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1 | DENTI FI CATI ON OF GENES The present invention
relates to nethods for the identification of genes
involved in the adaptation of a mcroorganismto its
environment, S particularly the identification of
genes responsi ble for the virulence of a pathogenic

m croorgani sm. { Background to the invention -,t 10
Anti biotic resistance in bacterial and other pathogens
is becoming increasingly ilnportant.. It is therefore

inmportant to find new therapeutic aporoaches to

at t ack- pat hoge IDENTIFICATION OF HANBDdgeni ¢

m croorgani sns have to evade the host s defence
mechani sms 15 and be able to grow in a poor - .
rThe préseneinvention #1ERE ol fetBodRlfbd fie ﬁ@nuﬁ&ftﬁﬂ bP ﬁcncEO
do so a nunber of "virul ence" genes of

nifEelyEd gbihithen adgplatipa qof reedmicroargauisme t(g emeserwmmen

- AREUR 46 RboERERI B o %0 Febnelt B i pilgned of &

mﬂl‘mﬁﬁSﬁﬁcﬂ)@fgaﬁﬁﬁ\ identification of bacteri al
virul ence genes. For exanple, nutants have been

screened for defined physiological: defects,. such: as
| ated proteins (Holl and et.al,

s st udy the penetration of

epi t helial cells (Fl nlay -et :al, 1988). and survival:
w thi.n, 25 macrophages (Fi el ds et al, 1989; Mller et
é““@%éﬁs'sw skt aeserial aﬂdl@éﬂt)' p«’ﬂhagsqmss nbexenging s

| anl n?aﬁ%gd sptg Pshfeg t{‘?%ﬁ ed Vle bf"q "f%%’fafuﬁ’\ées

. approachds imaamckhﬁﬂﬁgum@tmmﬂgamsﬂﬁnes can be .

identified which are inportant during di fferent
stages of infection, but is -severely limted by. .the
biclfifdrodr f V|d al.ly
PG SFodciR i 45,6 ALSEA YRS BeteBek Yoty
aaédnegatderpm pfov8 in @ plombatitiond] bﬁm@ﬁ:ﬁ&nofoabbmbﬂﬁn an

S ra ousvvlthadlfferent mut ant t hereby usi ng
‘ yﬁ?%ggh 7381 ¥ a30He gubes g% ‘virulence™ genes of the m1cr00¥gamsm J

are required.

Virulence genes have been detected using classical genetics and a variety

of approaches:have been used to.exploit.transpason ‘mutagenesis for the

~ - identification of bacterial virulence genes. For example, mutants have

30

been scréened for defined phys_iblogi'eal,adefCC.is,l such:as the loss of iron
regulated proteins (Holland et.al, 1992), or in assays to study the

penetration of epithelial cells (Finl‘ziy et al; 1988) and survival within

| rgacrophages (Fields er al, 1989; Miller er al, "1989a;-"GroiSman et al,

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

live animal models of infe_ctib_n Miller eral.. 1989.5)., ‘This approach has

~-the advantage that genes can be identified- which are imiportant 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 et



Because of the -extrenely |arge nunbers of aninals
requi red, conprehensive screening of a bacteri al
genome for virulence genes has not 5 been feasible.
Recently a genetic system (in vivo expression
technol ogy [1VET]) was described which positively
selects . for Sal nonella genes that are specifically
i nduced during infection (Mahan et at, 1993). The
technique 10 will identify g@nes that are expressed at
a particular stage in the infection process. However,
i t dﬂ:dlbs%ti)t used toispy/ of 8/ tol w@ﬁfgwéégfch@ onally 95 separate
regul ate posttranscriptionally, apd nore,. .. .
i mesovpswith, 2 differentanutppttieerby SRS Hetesn 768 g0 ice.
t he, gene(s ich e L.d If-£d oI Qnagdiya ired.
r.e%ﬁ%ﬂ% %%’r, eo‘r"?%%'?erl?bx{}gk ?{(y“ll tﬁ‘i iogf ection edired,
pr %ﬁgﬁeh&éwe%_r&nﬁag dfaVbackatil pehdznd furvifiiienoegeneolps, not
531 545 describe a nethod of identifying factors
5i nftlegnfeasiblet he i nvasi on of ‘Sal nonella into nmamal i an
cells in vitro by isolating hyperinvasive nutants. 20
: Wal sh and Cepko (1992) Science 255, 434=440:
degesdehly ‘a genBtichefdtent (i vivokéxpuessimrtquhnolagy | (B ET]owas
of cerebral "cortical progenitor _cells durjng the
devdescribasht whicht ipesitivelibrsglectsorfosy Splinqnella, genes thpy, are.

Val'sh .and-  Cepk hod. 4 Gt hd ique:
ey SO L AR (R o9 i
_ 10t hega idendify £étel @Ritiape ekprabsedsdtiaparticulut stags imthegafustion

could be. 25 detected by their method. WO 94/26933 ted
© andrenssh Howeaver, 1068 neiidentifyyirylepge,genes that ane regigated

6479- 6483 describe nethod [ Lt End jof 3l | 16
of REIATPRITAD: oPa R IngpRaRuF whP fof SHeMdc!infothaon
| easii whbthar BNA gBRd (e whinhf idvevbeenhidetificd 86 sxualiyhoasjuired -
information js availaple. 3 Goisman et al (1993)
. pr der, emeentributedto, tae infegtionoprocesssz. 1037 deseri bes
- 15t he mol ecul ar, functional and evol utionary analysis of
sequences specific'to .Salnonella. 5 Sone virul ence

g MBIBbuASRo i s 236 et s
égquosémt:fgufg; Lj’;;:tl,o?s Cigﬂljéncigg n&r;e in\?asgc}/np é_gnyakt}tjorﬁelia. into

mammalian cells in vitro by isolating hyperinvasive mutants.

‘20 - Walsh .andb.cepka-{-légz:)‘ Science 255, 434-440.describe-a; method of
“tracking the:spatial location of 'cc'rcbraflicorti_cal»progenitor:- cells:during the

“development of the cerebral cortexin the rat. The: Walsh and Cepko

method uses-a tag-that contains & unique nucleic acid sequence and the -
. lacZ gene bitt there is no-iidication that useful mutants or.genes could be

25  detected by their method.

WO 94/26933 arid Smith et af (1995) Proc. Nail. Acad. scs.--.Qsa 92,
- 6479-6483 describe -méth‘cds: aimed at.the identification-of the ‘fu‘n?tipnali
“regions of a known gene. ér at Jeast of a DNA -motecule for-which some

30 - -sequence information is available. -
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. ‘anthbisterit monecyrogeanes
L fdanti fyin m cr aer gani sm havi ng .a reduced
' Rﬂ%%’%ﬁg‘fg’%“b@!‘ﬁﬁsﬁ ar environnent 30 conpri s_i ng

Vi brio cholerae, Costriditun botulinum Yersinia
pestis, Shigella flexneri and Listeria-nonocytogenes
but in all cases only a relatively small nunber of
the total have been identified. 10 The di sease which
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 nonel l a virul ence have been identified to date
(G oisman St Cchman, 1994). These represent 15
&rpiseainmet aily(1968) tirocd Ndelt bratdotSdi. ilb &0, 01033-1037

)redj cted- vjrul ence g

gsmbes theamplecular, ol SP@’ gﬂ&ﬁ% ial .ﬁf:’%f%éﬁ!&ﬂm

' Eﬁ&m&wﬂm i,nvol ved: in the adaptation of a
croorganrsmto its environment, particularly to

identify 20 further virul ence genes in pathogenic
m croqrgani snms, with increased efficiengy. A further
gemecvirylencengancs accalrerdyrknayen for pathogeni¢ mirgogrganisms

¥
PR EGRPACHE & SalpREla, ehiftiind) C8Bronsis dipi,
dFbHiavehdletite, (ClbstRERGE bondinuni, Xersigta priehShigellw flexneri
virul ence: 25 Surrmarg of the invention A-= first :
L

§ igrell easespalya wlatvehoemalb pumber

the steps of: 4 (1) providing a plurality of: o
m croor gani sms_each _of which is independently mnutated

" Bhe diseasershich iSglronella senhinurivgncursesingaice prpidesa good

nucl ei ¢ id MLl Si[Qg: . a Ni e . mag K uepsLnsSo
PHRcr Al redel, O B, fore Piehy S lpS T

Apptmistel P Fort) OR6 Tefds Affiecthnl Salfonelio viralingdhabe bédn -
providing 1ndividually a stored sa .. of each

| |
. Hentified tor clatec dGroigmane$ (@shman; 6}% difhgse represent
15 .

aeXicEty dne A Sng 6P it B¢ pEQIBES VddfedcRerics

Ker sequence. Trom each i
(Gooitidr andiGaleg, 89 al ity of nutants- produced by

step (1) into B 7 7 o

The object of the present invention is to identify genes involved in the

“adaptation of a microorganism to its environment, particularly to identify

further virulence genes. in pathogénic microorganisms, with increased

efficiency.” A further object is to reduce -the number. of A.experiméntal'

‘animals used in identifying virulence genes. Still further objécts of the

- invention provide. vaccines, and methods for screening for drugs which’

.. reduce virulence,:

‘Summary of the invention -

- A~ first - aspect of the - invention: ~-prov-id¢;§ - a .method for identifying a

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

30

comprising the steps of:



the said particular environment and all owi ng those

m croorgani sns which 1) 10 'are able to do so to grow
in the said environnment; (4) retrieving m croorgani sms
from the said environnment or a selected part thereof
and isolating the nucleic acid fromthe retrieved

m croorgani sns;. (5) conparing any marker sequences in
the nucleic acid isolated '15 in step (4) to the

uni que marker sequence of eagh individual nutant
stored as in step (2); and (6) sel ecting an

i ndi vi dpggl W rgﬁgs Hicrorgaifins RYciPlof Wiieh i
mar ker guences a%\m §h1 atéd 1n step ?&2 -2% 'Ighus "

t hindepemdeutlyumataterk byt theeinsesitioonl inactivatiateof iaf gene with a

mcr. orgamsrrs wWth reduced capacit |ferate
notriecctd mmnmwa%aw Serveats o Bad £

g?'%ar adifitre: fehBhiabke g&%"spéﬁm thé shid mic 8 ism;

genes and théir products allow t

5 m cr oor@m sppovithing cindikidaaliyo a spared i sambple .of each mutant-

OB b fior 407,308 Grqridieg ioually 31dRass SIdl:acid
pa&&ﬂgﬁﬁng thé ARG m&ﬁccﬁ%&ﬁefﬁe' Forhteach Sadividagl B{Mct

nore. Vvirul'ence’genes 1s required. Thus,
i n_a preerrintrodacingdi-plwilitgfof: mhmntsrpmdumezkb)as@ﬁr(é) irito

-a mcr organi sm whi ch al |l ows e Croprgani sjn to
@pﬁ%sulaf pewaﬁmee'oﬂWFq‘m&é%e. TG CEOQREATNS RS which
ge ¢@r environment .
OI SE% o‘h??ere [ a{%&w WF} %g? 1;nl“ﬁglllggam sm such as a -

: pI ant o(4)an|w&hcvxhgnmcbmrtganasmsaﬁndnﬁmngmhemkamt 002
ar.e ab . urvive within the

nf t d
&’ﬁ@ 3{;5;@2@ dﬂ@fiag@am éwak Reid fromy %éemeved,

anﬂll&%@oﬁﬂn‘?{) fromvirulence genes. 5 Suitable

-:mcro ani sns when t he. particular environnent is a

pl ant (i)cl ustampdringhamt amrlecr/%gqms mlhamuclmeaaduﬁﬂated_

whi ch rms, t unpur s 1l.aLl r
By w-ﬂm(ﬁaﬁﬁm Boigug map, oo éea@aﬂnﬁ%ﬁ
Cah‘§ﬁ§st\éb|(2 .ighd®@ W de range of pI ants ‘Rhi zobi um-

| egum nosar um whi ch causes di sease i n beans;

Xamhonot@s cedqutisgransindividual mutant which does not contain any of

~ the imarker. sequences as-isolated in step (4). -

20 . Thus, the method uses negative sclecuon 10 identify. macroorgamsms with

reduced capac:ty 10. prolecrate in the enwronment

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

known that particular genes and their products aliow the mi-cr_odrgaﬁi'sm

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

pathogenic microorganism, such as a pathogenic bactérium or pathogenic

fungus, to survive in its host the product of one or more. viru!énc;: genes
- is-required. Thus. in a prcfcrrcd...embodi.mcnt“oﬁ:the.;irm_:ntion-a gene-of -

. microorganism which allows the microorganism 10 adapt 1o a particular.

‘30 environment is a virulence gene.
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10° . p:v. cirri which causes canker in citrus fruits;
and include the 'fungi Magnaporthe grisea which
causes rice blast disease-, Fusariumspp. which cause
a variety of plant diseases; Erisyphe spp.

-Col l etotrichum gl oeospori odes; Gaeumannonyces

gram nis which causes root and crown diseases in

‘cereal s and grasses; d onus spp., Laecaria spp.;

Lept osphaeria 15 macul ans; £homa trachei phil a;
Phyt opht hora spp., Pyrenophora teres; Verticillium

SRR et BBl g Rlasaglicd e

WBRanide sHRICHOR plilic? Hnithala Mang brcteriaaqidofudgh heesknaven

its,, life cycle is required. 2Q Sinila
- i lrcfoagdmrmd they! argiable %éﬂ@w“a‘“ é*“’}/ Pl?:'r'gt‘%‘?o‘é‘m

10
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. anoso S ar n
Afert HARSE Rkt Sonth Al holt bR St ROl Rrlence genes.
ot Bext{msr@maafgamm o uta:e partioutdr enviromeembid iat plant

of the m croorgani smto cause- di easelsgu in Iarugse
pincludeo theh bagtens ehgrobacteriyit ¢ 'gﬁ‘ﬂ“

Vi, r nce. S.. Suitahle de
aﬁéf e|PP§“=g‘E?ﬁ Y pdbti ar | R@ﬁf gdg,l%&l Piéudomonas
eﬁhfdﬁpcatﬁé‘{ Rxh&tihai Iw&(icle G:angejdﬂ rplarts p KA zodiumm

Zspp particularly C  borulinum Enterococcus spp.
+ plaguimindsarin Ehichamusds disgasgdn Mnﬁmﬁa’uégﬁam Campesms

t |
PP el syhithgenises icapkRE st T BndPBichidel U gl
' pﬂdpg‘n % Ebi%h.lz &rz*i'ea %Y&tpéduses ﬂfb@bﬁkt&ilk&qepﬁu@ﬁwﬂ sppllxdnbly

nwni ae. Leegi onell a slip: particul ?‘Lg :
prauseo @Ehivaiety i st’ eplant stipeaspsir thrUPke | 5PR.; Eolletorrichum

RSB oo i SRR AL dhnbrowe

Paiskh &y iRbdréaly ane%%eﬁmmumb NLacmfu . ;twrasphama

Pseudononas. spp. articularly aerog nosa

Satavuhaeis al’hogppzrac iplyidar ghgnghthagg ApRy| g@gmargpﬁres,

p I GUl arI . aur e tre
?ﬁ i Ef ?‘m ag&‘ ?fp gféﬁ’@ﬁ% Sﬁdolﬁﬁ&%gﬁgﬁreﬂa .musicola and |
VA? w?efénp AsARELrRUESH Théredeil Below, atearthy ni{crqmegamsn
t hese bacteria cause di sease in man and al so

T Irfea efuragus -shaplaid phaseite it lifereyely tsaeguiredhys. - when
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these bacter| a are used in the nethod of .the.

invention,' the particular ‘environnment is an ani mal

V"‘S'irﬁﬁaxttfieMzan?a:ﬂldrﬂ{)tg‘ihsﬁﬁqmmdmy battérie Yfuagl)groldXoa and

di sease’ For “exanp when Sal nonel | a typhl murjgm.i

- useypahastinnisare knownbaidedt aaimalsparticdlarly grmmalsdacluding

\A@llugalgmg ®'Survival of thréotgﬁ:lroc];r%anitsxpwuhln the animal and the ability

o of thé microorganism to cause disease is due-in large:part to the presence

- of and expression’” from  virulence, genes:. - Suitable bacteria include

“ Bordetélla spp. particilarly B, pertussis, Campylobacter spp. paticularly

" 'C fejuniii Clostridium spp. particularly C. batulinum, Enterococcus spp.

~particularly E. faecalis, Esckericc‘ii-a Spp- i)grticularly E. coli; Haemophilus

. spp. pariicularly H. ‘ducreyi and "H. influenzae, HeIz'cobacter spp..

e particulirly - H - pyloris. Klebsiella: spp. pamcuiarly K pneumomae

30 -

'-Legzanelia spp: particularly L pneumophda Listeria spp: particuiarly L.



fi fever in man. Staphyl ococcus aureus causes
bacteraem a and renal abscess formation in: mce

(Al bus et al-(1991).:Infect. Imure. 59,:11108-1014)
and endocarditis in rabbits (Perlnman & Freednan
(1971) Yale J. Biala Med 15 44,206-213). It is
required that a .fungus or hi gher eukaryotic
parasite-is haploid--for the relevant parts of its
life (such as growth, in the.environnment).

Preferably, a DNA-nedi ated ?ntegratlve transfornatlon

2 ety o b Re e PRI SRRERAS I e

| h“?@}mugh.?eaﬁ&ssér&z el paRlcRlarfyi Nabkanorrioea® and N.

pathogenlc |nclude certarn

As peningitidis; erdam(am spgx apgetieulariyf Bwiagewgingsa, daimonella

- pt ococc eof onna H st opl asma ca bgt
dé%my&?'{fé bo‘PB-' 2%9?“’ n¥fiP *h&’@’é“ﬁﬁ”ﬁ gd"“"’“"

é%wemmFa%r I uhbﬁmy
gﬁ?}%?g‘?r%&gr aVai lg f)g’r’b ?%@%{@éﬁxopl as na%ﬂﬁng)'s;ﬁﬂ
aI and Versirdadpp hmirticnlardy ¥ppestisi t4ll ofithebe badienid ciude disease

a5 ond D

10

aﬁg@ psm\?@i ﬁﬂﬂw&fwaﬁuzagiﬁ fweuefmw Wed.
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&@kl&ha}eh sed i 8he ﬁeuieg %;”H’ﬁ%vélﬁfon fﬁﬁb'ﬂamaﬂ&

ey, I I's, preferre animal I's,

roeperotnlis apear@makwhibht they ean igfethanchist hrhnbhothe:y hsause |

i.nyention_using an ani a human di seas

ar élseas@ar Fgr wfrpplm m%ﬁ@q&ﬂ@g‘"mﬂ%ﬁ 1s geadofonintest a
ﬁ‘t hse ﬁ%ﬁs Jclﬁfpsgg G006 YARER Feivis aérﬁrinotﬁ:l for tlyﬁhoid" _

¥'6rred mcroorgani-SmE for use in
rrefdv&dhl mfani B‘mplnytvcecdus@mrme:amsﬂmnememm and rcnal abscess

rBHoRdn riee AR 0L (B pfeet immir, SR ROI0T) so

vent| on 1 s now descri bed.
nud4.c206-248).d -conpri si ng a uni que - marker . sequence i S-
made as foll ows. A conpl ex pool of. doubl e stranded

“-DI\lAsequence' 'tags" is. generated ‘using

' serplevant pafis: o€ itsdidn (aich s ngdndl tho ebptmnment) ‘Preferably, B
a DNA-mediated integrative ,.transformauon system is available and, when

20

- include certain Aspergillus.-.sppgf;(fo;—;‘exampl&A;;;;ﬁainigétus),_ Ciyptococcus

chai nreactl1 on

-0l 110 xﬁeﬂ&gt‘?i’gﬁ;&u@%@h@h& @ﬂkﬁ@%h& ﬁﬁfﬁﬁ@ is haplmd for thc

has a uni que

-~ the microorganism is a human pathogen, convéniently an animal m‘odciof

~“the human- disease: is available.: Suitable fungi _pathogenic -4g-humans

- neoformans and: Histoplasma. capsulatum. Clearly the above-mentioned

fungi have a haploid phase and 2 DNA-mediated integrative transformation

genome,

R ~Animal models -of human disease- are-often available:in which. the animal. .~ o
30“

Systems are available:for them.: Foxoplasma-may also be used,:being'a.

- parasite with.a-haploid phase: during infection. . Bacteria have a ha’pio_id—j‘-

is a-mouse. rat, rabbit. dog or mankey.. It is p_refets‘-i?cdi if.thé animal isa

i,
i




preferably about 40 bp which is flanked by "arns" of
about 15 to 30 bp, preferably about 20 bp, which are
common to all"tags". The nunber of bp in the unique °
sequence is sufficient to allow | arge nunbers (for
exanpl e > 1010) of uni que sequences to be generated.
by random fj 20 oligonucl eotide synthesis but not too
lLarge to allow the formati on of secondary .

structures which may interfqre with a PCR;. ..

Simlarly, the Ilength.,i.oftthe as should be.

SUhbhidel. ? ' '¥e918% g‘:ﬁe‘ﬁ‘ﬁeﬁ%@ﬁ%gg{ﬁ MEMBH P RS invention using an

ol 1 gonu I's well known that:

-t lemimabmedeleofal hiran disemparotleatly voty bkely to bogears which

‘,lﬁ;:

e R SRR of e PR nol B BEE ST

need not. match the target, sequence..to: be anplified.

| tdefeymipe tha virnlenca a ﬂmn*qswm M4 KB Contain any
conpl ementary structures with each other., |onger.
than 2 bases, especially at their, 3 ends 30 as

t IPatibsiatiyr pref@yed muicRiorgitiemb cforrmscom thod mmhods of the
artifactual product call ed fz ey di e : When

tlméentyn et salmenellano Wg’“hy Cﬂ‘r%y AU

_ I r te
é%%ﬁﬁi“?ﬂ%%m%’e% ' Jibalis, CFStbmonas

dlm inofa hid gg—p@b,mgﬁm@dms =structure shoul d be
avon%d in.primers. For symmetric PCR, a 40-60% G+C

content isoften recommended:for- both Sprimers, wth

Wi t h DNA probe. hybridization. studies often predict
that a given priner should anneal at a F‘) ecific f
ew@r:bscua@ conyuising 4 HalquetTearkstsequeRsk Isgiade as follows.

-hybr ﬁp%%a%tm?iel 9%1?%%%@&? éz@ﬁ ﬁ?hgﬁégbt S g% eerpsor?técd

- efisiigl oligodutiddtde syRRepisandss pbbmmraw@alr&x;chon (PCR).

15

d d. . by sinpl | cul
RN %é}%ﬂtﬁg@ﬁ%&%&g be¥osnabBH Y And B0jpe.
aritefERin] oG 8 bo Beict JoRaPEAF S TaCRINALS t0 30 bp,

oes ve activity | 37-55C r.egi on, :
sqarpferﬂﬂy abshe26 bpwhidchl are cornnoiutd all “tags™ ar’i'ﬁneaiumtgpr of

step. and. .the hybrid w st abi
. cdﬂ%éﬁ‘!tthﬁt qrgﬁge s@guqqq@ ﬁr?‘?@F&enﬁr tg- altqﬁgprgen num%crs (for‘

- 20

C YRS 092101 B e) sBqRnclclo- b VgirRRltkd . by rahddm

-oligonucieotide synthésis but not too large to allow the formation-of -

. +..secondary. structures ‘which may interfere with a PCR. - Similarly, the

.=~ lengthaof -the - arms should - be. sufﬁé:imt-m: allow: efficient priming of

- -oligonucleotides in a PCR.

-Jt-is well ‘known that the sequence at:‘thi._’;-S;'-.'.cﬂd: of the oligonucledtide

- nised not match the target sequence.to:be amplified.

- It is usual that the PCR primers do-not contain any  complementary

L -'sttu.cturcs--withj each other Jonger-than 2-bases, especially at their.3' ends,

as this feature may promote the formation.of an artifactual-product calied



Mrange. . 20 The "tags": are ligated into a:

t ransposon. or transposon-like elenent to form ~
the...nucleic acid..: conprising,- a unique-.:msker.
sequence. Conveniently, the transposon is carried on
a suicide. vector which is maintained as a .plasm d.
in a "helper" organism butwhich. is lost after :25
transfer to the-mcroorganism of. the nmethod of the

~invention. For exanple, theg"helper" organi sm nmaybe a

5

10

(i ©ptiotunasnnchling serhperhturesmalbe

- m croorgani sm ysed in the,pethod of the first .aspec
or% BT Tmratioile teq DRA HobmePtn AoG e ARy S e
- WTP7.888¢ HBIOR, s& PANE M tersiA wilPBSi (dafinkGhe aRRGMING step

A5

. peand thei ndrichwild bk estabiilizedof The contentrations of the pemers are-
- transposon or . transposon-|ike. el enent has updergone @
1 reb &R Pontrnciopal BB Gtigh Pist Bt Bbically; HISE'EPNG B

%

- form. -the:...nucleic - acid.:- comprising. - & - unique.. marker -~ sequence.

© .30

strain of Escherichia. colt, the mcroorganismof the
meé ﬁ*.ef Eert Shap ,ﬁﬁ'eﬁdkdo?i}% twd pARRIS hybfidae, they
conj ugal transfer. Althoug t N b .
af form a “primed tamplate’ complexandipironensixtensidrsresulis in a short

undergoes a, transpositiaqn eyent through which it 30
i ng‘ﬁﬁF’éPé%‘P"é’f‘?ﬂ?%Sw‘eﬂ)‘ﬂﬂ"eﬁF’Hﬁﬁr *Wi th its.. unique tag,
into the genome of the E 9 nicroorganismused in the
method. It is nost preferred. if the transposon or

t r Bwerpabarohddse saheenshadd bbaveided ot pimeror Fexsympimetric

R, T30 A0, SRR s,

e J TR . "B [ g mperature
AR fyrltcfes FELBEALAR, S kA hitl g Bmperacu
aueghéulagdnscusedr ireconjandtivn withi PNoitprolsd hybiidizatian studies
functional gene in the_ nuclei¢. acid conprisjng the
urPfdgrepresictdhat argiven prsmgp hould aga¢aljat g spefific temperature
COAMGRR! (RR'72905 ket tcﬂﬂ:ﬁré{ﬁ O A1 b5 4T YRR 'mcr[tcm¥la_tc-
Preferably "t e conpl enent1 ng, functional géhe I's no
deliybrid] piematutdlg. 4 pratics,pthel kybrids arcempee effective in the
m croorgani sm ot herw se non-random . [ntegration o
evRARprossssdhangengrally predicted iy simplg ot ?Y%ﬁmm ent -
if.the transposon or.transposon-like. .elenment is o
carried on a vector which. i's naintained episomally -
A(im2ad

gi ven condrtion, "the episome cannot be nmintai ned .

pM range. . -

. The “tags™ .are: li‘gatcda.._:intoz.__a;»_..t';,:fanquson;._,.qg:--,tmnsposqnelike;g.elé-ment ta

Couveniently, the transposon.is carried on a suicide‘evcctor:f--which is

maintained as a plasmid. in a “helper™ organism,_but-which is-lost after

transfer to the-microorganism of - the -method -of the invention. -For

example, the “helper™ organism-may.be a strain of Escherichia coli, the -
microorganism of the method may be Salmonella and- the transfer is'd -

~* conjugal transfer, Although the. transpeson can be-lost after transfer, in

the transposon can be |ost

ijed empivically and may

“aproportion of cells. it undergoes-a transposition evcnt;-ﬂzrough-;which'it-- -

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

i
ST

-



20 it integrates at random along with its unique tag,
into the genone of the' mcroorgani smused in the.
nmet hod. This particularly convenient enbodinent is
advant ageous because, once a m croorgani sm carrying
the episomal vector is nmade, then each tine the
transposition event is selected for or induced by,
changi ng the condition of the mcroorganism(or a
clone 25 thereof)"froma fiést given condition to a
second given condition, the® transposon can integrate

L AR I T R —

Mo AMEHGINIIE: Sefien(TBAEbE adbdted T Fdrxafiployhinclhe. case of

contains a unique tag sequence in the transposon -or
weredie; pikapamycigresistanes ganemaynbhpresentilg Shbiranspesaen

3 Lol 4Rl Por 5, ey o BN eamadly i e s

ssible:tB QUnSpleinche il MM dtispRAld maRkdr iftthd Heéipiche ¢Bll Qtith

\I\J}I)iUCh contains a different tag sequence (ie unique

“ wiatfrinetianak gpuwin the Thickeieadid somprising thaumiquel marker. This

B RTRERaHG sorkeight e A AU B e oot

t he pl:ural ity .("pool™). of :independently putated E 5

i ctoorgani sns instep (1) of the nmethod; and (b) the

" nireforably th fcomplementinggBingticnnlogang iscnatnderivade from thes

10

“RE g Bies ot o P BRI it Oumka B BN o ndom

Miitegratibe evhfisirgly Bagirer to use in.organisms for which

- transposon nutagenesis is nore difficult to perform

15

(f'or-exanpl e;” St aphyl ococcus aureus), - and point -~ 1

0 ..
B s RRPCmiahiak B c AR AE A SPhoRRbion” U tanspfictice

Tt BRARNOEE caRiedNeh BURbiok WidEN Ty RlaimaBie episdfally (ie not as

described in nore detail below the "pool" size is

c B oh ithn chxpmgseme) in tip microogmnisay usshincthe yethod of die

TR ASPER Uy WP inBRflon whBFIEE Brt diléh JRAEGH whereas. upon

Ion Or mcroorgani snms 1S Tonveni ently,

" i phanging thon: conditiohSo26sesphd gienr @niditicn, thelepiomencannot -

particularly preferred enbodi nent the first given -

* chamatariedipermifing she sqlegtiopalipgelhin ek ihe wagsposon or
oEIR bR sRpe el i chlpfon PRS dumueb et

20

| & integamendt random; along with its unique.tag, into the genome .-

- of the microorganism-used in the method. - This particularly conveiiient

- embodintent is advantageous because, once-a microorganism casrying the

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

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

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

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

o mieroorganism. - Thus; once a master .collection of microorganisms are

-7 “madé;-each ‘member ‘of. which ‘eontains a unique tag .sequence in the

" transposen-or ‘transposon-like. element carried on the episomal vector

130

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



20 particular. tenperature or tenperature range such
as, 35.C to 45C, nost preferably 42C. In -further
preferred . enbodi ments.,the- first given condition
is: the presence. of an, antibiotic, such.as.
streptomycin; ,and the second given condition is the
absence. of the said antibiotic; orthe first

gi ven-condition' is the absence of an antibiotic. - .
and/ / the-second given 25 c ition is the-presence of
the said. antibiotic. Transposons suitable for

. |nt atd on,into the Q [

| P oot s o SRt o Ot
. ﬁtﬁqheb.bmunfmé poole g ritiis emhodhne:tthe meticuterly
of Gram p03| tive bacteria i ncI ude Tn9

densetd boewo (@t sedvgosthe numbes b ebanipulations

rt| culﬁ rly sui ted"} oélé?éﬁ (u@Sriﬁﬂ é{;é‘% "I‘H?;R_ﬁ_

-5 AC %ﬁcro%i‘#amk—ﬁ@ug Step ‘iffﬁ@f ﬁéfiﬁ&thw‘daﬂﬂ’@} the lﬁlthher ddlﬁ’etent
(1 nf ect 59, 1008-1014). 5 It is=

: panagscm mlypbeftbpmmq fis ithe numbes ek SHSra9sganisms in the

2 SRR TSt Shecbganpry Wl 1Y Bt esBac Bl tages e
an#&f\&l easik? B¢l ubdY i of; o Wﬂ&hﬁﬁp&ou auiitagenesis is
as. p4l194Ts (Villafane et al - (1987) J.

| Bammuchfﬁcuna@ pesforavionyxampleoSiaph PC% a&ﬁ%‘ééﬂ%ﬂ@m
_ al t hou trans sSons. a ,
"10 tPEHY | ‘éﬂ‘%@ ‘ﬁ'geg’gﬁ ?any Bt H er “ybridisation

”e‘cﬂé’t%ctc?fsn&?&ﬂ%la seﬂéﬁt&i geesfotemakimglquialinecamol leasncr As

used. A further conveni ent, method of_  i.nsertiqnally
i nag descaibed gnangm'léctalé) &clqwuthsr‘rgml nsizeris gPRvaenty; ?boP“t

- 9 200" GREREREA R et BRI Rl bR e

al nﬁ:ikll?:c@@ﬁ bf rliblookmiisRY 5 wdrivenicatpasudred im one-or two
S. pneunoni ae. The general nethod may al so be appl i ed -

15t 0 96twell migrafitovplglasi sns; especi al | y*bact eria. For
fungi, insertional nutations are created by : -
transformatl on using DNA 20 fragments or pl- Asti ds o

canh il pgticharlytpeferrednsmbediafont did ﬁrstWamtmidﬁ@n isa first

; &‘f’ﬂ?g E) most

mar ket 's encodl ng; for exanpl e, reSISu(:ﬁ

- hy GREISHANCRIRSIAHFR- @5 KplIeKAtuS EANe |
I f |
RGO A (o b R Bt . o

201 e%ia&iélﬂ%tekﬁ]ie@athf&or temperature-range such:.as 35°C to 45°C, most -

preferably. 42°C.. - In- further preferred. embodlmcnts the ﬁvst given

- Acondltmn is the: presence.of an: antibiotic,such:as; strcptemycm,< and the

. second given condition:is the abscncc of the said antlblot:c, or-the first

given-condition is the absence-of an antibiotic. and',thg-_,_-fsccond- given -

- 25 . condition is the.preseace of the said antibiotic: . - .« -

Transposons suitable for integration into the genome of Gram negative

. bacteria include TnS, Tnl0 and derivatives thereof,.. Transposons suitable.
«. -+ forintegration-into the- genome of Gram positive: | bacteria. mclude Tn916 "

- 30 and derivatives or: anaiogues thereof. Transposons pamcuiarlv suited for‘ L




genone of filamentous fungi, using restriction enzyne
. nmediated 25, integration (REM; Schiestl & Petes
(1991); Liu et al (1994) Proc. NM. Acad. Sci. USA
91, 12649-12653) are known. A- sinple insertiona

nmut agehesi s technique. for a fungus- is described in
Sehiestl & Petes (1994) incorporated herein by
reference; and include, for 30 exanple. the use of Ty
el ements and ri bosomal DNA in yeast. 12 Random
integration of the. transposbh or ot her DNA sequence

s Isfa%'fxﬁiekéé‘m‘? anrinataste; Tl L(QHeBRB AL 498 Broc.

R 0 S8 44 4465 PRSI oo

Illafwy]m,ﬁuﬁ,usjr 10082101490 nut-ants .is -arrayed--in well ed
-microtitre dishes so that each well contains a-

di fferent nutant- mcroorganism DNA - qpnprising the

iR SSREAATY pRARETIEN O ERE0, PAY R tppRlcf i e

: !cl'p.sgan detiomtibesidesdribed! ¥ @iumﬁbrcvezm(mmw Bddteriol. 172,

done irem)w ng ' a sanple of the mcrgorgani smfrom

t 38314k, mdearmgmedslmbtat tq@emwr%rmr@ttmnm@n Suclt pg

PR RREE Pl (Rs T Bt AGL AL

- and f4 xing the nucleic acid to the, - nenbrane: --Thus, a

10

lica of the contents of the welled mcrotitre :
d| shwdl x5 appregiated thgorKheyght H@nwo%rgammwbrﬁer |

o FrcBphify 1RE Rige hedlles Andidtnel REwf et bl g dnethod

o U&idirem@wrmrtac fubié nBINBS uséd tAnefufthmmmreateﬁis 'method of

-.v;r._.flanklngthe ‘tags". and the anplified 20 DNA is -
-, |igspatipaally fmpctivatingnp|gency P#nsuwlymeccfﬁvbhﬁ‘atﬁ%ﬁ“dt Be

| i pRegEEh, ICuRRE FporkOf fcad blaecn b e TER D chat.

" hldecribed i Morrizoh tee ah (1984) thBacrerieb l52.83703fvnth respect to
~the-welled. mcrotitre dishes. This. is a: ckt&et
. cheRetgronine. | richey iganerrl methed maKi e ‘EFoé‘ﬁP 1 rF°f g

:-f,.—_-,cqmc%& %ggﬁ{sk%mgia‘f&%eﬂ%%aa”d that. the. rrarker_ |

. sequenc

éd and | abel | ed
efficiently.. Pools of transposon nutants are. ‘made to

.introduce..intgQ the parti.cular

120

For fungx insertional mutations are creatéd by transformation using DNA

Fragments or plasinids carryiig the “tags™ and,’ préferably,” sclectable-

- -mafKefs encoding; for example, resrstanoe--to _hygromyc:n»B--omhl_eomycm'
- -i(se¢Smith'ef al (1994) Infect. Imniunol. 62; 5247-5254). Randoin, single
s - “integration of DNA *fragménts encoding hjigromyéin B resistance in‘to the’

-genome -of - filamentous Tungi, ‘using ‘restriction enzyme “mediated
integration (REMI; Sch:cstl & Pctes (1991); Lu et al (1994) Proc. Nail.
Acad. Sci. USA 91, 12649- 12653) are known.

- A simplé insertional ‘mutagénesis technique for a fungus is deseribed in

o * “Schiestl & Petes (1994) incorporated herein by reference. and mcludc, for
30 :

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




“environment. Conveniently,. 9.6-well mcrotitre
di shes-arc..used -and the pool contains 96

transposom nmnutants, - However, the lower limt for
the .30 pool is two nutants: there is no theoretical
upper limt to the size of the ------- --- -- 13 pool

but, as discussed below, , the upper limt may. be
determined in relation to the environment into: which
the nutants are introduced: ce the m croorgani sns ‘
.- are introduced into the said“articular 5 environnent
thqose m croorgani sns which are to to deo re all .
¢ o Ryl iicemBon A, wentranwosan of afiet A Sfefcs, ks
m GE4Q f 3! & dfShlepeniehtiE nftitiMbd AIERBEgdntsms. wherein
det g@%ﬁﬁggfﬁgﬁrﬁéﬁaéﬁﬁgcp&n ?hdéem.cr oor gani ng and the
en\a diffierent penc/is i ascrtomliytiandtivatasigeach oiutant aad eachhmutant
m cr ool gani 3&5 are £ ) recovered fromthe environnent,
DN&optaigs, 3 diffarept aiagker $EA¥RS s used 10 as a
. g-tenplate for a PCR using priners that anneal to.the -
"arnms" flanking the "tags". The PCR product is .
- | abtelibeaty dfeuck isseptlian mutdnts sarrayed insvelledswirrotitre dishes
probe the DNA stored,fromeeach individual nmutant. '
r e§Pi that egch cll coninge g difterent, Buant nigreorgauisgy. o JDNA
DNAoRTRistfe tld Unffhe MHatlerYRfubAbs Froneakh Yindividedl. Autant
al | %{p?ﬁiﬁgép&%g@e\é@rﬁ%gg ufrom tohe' DhIAlisc;jlaged‘ o
f r anicidorg s @oneerdanlys rthe te@b N Adrémotie eslone inused) is
_These non-hybridi sing,, DNAs, corespond .t o nut ant.s e
10,y §tareddafrenvenienily, (this ghrdone, DX FeRONIng of népple_phdhe
. beqRcpldigigheloRy tHenl?SJmﬁf&E dién,- §fofidg” ANGROSORuélkic acid
ot her sequence: n a particularly preferred:
©_enthybridisation eeribrame " (shelv s naitrogellwlesey of inyloe membreanes), -

 “cqinpared to the "tags". For e | e, the PCR priners .

*ar dreihe g spieropepibitiin alkalkipad T1HBE i e A 18" e

" T esfidiHBrank N4 Pa kgiRh) T LGRS of the: wolldiGhiR rodine dishes .
in- this .case,! no" or' one radiolabelled C residue

15i s is‘magler por ated i n -each "arnt but .a. greatef’ -nunber..
~of 25 residues:-are incorporated in the "tag". It is

preferred if the "tag" has at ‘least ten-fold nore -

| alyglold SRt RREAIREadiSAY Flo thedléTied mizkaiites dizthlaré wRidtnd .

fold or nore; 'nore referag:!dy' fiftyfold or _nore. -

~ ColMiAi isetyciede This RNA ipused a5e
1 Rt ReR%0%nE LohfIRbE “afrS Ahlihgthe “tags”™ and the amplified

a5 fsgpsfene PCRpsingprimers .

e,
R

20  DNA is labelled. for exampie with “P. The product of the PCRiisused =~

- to .probie: the -DNA- stored--from each.. indiv-idua! -mitant. to providé-a -

referénce -hybridisation ‘pattern. for ‘the; replicas -of the.welled I'!lk?'l-'ﬁﬁtfc_:t -

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

Pools' of iransposén ‘mutants are made-to- introduce into- the’ p&tﬁ{:ul-ar"'
- -environment. Conveniently,. 96-well microtitre dishes-are.used and the -
:pool contains 96: transposon: mutants. - However, the: lower-limit for th"e_‘, )

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



etizynie, a site for.which nmay be incorporated in the
primer design. 3t) 14 As discussed above, a
particularly preferred, enbodi ment of the invention

is when the mcroorganismis a pathogenic

m croorgani smand the particular environnment is an
animal . In this enbodinent, the size of the pool . of
.mutants introduced into the animal is : determ ned by
(a) the 5 nunber of celrs‘ﬁi each nutant- that, are
Ilkely to, survive. int animal (assumng a

Ielﬂrc%ac ne h?ff l{é&tgvb en lnacﬁ.F ﬁfﬂ?& btgﬂgeteﬁm ilﬂé :

| ﬁii@n ﬂoglh tcﬁQh rbRifieht Wx&ﬁthcﬂﬁﬁtahls\/ﬁ*e introduddds may

arise an e nunmber in (b) is too hlgh then the

" ani mal-wmay di e before enough. nutants:” have had a

FGRGCTR R R R T T

B g%ﬁ%ﬁ%’@ b abfb&ﬂﬁmsxh& which Seaibas &N!é/ soRfCalldveed to

nore pre more. than -100. The: nunber. of

: dgmm emiranenent, e bengtivef fimerthe prictporgasms aragfte

s sﬁ?@&%‘mm&s Wf e et o e ?‘én%f?qfsr@?ﬂgm and

. tl‘PAE@nvir ﬁ&ﬂhf "b gl?&le @f iR, R hificiodpghridms fre

pretera gugh- the: size of the

E lmwmm&amyhdsenmth Hw\«es oxtransed and thes DI dnused

10°

1 he UGEELC ORI BER PrrodudlOe l&@éﬂeﬂ

end| o) t m croon anl m and a.nl mak .
R Recdor g ToR e oAl HEde ey fandjne
FOF Bxaﬁplelmh o f adenat.
nutansfor sindle animal . , It

- amdee pedtecthe DNiAtstord fromheash méwrdml Wta‘ﬁplmt@d frewin

B iited ROHTE gk SOl B 3P BTl fiise

L S\%ﬁa? of Wt AAIPRA: the PPUM% ﬁncratcd fronstheddManisehited from
15

I nocul ate three.ani ma W th the sane pool of

nﬂht:amcmgamhms recaverashirom enviggngignt: B%lcﬁ%vmeafiwg o

BN rarfoppaRa S, e afioden bl 1o, e pariqulas

S a&@omﬂwh&@ ausmﬁédw ayeﬁ@mbm of k¢ badspdsiohlor other_

20

provi des a greater than 30 foI d saV| ng n the 15
DNA- sequence :

In a particularly. prcférred embod-imcnt the “arms™ hg\_f‘e no, or very little, --

- label compared to the “tags™. For example, the PCR primers are suitably
; ?=f;'-‘dc31gncﬂ4to con[ajn no, or a smgle, G remdue, the nP~labeHcd nucleoudc

\i§ dCTFP-and; in: this ‘case, “fio*-or ‘ohe- radlolabclled C- rcsuiuc 1s

- incorporated in’ éach- “arm”™ but a. greater number :of radiolabelled C

residues:are incorporated in the “tag”. Tt is preferted if the “tag” hasat

~ least ten-fold more label incorporated than the “arms”; preferably twenty-
- fold-or '-mbr‘é:"irxi_cifg:- preferably -fifty-fold- or. more: -’Converiit*‘:ﬁﬂy the
““afms” - éin ‘be. rémoved from the “tag? using~a’ sititable: restriction

- enizymie; & site for which may be incorporated inthe primer-design.



nunber of animals used, The-tinme between the pool of
mut ants being introduced. into the animal and the

m croorgani sms bei ng recovered nay vary wilt the

m croorgani sm 5 and- .:animal used. For exanple, when
the animal is a nouse and the mcroorganism is

Sal nonel | a typhi nnerium the tine between inocul ation
and- recovery is about three days. In one enbodi nent

of the invention mcroorganiggs are retrieved fromthe
10 environment in step (5) at a site renote fromthe
sit QAL | %rﬁ e i
Vi r‘ﬁ@%c&es%%nes bgl ‘ng ‘Trhrgz\'/lg%ﬁ gfgfr}e?g eiﬁir?gﬁggéem:dlggel vention
i nis | wikh |ﬂ1etnhmremgaadmﬁs tmqaaﬂmgcwr grictoongadsmeand the

i AT Ao & S B g iR SbodiiB, the sizs of the
H‘ i OF Qutddks FFodickd ifd Fhd RlmaANES UBRrmined by ﬂa) the

roorganismretrieved from another site on the

. Swhaumber dif xetis eofsdagh anitant. toit aae dikely. fo. mhmmae thet ammal

D GBRIRS g e BB AOLL BeSR R RRdS 580 5 b ot
'Sxﬁ&h A T i %cﬂolr'ﬁ%hﬁliu ?@m&lmﬂc& L) is. d¥ BWiien faise

or gan such as een. It may be us to conpare
t hpoyitive lresdes gapemise cadt. uffthedwh;beonal(b) mmmh@hrﬂwndhe

T b et BB e o
Oeshggl'é(f’ Qﬁynf 9e! Qé’r Gf‘ fl@li'ﬁ %P ‘éﬁn 'Hét d&¥%rhin@d. for each -

IS pr e erred
i smmtcmgmm usedtbwieis pmﬁmblyymaiﬁ tl&mﬁ@ prozé qrefechbly

envi ron mhlch may be used to identify virulence
‘geHEge; @“é cells-in-.cukture (particularly

macr ophages. . and eplthellal ceIIs) and. pl ant ceIIs
-in culture: AIthough using cells i'n culture will be

uﬁ&bubumhcxr of. different - gimtannstthax lepn desitradungst datena smﬁc

15 e T . B 0
pr %F&Eﬁ%d iff tHeh SotB YAdRRIR dodsS ndt RREGedON0® tchits Aandrat 'is

Wthin a given host-parasite interaction, a

| nuowprabﬂy dif¥ fasllenaltheugh fhonsisatef Wednoptyay may be varied
- n%{]g %9 beq ff&r eggnogﬁg 8@&&% nsﬁlgelﬁlqu&%aglrsmﬁand_ the

- animal.,

In aparﬁcularly convenient method an: maculum of 305 is. ussd contmmng -

1000 -cells . cach of 100 different; mutants for;a smglc ammai It -will be
,;i&pprccmtcd that in this. method. one animal can ;be used to screen 100

. mutants. comparcd to prior art methods which. require-at. least IOO animals
25 - to screen F0O-mutants., ' '

... However, it is.convenient to inoculate. three animals. with the same pool - -

-.of mutants so that at least: two-can :be. invgsiiggthgx {one.as a replica to

,;=ch§ck.Ihe;;rcgiabi_lity.:Qf-;thc:-m-ethod)_g whilst the third is.kept as a back-up.
30 Nc_\'(crthcicss,‘lhc_mct_hod still provides a greater than 30-fold saving in the | o

“.__.e'/l T




St

parts thereof such as the Peyer's patch. 5 The nunber
of individual mcroorganisns (ie.cells) .recovered
from the environment should be at |east tw ce,
preferably at least ten :tinmes, nore preferably
100-times the nunber of different nutants introduced
into the environnment. For exanple, when : an., aninal
is. inoculated.= with 100 10 different nmutants around
-10, 000 i ndividual mcroorgani snms should be retrieved
and their marker DNA isol at'ed. A further preferred

t O s the steps: ‘15 (1A) renoving
aﬂ'}{'@sf;‘bﬂﬁ %ﬁf‘f‘ﬁ@ plurality. of nutants produced in
step, (1); or -(6A) determ ning whether the nut. ant
selected in step (6) is an auxotroph; or t

b'é'hh»tmw\b)%twemﬁm)t paol of snatanisrbaing intsoduced almgﬁhg wnamal

" i SRR saabism biind Feboveryd Witk SRLARTA Bl mtPhbiRanism,
U ¥RE aRlm&Y usedd mo?té%ahgaws%héﬁ%@'amm ﬁﬂﬁ mouse and the

m croor gani sm wher ei n ene.:allow ng t

ECIOOT Zraising 1is Sabnmaptzmlunwrpmt the Wirag betwieen dnogulation

Conyeniently,' this is' done between

“ tivated,
'Ig'gﬁgv%eaﬁo“{oﬂfﬂm’c Y&r step (6).  Preferably

.. - auxotrophs are nor renoved when. virulence genes are

beifg 30 identified. 17 A second aspect of the

i oy mhoclmmt déthe investipp anigfodrganising grargirievgd feom the

15

20

10 whi ¢ch aI |

crfiroetin siGronut Rl fofn B8 sik SapRBfbefon &
he drsh tﬁﬁpﬁfé vn{nanhs Adnee iR invdsabdediiclaile these

itional step: . 5 (7) . isolating the
i wehtcdandht ypraad oifi thamarchfg@l&m gen thertaer Siquom
t he _ _

“Far cxample, in a plant the mzcroorgamsm may bc mtroduced ina lesion

¢ in- the stem.or at-one site on-a leaf and the mlcroorgamsm retrieved from-

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

. in the case of an animil, the 'microqrganism may. be. introd-uqed;ugri__ﬂ-_ty-,_
intraperitoneally, intravenously or intranasally and is retrieved at.a later
time from an internal or'ga'n such as the spleeh It may be useful to
compare the virulence genes identified by oral administration and those

ldentaﬁsd by mtrapcmoncal admlmstranon as some genes may be requlred

. ‘to establish infection by one.route but not by the other.. It is:preferred if
+ - Salmonélla is introduced. intraperitoneally.

