cell culture’
. assays ra(hcr than a live animal model of infection. A previous.study which

. identified regions of the S. typhimurium LT2 bhr_qmoso:ﬁe; maique 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 virulénce determination.. ...

. ..-Companscns wrth the type Hl.secretion sys;ems cncoded by, thc virulence

plasm:ds of . Yersmm and. Shigellg.as_welt.as wuh VGCI of Sa!monella

.+ indicatés -that .V_G_CZ_ encodes . -the. basic stractural ;___cqmponent_s of  the
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secretory épparatus. Furthermore, the order o'f.'- ORFs 1-8.in, VGCZ:s the



"yyk 76 Chenot herapy 32, 473) at the tinme of. death.
If required, mce are also injected intraperitoneally
for the identification of genes required for

bl oodstream infection .(Sullivan et al (1993)

Antim crobial Agents and Chenotherapy 37, 234). ' 5
(c) Virulence gene identification Once the paraneters
of . the infection nodel, are optim zed, a mutant bank
~consi sting of several thousang, strains is. subjected
to virulence tests. Mitants th attenuated virul ence

?2%@«'11?293“%\%3%91? S whom R it aesHlacqup e Shitact of
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.' | 3Fcse n b S e
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semdapeadbnt@ebpﬁl Diphivkutiitrvia hoozoutakiransmissiont ddeiproteins.

- ?;’238 o by OREIS AT 5 S 4P llarity; ' bhciRaf' bwo

%ngSf.at A gp 1% anf& 2HUNS &ﬂa& élmeemﬂi-lm AFocithe

virul ence ge es’ which is then
fulséqrcﬁedqummﬁsioﬁﬂﬂssyh;mct ed to detail ed functi onal
lysis.

low ‘Bh&@“"gseﬁby GGl MMC g‘bg’ﬁl i C?tﬁs‘ﬂgor entry of §.

 ehpaenRn i gagpgsl snl e é’i‘?ﬁ""%ﬁi‘y‘e&s R

~ f oand mesuuqour pmd;qlcmbmgcomnm zgdiggrtesioraised membrane

sel | n bo G.am Y Lye
sitting de3 R’ *Phe rifco! TR it Aot RISt e

r e%\’&:&ﬁéﬂ H"Fcfﬁfc?&leﬁlcﬁc'dia[ibﬁnm&y SPLford ﬁtt&fuahbﬁ of v1rulcncc

integraee for transposition and stable, | e cop

15i nin RALBE mice tincilatatipid. with. GED mumg byctbmfmtrihat K

DAL ThARRSIESSo TRl fhe Pl AR ERT®). The

o Nk ey &%e%ﬁ%ﬁ-ﬂsé%xp&ﬁmy&hﬁﬂw ‘mutants were obtained in-. .

our screen (5')..- “In contrast, - mutants in NVGC2 are: profoundly &ttenu'_é-tgd
. followimg 'bothp.o. and:i:p. inoculation; This shows that. unlike VGC1,

‘20 VGCZis reqmred for vitulence.in: mice after épithelial cell penetration, but

-these ﬁndmgs do not ‘exclude a -role for-VGCI in this- carly stage of{-

- infection.

o Thus in summary mapping- the ‘inseriion points of 16 sxgnature—taggcd
25 transposon tnutants’ on-thie:Salmonella vy phtmunum chromosome led to-the -

|dent1ﬁcanon of a 40 kb virulence gene cluster at'minute 30.7. This locus °

. is consérved among all- other Salmonelia species examined. but not present

©inar varxety of other pathoaemc ‘baéteria’ or 'in ‘Escherichia coli K12,

" Nucleotide sequcncmg  of a ‘portion ‘of ‘this lacus revealed 11-open readmg

O

'30 - frames whose predicted. proteins encode comp'onen‘ts-'of-ﬁ type 11 secret’i.éﬁ{i_"--' SRR
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77 restriction digestion of genomic ~ DNA,

i ntranol ecular ligation and transformation of E.

coil. The presence-of single sites for restriction
enzynmes in pAT112 and its derivatives wll-(Trieu-Cuot
etal (1991) Gene 106, 21) allows the incorporation of
DNA sequence tags prior to transfer 5 to a virulent
strain of E. faecalls carrying plasm d pATI45 (to
provide The integrase fungijion) by either

conj ugation; electroporation ortransformation
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: aortl c valve are exci sed, honogeni zed-and -plated. to

%‘F ure nedl to recover bacterial col onies.

PRERS | 195 E&a‘ﬂp al so- recovered from:the bl ood
at various tinmes after inoculation. The second nodel
is of peritonitis in mice, follow ng intraperitoneal,
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I solation of DNA flanking the site of integration of
pPAT112 using its E. coil origin of. replication is.
sinmplified by. the lack of sites for nost of the
commonly used 6 bp recognition. restriction enzynmes in
the vector. 5. Therefore DNA. .fromthe strains of
interest. are. digested with one of these | enzymes,
self-ligated,.transformed into E. col and sequenced -
using. priners based on the seguences adj acent to'the.
art sites on the plasmd. A genomic DNA |library of E.

. faecali ssqqg $robed.  with- sequences of interest
Yy

“toiidentl I'nt act. copi es of virul ence genes. which

ar el2.herDavig) Rok g dBotsteth, EXadpReth]. J. ROEINE0) iddxticed Bdcterial
vi rul ence gene3|n Pseudonpnasaer

ei nosa -
Mut-agenedererics, Cold:-s5priggn E’@r'wraisﬂg r%ola aSpeing Harbor,

used. by gt ers to.nmut ageni se Pseudom)nas -

aer ugi nosa, " and the nmini-Tn5 derivative that was used

S or13.he Adaiil, leMI,IEant B, Ringnseore! RE. | WMdorelDiDm Seidman,
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sighature ta q%%gd m ni - Tn5 transposons by conj ugal
transf erDofl Crmetipib08, 1-23yect or to, one or nore

e RCE o o L BT o

Qt her deT| (3988)eSenarict 138. sﬂsssgned speci fi Cal I y for A
aer ugi nosa nut agenesis (Rella et al é1985) Gene

788 w-t r#qqﬁ@?% ni74,
Tn5 tra S . (b) Animal nodel and virul ence gene
i dentificafion "The bank of.P.. aeruginosa: insertion

Cmutkht s Heldea; ErNved Kewnisad] dmsrat&d[mngr; \8.6(1689) EMBO J. 8, -

a. chroni C. uI rmnary infection nodel. in rats,
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--|nt fllrgm cReof AR Mlula,
di sease eve‘{z’%gé Jg\/er a Okdgyl&i)erlo 3& gi’gﬁg orecuar

(1982). -ldtbriwp: al&.mw;; nﬁﬁuaﬂ@ﬁﬁamp%gt}ﬁrhar haboratory, Cold . . .

recover ed by [atin uw hormgenat es to laboratory
medi um atiE E‘éﬂ&! ?"A‘@I‘é o t hese are used to probe

'so possi G subje

P20l ameel) 1 NiglaehoSt %'@oﬂé&ﬁ AR. tfhwm%u' Bl Head
IS a bl‘é |
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-5 the nmutant bank to virulence tests in a nodel of
endogenous bacterema (H rakata et at (1992)
Antim crobial Agents and Chenot herapy 36, 1198), and
cystic fibrosis (Davidson et at (1995) Nature Cenetics
9, 351) in mce. dopinj and sequencing of DNA
flanki ng -the transposons is done as described in
Exanple |I. Genonmic DNA libraries for the isolation
and, 10 . sequencing of infact copies of the genes ate
onstructed in the | aboratory by standard nethods:

| B ANDERSIbekgl K], | GinoadtiioNCoT. & Gulan) J¢E.00894) J.1Bacteriol.

Asper IIus um gat es 15. -(a) Mutagenesis The
f unct FhaAS0e#hal ent of transposon mut agenesi s in

ety Foli Kl g, Nl B RAMHES (53608 gl

Proc.14\a@4-38Acad. Sct 88, 7585). In th| s process,
fungal ‘cells are transformed with

nme
B P y0haga, ©.5 Blosts Bookriaithet, W QAEODBron dbishetsads Sa.
rest r and single copy integrations
ocCurb%ﬂtﬁ]ﬁéé@ﬂt ‘genomi ¢ sites, defined by the
28 UEBAGRALIE B.S(1950) MEcroe Reévi B4, 430-19Mzyne.. REM has

‘al ready been used successfully fo isolate virulence

FPnesLint, ScbohHessehoh u& $andessora! K (B.o0993 R/ .0Bacreivl. 175,

. 'AcadE:}lﬁc%ﬁ1 ﬂ@ 91, 12649) and 1Jstilago (Bol keret at

10

~a.plasmd -enco

(199 Genet. 248;.547), -and 25 have shown
30al FRGIDO R, émeafcz?@m{ﬂbbs@bfameauﬁpwmewﬂ

i ng hygromycin résistance [eads to
si ngl Biokrgy, £HRARmss, ﬁlﬂwidmin int egr ation of the

ne | as f.ani eno
g BeBiity oo bR, - GRS Fertooty o 4 Wl Ve
two vgct;gﬁ)fp@a&womglmrgeggs%ance and used -to
transforma ciinicat isolate of A _ 30- fum gat us. 80,

 3b) -Andrews, nGdRl danManrellil, edcT . gEk992) dlfeqts | kmrymn 60

The | model of..aspergillosis in neut ro_penl c ..
m ce icul ar cl oseI y matches the. course. of

R 11 rrtmniom Al sSatendtl, PUTES Parsi] CH (B9933 Mok Mbmz 7,

Infect. |mun. 62; 5247). Mce are |nocul at ed

' mtraﬁ%ﬁ&ﬂy Vil th up 5-to 1,000;000 .

S S A i

20 -

honngematlggolmmocul ate liquid .
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medi um Hyphae are collected after a few hours, from
wth DNA is extracted for anplification and |abelling
of tags to probe colony blots of DNA fromthe. pool
of transformanos conprising the inoculum DNA from 10
the regions flanking the REM, insertion points are
cl oned bydi gestingthe transfornmant DNA with a
restriction. enzynme that cuts outside the REM
vector, self ligation and tr@psformation of E coll.
Primers based on the known sequence of the plasmd

- argapuse | t S

: seggencg;sb lf‘qﬂbrove &&{ﬁ?ﬁ ﬁggrt%ﬂ&g? ?ﬁguvelc??‘oArR &
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lrmxymjbgmtsrlngyaﬁmf(thbpﬁsqnhbs@qucmr @a:d;cmmm stability. -
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" be short (200-400 bp) howcvcr if the level of reversion is unacceptably

20

" fo the trachéa'(Veber er af 1993) 4.: Antimicrobial Chemotherapy 32.473).

hngh antibiotic selecnon is maintained dunng growth of the transformams -
in culturc and dunng growth in the animal. -
(b) - Animal modet - _

‘The . pnewmoniae mutant bank is organized into-pools. fot inoculation into

Swiss and/or CSTB1/6 mice.” Preliminary experiments are conducted to

" determitie the optimtm’ complexity of the poals and the Opti'mhm':inOCUIiiiﬁ |

level. One attractive model utilises mocula of 10° cfu, dchvered by mouth-

_Swnss mice develop acute pne_umomz_i within' 3-4 days, an_d C5'IB!/6 mice

dcvéldp s'ubacﬁte‘ pncur'ti'_dni-ﬁ' within»&‘-.l(l days. - Théséjpiilmona:tfy jhiodeis :

30"

of infection yield 10% cfuflung -(Veber et al (1993) J." Antimicrobial
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APPLI CANT Technol m,t ed

SRR Eo OB A s BB e yess.
LoRARRn ?%d HehleRsk Qenﬂ@ﬁﬁﬁéd:by BHdisafiolanalysis,
(ZIP) V\12 R TS T TLE OFI NVENTI ON: 1 dent i Ti catl of

of ugieg éd:cll(edltags ﬁmeﬁez mFUSE(ngN@EB‘CYGﬁ RQOH axabeTERf S.
READABLE FOI;MI izngg "3t°° Tngrplﬁottgcli %QPYy.déhsriémo on}lal DNA is

llberated chemically or enzymatically in the wells of microtitre dxshes prior

. to transfer oato nylon membranes using a dot—blot apparatus DNA flanking

15

20 .

the mtegrated plasmiid is cloned by plasmld rescue in E. coli (Mornson et

al (1984) J. Bacteriol. 159, 870), and sequenced Genomlc DNA hbrmes '

-are constructed in. appropnatc vcctors mamtamed in clthcr E. coh ora

P

_ :Gram-posmve host. stram,, and. .are. probcd w:th restncuon fragments' o

ﬂankmg thc mtcgratcd plasnud to. isolate clom:d vxmlenca genes whlch is

 then fully sequenced and sub_lectcd to detallcd functxonal analys:s

Example 6: Identification of virulence genes in Enferococers -fae_calis'

-{a).  Mutagenesis . _
‘Mutagenesis of . E. faecahs is accompl:shcd usmg plasmld pA’I‘l 12 or a

dcnvatlvc. developed for this. purpose.. pATl 12 cames genes for selecuon

in both Gram-negauve and . Gram posntwc bactena. and the atr. site of

- Tnl545. It therefore requires the presence in the host strain of the i l,ntegrasc >

for transposition,.and stable. singie copy insertions are.obtained if the:host

., does not.contain an excisionase gene. (Trieu-Cuot er af ( 1'9'_9}_)_,_(3@& 106.

- 30

_, _21-]. _Rt:‘:covcry. of DNA flanking the i_n-_te_gratc_dvp.las{rllfidiS'a?Gom;P|;3th by-

o}



(©O) . OPERATING SYSTEM PC- DOS/ Ms- DOS +( D)
SOFTWARE: ' Patenti n Rel ease #1.0, version #1.25 (EPO
(2) INFORVATION FOR SEQ ID NO 1: (i) SEQUENCE
CHARACTERI STICS: - - - (A) LENGIH 89 base pairs (B)
TYPE: nucleic acid - - - (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii)

T TTHYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL
SOURCE: (A) ORGANI SM Synt ?%ti c oligonucleotide (xi)
SEQUENCE DESCRI PTI ON:  SEQ NO 1: CTAGGTACCT

st iesvon kst BN AEARDIESIE . HEROI N

ARSFRMMALGN OB 35@ | redendel of SN for restriction
- CHARACTERI STI CS: (A) 'LENGTH: 18 base pairs (B TYPE
eotyBesinpAT11Z)and mmsvﬂls('l’rgﬁ"ec{l@)et

Ill‘geeai) aﬁlﬁl‘% d’\/DoECULE TYPEngngA § : F 'R% C;{EgTI I@h
5 )l mtll sofin oF @ﬁﬁgﬂ 145t

. DESCRI PTI O\: SEQI NO 2:- 85 TACCT CAAC CTCAAGCT 18

ém;gmﬁﬁm‘onm ElfeSRpjuRinG elgctroporation or transformation

(Tneu~Cuot étal (1991) Gene 106 21 ‘'Wirth etal ( 1986).! Bactenol 165,
83 1; 8 s

10 (1) Animal model
A Targe numbet of ifisertion mutants are analysed for random integration of
the _plaémid by isolating DNA from transcipients, restriction enzyme
" “digestion and Southern hybridisation. Individual mutants are stored in the
_ wclls of microtitre d:shes and complcxlty and size of pocled inocula.are :
15 opnmxsod priot fo screening of the mutant bank. Two different wiodels- of
s mféctxon causcd byE. faecahs aré employed: Thé firstis a well established
rat modcl of endocarditis, involving tail vein'injection of up to 10° cfu of
- E faeca!zs mto aniriials thaf hiave a catheter mscrtcd across the gbrtic valve |
(Whitman ¢f al (1993) Ammucrob:at Agents and Chemotherapy 37, 1069) -

20 ':"Ammals are sacrificed at’ various times aftér moculatwn and bactcnal -

R -‘vegetatwns on the aortic valvé are excised, homogenized -and ‘plated to

ctil'ture'liiéﬂi'u;in? 10 récover bacterial colonies. Vindlent bacteria are also
| recovered from the blood at various times after moculatlon ’I‘he seconid
: "model is of pentonms in mice, following infraperitoneal: injection of up to. 7
25 L10%chiof E: Jaecalis (Chienowéth-et al €1990) Ahtimicrobial Agem.t and o
' Chemotherapy 34. 1800) As witﬂ the S. pneumoniae model, preliminarjr, '

" experiments are done 1o establish the ‘optimum complexity ‘of the’ pools and' S

'-"the opumum moculum fevet.: pnor fo screcnmg ‘the mutant™
o 7bank FE ' :



(1) SEQUENCE CHARACTERI STICS: (A) LENGTH: 18 base
pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:

single tt (D TOPOLOGY: linear i:. (ii) MOLECULE
TYPE: cDNA (iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE:
NO (vi) ORI G NAL SOURCE: (A):ORGANISM Synthetic

ol i gonucl eotide (xi) SEQUENCE DESCRI PTION. SEQ I D

NO: 33: CATGGTACCC ATTCTAAC 18 (2) | NFORVATI ON FOR SEQ
ID NO 4: (i) SEQUENCE CHARATZERI STICS: (A) LENGIH. 18

base pairs - - - (B) TYPE nucleic acid (C
‘ ST%NDEWETﬁ:w%cﬁQiﬁnuﬁ@)quﬂDO-OGY linear (ii)
- MOLECULE TYPE: ¢cDNA (iii) HYPOTHETI CAL: NO (iij)

ANFROIHRSHE DG Aanking fhoishtc ORIRABMEOBOERGET 12 ushoite E. coli

oS a?i‘ff@?é“ 5 Rl P bl ek o oA R ofghe

( 2roth itfof\Crestriction) eRbfehdNGR the vector.
CHARACTE | STI CS: %p NGTH;, * 18 base: pa| rs B) TYPE
53 nudhereforsPNA from SrersrabeonERmerest argdig wniy:m

: l | nr?z‘ymcs self-lxgatcd transformed into E. coli and scquenccd usmg primers
based on the-sequences adjacent. to the.ar sites on the plasmid. A genomic
DN A hbrary of E. faecalis are probcd with sequences of i interest to: identify

: mtact coples of virulence genes ‘which are then sequenced.
10 -

Example 7; Identification of virulence genes in Pseudomonas aeruginosa

) (a) Mutagencsw L

15, Since transposon TnS has been used by othcrs to mutagcmsc Pseudomonas '-

-aeruginosa, and the ‘mini-TnS derivative that was used for_,tlge;@g:q_t;ﬁcauon.

