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m croorgdnismto its environnent, 5 paiticul arly the identification of
genes responsible for the virulence of a pat hogeni ¢ m croorgani sm

Background to the invention ﬂlg ance in bacterial and
ot her pat hogens is becon ng I ' e : . It is therefore
I nportant to find new therapeutic approaches to attack pathogenic

m-Cr oor gani sms. Pat hogeni ¢ m croorgani sns have to evade the host's
defence Mechanhgiprdfent dideifot MRtdsOolitads forPhe ideHiREAIGN genes
environnment to establis ection o So a nu 0

"virul ence" geineslvad tlhetlm mdapfaymm ofh a micriorgamsmi tedits envir'onment,
5 particularly the identification of genes responsible for the virulence of a

pathogenic microorganism.

.Bgc-kgrgund to the invention

10 Antibiotic resistance in bacterial and other pathogens is becoming
increasingly important. It is therefore important to find new therapeutic

approaches to attack-patllogenié microorganisms.

Pathogenic microorganisms have to evade the host’s defence mechanisms
15 and be able to grow in a poor nutritional environment to establish an
infection. To do so a number of “virulence” genes of the microorganism

are required.

Virulence genes have been detected using classical genetics and a variety

20  of approaches have been used to exploit transposon mutagenesis for the
identification of bacterial virulence genes. For example, mutants have

been screened for defined physiological defects, such as the loss of iron
regulated proteins (Holland ez al, 1992), or in assays to study the

- penetration of epithelial cells (Finlay er al, 1988) and survival within

25 'macrophages (Fields er al, 1989; Miller et al, 1989a; Groi_sman et al,
1989). Transposon mutants have also been tested for altered virulence in

live animal models of infection (Miller ez a/, 1989b). This approach has

~the advantage that genes can be identified which are important .d,uring
different stages of infecﬁon. but i_s severely limited by the need tb test a

30 wide range of mutants individually for aiterations to virulence. Miller er
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groups with a different nutant thereby using between 760 and 950 m ce.
. Because of the extrenely | arge nunbers of animals required,
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described which positively selects for Salmonella genes that are

specifically induced during infection (Mahan ez al, 1993). The technique
10 will identify genes that are expressed at a particular stage in the infection (
process. However, it will not identify virulence genes that are regulated
posttranscriptionally, and more importantly, will not provide information
on whether the gene(s) which have been identified are actually required
for, or contribute to, the infection process.
15 _ :
" Lee & Falkow (1994) Methods Enzymol. 236, 531-545 describe a method
of identifying factors inﬂuencing the invasion of Salmonella into

mammalian cells in vitro by isolating hyperinvasive mutants.

20 Walsh and Cepko (_1992) Science 255, 434-440 describe _ai method of .
tracking the spatial location of cerebral cortical progenitor cells during thé
development of the cerebral cortex in the rat. The Walsh and Cepko
method uses a tag that contains a unique nucleic amd sequence and the
lacZ gene but there is no indication that useful mutants or genes could be

25  detected by their method.

- WO 94/26933 and Smith et al (1995) Proc. Natl. Acad. Sci. USA 92,
6479- 6483 describe methods aimed at the 1denuﬁcatxon of the functxonal
regions of a known gene. or at least of a DNA molecule for whlch some

30 sequence information is available.
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10
The disease which Salmonella typhimurium causes in mice provides a good
experimental model of typhoid fever (Carter & Collins, 1974).
Approximately forty two genes affecting Salmonella virulence have been
identified to date (Groismah & Ochman, 1994). These represent
15 approximately one third of the. total number of predicted virulence genes
(Groisman and Saier, 1990).

The object of the present invention is to identify genes involved in the
adaptation of a miéroorganism to its environment, particularly to identify
20 further virulence genes in pathogenic microorganisms, with increased
efficiency. A further object is to reduce the number of experimental
animals used in identifying virulence genes. Still further objects of the
inventioﬁ prbvide vaccines, .and methods for screening for drugs which

reduce virulence.

Summary of the invention

A first aspect of the invention provides a method for identifying a

microorganism having a reduced adaptatlon to a particular environment

30 comprising the steps of:
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3. G oisman et al (1993) -Proc.. Natl. Acad. Sci. USA 90, 1033-1037
descri bes the nol ecul ar, functional and evolutionary anal ysis of sequences

speci f WO P&1788] nonel | a. 5 Hensel et at (:1995) Sci en®SCTXERISI02389S- 403
descri bes the sinultaneous identification of bacterial virulence
genes by negative selection. This 4 paper was published in July, 199%+

Sl auch. et al (1994) Methods in Enzynol ogy 235, 481-492 describes in vivo

nauced i host PRIding a oAy T RicRATpfibdy RSO WHCY %) )

I nduced in SSUEs. Pascop | mrun.
62, 1313- 13hdephnientlyemutdted Une the insertional inactivationufeatgenst with an
Mycobacterium tubercul osis to identify a genom c 15 fragnent associ ated
wi th virul aweleic acid comprisiag 3ovpape macken sequenne sodthat ieach :mutant of
plant-res p%%%ita\ﬁrels g%ri]ﬁ'gre%ft marker se%%%tngé,i SF clones of the said rhicroorganism;
5 (2)  providing individually a stored sample of each mutant
produced by step (1) and providing individually siorcd ‘nucleic acid
'comprising the unique marker sequence ftc_im each individual muiant;
- (3) introducing a plurality of mutants produced by" step (1) into
the said particular environment and alloWing thqsé microorganisms which
10  are able to do so to grow in the said environinent; | |
(4)  retrieving microorganisms from the said environment or a
selected part thereof and isolating the nucleic acid from the retrieved
microorganisms; . _ _ | ) |
(5) comparing any marker sequences in the 'nqcleié acid isoléted
15  instep (4) to the unique marker sequence of each_ind__ividual mutant stored
as in step (2); and | | o
(6)  selecting an individual mutant which does not contain any of

the _marke'r sequences as isolated in step (4).

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

reduced capacity to proliferate in the environment.

A microorganism can live in a numbef of different environments and it is
known that particular genes and their products allow the micrdofganism

25 to adapt to a particular environment. For example, 'in. order for a
pathogenic microorganism, such as a pathogenic bacterium or pathogenic
fungus, to survive in its host the product of one or fn.ore virulence genes

is required. Thus, in a prcfeired embodiment of the invention a gene of

a microarganism which allows the microofgéhism to adapt to a particuiar

30 environment is a virulence gene.



20 Sonme virul ence genes are already known for pathogenic m croorgani sns
such as Escherichia coli, Salnonella typhinurium Salnonella typhi,

Vi bri o chwtoeser9siCl ostri di um botul'i num Yersinia pestis, Shpgpidposibigesneri
and Li steria nonocytogenes biit in all cases only a“relatively small nunber
of the'¥otat have been identified. 25 The di sease which Sal nonel | a
typhi muri um causes in mce provides a goc;d experinental nodel of

typhoi d fever {Carter. | 1ins, ,1974), roxi mately forfy two genes
a?? eglti ngeSaI qu’&’ Sﬁﬁrﬂ?ét'ﬂg%eﬁ Anment gpgéﬁ?ﬁ"@ét%’p"’d'i@@“('@foi sman
& cohman, 199 bkoanidCaft £°4 DR or HhinfaP P Mithy Babletia®difd filtigh hr knbl £ Ot &'
nunber of prediTted virul ence genes

AMENDED SHEET to infect plants and they are able to survive within the glant3i’nd cause
(G oisman and Saier, 1990). The object of the present invention is

to identify gdiseasé becausecof thetpresence ofiaimperpressionffromnviralemecgenesn to its
envi ronmeng, %%Et%lceu ln?irclrgortggnisorll?snt“iri]:e% the particular environment is a plant
include the bacteria Agrobacterium tumefaciens which forms tumours
(galls) particularly in grape; Erwinia amylovara; Pseudomonas
solanacearum which causes wilt in a wide range of plants; Rhizobium
leguminosarum which causes disease in beans; Xanthomonas campestris
10 p.v. citri which causes canker in citrus fruits; and include the fungi
Magnaporthe grisea which causes rice blast disease; Fusarium spp. which
cause a variety of plant diseases; Erisyphe spp.; Colletorrichum
gloeosporiodes;, Gaeumannomyces graminis which causes root and crown
diseases in cereals and grasses; Glomus spp., Laccaria spp.; Leptosphaeria
15 maculans; Phoma tracheiphila; Phytophthora spp., Pyrenophora teres;
Verticillium alboatrum and V. dahliae; and Mycosphaerella musicola and
M. fijiensis. As described in more detail below, when the microorganism

is a fungus a haploid phase to its life cycle is required.

20  Similarly, many microorganisms including bacteria, fungi, protozoa and
trypanosbmes are known to infect animals, particularly mammals including
humans. Survival of the microorganism within the animal and the ability
of the microorganism to cause disease is .due in large part to the presence
of and expression from virulence genes. Suitable - bacteria include

25  Bordetella spp. particularly B. pertussis, Campylobacter spp. particularly
C. jejimi. Clostridium spp. particulariy C. botulinum, Enterococcus spp.
particularly E. faecalis, Escherichia spp. particularly E. coli , Haemophilus
spp. particularly H. ducreyi and H. influenzae, Helicobacter spp.
pafticularly H. pvlori, Klebsiella spp. particularly K. pneumoniae,

30 Legionella spp. particularly L. pneumophila, Listeria spp. -particularl_v L.



5 further virulence genes in pathogenic mcroorgani sns, wth increased
efficiency. A further object is to reduce the nunber of experinental

ani mal sWEWM7PH | dent i fyi ng virul ence genes. Still furthePCEBISNIBTHI t he

i nvention provide vacci nes, and nmethods for screening for drugs which
reduce virul ence. 10 Summary of tée invention A first aspect sof
the invention provides a nethod for identifying a m cr oor gani sm havi ng

gf reduced apipRb&jrogenés? Myw&d&mrspy)\ﬁﬂam 73 ;;ﬁ@g%:& _iaﬂa_ Mhe steps
tuberculosis, Neisseria spp. particularly N. gonorrhoeae and N.
meningitidis, Pseudomonas spp., particulariy Ps. aeruginosa, Salmonella
spp., Shigella spp., Staphylococcus spp. pla_rticularly. S. aureus,

S Streptococcus spp. particularly S. pyogenes and pneumbniae, Vibrio spp.
and Yersinia spp. particularly Y. pestis. All of these bacteria cause dlseasc
in man and also there are animal models of the disease. Thus, when these
bacteria are used in the method of the itivention,_ th_e' particular
environment is an animal which they can infect and in which they cause

10 disease. For example, when Salmonelia ‘typhimuﬁuin is used to infect a

. mouse the mouse develops a disease which scrvés as a mbdel-fo: typhoid
fever in man. Staphylococcus aureus causes bac;eraemia and renal absécss
formation in mice (Albus ef al (1991) Infect. Immun. 59, 1008-1014) and
endocarditis in rabbits (Periman & Fréedmﬁn (1971) Yale J Biol. Med.

15 44, 206-213). .

It is required that a fungus or higher eukaryotic parasite is haploid for the
relevant parts of its life (such as growth in the _enviroﬁment). Preferably,
a DNA-mediated integrative transformation syste_m is available and, when
20" the microorganism is a human pathogen, conveniently an animal model of
the human disease is _avai_lable.I Suitable fungi pa_thogenic_, to humans.
include certain Aspergillus spp. (for example A. ﬁtmfgatus), Cryptococcus
neoformans and Histoplasma capsulatum. Clearly the abov'e-mentioned
fungi have a haploid phase and a DNA-mediated integratiiic transformation
25 systems are available for them. Toxoplasma.m.ay also be used, being a
parasite with a haploid phase durihg ilifection. Baétgri_a have a haploid

genome.

Animal models of human disease are often available in which the ahi_mal

30 is a mouse. rat, rabbit, dog or monkey. It is preferred if the animal is a
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provi di ngveogtitesal ity of m croorganl sms each of which is PCT/GBoSPpeTsdent | y
mutated by the insertional inactivation of a gene with a nucl eic acid
conpri‘sing+a uni que nmarker sequence so thkat each nutant contains a

di fterent marker sequence, or clones of the said mcroorganism 5

(2) provi di [ ndiwi A ! rﬁa&hth ian ncinkagduced
by step (1) a%‘b?bvyyﬂxﬂ&rﬁ? ?%@?% e'al nuct ei ¢ aci uonusmgaﬂ rising
the uni que mapkRhalSMedeNsfa hﬁﬁﬁh‘iﬂé‘é&sé'&% eledily |veli‘y”hkﬂlly to be genes whnch( 3)
introducing a plurality of nutants produced by step (1) into the said
particul ar endeterminethaviruiércevefithet ticroorgamsmiganasns which 10 are able

to do so to grow in the said environnent; (4) retrieving
m croorgani sns fromthe said environnment or a

5 Particularly preferred microorganisms for use in the methods of the
invention are Salmonella typhimurium,; Staphylococcus aureus,
Streptococcus pneumoniae, Enterococcus faecalis, Pseudomonas

aeruginosa and Aspergillus fumigatus.
10 A preferred embodiment of the invention is now described.

A nucleic acid comprising a unique marker sequence is made as follows.
A complex pool of double stranded DNA sequence “tags™ is generated
using oligonucleotide synthesis and a polymerase chain reaction (PCR).
15 Each DNA “tag” has a unique sequence of between about 20 and 80 bp,
preferably about 40 bp which is flanked by “arms” of about 15 to 30 bp,
preferably about 20 bp, which are common to all “tags”. The number of
bp in the unique sequence is sufficient to allow large numbers (for
example > 10') of unique sequences to be generated by random
20 oligonucleotide synthesis but not too large to allow the formation of
secondary structures which may interfere with a PCR. Similarly, the
length of the arms should be sufficient to allov‘{ efficient priming of

oligonucleotides in a PCR.

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

need not match the target sequence to be amplified.

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

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



sel ected part thereof and isolating the nucleic acid fromthe retrieved

m cr oor gani sns; (5) conpari ng any marker sequences in the
nucl ei c WOPHITSbl ated 15 in step (4) to the unique mar kerPCTeGRasmRErsof each
i ndi vi dual nutant stored as in step (2); and (6)

sel ectd ng an individual nutant which dogs not contain any of the -
mar ker sequences as isolated in step (4). 20 Thus, the nethod uses
negative selgiimep difher®WHeh {Heo3 O8hdsBf THE tio gﬁhmers hyBAdERY thepaci tV 1o
proliferate i'n the environnment m croorgani smcan |1 ve a nunber

of differentformva mdttem;:lute?’tonq)lex andmmreh&hsmrresuwﬁra gitores and
their products allow the m croor gani sm 25 to adapt to a particular

envi ronnent .duplex pradugt| calledr‘primer dimer™s  pat hogeni ¢ ni croor gani sm
such as a pat hogeni c bacterium or pathogenic fungus, to survive in its
host the product of one or nore virul ence genes is required. Thus, in

a prefer Fed nadi §tp@ct{lfe\/§%§ﬂ %vgfd}ﬁ 18 ?ar ag(gggy deTel &qgl sm

whi ch al he m croo ani sm par envi ronment i's
a virul ence PERS a 40-60% G498/ cofitént is often recommended for both primers,
PCT/ GB95/ 02875

with no long stretches of any one base. The classical melting temperature

calculations used in conjunction with DNA probe hybridization studies
often predict that a given primer should anneal at a specific temperature
10 or that the 72°C extension temperature will dissociate the primer/template
hybrid prematurely. In practice, the hybrids are more effective in the

PCR process than generally predicted by simple T, calculations.

Optimum annealing temperatures may be determined empiricaily and may

15  be higher than predicted. Tag DNA polymerase does have activity in the -
37-55°C region, so primer extension will occur during the annealing step
and the hybrid will be stabilized. The concentrations. of the primers are
equal in conventional (symmetric) PCR and, typically, within 0. 1.- to 1-
uM range.

20 |
The “tags” are ligated into a transposon or transposon-like element to
form the nucleic acid comprising a unique marker Sequence.
Conveniently, the transposon is carried on a suieide vector which is
maintained as :a plasmid in a “helper” organism, but which is lost after

25 transfer to the microorganism of the method of the invention. For
example, the “helper” organism may be a strain of Escherichia coli, the
microorganism of the method may be Salmonella and the transfer is a
conjugal transfer. Although the transposon can be lost after transfer, in
a proportion of cells it undergoes a transposition event through which it

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



5 Conveniently, the particular environment is a differentiated

mul ticellular or gani sm such as a plant or aninmal. Many bacteria and
fungi arewlgvgntes;  to infect plants and they are able topéﬂé dsiReyd thin
the plant and cause di sease because of the presence of expressi on
fromvirul ence genes. . 5 Suitable m'-crogrgani snms when the part I cul ar
environnent is a plant I ncl ude the”Zbacteria Agrobacterium tunefaciens

whi ch forns tunours particularly in ape; Wi ni a anyl ovar a;
Pseudononas mwroogsaansaw&dim (?ﬁ. athedy skt ds wast p emxg55¢ HAgsPeIONy| ant s

carpestris 1097 SrAPRRPRRG HRAEH %%@é‘é%ﬁﬂeﬁ?ﬁ%&emﬁﬁ RIS
the fungi Sabﬁ&iﬁ&?ré%a% «‘i\?miaﬁ&g rﬂé&g@éxﬁ%tﬂéﬁ%ﬁ%soﬁusa“ um

spp. which cause a varle ant risyphe spp

Col I etorrichuand exconghgmme seléeted &:amedmm eamahang kanamyein\hltdd alzauses
root and crown | seases in cereals and grasses; d onus spp., Laccaria

spp.; Leptdsppessible toscomplamentsan mmtaopmganalqsmmahe wnqwntqeurm pp.
Pyr enophora teres; Vertjcilljum alboatrym and V., dahl |
M/cosphaer el | & fHGtional gengdn the nuc ¢ pcid; camapdsin & MBI ATKST. nBRiS det ai |

bel o, when { hE AL BRARMASAY conyenibt AL TING erehw;ndm%qﬁmo its life

y, many m croeorganl sns
bacteria, fungi, protozoa and trypanosones are known to infect
aninmals, particularly mamals including humans. Survival of the
m cr oor gani snPreferdbiyt the eomplementihg functininal igene is natf detieedrifromothgani sm
to- causeoﬂi sease is dye in large part tQ the presence - of and
expr essi ot f r $3ME SRACISHC @S gthee SeCipiont ¢ mr@owm@m Othepwisgenon-rapdgmet el | a

spp. particul arl pertussis, Canpylobacter spp. particularly C.
jejuni. d ostt '}tﬁg‘ﬁﬁ"&p“p"e"ﬁ%mﬁﬂcﬁ?%ﬁ y C. botulinum Enterococcus spp. -

particularly E. faecalis, Escherichia spp. particularly E. coli,
Haenophi | us
It is also particularly convenient if the transposon or transposon-like

element is carried on a vector which is maintained episomally (ie not as
15  part of the chromosome) in the microorganism used in the method of the
first aspect of the invention when in a first given condition whereas, upon
changing that condition to a second given condition, the episome cannot
be maintained permitting the selection of a cell in which the transposon or
transposon-like element has undergone a transposition event through which
20 it integrates at random, along with its unique tag, into the genome
of the microorganism used in the method. This particularly convenient
embodiment is advantageous because, once a microorganism carrying the
episomal vector is made, then each time the transposition event is selected
for or induced by changing the condition of the microorganism (or a cione
25 thereof) from a first given condition to a second given condition, the
transposon can integrate at a different site in the genome of the
microorganism. Thus, once a master collection of microorganisms are
made, e.ach member of which contains a unique tag sequence in the
transposon or transposon-like element carried on the episomal vector

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



spp. particularly H ducreyi and H influenzae, Helicobacter spp.
particularly H pylori. Kiebsiella spp. particularly K pneunoniae; 30
Legi onewgogippsy particularly L. pneurmophila. Listeria spppcpeiosoiaher!y L.
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nonocyt ogenes, M/cobact eriumspp. particularly M snmegmatis and M

ber cul osi L ar h N
meningi 1 ai BooRETARHRRB8ErigRal pufdndekpics BHER copfics Alfercy Wenel 12
Spp. ., Shi gektquetil: (ie War ElﬁﬁCtHé PPHiS | b Sditnen® is Par@edlar

Streptococcus spp. pa yogenes and pneunoni-ae, Wi bl’lg spp.

and Yer si ni asefpbbemrstl(a)litareuuceé ihpeﬂnnber aid coxhptehﬁymfnaanqnulmmuse
di sease in man and al so there are animal mpdel's of the disease. Thus,

when these requiresh 40 egéneratee the qlurality He'peel Hoef on cmdemy musated: he

ticul t " d in which
Phey caute TCropBRmisds ingten kieiBe madtar «ﬂgqfe‘tﬁ% '”q#ﬁ uiﬁs'ﬂsed' Lo
infect a tags”ﬂé?ig\?gaﬁs? H@kﬁeesﬂ@[‘éehﬁﬁﬁe%ﬂhﬁéaﬁf g nodel

for typhoid in man 0cOcCuUS -aureus € acteraem a and

renal abs Cephurality of ﬁt‘i&%bk'g‘ﬂusrﬂs ) §@p((f% Bf theenedod( 1PSiht (d)rﬁlﬁléés thermun. 59,
1008-1014) and endocarditis in rabbits (Perl man & Freedman (1971) Yale

J. Biol. Methetlédd edsier 26 Gis2lin) organisms for which transposon mutagenesis is

more difficult to perform (for example, Staphylococcus aureus) and point

10 (b) means that tag sequences with particularly good hybridisation (
characteristics can be selected therefore making quality coqtrol easier. As

is described in more detail below, the “pool” size is conveniently about

- 100 or 200 indepéndgntly-mut_ate_d microorganisms and, therefore the
master collection of microorganisms is conveniently stored in one or two

1S  96-well microtitre plates.

In a particularly preferred embodiment the first given con‘diticn is a first
particular temperature or temperature range such as 25°C to 32°C, most
preferably about 30°C and the second given condition ‘is a second
20 particular temperature or temperature range such as 35 °C to 45°C, most
preferably 42°C.- In fﬁrthef preferred embodiments .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; or the first
given condition is the absence of an antibiotic and the second given

25 condition is the presence of the said antibiotic.

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

30 and derivatives or analogues thereof. Transposons particularly suited for
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It is required that a fungus or higher eukaryotic parasite is haploid for

t he rel evant parts of its life (such as growh in the environnent).
Pref er abl Wo 96/179512 DNA- nmedi ated integrative transformation fé"flh‘ig%l&z%m

avai | abl e ‘and, en 20 the mcroorganismis a human pat hogen, conveniently
an anirmal medel of - the human di seaSﬁ I's avail abl e. Suitable fungi

pat hogeni c to hunmans I ncl ude certai 1Aspergi | lus spp. (for exanple A

Gloar Ty the aARVHHBFHcIUacoscs auceigh plice ECHapngifs 60 CRP)Proc.

DNA- nedi at ed i gratiyegt.r - | syst r vai | abl t hem
+ Toxopl asma myﬁgﬁgi@’ﬁgfﬁ%%ﬁ&&l&é@ﬁé& fggﬁt(ﬁlgu%gf)lagi @%ﬁ&e
during infecti B %’FM a1 | oi d genone. ~ Ani mal nodel s
: ect. 3 0 té?%val 82 e’in which the animal 30 is a nouse,
- rat, rabbit, dog or nonkey. It is preferred if the animal is a - WO

. : PCT/ G895/ 02875
A 5 It is particularly preferred if the transposonsubave ther prapectiesyofidhe

detected by t hod, of, the, i nyenfjon_using an,. ni_nal d of a

human di seasehi!‘gfi IdG&”PS‘V%ﬂ?s‘W‘FQt by tga‘BbﬂL'gEtnGé (Mhﬁ hacter@t 3173? ne the

virulence of t{psgaghR0 afld e catidd By a temperature-sensitive vector such as
pE194Ts (Villafane er al (1987) J. Bacteriol. 169, 4822-4829).

10 It will be appreciated that although transposons are convenient for
| insertionally inactivating a gene, any other known method, or method
developed in the future'may be used. A further convenient method of
ihsertionally inactivating a gene, particqlarly in certain bacteria such as
Streptococcus, is using insertion-duplication mutagenesis such as that

15 described in Morrison et al (1984) J.Bacteriol 159, 870 with respect to
S.pneumoniae. The general method may also be applied to other

microorganisms, especially bacteria.

For fungi, insertional mutations are created by transformation using DNA

20 .fragments or plasmids carrying the “tags” and, preferably, selectable
markers encoding, for.example, resistance to hygromycin B or phleomycin
(see Smith ez al (1994) Infect. Immunol. 62, 5247-5254). Random, single
integration of DNA fragments encoding hygromycin B resistance into the
genome of filamentous fungi, 'using‘ restriction enzyme mediated

25 integration (REMI; Schiestl & Petes (1991); Lu er al (1994) Proc. Natl.
Acad. Sci. USA 91, 12649-12653) are known.