“Other preferred environments which may be used to identify virulence

- genes.are aninial cclls in:culure (particularly macrophages. and epnthehai

- cclls) and plant ccl]s in culture.. Although using cells in culture will be

~euseful: in Ats .ownlnght', it will also complement the u_se_ -of the whole

30

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




i ndi vi dual nutant selected in step. (6). Methods for

i solating a gene containing a uni que marker are well
known 10 . in the art of nolecular biology. A further
preferred enbodi nent conprises the further additiona
step: (8) isolating froma wld-type m croorgani sm
the corresponding wild-- 15 type gene using the
insertionally-inactivated gene isolated in step. (7)
.or part thereof: as a prohe. Methods for gene
probing are well known. in tfre art of nol ecul ar

bi ol pg 20, Mpl.ecul ar bi ol ogi cal S
o éISPrmc - o Engirommgnt {8 parl B 198 arithpk %§F‘§
dl Wilﬂﬁ @véa\rmsa £diteA (intekH&ion, | AC Qiupiticd! &F liRffercht
eren e mcroorganismis a :
' m eaumtgmmts mqiahaQM|1ucluﬂmmdlf£¢mntamm andstissups and
(ge ene: . and a;: transposon has
begﬁlss tasgcl\{laﬁié?% P?khrnactlvate the gene, it
§is: convenient for. the VI rul ence genes to. be- cl oned

by di gesting genomic DNA from the -individual nutant
* selhetrenntien oftiegividil micnargasismssiie cells) gucevergdifrom. the

o raent SHavldseon eastie e tablk ] e times, more
30
g*%%g??‘"?} _ﬁ{gkﬁ% %. ﬁﬂfﬂ%fﬂ'iﬁ&%hﬂnﬁxm&lﬂ%@d fito the

resi stance conferred &/‘
' t henviranngus ofFoznekanaple, -hherhan pameal ds- ivpeulated with. 100

o " BIGEGC R SRR (G BT, BT SAEAD v
anne@%ﬁm%k&r@mﬂf aopRegon, - and two primers

| se to the polyllnker sequences of the
5 pl asm d. The sequénces -naybe ‘subjected t6 DNA *

| P SRR SIRECUED BB or S roposon hes.

-_convenlently, sequence obt.ai.ned-by this nethod is-
conpared agai nst. the sequences present” in t he; :
15 putlAX:| serzonving aistasrajds £hom she plugality of Mﬂtapmﬁ'@ed in'step
GepBank. Finally, if the. interrupted sequence appears
t ovde of a new 10 virul ence gene, the nutation i's
transferred to a new genetic background (for exanple..

by é)hage P22-medi ated transduction in the case of
(6A) ~determining whether the: mutant selcctcd instep (6) is an auxatmph :

ar _ _ _ |
200 - e s R
- both (TA) aRd (6A): + - - e

B

It is desirable to distinguish an auxotroph: (that is a mutant microorgatiism

. which requires 'gv:ot\(th'?-factotsi “not needpd.’:zbymtﬁc‘ wild type. or by

25 prototrcph"s)'and amutant’ mii;:rdoifghnism ‘wherein a gene :allowing the
‘microorganism * to. adapt -to- & 'panicullar'?-- environment -is. inactivated.

- “Conveéniently, this’ ist:dﬁﬁe‘fbc't\‘féeh‘ steps (1) -and (2) -or after-step (6). -

. ..EAPrefcrab'!‘y "a-uxdti*"dphé'-\ aré not removed when: virulence Jgeneg;; are beihg _
30 identified. | I U o
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Sal nonella) and the -LDS of the nutant- strain is
determned: to confirm that the avirul ent phenotype
is due to the transposition event and. not a
secondary nutation: 1-5 The nunber of i ndividua
mutants screened in order to, detect alL*f the

virul ence genes in a m croorgani sm

m croor gani sndepends. on-the nunber of genes in .the
genome of the . nmcroorganisfp For exanple,: it is

likel y that 3000- 5000 nutants of - Sal monel | a

Qﬁqﬁe irﬂ/e}?lﬁoﬁ rGHaEs s W@f 1(%:9&%%& Glpené©

t%e ITHJ or y of viru enc genes er eas:
Achjich gllbws & mmdgrporgaskne o hﬂaptatol aapmulae reavirohingnt, the -

Sal ella, around 20 0..00_mut apt s are s r eened.
%go Fommrising,\the f mathede of gﬁ? ‘the  invention,

.?Mé&lﬁgqﬁéeggmﬁ#%ﬂﬁhought to be reqU| red for

__V|ru enc

‘Sai er,- 1990) and, if so t he
typhi muri um genone contai ns approxi mately, "

_ i'%\(/)"yl Jen e.-genes. 25 However, the nmethods ;of the

enﬁo g insgetiqoallysinactivated genegpnratt thereof fremithe 1

| TR dﬂaﬁﬁhm%ﬁc%aﬁhfst%%@' denti fying
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VI rul ence: genes; pect of the invention
pr:Qvi des .a=m croor gani sm obtained using . the.nethod

'S&%ﬁ@iﬁé&;mt aspect of the invention: 30 19 Suych
Asating agens @pmwnes AJHuaYe Bries AEe el known

B Bt bf HolB&llar BRIISE,. 2dapted to survive in a

particular environnert.: In a preferred enbodi ment, a
pat hogeni ¢ m croorgani smis not : adapt ed to b survive
'1p @ host_organi sm nV| ronnent n in the case of
6\"@'&?’ g’aﬁﬁe ft‘ﬂ'é‘td' at b‘%‘t‘ﬁﬂﬂ%ﬁ#‘e aft"ﬂ"ﬁ'ni'%?‘%“ al step:
particul arly, manmmals, .nore particularly . humans, the
mut ant obt ai ned by the method of the i nvention may be
(®ed isolating fcamrewildigpemiarorginisra e ubmaspondmgjwnld-
{yggrefore ex ectedto e .suitable for, adm njstrati on
FPE I | %Utse{t{‘"ta Yiﬂacé%@t"t gaedsoigiedain: $t6R

RHPYSE fd 5?&)&,3 protective inmmune response; 1In a
urther preferred enbodinent the pat hogeni c

~-m-croorgani sm not adapt ed.to. survi:ve i.n a host-

- PIeBRRsET o ik 9@&%%533 e?%ataﬁmotwu&fr%m%gv

'f sui.t abl-e DNA
2. -

Molecular biological methods suitable for. use-in the practice.of the, prcscnt ,

- . “invention:are disclosed in Sambrook et al (1989) mcorpcratcd herein by

rcfcrcnce

- -+ .- When:the microorganism is-a microorganisin pathogenic fo an animal and
25 .- thex genexis. a! virulence -gene: and a.: transposon. has -been used t6

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

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

S se_l'_et:tcd'.rin- :step; (6):-with a restriction ;eit,zyn«_z_q,.which cuts outside the

.30

- transposon; ligating size-fractionated DNA cantaining the transposon into

a‘plasmid. and selecting plasmid recombinants on the basis of antibioti¢



_‘pl smd or. viral genone) and:...rely , h rml 0] ous .
eterguesif ifhe tspesam ey dnferrupled ﬁu@%ﬁt irylenee; ggne
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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 m croorgani smconprising a
mutation-in a gene identified using the nethod of the

second aspect of the ;. 20 invention. Thus, although
the microorganism of the third aspect of t he
invention is wuseful, it isygreferred if a mutation is

specifically. introduced into the identified gene. In

2 fERIAEE LWnfIFRR0) bgetge i k&tu il ldbti’tﬂe thd- Eﬂasn?té The

mcroorganlsmls t IN a vaccC
nuhiroenganisnt genomienBNA aijacdad & ltlmwtnnsposbnammlquenccd

mut ati on or, any Iher tatjon which i,s substantiall
|mpfawf«bpramcrw cald the treminal segiors o fin Gprsphion.

d -
" id o prfRAS izt %ﬂﬁé%r%?%o?g% ?@ﬂ?‘éﬁ%éfp%?@t%feﬂw
myflasmhidg eThe @Equendds Ml deosubjetadetol DO da&bass sedrclas e

(0] e 0 sared hédnls
s Eo d‘k é?l?lﬂ eé‘%go gﬁltﬁ%é{r‘]t | %(Elqspr oVi de a ¢
S uh¢ abqt&nms:pmemaal tampuﬁht:lgrr availablerdstabases sach an EMBL

A R Cm°§§§%aﬁ§ﬂ%£g§éﬂb%ﬁar§lm¥”m%ﬁgm THPEEY (ol i new
ﬁnk@?f&ynmcfgg%g i e pat @:%tn@?sé%% e erdrae%m?‘d "

‘t I{fc:r ammp&c tby gihager szmumd atransductionr ganthensasr of

are n an. i nmmun enlcfornulatlon cont ai ni n
d}“avtﬁﬁtlsDa " s PEGRL St i dlekTrUped da copfirm

' t
hﬁat E'a%,ﬁtl.nlcd ngdéﬂewge%l nconpuﬁhkétbizﬁ N PVeht btk nueﬂs.

Freun et e adj uvant, rrurarry

- dispeqpdane mutitéori:| scons” of -EP 109 - 942 'EP. 15 1180 564

15 DEAE- dextran, neutral oils (suchas m gi on )

Trade Mark b |
- pAETORE 3 dhpiEiRSRERRITR: oFOR SrRRler T L K B008-5000

20

and EP 231039, al um nium hydrOX| de" saponl n,

v et ﬁthh@e:%l* ﬁxdn(laumnu&msa&&aéuea il bider tb IdRBRPTHSf the
Pl uronic polyols or the Ribi adjuvant system (see, for

evimginee. g@aem mFodrptpisnt dtpendn pa'the. mmbem@mme

mutants of Salmonella typhimurium need to be screened in order to detect

- a larger genome than:Salmonella, z'mc')_,imd‘ ‘-20- 000-mutants are sereened. -
' Approximate‘iy; 4% of non-essential.S. fyphimurium genes:are thought to '

be required for virulence CG‘mssriian&'-Saier -1996) and, if so, the §.
-?-ryphlmurmm gcnomc ‘contains - approximately. 150 v:rulence ‘genes.

: Howevcr the miethods:of the invention-provide:a- fastcr more.conveniefit.

*-and ‘much more practicable route to-identifying -wrul.ence-:.gencs,--

T

© A third ‘aspeet of thie invention provides a-microorganisni: obtained using

= - the method: of the first aspect of the invention:. S e

30

the 'nia'jority—; of virulence genes whereas for ,Aqurgillu_._sj-_ spp:, which hds

Do :
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20 caused by the virulent formof the m croorgani sm
The aforenentioned :.avirulent mcroorgani sns of, the
invention or a formulation thereof may : be

adm ni stered by any-conventional -nmethod incl uding
oral and parenteral (eg subcutaneous or intranuscular)
injection. 25 The treatnent . nmay. consist of a single
dose. or a plurality. of doses. over, a period of
time. Whilst it : is: possible for an. avirul ent

m croorgani sm of .the, inveltion to be adninistered
alone, it is prefer-able:. to-present. it as.

‘ rﬂmh nmicrobiganisms @@ dsefubtbesaisntheyoipvenbe nmmrvé nsit

acceptabl e carriers:.. [The carrier(s) 21 must be

Tetnge A Frvivanepuouly engBPRRERt ) 1 1) 6w th
the avirulent m croorganl sm of the I nvention and not
del eterious to the recipients thereof. Typically, the
dara preferred mbbdiment,ar pathograiic microorganismiis n

o (e o, Bost rasas derviventr Sbod ﬁdﬁﬁ %ﬁs@i t°£
o"t’&k&%% RSP E@"é“"““"bﬁm

eterlnarymalc “ :

stionbuibe flulmans;i treoomugenti obtgingd by nmmmrthodrmf e .

: h d t
txﬂée”-?m%e ToRe Wsdnit Ay anG TIE IBARL I At and

e e xpdb el 8 rb%a%ﬁitﬁme ﬁ?raﬁhﬁiﬂsﬁﬁﬁb’n &Y m'patient, bu it is

bacteriuny are use n man but also in, for exanple
expscted to dig, antiggaic dndrgies risddgst pmmmmwesmnsc

. poultry such as chickens, turkeys, ducks and geese.

15" Seventh and ei ghth aspects of the invention

SR Ndbt

ention, and a pol ypepti de encoded

aspect

- tdilaptedyto. 2frvide: irgeﬂuist oeganis L dbtained: by the “ﬁﬁbﬂdse@ﬁ 6‘\?3

qf DNA t hat

oA osfigfeprferafby ik oo e £sile DA

HbiteS th e Esﬁﬁwaﬂt Aritigenic’ i@patfrom Avther! guthogeme 'rlus
m roor gani s splicing of RNA Thusthe gene incl udes
Ipodnﬁe’denmroomnsm Eqit aghras a vaccine for that- othcr pathogen.

A fourth aspect-of the i‘hventi_on'-prévi'des-ﬁ'--microorgdnism' cqﬁipiisi_ng a
fiutation’in a gene identified using the method of the second aspect of the

invention.

“Thus, although’ tﬁc‘midroorgarﬁsm of the third aspect of the invention is

©useful, -it-is- preferred if a mutation is spccrﬁcally introduced- mto the

' identified gens. - In- a-preferred - embodiment, particularly - whcu the

- iicrootganisim is to be used in a vaccine,: the. mutation in the: gcne isa

deletion or a framcf:shift' mutation or any other mutation which is

substantially incapeblc of reverting. Such gene-specific mtltations canbe

“ “miadé - using" “standard ‘prdeédurcs s.such*. as: introducing" “into  the

o mxcroorgamsm a-‘copy of thé mutant gene on :an autonomoys - replicon

30-

‘(such- as a’ plasm:d or vu'al genome) and’ relymg on - homologous




term nators, ribosone-binding sequences and for sone-
organisns introns 25 . and 'splice recognition
-sites: Typically, sequence information of ,the
i nactivated gene obtained. in step 7 is 'derived.
Conveni ently; sequences close to :the ends of the
transposon are used as the"hgbridisation site"of a
sequencing prinmer. The derived -30 sequence or A .DNA,.
restriction fragnent adjaceg@ to-the inactivated gene
itself :is used to make hybri di sati on probe.

R AL Rk RN B SR 0 ik W

pl‘g&ﬁj‘[ﬂ@@fltﬁe M%ﬁisatl on probing is done under
stringent 5 conditions-to ensure that the gene, and

not a reI ative, is obt a| ned.- By "stringent" we-nmean

thf_mt ?ﬁxﬂbasm%'s "é‘\‘g th’S‘OY robe&%en 1 he %en.ew
5 t hftﬁ- #5258 4 %aacu?@Qnd B‘We@ﬁb'&ﬁugwe s%qtﬁaielrﬁndraor anism

sol ution and the, 1 mvhilised ne/hybri di sed probe is
wasika pharfadccuticfCacepedle canriet) nina SSC.is 0.15 |v
g 10 NaCl/0:015 M Na citrate: Preferred probe
sequences for cloning Sal nonel |l a.virul-ence: genes are
.shqng
1o sUrtTL WSS 1 B HARIEASR SR TR
Salnonella virul ence genes .conprise.,the

10 SSBHBRE R R eeR s BB et RSB e

COmbAd MatantiliBtddrgismd ml e parLA i an Bmaho Fg@m&fbrhﬁlauon

. contained wthin, the sequences shown in ures 1.1
- an@mmr@mmhlcctdjm baté namand ﬂém;mstyredt tocthampationt

E - f d
S PBIRHAE RGP Poabin g, i Hpund S SRR &
frmebﬁgldi@aqhkr@mt m r MB Qﬁle FischiayeofBP1109 942, EP

V|ruI ence gene cl uster 2 . The position -of
15 ¢ 0S5k ond p

when the net hod of, .the second: aspect of

 (HOBAT L0 18R SPlasemcr gsiscbeaibeiedsT R Sk oghe gafient
. Sgt'o'@@ﬁun%mste}m?'anb'a(tlcll’lg]rcqumng to be protected from the dlseaser- '

20°  caused by the virulent form of the mxcroorgamsm

- The aforementioned. avirulent. microorganisins. rof;_—_th@~=in.‘4’<?l.1ﬁcin or a -
. formulation- thereof may ‘be administered by any.conventional. method

including oral and parenteral (eg subcutaneous or intramuscular). injq‘ctibn-, ,

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

period of time.

- Whilst it.is:possible-for an avirulent microorganism of the invention to be
- admiuister_cd- alone; it.is'.preferab'l'e;. to-present.it- as .a pharmaceutical .

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

ER2311G395 gllam@mrn dﬂyémﬁﬁ@p,;sspwmwﬁ&ﬁréexm .

vi PRl °**333&°Z*h A8 0P SRECapRFIL (UG, RoEhHR' Sirh

di ﬁ;mss&@d mreniklﬁohyblbak fhe, Ribb gldjuRant. spstein. @ad: AorieRample. - .
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many of the nucleic acid insertions (and: therefore
genes. identified) are 30. clustered in a relatively:
small .part:-of ..the,genone.~ This region, VGC2 23
cont ai ns ot her virulence. genes which, as described
bel ow, formpart of the invention. The-gene: isol ated

by the nethod of the invention can be expressed in a

5 ,suitable host cell. Thus, the gene (DNA), may be
used in accordance with known techni ques,
appropriately nodified, in2View of the teachings

- contained. herein, to construct an expression vector,
- whirsttbel ‘actiystabled ddl theserse afHetngreampatyipe ovith thiceaviglent

11 f th d dyct f t
ToICTIUBEIEE G b SnFeRH ABH. nCHESBRNR) Ul resipisats

t di { '
|t§§‘3§5 3 prl 1‘3‘54 é!%ui}‘}tﬁcler%’é etﬁaa @28%%%&5?’;2 ubgd

“Aferiluland 19B6gdmofréé ssman,; 4, 582, 800 ‘i ssued 15 Apri |
1986 to.. Crow, 4,677,063 |ssued 30 June 1987 to ,
. Mar Ket aI 41678 751 issued 7 July 1987 to Goeddel,

SR oSS e SR 336 SliSh GepSiigl on s

i mﬂzumi'g&ﬂsdntddm;iﬁncnﬂ,% bousefol in thé ficldstofdivman medicine

' 4,766, 075 issyed 23 August 1988.to CGoeddel et aI and

" Jangdavetermnary saedieing. March 1989 to Stal ker, all -of whi ch

are - incorporated herein by reference. The DNA

encodi ng the pol ypeptide constituting t he conpound of -

tmlseasﬁﬁ)causlcd\lgnhmmo@mshﬁ rei laavit o wany deimoss; suoh asf
es for oduction in

DNA t
éfmeé Flaé‘!'g%%ggt ememaﬂ f 1BKRRYAN |W'<£5%!bé=ﬂa‘3"aawﬂ

: ta?ﬁrg\&rlmleﬁMI%Q&%anEH? d cAitar] ﬁfwﬁﬁl%nt E‘idt&%‘tﬁt AR

nto t epi sonal
msefmi ém amarebut: alsmm,gfmtexnmpls, cowissheepl. pigs, horses, dogs
the DNA i.s in t ed

B3, 32l PRSI Sutiah PBIok TR ghEREs PRSI BSRCanc

corr-ect r.eadi-ng.frame for. expression.  .f neces_sary.;;f:...

the DNA may be |inked to the approprlate

7 (Sestemthraingtel ghth laspduts of the ameingibn@rayide agmatobl%med by the

[ eotid
a0aho Rt Misiont et TS BB P HRES lieeblfn spspdsy

dM@eb@bl e in the 30, .. expression vector .The. vector

| ) __i___s_, then i n;roduc_edl int_ o__‘t“h‘e‘__host t.hrvou‘gh 24

- 30

By genc we iriclade- riot “only the rcgmns of DNA that-code for ‘a
- polypeptide But also reguiatory mgmns of: DNA such as neglons of DNA_ ‘

o Ahat *i'egulate transcnpuon, trinslation and for some mxcroargamsms :

“splicing of RNAST "Tivas,- the - gene mcludes promatcrs, transcnpnon

- sferminators, nbosome-bmdmg sequenccs and for.some’ orgamsms introns-

-+ dind splice’ récognition sites:

- Typically, Sf:qmﬁcé. information” of the inactivated -gene-obtained in step' ,

s T s derived: s Convemently‘ sequcr:ces -close tothe ends of the transposon S

© L are ised as ihié” hybnd&sanon site “of a' sequencing primer. The- denved

-setjuénce ‘or a2 DNA vestriction fraginent ,adjacem':to.--;he:inactwated gene



standard. .techniques... Generally, not all of the
hosts will be transforned by the vector. Therefore,'
it will be necessary to select for transformed host
cells. One. selection technique involves.
incorporating into the expression vector a .DNA
sequence, with any necessary control elenments, 5 .

that codes for-a selectable: trait in. the-transforned -

cell, such as antibiotic resistance. Alternatively,
the gene, for such selectabl®trait can be on another
vector, which is used to. co-transform. the. desired
hostselfeik lusedios make! 4. hybhdlsam probigewith. whighde ddemtifypgnd

t he reconbi nant, DNA of the 10 invent.i on t

* cunaigdromey wid-pe Orgaie. tHe RrGMibg Rl Spe' .
appropri at e conditions known to those skilled in the
art, in view of the teachings disclosed herein to,
perdtiis preereadrifstheohybridisatidse prbl;lpelpt dore under stdagent

th Y d. ,AS Nh

S\ GRAGIIORE 140 Frserctial i 8o (- B Attps, “Booftafied., By

.BaG" %@n?u%' |pr;qu thaYﬁésé (lf @Qéalwlﬂﬁ'. ﬁﬂﬁ)@hﬂi@i'ﬁﬁ%ﬂd
anent ous f

cerevi sl ae) ung| (for exanple

As fietginobilizpd phaﬁxcmbmm, ardthmrolmeﬂwmclana tl1r|s waseis >200

S 1335 35 e B
& 94 Swashi &? '61 1 [ edser: o I@mib.e l&s@dms M

ression 1n . non-prokaryotic, ;cell types..
:lGTheNa(MﬂE.GOBSM Idamt&’ttso include an: . approprl at e
pronoter such as a prokaryotic.pronoter capabl e of
T’dlrectlng the expression (transcription-and
. ei’ltddﬁ f. efgsS - Batfionell@lvindénce: étﬁs%t are
‘cel I, suc B 0& n ?ﬁt(ﬁlgﬁis ‘ornmed: therewth: g
<A ,shpwnrmtliagur&s 5 andé mdedascohed mExampls 2rent - f or med
by, a DNA; sequence that permnmits:. bindi ng, of :
RNA. . pol yrmer aseand. " transcription, fo occur. Prondter

155eqHed 95&%@%%@ diibodin@ue W Sabonella virulence genes

. bacterial are 30 , _" typically provided in
pl ammmsaeﬁteolssqmashwﬂg Tedriguraset agdk & and: depsribed in
_S|t§ 2[5 for insertion of a_ DNA segnent .of .the. "
pr r?ventl on. = =Typi cal “prokaryotic vect or "~

pl asm ds are pUCL8,. pUC19, pBR322 and .. - pBR329.

-avail able from Bi orad Laboratories,. (R chno .
"o Jpst part

USAN furibier prefeneTice degenss apadoss ceﬂtamsd vBie.
207" R is ot Wi, the. ¥2idences shown in Figures 11-andd2-

. and which have 'bdet‘ridéntiﬁéd%!:y'the=-mgﬂaqd'¢qﬁthe,,.s;a?;t;a_t}d aspect of the

+.invention. The: sequences shown:in Figures.11-and:12-are-part of-a gene

-+ cluster from Salmonella-typhimurium: Whigh?‘l.hayq-gallcd -gi:ruleg_cc gene "
. -cluster 2 (VGC2). The position of transposon insertions are indicated

25 ‘within the sequernce, and ithe'seirlt_l'ans'po_spn»ai_hsgrtions inactivate a-virulence

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

"'"_partlcular in Example: 4; wiien-the method. of: the second: aspcct of the .
- . o ivention is used to identify wrulcncc génes in Salmonella. rvphlmunum -

: '-'.many of the nucleic acid insertions {aund:therefore genes: 1dcnt1ﬁed) arc,_

30. --clustered in.a relatively: small part: -of- thc genome,: This - region. VGC2, "



A typical mammalian cell vector plasmd is pSVL
avai l able from Pharnmacia, Piscataway, NJ, USA This
vector uses the SV40 late pronoter to drive .
expression of cloned genes, the highest |evel of 10:
expression being found in T antigen-producing cells"
such as.C0OS-1 cells. An exanple of an inducible-
.manmal i an expression vector is pMSG also available
from Pharmaci a. This vectgyy uses the )
gl ucocorticoid-induci ble pronoter of the nouse

PR otheYRRileNde ghhed \ ghé&{be,& Egﬁf arﬂo"f
drive e&presgﬂgﬁéécﬁéﬁe%%giho%é genc fulﬂng the
- pineesutiiod. vect or s ar-e ‘pRS403- 406and pRS413- 416 and are

general |y available from Stratagene C oning Systens,
La Jolla. 'CA 92037, USA. Plasnm ds pRS403;. pRS404,

%& qgwgésp 3{“? nc oﬁgg@%tlég%ﬁle %aglg?é s%ﬂgsﬁedbllne

5 nmalﬂe bost oéll1 SChusT BiRl genk KDNA)- anag boRded iPhaondaige with
o~ pRS413.-416.: are Yeast: nmere . pl asm (Y A
gﬂw’et qu?e&:haaewp -Befg‘\ﬁfcﬁdgvéﬂ Weal ttg teachings "

term n h‘&ct'__ﬁﬁe Aprés: rP{réctoﬁ"vﬁz {I‘iﬂ&f‘{&’

-ance; conp enen
ynEappropridts hoacelh éoﬂhdﬂptﬁsmhanﬂ)lﬂﬁxﬁwﬂﬁ rmf thie

i nse gfl to the, vector DNA., The Vector and -
E@gﬂm thetipuention; opydteshninyes inghideshas wgclosed in

- 10 f or mr econ‘g ag?‘%] Eﬁngqugi@ggkygﬁ%lﬁeﬁd{:Q@3ﬁ dé:i

- isswide 28 - hubyi 11986 togWeissnan, mos-aa 868 tissued | kon April 1986 to
ol ni n

- Egit o7 opd sessed S'vmee B TS bl el i ot dnmpa 7
| ?“?E‘?“"%@? 2 RO AT i v o,

' anﬂtﬁﬂl Bsuedr 1 Becember 193%t0- Murfayp o, 755,006 tsstied 12 July
15 PRI Rools B, dril 6B estioA s uege Bep  GanddeLer

- aNgnd 14810 mge&%éﬁ# Riarf0 49891 1o Stder, ' alP UV HR{ch 40

activities he conbi nati on o gse activitles
:-lnheqmﬁ‘awdlgemarlmﬁcmhwt ended DNA 10 segnents. The

bl unt - ended segnents are then incubated with a |arge
nmol ar excess of |inker nolecules in the presence of an

PRZ DR Al @ﬂ&odiﬁg 4 Polypeptide constituting the compound of the -
20 - -invention: may be joined fo a-wide variety .of other DNA sequences for '

cohe3| ve .

- dntroduction into. an appropriate liost. The.companion DNA will depend
~--upon, the nature of the host, the manner of the introduction of the DNA -

. -into the host, dtid whether episo(nai ‘maintenance or integration is.desired.

25  .Generally,. the DNA .is inscrtéd"--intofan expression vector, such -as':-,-'a
‘plasmid, in-proper orientation and correct reading frame for e:kpréssion.‘ -
< If necessary; the DNA may be linked to the ai)prOpﬁatc transcriptional and - :
-, translational: regulatory control -nucleotide. scquenoes recognised: by the 7 '
- desired ~hest, although such controls. are  generally. avmlablc in the

30- . cxpressmn vector.: . The vector is then mtroduccd into’ the: host: through.‘ '



to catalyze the ligation of blunt-ended DNA nol ecul es,
such as bacteriophage T4 DNA |ligase . Thus, the
products of. the reaction are DNA segnents carrying
pol yneric |inker sequences at their ends. - These 15
DNA segnents are then cleaved with the appropriate
restriction .enzynme and ligated to an expression
vector that has been cleaved with an enzyme that
produces:.terniniconpatibIe th those of the. DNA.
segnent: - Synthetic linkers talnlng a variety of

resiri n .endonuclease,site

o e PeIETRGERn CGRRRANY, bBER e e bRAETH] Yo tradsFormed

| Nt By B vedtat. THePRRTR il B nédissar)ay selday Aot triiddformed
- US-A- A desirable way .to nodify the DNA encoding t he

pol hestpedlie oBne mlcqmaemhmques invglves cincreposatingdnies the
ch t | d Sai ki 2
S eAEEa vedata BN seaiFc iToH sty fafiel deibis

- ENZgAREbdeR! foy 3%!&&451@ EraitSin the 68 EbmBY cEMDsu&lpﬁCaﬂtiBiouc

ol i gonucl eotide prinmers which t hensel ves becone

,| ncmsmmt:edAlicmmwl}e thopgdrici far such, selastableitgpit can be on

o e lRcon, odbighis et © FoaRHorR baeHE ey el

clonlng |nto 27 expression vectors using .methods.
kndwn in the art. Variants of the genes also form part

of . Hist ¢alisethtat bave been: srqmﬁirmcdew |tlic rm:nbmnt JPNALgf the

teailéi?’a%é%?g? g‘@gﬂg@g‘g"%’ S‘E’E H %'Xm ‘ ref elg@?g, Xlgs}opnatc‘-

| eaginddPortd RAGKWR %eﬂif)g@rﬂcméd W iehe ta'ﬂﬁuﬂ@iw de@kafcﬁéhmgs

by the, nethod of invention. O course,
T epﬂlladesmhhsccm tepetmiribeaxpressioar of. aspolneptide, which can
t ol B’d Ihe degree of simlarity between one
"nuc PPe TEEPYFTE ‘quence and anot her” can be deter ni ned.
usi ng the GAP program of- the University of Wsconsin

_""_Co uter Group. 10 Similarly, variants, of proteins '
L 15e nc BPressngrsEmBes kuwmcmludufg bﬁtcﬂa/éfpr &ﬁ%@!’lﬂ E.

2(

, e f‘ﬂ CF@%?{Q ?/‘%‘fl(f "'%é’”ﬁ%lﬁ%{:%x%s iahval &%%?%%%c

o chaﬁmafcmsrmhgl %b%kﬁtﬂbl@hkpergﬂﬁuﬁlﬂlﬁn dene adrbicells and

function of the protel n.
insect cells,

.20 . The. vectors mcludc a prokaryouc rephcon, such: as 1hc ColEl ori, for'- |
propagation in a.prokaryote, even if the: vcctor is to.be used.for cxpressnon' =
- in other, non-prokaryatic, cell.types. .The.vectors can also- include an

: -.Eappropr,iatc_btomotcr such asa prjdkar_yolic-—-.prpmotqr capable;»qf_-dircc_:ting |

| the expression (transcription-and translation) of the. genes in-a bacterial

:25 -.host cell, such as E. célii tmns,fonhcd.-.thétewith:

- +A promoter is an expression.control element. formed:by.a DNA.sequence

< . that permits. binding. of, RNA..polyme¢aseand.. @ranSCEi-ptiQn .to occur.

Promoter sequences .compatible . with . exemplary -bacterial. hosts ‘are

-30... typically provided in plasmid vectorscontaining convenient restriction sités. "~
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.20 ..
~HIS3; TRPI, LEUZ. and URA3..  Plasmids pRS413-416. arc Yeast
~~Centromere plasmids (YCps)

By "conservative substitutions" is intended

conbi nations such as Ay; Ala; Val, lie. Leu,;Asp,

Gu; Asn, Gn; Ser, Thr; Lys,. Arg; and The, Tyr. 20

Such :variants:. maybe made using. the well known.

nmet hods of. protein engineering and site-directed:
mut agenesis. '.. A ninth aspect. of. the ..invention
provides a method of identifying a conpound;. which
:reduces the. ability of .4 mcroorganismto, adapt

toa 25 particul ar environment. conprising the steps

' Oforsnﬁéc‘?ﬁﬁﬂ PE %ﬁ%@%‘rﬂk‘i‘\ ¢ PR :adséﬁteihf/@citﬁfn with the

function o ne obt al n by-the nmethod of the
second aspect of .the invention or of (2) a,

qofmeﬁcoﬁmg pids, =% pEEIS, putys. dp?ﬁgti P

. b,hné % ﬁ%ﬁlggl% fraﬁ.' BioRP LRBGMIAY (ichRdhd] T AUSA) kd

of t I nvention forms art of this

- epfref9Aiahd pKK223v3 avdilable from Rhanmatia, Plsnatamgndeﬁdnt

one cel | |saW|Idtype cell and -a second 5 cell is

”'the Sal monel | a which. “i s''nmade. "to overexpress t he gene

I 70 t
RaBH MamesglRa" T bl AR B ASVE. dyflable from
rﬂtmdaarlewmnwt WSA. deThs nvm usest ez rﬂ'\éttﬂarla:te

Fonpoua diieesPrason .cfwaoé%&%'vs&% Hghésllens o

géé‘%g‘?sg%'ﬁe- ol 1 TCarkBh PRI SHPEARS b ad DOSPlels.

S pre e gene 1S a
vi rul ence-gehe. For exanple, in one enbodiment the
1] Cr 00k

L P I T o

'%ﬂﬁﬂc?ﬁoﬁ Mhiafnh. AFRS Vectok u%é?thb@lﬁéﬂcb%mgﬂﬁélhcnblc |

_of . (a)
- qyainpkdreoft thm mnom gRmimay. tawkdughvingo

15
. seI ectively inhibit. the wvirulence gene function is

over expr essi ng mcCr oorgmnl 'sm and
grmunwérrcpeax to

eXRILESS t he :{znc‘%‘ ene) are used .to infect cells’
c‘?ﬁﬂrﬁﬁs@ pr g%ﬁtl cul.ar test conpound w |1

determined by assessing the amount of the test 20

désqﬁduy@swlasmld yeLOguAre ﬁRtsé()MQéemi PR&SELAGandrate.
Q: Serall y a?a{fzﬁ)le ?rom gtr&tazgenc Cloning Systcms, La Jolla, CA- 92037

“USA.: Plasmids pRS4.03., pRS404, pRS405 and pRS406 are Yeast

=-Integmﬁ;ng- :plas;mids: (Ylps)-and incorporate the yeast _sglcctablg_,matkgg;ss

~+A variety of methods have. been. developed. to. operably. link. DNA to |

25

“wectors svia complementary cohesive termini.. . “For. - instance,
complementary homopolymer tracts can be added to the DNA segment to

“he inserted to the: vector DNA. - The vector and DNA-segment are then '-

.- -joined by. hydrogen bonding between the complementary homopolymcnc" o

taxls to form recombmant DNA molecules.. .

30 .



t he over-expressing. mcroorganism and (b)-the

equi val ent . mcroorganism (at- |east for sone

virul ence gene products it is envisaged that the test.
compound will inactivate them and itself be.

i nactivated, by binding to the.. virulence gene
product). If nore of the conpound is. required to

‘prevent 25 infection by the .(a) 'than. (b) then this

suggests that the conmpound is selective.' It is
preferred if the mcroorgaffsns (such as, Sal nonell a)
are destroyed extracellularly by a mId anti biat, c:

s Gyhthetic . linjens aontining voniec ior HOEs TeRictidh Sites (royide dn

oAlcBA oot of iSining B¢ BRIA PERGHER yERGR? (The DN,

' §er€§(ent| ?g%h&‘&técf‘ﬁ S@idonaflcasee réstiictibnd digestiomias gdésoribed
m ¢

phﬂhr,ngmgrgam sbaaglrigpf;sentéé%or exag&l erﬁ !@M :

SraaEA g5 DS LSRR 3 il SRR e

5 U t Al il résessaal 3'odnds with
il et 3 @%agei‘“‘g‘?@"’?%‘_ﬁm"éﬁ?t i i

- ( thwiopolynairizingi ectdvitiedy ref erence) . Pai i se ' screéens
. can be designed in a nunber of related formats in

10

V\/nl‘Ch the relative. -sensitivity to a conmpound is -

TR Yohthit dg\g?lt &QsegWlhé@ihbkhﬂ&gd:ﬁi‘ﬁéﬁﬁh&t—eadaﬁDNﬁ

the stralns fer at asmgelocus
spemnénts. f Thetblant-¢raled escgmanthard gt b@b@ argc

co ar| ng égﬂ] ﬂﬁf-’Hjﬁ?‘EF@%b’b %}ﬁ%&’#gg?ﬁgn% ?'&iﬁﬁf %ch

b?o ”Pz{tﬂxpzé‘cfﬂ V §iAtiohNoF Bluntefded EDNA | meldca% ssuchi @s

when conpare an ot herw se ISOgGI’]IC\t’(iJs S| St er strain.
;o T

15 B

; bactesinplapr 're] DN iligase.orThits, the prady the reActionaye

b h _ S
B e oyige Soiper i Baflnce bl it Gl hese

US& cn@d bicifheR e aved Oith Maﬁpmpnmaemmnmnzymc
i ent”™ of compound is set-up; anpd

t tra '
| sendlltsatadttp amexm'nsmn weagor thap h@@?fm Qﬁ%ﬁeﬁt \514‘% enzyme

20

25"

30

ﬁgan %Weers X rrpﬁh{lale d p?iﬁglco{vltwbsct & %Q%Nﬂd%uﬁgnttt he

or antim crobials

'WI th: - modes .- 20 ..~ of -acti-on other- .t han't he" desied one

are .gener al | observed as havi i.milar actiyvi
a@n%muctlhﬁce)g{mmgqg vancty ofn rcstriscuon cndonuctlcasc sitgssare

" Bmtcchnologtcs_ Ing, New' Ha_vcn, CN USA

A desirable way to modify ‘the DNA encoding the polypeptide of the o

" invention is tf61'~|isé"-ttié-¢-ijbiytﬁérasé."cha'in.réactiofi as disclosed by -Saiki er’

al (198-8) .,s(:iena;é'-"rz‘as!;?z;s’/iw-l:

Tn this methiod: the DNA- “to be: enzymatncally amphﬁcd is- flankcd by two

“specific ohgonuclcottde pnmcrs which themselves. becbme mcorporatcd .
intothe amphﬁed DNA. The ‘$aid specific primers may contain restriétion-

endonuclease rccogmuon sntes “which can be used - for clonmg into: -

i,
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25

Anot her type of nol ecul ar genetic screen, involving.
pairs of strains where - a cloned gene product is
overexpressed in one. strain conpared -to a contro

-25 strain. The :rationale behind this type of assay
is that the strain containing. an elevated quantity
of . the target protein should be, nore resistant to
inhibitors specific to the cloned gene product: than
an :isogenic strain, congi ning normal anounts of the

_target protein. In. an agar diffusion assay, the zone

eXpression verIoss Qging nidilesdsf kowaip (P Giedtt] S expected to be
30 snmaller in :the: strain- overexpressing the '
target: protei n conpared to an 30 G otherw se"

ARRA g 4 Ly AP i, P Wled i o
Vet haaat 6P F0% u&d&ﬁaﬁﬁwm&%&mzmm& BS%
usi ng the nethod of the first ect of the invention

- SequeBeeideatity, quont priferably atdeass 93/ sequsnemidieptity with the

' géﬁérgn%gla tﬁ%*mceuﬁgﬁw Iog'%lexz/iome&r'r:&gr 00 r%g'ﬁ% rﬁ% &3&@?‘@9

deletiony ed Ning€Riond afiay bei. olératado dUTRe! degiee of Q;lmllanty
envi ronment - (with- or wthout ;the: test corrpound)

between guetnusteis mdt%ﬁenepmf@mrgﬂmrsm h«sdctg ried: usmg

n t nt by,
OB g R LY he LR B o ¥ihound
|s one whi ch reducesthe ability of the B
mcroorganlsmto adapt to, or survive in , the-. -
pHRilardy, | anants of provitsencoded by R eneh arecipgludednent i s
an ani mal body and the mnicroorganismis a pathogenic
m croorgani sm the conpound identified by this nethod-

Ban“vagiantstsed intlude TRErGHRS eldtibns Rinkly Qilistifitions, clther
aneliorate infection with the mcroorgani '

sm
. conservative or non-conservative, where such changes donet substanually :
s

alter the' normal function of the protein.-

By “conservative substitutions” is intended combinations' such.as Gly, Ala;-

- Val, lle. Leu; -Asp,-Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr:

~-Such-variants. may. be made _u,sing,,',;_hc ‘well known methods. of . p:__‘-(-a‘teiﬁ:‘- "

engineering-and site-directed. mutagenesis. ..

-4, ninth . aspect. of. the .invention provides.a method of- identifying" a
-compound: which-reduces: the. ability .of :a_microorganism to adapt to a - -
- particular environment:comprising the steps of selecting a compound .

-which interferes with the funétién of{l)a gene obtained by the method of

.. the second aspect.of the invention or of (2) a polypeptide: cncodcd by such

;v A gene. .

30..

T S L L RIS
LR T

 Pairwise screens for comeunds whi_ch.'affcct the wild type ce{l;-ﬁﬁt-no;_z_ﬁ L



25 A tenth aspect of the invention therefore provides
a conpound identifiable by the' nethod of the ninth
aspect.. It will be appreciated that uses of the
compound of the tenth -aspect are "30 related to the
met hod by which -it; can.be identified, and : in;
particular in 31 relation to the host of a pathogenic
m croorgani sm For exanple, if the conpound is
identifiable by a nethod whpgh uses a virul ence gene,
~or polypeptide encoded thereby, froma bacterium

Whicéllh oveiprédiicinga 'EREWolated byahé anamsizcofthy ifeentvnf fokm

in treating infection of .a mamml by that 5 °
bapasaf ghis aspedt|ofthe inventiome conpound is identifiable
by a method which uses a virul ence gene, or T
pol ypepti de encoded thereby, firoma fungus which
treatin |lﬁf_ect|on of. aplant 10 by that fungus. An
Sel delﬂigle

whj,ch sel ecti vel i;Nt er,act.s it h nd substantially .
b Eofinr e bvenlifn e vighiiy anddf g Gfeadh el in
_ asgROparfbulad Entifdififént 38 defermintdCintihe preseficd of @Uedmpound
thereof. 15 By "nucleic acid product thereof", we
i ntg bel ¢estodd toRidantifys whichatdmpourdeducesrthe sdabillienior gramth
the.gene. .Preferably a pol ecul e which selectiyvel
| ey e SIE R ndl B e vErekpre Bk e St o
10 function of, said gene.. or said nucleic acid product .
is an antisense nucleic acid: or nucleic acid
- deMiiy préfemed ibthe ganefie mavirylenesagenenol ecule is an -
anti sense .oligonucleotide._' 25 Antisense -
ol'i gonucl eoti des are singl e-stranded nucleic acid,
- WNE6Hh S@mpl&Paai bhd drhbodiliecRd the. microbidsaant @iy .as S

t apyghimurégukisonade @roverexpiess the Prvlemsqgengidentificdiynthe

nucl eic acid sequence. By, binding to the appropriate

dupl ex . s.formed. These nucleic acjdspare ofdt, e/ med.
t5 ' Refioa 86 1R e el e e BvEndi RRIS of (oF g RigbEE
s e@gfe SinLO/iEGorgnisan dnd (b)Y e egeivsienBhridRoottiinism (which
formation of a triple helix has proven possible where -
. thdoes not over-express. the. .virulence gene) are: used to.infect cells in. .
-culture. Whether a particular test campoun;l:.;will?z selectively: mlublt thg_
virulence gene function is determined by. assessing the amount of the tes_( ,

20" - compound. which is required to prevent infection of the host celly by (@)

- the over-expressing microorganism-and-(b).the equivalent ‘micreorganisn

(at least for some virulence gene products it is envisaged that the test.

" compound will inactivate them, and itself be inactivated; by binding to the
virulence gene product). - If_ more of the compound fs-_required: to.prevent -
25 infection by thie (4) than. (b)';then this su-ggcst's-.-that-.ﬁme. compound is

selective.’ It is preferred if the microorganisms (such as;,Salmonelfg)' are

© ¢ destroyed g‘x‘traceliularly by a mild antibiotic such as_gentamicin (which

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

- ‘p'reven'tin'g infection of the cell by the microorganism is'b.y.‘lysiﬂng';the sald |

"30.  celi and determining how many microorganisms are present (for example:

| #bne éliBodiRIEROUAS coTRIS DRildIppebell fid a second
Sadpouellowhidhdsimadento everprpressdtbs genedsalatad by




32 oligonucleotide is bound to a DNA duplex.. It was
found that oligonucl eotides could recogni se sequences
in the .major groove of the DNA double helix. A
triple _helix:was fornmed thereby, This suggests that
it 1s possible to synthesise sequence-specific

nmol ecul es which specifically 5 bind doubl e-stranded
DNA-.via-recognition of nmajor groove. hydrogen

binding sites. Clearly, t sequence of the intisense
nucleic acid or oligonucleotide can readily be
gﬁtﬁﬁ ned b reference to the nucl eotide: sequence.

P O in questiaon. For ‘exanple, antisense
nuclelc aC|d or oligonucleotides can, be designed
which are conplenentary to a part of the Sequence -
Fairwise screensingLothier mmrfomompepﬁbme gonerally dinglaseds .

@mﬁéﬁé‘%&‘"’aﬁa” p.01893) ta e BiseP s af gty Pypducts

ARER TH &‘g}]bﬂh W%WEh@pt&kﬁaﬁ@ﬁw 179221,
I'S pro it

counter t IS p055|b e to use modi fi ed

- cBut@muuhaonﬁeéncwpomqw hexgimby eefogence). .
. -internucleotide.:  linkages, in which the natural |y

10

15

20

occurring phosphodlester i nkages have been repl aced

%ﬁéﬁﬂ lin ViRiTbE of AhaiiPlor@ats ial which
(]é.%éw%p roc '%?53% Sci . L?SA 85, 7079- 7l08vi">I :

slwmmvmmasmy Ilcnh cbmpoonﬂ imcoripared usingciwa gerstisaily

HI V- ﬁﬁ{lggag&é}onml ?ﬁ#’ %Fhoﬁ%%&gg}bg eilé:?)nmdpﬂund'

ﬁéﬂﬁcsﬁr thggs/fh t caZ“ﬁ@ -idéniidie 6y n@dtﬁw lenEH Shands

bition V-1 using oli gonucl

mnmwnghusmmnhimm A‘garammpée, :ahtb(imsa)mﬁ@éo theatarget

L G oS e SR SR Mt MR S D b ared 0

QR SRk Adiké stg@flﬁcilﬁ@r efthin.. ThllanlUigs diffidign Toahapithidds
sequence-speci fic ollgonucleotlde hosphor ot hi.oat es,

idetermened by mensuragoby sizepf she zousgtof mlnbawn sysrougdmg the -
30 343 eport - |Inhibiti tur
e GO e Pt "By Pubt 38 Wiyl 4cBntuous
Rﬁﬁé@ﬂﬁ&ﬁh@tﬁ%ﬁﬁef cflpoand s set-up; and & strain’s sensmvny
to inhibitors is proportional to-the distanee. from the disc or-welt to the
edge of the zone.. General antimicrobials, o;—‘:_antimicrbhial,«;-with*mcd'e"s‘ _

of -action other than the desired one are gcncral-iy cbserved- as havirg:

-'similar activities against the two strains.