. of Salmonella typhimuriun yirulence genes (Example 1) is roparted to have

~-broad -wtilisation among . Gram-negative bacteria,. including. _several

“‘pseudomonads (Dcl._.orenio and Timaris (1994) Methods Enzymol 264,

20-. 386), a P. .aeruginosa mutant bank is constructed using our existing pool of
. signatu-fq_ tagged. mannS transposons, by, conjugal transfcr _;df_f,t;!g,suie'id'c. -
_vector to.one or more virulent. (and-possibly m-ucdid) recipienf strams This -
- approach represents. a, _significant fime savmg Othcr dcnvattves of Tny

«designed specifically for.P. aeruginosa mutagenesis (Rcl!aetal (1985) Gene - -

25 33,293, may alternatively be employed with the mini Tn3 . transposon..

~{b) . Animal model and virulence- gene. 1dem1ficat10n

. The bank .of P.. aemgmosa insertion mutants, is scrcencd for attcnuated, :
v:rulcncc m-a._chromc pulmonaryz mfectwn model in rats. Suspensnons of

30  P. aeruginosa cells are introduced into a bronchus following tracheotémy, - - -

N ;‘ ‘»ff“,\“\‘




(ii) MOLECULE TYPE: cDNA (iii) HYPOTHETI CAL: NO
(iii1) ANTI-SENSE: NO (vi) ORI G NAL SOURCE: (A)

ORGANI SM  Synthetic oligonucleotide (xi) SEQUENCE
DESCRI PTION: SEQ ID, NO 5: 86 CTAGGTACCT ACAACCTC -
18 (2) I NFORVATION FOR SEQ ID NO 6: (i) SEQUENCE
CHARACTERI STICS: (A) LENGIH. 20 base pairs (B) TYPE

~nucleic acid (C) STRANDEDNESS: single. (D) TOPOLOGY: "

i near MOLECULE TYPE: CDNAeg(iii) HYPOTHETI CAL: NO
ANTI - SENSE: NO (vi) ORI A I\IKE S(lJRCE [ (A) ORGANI SM

BB AR M R ORI i

IIMEQRM&EI MRRTHORB&EtERIA RrdN@coverediby Iﬂ&ﬁlﬂl@g homogenates to
RACTERI ST CS (A) LENGTH., 21 base pairs (B) TYPE
aofl scqpengortags-from thase age usqs) torprabe

Sehes Fb*éﬁm%ﬁﬁ%ﬁn B )ft&wmﬁéﬁw

the mutant bank to virulence tests in a model of endogenous bacteremia

- (Hirakata et al (1992) Antimicrobial Agents.and Chemotherapy 36, 1198),

~__and- cystic fibrosis (Davidson' er al (1995) Nature Genetics 9,.351) in mice.

- Cldp_inﬁ* and: sequencing of DNA flanking the transposons is done as

15

described in Example L. Gcn'omi‘é DNA libraries for the isolation and

scquenmng of i intact copies of the genes ate constructed in the laboratory by
standard methods '

“ay - Mutagenesis

" “The functional eqiuvalent of transposon- mutagenesis in fungi.is- restriction:

20

“enzyme mediated” mtcgrauon (REMI) of transforming DNA (Schlestl and
Petcs (1991) Proc: Natl, Acad. Sci. 88, 7585): In this proccss fungal cells
are transformed with DNA fragments carrying a seiectable mgrkex_' in the

presence of a restriction enzyme, and single copy integrations occur at

- - different genomic sites, defined by the target sequence of the restriction V;_

-enzyme. REMI has already been used successfully. to isolate virulence

genes of Cocliliobolus (Lu et af (1994) Proc. Natl. Acad. Sci. USA 91,

©12649) and Ustilago (Bolker et al (1995) Mol. Gen. Genet. 248, 547), and

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. fumigatus genome. Sequence

_tags-are introduced info -a convenient -site in one ‘of two vectors for
. ~hygromycin resistance, and- used to transform a clinical isolate of A. "

Jumigatus.



(A) ORGANI SM Synthetic oligonucleotide (xi)SEQUENCE
DESCRI PTI ON: SEQ I DNO 7: GCACTTGIGI ATAAGAGICA G 21
(2) INFORVATION FOR SEQ ID NO 8: (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)
(iii) HYPOTHETICAL: NO (iii) ANTI-=SENSE: NO (vi)

ORI G NAL SOURCE: (A) ORGAN Sy Partjal sequence of
Sal nonel | a typhi xaurium virul ence gene -- - --------

GGI@ -~ Asimal %ﬁﬁéﬁwvi?ﬁﬁﬁ& EhHMeniiBGudda NO. 78:
TAATG TACGGEGCATG TCG ATAACTCCGG CACGCAAATC

GCCORRCEBATAI080 - makLAGET mrgmmmm ®ieedn particular

R e AL W S B
CA%WWATTATGTT A@g%%c%c% with up

SAGIBGTRUICONTCBNITPOrexGIT) \@Ad ACRBICRT TAIEADOmut)s are
CARRvPEH S Carys Py RERERe o s&qﬁa&ngﬁp tg inpgylate liquid
Y

TO-J’&%%C' é‘g?ﬁ? (“%’ﬁﬁ@%ﬁ[‘}g YPE: h genWi.l  DNA is
(i |ax)rabt¥3(ﬁ6HEﬁipﬁﬁbaud‘sﬁmd labellinig of) tagd\tid pﬂﬁdSEﬂoﬁpblots of

- DNA from the.pool of transformants compnsmg the inoculum. DNA from:

10 the regions flanking the REML mscruon points are cloned by digesting the

transformant DNA with a restriction enzyme that cuts. outside the REMI

“4.‘»?'.\1
‘u/"

vector, self !igation- and transformation of E. coli. Primers based on the
: knoWn- sequence. of. the plasmid arc used to. 'detertﬁitte the. adjat:ent A
_ﬁ:ngatus DNA sequcnces To prove that the insertion of the vector was ™ .
15 the cause of the avirulent phcnotype the recovered plasmid is recut w:th the |
. same restriction enzyme used for clomng, and transformcd back inta thc'
wild-type A. fumigatus parent strain. . Transformants that have arisen by

. homologous recombination are then subjected to. virulénce tests.

.

P .
O N
A 5
M

20



10

15

(vi) ORIG NAL SOURCE: (A) ORGANI SM Partial sequence
of Sal nonella typhimurium virul ence gene (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 9: GCGCGGACGC
TAGTGTGGTG GGTGACAGCC AGACGTTACC GAACGGGATG GGGCAGATCT
60 GITGCCTTAC AAAAGACATG GCCCATAAGG CCCAAGGTTT
TGGGACTGGA CGITTTCECG 120 GGCAGACAAO GTATCTCTGT
CTTATTAAAA TGIGICCTGC TTCGGCATATGTATCGAACC 180
CTCGGAGCAA AGTCGITTGG GCGCAEAATT AGTACGTITTG GGTCGGTTGC
TGTTATTCCT 240 TGGCCTTGGA AAAAGAGTGC CAGCGTGAAG
FUFERENCERFNGATHR RrISRmpT4P00, (2) | NFORVATI ON
FOR SEQ ID NGO 10: (1) SEQJE : RACTERI STI CS: (A)

LENGTH: 300 base pairs - - (B) TYPE nucleic acid - -

bdsibel I Moo R AP, K8 Mgy Rl g, 0,

(I'G' )sml 1 ZENR s&m K. agsvxwm:mwmw-

ORGANI'SM  Parti al sequence of Sal nonella
tB}gbgpuNcwnYovk.rldtmnWelegeaud §ous) - SEQUENCE - DESCRI PTI ON:
SEQ I D NO 10: CACTATAGGG AAAGCTTGCA TGCCTGCAGG
TCGACTCTAG AGGATCTACT AGTCATATGG 60 88 ATTGCACTTG

- ButRiReAN. ?CAH@T}J&T@J AGABATYCEnCHBHFROMEA(IMBY ATCTTT
120 TTCCGGTGCT

CGACGCCATWAC CACAGACTTT
e aTutaRl of actyrhires avirulen

AT SO O %@%@@%@%@eﬁ&c

WTTTG 300 (2) -1 NFORVATI ON.FOR SEQ ID NO 11: (i)
SEQUENCE CHARACTERI STI CS: (A) LENGTH 300 base pal rs

‘Carter, P.B. and Collins, F.M. ( ]9_74) ‘The mute of enteric mfccuon in
normal mi'ge'.--J. Exp Med. 139,'1-1-89-.1203.- |

_ de Lorcnzo V and Tunrms, K:N. (1994) Analysns and constructmn of

stable phenotypcs in Gram-negative bacteria with Tn5-and Tnla-dcnved
mlmtransposons Methads Enzymal 264, 386-405.

de Lorenzo, V., Herrero; M., i-akubz,ik,.u-. fand_-'rimm;s,a-K‘LN-.:i(i'g'on
Mini-TnS$ transposon derivatives for insertion mutagenesis, promoter -

probing, and chromosornal insertion of cloned DNA in gram-negative -

eubacteria: J. Bacieriol, 172, 6568-6572.

" Fields, P.L, Groisman, E.A. and Heffron, F. (1989) A Salmonella locus

that controls resistance to microbicidal ‘proteins from: phiagocytic cells.
Science 243, 1059-1062; - |

Finlay, B.B., Starnbach, M.N., Francis. C.L., Stocker, B.A., , Chatfield,
S. Dougan G. and’ ‘Falkow, S. ( 1988) Identification and charactenzatton'

of TnphoA mutants of Salmonella that are unable to pass: through a



(B) TYPE: nucleic acid (C) STRANDEDNESS: double (D)

TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genoni c)

(i1i) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi)

ORI G NAL SOURCE: (A) ORGANI SM Partial sequence of

Sal monel | a typhi nurium virul ence gene (xi) SEQUENCE

DESCRI PTI ON: SEQ I D NO 11: TGCAGGCCGA CTCTAGAGGA

" TCCCCGGGTA CCGGTAATTT CTTTAACCTC GCATCCCGGT 60

GGATGAAAGG ATATTCTGGEC TGCGTAQETA ATGAATGAAC CGCCCAGTAG

ATAAAATATT 120 GAAAGIGATA ACCTGATGIT TTAATAACGA ,

A SRR MBS R e, A Mt B T o
CAGGTTATTC AAACTATCGA

CCGGTGGTCC 240 AGGCGGGAAT TTTTCCACTA AATGTAGGTG

L

C"W% EE‘P virtlenb& DEGTCHIS 2 ranbaipional repulagd). PropE:
nucl ei c aci E STRAN DNESS double (D) TOPCOLOGY:

| i btk Adad) 86,1705-7¢NA (genomic) - - - (iii)

HYPOTHETI CAL: NO (iii) ANFI-SENSE NO -(vi) ORI G NAL

SOURCE: (A) ORGANI SM Parti al qitljence of Sal m)n_el la
5t y @hiotamtdny rE. A. vandtﬂehnm,gﬁnélﬁ%)) eFtubrceme a pathogen.

DE CRI PT| ON 12: CCTGTGATTC CGGATGAAAT
| RAK@%‘GQ@&?@@NTGCTGA AGAATACGCT 60" y 89

.Groisman, E.A. and Saicr, M.H., Jr. ('1990) Salmonella vgrulencq; new L

clues to intramacrophage survival. Trends Biochent. Sci. 15, 30-33.
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mutagenesis in Escherichia coli and Haemophilus mﬂuenzae type b

following conjugative transfer. J. Gen. Microbiol. 138, 509-515.

~ Mahan, M.J., Slauch, J.M., Mekalanos, J.J.-(1993) Selection of _badgcf_iﬂ_
virulence genes that are specifically induced in iho&;}igues._ Science ‘259.,‘7'
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RN

GCAAATGGTA AGCTTGTAAC TTTTGGGTAT TGITCCAACG CATGCTGAAA
CGGGTTATGG 120 ATATATTCGI CGCGGTGAGT TGATAGGAAA
TGACCCTTAT GCAGIGECTG AATTTGIGGA 180 GAAACCGGAT
ATCGATACCG CCCGTGACTA TTTCAAATCA GGGGAAATAT TACTGGCCTA
240 GCGCCGATGT TTTTATTTCG CGCAAAGCCC TTATTTAAAC

wo SSSIAAACG TATCTATCAC 300 CCCCAAATTC ATACAGECIfGBhSRTS

0

15

324 (2) I NFORVATION FOR SEQ ID NO 13: { (i) SEQUENCE
CHARACTERI STICS: (A) LENGgB: 292 base pairs (B)
TYPE: nucleic acid (C) STRANDEDNESS: double (D)

Ti@ﬁﬁrO@Y MhiirgaD {H&MX&IEC@EJM%&, Wﬂe&ﬁf&;rﬂ)c knd
i) ' HYPOTHETI CA

ANTI - SENSE: (vi)
l(EﬂNALG SORE: Is()lA)loﬂ)é&\ Wtﬂdasal@em%ce of

AP oIRgng el uaber R IR o S0t

@543 GTAAAC ACCACGCTTG CCAACACTAA AAAACGATGC 60
TTGCCGTAAA AAAATTGAAC GTTATTTACT TAATACGCCT ATTTTATTTA
CATTATGCAC . 120. GGACAGAGEG TGAGGATTAA ATGGATAATA

ety Y s Mkt ST sl yleiyecdie i

U5 ICACARECUCtiA D 1%WmmaﬁTﬁﬁﬁﬁfﬁﬁlmﬁm
AGAGATTTAT TCCCCAACCACC 292. I NF MAT FOR SEQ

merprang profejns oleraq p)
EM sP aﬁo"ﬁ%‘@?‘gr i76,5’§7%g‘é§' e: anglr 709 (i)
MOLECULE TYPE: DNA (genom c) :

Sambrook 1., Fritsch, E.F. and Maniatis, T. (1989) Molecular cloning:
a labordtory manual, Cold Spring Harbor, New York Cold Sprmg
Harbor Laboratory

- Sanger, F., Niclden, S. and Coulson, A.R. (1977) DNA sequenci'ng with

chain terminating inhibitors. Proc. Nail. Acad. Sci. USA. 74, 5463-5467. .

Schiestl R.H., and Petes T.D. (1991) Integration of DNA fragments by
illegitimate recombination in Saccharomyces cerevisiae. Proc. Nail. Acad.
Sci USA. 88, 7585-7589. |



(iii) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO - - -

(vi) ORIA NAL SOURCE: (A) ORGANI SM Partial sequence

of Sal monella typhimurium. virul ence gene (xi).
SEQUENCE DESCRI PTION: SEQ I D r 14: TTTCCTTGCC
GTGACAGTCC GGGATGCGAG GTTAA TTACCGGCAC '
CAAACCTGTIG. . 60 GAGCHREAGABESEGIOBGCAG CTGCCTGACT

- CGTATTAGTC AATTAGCTTC AGTGCTGGAT. 120 90 AATGCGITAA _
(1) GENGAAAGMOAASHFAGTGCG GTGAGTGTAA GTATATACAC GCTTAAGTAT

180 GCCACTGCGA TGGATACCCA GTACCATTAT CGCGATCAGT o
CGCGTEGECSTT - TCCAGGGGTC 240 GCCTAGTGTA TTGCGTGAGA -
TGACTAABAKE : CABECTECH® 1AGETICATCGA CGAACAATGG 300  (2)
| NFORNATT 67 CRerapmyread tyOpuifgling,i D JarSEQWENCE '
CHA LCSo (N LENGTH: 297 base pairs (B)

TYPE{r) N BG1@ILCodts ?Z% RENDEDNESS:  doubl e (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genomic)

(A9 | THTLEVREOTNFEYICAN: INOnéifidat ANTlo£SENSE: NO - (Vi)

LR E. (A ORGANI SM Parti al sequence of
(ng;alérraone Ioaogﬁﬁl‘]ﬁ%ﬁ @ virul ence gene (xi) SEQUENCE
(1DESCREBTRIONASER: | REINO. 150 CATGAGTAAC CTACCCAACT

GT AARCTMEIAUCAAEATE AL T AYFAATCTTCTGCTGGTAA 60 .
AT GART GIOFRUTIRAT CBGANA cOFAAGTEAC ATAAGCACGC CATTACGTAA

AAGE W%SWWA@G@SWEFTTAA TAAGGGAAGT
AATA, EARREER TRARATRAMAA O 1 85 s BRCACATBEOAARO) )
ATGCAATAAG CCACTCATTT ACCTGITGIG CCATTCAACC ATGCTCTCCA £y

(2} INBORMATIONT @GH ABCATT MSECT GCCG GGTATAATTC AACAGGATAC
(}33TA¢K}J:A TGGGTAG 297
(1) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 89 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO =
{vi) ORIGIMAL SOURCE: '
(R) ORGANISM: Synthetic ¢ligonucleotide

(xi) SEQUENCE DESGRIPTTON: SEQ ID NO: 1:
CTRAGGTACCT ACAACCTCAA GCTTNKNKNK NKNKMKNKNK NKNKNKNKNK NKNKNKNKNK 60 )
NENKAAGCTT GGTTAGAATG GGTACCATE ' 59"
{2) INFORMATION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid:
{C} STRANDEDNESS: single
{D) TOPOLOGY: linear
{ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
o {iii) ANTI-SENSE: NO
{vi) ORIGINAL SOURCE: - =
(A} ORGANISM: Synthetic oligonucleotide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2:



(2) | NFORMATION FOR SEQ ID NO 16: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 184 base pairs- (B) .
TYPE: nucleic acid (C) STRANDEDNESS:. double (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c)
(iii) HYPOTHETICAL: NO (iii) ®NTI-SENSE: NO (vi)
ORI G NAL SOQURCE: (A) ORGANI SM Partial sequence
TACcTAOhSalaronatdm@. t yphi muri um _virul ence gene (Xi) 18
SEQUENCE - DESCRI PTI ON: SEQ I'D NO |, 16:
(2) INEQ RRIECORBAECATC SFAACCACTAT GAACAATCAT CTTCTGGGTG
é%A CG GCCAGCCTTG TGCAATATGT .
TAA 120 TCTCCCCATT
(TTTClﬁfoﬁﬁﬁ CEAGEFATS dACIIXTTGIITT CAATGGECCGG CTTAACAGCC
180 (CACAIRANDEBMESSO1sir{gdl | NFORMATI ON FOR SEQ | D NG
17: @P)T@¥EBENCEJ@HMRACTERISTICS (A) LENGTH:. 306
E: nucleic acid (C STRANDEDNESS:
‘1325@%%{ ‘gr%vc‘ig Y: linear (ii) MOLECULE TYPE: DNA
(ll(lge;[mlmﬁndm igo HYPOTHETI CAL: NO { (iii) ANTI-SENSE:
NO (vi) ORIG NAL SOURCE: (A) ORGANISM Parti al
(114 » QEARCEENSE: SEP nonel | a t yphi murium virul ence gene

{vi} ORIGINAL SOURCE:
(A} ~ORGANISM! Synthetlc ollgonucleotlde

(xi)'SEQUENCE DESCRIPTION: SEQ ID NO: 3:
CATGGTACCC ATTCTAAC ' : : o . - 18
(2) INFORMATEON FOR SEQ 1D NO: 4:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 18 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii}) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
{(iii) ANTI~SENSE: NO
_ (vi) ORIGINAL SOURCE: )
(A) ORGANISM: Synthetic oligonucleotide
(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 4:
TACCCATTCT AACCAAGC : S ER AR §: R
{2} INFORMATION FOR SEQ ID NO: 5:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 18 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi} ORIGINAL SOURCE:
S(R) ORGANISM: Synthetlc ollgonucleotlde

(%1} SEQUENCE DESCRIPTION: SEQ ID NO: 5:



(xi) SEQUENCE DESCRI PTI ON: SEQ ID NO 17: GAGGCGCGTC
TTCGGTTGAG. GGTCGCCCTC CAGATCTTTA TGCTCCTGIT TTACGTCATC
60 TTTACTCATT TTAAGATCTT TTCTAATCTT ATAATATTGA f
AAAGAATAGT CCAGTATGCC 120 AACGACGAAA TAAAGAAACA
TCACCCCAAC CCATAACCAT TTTTT ATGAAAGCAC 180
crncchAGCACCOCA CAGGCTACAC CACAGOCCGG AGGEEGCCGG AAAGTGCTGG
EATFCTHERPETS40 AATGAAAAAG GCAAAGGGAA GAGATAGGAT

(2) 1 AEATTATTCA 300 TCTTCG 306 (2)
PR G POR SEQTFDNG 18! (1) SEQUENCE |

CHARACTHERIEST G S cra Arr&ENGTH: 297 base pairs (B) TYPE:
nucIéBbIé@GﬂHrzo bafeChaSERANDEDNESS: doubl e (D)’

OT VAPEF sgde{q iapi®OLECULE TYPE: DNA (genoni c)
(|||X * sigpkq i) ANTI-SENSE: NO (vi)
ORl G “°AY ORGANI SM Partial sequenceof -

(fﬁlnnnmhﬁ@ TM@hIBMﬁQUH] virul ence gene ''-(xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO *18: AGITGCCGTA

(1 HTAFROUARTIREFCACCTCA GGTCAATATG GAGGTCTTCC
&%ﬁ% %%g TCATTGCTTT ACTAGAGATA TCACTCCCTG
CAETACGATTAGTTATCTTG -° 120 ATGCAGCCTG
(T CATTEIRAGARTREEAGCT" GACGTACCCG CGAGACAAAC ATTCTGGATT

180 (MTCRAGGFEA. HGAASECCAA JATAGEANG GTGGTGAAGT
GGTTGATGAA ATACCCCTAT 240  CCCTTGCATG TTATCGCTGA

(éﬁﬁ%ﬁ§%§¥%ﬁﬁ%§€E§A GﬁiﬁgCCTCG ATCGCCT 297 (2)
DO 18 82 (i) SEQUENCE
ccmma@ﬂ%%%ﬁﬂﬁ%ﬁﬁhcs (A) LENGTH 297 base pairs (B) TYPE
uclei c acid (C) STRANDEDNESS: doubl e -
(2) INFORMATION FOR SEQ ID NO: 7: _ '
(i) SEQUENCE CHARACTERISTICS
{A) LENGTH: 21 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii).MOLECULE TYPE: cDNA
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
{(vi) ORIGINAL SOURCE:
© {(A) ORGANISM: Synthetic oligonuclectide - -
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7:
GCACTTGTGT ATAAGAGTCA G
(2) INFORMATION FOR SEQ ID NO: 8§:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 300 base pairs
{B}) TYPE: nucleic acid
(€) STRANDEDNESS: double
{P) TOPOLOGY: linear
(ii)- MOLECULE TYPE: DNA (genomic)
(1iii) HYPOTHETICAL: NO
{iii) ANTI-SENSE: NO
(vi} ORIGINAL SOURCE:

(A) ORGANISM: Partial: sequence of Salmonella typhlmurlum
virulence gene

20

21
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} (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA

(genomc) (iii) HYPOTHETI CAL: NO (iii) ANTI- SENSE: NO
} (vi) ORIG NAL SOURCE: (A) ORGANI SM Partial sequence

of Sal nonella typhinmurium virulence gene (xi)
SEQUENCE DESCRI PTI ON: SEQ | D&O 19:
(xCPAGAGARAGHT SGADET G $65G CATAACGCCA GCAGTTTGAA
: AGATGAAAGC 60 CCAGCTTATC CAGCCATTCC GGTACAGCGT
GGTCTTWTG’ GTCAEARAG THINECATERA CACECARETT GCAARARBTA
GGTCGGECTCA AAAACGGGGT CTCAGGCAAAAATAGCCGAT
CTCATTE%W TE%@@&%%@@%WWM%W%@@WM@TC

T T AT T CoOOR AT ARG SR D 2y

CCARCGHNRORMATIOCK & GRCSEAARD NACcRAARY IC)aTcS%AIEN@ETTACCGGC
CHARACTERI STI CS:. ‘EPgA) LENGTH:. 298 base pairs (B)
ATTATCENRBEAARATRAEEC ASEFEFRES TRARPRINESE HEAER @CCER)TTAT
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c)
(2) TnfdriinkToRYRORHEY €ALio:NG. (i i) ANTL-SENSE: NO (Vi)
ORI G NAL SQURCE: (A) ORGANI SM Partial sequence of
(BalSHFORHENJEa CEARMITARASTIGS vi r ul ence genée. (xi) SEQUENCE
DES E%gfﬂ i frasﬂomw AGGGCTTTAT TGATTCCATT

TTT. TGCGCTGC. - CCGGATTACA - 60-
Hoed1.6ehA GCAGAAC CGAGCCAGGA
GCAAATTAATTTTTTTGEEC 120 ' , _
(L IRATPEETGRARGET GRRCCAenIECACCAGTA ACGCCAGTIGC -
- TATGI. ' 180 TGACCAGACA AATAGATTAT
(nlﬂzT&{%e%T CGATTATCTT GICAGAATAT 240
(i1 GAGEE S atEs ATSGCAAGCGCTTAATAAGC TGGGTAACAT GGCATGAAGG

GGCAACCC 298 ~(2) | NFCRVATI ON FOR SEQ I D N 21:
{vi} ORIGINAIL SOURCE:
{A) ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9

‘GCGCGGACGC TAGTGTGGTG GGTGACAGCC AGACGTTACC GAACGGGATG GGGCAGATCT

GTTGGCTTAC AARAGACATG GCCCATAAGG CGCRAGGTTT TGGGACTGGA CGTTFTTCGCG

‘GGCAGACAAC GTATCTCTGT CTTATTAAAR TGTGTCCTGC TTCGGCATAT GTATCGAACC. :

CTCGGAGCAA AGTCGTTTGG GCGCAGAATYT AGTACGTTTG GGTCGGTTGC TGPTATTCCT

TGGGCTCGGA AAAAGAGTGC CAGCGTGAAG GAGTGGGATT TGGCAGACTG GCCGCCTAAT

{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 typhlmurlum
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

60

120

~180

240

300

60

120

180"

240

300,



(i) SEQUENCE CHARACTERI STICS:. - (A) LENGTH:. 298 base

pairs (B) TYPE: nucleic acid 93 (C) STRANDEDNESS:

doubl e (D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA

(genomic) (iii) HYPOTHETI CAL;, NO (iii) ANTI-SENSE: NO

(vi) ORIG NAL SOURCE: (A) | SM Partial sequence .
CACTATREGGSAPRSIISGE A TCZETHARGG] TIBACYCTAY ARGErCIROE AGTCATATGG 60 -

- NO 21: CACTATAGGG
T A T A A TR ACOAGISATCTACTCAGIORT AT G 120

‘ AGCG %%T _ _ .
TTCCGGWC@CCATAACG 12%;’&‘%%@@%(;&%%““ 180
TGGCARPFICEAGETFATCEAGLIAECT CORETACAG  RETAARRASGAGE R 2k 240
TGOCAG AAATAACGAT AAAGTTGCAA CACCTCGGGA TCAGGTCGGC
AGCGA P GO SFERE RATCA AR THGSCTCAT CAGCATIZTG 300
CCCACTCCTA ATAACAGTCC TGTCAACG 298 (2) | NFORMVATI ON
(2) " INFOBRASESY [FD o 28n0: (1) SEQUENCE CHARACTERI STICS:  (A)
LENGTH. 301 base pairs (B) TYPE nucleic acid (Q
{STQAMEQQRAQWSQIW D) TOPOLOGY: linear (ii) _
MOL WE”WS Ié"h’d??l c) (iii) HYPOTHETICAL: NO
(||| VI) ORI G NAL SOURCE: - (A
néggquence of SaInDneIIa typhlnurlun1

V|rulence ene
{ii) MOLECULE TYPE DNA {genomic)

(iii) HYPOTHETICAL: NO , B Ty
(iii) ANTI-SENSE: NO
(vi) ORIGINAI, SOURCE: '
(R) ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene -

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

TGCAGGCCGA CTCTAGAGGA TCCCCGGGTA CCGGTRATYT CTTTBACCTC GCATCCOGET 60

GGATGARAGG ATATTCTGGC TGCGTAAGTA ATGAATGAAC CGCCCAGTAG ATAAMATATT 120
GAAAGTGATA ACCIGATGTT TTAATAACGA TGCAGGATAT ACATATAACA TGCTGGCATC - 180
AABCCAGGTA AGCARATCAT ATTGTGCTGC CAGGTTATTC ARACTATCGA CCGGTGGTCCrF" 240
AGGCGGGAAT TTTTCCACTA AATGTAGGETG GGATCAATGG GCTAATTGGT ATAGGCGGAT 300
(2) INFORMATION FOR §EQ ID NO: 12: E : , igﬁﬁ

(1) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 324 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

{iii) HYPOTHETICAL: NoO

(iii) ANTI~SENSE: NO

{vi) ORIGINAL SOURCE: |
(A) ORGANISM: Partial sequence of Salmonella typhlmurlum 7

virulence gene

(xi) SEQUENCE DESCRIBTION: SEQ ID NO: 12:

-CCTGTGRTTC CGGATGRAAT AGCTTTTACG AAAGCTGTCA GACNTGCTGA AGRATACGCT  © - 60



o

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 22; CCCCCCCCCT

TCTCCTGGECT TACACAGCCCCAGACCGEECG CT GGAAAAGG CCATTCCCGEC

60 CATACAGGAG GCCAGCAACA TATTTTCACG CGECCECCAA

TCGTGGCCGT' AACCCACGEC 120 TTICGGECAGC GATTTGCCAA

TCATCGCTATCGCGCCAATC~. GCCA GI' CGGTAAACGG 180 .
GCRAARKCGT R HECT I 67 rACCI TP TR AR AR ChibA LS lCeceTTaTGe 120

AACGCATCGA: ~TACCGGTCAT' 240 CGCCGTCACG TTTGGCGGAA ,
ATATAICEC CRCEENGAGA CITARAGEIA AT CANGAATAIGC GCEATGTCEC@B T306TGAE 301 180

GAAAC%’&&ITN m%E@Gg%T%E 15 I\Ip%ééﬁﬁ%lleﬂ)Taﬂél %TG%%STA '246

GCGeeGhYBE TRYRt e Afinfaddlek 5@%@%%&%%3“%§§&TAX%@Q'thc&£»CAc 300
TOPOLOGY: linear -- - 94 (ii) MOLECULE TYPE:

CCCCANRGBR GYTREAGHTE] JGHHYPOTHETI CAL: NO F (iii) ANTI -SENSE 324

)TI

s A) ORGANI SM Parti al
@) I@lg 8& ORI G NAL SOURCE: (A)

%F{§%?H€n@?1&3typhlnurlun1 vi rul ence gene
(%1 JEcBEQMENGE DESERIAELON.  SEQ | D NO. 23:  OGOGAAGGTG
CGCOECANGTE TR 19951 GhatC pGaTGAATTGC AGTTTGACGC CGCTTTCGIG
60 CCCENEGTUB:IEEECECEAAAA AGCGCCTGAC _
A AERRISOECETPEAACGTGATG 120 ATTTTCCCGT
%L%AAWT GGCTACAAAAT CACT CAGCGT CTGGGAGGC.
(138 0uosoTAT GFEECTSS, LOOEQGOCT AATTCAGGGS CTTGEOGOGE
CCCIT CACGACCTCTOOOG&IZ4O GTAGCG TGCAGGAAAT
(1IHNMJBNN@mGC€EEmEEEWGA GAAAACCAA 289 (2). | NFORVATI ON
FOR SEQ.ID NQ. 24: (i) SEQUENCE CHARACTERI STICS: ---
(iii) ANTI- ENSE NO )

(vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION SEQ ID NO: 13:

TTACTARACA GGGCCCCGGA CCATGTAAAC ACCACGCTTG CCAACACTAA AAAACGATGC ' 60

. TTGCCGTARA AAAATTGAAC GTTATTTACT TAATAGGCCT ATTTTATTTA CATTATGCAC . 120
..GGACAGAGGG TGAGGATTAA ATGGATRATA TTGATAATAR GTATACTCCA CAGCTATGTA 180
ARATTTTGGG GGCTATATCG GATTTGGTTG TTTTTAATTT AGCCTTATGG CTTTCACTAG. 240
GATGTGTCTA TTTTTTTTGT GGICAAGCAC AGAGATTTAT TCCCCAACCA cc. 1__.- '_”‘ 292.

(2} INFORMATION FOR SEQ ID NO: 14
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
{vi}) ORIGINAL SOURCE: T
“{A}) ORGANISM: Partial sequence of Salmonella typhlmurlum. .
virulence gene o
(x1) SEQUENCE DESCRIPTION SEQ ID NO: 14:
TTTCCTTGCC GTGACAGTCC GGGATGCGAG GTTAACGAAA TTACCGGCAC CAAAGCTGTG _ - 60 -

GAGGTGAGCG GTGTCCCCAG CTGCCTGACT CGTATTAGTC AATTAGCTTC AGTGCTGGAT . ‘12Q'



(A) LENGTH: 303 base pairs (B) TYPE: nucleic acid (C)
STRANDEDNESS: double (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genbmic) (iii) HYPOTHETI CAL: NO -

- (iii) ANTI-SENSE: NO [[] (vi9 ORI G NAL SCURCE: (A)
ORGANI SM Partial sequence od”Sal nonel | a typhinurium
AATGCQATAY| BPRPACEHRe AGACAGTGCG (REIGCTSEGUENGEADRSCREEHIANATSEQ 180

"' COCCCTAGCA TGCCTGGECGT TGICCGGTTA ‘
o A ARG AR CERPUROET. B COMOIGERERGTS 240

. GCCTAGTECRANHGAT 6 AdrCHhGATA CTAL gﬁ:rcﬁzulc e 300
) GIGATGACTT~ 120 ATT%TACGA @A@@%

TAAAAATGGG TTACCCGCAT GCTGAAGTAT 180 CCAGCGAAGG
(2) IW@E&@E@WMW@A@T@TM ACAAATGGAT. CAGCAATGGC
CTT GCAGATATTC
e ég[ GTCACT 300 CTC 303 (2)
EQReSEaQaél 25: (i) SEQUENCE
CMRAUTERR}STDE@ESS (é«)ubllENGTH 300 base pairs (B)
TYPEPINHEPEOEY aciigear - - - (C) STRANDEDNESS: doubl e

| inear MOLECULE TYPE: DNA (genomi ¢)
(ng)M%L%Eké BE R g (iii) ANTI-SENSE: NO (vi)
(131OR GIRMLETQIRCE (A) ORGANI SM  Partial sequence of

Sal monel |1 a typhi murium
{iii) ANTI-SENSE: NO

{vi) ORIGINAL SOURCE:
(A) ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene:

 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

CATGAGTAAC CTACCCAACT GTAATCTTTA CCAATATGCA,TCATAATCTT-CTGCTGGTAA &0
ATGATTGGTA ATATCGGAAA GGTAAGTGAC ATAAGCACGC CATTACGTAH AAGTGCGGCC 120
CCTAAACTGC CACTTTTTAA ‘TAAGGGRAAGT AATAARGADR GGCTCAATGG TCGAATAAAA 180
GCCACAGCCR ATGCAATAAG CCACTCATTT ACCTGTTGTS CCATTCAACC ATGCTCTCCA 240 -

ATTCGTARCA TTATCTGCCG GGTATAATTC AACAGGATAC CGCTAAGCCA TGGGTAG 297
(2) INFORMATION FOR SEQ ID NO: 16: '
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 184 base pairs
(B} TYPE: nucleic acid :
(C) - STRANDEDNESS: ‘double
{D) TOPOLOGY: linear ’
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella. typhlmurlum
v,trulence gene