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

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



5 Particularly preferred mcroorganisns for use in the nethods of the
I nvention are Sal nonella typhinurium Staphyl ococcus aureus,
St r ept OWO®6U2951pneunoni ae, Enterococcus faecalis, PseudrtwGBss/02875

aer ugi nosa and Aspergil | usfum gat us. 10 A preferred enbodi nent of the
I nvention is now descri bed. A npocleic acid conprising a unigue -«
mar ker sequence is nmade as foll ows. A conpl ex pool of double stranded

DNA sequenc '{969‘.? j r . [ | lﬁ&gie sis and
a pol yner asg{ac aln lfl{ee;g?t?@ﬁ P@) .tr_aﬁposégcﬁlgg@\ér?{ﬂaigﬁ as- geﬁﬁéll@jekesequence
of between &&bl!ﬁoﬂ@f&ﬁﬂu?ﬂit?mf ind%pend@hﬂyahahlted flierdorgahibims Wherin S :
fl anked by "arns" of about 15 to 30 bp, - preferably- about- 20 bp, which
are common tadifferentigene'is insertionallycinactivated in eagh mutantandreagh eanstantience i s
sufficient to all owéi,gir&ep nuntigﬁs &Lor exanple > 10[err]) of unique
sequences t GOPBUBSASHECENtPATkes SSHPSRFE- o] i gonucl eoti de synt hesis but not
too | ar to allow the formation of secondary structures which may
interfere with a PCR Simlarly, the l ength of the-arnms shoul d be
sufficient toliprdMofsddiCinBitic mlitdiits @8 arrayed ifwelRAmiGotitdcdishées 2 PCR
25 It is well known that the sequence at the 5 .end of the ol igonucl eotide
need not naisohthabeedchr gedl sontatnzca différentimiant enicroorganism. t DNAusual

that the PCR pripers do not contain any conplenentary. . . structures with
each ot her Icomypuising dhe2uniquesmaskere sequange ofromh each sindividyal mutant

microorganism (conveniently, the total DNA from the clone is used) is

10  stored. Convenieqtly, this is done by removing a sample of _the ‘
microorganism from the microtitre dish, Spo_tt_ing it onto a nucleic acid
hybridisation. membrane (such as nitrocellulo_se.or nylon mgmbranes),
lysing the microorganism in alkali and fixing the nucleic #cid to the
membrane. Thus, a r¢pli_ca of the'contents; of the ngled microtitre dishes

15 is made. | - |

Pools of the microorganisms from the welled niicrqtitre dlsh are made and
DNA is extracted. This DNA is used as a target for a PCR using primers
that anneal to the common “arms” flanking the “tags” and the amplified
20 DNA is labelled, for example with P. The product of the PCR is used
to probe the DNA stored from each individual mutant to px_'ovide a
reference ,hybridisatidn_ pattern for the replicas of the welled microtitre
dishes. This is a check that each of the individual '_micro_orga'nisms' does,
in fact, contain a marker sequence and that the marker sequence can be
25 amplified and labelled efficiently. |

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

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



30 as this feature may pronote the formation of an artifactual product
cal | ed WD 96/ 17951

PCT/ GB95/ S6#17951 " 8  PCT/GBYSMIsTSTES
dimer". Wen the 3" ends of the two priners hybridize, t hey forma

"prinmed tenpl ate" conplex, and prlner exf§n5|on resufts in a short
dupl ex product called "prinmer diner" I nternal secondary structure

shoul d be avoj ' [ tr' - 4 %, ont ent
ohoul 8 be, 2vLeafvuh, B EREne beiBiTe Leey it i eBHAEE
one base. Therghfig#iitéahe BRvironthent i’ whithethe mutsiitd Gk pitredifcedsed i n
conjunction with DNA probe hybridization studies often predict that a
gi ven priner should anneal at a specific .tenperature 10 or that the

72[ err] C extension terrperature wi |l dissociate the priner/tenplate
hybrid prenat @nsey. ¢nnpcmrgwsmsh@rnymmcande nto cther rsaid | particularn

PCR th di ct ed. le T | cul
Opt 1 hum arheaFHEORBEDE IS T TadRganisTR. iGN frS Abis ﬁﬁ?&fﬂ‘*ﬁ%@% 15 be
hi gher than pg?ﬁlh Ghifle en¢tohhient oIt A ﬁxerlﬁi!‘?%ﬁ' s are 18

gi on, rn

37-55[err]Cr 88 DY I Rer “axt ensi onewi occur e annea ing
step in the environment is determined by the nature of the mxcroorgamsm and

the environment. After a suitable length of time, the microorganisms are
recovered from the environinent, DNA is extracted and the DNA is used
10  as a template for a PCR using primers that anneal to the “arms” flanking
' the “tags”. The PCR product is labelled, for example with *P, and is
used to probe the DNA stored from each individual mutant replicated from
the welled microtitre dish. Stored DNA are identified which hybridise
weakly or not at all with the probe generated from the DNA isolated from
15 the microorganisms recovered from environment. These non-hybridising
DNAs correspond to mutants whose adaptation to the particular
environment has been attenuated by insertion of the transposon or other

DNA sequence.

20 In a particularly preférred embodiment the “arms™ have no, or very little,
label compared to the “tags”. For example, the PCR primers are suitably
designed to contain no, or a single, G residue, the *P-labelled nucleotide
is dCTP and, in this case, no or one radiolabelled C residue is
incorporated in each “arm” but a greater number of radiolabelled C

25  residues are incorporated in the “tag”. It is preferred if the “tag” has at
least ten-fold more label incorporated than the “arms”; preferably twenty-
fold or more; more preferably fifty-fold or more. Convéniently the

~“arms™ can be removed from the “tag” using a suitable restriction
enzyme, a site for which may be incorporated in the primer. dcsigﬁ. '

30



and the hybrid wll

be stabilized. The concentrations of the primers are

equal in conventional (symetric) PCR and, typically, within 0.1- to 1-

pM r an¥0 96217951

transposon-li ke elenment to form the nucleic acid conprising

uni que mar ker sequence.

sui ci de vector which is mai ntai ned as a plasmd in a "hel per”

or gani sm

R ' . . ' ( i f th
mothod of ChbaRRLER FhovRf dhrkiEliay pichaR Bl OF Gl ieaionay be o

The "tags" are ligated into a transposghmngsmms

a .

Conveni egll y, the transposon is carried on a

he

strain of Hsc hCtea bor ' nj ' y be
Sal nonel | a gntgﬁté hemt rz;ﬁ%?%?rg?gﬁén s a”%%;?},jgggg? P?i g#\‘gjfr §?mmg éT?

t ransposon pasticular lenviroafteat is ananimal. Im this embodinmeney thesizobf ged | s it
undergoes a transposition event t,hro;gh which it 30 integrates at

al ong wi t h ROod ofnmutants,introduced; ingo

soamimal ishdetermined/\byo ¢ tss

i oor SanFUESCRF Pl AE saeh maptant thatsase, Bkely, o symvive in thp animal

Qr transbojagumifg £ViHShed 8Bnd had hACb&h it AR ) e fothf

Sal nonel | a,” a kananycin resi _ € _ !
and excon] igeailanpoftieahivrborsaalse I UiB Afibaf iH () ik RAIOW tien falsd S al SO

possi ble to conpl enent an auxotro

10

15

20

25

30

ance gene nay pr

hi c marker in e recipient ce
positive results may arise and'O if the number in (b) is too high then the

animal may die before enough mutants have had a chance to'grow in the
desired way. The number of cells in (a) can be determined for each
microorganism used but it is preferably more than 50, more preferably

more than 100.

The number of different mutants that can be introduced into a single
animal is preferably between 50 and 500, conveniently about 100. Ttis
preferred if the total inoculum does not exceed 10° cells (and it is
preferably 10° cells) although the size of the inoculum may be varied
above or below this amount depending on the microorganism and the

animal.

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

to screen 100 mutants.

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

~of mutants so that at least two can be investigated (one as a replica to

check the reliability of the method), whilst the third is kept as a back-up.

random

1
sposon
se of
sposon

W th

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

5



a functional gene in the nucleic acid conprising the unique marker. This
method is particularly conveni.ent when fungi are used in the nethod.

Pr ef er abl wodsm7esinpl ementi ng fiunctional gene is not deri vedpépeEbéghgrsO
sanme species as the recipient mcroorgani sm otherw se non-random

integration<events nmay occur. It ﬁ. al so particularly convenient if
the transposon or transposon-|ike efenent is carried on a vector which

is maintained_e ison‘ﬁll (qi@ noj as 15 part of the chronosone) in the

ni cr oor gani smMPYEET| Q'ﬁg‘ o of the first aspect of the invention
when in a first given condition whereas, upon changi ng that condition
to a second given condition, the episone cannot be mai nt ai ned

perm tting thTheelige! bétweeh theGrddl of mitinitd belify intPotueed At the animal
transposon-|i ke el enent has undergone a transposition event through which

20 it integr andshexmicraotganisms beingvecovered may vary with the microohgargsmone

of the m croorgani smused. in_the nethod. This particularly convenient

enbodi nent? i sagém asgd. p&os eramplec when the apimalnissa mapssand thee

epi somal vect the tr ition event js selected

o d h | e,
for or induceﬁ{‘stf’s%ggﬂ%%& glge“ﬂa% &fé’%ﬁ"‘ﬂf‘wﬂhgﬁs o ?ﬁ%ﬁﬁ“s‘ﬁ‘lofﬂimﬁncl one
25 thereof) Qﬁ@%eo\;é'x?% atgbé@mr??rzﬁ EI on to a second given condition, the
a

transposon can 1 ntegrate Terent site in the genonme of the
‘m croorgani sm Thus, once a master collection of mcroorganisns are
made, each mepber of which contains a unique tag sequence in the
transposon or In paeembodimenkef the inventianemidrodrganismearerietriened front the 30
when in e first given condition),.it can he used repeatedly to generate
( ltd] env1rom%ent 1n step &St) at :2 site remote t%rom the s1tepofaintrod>t/1ct10n gm
| step (4), so that the virulence genes being investigated include those

involved in the spread of the microorganism between the two sites.

For example, in a plant the microorganism may be introduced in a lesion
15 in the stem or at one site on a leaf and the microorganism retrieved from

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

-In the case of an animal, the microorganism may be introduced orally,
intraperitoneally, intravenously or intranasally and is retrieved at a later
20 time from an internal organ such as the spleen. It may be useful to
compare the virulence genes identified by oral administration and those
identified by intraperitoneal administration as some genes may be required
to establish infection by one route but not by the other. It is preferred if

Salmonella is introduced iritraperitoncally.

Other preferred environments which may be used to identify virulence
genes are animal cells in culture (particularly macrophages and epithelial
cells) and plant cells in culture. Although using cells in culture will be
useful in its own right, it will also complement the use of the whole

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



WD 96/ 17951 _

PCT/ (3B95/ 02875 10 pool s of
randomwa9en19sbnal nutants, ‘each of which contains a dif PETeCBIS02875
sequence (ie unique within the pool). This enbodinment is particularly
useful because (a) it reduces the numpgr and conplexity of manipul ationss
required to generate the plurality ("pool") of independently nutated 5

M 1 00T QaANIEE difo Yrkferkdd if 'tk 'k e {4, bt S td uiBAEL Bogd! 1 er ent

tags need only e sanme as the nunber o roorgani sns I n

plurality oNithifr @orgiesh shosi-parasite @dteradtion)e areibmber Pof ndifférenfrekes t he
met hod easier to use in organisns for which transposon nutagenesis is
nore di f fi emvironmenss fage rpgssible cinclpding different organsuanditissues, andi poi nt 10

(b) neans that tag sequence Lth particularly good hybridisation
characteri ms&egwsfb@cgése'iﬁ WérEﬂtﬁﬁe making quality control. easier. As

I s desckibed in nore detail below, the "pool" size is conveniently about
100 or 200 independently-nutated m croorgani sns and, therefore the

mast er col I'Ffe h@tbet of indRAGEANMIEToorSariSfY (i eeMld)YretbVeRd fronPife OF two 15
96-well mcrotitre plates. In a particularly preferred enbodi nent

the first gnvironawentishoold be atléast swice, prefezablycat!leastitenjtimes, umereor
tenperature range such as 25C to 32C, _ nost ~ preferably about 30[err]C
and the sem&r&lvem%msmgmmbq efodifferentomutants intcoduged; i@ thet ure or

temper atur ¢ LBt h B 2Rhohld SohénEh S F Roculated with 100
10  different' mutants around 10,000 individual microorganisms should be (
~ retrieved and their marker DNA isolated. |

A further preferred embodiment comprises the steps:

15 (1A) removing auxotrophs from the plurality of mutants produced in step
(1); or

(6A) determining whether the mutant selected in step (6) is.an_a'_uxotroph;
or
20" :
both (1A) and (6A).

It is desirable to distinguish an auxotroph (that is a mutant microorganism
which requires growth factors not needed by the wild type or by
25 prototrophs) and a mutant microorganism wherein a gene allowing the
| miéroorganis_m to adapt to a particular environment is inactivated.

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

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



preferably 42[err]C In further preferred enbodi ments the first given
condition is the presence of an antibiotic, such as streptonycin, and the
second Qi wRyoer@oii tion is the absence of the said antibiotipcT/aBotks7s i rst
given condition is the absence of an antibiotic and the second given 25
conditi'on is the presence of the said anf}biotic. Transposons
suitable for integration into the genone of G am negative bacteria

i nclude Tn5, Tnl 0 and derivatijves thereof., Transpos: nsf. u"t[,5 bl e for
i ntegrati on i At 008 aPREhel he IBVARHOR Srovides BIBEDRH. DT Mentfingageseso and
deri vat i ves of el iguR° iRkSSHganibi U5 RSP § PakticuthP Eh¥irdhirieht] '

PCT/ GB95/ 0287 ethod comPrisin the method of the first asgpect ofLthe inventioige With
St aphyl occus aureus 1 nctude Tn917 (Cheung et al (1992) Proc. Nat | .

Acad. Sci. USfolbowed by2the4idditiomal ste18 (Al bus et al (1991) - | nf ect .
| mun. 59, 1008-1014). 5 It is particularly preferred if the
transposor@ have the properties of the Tn917 derivatives described by

Camlli et al 1990%(?1%@@% ﬁ}rsiegtEOlm:Fi' lg7§%fnacﬁvated3éz%§b§7])% 2P PhEm e | €d DY

a tenperaturel&enst
individual mutant selected in step (6).

Methods for isolating a gene containing a unique marker are well known

10 in the art of molecular biology.
A further preferred embodiment comprises the further additional step:

(8) isolating from a wild-type microorganism the corresponding wild-
15 type gene using the insertionally-inactivated gene isolated in step (7) or

part thereof as a probe.
Methods for gene probing are well known in the art of molecular biology.

20  Molecular biological methods suitable for use in the practice of the present
invention are disclosed in Sambrook er al (1989) incorporated herein by

reference.

When the microorganism is a microorganism pathogenic to an animal and
25 the gene is a virulence gene and a transposon has been used to
insertionally inactivate the gene, it is convenient for the virulence genes
to be cloned by digesting genomic DNA from the individual mutant
selected in step (6) with a restriction enzyme which cuts outside the
transposon, ligating size-fractionated DNA containing the transposbn into

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



pEl 94Ts (Villafane et al (1987) J. Bacteriol. 169, 4822-4829). 10 It
w Il be appreciated that although transposons are convenient for

i nsert ivpp 8649951 nacti vati ng a gene, any other known net hogcrRipssRisygd
devel oped in the future may be used. A further convenient nmethod of

insertionally inactivating a gene, paﬁi cularly in certain bacteria such as
Streptococcus, is using insertion-dupliication nutagenesis such as that 15

d i bed in.NDrri t al (1984) J. Bacteriol 159 870 wit. t ot
S preunoni KIS SBReked vt 1R, HanpooR, st “nor B 48, Blasimid, | THE™' '°

mut at s one TeroorEEAS Benfmi DRA Sdjacent to ;S piseln i AeGHEAREY | L\
carrying t singtta@sprifieds whick anmdil Yo theterfilindll regions of the teisposdi; 0di ng, for

exanpl e, resistance to hygronycin B or phleonycin - (see Sm th et al
(1994) | nf and .twionprimers whichsantieab 2tose. torthedpolylinkerisequences ofrthegr at i on of

DNA fraggnments encodj ng hygronycin, B resi stance.into the genone of

fil aneffouﬁiaﬁun i ,ﬂa% SAGUSeNces may Psﬁugmitqrﬁﬁét searegs 40i on (REM ;
Schi est | AU, | {1 : . Ac Sci . USA
91, 126_49%%@"%&2%%0%&&%3 hs g{a@‘?‘f‘ﬁ@ Pnﬁ{’*vu“oﬁgf‘le a€ 4si s |
t echni que dVeaient e bl his methl g??éd?g id394)
incorporatgdﬂhﬁl’gcréei n tijh?‘tllyéfsg en(?g, ange‘iirtl’ Itﬁlge, f(k;,rasﬂ;:‘%%m‘f1 xanp ea.(lﬂgtqhe use of
Ty el enent theasehuenbes presenDiv thepublicly. available databases such as EMBL

and GenBank. Finally, if the interrupted sequence appears to be in a new

10  virulence gene, the mutation is transferred to a new genetic background (

(for example by phage P22-mediated transduction in the case of

" Salmonelia) and the LD, of the mutant strain is determined to confirm
that the avirulent phenotype is due to the transposition event and not a
secondary mutation.

15 . . .
The number of individual mutants screened in order to detect all of the
virulence genes in a microorganism depends on the number of genes in the
genome of the microorganism. For example, it is likely that 3000-5000
mutants of Salmonella typhimurium need to be screened in order to detect

20 the majority of virulence genes whereas for Aspergillus spp., which has
a larger genome than Salmonella, around 20 000 mutants are screened.
Approximately 4% of non-essential S. typhimurium genes are thought to
be required for virulence (Grossman & Saier, 1990) and, if so, the .
typhimurium genome contains ‘approximately 150 virulence genes.

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

and much more practicable route to identifying virulence genes.

A third aspect of the invention provides a microorganism obtained using
the method of the first aspect of the invention. |
30
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i nt egr at iWp ogh7dshe transposon or other DNA sequence al | ows PCTIGB95!!0§9J53'[ i on
of a plurality of independently nutated m croorgani sns wherein

different gene is insertionally |nact|vglt9ed i n each nutant and each rrut ant
contains a different marker sequence A library of such insertion

Contai ns. 5 di SRY SHCRORTEARIST ar<. Bpeith Perus ey haves he,PTanesly O @bni que
Cconven: ont | youpR Seaiaf G iiye i FipsRihARE epironlfiehl. "0" 357 S, oo

Conveniently, this is done by renoving a sanple of the m croor gani sm
fromthe mcrotitre dish, spotting it onto a nucleic acid- _

hybri di sati onlme peeferned ambodintem) 4 patirigenicomicroorgadism ismobadayted to

| ysing the mcroorganismin alkali_ and fixing the nucleic acid to the
menbr ane. Thuslrvive eist i 2ahost t organism e (enyirgnment) V\Bndecl!lirn theotgase e ofii shes

15 d th | ed tit
rsh are. madeTiFTROrESSR hat, aB5 ERMASERC 10 G Ale, TRriCUAFY R a . o1 o

and the anpl | P58 PASHERAP, WARRRR, e mUAnk WERRd WTihe SR B 07

'?f the PSR i sinvefiflon may! Be Pise@ein he vabéing! Or'Fe frhe@neds havielent, duad nut ant
0 provide a

therefore expected to be suitable for administration to a patient, but it is

10 expected to be antigenic and give rise to a protective immune response.

In a further preferred embodiment the pathogenic microorganism not
adapted to survive in a host organism, obtained by the methods of the
invention, is modified, preferably by the introduction of a suitable DNA
15 sequence, to express an antigenic epitope from another pathogen. This

modified microorganism can act as a vaccine for that other pathogen.

A fourth aspect of the invention provides a microorganism comprising a
mutation in a gene identified using the method of the second aspect of the

20 invention.

Thus, although the microorganism of the third aspect of the invention is
useful, it is preferred if a mutation is specifically introduced into the
identified gene. In a preferred embodiment, particularly when the
25 microorganism is to be used in a vaccine, the mutation in the gene is a
deletion or a frameshift mutation or any other mutation which is
substantially incapable of reverting. Such gene-specific mutations can be
made esing standard procedures ‘such as introducing into the
microorganism a copy of the rﬁutant gene on an autonomous replicon

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



reference hybridisation pattern for the replicas of the welled mcrotitre
. dishes. This is a check that each of the individual m croorgani sns does,
in factwomenyesin a narker sequence and that the nmarker septEpGBeS/2878 be 25

amplified and labelled efficiently. Pool s of transposon nutants are
made to introduce into the particular g environment. Conveniently, »
96-well mcrotitre dishes are used an t he pool contains 96 transposon
mut ant s. t there is
o heor et | Eroripi6h i Mtrodick fne Rordeln e tﬁé’%p*mté%%éﬂ the

PCT/ GB95/ 028diyme of the microorganism. pool but,

as di scussed below, the upper Timt may be determ ned i n rel ati-on to
the environment into which the nutants are introduced. Once the

m croorgani sps are introduced into the, said p&:t i cul ar envi ronnent

t hose m cr obifhhand rw&thmspmtmf the frvensionproy! esuxtahlﬁéalqreorgamsrgr ow in

t he envig ongent. The |en of time.the nicr.oorgan are left in the
envi r onment f9TUSGIR Hag tﬂp ﬂé’aﬁ%r‘é"m?“fwg %\smdﬂm@ﬂf% t he
envir Onm”tanﬂtﬁ{mﬁa%ﬁ%yeaéﬁﬁm %rﬁér”e the mi croor gam sns are _

The suitable microorganism is the aforementioned avirulent mutant.

10  Active immunisation of the patient is pfef_erred. In this approach, one or
more mutant microorganisms are prepared in an immunogenic formulation
‘containing suitable adjuvants and carriers and'adm_inistprcd to the patient -
in known Ways. - Suitable adjuvants include Freund’$ complete or
incomplete adjuvant, muramy! dipeptide, the “Iscoms” of EP 109 942, EP

15 180564 and EP 231 039, aluminium hydroxide, sapéni:n, DEAE-dextran,
neutral oils (such as migiyol), vegetable oils (such as ar_a_chis oil),
liposomes, Pluronic polyols or the Ribi adjuvani system (see, for éxample
GB-A-2 189 141). “Pluronic” is a Registered Trade Mark. The patient
to be immunised is a patient requiring to be protected from the disease

20  caused by the virulent form of the microorganism.

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

period of time.

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

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



recovered fromthe environnment, DNA is extracted and the DNA is used 10 as
a terrpl ate for a PCR using priners that anneal to the "arms" flanking

the "tags'WOMIET9PLCR product is | abelled, for exanple w th [ ®CT/GB95®028I5i S
used to probe the DNA stored from each i ndi vi dual mut ant replicated from
the wel'l ed microtitre dish. Stored DNA ab g I dentified which hybridise
weakly or not at all with the probe generated fromthe DNA I sol ated from 15

DAs cor + espontig e ek plakiss L MeCSeitsE Gt Htoe, compafiply Pad ' sVirligsh
envi 1 ONent _hagichSstatish bR lmerm%hgoaoptretét@nw@@é PHEORecipieliser

DNA sequence. In a particular preferred enbodi nent the _
no, or very Ilthﬁx‘eef Typlchﬁyelth@@anacmdwﬁlb Bd"lwatélags salihe rwhichnwild bet he PCR
prinmers are suitably designed to contain no, or a single, G residue,

the [err]P-I aﬁmle@ndmyr@esncf&e is dCTP and, in this case, no or one

radi ol abeltled C residue is I ncorporated in each "arnt but a greater
nunber of adi oI abelled C 25 residues are incorporated in the ‘tag". It is
preferred i f | I rated
than the ' arms prefaep&g?la?%d att thé%é&m&ﬁrcfm lEl‘r’r%@({a(ﬁlrrn e pr g{'g |y

fifty-fold or miefsor aRIVE BoMp bhé’ntt Rfay be usefal itFthe freld96f hamanafedicitie t he
"tag" using a suitable restrlct|on enzynme, a site for which nay be

i ncor por at ed @andtvetenimanyemediesngin. 30

10 Diseases caused by microorganisms are known in many animals, such as
domestic animals. The vaccines of the invention, when containing an
appropriate avirulent microorganism, particularly avirulent bacterium, are
useful in man but also in, for example, cows, sheep, pigs, horses, dogs
and cats, and in poultry such as chickens, turkeys, ducks and geese.

15 |
Seventh and eighth aspects of the invention provide a gene obtained by the
method of the second aspect of the invention, and a polypeptide encoded
thereby. '

20 By “gene” we include not only the regions of DNA that code for a
polypeptide but also regulatory regions of DNA such as regions of DNA
that regulate transcriptioh, translation and, for some microorganisms,
splicing of RNA. Thus, the gene includes promoters, transcription
terminators, ribosome-binding sequences and for some organisrhs introns

25 and splice recognition sites.

Typically, sequence information of the inactivated gene obtained in step
7 is derived. Conveniently, sequences close to the ends of the transposon
are used as the hybridisation site of a sequencing primer. The derived

30 sequence or a DNA restriction fragment adjacent to the inactivated gene
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di scuswdogp@se, a particularly preferred enmbodi nent of ipgydgasmR7sON
i's when the microorganismis a pathogenic m croorgani smand the

particul ar environnent is an ani nal . this enbodi nent, the size of the
pool of mutants introduced into the afiftmal is determned by (a) the 5
P

(assuni ng ACPIE iy parcl ek bvheRissdon wivke: Vih CuBich olidentey nend o1 o

ot al

posi tive raSoiefe Feih A ARdyBR orkanipl (R ERResbdndifly wild i kRl 00 T 00

ani mal may di e before enough nutants have had a chance to growin the 10
desired way. The nunber of cells in (a) can_be determi ned for each

mi cr oor ganil nisupeefepred if the hybridisatsoy paobing Handeng undee strizigentibl y
nore thgn 100.., . The nunber of different rIut.ants that can _be

i nt r odued Sondifionssfo, gneuresthay, the gene.c and Mot 3, pelative, 150 nd¥500,

conveni ent | g/, a| » : ) ' Qt, ' um does
not exceed ggﬁt i\@? Fgéa%\aff@tﬁe ggnfﬁ%ﬁ&fa?%*deihaeéﬁb%%gﬁ ?ﬁkggﬁg )

al t hough t ke 3 & al oI TIW YT ﬂ{gﬁ, i(Q%ich i QQF@_' ow this
anount - depggé@mlggﬁgﬁ%@%%&?n% al dfbtﬁﬁe(%mh’ m(gﬁ&na . l%Obimj In a
par ti cul ar Inuctentidesiiariengsh) lio iin solutioncarid theoimrhobilisell gene/lybiidised ai ni ng
1000 cells each of 100 different nmutants for a single animal . It wll be

appr eci at edprobatisi washeds innd. hoxl S§G a4 fornl b ains e $SG ie 0.481M100
nmut ant S.CO Lor art nethods which require at | east 100 aninmls 2
10 TRAEHf A% BE N cftate. | ! H {

to scr

Preferred probe sequences for cloning Salmonella virulence genes are

shown in Figures 5 and 6 and described in Example 2.

15 In a particularly preferred embodiment the Salmonella virulence genes
comprise the sequence shown in Figures 5 and 6 and described in

Example 2.

In further preference the genes are those contained within, or at least part

20 of which is contained within, the sequences shown in Figures 11 and 12
and which have been identified by the method of the second aspect of the
“invention. The sequences shown in Figures 11 and 12 are part of a gene
cluster from Salmonella typhimurium which I have called virulence gene
cluster 2 (VGC2). The position of transposon insertions are indicated

25  within the sequence, and these transposon insertions inactivate a virulence
determinant of the organism. As is discussed more fully below, and in
particular in Example 4, when the method of the second aspect of the
invention is used to identify virulence genes in Salmonella ryphimurium.
many of the nucleic acid insertions (and therefore genes identified) are

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



However, it is convenient to inoculate three animals with the sane pool
of nutants so that at |east two can be investigated (one as a replica to
check the ywpldsalgsii ty of the method), whilst the third is kepbpy@gosisrs
back-up. 30 Neverthel ess, the nethod still provides a greater than
30-fol d savi-ng in the . WD 96/ 17951 23 _
PCT/ GB95/ 02875 ' 15 nunmber

of aninmals used., . ' The tinme between th ool .of . mut ants_bei
"ntroduced i niontaiEs gfsraprulence genes WHER, 2t Gescrbed bl L BMPRLOEME cd ay
vary with the jpi,&qpg 9anism: 5 and ani mal used. For exanple, when the
animal is a nouse and the m croorgani smis Sal nonella typhinurium
the tinme between inoculation and recovery i s about three days.