- <. Another type of molecular genetic screen, involving pairs of strains where

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

strain. The'rationale behind this t}pc of assay is that the strain containing

-+ ‘an’ elevated: quantity -of. the target protein -should: be more resistant to

30

-inhibitors  specific to the cloned: gene -product; than an*:-i-s,oge.niq strain,

containing normal amounts. of: the target protein. In.an agar -diffusion

- 1. “assay, the zone size surrounding a-speeific compound is expected to be

. smaller-in ‘the strain’ overexpressing. the 'target:-_pi"gteiﬂ compared to-an



A ggonucl eoti des having artificial |inkages have. been
shown to be resistant to degradation in vivo. For
exanpl e, Shaw et a! (1991) in Nucleic Acids Res. 19,
747-750, report that otherw se unnodified

ol i gonuci eoti des becone nore resistant to nucl eases
in viva when they. are blocked at the 5 3° end -by'
certain capping structures and that uncapped

ol i gonucl eoti de phosphor ot h_w)at es are not degraded in
vrva A° detalled descrlptlon of the R-phosphonate

n 2|ng ollgonucle05|de
%&Ws&tﬁf’gé? §' provi ded in Agrawal "and Tang

(1990) 10 Tetrahedron Letters Al. 7541-7544, the

teachl ngs of which are hereb i ncor por at ed herein
g Gonally @ymms@selbfsclsm%rb afid Mﬁs achieved I the

‘ onat es, phosphorodit hi oates,
phg@&‘g{‘]‘grﬁﬁ@tes phosphate esters, brldged

S§phosphor-ani dates and bridge phosphorothl oates are .
known in the art. See, for exanple, Agrawal -and
Goddchl Ad mutaig 7inicroorgahisat ohtained  psing t e apcthod 1’ the first

E%WP of i bA Al B RN Rtz e?f.

avBRul dron Letters: 28 3401, ,
Battnvvarth ~(1988) "Hel y. Chico. Acta. 71, 1517,
Crosstick and Wite: (1989) -Tetrahedron Letter's 30,

gs of "whi C
- NefeRREgdfisimherei n by. references Qther nethods for
~synthesis or production also are possible. In a
preferred enbodi nent t he ollgonucleotllde Is.a -

degxyribhonucheic a | 3
' ac:lgd (R %e(g%cﬁg&ogwsg]o%e synt eS| zekgg e%ét'ﬁonment
- -apphdtker Qﬁh&iﬁt&h@késﬁ@ﬂﬁ@b&ﬁd)t des useful .in the ..

invention preferably are designed to . resist ‘
15. degr adatl on by endogenous nucleolytic enzynmes: In

‘10329'3148 r?‘\ﬁ‘?f{ép‘“{'}i’alf a%hi %“eﬁr s, “l}ﬁ%dzémg i witd e

VMo dporagalinnps! oALRRMELRON dRRbR ABUGRR 0 the.

ollgonuc eot i cts reduced
'- _I eagmhamﬁemh (Falbdidgwirepmunti cby, aore. xmothe Ipreseinge t of, the

7 kel E%e&efspec'f it el BB R Sl Sof he
f UH"”l g%‘ %?suNWé in the lpirdl ! ARifahRakise
nuc eot

ant to degradatlon o
o '-20' n the body and V\hl ch am-able to.reach the targeted .-

oll hat are resi s

~cells. The present o]igonucle

thn the environment is -dn animal- bodd and thc micreergamsm isa

pathogcmc microorganism, the compound identified by this method can'be
: used in a medicament to -prevent or -ameliorate infection with the

"'-microcirgani's‘-m‘

R -by the:méthod of the: ninth aspect

oo will "hé? dppreciated that uses b,f'ifﬁ¢"cﬁm90{l?‘d of the-tenth "mp‘_"ét are - o
30° "related to the method by which it can be identified: -and in:particularin "

/A tenth- aspect of tlie invention thcrcfore prowdcs a cempound 1dent1ﬁablc. :

A
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rendered nore resistant to: degradation in vivo

by. substituting .one .or nore internal artificial

i nternucl eotide |inkages for the native phosphodi ester
5 linkages, for exanple, by replacing phosphate with
sul phur in the linkage. Exanples of |inkages that may
be used include. phosphor ot hi oat es,

nmet hyl phosphonat es, sul phone, sul phate, ketyl,
phosphorodithioates,. r vay; ous

phosphor am dat es, :: phosphat'e esters,: bridged.

“ BORABRSH B 1o 15, pBGhHiC G ooARRRD ¥ B, e

Topound Hse idértiffabRub Qombdﬁﬂ whichoeses a eirislenus geng, bhe

art See for exa Cohen, (1990), Trepds in
P ﬂ\@%nﬁ' bacserium, wiish isteetsi mammal,

't Z%ﬁﬁ@@% BB 5p R0 S0 BEGhbdid by

lbaeHuhp. the art, including  synthetic pathways for
produci ng ol i gonucl eoti des having m xed -15.
.internucleotide |inkages. Oigonucleotides.. .can be,

SHABaE 7 A o) S 54Hngbi S R RBPAR SR

75qu|an3 genk € lof gl peptié Eneaddd Bferelly,” 0GR fuhfis which

capping Is comTerC|aIIy avai | abl e as 20 Amino-Link IP

- infoets aminite thestangyound meay breusefigdndreating jnfeetion of a plant
gﬁtdjﬁ’td@ for capping . are described,. for, exan‘pl e, by

NEPS-(199. 1) Nucleic Acids Res:..19, 7a7-750.:

. and, . Agrawal-. ,,et al (1991) Proc. Natl. Acad. .Sci.

USA- 88(17) 7595: 7599" the teachi ngs of which -

ar
E M@syent nepachof thedavermongiravigps ﬂéﬁ@ﬁ’é‘ﬂé évhwlzgalwuvely

15

20

- - antisense nucleic acid: or nucleic. acid derivative.: .

RSP, A BB A R, B Bl ©

. aevedﬂs aspaeedf the 1RBGLEL obh x(u&&:&&)tdﬁhtoﬂuct theriedf Res.

.21, .2729-2735 incorporated . herein by reference.
Self- stablllzed ollgonucleotldes ~have ‘hai rpi-n Ioop

" BYLUPUEE e, ol eSSy TetBe gl MoiACT&psadly
_ piRNp atineetibédfiom muﬁgqaelyrrerase | and..fetal bovine

serum The self- stabilized region of the

"ol igonucleotidé does not interfere in hybridization

%%@g gﬁ}%{ @tﬂ};&h@-whﬁﬂ%@cﬁmﬁi iflfradtl Wil UntPGR LRGN

_i-nhibi@s ‘the function -of, said gene or said nucleic acid product is-an

- More preferably, said molecule is an antisenise oligonucteotide:. =

Antisense -oligonucleotides are single-stranded nucleic acid, which can

ispecifically.-bind to a complementary nucleic-acid sequence. By binding
(o the appropriate target sequence, an. RNA-RNA, a DNA-DNA, or RNA-

- DNA duplex is formed. ‘These nucieic acids are often termed “antisénse”

. ‘ecause they are-complementary to the sense or coding strand of the gene. .

30

Recently, formation of a tﬁpie helix has proven .poss.ible' thrc -'t’h"é_




studies in =m ce have shown increased in vivo

persi stence of self-stabilized 5 oligonucleotides with
respect to their linear counterparts. In accordance
with the invention, the inherent binding specificity
of antisense oligonucl eotides characteristic of base
pairing is enhanced by Ilimting the availability-of
the anti sense conmpound to its intend |ocus in 10 vivo,
permtting | ower dosages toaqge used and m ni m zi ng
system'c effects. Thus, oligonucleotides are applied

local Ly £0...ach he_ desiwed . g T und {hat
cottigntveliad® Bt Yot fo (EODARE BUNEE' . 1t/ s, found, fhar
| o@MigoicléBidss coliidohbghianeqiericee inlthe amjor gosaviesf the

-were adm nistered system cally, and the therapeutic
of T4 deuhlechelixe vh iple-olix igps formpd Ty a il Shgggsts tha

total anmpunt: |S. The | oc ) Melpty: 1y ‘ :
or s RRETHIG  suingsife SRRt HERIAPRERRLICR iEh Bhecifially
Sceblf aosbielstaaddd BINADVactezopiiaon | oft inajorogrooke: liydi
nucleic acid sequences. .- The .ol igonucl eotides- can be
debindingsitaso t he: focus by .any. means 20 appropriate
for localized admnistration of a drug. For exanple, .
a solution of the oligonucleotides can be injected
- di- 26y, thsddi@n&d bEiheQntiséite nudkkidlatid e fotigohycleotide can
i nfusi 6n using an infusion punp. The-oligonucl eoti des.

al seadiyrbendetirmivedsby seferencate thmnyalgatidasaapencaofithegene "}

aWhi ch when aced at t S| - Shitse ' - -

101" AP th fapiph AP Aoy ele Bhior, B dHybRoblss can
SUbk Qefighewhblsre cORpIGheManuel £piit € she Soqpend®stiown in
preferably. admnistered via. a _hydrogel "material.
"Th@m;rqsbé ef 12sespacialiy1o seavanensywhish forim a pgriefaoyigulence
l\/hgén such material s now are. known, including.. those
ma&&%rom natural and -30. ... 'synthetic polyners: In a
preferred enbodiment, the nethod exploits: it 36 o
hydr ogel which is |iquid bel ow body tenperature but _

15 ge Qiigopueloptidas asp sphiecy @ being dgeeadad opipartiypledde pellplar
or - ratgur e, L -
oGP Yl RIS 25 Eop UG EIcR L 8955 1o e
uniniclifiedr biigguehtides segohaving ateteyniteranaledidapinkiegas, in - -

O R il aLShime SR poch Episced

. ﬁ%%‘@g&?%“‘%’;ﬁf%d ]?Fg?néxﬁﬁxp?@' ngafwalFéf;_%i‘t-effzgsé) Proc; Natk:

20 Acad. Sci. ‘USA 85; 7079-7083 showed increased inhibition in-tissue. *
culture of HIV-1 :using :-Qiigdni;cleotidé-_:--;»phosphoramidates and
phosphorothioates. -Sarin et -at -(1988). Proc.- Natl. -14cad-.- Sci. - USA 85,
7448-7451 - demonstrated - increased~inhibition  -of “HIV-L - usirig |

. oligonucleotide mcthylphosphonaies. Agrawal et al (1—989) Proc. Natl.

25  Acad. Sci. -USA 86, T190-7794 showed inhibition ﬂf.HIV—l replication i -

both early-infected and chronically infected cell: cultures, using nucleotide -

 sequence-spécific ol-igondtiledﬁd'e. phosphorothioates.- Leither er al (1990) - -
" i Proc, ‘Nail. Acad. Sci: USA-8T: 3430-3434 report irihibition ia tissue.
'+ culwreof influenza virus replication by oligonucleotide phdsphdrothioates_. '



Pt

about 10 to about 80% by 'wei ght ethyl ene oxi de and
fromabout 20 to about 90% by wei ght propyl ene
oxide.. A particularly preferred hydrogel. . contains
about 70% pol yet hyl ene oxi de' and 30% pol ypropyl ene
oxi de. 10 Hydrogels which can be used are avail abl e,
for exanple, from BASE  Corp., Parsippany, N7, under
the tradename PluronicR In this enbodinment; the

hydrogel is cooled to a liguid state and the

o oligonucl eotides are admi x¥d into the liquid toa

Bemur A Jamneatcil uokecTst LA O 5 eRan
?d)ﬂéaé}'ﬁ&’am& 1985 $lr thSﬁlptlé) Sifaw beat ﬂdQlii%Wﬁé‘l@iEﬁ&&dby

ng or painti'ng durrng surgery or_using a

- fRas.hadp ﬂd&n?ﬂhdoqmplthatpoﬁmm»eennmodl&cdt oligonucleotides

Vi Pt o S
. 0
SULLE )Lyjﬂ#&%ﬁeéd i on %rdrﬂgflﬁf u Ed%clﬂecfli goRfciRytide

ahe e the gonucl eoti des
phamphero%ﬁinamssaxenmddbgradedm <ot her i npl ants that

are comercially available or: descrlbed in'the .

SC|ent|f|c literature,, |nclud|ng | i posones,

P SPARBEULERPARY T ARSAARLS AFProafR o el

ol Mmhsadl‘dectﬁﬁ:s PsroMdoAteis previded ok giancl and Teag(1980)

10

15

ma%%églzk‘?géf;ﬁe%%ilaﬁﬁﬁﬁ o Gt Whicheaes, ey

N aCercii‘gm8 Dﬁérﬁfﬁe\/ﬁwy ef@,%ﬁ&?t e( gymgfqeg | Yof ﬁhclcos:dc

vinyl coho erl tlves
hhﬂfﬁpﬁosphﬁnﬂf:s upleatpherddﬁbadakqs ctﬁbsplmramhmao phosphate

e, ponacLphospgrariates s Bides BpspRoraeiioates are known

ROYTRL | 564 RF eﬁﬂn&fg fAﬁ'gwaPﬁid“Goaﬂﬁﬂd €1987) PakaRdton

evaporatron te ués,”or nechanically mxed with the
feqras KZSL 3539 Niedsenaariad dl%Bm Tetrahedrot Lguens 9% 201 Uxkgar e

Goot 1o Tacnaly a2 Rani g L ink BN gfe?ﬁ@-
gamé 581 MRIAL Spadia P Sa 988) qﬂmor@&w%&esns 1517

ependent ‘on the size of the oligonucleotides and the

" Quosstisle andrVyli (198D} TeirahetironiExvtered), 4693 ohgrastal et al

- (1990) Proc. Nautl: Aca;{. Sci, ‘USA 87, 1401- 1405,‘t_hc te_achmg_s of which
are’ incorporated” Herein by reférence. - Other methods for synthésis or _

* production * also’ zir'e“'.rpos’s‘-ible._ - In’ & preferted embodiment the

oliganicleotide is a deoxyribonucleic acid (DNA), although ribonucleic

- acid (RN'A) sequences may also be synthesized and applied.

- The oligonucleotides useful in the invention preferably are designed 40
“resist degradation’ by -endogenous nucleolytic enzymes.” - In vivo. .

' _degradauon ‘of oligonucleotides produees oligonucleotide breakdown

= -t products of- rcduccd length Sﬁch breakdown products are more hkely to

"% engage in’ nofi-specific hybndtzatmn and ‘are less likely to be effective.

30 -

relative to their full-length counterparts. Thus. it is desirablé to use
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the range :is cal cul ated based on the surface area . of
tissue to be treated. 10: The. effective _dose of
ol i gonucl eoti de i s somewhat dependent on the |ength
and chem cal conposition of the. oligonucl eotide but
is generally in the range of about 30 to 3000 g per
square centinetre of tissue surface area. The.
ol i gonucl eoti des. may. be adnministered to the.
patient. systemcally for 1@anr1therapeut|c i
and prophylactlc pur poses: The ol i gonucl eoti des may be
 pariRpa bRl frlsBL L0 G TRIIRM I theDody SENRCR are
I ntabRus eedohr the) taegeted ells.al ‘I‘hquaenbplxgotnmieo Tean; be
whi ch. permt. the ol i gonucl.eotides,to access: and-
- ci reRfegedmore resistant de degradation,{oHya by sutituting one or more

pre&gﬂ&gl Q{;‘QF& ven 1n g%dﬁ??%n to ‘P?cgﬂ“ﬁ plg&p hadicster

Saddinkigdse fmﬂmpgawmu:@qﬂxnspm withsolghay én teilinksge.

in_the absence of local admnistrat) dosa in
t h&Examplgge of olinkagss, thabunay) be s @&E{dewﬁaﬁpﬁ%&ﬁ

ad ﬂ%ﬁbﬁgéphgﬁatﬁr d,qg?,u% R, el a;kﬁéep%édduﬂﬁates -

b evafpae phaéptbridifates ) phosphacy bsterso foridped phepphorotfioates
the inventioon. are _useful 431 treatl n% {Wfreven;mﬂ(g-th
anynd brideed hosphomstidates hSueh erasplgsiied an

10- “‘iﬁ'::ﬁha;,&;ﬁ& oﬁn%k?n \fsotidB Jinka & hx%%hﬁ}\ﬁfghn ﬂ{e a@ Sce,‘.

cl ose TVe 0 “m croorgani s
saifer exdmplel €dh&n,aﬂ990] I‘Ibemisl in Bﬂrechnb’hg; The Symthésm of
aspect of the invention provi dgifﬁ l'ecul e of tedhte

el oliganyclenides hguing Qe QPHRIOFHQ S5 Bikeges stityted. for the
of %thﬁél nveé%tc}'iﬁ{chﬁl%%ggg ﬂg?&éés is well:known in the art, including

on. provi hod of  treati ng a host

‘whisgithbds , pathviays s e eptadoking taligamclenfides i bavingt mixed

m ¢r.oor gani Sm.. he 5 nethod conprising adm nistering.
13,5 intprneicicapide $45-of ‘a .nol ecul e according t'o the.
eIeventh aspect of the |nvent|on wherein said-gene-is-
present in said m croorgani sms; . ‘or ‘a cl’ ose ‘relative

of Qligotiuniectiday gani lkmmadsy reaaitﬁ@tclw VEX LGB

an anount . whj ch:, sybst-anti al | nts 10
or SAEYIPEY By e‘écaf’ﬂ'é‘g?rﬁre’é‘ﬁ?ﬁ??m%é) wzetr  BIQHRS: |°Rc$h€rd§3 %'hy

- anigilingl nﬁl&ﬁfdc?h 'ﬁfﬁa%@h' ricBpSing a8 cBh‘m@rc:ally available as

m cr oor gani snt’ Ewrem at.-edt hat
20ph axmiawekinkc m‘mf fmnu \feppitieds BesSystemsdnec diostest ClcheCA

e Do A5 Empi ot Sassibhdy P ome! B i, & e 990 |
COW&:&@ ,ﬁw §§rr?% Af?ﬁbeanhoﬂgwﬁ{l 2 &, 1@9@) ProBD Nael.

r accepta e carrier(s) rrus

" acieed! 88l GU._S‘HIBS(HE 7595-7599,. the. teachings. of. wh;ch .are-hereby

“incorporated herein by reference. :

A further method of '_making o-ligqnuc_:l-eqtic‘!e; resistant to nuclease at'-_uick-
- ~isfor thf:m to be *self-stabilized” as described by Tang er.al ( 1993) Nuc’l;'
-Acids Res - 21, 2?29-2735 incorporated herein by rcfcrencc Sélf- :

- stabilized oligonucleotides. have: haxrpm loop. structurcs at tthr 3' cnds

miby: wedegemeus

30 ..and _show ‘increased resistance to degradation. by sggke_, venom .
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sense of being conpatible witk the said nol ecul e of,
the invention and not deleterious fto therecipients
.thereof. Typically; the carriers wilt'be water or
saline which.willbe sterile. and : pyrogen free.. 20
As . nmentioned above;-and. as lescribed in nore detai

i n: Exanpl e 4below, 1 have found that

certapn:virul ence genes are. clustered in Sal nonella
typhinuriumin a regi on of gskhe.- chronosone that 1%
have cal | edt.VGC2: DNA- hybrldlsatlon experinments

' h@g\stp ar SE}#EVW?M%d I'n rrany s'%%?@gt an self-

ssmbahlzed ofgiba loﬁttmed)li@nhuboﬁdedom nqtinterfote |u1|3tlitﬂi1ﬂ1t10n
call and. Shigella strainsg e see Exanmpl e
Twy@ece@alfmsmam!@t: aGidst &"FL R?uée daed, s)tablhty

CRUGRE YRR RE, it T ened gtﬁﬁéﬁ% oY eficbtal

t ligommliotdbe Witharsset ite tfihHnefadownmepdres. 30 = speci es
and, if present; eqU|vaIent genes i‘n other enteric or
ot her bacteria ft -~ fl s. pr((~ 39 WII also be -

Vil SkERGEnE Ui ol ThRFion? RO Tt bl sERcity of

region Is a.viralence. gene . is read
Faitisensnpligomidiedtides @Eﬁ&steﬁstihldf B@C&aimm Is - eshamcld &y

'5|dent|f|ed by the nethod of the second aspect of
abﬁm«s

t Fating, thet of s Rptisense compawibiq s #9‘5 degus

e, 3%?@' 1P EpERsab GBS st iR mtiticBotctss,
| ‘Teus, i ligeslubl otids 6@ dpplied dbéaly ionadhievegdalesired cffect
\(/ﬁﬁef erably a non=polar nutati on? and: det er m ni ng

sepcanyation: efntheseliganycleotidesy the! desired logusis pigh

FE A e Bl Radols VRHPELERARRA - BB, kRPUE

P memphuﬁc\efféﬂwadba ablil&ved WEEP a Sighifidantl pldwerrtetdl amount.

t.yphj | um or a artteeof or..a variant of sajid
[Sﬁgp tﬂmL ygh concen tmn of 0 1gonucleohdes er?hances penetration’of

- the targeted cells and effcctwely blocks translation of the target nucleic

- ac1d -sequences. -

20

.. The- oligonu_cicot_ides-- can bc délivcrcd- to the. locus b-ya:any_ r‘mea'ns_

appropriate for localized administration. of a.drug. For g:tan}plc;s"-'a

solution of the oligbnucleotidcs can be injected directly to the site.or cani - |

- -bexdelivered by. infusion using an infusion pump. The oligonucleotides . -

. -also-can be incorporated-into an implantable device which when placed at

~ the desired site, permits the ahgonucleoudes to be released .into the .

surrounding: locus

-The:'oliigoauelemides:fare_‘mos.t preferably - administered via. -_a,u.hydmgél_- |

. ‘material: ‘The hydrogel is noninflammatory and biodegradable.. Many -

-30 .

- such. materials: now are, known. -including_those made from: natural and o

.syntheuc polymers.. Ina preferred embodiment, the method exploits:a:



15 variant of a part thereof. TheVGC2 DNA of

Sal nonel la typhinmuriumis depicted diagrammtically
in Figure 8 and is readily obtainable from Sal nonell a
typhi nwrium ATCC 14028 (avail able fromthe. Anerican
Type Culture Cbllection .12301 ,- ; 20 Parldawn Drive,
Rockvill e, Maryland 20852, USA; al so deposited at the
NCTC, ‘Public Health Laboratory Service; Colindale, UK
under accession no. NCTC. 12021) using the
information: provided in Exa le 4. For exanple,

R A OB et B b B e

Sal miﬁmgai &W@oﬁq& ﬁc:?:f’ bodi))" Rerdperarupe. AN Préfrred

genone enpl oyed to obtain all
of hydroysbare Dblgrmc”fh of nﬁqucnemmdmpmmlmmdq mpEalylg i,

ca eused to, ide andlocte r.a
fro rigs o fse pol b ol IR eight of

5{:%%}??@5‘?“@ %Fdas@ér}(? nucI éwgéeprz,?g%% uxfdgag?d

40 pdlPpropglenstdxidesin ﬂwpalpmf.er%lfqrrat hydragels x®ntain from

ik 15 Y el o 8 T S 2010
Uk SO o BB it A ey hieu

or conpdng abotr 20%: pdlyemﬁlhﬂne&}m& ‘tand B0 1pplgprepja||enecbx1de

wlzrﬁw? ogolsamiichenbby oid i aine: o HEAr o HASF

i d e n?@lﬁggﬁmy gﬁﬂ : Eﬁd%% HBRHHAL PlurbficEenes can be

‘ region by statistical -
' anal ysi s of ~the open readi ng - frames using con'puter

P B TR 5 e B ¢ RS 0o

9 e r@}#@?ﬁh&l‘&@ﬁ@é}» @ﬁﬁuﬁéﬂdt? fid higid b &n@érﬁrdﬁ&%}‘)ahout 1

an open readi n rame COffESpOﬂdS tO t'he

“15pol mp eqi;tgodaclemﬂmgcn g.@mmf bydeoggkndhe aesultimg pixture then'is '

* DrutPolh PR apHESE b5 b bentefof ERHRHE oAeRDihe r paitfe

Usedilrﬁ% Susgk: Bp%r'nﬁu%a
deter mne Whet her Is expressed which hybri di ses.
't 0 pAhBMeBArIINAS sdiduﬁm@tfpmzygeéfandéhq pligenuelqapidgs diffuse

mutati

‘20 thé exact composmon of the gel.

“"The o‘ligéﬁﬁcleotidé's"ca‘ﬁ be-administered by raeans *oﬁ‘otﬁe'ffirﬁﬁl-:ints that

are commercially available or dé‘scriﬁéd! ‘in “the ‘scie'nt?iﬁé ‘!iterqt'ui'ef,_ '
including liposonies, microcapsules and implantable devices. For .
25 cxarﬁple. implants made ‘of biodc'gfidabl‘c “materials: “such. : as
-' polyanhydridés. polyorthoesters. polylactic acid and polyglycolic‘ acid and

"copnlymers thereof. collagen. and protcm polymers; or mm-bmdegradabie. '

matenals such'as ethylenevmy! acetate (EVAe), polyvmvl acetate, ethylene

< vmyl alcohol, and denvat:vcs théreof can be used: to locally deliver the -

300 T éﬁgdn_(nclébtidés.' " The oligonicieotidés can ‘be: '-i'notirpqi‘zited.._gmo_jﬂ,'é e

NOthdisy Br dnBDYoplt: ptock@ures; - As the -

Sut'o'ihd' g g¥1 into the surrounding cells over 4 penod of time deﬁned by
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be introduced into the open reading franme and. the
effect of the nutation 20 on the phenotype: of the.

m croorgani smcan. be determned.. If the phenotype
is changed. then the open reading frame corresponds
to, a gene. Methods. ‘of identifying genes within a
DNA sequence are known in the art. 25 By "variant of
said DNA or. a variant of.apart, thereof” we include.
any variant as defined-bythe term™.variant”. in.
the seventh aspect of the i nvention. Thus, variants
hateraiCas - it DA éﬂﬁy etidedP e Eﬂldtﬁ&[’h'uﬁ'ﬂ | Wi@lhr&l WkrensO
equi val ent ‘genes or parts thereof

Saaparatbn techpimoes sor medtanially mix@h witkribt inatgrial. Imdne

BB iR o e Bt
ot %b&# ﬁétn@c SWeh £¢ ‘d‘e?(\?‘h@ "tha@d8 flica Bed d%d

genes are unct 1 ona eqU|vaIent 5' those

- icathetersh. a nutation leads to a simlar phenotype

(such as -avirulence).- It will be. appreci at ed t hat

- before the present invention VG2 or the.. genes

I9Rt Yoed of hﬁflféﬁhcr%ﬁd&m 1sb ehdtlt bhl ek agge of the

certal nly not I'cated In ruI ence. determ nati on.

bligéﬁmdaotfdes ahd thm.npo:tcsfooﬁvmtiﬁm inadminigeredt dn gimcml
t*ant hacterj um wherein e bacterium normal |
FAReRds éalgeh&ct hased;an th"’ré AR “%&u‘?&?“eﬁ?ﬂ

metecﬁtb HFof oﬁgbﬂueq@&ﬁic ik %Mﬁtﬁeﬁ deip oRthe | léﬁgth

said nutant bacté&rium nethods of g.a nut ant
baf& tcheminal whewpesitionfoft the. oligaetdeotids bagr mdry:rai&an imitins

bS5 0D 22 eSS s AERC

.- bacterium The following is a preferred nethod to
" inactivate a VGC2 gene. One first "subclones the gene
TE She olipNaudicatifes mhay bo adeisstcrshist the. PXU@MﬁSﬁSﬁmmu}' for

Biheraheini B breokvlaBic Buebfinebe ofeonpiagtioe? e

v alinldistERIPBE adyP cFRSfivd PhetRod,2foreBRaiifle S idafén@illy (g

characterise the gene by DNA sequencing in Escher| chia

- mtgyenously,i augcutesmuslm uaimamuaoymw) O@tbev arabmasal or other

L rRAESHSS phit quﬁﬁl?#lg%f%etﬁ %' o Gicp R iy e

20

patient’s. bloodstream - -Qligonucleotides - administered: - systemically

preferably are given in addition to locally administered oh-gol_tuclcottc_lcs;;

- but also have utility in the absence of:Jocal administration: - A dosage in

... the.range of from about 0.1:to about 10-grams per:administration to an -

L a’du-l-t_.‘human;,-ge;nerally--wil-l=,be, effective for this purpose:.. -

25

- usefulin tl-‘featin-e or preventing any infection caused by the microorganism

It -will'.'beeapprecihted that the molecules of this aspect of the invention aré

. from which.the said_gene has been_ isolated, or, a.close. relatlve of satd'

:mxcroorgamsm Thus the said molecule | IS an anubxotlc

30 .. Thus. a twelfth aspect of the invention provides a.molécule of the -_eteyér_xth -



(for exanple, kananycin),. possibly after deleting a
portion of the coding region of the cloned gene by
restriction enzynes: Methods. and DNA 25' constructs
containing an 'antibiotic resistance marker are..avfl
able to ensure that the inactivation of the gene of
interest is preferably non-polar, that is to say,
does not affect the expression of. genes downstream
fromthe gene of interest. qfhe nutant version of .the
gene is then transferred from E coil to Salnonella

L Al Br M ety RIPRS immeditiene T, 00 ot on for

hom)I ogous 42 reconbination of the nutant gene into

St il et ok e s hovides  fpiied of FESKE ahost

* LoUMAUF TR UG o TR InBRSH Rt St e

5pr methiel aoufRisiig. &dﬂdnmmm an naffextive bamownti efma majecule

baseering i heacleyonih aseech ok e YEBEeD PABFIn %‘é‘ixg s

SaPResKERR S REmGBRfefg, YEwELdSk fltive B microorpani
of a part ---thereof,;.. a nethod of ldentlfyi ng-a: corrpound

V\/nl‘ch“reduces the, abi lity of a bgﬁ“ m t o, i.nf ect
or B&aﬁﬁ“&"@éﬁwnﬁ N W fGaE an Amaun @aﬁm Iyrevents

0 Ay RGBS A SR o o

fUMﬁttlﬂﬁlagfbe uﬁc@@dlbylmmrgamsm nucleic: product 15 .
thereof, and nmedical uses and pharmaceuti cal :
conp03|t| ons thereof .- . The VGC2 DNA. contains gehes

- Y Gl b0 e RREDY thal &%Hafcé@&’ca; obinuthiShs SFRhEeHlc of

second” aspects of the i1nvention as wel

ast}gaenbscnwﬂaspbchef/ﬁmmnhderfonmm of therdaventionat Swh T
( hough i.d |f|able t of the figst
13 anBL STt faragons Pl Fﬁ%ﬁﬁ) olerG oaeiipr i one

|B§ ?l{l{ﬁc Yook ﬁb!crﬁﬁ?ﬂé onThE cafrferfd) @t oet ‘fhcbékﬁaﬁi@ﬂ ik lthe

Si xt sevent el ghth, ninth, tent

. eI streatdf beingebditipatible witht lhnrsadena}tcabpﬁdhe mfcntme and fiot
 rofideesio g0t Simica dfrrbor RipieRt s S entie bty

1 Nof Ghidd %.&r@“ﬁm%%{&ﬁ@%a%;yr@m frés. to .25 these
further aspects 5 -

200

~.-As:mentioned z_ibbﬁeg-::ahd;z@s described in more detail in-Example 4 tieltm-,_ | .
~.T have-found -that. certain: virulence genes: are. clustered -;i'n,:'Sa‘llﬁbt_teila '

iyphimuﬁum in & -rc'gidnf‘;tnf “the. chromosome that T-have: calle‘d NGC2.

DNA-DNA - 'hybridisatim experiments have détermined that sequeﬁccs-

25 =’homolog0us to-at-least: part -of . VGC2- are: fourd in:-many species and:.

strains of Salmonella but are not present in the Ex coli and: Shigella strains

© tested (see Example 4).-- These sequences-almost-certainly: corresppnd to '_ '

conserved ‘génes. ‘at léast in Salmonella. and at least some of which are

virulence gen‘cs.i It is believed that equivalent genes-in-other Salmor‘;ellaﬁf |

30 - species and. if présent, equivalént genes in’ other enterie or‘other bacteria:

oy



It is preferred if the gene is from,VGC2 or is an
equi val ent gene from another, species of Sal nonella
such as S nphi. It is preferred if the nutant
bacteriumis a S. typhnurium nutant or. a nutant of
anot her 30 species of Sal nonella such as S., 4 phi.
43 It is believed that at |east sone of the genes in

‘VGC2 confer the ability for the bacterium such as S

typhimurium to enter cellgg The invention will now be.
described wth reference to the followng 5 Exanples

il Hise WeasruiBftehdnes Fi gure 1 il lustrates -

di.agrammatical |y one partl cularly preferred.rret' hod of
the i nventi on. 10 Figure |2 shows a Sout hern’

S SR AR S R 9 Vo bl

fdekémﬁnws Fdi' Rmsplés tHasé. @en@mﬁ wrcczsmhﬁrlﬁee%e&
_of the mint-TnS. transpason. Figure 3 shows a col.ony

10

i
4

- 15

Bﬂ@!hﬁﬁ}bbyoﬁhswmd nthiey sacond faspeet off the rsestion {when

PRl A8 Salon e ol S8 Ryldpi B6 AuofimBht 4 5n
GRfRAY SidhOad @hﬁédssﬁm&h@eﬂ Emds ViBncR¥enks RleldIgs
fromazalpool of the first 24 colonles (Al - Figure 4

bmmmblngny mutauohyinr thei gewd dpreferablys asnanf-paﬁs

Htph) " A EARE CAAPEr Ol S sblne ' irent; o
Nibiheds of \fx?.ﬂ@n%" Yelbittiling G aclditdBbdle f€ walRhévh %ﬂdtai‘éls

fromthe pool |nocul um pattern), or with | abel
Separitiadcbelowags. “from DNA i sol ated’ from over 10 OOO
pool ed col oni es- .t hat-were recovered from the spl een
of the infected animal (spleen pattern): 25 Col onies

B 6oufekn@indspet f thed iMbEHtioRY Proli&ath® WS TaNBNA0BS |

.both sets of filters: Hybridisation-si gnals from

™ Selmenalla %hmsiumr(awm;hcrcca’n or B ariantopsad IMAcer a |

c 1y rn.but not on the spleen pattern. -
b@gﬁ#@géyé’%ﬁv@% z sequence of a Sal nonella gene -~
i sol-ated using the 30 nethod of the invention and a

. é np\zillél son to the Escherichia colt clp 44  protease

20

C2 DNA of Salmonella typhimurium is depicted dlagmmmancally
in-Figur¢ 8 and is readlly obtainable from Salmane!la typhzmnwn ATCC .
14028 (available from the Amencan Type: Culturc ‘Collection, - 12301
Parklawii Drive, Rockville, Maryland 20852, USA; also dcpos:ted at the'

= NETC, Public Health Laboratory Service, Colmdale UK under accession

" - no. NCTC. 12021) using - the information: provided 1 in Exampte 4, Far '

: cxample, probes derived from the sequences shown in Figures il-and 12

may be used to ideﬂtify A clones:from a Salmonella typhimurium gcnofnie

-+ library. :Standard genome walking methods can be employed to obtai_n--hﬂa

. -of the VGC2 DNA. - The restriction map shown in .Figuh“j:.S can-be used -

1o identify and locate DNA. fragments from VGC2. .

L ‘By-'-“»pgﬂ‘.‘{{:}'ﬁf'-the VGC2 DNA of Salmonella typhimurium™ we mgéan ary

-'DNAiscdﬁeﬂée-whiéh comiprises at least 10 nucleotides, preferdbly at Jeast:



Figure 6 shows partial sequences of further Sal nonella
gene isolated using the nethod of the invention (SEQ
ID Nos. 8 to 36). 5 Figure 7 shows the mappi ng of VGC2
on the S. typhinmurium chronosone. (A) DNA probes from
three regions of VGC2 were used ill Southern
hybri di sation analysis of |lysates froma set'of S
typhinurium strains harbouring | ocked in Mid- P22
prophages. Lysates which 10 Rgbridised to a 7.5 kb

Pstl fragnment (probe Ain Figure 8) are shown. The

Ot Ay utediidedemate egréifé!x%l I2% €dadt0 50 MRuciddiiiel Y $allCtnore

(B) The insertion ints packagi ng directions of

t heprofeagelyaate lahb\lﬂﬂ ahmhg)txdas.t Iand raosteprefasablyi ainlaast 500

thgfg‘t%“‘d%éﬁg CE VGRS hipacicuady meRHeamrt of e VGC2 DNA

t T 15 P 24
100 B 55 mﬁ%w in A aﬁ‘glzldQ%]aP]’& %-F%-él'\gf ?’Hmh.er

SEx grastienlddly pfbfeﬁcdqm-t ofisho VGED RNAJe the sequenchshown in

t‘@o“ zontal bars,and.the approxi mate .l ocati ons of.
°‘é?é’a“thﬁ'1'°9§'t ed. 20 Figure 8 shows a -

phyS| cal and genetic map of VGC2. (A) The p05|t| ons

of 16 transposon insertions are shown. above.the Tine.

TheAdvantageoonsly, UeGRart of ke VEE2 DM4 is hegent ok partithereof.

- The* position and direction of transcri ption of ORFs:

described in the text of Exanple 4-are shown by

10ar r@é’iﬁs hah Gy ﬂdgﬁuﬂ' whmf@gﬁe‘gggwﬁw faasRal ﬁﬁalys:s of

simlar genes, pti1 on of" ORFs 12 "and 13

whdbe opero dm:li:g fmmcs using @pmipotariprogransdmonmdn the art. Ifan

v e Beiod R an ke G5 bl 100 sfdordt B bk g

OV &eh bRawd)st Wikdth@Nan
fr %rrgﬁfmﬂf?%m ?ﬁdwl&g?ggﬁggeﬁ%t T zfl nrgTT15244 gr g pett

: sireading framé comfedpands tadheypolypeptide codiog segipn of @ gene can:

155] RS et BB e PRl P i B

pO?doHdﬁ?@ndi{l/g rts&hé Iof;&h GBadinf SParaé napbkaded Bs Bprotle in a

E, EcoR H HndlIll; P, Pstl and X, Xbal
- Thaostheri KBhbﬁ)oblqmg determipe whgthes PR PHrey

hleh-

USRI b Wkl BNAY ieFnatVely! dhaibordly aznz,t;uon iy

.-be introduced into-the open reading frame and. ;hqgt{fc;gt._qf the mutation

20 .. on the phenotype: of the. microorganism can:be. determined. . If the

- .phenotype is changed.then the open reading frame. corresponds to,a géne. -
Methods. of identifying genes within a DNA sequence are known in the -

'an- S - .

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

invention.

. Thus, variants. of VGC2..DNA .of :Salmonella .-!?p!!imigﬂ‘iamf-.include. '

-30 . - equivalent genes. or parts =thc'r_¢o:§-,__, from other Sa‘l;norgglgg.sgjecigs. suclias -

N

S



kb Pstll H ndl 1l fragnent (probe.B),used as a probe in
Figure. 10 are 5 shown below the restriction map. The
positions of Sequence 1 (described in Figure 11) and.
Sequence 2. (described in Figure 12) are shown by the
thin arrows (| abelled Sequence | and Sequence 2).
Figure 9 describes mappi ng the boundaries of VGC2. (A
The positions 10 of napped genes at mnutes 37 to 38
on the E. coil K12 chronos%ge are aligned with the
correspondi ng- region of t S. typhinurium LT2

BT S S, SRR e,

PdAtsl the£Hoe nﬁanvéedr BactefifkResh af bities bnkbﬁcﬂiaomﬁh t he

restriction sites used to generate them B, BanHl; C,

15 Clal; H Hndll; K Kpnl P, Pstl; N, NM andS‘

e SRRC e e B 36 sitlcl e fiobdShnt rbin,

e ibise qnaﬁzﬁndunﬁi'xﬁﬂéaﬁanméads tdzlagﬁhﬁlal%lfah@m}et Gath as

VGEC2 is .conserved anong and specific to the

Sufiralense) . willdrecapipreabMed thas be&ur ﬁhnmemtsmﬂyﬁﬁa

prd

B, 5 B e S e o o

""hvrgﬂicﬁteaéih\fiﬂﬂeﬂ!&%d&hﬁnaﬁ&i ng a 2.2 kb - Pstl/HindllI
fr

gnent froma clone 7 as a probe (probe B Figure 2).

- The " filters were hybridised and washed' under.

10

i B5horsesft of e 1R ik by Ry Wi

, \(ﬁ@% Bdc@iFud) RorR ey E@mhmstamenbeﬁinh etk a@itas(SragquuiRent

g
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arrow | abel l ed” Sequence f .iii Figure. 2), The DNA

ite argome| it MGC, snid gese iy dawkated: PF Absentain saide mutantt

st o | ns of put .
SRR o 10t ' SRbafE AGRR, NERE 3f the.
A i adn’ﬂally%%tafrﬂ d gﬁm&eﬁ th&kinkBs e eqdivaledd 1o 2
conventional a i ndi cates_a stop c¢codgn -and st andard

Aede a8 tV@E2, saidiggue wnwmoaﬁ@%é‘awﬂé\l

VAR 154 B e MBI Vo equenceﬁg&.

|s&baoﬁw thc@cnc bivex DMNA ﬁ&ghfcﬁﬂﬁloat &8almonella A DNA library

20

 region of the gene a segment of DNA encoding resistance to an antibiotic '~

‘or other “DNA library using a fragment of 'VGC2. as a"prabe in
hybridisation experiments, and map the gene ‘with respect to-restriction
enzyine sites and characterise the gene by DNA séquencing in Escherichia

“coli. Using restriction enzymes, one- then. introduces-into. the coding

(for example, kanamyein), possibly after deleting a portion of the coding

" region of the cloned gene: by restriction enzymes: Methods and DNA
“ construéts - containing an antibiotic resistance marker aré available to

“ensure that the inactivation of the gene of interest is preferably non-polar,

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

- gene of interest. The mutant versiod of the gene is then transferred from

30 -

- E. ol w0 Salmonella ‘typhimurivim: usiing phage P22 transduction and

transductamts checked - by Southern: hybﬁdisaﬁgn; for hemdlogeus'




mul | six reading frames and the start and stop
positions of putative genes, and the transposon
insertion positions for various nmutants identified by
10 STM are indicated (SEQID No 38). As is
conventional a' * indicates a stop codon and standard
_.nucleotide anbiguity codes are used where necessary.
15 Figures 7 to 12 are nost relevant to Exanple 4.
Exanpl e 1: ldentification of ,qirulence genes in
Sal nonella lypllinmurium 20, 'Vaterials and Met hods

ot risohtbinadioh Hedh Alpdd S5 i, R, dBGRpsdine Y P31 T

Cul ture -Col | ection (ATCC) strain .14028) was .obtai ned
fromthe National Collection of Type Cultures (NCIQ),
PubThis appeeach isgammookyyuscd: iy Selmonefla i(arshcan begwsedrin S.

O T o R et %f%f&&gﬁgﬁﬂﬁ%%%f&w
§.abgrateoe?) fnptmlg.ﬂjgrl vative -of strain 12023,- :
CL1509 (aroA Thi( was a gift from Fred H effron: 30

Escherichia coil strains CC 118 >. pir (Al ara-1euj,-

ar gﬂl ?Prglcﬁx 3 alég'g&a e 56%%8%8%&8&%]m baaﬁ:ge im in &
ik pﬁIﬁnaceﬁﬁbal é(ﬁﬁﬁostﬁ&hs c&h?nsnhgdﬁid Wactefidth and -a

2 MU kmrn7, heir) were. rom Kennet h Ti mm_s.

& mmamuﬁsao@mbteomb@aeﬂ'wwqw@l@m by VGCZ T ()

KA. Ph Shiaioriey iR  Taer el Bt NARRe e et
(thé:%ﬁnaif&cdfdd 8f ideh@83g Wanipotihd wiislprediRB Bidubility of

Timmis. Cons(ruetion ogqsem -random sequence tags and .
|- gabamumaoﬁn&oe ok gansecdigeaseda apleast; a compound identifiable

- RTA(5' - Al :
sk el Aty sl fgrerges i, and
pr i subs@nfAly MhiGiAGRE AMAATSAGEe #1 VACER! hRubleicproduct
P3. (5'- CATGGTACCCATTCTAAC-3') (SEQ ID No 3), P4 (5' -
157 Achensofiomiamedinatuses) andsplmpceutiaad campasitions theseofs 5 -
.- CTAGGTACCTACAACCTC. 3' ) - (SEQ 1D No 5) were
syntheS|zed on a
-The VGC2-DNA. contams genes: whlch have. becn ldcntlﬁcd by the . .

. -methods of the first and second _aspcqts-of the- mvcnuon as:_..wcﬂ as genes
 --which have been identified by their location (although identifisble by the
20" methods of the first and second aspects- of the;'-invention).—. These further &)
- aspects of the invention-relate closely to the: fourth, -fifth; -s-ixth:-VSevcnth '
- “eighth, ninth, tenth, eleventh, -twelfth- and - thxrtccnth -aspects of the

o ‘

invention ‘and, accordmgly, the mfonnauon given in relation to those
“.aspects;-and preferences- expresscd in: relation to those aspects, apphes to.
. 25 -these further aspects. : |

~ It is-preferred if the gene is from-VGC2-or is:an equivalent gene ffdm»;
. another-species of Salmonella such'as S. ophi. It is prefcrrcd if the
* mutant-bacierium is aS:- fyphimirium’mutant or.a-mutant: of another"_ '

~30 -~ species of Salmonella such as S t_\plu



ol i gonucl eoti de synthesi zer. (Applied Bi osystens,
nodel 380B). Double stranded DNA tags were prepared
fromRTlI in a 100 zI volume PCR containing |.5 nV
Mg z, 50 MM KCl, and %40 nM Tris-Cl1 (pH 8.0)with 200
pg of RT1. as target; 250 pM each dAT dCTP, dGIP,
dTTP; 100- pMof 20 priners P3.andPS, and 2.5 ‘U of
Ampht ag (Perkin-El mer Cetus): Thermal cycling,
condi tions were 30 cycles 9§ 95C for 30 s, 50C for 45
s' and 72C- for 10 s. The PCR product was gel. purified
(IShvibstiookd eiat at leadiORfe ofthe ?@ﬁcs in'VGOconder (he ubi or
colum (available from Schleicher and Schutt) an

othe bacteriuny sush s . narhimuriugs | tpgataropelisnt o: . pUCLS or

pUTM ni - Tn5Kn2. For hgations; 25 . ; plasm ds wer e

~+~digested with' Kpnl and dephosphorylated with calf
.. I THee trivetibn Will 2lokea bl NgesBABEP Rt Tefdréhdec o IR ¥olowing

10

' L| near| zed E:I asm d nol ecul es were gel - purifi ed.

lamsmggmpr. or to ligation to renove any
reS| dual uncut plasm d DNA from the digestion.
Li gati on reactions: contained approximately 50 ng
Fiﬁrcof ilRisfa(Es digghtamead bhm% 8hé pRARUIERIpr¥red mthdd of
volume with |7 30 unit Ilgase (G bco-BRL)
mvdnubﬂer supplied with the enzyme - memme-- ---

'48 Li gations were carried out for 2 h at 24C To

determi ne the proportion of bacterial colonies:

&'igﬁenl! sho@® @'Sfo'il&fcrﬁ Qt'yfml:ﬁsﬁﬁbh QGmaRsist BE IINASTof DAV,

uncut. plasm d DNA “a control réaction was carried

 yphinsiatersnugantdoliswingdigeston with BogR T hedtcr was

15

PR 8wty cinRiiahel BRR o s T Faiig®

transformation of E. cols CCl18 (Sanbrook et at,
1989) ; corrpared wi th- 185 col onies arising froma.

|Figrarei  showe acaalony bl@mharbndngtlom enalorwm Ny foaed8tSg

B A S T B B -0 e

Ifilfer Wi HyRideved wiklh g muwihh i pbRHEd h@@hﬁwty@w@m

-:used to trapnsformif. coil % (Sanbrook et

20

HNAzisgted froma gloobef hepfiesk meeamm
transformants were pooled and plasnid DNA extracted
fromthe pool was,used to transformE.- coil S.1517.

Rigurede e zo DNAT Bolofly BIBP Bybridisationt hndysis of 95 S.

experlnents a_pool of

. bph zmunum exconjugants of a mtcromrc dlSh (Al-H11), which werc B

- m_]ectcd lnto a mouse. Rephcatc filters. were hybndiscd w:th labclled'

.amplified tags ‘from the pool (moculum patern), or thh labelled amplified

| 'lags from DNA isolated from aver 10,000 pooled colonies .that were

rccovcred from the. spieen of the- mfccted animal (splcen pattcm)

- Coloniés BS6; A1l and C8 gave rise to weak hybndxsamn signals on both
" sets of filters: Hybndlsatnon mgnals from colonies A3 C5, G3 (aroA), .

" and F10 are 'p_rcscnt on the inoculum pattem but not o the spleen pattern..

30

" Figure 5 shows “the -sequéice- of a,,;ci_lmbnella gene isolﬁtcéf usiig the.

methiod of the inveiition and ‘a. comparison to the :Escherichia coli clp




approxi mately 40, 000anpicillin resistant E. roll S-17
)plr transformants, and= S. typhi nuHum :12023" Nal °
were cultured separately toran' opticai density.
(OD),w of:1.0. Aliquots of each culture, (0.4 nl)
were. mxed in5 m 10-nMWSH; and filtered through
a MIlipore nenbrane (0.45 pm 20: dianeter). The

- filters were- placed on the surface of agar.
containing M salts (de Lorenzo & Tinms, 1994) and
i ncubated at 37C for.16 h. THe bacteria were
recovered by shaking the filters in: liquid LB nmedium
f orpra@asengenaaie.37C and- exconj ugants : weresel ected by
pl ati ng. the. suspension onto' LB. nmedium -
contalnlng 100 pg nr nalidixic acid.(to select,

(to clprent strain

ez dhmnwmﬂ ofithe mhauioe:d(SEQ IDr Nosf &ltm 36Y.

nal i di xi oacid resistant. (nal .), kananycin.resistant.
5(kan) col oni es to MacConkey Lactose indicator medl um

h t n S h|
% Lg n&élk'%mtpcsom@éﬁl nEngOfgﬁypégél IQ)lnn ,%pB mat eI y
90%13&:&6@"@! (A) IDNA, frebes frem deee r8gidns of altscmwaac vised
ampiciltin, indicating that these resulted-_ from

autﬂh §nuﬂwmbybmdlaﬁmdy%0€lyéw§ fram ase¢ oS orymhimurium

o O mpc kel | SIOBLFAL eBRhAEaY ¢ i, i

‘10 CO‘ﬁ B1i8is8d to @7. 5 KPP i ctﬁ%té&nﬁ ineFigusd 8) a8e shdwn.

either 7% DMSO or "15% -gl ycerol was.-included in

ot ha'hmhcmtwﬂhmube.y pised dné:mhsedr ke gha samerlysatesint €8) The
Mutants were re L a rotitre di ghes
o iatan Fofiud A pegkrRiss Arebiom S fHebids e iV atong

| dIhfi |
s uﬁmcm ﬁimﬂ{uwsléaaiod VHi SRALDT K Exailﬁ)le 4). The

-auxot rophs

depbageedes»gnatmm congspdrdta thenfoliowieg etspspsz)fl&ﬂal'ﬁme

tants with rough. col ony morphol.ogy:were

5 0B AT Sop, RS BT SRR R B00,

bl qfrle Hezal Ei?:ﬁﬁ%lc 8. BhiveidatioRd of rappéd geftearare shown

(Sigma) was used transfer exconj. ugant's“from:

m byohonzcmmln binssand thiy mppdosimaty legations tafi other genes are
d:sshg[n UK) that had beenpl aced on the surface of

LB- 'containing .50 tcg ni-t' kananycin. After

over ni ght i ncubatiow at 37C, the. filters supporting .