(x1) SEQUENCE-DESCRIPTION: SEQ ID NO: 16: -

ATTCCAGCCC.- CCGGGCCATC TAACCACTAT GAACAATCAT CTTCTGGGTG GACAATCATT - 80

GGTACCATCG GCCAGGCTTG TGCAATATGT ATGTCATCAC GTAAAAGCGC GGCCCCTTAA. 120 -

TCTCCCCATT CTTCCTTAAG GGCAGTTATC ACGGCTGGCT CAATGGCCGG CTTAACAGCC 180

ACRG. R | S - 184



2

|

virul ence gene (xi) SEQUENCE DESCRI PTI ON: SEQ I D. NO
25: CCCTTCCCAG GCTCGACAGG TACACAGCCA GCCACTGGTG
CAGGCAGTTA CTTCCTTTCA 60 TCATGGGAAG GAGCAATATC
CTGATATATT AAAGAAAGAG CGGGATCCCC TTTCTTTACT 120
- GCTGCTAACG TTTCTTGCAA AATGCGPIGA TGAGATTCAT CCAGCACACC
ACTGATAACA 180 AAAGAGCGCC GCATTGGCGT AACATTGACA
(2) INCREEGATTARAMEESFETHJ.C1TATTATCGCA 240 GAAATAATAT
CATCCCCCTG AGACTGATGA GAGTGACTAT TCTGCCAGCG CAAATAACCC
(300SEQYG Z)MWGMMC&\I FOR SEQ I D NO 26: (i)
> RAK@'ﬁERF%TP@SES (A) LENGTH: 303 base pairs
ggmgg@sgcag‘i}lg (C) STRANDEDNESS: double (D)
roB ﬁaﬁigéé MLECULE TYPE: DNA (genomni-c)
HYPOTHETI CAL: NO - (iii) ANTI-SENSE: NO (Vi)
(iml MELROULESOURCE DA A)gcORGANI SM Parti al sequence
-Sal monel | a typhi murium virul ence gene (xi)
‘“étdﬁé’ﬂ&@%@ém | ON: SEQ ID NO 26: ATACCGAGTA
(151 T AAPPCRGECTGT AACATC GTCATCC AAC AACATACGCA
GCGAGCCGCC 60, ACGCCGGAAA AACCGCATCG TGTCATGTGC
(vET GRIGTWGGSAMEEGGTCTT TTTTCATGAG 120 TACGITTTCT
- GCGOPATEICRNASITGEANATFET FECGOCEATT STACTEATAAGPEOCFGREAGT
180 TGGGFAREXSRCEATAGTTAAG CTCCTGAGAC ATTTTTTGGA
- ATGGTTATCT TTCCCCGACT 240 CATAAAATCG GTATTCCCGC -
(xT CEUGOERAT pATECAMGACSEETILT 86T GG : CCOGTAGGGCE 300  ACC
" 303 (2) INFORMATION FOR SEQ ID NO - 27: - - (i)

GRGCCCERIRUENEES TCHARACTERFCS T CEACATAY TTAEMGTFECTSTD W&@%Tcﬁ‘a‘pr s - 60‘
TTTACT&ATTb lT TAAGAT(::@ TEX?E&T&H%PAACTA@%IQ ﬂém%lgﬁ%%%c 120

ARCGACGAAA TAARGARACA TCACCCCAAC -CCATAACCAT TTTTTCAATG ATGARAGCAC 180
. BAGCACGCCAR CAGGCTACAC CACAGCCCGG AGGGGGCCGG AAARGTGCTGG GATCTTGATT 240
. BATGAAAAAG GCARAGGGAA GAGATAGGAT GATGCATGCT GGTTGGAGGC AGATTATTCA 300

TCTTCG ' Y , o 306

~ {2} INFORMATION FOR SEQ ID NO: 18:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 297 base pairs
(B} TYPE: nuecleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
{ii} MOLECULE TYPE: DNA (genomic)
(111) HYPOTHETICAL NO
(lll) BANTI~ SENSE NG
{(vi) ORIGINAL SOURCE:
{A} ORGANISM: Partlal sequence of Salmonella typhlmurlum .
Vlrulence gene

¥xi) SEQUENCE DESCRTPTION: SEQ ID NO: '18:

AGTTGCCGTA TTTATTAAAT‘ATTCACCTCA GGTCAATATG GAGGTCTTCC CGGCTAARAKR. - 60

TCATTGCTTT ACTAGAGATA TCACTCCCTG GGITGCAATA CAGTACGATT AGTTATCITG ' = 120
ATGCAGCCTG CTGATTTCAG AATGGCAGCT* GACGTACCCG CGAGACAAAC ATTCTGGATT 180
ATGGACGTTA. TCARCGCCAA TATAGGGARG GTGGTGAAGT GGTTGATGAA ATACCCCTAT * < 240
CCCTTGCATG TTATCGCTGA CAGGACTGIT ATCAGGAGCS GGCATCCTCG ATCGGCT 297

(2) INFORMATION FOR SEQ ID NO: 19:



(D) TOPOLOGY: linear (ii) MOLECULE TYPE:- DNA (genom c)
. 96 (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: "NO
(vi) ORIG NAL SOURCE: (A) ORGANI SM Partial sequence
of Sal nonella typhinmurium virul ence gene (xi).
SEQUENCE DESCRI PTION: SEQ I D K& 27: GCOGTATGCC
" TGCAGTTGCC CGGTTATTGC TCGTCAAGCG AACCGATGCC AAAGGTGAGA
b9 S €5 CHERAPURRCATIEREG GGTCATGTAT CGGGATGGTG
TAATCYGEECTHEAET T RTTG PPAGS  GTACGAGAAG TGCAGGATGT
CTTT A ‘fg%b TGCTGA AGTATCCAGC 180
GAAGECTEE T TTCACGAT GATATTCAAA TGGGTCAGCA
ATGGGGCAAG 240 GTTCAACCCC CACTTGCAGA TATTCCCCCC
CECTHOSFCIAT TTESCABAT TgeiGRCACTCTCA 300 (2) | NFORVATI ON
- NO 28: -.°° (i) SEQUENCE CHARACTERI STICS::
(liég%{ﬁﬁ&éﬁ%CAébdmbase pairs .(B) TYPE nucleic acid
(1106) T TRAMMEDNESS: double (D) TOPOLOGY: linear, - (ii)
MOLECULE TYPE: DNA (genonmic) (iii) HYPOTHETICAL: NO
(v@) | PHIGANHY SOENSE: NO (vi) ORI G NAL SOURCE: (A) .
ORGAKY SRACABAFN Zprsieduenaenot- oiSahmanedlliat yaitiAusidam
vi r ul ence "gEWERCRi YS"SEQUENCE DESCRI PTI-ON: SEQ I D NO
28: GGGOGACCTG' COCGCGGCGC AACTTTCCCC GAAGCGTTTT
(xCCARDTRCET DESCREPTAM T A0 1FRACCTIGEAAA GCTTACCTAA
cancacKCITGICTT GCCTATGTGA CAATACTGCT TGGAGAACAC 120 _
' AR ELTIT GRTTRTICEC TATAGAGATCCOTABOGEA TG IEERGRECGTG 40

ccacerMftORIct At rdBLaracacear aaceaccase Treccacana TAACGATAAA 120
GTTGCAACAC CTCGGGATCA GGICGGCTCA AARACGGGGT CTCAGGCAAA AATAGCCGAT 180
CAGGATGCCC ACTCCTAATA ACAGTCCTGT -CAACGATAAC ATCAACGGAT AAGGGTATTT 240

CATCAACCAC TTCACCACCT TCCCTTTATT GGCGTTGGAT ADACGTCCATA ATCCAGA 297
(2) INFORMATION FOR SEQ ID NO: 20:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 298 base pairs
{B) TYPE: nucleic acid
- {C} STRANDEDNESS: double
{P} TOPOLOGY: linear
(ii) MOLECULE TYPE: DﬁA {genomic)
(iii)_HYPOTHETICAL: NO
{iii)} ANTI-SENSE: NO
(vi} ORIGINAL SOURCE: :

(A} ORGA§ISM: Partial sequence of Salmbnelia typhimurium
virulence gene S ‘

(xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 20:-

- AGGGCTTTAT TGATTCCATT TTTACACTGA TGAATGTTCC'GTTGCECTGC*CCGGATTACA: 6o
GCCGGATCCT CTAGAGTCGA CCTGCAGAAC ‘CGAGCCAGGA GCABATTAAT TTTTTTGGGC - 120
AATTGCTGRA AGATGAAGCA- TCCACCAGTA ACGCCAGTGC TTTATTACCG CAGGTTATGT @ ‘180
TGACCAGACA AATAGATTAT A$GCAGTfAA-CGGTAGGCGT-CGATTATCTT GTCAGRAATAT - 240
CAGGCGCAGC - ATCGCRAGCG CTTAATAAGC TGGGTAACAT GGCATGﬁAGG‘GGCAAccc o 298

{2) -INFORMATION FOR SEQ ID NO: 21:

{1) SEQUENCE CHARACTERISTICS: -
(A) LENGTH: 298 base pairs
{B) TYPE: nucleic acid

it
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|

TATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGA TAGAAAAACA
CCCCGCTTCA 240 ACTTGGATTT TGAATAATGI AATACGCAAT
CACCATACAC TATATTCGGG TGGCGTATAA - 300- (2)
| NFORMATI ON FOR SEQ ID NO 29: (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 9366 base pairs - - (B)
TYP d (Q ., STRANDEDNESS: double - .(D)
Eﬁb&%ﬁﬁgégfﬁ%gég&&meLE TYPE: DNA (genoric) -
(|||) HYPOTHETI CAL: NO 97 (iii) ANTI-SENSE: NO (vi)
(1 ORMOLBPILESOURCEDNA AlgefGANI SM Parti al sequence of
'Sal nonel |.a typhimurium virul ence gene (xi) SEQUENCE
(llBEé%ﬁP éﬂmgsﬁé ID NO 29: TTCGAGCTGG GGCACCGCTA -
é§TQﬂ¥;{T§E§§ CGICGCATCC CGGTGATGAA AGGATATTCT 60 - -
ENAATGAATG AACCGCCCAG CAGATAAAAT ATTGACAGTIG
(vATAACCGEAT sARQE: GTTTTTTTAA CGATGCAGGC TATACATATA -
ACATAGCTFCENCZRCEANGCAL AAUFGAAGFASA B ne NAT CATYFTGEH um
TTGCTGCCAGBETFACTTEAE ACTATTGTCC GGCGGGCCAG CGGGGATTTT
240 CCCCCTAAAT CTCGCTGGIT CTCAAA 266 (2). I'NFOR4ATI ON
(= FORESRERAdEDp MR 188 o - 58 (1) nSEQQJENCE CHARACTERI STI CS:
(A). LENGTH: 300 base pairs (B) TYPE nucleic. acid (O
CACTATEIRANTEIIESSh ﬂ@@gtﬁaﬁGG(TQGA¢t¢RHQOEﬁGAﬂCHFﬁﬂaﬂGF¢A$PTGG

nrscorf MR CTYEE BV LaEnam £lo, (1 T AIECTHETL AL N,

60"

20

ceacorERGANMSMATRRK ticabcaRGYenceattcrSaks@RahtRe coTanceace 180

t yphi muri unvi rul ence gene

AGGTTGCCAG ARATAACGAT ARAGTTGCAA CACCTCGGGA TCAGGTCGGC TCARARACGG ‘ 240

GGTCTCAGGC AAAHATAGCC GATCAGGATG CCCACTCCTA ATAACAGTCC TGTCAACG 298

(2) INFORMATION FOR SEQ ID NO: 22: -

-{i) SEQUENCE CHARACTERISTICS:
(&) LENGTH: 301 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(11i) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
" (vi) ORTGINAL SOURCE:

{A) ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence. gene '

(xi) SEQUENCE.DESCRIPTION:-SEQwID NO: 223

{2) INFORMATION FOR SEQ ID NO: 23:

(i} SEQUENCE CHARACTERISTICS:
(3) LENGTH: 289 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

CCCCCCCCCT TCTCCTGGCT TACACAGECC CAGACCGGCG CTGGAAAAGG CCATTC¢CGG 60
CATACAGGAG GCCAGCAACA TATTTTCACG CGCCGCCAGA TCGTGGCEET AACCCACGGC 120
TTTCGGCAGC GATTTGCCAA TCATCGCTAT: CGCGCCAATC: GCCAGGCTGT CGGTAAACGGV-- 180
CGTGGCETTG AGCGUGCTGT: AGGCCTCAAT CGCATGCGTC AACGCATCGA' TACCGGTCAT - ° gdd
- CGCCGTCACG TTTGCCGGAA CGCCTTCGGT CACGEAAGCA TCAAGAATCG CCACGTCCGR _ 300
C o - S SR 11



Xxi) SEQUENCE DESCRI PTION: SEQ I D NGO 30: AGICTACGAT
%TC%CTA%%TVCTTCTCTTAA TCATGGCCGC CATTTGIGGA TGCGATTTTA
60 AAATATCCGG GCGATCTTTC. ATTAAAAAAT AAAGATTCCC
CATGACTTCA CAGATAAAGG 120 TATCGGTATTTTGAGIGATA
CGTAACAATT CGTTCTCTTC GTGTGGGHECATGATGCGAA 180
GAATAATGGT GGCATCATTT TCATGAGGAT TATGAACCCG AAATCTTTCT

(GTTHOSCATS PAB: IBBCAGEToRAY CTCTTTCAAC TCAAAAAAAA

GTAAG CCCCTCTCGT GIGEEEECEC 300  (2) | NFORVATI ON
’#gﬁ’é‘ﬁ”jﬂﬁ”b‘% %1: (1) SEQUENCE CHARA|CT_ERI STI ((j:s.( . (A
bgse pairs (B) TYPE: nucleic acid (¢
u%‘%ﬁ%éﬁl%%s fzi?Jloubl e (D) TOPOLOGY: linear (ii)

(WADL GO BAT WRERCEINA (genomic) (iii) HYPOTHETI CAL: NO
(i i PMARKERSEMSERarhDl EeinerORl & NALnSQIRCE yi98muf i
ORGANI SM P&rt-enge getfuence of Sal nonel | a typhi murium
virul ence gene (xi) SEQUENCE DESCRI PTION: SEQ I D NO
31 sHIURGEE-GEED)

( A%TCTTGTAAGG%TIZ%@/@’GE 60 AGGTTCCACC

CGCGAA@@@@@@@AWWA@@TMT@@@@@%E@AT&CHMA@C 60

T AGTOAGTCOA ATTCCTGTAC
e G R T C oA GRTGAARIES 286°CIORGAMAGRTSATG 120

I

ATTTTCEE@%@@GE%&@EHEE‘T%%” ™ E%%G%EAGAA

240 ATATTAATTG TTCCTCACCA A L& ﬁ

TATCGCW@WGWEGG%PTG@QQ&MEW@' de@Br&EQnI D 240
ENCE CHARACTERI STICS: jA) LENGTH 300

cecret se?fé‘%l?"fdﬁ‘}“ FRACTR (I TECEA &%CCB?FRANDEDNESS 289
(2) INBerblreon Bk gﬁ@g%\( ki near

{1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 303 base pairs
{B) TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii} MOLECULE TYPE: DNA {(genbmic)
(iii) HYPOTHETICRIL: NO
(iii} ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence od Salmonella typhimurian
virulence gene : ’

(Xl) SEQUENCE DESCRIPTION: SEQ ID NO: 24

CGCCCTAGCA TGCCTGGCGT TGTCCGCGTTA TTGCTCGTCA AGCGAACAGA TGCAAAAGGT:" GQ“
GAGAGCGRET CTCGAATCAT GGGGGGTCAT GITATCGGGAT GGTGTAATCT GTGA$GACTT'-'- 120
_ATTGGTACGA GAAGTGCAGG ATGTTTTGGA TARLRATGGG TTACCCGCAT GCTGAAGTAT 18@
CCAGCGAAGG GCCGGEGGAGC GTGTTAATTC ATGATGATAT ACAAATGGAT CAGCAATGGC‘ - Zﬁq
GCAAGGTTCA ACCATTACTT GCAGATATTC CCGGGTTATT GCACTGGCAG KTTAGTCACT‘ 306
cTC ' _ N N o © 303

(2) INFORMATION FOR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:
' () LENGTH: 300 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: double
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)



1 (ii) MOLECULE TYPE: DNA (genomic) (iii)
HYPOTHETI CAL: NO [[[ (iii) ANTI-SENSE: NO (vi)
ORI G NAL SOURCE: (A) ORGANI SM Partial sequence of
Sal nonel I a typhi nurium virul ence gene (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 32: GGATAAGATC
CCGGATAAGT. ATGTCAGGCT CGTATGCACA ACAGGCATTA TAAACCTCTA
LITT AACATGCTCT ACTATTTTAA AATGAGGCCA
R R A CATAA 120 TCOBGTTAAT GATGATTTCA
(11T OCANEGTSEENAE CRSATAAGAT CTTATATTCT TTCATTTGEC 180
TGCCCTCCCG AAAATTAAGA TAATATTAAG TAATGGTGTA GGTTGTGGAG
(VAT ORTEDBFASQURSE: | ' t . TTTTCTGGCGTAAGTCGGIT, |
AGTTECTERY WTSWR%G&WW“W) :
| NFORMATI &\ C%E‘-"cj“BNo 33: (i) SEQUENCE
. CHARACTERI STICS: (A) LENGTH. 278 base pairs (B)

{xwmaumﬂﬂ ei:sr:aaeh:bt\( GEGSTRANDERNESS: double - - - (D)
OLOGY: | i near I\/[lECULE TYPE: DNA &%?nom' C
CCCTICHG FOTRABEIFE PREAACCHE (O] SHITFASERGER KB ST 60

TCATGG@BiGGGR@ﬁﬁQf{R@%GAfﬂAT%@h@émp@éédﬁ&c&e %Q?@%A@ff 120

Sal monel 'a 't yphi nurium - virul ence gene 9

GCTGCTS@JENGE‘T@E&CRR@G&@‘HGA%@GA&CM@ CECATACCATATIGACA 180

CGICCAGEG GAGCGIGITA ATTCTTGATG ATATACCAAT GGATCTGCAA
ARG ORTISSANCOA T ERAC AP RO ISP AT ORI - 240

GMTJﬁET@f&E@c%%H 2 120k AGICICATE AGTCIOAGR . 300

GCGTGATGIT ATTTCT TAATAGAGCA ACGECGITAG 180
CAGGEGTCGG TCAGTAGICA CGGCCAACTT CGGIGCACTT TTGCGTATCA
(2) INCORYBTOTATCR XA IAMRACITGAAT CT CATCCCCC CCACTTTGGT |

f{¥gEA6E§%EZZ§%RACTERISTICS

{A) LENGTH: .303 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) ORIGINAIL SCOURCE:

(A} ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene’ .