I n one enbodi nent of the invention m croorganisns are retrieved fromthe 10
envi ronment i nthe gené¢ $yolatedby thee methad of the invéntion can be expressdddniaon i n
P (4. 50 4R Voot il i, e pone GORA) ey be 8o 5 acbondance Wit °

known techniques, appropriately modified in view of the teachings

contained herein, to construct an expression vector, which is then used to
transform an appropriate host cell for the expression and production of the
polypeptide of the invention. Such techniques include those disclosed in

10  US Patent Nos. 4,440,859 issued 3 April 1984 to Rutter et al, 4,530,901
' issued 23 July 1985 to Weissman, 4,582,800 issued 15 April 1986 to
Crowl, 4,677,063 issued 30 June 1987 to Mark et al, 4,678,751 issued 7

- July 1987 to Goeddel, 4,704,362 issued 3 November 1987 to Itakura ez al,
4,710,463 issued 1 December 1987 to Murray, 4,757,006 issued 12 July

15 1988 to Toole, Jr. et al, 4,766,075 issued 23 August 1988 to Goeddel ez
al and 4,810,648 -issued 7 March 1989 to Stalker, all of which are

incorporated herein by reference.

The DNA encoding the polypeptide constituting the compound of the
20 invention may be joined to a wide variety of other DNA sequences for
introduction into an appropriate host. The companion DNA will depend
upon the nature of the host, the manner of the introduction of the DNA

into the host, and whether episomal maintenance or integration is desired.

25 Generally, the DNA is inserted into an expression vector, such as a
plasmid, in proper orientation and correct reading frame for expression.

| If necessary, the DNA may be linked to the appropriate transcriptional and

_ translational regulatory control nucleotide sequences recognised by the
desired host, although such controls are generally available in the

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



i nvol ved in the spread of the m croorgani smbetween the two sites.

For exanple, in a plant the mcroorganismnmay be introduced in a |lesion 15
in thewotssri7esl at one site on a | eaf and the m croorgani BOT/GBYS/e28Yd from
another site on the |eaf where a disease state is indicated. In the
case of an animal, the mcroorgani smpgy be introduced orally, . .
intraperitoneally, intravenously or intranasally and is retrieved at a

| ater 20 ty 0 e : e useful
to o 2 ontiard Heeifiahet, "CWerli ol ulF of e ngSesdUIF B8 tridafiled 7 o2
those  bydeet védtofl DFhérefdreP @ Wild'hRaheRSSary ! Sedédtofor aparisfomnéEnes nay
be required to establish infection by onég route but not by the other.
It is prefdostceells. OneSselectien | tachriquet mwoivesd incorparating dntealthe. 25

O her preferred environnments which may b&ﬂused to identify virul ence
genes are &MPRessiieyector g RNA sequepse, With any: necessary okl slementspi t hel i al

eetul o DA S Torn selediubibitrdin i i< BARHORIR TG suBh Btiiolic ol s 50

ani nal or s . s o6, 19051
ani el or RedSiancaS WIRrAftHeIP Yhd gend Yor 'R SEIEAEBIR rait can be

another vector, which is used to co-transform the desired host cell.

Host cells that have been transformed by the recombinant DNA of the
10  invention are then cultured for a sufficient time and under appropriate (
conditions known to those skilled in the art in view of the teachings |
disclosed herein to permit the expression of the pblypeptidc, which can

then be recovered.

15 Many expression systems are known, including bacteria (f_or example E.
coli and Bacillus subtilis), yeasts (for example Saccharomyces cerevisiae),
filamentous fungi (for example Aspergillus), plant cells, animal cells and

insect cells.

20 The vectors include a prokaryotic replicon, such as the ColEl ori, for
propagation in a pfokary_ote, even if the vector is to be used for expression
in other, non-prokaryotic, cell types. The vectors can also include an
appropriate promoter such as a prokaryotic promoter capable of directing

‘the expression (transcription and translation) of the genes in a bacterial

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

A promoter is an expression control element formed by a DNA sequence
that permits binding of RNA polymerase and transcription to. occur.
Promoter sequences compatible with exemplary bacterial hosts are

30 typically provided in plasmid vectors containing convenient restriction sites



16 It is also preferred if the environnent is a part of the aninal
body. Wthin a gi'ven host-parasite interaction, a nunber of different
envi r onnewio9647851possi bl e, including different organs and tpefadssoas
parts thereof such as the Peyer's patch. 5 The nunber of i ndividual
m croor.gani sms (i e cells) recovered froggghe envi ronment shoul d be at
| east twice, preferably at |east ten ti , hore preferably 100-tines

t he nunber of (it 1t -introdu into the . environnent. For
exanpl e, when fgﬂ'g%{‘ o{f‘é mﬁ"&f‘?&?\ﬂ%ﬁﬁe %?Fefg‘!‘%ﬁ’\“ﬁ’é‘r'ent nut ants ar ound
10, 000 i ndi vidual m croorganisns should be retrieved and their marker
DNA i sol ated. . A further preferred enbodi nent conprises the steps:

15 (1A) renoviTypicalxptokapystid veotor slagiidsahid pUC18UHBICIY, PHBRB22 Carid? St ep
(1); or (RG@ determ ni ng whet her the nutant selected in step (6) is
an auxot r oph; PBR32%available from Bibrad habaratoriesy)(Richmond, CA, USA) and

5 pTrc99A and pKK223-3 available from Pharmacia, Piscataway, NJ, USA.

A typical mammalian cell vector plasmid is pSVL available from
Pharmacia, Piscataway, NIJ, USA. This vector uses the SV40 late
promoter to drive expression of cloned genes, the highest level of

10 expression being found in T antigen-producing cells, such as COS-1 cells.

An example of an inducible mammalian expression vector is pMSG, also
available from Pharmacia. This vector uses the glucocorticoid-inducible
promoter of the mouse mammary tumour virus long terminal repeat to

15  drive expression of the cloned gene.

Useful yeast plasmid vectors are pRS403-406 and pRS4l3-416 and are
generally available from Stratagene Cloning Systems, La Jolla, CA 92037,
USA. Plasmids pRS403, pRS404, pRS405 and pRS406 are Yeast
20 Integrating plasmids (YIps) and incorpbrate the yeast selectable markers
HIS3, TRP1, LEU2 and URA3. Plasmids pRS413-416 are Yeast
Centromere plasmids (YCps) |

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



It is desirable to distinguish an auxotroph (that is a nutant m croorgani sm
whi ch requires growh factors not needed by the wild type or by 25

pr ot ot re¥PI9&N79bd a nut ant m croorgani smwherein a gene alRGCEAGRIS/285

m croorganismto adapt to a particular environnment is inactivated.
Conveniently, this is done between stegs (1) and (2) or after step (6).
Pref erabl y auxotrophs -are not renoved when virul ence genes are being 30

i dent i fied.gynthetic \WnI&%¢ Icohtdining o triction sites provide
PCT/ GBO5/ 02875 ing one or more restriction sites, p % second

aspect of tditernatvermethografijoiing aheeDNAI segmiede o iviegtors. aTherBNA  whi ch
allows a mcroorganismto adapt to a particuylar enV| ronment, the
met hod conpfegment, generatethdy endesucleasesrestrigiion digestion as deseribed

oL oved e e 3¢ ek by e ionbase Ta9RA PoRPhARbEEr E" S0l VA 4
mit ant Semgﬂlekﬁﬁtﬁeﬁ#@& that remov¥/prBR43idg"3’ 'sﬁfglétsh“iﬂd@d @iifinf 0" ai ni ng

a uni que are
with their 3’-5"-exonucleolytic activities, and fill in recessed 3’-ends with

their polymerizing activities.

The combination of these activities therefore ge_ncrate_é blﬁnt-endé&_ DNA
10 segments. The blunt-ended segments are then incubated with a large ‘ |
' molar excess of linker molecules in the presence of an enzyme that is able
to catalyze the ligation of blunt-ended DNA molecules, such as
bacteriophage T4 DNA ligase. Thus, the products of the reaction are
DNA segments carrying polymeric linker sequences at their ends. These
15 DNA segments are then cleaved with the appr_opﬁ_a_te restriction enzyme
and ligated to an expression vector that has been cleaved wiih an enzyme

that produces termini compatible with those of the DNA segment.

Synthetic linkers containing a variety of restriction endonuclease sites are
20 commercially available from a number of sources including International

Biotechnologies Inc, New Haven, CN, USA.

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

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

30 endonuclease recognition sites which can be used for cloning into



10 in the art of nol ecul ar biol ogy. A further preferred enbodi nent
conprises the further additional step: (8) .isolating froma

wi | d-t ypewgieg/iggsigani smthe corresponding wild- 15 type gRGI/GBISING8AShe

i nsertionally-inactivated gene .isolated in step (7) or part thereof as
a probe. : Met hods for gene probing-are well known in the art of

mol ecul ar bi ol ogy. 20 Mol ecul ar bi ol ogical nethods suitable for use in

the practice of the pre . I_nvent. r; | osed in Sanbrook et al
(1989) incor p%’f%FF@ﬂoﬁe"regfﬂgwmg meﬂiloe#e*'gér}“c'@.lﬁ tﬂé §H‘ When the m croorgani sm

is a mcroorgani sm pathogenic to an animal and 25 ‘the gene is a virul ence

gene and a transposon has been used to insertionally inactivate the
gene, it is cVariantsof thegenesdalsoiformepartofithecinvention.t &t isqprefesrediifithe
di gesting genom c DNA fromthe individual nutant sel ect ep (6)

with a restrivationt kas-atleastiQ% sequencsidentity. mere prefe M@égggh%ﬁ gating
R AL I TN HRMEAERE R, e I
genes isolated by the method of the invention. Of course, replacements,
deletions and insertions may be tolerated. The degree of similarity
between one nucleic acid sequence and another can be determined using
the. GAP program of the University of Wisconsin Computer Group.
10

Similarly, variants of proteins encoded by the genes are included.

By “variants” we include insertions, deletions and substitutions, either
conservative or non-conservative, where such changes do not substantially

15 alter the normal function of the protein.

By “conservative substitutions” is intended combinations such as Gly, Ala;
Val, Ile, Leu; Asp, Glu; Asn, Gln; Ser, Thr; Lys, Arg; and Phe, Tyr.

20 Such variants may be made using the well known methods of protein

engineering and site-directed mutagenesis.

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

a gene.

30 Pairwise screens for compounds which affect the wild type cell but not a
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conf erwedshy9sihe transposon and not by the plasm d. The PCT/GB¥/2BHor gani sm
genom ¢ DNA adj acent to the transposon is sequenced using two priners
whi ch anneal to the.term nal regionsg the transposon, and two s

primers which anneal close to the polylinker sequences of the 5 plasnid.

e B e G

if the tra as’l own virulence gene. us,
conveni entll,aﬁ ofqggeggi,ecpaf the hiveriohhi s nethod i s conpared agai nst t he
sequences present inthe publicly avail abl e dat abases such as EMBL and

GenBank. Finally, if the interrupted sequence appears to be in a new 10

virul ence gene, the nutation i.g transferred. to.g newﬁai:ne e bac‘[iground
(for exanprer exampplegdn ons. meat opg cell s a; wildtype cell and a sgeond ™

Sal nonegl | a nd,t LD ery ] t Lol r:Q) confirm

t hat tHe a%ﬁlflﬁ gﬁth&f} p\gﬁ{c %ﬁgw‘%whﬁ%&@fet on“%%@ﬁ% gﬂd not a
secondary 'AEHYA. of the inventi6f. "PHE>Qiability diili/6t redttinof eals celtigened in
order to detect all o tlhe virul ence“genes I'n a m croorgani'sm depends
on the nuniherpaticoRienvironinient is deterarined infthe ipresence afraycampoundor

exanple, it i's |likely that 3000-5000 mut ant s of, | ronel | a typhi murium
need to betoshe ¢ested td identifyr whichieompound redyges the sriabiity,or groWthnce genes

whereas for_Aspergillus spp., which has a .l arger none than
Sal nonel | 20f theow W(ﬂ?& ﬁ\‘.&%‘?&é‘eé?e QYSIEXPRESSING the sﬁggﬁ?'mt ely 4% of
non-esR)ent ial S. typhinmurium genes are thought to

It is preferred if the gene is a virulence gene.

For. examplé, in' one embodiment .the microorganism (such as S.
typhimurium) is made to over-express the virulence gene identified by the
15 method of the first aspect of the invention. Each of (a) the . “over-
expressing” microorganism and (b) an equivalent microorganism (which
does not over-express the virulence gene) are used to infect cells in
culture. Whether a particular test compound will selectively inhibit the
virulence gene function is determined by assessing the amount of the test
20 compound which is required to prevent infection of the host cells by (a)
the over-expressing microorganism and (b) the equivalent microorganism
(at least for some virulence gene prodhcts 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 is required to prevent
25 infection by the (a) than (b) then this suggests that the compound is
selective. It is preferred if the microo'_rgahisms (such as Salmonella) are
destroyed extracellularly by a mild antibiotic such as gentamicin (which
does not penetrate host cells) and that the effect of the test compound in
preventing infection of the cell by the microorganism is by lysing the said

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



be required for virulence (G ossman & Saier, 1990) and, if so, the S
typhi muri um genone contai ns approxi mately 150 virul ence genes. 25
NOIRCTYGBSSHOR8 75N t
and nuch nore practicable route to identifying virul ence genes. A
third aspect of the invention provides agr croorgani.smobtained using

WD 96/ 17951

However, wbesmmishods of the invention provide a faster,

the nmethod of the first aspect of the invention. 30

PCT/ GB95/ 0287
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enbodi nment ,
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in a vaccine
sui tabl e f{L
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NE . 19 Such
Y PIYRg oM A8&kcause they have the property of not

urvive in a particular environnent. In a preferred

bei ng

a pat hogenic mcroorganismis not adapted to 5 survive in a

host organi snPairvise screshdand atlier screens for eempoiinds are génerally distlosed t hat
ic to animals, particularly mammal s nmore particularly

in KirschhdDh Boragnico ¢1993)Hiod The Discovery of Naturaldrodugtsbe used
i Terapensiy Feienat (b 0P Gatie), Clotpler . paged 177821,° ¢

Butterworths, V.K. (incorporated herein by reference).

Pairwise screens can be designed in a number of related formats in which
the relative sensitivity to a compound is compared using two genetically
related strains. If the strains differ at a single locus, then a compound
specific for that target can be identified by comparing each strain’s
sensitivity to the inhibitor. For example, inhibitors specific to the target
will be more active against a super-sensitive test strain when compared to
an otherwise isogenic sister strain. In an agar diffusion format, this is
determined by measuring the size of the zone of inhibition surrounding the
disc or well carrying the compound. Because of diffusion, a continuous
concentration gradient of compound is set up, and the strain’s sensitivity
to inhibitors is proportional to the distance from the disc or well to the
edge of the zone. General antimicrobials, or antimicrobials with modes
of action other than the desired one are generally observed as having

similar activities against the two strains.

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

smaller in the strain overexpressing the target protein compared to an



10 expected to be antigenic and give rise to a protective immune response.
In a further preferred enbodi nent the pathogeni c m croorgani sm not
adapt edwioweda9sii ve in a host organi sm obtai ned by the nepdpesosidzside
invention, is nodified, preferably by the introduction of a suitable DNA 15
sequence, to express.an antigenic epi tQpe from anot her pat hogen. This >
nodi fi ed m croorgani smcan act as a vaccine for that other pathogen.
A fourth asggﬁt of & hg i.nventi on provides a m croorgani smconprising a

mutation in 5‘&?8 eI S usi ng the method of the second aspect of the
20 invention. Thus, al though the m croorgani smof the third aspect
of the invention is useful, it is preferred if a nutation is

speci fi cal | Additioi ofl alteiratively selectioniofita Eompognd és athieved ififthe r ed
enbodi ment, particularly when the 25 m croorganismis to be used in a

vacci ne, thiollowingisteps:n the gene is a - deletion or a frameshift
mut at i 03 or any other nutation which is substantially incapabl e of
revertimg. Such gene-specific nmutations can be - made usi ng standard

~=i

procedures guch gs._li 0 ' | Lo . 41, C1 00 ' 0 of the
mut ant genef'on a% édu"[}%'%toﬂ#gwg% coégébned( gﬂ% g@ @Mﬁ@hgr ral
genone) andagpety of thePThveftiBh 39 8&d as a control (it has a given phenotype, for

example, avirulence).

10 2. A compound to be tested is mixed with the wild-type {

microorganism.
3. The wild-type microorganism is introduced into the environment

(with or without the test compound).
15
4. If the wild-type microorganism is unable to adapt to the
environment (following treatment by, or in the presence of, the
compound), the compound is one which reduces the ability of the
microorganism to adapt to, or survive in, the particular environment. -
20 |
When the environment is an animal body and the microorganism is a
pathogenic microorganism, the compound identified by this method can be
used in a medicament to prevent or ameliorate infection with the

microorganism.

A tenth aspect of the invention therefore provides a compound identifiable

by the method of the ninth aspect.

It will be appreciated that uses of the compound of the tenth aspect are

30 related to the method by which it can be identified. and in particular in
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r ecombi natvigge/zesai Nt roduce the nmutation into the copy of thpcpRRsshizrd he
genone of the m croorgani sm Fifth and sixth aspects of the _
i nvention provide a suitable microorganigm 5 for use in a vaccine and a
vacci ne conprising a suitable m croorga m and a

pharmaceuti cal l,v-acceptable carrier. . . The suitabl e mcroorganismis
Phe. af or enent TSI 6 16 Pkt 57 maficeenia gicrear 2o s BAT SXATHCOR hhe
patient | s Présibbeid it lddliftati ity 8 et id which uses TVifulBHES Fene, or .
i croorgani sms are preparead in an-inmunogenic fornulation 88nPLi ni ng
sui tabl e adj uy@lype%ﬁd@leﬁmdddem&r@w feeliil 'baéterifth whidhhfeats iaSammal, | N
known ways. Suitable adjuvants include Freund' s conplete or
i nconpl et e adtheveompouad anay bei yseful imctreating ‘ihfection "ofod niEmAad W4that EP 15
180 564 asd P 231 039, al um ni um hydroxi de, saponi n, DEAE-dextran,
neutral oPls RGEMUB i gl yol ), vegetable oils (such as arachis oil),
| i posonmes, Pluronic polyols or the Ri bi adjuvant system (see, for exanple
GB-A-2 189 141). "Pluronic" is a Registered Trade Mark. The patient to
be i muni sed $igni ti r&g‘w Indd; i Andetitd i sg 20
caused by the l\?/tlnru e’n'lti‘e oer.m 0 ({dhng lr%tgagglrgam gﬁf% n; "ificH] 06E8°F
virulence gene, or polypeptide encoded thereby, from a fungus which

infects a plant, the compound may be useful in treating infection of a plant
10 by that fungus.

An eleventh aspect of the invention provides a molecule which selectively
interacts with, and substantially inhibits the function of, a gene of the
seventh aspect of the invention or a nucleic acid product thereof.

15
By “nucleic acid product thereof” we include any RNA, especially

mRNA, transcribed from the gene.

Preferably a molecule which selectively interacts with. and substantially
20  inhibits the 'function of, said gene or said nucleic acid product is an

antisense nucleic acid or nucleic acid derivative.
More preferably, said molecule is an antisense oligonucleotide.

25 Antisense oligonucleotides are single-stranded nucleic acid, which can
specifically bind to a complementary nucleic acid sequence. By binding
to the appropriate target sequence, an RNA-RNA, a DNA-DNA, or RNA-
DNA duplex is formed. These nucleic acids are often termed “antisense”
because they are complementary to the sense or coding strand of thé gene.

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



The af orenentioned avirul ent m croorgani sns of the invention or a

formul ati on thereof may be admi nistered by any conventional nethod

i ncl udiM@2%1®WS1and parenteral (eg subcutaneous or intramREEBIS02875 ection.
25 The treatnment nmay consist of a single dose or a plurality of doses over
a period of tine. Wi | st i32is possible for an awrulent >
m cr oorgani smof the invention to be adm ni stered al one,

preferabl e §odh | t:ca h c C (p?% f {i therW|th
e or - nor o EARIERAS is"bolind" 9 TRCBIAHupl. MY J%Pﬁg@%?

PCT / GB95/ OZaY@nucleotxdes could recognise sequences in the mador groove of thyst be
"acceptabl e’ in the sense of being compatible with the avirulent

mi cr oor gani BNAdouble helizn# wiplehelinovasdormed:thexeby: cThissuggestpthatt s

thereof. T caII t-he c ri.er ter or saline, whic, Il be
sterile any ; hles tocsynt g§lxse Eeqvﬁnppcwpqé%ﬁg molsr \%@Fé\l’@&htsﬂlﬁg Yvacci ne

f the i b
iseful Pn i “°3°‘r*%§%§%“ﬁ§9m%““ﬁa regogtifonl 8F 4ol ARRE Riforetlc” °
binding sites.

Clearly, the sequence of the antisense nucleic acid or oligonucleotide can

- readily be determined by reference to the nucleotide sequence of thé gene

10  in question. For example, antisense nucleic acid or oligonucleotides can (
be designed which are complementary to a part of the sequence shown in
Figures 11 or 12, especially to sequences which form a part of a virulence

gene.

15  Oligonucleotides are subject to being degraded or inactivated by cellular
endogenous nucleases. To counter this problem, it is possible to use
modified oligonucleotides, eg having altered internucleotide linka_ge_s, in
which the naturally occurring phosphodiester linkages have been replaced
with another linkage. For example, Agrawal et al (1988) Proc. Natl.

20 Acad. Sci. USA 85, 7079-7083 showed increased inhibition in tissue
culture of HIV-1 using oligonucleotide phosphoramidates and
phosphorothioates. Sarin ez al (1988) Proc. Natl. Acad. Sci. USA 85,
7448-7451 demonstrated increased inhibition of HIV-1 using
oligdnucleotide methylphosphonates. Agrawal er al (1989) Proc. Natl.

25 Acad. Sci. USA 86, 7790-7794 showed inhibition of HIV-1 replication in
both early-infected and chronically infected cell cultures, using nucleotide
sequence-specific oligonucleotide phosphorothioates. Leithef et al (1990)
Proc. Narl. Acad. Sci. USA 87. 3430-3434 report inhibition in tissue
culture of influenza virus replication by qligonucleotidé phosphorothidates.

30



10 D seases caused by m croorgani sns 'are known in many animals, such as
donestic animals. The vacci nes of the invention, when containing an

appropri aveegyiosil ent nicroorgani sm particul arly-avirul entpciasioslobds®) ar e
useful in man but also in, for exanple, cows, sheep, pigs, horses, dogs
and cafs, and in poultry such as chicke?§, turkeys, ducks and geese. 15
Sevent h and- ei ghth aspects of the inveniion provide a gene obtained by the

met hod of th econd as t of t Lnwention, and a Rol | de .encoded '
{her ooy 28>1§8<§g?@eg°3ﬁ§9f\w'r%?§%ﬂﬁaﬂwgﬁ$ 93‘_(%@%@1%?@&2%; FRUSRE, code
or a p iah S r - 5 egi on
of DNA " ipaeBRidafion I yify S drEnIMIE! ShaGLUOIR1991 Nkl Fid e OnS
i croorgani siRes. 19, 74PL750,ngepurt Rhidt otHérwise turmodifiedi oligofieciestidet er s,
transcription term nators, ribosone-binding sequences and for sone
or gani sns i nbecomexporeanesistpht tocnuelcasgsiini vivo svhensthey are blotked atithey,
sequence infgrmation of the inactivated gen btai ned i.n ste .. 7 1s
deri ved. ngerﬁ"@ngy yeeraln, AppIg EVB%@’?%W&&‘&%HQW@W?&%

Sequence or RHERGtelfioR@b e oph UEeBided AEIVETT' 10 Pl T hact Vat ot gene

A detailed description of the H-phosphonate approach to synthesizing
oligonucleoside phosphorothioates is provided in Agrawal and Tang (1990)
10  Tetrahedron Letters 31, 7541-7544, the teachings of which are hereby
| incorpofated herein by reference.  Syntheses of oligonucleoside
methylphosphonates, phosphorodithioates, phosphoramidates, phosphate
esters, bridged phosphoramidates imd bridge phosphorothioates are known
in the art. See, for example, Agrawal and Goodchild (1987) Tetrahedron
15  Letters 28, 3539; Nielsen ez al (1988) Tetrahedron Letters 29, 2911; Jager
et al (1988) Biochemistry 27, 7237; Uznanski et al (1987) Tetrahedron
Letters 28, 3401; Bannwarth (1988) Helv. Chim. Acta. 71, 1517,
Crosstick and Vyle (1989) Teirahedron Letters 30, 4693; Agrawal er al
(1990) Proc. Natl. Acad. Sci. USA 87, 1401-1405, the teachings of which
20" are incorporated herein by reference. ‘Other methods for synthesis or
production also are possible. In a preferred embodiment the
oligonucleotide is a deoxyribonucleic acid (DNA), although ribonucleic

acid (RNA) sequences may also be synthesized and applied.

25 The oligonucleotides useful in the invention preferably are designed to
resist degradation by endogenous nucleolytic enzymes. In vivo
degradation of oligonucleotides produces oligonucleotide breakdown
products of reduced length. Such breakdown products are more likely to
‘engage in non-spe:ciﬁc hybridizaﬁon and are leSs likely to be effective.

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



WD 96/ 17951

PCT/ GB95/ 02875 itself is
used t SYOEKYI8! hybri di sati on probe with which to identi fyﬂmsmm i sol ate
froma w ld-type organism the corresponding wild type gene. It is
preferred if the hybridisation probi n3-4i s done under stringent 5 . :

conditions to ensure that the gene, and not a relative, is obtained. By
" st ri ngent "oligonueleotidesthat lace pesistant/tordegradationdnithe bpdy aed wikoh are gene
is inmmobilised on a pepbrane and the probe (which, in thla ‘case |s > 200
nucl eot i dedibi§, tpehedeh) thestargeted) gallson present ohigonucleati gefanheri di sed

probe is wash S Ly Q . is 0.15 M 10
et 0 016 TopgretipBe eebistint 8 ‘dedphdiicnn o B sLhilinBE ot ofr e g
Sal monel | a juierHAlE | ﬁ@f,, escri bed

i n Exanpl e 1Ht gﬁﬁ%ﬁgﬁggﬁﬁe tléirel g‘hp fserorrggﬁe cfg @ngp 'tﬁﬁﬂegefrmnel la
virul enfe gmiages, forexmmle dry teplacing phosphatdoith sulphiirgniths linkagesl 6 and
described in Exanp In further {)reference the genes are
t hose cont Hxasaplest of rlmkageat that amaypdet used include phosphorothloates

methylphosphonates, sulphone, sulphate, ketyl, phosphorodxth:oates,

various phosphoramidates, phosphate esters, bridged phosphorothioates
and bridged phosphommidﬁtes | Such examples are illustrative, rather than
10  limiting, since other mtemucleoude hnkages are known in the art. See (
for example, Cohen, (1990) Trends in Btotechnology The synthesxs of |
ohgonucleoudes having one or more of these llnkages substituted for the
phosphodxester mtemucleotxde lmkages is well known in the art, mcludmg '
synthetic pathways for producing ohgonucleonde_s having mixed |

15 internucleotide linkages.