-t he ‘bacteri-al-.. colonies were renoved-and. drled at room-

20 A Fagurc 8 shows a physacal and: genctlc map of VGCZ (A) Thc posmons

of 16 transposou insertions a,re shown above thc lmc 'I'hc extent of

- VGCZ is, mdncatcd by the th:ckcr line. Thc posxuon and dxrecuan of

. transcnpnon of ORFs described in the text of Example 4 are shown by

' am)ws below the line, togcthcr thh thc names of sumlar genes, wnth the-',

25 V-cxcephon of ORFs 12 and 13 whose products are snmlar to the scnsor and

. rcgulatory componcnts rcspccnvely, of a varlcty of two ..component

-regulatory systems. (B) The locanon ef overiappmg clones and an

_ AEEcaRi/XbaI restriction fragment from Mud—P22 prophage strain -‘IT15244 |
. .are shown as ﬁlled bars. Only the porttons of the A clones. which have”

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

ag g 'Iect s als%éuéfc&?bf‘ﬁlrﬁfé‘i‘ﬁﬂn&&l %mgi’dmhﬁng

!rﬂ_ i
SR . '



20

20 :i: . tenperature for 10 mn. The bacteria were
lysed with 0.4.N NaOH and the filters washed :.wth
-0.5 NTris-d pH 7.0. according to the' filter
manufacturer's instructions. The bacterial DNA was
fixed to theaters by exposure to, W light froma
Stratal i nker. :(Stratagene). Hybridisations to
"rP-1abell ed probeswere carried. -outunder stringent
condi tions as previously 29 described (Hol den. et
at,, 1989),. For.. DNA extractions, S:.typhinurium
t(@”ﬁﬁ@ﬁ@ﬁtnéﬂété’ﬂ%strﬁ:hbﬁ's%s AV hATRER VB!, Bant B K, EcoRI;
LB 'medi umin:,microtitre dishes or.resuspended in LB"
nEdEGﬂRV ihlﬂ{mdlll;gP,gPﬂMhd:dh 'Xball i Thenpasithons dfdhal’! 5 kb

AL R GRARE )1t . pesbg dndBisuech apg ek ofuthe 2.2

| .

L

c@nm Hal@auinmsmmion asappFhe qmisntmns of Sequenfce 1- O(ie:scnbcd
TE. To t - %

3 Figusy Tyfing Sequétee 2 estobrd da Figwrar2) a7 sowa toiihe

ahin3dirows Pabdil was added and
m xed tho?%ugh 'y, - ueﬂ%&ggd%cﬁg 10% (w v) CTAB

and 0.7. MNaCI After thorough mX| ng .the sol ution

N ﬁsw& s hagingane baundRes ”‘!ﬁ%]gro%)a?’eﬂ%@%m
‘10 ,

?%&!geé%f%‘ﬁﬂ bt 6] 38 88 1L 11 SOROPPomaBik o
(adlguechtwah the obrrespnditignatgion bf pgelﬂ thmms

P e 346 3D shnsepended ep PO Y UG resion,
Ty DN

'_@%‘k/g%ﬂf PO B %\géﬂ’ g%ﬂt ),Ezoo f&' @ii“ﬁ Kﬁ”g as %EL

- dsik barsPand1hs restiictomsitoamsed tagengraleythemas®, BamHI; C,

Sl Hp it 1 ckpag, Pof iy Ao Ad ST sal. A

' maaauww enc&? f(ufr'En cayt %e%f&uc oA ufdfealtealagt+ iose

consi sted of X20 cycl 45 s at 50C, 10 s 720C;

‘ a'ﬂuclBﬁmkdam h%ﬁlﬁlsc d?@ﬁhtﬂlbﬂﬂddl)ﬁ* were. extracted with
“¢l" I'or of or m i-seanyl - al cohol- «(24/1) and! pregipitated

wi th ethanol: DNA was resuspended i-n :10 .| TE -andthe

PI®GEH r [ I r h
FeErsPLOdHeNs M NI QRaBcd Srane B i e

Batmanellace| @d:nccrms MAalfmmgSaﬁmagﬂenSeromirsalandt other .

pathogcmc bactcna was restricted with Psti (A), HdeIl or EcoRV (B)-
and subjected to Southern hybndlsauon analys:s, usmg a 22 kb
PstI/HdeII fragment from A clone 7 as a probe (probe B Flgurc 2) ‘The
filters were hybndlscd and washed under smngcnt (A) or non«stnngent

o (B) condltmns

Flgurc §) shows the DNA sequencc of “Sequcncc 1" of VGC?. from the

f'centre to the leﬂ-hand end (sce thc arrow labelied Sequcnce 1 m Flgure.

o T_'Z) Thc DNA is translated m all 5ix: readmg frames and the start and stop

.30 "bosmons of’ putatwe 2enes and the transposon mscrnon posxtions for



80 by were excised and used for the second PCR . This
reaction was carried out in a 20A total volune, and
contained 20 MM Tris-d pH 8.3; 50 nMKCl; 2-mM

MyCl 2; 0.01% Tween 80; 50 M each dATP, di1TP, dGIP; 10
pl ??P-dCTP (3000' G /mol, Anmersham; 150 ng each
primer P2 25 and P4; approximtely 10 ng of target DNA
(1-2 pl of 1.6% Seapl aque’ agarose containing the
first “round PCR product); 5 units of Anplitaq

pol ymerase. The reacti on was”’overlayed with

' I I d th I
i s e dy SERLAR iniclebisi 38°8e 1me

10

radi oactive |abel was quantitated by absorbance to
VWhat-man: DE81 paper (Sanbrook et 30 al, 1989). 51

| Aseist éotvemtiontles * iidas] najtoSebdonm akll cstanciand | g Rsotide |

_containing tagged. transposons were .,:grown in 2%

t RIWIgIAY, Codescars sagd where BeRESSTY02% v/ v gl ycerol , 0:5%
5_ Nat PO4, I%lCNGB (TYGPN nedi um) (Ausubel et at,
1987) in mcrotitre plates overnight at 37C. A met al

T Bijhir6 20 GhoWs tha DA fs&;dernaa of EBeduehtEdt of wmmcmétef oy

overnight cultures, to, a fresh mcrotitre plate and

t (ree dhe mmslabnﬂeé Sequaned 2 indFigure2); (e DNvhis tragiated

d Ti
LiRiL e aading ks ane i o1 S008 Pasiinnt SERIEYE eenss, )
Cd WHee BrahérRib riFIiéfggHSIosi’tﬁInE For WafiBus Imaxa@qhaﬂmmby & B

the OD550 determ ne sing a spectrophotoneter.

"cSTMiree ingdicated (SEQ.ID Nas3®rile saline to

approxi matel y..5x10" cfu mh' ... Further: dil uti ons
-were plated out ont 0. TYGPN cont ai ni ng nal i di xi ¢~

- agkqs (cIanQﬁ rgaIl 2 *ai‘ﬁEIthﬁ?d?saﬂ e | o g B r)fgrd@ uclcot:d?

15

~confirmt

u present
t dmbiguity nwides BAd el whete (la’iﬁsﬁm) were- injected -

“intraperitoneally. . wth...0.2, nm of . . bacteriat.

suspensi on containing approxi matel Y, 1x101 cfum'’

angﬁﬁ:s s Elzseﬂ'erlh&t%ﬁzvﬁmﬁeligﬁx%le 4ost- inocul ati on

thelr Sp eens wer e. renove recover bacteri a.

" Half of 20 each spl een was honogeni zed in 1 n1 of

erile salin m:crof; ube N
xarlnpe ? | %dentlf' cation - of u%xrulence genes: in.’ Salmonel[a o

typhimuriaom

Materials and Methods -

| :Salmanella zyphlmunum stram 12023 (cquwalcnt to Amencan ‘I‘ype

Culture Collection (ATCC) strain 14028) was obtamed from the Natwnal
Collccuon of Typc Cultures (NCTC), Public Hcalth Laboratory Service,

: - Colmdalc Lcmdon UK A spontanccus nahdlxlc acxd res:stant mutant of

thxs stram (12023 Na]‘) was sclectcd in our: laboratory Anothcr dcnvaﬂvc - |
o rof stram 12023, CL1509 (aroA TnIO) was a glﬁ from Fred Heffmn‘ » o

.Eschenchza coli strams CCIIS )\p:r (A[ara-leu] araD AlacX 74, gaIE



B
N

Cel lul ar debris was allowed to.settte and 1 m of
saline containing cells sail ,..in suspension.was
renoved: to a. fresh tube and centrifuged for two
mnutes in a mcrofuge. The supernatant was aspirated
and the pellet: resuspended in 1 nml of sterile
distilled water, A dilution series. was nmade in
sterile 25 distilled - water.,and 100 m of each
dilution: was plated ontg TYGPN agar

, cont ai ni ng. nal i dixic aC|g (100 vg m .-")and

gﬁfﬂ:‘ t'es Acoﬁ?al h'u’%sﬂ:I g%wéen ﬁ%gea ; Jgﬁpg@@@ éaznd

aﬂdS!ﬂ-dl)\,cﬂf'('mﬁm AR, ﬁidﬂdMﬁeRM&% Mwﬁnﬂaﬁn
spl een were pool ed and used to_prepare DNA for P§S
?\ggn)e mwere gifty frgm dienneth, Timmisn £olcg yDgﬁ@t was used Jop

- eimelfife 0 B S6SoPRRLL W Rkl RRGRE pléles

5 camﬂnﬁh@s%ﬁﬁzmzﬁﬁnﬁmm Pladndid pBTminbatd SKh2 (denerehnd | -

ests were fractionated through 5 agarose' gels,
et agrigﬂé) vad at gift-froomBennethdiimmises (Anersham) and
subj ected to Sout hern hybridi sati on anal ysi s usi ng t he
kanarrym n: resistance gene of pUT ‘'m ni - Tn5Kn? .as "a.

ggﬂ Ii ygenin
E Egeﬁrl ng‘g%nn el n)sl d che 3"‘41&3 | s‘ggﬁce detection-

was carried out accordingto the manuf acturer"s

o T e e B AT By M -

 OIRPAGHY TR IS GACTTONY L85 207N D)

nmemm l(?j‘eTA@I'DAGHAQ&ECT ﬁh‘dﬁ@@ﬁ‘-ﬁ f)a@%ﬁ@g D No 2), P3 (5'
on ing . to  the ridisation
t&! f:ré r{%& pU|I %and?» | Péat L'

__ Té“@%ﬁ%ﬁh@%%ﬁ?ﬁ%?ﬁ%?ﬁ? alﬁaed“L?’Zé‘Eﬁ""S?ﬂ? S

YGETACCTACAAGTTC-3') (SBOFHDnit S)weree: rnynﬂfcsadd on a

o s el A oSy rab S 5Bty e Povble
sipff’ BN 1uBEWERCHoled RFor) RITORY 4300000 (FAGHETPCR

sing t primer “and rever

 comsininel SonM MECL, SOnMERCE aid=50 BtMcfhﬂsn(Ila(pH 8.0) with 200

Cor por ati on) and 50 -t he priners
poof Ribestures

TEHGM 3agl AGH, Eﬂ@gpsﬁcgm dTTP; 100 pM of

20 - -primers P3 and P5; and 2. 5U of ‘Amplitaq (Perkin-Elmer Cetus) Thermal :

‘cycling conditions were 30 cycles of 95°C for 30 s, 50°C for 45 5, and. 72°C -

for 10 s. The PCR product was gel purified (Sambrook er a/, 1989), passed

through an elutipD column (available from Schicicher and Schull) and digested

.- with Kpnl prior to ligation into:pUC18 or pUTmini-TnSKm2. For -ligations,

25 =

plasmids ‘were digested with ‘Kpnl and dephosphorylated with calf intestinal -
s alkaline -phesphatase (Gibco-BRL)... Linearized plasmid molecules were gel-
- purified: (Sambrook: et al,-1989) prior to ligation to remave any residual uncut

.- pl:i_smid_ DNA from the digestion. * Ligation reactions contained appraximately
.- 50 ng each: of plasmid and double stranded-tag DNA in 2 25 ul volume with 1

30

-unit T4 DNA ligase (Gibca-BRI_.._} in & buffer supplied with the enzymié.



P7 (5" GCACI ' TGTGTATAAGAGTCAG 3') (SEQ ID No 7)" which
anneal, to the | and Otermni of' TnS, respectively.
Nucl eoti de sequences and deduced am no acid seguences
wer e assenbl ed usi ng the Maevector 3.5 software.
package run on a 'Maci ntosh SE/ 301 . cotputer Sequences
were. 25 conpared. with the EMBL and CGenbank: DNA

dat abases using the UN X/ SUN conputer system at t he
Human Genome: Mappi ng Project 4gResource Centre; .
Harrow, UK. - "------------ ---"--- 53 Results Tag

- PrERofs Thte S TR 08 A O el rﬁ;?r’m" o

r elgdotdtidllcoldiiés ﬂi%mgﬂfrﬁﬁl ¢itiRir selfdiationtof deepldSMEDNA 6 uncut
ce ntral re |on sequence ([NK}nm) was designed to

rreactisin wes cagriadoputtin aviigntheiquble stganded

'Gu‘P\E Iéﬁé‘h’?«r”' t%pﬂf@' el frocn e 1P ¥ Aons hiscildsglng, ampicillin

5 t "Rsiae C @ofnfid ‘i‘oﬂ&@n

ri%"t}‘at%?&%adlﬁic%f' E. 2cli cciig
W, nol ecul es (DNA sequenci ng 12 randonl y sel ect ed

ot ﬁamlsbdmdaf hﬂﬂ%pmghmdemmowﬁ tolanies S0king froni a\ljgation

10

th bl b A G
Ov'g;‘cq‘)"eﬁ?ﬁ/f%rﬂl“laﬁeﬁleﬁs‘i‘@%i; n%"")éeuma[ﬁé an%:/onijl Zlen( Kpnl

sites; close to theends to.facilitate the initial
clohing step, and the Hi ndlllsites bordering the
VaBacrial Trgs bR andMalings el ease 15

radi ol abel | edvari abl e regions fromthe-arns prior to
hybrl di-sation analysis. ~“The arnmns: vvere aI so desi gned

| guam &‘) &iu%%'oge%%%elf%gl g I?U“ ng a u5|%5gm?lge%'éd the

_ prdoublesstranded tQTBNA Wes bl 10 trdnshsrni ECB@@@C&UMSM@I{

each newl y synt 1esi sed arm corrlpared to _an average,
ofét ﬂénl?fifyx ha. tognd.qflp@pg@q transformants were pooled

IR 58 S kol i el 16 g ot -

t N7 N Q86 LoBsH#0" % Timmiie 21994)M Fbr RatiRg e’péfimed3] & podl of
i nt endegéf@o m ni m sel backgro)\émnd hybr i %Il sgﬁon pos

: 's |agpm:@matdiy & 000campiciljinaksistant Feyrolia8-47 gin transformants,

S R E A o SR N A gy ontical |

, +eRsity (ODFRNbE $i0. eAﬁﬁ]ub&eﬂMh AMiké FMARRBWRere-mixed in 5

20

-, ml 10.:M MgSO,, and.filtered through a Millipere membrane:(0.45 um
', diameter). - The filters: were placed -on.rﬁag'suirfac;;:'of agar-containiig M9~

: ... salts (de Lorenzo & Timmis, 1994)- Andiincubated at 37°C for.16'h. 'T,he

. bacteria were recovered by shaking the. filters in liquid LB medium for 40

. min at 37‘?'C-and-exC.Onj.ugants:Werc;selectéd: by plating the suspension onto:
.--L.B. médium containing 100 ug ml"'?nalidixic,gcidg(tb-sclccta against the-donor.

- strain) and 50 ug ml™* kanamycin (to select fOt‘-*-ﬂ‘lGﬂ_i‘é.Cipicnt strain), Bach =
- exconjugant was checked- by transferring’ nalidixic:-acid resistant. (nal’), E

.. .. kanamycin resistant (kan) colonies to Mac’;GbﬂkeyﬁLac@osei‘ndicatdrfmediumf

- .{to disﬁngtiish between -E.: coli‘and .. typﬁimurium);'and-' to LB medium -

E e containing ampicillin. Approxlmatcly 90% of the nal’,-kan. colomes were o
30

sensitive. to ampicillin, indicating. ‘that. these resulted.: from authcnuc_f" SRR



25. Kn2,carried on plasmd pUT (de Lorenzo & Tinmm s,
1994). Replication of this plasmd is dependent on

t he. R6K-specified irproduct_of the pir gene. It
carries the ori T sequence. of the RN plasmd,
permtting transfer to a variety of bacterial
species. (Mller. & Mekal anos, 1988), and the tnp gene
needed for transposition of the mni..-TO el ement.
The. tagged mni--Tn5 30 . 4 ansposons, were
transferred to S..typhimurTum by conjugation. and 288

54 exconjugants resulting. fromtransposition events
nspoSigRYen 0o, Lorrzp ol crimmis 10P; T Baividel ampreilia-

T e T —

EcoRV, a | ected

%" ERahgdium. U¥on Jodg Rerink stopapecatT80 G sitherCE%IBMSOfort 15:%

g}ynl In5 transposon as a probe. In each 5- case, 'the

eal wasdncluded ingheguedioms 5 result a
single:-integration. of the, transposon.into "a
different site of the bacterial genone' (Figure 2). [
Feohipic chirastisa®od bf mtiedntsstudi es. 10 .. W next
“determned the efficiency and uniformty of
anplification of the DNA tags in PCRs involving pools

BR300 S

10

doftaififg MORal 4%} BRSOl LR b ideeify.
DINA: t%r gg?a%dh\g{ﬁ:igﬁﬁgg l%ggsehseg@ ﬁblg‘éfl%% pl r'etg%:i?%nnf,y'

-agnatrophs. nMuitanssrwithrdogh ebldagrmosphiobpy wiretdetécted by liowed

I n-peoducts. which caul d be.visuali.sed by ethidium . -
oG, BickPiey G aforiSh fh 36 B3RS 5" pg oA ano 20

cycl es,..respectively). S -typhimrium exconjugants
whi-ch had-reached-stati-onary growth phase in

- GelemuBlats ,eDYséresicrions; BORbi DAL, lakalingsusied liybridistiast

R el i )

DNA., This was 20 subjected to a PCR using.priners P2

" and P4. PCR products of 80bpwere. gel-purified and

'Fovedlony B8 19 - a S0 GRre i hidY (51 S Bus2d
pri rrergmg{n W tlgr?g%g%if g%el I edg%ﬁgﬂ'%{bg@%&??g%%séd
10 transfer eB09njoganth fronm diictotitee! diskes. @HphosbN nglon filters

AR FoMaining

- 50588 P REAREED! R %ﬁﬁ;@'@'ﬁagﬁgﬁg@) Hg?tﬁé ¢ Silgers

t hel r-correspgondi ng--m crot |

- supposting thestbacterial  dolomiesvayere3 ¥8mbeed eghd alrjtidelad - foom.

clear signal. on an autoradi ogram fal | ow

S .fq ng. an
20:: tefupgraugn forchmisr The bagterinavers fyaey Vﬁﬁb?-ﬂﬂ.ﬂsa@?{aw the
E =ﬁit@fse%1'z&ﬁ58 Nid 0.5 -N..Tris-Cl- pH 7.0 according to- the  filter

-----

" madufaciirer’s iistructions.: The bacterial DNA was fixed to the filters by
.~ exposure to-UV light from a Stratalinker :('Strata'ganc). 'zHybﬁd-isaﬁons to
3P, [abelled probes were carried outunder stringent ¢ondiﬁ_(';ms_ as previousty
~;i‘.dqsérib¢d*f(Hqideﬂi'et al; 1989).. For DNA cx;racﬁons.,-:__S.‘_ ;:yﬁkir_ﬁuﬁum
¥ transposon- mﬁtant strains. were .grown in. liquid LB "m,ediutn -in-microtitre’

+.-dishes or }"résu_-spcnded in LB medium’ following: growth:on’ solid ‘nedia,
. Total DNA:was: prepared. by. the 'he,xadc'cyltr-_'tmgthylar_h_moniumbmmidc

. (CTAB) method according to Ausubel er al.(1987). Briefly, cells from 150

to 1000 i volumes were precipitated by centrifugation and resuspended it
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expl anations for this. Firstly, it: is' possible that
a proportion of the transposons did not carry tags.
However, by conparing the transformation 30
:frequencies resulting fromligation reactions

i nvol ving the:.transposon in: the 55 presence or

absence of tags, it seenms unlikely that untagged

transposons could account for nore than approxi mately
0.5 %of the total (see. Materials and Methods). More
probabl e causes are that t he¥ari abl e sequence was -

truncated in some of the tags, and/or that someﬂ the .-

sedlept 3E. 1 Forthts: Wa&wo}ﬁjal of 207, 8DSrand 3 pdof rmg ml*

bRl "R, RSEERAER: 37 b R Rep AMUCT M et
| Mwhidl hadear ancﬁw%de&oﬂmlf,mwealummm 13 eoss (vglv) CTAB

efficiently anplifiabl s was denhonstrat ed
gemt a7 My NaQic oaéternbmqng aulxing,cthe golution s-'rastlmb@tcd at

copts e i ﬁgqlife'ﬂaasa aftipn it BhEp a7t el aggform,
thﬁe RI2E wad Hiedi fbfgd E?éﬁ?rdf%égﬁrbpﬂfblshﬁ@ﬁéd Wid70%
t he 24 colonles to generate t he probe

( Fethanct any mbunpendémat TEhat hgbmdediration off appraXimately 1 g

enpl,oyed were sufficiently stringent to. prevent
crE%s<hybr|d|sat|on anong | abel I ed tags, and suggests
that-each exconjugant ‘is not reiterated within a
mcrotitre dish: 15.. There are-further considerations

i Mide MNA Barﬂglestherc swbjectedn potwo sbamdst btPCRato igenerate

used as an inoculumin animal exper |rre ts _

adabefed, Poabesy ambe cirs HERTwas plé@iwl.geacuons :
tal | Az {

' pocﬂﬁaﬁq re i's ﬁ"fﬁ@tpﬁgzﬁ% ;30;0 %?%eﬁ ibove g/ﬁl’b@el% '

~ hybweet 851200 M ach AT, dOER OdBTPL dBTRe2IS tiitsoat Amplitag

' 15 !

detected after overnight ex ure gf an -

t diokymerasa fPerkisEdmerfetusk

virulen represen

th?ﬁ@istegl of 201chties @ﬁMSnsJﬁgQOSC 10 stiue'fzﬂl?,le[mddaﬂ &aat 95°C. '
t to -
Vb&)ec ed ani na 0 pro uce enfough abel | e glr jand

. t ]

- i Eeiplladed S ElpBRo™BRA Hag %@{.ﬁg&g&ileg 104l m;angmc PCR
Vi ;rruams Wci@phﬁﬁ@eﬂ b&%cu‘dbﬁﬁﬁds&&hmghmJB.G% Seaplaque (FMC-
:Bloproducts) gel'in TAE buffer. Gel slices. containing. fragments of about’

20 -
© 80 bp were excnsed and used for the-second PCR. . This: reaohen was -

GRsoduats weare extiaeled twigh ormfispamyl alsalic

carried out in'a 20 pl total volume, -and contained 20° M 'I'ns~Cl pH 8.3;

.50 mM KCI; 2.mM MgCl; 0.01% Tween 80; 50 uM edchi dATP, dTTP,

" cycling was performed as descnbed above. Incorpomuon of the radloacuw: > o
- 1abel was quantltatcd by absorbance to Whatman DESI paper (Sambrook er_ o :

dGTP; 10t ¥P-dCTP (3000 Ci/mmol, Amersham); 150 g éach primer P '
*and ‘P4; -approximately 10 ng of target DNA (1-2 pb of 1.6%: Scaplaqucf
' agarose containing the first :round- PCR: ‘product);. 0: 5 umts of Amplitaq
‘ polymcrase "The rcactnen was overlayed with 20.u1- mmeral oil a.ud thermalf

-al, 1989)

cachnies e PR e S s
e PIN A" 685l pe&&ta}atmgfw L4088, tlechilt by
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.;J&gﬁﬁiﬁ%‘fgﬁff}ﬁ%ﬁp@%ju' W COMBiYns agacdpFrapResant were
- BSmCA dSoR L Yl SRR, U, I 5,

30 Atotal.of 1152 uniquely tagged insertion nutants
(fromtwomcrotitre 56 dishes) were tested for
virulence. in BA. LBlc mce. in twelve pools,. each
representing a 96-well.mcrotitre dish. Animals
received an intraperitoneal injection of
approximately 10' cells of. each. of 96 transposon
mutants of a microtitre dish (105 organisns in
total).. Three days after ginjection mce 5 were
sacrificed,: and bacteria were recovered by plating

.' Iafeteemn Shplmoenates _onto. | aboratory, medium .

Approxi mately 10, 000 col oni es recovered from each
mouse were pool ed and. DNA was extracted. The tags
sanpl e were anplif,jed and.

usi ng

.. N&yPOAsl %. KNEXt (RYGPNnmediadh) aaabelofr oF, 198D iaNicratitre

PR okl a6 R el et wioiod o paatea st
VAol S oot i B A RIF0RGE e df i
weree intubatids deB?C pdiill tiee OGP (cabiftelY biing 4 S¥itdiek |

b‘/* bel | ed tags from'15 the inocul um but not From
-“i'bféﬁne!aiqra trefplate wadedr vas mpproximately Oo?ninheach well.

CRES From TREVFURPUEIE ert e AL AR ARl Biipes

usiipe aespyetrophdOntkd” MHedAlilur® \RasPENluR8%h) stedfe saline to
expected. Another was an. auxotrophicrnutant (it failed

- - 2ppromadely o M neframl™ e Butthyr. diltions . wdre platednost bais -

15 .

20

¥ n .phol 0g¥ nna . 20 i, Exanple 2 _ (1 onip
TGRSl e 3R o0 e o s KRR S G B
totooafisnahe e senbititle’ in6éf@m. f r om one of .the; nutants.
- described in Exanple | (Pool, 25. 1, F:10.:digested
with Sst1;:.-and, 'subcl oned. on-the..basis :of . .

G i st.ance. s f.450 bp.. .
GEBEL KA e CRARHE HALBIS 1R 070.78) st inietad
intwapooomallyer with: Jb! Smb CGHaGHAP VSuffiiole Udrtiining

the E. coli clp (ion) gene. whichencodes-a - -
-approxemately| faléd cfipmok'e asMi¢erivepre esdgyifictd thozer: days post-

. iR b S yhSe sSb B bk bt pror

_gach spleen was homogeiized in I ml of stérile saline in a microfuge tube.. |

L ‘Qellular debris w&s*éllbwcd't’d’.setfﬁe and 1 ml of saline co.ntaining cellsstifl

- i suspension-was removed. to a fresh tube and centrifuged for two minutes -

- in a microfuge. The supernatant was aspiraféd and the pellet resuspended

_l_:i'n.,_l_ ml of sterile distilled water. - A dilution series was made ‘in sierile
. __Ed_istfi!led_ water.and 100 mi. of each dilution:was plated onto TYGPN. agar.
- containing. nalidixic acid (100-ug ml'") and kanamycin (50 ug mi™"): -Bacteria

were recovered from plates containing bctween.._l-LQQO-:andAOOO-colonies', and

. a total of over 10,000 colonies 'r_ecbvete_d from each spleen were pooled aﬁd’_ N

' ~used to prepare DNA for PCR -gchcratio:i of probes to screen colony blots, -

30



57 Partial sequences of thirteen further Sal nonella
typhi murium virul ence genes are shown in Figure 6
(sequences A2 to A9 and Bl to B5). Deduced anmno acid
sequences of P21)6, S4C3, P3F4, P7& and P9Bi bear
simlarities to a famly of secretion-associated
proteins that. have been conserved 5- throughout

- Pacterial pathogens of animals and plants, and which

| NGO o Yara 55 B0 O S e, it

10

" rﬂ‘?a‘iﬁ’éﬁﬂ dh%el!?

15

20

are knomn i nSal moned | aas theinv famly.
InS typhi muriumthe:.inv genes are required for

v Vil sk Bniih bl PAASERENERE | S°ren (hey arc

i nocul at ed by the oral route, but not when they are

adm ni stered intraperitoneall The di scqve .
( rlotab RN Awas isplated fram . DRMmging sacqxuvwi‘-? B digested

C o BAGR B SPECL TAT Gk B8, b e BRI Bifdhh

hsan gefs, m&&famm@myso.@ws 1aémbhdnes p{Amershant) and
ot her organs The products of these new genes

mi &ﬁrjectubq@r%ninmﬂ'e’bndtsaﬁm gndarslg asingithe #aweycm resistance

dcﬁ.gxi%% gpltégging cRNARhEm) a%d%&ﬁﬁ!uhﬁﬁescbﬁcﬁ@éﬁﬂoﬁ was

eterm nations and nouse vacci hation

s teartsied bt addondingitoteivet mmbnefctoyer’ hinstroctions. oThe hybridisation |

SRR e bR b L o e

tr g r dr@ 1sBe to digest
R TR 0 T e o s

S. DNy farnal pwpataa%sagafoﬂr@luané RNAfergmesits cmerasp;gpdmg to
restrjction t.hen,injected b
D brigisetion Aiezals, WemseTsed ToRy tis, pisifieg and

f oréwi an?s@&sowh%eg@andws%ﬂﬁ %ﬁ&%@{vg?gk

orluHsa @b knﬁgnyéxud aedistgher, (Mlasmidds afrom ka!lmnycm-rcsmtant-'

wild-type. strain. - dfferencelnthes

- ddransfernansy ware furiedd bpaﬁ%ﬁ&év@‘F"“E*héPe" scollima and

SLAELS de g' ,legerg?ﬁfé.&gﬁ '&@e.t.uaﬁcrﬁmw &sex@ .were partially

propor
of seuercediby the dbdeyt heﬂmd: (Sangdriemat, 9517} vsing thef -4@rprimer
equal proportion -

~and reverse sequencing pnmcr (United States Biochemical Corporauanj and
-the primers P6 (S'CCTAGGCGGCCAGATC'FGAT-S ) (SEQID No'6) and'

P75 '.GCACTI‘GTGTATAAGAG‘I?CAG-S:’)'-(SE_QAID No:7) which'anneal .~
to the 1.and O termini of TnJ, rcspectivélyf“ "Nuﬁleotiﬂé :'seqﬂences and

- .deduced amino acid ‘sequences were asscmbied using the Macvector 3.5

: Rcsourcc Centrc Harrow UK

recovered fromthe spleens™

software: package run on a- Macmtosh SEN3G computer Sequenccs were
comparéd. with the EMBL and Genbank DNA" databascs using the-._-'
~ UNIX/SUN. computer system at the Human Gcnomc Mappmg Pro_;cct' :



‘0

of this strain and the wild-type strain. This inplies
that this nutati on does attenuate virul ence, but to.a
degree.that is-not detectable by LD 0. Mitants

P3F4. and P9B7 were al so admi nistered by the oral route
at an inoculumlevel of 10" cell s/ nouse. None of the

m ce becane:ill, indicating that the oral LD50 |evels
of these nmutants are at | east an -order of nmgnitude
hi gher than that of the vvilsg-type strain. - i tolIn

t he nouse vacci nation study groups of five fenmal e BALB
/'ﬁeﬁfﬂsce of 20-25 g in mass were initially inoculated
rall ;a ). or |ntraper|toneally (i.p with serial

ten fold dllutrons of Sal nonef|-a typhi muri um nut ant :
siral ns, P3F4 and P9B7. After four weeks the mce were
t Defigrul-at ed with 500 -¢.'f /u.- 15 ‘of- the parént al

W ld type strain. Deaths were then recorded over four
weeks. A'group of two nice of ‘the sane age and batch-

- 4Fhe Sifudtareof thODNARtAS ivishBwnlil Fignitda] Edchahd Tonyiels of

al so. inoculated .L Wi'th OOc u, of the: V\/I|dt¥ﬁ
3

-2’0‘@114124 eeaalaregion Rankeddon (*aams' ,Btﬁtnvwlmm@ed

Lt Rr R 50 W4 iglo MRS (SR e

_lﬂtbﬁlfbr tlig edriimBRly udedi 6 Ib@ercag«ﬁabd: lﬂ@@tﬂ‘xéhdipeni?tﬁ@s but is

o sur’\/l ving no. mce: surviving c.f.u. first chailenge

10

- . the unique:sequence compared-with each arm.. This is.intended to.minimise

fiarienthe vamahle ¢mgasurg thatjgatigically 4te)saie 2quence) siquld

g’u%tl an =St r'gclcﬁ')"% I;Zl%‘hﬁ'@écﬁ ' i' 1 nolcéél%gnﬁ‘qw:g 'ﬁg 'lzr'rfaé‘gomly

- selfeviedi ags Rhowsd ¢BatStne SM@&! mote that 30% GdaititgnoRr the

wi l.d type, chall enge 3 3 (10096) HP 5 4"(80% .10 :
gegg%e -region). . (N.means any base (A,.G, C or T) and K means G or T.)

- The arms contain Kpnl sites close ttag:th&pnds to facilitate the initial cloning
T ostep, and the HindIIl sites bOrdétin-g the variable region were used to release:
15

radiolabelled variable regions from the-arms prior to hybndxsauon analysis.
The arms were also designed such that primers P2 -and P4 each-contain only

one guanine residue. 'I‘.hcrefore during a PCR using ghcsc primers, only one

- . -cytesine will be incorporated.into.each newly synthesised arm, compared to
an average. of ten in the unique sequence.  'When r__ﬁdiolahel[@é;.dCTP is
- includcé_ in the PCR, an average of ten-fold more label will be present in

- background- hybridisation’ signals: from - the arms, after they have been
 released from the unique. sequences. by digestion with HindliL .. Double

stranded. tags were ligat‘cd into .the Kpnl site of tiic mini—TnS transposon

.. Km2, carried on plasmld pUT (de Lorcnza & Tlmm(s 1994) Rephcahon

‘of this plasmld is dependent on the. R6K—specrﬁcd T product of.the pir gene.

o 1 cames the oriT sequence -of the RP4 p!asmld permmmg transfer toa

variety of bacterial species (Miller. & - Mckalanos 1988), and the tnp’ gene

- . needed for -transposxuon. of the m:m?I'n.S element. The. tagged mini-TnS

30

‘transposons. were transferred: to ‘S. fyphimurium by conjugation; and 288



10 I (P 5, 14(80% 3) p.o. initial inoculumwth

mutant strain P9B7 initial inoculu*n in ~ no. mce

surviving no. mce surviving 15. c.fu., fast

challenge. . wild type challenge 5 .x-109. 5 0(0%.

4) i.p. initial inoculumwth nutant P9B7 20 initial

inoculumin no. mce surviving no. mce surviving
Trfru- first challenge. wild type challenge 5x106 _ 4

2 (50%), Fromthese experi ts | concl ude that

nmut ant . P3P4 appe‘ars to give me 25 prot ection.

agai nst,. subse ild type.chal ‘
p?axsemwtgg%@& HrgmransPosifioRpYaity Hape Hipied in the wells of

. ru@é U finsﬂcs BXom NA- xsbﬂ%ﬁtfr&hqiﬁéﬂﬁcﬂiu&s digested with-

ocus encoding a second typg |11l secretlon
s _‘syslfmmrnaﬁdl subjetted tmrﬁnuﬁnrnuhylﬁdﬁﬁhmm&l}fmmdhc

in.this npl e are V! vuu ene cluste
veéﬁznaww l@ﬂé@n@‘e s@'ﬁ%éw AR s A pRRbE o Tpach
§EX t r
SCr Rk, TR Sxcbfifiaah 82%&“33‘3?%????*}}‘“?% 4 bﬂ‘;“?ﬁ“‘b‘* ofthe
© pr atunsposondingy s different siteef theibactariab geamirod (Biguve2).as a
_ model for human 5 typhoid fever. (1). Follow ng oral
' inocul’ation of mice with S typhlrrurlum t he
. n of the small intestine
o th:‘%%éﬁ%{{ﬁ rffé‘@{’bhh]% fr{lfu[“ngosa via enterocytes or M

a ceIIs of the Peyer'ss patch follicles (2). The- - -
. eria then _invade crophage nd neuyt r
10005 e deieamined B, BRRERY aw? farmish ot (ﬁ'@xgﬂ“rﬁaﬂawf the
- \Ahé?lghfhﬁ%% ﬁ{egéﬁ ind c{glhon resu ts |%@BN ‘ak c%forth

r repro u n an OVGI‘ .

. andeadtans] lnaot stanptatol Finidiise unequed amplification s)f tag; m the

g B il byt BHOR e o ol e

e“u‘gléf 8 Ul @ ??&’dch%ﬂ =T ih@nﬂnmne IR FPCRycles, that

i'Cc antibacterral activities : i nune

- 1ssymuedsn ptmmmwmmw@m bisitidiven bebmide staining

ot ep? an agarosc gel G ug DNA and-20 cycles rcspcctwely)

"..é P P T T TN,

-~ .8 typhimurium exconjugants whiehihadf-'reached'-statianary'--growﬂl%[ihase in

- microtitye dishes“-wem combined, and-used to .extract: DNA« -This was

* 20 subjected to a PCR using primers P2 and P4, PCR products of 80bp wére
- .gel-purified‘and- used as-targets for-a second PCR, using.the same: primers -
. but with ®P-labelled CTP. "Thise.resulicd;‘inZQVcr~60.%- of;thct-rédiélabclied_ '

> dCTP"being incorporated into the: PCR “products. = The - radiolabelied

_ S pﬁdd-t:’c_i-tis' were digested with HindIIl and used %tb-fprobé'cokmy*bl_ottcd DNA
+ 25° - from théirécﬁrre’spbridin'g_mic-rél'itréf'di-"s_it'efs; ¢ Of:the’ IS 10 mutants tested-in’

‘this way, 358 failed to yield a-,t:l_car-si gnal on'an gutorgdiogmﬁi following -~

- an-overnighi - exposure- of the colony blot.. There- are -three  potential

: jé::qalanatinns’ “for this. - Firstly, it is 'possiblé t'hat--a--* propé:ir-t'imi of the

s :

' transposons did not carry tags. However, by comparing the transformanon S

S 30 -.frequcncncs resulting from Jigation reactions: mvolvmg the transposon in ithe



15. virulence factors (4), -To gain a

nor e- conpr ehensi ve under st andi ng: of virul ence

mechani sms of S. aphi nunum and ot her pat hogens the.

transposon. nut agenesi s system described in Exanple
,Which is conveniently called "signature-tagged 20

mut agenesi s' (STM, which conbines the strength of

nmut ati onal analysis C,) wth the ability to follow.

si mul taneously the fate of 5§ | arge number of :different

mutants wthin a single.animal (5 and Exanple l.

 PRIRHBO0F dhabits of e, BBl o igeb ol

48uldiacgnust for mhoreithamagpreximately|lofieof thototal (soc Materials

‘ 25 t hat d., Th | eotid
300 MFIRORLT MAGR HHoRANE gurstcane e VLR Maengs was

HARBRRASA Dnid oP R :Jggeﬁﬁmvmts%m%]em séqc wehods'@¥med

were related to gen encodi ng type.ll] retion

+.. s¢eindary efructuress; ibothy oﬁfwhvdnnnghtdhavegxahcged\anﬁﬂlﬁcaﬁc)n
= Jhe luct s..., qf th / | ust
- MR RRR F asleﬁgso gﬁ?fe' o5 BERES (e POl fclieg o foper
. SREA[AL TaR sgo‘!&ﬁgﬂ% 'cfc‘ﬁﬂ fafplifi®leoa: g? Wh‘.ﬂﬂeﬂfonstrated
5 rPt ry int

surf ace: es ne |at|n

e "-bp@hmg wp‘:l'd)e ftcifi 24 ddboriies oﬁmnucmﬂt'mrﬂldl.dnm!% inso’
- ocanryin tlo‘p8 fhe |

10

BrQbe, ay lph of gniesoW }% APfuds ﬁr 5@#@%&9 BISFALS
fob@Ot’t[RE"‘ig& o 4R nyBGdiRREd ig Flrolf f\xﬂ@m kBlonies not

r ast ldentifi are

. Bsedrmlmbrdt@tﬂeqsmbg(mgUt@OehDWG theat ithe kylridisatiomrcop8itions -

ir

s i e S T
$a§sd %ﬁ@&gg&@h@&é@éi@@ﬁ & hétrefBifed WallinR

of the typhi nuri um chronosone.” Furt her anal ysi s of

- nhenotitrggdish. reveal s addi ti onal. genes whose-deduced
15 . 1
- Thewrsae Fither EGAidatsGh dARrmdiing thOmaRintihodDsige that

products have sequence simlarity 10 to other . |
conponent's of type Il secretion systens. Thi s

gene cluster 2 (VGC2) is not present in:a nunber. of

eatribe -unedeas: an inotwuinain swichal eppedments. awsi theoguantity of

L R e O

20

B autoradlogram -More importantly, as the: complexity of the. pooli mcreases,

Sbdicaag PIoIPARKE &5 £l 16 the. pedl Isdiey fRMe SRR hybridisation

(aberdeen), 423180 (galli narun) 7101 (cubana) and ,
sigaals become too weak to be-detected after overnight . exposure of an

so must the hkehhood of failure of a virulent rcprcscntahve of the pool to

be present in sufficient numbers, in the spleen of an mfcctcd animal, to-

.+ produce enough labelled probe. We have not determined the upper limit for

pool size in the murine mode! of saimoneliosis that \Q._re' have.iempieycd-* but

=i it must be in-excess of 96.

. VMirulence tests of the:transposon mutants -

.30 A total of 1152 uniquely tagged ‘insertion mutants (from- two -microtitre



10y smpdifieg from thedngpdum dagured).
S Li ¥ g i ; I  tag gt At ) AsBHSof ] : g in the -
- ovg:‘ I p%%ﬁ?%%r?ggcosexeﬁgsv&z %‘Fg% %‘llaltta z;litsn‘endj ©

|

Col l ections of Type 20 Cultures, Public Health
Laboratory Service, UK. Sal nonell a-typhi BRD123
genom ¢ DNA was a gift from G Dougan,

ent er opat hogeni c Escherichia coli (SPEC),

ent erohenorrhagiic E. coil (EHEC), Vibdo cholera

bi otype EI Tor; Shigellaferneri serotype 2 and

St aphyl ococcus aureus were clg'&pi cal isolates’

obt ai ned fromthe Departnent I nfecti ous” Di seases

ScKithes) Wiere Sesesh A HirERgRCe in GRALREY ST b e E gl speh

-9 &gﬂﬁ&g@agﬁgﬁgﬁﬁ%ﬁ gmm%gfmmals PaRNed antirap@itoneal

be I ! hods: The bacterial -
st finjectio bl approxintchy 86> celtsiof eacheofitatransposon mutants of a

si gnature-tagged, mni-Tn5 “transpgson” nmutants. of .S .
{y BRicRotitre digh (10 crganismy in 20D, Thrn, 0¥ dker injestign mice

S SRR daelticed ahd bact{la Sutb 0 BRARAOAALAE spl 6 homogenates
o n.ongBldifc@itbrj h&})cdimupphppmﬁmdte?lv,ﬂﬂimeioloniﬁqomcgwiadtfmm
antibiotics. Before vi ce | eyel s,of. i ndividual, . ..
- nuCARR Mause were oo ‘ bﬁ‘g;‘”ﬂsﬁé‘mﬁtﬁfiat%tggﬁgfeémt in this

i sgal otk i a1 REE SR IEF b RS PAR 28wd 6lon blots
(LN A SRR ef g R REA IR TaRANEF L] (RO PCILERRFEBlon o
.of pPobddy phil eonipared 2ARB the hybridisatare paticmn obtamed using tags
anal ysed by. restriction di_ges§i on and 0111t her n

A n

d SAntral o3 grpA mutant of

by indbanaa: dTHE snails wolh) nét lmxexpectdd ti1@5@covdrediin the spleen
(14) containing inserts.. froma tial...Sa di.gest .
- of ‘bgeauseyiisyimulpnens severglytrruatsiABushpeiey gy @%g‘?"“}'

0 td?r'eﬂﬁgg\‘lg{p*é@ ﬁ@?@ﬁ@{iéﬁb@eﬁ&'ﬁ g;a@ndé&l O Nkclled tags from

CGeneti € 7 cal gary, Canada. 15 =
15Mudhé2abdupmradan ot Featir dhtzdiled| tags from paetpes recaysred from the

o EXblton et oy o po R sl RSO ReRLAR ere

. St lEy iddnkiffellO UﬂrsgoDSfe (€ vdtE ARB H364 mutdht (dieVer pool), as

posiftions I n the ryphi muri um genone. Preparation:of

T texpyeted -Amuberedas MainRemphicmutast (b filed to greopgainimal

goW\as .obt.ai ned

EE DI T

- the transposon .

.~ . DNA was extracted-from one of tﬁg-mut‘z‘mts described in Example 1 (Pool . |

- 25,1, F10), .digested with Ssd, -and- subcloned on the .basis ,qf— ._‘kanamyci'n_'
resistance. The sequence of 450 bp ﬂank—ijﬂg»dncﬁend of the transposon was.
dc.términed' using primer P7.- This sequence shows 80% identity to the E.

'- coli clp (lon) -génc. which“encodesa:héatereg_ufdt,_cd_ prdtease (Figure 5). Ta |

" our knowledge. this gene has not»preﬁous!y been _i,mpl-icatéd as avirulence -

- 30. - -determinan.




©onda

fromthe SGSC. Gel Electrophoresis and_ Southern
Hybri di sation.. Gel el ectrophoresis was perforned in
1% or 0.6%,aga ose gels; run in 0.5 ;x. TBE Cel
fractionated 25" D.NA was transferred to:.Hybond. N
,or N+: menbranes. (Amersham and stringent:

hybri di sati on and washi ng procedures (permtting
hybri di sati on between nucl eoti de sequences-with,,
10% . or, |ess. msmatches%l7 were as described by
Hol den, et al"(17) For tr| ngent conditions

* BBHTspduiehbesaliieth Riet Sarmnelfa LI B erce ikl
e Aon VTGI8 [RUEI AT ahh B 15B3). 196dHR8 Bino

-and the HDS stri

ent step. was with mM_Na$POAf T

i aexs[ssqmnoee 6f P2DA SHC3g P3kYs PIGcand P IR bm:mhaues to

| %?el.l ed  P1dCTR u | ng the system

%mw% i Wﬁ“lﬂ%ﬁtﬂg feicRRYeEYed

manuf acturers’ instructions,

- iftbil ﬂgaggamaﬁgg&s wahmg BA& PlanBy 8hd MHIBW e known

- Sefmondliat ahyler ixit $amilpn b sS. paphinarisen lthe tive gcaasmre

»__.-sol utl o) s th used for radi,0 i vel y..| abgel ' ,
bed ToeBaprial inasiond o PERELERYF: SN HEHlsRce of inv

-' @a i @iéé&é (REWHER Y PRA oI RAY tHeldial roldd), wlnaf,

“ whelm theg aaaadmtﬁmcrw ihtfapebiivnealiga Jhewliscovoyt of iverelatedn

10

15

' %ﬁnt!@r appseg t! E!;ﬁ al ¢ é/t{armpligtmns ahd hidlisk vikdifladOh & Sil?d 4
20 - ' )

- Mutations ‘identified by thé method of the invention attenuate v‘rriileﬁ_'ce.'

I ng an Sequenci ng. Restriction

G bco:BRL. Genger no] ecul ar. .. bi ol q t echni ques. r e
grney é@%tr %rse'&qvwe@g%ma ngg f%!éo‘{"egsﬂlymﬁ*&wr)@ L{aeculam

_ ﬁg?m” nat My mattﬁ(ﬁ{ 5'%51“3?@ %x%ﬂgﬁéﬂi}gﬁg’ggugﬁgfﬁ mvallsaon of
. l@cﬁhphammya): celiegf thecspieoncmd atbercodganyg  Whe productsof thcse
.MacVect 5 ft nbl yL| GN Kk
R (85 BB pePIosen BT Ao fPreSiestonn (RO e HEngdp dhe
 GOITRRREUF cWablisHodGRfecliBnd.ne European Molecular

Bi ol ogy. Laboratory (EMBL). and_Swi ssProt databases
usi ng the . BLAST. and FASTA programs of -t he o

ackage f.rom Uni ver,si t .Wscon
R e densith i e 2ohesrtEndAladin iR SRR fodoseribed
ﬁegmplcl\@ppl ng Pr.oj ect Resource Centre, Hi nxton UK.
20 Virulence Tests. Goups of five female B/'-\__LlSlc m ce

(20-25g) were inoculated orally (p.o:) or

Five of the mutations in genes not prcviouslry-.implicﬁted in virulence were -

transferred by P22-mediated : transduction to the nalidixic acid-sensitive

¥ parent strain”of S.’ typhimurium12028: - Transductants ‘were checked by

 restriction mapping then'injected by Zthg intraperitoneal route into groups of

- “BALBf mice {0 determine their 50% letial dose (LDy). The. LDy, values

'30

for mutants S4C3 P7G2 P3F4: and- P9137 were all several orders of
magmtude hlgher than that of ‘the wnld type strain. No dxfference in the

LD, was detccted for mutant PlFlO however thcre wis a statlstlcally



bacteri a suspended i n physiol ogi cal saline. For
preparation of the, inoculum bacteria were grown
overnight at 37Cin LB broth with shaking (50 rpm 25
and then used.to inocul ate:fresh mediumfor various

| engths. of tinme until an optical-density (COD)
at.560nmof 0.4 to 0.6. had been reached. For cell
densities of -5 x :108 colony: form ng units- (cfu)

per ml and above, . cul_tures re. concentrated :
by:centrifugation . and.: resuspended in ..saline.