{xi) BEQUENCE DESCRIPTION SEQ ID NO 26

ATACCGAGTA TTAAGCGGCT GTGTAACATC GTCATCCAAC AACATACGCA GCGAGCCGCC._‘ _GQKHV

ACGCCGGAAA AACCGCATCG TGTCATGTGC CTGTTGTAGG GTCGGGTCTT TTTTCATGAG{i ;lqu
TACGTTTTCT GCGCTATCAT ACTGGAAATT TCCCCCCACT TACTGATAAG CCCTGTCAGTV . 18?
TGGGTARGGA CAGAGTTAAG CTCCTGAGAC ATTTTTTGGA ATGGTTATCT TTCCCCGACT__..:Zéﬁl
CATARRATCG GTATTCCCGC TGGGGGCAAT ATCCAAAGAC GCTTTGGTCG CCCGTAGGGCV : 360_

ACC _ . : 303

(2) INFORMATION FOR SEQ ID NO: 27:

(1) SEQUENCE CHARACTERISTICS:
{A} LENGTH: 300 base pairs
(B} TYPE: nucleic acid }
(C} STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA ({(genomic)



(2) | NFORMATI ON FOR SEQ ID NO 34: (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 301 base pairs- (B).
TYPE: nucleic acid (C) STRANDEDNESS: double .(D)
TOPOLOGY: |inear MOLECULE TYPE: DNA (genonlc) (iii)
HYPOTHETI CAL: NO (iii) ANTI-8ENSE: NO §V|S)|(PIG:|I\IAL
(i SOURCEOTHEAY RGN SM Parti al sequence o al monel | a
~ typhimurium virulence gene (xi) SEQUENCE DESCRI PTI ON.
(lSECﬁNEiﬁEWSB4NOAATTCTTTTA CCTCCATAAG CTGCGTGGCA

A C¥¥3T/¥FTA¢¥3 CCEGTGIGIT 60 ACATCGICAT
wi CCG CATCGIGTICA

AG CCGCCA
SLTEEEErCY % TCATCAERATE Lun
TGTTCTGCGC TATCATACTG 180 GAAATTTCCC CCCACTTACT
GATAAGCCCT GTCAGTTGGG TAAGGACAGC GTTAAGCTCC 240
(HGABEQURTTR DEFTRASIVST SEATOT BOCCT :CCGACTCATA AGATCGGGTA

S R N TR TR SR OO M P EENGRTO R o0

GCGACHESe IACATG rEXRER 1 666 QIR RS I8al &) '¥ﬁﬂ?gg§%ﬁ§ﬁ!
doubl e . (D)GG%B]%%I_CEYAI I near E;I 1) I\/O_EGCI:'Ué%E
GTACCAGHBA GTRCBFSAIGT] TITGAVRIGPHETG@ALACNOCCATGOTGANTITASENGE.  NO180

ORGANI SM  Parti al
cnncadeliet (RS PRy il TRrCUmth cEcgaHe 240
eTTCANCeE) BEQHEINGE BRI EiarPEeAd Reblleni®h ercacrerea 300

{2) INFORMATION FOR SEQ ID NO: 28:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: double
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO
(vi} ORIGINAL SOURCE:

(A} ORGANISM: Partial sequence of. Salmonella typhlmurlum
virulence gené

(xi) SEQUENCE DESCRIPTION SEQ ID NO 28:

GGGCGACCTG CCCGCGGCGC AACTTTCCCC GAAGCGTTTT CCATTTCCTT GTTCTTAAAT E‘ Gﬁ
GACCTGGAAA GCTTACCTAA GCCTTGTCTT GCCTATGTGA CAATACTGCT TGGAGAACACi -HEIEOEE
CCGGACGTCC ATGATTATGC TATACAGATC ACAGCGGATG GGGGATGGTG AATCGGTTAT ' in
TATACCACAA GTCGCAGCTC TGAGCTTATT GCTATTGAGA TAGAAAAACA CCCCGCTTCA: 240

ACTTGGATTT ‘TGAATAATGT AATACGCAAT CACCATACAC TATATTCGGG TGGCGTATAA;.' -360

(2} INFORMATION FOR SEQ ID NO: 29:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 266 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA {(genomic}

(iii) HYPOTHETICAL: NO

W
.v}




t oo ATATCCCTAA TGCTTTTCCT TAAAATAAAT ACCACGGAAG
GATACTGGCG ACCTAGCCAA 60 ATTTAGAAAG CAATGAACAT
CCGGTTTATT CCTGAAAACG ATTACTCCGG CGCACGITGT 120
TCTGCCGITA CCTGAGCCAG CAAACGATAT AATGEGGTGG TGACCCGCAT
ACCGGTCATT 180 gr GGCATCCCAT 9GCACACCGGA GGGAGTAAAA

( “ﬂ '&A;% GGTAAT ATCATTAAGA 240 CGCTCTAATA

ACTACCACTC CAGTATGTAT TGAGTCA
{(vA97or1G2 YAl NeGRMATI ON FOR SEQ D NO 36: (i) SEQUENCE
CHARECTPRESTEES: Par( 191 LENEGHde 20 kahase:lpai t;&)h@.ﬁ)rfﬁlt{PE
nucl ei ¢ actigulence g¢®) STRANDEDNESS: doubl e (D)
TOPOLOGY: linear (ii) I\/QECULE TYPE: DNA (genomic). -
A')'ﬁﬁguﬁ@@ﬂﬂga{lgﬁomj\@m D Jo:v29:(1117) ANTH-SENSE:  NO
(Vi) OR G NAL SOU U85 BRGANI'SM Part i al
TTCGAGSEEEI eaweccr:ﬁCTsaMmeTTm Cgrmucnmm G TCATCAR TR THEITT 60

SEQUENCE DESCRI PTI ON:  SEQ | D NO. 3 CCCAT
et F PP CECBOE AR MECSPFPATEMGETBTANTT 120

orrrri@fnn AR AMMEC AL %%%%%g@%m 180
AAGGOCGEG CTTAAACAGG 120 AGATTATTGL o

AATCATWCEGE’C@%@@M@@M@EM CEATCROBEGDCESOrTTT - 240
TTOGCTCTT TAATGTGGTG CCGCTTGAGOGCTTTAATGA
CCCCCT%@%E&??‘A@%R&%%WC 240 TGCCGCCGTC AGCGCAGGTT . - 266

@) nfROAGTEHMBRCIREORCITT FTCOCCTAAC G 291 (2)
‘ | NFORMVATI ON F SEQ I D NO 37: (i) SEQJENCE

(CHATRQOTRGY SERORTERAITICENGTH: 13417 base pairs (B)
TYPEA)nh@fG@iﬁe H éa{GCPaSEIERANDEDNESS double - - - - -

(D) srtdokats s &

(D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA {genomic)}
(iii) HYPOTHETICAL: NO
(iii) ANTI—SENSE: NQ
(vi} ORIGINAIL, SOURCE:
- (A) ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene

{xi) SEQUENCE DESCRIPTION 5EQ ID NO: 30

AGTCTACGAT TTCGCTATAT CTTCTCTTAA TCATGGCCGC CATTTGTGGA TGCGATTTTA 60

ARATATCCGG GCGATCTTTC ATTAAAAAAT AAAGATTCCC CATGACTTCA CAGATAAAGG  120
TATCGGTATT “TTGAGTGATA CGTAACAATT CGTTCTCTTC GTGTGGGTCC ATGATGCGAA 180
) GAATAATGGT GGCATCATTT TCATGAGGAT TATGAACCCG AAATCTTTCT CTTTGCGATG' 240

CGCAGGCTAA CTCTTTCAAC TCAAABAAAA TCTCTGTAAG CCGCTCTCGT GTGGGGGCGCL . 300

(2) INFORMATION FOR SEQ ID NO: 31:
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 299 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: double
(D) TOPOLOGY: linea;
"(ii) MOLECULE TYPE: DNA ({genomic)
(iii). HYPOTHETICAL: NO
(iii) .ANTI-SENSE: NO

{vi) ORIGIMNAIL SOURCE:



(ii) MOLECULE TYPE: DNA (genomic) (iii) HYPOTHETI CAL
NO (iii) ANTI-SENSE:- NO (vi) ORI A NAL SOURCE: (A
ORGANI SM DNA sequence of VGC Il fromcentre to |left
hand end (xi) SEQUENCE DESCRI PTION: SEQ I D-NG 37d
CTGCAGAACC GAGCCAGGAG CAAATTAMIT TTTTTGAACA ATTGCTGAAA
GATGAMGoifeh a8 : PACGAGE M la typhlmurlum
TTATTACCCGAESTIlehaE Gfen <GA GAC‘AAATGGATTATA =120 -
------------------ 101 '.. TGCAGITAAC GGTAGCCGIC

GAATATC ACGGCGCAGC ATGCCAAGCG 180
‘xﬁﬁwﬁ’&%ﬂi\%T SERIAT ERAGE “TTCATCGTATAGTATTTCTT.
GCGcccé@Ei3ﬂﬁﬁﬁda%T8ﬂ(bGC@EEEEE%TEEEETEé@£%3§6E c;%%g%%gé& 60
"~ TTTATCGCTC ATTGCCAGAA GATGAAGCGA 300 AT _
ACCTTCOEEATTASTHHALT GIACCATTCATOTEEAIGE CCARARAAR AAGSARGAGGA 120 -
prcnced8Q. L TGGTCTAACC TTACGTGICG AGCAGTOGGC AGTTTATTAA
Gg%iiaﬁf??ﬁﬁﬁ@ﬁﬁ¢%§??ﬁﬁﬁiﬂﬂ2%WTQ§?#%@RJ§@ﬁqT9&?@?I§§&T%&§AAG 180
cachank&EA@hdl GESEFAT A
TAGTCIE‘%%T%ACCCCAC%;TAAGAE?A% g%ﬂ%ﬁﬁ%ﬁﬁw
ATATTWCBM@GAwm@mAm@A@EMmCC TCGGGARAT
) ™ GGGGOGTGATTAATG GCAAAAGTGA CCATTGOGCT 600
: EFTAY %WA%TAACGCTTC
ATTEATAAAATA 660
TT W@%&T&E@QWTTCG%TAAAAATT AAAGATTTAA
TAGABATISPE: 2@ 13fc ASTECCTGGG TTGCAATACA GTAAGATTAG | |
TAT%TG@F@WG@P@MTCAGAAT 780 GGTAGCTGAC 7y
GTA - T CTGGATTATG GACGTTATCA ACGCCAATAA S
(1 BA QoL AGTRANEET Gyl GAA TGATGAAATA CCCTTATCCG
TTGATGITAT CGITGACA 900 ACTGITATTA GGAGTGGGCA
(11 PCETENEEEEATANF TTTGC CTGAGACGCC GTTTTTGAGC 960
WGATCECCGACI;TGTT GCAACTTTAT CGTTATTTCT GGCAACCTGC
1090 GTACCGGAAT GGCTGGATAA GCTGGGCTTT
(VQAEQIJWG}:GT TATGGCGATC 1080  GGCCCGAGTT
CGATOGPEEAN S CAGAGAS SXGLEACA TAGS AGTARCACEA ARCECTET TA
1140 TTOTAGCETS FERAAATGAC AGGCAAAAAC GGCAGGTTCG |
TCTTGCGCCG CGTATATCGG 1200 CATTTGCCTTTGGGCTGGGA

R BRI e B ctaron, - aatcracoac

GGATAAG3TAJ¢EE@@EﬂhGT1EQQECAGGCT CGTATGCACA ACAGGCATTA TAAACCTCTA - 60
GACCATTTTT AACATGCTCT ACTATTTTAA AATGAGGCCA GGGTAATAAG GCATTCATAA 120
TGCCGTTAAT GATGATTTCA TGATCGTCTA CTAATAAGAT CTTATATTCT TTCATTTGGC. 180
TGCCCTCGCG AAAATTAAGA TAATATTAAG TAATGGTGTA GGTTGIGGAG 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)
(iid) HYPOTﬁETICAL: NO |
(1i1) ANTI-SENSE: NO

{vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhlmurlum
vz_rulence gene



GGTTGGGGCA AAGAGATGGC AAATTACTTC CTCCGCAAAT GATGCAACAA
ACTGCATTGC. 1380 AGATCGGTACCGCCATTCTT AATCGGGAAG
CGCATGACGATGCGGGTTTT ACATGCGCTA 1440  TTAGTATTAT
TACCCCCTCC GCAGOGTATACTTTGGCCGA AGACTTCTCTTACCGAGATT
1500 ATCTTCATGG AGCATTTGCT ABGAGTTTTA CTTCACTTCCr
TCTGACGGAA ATTAACCATA 1560 AGCTACCCGC TCGAAATATT

( xATT&ﬁ@E@pDﬁ@'@Q{MCS%TM&TTﬁ ACTTTATTTG 1620

- GCAACAAGCTAAG AGAGTTTCAC ATGCTATTGTGAGCTCCGCT
TchATIAﬁC@TQG@GGGGmGCQT@@AMMTTWAAT GGATCTGCAA 60

GCCTATCGTT, ATCAGCGTGA ACAGAAAGTTGAGCAGCAAC 1740
TCGCCCAMEN BEFSE AET AP FECRSATARRIA T REX T THEFSRAREA KFERNAFBGAA 120
TT

SN OO Ty g

caeeeg@@mmmmwmammwmmmw&mm@@e@ﬁmwcmcz40

- CAACAGTCGG 1920 * TAGACAGTGT TATGTGCCAT CGTCTGGCAC
ATARCTERRINGECRIE CEEEHRTEXMETAEACEEAG 1980 L2

o oI o, G TGN TTCAT G

(CCTRETENGT CRAOOBARCA 1G6CTGAACTT. TCCTCAACAC2100 102
GATARGOTSETEGAWIT FIGAPETTT CTCGTC ATTTCAACGC GTTACTGAAA
TGGT('PA & 2neel el ATE GA TAAAAGAGGT AGCGATGAAT
ATTA e %; PAATGACGCCC 2220 CCTACAGCAT
TTA TATA GAGGAACAAGAGGTTATTTC GCCTTCAATG
{12 8@ LETTACETET CONAGRAGERAGA GGAAACGACGGGEEGECAGCGEC
_ TCTATGAGAC GATGGAAGAA 2340 ATAGGAATGG CGCTGAGTGG
GLiFh AREPEFHIECARAAPTATA - AATTCACTGA TGCTGAGAAA 2400
(1157 GG GCAGGC TTTGCTGCGT TTGATAAAAC AAATACAGGA
COATAATOOS 2460 GCAACGTTGCGTCOGCTTAC CGAAGAGAAT
(vACKBATOTEGSATATFACAGAATGCGTATCAA 2520 ATTATCGCTC .
TTGOAATOXSANCEN TASTERE SSNERCT TET S@MAA@MPAM@@T
2580 TTGCEAAFERISRABTISGATAC GTTACAGCGG
AGGAGGGATGGGAACTTGCCGTTTTTAGTT 2640,
(xT AGHRGARET pEESGRAAET G sBATACRGT AG : GCTGTCCTCT CTGAAGCGTT
TTATGCAACA 2700 GGCGATAGAC AACGATGAAA TGCCCTTATC N
ARTTCY CRICCHFEES PATRESTRIETD SAGIRTTARG QEERTEREFGT 99

e

TeTeCCEIROGTATRE CF QFETFT GEFr 12 880 cEITATEEETECGOORTTANNAG. 18
 AAGAGTGCCAGCGTGAGGAG TGGATTTGCCAGTTGCCGCC 2940 _
GARAT TR ACHACTAPCT BTN T AEPEEATNT THATPTETEABERRTAISETTT 240

T A AT P CARTE G PRETCA 3080 ACHCHIGAT

G GCGCAGTTTA TGCTGATACC CEATAACTGW TTTAACE#CE%AEATCAACG 301_

- 3120
(2) INFORMATION FOR- SEQ ID NO: 35:

(i) SEQUENCE'CHARACTERISTICS:
(&) LENGTH: 297 base pairs
A{B} TYPE: nucleic acid
(C} STRANDEDNESS: double
(D} TOPOLOGY: linear

(ii) MOLECULE.TXPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: HO
- (vi} ORIGINAL SOURCE:

(A} ORGANISM: Partial sequence of Salmonella typhimurlum \
virulence gene

- {xi) SEQUENCE DESCRIPTIONE.SEQ ID NO: 35:



TGAACAAATT CTCGAAACGC TTCGTGAAGT AAAGATAAATCAGGTTTTAT
TCTGATACCT 3180 GGCTTTCAAT
ATTTAGGTAAATTGGCTTTC. . TGGCTCATCA- TGAGGCGTCAGGATGGATTG
3240' GGATCTCATT ACTGAACGTA ATATTCAGCT TTTTATTCAA
TTAGCAGGAT TAGCTGAACG 3300 JEOTTTAGCA ACCAATATGT
TCTGGCGGCA AGGACAATAT GAAACTATCA TAACGGTCGT 3360
ATATCATACTIZEFATTESICAGRAGA LAACCAARGRE TEahOEsde ANGMEILT 40
TTTTAAAGCG 3420 TTGGCTAACT , -
ATTTAGEAAR KBTI CATACKGTT CENGCCCTAYEAECT GAAGGANTIAT TATERGFIECGC 120

e R o SRBIR T S e meregaessiy, 100

GGCATdEEA@YEBEéi&béaéCéé&i&@ﬁﬁhﬁxE¥Eﬁﬂﬂﬁ§§§é~CATA
GTOGCAATGCGT TCAT GGT TAGGTGAGGGA 3600 AAT ATCATIRAGA 240