Oligonucleotides can bé made resistant to extén_éion_ by endogenous
enzymes by “capping” or incorporating similar groups on the 5’ or 3’
terminal nucleotides. A reagent for capping is commércially available as
20- Amino-Link I™ from Applied BioSystems Inc, .Foster_ _City, CA.
Meth‘ods_for'cappihg are described, for example; by'Sha\.v. et al (1991)
Nucleic Acids Res. 19, 747-750 and Agrawal et al (1991) Proc. Natl.
Acad. Sci. USA 88(17), 7595-7599, the teachings of which are hereby
inéorporated herein by reference. N |
A further method of making oligonucléotides resistarit'lto nuclease attack
1s for them to be “self-s_tabilized” as described b‘y Tang et al (1993) Nucl.
Acids Res. 21, 2729-2735 incorpd}ated _ herein by reference.  Self-
stabilized oligonucleotides ha?e ha;min lobp structures 'a“t..'their 3' ends.

30 and show increased resistance to degradation by snake venom



20 of which is contained within, the sequences shown in Figures 11 and 12
and whi ch have been identified by the nethod of the second aspect of the

i nvent i onwolgsAa7esaquences shown in Figures 11 and 12 are parpcnGBOS/Q8TE
cluster from Sal nonel I a typhi murium which | have called virul ence gene

cl usters 2 (VGC2). The position of transpgson insertions are indicated 25
within the sequence, and these transposon insertions inactivate a virul ence

determ nant o 2

part i cular i P i EReRletal DG EOhANGINE 1ad Tolal Hoklno s Bhty THHIL"
invention is smbdmed region of thevoligonaclsotide dues inot firerferein hybsigizationi um
many of the nuclelc acid insertions (and therefore genes identified) are 30

clustered in Withecomplemgntanmy | sugleict acids; laadgphammacokinetic agdostabilieg2,

WO 96/ 17951
PCT/ GB95/ 0287§udxes in mice have shown increased in vivo persistence of self-stabilized 5i s

other virw en rt of the

i nventi onlg Sﬁg&ﬁ%e %@ﬁéﬁ%?#&ﬁéﬁ%ﬁé@ﬁ%ﬁt&% i nvention can be
expressed in a 5 suitable host cell. Thus, the gene (DNA) may be used in
accordance with known techni ques, appropriately nodified in view of

t he teachi ngsin accordantei with ther invention, cthesinheréntabindimg especificityeof or

which is then used to
antisense oligonucleotides characteristic of base pairing is enhanced by

limiting the availability of the antisense compound to its intend locus in
10  vivo, permitting lower dosages to be used and minimizing systemic effects.
Thus, oligonucleotides are applied locally to achieve the desired effect.
The concentration of the oligonucleotides at the desired locus is much
higher than if the oligonucleotides were administered systemically, and the
therapeutic effect can be achieved using a significantly lower total amount.
15  The local high concentration of oligonucleotides enhances penetration of
the targeted cells and efféctively blocks translation of the target nucleic

acid sequences.

The oligonucleotides can be delivered to the locus by any means

20 appropriate for localized administration of a drug. For example, a
~ solution of the oligonucleotides can be injected directly to the site or can

be delivered 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 oligonucleotides to be released into the

25 surrounding locus.

The oligonucleotides are most preferably administered via a hydrogel
material. The hydrogel is noninflammatory and biodegradable. Many
such materials now are known. including those made from natural and

30 synthetic polymers. In a preferred embodiment. the method exploits a



transform an appropriate host cell for the expression and production of the
pol ypeptide of the invention. Such techniques include those disclosed in 10
US Pat &m0 9607951 4, 440, 859 issued 3 April 1984 to Rutter etPCIVGB9S/0288, 001

i ssued 23 July 1985 to Weissnman, 4,582,800 issued 15 April 1986 to

Crow, 4,677,063 issued 30 June 1987 tggMark et al, 4,678,751 issued 7
July 1987 to CGoeddel, 4,704,362 issued 3 Novenber 1987 to Itakura et al,

4,710, 463 i iy 15
1568 1 0 Tool 3o oper “anen P Rquil Seohibddy Eipordult bulhils SR salantl ! o0

al and 4, 81fetiting ssemmgolid I\hydrbgéDaB dronemabbdy teniperaturehi Preferred
|ncorporateg herein by reference, DNA encodi ng the pol ypepti de
y

consti t ut i n§ydragel 8re palymers ofiethyigne .mprmlmowejrsmg BiS.wi de
vari ety of gther se nce for duct.i on |nt an appro rlate
nost - The. c JhE HTOBRFtSyAOh e Belypitn are depefiit ot be moteiulaf werbill: | % b
ot o o A e ggrrés P Percsntagk 6P poigetOiine el L.
i's insertedp olyg@opyleﬁes 65701 llﬂrthd?ﬁilﬁher S Pfeférged hydrogels %%ﬁtain feémpr oper

orientation and correct readi ng ame for expressi on. necessary,
t he DNA rmayabeut 10\kedabout t80% ampmq:glntactbylmmnde randofrom abdut 20 to

translatlon or ontrol nucle e segu es recogni sed by the
~ desired hos8E m&%h RIGRYle9e % &m@nﬁy p@ﬁfsgsaﬁlmogﬂe 30
expr essi on yegh o AR Y68 BoiyethyIEfd da&&é A o55%' B&&p&&ﬁyl@ﬁé oxidd. 09N
10 Hydrogels which can be used are available, for example, from BASF ‘

Corp., Parsippany, NJ, under the tradename Pluronic®:

In this embodiment, the hydrogel is cooled to a liquid state and the
oligonucleotides are admixed into the liquid to a concentration of about 1
15 mg oligonucleotide per g-ram of hydrogel. The' resulting mixture then is
applied onto the surface to be treated, for éxamp,le by spraying or painting
during surgery or using a catheter or endoscopic procedures. As the
polymer warms, it solidifies to form a gel, and the oligonucieotides diffuse
out of the gel into the surroundmg cells over a penod of time defined by

20 the exact composition of the gel.

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

30 oligonucleotides. The oligonucleotides can be incorporated into the
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PCT/ GB95/ 02875 B | o 24 - st andard
t echni quegg oérprei al | y, not al'l of the hosts will be transf @orncBese287s by
the vector. Therefore, it will be necessary to select for transformed

host célls.« One selection technique ingglves incorporating into the _
expression vector a DNA sequence, with any necessary control elenents, 5

t hat codes fq I t- b} e ' t R cl
antibiotic '{'at%ré'gs%gtg Ls ﬁoiﬂ"é |§§I%ﬁlﬂ{?ﬁw ene é?rnb!stuc ct abl e
trait can be R Foratxon l%@ﬁhﬁﬁgs V&Chﬁbhaﬁifﬁmﬁ miked S¢ith tie ﬁﬁtérﬁﬂnsfrpém t he
desired host ce st cells that” have been transforned by the

reconbi nant Rwfbadintent, the oligoncicotidesare ntized mtbtqrrmphredroniomaﬂngs ent

time and under appropr| ate condltlons kno‘\gg ?’ ose skilled in the
art in view dprtimplaatable dgvices such assdexfzan crated; silica fi Stenty, or

expreSS|o of the pol ypeptide, which can : t hen be recovered. 15
Many expr sﬁ‘@ﬂ’@?&em; are known, i ncluding bacteri a (for exanple E.

coli and Bacillus subtilis), yeasts (for exanple Saccharonyces cerevisiae),
filamentous fungi (for exanple Aspergillus), plant cells, animal cells and

It RZG(C::EJI Ei' 1)?|Th?‘ ggose The vHEbMicleotiddsucie adependenty ctheepdizeonf theh as
oligonucleotides and the purpose for which is it administered. In general,
the range is calculated based on the surface area of tissue to be treated.
10  The effective dose of oligonucleotide is somewhat dependent on the length
and chemical composition of the oligonucleotide but is generally in the

range of about 30 to 3000 pg per square centimetre of tissue surface area.

The oligonucleotides may be administered to the patient systemically for
15  both therapeutic and prophylactic purposes. The oligonucleotides may be
administered by any effective method, for example, parenterally (eg
intravenously, subcutanebusly, intramuscularly) or by oral, nasal or other
means which permit the oligonucleotides to access and circulate in the
patient’s bloodstream.  Oligonucleotides administered systemically
20 preferably are given in addition to locally administered oligonucleotides,
but also have utility in the absence of local administration. A dosage in
the range of from about 0.1 to about 10 grams per administration to an

adult human generally will be effective for this purpose.

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

microorganism. Thus. the said molecule is an antibiotic.

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



propagation in a prokaryote, even if the vector is to be used for

expression I n other, non-prokaryotic, cell types. The vectors can al so
i ncl udweegsri79s1  appropriate pronoter such as a prokaryot PCT/GB85/02825 capabl e
of directing the expression (transcription and translation) of the
genes, in a bacterial 25 host cell, 88ch as E. coli, transfornmed - *
therew th. A pronoter is an expression control element fornmed by a
DNA sequenggpect of thednvemich For it RediinBNA pol ynerase and transcription
to occur. Pronot er sequences conpati ble with exenplary bacterial hosts
are 30 typically provided in plasmd vectors containing convenient
restriction sites WD 96/ 17951 L

PCT/ GB95/ 02% thirteenth aspect of the invention provides a method of greating a hopbr"

i nsertion of,.a e t of .th i i on. . i
prokaryoti oad WEB B’gﬁé’ iﬁrgg%q{ﬁg@@f’ 38%%@55‘3{%5‘8’\/ WS% gglcggargams:;[}/ %Iz 9
avai | abke frp QfLfi ?é@ﬁg's:?%g%ﬁ ﬁﬁisﬁ'ﬁiné%xﬁ lRefaBfve Ginodtit bf 28 dmofeculd Tr C99A

and pKK223-3 avai ar macl i scat away, NJ, USA.
according to the eleventh aspect of the invention wherein said gene is

present in said microorganisms, or a close relative of said microorganism.

By “effective amount” we mean an amount which substantially prevents -
10  or ameliorates the infection. By “host” we include any animal or plant (

which may be infected by a microorganism.

It will be appreciéted that pharmaceutical formulations of the molecule of
the eleventh aspect of the invention form part of the invention. Such
15 pharmaceutical formulations comprise the said molecule together with one
or more acceptable carriers. The carrier(s) mﬁst be “acceptable” in the
sense of being compatible with the said molecule of the invention and not
deleterious to the recipients thereof. Typically, the carriers will be water
or saline which will be sterile and pyrogen free.
20 , |
As mentioned above, and as described in more detail in Example 4 below,
I have found that certain virulence genes are clustered in Salmonella
typhimurium in a region of the chromosome that I have called VGC2.
DNA-DNA hybridisation experiments have determined that sequences
25 homologous to at least part of VGC2 are found in many species and
strains of Salmonella but are not present in the E. coli and Shigella strains
tested (see Example 4). fhese-sequences almost certainly correspond to
~ conserved genes, at least in Salmonella. and at least some of which are
virulence genes. It is believed that equivalent genes in other Salmonella

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



A typical mammalian cell vector plasmd is pSVL avail able from

Phar maci a, Piscataway, NJ, USA. This vector uses the SV40 | ate

pronot er woog19se expressi on of cloned genes, the highest IperaiBogh2shd
expression being found in T antigen-producing cells,. such as COS-1 cells.
An exahpl e of an inducible mammalian expggession vector is pMSG al so

avai |l abl-e from Pharnmacia. This vector uses the glucocorticoid-inducible

pronot er of t@ﬁl%?ﬁmwﬁéﬁd&ﬂ&ur virus long termnal repeat to 15
drive expression O e clone

gene. Useful yeast plasm d vectors
are pRS403-406 and pRS413-416 and are generally avail able from
Stratagene O oning Systens, La -Jolla, CA 92037, USA. Pl asm ds pRS403,

pRS404, pRS40Whethemp&zrme within/¢hes VGC2 regiamisiai vigulenos igege i§ eadily and
P ek, e A S bR Pl s Bk
via complencieRfified 37 188 et o e seolfsbcrot WY ibbinidh, Synen O 210
nomopol yrer * 4gplied 5 SaboReil dysBimkli b 9T e enviroifieh kR °d | o

t he vector ctor and segnment are then ] ol ne ydr ogen
bondi ng bet wesrinidl suchrayl £ mmaise) \aré virudencengenes. Virulémie genes drer also
reconbi nant DNA nol ecul es. 30 L.

identified by making a mutation in the gene (preferably a non-polar

mutation) and determining whether the mutant strain is avirulent.
10 Methods of making mutations in a selected gene are well known and are

described below.

A fourteenth aspect of the invention provides the VGC2 DNA of
Salmonella typhimurium or a part thereof, or a variant of said DNA or a

15  variant of a part thereof.

The VGC2 DNA of Salmonella typhimurium is depicted diagrémmatically
in Figure 8 and is readily obtainable from Salmonella typhimurium ATCC
14028 (available from the American Type Culture Collection, 12301

20 Parklawn Drive, Rockville, Maryland 20852, USA; also deposited at the
NCTC, Public Health Laboratory Service, Colindale, UK under accession
no. NCTC 12021) using the information provided in Example 4. For
example, probes derived from the sequences shown in Figures 11 and 12
may be used to identify A clones from a Salmonella typhimurium genomic

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

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

30 DNA sequence which comprises at least 10 nucleotides, preferably at least
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| i nker swO%I1a951i ng one or nore restriction sites provi de PCI/GB95/02875 '
alternative nethod of joining the DNA segnent to vectors. The DNA

segnent, generated by endonucl ease res#@iction digestion as described
earlier, is treated wth bacteriophage T4 DNA pol ynerase or E. coli DNA 5
pol ynerase 120 englettideshahofe préferabli fagdieast S8 mvichtides) rstilbafiofecr M ni
with their 3'-5"-exonucleolytic activities, and fill in recessed 3'-ends
with t preferabllyy at deast N0t owicleotides, and most preferablyi atdé¢ash 300 t hese

ET’LLYEELSZdtrExlE%%ES ol VG n A 5&558&&!8&9&%%“&4?@?9 e VEig A es o
i nk I ' . i
the 11 gati o dfeo PemeERRERER LA drigith O 8F A "Bl eafl . Anoghehcl' T4

DNA | i gage. Ipmlaﬂ Sreféifes of tHee PDNA ﬁle_l_%eeqéle% shE@AERL S

carrying polynmeric tinker sequences at their ends. e 15 DNA segnents

are then cl Fagee 12t or hipartherepf.i ate restriction enzyne and ligated
to an expression vector that has been cleaved with an enzyne t hat
produces termni conpatible wth those of the DNA segnent. Synt hetic

Finkers: conte b Bl Rl balt of B VIS BNKRY Yohe 5ol héreBES

10 Genes can be identified within the VGC2 region by statistical analysis of _ ‘
the open reading frames using computer programs known in the art. If an
open readfng frame is greater than about 100 codons it is likely to be a
gene (although genes smaller than this are -_kqown)., Whether an open
reading frame corresponds to the polypeptide coding region of a gene can
15 be determined experimentally. For. example, a part of the DNA
corresponding to the open reading frame may be used as a probe in a
northern (RNA) blot to determine whether mRNA is expre,ésed which
hybridises to the said DNA; alternatively or adﬁitionally a mutation may
be introduced into the open reading frame and thé effect of 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 gene.
Methods of identifying genes within.a DNA séquence are known in the

art.

25 By “variant of sai_d 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, varian_ts' of VGC2 DNA of Salmonella typhimurium include

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



20 comercially available froma nunber of sources including International

BLotechnoIogges I nc, New Haven, CN, USA. A desirable way to nodify
t he DNA encoding the pol ypeptide of the i nvention is .
polyneragﬂ’@ﬂg?glreaction as disclosed by Saiki et 25 al %?582? ECI%NCG
239, 487-491. In this nethod the to be enzymatically anplified
Is flanked by two specific oligonucleotide priners which thensel ves

becomne i ncor pagr at ed | nt e anplified DNA. The sai.d i fic primers
rraydc ?nt ai n rgég'i"?’&l{”owpéban‘g él&@ﬂ%q@ag’geﬂéeoﬁﬁ i“fq]_g# §qlf'¥§lse\%ﬁ§8“°sc be
-use or cloning.i : : :

PCT/ GB95/ 02 87gaﬂs tﬁér%of, from mc?%aye?’ﬁllsuch as other enteric B;ctena. expr essi on
vectors using nethods known in the art. - Variants of the genes al so
formpart of the invention. It is preferred if the variant has at
| east 70% seqngrﬂa%uivkﬂem gene nwe dnelude @eabs which areafunctionally equivalensnce
identity, nost -preferably_ at |east 95 % sequence, i, entilt W th thﬁa

5 and those in which a mutation leads to a similar p eﬁ/otype (such as
avirulence). It will be appreciated that before the present invention VGC2
or the genes contained therein had not been identified and certainly not

implicated in virulence determination.

10  Thus, further aspects of the invention provide a mutant bacterium wherein
| if the bacterium normally contains a gene that is the same as or equivalent
to a gene in VGC2, said gene is mutated or absent in said mutant
bacterium; methods of making a mutant bacterium wherein if the
bacterium normally contains a gene that is the same as or equivalent to a
15 gene in VGC2, said gene is mutated or absent in said mutant bacterium.
The following is a preferred method to inactivate a VGC2 gene. One first
subclones the gene on a DNA fragment from a Salmonella A DNA library
or other DNA library using a fragment of VGC2 as a probe in
hybridisation experiments, and map the geﬁe with respect to restriction
20 enzyme sites and characterise the gene by DNA sequencing in Escherichia
coli. Using restriction enzymes, one then introduces into the coding
region of the gene a segment of DNA encoding resistance to an antibiotic
(for example, kanamycin), possibly after deleting a portion of the coding
region of the cloned gene by restriction enzymes. Methods and DNA
25 constructs containing an antibiotic resistance marker are available to
ensure that the inactivation of the gene of interest is preferably non-polar,
that is to say, does not affect the expression of genes downstream from the
gene of interest. The mutant version of the gene is then transferred from
E. coli to. Salmonella typhimurium usiing phage P22 transductién and

30 transductants checked by Southern hybridisation for homologous



genes isolated by the nethod of the invention. O course, replacenents,
del etions and insertions nmay be tolerated. The degree of simlarity

bet weewownsnmsc! ei ¢ acid sequence and anot her can be det @oreEyd/oNeysng
the GAP program of the University of Wsconsin Conputer G oup. 10
Simlarly, variants.of proteins encodeg by the genes are included.. :
By "variants" we include insertions, deletions and substitutions, either
conservat i deé&nmﬁﬁnéﬁ%ﬂflé’%ﬁt&ﬁt &Yﬁ@irﬁo%ﬁé%hﬁ&ﬁaﬁtﬁﬁedo not substantiall y
15 alter the normal function of F he protein. By "conservative
substitutions” is intended conbinations such as Ay, Ala,; Val, Ile,
Leu; Asp, Qu; Asn, d@n; Ser, Thr Arg; and Phe, Tyr. Such
variants nayhiseappreachds rqymm@nheusecimmbmmlméam cpncheeiuned m

engi neering_and sit.e rec nmut a A ninth,.as t of the

"nvent i on pRBMH G%@daﬁw Seti1s PR HE Hpgnd in gany Papeewmnaﬁ@ﬂnr educes
the abilg ty,o ggzgr r adapt to a 25 particul ar environnent

conpri S|5lng he Qtep lgg g@? (fgl“ngg; a conpound which interferes with

the function of (1) a gene obtained by the nethod of t he second

.aspect of the invention or of (2) a polfypept i de encoded by such a
gene. Still further aspects provide a use of said mutant mutant bacterium in a

vaccine; pharmaceutical compositions comprising sa_1d bac;enum and a
pharmaceutically acceptable carrier; a polypeptide encoded by VGC2
10 DNA of Salmonella typhimurium or a part thereof, or a variant of a part
thereof; a method of identifying a compound which reduces the a_bility of
a bacterium to infect or cause disease in a host; a compound identifiable
by said method; a molecule which selectively interacts with, and
substantially inhibits the function of, a gene in VGC2 or a nucleic product

15 thereof; and medical uses and pharmaceutical compositions thereof.

The VGC2 DNA contains genes which have been identified by the
methods of the first and second aspects of the invention as well as genes
‘which have been identified by their location (although identifiable by the
20 methods of the first and second aspects of the invention). These further
| aspects of the invention relate closely to the fourth, fifth, sixth, seventh,
eighth, ninth, tenth, eleventh, twelfth and thirteenth aspects of the
/invention and, accordingly, the infofma_tion given in relation to those
aspects, and preferences expressed in relation to those aspects, applies to

25 these further aspects.

It is preferred if the gene is from VGC2 or is an equivalent gerie from
“another species of Salmonella such as S. typhi. It is preferred if the
mutant bacterium is a S. fyphimurium m'utan_t or a mutant of another

30 species of Salmonella such as S. ryphi.



30 Pai rwi se screens for conpounds which affect the wild type cell but not
a WO 96/ 17951 - '

PCT/ GB95/ Q¢06R7951 : . 28 PCT/GBISH2875
over produci ng a gene isolated by the nethods of the invention form

part of.’ this aspect of the invention. 4 For exanple, in one enbodi nent
one cell is awild type cell and a second 5. cell is the Sal nonella which
is made to ovgr: -0 | : o

i nventi on. Thg lglﬁggﬁ% gﬂgﬁg% %ﬁ%ﬁﬂ%%ggﬁn%(rs@?iéﬁtf%eﬁ%ﬁ aro'{i cul ar
environment i thedpdREALMESukh ds': HphsmneEmOto eneprgeflsnd . to be tested
to identify which conpound reduceS the vi abi |l i ty or growth of the wld
type cell but not the cell overexpressing the said gene. 10 - It is

preferred if the gene_ is a_virul ence gepe. For exa n.one

[ . le, .
embodi ment  t h&hei iewentigarwillnnow hendescribed with referenge: tQ, Hie folloyiag o

over-expregss fhe virule gene jd dentified by the 15 nethod of the first
aspect of %tshe ?‘mhﬁsi %?f{]%eﬂl%ﬁs&hﬁrﬁW‘t he "over - expressi ng"

m croorgani sm and (b) an equival ent m croorgani sm (which

Figure 1 illustrates diagrammatically one particularly preferred method of

the invention.

10  Figure 2 shows a Southern hybridisation analysis of DNA from 12 S.
typhimurium exconjugants following digestion with EcoRV. The filter was

probed with the kanamycin resistance gene of the mini-TnJ transposon.

Figure 3 shows a colony blot hybridisatibn analysis of DNA from 48 S.

15  ryphimurium exconjugants from a half of a microtitre dish (A1-H6). The
filter was hybridised with a probe comprising labelled amplified tags from
DNA isolated from a pool of the first 24 colonies (A1-D6).

Figure 4 shows a DNA colony blot hybridisation analysis of 95 S.
20 typhimurium exconjugants of a microtitre dish (A1-H11), which were
injected into a mouse. Replicate filters were hybridised with labelled
amplified tags from the pool (inoculum pattern), or with labelled amplified
tags from DNA isolated from over 10,000 pooled colonies that were
recovered from the spieen of the infected animal (spleen pattern).
25 Colonies B6, Al1 and C8 gave rise to weak hybridisation signals on both
sets of filters. Hybridisation signals from colonies A3, C5, G3 (aroA),

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

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

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



does not over-express the virulence gene) are used to infect cells in

cul ture. \Wether a particular test conmpound will selectively inhibit the
virul g ge/g@8g function is determ ned by assessing the ®uvGcBISOE8TShe test
20 conpound which is required to prevent infection of the host cells by

(a) t he over-expressing mcroonggm smand (b) the equival ent - ’

m croorgani sm (at least for so virul ence gene products it is

envi saged that the test . conpound will inactivate them and itself be

i nact i vat eR!OteB§° BPA@M&g to the ~  virulence gene product). If nore of the "
compound is required to prevent 25 infection by the (a) than (b) then this
suggests that the corrpound IS selective. It is preferred if the

m Cr o0r garg; ggfe $ sg Eg dea)of%ﬁherSalnﬁb%ua%ém&teaqghﬂgﬂ arly by a
mld anti biBtic suc s gentamcin (which does” not penetrate host

cel I s) andhé hwsthédofahé davertion (&EQem Nosotond6).n preventing

I nfection of the cell by the mcroorganismis by lysing the said 30 cell
and dedernm ni ng how many mi croorgani sns are present (for exanple - WO
96/ 17951 PCT/ (GB95/ 02875

29 tﬁlgpteaﬂngh@ws(a@n)mappmg obaVf2c08c thens: aPRIHBUM o1 cens for

compounds g deneral |4y WgRl 8eeds from tiled Highs BrVGEL TR Usbd9%2) 1

in Southern hybridisation analysis of lysates from a set of S. typhimurium
strains harbouring locked in Mud-P22 prophages. Lysates which

10  hybridised to a 7.5 kb PstI fragment (probe A in Figure 8) are shown.
| The other two probes used h'ybridised to the same lysates. (B) The
insertion points and packaging directions of the phage are shown along

with the map position in minutes (edition VIII, ref 22 in Example 4). The
phage designations correspond to the following strains: 18P, TT15242;

15 18Q, 15241; 19P, TT15244; 19Q, TT15243; 20P, TT15246 and 20Q,
TT15245 (Ref in Example 4). The locations of mapped genes are shown

by horizontal bars and the approximate locations of other genes are

indicated.

20 Figure 8 shows a physical and genetic map of VGC2. (A) The"jpos'itions
of 16 transposon insertions are shown above the line. The extent of
VGC2 is indicated by the thicker line. The position and direction of
transcription of ORFs described in the text of Example 4 are shown by
arrows below the line, together with the names of similar genes, with the

25 exception of ORFs 12 and 13 whose products are similar to the sensor and
regulatory components reSpectiVely, of a variety of two component
regulatory systems. (B) The location of overlapping clones and an
EcoR1/Xbal restriction fragment from Mud-P22 prophage strain TT15244
are shown as filled bars. Only the portions of the X clones which have

30 been mapped' are shown and the clones may extend beyond these limits.
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5 wth a Therapeutic Potential” (Ed, V.P. Gllo), Chapter 6, pages
177-221, Butterworths, V. K. (incorporated herein by reference).