Theg; e BRF i :
di | ugll.' g%eégcg%{sggnttﬁé p%é&i‘ nog\l%?apm ontga @égg%ar ' ﬁgméthe
|O| a&pbans Mf&ﬁcdvtﬂjectedl dthl aﬁladculuqn conisisting of anieqfisl proportion

s and p avage vylt t,he sagme vol yne of
! Rl i straim i s A0 e&@&tgwaw%ndm

o f%ﬁll%ﬁ#?ﬁh@%%?gﬁ%rnser%ns@eﬁg B o

10°

20  strain as a positive control. Both non-imimunised mice died as e_xpéc_t_ed' ‘ N

Sof . a bank of Sdnonel!la.typhimuriun- mni Tn5.
tranngson mut ants _and the _screen used  to |dent|fy 43

nutMutantsPBF4 andoROBT avereialsp adwinistgied brdhe pralroieat an

10

reg‘ﬁé‘ﬁﬂh&%?le&céﬁ? 3;'[ I;S?Hﬁﬁgé eg@o njgu g'eg Jt“m"ktk)&:gs,el eet rl'dé%m“g.

f orthieahe Grsli ID d6valé afdRs® mubants meettsleasP@Rorder of magnitude

Nucl eoti de sequences of 300-600 bp of DNA flanking the .
t r drighpstham thasof the wild-typa strain- 33 nut ant s. - Conpar.i son: £
f these: sequences with those in the DNA .and protein '
dat abases indicated that 14 nutants.’ resulted from 15

t I InINOAFDs VERAratonS iy Eoneof fivesfeynale BALB/c mice 0£20-25

genes, 7 arose from .insertions into newﬁgégg?l wi'th

- si 18- Inpass wese ipigaly daorulated orally (RADAD fepeally G.p.)
12 \{v'ﬁf‘ &gr@zﬁ ??J fol ilﬂé&{stdf%&% 1yl i Cﬁﬁ’ﬁﬁr? muﬂtﬁ Ig%s P3F4. .‘

Slm arl rIeSIn prote

dataﬂéﬁmﬂ (Aﬁer f&ur wackshe niice work ﬁienanmpd oyith 5360 ¢.f.u.
Three | ines of evidence sugg&ﬁag’g t hat 16 of 1 ,
15¢ r afshesementabarild syee stpuB- n qWERe thenEgcgrded over four

cl ysdgked in three regions of the genone - initially
desi ghated. A, B and C. First; conparing nucl.eot i de
sequences fromregions :fla nki ng transposon ..

It RZ&E rg}r.lwu%nof tr\)a\% rr':ztigc (\4\14 élg Sgt?lg Q;gg %‘3 Ibatcﬂdasvﬂ'ut: rt]mg:g xonscﬁzuiated wnth

the mutant-strains were also inoculated i.p. with 500 c.f.u. of the wild type -

IR

-within four weeks. - -
Resuits are tabulated below:. -

© p-o. initial: moculatlon with mutant strain P3F4

initial inoculum i in | no. mice surviving '-.‘.g--no.i'miéé;sq'x"irivfing ;
cf u.. .| first challenge . | wild.type challenge |

o 5 2@m .
T E 2@y

v======-..-=z.-_-
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| =18,

-_orll tion. /1l ref 9?\ (l:l gure 7\

25 dat abases showed t hat " sotne sequences overl apped,
W th -one another-orbid strong simlarity to

di fferent regions of the sane gene: Second, Southern
anal ysis of genomi c DNA digested with several
restriction, enzynmes and probed" with restriction

- fragnents flanking transposon, insertion points

i ndi cated-" that some transposon"insertions were
| ocat ed on the same 30 restgg ction fragnents: "' Third:

when the same ' DNA probes wer e hybr| dised. - ------- -

- 0_5 L0 [.JI a UCD I ol a J ly_.p ll e I uIIII'\ LJI o
I Sb’F&B]‘_ from rrut ants ) WHp((ﬁ%( he previous ||
two steps suggeste Ke oun 0

IQbr i dips dnitial idRuRdiRvith w&:ﬁls&aﬁﬁmﬁnus two nutants
(P9B? and Pl 2F5) vvere assr gned to cI uster A, five

Jaoamice (smfi m,ngP4F o Pe
fiPsCriallenga d Plllé)ﬁjldttypelolmllﬂlg@

f—ct-sat-ron—of—Dhi
§sat'es from a sef3 (HOR) _
NarvourTng T OCKER; T a=P2Z2— _
5 . 10 showed t hat ég‘?ﬁg‘ee‘ | oci ¥
16t he- m nute 30 tolusssgjﬁ I on ‘ i
LCA A

ing

| ocated i

et |

!ﬁé(‘-lohe three | ocf Swere closely

o a‘%L‘S" ove‘#ﬁ"i%%.%m“ﬁﬁ%@a %‘N\A fBrZS?mSts

'IIUIII l|i§ BTt S or

ped ; f,onaagpﬁmam fidy .paaammdent 7y further

S repfesenting the adjacent
|pd that r-mze ed

ones contal ni ng I nser

From these cxpenments I conclude that mutant P3P4 appears to glvc same.

' protcctlon agamst subscqucnt wdd type challcngc. Tlus protcctlon appears

' grcater in mice that werc 1mmumsed i. p

- ‘Examnle 4 Ident:f’ ca,,t_l_g__ of a v:rulence locus encodm 2 second t
| _.III secretlon s stem m Sabnonel!a tvphzmunum '

30

s _Abbrevxauons used lﬂ thts Examplc are VGC l wrulencc gcnc clustcr 1;

VGCZ v:rulence gene cluster 2



Restriction mappi ng and . Sout hern hybri di sation
anal ysis were, then used to 25 construct a.physica
map of this locus (Figure. 8). To. distinguish this
|l ocus fromthe well characterised inv/spa gene
cluster at mnute 63 (edition VIII, ref. 22) (8,,9,
23,. 24, 25. 26),. we refer to the latter as virul ence
-gene -cluster I (VGClI) and have ternmed the new
virul ence | ocus: VGC2. Figure 2.shows::the position
of. two portions:. of DNA whd¥E nucl ectide. sequence: -
30 . has been detern1ned ('Sequence P. and
. Backguo D ¢ Nariments gest 6 -sequence is
shomn in Flgures 11 and 12. thplng t'he boundaries of
VGC2 on.tlie.S. (yphinuriumchronosone. Nucleotide °
S eqSlnfonela dip hhrﬁuﬁ@rﬁ?s  pAhcipiFageat of fndemtedds i humans and
VGEC2- revealed 5 the presence of an open" reading

f 1 opriodeGRFy sybtomic dlintss du raiee rshighi seresqaseh daodel fgvé\uman

S PR 10 Sl P B of el O b,

kb dhg %Bucﬁagiasfh’aﬁmks 1had OE e shall imcsuns mrotigm thesintiaitinal

of VGC2 reveal ed the presence of. an ORF  who

pr endicosag virrentoravyted m'elﬂuml:be)fl the Beyes’ 99%311 (f@“td@a@)-t &'he
yruvate ‘10, ki nase of E. enc de he p
r?%aceezﬁ o { fivade CtaproriREti o dbile. ORHPRLIIS. o Rk

eh@ﬁ?kﬁ&’otﬁél@:ﬁ ar\%/er Qﬁd WRERPate b d@hdi%t@a&'] mbﬁld?rf’g the -

even. non- appi ng- DNA fragnents.
. lOdl s&plmamldweal whgrctfhahenr wpgeduction veghts e peoverwhelming and

oS ke KRB, Ry B b S i o
- Hybydribieg | 0 0 hsik k%&ﬂ RANBREGASN omacélhﬂir aaﬁcﬁgleﬁﬁ'aétfllular

appr ooxi rmtel conpri sing V&2. was absent

f r cVigaNEEnts encl tqycitowmventdthe sparifisaantibpecHal aetiitiessof the

- OF e axiein' §r MMl BrioRus StupRisiicfRPRpEABRe °ff

15hanﬁrﬂaﬁce fifctofS@).(Figure 8) with a map- of - known Xb ai:
sites (29) at the minute 30 region of'the chronosone .

(22)tenables a map position 20 of 30.7 nminutes to be

e i g S BmSl GronRe R dfcctanisims of

| pr eSenpRimirid® Qﬂzaﬂ{cﬂlﬁw(%cai thd. hm-@;h&momnmneﬁis system

approximately. 26 kb of ' nuc| eotide, seq uen

S Rrar b 160 E sapit ik 18 GonvpigRtdosallpd ot EnapIrestageed

.720‘ Sr%ua%é%sef‘tfm)edw{n%ﬁ é&?ﬁnﬁ@g tHee strength of mutational. analysns

~ with thc abxhty to follow mmultaneously the fate of a large number of
- dtffercnt mutants within a smglc ammal (5 and Examplc I; Refcrence 5 was =

- published after the priority date for thls mvcnt:on) Usmg this approach we:
1dent|ﬁed 43 mutants wuh attenuated vxrulcncc from a total of 1152 mutants.'

N ':'25‘ _that ‘were screcned Thc nuclcotldc sequcnces of DNA ﬂankmg the

insertion points of transposons in 5 of these mutants showed that they wcre IR

related to genes cncodmg type. III sccrcuon systems of a vancty of bactcnal E
“pathogcns .. .- ~The prcducts of the mv/spa gene clustcr of S

ryphimurium (8, 9) are proteins’ _that form a ,typc Il secretion sy.stcm,‘

30  required for the assembly of surface: appendages-mediating entry into .

Y




)
=
7

Sal nonel | a genone (30): The conpl ete
deducedam no' aci d, sequences of ORF5 141 are simlar to
those of proteins of type ill. secretion systens (6
7):: which are known to 30 be required for the export
of virulence determ nants in a'vanety of bacterial fi
67 pathogens of plants and animals (7). The predicted
proteins of ORFs.1 - 8 (Figure 8) are simlar in

or gani sati on and sequence. ép the. products of the
yscN-U genes of Yersinia- pseudot uber cui asi s (31),

R /
sopubatt AR IR, Hidhes oY yiRfiEe ' s el dhutgtions in
- the iﬁp&bmclustdr% hénuated ol iiDdiel inodutumes iadfridisteted orally

35,. For exanple the predicted anino acid sequence
ofNdEot when given gytraperionendly; Rant ilo aconteasydbe & mutants

S e .

10

Sciyphimurium (9). -The. predicted protei-n product of
CFFQ is closely related to the LcrD fam |y 10 of
hthis sxamplenwashopy duithe yranspasoppasartion points of these 5

e%fa@sf@!d ALt Rt JRREY S gl ot sge
Pregiomof thed, Iitﬁbﬁri&ﬁﬂ&lﬁﬁﬁﬂﬁoﬁer Futhet Qn®liyBisief this region
shovvn in gure i ndi cate that the -predicted

"?-pm's B i dn@nﬂtxme@w@smﬂu@drmoancw dave sequence similarity

e FBF ool 615/ ik BpiriOR Fhg. I Fhcphiopdfr

- treghon wynhlwmmtwrtd AGrulendesdieclustér 2 (€GO ik hot present

famly;. of translocases (38). ORF12 and ORF13. -show.

' ‘siung%wm%rrﬂf otb@ryer%crrm bagtenia, and(maresenis an impartant locus for

J,M Rﬂﬂ;&é respectively, fro mavari. of.

pro el ns conprising two conponent regul atory systens

. (39) There is anple coding capacity for further genes

15 ]

i.s «conserved anong and is specific to the. Sahnonel | ae.
A 2.2 kb PstUH ndlll fragnment |ocated at the centre
- dbac@dal Ktraiisg Toansdupdion R)d Gi'mth mdﬁeqmll\a enrenca '

et ween ORFs 9 and: 10, ORFs 10 20 and .11, .and.
@nd Nigthods t he ri ght' hand end of VGC2.. VGC2

o.entries in the . rote

'.. ‘ |
et AIabatleon d2aL8 Gapinaramy sl ieubana) aid 12416

N ‘mﬁtﬂﬂthﬂbﬁ%' CE2PRRkY Shéinfd ﬂﬁ&omeCN%afl 'Clllections of Type
C20

‘Cultures, Public Health Laboratory Service, UK: Salmonella typhi BRD 123 :
genomlc DNA was. a gift from G. Dougan, enteropathegemc Eschenchza |

" coli (EPEC), enterohemorrhagic E. coli (EHEC), Vibno chalera bxotype El

- ‘Tor, Shigella flexneri serotype 2 and’ Staphvlacaccus aitrens were clinical

30 " Routirie -propagation” of plasniids was in E. coli DHSo  Bacteria were

“isolates  obtained - from “the Départment of Infectlous stcascs and
a Bactefnology, Royal- Postgraduate ' Medical School UK “Genomic DNA
<" fromYersinia pestis was a g:ft from 1. Heesenann.” ‘However, génomic

“DNA cai b¢ isolated using standard‘méthiods: The bacterial strainis and the ~
e :.ifﬁéthods*ﬁsed'td gehératei signature-tagged -m—idiiTnS"‘iraﬁs:pbééhfi‘ﬁ{htants of
S, typhiniurium NCTC strain 12023 have been described p'réviéﬁ‘sif 5, 11).



Sal nonel | a serovars and ot her pathogenic bacteria
(Figure 10A);. DNA fragnents hybridising under
non-stringent conditions showed that VGC2 is present
in S.-.naberdeen,:S,-gaillinaruut..,S.. cubana.:S..
piti.,and is, absent fromEPEC. EHEC. Y, pestis, S
:flexneri. V. cholera and S: aureus. Thus 30 VGC2 is
conserved anong. and is likely to be specific to the
Sal nonel | ae. 68 ‘To determ nga f the organisation of
the |l ocus is conserved anDng the Salnonella serovars

t eshefun. $ 1T Qﬁaﬂ, %ng er heéd Sifathe appMipriatd anGbiotics.

DNA™ di geste restriction énzymes were
carBefote vitulencelyleveldi ef inglivipali. magans rateieh avaser ashessed, the

there i.s sone heteroggne n thg,5-
- ooPRAPTS Hegy fES gdieHed Py pinee §37 %ﬁm%%ﬁ%gﬂgm to
!
e ) ﬁ%"‘aﬁr“u“‘t‘my Sitin OF o) piBrn 12023

SaddTtansdaitarity bwiets samujys‘cda@uerrestmbon hdigestioresant Scputhem |

t he th r Sa nel | .ae exam. ned suggestl ng that
r ehH W@skf@@?f’lﬂﬂpl i cated in-these:
~ speci es. 10 VGCZ IS reqwred for virulence in mce.
- Pr evi ous experi nefits showed ~that the LDS6 val ues for

. fLaibda ULibraoy Sofeenings fagthdari)) shones Rath overlgiping fnsert

PO N EALG YR Stk 3L 0% 5Bt D) TR 4
g@gfdg%nﬁsgﬁ (UF FahAisifie iRePRREmOL daGACSAEIA, il of 5.

mut ant's- P3F4 and
vverzyﬂlatrmunneh’m(gatdmc D}‘{ABotTherrﬂlbaaWs walsovklined via K.

re?#qatgé%ﬂphﬁ@vr%& Bhendla Send Sk Grr SIS0, cateary,

adgon. -Wi & the . parental strain. This, prqfqund
attenuatl on of 'virul ence by both routes of - '
i nocul ati on-denonstrates thatVGC2 is requi red fur

ﬁp‘t"de%& L rdghes " RstigR BROA S wERLWiBba o

Siddtom lybatcPofh set

1
D P e T et

>5>«fOS typhimurium straios. harbourmg Mud-P22, prophages at known .

; -,_posmons in the S. typhipugrinm genome. Prcparanon of mltomycm-mduccd

Mud-P22 lysates was as described (12, 15).. The set.of. Mud-P22 prophagcs' :
- 20 - was originally assembled: by Benson and Goldmau (16). and was obtained -

fl‘ﬂmtthGSC e e e e

- Gel E!éctrophdrésis aﬁd Sauth’erﬁ ﬁybﬂdisatiori Gel electropﬁeresis was
_performed in 1% or 0.6%. agarose:gels:run in 0.5 x TBE. Gel fractlonated |

o 25, DNA was transferrcd to:Hybond .N: or. N+, mcmbrancs (Amersham) and

. stringent. hybridisation- and- washing procedures (permnttmg hybndxsanon _.

.+ between nucleotide sequences;. with, 10% or less mlsmatches) were as

) ,.'d;:scrlbed by Holdcn et al, ( 17L For. non-stnngcnt condntsons (pcrmlttmg

IR hybndlsauon bctwcen sequcnccs with. 50% -mismatches) . filters wcre_ R
. 30 hybridised overnight at- 42°C in10%. formamxdc!ﬁ 25M. Na.HPOJ'I% SDS- - o

S
Lo
N
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POB7 > 1.5 x 106 > 5 x 10" «cfu, colony formng units
69 Discussion A hitherto. unknown virulence |ocus in
S. ryphimurium of approxinmately 40 kb |ocated at

m nute 30:7 on. the chronosone by mapping the.
insertion -5. points=of a group of-signature-tagged
transposon nutants...with attenuated virul ence has

‘been identified (5). This locus is referred to as

virul ence gene cluster 2,.VGC2) to. distinguish it
fromthe inv/spa. virul ené' genes at 63

R SR hdra et w20, 68 WLEROA £ MR b,

DIPE fldpimen®s 0sdd 84 pPotich SWere 1aBélladowiticf Pld0FPeusing the

‘secretion systens are functionally distinct. O 19

‘Radprime " system §6ihco-BREyonwiddidigaxigenind dld

i} "I EotaeEn, 5B Bbetfiael MRAthel il T he

shifadirers NRSirhédhs OE:EBéEﬁth@f Rytaidisdtion was parfodeied.in the
Al'ternatively, as the 15 negative selection used to.

saterrolttiomastthatrused forradionetivedy tabelled probas cGengmigNA

Ny e

previ ously unknown genes, only nutations in those
of 7VGC2 result in a degree of attenuation sufficient
Moldsnlar:Cloningand Nutleotide Sequamcing: Restristionendpnucieases

U A BB P R R RN, L B Pt .

mmogpltkctﬁﬁﬂldwﬁ@re%wc&im_tih Fanithask & i, (E8)2nNwBleotide

- nodel . of infection. A previous study which identified
- sequineing whas tpeefosmed \iyhthmdideoxy| dhain termiatipsematiiod (d9) o

T 84 sssentiiot Ot SRRl "o ols SR e it e

- M@SRecdt 9 UdRvidre WS ARSmUJICIGN phkages: t IMicIEdRR3ands

i nvol ved in virulence determination... Copparisons .
deirivied tareinpyasid sequeneasrweteorompased Nthothesr) iy thepburggean

e 3l Eligion EPTARA SiBfEhor oslbREs blne e

‘BIVEET, arEASTS, prlopfardabihe -CE@Ggﬁbhi@l fromnthe Rhtiversing of
ur

the 30 . secretory apparatus. thernore, the qrder.

©  Wiscopgig (version §) 1y thergwork service at the Human Genome

20

25

Mapping Project Resource Ccnirc, Hinxton, UK. - - . -

Virulence Tests. Groups of five female BALB/c mice (20-25g) were
_ inoculated orally-(p.o.) or intraperitoneally. (i.p.) with 10-fold dilutions c_.f? |

bacteria suspended in physiological sa_l’iric, -For preparation of the inoculum,
bacteria were: grown overnight at 37°C-in LB broth with shaking (50.rpm) |

and thén used to inoculate fresh medium for various lengths of time until an

- optical“density (OD) at 560 nm of 0.4-t0 0.6 had-been reached.. For cell

-densities-of 5 x :10‘?_ ‘colony-forming units (c¢fu) per T.f_ll‘:. a.;id -above, cultures

were concentrated : by -centrifugation .and.. resuspended: in - saline. The .

‘concentration ’of_=cfufml veas' checked by plating a djlutign_ series of the
30 .

inoculum onto LB agar plates. Mice were inoculated i.p. with 0.2 mi



70 sane as the gene order in honologues in Yersinia,
Shigeila and VGl of S. typhinmurium The fact that
the organi sation and structure of the VGC2 kE
secretion systemis no nore closely "related to VGC
than to the correspondi ng genes of Yersinia, together
wth the | ow G+tC content of - S VGC2 suggests that

Va2, like VGO : (40; 41, 42) was acquired

i ndependently by S. typhinmuriumvia horizontal
transmi ssion. The proteins 6dncoded by ORFs 12 and 13
show. strong simlarity to bacterial two, conponent

regltintoand 30 bygmdagowit thegamavelusme abinogrpm.| Thy LDy,

Snd/orsﬂ&ge Secgqéageﬁﬁgtsﬁﬁé{%ﬁ’ {hgt é&oﬁﬁiﬁ%ﬁﬁmﬂ%ch

r@z of S.- typhi-muri-um.into epithelial cells. This
process requires bacterial contact (2) and results in
cyt oskel etal - rearrangenments | eading to | ocalised
rrenbrane ruffling (43, 44). The role of VGC and its.
r Besultst i on-to this stage of the infection
i's:reflected .in the.:approxi rrately 50-f-ol d- attenuatlon
of virulence 15 in BALB/c mice inoculated p. o,

- VQGhcalishtion SofaTeaspobdie nsertidnst  TWeQEenemtton of sahbwﬂﬁ of

10 :

Isoss o;d\élgr ul ence ma!?'gbi‘d /tgal}q%tggred IBBI i%)%tghe used'.
e

%&w@@l@ (5h. ﬂ‘mnmcaﬂsadndoﬁanlﬁ’hg DNAawgions sicre ghted drom

0 VGC2 is required forvirul ence in e ,
eprRcRBlugants By seleptione for ag? By ke PR

- ﬁﬂbl@gﬁdéj?ccﬂgnt&eg of EW Hp%ﬁ?)f\@{ Hathiing thel tﬁit&p@ﬁids)&verc:

TIYHH resizlatics, or b

sta sui nt nary happin

-‘ taameerm B3 npiants s admﬁamogrdtthmaeams withgthose in the.
LT BIRRISRE ot Shivoses dufesinh TBRF U B ot rom

V! {rhdiasen BRBAidRS F@bgfrﬁgfbuggmmnammm W tgase feoin

conse anong al | monei i a species

exmsémions’ it newt gpnmemth -Fimnilaritr F(étlanwﬂ ogenes -of the
patho ni c= ba ri.a or her i :
NuEHetbRgisrias ﬂgl s U‘f’g Eé%‘r? c&m eﬁé%bm wnthout

- 1 eyigdlefy 14 cARRY ih IREDIAIM! ﬁ:@tﬁﬁ d&tnbaﬁsﬂra'd iS¢ tliad.mplc I

20

pr ot ei ns” encode conponents of .a type |II secretion
- and this Example). - T

‘Three lines of cvndence siggested that 16 of 19- fransposon- msemens mto '

| new sequences were clustered in- three ‘regions :of: the. gcnomc, xmttally-

: dqunatcd A, Band C. F;rst comparing nucleotxde sequences from rcgmns
- flanking transposon mscruon points with-each other and: with those in the

s}

" datibases showed that'sdme sequences overlapped-with one another orhad ~ -
"'strong similatity 10 drfﬁ}rcnt, reg:oqs of the same gene. Sccond Southcm: '

" analysis of genomic DNA- digested ‘With several restriction-enzymes _a_nd-

- pfoﬁed"wiih’ Es'tridﬁbn" "ffagmcnts flanking "traﬁsposo'n* insertion points

indicated’ that some transposon “insertions were - located” on the samie

' rcst’ncuon ﬁ-agmcms “Third : when the same DNA:probes: were hybndtsccf‘- " e
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71 system To distinguish between this and the type
Il secretion system encoded by the.inv/spa invasion
| ocus: we refer, to the inv/spa |locus as virulence
gene cluster I (V&) and. the new | ocus.as VGC2. VGC2
has a |ower G+C content than that of

t he. Sal manel | a- genone and i sfl anked by .5 genes whose
products share greater than 90 Wbldentlty wi th those
of the 'E. colt ydhE and pykF genes. Thus VGC2
masprobadly acquired horizontally by.insertion into.a

T plaes ROAT R BRYMh r X BNASDHET b Yl Tl Mty e™

dkich teqwevioud 6no b@ps had atigatedt mikhble finkedaete foud to

" orders of magnitude conpared with the wild 10
ﬁ WWF%W@%P\?Q\PMCHDCM%I\% B7ande2°1=5)_ .

g SEL, e P20, PR, 1D

PBEHI0B& didéier B abd rdne hRitaits KiP3F4% P4I~'.89 PTASARIBS) PTG2,
(1994) Curr. Top.

BRE18,poBa: PIORHband FIABTL ster o iistncion e A o

Qchman, , R (1994) Trends M crobiol. 2,. 289-293. 5:
Hensel. M, . Shea: J.E.. deeson ; C.. Jones;” MD

. Hgbhdhamﬁl oSDNA prisHed From thedé thrkd Bﬁlhtcﬁlloﬂ?mcs?ﬁam a set

10

0403 . 6. Sal rmnd G P.C.. & Reeves,
S Lphinugyprstenashabowegiocked-in Myd-P22 prophages (& 16)

S0, P v Qe iy 3°5) o vl

@ditidrs YIILRef ( 2D8Figdre 49, uﬂwatmg AMeadhe Gede lod wSra%lo&ﬂ

6 83-6387:°.9.. . Goisman, - E,A & Xhnman. -H. 993&1
f the

oF congitutestygus lavgerviruleged locugy fecletraite if any o

SO Souit s A, B € coniael bugrlyppin PNEipoe

7. DNYO4yagutnieo deontrthy rtadmmﬂﬁéeglﬁﬁs oBRA6I5 clone were used  as
15 . probes in Southern hybridisation. analysxs of the other A clones. Hybridising

- DNA fragments showed that several A clones overlap and that clusters A,

. BandC comprise one contiguous region (Figure ,8_):., DNA fragmeuts 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 extreme right hand terminus: of the

locus so this region was obtained by cloning a 6.5 kb EchI!XbaI fragment

~ from a lysate. of the Mud-P22 prophiage strain TT15244 (16).

- Restriction mapping and Southern hybridisation analysis were then used to

- construct a.physical m-ap;oi; this locus (Figure 8). To di?;s,tinguish thrs locus

from the well characterised inv/spa gene cluster at minute 63 (edition VIII,

ref. 22) (8, 9, 23, 24, 25. 26), we refer to the latter .a§ virulence gene

- -cluster 1. (VGC1} and have termed the new virulence locus. VGC2, Figure

30

2 shows:the. positia;:;,,o_ffzgwb portions.of DNA whose nuclgoﬁdq,séqﬂaﬂccf

has been determined (“Sequence 1™ and “Sequerice 27).. Thc ‘nucleotide. - .~
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10J Kigiagnllaof B.. eoli cngoded by otie-REkFT geng 447 5cPn. the £ co
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45&?—3@52@ ‘Eleven non-overlapping DNA fragments distributed- along the

' 'length of VGC2 were used as probes i non-stringent Southqrn hybndlsatmn
ana-lysns of E. coli-and S. typhimurium. genomic DNA.- Hybndlsmg DNA

'I‘SE fragments showed that a region of approximately 40.kb- comprising VGC2

“vias absent from.the E. coli genome and localised the-boundaries of VGC2

~to within 1-kb-(Figure 9):- -Comparison. of: the:location ofthe. Xbal: site. close. . . .

- to the right hand end of VGCE:(Fxgure 8) with'a map-of known Xbal sites
(29) 4t the minute 30 region of the chromosome (22y enables a map position

20 of30.7 minutes to'be deduced for VGC2. = -

-Structure of VGC2." Nucleotide:: sequeﬁcaﬁg ‘of pofti_aﬁ'sz of VGC2 has

revealed the prescnce of 19 ORFs (F:gurc 8). ‘-'I‘hé G+C content of

"approxlmatcly 26 kb of nucleotide sequence -within* VGC2Z-is 44, 6%

25 'comparcd 't 4’7% for VGCt (9) and'’5 1-53% -éstimated for- the entire

- 'Sa!mone{la genome (30)

o~

o~ The édi‘n}'ilété deduced‘alﬁiﬁo"acid'iééi}ﬁcn‘t:l:s-- of ORFs:1-11-4ré similar to
“thase of proteins of type IIT- secretion sys‘-tems-‘(ﬁ.“-‘-?r}-.-f_ which are known to.

“30." be required for the éXport of virulence determinants ima'variety of bacterial .
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Sanderson,. K E. (1993) J. Bacteriol. 175, 4104-4120;
10 30. Fasman, G D. (1976) CRC Handbook of
Bi ochem stry and Mol ecul ar67 Bi ol ogy,. CRC Press,

G evel and. 31. Bergnman, Erickson, K, Gly

B9 W el o S r&aﬁxﬁf%g’

(Rizasds 8) hﬂmiﬁnlaﬁ Qn orﬂsﬁm’iﬁ&ﬁ ahdosequedtce. 18l thaproducts: ﬂf thc
Sansonetti, & Par sot , 1993
yeNed) genemof Feéﬂwat wydow ) §°MuV§fm%

bl A, 355 1 Sl R0, 9

?gﬂ%ﬁﬁ%f e spakfed Chistek- oBShigells flexhad (2133% %435 ).
ano

ON. Barve S.S. & Strale S, 1)

C (
- Baeexample the predictabosinpagil sepence ofPRE; (] surp 3) il 50%

HEARELSBIYES of - peudREGoE 5 renfin S BpiEeom

51A8merd(35Pasd 87 %identichl %o § 390-FHODGCI TS, Wm@mmiﬁ 9.
BoSsio..J.C. & Galan; 7.E. (1994) Ml . Mcrobial. 13

~ The prshicted praein produst 96 DRFY clmc}dbrﬁlatad 1o thed.crD family

10

20

- fdenf
90 033- 1037
- 23). Partial nucleotide sequences for.the’ remaining ‘ORFs. shewn in Figure

8 .indicate ‘that the predicted protein- from. ORF10 is most. ‘.§1mllar to Y.
- - .enterocolitica - Ysc} (37) ‘a lipoprotein located 'in the bacterial .outer
15

. PulD family-of translocases (38). ORFI2 and ORF13.show significant

gf g;?ét%% wll:th'v-l-ﬁ% ﬁ%ﬁ@ Ee L%szof itéaqfoﬂjc 7@6}_4%)%

A bf S( JR9dri. @Z}Cand\lﬂtil'% uﬁﬁ‘lﬁ@& to PvA. df. 8GOl

membrane, with-ORF11 similar to S. typhimurium InvG, a member. of the:

similarity.to the sensor and regulatory subunits respectively, from a variety

of proteins comprising two. component regulatory systems (39), There is

- ample coding capacity- for further genes between ORFs. 9 and-._;le-.:r ORFS 10

and 11, and between ORF 19 and the right hand end of ‘_\{GCZ.‘_.. e

VGC2.is conserved among and is speclfic to the Salmonellae.: A 2. 2 kb

- Pstl/HindllI fragmcnt located at the centre of VGC2 (probe B, Flgurc 8)

lackmg scqucncc sxm:lanty to entries in the DNA and: pmtem databases was

“used .as a probe in Southern hybndusatxon analysis of gcnomlc DNA from

Salmanella serovars and other pathc:gemc bactena (Figure. lOA) DNA

f;agments hybridising under non-stringent conditions showed that. \{GCZ:S .

e :pvéSént in -,S'.;v_aberdeqet‘u;s‘.fgalliﬁdmérz..-s.. cubana 5. _.t;vpizi._fandfig absent

30

from EPEC. EHEC. Y..pestis, S..flexneri, V. cholera and S. aureus. Thus

VGC2 is conserved among and is likely to be specific to the Salmanellae.




41. Altnmeyer; R M, MNern, J.K ,: Bossio, J.C,

. Rosenshine, |I., Finlay, B.B. & Galan, J.E (1993)
Mol. Mcrobiol. 7, 89-98. 5 42. Li, J., Cchnman, it,
Groisman, .E. A ,.-Boyd, E. F.,.Soloman, F., Nelson; K
& Sel ander, R K (1995) Proc. Natl. Acad. Sci. USA 92,
7252-7256. 43. Finlay, B.B. & Rauschkowsk, S. (1991)
J. Cell Sci. 99, 283-296.- 44.- Francis, C. L.,

- Starnbach, MN. & Fal kow, S.q1992) Ml . IT 10

M crobiol. 6, 3077-3087. Exanple 5: Identlfl cation of

& B1ioC 38 T, PeghBBE Y SocttF, BARGHAR dfbng e

t r HBASEA s 6048 Rstdd) SeriMsent Sbhikehehybrivisatiohs withegdnonde
tagged mutants of Strept ococcus pneutnoniae is to use

i 3N idbgesthdp witha tworfunbies gestsistion (enzymics ovenst cagxied out,

Do aﬁ%&ﬁﬁé\ Bty S e Ohy 50E B B AP RUERAGR e

‘ | §iphiiurRing db
20%94?% S Shearlanmg Wtk bedweds . | § mezoan 5.

p soni cation foll owed by ge
 f rgmikinanat,i S mnbdn@l\md{ S. etyphi dFigure yKiB)g TEHBFWOW,

10 g

15

20

5

e o S R O o o

'\Aﬁidébn??ﬁ Sdaﬁn&wwwsnﬁm StieBiMNMAl e gRRisF VG-
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|dmgeﬂmeatduphcaéd3NAﬁmsqmp@meﬁtags into one of the 25
poI ylinker.cloning sites : The size of cloned :
ptleurnonl ae DNA.: is sufficient to ensure =
t},unsec{1 FARINARIRRce 3 dnicRdUBRGIdS eﬂﬁ@émbmklswwed
of generatihg an unrepresentative library in E coli
( ahgtrthe £ilyp valieSfor i duocudaticreofransgpsen mutants IRy PFG2,

st 2 b1 1663 wsre st 0 tRlbp Rk B B Syae iR o).
. pliﬁfiﬁﬂexf t&&aﬂépﬁﬁ impieaade BF ama:ﬂsn €@ probas @quon the

-fragnments are troduced toan. ag(i)pro riate’S.
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" parental straift. This profound at_tgnuatan of vx_rulcncc by ‘both routes of

prisgnand dep. sLDad walugs dor @wtemtlﬁf‘b

" inoculation demonstrates that: VGC?2 is required for'events in the infective

process after epithelial cell penetration in BALB/c mice. -

“Table 1. "LD;; values-of S. rtyphimur-ium‘strai'ns'-;" o

| _. Ll)fs.g‘_(t‘-:fu)' _' 4

-':.’WStram T 'A ip. . - p.o. m
12023 wild type | 42 | Te2xwt

. cfu. colony forming units



conpetence factor, a peptide of 17 am no aci ds which
has been 5 characterized recently by Don
Morrison's.group at the University of Illinois at
Chi cago and which is described 1-1avarstein,
Coomar aswany and Morrison (1995) Proc. Nat!. Acad.
Sci. USA 92, 11140-11144. |Incoworation of m nute
quantities of this peptide in transfornmation
experinments leads to very gfficient transformation
frequencies in some 10 encapsul ated clinical isolates
neunonlae This -overcones a major hurdle in
‘@H@ % ccal - mol ecul ar genet'i cs and the availability
of the. peptide greatly facilitates the construction
of .S. pneunoni ae nutant banks, and al | ows erX|b|I|ty

-« Arhitheotoginkgowheviadermiel oe)s incS. mdumeqf apprpxispaelyi4h
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400
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e "tra or man 20|nc ture-and during growth
and tV\GCan iboth . enchlle Acompdnemteiadf Type JIT peoretioni spstems.

e S e S 4 AP Bl

experinments. are conducted to .25 determ ne the

- OE“ mum * conpl exi ty. of the, pools ‘and the opti num

d8unuvaniscthat : arasaefra:m insertions intocegw geney ¢eef. Hramduthis .
to,the trach

oI, B o et b e R b Rk ptaS TRl
- ABY T FingaYish QRc@S !bﬁ‘@fe%iﬁldﬂ? #h YGOR.L AllRrdiveR) 2s the

and C57B1/6 m ce ' dev 'subaCtut e pneunoni a

- Reigatve seeqipnasgd to ieatify mmtamnmty attonedted go*utﬁﬁce (5) was

B el BRGNS A5

- . (ssiRAthhL, ahforzafie'p W@uﬂﬁﬁkﬁ\ﬁl 2158, only Refa6bns.in those‘

20

intra erltoneally for eldentlflcatlon of genes

;.crfe\ﬁﬁ 2eepseld in atslegoensof attgnuarion suffivient tabel fegayered dp the

égfz)ns) T l“nlu'rg ‘o ;'n%lvlo e?éa?chcsdfor %‘%Bhﬁﬁm%!% \?’ Zﬂlcncc |

“determinants ‘to identify. VGC2 might stem from reliance on cell. culture:
. assays rathcf—than a live animal model of infection. A previgu_s.s,tud'y which

~ identified regions of the S. fyphimurium LT2 chromosome ‘unique ‘to

Salmonellae (40) located one such region (RF333) to .minutés 30.5 - 32.

: -‘Thcreforfe, RF333‘may' cor:res-pgndto VGC2. altheugh it was not-known

- 25=: . that RF333 was involved. in virulence determination. ..

.. Comparisons. with the .;ype.lsll.;secret;ion sys;c.x:is .;cnqued-\by_,.t‘h@ .\{i'r'ule'hcc' ;

s .--,-plaémidsi»ofua}fersinia-_ands. Shigella.as well as __withf,-V_GClz of ,Sgg'lmone'lia. :

30

indicatés that VGC2 encodes -the:basic structural -components of the |

. _secretary. #pparatus. Furthermore, -the order of ORFs 1-8 L_iri._: VGC2 is the . :



(c) Virulence gene identification . Once the
paraneters of the infection nodel. are. optim zed, a
nmut ant bank consisting of several thousand strains
is.. subjected to virulence tests. Mtants with
attenuated virulence are identified by hybridisation
anal ysis, 10 using labelled tags fromthe "input' and
"recovered' pools as probes. If S. pneunoni ae DNA
cannot. be colony. blotted eﬁgily, chronmosomal DNA i s
| iberated chemically or enzynatically in the wells of

b B B o M yoc o
| thes S\ SRR B4, PHRSACtha &?ﬁﬁwﬂffen Rhd SFiEtuke o U VGC2
E. NMorrison et 15 aI . Bacteriol. 159,
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i ntegrate to isolate cloned Virulence genes
* whiiaependenthe by Sl iplimerusnda dioamdntaljtrpmasiono The proteins

| copied 49, VR 1 a3, hen o, sEiERl 48 dpcterial two

| 2oGRhicheh oA BAcAOT G MNAIERAR. SiURk GRELACHR idior the

der‘se\zmed/pmteiaveifohs&yst&m t'his purpose....pATl12
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e integrase -Tor tra SpOSItI on. .-and
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h
(TAMERRE 33, 0 ot ne Tob gt YD SBNS SEurIGG o paps, of the
of jRhidibha¥iMréd iﬁétﬁigf cht%ﬁltcl |5@3f81&’ atténuation of ‘virulence

acconplished by 77 restriction digestion of genomc

15DNAR, BAth‘tamlod'. dnoduated- pgla.twuh NGE1 mutasss ondrbyi Ge foet that

e VL ISR Fol o B R hER ol ik R | BL e e
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of DNA sequence tags prior to. transfer 5 to_a virulent
st reyirrscetenE(S)f abie gbntsastamuanty i \aG2 A ol r@bb attenuated

P 3T o e S5 35 ARG, R g, i v,

' '20 VGC2 is required for virulence in-mice after epithelial cell penetration, but

- “these 'findir'igs“*dd"‘i’i’é.)f"exc!ude & -role” fOr_"VGC-l' in “this-early*stage of

‘infection.

- Thus in simmary- mapping ‘the -inserfion points’ of 16 stgnaturc—lagged

25 'transposon tutants on-the" Salmanelta t}ph:munum chromosome-led tothe

identification of a 40 kb virulence gene cluster at minute 30.7. This locus -

~°. is consérved ‘aﬁibr{g all other Salmonella species examined. but not present

i a-variéty” of* other' pathogenic baéteria- or ‘in Eschérichia coli- K12,
" Nucleotide '-sei:luenc_i=hg1_of a ‘portion ‘of -this locus revealed-11 opén reading -

‘30 - frames whose predicted proteins encode components of a type 111 secrefion - - -
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| arge nunmber of insertion nmutants are anal ysed for
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DNA |ibrary of E. faecalis are probed with sequences
of interest to identify intact.copies of virulence
genes which are then sequenced. P ti 10 Exanple 7
Identification of virulence genes in Pseudononas
aerugi nosa (a) Mutagenesis 15 Since transposon Tn5
has been used by others to nutageni se Pseudononas
aerugi nosa, and the mni-Tn5 derivative that was used
for the identification 7

of . Sal moneUar yphi nuri unvi rul ence genes (Exanple 1)

IS repo. St%-qué'o have .-broad ut.ilisation anong . _

G am negj bacteria, including several '
pseronmmads, R e, Butqeiag DAnsl R'd:tm‘llIfR ((IQW)AMMSBaaeﬁaI
Enynol . 264, 20' 386 a P, aerugi nosa mut ant bank

const r udGenetigsi Sgld Springi Hethes ratory; Solgh APEINg: Eiarbor,
t agged, u‘%l -TnS transposbns. by conjugal transfer of

t he sui vector to. one or nore virulent: (and
5P0sH, bl YA uduBEl, B.M. EBrdlitERL,; Kidgsions R. EH'MOOQDI{D Ax¢ Beidman,
represents, -a;, significant tine savin
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gen® identification The bank of P.. aer ugi nosa,
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B

(198R) |Benson, NiRim&b. GBddmap23B.5.848990i a{ -aBacteriol.
recover _gyl ating lung honbgenates to |aboratory
medi um ; 3 é@ Ence tags fromthese are used to probe - :
- DNA7.colpandeh) pLw.0iKraghey Iawuse dosng) Be (198HUEMBOLR 8, -
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15vi rul enc®27el®34. i n a nodel of endogenous bact ereni a

et nesayofl a1 Bt " S MaRig 35, QRRY Mgleguar
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10 sequencing of intact copies of the genes are
constructed in the | aboratory by standard nethods:
Exanple 8 Identification of virulence genes in
Aspereillus fumealus 15 (a) 'Mitagenesis The

functi onal egiuval ent of transposon nutagenesis in
fungi is restriction enzyne nediated integration
(REM) of transform ng DNA (Schiestl and Pets (1991)
Proc. Nail: Acad. Sci. 88,447585). Inthis process,
fungal cells are transforred with DNA fragnents

sqrr aﬁg?lgﬁégglxe%%&hg@g{:% I&rctnaﬁ PR, gig@pg%&te@ot

restrrc nzyme € CO I'nt
occur¥76at4508i451er ent genomic sites, defi ned by t he

r get sequence of the restrictio REM " has
2+ a@?l oot oo Pasiebobb 5 ot Clan 1519080 Wit Mlistabios
genesy hliobolus (Lu et al. (1994) Prvc. Natl.
Acad SA 91, .12649) and Usti | ago (Bol ker et al
219950311&@ 0. PoritRILtE GiltSrt, DU (198 Pr2b. Nave AshdviBei,

that.incorporation of active restriction enzyne with a
pl asnf/84 86n6883688%y gr onyci n resistance | eads to
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-twd vectors for hygrorryc:| n resist ance and used to
trans‘ﬂ@ﬂnﬂ@ocl inical isolate of A . " fumi gat us.

2o s?ﬁibﬁﬁgﬁ%ﬁéf@%ﬂ%ﬁgﬂﬁﬁ@ﬁ %{E@M’%ﬂdm

m ce B,ofdgypm(gm_@r Ci&ePufR).Y matches the course of
ul nonary-di sease i n. humans (Smth et. 41 (1994

3D It ediergmanu®., Backsna R MGalyays &- Reesspat Ga& Wolf'

Icgtnlrg'il @?gﬁzgymﬁtﬂ%g'p[%%orél %&ggt fungal . rrut ants

- e AREews! a0.F- kY NRuselliat RITOY1982NTnfeeng Inmun. 60,

honpgenates to inoculate Iiquid nedium Hyphae are
cot | 2BEP2ter a few hours, fromwhich DNA.is: -

B! ST B P pRat cAbag HiBRbiAT,

of tr #9srmEnts conpr.i si.ng the inocul- umDNA from 10

t he regions flanking the REM, _insertion 0| nts are

. oneeiplegagelh iBuyssed - M r&irQakss - Y982y Bagteriol.

Iest I‘llﬁt '1950%6&"9 that cuts outS| de the REM

35;_ ' Sasakawa, C., Komatsu, K. Tobc,T Suzuki, T &Yosh:kawa M.
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- 36.  Plano, G.V., Barve, S.5. &Stralcy, S.C. (1991)1 Bactenol 173,

o 729347303

-~--37._‘-;-_-.-*:M|chlels T.; Vanootcghcm LC., Lambert dc Rouvroit, C ‘China,

- Buy Gustin, ‘A, Boudry, P. & Corrielis. G. R. (1991) J. Bactenal
173, 4994-5009. - :

- 38 .Kamga K., Bossio. J.C. &Galan J.E. (1994) Mol. Mtcrabwi 13,
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39. . Ronson. C.W.. Ntxon‘ BT. &. Ausubel <F. M (198‘7) Cell 49‘
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vector, self ligation and transformation of E. co/i.
Primers based on the known sequence of the plasmd
are used to determne the .adjacent A fum garus DNA
sequences. To prove that the insertion of the vector
was 15 the cause of the avirulent phenotype, the
recovered..plasmd is recut with the sane restriction
enzyme used for cloning, and transformed back into the
wild-type A. fumigates parenjs strain- Transformants
that have ari sen by hohDIogous reconbi'nation are then

Cofbor Ofoibfiply By Sfukfle WA, dfolSifon SERTERESE. &

B KI ngst mchmanmEmgmmmc NMDAcadBeSdnﬁhSA 200G.1033-1037.

Smth A. and _Struhl, 'K (1987) .Curr Protoco.ls~

e@llﬂweb' BiM:odyieNgeny Ik Bossi -eyRW‘BB

?ggggfl m@é}\g r%t 0 th:' l?eéﬁ D{J'{n"'t)?t an B;?f féf:u nonél | a

5t yghi MULE, U Ochnig, 1), EGioisihag EG‘AISIBoyd% ECFUBBloman, 2.,

oxi dati ve burst of nMacro hages M crobi ol

O35 B5tNelson Kt Selandor ch 1o o 098P rogdvart Agad 56 1454 92,

'Therou%,ﬁzi rteric_infectlonln_ normal mce. J.

*118971203. de Lorenzo, V. and Tinmm s

- K M ( I8y, . %% Rauddhkows ki) 8.r@991)on Q& mm 6!83-296

15

20
~ ‘end-repair using T4 DNA polymerase. -The. fragments are ligated into.-

- 30

phenot ypes“in G am negative bacteria with T

TCB.derkmsdis. nCri+4r StaepensbnsM-Net I&dealEﬁWynSol (19%)4 Mol.
386 40 15, d Herrero. M Jakubzik, U. .
and Ti ﬁq‘{f‘g‘ bi ?I\# %@&293?37 M ni - Tn5 transposon '

Thsertion of cI oned DNA. i n
O PIGLN 2 eubacteria J. Bacterial . -172,

6568 6572 Fields, P.I., Goisnan, :E. A and Heffron
F. (1989) A Sal monel | a | ocus 20 that control’s

T e St MutageRests Crobi i-ci dal  proteins from phagocytl c
celI's. Science 243, 1059-1062: Finlay

st by thp absencgafja cqnwgﬁgptstrargpgson qgtsm,ethe nB)sAefﬁcmnt way-of

b CipaeBy IR oS PSR pritenbEOls 1o e

insertion-duplication. mutagenesis (Mo::nson et al (1984).1. Bacteriol. 159, .. . .
+ - 870). Random S. preumoniae DNA' fragments: of200 bp will be

‘generaied by genomic DNA digestion with:a restriction: enzyme or by

: plasmid pIDC9. (Pcarcc et al (1993) Mol. Microbiol. 9, 1337 Whic_{t;qarﬂés

the erin gene for erythromycin selection in E. coli and .. pneumoniae), -
‘préviously modified by incorporation of DNA sequence tags .‘i'nto'one, of the -
~ polylinker™ cloning sites. “The -size -of cloned S. priewmoniae- DNA: is -
sufficient to ensure homologous recombination.: and reduces'the possibility '.

of"'gériéra'tiiﬁg‘= -'..ﬁ?n'.'-unréprescmative_‘libx_‘ary. in <K, ‘coli ‘;:(ex‘piressiqn_ of §. A

‘prieumioniae proteins can be toxic to E.-coli).. Altérnative vectors carrying

' ‘diffcr’ént‘ selectable ‘markers are available and: can be:used in p.lace of

"pj-ch_ ‘Tagged plasmids carrying DNA fragments -afc{fiiﬁtréduc;d to"an: 5;

physical shearing by sonication followed: by gel fractionation and DNA

=
s "‘!:\\.



of TnphoA nutants of Sal nonella that are unable to
pass:through a ryryryg EKYi CCU 82 pol arized MOCK
epithelial cell nonolayer. Mat Mcrobial. 2, 757-766.
G oisman, E. A, Chiao,. E.,. Lipps, CJ.,. Heffron, F.
(1989) Sal nonella typhinurium phoP virul ence gene is
a transcriptional regul ator. Proc. Nail. Acad. Sci.
USA. 86, 7077-7081. 5 Goisman, E. A and.Cchman, H.
(1994) How-to. becone a pakgogen Trends M crob| ol. 2, .
289-293. G oisman, E A a Sai er, Jr. (1990)
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o’naiﬂ%teri&ﬂ%ccﬁt!ﬁggr(ﬂ&?@or%ﬁk igPdlip at T ORiversiQosH Itikss
hsp70 gene of | ago maydis. BMBO J..$. 1927-1934.
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fSIOgug)ﬁ ﬁ?ﬁhl\t/? %%Enggbgn%g il Fé 9&?[0332) Sel eg’?f‘%‘?}"

expetimentsr leatls toi veuy eafﬁelcgta rlwsfdumauam dreqeoties dil some

i nduc host.. t Science 25 20 686-688.

cpffsafited SR el 167 Sy AR e Mhis erSohas 8 tjor

hu2@189) phediiBeoccal ﬁ@l@ﬁl‘ﬁn?cﬁ&i&b“ GOt SVElDidyPHOthe -
phoQ controls Sal nonella T phimuriumvirul encé. Proc.

pmuﬂcgmdufaebtatemcowm@is 83 Mllet, I.,.