CGCTCW@@@@W@AWMWMTAMMKG@ 297
- T 60  GIGTTATTAA TCGCTATTGT GATGATGCTG -
(2} IN %@@H%‘b&i‘é&&ﬁ‘ré‘éﬁmmm 3720

(T GARTAGTATGARREERAT GETTTCAGTG - ATCCTGCTCTTAATTGCTAT
TTATGET TAGGIR 78891 GACOGRCTEGATTTATOGGT -
] ATT@@C@@TTEMM@T&'AdTTACTAOATT ATATCGTTTG 3840
W SATTPAEGRCTGGTA CTGTTACAAC ATAATGCCGG
T 12660 11EATCCTTTCG
(lGTAMﬁE&EJﬁH@% TCTGACCGTTGGGTTGGT CGTATTTACC396
0 ATCATTACTA TCGT TT TATTGTCATT ACAAAAGGTA | ,
(LiTCENEATEESTCEGOBEAAGTT 4020 AGOCGCACGTTTCTCGCTTGA D
i i:%éﬁgeowxmm TGAGTATCGA TGGCGATTTG 4080 103 A e
TTATCGATGC AGACCATGCC CGTACATTAA GACAGCATGT
(vOCABCAGRAA 56348 :EC AGCCGCTTTC TCGGTGOGAT GGACGGTGCG
ATGAAATIREBNT TAAMGEOCA  TAQIATE X 54206he 1 SETALIATEGum
TTGTTCTGGF i GA@ATT#FE GGCGGTATCA TTATCGCTAT CGTACAATAT
4260: GATATGTCGA TGAGTGAGGC TGITCACACT |
<TATAGEE GART TA 4320 i TGTGGGCAAA -
K Ty'IA'\CCATC%E %TGAT%’%C@@ ‘GAATTATTGT  CACCCGTGTC .
CCCATGABRO cammm&@e@@@@@ﬁ&%@%ﬁ | 60
. TTGC CAGACAACCT 4440 CAGTCGCTCATATTAACCGC o
CATGGG%&%%&%&@P@@CWWTWWTWGG 120

e B P A o™ oo

ATTCCCTYRACTINIGTG: BFARAACATAGE TRTSEITRAC 46RO TACERRCATGES: 240
chcecc%? TCIT ACGTCTTAGC CCGACGTTAC ATTCTGOOGA' CCTGATTCGT
' SRR PR B e R eI TCT THESEAIAT GAGGATACCG .~ 291

(2) m@@ﬁ% %R%%g%%f%ﬁ“o AATATTGAGG TTTTGCCTGA -

TGACGG TACTCGCTATA TCAGGAACCC 4800 - - - ey
) (13TﬁHQWENQETbﬂﬁxﬁﬁﬁﬁﬁﬁﬁﬁﬁbS(IXITCA&IIXB Gﬁﬂ"ﬂﬁTTTﬁﬂ' o 7
TGA QKB&@EI?FA@ﬁé£§ﬁ§®S~'

B) TYPE: nucleic acid
- (C) STRANDEBNESS: double
~ (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{1ii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:

(A) ORGANISM: DNA sequence of VGC TI from centre to’ left‘
. hand end ‘

(xi} ‘SEQUENCE DESCRIPTION: SEQ ID-NO: 37:

- CTGCAGAACC GAGCCAGGAG CAARTTAATT TTTTTGAACA ATTGCTGRAA GATGAAGCAT = . 60 -

CCACCAGTBA CGCCAGTGCT TTATTACCGC AGGTTATGTT -GACCAGACAA ATGGATTATA - © 120




GTGGTGGGTG ACAGCCAGAC GTTACCGAAC GGGATGGGGC AGATCTGITG
GCTTACAAAA 4920 GACATGGCCC ATAAGGCGCA AGGTTTTGGA -
CTGGACGTTT TCGCGGGCAGCCAACGTATC 4960 - TCTGCCTTAT
TAAAATGTGT CCTGCTTCGG CATATGGGAG AGTTTATTGG TGTTCAGGAA
5040 ACGCGTTATC TAATGAATGC GRTGGAAAAA AACTACTCTG
AGCTGGTGAA AGAGCTTCAG 5100 CGCCAGTTAC CCATTAATAA.

Tscasﬁﬁi[@%‘é%@‘f@&ﬁ%@e%ﬁﬁ@@@é@&%ﬁi&eeéﬂ&bfs
TCTATTAGAGAT TTACGI CTTATT 1 TCGGC. ACCTTAATTG ACTGGGOGCC

CT‘I‘AAM\@@' OEAATYR (B2 26:CACAINGECCIMRA CTETT GACAGA CAT ANGEOCATTA. -

ATCGCGCTTC. GTCGTCATAT TCTGCGICGT 5280  CTTAATCCGG
COTTCTRREARREEEEET CEEATR TPTERIERTERS ACEAABEI AT

arcannrecsdcar

GGGACCTATACT

CrrnACRERT P

‘GTTAG@W%%% %@”\% AL Cracanncan

TTATACAA

TTGARAGARACALTEA!
CGICTGAG-.

AA
ACCGACEBEEI

- rreaccACEEEL

AR e AR s

5760

AGGGAAQHJ:\EE@M% TJ%!%{

eSSt ek

AL PN AA G acanacacen
CTCGTCAT 5400

TGGTGwAAGEKEﬂEeG¥hTE@Iﬂﬁﬁ@éﬁéﬁﬁcTAdTﬂﬁA@fﬁMBTGEEETEGAAQECTACTTAGA ‘
CAGCC‘AAATTATTOATT 5460 GICACTTCTG TCGACACCCG
CFIBTREAFEARTHTACCAGRCEERL AAT

PEFRESTTEEACTSEDHTCR

TCGTGGCCGAT TAATGGCAGC

AATccc&ﬂ@@ZTEﬁEKKEAEAJ&T@EGﬂﬂTEG B8R TGATE CAGCCTECTG BATTCAGAAT
TACGAGTACAATCGGGECTTC, - ACTGCGGGCA GCAAGTGATGGCCTTAAGCG

GOTAGCABRE SAREHSOCR GEABACATERTFIIAETEES COEANCEGH T RPTACEIGA

AﬂTGTﬂB@fﬂ)GG@ETGHGQ@¥WH@TGﬂ#E@GACEKE@TAEEB¥EﬁAAGKBG&CIEE?EATGIGc
GCGCT. ATTGA TAGCGT TGCG

CGACCTf@%C

eracedeR et &5%a

GGCCCWC@W@C@GCMW
CGTTGIGICA TTGTTGTCGC AACCTCTGAC

CCCGAAAA 6240

6&

606

AR P FARSCFFE T RISFERCECT

TR A LR cCEECT At G

TR AP0 21
TGOGOCAGAC GUAGACAGCA ATGTTCTGGT GITAATTGGT 6180

C

GFTGBCERAC GRATGRMGAATGANTTE@AT GC
. 5640 GCTGAAATAT COGOCCOCCG ATGGTTATTG
OSSR KPP EABECATSIEAEE G CTE TR T AR LB BT A
A ALt TR AL AMRGCC.

© 180

240 -
300
360
420
480
540
600
660
720
780
840
300

360

1020

1080

ekr

TTCCAGE@%E&&%FG%W CASASEEE G 6360 P rTETestil™

CATTTG@§¥¥I@&Eeé¥éeeﬁ¥¥¥EEEEAABCCEélaﬁEéﬁﬂéBd@@éﬁﬂ?@@eﬂﬂ%d@@KéHEaESTTizso
GCCGACTCAC TGACGCGTTA TGCCAGBGCC GCAY

AGTATC’@G@T (GAE S ¢ W@E%WGWTWWW T

VGG CACGRARRRACE CCAtSTATTA

A TTTAGIGCAT - TGCCACGA!

AGATCGRRANGSEEAYr @R Hhrcaeerac cacaTGACER

TTAGTATTAT
ATCTTCATGG

AGCTACCCGC

CGCARGAGCA.

CTGARARAAT

AAGAACTAGC

AGCATGTARA ACATTTACAA

CGCATCATAT
TAGACAGIGT
CGCTTTATTT.

GGTTTACGTT .

TACCCCCTCC

AGCATTTIGCT

TCGARATATT

ACAAGCTBAG

.CATCCGAGRC

GTGCTTGCGT

TAAARATAGT

TATGTGCCAT

GCGTATTCAT

GATTATCGAG

GCAGCGTATA
ATGAGTTTTA
ATTGAGTCAC

AGAGTTTCAC

GCCTATCGTT

BAARRATACGE

GACGATGAAR -

ATAGARCAGG

CGTCTGECAC

CCTGARARAG

CCTCETTTCT-

'CTTTGGCCGR |

CTTCACTTCC

AGTGGATAAC

ATGCTATTGT

ATCAGCGTIGAE
TGGARAAAAT-
ATCAATTTCG
FTCTGTTGGC
GCCAGGCCAC
AGGCATTGAT-

CTCCCGATCA

TGCGGGTTTT

AGACTTCTCT
TOTGACGEAN
fATTéCAATTA
fGAGCTCCGCT
ACAGAARGTT

GGRAGTGGAA

TTCATTGGTC
CTGGTTCGAC
GECTATGECG
GCGAGARACT

GGCTGAACTT

ACATGCGCTA

TACCGAGATT

ATTAACCATA -

ACTTTATTTG

TACCGTAAGG

GAGCAGCAAC

TGGCTGGAAC

GATCACGCAG

CALCAGTCGE

-GARGAGGGAG
TTTGGCAAGC -

TCCTCARACAC

1200

1320

R R N

1440‘7
1500

1560

1620

1680

o 1740

1800
1860
1920

:+ 1980

2040

2100



GATATGAATGAAGCCGITGG CCGGATGAAGT CCGTTCACTG CTTGATGGAC

ATATTGTACT 6600 ATCCCGACGG CTTGCAGAGA GGGGGCATTA
TCCTGCCATT GACGIGITGG CAACGCTCAG 6660 {

CCGCGTTTTTCCAGTCGTITA CCAGCCATGAGCATCGT CAACT GGCGGECEA

TATTGCGACG 6720 GIGCCTGECG CIIZACCAGG AGGTTGAACT
GITAATACGC ATTGGGEGAAT ACCAGCGAGG 6780 AGITGATACA

* GATATEATACH 6 AT ARCEEAT HGATA
. 6840 ACAAAGTAAG GATGAA!

ATCCTEIRSANNTRACKPECASATNGEEAS W ACAIGEAGIEAATLAT GRAMNGCoe

TTTGCTGGAG ATAATCGOGC GGCTGAAAAG CAATTACGCG 6960
A R R CE P AEC TST ACASREA R T i BCATERAC AEITAATTIATCTINCBENACAG2280

TTAGC@E¥E@THEEQEQEAE%?
TGAAAGAATT AAT

R ReETIeS oo

ATAGGHHXGGWQGEEGAGﬁEBATKKﬂEBacéEVﬁ%éﬁﬂﬁ¥%@aﬁ%¥§%6ﬁ&¥&ﬂ3Té@%&ﬁ&&ﬁITC:2400

CTCAGGOGC 7140 AGAGCTTTTT GACGCAACGG
CTGGA‘E%&W FRRGCARTTHEECAT CACENGETC TIBPCRUSTBCRAATCGE

e T —

ATTAT@EDBCORATAAT CQCASATRECACGRACTETTET GARRL RGAT SGGAGE

éggAgg%é%%AGAA

7320. TCAGGATGAT AACGAGGOGG AGGCGGAACGTATGGACTTT
TTGCA%&E%W@WW%@@AGG@&WWWW

TACTGG%BQ%;T

NEC MO%CCW%K@@%@' TRACAASTESAAIAEEE e

TGAAATTTACCGTT CGATGAAAGC 7560

7440 :
&E%@%GTATZWO

' GTTATWEMM&M&%AG THECAMEAREAT SRS AGAG

CAAGGGACAT 7740 TATTTACCAT- AAATTATCAT AATGAGCTGG
TANTACEF R SIS EATPRECARTI CAITRTHOECCTRORETTT TCAGIGATEG

ST AT T T CARTTCE: 060 T AIAT AN ROCTESHRREESSR

ACAACTEHIC FCEUGT TEG TTATELOA ACOEAGTCAT "GCANIECE CHAGAQ%QA(:G

crrecTAFFa TGk

GCCGCCAACA-

TCCTGCAGTA

TWCA%%&W&@F&WW@ %@GTWMGAE@MCCT

GGATCTW@EE@T@EE@TAW TCATHEALEGRIBEEGEECCT Qsoo B

GGIGCC AGCT TACATT
GCCTTT%%!@O TGGIAGICCC TGTATATTCA GGCT

P TN B EGEIRSSP AT AR GRS A T S XABTFETIST

@%g&%&%@&%m 3420

3480

ATTCTC%%&%%E%Mé

TTCCCTUTATGRATCE2 BBCETTCCAG.

GATGGGCTTG CRATGAGTTG

TTACATCATC GACABATAAR

GTCAGGGCGC AACAGTGGCT

GTGTTATTAA ‘TCGCTATTGT

CTGATTACTA TCAACCTTAT

- GACCCTCTCG ATTTATCEGT

TCACTCACAA TCAGCACATC
GATGCTTTCG GIAAGTTTGT
CATCATTACTA TCGTGCAATT

" AGCGCACGTT TCTCGCTTGR

TTCTCCACCT.

ATTTCNTGGA

CAGTGTATGC

GATGATGCTG

GTTTTCAGTG:
BTTTCCETCT

ACGGCTGGTA:

CGTAGGAGGA
TATTGTCATT

TGCGATGCCA

GGTATTCCTC

~CTTCCAGCT

GTCECARTEC

GCGEATCEGT

TPACCCTTEC

ATCCTGCTCT

TTATTACTTA

CTGTTACAAC

ARTCTCACCG "
ACBAAAGGTA

GGCARACABA

‘AACGATTATT

‘CCGCCGAGET
GTTCATGGTT
‘AGGATATGGET

CGEACCTGGAT

TAATTECTAT

“TTACTACATT
BTARTGCCGG
TTGGGTTCCT'

TCCAGAGGGT

TGAGTATCGA

TTTGTTGCGC

CTGGTTACGA’
AéGTGAGGGA"
TCTGCCEACE
GGTTGATATC
TTATCTTAGT
ATATCGTTTG
TAATATTGTG
CGTATTTACC%

GGCGGAAGTT

PGGCCATTTE

EAT A

LTSRS NI SRR v

2220

2340

2460

- 2520
2580

2640 -

2760

T @'@:pc AST RSO COATTE quAﬂl’TmT?TﬂECCCTZ 820

2880

2940

3000

3060

3120

“3196

3360 -

'35¢0.
3600

3720
3780
3840
3900
3980
,.&ééd,r"'

4080

3660



TTGACGAATT AGICCAGGAT ATCGAAACGC TACTTGCGIC AGGGAGCCCA
ATGTCAAAGA 8340 GIGACGGAAC GICTTCAGTIC GAACTTGAGC
AGATACCACA ACAGGTGCTC TTTGAGGTCG 8400 GACGIGCGAG .
TCCGGAAATT GGACAATTAC GACAACTTAA AACGGEGGEGAC GITTTGCCTG
8460 TAGGTGGATG TTTTGCGCCA GAGGTGACGA TAAGAGTAAA
TGACCGTATT ATTGGGECAAG 8520 GIGAGITGAT TGCCTGIGEC

e BRI T TS ST B s
BGCCGEMAAT ATAETACEOGEELAATEr S 64 0nn ATCEE GhGALCE AGACAIAEAE: -~ 4200

TATGICTTTA CCCGATTCGEC CTTTGCAACT GATTGGTATA 8700 |
COTAT TR THRGFELI GO T CAICPACAT COCTETEATH TRRCCTCRTGE TABTACTTT4260

o EELMIEIE 5100, ST TR o

TCTCGEHRAA T TcaGT 66TchIGEcd DATACATES cHplr¥da CaddctAdicnCT3s0
8880 GTAAAAGAGC GCTGGCATCC GGTTCAGGIC GCTGGCGCTC

CCGGETEREF CRCEACR BRCTLIGTES 8 $A0T T RBATAGTISAATS THT TAGORECCT 4440

crnc 3] A HET IR (AORTELEN IO oI, oo

TTTATOAMTAAAGETAr G0 Qe ABACET @A dcAstEd Gaheid Al T AMITHEEES: 4560
GCATTTACGG TGAGICAGIT AACGCAGGCA. 9120 TTTCGCGATTG

M@QWN@FTRWWAW T FRESTECCTA FFPEACTIPCCTATCEITCAAAT 4620

e ey

GATATTEATE ASCRECRGACCORR T Tt 1GRACTATACAE UGECEERAT EcE¥GheEAEACG 740
9300 TTTTCATGAATGATTCTGAATTGACGCAAT TTGTAACGCA

AATATTREGG THATELS TRROBTCETTIAL 368TTGRTAGGPCTAJTATA TCAGGAACCC 48’00_

e TSI, OGP UG AP

GTGGTIGATE AMATTEnGRECEEARTEAO 480aTdGAAd AMBET T AT CET oMt n 4920
TACCCATGEC TTAGCGGTATCCTGTTGAAT- TATACCCGEC 9540 E
GACAT%‘TWWW‘F@% CREZACHRERT TTCGCGEGCAG CCAACGTATC 4980
e TR EUAM G SO0 TR s
ACGCGT@@@T AR T AR 1500 COfEcRASSGCEECEAGCTd WAME'ETC%AC 5100

AATGCECGT GCTTATGICA CTTACCTTTC 9720 L
CGCCAqﬁg&%A#qgQgggg@cgﬁfﬁﬁgggggwggg@;ggégp GGCTTGTATC AGAGCGGGTT . - 5160
rerarthéAd @At oY 4 ~. . E23g
| GGTT%@GTT.T%TWWX #@%ﬁﬁﬁfﬁ%ﬁ 229
GATGTCLEICCCRUSE B4 ATATCTCCET ATCGCGCTTC GTCGTCATAT TCTGCATCET . 5280~

TTCCCTTTTGGGCCGT TGAT. , ATGGCGGGGTTTCTGCTTGA. TACTTTACGTG. .
CTTANTELA RSP CSOBCTCCPRRIIT ABRUPAATT (ORPICSTATACHRPACAIG 5340

e S

4680

5460

6000+ .