Pairwi se W%47851can be designed in a nunber of rel ated forper/cBoso ch
the relative sensitivity to a conpound i s conmpared using two genetically 10
related strdins. If the strains differ ag§a single |ocus, then a conmpound
specific for that target can be identified by conparing each strain's

sensi Livity tqChiFhe poLiiohS of rERFicAYASHeS aré MArREC'B, BARHLE, EQoRIC

t ar get wi [l be nore active agalnst a super-sensitive test s?ra’i n when
conpared to V, EcaRVotHieHirdiEl;i B,oBabhand X sXbal.s Thaipositichsast thedr.5qiy f usi on
format, this is 15 determ ned by neasuring the size of the zone of

i nhi bi tion sudisguff@sment (probe A) used @s@ pralie incEigure fyand ¢hatoofthen?.2

Because of diffusj , & £0pt i nuous concentratiqQn gradi ent of conpound
is set up, angfi’t f?'éﬁgﬁ"r"?”ﬂ E"*‘SWF {prohe, B) used as, a probs; i Figuee J00axsr ¢ i onal

Ganeral ot | moePan oyienne refrittiol hap.. The Rsitions S Sete, 1 el liedo ner

than the desi igFigme BIrandSeqaéics PPascydedan mgﬁwwz)m?h%@ Pthe

activities against the two strains. Anot fer type o

geneti c scr eethiniarvowsi(tabefled 'Sequénce { aindsSequenee 2). a cloned gene
product is overexpressed in one strain conpared to a control 25 strain.
The rationale behind this type of assay is that the strain containing

an elevated q Lty j0f t.he target protein shou no sistant to
i nhibitors spmqulecgl gSS%WSC’F‘GP@HgQ‘BﬁgwaGUEﬁ O%Sggégn {"{)oggﬁ iROSKIaNg; 1
cont ai ni no : ta@rQt.ej : i ffusiaon
assay, tﬂg) ZOEgﬁ{SaI e rr%%é’?‘ﬁﬁ“’%@%@e‘?’??@ t@%%o@rz‘dmga@@é@g’?éﬁﬁﬂebe - 30
smal ler in thalighedhi WithV eie>Xd0rfspoRidingh tef NIV HeOlsS! Pypdmarnms Lg2an

' chromosome (minutes 30 to 31). An expanded map of the VGC2 reg_ion '

is shown with 11 S. typhimurium (S. 1.) DNA fragments used as probes
(thick bars) and the restriction sites used to generate them: B, BamHI; C,

15 Clal; H, HindIl; K, Kpnl; P, Pstl; N, Nsil and S, Sall. Probes that
hybridised to E. coli K12 (E. c.) genomic DNA are indicated by +; those
which failed to hybridise are indicated by -.

Figure 10 shows that VGC2 is conserved among and specific to the
20  Salmonellae. Genomic DNA from Salmonella serovars and other

pathogenic bacteria was restricted with Pstl (A), HindIIl or EcoRV (B)

and subjected to Southern hybridisation analysis, using é 2.2 kb

Pst1/HindIII fragment from A clone 7 as a probe (probe B Figure 2)'. The
_ filters were hybridised and washed under stringent (A) or non-stringent
25 (B) conditions. | |

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

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



WD 96/ 17951 PCT/ GB95/ 02875
30 ot herw se isogenic strain. Additionally or alternatively
sel ect iwp9f179%1conpound i s achieved in the f ol | owi NnPCH/GRIS/02875 . 1.
A mut ant m croorgani sm obtai ned using the nethod of the first aspect
of the invention is used as a controlggit has a given phenotype, for ’
exanpl e, avirul ence). 10 2. A conpound to be tested is mxed with

the wild-t ] GFs ' CITy ( bdl- m croor gani sm
o1 mt rodulBoYh S RRAREL BT §TM are jrilicated ISE HBRRPENT, CCf

conpound). 15 4. If the wild-type mcroorganism is unable to adapt
to the environnent (follow ng treatnent by, or in the presence of, the

As is conventional a * indicates a stop codon and standard nucleotide

ambiguity codes are used where necessary.

5 . .
Figure 12 shows the DNA sequence of “Sequence 2” of VGC2 (cluster C)
(see the arrow labelled Sequence 2 in Figure 2). The DNA is translated
in all six reading frames and the start and stop positions of putative genes,
and the transposon insertion positions for various mutants identified by
10 STM are indicated (SEQ ID No 38). g = ‘

"As is conventional a * indicates a stop codon and standard nucleotide

ambiguity codes are used where necessary.
15 Figures 7 to 12 are most relevant to Example 4. -

Example 1: Identification of virulence genes in _Salmonella

Y muri;
20 Materials and Methods
Bc_zt:ten'al Strains and Plasmids _

Salmonella typhimurium strain 12023 (equivalent to American Typé
25 Culture Collection (ATCC) strain 14028) was obtained from the National
Collection of Type Cultures (NCTC), Public Health Laboratory Service,
Colindale, London, UK. A'spontz'meous nalidixic acid resistant mutant of
this strain (12023 Nal") wés selected in our laboratory. Another derivative
of strain 12023, CL1509 (aroA::Tni0) was a gift from Fred Heffron.
30  Escherichia coli strains CC118 Npir (Alara-leu}, araD, AlaéX 74, galE,

RECTIFIED SHEET (RULE 91)



conpound), the conpound is one which reduces the ability of the

m croorgani smto adapt to, or-survive in, the particular environnent. 20
When t he wpgsaimaient is an ani mal body and the m croor gani POIVGBYS/02875

pat hogeni ¢ m croorgani sm the conpound identified by this nethod can be
used ih a nmedi'canent to prevent or amehhorate infection with the

m cr oorgani sm 25 A tenth aspect of the invention therefore provides a

W1 bo apprehlke PREAZA, thi-Lotoste G ARRREMMY Bt L M TRRER Iysomen), ' 30
related Lo A SEADAGiPUTH SEF, Feba CA, pro, WIAR'M™, RPARAE:MRHHTRY] a7 11

PCT/ GB95/ 028\5ir ) were gifts from Kenneth Timmis. E. coli DH5« 3wds used for rel ation
to the host oOf a pathogenic m croorgani sm For exaggl e, if the

conpound i s propagatingipUCH§ (Gibeo-BRL)vand hBlusseript (Stratagene) plasmidser

pol ypeptide encaoded thereby, froma bacteriu i ch.infect mamal ,

t he co_rrpﬁun(ﬁqmm &ﬁpmmuWngﬁ-nglaﬁﬂl‘QEH lfﬁﬁmi&“%t 5
bact erium et al, 1990) was a gift from Kenneth Timmis.

Construction of semi-random sequence tags and ligations

10 The oligonucleotide pool RT1(5'-CTAGGTACCTACAACCTCAAGCTT-
[NK],;-rAAGCTTGGTTAGAATGGGTACCATG-3") (SEQ ID No 1), and
primers P2 (5'-TACCTACAACCTCAAGCT-3') (SEQ ID No 2), P3 (5'-
CATGGTACCCATTCTAAC-3") (SEQ ID No 3), P4 (5'-
TACCCATTCTAACCAAGC-3) (SEQ ID No 4) and P5 (5'-

15 CTAGGTACCTACAACCTC-3') (SEQ ID No 5) were synthesized on a
oligonucleotide synthesizer (Applied Biosystems, model 380B). Double
stranded DNA tags were prepared from RT1 in a 100 ul volume PCR
containing 1.5 mM MgCl, 50 mM KCl, and 10 mM Tris-Cl (pH 8.0) with 200
pg of RT1 as target; 250 M each dATP, dCTP, dGTP, dTTP; 100 pM of

20 primers P3 and PS; and 2.5 U of Amplitaq (Perkin-Elmer Cetus). Thermal
cycling conditions were 30 cycles of 95°C for 30 s, 50°C for 45 s, and 72°C
for 10 s. The PCR product was gel purified (Sambrook er al, 1989), passed
through an elutipD column (available from Schleicher and Schull) and digested
with Kpnl prior to ligation into pUC18 or pUTmini-TnS5Km2. For ligations,

25 plasmids were digested with Kpnl and dephosphorylated with calf intestinal
alkaline phosphatase (Gibco-BRL). Linearized plasmid molecules were gel-
purified (Sambrook ez al, 1989) prior to ligation to remove any residual uncut
plasmid DNA frém the digestion. Ligation reactions contained approximately
50 ng each of plasmid and double stranded tag DNA in a 25 ul volume with 1

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

RECTIFIED SHEET (RULE 81)



Simlarly, if the conpound is identifiable by a nethod which uses a
virul ence gene, or polypeptide encoded thereby, froma fungus which
i nfect sw@ogrk®s8i , t he conpound may be useful in treating PCTEERISORBTST a

plant 10 by that fungus. An el eventh aspect of the invention
provi des a nol ecul e which selectively 48 interacts with, and © ’
substantially inhibits the function of, a gene of the sevent h aspect

o e Lkt S PEEERTN A, PRy the oA, .

fromthe 9BAderial co oIméD %-is‘iﬁ%‘ﬁhﬁn %uﬁEt@élP'l atibh OF t(REpRSHIII DN A 8¢ GAG#R! S

with and su stantla ts t ctlon of , "said gene or said

nucl ei ¢ acpthsprid dDNIA, lascomrol reactioh iveascarriedutiin wlucu the doublesstrandedd
derivati ve. More preferably, said nolecule_is an antisense
ol i gonucl etag PNA was omittedi fmms&eohgg;mmmawonde?hm yle;l,dmignemplsﬂhad

Aci o s duchRsistasl, tacirialy colomby S%qlivﬁ'a'g%rt?ﬁ'a?? toy B Lo CHiR © °

S B i, R ORI e

sense or CAdiRAnSdmMRidY tHe'§od18Stranded tag DNA.

Bacterial Transformation and Matings
o | - o
The products of several ligations between pUT mini-TnSKm2 and the
double stranded tag DNA were used to transform E. coli CC118 (Sambrook
et al, 1989). A total of approximately 10,300 transformants were pooled
and plasmid DNA extracted from the pool was used to transform E. coli S-
15 17 \pir (de Lorenzo & Timmis, 1994). For mating experimenis, a pool of
approximately 40,000 ampicillin resistant E. coli S-17 Apir transformants,
and S. typhimun'um 12023 Nal* were cultured separately to an optical
density (OD)sg Of 1.0. “Aliquots of each culture (0.4 ml) were mixed in 5
ml 10 mM MgSO, and filtered through a Millipore membrane (0.45 pm
20 diameter). The filters were placed on the surface of agar containing M9
salts (de Lorenzo & Timmis, 1994) and incubated at 37°C for 16 h. The
bacteria were recovered by shaking the filters in liquid LB medium for 40
‘min at 37°C and exconjugants were selected by plating the suspension onto
LB medium containing 100 xg ml” nalidixic acid (to select against the donor
25  strain) and 50 pg ml' kanamycin (to select for the recipient strain). Each
exconjugant was checked by transferring nalidixic acid resistant (nal’),
kanamycin resistant (kan") colonies to MacConkey Lactose indicator medium
(to distinguish between E. coli and S. typhimurium), and to LB medium
containing ampicillin. Approximately 90% of the nal, kan" colonies were

30 sensitive to ampicillin, indicating that these resulted from authentic
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30 Recently, formation of a tri pl e helix has proven possible where the
WO 96/ 17951 o ' _ o

PCT/ GBS/ Wapdaprost Y 32 pCTIGBISZ8TS

ol igonucleotide I's bound to a DNA duplex. It was found that

ol i gonucl eot:i des coul d recogni se sequencgé In the maj or groove of the

DNA double helix. Atriple helix was formed thereby. This suggests that

it is possible to synthesi sec‘fequence-spe_ci fi.c nol ecul es which specifically

5 bind doubltEANSPOsKIAEeYaUs (dexLoranzerd: Tinmay, 1884 Individuahgmpigjlin-

bi nding sites, .. Gl ear| t he seguyen of .the antisense nuclei.c acid

or ol i gonucl SSPFEY CC%FO"J“ga#%g’&W ﬁ?%'ggdgtcﬁr Pﬁe”eﬁ"?ﬁ? &VE%&O{‘@HPHS

nucl eoti de s t ; ' tg [ se
wqﬂ%ﬁhcﬁ@ogﬁ@e‘ Preth stofagt'sP 4T, GRler ¥ A RIMSCROH 5%

nucleic acid or o S can e desi gne

conpl ement ar yglycerel Madst inefudedeinsthe Uédians.nown in Figures 11 or 12,
especi al Ig to sequences which forma part of a virulence gene. 15
A i gonucl2otides are subject to being degraded or inactivated by cellular

endogenous nugl eases. To counter this problem it is possible to use
modi fi ed ol i dUIERONPEE icharacterisation afjmutemtsed i nt er nucl eoti de |inkages, in

Mutants were replica platéd from microtitre dishes onto solid medium
containing M9 salts-and 0.4% glucose (Sambrook ez al, 1989) to identify
10 auxotrophs. Mutants with rough colony morphology were detected 'by low

magnification microscopy of colonies on agar plates.
Colony Blots, DNA extractions, PCRs, DNA labelings and hybridisations

15 For colony blot hybridizations, a 48-well metal replicator (Sigma) was used
to transfer exconjugants from microtitre dishes to Hybond N nylon filters
(Amersham, UK) that had been placed on the surface of LB agar containing
50 pg mi' kanamycin. After overnight incubation at 37°C, the filters
supporting the bacterial colonies were removed and dried at room

20  temperature for 10 min. The bacteria were lysed with 0.4 N NaOH and the
filtlers washed with 0.5 N Tris-Cl pH 7.0 according to the filter
manufacturer’s instructions. The bacterial DNA was fixed to the filters by
exposure to UV light from a Stratalinker (Stratagene). Hybridisations to
*2P-labelled probes were carried out under stringent conditions as previously

25 described (Holden et al, 1989). For DNA extractions, .S. typhimurium
transposon mutant strains were grown in liquid LB medium in microtitre
dishes or resuspended in LB medium following growth on solid media.
Total DNA was prepared by the hexadeéyltrimethylammoniumbromide
(CTAB) method according to Ausubel er a/ (1987). Briefly, cells from 150

30 to 1000 ul volumes were precipitated by centrifugation and resuspended in

RECTIFIED SHEET (RULE 91)



whi ch the naturally occurring phosphodi ester |inkages have been repl aced
w th anot her |inkage. For exanple, Agrawal et al (1988) Proc. Natl. 20
Acad. %® 9¢/19%) 85, 7079-7083 showed i ncreased inhibiti onpCIVGBYISG28TS
culture of H V-1 using oligonucl eotide phosphoramn dates and

phosphor ot hi oates. Sarin et al (1988) ﬁroc Natl. Acad. Sci. USA 85, :
7448- 7451 denonstrated increased ﬁ bition of H V-1 wusing

hca. | Sci SHGHAE. B e HsaLlS ’?ﬁmafé‘fd%?rpsfar&@@)qiﬁ Sl 2
bot h_ear | rkhligie K XRENGRALSRL Y HIRECKAL Sk, KLY 683 MENIEL

“nucl eotid sequience- specl i"gonuc eot| oro

Leither etwad addéPand mxxedﬁh@?ouéiﬂjr' folksaél byE0 ypaf\ 1@% (WISPCIRB report

inhibition in tissue ture of influenza virus replication by
ol i gonuc| eamdi 07 MdNaGbhr oAfﬁenahemugBOmlxmg, th@saﬁttibiﬂﬁlhs mcubated at

PCT/ GB95/ 02875
a i gondcl & Cafar Hhming Following caﬂacnmagdbphmand@hesqmmomfm,r esi st ant

hos- 96 Fhe TINA was, Breciptrattd JOTaddiion o fonronauole Washed oVt 105 °°
S Coma b ol i Fsus feritieet i r%‘s%ﬁh&?’hﬂ%&n‘c’gpéeﬁ“’ﬁrmg‘%& Bugt the S

phosphor otjjitoat es are not degraded in vivo.

10 The DNA samples were subjected to two rounds of PCR to generate (
labelled probes. The first PCR was performed in 100 ul reactions
containing 20 mM Tris-Cl pH 8.3; 50 mM KCI; 2 mM MgCl,; 0.01% -
Tween 80; 200 uM each dATP, dCTP, dGTP, dTTP; 2.5 units of Amplitaq
polymerase (Perkin-Elmer Cetus); 770 ng each primer P2 and P4; and 5 ug

15 target DNA. After an initial denaturation of 4 min at 95°C, thermal cycling
consisted of 20 cycles of 45 s at 50°C, 10 s at 72°C, and 30 s at 95°C.
PCR products were extracted with chloroform/isoamyl alcohol (24/1) and
precipitated with ethanol. DNA was resuspended in 10 ul TE and the PCR
products were purified by electrophoresis through a 1.6% Seaplaque (FMC

20 Bioproducts) gel in TAE buffer. Gel slices cbntaining fragments of about
80 bp were excised and used for the second PCR. This reaction was
carried out in a 20 pl total volume, and contained 20 mM Tris-Cl pH 8.3;
50 mM KCI; 2 mM MgCl,; 0.01% Tween 80; 50 uM each dATP, dTTP,
dGTP; 10 pl *2P-dCTP (3000 Ci/mmol, Amersham); 150 ng each primer P2

25 and P4; approximately 10 ng of target DNA (1-2 ul of 1.6% Seaplaque
agarose containing the first round PCR product); 0.5 units of Amplitaq
polymerase. The reaction was overlayed with 20 ul mineral oil and thermal
cycling was performed as described above. Incorporation of the radioactive

. label was quantitated by absorbance to Whatman DE8!1 paper (SainbrOok et

30 al, 1989). |
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A detail ed description of the H phosphonate approach to synthesizing

ol i gonucl eosi de phosphorot hi pates i's provided-in Agrawal and Tang (1990) 10
Tetr ahedr o deitivsar S 31, 7541-7544, the teachings of which aperimoshiers

i ncorporated herein by reference. Synt heses of ol i gonucl eosi de

met hyl phospHonat es, phosphor odi t hi oat es,g phosphor am dat es, phosphate
esters, bridged phosphoram dates and bri c}ge phosphor ot hi oat es are known

in the art. £ O gnpl e, Agrawal and Coodchil d:(1987) Tetrahedron 15
Letters 28, 5"5'&§5'%ggpet al (1988) Tetrahedron Letters 29, 2911; Jager

et al (1988) Biochem stry 27, 7237; Uznanski et al (1987) Tetrahedron
Letters 28, 3401; Bannwarth (1988) Helv. Chim Acta. 71, 1517,

Crossti ck anfndiyiduaal J&ﬂﬁz)an?ﬂtzratmiz nte icontdinitg, t4ppRed; trafispovdns Sverd
(1990) Proc. Natl. Acad. Sci. USA 87, 1401-_140;5;‘5g t he teachings of a/hich 20

are incor por grasun hisy &% tryptasiesr bc greash extractt 002% f wiv plycerel ©.5%

01 gonuc oot NaoPBs LA KO, LY GRNGmedaum (A LIEE] ehiolnkOBh i mierstite
o1 1 gonucl ot PGS GEeiniiht 4} SRC7 & el Ferdkaral e e B0 geancfiran S
Gogr adat | on- punfob heSAARAA CoIMINGS P4 el FATES plat Al o8 culyres
products of wegsicindubstedt Bt 3XPCh Writila OO O drehsured e usinge al 'nﬁeépgg ?Ve_

engage in non-specific hybridization and aré’less likely t0 be ef
30 rel ati veMultisdani mitratitré eplatehreaden) evasaapproxithately iQL2iin dact wéll.e to
use . : .

1_0 Cultures from individual wells were then pooled and the ODq, determined
using a spectrophotometer. The culture was diluted in sterile saline to
approximately 5x10° cfu ml'. Further dilutions were plated out onto
TYGPN containing nalidixic acid (100 mg ml"") and kanamycin (50 mg ml')
to confirm the cfu present in the inoculum.

15 |
Groups of three female BALB/c mice (20-25g) were injected
intraperitoneally with 0.2 ml of bacterial suspension containing
approximately 1x10° cfu ml'. Mice were sacrificed three days post-
inoculation and their spleens were removed to recover bacteria. ‘Half of

20 each spleen was homogenized in 1 ml of sterile saline in a microfuge tube.
Cellular debris was allowed to settle and 1 ml of saline containing cells still
in suspension was removed to a fresh tube and centrifuged for two minutes
in a microfuge. The supernatant was aspirated and the pellet resuspended
in 1 ml of sterile distilled water. A dilution series was made in sterile

25  distilled water and 100 ml of each dilution was plated onto TYGPN agar
containing nalidixic acid (100 ug ml™") and kahamycin (50 ug ml'"). Bacteria
were recovered from plates containing between 1000 and 4000 colonies, and
a total of over 10,000 colonies recovered from each spleen were pooled and
used to prepare DNA for PCR generation of probés to screen colony blots.

30 |

RECTIFIED SHEET (RIRE 01)
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ol i gonypd ¢gri#esies that are resistant to degradation in thedreBosezsrswhi ch
are able to reach the targeted cells. The present oligonucl eotides can
be rendered nore resistant to de@2adation in vivo by substituting one
or nore internal artificial internucleotide |inkages for the native
phosphodi eskRllence gené BloAmF and DNA*¥GkRcingy ' €pl aci ng phosphate with
sul phur in the |inkage. Exanpl es "of |inkages that may be used include
phosphor ot hi oat es, met hyl phosphonat es, sul phone, sul phate, ketyl,
phosphor odi t hi oat es, I ous ghosphoram’ dat es,, phosphat e _esters,

bri dged ph3opldodiAiwas isslated framg b Yphimariwm sxronjugaats aad digestedexanpl es
! cages shepeohn oA SiL SBE, PRLahd bt iRl 5Re0 Seliondled BHGY 1 on
RS 2 | : . ! .

of thede. I TEUSHE ey FAAHICIER Ro?Hybond N* IABHORAS IRMmEIRMAMY B 01, 0
linkages i§uwj€étbd‘if3%ﬂi1ﬂ'nt rﬁii&atidd"ﬁidlﬁ'&i@ﬁsiin§tthe%hh it rékidtaey s for

produci ng ol rgonucl eoti des Having m xed” 15 ernucl edt'i de |1 nkages.

A i gonucl egénelef pUT heiniFIHSKmM2i a8t anprdbe. eXTlen probe byas: Natsedledo with

enzymes by "capping"” or incorporating simlar groups on the 5 or 3

terni nal ndigosygeniaBoshrisgge-Mannhein) ppd chemdluminesgepcaidetectionaiwathl e as 20
Amino-Link IlJerr] from,Applied BioQysteng Inc, Foster City,.CA .
Vet hods. { oFTEleg Al AcEPRAG 48 i BnUTARUSE B R ucignssy The dy gt
Nucl eifgy AchdlpwiSRing tonditichs Wore M UesGhiBEF hb&Ve. HestrtAion efdyifies Mldh

gave rise to hybridising fragments in the 3-5 kb range were used to digest

DNA for a preparative agarose gel, and DNA fragments corresponding to
the sizes of the hybridisation signals were excised from this, purified and
ligated into pUC18. Ligation reactions were used to transform E. coli
15 DHSa to kanamycin resistance. Plasmids from kanamycin-resistant
transformants wére-ﬁuriﬁed by passage through an elutipD column and
checked by restriction enzyme digestion. Plasmid inserts were partially
sequenced by the di-deoxy method (Sanger et al, 1977) using the -40 primer
and reverse sequencing primer (United States Biochemical Corporation) and
20 the primei's P6 (5'-CCTAGGCGGCCAGATCTGAT-3') (SEQID No 6) and
P7 (S'GCACTTGTGTATAAGAGTCAG-3") (SEQ ID No 7) which anneal
to the I and O termini of TnJ, respectively. Nucleotide sequences and
deduced amino acid sequences were assembled using the Macvector 3.5
software package run on a Macintosh SE/30 computer. Sequences were
25 compared with the EMBL and Genbank DNA databases using the
UNIX/SUN computer system at the Human Genome Mapping Project

Resource Centre, Harrow, UK.

RECTIFIED SHEET (RULE 89



Acad. Sci. USA 88(17), 7595-7599, the teachings of which are hereby
I ncorporated herein by reference. 25 A further nmethod of naking

ol i gonucl @ b¢lemsy esi stant to nucl ease attack is for thendssossrs
"self-stabilized" as described by Tang et al (1993) Nucl. Aci ds Res.

21, 2729-2735 incorporated herein by ref nce. Self- stabilized

ol i gonucl eoti des have hairpin | oop structUres at their 3" ends. 30 and
show increas iESi stance to degradation by snake venom WO

96/ 17951 esu : PCT/ GB95/ 02875
35 phosphodi est erase, DNA pol ynerase | and fetal bovine serum The
sel f - stabilized region of the oligonucleotide does not interfere in
hybri di zat i on Tag Designi t h conpl enentary nucl ei ¢ acids, and pharnacokinetic
~and stability studies in mce have shown increased in vivo

persi stence of self-stabilized 5 ol i gonuclt eotides with respect to

nher ent b8 nd 16 SYBUATS of the BNA tags 1S sHAMILENEEUEF 180 RACE, Goststs of
charecter 1 Gl B R BB of b dclehie Ty

permtting | OWghtrPPEHIGR sbquétfte UTNK]Z|'Wad'dBSigned 16 pravent the oetiirrehce of

sites for the commonly used 6 bp-recognition restriction enzymes, but is

sufficiently variable to ensure that statistically, the same sequence should

10 only occur once in 2 x 10" molecules (DNA sequencing of 12 randomly

| selected tags showed that none shared more than 50% identity over the

variable region). (N means ahy base (A, G, Cor T) and K means G or T.)

The arms contain Kpnl sites close to the ends to facilitate the initial cloning

step, and the HindIII sites bordering the variable region were used to release

15 radiolabelled variable regions from the arms prior to hybridisation analysis.

The arms were also designed such that primers P2 and P4 each contain only

one guanine residue. Therefore during a PCR using these primers, only one

cytosine will be incorporated into each newly synthesised arm, compared to

an average of ten in the unique sequence. When radiolabelled dCTP is

20 included in the PCR, an average of ten-fold more label will be present in

the unique sequence compared with each arm. This is intended to minimise

background hybridisation signals from the arms, after they have been

released from the unique sequences by digestion Qith HindIll. Double

stranded tags were ligated into the Kpnl site of the mini-Tn5 transposon

25 Km2, carried on plasmid pUT (de Lorenzo & Timmis, 1994). Replication

of this plasmid is dependent on the R6K-specified 7 product of the pir gene.

It carrie.s the briT sequence of the RP4 plasmid, permitting transfer to a

variety of bacterial species (Miller & Mekalanos, 1988), and the tmp’ gene

needed for transpositipn of the mini-TnS element. The tagged mini-TnS

30 transposons were transferred to S. zyphimurium by conjugation, and 288



Thus, oligonucleotides are applied locally to achieve the desired effect.
The concentration of the oligonucleotides at the desired |locus is nuch

hi gherWO96/17981 t he ol i gonucl eoti des were admi ni stered syRCEHGB2SM28BTS and t he
t herapeutic effect can be achieved using a significantly |lower total’
anount. 15 The | ocal high concentr &y on of oligonucl eotides enhances:
penetration of the targeted cells and effectively blocks translation

of the targgéorjligamts tesulting frothitFansPOsiADA Vents were stored! it thk veIRUSGH €ot i des
can be deliveréd to the | oCus by any neans 20 ~ appropriate for localized

adni ni st r amicrotitfe dishes.,g. TotRbDNeA dsglated from 12 of theseuwas digestedwith
ol i gonucl egtides can be jnjected directly to the site or can, be

dlel i ver edbgfoRMsusﬁ“én Su?ﬁ%rioi rﬁqylsllnm Pﬁdasﬁﬁ_@nma:\'hgwgcwg dtlhc |
he de  oRRRATREEIRiERiince e 3 S A 30 GrbhosSR 2 ASBREL Th b The” o5

surrourglin : ; T 3 c ' _ %grﬂﬁ faﬁ*ey

admi ni st erg?e\c,/’?%iéaeﬁ/o&v%aat R %lsﬂg’:ué*r%gxl%m?'ﬁée sﬂ%‘? :){ge' 0 S&?]%i ntl ammat ory
and bi odegtragiggdson i differentsisehofmbiecidctérial genoniec(Rigure 2). ncl udi ng t hose
made fromnatural -and 30 synthetic polynmers. In a preferred enbodi nent.

the nethod exploits a - WD 96/ 17951

PCT/ GB95/ 02875
ecificity and sensitivity studies

10 We next determined the efficiency and uniformity of amplification of the ‘
~ DNA tags in PCRs involving pools of exconjugant DNAs as targets for the

reactions. In an attempt to minimise uhequal_ gmp_l_iﬁcation_ .of tégs in the

PCR, we determined the maximum quantity of DNA target that could be

used in a 100 ul reaction, and the minimum number of PCR cycles, that
15  resulted in products which could be visualised by ethidium bromide staining

of an agarose gel (5 ug DNA and 20 cycles, respectively).