- PR Shg BT SR Slloye SRR R Sinf BP0

‘bet LAkl ed ﬁaPW16@ oft Xﬁhhf@#ﬁﬂaﬂ&f atd thmccr n@ahQérify
mut agenesi s nfect. |mun. 57, 2758-
homologous’ mtcgratnon of the plasmid- sequcnccs and checked for: stability.

“The very low level of reversion associated with mutants- gcncrated by-
T insertion-duplication is mlmmlzed by the fact that the duphcatcd rcglons will
“be short (20(3—400 bp) however if the level of reversion is unacceptably

hlgh antibiotic selection i is mamtmncd durmg growth of the transfarmants 3

in culturc and durmg growth n thc ammal

M)  Animal ni'odel- :

‘The 8. prieumoniae mutant bank is organized into pools for inoculition into

Swiss and/or CS7B 176 wmice." Preliminary- experiments are conducted to

" determirie the opfimum’complexity of the pools and the optimum inoculum
“level. One attractivé model utilises inocula of 10° cfu, delivered by mouth
to the trachea (Veber eral (1993) J.-Antimicrobial Chemotherapy 32. 473).

Swiss mice develop acutz pnéumonia within'3-4 days, and CS7BI/6 mice
develop. subacute pneumcjniga' w’iehih_»S'—lO-days. - These pulmonary medels -
of infection yield 10*: cfuflung (Veber - er al (1993) J.* ‘Antimicrobial



2763. 5. MlIler, V.L. and Mekal anos, J.J. (1988) A
novel suicide vector and its wuse in construction of
invertion nmutations: osnoregul ati on of outer nenbrane
proteins and virul ence determ nants in Vibrio chol erae
requires toxR J. Bacteriol. 170, 2575-2583. Sanbr ook,
J., Fritsch, E.F. and Maniatis, T. (1989) Ml ecul ar
cloning. 10 a l|laboratory manual, Cold Spring Harbor,
New York: Cold Spring Harbogg Laboratory. -Sanger, F.
Nicklen S. and Coul son, A R (1977) DNA sequenci ng

. emﬁﬂz@hg)rﬂ M7t e idihe RF (death. Tf esquindd| inicdaeel also
SC| USA: 5463-5467. - 15 Schiestl R and Pet es

T injecteb datraperitenpallyi 6or ahe DNentificagionnof gopes required for
#M epfegggr?b ,@pﬁlvlaﬁggldn %g@)&ﬁ%@ﬁ?@mﬂ Agents and

%QI\/%?‘?(&@ i-‘% ENCE LI STING . (1) GENERAL
U APPLI CANT: (A) "NAME: RPMB Technol ogy
3 L| mted (B) - STREET ~Commonweal t h Bui:l di ng,” .Du Cane

0 CI TY: London COUNTRY: United Ki ngdom
F@J?POS leaepgeneidentifi %@?"O\N (ii): TFTLE OF- .

LN i G 2 il ipREEarc(6 Fpumawwaﬁaaﬁ bank
ER READABLE FORM (A) NEDI UM
- TY&imsisking pp§ sdva'kl (RusEall/ PR 15 mbi@t@bmatnndbacq @sts.

CP TlNG SYSTEM PC- /NB— CFTWARET Paten In
ithostiopAet FirInoo s (gaTied 5 MY YEen SRS,

10 F%%gea«afsﬂmﬁ ke %ﬁ&{E'}EE RARTE BbSE |5 %robés?) IfS |

Se pairs
preumoniae DNA cannot be colony. ! blottcd casxly, chromosomal DNA :s

liberated chemically or cnzymaﬂcally in the wells of mlcrotltre dlshes prior

. .to transfer onto nylon membranes using a dot-blot apparatus DNA ﬂankmg

- the integrated plasmid is cloned by. plasmid rescue in E colz (Mornson et
15 al (1984) J. Bacteriol. 159, 870), and sequenced. Genom:c DNA hbrancs :

.are constructed in. appropnatc vectors mamtamed in either E. coh or a

- Gram-positive host strain, and -are probed with restncuon fragments o

flanking the mtegrated plasm:d to lsolate cloncd v:mkcnec genes. whlch is
. then fully sequenced and subjccted to, dcta:lcd funcnanal analys:s

of virulence genes in Enterococcus faecalis

Example 6: Identification

{a) - Mutagenesis
Mutagenesis of E. faecalis is accompl:shcd usmg plasmld pATl 2 or a
25 . derivative. developed for this purpose.  pAT112 carries genes for selectmn

“in both Gram -negative and.. Gram-posatwe bacterla and the an. site of -
: Tnl545. It therefore requires the presence in the host strain of the i mtegrasc :

- for transposition, and. stable. smglc copy. mscmons are. obtained 1f the host-

~ does not contain an excisionase gene. (Trieu- Cuot el a{ ( l99l) Gene 106.

- 30 21). Recovery. of DNA flanking the qnte_gratcd._plasm_xgil:s-zt_gco-mpllshed by-

P
A
‘\'.,..v"



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA (iii)
HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi) ORI G NAL
SOURCE: (A) ORGANI SM Synthetic oligonucleotide (xi)
SEQUENCE DESCRI PTI ON: SEQ I D 140: 1: CTAGGTACCT
ACAACCTCAA GCTTNKNKNK NKNKNKNKNK - NKNKNKNKNKNKNKNKNKNK
60 NKNKAAGCTT GGITAGAATG GGTACCATG 89. (2)

| NFORVATI ON FOR SEQ I D NO.,.2: (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH: 18 base pairs (B) TYPE

i i oSSR, el ol

' ﬁﬁsf&%&dmﬁ%'b’ SEHIPE: THO friticncORIFGingle sHeYHOE: restiiction

ORGANI SM  Synt heti c. ol i gonucl eoti de ~ (xi ) -SEQUENCE
OESeRsHEEAT! 1350 it deivaives adthAd 94} Gege

e ﬁ???ﬁgig)m%&

L M ear &(\@ gr VOL ECﬁE@%WﬁK’ﬁW bATI@PXtone

integrase function) by either conjugation; electroporation or transformation

" (Tneu—Cuot étal (1991) Gene 106 21 Wirth et al (1986) J. Bacteriol. 165,

- ’831]

10

)  Animal model

" A lirge number of inisertion mutants aré analysed for randomi integration of

the plasmid by isolatiig DNA from transcipients, restriction enzyme

’ ;;digcstion and Southern hybﬁdisétiqn. '-In_dividual mutants are stored in the

15

“wells of microtitre dishes, and complexity and size of pooled inocula are
““gptimised prior o screening of the mutant bank. - Two different models of

" infection caused by E. faécalis are 'éﬁiprdjcd: “The first is a well established |

" rat modcl of cndocardms ‘involving tatl vein injection of up to 10° cfu of

“E. faecalts into animals that have a cathefer iniserted across the sortic valvc

(Whltman et al (1993) Am:m:crobml Agents and Chemotherapy 37, 1069). |

"'"Ammals are sacnﬁccd 4t various ‘times afeér inoculation, arid bactenal B

- "vege_tanon_-s on the aortic valve ‘aré excised, homogenized and -plated to

citlture medium to récover bacteiial colonies. Virulent bacteria are also

recovered from the blood at various times after inoculation. The second

“madel is of péritonitis in mice, following intraperitoneal injection of up to.

10% ofi"of E. faecilis (Chenowéth-et'al (1990) Aitimicrobial Agénts and

Chemotherapv 34, 180{)) As with the S. pneumaniae model, preliminary‘

......

A""'the opumum mocul‘um Tevel, prior to s‘crccmng the mutﬂﬂi

e bank

307



(iii1) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO (vi)

ORI G NAL SOURCE: (A) ORGANI SM Synthetic

ol i gonucl eotide a (xi) SEQUENCE DESCRI PTION. SEQ ID
NG . 3: CATGGTACCC ATTCTAAC 18 (2) | NFORMATI ON FOR SEQ
IDNO 4. - - - (i) SEQUENCE CHARACTERI STICS: - - -

(A) LENGTH 18 base pairs (B) TYPE: nucleic acid

(C) STRANDEDNESS: single (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: cDNA (iii) HYROTHETI CAL: NO - - -

(iii) ANTI-SENSE: NO - - - (vi) ORIG NAL SOURCE: (A)
OR@\WNI SWirufeyioé pend. identifiaioie! eotide -:r) (xi) SEQUENCE

" DESCRI PTION: SEQ 1D NGO  4: GC
(Rt N SAd oS OO Bl Eioh 9 PARDUENERE s B Sl

BT ) TG 51 o 48 of

Ty lusé®a6 bp meogaaumﬁewloﬁoﬁveayma\wﬂ( itie yector.
HYPOTHETI'CAL: NO - i )~ ANTI - SENS

- § ORIt mefore SANACEom thc s ms of interest are %igcstcd wgt¥| Jnc of these

enzymes, self-ligated, transformed into E. coli and scqucnccd usmg primers

based on the scqucnces adjacent- 10 the at sites on thc plasrmd A genomic

DNA library of E. faecalis are probcd, with sequences of interest to: nd_entlfy

- intact.copies of virilence genes which are then sequenced.

10

A5

.. of Salmonella typhimurium virulence genes (Example 1) is reportcd tohave
... ~broad -utilisation among . _Q;ﬁm-_gggagi__ye bactena,mcludmg several

. - pseudomonads ._(DeLorenio and. Ttmans(l994) Mg;hgd.;;__ Enzymol. 264,
20: :386), a P. aeruginosa mutant bank is 'cdnstmc:tcd 'us'.ing our cxisting pdo'l of
mgnaturc tagged mini-TnJ transposgns by conjugal transfer af thc sulcuie

. approach represents a significant. fime. saving. Other dcnvatwes of TnS

(a_) . Mutagenesis

Since transposon Tn5 has becn uscd by othcrs to mutagcmsc Pseudamanas

- aeruginosa, and the mini-TnJ. dcnvanvc that was used for the 1dent1ﬁcatmn

" vector o.0ne or more virulent. (and poss:bly mucoid) rcc:pxe;nt strams This -

- designed specifically for P. aeruginosa mutagenesis (Rel!a etal (1985) Gene o
. 33.293). may alternatively be employed.with the _n__;_lmfl‘.g_i _ .t,ransposon.‘, -

- (b) Amma! ‘model and vxru!cncc gene. xdcnuﬁcatmn

30

“The bank of P._aeruginosa. insertion mutants is screencd for attcnuatcd
virulence in-a.chronic pulmonary,_;,nfectlon model in rats. Suspf:ns:ons of

_ P. aeruginosa ceils are introduced into a bronchus following tracheotomy. -

P



10-

15 -
“The functional eqiuvalent of transposon: mutagenesis in fungi.is restxictipn
“énzyme mediated integration (REMI) of transforming DNA (Schiestl and
- Petes (1991) Prac;"Nazl.”Acad.-Sci; 88, 7585):  In this process, fungal cells

20

30.

- Example 8:.

(A) ORGANI SM Synthetic oligonucl eotide- (XI ) SEQJENCE
DESCRIPTION: SEQID. NO 5: ---- ------ -----
CTAGGTACCT ACAACCTC 18 fi (2) | NFORVATI ON FO? SEQ I D
NGO 6: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 20
base pairs (B) TYPE: nucleic acid (C STRANDEDNESS:
single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: cDNA

“(i+1) HYPOTHETI CAL: NO (iii) ANTI-SENSE: NO {viy -

ORI G NAL SOURCE: ((j (A NI SM Synt heti c

oI [ gonucl eotide (xi) SEQUER DESCRI PTI ON:  SEQ D. NO.

Rt dgenss dovelops gt QE@MW big) e
%ﬁu&@s S| %ﬁé ?;B)@e%ﬁ@pmlﬁ%* iglup 'hgfnqg)em{tg to

uence!thgs from )hebh( EEET&EZHI 10/4prcblMNA
%«i@w ogynm st B gioraerilug. ol 1 a0 possible to subject
the mutant bank to virulence tests in a model of endogenous bacteremia
(Hirakata e al (1992) Antimicrobial Agents and Chemotherapy 36, 1198),
-and cystic fibrosis (Davidson er al ( 1995)' Nature Genetics 9, 35 1) in mice.
.Clopiné’-' and sequé‘ncing of DNA flanking the transposons is done as
described in Example 1. Genomic DNA libraries for the isolation and
‘sequencing of intact copies of the génes--are constructed in the laboratory by
standard met!_ieds; ’ .

Tdentification of virulence ;

“a): Mﬁtagenesis

are transformed with DNA fragments carrying a selectable mgfkcr in the

presence of a restriction enzyme, -and single c‘o;iy integrations occur at

* --different genomic sites, defined by the target chuche of the restxiétion_!‘
. enzyme. . REMI has already been used successfully to isolate virulence
' genes of Cochliobolus (Lu- et al (1994) Proc. Natl. Acad. Sei. USA 91,

12649) and Ustilago (Bolker er 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

hygromydin resistance, and: used o transform a clinical isolate of A.

Jumigatus.



(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 7: GCACTTGIGT
ATAAGAGTCA G 2i  (2) I NFORVATION FOR SEQ ID NO 8: (i)
SEQUENCE CHARACTERI STICS: - - - (A) LENGIH 300 base
pairs (B) TYPE: nucleic acid (E) STRANDEDNESS: doubl e
(D) TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c)

~ (iii) HYPOTHETICAL: NO (iii) ANTI-SENSE: NO (vi)

-~ ORFGNAL SOURCE: (A) ORGANI SM Parti al - sequence of
Sal nonel l a typhi murium virylence gene 87 (xi)
SEQUENCE DESCRI PTI ON:  SEQ | 1 8:' GGICTTAATG

TA TG GTCTGCATCG AT, CTCCGG. CA ATC GCCATCGATA
60 Brca: mrf%w\ﬂ 7

CGTG -
AnP RN m‘“‘s *“%Eé%% R AT cular

CCaRgselyT matchts TRECHGSe DEGRlGaANy mmmwma

T’WM@%““ i iposaehy i up

Ul

RO, clcibdpbreiHARET " PRGERT, RERSE: el ar

STWEEDE%O dayidlacer by Wing WAk BEhogenaearto (inodulate liquid
MOLECULE ‘- TYPE. DNA (genomc) (i |) I—NPOTE@E%I CAL: B%A s

(i imodipmy| Hyphee aroollected afigr p oy

10

15

20

extracted for amplification and labelling of tags to probe colq_ny- bl'ots of

" DNA from thie. pool of transformants comprising the inoculum. .DNA from
- the regions flanking the REMI, insertion points are cloned by digesting the

transfonnént DNA with a restriction enzyme that cuts outside the REMI

- vector, self llgatxon and transfonnatlon of E. coli. Primers based on the
N known sequence of the plasmid are used to determme the  adjacent A
Jumigarus DNA scquenccs To prove that the insertion of the vcctor was:
| the cause of thc avirulent phcnotype, the recovered plasmid is recut with-the
same restriction enzyme used fm' clomng, and -transformed back into the '
wild-type A. fumigatus parent:strain. . Transformants that have.arisen’ by

. homologous recombination are then subjected. to. virulence tests.
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(A) ORGANISM Partial sequence of Sal nonella

typhi murium virul ence gene (xi) SEQUENCE DESCRI PTI ON:
SEQ ID. NO 9: GCCCGGACGC TAGIGIGGTG GGTGACAGCC
AGACGITACC GAACGGGATG GGGCAGATCT 60 GITGECTTAC
AAAAGAGATG GCCCATAAGG CGCAAGGTITT TGGGACTGGA CGITTTCGCG
120 GGCAGACAAC GTATCTCTGI CTTATTAAAA TGTGTCCTGC
TTCGGCATAT GTATCGAACC 180 CTCGGAGCAA AGTCGITTGG
GCGCAGAATT AGTACGITTG GGTC@plTGC TGTTATTCCT 240
TGGGCTCGGA AAAAGAGTGC CAGCGTGAAG GAGTGGGATT TGGECAGACTG
EENEREMTES Gther fiad mbmfm SEQ | D NO. 10:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 300 -
base pairs-(B) TYPE: nucl eic aC| d (C) STRANDEDNESS:

Ak, 2., B P ibdtoy R oo MG T Stidiiancr:
m; s:ﬁuh) IR ﬁdm&ulﬁqm!fgs?) Clifent Prhdboltin Mslbidhr

%Pence of Sal nonel phi murium virul ence gene

E@MrDEBhRIWﬂBM%QSI D NO 10: .. 88 .
CACTATAGGG AAAGCTTGCA TGCCTGCAGG TCGACTCTAG AGGATCTACT

AGTCATATGG 60 ATTGCACTTG TGTATAAGAG TCAGGATTAG

. BOCHGAEEON. comps@rmarmamffraﬂmam

(GCGAA TGAGGATAAT
St areAyirulent

QB\B;QBWATI(]\IFO?SEQIDI\IO 11: (i) SEQUENCE o
CHARACTERI STICS:  (A) LENGTH 300 base pairs (B)
TYPE: nucl eic acid . : '
‘Carter, P.B. and Collins, F.M. (1974) The route of enter:c mfecuon in

normal -mu;c. L Exp; Med. 139, 1189-1203.

' dc Lorcnzo V and Timmis; K.N. (1994) Analysns and construction of

stable phenotypcs in Gram-negative bacteria with TnS-and Tn]@dcnved
mxmtransposons Mezhods Enzymal 264, 386-405.

de Lorenzo, v 'Her.'rero." M., Jakubzik, U. a‘nd;Ti-mmis;.;l«’;;N-.a -'('1990)

Mini-Tn5 transposon derivatives for insertion mutagenesis, profuoter .

* probing, and chromosomal insertion of cloned DNA in gram-negatwe

cubactcna J. BactenoI 172 6568-6572

. Fields, P.L, Groismaﬁ, E.A. and Heffron, F. (1989) A Salmonella locus

that controls ‘resi‘iﬁthhée to micrfjtfii'cidal proteins from phagocytic cells.
Science 243, 1059-1062. |

leay, B.B., Starnbach, M.N., Francis. C.L., Stacker, B.A., Chatﬁcld

S.. Douean G. and’ Falkow S.( 1988) Idcntnﬁcatton and characterization

of TnphoA tmufants of Salmonella that are unable to pass-through a



(C) STRANDEDNESS: double (D) TOPOLOGY: linear (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 nonella typhinurium
virul ence gene (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO
11: TGCAGGCCGA CTCTAGAGGA TCCCCGGGTA CCGGTAATTT

- CTTTAACCTC GCATCCCGGT 60 GGATGAAAGG ATATTCTGGC
TGCGTAAGTA ATGAATGAAC CGCCCAGIAG ATAAAATATT 120
GAAAGTGATA ACCTGATGIT TTAAT TGCAGGATAT ACATATAACA

-CI-‘,ECFGGCATC 180 Wé'MGCAAAFT%I

TTTTCCACTA AATGT AGGTG GGATCAATGG GCT AATT
e e L ) s
pal r"?‘@&fl‘ﬁ\p}?‘fb} e % gf%dt&%%%%%enom 9)

(Iwa}z LAVRET IS5 | (k.. 8\YA7-TORIANTI - SENSE: NO (vi )
ORI G NAL SOURCE: - - - (A) ORGANISM Part.ial sequence

of Sal nonel | a typhl murium virul ence gene (xi) SEQUENCE

S AR S A el B (R R AT RS S e

GCARIAS R bcrbGiol. TIRT289E29T. TTGCGTAT TGTTCCAACG CATGCT GAAA

CGGGTTATGG 120 ATATATTCGT CGCGGTGAGT TGATAGGAAA _

TGACGCTTAT GCAGTGGCTG AATTTGTGGA 180 ,f—»»}
Groisman, E.A. and Saier, M.H., Jr. (1990) Salmonella vxrulencc new ot

clues to intramacrophage survival. Trends Biochem. Sci. 15, 30-33.

Herrero, M., de Lorenzo, V. and Timmis, K.N. (-1990)-_Transpdson
10 vectors containing non-antibiotic resistance selection markers for cloning
and. stablc chromosomal insertion of foreign genes in Gram~ncgauvc

* "bactenia. J. Bactenoi 172, 6557-6567.

Holdeh-'D‘W., Kronstad I.W.., -L_é';on}‘;"S:A."(lQSQ)'MUtﬁﬁQn-:‘in a.:h@ét_f—-;'
regulated h-sp’?O gene of Ustilago mdei;; EMBQ 7. 8. f-l,9<'2?~193_4., ‘

15 _ -Holland J., Towner K.J., Williams P. (1992) TlGimsertion el
mutagenesis in Eschenchza coliand Haemophtlus influenzae type b
. following conjugatwe transfer. J. Gen. Mzcrabcol 138, 509-515.

- Mahan, M J Slauchi, 3. M Mekalanas T (1993) Selectlon of bactcnal
virulence .genes that are specifically induced in host tissues. Science 259,
20 686-688. |
- Miller, S.1. Kukral, AM. and Mekalanos. J.J. (19892) A two-
component regulatory system (phoP pth) controls SaImonei!a
nphrmunum wru]encc Proc. Nat. Acad. Sci. USA 86 5054~5058
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GAAACCGGATATCGATACCG CCCGTGACTA TTTCAAATCA GGGGAAATAT
TACTGGECCTA 240 GCGGECGATGT TTTTATTTCG CGCAAAGCCC
TTATTTAAAC GAATTAAACG TATCTATCAC 300 CCCCAAATTC
ATACAGCTTG TGAA 324 . (2) | NFORVATI ON FOR SEQ I D NO
37 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 292
base pairs ? (B) TYPE nucleic acid (C) STRANDEDNESS:
double (D) TOPOLOGY: linear ff (ii) MOLECULE TYPE:
DNA(genomic) (iii) HYPOTHGII CAL: NO (iii) ANTI-SENSE:
NO (vi) ORIG NAL SOURCE: (A) ORGANISM Parti al
BRIE ¢ eMakketf DD ornfackie, hC”UIdh‘ﬁ%n VK, UbieRG8, I8 Ehd
Xi ) E'QJENCE DESCRI PTI ON” SEQ1D NO. 13: TTAETAAACA
%@h)rlmmﬁ oﬁ@mauya@mmxan@i\WaAAAAceATec

ggz , TTGCC?% g CgSTTATTT T@ms&

HEGATAATA TTGATAATAA GT ATACTCCA CAGCTATGTA 180 :
AAATTTTGGG GGCTATATCG GATTTGGITG TTTTTAATTT AGCCTTATGG
CITTCACTAG . 240 GATGIGICTA TTTTTTTTGI GGTCAAGCAC

PRV, gfA JF R B

B8 dnanstrpaionsof inBrtibRritativas:costnaegalafién of outer
STRANDEDNESS: double - -- - (D) T(P(]_(I;Y linear (ii)
TRDREANCLProieEns amr'elge%dﬁéylmwtﬁ in Wpomehelsras: NO

l&]ﬁ"r&s R - PERlRkerid 198! 55%?5%{3\"% SQURCE: - - - -

Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989) Malecular claning:
a labordtory manual, Cold Spring Harbor, New York Cold: Spring
Harbor Laboratory '

,Sang_er, F., Nicklcn,. S. and Coulson, A.R. (1977) DNA sequ\:nci,ﬁg w1th

chain terminating inhibitors. Proc. Natl. Acad. Sci. USA. 74, 5463-5467._ _

Schiestl R.H., and . Petes T.D. (1991) Integration of DNA fragmcnts by
tllcgmmatc recombination in Sacckaromvces cerevisiae. Proc. Natl, Acad
Sci USA. 88, 7585-7589. |




(A) ORGANI SM Parti al - sequence of Sal nonel | a

typhi murium virul ence gene (xi) SEQUENCE DESCRI PTI.-ON:
SEQ ID NO 14: TTTCCTTGCC GIGACAGICC GGGATGCGAG
GITAACGAAA TTACCGGCAC CAAAGCTGIG . 60 GAGGTGAGCG
GTGTCCCCAG CTGCCTGACT CGTATTAB#C AATTAGCTTC AGTGCTGGAT

120 90 pk AATGCGITAA SHOAARGCAAArAGACAGTIGCG GTGAGIGTAA

GTATATACAC GCTTAAGTAT 180 GCCACTGCGA TGGATACCCA
1) cERRAGEA] ATCAGT CCGTCGTGGI TCCAGGGGTC 240
) GCI:CTAG:I&M GAGA TGAGTAACAC CAGCGTCCCG ACGTCATCGA
GOAASHATRGE 300 (2) | NFORVMATION FOR SEQ ID NO 15: (i)
SEQUENCEABHARAGT FRLGT 16Ty 1.{Akc4ENGTH: 297 base pairs
(B) ETRIﬁﬂJ?cl ehgonred thCpu I SHRANDERNESS rdgubl e . (D)
TOP g2don(j i) MOLECULE TYPE: DNA (genoni c)

i
(iiile % 7 ) ANTI - SENSE: NO (Vi)
ORI G NAL S0l L(mg\?é“gg "NORGANI SM Parti al sequence

- (igh Saﬂmmlﬂnmﬂmht maelnumiearty&@r&e gene (xi) SEQUENCE
lg?scm PTION. SEQ ID NO . 15: CATGAGTAAC CTACCCAACT
(1 FEFF 1Y BEMUENETECASTCATAATCTT CTGCTGGTAA 60

(lAT%EE%iARﬁ% _GGTAAGTGAC ATAAGCACGC CATTACGTAA
CACTTTTTAA TAAGGGAAGT .

AATAORAMU@K;T@&Q\T TAMAA 180 GOCACAGCCA

AI(I&QAI?Q@@AEIBQS$EﬁﬂEﬁE AGOOBTNGTEGsCCATTCAACC ATGCTCTCCA

240 TPATIREEFARCA PFTATET GBOG2SSTHAT AATRE sAACAGGAT AGPo)
CGCTAAGCCATGGGTAG 297 -(2) | NFORMATI ON FOR SEQ I D NO.
(2) INBGRMATION FoRI JmoSERMNCE, CHARACTERI STI CS . (A) LENGTH.
184 base pairs (B) TYPE nucleic acid
(i) SEQUENCE CHARACTERISTICS: ' B
(A} LENGTH: 89 base pairs
© {B) TYPE: nucleic acid
(C) STRANDEDMESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
(i1i) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
(A) ORGRANISM: Synthetic oligoenucleotide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1:
CTAGGTACCT ACARCCTCAA GCTTNENKNK NENENKNENK NKNKNKNK&E NKﬁKNKﬁ%NK
NENKAAGCTT GGTTAGAATG GGTACCATG '

{(2) INFORMATION FOR SEQ ID NO: 2:
(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 18 base pairs
(B} TYPE: nucleic acid-
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
{iii) ANTI-SENSE: NO
(v1) ORIGINAL SOURCE SRR
(A) ORGANISM: Synthetic ollgonucleotlde

(%1) SEQUENCE DESCRIPTION: SEQ ID NO: 2:

60

89 -



(C) STRANDEDNESS: double (D) TOPOLOGY: linear (ii)
MOLECULE TYPE:- DNA (genonic) (iii) HYPOTHETI CAL: NO
(iii) ANTI-SENSE: NO (vi)_ ORI G NAL SOURCE: (A)
ORGANI SM Partial sequence of Sal nonell a.typhi mur um
virul ence gene (xi) SEQUENCE $ESCRI PTION: SEQ I D NO
16: ATTCCAGCCCCCGGGECCATC TAACCACTAT -
TACCTAGRACANTRATTICTTC. TGEGTG GACAATCATT 60 GGTACCATCG
GCCAGGCTTG TGCAATATGT ATGTCATCAC GTAAAAGCGC GGCCCCTTAA
(2) INIGYRTIAT EBRCHEEr LBTHOCPTAAG GGCAGTTATC ACGGCTGRCT

FRATEIREC CTTARIRAR R0 AonG, (184 | BT (2)

T NFGRIAENGN; 8 Bkl bDIAD 17: (1) SEQUENCE
CHARACTEBRESTh(SSeic (A}dLENGTH: 306 base pairs (B)
TYPEC) mERPEPRONESB el {i@1STRANDEDNESS: doubl e (D)

. TOPAPOAPEORPREart 1p¢4Y) MOLECULE TYPE: DNA (genonmi c)
NERN =) Tl . NO (iii) ANTI-SENSE: NO (vi)

(lg?IM&LENA&LEg@%CE: "} (A) ORGANISM Partial sequence of

(iiSalureomidraciyphmonuri um F virul ence gene (xi) S QUENCE

_.DESCRIPTIONi SEQ ID NO 17: GAGGCGCGIC :

(13T ERETRENEE 6dPCE00TC CAGATCTTTA TGCTCCTGIT TTACGTCATC

(vBP orteInaL source: _
(A} ORGANISM: Synthetic oligonucleotide

n

(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 3:-
CATGGTACCC AT'TCTAAC
(2) INFORMATION FOR SEQ ID NO: 4:
{i) SEQUENCE CHARACTERISTICS:
(A) LEMGTH: 18 base palrs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D} TOPOLOGY: linear
{(ii} MOLECULE TYPE: cDNA
{iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
_ {wi) ORIGINAL SOURCE:
(A) ORGANISM: Synthetic-oligonucleotide

e {xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: ' .. -

g\ N

- TACCCATTCT ARCCBAGC
N ‘ (2} INFORMATION FOR SEQ ID NO: 5:
{1} SEQUENCE CHARACTERISTICS:
{A} LENGTH: 18 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDWESS: single
(D} TOPOLOGY: linear
(ii) MOLECULE TYPE: cDNA

(iii) HYPOTHETICAL: NG

(iii) ANTI-SENSE: NO

. (vi) ORIGINAI, SOURCE: g
(A ORGANISM: Synthetic oligonucleotide”

(x1) SEQUENCE DESCRIPTION: SEQ ID NO: 5:

18

i3

18-



TTTACTCATT TTAAGATCTT TTCTAATCTT ATAATATTGA
AAAGAATAGTCCAGTATGCC 120 AACGACGAAA TAAAGAAACA
TCACCCCAAC CCATAACCATTTTTTCAATG ATGAAAGCAC 180 f
AAGCACGCCA CAGGCTACAC CACAGCCCGG AGGEEECCGG AAAGT GCT GG
GATCTTGATT 240 { AATGAAAAAG BBAAAGGGAA GAGATAGGAT
GATGCATGCT GGITGGAGEC AGATTATTCA 300 TCTTCG 306 {

CTAGG’-('@CTI NEQREIT|I ON FOR SEQ ID NO  18: (i) SEQUENCE 18

oy GHARACTERI STICS: 1 (A) LENGTH 297 base pairs (B)
(2) “T%EATW}{:F@B&EQCM NOE) 6:STRANDEDNESS:  doubl e (D)

ECULE TYPE: DNA (genomi c)
(7 |é )‘%ﬁm\g‘éﬁﬁ-ﬁa&ﬁ kﬁéﬁ i) ANTI - SENSE: NO (vi)
ORI GNAITYBEURGE I e i acid A) ORGANI SM Partial sequence
of S&mSABMEDNREh mimdguem vi rul ence gene . (Xi)
SEQUBNCECERISERF Piingil: SEQ D NO 18: AGT TGCCGT A

T CACCTCA GGTCAATATG GAGGTCTTCC CGGCTAAAAA
(%% @WE GATA TCACTCOCTG. GGTTGCAATA
(1i1GAGTACBAETIAGTTATCTTG 120 ' .. ATGCAGOCTG CTGATTTCAG
* AATGGCAGCT" GACGTACOCG CGAGACAAAC ATTCTGGATT 180
(AT RNECFRISPTCMACGOCAA TATAGGGAAG GTGGTGAAGT GGTTGATGAA
Wﬁ AT TGCATG TTATCGCTGA CAGGACTGTT

%&;ﬁéﬁi | NFORVATI ON FOR
SEQ ID NO 19: 9 %% %%%UERI STICS: (A

LENGTH: 297 base pairs (B) TYPE: nucleic acid tt (C
(S FERQUERNESSECRIBITBPS: SED) IOTEPOLEGY: |inear (ii)

CCTAGGE@;@@HEE]?&@E DNA ('genomi c) o o 20

(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) BYPOTHETICAL: NO
(iii} ANTI-SENSE: NO
(vi) ORIGINAL SOURCE:
: (A} ORGANISM: Synthetic oligonucleotide

(%i) SEQUENCE DESCRIPTION: SEC ID NO: 7:

GCACTTGTGT ATAAGAGTCA G ' e

(2) INFORMATION FOR SEQ ID NO: 8:

(1) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 300 base pairs
(B} TYPE: nucleic acig
{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

.
gy
P
R4




(iii) HYPOTHETICAL: NO ti (iii) ANTI-SENSE: NO (vi)-
ORI G NAL SQURCE: (A) ORGANI SM Partial sequence of
Sal nonel I a typhi nurium virul ence gene (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NO 19: CAAGAGACAG ATCCAACTCG
CIB:CIBKTCIE: CATAACGCCA GCAGTTBGAA AGATGAAAGC 60
(EPAGSTIATCLEAGRRAT, AGAGEIGE AACGAGCAGG TTGCCAGAAA
TAACGATAAA 120 GITGCAACAC CTCGGGATCA
RETCCTONGERAMS AATREREEA ECtBfeara 60
GGATGCCC ACTCCTAATA ACAGTCCTGT  CAACGATAAC ATCAACGGAT
CTCATTK%%?%W%EWCWWCWWTC 120

o S B

CCRACCEENGEAr TROBCOasecpairns THABLcAMRECATIRCRAL TACTELdGEE 240
STRANDEDNESS: double (D) TOPOLOGY: linear (ii)
ATTRATCRES AR IS TROPE ACORTRFE nBTRTERTTAG FEICTIRPET RETFRINTATNG 300
(iii) ANTI-SENSE: NO (vi) ORI A NAL SOURCE: (A
(2) InebieANESMroRagdd ab wgeaqyence of Sal nonel | a typhimurium
- virul ence gene (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO
(2D: SER@K%WWCW@}ATT TTTACACTGA TGAATGITCC

GGTCTf“hH.eMgeﬂpnuHAHQE@

A(EII%&WGCTTTATTA&IEfﬁ&EWTATGW -' 186 TGACCAGACA
(1¢W¥NQ@$QUEETTﬁﬂﬂXJNEWFAﬁn&iE@TAEIIIST CI?XTTAHT?TT GH(JKJVXTAT
tk;é& GC, ATCGCAAGCGCTTAATAAGC TGGGTAACAT.
CCC 298 (2) | NFORVATI ON FOR SEQ
(11i£ﬁ®@k:ﬁﬁSE(®b SEQUENCE CHARACTERISTICS (A) . LENGTH

298 base pairs - - -
(vi) ORIGINAL SOQURCE:
{A} ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene

{xi}) SEQUENCE DESCRIPTION: SEQ ID. NO: 9:

‘GCGCGGACGC TAGTGTGGTG GGTGACAGCC AGACGTTACC GAACGGGATG GGGCAGATCT. 60
GTTGGCTTAC BABAGACATG GCCCATAAGG CGCAAGGTTT TGGGACTGGA CGTTTTCGCG 120
GGCAGACAAC GTATCTCTGT CTTATTAAAR TGTGTCCTGC TTCGGCATAT GFATCGAACC ~ 180
. CTCGGAGCAA AGTCGTTTGG GCGCAGAATT AGTACGTTTG GGTCGGTTGC TGTTATTCCT 240
TGGGCTCGGA ARAAGAGTGC CAGCGTGAAG GAGTGGGATT TGGCAGACTG GCCGCCTAAT 300,

(2) INFORMATION FOR SEQ ID NO: 10:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE

{A} ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene

(xi} SEQUENCE DESCRIPTION: SEQ ID NO: 10:




(B) TYPE: nucleic acid ----+---"-------------- ------
93 (C) STRANDEDNESS: doubl e (D) TOPOLOGY: |inear (i |)
MOLECULE TYPE: DNA (genonic) (iii) HYPOTHETI CAL: NO
(iii) ANTI-SENSE: NO (vi) (RIGI NAL SOURCE: t (A

ORGANI SM Partial sequence of 8&al nonel | a typhi muri um

CACTATH‘B(FGJ lrepeex 1gen erctcfadaze SERAENCR DESERIFILMNeTSERTR NO 6

- CACTATAGGG AAAGCTTGCA TGCCTGCAGG TCGACTCTAG
ATTGCA%%?@WGWWWGMWA@@WMTH 120

- e e A Rl O AR pondlitnae 100

TCGECARTROCEAACAGC S TAALSMGIEC 168k n HEXThT (kXA En AN PARG an 240
AAAGTTGCAA CACCTCGGGA TCAGGTCGGC TCAAAAACGG 240 .

AGCGAGERSFCAE PAEAECHN AAATIRITER IRIGACH T GraCCACTCC TAGATAAEAGT CC300
TGTCAACG 298 (2) | NFORVATI ON FOR SEQ ID NO. 22: , (i)

(23" neIESRENGE FoRIARA C}'ERJOSTg " (A) LENGTH 301 base pairs
(B) TYPE: nuclelc aci (C) STRANDEDNESS: double (D)

(NOPELWBYE Cinvaareiistigs MOLECULE TYPE: DNA (genomi c)

NERRLSR I-‘PFFS@TTHEWQ:AL&seI\@J(w i) ANTI-SENSE: NO (vi)
ORl ig acid A) ORGANI SM Partial sequence

of fﬂ‘ég%ﬁ? 9Um virul ence-gene ('xi)
SEQJENCE DESCRI PT SEQ I D NO 22: CCCCCCCCCT
(1HCM@@K@LETTYPACA§MG@@&&AG§\CCGGCG CTGGAAAAGG CCATTCCCGC

0 . CATACAGGAGGCCAGCAACA TATTTTCACG
(i %&&%@E@%MGT AACCCACGGC 120
(11} TARRCEaA s .GRE TTGCCAATCATCGCTAT. CGCGCCAATC
GCCAGGCTGTCGGTAAACGG 180 CGTGGCGTTG
(VIAQURICEEAGTAGBOCT CAAT CGCATGCGTC AACGCATCGA" TACCGGTCAT!
240(A) ORGRNISM: Partial sequence of Salmonella typhlmurlum
virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

TGCAGGCCGA CICTAGAGGA TCCCCGGGTA CCGGTRATTT CTTTAACCTC GCATCCCGGT - 60

GGATGARAGG ATATTCTGGC TGCGTAAGTA ATGAATGAAC CGCCCAGTAG ATAARATATT - 120
GAARGTGATA ACCTGATGTT TTAATAACGA TGCAGGATAT ACATATAACA TGCTGGCATC : 180
ARRCCAGGTA AGCAAATCAT ATTGTGCTGC CAGGTTATTC AAACTATCGA CCGC»}'I'GG‘I'CC"':= ' é4d'.'

AGGCGGGAAT TTTTCCACTA AATGTAGGTG GGATCAATGG GCTAATTGGT ATAGGCGGAT- 300

(2) INFORMATION FOR SEQ ID NO: 12:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 324 base pairs
(B) TYPE: nucleic acid
{C) -STRANDEDNESS: double
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
(iii) ANTI~SENSE: NO
{vi) ORIGINAL SOURCE ;

(A) ORGANISM: Partial sequence of Salmonella typhlmurlum
virulence gene S

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

CCIGTGATTC CGGATGAAAT AGCTTTTACG'AAAGCTGTCA GACNTGCTGA AGBATACGCT - 80



PR

CGCCGTCACG TTTGGCGGAA CGCCTTCGGT CACGGAAGCA TCAAGAATCG
CCACGTCCGG 300 C 301- .{2) | NFORNMATI ON FOR SEQ I D NO
23: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 289
base pairs (B) TYPE: nucl ei c aC| d (C) STRANDEDNESS;
double (D) TOPOLOGY: linear884 (ii) MOLECULE TYPE:

censar ot SRR AR T G KA SR R, 20

ATATATREET |cabscmmae nearadcadal roeettmt yotuteucte MaryrdTgbENce 180
ene SEQUENCE DESCRI PTI.ON: SEQ I D NO 23:
GARAC CEESSCEARCTA XTI S TCACCeRSPEARATT CAC RGFTTIACGC2 40

oo SR R0 AT IR AR e o

CCCCABRET GEAGECEEEGAATATT: GGCTACAAAATCACTCAGCG TCTGGGAGEE. 324
180 TATCGCGCTG TTGGGCCGCT AATTCAGGGGCTTGGCGCGC

(2} INEORMPFENOERRGESIT TEAIEAI 240 GGCTGTAGCG TGCAGGAAAT

GAAAACCAA 289 (2) | NFORVATI ON
‘#%g@%% @%%;Iﬁ?gaﬁgwm@ CHARACTERI STI CS (A)
LENGE: +3@3 haseipalsig - .. (B) TYPE: nucleic acid
(O (STRANPEDNESSS: diuble (D) TOPOLOGY: linear (ii)

MOL EBULTOPPYPEY: Dheargenbmic) (iii) HYPOTHETI CAL: NO
&é&%gﬂﬁﬁ: éll\wtl a@sggqﬂ%%? (\(gld) S;)I?Irn?nglﬁll_asgjgﬁznusmm
(111) HYPOTHETICAL NO :
(iii) ANTI~SENSE: NO
(vi) ORIGINAL SOURCE:

{A) ORGANISM: Partial sequence of Salmonella typhlmurlum
" virulence gene

(xi} SEQUENCE DESCRIPTION SEQ ID NO: 13:

TTACTAAACA GGGCCCCGGA CCATGTAAAC ACCACGCTTG CCAACACTAA AAAACGATGC .- 60

: TTGCCGTAAA AAAATTGAAC GTTATTTACT TAATACGCCT - ATTTTATTTA CATTATGCAC_V . 120
.GGACAGAGGG TGAGGATTAA ATGGATAATA TTGATAATAA GTATACTCCA CAGCTATGTA. . 180
AARTTTTGGG GGCTATATCG GATTTGGTTG TTTTTAATTT AGCCTTATGG CTTTCACTAG;. 240

GATGTGTCTA TTTTTTTTGT GGTCAAGCAC AGAGATTTAT TCCCCAACCA CC ;‘” o 292;
(2) INFORMATION FOR SEQ ID NO: 14
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pdirs
(BY TYPE: mueleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NQ
{(iii) ANTI-SENSE: KO
{vi) ORIGINAIL SOURCE: o
(A) ORGANISM: Partial sequence of Salmonella typhlmurlumg ;
virulence gene o
(x1) SEQUENCE DESCRIPTION SEQ ID NO: 14
TTTCCTTGCC GTGACAGTCC GGGATGCGAG GTTAACGAAA TTACCGGCAC CARAGCTGTG.A_ 60

GAGGTGAGCG GTGTCCCCAG CTGCCTGACT CGTATTAGTC AATTAGCTTC AGTGCTGGAT .123



i ne (xi) SEQUENCE DESCRI PTION: SEQ I D NO
\2”4r U|- eg?e %%CCC(TAG)CA T%CTGGCGT TGTCOGGTTA TTGCTCGTCA
AGCGAACAGA TGCAAAAGGT 60 GAGAGOGACT CTCGAATCAT
GGGGGGTCAT GTATCGGGAT GGTGTAATCT GTGATGACTT 120
ATTGGTACGAGAAGTGCAGG ATGTTTTGEH TAAAAATGGG, TTAOOOGCAT
. ARTGCEIRAAGIAICGRER AG@E3ﬁ3359A@§&A@$§§§§%§§g¥hﬁﬁﬁﬁﬁ7&%%¥EKETAT 180
CAAATGGAT CAGCAA
GC@C%;@CQM%%WAWWAMWG 240

. gccmé%@ﬂ?&?@%é@%%%%gé@cngmmﬂ mg%ﬁagc S 390-

base pairs (B) TYPE nucleicacid (O STRANDEDNESS
(2) INBMPEION mpamm@ﬁ isnear (ii) MOLECULE TYPE: DNA
%IIIQ HYPOTHETI CAL: NO (iii) -
i\’ﬁh gﬁﬁg@ E%g T@FgfgﬁNAL SOURCE: (A) ORGANI ISM
Parti u ella typhimurium virul ence.
gene ng.ésé% g@g @g& PTION: SEQ | D. NO 25;
CCCT TUCCABOIGRCGAGAEES TACACAGCCA GCCACTGGTG CAGGCAGTTA
TTCA 60 TCATGCGAAG GAGCAATATC CTGATATATT '
Jﬂb&A TEECATECEesTFECST TTACT 120 GCTGCTAACG
(l;J' BT@{FE@@QI%TG&QT TGA TGAGATTCATCCAGCACACC ACTGATAACA
AAAGAGCGCC GCATTGGCGI AACATTGACA AGCCCCACTA
(MAA‘CMIF(SE@SET.A“WATCGCA 240 GAAATAATAT CATCCCCCTG . |
( lﬁA GATGA GAGTGACTAT TCTGCCAGCG CAAATAACCC 300 - (2)
e

I D NO 26: SEQUENCE
E@E ?egrg%ﬁl sgw gggab'lgg@e]p]ﬁ nghlmurlum

{xi) SEQUENCE DESCRIPTION: SEQ ID NO' 15;

CATGAGTAAC CTACCCAACT GTAATCTTTA CCAATATGCA TCATAATCTT CTGCTGGTAA 60

ATGATTGGTA ATATCGGAAA GGTAAGTGAC ATAAGCACGC CATTACGTAA AAGTGCGGCC 120
CCTAAACTGC CACTTTTTAA TAAGGGAAGT AATABAGAAR GGCTCAATGG TCGAATAAAA 180
GCCACAGCCA ATGCAATAAG CCACTCATTT ACCTGTTGTG CCATTGAACC ATGCTCTCCA 245-

ATTCGTAACA 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
(i1) MOLECULE TYPE: DNA (genomic)
{iii) HYPOTHETICAL: NO
{iii) ANTTI-SENSE: NO
(vi) ORIGINAL SOURCE:

{A) ORGANISM: Partial sequence of Salmonella. typhlmurz_um-'
v1rulence gene :

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

,AT.TCCAGCCC-CCGGGCCATC TAACCACTAT GAACAATCAT‘CTTCTGGGT‘G GACAATCATT v 60
GGTACCATCG GCCAGGCTTG TGCAATATGT ATGTCATCAC GTAAAAGCGC GGCCCCTTAA 120°
TCTCCCCATT CTTCCTTAAG GGCAGTTATC ACGGC'I‘GGCT CAATGGCCGG CTTAACAGCC | 180 -

ACAG : . e . ' 184



|

(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 Parti al sequence of
Sal nonel | a typhi murium virul%dnce gene (xi) SEQUENCE .
DESCRI PTI ON: SEQ I D NO 26: ATACCGAGTA TTAAGCGGCT !