AAGACGEK@%VNCQT@KBAUQO?ﬁECGl@@hGAEﬁEd?ﬁ@éﬁﬁTﬁG%@A@&hﬁéTﬂﬂTATTCATT‘
GTCACTICHS TOGACHECES ACAIFICTIC CCANAATTS CAGRAGUCAC CTTGIIGGRC 5520
GTACCGATTT-TGTCATGGCA,GGAATTAGGA.GAGGAGAGCC TTATACAAGT - GETAGARAGT 5580 -
ATTGACCTTA -GCGAAGAGGA GTTGGCGGAC AATGAAGAAT GRATTGATGC AACGTCTGAG 5640
. GCTGAAATAT CGGCCCCCCG,ATGGTTATTG‘TCGATGGGGC CGAATTCAGG ATGTCAGCGC _5705
ARCGTTGTTA AATGCGTGGT‘TGCCTGGGGT‘ATTTRTGGGC.GAGTTGTGCT GTATARAGCC 5760°
TGGAGAAGAA CTTGCTGAAG ECGTGGGGAT,TAATGGCAGCgAAAGCTTTGC TATCTCCITY. 5820
IACGAGTACAwATCGGGCTTCfACTGCGGGCA7GCAAGTGATGuGCCTTAAGCG ACGCCATCAG ~ . 5880
- GTTCCCETGE GéGAAGCGTT,ATTAGGGCGA;GTTAETGATG=GCTTTGGTCG TCCCCTTGAT . '5940'
GGCCGCGAAC TGCCCGACGT CTGCTGGABA .GACTATGATG CAATGCCTCC TCCCGCARTG
GTTCGACAGC CTATCACTCA ACCATTAATG ACGGGGATTC GCGCTATTGA TAGCGTTGCG . .

§O$Gﬁi'



TAAAATATAT CCAGGCAGAG TGGAGAACGC TTTATCAATT ATGTATCAGC
TTCTCTCTTC 10140 . CTGCCATAAT ATGTATGGTA TTAGCCGATC
TGGCTTTAGG TCTTTTAAAT CGGTCGGCAC 10200
AACAATTGAATGTGTTTTTC TTCTCAATGC CGCTCAAAAG TATATTGGTT
CTACTGACGY 10260 CCTGATCTCA TG€CCTTATG CTCTTCATCA
CTATTTGGTTGAAAGCGATA AATTTTATAT 10320 TTATCTAAAA

ACCTGM%EE@A%T%@&SE@FP‘W @ﬁ% 65120
10380 AAATTACGTG ATGGCCGTAA GGAAGGEGECA

CTTCTRSEAN TIRAATAGATCARTACAO B4R CATATBABCTIGATdTCCEETETAGT 6180

ITIT CATTTCTTTA CTGAAAAGAT GATTTTGATA 10500
GMCGT&#MT%?W%TW?WWWGWTC 6240
ceTTGTETAL GEATTAT AR PVPEAAL m :

AATAGAGTCACTGAQC%%'CCTG CACT}&,@S FhEsyecTe 6300

TTTGTG@GEWWW@@E@TT‘EMEA@S@@GT&M&E@MCEM@T 6360

S AAGGCCATTG GTTTTAAAAG CGAGCATATA
( MCW@W e A GGCCCRCTIIAGATAC 6420

e e R

ACCCGABIER SOTGHEERAD 8GATT MPABCELGRCI 6HICEGEEEIAT - 6540
GATATG@G

TCT TTAATAAAAT GGTTATGGGTAGGGGTGATG 10920
AT e B P S TCRT AT HBCAE TN T FETIGAT CATRATATANTAA 6600
atccceitdd AN LR _
RS ST LML AT ST ETTLR  soe0
CCECETTAIGCCREGT ICEGAMMT AU nGACTAAAARA - AAAGKERGGEEIACT CA 20
GTGCCT%%GQ% ATCTGITAAA CAATCTGTTG CGGTAGTGCGTAATCCAACG
”&%@A‘?ﬁ"ﬁﬁﬁé‘f‘%H TR TACTATCAFCEBAACSGATATIGS 6780

AGTTGA AT ARG TGET %ﬁg LEFA Gttt e  esao

TAACTATATT GT T/-\ACAT

C-ZC 1068

ACARAGTARGCARUBEGT ST TERFEARRATCILGAGHT chhRROrTACORRRRRTCA 6900

' T T T TGAAGT GGAACGCCGGAGATAAA' ATTCCTGAAACGITATTTGA
enccangudl 54 FELIRACTHEPIACEIA TAGIES 6960

T

AGACGCEIGPATATICAAC TEUTTEATGAC TARMBGESAS rMEATTBAAAMFAATIECT Thos0
520 CAAGCACCAG ATAGCGTATT ATAAAATTAA
c‘]@%&#&%f@é@w%&&?wm 7:140
GOCAACGTTG TAGGTCACAA COOGCA

CGAAGC%@KA%@AAGW@@W@&W@G L BCGA

TATCTTG

TCAGGATGARAMTIGAEE:dCL 82 O ¥
CGTAGCATCA TTAA(Q;CAGGTC 1123{“;{‘6]1;‘%(15C1e WORREEE 7300

7260"

e e

> §,4 Aﬁﬁxza@EGéIﬁEQTCACGCA-' 7440
J1CC 190 o
ACGTTATCE@(E%%EEEég]%A TTATCTTGA ' CEGTGTAGA TGTGAAGTAT GTGAATCAGG 7500

GGGGCTAATC CAGITAAGAA TCEATGTCCC TCATCATGAA ATTTACCGTT CGATGABAGC 7560
GCTARAGCAG: TGGCTGGAGT CTCAGTTGCT -GCATATGEGG TATATAATTT CCCTGGAGAT =~ 7620
ATTCTATGTT AAGAATAGCG AATGARGAGC GTCCGTGEGT GGAGAfACTT—CCAACGCAAGj 7680
GCGCTACCAT.TGGTéAGCTG_ACATTGAGTA TGCAACAATA TCCAGTACAG CARGGGACAT 7740
TATTTACCAT ‘AAATTATCAT AATGAGCTGG GTAGGGTGIG GATTGCAGAR CAATGCTGGC 7800
AGCGCTGGTG . TGAAGGGCTA ATTGGCACCG - CTAATCGATC ‘GGCTATCGAT CCTERATTGS © 7860
TATATGGAAT AGCTGAATGG~GGGQTGGCGC.CGTTHTTGCA”AGCCAGTGAT GeaAaCCeTeT “7§20:
GTCAGAACGA.GCCGCCAACAwTCCTGCAGTA ATCTACGCACA TCAGCTAGCE TTGCATATTA '7986;v

AATGGACAGT TGAAGAGCAT GAGTTCCATA

GCATTATTTT TACATGGCCA ACGGETTTTT |

'8040°




GTTAACGCCA GGATATAACC GCTGGGTAAA CCTAACACCC AGTAGGCGGT
AAAGGTGATA 12000 107 AAAAAGATGG AACGCGTATC TTTATAACCG
CGCAGAATAC CGCTGCCGAT AACCTGTATA 12060 GAGTCGGAAA
TCTGGTAAAC CGCAGCGAGC AGCATTAATT GOGGCAAGCG CCACGACCTC
12120 AGGGTTGTCATTGTAGAGCA ARRGCAATATGCTTACGCAGA
GTAACGGTAA AAATAGOGGT 12180 AACCACAGCC ATACAAATGC
-TGCGCANTACKSTTAC ACCEFhAEEET CCad 663 R A T OCHEMNHFcAE G cbéd4e e 8100
GTTGAGCCCT GGCOCCAGACC GATAACCCACTCGAATCGTT ACCGOCGCAG
TCGTAGRCACCISIBANT TEA 360 T CETEICAETATIBAATA FAACRIGE CATCRARAGTICS

TGATGACCGEE CGACATCCAC 12360 AATACCTAAT
o AT TSR, RABCEHER IR A ca 8220
rrcaadidéd OrceEAFISARET

A T E e ?@%ﬁﬂ%@ﬁA&x%Eé§¥éﬁ¥XE 8280
GACGACGCTA TCGGGITTGC 12480 CAAAGCCT

TTGACGERIA TAGRCCRCGAT ATTTACESACT TRANGGEERE P@@JGWMWMAMCA 8340

8160

G 0 TAAA CATCACCCAA TAGACCGECCG CAGICGCAAC

TGAC GRE \FAACEERHEC) DERACCACA ACAGGTGCTC TTTGAGETCE -~ 8400
caCeTdeEAC IO APP AR HIAAL A AMAE AT A & @@@%@TA 8460

. TTCACCAGCA 12660 GGCCCAAAAA TCCCATCACC ATACCCGETT
TAGGTGEEET TIITEEE(CAGHRTCTEILNG2CAVTRGTANC TERTROACT GBBCTACERG 8520
GTGAG%%AAﬁiﬁggé%fgqggTéégggéﬁﬁ#ﬁgféi§§§G%%%éﬁégﬁggggee é%%CTTTGCA 8580
MTA%&T&ML%ATM%A@ME@E@QA %}'—%c@%&e@o 8640
ACAGGACGATCATCACCAGC ACGGAGACAA
TCGTGW@QMGTWTAWACT GATTGGTATA . BT700
TTGAGITG CGCAATCACA- GECGTCAAGG 12960 .

TTEIT EERTANCKARRTESS CREINAGERGCTITARACTG 8760
GeaeTARTARAGDE KGR TAGRRA e ch3 B2EL e Tk GReAT P FCRERA e 3820

TATAGCCTCC CGCCATGACGGTATCGACGAATCCATTGCG 13080
GCACT@G’F@'NFAWGGTWC@\W TATETGAACGTTARTAARCT GA 8880

ornaneROCCTIEAG 13140, B TORTATACTTCTCCACTAT, TCACTITTA

C138940

GACAG TAGRAGR ACCMATEEACHEATTGIAGRRERTART.  s000
13260 ACTATTTCTC. CAGTGAAAAA ACAGTTGTTA. ACGGCGCATT |
SOEARGBE TTETFT FTSRA] BRI CCOTT GEFACRTEAR GEHEANGAB 2060
i U RIGATR STy 2
B A AT % St
TTTCGthE&]EN@@idﬂNAT TTREEr&IcQ. Tt TNEL TR S rGACCTGCT “TATTTCAAAT 9180
SEQUENCE, .CHARACTERISTICS: - (A) LENGIH 5746
ATACT g qggpqqgceg»GATeaxqgreng@qngeTQ&ncgawTTCATT ACCGTTTAAG = - 9240
CTGCTAATAT TTTTACTGGC AGGCGETTGG GATCTGACAC TGGCGCAATT GGTACAGAGC 9300
TTTTCATGAA TGATTCTGAA TTGACGCAAT TTGTAACGCA ACTTTTATGG ATCGTCCTTT 9360:
TTACGTCTAT GCCGGTAGTG TTGGTGGCAT CGGTAGTIGE TGTCATCGTA AGCCTTGTTC 9420
AGGCCTTGAC TCRAATACAG GACCABACGC TACAGTTCAT GATTARATTA TTGGCAATTG 9480
CAATAACCTT AATGGTCAGC ‘TACCCATGGC TTAGCGGTAT CCTGTTGAAT -TATACCCGGE - 9540°
AGATRATGTT ACGAATTGGA GAGCATGGTT GAATGGCACA ACAGGTAAAT GAGTGGCTTR 9600
TTGCATTGGC TGIGGCTTTT ATTCGACCAT TGAGCCTTTC TTTATTACTT CCCTTATTAA - 9660
AAAGTGGCAG TTTAGGGGCC GCACTTTTAC GTAATGGCGT GCTTATGTCA CTTACCTTITC 9720
CGATATTACC AATCATTTAC. CAGCAGAAGA TTATGATGCA. TATTGGTABA- GATTACAGTT -~  9780°
GGTTAGGGTT AGTCACTGGA-GAGGTGATTA TTGGITTTTC, AATTGGETTT TGTGCGGCGG - 9840 -
TTCCCTTTTG - GEGCCGTTGAT ATGGCGGEGT TTCTGCTTGA TACTTTACGT GGCGCGACRA - 9900
TGGGTACGAT ATTCAATTCT. ACAATAGAAG CTGAAACCTC ACTTTTIGGC TTGCTTTTCA = - 9960
GCCAGTTCTT . GTGTGTTATT. TTCTTTATAA GGAGTTTATA TTARACATIC

GCGGCGGCAT-

10020,



(C) STRANDEDNESS: doubl-e
MOLECULE TYPE: DNA (genom c);
(iii) ANTI-SENSE:
ORGANI SM DNA sequence of VGC |1
SEQUENCE DESCRI PTI ON: SEQ I D

NO -

(D) , TOPOLOGY:

~"(vi) ORI G NAL SOURCE:
C 108

cl uster

i near

(iii) HYPOTHETI CAL NO-
(A

(xi)

(i)

38: GGATCCTTTT

TCTTTAATGC TGCTAACGTT TCTTGCAAAA TGCGITGATG AGATTCATCC

TGTATERE TCATPACALAC T T RATRAALA AR CACASITENCEG AT TTTT 16080
MAMKRNNVRN NSCNNNACTA 120 AACCGITCTC TATTATCGCA
TRRAA EHAR TGCRERER GO EECRARCA A GATATATCA CTREASTARTEBOCITC 10140
G CAAGTAATGG TTGAACCTTG
CT s R A S pracne | Go200

ARCAATIOBE CROCAR BCCTTEIGRCGATACTGAS 300 rrGATNS
ACCCATTTTT ATCAAAACATCCTGCACTTC TCGTACCAAT-

ceTeREs® WWWWMMM@WMWMM

TCTGTTCGCT TGACGAGCAA
TETHET PrELESEoR:

FHHPARAG

PR cao?0

10320

10380

AAATTRDG@EIEN@Q&@Em%iﬂﬁéﬁh%&&@ié35¥EE%EH@E&V&@%@@@%X%ETAﬁ%§¥5§§¥%”NA10440
GCGTAAGTCAT 540 TTACCGITTC AGGCTGACCA

TTTCAC@?%ﬂR@?WTA@Amem ATBARNATCAABAACRTA. T10500

ACGCAAQ@EKTE@EKEE&TAdMJQ&&%@&&%&RA@EEXE¥§E§§5éﬁ%@ecf%
ZTFTTCXBA TTAAATCTGC GGCCATTAAC TCTAA

GGGGTP#%; TEEGTSACRISHEAACTINT CTTCXICAGT TCECETEAGAATARTCAce

AAGGccX¥¥§5§%§%%5§A$%;§§§g§§§§§

TCTTTACERCECTHET AAAAAGETEARET
CTCTTTGGATTAACCAT 960 GAGATATGCC

GAA
 RICTTTEGA PRAYQETATY ROEDITCCTAMCARITYS AAGOTTGAT TAGAGEARGTA 10860
' ( : T
rraceck@Rd ¢ .
GCCAATA%%%@%%;l |
GTTTTTTAST TAOCET TG CRAAARERC TEEGACEANT NABNTRT

el e
GCTRTC jScEeaTeeETigy

creaanfENSEATEACIS
1260 ..

' CTATCAJé%

TAACTATATT

GGCCCECTCA
ACCCGTTGCA
ACCATAAATG
| TATAGAGCAG

CAAGCACCAG

ACTCGAACCA

GGCAACGTTG
GGGAAATCGC

AGABAATAGC

GCGGACGGCT-

AGGCCGATGA

GTTARCGCCA

840 AATACAAATAT CGCATCCCT

TRFFEX CLATNEMCYFHTATIC
Eﬁ%@?ﬂggﬁe(%CTATCTCTT

AACAAATGAC CTACAACAGG
TR TETT PTG SCRASIeRRT S

L el d0annn

A ATGITGGECTTG CGAANCRATT. TCAGAATTTT
AR ACGHBIRY GEMACATCTG GAGGGCGACC

TAAGATTA AGCATTATTT
AAAGTGGGA

+.J

20
€ .ACCGATATGC

GT'TAACATCG

TTATTTTTTG
-GCCTfGTTAC;
CTTTTGGTAT

TGCTTGACGA

ATAGCGTATT

CTCGACCCCC
TAGGTGACAA
AATfTTcTTc
CGCCATGCGA

GACGTTGTAG

TGAACCCCAT

GGATATAACC

TR e

ATCTCTIRFRGICATTTARCAACEXAGEE Gin

CAATACCRCG
CTGBACGCAR

RAGTGGAACG

GTATGGTGAT:

GCTTCTTCAG

TARAAGGTGAG

ATAARATTAA

ACCATGTCAA -

CGEGGACGAR,

CTGARATCAC
CGGCTATCGT

ATAGCGCATC

CCAGRAGCCT

GCTGGGTAAA

CGTCCTGGAA AARGGCAGTE

CTGCATCCCE GTTGTTGARA.

-CGGAGATAAA - ATTCCTGARA

GARGATAGAT TATGCCCATT

GCCACTGCGA  AGGTTAAGAG

AGACTGAAAR TAATCGCTTT

ACAAGATAAT GGATTGETEC

GGTGGTGCTC TAACCAACTG

TATTAGCGTC ACAACCGCAA
CTGATTGCGG TGGABRATATG
CGTATTATCG GAGCGCGCTG

CGTAGCATCA TTAACACCGC

GCCGGTCCCA TACGATCCAC

CCTAACACCC AGTAGGCGGT

GTTTAGCTCA

ATGTTGAGCT

CGTTATTTGA’
CTACCGABAC
‘GGTEATAGCG
TAGCCTGGqA -

GTCTGAATGG

AGCTATGRAC
TGAGECRAGA

CAACATGTCG

CRABBRTGATS

CECCEAGGTC

CACCARATCC

AARGGTGATA

AQRRETARGEG

ATGCTCAAGE

Gﬂl“:CIfTGS/VTCW(IBAAﬁK: GEGTATTTGA -
PACEATHASCERBRRAABITA

SrriR

10560

0620

10680

10740

10800

10920 -
10980

11040

11;00

11160 -

11220

11280
11340 -
11400

11460°

11520

11580

11640

11700

11760
11820
11880°

11940

O

12000~ .