S. yyphimurium exconjugants which had reached stationary -growth phase in
microtitre dishes were combined, and used to extract DNA. This was
20  subjected to a PCR using primers P2 and P4. PCR products of 80 bp were
gel-purified and used as targets for a second PCR, using the same p_rimers
but with **P-labelled CTP. This resulted in over 60% of the radiolabelled
dCTP being incorporated into the PCR products. The radiolabelled
products were digested with HindIlI and used to__probe colony blotted. DNA
25 from their corresponding microtitre dishes. Of the 1510 mutﬁnts tested in
this way, 358 failed to yield a clear signal on an autora_diogram following
an overnight exposure of the colony blot. _-There are three potential
explanations for this. Firstly, it is possible that a proportion of the
transposons did not carry tags. However, by comparing the trafﬁsforination

30 frequencies resulting from ligation reactions involving the transposon in the



36 hydrogel which is liquid below body tenperature but gels to form
a shape- retaining sem solid hydrogel at or near body tenperature.
Preferred wogenr98ydrogel are polyners of ethylene oxi de- pr opdGEsosssf e
repeating units. The properties of the polyner are dependent on the
nol ecul ar weight of 5 the polynmer and -t§1 rel ati ve percentage of

pol yet hyl ene oxi de and pol ypropyl ene”0xide in the polyner. Preferred
hydr ogel s contai n

from b aboPt 10.t o about .. O%W wei htqﬁt hﬁl ene oxi de
and from aboutPrS3FACE OF absefics, Of tags, AL, seams, wniikely,that Hn trapsposons
particularly . - A t % xi de
and 30% pol yp%@%‘?éﬁ@o@ﬁgﬁ% thwa‘?@lg%ﬁ@h% ?gﬂé"a%ﬂglé tggéggégrlgagﬁql abl e,
for exanple, fand"MéfRbds). Mére! probabRy e4uses AYe thit theNviiable Sehidfita was
Pluronicf[err], In this enbodi nent, the hydrogel is cool'ed to a
liquid state dmhoated in some of)thetdgsotandéor that samhe of the sequenices Iformed to a

concentratpon of apout 1 15 ol i gonyc| eofide per gram qQf hydrogel. The
resul ting fi xtSGeQn mrﬁtnsctureST%Qypp?éﬂnshtmlghﬁémyamrsuempé amaplifieationd, f or

exanpl e by sprayi IRl flkd . rin [gery or, usikn .cat heter or
endoscopi ¢ pr g@é%&hﬁg (}.551'88% glvﬁo?t}ﬁ’éﬁ%@ﬁs,eﬁét" ‘of‘r"&'i"?“'ﬂ@é“ tali}n?‘SFm a
gel, and the ' | e ] tantls lxardl

surroundi ng Cé&:u]\cgeg.\‘/’gfrx égﬁ%%iﬁ?%g %@??ﬁcxm?fﬁ@gﬁgi?b 0 gtg %dsg(ﬁgéﬁﬁmted
conposi ti on ofbyt genegeting a probe fidih 24 ¢olofies!ofd microtiaR disk, asdrubingtieted by
means of other inplants that are_commercial ly available or described
i n the sci ent iprpbe laj calony blat, of 48 colomigs, avhigh ingludedrthe 24iused dogenerate and

| npl ant abl g dexi ‘probe. e tack of any hybridisation signal from the 24 colonies not -

used to generate the probe (Figure 3) shows that the hybridisation conditions
employed were sufficiently stringent to prevent cross-hybridisation among |
labelled tags, and suggests that each exconjugant is not reiterated within a
microtitre dish.

15
There are further considerations in detérmining the maximum pool size that
can be used as an inoculum in animal experiments. As the quantity of
labelled tag for each transposon is inversely proportional to the complexity
of the tag pool, there is a limit to the pool size above which hybridisation

20 signals become too weak to be detected after overnight exposure of an

| autoradiogram. More importantly, as the complexity of the pool increases,

so must the likelihood of failure of a virulent representative of the pool to
be present in sufficient numbers, in the spleen of an infected animal, to
produce enough labelled probe. We have not determined the upper limit for

25 pool size in the murine model of salmonellosis that we have employed, but

it must be in excess of 96.
Virulence tests of the transposon mutants

30 A total of 1152 uniquely tagged insertion mutants (from two microtitre



25 exanple, inplants nade of biodegradable materials such as

pol yanhydri des, polyorthoesters. polylactic acid and. pol ygl ycolic acid and
copol ynwogsttresieof . col | agen, and protein polyners or nareT/GBes28ZRlabl e
material s such as ethyl enevinyl acetate (EVAc), polyvinyl acetate, ethylene
vi nyl . al cohol, and derivatives thereof ggan be used to locally deliwer the
30 oligonucleotides. The oligonucleotides can be incorporated into the
WD 96/ 17951

PCT] GB9S/ 02 %ws) were tested for virulence in BALB/c mice in twelérf pools, eacl% ori al
as it is polrgpresenting ﬁ@&%lldhldr@ﬁtrewﬁsmgﬁiﬁinhlmwﬁbd%htmtrapenﬁ)ﬁéﬁpr ation
techni ques, or mechanically mxed with the material. I'n one

enbodi nent , injection iof approximatelys10 eells afeuachqob%rtrzmspbsmu mutantscafa i ngs

! o 10 gt o et i s ﬁé@%ﬁé&. re of
h I I'n
general 5 WEIBHcIBkE T Bt bl RS @gﬁs#?l@@ﬂ%&ﬁ%”' M e

to be treat gfito Idbork tm%émm VeASroRimatedy 'wqmbemzi&erecavéfaaeﬂ‘aﬁi

dependent on the |en and cthem cal conposition of the
ol i gonucl eotacle ninusei wexpepaoled lapdi DNAwas. extractedgeThé tagx)ptesaﬁt inotha®©00 pg

per square cent| metre of tissue surface are
sample were amplified and labelled by the PCR, and colony blots

probed and compared with the hybndxsatlon pattern obtained using tags

10  amplified from the inoculum (Figure 3). As a control, an aroA mutant of (
S. typhimurium was tagged and employed as one of the 96 mutants in the
inoculum. This strain would not be expected to bé recovered in the spleen

-because its virulence is severely attenuated (Buchmeier ez al, 1993). Forty-
. one mutants were identified whose DNA hybridized to _labéll_ed tags from

15 the inoculum but not from labelled tags from bacteria'recovered from the
spleen. The experiment was repéa__ted-an_d the same forty-one mutants were
again identified. Two of these were the aro4 mutant (one per ._'po_ol), as
expected. Another was an auxotrophic mutant (it failed to grow on minimal
medium). All of the mutants had normal cdlony morphology.

20 . _

Example 2: Cloning and partial risation of s flankin

the transposon

- DNA was extracted from one of the mutants described in Example 1 (Pool

25 1, F10), digested with SsiI, and subcloned on the basis of kanainycin
resistance. The sequence of 450 bp flanking one end of the transposon was

~ determined using primer P7. This sequence ShOWs 80% identity to the E.
coli clp (lon) gene. which encodes a heat-regulated protease (Figure 5). To

our knowledge, this gene has not previously been implicated as a virulence

30 determinant.



The ol i gonucl eoti des may be administered to the patient systemically for 15
both therapeutic and prophyl acti c .purposes. The ol i gonucl eoti des may be
adm ni st @eskPysany ef fective: nethod, for exanpl e, parent epeticnoéemrs
i-ntravenously, subcutaneously, intramuscularly) or by oral, nasal or other
means whi ch*pernit the ol i gonucl eot i d_esest-p access and circulate in the
patient's bl oodstream A i gonucl eoti dés adm ni stered systemcally 20

Ut al co havdatiel SAyeRery ot hisBn by Selnloreitd bt Riribridy Pt astet .
the range of qrk SROBAIHFiBure & Cschptithibes'R24H AP afi BIAUBS). SDedielil'aining! "
erally w e effe 5 |

adult human gen ctive for thi's purpose. 2 t wll be

appreci at ed taeid sédiences of P2B6, 8403\ P3R4 PPTG2qdind POBY beanisimilarities to
useful in treating oregreventl ng any infection caused by the m croorgani sm

from whi ch tlae family gehesedcratidreassocitécht proteins  shat| have r been i conseivedi d
m cr oor gapi s Thys, the sajd | ecule i.,s an aptjbiotic. ,.30 hus. a
twel fth a pegi‘f%%ﬁébﬂmgﬁi pﬁ%&wﬁw"ﬁm plants, and: which e n
\é\gwgggég/gg% g8 Salmonella as the inv family. In S. typhimurium ‘§‘§ inv genes are

required for bacterial invasion into intestinal tissue. The virulence of inv
mutants is attenuated when they .are inoculated by the oral route, but not
when they are administered intraperitoneally. The discovery of inv-related
10  genes that are required for virulence following intraperitoneal inoculation
suggests a new secretion apparatus which might be required for invasion of -
non-phagocytic cells of the spleen and other organs. The products of these
new genes might represent better drug targets than the inv proteins in the
- treatment of established infections.
15
Further characterisation of the genes identified in this example is described

in Example 4.

Example 3: LD, determinations and mouse vaccination study
20 '

Mutations identified by the method of the invention attenuate virulence.

Five of the mutations in genes not previously implicated in virulence were
transferred by P22-mediated transduction to the nalidixic acid-sensitive

25 parent strain of S. ryphimurium 12028. Transductants were checked by
restriciion mapping then injected by the intraperitoneal route into groups of
BALB/c mice to determine their 50% lethal dose (LDy,). The LDy, values

. for rﬁuta;nts S4C3, P7G2. P3F4 and P9B7 were all several orders of
magnitude higher than that of the wild-type'str'ai'n. No differenc’e in the

30 LD, was detected for mutant P1F10: however, thefe was a statistically



aspect of the invention for use in nedicine. A thirteenth aspect of
the invention provides a nethod of treating a host whi ch has, or is
susceptwobbe119s1 .an i nfection with a mcroorganism the PcreBssihashs
conprising adm nistering an effective amount of a nol ecul e accordi ng
to the el eventh aspect of the inventioggwherein said gene is ps esent
In said mcroorgani sns, or a close relative of said m croorgani sm

By "effecti SEPRAY. i ! epats 10 or
anel i or at esﬁgﬁe I n edc‘:"tc }A%ar?. ' g;lt h@%@ﬁ'&?ﬂmﬁn WC?%??%@Q%%%%gﬁaﬂF : :
whi ch may bgpledis6f aiicdinjéctsld Witlpas #oculam consistinglofvin équad fionat ed

t hat pharmaceutical fornul ati ons of the nol ecul e of the el eventh _
aspect of tofthisstrain and the wildstypestraime Thiy émplics thatitbis mutatjondoesceut i cal
formul ati ons conpri se,the ~or nore

aid nolecul e toggether with one
accept abl e ¥gnuate yirulences but te a dggree thatys “056{9 Pg’y EPs¢:he- sense
of being conpatible with the said nol ecule of the invention and not
del eteri"ous to the recipients.thereof. Typically, the carriers will be
As

wat er | ¢ v;mgc si ehd 3
menti oned a%i{/t%l?@a]r,\ %s eggp?bgg&f'%k &g@g@ﬁ@wﬁ@g?& gﬁ)}ft‘%g} -g\lf'v,
| have f ounihoctiim devel of1107 icells/mouseg ENone of thecmics becaminé ill,Sadivatiag! a
typhimuriumin a reji on of the chronosone that | have called VGC2.
DNA- DNA hy bthiatitheaorad s develsoftheseamutants aremtrleast an-arder of eragnituds
honol ogous lt\i%hgtt' dlla%at tat%?’rt}'ne %Ilil&{%%e gt;':%nf o_und | n many species and
10 | |
In the mouse vaccination study groups of five female BALB/c mice of 20-25
g in mass were initially inoculated orally (p.o.) or intraperitoneally (i.p.)
with serial ten fold dilutions of Salmonella typhimurium mutant strains P3F4 -
and P9B7. After four weeks the mice were then inoculated with 500 c.f.u.
15

of the parental wild type strain. Deaths were then recorded over four

weeks.

A group of two mice of the same age and batch as the mice inoculated with
the mutant strains were also inoculated i.p. with 500 c.f.u. of the wild type
20  strain as a positive control. Both non-immunised mice died as expected

within four weeks.
Results are tabulated below:

p.o. initial inoculation with mutant strain P3F4

1)

initial inoculum in
c.f.u.

no. mice surviving
first challenge

no. mice surviving -
wild type challenge

5x10°

15

2 (40%)

5x 108

5

2 (40%)




strains of Salnonella but are not present
strains tested (see Exanple 4). _
COr r eSpoRgo 617951 conserved genes. at |east in Sal nonel | RCTAHRISHL8Beast
sonme of which are virulence genes. It is believed that equivalent
genes i'n other Salnonella 30 species andg if present. equivalent genes in
ot her enteric or other bact er| a 86/ 17951

in the E. coli and Shigella
These sequences al nost certainly

PCT/ GB95/ 02878 w1 so be
virulence geng§ &l@%bgl onis a
vi rul ence **'” Tnpr e, tnose genes W thin

VGEC2 whi ch ha been d nti.fied.by t the second aspect of
the inventi on whekP- 1 ﬂﬁ??‘g'ﬁmtgngdl W%ﬁ muri um and wherein the
environnment is an anlrral lenc

such as _a _nouse)
Vi rul ence geng -

(preferabl’y a ant
strain is avi 10 I\/Ethods g i onf gehe are
wel | known anPS%chO‘ descri be03 el ow 3 (100%)
5x10° 5 4 (80%)
Is x 10 6 5 (83%) ||
10 5X10° 5 4 (80%)

3) p.o. initial inoculum with mutant strain P9B7

initial inoculum in

15 c.f.u.

no. mice surviving
first challenge

no. mice surviving
wild type challenge

5x10°

4) i.p. initial inoculum with mutant POB7

20 initial inoculum in

fef.u.

5

'no. mice surviving

first challenge

0(0%)

no. mice surviving
wild type challenge

5x 10°

|4

2 (50%)

From these experiments I conclude that mutant P3P4 appears to giv_e' some
25 protection against subsequent wild type challenge. This protection appears

greater in mice that were immunised i.p.

Example 4: Identification of a &irulence locus gn'codirig a_second type
III secretion system in Salmonella imurium
30 |
Abbreviations used in this Example are VGC1, virulence gene cluster 1;

VGC2, virulence gene cluster 2.



A fourteenth aspect of the invention provides the VG2 DNA of
Sal monel la typhinmuriumor a part thereof, or a variant of said DNA or a 15 °
var i anfyode/1a98iart t hereof. The VGC2 DNA of Sal nonpCt/eBasgusisiuri umis

depi cted di agrammatically in Figure 8 and is readily obtainable from
Sal nonel | a typhi nuri.um ATCC 14028 (avai |l able fromthe American Type

Culture Collection, 12301 20 Parkl awn ive, Rockville, Maryland 20852,
USA; al so dgpa |ted 5 Heal t h Laboratory Servi ce,

[

Col i ndal e, 2RCREGEFHtTes  EXperime =2KETE-12021) using the information
provi ded i n Exanple 4 For - - exarrpl e, probes derived fromthe sequences
shown in Figures 11 and 12 may be used to identify X clones froma

Sal nonel | a SMH@M@%I igfurRn is iﬁnnbifﬁall agent chigasteentepitisdmhunensiand net hods
can be enployed to obtain all he VGC2 DNA. The restriction map

shown in Fiprodaces aasystemicsillhess in mice wdvich sorvesas aomodelfor hﬂmgmant S

o ang 0yPhoidfesbe (Ehc Eolamins cninocuatiah of BulE WSl §, bkt ™ °
gg; ngg} 362@5; g:a%%%a pass frohthe GhrhéRDF the small intestine throu§8 the mtestmal
mucosa, via enterocytes or M cells of the Peyer’s patch follicles (2). The
bacteria then i_n_vade' macrophages and neutrophils, enter the
reticuloendothelial system and disseminate to other organs, including the ‘_
10  spleen and liver, where ﬁxrther reproduction results in an overwhelming and ‘
fatal bacteremia (3). '.l‘o'inv:ad"e host cells, to survive and replicate in a
variety of physiologically stressful intracellular ‘and extracellular -
env1ronments and to circumvent the specific antxbactenal activities of the

immune system, S. typhzmunum employs a sophisticated repertoire of

15 virulence factors (4).

Tb gain a more comprehensive understandin'g" of virulence mechanisms of
S. typhimurium and '6ther pathogens the transposon mutagenesis' system
described in E.xampl-e'l which is conveniently called ‘signature-tagged
20 mutagenes1s (STM), which combmes the strength of mutational analysis
with the ablhty to follow sxmultaneously the fate of a large number of
different mutants within a single animal (5 and Example 1; Reference 5 was
published after the priority date for this inventiOri). Using this approach we
identified 43 mutants with attenuated virulence from a total of 1152 mutants
25 that were screened. The nucleotide sequehées of DNA ﬂanking the -
insertion points of transposons in 5 of these mutants showed that'they were
related to genes encoding type III secretion systems of a variety of bacterial
pathogeﬁs (6. 7). The '. :pr_oducts .of the inv/spa gene cluster of S.
ryphimurium (8, 9) are proteins that form a type III Sééretion/system

30 required for the assembly of surface appendages mediating entry into



20 nucl eotides, nore preferably at | east 50 nucl eotides, still nore
preferably at |east 100 nucl eotides, and nost preferably at |east 500 .
nucl eot i d@e ge1796¢C2. A particularly preferred part of the VXL PNA e 1S
the sequence shown in Figure 11, or a part thereof." Another _
particularly preferred part of the VGC2 % is the.sequence shown in
Figure 12, or a part thereof.- Adva ageouzl'yzdt h;a. ]E)far'é oft';].he E/EBCZ
DNA is a gene, © t th of 10 Cenes can. be .identified wthin the
VGC2 regi gn bfpétilﬁﬁggf‘?lisaﬁ naHyare the virulencer@f sfrains camping mytatiens ini ng

o oator t han Loy Chises A%Enateliorl i the inbathh S GuRRislREE oxaly,

genes smal | er andanot Nwherd! yEﬂOiﬂ&)aPeM&ﬁieBﬂg @), OPR contrast Q@?S‘%ﬁx&ﬂﬁ?
corresponds to the pol ypeptide codfing region of a gene can be

det erm ned expdentiféed by|STM &xer avirulent follawingrintrapetituneBNioculation (5).
corresponding to the open reading frame nay be used as a probe in a
northern (RNA) bl ot to determ ne whether nmRNA i's expressed which

hybri di . Sai - al tivel y.or -additionally a nmutation y

e 1 nt r oduced 1 il BiEmBI e sha iBat 1 SraisnSich, insprien hofnis e thesad on 20
he ohenot sl . _ !

phenotype 1o dhaants frad adiBBRATTY RS IRURITYSTRE Al thap S fhe same.

Met hods of i deegiohyofithe oS:n9phimuiriim chrodsemel SPeRhéy sndlPsi¥/ofithisife@ion

art. 25 By "variant of 'said DNA or a variant of a part thereof™ we
i ncl ude any Treveals additional genes whose deduced products have sequence similarity

10 to other components of type III secretion systems. This chromosomal
region which we refer to as virulence gene cluster 2 (VGC2) is not present
in a number of other enteric bacteria, and represents an important locus for

S. typhimurium virulence.
15 Materials and Methods

Bacterial Strains, Transduction and Growth Media. Salmonella enterica
serotypes 5791 (aberdeen), 423180 (gallinarum), 7101 (cubana) and 12416
(typhimurium LT2) were obtained from the National Collections of Type
20  Cultures, Public Health Laboratory Service, UK. Salmonella typhi BRD123
genomic DNA was a gift from G. Dougan, enteropathogenic Escherichia
coli (EPEC), enterohemorrhagic E. coli (EHEC), Vibrio cholera biotype El
Tor, Shigella flexneri serotype 2 and Staphylococcus aureus were clinical
isolates obtained from the Department of Infectious Diseases and
25 Bacteriology, Royal Postgraduate Medical School, UK. Genomic DNA
from Yersinia pestis was a gift from J. Heesemann. However, genomic
DNA can be isolated using standard methods. The bacterial strains and the
methods used to generate signature-tagged mini-TnJ5 transposon mutants of .
S. typhimurium NCTC strain 12023 have been described previously (5, 11).

30 Routine propagation of plasmids was in E. coli DH5a. Bacteria were



variant as defined by the term"variant” in the seventh aspect of the

I nventi on. Thus, variants of VGC2 DNA of Sal nonella typhinmurium

i ncl udaVO@6/1BJLi val ent genes. or parts thereof. from ot hCTRBISOAEIS| a

speci es. such as WO 96/ 17951 _

PCT/ GB95/ 02875 : 62 _ 41 Sal nonel | a
typhi and Sal nonell a enterica, as well as equival ent genes, or parts

thereof, froogwal e LIaAsoRR i @25 %@gk‘iﬂ&h@&rwﬁﬁtm@ Sppropiiatd antibiotics. B% |

"equi val ent” gene”™ we i nclude gen whi ch are functionally equival ent

and t hose iBeford olindemce d¢veds ofemdividaab nunitant strajnisewerg passéssed) the
avirulence). It will be apprecjiated that before fhe present_ invention VGC2
or the gendautatapswese firpictransferrgd byphaged?2 mediated g&“mm(ﬂ@.My not

e 2t ) AR SR eV Pl sra oF 'S5 pphimen? 138555 O 1N
[ 1 i h i h : j
o Vs cotaitdiuing® Werkl Hnalysell| by° 1RGN, GRHAGH llid Southel? 2 O°NC
hybridisation before use as inoculum. _. :

Lambda Library Screening. Lambda _()\) clones with overlapping insert
DNAs covering VGC2 were obtained by standard methods (13) from a
10 A1059 library (14) containing inserts from a parual Sau3A dige_st.of S.. ‘
typhimurium LT2 genomic DNA. The library was obtained via_-K.
Sanderson, from the Salmonella Genetic Stock Centre (SGSC), Calgary,

Canada.

15 Mud-P22 Lysogens. Radiolabelled DNA probes were hybridised to
Hybond N (Amersham) filters bearing DNA prepared from lysatés of a set
of S. ryphimurium strains harbouring Mud-P22 prophages at known
positions in the S. zyphimurium genome. Preparation of mitomycin-induced
Mud-P22 lysates was as described (12, 15). The set of Mud-P22 prophages

20 © was originally assembled by Benson and Goldman (16) and was obtained
from the SGSC.

Gel Electrophoresis and Southern Hybridisation. Gel-electiophoiesis_was
-performed in 1% or 0.6% agai'ose gels runin 0.5 x TBE. Gel fractionated

25 DNA was transferred to Hybond N or N+ membranes (Amersham) and
stringent hybridisation and washing___prbcedures (permitting hybridisation
between nucleotide sequences with 10% or less. mismatches) were as
described by Holden et al, (17). For non—stﬁnggnt_conditions (pe_rmitting
hybridisation between sequences with 50% misrhatches_) filters were
30 hybridised overnight at42°Cin 10% formamide/0.25 M Na;HPOJ‘?%_ SDS
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t hods of making a nmutant bacteriumwherein if the

mal ly contains a gene that is the sane as or equivalent to a

53 Sai d gene is nutated or absent in said Nupgdicaeseissi UM

IS a preferred nmethod to inactivate a VGC2 gene. One first

gene on -a DNA fragnent frorgga Sal nonel l'a X DNA [ibrary
library using a fragnent of "VGC2 as a probe in
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of the nutant gene into the chronosone.
Molecular Cloning and Nucleotide Sequencing. Restriction endonucleases

and T4 DNA ligase were obtained from Gibco-BRL. General molecular
biology techniques were as described in Sambrook er al, (18). Nucleotide
sequencing was performed by the dideoxy chain termination method (19)
using a T7 sequencing kit (Pharmacia). Sequences were assembled with the
MacVector 3.5 software or AssemblyLIGN packages. Nucleotide and
derived amino acid sequences were compared with those in the European
Molecular Biology Laboratory (EMBL) and SwissProt databases using the
BLAST and FASTA programs of the GCG package from the University of
Wisconsin (version 8) (20) on the network service at the Human Genome

Mapping Project Resource Centre, Hinxton, UK.

Virulence Tests. Groups of five female BALB/c mice (20-25g) were
inoculated orally (p.o.) or intraperitoneally (i.p.) with 10-fold dilutions of
bacteria suspended in physiological saline. For preparation of the inoculum,

bacteria were grown overnight at 37°C in LB broth with shaking (50 rpm)

"and then used to inoculate fresh medium for various lengths of time until an

optical density (OD) at 560 nm of 0.4 to 0.6 had been reached. For cell
densities of 5 x 10® colony forming units (cfu) per ml and above, cultures
were concentrated by centrifugation and resuspended in saline. The

concentration of cfu/ml was checked by plating a dilution series of the

~inoculum onto LB agar_ plates. Mice were inoculated i.p. with 0.2 ml



Thi s approach is comonly used in Sal nonella (and can be used in S.

typhi), and further details can be found in many papers, including Glan
et al wdddAresi’4, 4338-4349. Still further aspectgciEpdsglgrss use of
said nutant nutant bacteriumin a vacci ne; pharmaceutical conposition
conprising said bacterium and a &;r)thar maceutical ly acceptable carrier;
pol ypepti de encoded by VGC2 10 DNA Sal m)nel | a typhi rruri umor a part
thereof, or.a variant of a part t her eof ; tho identifying a
conpound welwnes aed pea. bﬁéa\éﬂgﬂ vith the same VQJ“W&(R lﬂleelepscor cause
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function 8% a gene in VGC2 or a-nucleic product 15 thereof; and nedical
uses and éknaceutical conpositions thereof. The VGC2 DNA contai ns
genes whi ch have been identified by the met hods of the first and
second aspects of the invention as well as genes whi ch have been

i dentiJ i edResultshei r | ocation (al though identifiable by the 20 met hods of
the first and second aspects of the invention). These further aspects
of the invention relate closely to the fourth, fifth si xth, 'seventh,

= 9okt onLaRtshBh of yRYSBbdim Sk sEhErch, BEAE Shakche e,

as petcthzse%@nt her&é?gg@%%hﬁﬁ?m tParisPbsbn Aiuthmts AhdSthe P& fisedPP! i es t

to identify 43 mutants with attenuated virulence have been described
10 previously (5). Transposons and flanking DNA regions were cloned from
| exconjugants by selection for kanamycin resistance or by inverse PCR.
Nucleotide sequences of 300-600 bp of DNA flanking the transposons were
obtained for 33 mutants. Comparison of these sequences with those in the
DNA and protein databases indicated that 14 mutants resulted from
15 transposon insertions into previously known virulence genes, 7 arose from
insertions into new genes with similarity to known genes of the
enterobacteria and 12 resulted from insertions into sequences without
similarity to entries in the DNA and protein databases (ref. 5, Example 1

and this Exémple).