(2) INEIRBAAACA THORGI KA TOGRAC1IAACATACCCA GCGAGCCGCC. 60
ACGCCGGAAA AACCGCATCG TGTCATGTGC CTGITGTAGG GICGGGICTT
(?’rﬁ’ﬂ“@&ﬁa‘%cm‘:ﬁmWTCT GCGCTATCATACTGGAAATT

1§ PEEXTGTCAGT 180 TGGGTAAGGA

X @JTTTTTGEA ATGGITATCT TTCCCCGACT
240 (U$Aﬁd¥%é6&£131§ﬁ¥§ETCCIIZS TGGGGGCAAT ATCCAAAGAC
GCTTTGGTCG CCCGTAGGEC 300.  ACC 303  (2) | NFORVATI ON
GEOYMOSECY LD TKRE: DRA tgenomiq)) SEQUENCE CHARACTERI STI CS:

) 300 base pairs (B) TYPE: nucleic acid (O
‘“&ﬁdﬁ%’ﬁﬁ%@ﬁ%ﬁ' 8‘8ub| e (D) TOPOLOGY: .linear (ii) -
(1iMOLARGELEEY¥PR0 DNA (genomic) 96 (iii) HYPOTHETI CAL:

NO (iii) ANFI-SENSE NO (vi) ORI G NAL.SOURCE: (A)
EIKQQ%?QWFJPQE&QQﬂ sequence of Sal nonel | a typhimurium’
vi r UfdntRé SERPERCE TESERMPTL BN YBEGUW BN
27: F.. SPECAGTTGCC OGGTTATTGC TOGTCAAGCG
- AACCGATGCC AAAGGTGAGA 60 GCGACTCTCG AATCATGEEG
) (2 GCFEATSET DERBEATAREGs FAATCRGT GA: TGACTTATTG 120

GAGGCGCGTC TTCGGTTGAG .GETCGCCCTC CAGATCTTITA TGCTCCTGIT TTACGTCATC 60
TTTACTCATT ‘TTAAGATCTT TTCTAATCTT ATAATATTGA RAAGRATAGT CCAGTATGCC 120
AACGACGARA TAAAGAAACA TCACCCCAAC CCATAACCAT TTTTTCAATG ATGAARGCAC . 180
- BAGCACGCCA CAGGCTACAC CACAGCCCGG AGGGGGCCGG ARAGTGCTGG GATCT{GATT = 240
. AATGAAARAG GCAAAGGGAA GAGATAGGAT GATGCATGCT GGTTGGAGGC AGATTATTCA 300
TCTTCE e - o 308

{2} INFORMATION FOR SEQ ID NO: 18:

{i} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 297 base paixs
(B) TYPE: nucleic aeid
(C) STRANDEDNESS: double
(D)} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(1ii) HYPOTHETICAL: NO
(1ii) ANTI-SENSE: NO

(vi) ORIGINAL SOURCE:

(A} ORGANISM; Partlal seguence of Salmonella typhlmurlum L
virulence gene

«xi} SEQUENCE DESCRIPTION: SEQ ID NO: '18:

AGTTGCCGIA TTTAPTAAAT ATTCACCTCA GGTCAATATG GAGGTCTTCC CGGCTAAARA. - 60
TCATTGCTTT ACTAGAGATA TCACTCCCTG GGTTGCAATA CAGTACGATT AGTTATCITG * 120_
ATGCAGCCTG CTGATTTEAG AATGGCAGCT' GACGTACCCG CGAGACABAC ATTCTGGATT -~ 180
ATGGACGTTA TCAACGCCAR TATAGGGAAG GTGGTGAAGT GGTTGATGAA ATACCCCTAT =~ - 240
CCCTTGCATG TTATCGCTGA CAGGACTGTT ATCAGGAGCG GGCATCCTCG ATCGGCT 297

{2) INFORMATION FOR SEQ ID NO: 19:




GTACGAGAAG TGCAGGATGT TTTGGTAAAA ATGGGTTACC CCCATGCTGA
AGTATCCAGC 180 ff GAAGGGGCGG GGAGCGIGIT AATTCACGAT
GATATTCAAA TGGGTCAGCA ATGGGGCAAG 240 { GTTCAACCCC
CACTTGCAGA TATTCCCCCC CCTATTGGAC TGGCAGATTA GTCACTCTCA
300 (2) | NFORVATION FOR SEQ I#2NO 28: rr- (i)

. SEQUENCE CHARACTERI STICS: (A) LENGTH: 300 base pairs

(iB) SEMPECE ke Eractths;C) STRANDEDNESS: doubl e (D)
TOPOLEGYENGTMeddT basé |pa)LerECULE TYPE: DNA (genoni c)

(iii B)H‘gg’ﬁﬁ‘HEﬂ’F@ﬂclE apNd  (iii) ANTI-SENSE: NO (vi)

Gz(,ﬁA %@%&E 121A2 YREANI SM . Partial.. sequence

of Sal nonel 1 a- typ 'iruri um virul ence gene (Xxi)

(ISEQUENCELDRSER PhhONenSkQ) D NO 28: GGGOGACCTG
. CCCECEECEC AACTTTCCCC GAAGCGITTT CCATTTCCTT GITCTTAAAT

(“6@ H¥EQBEFTIGAAA NOCTTACCTAA GCCTTGTCTT GCCTATGTGA

Qﬁfﬂ%ggégﬁgé \GAACAC 120 CCGGACGTCC ATGATTATGC

TATA TG GGCGATGGTG AATCGGTTAT 180
(VIATACGAGINA sel£%CAGCTC TGAGCTTATT GCTATTGAGA TA(¥VVVV¥3A

CCCOBCTIGANZ40: PACTEGCAI e nt AT AATIEE AN AGEEAA 4 un
CACCATACACITATATFOBEE TGECGTATAA 300 (2) I'NFORMATI ON
FOR SEQ I D NO -29: (i) SEQUENCE CHARACTERISTICS: (A

(xk ENehENcEO B DS Tg@er SEo (I%) F%;(F;%Pnucl eic acid (8) N

STRANDEDNESS:- -- |1 near
CAAGAGMAT BILEATYRE: ccDbaTge n@mm):ecdﬁ CCAGME@ %EI‘%:AGC[\D 60
CCAGCT‘?]ZTC CAGCCATTCC GGTACAGCGT AACGAGCAGG TTGCCAGAAR TAACGATALAA ©120
GTTGCAACAC CTCGGGATCA GGTCGGCTCA. ARBRACGGGGT CTCAGGCABA AATAGCCGAT 180
CAGGATGCCC ACTCCTAATA ACAGTCCTGT CRACGATAAC ATCRACGGAT AAGGGTATTT . 240
CATCAACCAC TTCACCACCT TCCCTTTATT GGCGTTGGAT AACGTCCATA ATCCAGA ~ 297

(2) INFORMATION FOR SEQ ID NO: 20:
{i) SEQUENCE CHARACTERISTICS:
(R) LENGTH: .298 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: double
~ {D) TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {genomic}
(iii)_HYPOTHETICAL: NO
{iii} ANTI-SENSE: NO
(v1} ORIGINATL SOURCE ‘ :
(3) ORGANISM: Partiail sequence of Salmonella typhlmurlum :
virulence gene

{xi) SEQUENCE DESCRIPTION: SEQ. ID NO: 20:

AGGGCTTTAT TGATTCCATT TTTACACTGA TGAATGTTCC GTTGCGCfGC-CCGGATTACA” . " 60

GCCGGATCCT CTAGAGTCGA CCTGCAGAAC CGAGCCAGGA GCABATTAAT TTTTITGGGC - “:120
ARTTGCTGAA AGATGARGCA  TCCACCAGTA ACGCCAGTGC TTTATTACCE CAGGTTATGT - . 180"
TGACCAGACA AATAGATTAT ATGCAGTTAA CGGTAGGCGT CGATTATCTT GTCAGRATAT 240

_ CAGGCGCAGC ATCGCAAGCG CTTAATAAGC TGGGTAACAT GGCATGBAGG GGCAACCC - - 26§

{2) . INFORMATTON FOR SEQ ip NO 21:

(1) SEQUENCE CHARACTERISTICS..
(R). LENGTH: 298 base pairs
{B) TYPE: nucleic acid

s



i

(iii) ANTI-SENSE:. No (vi) ORI A NAL SOURCE: (A)
ORGANI SM Partial sequence of Salnonella typhimurium
virul ence gene flI (xi) SEQUENCE DESCRI PTION. SEQ I D
NO 29: TTCGAGCTGG GGCACCGCTA ATATCTTTAA CCTCGCATCC
CGGTGATGAA AGGATATTCT 60 GGOBGCGTAA GTAATGAATG
AA [AAAAT  ATTGACAGTG ATAACCCGAT 120
GIT Léﬁgg% TATACATATA ACATAGCTGG :
CCA CAC AGCTGAAGWA 180 AATCATATTG TTGCTGCCAG
{{ECTACTTCACTASTATIGT (gen@ePCCECCAG CGGCGATTTT 240
‘CCCCCTAAAT CTCGCTGGTT CTCAAA 266 '.. - (2) | NFORVATI ON
‘llFbF@Y;EE@j“i%C&E} N@o .-) (i) SEQUENCE CHARACTERI STICS: -
300 base pairs (B) TYPE:- nucleic acid
‘”&)AN RS doubl ¢ (D) TOPOLOGY: linear (ii).
(vWOLERGHR LT ¥8FcEONA (genonmic) (iii) HYPOTHETI CAL: NO
(iii0p) ANTANSENSEar NG $videnORl @ RALMSEURCE yphAjurium
ORGANI SM "PartqngR $&Guence of Sal nonel | a typhi muri um
virul ence gene (xi) SEQUENCE DESCRI PTI ON: SEQ | D NO
(x30: spAGTHACEATR T FT ERCTATA iR CHETTAA TCATGGEOOGC
CATTTGTGGA TGCGATTTTA 60 AAATATCCGG GCGATCTTTC _
CACTATATIAAAAGAT CRAAGATTEEGE CATBATTIGAAGHGATANRGGTERIATGE 60
ATTCCT TATCGGTATT TTGAGIGATA CGTAACAATT CGITCICITC GIGT GGGT CcC
AT CATECERRT T B PR XA RATEST T ECEAT EATTF CrEATEREREAP ¢ 120
ccAGCA§¥¥@36££X8§§G£%VXE%¢dﬂéEETCdmbbﬁé%%ﬁﬂﬁ3wééébTaﬁﬁﬁyﬁégﬁﬂaﬁﬁec 180
CTCTTTCAAC TCAAAAAAAA TCTCTGTAAG CCGCTCTCGT GTGGEEECCC
AGGTTCQOE APRYARCNFORBAT! TNARCRCSEQGID NCACETGCCE I ICASEQUENCE 240

RACTERI STI CS;
GGTCTCAGGC AARRATAGCC GRTCAGGATG CCCACTCCTA ATAACAGTCC TGTCARCG 298

{2) INFORMATION FOR SEQ ID NO: 22
{1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 301 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: DNA (genomic)
{iidi) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO
(vi) ORIGINAI SOURCE: ‘ '
(A) ORGANISM: Partlal sequence of Salmonella typhlmurlum _
virulence. gene - .

{xi) SEQUENCE DESCRIPTION: SEQ'ID NO: 22:

CCCCCCCCCT TCTCCTGGCT TACACAGCCC CAGACCGGCG CTGGABRARGG CCATTCCCGC ' 60

CATACAGGAG GCCAGCAACA TATTTTCACG CGCCGCCAGA TCGTGGCCGT AACCCACGGE © 120

TTTCGGCAGCAGATTTGCCAA TCATCGCTAT CGCGCCAATC: GCCAGGCTGT CGéTAAAcGG‘* 180"

CGTGGCGTTG AGCGEGCTGT. AGGCCTCAAT CGCATGCGTC AACGCATCGR TACCGGTCAT - ° g&d"
- CGCCGTCACG TTTGGCGGAA CGCCTTCGGT CACGGAAGCA TCAAGAATCG CCACGTCCGG 300

{2} INFURMATION-FOR SEQ ID RO: 23:"

(i} SEQUENCE CHARACTERISTICS:
{A) LENGTH: 289 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: double
{P) TOPOLOGY: linear



(A) LENGTH. 299 base pairs (B) TYPE: nucleic acid (Q

STRANDEDNESS: - doubl e (D) TOPOLOGY: linear (ii)
MOLECULE TYPE: DNA (genonmic) (iii) HYPOTHETI CAL: NO
(iii) ANTI-SENSE: NO (vi) ORIA NAL SOURCE: 98 (A

ORGANI SM Partial sequence of %al nonella typhinmurium

virul ence gene (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO

(31) MOCBOBECTYHE AMTA GGEAGH SFGCGCCTGGT ATTCTTGTAA
AATACT AGCGAGACCC 60 AGGTTCCACC CCCGGGGACA

(TP PRERG FEAGAPTACE. GOOCATCATT TTAGOCAGGC 120

IT TGTGTCTGCT
(a4 )G%}%és?gg@@ CCA ATTCCTGTAC CTTGCGAA

TGATAAAAA CAGAAAAGAT TTGAGACTGC TGCTGITTTT
(CAATROEGRE AGREETATCG CTAACCAGAA 240 ATATTAATTG

- TTCCTEAGBAEAGAT: T GAGGGL GEABREET A W%%%@T
299 ' (2) | NECRWSTE GNnEOR SEQ ID NO 32: (i) SEQUENCE

CHARACTERI STICS: A) LENGTH: 300 bas”edpaiblrs (SDJ) B)
YPE; 6ENH ej i Q. ) ESSZ ounl e _

(}}-I%D%?c&w: EI P%secgi?b?%q§c%géw ?@PE: DNA (genonic)

CGCGARGGTIG) CHYROEMET ICCAMGTCNEL (aTEMATAINE AGRENSE:eNQscdMickra

VAL SOURCE: (A) ORGANI SM Partial sequence of
CCGGA‘%E{C?D%QGQA%% ﬁﬁﬁéﬁ‘a)ﬂ?ﬁﬁ? AFCPEFEIFE cPRRGTECTO] FABROCENCE

arTTTddeEERbATCERESBEL AR . Reracaana Teactences Teraseacce.

TATCGCGCTGfTTGGGCCGCT.AATTCAGGGG,CTTGGCGCGC CGCTTCACGA CCTCTCCCGAj,

GGCTGTAGCG TGCAGGAAAT TATCCARCTG CGGTTGGTGRA GAAAACCAR
" (2) INFORMATION FOR SEQ ID NO: 24:
(i) SEQUENCE CHARACTERISTICS:
: (A) LENGTH: 303 base pairs
{B} TYPE: nucleic acid
{C) STRANDEDNESS: double
. (D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA {(genbmic)
{(iii) HYPOTHETICAL: NO
(iii) ANTI-SENSE: NO

(vi) ORIGINAL SQURCE:

(A) ORGANISM: Partial sequence od Salmonella typhimurium

virulence gene

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24z

CGCCCTAGCA TGCCTGGCGT TGTCCGGTTA TTGCTCGTCA AGCGAACQGA.TGCAAAAGGT_

GAGAGCGACT CTCGAATCAT GGGGGGTCAT GTATCGGGAT GGIGTAATCT GTGATGACTT - - -

ATTGGTACGA GAAGTECAGE ATGTTTTGGA TARRAATGGG TTACCCGCAT GCTGAAGTAT

- CCAGCGAAGG GCCGGGGAGC GTGTTAATTC ATGATGATAT ACAAATGGAT CAGCAATGG¢

GCAAGGTTCA‘ACCATTACTT_GCAGATATTC CCGG@TTATT]GCACTGGCAG ATTAGTCACT
cTC: '
{2) INFORMATION FOR SEQ ID NO: 25:
(1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 300 base pairs
{B) TYPE: nucleic acid
- {C) STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
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GGATAAGATC CCGGATAAGT. ATGTCAGGCT CGTATGCACA ACAGGCATTA
TAAACCTCTA 60 GACCATTTTT AACATGCTCT ACTATTTTAA
AATGAGGCCA GGGTAATAAG GCATTCATAA 120 TGCCGITAAT
GATGATTTCA TGATCGICTA CTAATAAGAT CTTATATTCT TTCATTTGGEC
180 TGCCCTCGCG AAAATTAAGA TARTATTAAG TAATGGTGTA
GGTTGTGGAG ATCATACGTA 240 i._1. TTTTCTGECG TAAGICGGIT
%WTGAT TTTCCCCATT TTTACGCGAT 300 (2)
SEQ ID NO: 33: (i) SEQUENCE
@bﬂmﬁﬁisﬁﬂi@ (A) LENGTH. 278 base pairs (B)

TYPE: nucl e| c acid (C) STRANDEDNESS: double - -_ - (D)
¥ LF%’ MOLECULE TYPE:
(gen i F§q POTHEPPERI 4D tYPPiLffu)rmm

% GANISM Part%ql

ANTI - SENSELTRIS™EVIS ORI G NAL SOURCE:  (A) ORGANI SM
- Partial sequence of Sal nonella typhl murum  Vvirul ence
(xdg & NEEQYENCE EFCISEQUANCEEDHESCROPTISGON: - SEQ I'D NO.  33:
TTCCATATTG. CTCGTCCGGG GAGCGTIGITA ATTCTTGATG ATATACCAAT
CCCTICEAT CPECHARED TP SRS PP TERICCATICARET Y GBABAT TC» 60
TCATGG&E@@%A?@E@%@T%&@F k@O BACTGIEATG T 20
- CAGGG GEGTCATGIT ATTTCTGSGA TAATAGAGCA ACGECGT TAG -
GCTGCTM WT@@Z@EA@@@W@WCA 180
GCGTATCA CTGGGGTATC 240  ATAACTGAAT CTCATCCCCC _
MGAGW%%FCK%?&&KW?SAG@FA?WWT@{F @T%T%CPD 240
cannTaNElT 3AscddcbrSERUENGE EHAREGIERIS TR cact@ e ENGHI: 301 300
base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS:
double , (D) TOPOLOGY: linear (ii) I\/D_ECULE TYPE: -DNA
(2} INF?ﬁﬂﬁgﬁp%)FOR SEQ ID NO: 26:

(i} SEQUENCE CHARACTERISTICS:
{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) ORIGINAL SOURCE: ' '
(A) ORGANISM: Partial sequence of Salmoriella typhlmurlum
virulence gene

(xi) SEQUENCE DESCRIPTION SEQ ID NO 26

ATACCGAGTA TTAAGCGGCT GTGTAACATC GTCATCCAAC AACATACGCA GCGAGCCGCC._. 60

ACGCCGGAAA AACCGCATCG TGTCATGTGC CTGTTGTAGG GTCGGGTCTT TTTTCATGAG_, :IZQ
TACGTTTTCT GCGCTATCAT ACTGGAAATT TCCCCCCACT TACTGATAAG CCCTGTCAGT_ 180
TGGGTAAGGA CAGAGTTAAG CTCCTGAGAC ATTTTTTGGA RIGGTTATCT TTCCCCGACT 7 2405.
CRTAAAATCG GTATTCCCGC TGGGGGCAAT AECCAAAGAC GCTTTGGTCG CCCGTAGGGC- 360

ACC | _ . - 303
(2) INFORMATION FOR SEQ ID NO: 27:
{i} SBQUENCE CHARACTERISTICS:
{A) LENGTH: 300 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: double
. {D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (gencmic)



(iii) HYPOTHETI.CAL: NO (iii) ANTI-SENSE: NO (vi).
ORI G NAL SQURCE: (A) ORGANI SM Partial sequence of
Sal nonel l a typhi nurium virul ence gene (xi) SEQUENCE
DESCRI PTI ON: SEQ I D NGO 34: AATTCTTTTA CCTCCATAAG
CTGCGTGGCA TAGCGATACA GAGTATTMA\G CGGGTGIGIT 60
(1ﬂg¢Aﬁ¥35§§£g'dggAﬁ&¥V¥JKT ACGCAGCGAG CCGCCACGCC GGAAAAACCG
CATCGTGICA 120 TGIGCCTGIT GTAGSGTCGG
(1iGT CMITFFENREATAGTACG TGTTCTGCGC TATCATACTG 180

TOC SOURCE : TGAGACAIII IIIGA(%&GT%QTCTGCCCC%
CCGACTCAT oneglgotyphd pyrim
|NFOR|\/AT|O|§| §E?f’}eo NO 35: (i), SEQUENCE
CHARACTERI STICS:: (A) LENGTH 297 base pairs (B)
(T YPEQUANEH OFSCRIGITTON-CFEGTIRANDEDNESS: doubl e (D)

| i near ECULE TYPE: DNA (genomc) -
GCCGTA%‘%)&%‘? et T FFITOPAAE PACERSECC (I\I@AGQW%CQA 60
ertds
e SO S0 B SR 1

GTACGAGESUREFTICARET SEQ:EDAND ARECTHS: ATATCCEEAACEREIIABECCT 150

cnnc GG% TAAAT ACCACGGAAG GATACTGGCC ACCTAGCCAA 60
CHHRETEAATERASRPT CATBTTIIUPT TEEHICABRACECATIREGECCOG240

RS A ST R,

CACCGGA GGGAGTAAAA CTCATTAGGC CATAGGTAAT ATCATTAAGA - N
(2} INWTW@WAI%NPGAGBGTG GGGGGOCCAA ACTACCACTC S
PGEOTRR T AT S 29 .

({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 typhim&rium-"
virulence gené " '

(xi} SEQUENCE DESCRIPTION; SEQ ID NO 28:

GGGCGACCTG CCCGCGGLCGL AACTTTCCGC GAAGCGTTTT CCATTTCCTT GTfCTTAAAf | 6@ iﬁéj
GACCTGGAAA GCTTACCTAA GCCTTGTCTT GCCTATGTGA CAATACTGCT TGGAGAACA&I-  l1éd'
CCGGACGTLCC ATGATTATGC TATACAGATC ACAGCGGATG GGGGATGGTG AATCGGTTAT .iﬁd

- TATACCACAR GTCGCAGCTC TGAGCTTATT GCTATTGAGA TAGAAAAACA CCCCGCTTCA 246 '

© ACTTGGATTT -TGAATAATGT AATACGCAAT CACCATACAC TATATTCGGG TGGCGTATAA. 300

(2) INFORMATION FOR SEQ ID NO: 29:

{1} SEQUENCE CHARACTERISTICS:
(R) LENGTH: 266 base pairs
{B) TYPE: nucleic acid
(C} STRANDEDNESS: double
{D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA {(genomic)

" (iii) RYPOTHETICAL: NO



(2) | NFORMATI ON FOR SEQ ID NO 36: (i) SEQUENCE
CHARACTERISTICS:  (A) LENGTH. 291 base pairs. (B) TYPE:

nucleic acid - - - - (C STRANDEDNESS:. double (D)
TOPOLOGY: linear (ii) MOLECULE TYPE: DNA (genom c)
(iii) HYPOTHETICAL: NO, - (i%4) ANTI-SENSE: NO - - -

(13GY1 AnTPRE FRINAL 1 SOURCE: (A) ORGANI SM  Partial sequence

of Sal nonell a typhimurium virulence gene - (xi) .
(vVSEQUENCEADESORIRTI ON: SEQ | D NO 36: CCCATGGEECG

CAATIET GTHENCEAGEETTAl ACOCHAECAT SEBOBETTATG AGETGTIAATT

60 CATGOCHESISRARMGGRC GTGACGACCC CAACGGAAGA '

TAAGGECCGGG CTTAAACAGG 120 AGATTATTGCTAATGCGCAG
(-CECAMENEGT TESETIGEEERAGRECASTAAG STATGGOGOGC 180

ATTCGCTCTT TAATGTGGIG CCGCTTGAGCGCTTTAATGA CGTGATTACC

TTCCAGGRERSFEARIWGCEE (A TATCETBECCT B GEEDRCAGGTIATGAA CTGARATYCT | 60

C G291 NEORVATI ON FOR SEQ '
cacTooP R SRR P PR G PAALA ST CS T\ (R CoBRry 120
crrTrriddl Eehas@cpal f@ACﬁ@TATXBﬁAGQV@é @cﬁc%&c(@cmmc;m 180

STRANDEDNESS: double - - - (D TOPOLOGY: linear (ii)..
RATCRATRETECOEET SLPRE: GIINATTE EN eﬁTM)PGTW |GiG)ZG$mEM HESHGGALTTINOG - 240

C - (vi) ORIGNAL SOURCE: (A) .
CCCCCT%IQ é%%ﬁﬁ%&&ﬁénce of VGC Il fromcentre to'ieft 26
(2) 1npeRhTend Hokl yeSEQURNCEDESCRI PTION: SEQ | D-NO  37i
CTGCAGAACC GAGCCAGGAG CAAATTAATT TTTTTGAACA ATT(I:TGA\AA

(CATESPENET CEBRACIGATEINGSAA CGCAAGTGCT
TTA'I*’BA%T ee el‘?@ffr PEACCAGACAA ATGGATTATA X120

c acid
{C} STRANDEDNESS: double
{D} TOPOLOGY: linear
(ii) MOLECULE TYPE: DNA (genomic)
(iii} HYPOTHETICAL: NO
(iii} ANTI—SENSE: NO
{vi} ORIGINAI, SOURCE:
(A} ORGANISM: Partial sequence of Salmonella typhimurium
virulence gene

(xi) SEQUENCE DESCRIPTION 8EQ 1D NO: 30

AGTCTACGAT TTCGCTATAT CTTCTCTTAA TCATGGCCGC CATTTGTGGA TGCGATTTTA 60

ADATATCCGG GCGATCTTTC ATTAAAAAAT AAAGATTCCC CATGACTTCA CAGATAAAGGi 120
' TATCGGTATT TTGAGTGATA CGTAACAATT CGTTCTCTTC GTGTGGGTCC ATGATGCGAA 180
GAATAATGGT GGCATCATTT TCATGAGGAT TATGAACCCG AAATCTTTCT CTTTGCGATGf 240

CGCAGGCTAA CTCTTTCAAC TCAAAAAAAA TCTCTGTAAG CCGCTCTCGT GTGGGGGCGC' 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: lineax
'(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO
{(iii) ANTI-SENSE: NO

{vi} ORIGINAL SOQURCE:




I 101 TGCAGITAAC GGTAGGECGIC GATTATCTTGCCAGAATATC
ACGGCGCAGC ATGCCAAGCG 180 CTTAATAAGC TGGATAACAT
GGCATGAAGG TTCATCGTATAGTATTTCTT ACTGICCTTA 240
CGITCTTTCT TACGGCATGI GATGTGGATC TTTATCGCTC ATTGCCAGAA
GATGAAGCGA 300 ATCAAATGCT GEBATTACTT ATGCAGCATC

ATAT, t 1A 360..T AACC - :
TTAGCTCH S AT T Pl B e By
420 CTTAACGGIT AT TAG GCCAGTTTAC AACGGCGGAT

AAGATGTTTC CGGCTAATCA 480 GITAGTGGTA TCACCCCAGG
(XA GERBENGEC DASYRAGATRBASET TEPTHRASA : GAACAAAGAA 540

acecoc R S IR R A RERT™

AGCTTCFRLCACEIICANEH TSCOETATE TARAAMATA B86€-atcaTT _II_'I_I'AGCCAGGC 120 -

- TTCACCTCAG, GTCAATATGG AGGCCTTTCG GGT
TTCACCERINGATTOASACTIGATATISTEC 70HY CCARTICOTFIRICTFCCARENBARAG 180

cno e KRR CACTRCRT T G A PR AT A

ATATTAREGCCAATAACEH Gonfiaohb Rehen ST CICE cEGA TEEAARAT 299
CCCTTATCCG TTGATATTATCGITGACAGG " 900 ACTGITATTA - _

. (2) INRGRNATTNSEAR TREQT CATCGEGBLTATTTTTGC CTGAGACGCCGTTTTTGAGC
% \ _ﬁ COCAGGTGTT GCAACTTTATCGTTATTTCT
EETTACS jﬁ%o GTACCGGAAT GGCTGGATAA
GCT kbt GAE@H AAR GGCGT TATGGCGATC 1080
GOOOCGATRANKONESET GhEh GTTGACAGAG OGTTAAATAG. ACTAAGAGGA
ACGCTETGPPALAGA O LiEEECAGCCTG TTTAAATGAC AGGCAAAAAC

(s e R R P ARG, TCAGRTG
T FIRFFEAAAC TCAGGTGTAG TGACTATTTT

(11 AT GEFMEEAGA26Q0 AGTATCGGCA. ATTGCTTCTA CAGTGGTTTA
_ GCGAGGATGAGATCTGGCAG CTATATGGTT . 1320 GGITGGGGCA
(11IAAGRTINFENEE ANRTTACTTC CTCCGCAAGT GATGCAACAA ACTGCATTGC
(vih3 $CCGCOATTCTTAATCGGGAAG CGCATGACGA

T 0y JTAG o
GCAGCGT ATAGRL B ahe e SRRl g%gg
ATCTTCATGGAGCATTTCLT ATGAGTTTTA CTTCACTTCCTCTCACIGM
TA 1560- AGCTACCCGC TOGAAATATTATTGAGTCAC -

‘XlA CERFFARINATT SERCTH PRITTES 1620 - OGCAAGAGCA

' GG
eSS SRR o

GACCATTATAGRSATTITCCASCRATANG. ARAAGRGGANG/NCTASIAAG GCATTCATAR 120

GIGGAA TGECTGGAAC .
s ] A AR AP 100
TGCCCTCEE@%E@F}Q@?%%@ 188fcreTa GGTTGTCEAG ATCATACGTA 240

TTTTCTGGCG TAAGTCGGTT AGTTCCTCCA GCGCGATGAT TTTCCCCATT TTTACGCGAT 300

{2} INFORMATION FOR SEQ"TD'NO!'33:

{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 278 base pairs S EERERE T R
(B} TYPE: nucleic acid ' ' '
{C) STRANDEDNESS: double
{D)} TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA {genomic)
(iii) HYPOTHETICAL: NO

(1ii) ANTI-SENSE: NO

{vi) ORIGINAL SOURCE:

(A) ORGANISM: Partial sequence of Salmonella typhlmurlum :
v1rulence gene '




" CGCATCATAT. TAAAAATAGT ATAGAACAGGTTCTGITGEC CTGGITCGAC
CAACAGTCGG. 11920 TAGACAGIGT TATGTGCCATCGTCTGGCAC ’
GCCAGGECCAC GCCTATGECGGATGAGEGAG 1980

CCCTTTATTT. . GCGTATTCAT CCTGAAAAAG AGGCATTGATGCGAGAAACT
TTTGGCAAGC 2040-°  GGITTACGT.9P. GATTATCGAG
CCTGGITTCTCTCCCGATCA GGCTGAACTT. TCCTCAACAC . 2100 102

SR IS RTIREG AT OO, o ACrcuss

TPCCATATTASALTTIA AT GAGAT YA ANTGACEOCC A2 R CAAT GGATCTGCAR 60
CCTACAGCATTTACCCCTGG CCAGGTTATA GAGGAACAAG AGGTTATTTC .
TGGCGCRREST FERNIGAID 9T TTGRCBE TRICECASAMATIACERARAGRINAAT 120

e FEEHEEATHGAE TN DA AT

CAGGGCRAES) TCATTAGACK ol cEACABCASEIGCATTOTTCEATRrTA GATAAMALC 240
- AAATACAGGA GGATAATGGG 2460 GCAACGTTGC GTCCGCTTAC |
ATRACTEHIN\CACAICE CAGTEATEITRGT AFATFACAGAA. TGCGTATCAA 2520 278 .
T T TACTGCC GGOGGGTTGT CAAAAAAGAA -
(2) INM&%%%@% AACTGGATAC GTTACAGCGG .
: ( ACEARCERMIHOCEARCTERCE TICET TTTAGIT 2640 TACTGGAACT.
TCGOBATGIETEATACOSIACEETET CCTCT CTGAAGCGTT TTATGCAACA

27 00 BECEEAT ATREE cAAGGATGAAA
Tecw \ BESTRCRER CGOGT GRCAGACT GACC 2760 ' ..
GGA X GTATTTTGCT AAGAGCAGTA GCCTTTGAAC

(DT ATATATGT2B20 DRAT(eANXES TCCGAGCAAAGTCGTTTGRC
CGCAGCATTA GTACGTTTGOGTCGTTTGCT 2880 GITATTCCTT
11 G PPHMASAGATPGCCA GCGTGAGGAG TGGATTTGCC AGITGCCGCC

TA CTGOCGCTAC TACTCGATAT
‘l“zr WAZ%?&F%%%GGCTTTTCAGTGATTG 3000 @@ GTTGCTTGAT

(vACABEEABAGSCTRFAGT TTC TTCATCGAAG ATGT TCAATCGGTTACTCCA
30602) ATHAGTIGA Pa BOGIAGHTIACT GET GATABE LLSATAADTGET un
TTTAACGACCAAGISFCAATIG3120 TGAACAAATT CTCGAAACGC
TTCGTGAAGT AAAGATAAATCAGGTTTTATTCTGATACCT 3180
(xSEEDbRRAT AEITNPTIMN sEo 1D No: 34: _
| ATTGGCT TTCTGGCTCAT CATGAGGCGT CAGGATGGATTG 3240 |
AATTCTTIRT CTUATI PAC TGSACTAPATRAACREATCT CRFTAATRC/ARCFTRTEACCAT 60

s R Y FEIAC AL,

TerGCC A CA AT CCAAIAPALGT TEATAGALKY TAAAACESThTTATIABACCG 80
3420 -..~ TTGGCTAACT GGAAACCCGC AGCGTTCCAGGGTATTCCTC
GRAATT PREGATIRITIATT TEBTASERICT 3G B CTCATGAAATIRGACC GTTAAGETCC 240

s ST T s THERONET 0

G GTTOATGGTTAGGTGAGG?A 3600 GICAGGEECEC AACAGTGECT 301

- CAGIGTATGC GCGGGTCGGCAGGATATGGT TCT GGCGACG 3660
(2) INFORMATION FOR- SEQ ID NO: 35: ‘ -

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 297 base pairs -
{B) TYPE: nucleic acid
{C} STRANDEDNESS: double
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)
(iii) HYPOTHETICAL: NO

(1ii) ANTI-SENSE: NO
. (vi) ORIGINAL SOURCE:

(A} ORGANISM: Partial sequence of Saimeonella: typhlmurlum :
v1ru1ence gene

(x1) SEQUENCE DESCRIPTION: SEQ ID NQ: 35:



GIGITATTAA" TCCCTATTGTGATGATGCTGITACCCTTGC
CGACCTGGATGGTTGATATC 3720 CTGATTACTA TCAACCTTAT

- GITTTTCAGIG ATCCTGCTCT TAATTGCTAT TTATCTTAGT 3780
GACCCTCTCGATTTATCGGTATTTCCGICTTTATTACTTA TTACTACATT
ATATCGITTG 3840 TCACTCACAA TIOBGCACATC ACGGCTGGTA -
CTGITACAAC- ATAATGCCGGTAATATTGIG 3900-

R T ATTTACE 2000 Y AT PACTA TOCR AT T TG @

ATTTAW@WTWJ HQ20rcoRECEEAGETTeT -~ 120
CGCTTGA TGGGATGOCA GGCAAACAAA TGAGTATCGA TGGCGATTTG

TCTGOCRE RS COBACA N AREESRRCES /RGACCHT BT TGFAGNITAA 180

R S KT AT A e CFALTp e catpon 200

CGCTcT@EﬂﬂXﬁﬁAﬁﬂG@dﬁ@CEEBEEE&BANEAééﬂﬁEEEQKSCQEEEEEEA¥C¥EAE¥GQ(X33TAU'297
: CGTACAATAT 4260 GATATGTCGA TGAGTGAGGC TGITCACACT -
(2) IW&WW?O@; BEATGGTTTA 4320 TGTGGGCAAA .
T CRGT 5 TTAGCGCGG GAATTATTGT CACCCGTGTC
‘Ea?o?%? senne ,‘ CCTGGCGACA GAGTTGAGTT |
CTCABATTRECAGAGAAC T #4440 CAGTCGCTCA TATTAACCGC
TGT GST TITRANPRIERSCTE®GbCI TTAATTCC TGECTTTCCT 4500
TTTAPEARSFEL9ECHITERT TTCAGCGTTG TTAGCATTGC CAATTATCCT
CRSRGC GICTG TGGTTTCCGC AAATGGCGTC.
(3.%;\1;\45 i%ﬁAAR TAGTRHSETTCOC 4620 GGCGCATGT6 ,
mmcﬁﬁwmﬁcmsﬁmmec COGACGTTAC: ATTCTGOCGA CCTGATTCGT - (™)
4680 GATATTGACG CCATGAGATG GTTTTTATTT GAGGATACCG . ot
AL HoANEECSFEPBOGAGGTG. 4740 AATATTGAGG TTTTGCCTGA e
TGACGG TACTGCTATA TCAGGAACCC 4800 . .
emm%%?&m@ CACGEE GATTATITAT, TGATAGEOGC
GGACGCTAGY14B8.68e daHGGT G ACAGCCAGA ,
GGGATGGGGEC AGATCTGTTGGCTTACAAAA 4920 GACATGGCCC _
' T TTTCGA CTGGACGTTT TCGCGGGOA\GCOA.ACGTATC S
) R e e o et T o
ccCATGGﬁﬁEA&KK§5%6¥§ETEEéﬂ@&&@T?CﬂEEEé&%%%& e84&&rrare accrgr 60
ACGCGTTATCTAATGAATGC GATGGAAAAA AACTACTCTG AGC'PA GAA
CATGGEGQEA FEPPARER T GUCACTRCCAGHERACE GAT TRICTAAGAA TEEUEGAS: -~ 120

' T, AGAGCGEGIT 5160  TCTATTAGAG o
A o
SATTRIL T %ﬁ% TRATT G AT EBRGECRAGIEAAAAA 180

ATTCGC'.{EQ‘EWMTQM%TMM@M%T@%A&T%& 240
GICGTCATAT TCTGCGICGT 5280 CTTAATCCGG AAGGAAAACC }

TECCACCEET S SEATISTIT CIEXISTER: GECANGSTATTIASANGETG 5340 - 201 -
2) mw %Agg‘)cggcp& GACGOCAATG GGGACCTATACTGOGCTGTC oy

(JAAW@%T@@KMIJSQTCGA@AGI:&TGAA@ ' o
' AGT@AGGWGTHATTMTIWCAIQE pa3460 GTCACTTCTG TCGACACCOG o
ACGEITENRS GEAPNEATT - CAGAAGCCAC CTTGTTCGAC 5520

(C) STRANDEDNESS double
- (D} TOPOLOGY: linear

(ii) MOLECULE TYPE: DNA (genomic)

(iii) HYPOTHETICAL: NO

(iii) ANTI-SENSE: NO
(vi) ORIGINAL SOURCE: ' : '

(A) ORGANISM: DNA sequenceé of VGC TI From centre to left o
hand end ) . ‘
(xi) -SEQUENCE DESCRIPTION: SEQ ID-NO: 37:
CTGCAGARCC -GAGCCAGGAG CARATTAATT TTTTTGAACA ATTGCTGAAR GATGAAGCAT = . 60 .

CCACCAGTAA CGCCAGTGCT TTATTACCGC  AGGTTATGTT -GACCAGACAA -ATGGATTATE 120 |




GIACCGATTT TGICATGGCA _GGAATTAGGA. GAGGAGAGCC TTATACAAGT

GGTAGAAAGT 55.80 ATTGACCTTA- GCGAAGAGGA GTTGGOGGAC .-

AATGAAGAATGAATTGATGC AACGTCTGAG

CCGCCCCCCG ATGGITATTG TCGATGGGEECCGAATTCAGG ATGTICAGCGC

. 5640 GCTGAAATAT

5700 AACGTTGITAAATGCGTGGTTGEET GGGGT
ATTTATGEEC. GAGTTGIGCCT GTATAAAGCC 5760 TGGAGAAGAA

ronc RIS AT REAL BREAE, MACETH oo

CTTAATEEAAGECATIECBEEEEARC A GCACIIICATTAGAcTARABATT GETCEEEITRG

. GCGAAGCGIT. ATTAGGGECGA GITATTGATG GCTTTGGICG
CGTTCTREEY (BATTRSAT OB gy CTERXICCEYRRESTRSORETIRCATAR GRTGAAGCGA

e G G I I

TeeTeTRACC@TACEHET00 kb acidide ﬁﬁ%ﬁfﬁﬁfﬁﬂsﬁﬁédﬁaaﬁﬁﬁvﬁaﬁAcTTAGA"

AGIGGEGTATT TTTTCTGCTC CTGECGTGCEG GAAAAGCACG 6120
CTTAAq9$??fﬁ@§§§§QT$@I§ﬁS$Gﬂ?$&CTEEQ@@GQ@%&Cﬁ%ﬁ?WﬁN@ﬂ@I§$GKIEHTQBTCIST490

ol ARG SR

TTGAAGEAAT BOTEXITCAGGFECA SaNG cAGNSIBERCKST GEWAW Geo0
6300 TTTGWGECCA CCACGATAGC AGAATTTTTT
TEFEFHEET T B3BGF TATCCBAETEAB

ACCCRCEEETATIR:

o BRI

e

780

aaTcecTEECATCEAGT AT TAGASCKTRCOA81: 11 ECEAATEIGCCAGRMAAAAGET
CAGTATTACC GCATTTTATA CGGTACTGGT GGAAGGCGAT 6540
‘ CIHASBTCEISFEANGT CECHIIEACT GCTHAIPEGAC 840

GGTAGC@Q@Q\‘"W

T

AcTGTTﬁfﬁ%SE@ﬁﬁTb%G6K¥¥aﬁﬁéﬂ¥5%eféﬂﬂaﬁﬁf¥&%36EEKE@EEEEG&¥E¥Eﬁ&%&iB

Blods

CHMLE

6720 GTGCCTGGECG CTTTACCAGG AGGTTGAACT GTTAATACGC

TTCCAG€%ﬁ%wﬁ??%%%Fé%@xﬁﬁ@éﬁ&ﬁ%&ﬂcﬁ&ﬁé&?ﬁ?@ﬁTﬂE?i§$§éﬂE19ﬁ§A?ﬁﬁQ§§c

ATGCTACCAG -

R CAC A BEEROBT 678U AT RS T CATRCATEATAETEXEAT

omec S ASCHATICA TN AT TR R o

GGCCCGAGﬂAAAK‘ﬁ@E'CTﬁ A0 cAGARCAGTGAL THEATCENMAGCH HHOCTREAR -
- ATAATCGCGC GGCTGAAAAG' CAATTACGCG 6960 GCAAGCTTAC

CATTTGZ@?J.O TG@{%%%
TCTACCAGACTGAAAGA%

AGTATCEWT@C@RCTK mw@’mmmmm@mmmxﬁc 13 2 0
CAGCCGEC 7140 - AGAGCTTTTT GACGCAACGG- CAAGCAGITA
TG AT AT BB IRCP SIS BIgGCRA ACTACATICC

AGATCG%%ECI@%%ETEM% Cad M henrececta
GAAAGAAAARATTACTATG 7260

TTAGTATTAT
ATCTTCATGG
AGCTACCCGC
CGCABGAGCA
CTGAAMARAT
ARGAACTAGC

" AGCATGTAAA

- CGCATCATAT

TAGACAGTGT

CGCTTTATTT.

GGTTTACGTT.

TACCCCCTCC

AGCATTTGCT
TCGARATATT
BCBAGCTAAG

.CATCCGAGAC

GTGCTTGCGT
ACATTTACAA
TARAAATAGT

TATGTGCCAT

GOGTATTCAT

GATTATCGAG.

GCAGCGTATA -

ATGAGTTTTA

ATTGAGTCAC

AGAGTTTCAC

GCCTATCGTT

ARBAATACGC

GACGATGAAA -

ATAGAARCAGG

CGTCTGGCAC

CCTGAARRAG

CCTGGTTTCT

GTAG

TGACTATT

GG CAAGGTA

CTTTGGCCGA‘

CTTCACTTCC
AGTGGATAAC

ATGCTATTGT

BTCAGCGTGA

TGGAAARBAT

ATCRATTTICG

TTCTGTTGGC

GCCAGGCCAC

AGGCATTGAT-

CTCCCGATCA.

AGACTTCTCT

TCTGACGGAA

ATTACAATTA
GAGCTCEGCT

ACAGARAGTT

GGAAGTGGAA
TTCATTGGTC
CTGGTTCGAC
GECTATGGCG
GCGAGABRACT

GGCTGAACTT

7080

TACCGAGAIT :

ATTAACCATA

ACTTTATTTG
TACCGTAAGG
GAGCAGCAAC
TGGCTGGAAC
GRTCACGCAG

CABCAGTCGG

GBAGAGGGAG
TTTGGCABGC -

TCCTCAACAC -

180
240

300

T B v

660

900

960

1020

1140
1200

1260

1380 _

1440
1500

1560

1620

1680

1740
1800
1860

1920

- 1980
2040

2100



GTATTAAGCG. ATGCGTATTACCAAAGTTGA GGGAAGTCTT GGGTTGCCA!
T GCCAGICTTA 7320 c''a TCAGGATGAT AACGAGGCGG
AGGCGGAACG TATGGACTTT GAACAACTCA TGCACCAGGC' 7380. )
ATTACCCATT GGTGAGAATA ATCCTCCTGC AGGATTGAAT .
AAGAACGTGG. TTTTCACGCA 1440 AQEITATCGT GTTAGTGGCG
GTTATCTTGA' CGGTGTAGAGTGTGAAGTATGTGAATCAGG 7500

' GATATW%&W%%%@%%CGC GO'IA‘\';'I-A%EAGIS\AA TGGETTACGTA 2160
ATCCTEEEAARCEACKJEICRECEAGEST GAGE L LT C¥H¥Bﬁ£§££%3AATG cce 2220
TATATAATTTCCCTGGAGAT 7620  ATTCTATGIT. AAGAATA
cH : OGBS T AGEAGSTACTR COBAMIBOAAG GE6BRAATG - 2280
e TGGTGAGCTG ACATTGAGTA TGCAACAATA TOCAGTACAG
© e GO A AT RSP T AT AT ARTGACER B8 2340
ATAGGAEEéﬁiﬁﬁﬁﬁéﬁb£&§T¥§£%¥§ﬁéc63%5£S£¥¥§%§.AZ
A ot oo AR EREs @IQQCTGA TGCTGAGAAA 2400 .
CTGGAWWWATW@@W@M@@&EM&@GE&&QTGGG 2460
ATGGAAT AGCTGAATGG- GGGCTGGOGC CGTTATTGCAAGOCAGTGAT
scnnc i SRR 7926 M ETERDACERISTOCRIPOR TECTECHBTAR, 2520
arTaToREEd AGGARAY JAGTAEE S d KA ATED
TGAAGAGCAT GAGITCCATA GCATTATTTT 7772380
2640

TTGCAPGGA0 " AALYSCATATCOBRAATATE AGERREABGERETEI@CEG TTTAGTT
TACTG @%ﬁ% CA GATTTATCCT CSccccchTG 8100 TGGTAGTOCC
CECTREEFEE NEETTIEAFT €

GGCGATRERO AnAARTGEERCAd SR FeT " T- precce e
T CAGACTCGGT TTTTTTGCTA 8220 %TC%%A ceee éGCC 2760
GEATCCTACTCAACEIS TTGTT BTGNS NEAGRATAAL ACPATGAMATTARROA TG 2820

CATCG’%‘Tr%rA TT. AGTCCAGGAT  ATCGAAACGC TACTTGOGTC AGGGAGCCCA
' P8 4 BT C BT RS CE AR BT B TTIRCTEI TSCACTORTATEST 2880

" GTTATTACAT ACCAEAARAT TG d Cenl EEGAGEELS %QC%C@% 2940

TCTGGAAATT GGACAATTAC GACAACTTAA AA

TRATACRATO CTGCISTACATG ITFITIOCAECA RS T RARGACTIAACAGTAR G - 3000
TIT G 8520. GIGAGITGAT TGCCTGIGEC . .
GTTGCT%é%ﬁ%%%%ﬁ%%QC? HTCTEE9Q§§E$5§§ﬁﬁ&?@ﬁﬁﬁﬂgcgpxﬂgg30CA 3060
" ACRAACTPEMYA EACAE 1oA ARRGIA ol T AMNANNET ML AT AN é%EAAjlﬁlzo
CCGITCCAGG 8640 TCGIGICATG AGAGATACAG TAT

TGAACA%&?EE¥¥F$@§B§£¥3¥THIQQM$E£BTC¥¥E$HKHEA52R68ﬁm3®TTThE tCTEREIFECTGG 180

CCCTTTRSFANARCAREBT CL TRITCATECAGBIRCASETT CBBACRICE TONCTFRGTCCAG 360,

TGGGATGCCA

TT ATCGTCATGG GAACTTCTTT CCTTAAACTG
195 REGAARTEES®

TEHETBERFATEC

GGATCTéﬂMﬁAé@ﬁﬁﬁﬁﬁiﬂﬁﬂ%ﬁ%ﬁf@&ﬁéd&8@ﬁ&TA&§¥¥§IGfEﬁEE%éE@EHQKEEQ%HA‘G
TGTACTTTCC TTATTCATTATGGEGEGECCGAC GCTATTAGCT 888

3240

3300

4020

ATTCTC%%Qng¥g£B§§A§§Z%%AQCAAACC-TTCTTAGACGwAAGAACTGCT TTTTABRGCG =~ 3430
TTGGCTAACT GGAAACCCGCAGCGTTCCAG: GETATTCCTC ‘AACGATTATT - TTTCITGCGE 3480
GATGGGCTTG CAATGAGTTG TTCTCCACCT:CTTTECAGOT ‘CCGOCEAGET CTGGTTACGA 3540
TTACATCATC GACABATAAA AT?TCNTGGA GTCGCAATGC‘GTTCATGGTT AGGTGAEGGGA 3600
‘GTCAGGGCGC'AAQAGTGGCT CAGTGTATGC7GCGGGTCGGC:AGGATATGGT'TéTdGCGAcG"'“3660
GTGTTATTAA TCGCTATTGT GATGATGCTG;TTACCCTTEC-CGACCTGGAT'GG%TGATATC* 3720
CTGATTACTA TCAACCTTAT GTTTTCAGTG ATCCTGCTCT TAATTGCTAT TTATCTITAGE 3780
GACCCTCTCG ATTTATCGGT ATTTCCGTCT TTATTACTTA TTACTACATT ATATCGITIG 3840
TCACTCACAR TCAGdAcaTc-ACGGCTGGTA~CTGTTACAACfATAATGcch'TAATATTGfG 3500
GATGCTTTCG ‘GTAAGTTTGT CGTAGGAGGA AATCTCACCE TTGGGTTGET COTATTTACC 3960
- ATCATTACTA TCGTGCAATT TATTGTCATT ACAAAAGGTA TCGAGAGGET GECCGARGTT

- AGCGCACGTT: TCTCGCTTGA GéCAAACAﬁAﬁTGAGTATCGA‘TGGCGATTTG o

4080




GACAGTAAAG CATTAGCGCC TTATCGACAG TTTTTGCAAA AAAACTCTGA

AGAGAAGGAA 9000.