'ATGGATTCAA GITTAGCCAC TTTTTCTCCCTGCAGITTGG TATAGAAAGT
AATATTTTTA 1380-- TCCAGCACAG CCTGGATATT ATTTAAAGTC
ACCACAGATG GCTGGGAAAGTACATAAGCC 1440 TGAGAGCTTT
TTTCCAGGGC. ATTCAGACGC ACCAT TTGAGGTATCGCTGATTACC
1500 GTTGANNAACCACTAGCACC ACBGTCATTC
AAACCTGTAT- . TGAACGCAAT TTTCTTGCCA 1560 CCCAGCGACA
ARARAGHTGGUPICHOGT OTAGTOGARG: CCTARGEEET THAATATGTECRAGBATIAACAI 2060
620 TOGATAATTT TCACCGAAAT CTCTATCATCTGCTGGCGTT
GRETC KR PFE AT EATEAENCC AEPRITART E(SSAFAMINGCEEECFATITC 12120

P A ARCATNCEN T L R e AT R oblibncaar 12190

AACCAQGAT TERICAT CRATGACCE TS B0ccGRCEARBSTC G TdAGTEAGE . 12240
TCTCACGCAA TACACTAACG ACCCCTGGNN AACCACGACG 1860 -
GTTCAGACT A CERCASATEA TP AT A CTESEREATED AT LA BEASAGAFACHIT AAG2300

o A 04 IS IS IS

AATACIGACTAATADGABT CAGGCANSCT XX IMARAr GRCETERTEToCRARASET TT12420
GGTACCGGTA 2040 ATTTCTTTAA CCTCGCATCC CGGTGATGAA

CORG R BERTRP T B CECTAEE A ACT AR EAAR T PPLORCCAACTERGTAGC 12'48'0

e AT R ATA RCATACT LT CACERT ANIRARICCH 12540,

TGGCGMAT(W%CW@H&GZEﬂ@rccﬂfml&%&éﬁ;c@@%ﬁm&&zx 12600
CCAGGCGGA ATTTTTCCAC TAAATGTAGC TGITATCAAT 2280

GTTCCW%WMWW %@mmwmmmseo
eecee CTGGCATAAA%%&&%%@T%%W‘&G%&?&EE‘? BRFERES T 12720

GCGCTAZ40® ANRGATGCT CIATTEANGT ATAMATA CTAAAAEEAA GAFTANGGT 12780
TTATTTACTA CCATTTTATA 2460 CCCCACCCG A ATAAAGTTTA
CITTATFEES SAS REAT IGAAR QIGPSQATTCC 12840

e e——

GATGCGOEITT BT GANACTETATACEARCAATOAEGRACCECCRRRES T62G40mnce © 12960
CCAGCA%AA?%G& TAGTGTCAVM TAGGCAAGAC AAGGCTTAGG TAAGCTTTCC

Cﬁ%dﬁcﬁﬂ%&%&ﬂcﬁ%ﬁé&%ﬁ%@&%@ﬂ@ CGATAGCGAC 13020

AT Y8 o

GICTATHNGRT NP YSWRARS X\ TCHINETAATIERAAAREOTAATEATANACTGORAGE 13140
- TCOCTCAGACA TAAATGGGAG 2880 TTTCTATCAA.
ECKBATECTBTAARRESIE FERRCREACH ETIRRIPEFEGAG 3200

GCCGRAGRAD CAE&M@MJ&&%J@%G@ CLoGEdAkr 1 3260
ACCTTGICAC AGGCTATTCT 3000 ATCATT
ACTATTIQILT CREFSPAART HMYVICEATA. AQKETITRT TAGCASCEEAGA TEABGYSCATA 13320
CCTGCTQ‘% TGCTGABCAG TTCTGCT‘I‘TT -ATTTATTTCA GGAGTTGRAG ATATGTTTAC 13380 -
GGGGATCGTA CAGGGTACCG CGAAACTGGT ATCGATA TS | 13417
© (2) INFORMATION FOR SEQ ID.NO: 38: N
(i) SEQUENCE.CHARACTERISTICS:
(A} LENGTH: 5746 base pa:a_rs
- {B}nTYPE: nucleic acid '
(C) STRANDEDNESS: double
. (D} "I‘QPOLO_GY_ linear
{ii) MOLECULE TYPE: DNA (genomic).. :-
{iii) HYPOTHETICAL: No - ..
(iii) ANTI-SENSE: NO ..

© (vi) ORIGINAL SOURCE ' o T
(A) ORGANISM: DNA sequence of VGC II cluster C _



CAATTTGNAA. AATTATTTAT TAAATAAACT

GTTACGATGT: TTTTACATCGCCATCTTATT 3120

AAAAAGTAAT. T. GTAGTCATCGACTNGGITA TATATGAAGA AATTTATCT T
CCTAATGATA. 3180 ...;:~ ACACCALCGA TTAATCWACT -
GATGAAACTATATGTACTGOGATAGT GATESAAGT GCCAAA3240
GATTTTGCAA CAGGCAACT G GAGGGAAGCATTATGAATTT

(BB GERTENTARERGRIATSS : SBOOD NSYRBNNNNN TCTTTAGTAA

GGATd%%éé%ﬁ%f%%%ﬁ%%éﬁé@%%&IIIATTAACAA CAATAATTWI 3360
CEETACEEPRAT AP AATGETRCIRBAAAC 60
AG TACWMCM %GA%M&%@W%NE&&%&C TR | 120

GAATATTGTACTAAGCAATC AA
ARCCCATHACIATIRACCOTT GACEZRAAAANATTIIAATCIATDRATEC cAGARFAECGA 150
I TT 3540 TCATAACGATATTTTO00TG - ‘

CPATETFCHT B¢ 8SOTRTTGCT 240

-G“T“Wmm%ﬁ%%ﬁ&%@ e Re 900

CATNSWATH@CMTWTMAQA:B’@%@@@E&@G TOAEEATLT AnSid@cac 360
OCC TTCAGATTAT TCAACTCTAC AGCCTTTAAC GCGAAAAAGC
“ﬁcc?ﬁﬁ’mﬁ BT OACCRER ARBETICCREECETTIICTAGTORAGTG 420

W

AGATT

o bSO OIS o Tl ORI .,

' CcCGczsrga@e ATERATACOCOATATCCAT FARTAAGAT GRORCETARCcARFAGATEAT 40

: "RATTCGAG TATGGCTGGA 3960 TCAAAACAGC CACTTATTGE
T'TACC‘@@ P T AT R CATC A EAL I A ABAGGRASBCT RORCHISTRARIGIOABTCA 600

R CUACAA 4080 COTTEAT o ORI TR gt o0

TTACGCACAA 4080
GTTCAQBRET GIACCRAFEADRGTAAT: CEACADSATE rhtd0ccamnATECTEACAG 720

ATGGT)%%%@%T CAACAAATCC CCTTTACATT AACAGCATTG GIGITGATGA
CEER TP AR e SRR I AT AL ST CTAGT BT CANGG 780

A CTCACIE TACGACKOG T TAGERGER AR FHlssires

- BATACAARTRATFAE CTAGTIATT GRE COBTEEETRA cACEAAGEECIcCRGATAGTCTA o0p

CWE%GM@IFTTWWT 960

GRAGATAGEIAACARARE AR AS T ;A%ﬁig’i‘ﬁg; ACG
AT T LI SRR L AR 1020

CTTGAGEZHN BT PRXICCEH TRAANCATRCASHEARCACE AGKOTAACAANSEATIAGCTG 1050

CCGGCCW 4380 ACGACAATCT GGAAAACAAA GTCGCAGACG

TTGTACA CIGICTTTGI TAGCTATTAT 4620 | :
T A A P e AT, (T CPOUNNPRFOACRISAC 1140

" 1200

CCRECCAAAT GEAVGATH46 G AMGAGCRE LG éﬁ%ﬁﬁ@%
: TGCAAACCTATCCA GC%AKEAA 474%11:}9
GTNT Y CEHTEAR IS IATCAC TETTITICE GIOAACHTGET ACOGERTET AEEH@&M«CCG 1260

CCG TTTACNNC‘AAAI TTTGGITA ATTTACTCGG
TTTGCG€§§§C62f§§%§g£g;§§$ ARCGCG ‘WNAACRAAGA ACCCGTAGTG -

1320

_ GACTGATCGC

CTGGGTATCC ATCGCAGTGE CATACTTAAG CGTGTATATA

1620

1680

ATGGATTCAA GTTTAGCCAC TTTTTCTCCC TGCAG?TTGGTTATAGAAAGT BATATTTTTA 1380 -
TCCAGCACAG CCTGGATATT ATTIABAGIC ACCACAGATG GCTGGGAAAG TACATAAGCC 1440
TGAGAGCTTT TTTCCAGGGC. ATTCAGACGC ACCATAAAGT’TTGAGGTATC:GCTGATTACC' 1500
GTTGANNAAC -CACTAGCACC ACCGTCATTC‘AAACCTGTATHTGAAéGCAAT TTfCTTGccA" 1560
. CCCAGCGACA CTGCCGTTCC CCAGTCGATG CCTAACTGGT TAATAchcc AeéaTTAACA
TCGATAATTT TCACCGAAAT CTCTATCATC TGCTGGCGTT'GATCTAATTCVTGTGATGAGT'
TTCCGATACN NNGCCATATT GGNNNCATAA TCACGAACGA TCACTGCATT CTGGCGTNGS ~ 1740
GTCGGCAGCA AACATNGGCA ATGCCTGTGT AGCGGGTGAR CCATTGTTCN. TCGATGACGT 1800
CEGGACGCTG GITTTACTCA TCTCACGCAA TACACTAARCG ACCCCTGGNN AACCACGACE 1860
GATATTGGTA ' » 1920

I “‘T‘I'\E\
W



[ AAACCGGAGG ATACGTCTGA CGGTCAAGCGTCATGAGGAA

CAATTAATAT TTCTGGTTAG 4920 CGATAGCGGT AAAGGGATTG

AAATACAGCAGCAGTCTCAA ATCTTTACTG CTTTTTATCA 4980

AGCAGACACAAATTCGCAAG GTACA . TGGACTGACTATTGCGTCAA

GCCTGGCTAA 5040 AATGATGGGEC AATCTGA CACTAAAAAG -

TGTCCCCGGG GTTGGAACCTGTGTCTCGCT 5100 AGTATTACCC
CTTACW@WA@W@WMM@%@@@@@@MNNC 1980

TGACT Yoo
%ﬁg&sfgﬁpTCACCT CCACAGCTTT GGTACCGGTA

2040
ATTTCTAAA TEDCET ARG CAANNENAGAGEd AR h A bb&@&@%ﬁgﬁ% 2100
CGACCTGGECG 5280 CAACAGITAA TATTGTGTAC
BACCCTNCRA/IRFATROGAGTIAEARC T ANTITITAACOACOGTES GH46caces 2160
T TTCTTTFGGT TAATGATGCC GATATTAATCGGGATATCAT
TATAC AP CPENEERP CF PRI CGARRITGTGC TGCCAGGTTA 2220

. TTCAARAGRT @%@Eé&éﬁ%%@&

TCACAACAGC AGOGAT TCGATTTAGTACT A%%%&%AGA 2280

GGGCTAARIAARTIETCSS 20 CAM TOMAT AT G IACCATTARGACATEATEAGA 2340

TT TAGATCCTGA CTGCATGTTT 5580 GTGGCACTAT
oS AR AR AR AR SRy ot CETAAAR AT REIGRR WP 101

- TGCTCTROAE nceATAAYANNEA T ALAAANEAGE GACA L - -
TCGCTACATCAGTATTGOCG 5700 CAGRATA %CAH ﬂ%ﬁg %ﬁ%&m 2460

CCCCACAAGRN PAGRITT TTACAGEAO IS CCRATORCETY 6 T hiban G AMGHTARA - 2520

; identif ound whi ch reduces the
cconcefhy’ &%8%"#050 %Téfg%“oﬁ%&aﬁ‘?@%%“aaéﬁ@@@(;% GEPTANSERAr 2580
CCGTTTRAN RODERIHATE VWRTESING R rREER Qhr zﬁ'%l:.ﬁc‘?tdt{rﬁ 16T, 2640

: conpound which interferes wth the unction o
GCGCAARGRD rTFigTCﬁQTAMa BegoEtee ixtmcriide dnherreice meﬁﬁ@wh@ Nos:voo
Y. .Qne of the Salnonella sequences shown
AGAACAMPF%%% T T ECHPEP AR TR C IO PATRNEY NIFIOaRINN G 4760
NNNNNNNMA &aﬁmtzala;@ézequ%éﬂd;@ﬁt Tém&wﬁﬁ?@mgéﬁ‘:% g»?ﬁ%hﬁy Obygog
pol ypepti de encoded thereby. 2. A conpoun
WWTTAA'F%N‘F‘FC&‘EITEA BRACPRCCABt CRIFABTFCAD ACERCRGACA B*AAwT@mnpoundseo :

m 2. wherein the particul ar -
TTTCTA@(%%\O%g%(!%H{ZIQC gné&wgg %%éﬁzla%qﬁ Tgmﬁfghgzgqrﬁgﬁwcem 2940
TATACTREICO Ut Ngahen QeatdATEcWNEI@hBatAe abOS e IARES RS 3000

. . A conpound according to Claim3 wherein the
ATCATTé%ﬁ@tT?ﬁ%ﬁ&ﬁ?%ﬁnAﬁ§T¥H¥08ﬁlTﬁﬂCATfﬁTQAE@QﬂTﬁGQﬂﬂdTaﬂﬁﬂﬂcdmmgy tenso

AACGCTTCCG

crsrrndih EnGn] ErRatp Seblnlifert Bt nd LRI src0
ARAAAGTHAGY DEIGAOARINGACYNGATIR! @atbenadil EArERreGt ¥l rcara © 3180
interacts with, and substantially inhibits the o
ACACCA?Q%C%"-FP@HCWCT SABERECED HTPEACHS CaCATAGUEA: ARGIRaTCARA ed” 3240
G%TTTT&&%?&&&%A(%QGL%ME@? TTATGRATTT SSTCAATCTC BAGAATACSS' 3300
YSYRNNNNNN TCTTTAGTAA TCAGGCTAAC TTTTTTATTT TTATTAACAR CAATAATTWT = 3360
TTGGCTGCTA TCIGTGCTTA CCGCAGCTTA TATATCAATG GTTCRGABAC GGCAGCATAT - 3420
ARTAGAGGAT fl‘T,?}.TCC—G.'I‘"I‘C_ TATCCGAGAT GAATATTGTA CTAAGCAATC AACGG‘TTTG# 3480
| AGARGCTGRA CGTGREGCTA AABATTTAAT GTATCAATGC TCATTAGCGA CTGAGATTCA 3540
TCATAACGAT ATTTTCCCTG AGGTGAGCCG GCATCTATCT GTCGGTCCTT CAAATTGCAC 3606_ '
MGCCGACGCT NAACGGAGAG AAGCACC.GTC TCTTYCTGCA G‘I‘CC,TCTGAT'ATCGATGAAA" -:'3‘660.'?__ ‘
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TTGCGGTTGC CGATCAGGCA AGGCG:;ATTT TTTGAGGTGA CGGTTARACT = 3900
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AAARTGCGCT TCTCAANNCN AGAGCTTTTG TATTTCTCCG GAAAACTCTA CGACCTGECG 5280
CBRACAGTTAA TATTGTGTAC ACCAAATATG CCAGTAATAA ATAATTTGTT ACCACCOTGS 5340
CAGTTGCAGA TTCTTTTGGT TGATGATGCC GATATTAATC GGGATATCAT CGCCAARATG - . 5400
CTTGTCAGCC TGGGCCRACA CGTCACTATT GCCGCCAGTA GTBACGAGGC TCTGACTTIA - 5460
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CATHAYANNT - TACAAAACCA GTGACATTGG . CTACCTTAGE TCGCTACATC ' AGTATTGCCG 5700°
CAGAATACCA ACTTTTACGA AATATAGAGC TACAGGAGCA

5746
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CLAIMS

1.

10.

11.

12..

13.

A method of identifying a compound which reduces the ability of a
microorganism to adapt to a particular environment comprising the step of
selecting a compound which interferes with the function of a gene comprising
a sequence identified herein as SEQ ID Nos 8 to 36 or any one of the
Salmonella sequences shown in Figure 5, or contained in SEQ ID No 37 or
38, or a variant thereof with at least 85% sequence identity or a polypeptide
encoded thereby. :

A compound identifiable by the method of Claim 1.

A compound according to Claim 2 wherein the particular environment is a
host organism.

A compound according to Claim 3 wherein the host organism is a plant.
A compound according to Claim 3 wherein the host organism is an animal.

A compound according to any one of Claims 3 to 5 for use in the treatment of
an infection of said host organism with said microorganism.

A molecule which selectively interacts with, and substantially inhibits the

- function of, a gene comprising a sequence identified herein as SEQ ID Nos 8

to 36 or any one of the Salmonella sequences shown in Figure 5, or contained
in SEQ ID No 37 or 38, or a variant thereof with at least 85% sequence
identity or a nucleic acid product thereof.

A molecule according to Claim 7 which is an antisense nucleic acid or nucleic
acid derivative.

A molecule according to Claim 7 which is an antisense oligonucleotide.

A molecule according to Claim 7 for use in medicine.

Use of a molecule or compound according to Claim 3 or 7 in the manufacture
of a medicament for treating a host which has, or is susceptible to, an

infection with a- microorganism, wherein said gene is present in said
microorganism, or a close relative of said microorganism.

A pharmaceutical composition comprising a molecule or compound

according to Claim 3 or 7 and a pharmaceutically acceptable carrier.

A method of identifying a compound which reduces the ability of a bacterium
to infect or cause disease in a host comprising the step of selecting a
compound which interferes with the function of a gene comprising the VGC2
DNA of Salmonella typhimurium or a part thereof, or a variant of said DNA
with at least 85% sequence identity, wherin VGC2 DNA is defined as DNA
of Salmonella typhimurium located between the ydhE and pykF genes,
wherein the part thereof is at least 50 nucleotides, or a polypeptide encoded
thereby.
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14. A compound identifiable by the method of Claim 13. |

15. . A molecule which selectively interacts with, and substantially inhibits the
function of, a gene within the DNA comprising the VGC2 DNA of
Salmonella typhimurium or a part thereof, or a variant of said DNA with at
least 85% sequence identity, wherin VGC2 DNA is defined as DNA of
Salmonella typhimurium located between the ydhE and pykF genes, wherein
the part thereof is at least 50 nucleotides, or a nucleic product thereof.

16. A molecule or compound according to Claims 14 or 15 for use in medicine.