20 .

Three lines of evidence suggested that 16 of 19 transposon insertions into
new sequences were clustered in three regions of the ‘genome, initially
designated A, B and C. First, comparing nucleotide sequences from regions
flanking transposon insertion points with each other and with those in the
25 databases showed that some sequences overlapped with one another or had
- strong similarity to different regions of the same gene. Second, Southern
analysis of genomic DNA digested with several restriction enzymes and
probed with restriction fragments flanking transposon insertion points
indicated that some transpt;son insertions were: located on the “same

30 restriction fragments. Third. when the same DNA probes were hybridised

(0]

p



It is preferred if the gene is fromVGEC2 or is an equival ent gene from

anot her species of Salnonella such as S. typhi. It is preferred if the

mut ant bawoeeiwesli s a S. typhinmurium nutant or a nutant of wEERERMSR

speci es, of Sal nonel la such as.S. typhi. WO 96/17951

PCT/ GB95/ 02875 : 43 It is
believed that at |east sorre of . t he genes6$n VGC2 confer the ability for

the bacterium sguch as S. ph| murium _to_ent cel The invention
will now be &Bsfi?qlﬁ'é m"m aﬂum&mbphﬁﬂ&%t propes @Qmuwt&nd

Fi gures wher ! trate
pa?t I cul arl y%é@&Pe‘F‘Fé’ gggodsfjteps ilacfts“%gq iﬁfg glbtﬁbmﬁnkgﬁ vﬁ“a&'&ém&t% hows a
Sout hern hyb agﬁe r POBY
exconj ugant er ol | ovm ng I”s‘?ﬁeﬂ?}ﬂ\% t Eétéogivmégliw8 T“Pngréwas MWQFS% d
wi th the kanamgreiassignedso eluseerggpfive muthnts(P2D6] HOBG, ]Pltl@ﬁﬂq@m and
5 PI11HI10) to cluster B and nine mutants (P3F4, P4F8, P7A3, P7B8, P7G2,

P8G12, P9G4, P10E11 and P11B9) to cluster C (Figure 8).

Hybridisation of DNA probes from these three clusters to lysates from a set
of S. typhimurium strains harbouring locked-in Mud-P22 prophages (15, 16)

10 showed that the three loci were all located in the minute 30 to 31 fegion
(edition VIII, ref. 22) (Figure 7), indicating that the three loci were closely
linked or constituted one large virulence locus. To determine if any of the
A clones covering clusters A, B and C contained overlapping DNA inserts,
DNA fragments from the terminal regions of each clone were used as

15  probes in Southern hybridisation analysis of the other A clones. Hybridising |
DNA fragments showed that several A clones overlap and that clusters A,
B and C comprise one contiguous region (Figure 8). DNA fragments from
the ends of this region were then used to probe the A library to identify
further clones containing inserts representing the adjacent regions. No A

20  clones were identified that covered the extreme right hand terminus of the
locus so this region was obtained by cloning a 6.5 kb EcoRI/Xbal fragment
from a lysate of the Mud-P22 prophage strain TT15244 (16).

Restriction mapping and Southern hybridisation analysis were then used to
25 construct a physical map of thfs locus (Figure 8). To distinguish this locus
" from the well characterised inv/spa gene cluster at minute 63 (edition VIII,
ref. 22) (8, 9, 23, 24, 25, 26), we refer to the latter as virulence gene
cluster 1 (VGC1) and have termed the new virulence locus VGC2. Figure
2 shows the position of two portions of DNA whose nucleotide séquence

. 30 has been determined (“Sequence 1” and “Sequence 2”). The nucleotide



Figure 3 shows a colony blot hybridisation analysis of DNA from48 S. 15
t yphi muri um exconjugants froma half of a mcrotitre dish (Al -H6). The

filter wasoshngdsii di sed with a probe conprising | abel |l ed anpéi/ieBesiodspgs from
DNA i sol ated froma pool of the first 24 col onies (Al-D6). Figure 4

shows .a DNA col ony bl-ot hybridisation $§al ysis of 95 S. 20 typhinmurium:?
exconjugants of a mcrotitre dish (A -HL1), which were Injected into a

nouse. Replicate filters were hybrjdis with | abel |l ed anplified tags:
fromthe po%ﬂ“ﬂ‘%&f'lﬂﬁ"bé’t’tr‘ggﬂg?s iofamﬁﬁ--l abel | ed anplified tags from
DNA isol ated from over 10,000 pool ed col onies that were recovered from
the spleen of the infected animal (spleen pattern). 25 Col oni es B6, All

and C8 gaveMapping thedwundatidsbSVGOD on &itdS Spphimaiium chrofifisbnid,

filters. Hybridisation signals. fromcolonies A3, C5, G3 (aroA), and
FI 0 are prd¥udeotide sequénving ofih glane dr at thetleftdtandrsidé of GE2repealedr n.

Fi gure shows the sequence of a Sal ponel | ne isolajed using the 30
met hod 8f tUHE RIRSENGE ofan apen reading: rgm(&%ﬁ&@@m&mammq aqidp

Vo 96/ 1795]3czquenc1:. is over 90% identical to the derived product of a segmen'zt)%?tﬁeB 9502875
ydhE* gene of E. coli and sequencing of the 6.5 kb EcoRI/Xbal cloned
fragment on the right hand side of VGC2 revealed the presence of an ORF
whose predicted amino acid sequence is over 90% identical to pyruvate
10 - kinase I of E. coli encoded by the pykF gene (27). On the E. coli ‘ |
chromosome ydhE and pku are located close to one another, at minute 37
~ 1o 38 (28). Eleven non-overlapping DNA fragments distributed along the
length of VGC2 were used as probes in non-stringent Southern hybridisation
analysis of E. coli and S. typhimurium genomic DNA. Hybridising DNA
15 fragments showed that a region of .approximatql'y 40 kb comprising VGC2
was absent from the E. coli genome and localised the boundaries of VGC2
to within 1 kb (Figure 9). Comparison of the location of the Xbal site close
‘to the right hand end of VGC2 (Figure 8) with a map of known Xbal sites
(29) at the minute 30 region of the chromosome (22) enables a map position
20  of 30.7 minutes to be deduced for VGC2.

Structure of VGC2. Nucleotide sequencing of portions of VGC2 has
revealed the presence of 19 ORFs (Figure 8). The G+C content of
approximately 26 kb of nucleotide sequ_exice within VGC2 is 44.6%,
25 compared to 47% for VGC1 (9) and 51-53% estimated for the entire

Salmonella genome (30).

The complete deduced amino acid sequences of ORFs 1-11 are similar to
those of proteins of type III secretion systems (6. 7). which are known to

30  be required for the export of virulence determinants in a variety of bacterial -



44 pr ot ease genone. Figure 6 shows partial sequences of
further Sal nonella gene isol.ated using t he nethod of the invention
(SEQ I D Ny®96fi79s? 36). 5 Figure 7 shows the nmappi ng @fCTvE8I5/02875t he S.
typhi nurium chronmosone. (A) DNA probes fromthree regions of VGC2 were
used ° I A Sout hern. hybridi sation anal ysis of |ysates froma set of S

t yphi muri um strai ns harbouring Iocké I n Mud- P22 prophages. Lysates

whi ch 10 hybridjsed t 7.5 kb Pstl f _ be A.in Fi _

shown. "0 pihgesas Of Rlaniy et aniitals (b AR neeficrel pristids WRs 18 ()
e I NSEJb:i i . i 0G: i i f

al ong or HERRe BY afE Sirilfr B OAMISMIN A6 sbikncd toldif prodas Hrumenown

Exanpl e 4). TheN-U Eze_BE@Qﬂ' Yerisitinops cudonberemlosianB 199 tbhinviCispasiiof gthe

strains: 18P, TT152 15 18Q 15241; 19P, T15244: "19Q TT15243; 20P,
TT15246 and 20f/spa clustEt S VGRA! ofn Sahaopelta Ayphivmeriwmc {8 o9k ard tepped

h by hori I Xi [
Other gends asa47/spadlhaf the aaa/ixi miostor-of sl REHRETh (3 30 At 300
genetic map ol VGC2. (Al Th it f 16 | '
shown above ¢ For FRABPIS e RIGHEIR aind acid geadict YEORET B8e BFE" AL, °
I ne. The posi il on ' i’ . i 24 ¢ hbed i
the text of cisHParf YRS BY, plablonuberculdsBIan), P iRefical o S0t ey | "

wi th the nanes, gbxménr(35Y arfitb3P% idehtibalitbeSpat) of MG iof 5. appliiriiai® (And 13
whose products are simlar to the sensor and :
The predicted protein product of ORF9 is closely related to the LerD family

O

10 of proteins with 43% identity to LcrD of Y. enmterocolitica (36), 39%
identity to MxiA of S. flexneri (32) and 40% identity to InvA of VGC1 .
(23). Partial nucleotide sequences for the remaining ORFs shown in Figure
8 indicate that the predicted protein from ORF10 is most similar to Y.
enterocolitica YscJ (37) a lipoprotein located in the bacterial outer

| 15 membrane, with ORF11 similar to S. ryphimurium InvG, a. member of the
PulD family of trénslocases (38). ORFI12 and ORF13 show significant
similarity to the sensor and regulatory subunits respectively, from a variety
of proteins comprising two component regulatory systems (39). There is
ample coding capacity for further genes between ORFs 9 and 10, ORFs 10

20 and 11, and between ORF 19 and the right hand end of VGC2.

VGC2 is conserved among and is specific to the Salmonellae. A 2.2 kb
Psfl/HindIII fragment located at the centre of VGC2 (probe B, Figure 8)
lacking sequence similarity to entries in the DNA and protein databases was
25 used as a probe in Southern hybridisation analysis of genomic DNA from
Salmonella serovars and other pathog'enic bacteria (Figure 10A). DNA
fragments hybridising under non-stringent conditions showed that VGC2 is
present i.n S. aberdeen. S. gallinarum, S. cubana, S. rvphi and i§ absent
from EPEC. EHEC. Y. pestis, S. flexneri, V. cholera and S. aureus. Thus

30 VGC2 is conserved among and is likely to be specific to the Salmoneliae.



regul atory conponents respectively, of a variety of two conponent

regul atory systens. (B) The location of averlapping clones and an
EcoRI / X0 9¢/17981r i cti on fragnment from Mud- P22 prophage st rpcrvcBIdingist

are shown as filled bars. Only the portions of the X cl ones. which have 30

been mapped are shown and the clones ngy extend beyond these limts. - »
WO 96/ 17951

PCT/ GB95/ 0 C) The
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shown bel ow the restriction map. The positions of Sequence 1 (described
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11 S. typhimurium (S fragments used”as probes (thick bars)
and t he regresemnt mthesmmesSalmﬂ:dlae@xaanmch suggesting thBerdgions®f YGC2.al ; H,

Hndll; K Kpnl; P, Pstl; N Nsil and S, Sall. Probes that
have been duplicated in these species.

o S

VGC2 is required for virulence in mice. Previous experiments showed

that the LDy, values for i.p. inoculation of transposon mutants P3F4, P7G2,
'P9B7 and P11C3 were at least 100-fold greater than the wild type strain (5).
In order to clarify the importance of \_’GCZ in the process of infection, the
15 p.o. and i.p. LDy, values for mutants P3F4 and P9B7 were determined
(Table 1). Both mutants showed a reduction.in vimlencé of at least five
orders of magnitude by either route of inoculation in compaﬁson with the
parental strain. This profound attenuation of virulence by both routes. of
inoculation demonstrates that VGC2 is required for events in the infective |

20  process after epithelial cell penetration in BALB/c mice.

Table 1. LDy, values of S. fyphimurium strains.

Strain - ip. ' 'p.0.
25 12023 wild type 1 42 | 6.2 x 10°
| P3F4 B 15x10° |  >5x10°
|poB7 >15x100 | >5%x10°

cfu. colony forming units



hybridised to E. coli K12 (E. c.) genom c DNA are indicated by +; those
which failed to hybridise aresindicated by -. © ...~ Figure 10 shows that
VCC2 i s cwosesresi anong and specific to the 20 Sal nonel | aper/caof)eighs DNA
from Sal nonella serovars and ot her pat hogeni ¢ bacteria was restricte
with Pstl (A), HindlIl- or EcoRV (B) .6§md subj ected to Sout hern '
hybri di sation analysis, using a 2.2 kb Pstl/H ndl Il fragnment from

[err] clone 7,as a.probe (probe B Figure 2). The filters were

hybri di sed an'a's\%ﬁﬂgﬂ under stringent (A) or non-stringent 25 (B)

condi ti ons. Figure 11 shows the DNA sequence of "Sequence 1" of VGC2
fromthe centre to the left-hand end (see the arrow | abel | ed Sequence

1 in Figure A hithérto dflendWif\viraldriceabas RIS Hphithusiton 6@&}951‘6%?\&@593&0 and

the start and stop 30 positions of putative genes. and the transposon

i nsertion poskh lecated @t minute 300V 3 thdShromosome by mapping the insertion
PCT/ (B95/ Q2875 ., . _ 46 vari ous
mut ants i dentRANSIoh @ 2rouP.pk sighaturertaggedstransposqs mufants with attenuated

virulence has been identified (5). This locus is referred to as virulence gene
cluster 2 (VGC2) to distinguish it from the inv/spa virulence genes at 63
‘minutes (edition VIII, ref. 22) which we suggest be renamed VGC1. VGCl1
and VGC2 both encode components of type III secretion systems.

10 However, these secretion systems are functionally distinct.

Of 19 mutants that arose from insertions into new genes (ref. 5 and this
example) 16 mapped to the same region of the chromosome. It is possible
that mini-Tn5 insertion occurs preferentially in VGC2. Alternatively, as the
15  negative selection used to identify mutants with attenuated virulence (5) was
very stringent (reflected by the high LDy, values for VGC2 mutants) it is
~ possible that, among the previously unknown genes, only mutat.ions in those
of VGC2 result in a degree of attenuation sufficient to be recovered in the .
screen. The failure of previous searches for S. ryphimurium virulence |
20  determinants to identify VGC2 might stem from reliance on cell cuiture
assays rather than a live animal model of infection. A previous study which
identified regions of the S. ryphimurium LT2 chromosome unique to
Salmonellae (40) located one such region (RF333) to minutes 30.5 - 32.
Therefore, RF333 may correspond to VGC2, although it was not known

25 that RF333 was involved in virulence determination.

Comparisons with the type III secretion systems encoded by the virulence
. plasmids of Yersinia and Shigella as well as with VGCI1 of Salmonella
indicates that VGC2 encodes the basic structural components.' of the

30  secretory apparatus. Furthermore. the order of ORFs 1-8 in VGC2 is the



" As is conventional a * indicates a stop codon and standard nucl eoti de
anbi guity codes are used where necessary. 5 Figure 12 shows the DNA

sequenowo®bnfesequence 2" of VGC2 (cluster C) (see t ep&hedgabel | ed
Sequence 2 in Figure 2). The DNA is transl ated in all six reading

frames and the start. and stop position? of putative genes, and the*
transposon insertion positions for vari gus mutants identified by 10 STM

are indicated (SEQ ID No 38).. As i.,s gonventiopal. a * [ndicates a
stop codon SHRF 3 e 2606 A i hemologues iRclgrinig. Shigelias ele) frl
necessary. . ELaure e . el e |

Exaan e 1:S' r}? gle"ﬁ@l—'gw(’: f'i'?lhé nfta&oé'%\t/ﬁ%?gai'gsa&g’ﬁe%ﬁ]%ﬁég%m$¥ccz

t yphi mur i urgecretfon Mysirh ai$ ) Omibé heldSely related3ae! WGE1 Shadl f5 ded

Pl asm ds Sal rronel | a typhi nurium strairn 12023 (equivalent to American
Type corresponding genes of Yersinia, together with the low G+C content of

5 VGC2 suggests that VGC2, like VGC1 (40, 41, 42) was acquired

independently by S. typhimurium via horizontal transmission. The proteins

encoded by ORFs 12 and 13 show strong similarity to . bacterial two
component regulators (39) and could regulate either ORFs 1-11 and/or the
- secreted proteins of this system. _ : _

10 Many genes in VGCI1 have. been shown to be ‘important for entry of S. |
typhimurium into epithelial cells. Thié process requires bacterial contact (2)
and results in cytoskeletal rearrangements leading to localised membrane
ruffling (43, 44). The role of VGCI and its restriction to this stage of the
infection is reflected in the approximately 50-fold attenuation of virulence

15 in BALB/c mice inoculated p.o. with VGC1 mutants and by the fact that
VGC1 mutants show no loss of virulence when administered i.p. (8). The
-second- observation also explains why no VGC1 mutants were obtained in

~our screen (5). In contrast, mutants in VGC2 are profoundly attenuated
following both p.o. and i.p. inoculation.  This shows that. unlike VGCI1,

20 VGC2 is required for virulence in mice after epithelial cell penetration, but
these findings do not exclude a role for VGCI in. this early stage of

infection.

Thus in summary mapping the insertion points of 16 signature-tagged

25 transposon mutants on the Salmonella typhimurium chromosome led to the
identification of a 40 kb virulence gene cluster at minute 30.7. This locus’

is conserved among all other Saimonelia species examined, but not present

~in a variety of other pathogenic bacteria or in Escherichia coli K12.
Nucleotide seciuencing of a portion of this locus revealed 11 open ;eading

30 frames whose predicted proteins encode components of a type III secretion



25 Culture Collection (ATCC) strain 14028) was obtained fromthe National
Col l ection of Type Cultures (NCTC), Public Health Laboratory Service,

Col i ndal ewgsyr@osy, UK. A spontaneous nalidi xi c aci d'resi st apeTittosipis?9f
this strain (12023 Nal') was selected .in our |aboratory. Another derivative
of strain 12023, CL1509 (aroA::Tn10) was gift fromFred Heffron. 30
Escherichia coli strains CC 1 18 [err]pir ([err][ara-leu], araD, Al acX74,

g?:!r/E’GBQS /02 8‘7’%8:%1.79?% distinguish between this and the _ty_p&ll[ secret&g] Iﬁys‘ﬁﬁb A20

thi-1, rpsE, - . ernl Rl lks@ae d,S17-1
[err]pir(Tp[ ere 9@%%@%%%&%@%{%1&%%%;]% %4@/?(:‘1 Mmﬁ??,
[err]pir ) V\BWﬂétﬁde_S%éﬂeOﬂuK&? NetVGT 1ard the: néw locusHi VGE2 WsGEeRad OF
propagating pUCl8 (G bco-BRL) and Bluescript (Stratagene) plasmds 5

cont ai ni ng S. atlppler @iHQicomteat thanthat of timonelis\genomeaarndoisdianked by et

s agift fromKenneth Tinm nstruction of

e - ?2%0‘}? s 8§D&nwhose produeis shags: gmsei'thm 90 idettOmAR ok ofethe )
[N [or ] - ARGETH SRR B oRssa RS Y GGRopasralably acgyiped horizontally
by insertion into a region corresponding to tha; between the ydhE and pykF
genes of E. coli. Virulence studies of VGC2 mutants have shown them to
be attenuated by at least five orders of magnitude compared with the wild

10  type strain following oral or intraperitoneal inoculation.
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primers P2 (5' - TACCTACAACCTCAAGCT-3') (SEQ ID No 2), P3 (5' -

CATGGTACCCATTCTAAC-3') (SEQ ID No 3), P4 (5'- - TACCCATTCTAACCAAGC- 3')

( SEQ Ig,d\géﬁbspnd P5 (5'- 15  CTAGGTACCTACAACCTC- 3') ( SpkEridodozs?s were
synt hesi zed on a ol i gonucl eoti de synt hesi zer (Applied Bi osystens,

nodel 380B). Doubl e stranded DNA~t ags were prepar ed fromRTlcin a 100
pl vol une PCR containing 1.5 mM MyCl[err], 50 nM KA, and 10 nM
Tris-d (pH 8.0)3 &%& 200 pg of RTlI as target; 250 pM each dATP, dCTP,
dGTP, dTTP; 10030Rr#P20 primers P3 and P5; and 2.5 U of Amplitaq |

(Per ki n- El ryr . phger : C ' W@ f
95[err] C f g? : 3(??%&%3’0{14#1 gﬁhtﬁmhg .Sgecgggg;gﬁggg%mnzd f og;?%&gﬁbﬁ'ﬁeoPCR

product was gel GenericseCdl@aSpringkHaibor Labbfiflpry, pCokdSpring Harborgh an
el utipD colum (avail abl e from Schl ei cher and Schul | ) and di gested
with Kpnl prior NXJligation into pUCL8 or pUTnini-Tn5KnR2. For |igations, 25

118 Al S, RSBSOS, B 0, b
urifie ' ) [
Pt o s A oSt drn corh] Syl K. 00085Y Efiriehf DM ForBlls’ P 1L

appr oxi mat el y %Sﬁ.%m, | Wifeld N DNA in a
25 pl volunme w tﬂﬁdfﬁg uni %‘Wﬁggs ?%@g?igghgifr), in gygﬂfgfer
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1673-1681.
17. Holden, D.W., Kronstad, J.W. & Leong, S. (1989) EMBO J. 8,
15 1927-1934.
18. Sambrook, J., Fritsch, E.F. & Maniatis, T. (1989) Molecular
cloning: a laboratory manual (Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York). _
19. Sanger, F., Nicklen, S. & Coulson, A'R. (1977) Proc. Natl. Acad.
20 Sci. U.S.A. 74, 5463-5467. o
20. Devereux, J., Hearberli, P. & Smithies, O. (1984) Nucl. Acids Res.
12, 387-399. | | |
21. . Reed, L.J. & Muench, H. (1938) Am. J. Hyg. 27, 493-497.
22.  Sanderson, K.E., Hessel, A. & Rudd, K.E. (1995) Microbiol. Rev.
25 59, 241-303. . _
23.  Galan. J.E.. Ginocchio. C. & Costeas. P. (1992) J. Bacteriol. 174,
4338-4349. : . .
24. Ginocchio, C.. Pace, J. & Galan. J E (1992) Proc. Natl. Acad. Sci.

U.S.A. 89. 5976-5980.



Ligations were carried out for 2 h at 24[err]C. To determ ne the proportion
of bacterial colonies arising fromeither self ligation of the plasmd
DNA or urwoteér17est pl asmid DNA, a control reaction was carr imserendsozgrswhi ch
t he doybl e stranded tag DNA was omitted fromthe |igation reaction.

Thi s yi.elded no anpicillin 5 resi stan’,t bacterial colonies follow ng
transformation of E. coli CCl118 (Sarbrook et al, 1989), conpared with

185 col oni es 4ari si f.roma,ligati r t,d on wab B9pt.he doubl e
stranded tag ngA l-ﬁghelber% e 1":9F8$r°ar¢s'lcor‘§rg¢?lﬁﬂ’ {a‘ﬁ%r@/g??k‘g‘stﬁtee"ﬂ The
products of sever i Lggyg between pUT ni'ni - Tn5KnR2 and the doubl e
stranded tag DNA \?gﬁé%segd tg)'transform E. coli CC 118 (Sanbrook et

al, 1989). A260t alCalfazed 0. MK/, Eikflky, MOK3 @0 Gala) I Bl (E995) Mel. MivebiAl.
and plasm d DNA extracted fromthe pool was used to transformE. coli S 15

17 [err]pir (de LASe25e38. Timmis, 1994). For mating experinments, a pool of
approxi matel y_40,000 anmpicillin _resistant E.__coll S 17 [err]lpir .
transformant 37-  Oharag ,quﬂh%r&uﬁlﬁ’E@EQNN&H@r#’%MMWﬂ-e&L
separately to an i sity (OD)[err] of 1.0. Aliquots of each
culture (0.4 ni) TS5, 59368 m 10 nM MgS err] and filtered
through a M hki poj c @eglwoﬁ?lmzﬂengggwgmpq The filters were

» 8. (1990 . O, .

placed on the surface of "aga al ni ng 'salts (de Lorenzo &
Timi's, 1994pgand 1iji¢c SoB! eHesdel SAL & 'Sandéon] K.E. (1993) J. Babaepicl! 175)er e
recovered by shaking the filters in liquid LB mediumfor 40 m n at

37[err] C and excodjlO0dadk2).were sel ected by plating the suspension onto

LB medi um cont.ai ni_ng 100 m.[err idixic acid (to, selec ai nst the
donor 25{Es st Bbr n) %m%i&-&ﬂﬁﬂ‘}m&&ﬂ‘l@?‘f“?ffé}oﬁ ’Eb‘f’l‘\“!ﬂj@& T pi ent
strain). Each .exconj was~gheck by transferring nalidixic acid
resi'stant (nal [errﬁlyi,(ogy’ éﬁ@%‘&ﬁry& vlcgaﬂ%gt ant (kan[err]) colonies to |
vacConkey Lagiose Bightall ., Bftkibh, K., Galyov) B! PRasSon! Rkl War£ 0! | and

S. typhinuriany, and®to L
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containing anpicillin. Approximtely 90% of the nal[err], kanr colonies

were 30Q_ sensitive to anpicillin, indicating that these resultedfrom
aut hentV@ /179581 \\p 96/ 17951 PCT/GBY5/02875
PCT/ GB95/ 02875 - 49

transposition events:(de Lorenzo & Ti i s, 1994) . I ndividual anpicidlin-
sensitive exconjugants were stored in 96 well mcrotitre di shes containing

LB medi um 4@or Grogsman, MESAO) z&armbsl&Q[MrA].,CSoéombﬁ; FR.DMEin, 0R. 1&%
gl ycerol was i ncI uded in the nmed not ypi ¢ characterisation

of nutants Ochman, 3 £199&)er|~@& prad. e-if-‘lf rfélsvﬁﬁ 90o10334037shes onto
oL TRy R A 3 G G e o
ot ect e oY | OFinlay, BIBORE (il PE, TISOSEAMN Mlcréplol™ cR088, 203! pliat oo
5 42. Li J., Ochman, H., Groisman, E.A., Boyd, E.F., Soloman, F.,
Nelson, K. & Selander, R.K. (1995) Proc. Natl. Acad. Sci. USA 92,
7252-7256. -
43. Finlay, B.B. & Rauschkowski, S. (1991) J. Cell Scz 99 283-296.