GCCAATTATT,; TTCGGAATTT GATAAAACGA

ACCTGGCCTGAAGACATAAA AAGAAAGATA 9066 AAACCTGATT .
CTTTGCTCAT ATTAATTCCG GCATTTACGG TGAGICAGIT AACGCAGGCA
9120 TTTCGGATTG GATTACTTATTTAICTTO00 TTTCTGGECTA
TTGACCTGCTTATTTCAAAT 9180 ATACTGCTGG CTATGGGGAT

et R e AT

588 AR 1

accccdBeT AGRCATE: R 06LActITdGAMBAATTTG TTAARGGCGA TACGATTGCC - 4200
TGATTCTGAATTGACGCAATTTGTAACGCA ACTTTTATGG ATCGTCCTTT
CGTATIHIBG TTRTCIGRC TWRPCEUUTG ASTG T TG CEURFORERAGHTIBAT 4260
TGTGGd@ﬂiIAfﬁEEﬁﬁ§i§1¥%&QI}¥%6%48@TAdééﬁ&f%ﬁﬁ@EEdeﬁiQﬁﬁﬁ%ﬁﬁ%Tc- 4380
TACCCATGGC TTAGCGGT AT CCTGITGAAT TATACCCGGEC 9540
CCGECTSEAT ARTCTIBGAN TR GCAGACGATTIGEAGTT CTCABATTGC CAGACAACCT 4440
GAATGGCACA. ACAGGTAAATGAGTIGECTTA 96 T .
CAsTOo R R P SR Ry RGO T OF PR AT SRR R T T AAS00
rrraT @808 TAAMEIGECARAEFIACCHEHGATTGC CAATTATCCT CATTCGCCGC 4560
} GCACTTTTACGTAATGGECGTGCTTATGICA CTTACCTTTC 9720
AAAARGIGNT ATHACTE NS TFRT TR CCACABANGEA FRARRGRTAE ATATGGTTCCC 4620
TATTGGTAAAGATTACAGITO9780  GGITA
e e T e L)
GATATTCAB84 CCATCGAGATG GFYTTTATI - GAGGATACCG GCGTCCCTCT CCCTGAGGIG 4740

TTCCCTTTTGEECCGI TGAT:

cTGeTCEEAAAAETEARR 0@ acénnk0 B rhGEAdEACA e ATAE (A TAdARAR -

ATGECGEEGTTTCTGCTTGA. TACTTTACGT
AATAT TGAGEKIACAZC P8 0B CRCIUBRAGRNT CATICAATTETATAAFAERAG

oo IS AT RO, Wil oy o

TTACCACCAG GGOGTACTTT ATTATTTGAC CAGCAATTTT 10080 )
GACATGRAAR ATARATCACEATISTATAG AT COMBSATIE. TPFIRRRCAATICRATEIRTCAGHE 980

~

4800

4920

S T e

ACGCGfﬁﬁﬁéﬂiﬁﬁf&K5EEGWEE¥§EE£AAQGEK§E§%éé&E'EéﬁfaéﬁﬁﬁiThdﬁ&éﬁﬁ&i@CCh’5100
- 10260 CQTGATCTC‘A TTCCCTTATG CTCTTCATCA

CGCCAGETAT T

¢¢GA&A$¢?ﬂ3§¢ﬁﬂﬂ:ﬁ@gﬁtﬁTAT¢ﬁﬁQ§ﬁﬁﬁ99$T
A ACY

GATGTdaiéﬂWiB%ééﬂbnﬁéﬁiﬁﬁﬁéﬁﬂd&Tl@4éébcCTEEYEQGEEKEQATTTE@@EETG@&

[TTGTATTTT

CATTTCTTTA CTGAAAAGATGATTTTGATA 10500

5160

CTTARTCPEA PREATRACAAIMSCTIAT ICALICCFAT A CERARSIARTICRAARENPT T340

oo AR AL AR BT TR AT

AAGACGCAGA
GTCACTTCTG

GTACCGATTT

ATTGACCTTA.

 GCTGAAATAT
AACGTTGTTA
TGGRGAAGAA
TACGAGTACA
_ GITCCCGTGG
GGCCGCGARC

GTTCGACAGC

TCCTGCAACT TATCGAGCAG

TEGACACCCG ACGTTTCITG

TGTCATGGCA;GGAATTAGGA,

-GCGAAGAGGA. GTTGGCGGAC

CGGCCGCCCG-ATGGTTATTG

BATGCGTGGT TGCCTGGGGT

CTTGCTGARG TCGTGGGGAT,

ATCGGGCTTC -ACTGCGGGCA

GCGARGCGIT . ATTAGGGCGA

GCGCTGAAGC

CGAARAATTA

GAGGAGAGCC

AATGARGAAT
TCGATGGGGC
ATTTATGGGC .
TAATGGCAGE-
GCAAGTGATG

GTTATTGATG

TGCCCGACGT CTGGTGGAAA»GACTATGATG

CTATCACTCA ACCATTAATG

ACGGGGATTC

AGTCAGCCAR .

CAGRAGCCAC

T TATACAAGT

GARTTGATGC
CGRATTCAGG

GRAGTTGTGCT

AAAGCTTTGC

'GCCTTAAGCG

GCTTTGGTCG

CRATGCCTCC

GCGCTATTGA

ATTATTCATT -
CTTGTTCGAC
GGTAGBRAGT -
AACGTCTGAG .
ATGTCAGCGC
GTATAARGCC
TATCTCCTTT.
ACGCCATCAG -
TCCCCTTGAT ©
TCCCGCAATG

TAGCGTTGCGE -

5400

5460

5520

5580

. 5640

5700
5760

5820

. 5880

5940

6000

6060




GGGEGTAATAG TTGCTACTGI GEGTAGCGTG TTTCTTCAGG TGEEEGTGGT
TATTGCCGEC 10680 AAGCSCCATTG GITTTAAAAG CGAGCATATA
AATCCGGTAA GTAATTTTAA GCAGATATTC 10740
TCTTTACATAGCGTAGTAGA ATTATGTAAA TCCAGCCTAA

AAGTTATCATGCTATCTCTT 10800 ARETTTGCCT
TTTTCTTTTATTATTATGCC AGTACTTTTC GGGCGCTACCGTACTGTGGG

B A G P TO1ob IS FRATTOGHeat e o120

CTTCTGGQGEA@E%@TMTH@EEXWE&JMM %E?f@%@%ﬁ%%@@sm 6180
GCTATCTAAA AATGAGTAAAGATGACGTAA AACA|
CAACCTEAMA AT ECAETEBATRRTTL GA‘UTTT@TFMTMAGA GACCCGRARBA 6240

: CGTTGTW GAGTGAAATA CAAAGTGGGA - GTTTAGCTCA
111 B TCCECGTABTOSEPAATCEREEYIG 6300

TTTGTCEATATTAEXTEEE GG AT ok vl L e e iy
CAATACCACG CGTCCTGBAAPTA%\%%% ATGOT CAACE }ﬁ‘% 6360

GCCGACTWWTHWWM CGCTCTGGCG CCGGAGAGAC 6420

%F%;AAA ATGITGAGCT. 11280 %
THE RAETEGRERR CEEARRPAAL TRRFIACHEAAA 6480

ACGGGA&EEETAKJMA&&%@TATTACC GCATTTTATA CGGTACTG
ACCCGTTGCAGOCTT GTTACGT AT GOT GAT CAACATAGRTT 1RPASIRT 6549
GATATGW&QmATmemmTEmﬁsmimw 6600

N TAAGAGGGTAATAGCG 11460 TATAGAGCAG
G AEAC TR SRR FERET TEPRARKISREGCA 6660

ccscmﬁ:ﬂ&&%m@éét@ﬁ@@ﬁ&éﬁﬁmpﬁgg . 672
$141700cd3b A ARG T&Eﬁé}é‘é&%@sﬁ%@?@%& 6720
GTGCCIGRER m@m@m@m@m@ T 6780

e ETGE U SIS RCR OO .

CGCGGT

ACAARGTMAG TAAGCEAC (T GAAAToben G AT cannnaTrac A?%ACT 6900

JOCAMATATCCAACATGTOGLIT00  AGAZART AGLOGLCA
CACCEAEACIRTERMACGTATTA YIBB0 Vi

6960

cennccFFEACROET, A%‘,Aggégcég ATA CATC. CGTAGCA%%%{A;\%%@%&G%QO .

AGACGCWT@MWM AARARr ST TARCEREAT 7080
GGATATAACC GCTGGGTAAA CCTAACACCC AGTAGGCGGT AAAGGTGATA

TATCTTGESH GRF TRE T T TRABANGSET W@WMMC@GI‘@%&@ATA@M

oG/, SRR S
CGAAGCGABCEREETOAILT GINGATEA: AASRANTIAL G EGERALGGAGA GIAARSCT AL ¢ o

AAATAGCGGT 12180 AACCACAGCC ATACAAATGC CGACGOCTAA
GTATTMR@%@@?A@X@@T@@%WT@ CEEATUCAGC G 2GOCATCTTGRBCOET 7320

_ TCGT TACCGCCCGCAG CCAGCGACAT -
- TeaceaTEhd

1532&305%;%%2%@%% T AP RANGTT TEMSERERATC 7380
_ ATTACCCK@AW@%&E@@@EGd%%@QrTGAM AAGAACGTGG TTTTCACGCA 7440

ACGTTATCGT GTTAGTGGCG GTTATCTTGA*CGGTGTAGAG TGTGAAGTAT'GTGAATC%GG .7506

GGGGCTAATC CAGTTAAGAA TCBATGTCCC ‘TCATCATGAA ATTTACCGTT CGATGABRAGC 7560

GCTARAGCAG TEGCTGGAGT CTCAGTTGCT GCATATGGGG TATATAATTT CCCTGGAGAT - 7620

ATTCTATGTT ABRGAATAGCG AATGAAGAGC GTCCGTGGGT GGAGATACTT CCAACGCAAG 7680

.GCGCTACCAT-TGGTGAGCTG‘ACATTG-A'GTA- TGCAACAATA TCCAGTACAG CARGGGACAT 7740
TATFTACCAT AAATTATCAT AATGAGCTGG GTAGGGTGTG  GATTGGAGAA CAATGCTGGC 7800
AGCGCTGGTG: TGAAGGGCTA ATTGGCACCE - CTAATCGATC ‘GGCIATCGAT CCTEAATTGC 7860
TATATGGAAT AGCTGAATGG GGGCTGGCGC “CGTTA‘.T:TGC'A' AGCCAGTGAT GCARCCCTCT 7920°
GTCAGAACGA GCCGCCAACA. TCCTGCAGTA ATCTACCACA TCAGCTAGCG TTGCATATIA 7980

ARTGGACAGT TGAAGAGCAT GAGTITCCATA GCATTATTTT TACATGGCCA ACGGETTTTT © 8040

N

——

rd



{ AATACCTAAT GGCGAAACCA GCAGCGCAAC GACCGCAAAT-

AACGTCACTT CAAAGAACAG 12420 CCAGCGCAAT CGGCAACCCC
AGITGAATCA GGCGCTTCAT GACGACGCTA TCGGGITTGC 12480
CAAAGCCTTT TTCATTACGAATATCACGCA TTGAACGCGC
GITGTTTAATG TAAGAAAGCA 12540 {05 TGGCGATAAA CATCACCCAA
TAGACCGCCG - CAGICGCAAC GCCGCAGCCG -‘ATACCGCCGA 12600

TGGTAGNEACE%ﬁEEEEﬁGEﬂEEETéﬁi&dﬁ%ﬁﬂﬁﬁﬂﬂxﬁﬁ AECHEETTT Gat2diAce
* GCGCTACCTG AAAGAAAAGG TATCCTGCGC CCCACAGCAG CGCGCGAAGA
ARATCGRENEEAEEYICEE AT CATICETATYSGEERCAT CAGACTCGGT TTTTTTGCTA

. é&%&@&@@%ﬂ/&mo

8160

8220
o R LA AR S feomomn oo

AN cCOAIRACEETE ACIECAAEICRTEZOMGA

8340

TT ACGCT CACGA CGGCCGGAGC. CATTGAGTTG CGCAATCACA
GTGACGEARSREARTTACTO FAEG TTGAGCOMBIACTICA SLATOTCATTA TARGEARAT GGB400

o MBI RN CTITHE

TAGGTGEBE8 A TTHcCcHOEL TAABACEM i TTAHCHEAMNE TANCCACRISRATEIdAAECC 8520
TAATAACTGA CGCCCTTCAC. 13140 TGGTATACTT CT, GCACGTAT
GTGACTTEOEFTIITRCFT RO TA AT TCARIRTAT R RS SAMIE AT A BIAGOA

p@uuuu%ét , gt
TCGTGTeﬁIEEE@ﬁﬁﬁﬁﬁcﬁﬁﬂiﬂﬁﬁfd¥3@AT&EEEK%E&BEACﬂiﬁ&%@AcT GﬁHEEEEAEECE

TGCTGAACAGTTCTGCTTTT ATTTATTTCAGGAGITGAAG ATATGTTTAC
TTGTTT??%%GTTCQ§§§GATE¥HWQQ&R@EER%@E&?G@Gﬁ@@QEFGE#ﬁﬂ%&JEﬁQCI@4173750

8580

8700

GCGGCEGCAT

GGAGTTTATA

Gceem%%r@%ﬁ%%ﬂ %@E@%@Qﬁ%‘ﬂrc gﬁ%‘&b ENG 8820
A5¢e palrs E%) ,
GCACTGrﬂﬁﬂDEcnrmdoecc TAACTIrTCE) TR TRANEDNESScodnt lakearraceT 8880
D), . TOPOLOGY: |inear - - MOLECULE TYPE: _,
GTARAR GFE%QF@WF%)GGTT€$GQTF ¢$ﬂﬁ@ﬁ¢$??|é?q_qﬁéﬁA?|qTF?GAGTGG T8940
cacacTANE cRENREGCAQrabltdcalRl (M RO reren acneancena - s000
GCCAATTATT TTCGGAATTT GATAAAACGA ACCTGGCCTG' AAGACATAAA AAGARAGATA 9060
ABACCTGATT CTTTGCTCAT ATTAATTCCG GCATTTACGG TGAGICAGTT AACGCAGGCA 9120 .
TTTCGGATTG GATTACTTAT. TTATCTICCC TTTCIGGCTA TTGACCTGCT TATTTCAAAT 9180
ATACTGCTGG. CIATGGGGAT GATGATGGTG TCGCCGATGA CCATTTCATT ACCGITTABG - 9240
CTGCTAATAT TTTTACTGGC AGGCGGTTGG GATCTGACAC TGGCGCAATT GGTACAGAGC - 9300
TTfTCATGAA TGATTCTGAA TTGACGCAAT TTGTAACGCA ACTTTTATGG ATCGTCCTTT - 9360
TTACGTCTAT GCCGGTAGTG TTGGTGGCAT CGGTAGTTGG TGTCATCGTA AGCCTTGTTC - - 9420°
AGGCCTTGAC TCAARTACAG GACCARACGC TACAGTTCAT GATTAAATTA TTGGCAATTE 9480
CBATAACCTT AAEGG?CAGC'?ACCCATGGC TTAGCGGTAT CCTGTTGAAT -TATACCCGGE  © 9540
AGATAATGTT ACGAATTGGA GAGCAEGGTT GBAATGGCACA . ACAGGTARAT GAGTGGCTTA *~ 9600
TTGCATTGGC.TGEGGC?TTT:ATTCGACCAT TGAGCCTTTC TTTATTACTT CCCTTATTAR - 9660
'AAAGTGGCAG.TTTAGGGGcc gcAcTTTTAcrGTAATGGCGT,GCTTATGTCA CTTACCTTIC - 9720
CGATATTACC ARTCATTTAC CAGCAGBAGA “TTATGATGCA TATTGGTAAA GATTACAGTT - 9780
GGITAGGGTT AGTCACTGGA.GAGGTGATTA TIGGTTTTTC.AATTGGGTTT TGTGEGGCGGE 9840 -
TTCCCTTITG - GGCCGTTGAT. ATGGCGGGGT TTCTGCTTGA TACTTTACGT GGCGCGACRA - 9900°
TGGGTACGAT ATTCAATTCT. ACRATAGAAG CTGRAACCTC ACTITTTGGC TTGCITTTCA 9960
GCCAGTTCTT  GTGTGITATT. TTCTTTATAA TTABACATTC ~ 10020



-- - (A) ORGANI SM DNA .sequence of VGC Il cluster C
108 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 38:
GGATCCTTTT TCTTTAATGC TGCTAACGTT TCTTGCAAAA TGCGTTGATG
AGATTCATCC 60 AGTACACCAC TGATAACAAA AGAGCGNCGC
ATTGGCNVWAM MAMTKRNNVRN NSCNNNAGIFA 120 AACCGTTCTC
TATTATCGCA GAAATAATAT CATCCCCCTGAGACTGATGA GAGTGACTAA

TGTATERGrC ACTICRNAET GrEAMFAACRG: g@ﬁﬁﬁ%ﬁ@ %}i’—r ACQTGGTTf 10080

TTGAACCTTG CGCCATTGCT 240

TAARATRIRAT CNGAACBC TOORBC CATTACEGT® SATAGTIRAG8R%crre 10140
CTGCC%I%IS% A ACCCATTTTT ATCAAAACAT. CCTGCACTTC
AT EAFCSAEAES (F COREIIPRACACKS TARIICCATAGGCAC -~ 10200
AACAAPIEOACEEH A, TTGCA 420
TCTGTTCGCT T@%%%%ﬁ CICCFTREISATE  TCHO0260

CCTGATCHCEATINGCGIABD CTWATAT%MT&AB@C@THM%TM 10320

— CTT AACCCGCAAA GGTAAGICAT 540 TTACCGITIC
%&ﬁ“@%& TR PTARCACCRISAGEA CAFRACRACCGTATGAAAAT CA10380

G ATCT

GGAAAC
AAATTMGA% A e;s EGAAAT AACATCATTA 10440
TTTCAGCTGHT TAS GCAF BRAITRRETSS 1
CTGAT A ATGGTAGOGG CTTATTTGGA TTAAATCTGC 10900
: %F@TA‘A@#@T@P@CTW FEGCACHTCAMDARBATTA 10560

TTTITCATTT ATAGCCAGCG
EGCTGTT TCTGGGCGCT 10620

FAGK\

GGGGT TEATACATCOBAIAGTLE: 308 e eesCI G ong 10630
AAGGC %ggGACCTAAAAAACG TATTTTCCAGGAACTCTTTG GATTAA
GRS B ARG A TR T R TARTIOACH EINCET AR TT T TAR GCAGATATTC " 10740

oG oot AT CAT T AN AART CH CRAEIHASAB ATRY AT 0900

ATCTITANTANACETATLD 81 TATELE GIGTEEGr SA GECEAT R cE @}BE@@[-EEE 10860
S OCC TCCCAGCAATNAGACTTTGC - 1140  CCGGCCAATA
%&%% EEARRERAT £ TEIRGARINAIT SECAUTFCEAGEEABIGECT (lve2o
GTTTTTIRR0 Tob TN ¥ ChEn ! S T N An )98
| ATTAAGATTA AGCATT@‘?EA%@S{H@'% GRTTASARAA 10960
CCTATCTRPRGIRICRETANCAABOGNEET GRAACCIBANAGAMGH: AGBESTAGEG 11040 -
creanak3a0 TTCAA GTTTAGCCAC o o .
EFFREECE TRTACRIDAAT CARIAFFIA HATIABICA 11100
e G T O BRI L

TACATAAGCC 1440  TGAGAC

AMAGGTGATA

CTATCATLES £ ATIPATECECHBATTAGE ASMECAGTE ATGOTCARGE 11220
TAACTATRD: @%& %CT AGCACC ACCGTCATTC AAACCTGTATTGAACGCAAT :
| BB e kA CEEARICET TSI TORAMOBRGTITRATG 11280
_GGCCCGG@GKA¥¥KE@¥¥%fEAﬁﬂM¥E%%iQE%ﬁ%%%%%%;%%%f%%ﬁ%%%ﬁiﬂgr
TCGATAATT TTCACCGAAAT ‘FG%T{E?%TT@“O _‘
ACCCGT THET (GO EAGNTACG CATGGTGAT GARGATAGAT TATGCGCATT CTACCGAARC 11400
.ACCATAAATG-CTTTTGGTATAGCTTCTTCAG GCCACTGCGALAGGTTAAGAG“GGTAATAGCG 11460
TATAGAGCAG TGCTTGACGA TABAGGTGAG AGACTGAAAK TAATCGCTTT TAGCETGGCA ~ 11520
CAAGCACCAG ATAGCGTATT ATARAATTAA ACAAGATAAT GGATTGGTGC GTCTGAATGG 11580 -
ACTCGAACCA CTCGACCCCC ACCATGICAA GGTGGTGCTC TAACCAACTG AGCTATGAAC 11610
GGCARCGTTG TAGGTGACAA CGGGGACGAA TATTAGCGTC ACAACCGCRA TGAGGCAAGA 11700
| GEGARATCGC AATTTTCTTC CTGABATCAC CTGATTGCGG TGGARATATG CAACATGTCG 11760
AGAARATAGC. CGCCATGCGA CGGCTATCGT CGTATTATCG GAGCGCGCTG CAAAATGATG ~ 11820
GCGGACGGCT GACGITGTAG ATAGCGCATC CGTAGCATCA TTAACACCGC: CGCCGAGETC 11880
AGGCCGRTGA TGAACCCCAT CCAGAAGCCT GCCGETCCCA TACGATECAC .CACCAAATCC 119461
GTTARCGCCA GGATATAACC GCTGGGTAAA CCTAACACCC AGTAGGCGGT

12000




“TTCOGATACN NNGCCATATT GGNNNCATAA TCACGAACGA
TCACTGCATT: CTGGCGTNGG " 1740 .GTCGGCAGCA AACATNGGCA
ATGCCTGTGTAGCGGGTGAA CCATTGTTCN TCGATGACGT 1800
CGGGACGCTG GTTTTACTCA TCTCACGCAA TACACTAACG ACCCCTGGNN
AACCACGACG 1860 GACTGATCGC EATATTGGTA CTGGGTATCC
ATCGCAGTGG CATACTTAAG CGTGTATATA 1920. - --- - - -
ARARAGATGE- ARCGCGTATC i@&rﬂJ&%@i&&T@@%ﬁ%@E@ﬂﬂ&@@ﬁﬁG 12060
ATTAACGCAT TATCCAGCAC TGAAGCTAAT 1980  TGACTAATAC
GAGTCEGAGECRICSCARBCT CHAMACACCBECATIABTT OCACHNGETE TacABGRARCGGTER 120
CTTTAA CCTCGCATCC CGGTGATGAA AGGATATTCT
AGGGT“%%%&@ PEPAMIARRTE D TO 6P CORACSTARMS TRAGOREARAEET 12180
AACCAdRGECARACE o REABS LGOI CREEIAATAA LRI AT,
TATACATATA ACATGCTGOC ATCAAACCAGGTAAGCAART éﬂg%g&ecmm
GTTCAICOLAISTTACAZE? GATART CANAAT AT IOBACECEGRCRCCABROERAT 12300

TTOCAC TAAATGTAGC TGTTATCAAT 2280 GGOGCTAATAG
CGGCA@&%AR%&“%& éﬁ‘%&éﬁﬂ\ ?@ﬂ%ﬁﬂ@ﬁ AERTESRCCT AR 360

T .

CCAGCWWWTCRTAE@GM@TA& CEAGACEEAL ArcdkB0TTee 12480

ATAAAGITTA TGGTGATTGC GTATTACATT _
o AR A RAROIS SE S GEERGSTEFT M CPAFOTSCR 12540

AT TTAACC ATCLLCATS O G A FRTATACLAT AT R oA ™

STTCCRET R BECAEAIEG A0CA TE0GCAARSRETAGTCTEAMAATACGEAAGAGCn 12660
GGCCCW TAAGCTTTCC AGGTCATTTA 2700  AGAACAAAGA
T EET TR PEREF TAARSTHRETIES AP ARIRRAIN ARRRIIRINNN 2720
GCeCTAREEE AnINNNYAINGA - FCARTAT GARETAT CEAGEA '
T KNV K e e SR T TIPS, 500 0GR TRACEgaces 12780
CTTT AT ARG TR AR ACTECEAG TOA TG GO BEOTOARACA CEAMNTEECAG 28 40

. T CAA ATTCGCTCAC AACCACATCC GIAAAAA S
ACAGG%%F&@%%W%@WG%&W%@%AMT azs00
GATGCGTENCRAEEETh o] (TRCAI AL AATHERESAC cAGHGAIA Gk G&A 12 960

ATCATTCGGA TTTTCCGATAAATTNMVCAA TTACATTTTC AGCAT
CCAGCAY Foin RACTIACID GO-CARNEF TGRISARBICT ATAPATTTARNRAAATEC 13020

oA AT AT T GFATATCCACHEA EACFRERTESA A RAPRRT C70%0

STCTATRETRAATEGATARA] A TCACAGEATEREAATTAATA LVIACT . CAEGAAAGEA 13140
' TATGTACT CCGATAGTGATC AAGTGCCAAA 3240 GATTTTGCAA -
ATCTEANBRATACSS 3200

GCCGAATCTT%%C?@Q%@FW?W%WM&% ——

ACTATTBAR0 CAITERRICETAC THShel AohocEHeCoCHSEiAI A TOT AT, 13‘32.()_7

GT TCRGAAACGGCAGCATAT 3420 S
CCTGCTATTG TGCTGARCAG TTCTGCTTTT -ATTTATTTCA GGAGTTGAAG ATATGTTTAC -~ 13380

GGGGATCGTA CAGGGTACCG CGAAACTGGT ATCGATA R < TS &
(2) INFORMATION FOR SEQ ID NO: 38: o
(i) SEQUENCE CHARACTERISTICS:.
{A) LENGTH: 5746 base pa;.rs
- {B}»TYPE: nucleic acid ) .
(C) STRANDEDNESS: double
_ (D.) _TOPOLOGY_ linear
(ii) MOLECULE TYPE: DNA (genomic).. -
. (iii) HYPOTHETICAL: NO-
(iii) ANTI-SENSE: NO _ .. . -.

- (vi) ORIGINAL SOURCE: '
(A} ORGANISM: DNA sequence of VGC II cluster C




AATAGAGGAT TTATCCGTTC TATCCGAGAT
GAATATTGTACTAAGCAATCAACGGTTTGA 3480
AGAAGCTGAA. CGTGAOOCTA AAAATTTAATGTATCAATGC TCATTAGCGA
CTGAGATTCA 3540 TCATAACGATATTTTCCCTG AGGTGAGCCG
GCATCTATCT GTCGGTCCTTCAAATTGAAS 36000 MSCCGACGCT
NAACGGAGAG AAGCACCGTC. TCTTTCTGCA. GTCCTCTGAT ATCGATGAAA
(365 GEQDTECPEICEEPT CHGGARAGD §id TAFTCTTA- ATCATAAAAA;
TGAGATTTCG TTATTATCTA 3720-. CTGATAACCC TTCAGATTAT

CeAT G RN C P AARRRD E FT TAIG TECTINAGANGE TaXOCTATARCRTRATCE 60

: T GGAGT G AACCAGAATA CATAAACGCEC
AGTAC |
o ok e Lo Bl

ARCCCARBCCTATET c3JTH CARRTGALERERTAAAGE A900 X%T
_ ATTACTAAGA GCCACCTGCC ATTAGATGAT AGTAT & GeA
TCIGCRHES © ATRECTOGTE I TOARSCEAT COES@TacT 24

_ AAAAATA TAG 4020 AAAATGTAAC GCTGCATGAT
R A e S e mecm _ 0

CATNS QLT RCEATEEr SRORREATAG A GIGEGRTTA &%%
CTACATAATC 4140 GCATCTTAAA AATTAT gﬁw

ACATTRSEPT TAISAT FATRCAGTAICHGCGT G EEANGAG ARARBCCRFTORGTTTecA 420
R g

R TCCTTTIA AT T TOATACHCTA ‘CRACT AT (g0 T 540

TTACCHEEACSRTTIAISBARRRCASATIGECASAGACS (GACCOABECEr RARMEGAAG 60 |

4 GAGCNAGCTAACAAAC. GTAAAAGCAT
S S ST BAEITRCES FSGBATHSETORMANE A2 660
GTTCA%AT@M@@CMMAST%MEEW&IEW%T

4560 AGAGCAACAA GGATTAGCTG ATA |
ATGGTWWG?A@LG@@WT@WWW MBROCTCTAATMATEIG: 750

GICTGGTCAT TTCACATTAC ATATGGAAGA
o e A T L L S

- AATACRAROCACGOGCCACCFINAAACKE! 48ncAIBAAAMMT:
ACTTTTGTCG GICAACATGI CCCTCTCT AT TTTCATA%%

CCCGCCREAGT AR IE AT TXRARNGAIORT TATIOGTIRG ATATACTCOG BAAGREEGTA 960

GAGATAM&TE¥%§$%& ST %ﬁ@%%mm 1020

CTTGAGmAmMi@MWM%Tﬂ% ACT
CITTTTATCA- 4980 AGCAGACACA AATTCGCAAG EE q’O 50

TTTTGT‘E}HTM

L ——

| GTNTYGAYIACAAGAATCACAACOERECE CANCTANTTE Mﬁ%ﬁm%%m 1260

5160 CGTTCTGCCT
T T GCC AT A SERAT T BACHAEISRC Y

0 | | i
ATGGAT‘IEI%% GTTTAGCCAC TTTTTCTCCE TGCAGTTTGG. TATAGAARAGT AATATTTTTA 1380

TCCAGCACAG CCTGGATATT ATTTAAAGTC ACCACAGATG GCTGGGAAAG TACATAAGCC 71-44-0'

TGAGRGCITT TTTCCAGGGC ATTCAGACGC ACCATAAAGT TTGAGGTATC GCTGATTACC 1500

GTTGANNAAC CACTAGCACC ACCGTCATTC ABACCTGTAT TGAACGCAAT TTTCTTGCCA 1560

CCCAGCGACA CTGCCGTTCC CCAGTCGATG CCTARCTGET TAATATCTCC AGCATTAACK 1620

TCGATAATTT TCACCGAAAT CTCTATCATC TGCTGGCGTT GATCTAATTC TGTGATGAGT 1680

TTCCGATACN NNGCCATATT GGNNNCATAA TCACGAACGA TCACTGCATT CTGECGTNGG ~ 1740

GTCGGCAGCA AACATNGGCA ATGCCTGTGT AGCGGGTGAR CCATTGTTCN TCGATGACGT- o '1800‘ ‘
CGGGACGCTG GTTTTACTCA TCTCACGCAA TACACTAACG ACCCCTGGNN AACCACGACG _ 1860"

- . GACTGATCGC GATATTGGTA CTGGGTATCC ATCGCAGTGG CATACTTAAG CG‘I‘GTATATA B 1920

A MBRACTTTGE - 1140



AAAATGCGCTTCTCAANNCN AGAGCTTTTGTATTTCTCCGGAAAACTCTA
CGACCTGECG 5280 CAACAGITAA TATTGTGTAC o
ACCAAATATGCCCAGTAATAAATAATTTGI TACCAOOOTGG 5340
CAGITGCAGA TTCTTTTGGT TGATGATGCC GATATTAATC GGGATATCAT
CGGECAAAATG 5400 CTTGICAGCC
TGGGECCAACACGTCACTATT. . GCCGCCCAGTA GITAACGAGGEC TCTGACTTTA
CTTACBABR: CTEACHACAGCTAGRGAT TCEAZIIAGT A GAGCAC TCARGETART 1980
.I;GACTATTGACATTAGAATGCCAGA AATAGATGGT5520 ATTGAATGIG
MECATATEFBCEE FERGESRBCRIISSATRICET TRGATCOTGACTRGGATICT TT2040

B e COAA MR RBLI (R0 CP EPRGaTe 2100

AAccGTaEBGAﬁmGBEAAﬁﬂiagﬁﬁaﬂxa@Téﬂ%¥ﬁﬁﬁa¥§3§ IR AT CoifeAEIECCG 1 60
CAGAATACCA ACTTTTACGA AATATAGAGC TACAGGAGCA

5706.
TATAC%%&W@?&@GCGL ATGARACCRA| GIBAGCARATERTRIACT G Tﬁmmq:g'rza -

2220
el PERE AP APech i TFRAG SRR fer At soase
GGECTRATRGOTAJRARCSED hocRgaptc R T8aciRRAh! (0GRl RN VEFOROBIY 2340

using the steps (1) providing a plurality of .
TCECATTTET 0 OTIFSA TS CERRIRAGTC T BECTTIC m@mhcmjmcmmat edz400

h t of a i
TGCTGir?s}ljrgbezlﬁ%I‘Ag'Cl dltA 8@%@% &é@%}%ﬁ%&ﬁ C[.TAS SaALPéTrTE%TPéo 2460
ccecaqdeat Emﬂahenmmaamceln1ﬁ&@¢f@@A@TAdibEfﬁET@RB@ﬂUEH'K@KAGTTAAA - 2520

seqdence, or clones of the said microorganism a
GCCAG g?‘ I TSERHI %S %TWTWQT\@A%G@M&CWTSG@@TA@@A 2580
| ng individually.
. CCGTT@#E(Fe%CEE% Zie?r':%lc}é{'§10| Lé%crrpcl%l}%ﬁr%gzx % %f%‘éz FETIEEFTET 2640

GCGCAKR@@GGIHE&GTQHMM eRGivahatl MhesiTARY tBRkeTER)L Aéﬁﬂbﬁ@#%ﬂ ng 2700

into

Blurallt of nutants produced by step (1)
AGAACP&& o PAJAP | GFTTEA GRG0 ARBTRTCENG @Hmswwg ﬁmemu 27 60
OSSR,

WWTTAHTﬁ@AfﬂEGdcrﬂwwmrAnnn&ntcxn'caTgﬁﬂTecéemtc@aﬁdAcatfﬁﬂﬂ@@&eﬁ@ﬁd 2880

R

TATACTCREC Meeh &k 1CH hdeaPbA! 844 %AE
mar ker sequence of each |n

AGGCGTATTT

ﬁgfk

TTTGRAGGTGA

the nucleic acid fromthe retri eved

?ﬁ%AA%FAWWG%W%TWTs%W@ﬁ@@@ | n 2940

e ATEABRELS oo

ATCATTCGGA TTTTCCGATA AATTNMMCAA.TTACATTTTC AGCATTGACA TAARAACTTA 3060
CAATTTGNAA AATTATTTAT TAAATAAACT GTTACGATGT: TTTTACATCG GCATCTTATT 3120
ARRARGTAAT TGTAGTCATC GACTNGGTTA TATATGAAGA AATTTATCTT CCTAATGATA ° 3180
ACACCATCGA TTAATCWWCT GATGAAACTA TATGTACTGC GATAGTGATC BAGTGCCARA 3240
GATTTTGCAA CAGGCAACTG GAGGGAAGCA TTATGBATTT SSTCAATCTC AAGAATACSS 3300
YSYRNNNNNN TCTTTAGTAR TCAGGCTAAC TTTTTTATTT TTATTAACAR CRATAATTWT & 3360
TTGGCTGCTA TCTGTGCTTA CCGCAGCTTA TATATCAATG GTTCRGAAAC GGCAGCATAT . 3420
AATAGAGGAI_TTATCCGTTC_TATCCGAGAT,GAATATTGTACCTAAGCAATcuAACGGTTTGﬁ 3480

| AGAAGCTGAA CGIGAGGCTA ARAATTTRAT GTATCAATGC TCATTAGCGA CTGAGATICA - 3540
$CA$AACGAT ATTTTCCCTG AGGTGAGCCG GCATCTATCT GICGGTCCTT CARATTGCAC ~ 3600
MGCCGACGCT NAACGGAGAG RAGCACCGTC TCTTTCTGCA GTCCTCTGAT ATCGATGAAA - 3660
ATAGCTTTCG TCGCGATAGT TTTATTCTTA ATCATAARMA TGAGATTTCG TTATTATCTA  3720-
CTGATRACCC TTCAGATTAT TCAACTCTAC AGCCTTTAAC GCGAA@AAGC TTTCCTTTAT - 3780
ACCCARCCCA TGCCGGGTTT TACTGGAGTG AACCAGRATA CATABACGGC AAAGGATGGC 3840
ARCGCTTCCG TTGCGGTTGC CGATCAGGCA CGGTTARACT ~ 3900



step (2); (6) selecting an individual nutant which

does not contain any of the nmarker sequences as-

isolated in step (4); and (7) isolating the

insertionally inactivated gene fromthe individua

mut ant selected in step (c);11&nd (b) specifically

introducing a nutation into a corresponding wld-type
Teccergene AMohCERATh CEQACERRICS AT ARERH UEPATRRAG O GroRbb @l

m croorganism 2. A nmethod according to Claim1l
TCAAAA%H@?EQHQT?$R?GﬁU@QﬂTE©¢RﬂAnC&Tﬂ§Cg€ﬁ$eAmsasﬂﬁﬁﬁelxﬂacaarrﬁG a 4020

th tatl whi i
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CCTTGGQQG@HUEEGGEAT@GCié%c@bdw@ﬂh§éé¥GQAééﬁfA@Q&ééﬁﬂﬂ@”&@ﬂ& TAATC

wi | d-type gene hybridi zes under stringent conditlons 4149
+ GCATCTTAAY HATTRHICAT cCAACRAATCC) CTRIITAYATT BACAGCAIINe 0C T IEATHA 4200
' referred to in ste 7). 4. A nethod
corcocffd HIEKEN HRRn G Cuionet st bimntie s 4260
ATGTCARY AL QARBARIGER AcrcBaRRENAGRRLEAME GrBF GRBA SIABEIE 4320
gene which allows the mcroorganismto adapt to a o
ATGAATEAGA [TAGTANTGEN \GATCATRITR AGCAacvmamuhenrmnngEAGCAmGwCéhamA 4380
ccord| to any..one of- Clains 1 to 4 wherein
nconcale YpBOERRS ettt it dtns CP‘%A%‘"ﬁAéﬁu GARANRICEN 4440
CGCTGAﬁEﬁﬂJ@QTﬁﬂa%@A@'dﬂﬂAﬁ&bd&@yTéﬂ%%r§ﬂchG§

emwm

the® mcroorganismis pathogenic to a p A

TACTCCﬁ%ﬂqnéaT@ﬁﬁﬁmhﬂlﬂ@gGT@ﬂH@EaTGnAEmeﬁﬂ'eAAmadmeccnaxnmgmgpamlsrn4560
Bor det el particul arl

f
nanccrl Gl G PRE S popPaee OaR B BE F P TAGCTAT B U 4620
TAATAA{E&T@EM@‘ME‘W RB.CceBRckh C@EEYers TROArAM Rrarcenaca -

3960

4500

CAGAATACCA ACTTTTACGA AATATAGAGC
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Ent erococcus spp. particularly E faecalis,
: AACAG@E@@h6F$QﬁﬁT@NSﬁﬁGmgamBCduhachamde AE@¢AGGGeaenmpcmﬂmms 4740
Gﬂumﬂégﬁ,G&%{ g&ar ¥TT du%%ﬁ¥ and H_influenzae, Lo
i €O SGPTTTFEE (PRI FRCTRFCORT RIEBRACSE o 4800
ACAGTABME TPACNEA Ah¥rdeTENSUTREI @R cah@RcRPL AarsPBRce 4560
articularly L. pneunophila, - Listeria spp.-
ARRCCG PBAIGEETSR IQGGTWQ@WC@@@MA Wmmmmm@pm 4920
thﬁﬁkﬁﬁ t uber cul :
CGATA 5T %%%a%gg ég - 498
'sSeria sppxhﬁ PF§C%?”bﬁﬁﬁﬁﬂFﬁ855é”ﬁﬂﬁ“ﬁCA 4980
RGCBGACACA AATTCGCAAG GTACAGGBAT TGGACTGACT ATTGCGTCAA GCCTGGCTAA 5040
gATGATGGGc GGTAATCTGR CACTARAARG TGTCCCCGGG GTTEGAACCT ‘GTGTCTCGCT 5100
AGTATTACCC TTACAAQAAT ACCAGCCGCC TCAACCAATT:AAAGGGACGC TGTCAGNNNG 5160
CGTTCTGCCT GCATCGGCAA CTGGCTTGCT -GGGGARTACG CGGTGAACEA CCCCACCAGC 5220
AAAATGCGCT TCTCAANNCN AGAGCTTTIG TATTTCTCCG GAABACTCTA CGACCTGGCG W 5280
CRACAGITAA TATTGTGTAC ACCARATATG CCAGTAATAA ATAATTTGTT ACCACCCTGG 5340
CAGTTGCAGA TTCTTTTGGT TGATGATGCC GATATTAATC GGGATATCAT CGGCAABATG . 5400
CTTGTCAGCC - TGGGCCARCA CGTCACTATT .GCCGCCAGTA GTAACGAGGC TCTGACTTIA -
TCACAACAGC AGCGATTCGA- TTTAGTACTG ATTGACATTA GAATGCCAGA AATAGATGGT . 5520
ATTGAATGTG TACGATTATG GCATGATGAG CCGAATAATT TAGATCCTGA CTGCATGTTT - = 5580
GTGGCACTAT CCGCTAGCGT ASCVNMAGAW RWIMWTCRTY GTDDAAARAA WRDGRKDHWT =~ 5640
CATHAYANNT - TACARARCCA GTGACATTGG- CTACCTTAGC TCGCTACATC AGTATTGCCGE
TACAGGAGCA

- 5746
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meni ngi tidis, Pseudononas spp., particularly Ps.

aerugi nosa, Salnonella spp., Shigella spp.,

St aphyl ococcus spp. particulbrly S aureus,

Streptococcus spp. particularly S. pyogenes and

pneunoni ae, Vibrio spp, Yersinia spp. particularly Y
pest@leAIMS ner gi | | us spp. (particularly A funi gatus,
Crypt ococcus neof ormans, Hi stoplasma capsul atum and
Toxopl dsma. Agnethod st maling acpwiantipictagrganismnihe mgiegde¢amprising
t he Ei‘rﬁ' ho [ ks any one of Agrobacterium

tum(e;f aci%%%ﬁ%yﬁra anyl ovara; Pseudononas

sol anacedpundenifyingobi gamel wbhichi albsar amickergansm tasadapt to a

ca tris D, V. Itri. naporthe grisea; Fusarium
spﬁ%ﬁ%@%ﬁ%ﬂr&%n&?m%ﬁe ISN%gf otrichum 113

gl .oeospon(i ppiseding Gaturakty ol Micresrggiians eich of Thizhisindgiendently
Laccaria sp » %p osphaeri a. macul.ans; Phonma, o acid
trachei phi | Paﬁﬂbi opfthsripnahipactivaiign afa srRe Fither pucleic aci

Verticilli ugnireRatd wiiy@ghater EAc@&o tAftCbach mutant contains a
Mycosphaerel | a nusi ct(‘)klﬂg and M g€?ilﬂj iensis. 9. A nethod

accor di ng t §ffercn| markengagicars oprlgnes|of thy said microorganism;

M Cr 00T 038y Si%iding itdifiBually®) didrbd &y ?1* flutAPpRBckel S st
mut ant miﬁcblr oor gggilsm rra%_éad?n step 8% eiqgﬁ]g n.rultjant e_ _ ystep
Sal nonel | a. (110nd Apmeitingdingtvidmlly ngored mutlgist acid comprising the
m cr oor gani t s a vacei.ne.for _ anot her

pat hogen, t%{g&ﬁe r%%%gaou%%éﬁ @?%Sa%ﬁré‘ﬁ‘él? 'éaéén ki ng a

nut ant i3 )cintedugngi & _piumdity_a?ﬁ hﬂ@n?s)pﬁhtmﬁmb@tsrt]&ﬁ ¢h into the said
expresses an antigenic epitope. fro e .ot her . .

Dt hogen.  TEThcR - SoHEraARt i pHe € JRRsE FHgropIRanisEE Adtch ar
conpri si ng 4pkioldg sa tdTtb@h thelBaflAOKERMnEM according to
Caimb5 or. 10, and preparing into an __inmunogenic

f or mul at {rfstrieying Micrepreapisme Egmdthe gid gn\irogmentior a selected part

wher ei n t heybapINQQEeNis6lafi At i COLR' | B trieved
adj uvant. 13. A net hog gglgénan% ng a pﬁmr maceut | cgfk rettieve
f or mul at i ormugfooggamstiant i cr oor gani smt he net hod

comor 115 SRR B %o e R BSHEAF B s o
phar maceut itoahd ynigucmptkab b@uemerafensh individual mutant stored as in
step (2);
(6) selecting an individual mutant which does not contain any of the marker
sequences as isolated in step (4); and

(7) isolating the insertionally inactivated gene from the individual mutant

selected in step (c¢); and

(b) specifically introducing a mutation into a corresponding wild-type gene

of a microorganism to produce the said mutant microorganism.

2. A method according to Claim 1 wherein the mutation in the gene is a
deletion or a frameshift mutation or any other mutation which is

‘substantially incapable of reverting.



14. A nmethod of identifying a conpound which reduces

the ability of a mcroorganismto adapt to a

particul ar environnent conprjsing the step of (a)
identifying a gene which allows a mcroorganismto

adapt to a particular environnment by the nmethod set

‘out in part (a) of Claim38; or providing a gene
idegtlfled hereln s SEQ ID Nos 8 to 36 or to an)

t he3: Sal froRdhedacs aigh b wheteR thy gofrespending, wi d'tYF’e gene

cont ai neghtirRizeEQudder Naridden®! cormdion®! tc? Har is@fzﬁe(dt ti@sreﬁﬁﬁlally

with at |'east 85% sequence identity; and

sel ect i nijadivatsdsermal pariitharedf raferrddde asston ¢ t he

function of the gene or a corresponding wld-type

gene of a m croorgani sm or a conpound which

i nter f er&s mwittod acqzmlmg)eqot ianhe cm&coﬂe@labys sluch 3 gheein the
15. A nethod accord

cor res poRATEE PR § FabGishs TR S i dree which alows

st ri ngenghe a0EdbighKing t¢ Adaptie alpaficalafehvilda@EdtiON Ginllynce gene.
i nacti vated gene or part thereof referred to in step
(7) of daiml. R 16. A nethod of making a

phag macept kfetlodC QB0RREhE | BN aff GheCBIPOMARs WNitEh4 wherein . the
reduces the ability of a mcroorganismto adapt to a

partlcuI%quwwmm%mﬁﬁmﬁwgmM%mﬁ@ﬁﬁ@@lconprlS|ng (a)
identifying a conpound using the nethod according to
Claim14 or 15 wherein the microorganismis pathogenic
to @n ahi methodndedoijing olobiamy ngewof hClaims 1 to 5 wherein the
pharnaceutlcall acceptable carrier. p h 17. A nethod

of maki MY RET TLRRATOE RGP AP or aneliorate

infection with a microorgani smthe method conprising

i dentifyj conmpound usi hg_t he thod according to
O af'm 1A giethos! geRrmerforGlamy? @%ﬁ%ﬁﬂﬁl%ﬁ%‘sﬂmm is any one of

|oaf]I Ihgg m&d&t@,’z@gppaparaahmﬁnﬁ PRHERAT ERAp 1Bk Rte 3y particularly C.
Jefuni, Clostridium spp. particularly C. botulinum, Enterococcus spp.
particularly E. faecalis, Escherichia spp. particularly £. coli, Haemophilus
| spp. particularly H. ducreyi and H. influenzae, Helicobacter spp.
particularly H. pylori, Klebsiella spp. particularly K. Preumoniae,
Legionella spp. particularly L. pneumophila, Listeria spp. particularly L.
monocytogenes, Mycobacterium spp. particularly M. smegmatis and M.
tuberculosis, Neisseria spp. particularly N. gonorrhoeae and N.
meningitidis, Pseudomonas spp., particularly Ps. aeruginosa, Salmonella
spp., Shigella spp., Staphylococcus spp. particulartly S, auwreus,
Streptococcus spp. particularly S. pyogenes and pneumoniae, Vibrio spp,
Yersinia spp. particularly Y. pestis, Aspergillus spp. (particularly 4.
- fumigatus, Cryptococcus neoformans, Histoplasma capsulatum, and

Toxoplasma.

8. A method according to Claim 6 wherein the microorganism is any one of
Agrobacterium  tumefaciens; Erwinia  amylovara;  Pseudomonas
solanacearum; Rhizobium leguminosarum; Xanthomonas campestris p.v.

citri; Magnaporthe grisea, Fusarium spp.; Erisyphe spp.; Collectotrichum



10.

11.

12.

13.

14.
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gloeosporiodses; Gaeumannomyces graminis, Glomus spp., Laccaria spp.;
Leptosphaeria maculans; Phoma tracheiphila; Phytophthora spp.,
Pyrenophora teres, Verticillium alboatrum and V. dahliae, and

Mycosphaerella musicola and M. fijiensis.

A method according to Claim 1 wherein plurality of microorganisms in step
(a)(1) are Salmonellae and the mutant microorganism made in step (b) is a

mutant Salmonelia.

A method of making a mutant microorganism that can act as a vaccine for
another pathogen, the method comprising the steps of making a mutant
microorganism according to Claim 5 which expresses an antigenic epitope

from the other pathogen.

A method of making a vaccine the method comprising making a mutant
microorganism according to Claim 5 or 10 and preparing into an

immunogenic formulation.

A method according to Claim 11 wherein the immunogenic formulation

comprises an adjuvant.

A method of making a pharmaceutical formulation of a mutant
microorganism the method comprising combining the mutant
microorganism according to Claim 5 or 10 with one or more

pharmaceutically acceptable carriers.

A method of identifying a compound which reduces the ability of a

microorganism to adapt to a particular environment comprising the step of

(a) identifying a gene which allows a microorganism to adapt to a
particular environment by the method set out in part (a) of Claim 38; or
providing a gene identified herein as SEQ ID Nos 8 to 36 or to any 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; and



15.

16.

17.
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(b} selecting a compound which interferes with the function of the gene or
a corresponding wild-type gene of a microorganism, or a compound which

interferes with a polypeptide encoded by such a gene.

. A method according to Claim 14 wherein the corresponding wild-type gene

hybridizes under stringent conditions to the isolated insertionally-
mactivated gene or part thereof referred to in step (7) of Claim 1.

A method of making a pharmaceutical composition of a compound which
reduces the ability of a microorganism to adapt to a particular environment
the method comprising (a) identifying a compound using the method
according to Claim 14 or 15 wherein the microorganism is pathogenic to an

animal and (b) combining with a pharmaceutically acceptable carrier.

A method of making a medicament to prevent or ameliorate infection with a
microorganism the method comprising identifying a compound using the
method according to Claim 14 or 15 wherein the microorganism is

pathogenic to an animal and preparing into said medicament.