44. Francis, C.L., Starnbach, M N. & Falkow S. (1992) Mol.

10 Microbiol. 6, 3077-3087. | (
- Example 5: Identification of virulence ger_ieg in_Streptococcus |
pneumoniae

(a) Mutagenesis | _ . . |

15 Inthe absence of a convenient transposon system, the most efﬂéient way of
creating tagged mutants of Streptococcus pneumoniae is to use
insertion-dupiication mutagenesié (Morrison er al (1984) J. Bacteriol. 159,
870). Random S. pneumoniae DNA fragments of 200-400 bp will be
generated by genomic DNA digestion with a restr_ictibn enzyme or by

20 physical shearing by sonication followed by gel ffactionaf_ion and DNA
end-repair using T4 DNA polymerase. The fragmen_ts are ligated into
plasmid pJDC9 (Pearce et al (1993) Mol. Micfobiol_._ 9, 1037 which carrigs
the erm gene for erythrorﬁycin selection in E. coli and S. pneumoniae),
previously modified by incorporation of DNA sequence tags into one of the

25  polylinker cloning sites. The size of cloned S. pneumoniae DNA is
sufficient to ensure homologous recombination, and reduces the possibility
of generating an unrepresentative library in E. coli (expression of §.
pneumoniae proteins can be toxic to E. coli). Alterriative vectors carrying
different selectable ‘markers are available and can be used in place of

30 pIDCY. Tagged plasmids carrying DNA fragments are introduced to an



15 For col ony bl ot hybridizations, a 48-well netal replicator (Sigm) was
used to transfer exconjugants frommcrotitre dishes to Hybond N nylon
filters woosf¥gr sham UK) that had been placed on the sur difoasR agar
cont ai nj ng 50 pg m[err] kananycin. After overnight incubation at
37[err]C, the filters- supporting t bacterial col onies were renoved
and dried at room 20 terrperature for 10“m n. The bacterla were lysed with

0.4 N NaCH it h H 7. ccpording
to the filt 2rappr°p"%ﬁn§rf Eef'd'%rgﬁm\ga ?tﬁg‘f’r fﬁ!??tﬁason 'll\‘lh% ll?éhst Qf Psgroma fi xed

to the filter r a

(Stratagene) v?xl'!@%nce ms g?lﬁ gﬁgytlﬁo&éﬂ w?ﬁéﬂ??qécgpbﬁe@éﬁﬁg ‘Egiago@a?ﬁ | edI
out under st icoffjRiénceCfolt gonetié teinsFormdtionsiny S2pnewribniak Hi?‘.'ddﬁi' et a
1989). For DISIA ext rnact | ongsd S. tygﬁf muri um En?ransposlo%%rrut ant ‘strains
were grown i nommterd:eLEfaom; uan peptidecr of i 17 eamino adidhewhich r hasisbesnded i n

LB nedi umfol | ow ng gro n SO|Id med) Tot al  DNA was prepared by
the hexa FL &ﬁéﬂﬁ? Mpmson S(gmg)atﬂmwwq&%»pgllhgmso

Ausubel I B fI I, f 0 30 | unes, were
or eci pi ¢ at eé‘ béﬁmép. Aatja st Sﬁddﬁwﬁﬁe@eﬁwmn"éo SAT |
PCT/ GB95/ 02834 6

TE. To this vvas a(%led(lfgsgl PrFCZOéyagDS aél 3 f oysfo mj {le‘%or-]lllﬂ‘ P
prot ei nase Kind¥rpetatidic Usfatrhiiftet quiafitities] of f ﬂﬁsl e ih6Qrafisformatiod NaCl

was added and m xed thoroughly, foI | owed by 80 p 10% (w/ v) CTAB

expenments leads to very efficient transformatlon frequencies in some

10 encapsulated clinical isolates of S. pneumoniae. This overcomes a major
hurdle in pneumococcal molecular genetics and the availability of the
peptide greatly facilithtes the construction of S.
pneumoniae mutant banks and allows flexibility in choosing the strain(s) to
be mutated. A proportion of transformants are analysed to verify

15 homologous integration of the plasmid sequences, and checked for stability.
The very low level of reversion associated with mutants generated by
insertion-duplication is minimized by the fact that the duplicated regions will
be short (200-400 bp); ﬁowever if the level of reversion is unacceptably
high, antibiotic selection is maintained during growth of the transformants

20 in culture and during growth in the animal.

(b)  Animal model
The S. pneumoniae mutant bank is organized into pools for inoculation into
Swiss and/or C57B1/6 mice. Preliminary experiments are conducted to
25 determine the optimum complexity of the pools and the optimum inoculum
level. One attractive model utilises inocula of 10° cfu, delivered by mouth
to the trachea (Veber ez al (1993) J. Amimiérobial Chemotherapy 32, 473).
Swiss mice develop acute pneumonia within 3-4 days, and C57B1/6 mice
develop subacute pneumonia within 8-10 days. These pulmonary .‘models

30 of infection 'yield 10* cfu/lung (Veber er al (1993) J. Antimicrobial



and 0.7 MNaCd . After thorough m xing, the solution was incubated at
10 mn.

for

Fol | ow ng extraction with phenol and phenol -chl orof orm

5 65C

t he DNAWQR6/1795¢ci pi t at ed by addition of isopropanol, wasiE/eBIN028713%

et hanol

pl[ere].
generate
reactions
0.01%

Anpl i taq

P4;

and 5

95[err] C

10 s at 72
chl or of or _
was resslspended |n 10 pl TE 'and the PCR products were purified
el ectrophoresis through-a 1.6 % Seapl aque (FMC 20  Bi oproducts) gel

buffer. Ge

and used for the second

and resuspended in TE at a concentration of approximately 1 pg

10 The DNA sanples were sujg ected to two rounds of PCR40

| abel | ed probes. The first PCR was perfornmed in 100 pl

Chem&ﬁeoawwp 479) T kiinofRizath 3/ 1f Yo qiilYed Cmicd did i 2;

Tween 8

200" pMeach dATP, dCIP, dGIP, dITP. 2.5 units of

injected! ymrapawtohé’dllyl forElttherideatifisationy 76f rggnesictequirede foP2 and
m;ar get DNA. After an initial denaturatjon of 4 mn-at
apy dnfeeion (Sulbzm. &t el (AP93) Ayimisrobinl sdgentsiamb] err] C,

and 30 s&oﬁs‘ﬁ PCR products were extracted with
24/ 1) and . precipitated wth ethanol.

DNA

by
in TAE

cp |I%m%§8ﬂé%ﬁﬁmﬂts of about 80 bp were excised

CR. This reaction was carried out in a 20 pl

total vol u@nceathe parameterscof2heninfébtion modgHate eptxmlzed,ao mué@niCbank® nivi
MyCl [err];

[ er r] P- dCTIOpSIStNE Cof raeweral Athousandh)straing is gsubjeeted  tayer

appr oxi mat
cont ai ni ng

cycling was

0.01 %Tvveen 80 50 pM each dATP, dTTP, lg\gl'P 10 pl
ence; testsd

P4;

Rehanlh P pusrhistensmhlaoks s Mol By YWA%% agplysis,>' "

pol ynemseusg@e%s&ng%h%@ lggﬁa Gl\ée"‘laﬁd'te‘inﬁ" thecdRréd’ pBd1Eas &r@lt) s.apggt her mal

scri bed above Incorporatlon

e rad'l oactive

| abel was prammbhiieeDNA cinmot barculony blbaddreasilftcliroprsemal DNW ok et 30

al ,

1989) .
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- liberated chemically or enzymatlcally in the wells of microtitre dxshes prior
to transfer onto nylon membranes using a dot-blot apparatus. DNA flanking
the integrated plasmid is cloned by plasmid reecue in E. coli (Morrison et
al (1984) J. Bacteriol. 159, 870), and sequenced Genomic DNA libraries
are constructed in appropriate vectors mamtamed in either E. coli or a
Gram-positive host strain, and are probed with restnctlon fragments
flanking the integrated plasmid to isolate cloned v1rulence genes Wthh is

then fully sequenced and subjected to detailed functional analysis.
le 6: Identification of virulence genes in Enterococcus faecalis

(@) Mutagenesis

Mutagenesis of E. faecalis is accomplished using plasmld pATIIZ or a
derivative, developed for this purpose. pATl 12 carries genes for selection
in both Gram-negative and Gram-_poéiti__ve bacteria, and the art site of
Tnl545. It therefore requires the presence in the host strain of the integrase
for transposition. and stable. single copy insertions are _obtai.ned if the host
does not contain an excisionase gene (Trieu-Cuot er al (1991) Gene 106.

21). Recovery of DNA flanking the integrated plasmid is accomplished by



WD 96/ 17951

PCT/ GB95/ 02875 51

| nf ect i onwgig¢dines | ndi'vi dual Sal nonel | a exconj ugant BCT/GBYS0287510
tagged transposons were grown in 2% tryptone, 1% yeast extract, 0.92%
v/iv glycerol', 0.5% 5 Na2PO4, 1% KNOB46TYGPN medi um) (Ausubel et al,
1987) in mcrotitre pl ates overnight at 37[err]C. A netal replicator

dtot f .| ol h '
f“‘?i_s:ﬁsfnhcr ot | TRUen cdigRation  of  gelipmi DA, | preiiinchlir. JaiSh 7o, &
ntil t | : 1 | - : . L
BI ate re:dgrjg ﬁaglsfoapprﬁ§§ir§gtyéls)k/‘8 . g_Tiﬂr? é{éécsﬁh%qu. s‘fgw %ijt?fﬁf?g?e}ﬁ romotnr ©

i ndi vi dual webhsymes in AT 120l its desivative Rl (TriedeCaonerali(1991) Gerei ng a
spectrophotoneter. The culture was diluted in sterile saline to

_?_gpérb lei ma: el y_lﬂﬁ,lm)la_agpw_sfﬂle rih{:mp%%titﬁu pfﬂ @Msﬁqmgqsagsspéopltatt?ns&n ont o
contai ni ng nalidixig ac .y err]) an cin

m[err]) 5 "t gd"@ﬂﬁ?‘i Wﬁ‘ﬁ!‘_ﬁﬁj lgfffesﬂéggmmg Pi?é"!?ﬂ tgg)rogné)e 'I% oups

"hit r aper i t onelltFBrase fngsion i giter EaiBaniSR, SlecfHrbehith, or srapsformation

appr oxi mat el y (iyddlctidtler of 19910 Werle 106, . Wirth 8P4 (198679, BRERid2YES,POS!

i nocul ation a p ns were removed to recover bacteri a.

831).

10 () Animal model
A large number of insertion mutants are analysed for random integration of
the plasmid by isolating DNA from transcipients, restriction enzyme
digestion and Southern hybridisation. Individual mutants are stored in the
wells of microtitre dishes, and complexity and size of pooled inocula are

15  optimised prior to screening of the mutant bank. Two different models of
infection caused by E. faecalis are employed. The first is a well established
rat model of endbcarditis, involving tail vein injection of up to 108 cfu of
E. faecalis into animals that have a catheter inserted across the aortic valve
(Whitman er al (1993) Antimicrobial Agents and Chemotherapy 37, 1069).

20 Animals are sacrificed at various times after inoculation, and bacterial
vegetations on the a’ortic‘ valve are excised, homogenized and plated to
culture medium to recover bacterial colonies. Virulent bacteria are also

“recovered from the blood at various times after ihoc‘ulation. The second

model is of peritonitis in mice, following intraperitoneal injection of up to

25  10° cfu of E. faecalis (Chenoweth et al (1990) Antimicrobial Agents and
Chemotherapy 34. 1800). As with the S. pneumoniae model. preliminary
experiments are done to establish the 6ptimum complexity of the pools and
the optir;lum inocuium level. prior to screening the mutant
bank.

30



20 each spleen was honogenized in 1 ml of sterile saline in a m crofuge

t ube. Cellular debris was allowed to settle and 1 nl of saline
cont ai nwogead§1s stil | i n suspensi on was renoved t o pcl/GBesn2B0OEe and
centrifuged for two m nutes in a mcrofuge. The supernatant was

aspirated and the pellet resuspended 78 in 1 m of sterile distilded °
water. A dilution series was nade in sterile 25 distilled water and 100 mni
of each dilgnio : Han\ agar . containing nalidixic acid
(100 ug m [(gir r] ;Vigﬁgrﬁg?aeﬁgcllﬁﬁﬁﬁé ug mferr]). "Bacteria wer e
recovered flsslatiph of BNACHasKing e kit vERNegiAfionfPADDIR asing'itsss. colnd a
total of over 10,000 col onies recovered fromeach spleen were pooled and
used to promngin oireplicationRiysimplificd byo thée rladle of: sitesc formess| ofighd)| ot s. 30
WD 96/ 17951 .\ . . . PCT/ GB95/ 02875
52 - gPuneniye used o6 bBnrerpERHiPTONESTIRtiam Snzymes. in theTeglorpna was

i sol ated fr oyl ' ' i . ~ tely
w th sot , THErorp ENA TG Stigits et e WIBERET dyich one SR
agar ose geleﬁz%&.wn@iﬁligseds_&aﬂxmﬂfédmhwzl_cazeaaﬂaeqasedeea% imdpg!
subj ected to Southern Rybridisation analysis using the kanamycin resistance
gene of pUbasedon the Kequearces adjacknt toTthe qur sites omthe plasiid.d Avgehomic
DNA library of E. faecalis are probed with sequences of interest to identify
intact copies of virulence genes which are then sequenced.

10 - .

Example 7: Identification of virulen nes in Pseud moh in

(@) Mutagenesis | _

15  Since transposon TnJ5 has been used by others to mutagenise Pseudomonas
aeruginosa, and the mini-Tn3 derivative that was used for the identification
of Salmonella zyphim,uriﬁm virulence genes (Example 1) is reported to have
broad utilisation among Grarh-negative bacteria, including several
pseudomonads (DeLorenzo and Timaris (1994) Methods Enzymol. 264,

20  386), a P. aeruginosa mutant bank is constructed using our existing pool of
signature tagged mini-TnS transposons by conjugal transfer of the suicide
vector to one or more virulent (and possibly mucoid) recipient strains. This
approach represents a significant time saving. Other derivatives of TnJ
designed specifically for P. aeruginosa mutagenesis (Rella et al (1985) Gene

25  33. 293). may alternatively be employed with the mini Tn5 transposdn.

(b)  Animal model and virulence gcne.identiﬁcat_io_n
The bank of P. aeruginosa insertion mutants is screened for attenuated
virulence in a chronic pulmonary infection model in rats. Suspensions of

30 P. aeruginosa cells are introduced into a bronchus following tracheotomy,



di goxygeni n (Boehringer-Mannhei m and chem | um nescence detecti on was
carried out according to the manufacturer's instructions. The hybridisation
10 and vey®vengesiondi ti ons were as described above:  Restri RCHCBESRFTES

whi ch gave rise to hybridising fragnents in the 3-5 kb range were used
to di gest ' DNA for a preparative agay®se gel, and DNA fragnents
correspondi ng to the sizes of the hybridisation signals were excised

f gt 0 PR on o !
romthis, pupqg Hf‘s@aﬁ‘ﬁlevelf sl hRRL£B0 Egﬁﬁm(%ﬁ é108] (BIBD)l wer e

used to transformE. coli DHsa to cin'resistance. Plasnids from

kananyci n- r esphaat 36, 1223); aBadteriarire yevevered byi plating bynghomogenatss ecoigh an
el uti pD colum and checked by restriction enzyne digestion. Plasmd
i nserts wer e lpbonateryl medium andgsequence t3gs fromiitheseare mgrt@cpqobarlabm et al,

9 [ he - ' . d Il ng. pri |t ed
Statbs" bSnshien DS b FactsinAcps e nSCUR R RSl Bbsle b bl

5' - CCTA 3 . .

(5 GoACT T G ARpbagst ERBIso] virieRop 3eS )a Hidel of efidogenous bagtergmig .y o,
termni of Tn¥irdlRPeF i (P992) AnehRIobid Wﬁaﬁ&g@gﬁbmempyd?gupm)am no

aci d sequences were assenbl ed using the Miacvect or Sof twar e |’oackage
run on a MaciandosysticHitidsisofDravidson éieafud 995 Nazure GeneticsdhyBilgdnunice. t he

EMBL and Genbank DNA dat abases usij ngkt he . UN X/ SUN conputer system at
the Human Gerfclesing:gndhgequesicing of DNAcélanking thsttransppeensods dgue’ as  wo
gg/ 17951 described in Example 1. Genomic DNA libraries for the isoﬁl m/nGaBrsl9 /02875

10 sequencing of intact copies of the genes are constructed in the laboratory by

standard methods.
Example 8: Identification of virulen nes in ergillus fumi

15 (a) Mutagenesis
The functional eqiuvalent of transposon mutagenesis in fungi is restriction
enzyme mediated integration (REMI) of transforming DNA (Schiestl and
Petes (1991) Proc. Natl. Acad. Sci. 88, 7585). In this process, fungal cells
are transformed with DNA fragments carrying a selectable marker in the
20 presence of a restriction enzyme, and single copy integrations occur at
different genomic sites, defined by the target sequence of the restriction
enzyme. REMI has already been used successfully to isolate virulence
genes of Cochliobolus (Lu et al (1994) Proc. Natl. Acad. Sci. USA 91,
12649) and Ustilago (Bolker ez al (1995) Mol. Gen. Genet. 248, 547), and
25 have shown that incorporation of active restriction enzyme with a plasmid
encoding hygromycin resistance leads to single and apparently random
integration of the linear plasmid into the A. fumigatus genome. Sequence
tags are introduced into a convenient site in one of two vectors for
hygromycin resistance, and used to transform a clinical isolate of A.

30 fumigatus.



Resul ts Tag Design- 5 The structure of the DNA tags is shown in

Figure la. Each tag consists of a vari able central region flanked by

"ar nms" ,wof96i1mesar i ant sequence. The central region serReeBss287SK] [err)
was designed to prevent the occurrence of sites for the commonly used.
6 bp-recognition restriction enzynmes, Rpt is sufficiently variable’to

ensure that statistically, the sanme sequence should 10 only occur once in

2 X 10[err]_(ﬁggl eaui &S] l%ﬁgqﬁp‘ﬁgg%) gg::&'ﬁmm&ﬁb}i sel ected tags

showed t hat ne shared nore than entity over the =  ‘'variable

regi on). (NThealow-dose hnodel( 8f dspefgillosi¥) immeutfopesiesmiceorinTparticular The
arnms contain Kpnl sites close to the ends to facilitate the initial cloning

step, and t¢loselynmiatchesithe causselof ipumonary disease én hugans (Smithereal t o
L;lbre;aZies;tS i @r#%ghi}!ggfeyma&ﬁg&@ﬁ%‘;’%;% he: gﬁr‘@%\hgfr‘?ﬁﬁt‘ll’pri mer s
PCR usi g 1 fock SOPIGT SidiosparesiGust, 2 3ldC VIBREY e’ Bl (¢t
i que. SequSSoveAS 70 848 1ARETHY Gsink Jung horRGeEiALORS ifbellR e

average of imedidm| dHyphael @reetolidctdd afieprac fewthours, fromtwhichnDNA iequence
compared with each arm This is intended to_ m nimse backgr ound .
hybri di sat i e¥traatesh for amplification andslabeling: of tags taprebe celony blots ef cased

tags ver e | PAUK 857176 oRLoK pAnSPaR: CAmprinin the oy, A fed 55
of 1 i 20y el eR AR tné KEMIiRRFHOR pifidrs oY by BRAGR 47, |, €

gene. transformant DNA with a restriction enzyme that cuts outside the REMI

vector, self ligation and transformation of E. coli. Primers based on the

known sequence of the plasmid are used to determine the adjacent 4.

Jumigatus DNA sequences. To prove that the insertion of the vector was

15  the cause of the avirulent phenotype, the recovered plasmid is recut with the
~ same restriction enzyme used for cloning, and transformed back into the

wild-type A. fumigatus parent strain. Transformants that have arisen by

homologous recombination are then subjected to virulence tests.

20
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used in a 100 pl reaction, and the m ni num nunber of PCR cycles, that 15
resulted in products which could be visualised by ethidi umbrom de staining
of an awaresa®9sdel (5 pg DNA and 20 cycl es, respectively).PCT/GBI5/02875

t yphi muri um exconj ugants whi ch had reached stationary growth phase in
mcrotitre dishes were conbined, and uggd to extract DNA. This was 20
subjected to a PCR using priners P2 and P4. PCR products of 80 bp were

gel -purifi 5EM hes: priners
But it [ S MPICR SRRl MR MO MIcHRUDA. P TR1 TS,

radi ol abel | ed dCTP being incorporated into the PCR products. The

Col ony. b ot SERISTRR. 351 KA Er» Li; Scporieieoty £r bl 9Desalienel b °rhe
1510 nut ant,z6 ﬁl?ﬂt{)ﬂhal’virutlé}lc% ls@&hgﬁ%@gr‘.ﬁgo ra}s,log.ar signal on

an aut or adi- ogram vern hé 'Col ony bl ot.

There are tNageAeaHe Skl aySA 86 geppostions for this. Firstly, it is
possi bl e that a proportion of the - transposons did not carry tags.

However, by conparing the transformation 30 frequenci es resulting from
Ligatiog T SSELLaNR, EIKC!aHd Bchfiin! HA13835 HAW b ecome a phBiERLT0L L
or absence p,fenygggwrbbwzeg’ngsg_rjg:;lgeI y that unt agged t ranspospns

Groisman, E.A. and Saier, M.H., Jr. (1990) Salmonélla virulence: new ‘

clues to intramacrophage survival. Trends Biochem. Sci. 15, 30-33.

Herrero, M., de Lorenzo, V. and Tlmmls K. N (1990) Transposon

10 vectors containing non-antibictic resistance selectxon markers for cloning
and stable chromosomal insertion of foreign genes in Gram-negative
bacteria. J. Bacteriol. 172, 6557-6567. |

Holden D.W., Kronstad J.W., Leong S.A. (1989) Mutation in a heat-
regulated hsp70 gene of Ustilago maydis. EMBO J. 8. 1927-1934.

15 Holland J., Towner K.J'., Williams P. (1992) Tn916 ihSertiOn
mutagenesis in Escherichia coli and Haemophilus influenzae type b
following conjugative transfer. J. Gen. Microbiol. 138, 509-515.

Mahan, M.J., Slauch, J .M.,.Mek_a.lanos, J.J. (19_93) Selection of bacterial
virulence genes that are specifically induced in host tissues. Science 259,
20 686-688.

Miller, S.I., Kukral, A.M. and Mekalanos. J.J : ( l989a) A two-
component regulatory system (phoP phoQ) controls Salmonella
rvphimurium virulence. Proc. Nail. Acad. Sci. USA. 86, 5054-5058.



coul d account for -nore than approximately 0.5% of the total (see Materials
and Met hods). More probable causes are that the variabl e sequence was
truncat edwioveagesa of the tags, and/or that sone of the sequetgegedsied 5
secondary structures, both of which m ght have prevented anplification.
Mitants which failed to give clear signgss were not included in further
studies. The specificity of 'the efficiently anplifiable tags-was
denonstr at edyz: b in r Aro ¢ 0}0N| Grotitre
dish, and ustaler H’W"""%ro@g?ﬁﬁs@?%né-’bﬁéﬁésﬁ’ tfg ggﬁq‘&g‘ﬁ’e? i ch
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probe (Fi gur eyphimsdninms followinghTnphdd imumgenesis.chyfedtt hanam. 57, 2758p! oyed
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| abel | ed tag 753nd suggests that each exconjugant is not reiterated within
a mcrotitre dish. 15 There are further considerations in
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ani mal exper Millers V.Bs andeMekalanos,y].0f (1988) Aatmlel sdicidw véstor andlits
transposon is inversely proportional to the conplexity, of the tag
pool , there M8 in construction pf invertion imetatipny.cosmhoregulation af euteron 20

si gnal s becone t weak t.0 be detected,after overnight exposure of an
aut or adi ogramelﬂgﬁaé'eiﬁfﬁ&?‘?%ﬁ{‘ﬂy)’} enqe detepminanis 10, Virie cBolerae i ncr eases,

0
so nust the LJ 1006 Of i 'y Ay X t representative of the pool
to be p#‘%cﬁ.glr']s i %Su‘(‘f ?@F}(f#o ‘ngm’egg?g':éhg?he spl een of an infected

animal, to produce enough | abell ed probe. W have not determ ned the

upper limt for 25 pool_size in the nmurine nodel of salnonellosis that we .

have enpl oyedambgeok, J., FritsghusE.heand Maniatis, 5 (V989) Moleculan cloning:e t est s
of the NS B Y2B0rdior manual, Cold Spring Harbor, New York: Cold Spring -
Harbor Laboratory.
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30 Atotal of 1152 uni_quel_y;:..;t_aggg'd‘i nsertion nutants (fromtwo mcrotitre
WD 96/ 17951 TR
PCT/ GBOW@%6417851 | T 'f';i SBCT/GBYS/287S hes)
were tested for yilHI8 SHEET HQSW’F mce in twelve pools, each

|

representing a 9p-wel |REPgF I sh84Ani mal s received an | ntraperitoreal

injection of appr cells of ea lS Bptm gedbn nut ants
of a MQLAIMS e di sh (10[err] organisns in days after
injection mce. 5 were sacrificed, and bacteri d by pI ating

spl een honpbgenat es ont o Iaboratory medi um ApprOX| mate y 10,0
col oni es recovered fr(F)h ‘E‘& npuse weye. pool ed a .DNA vvas extract ed.
The tags présent & nimehod for 1 fyingpac TRCTROLEAPISM .| &8dal gedd by the

Pt efn o AR o parictisd SiSthR FRRRG it bhe KBBAIREDY (1 501 %)

a contrg@, an arefy MUiRsidig a plux'§h%I ld?hin'i'&k'bbkgﬁ 4 ralt@&ﬂegfas@ﬂicﬁ”igl oyed as

one of the 96 rrutants In the I ndcul um Th n wou not

expect ed t oirdependently anutated by thel éresertional imactivation tof ui getlecwith ias
severely attenuated (Buchneier et al, 1993). Forty- one nutants were
i dentified nueeis Bsid Bomprisinga usiqugrmarker musnpmﬂ that each musant! um but

not fromlabelledt from bacteria recov redf 8 sggleen The

exper | nont St 2 Aot ar ke Saence, atciones ot faid peicsoordinisgyy ¢
identified. Two ?i) theP6vitiig indfviahafy "at Sidred OS4mpre’ dt°%th fftant

| 10 produced by step (1) and providing md1v1dually stored nucleic acid (

comprising the unique marker sequence from each individual mutant;

(3) introducing a plurality of mutants produced by step (1) into the
said particular environment and allowing those microorganisms which are
able to do so to grow in the said environment;

15 (4) retrieving microorganisms from the saJd environment or a
selected part thereof and isolating the nucleic acid from the retrieved
microorganisms;

(5)  comparing any marker sequences in the nucleic acid isolated
in step (4) to the unique marker sequence of each individual mutant stored

20  as in step (2); and

(6)  selecting an individual mutant which does not contain any of

the marker sequences as isolated in step (4).

2. A method according to Claim 1 wherein the plurality of
25 microorganisms as defined .in step (1) is produced from a plurality of
microorganisms, each of which comprises a nucleic acid comprising a
unique marker sequence, by changing their condition from a first given
condition to a second given condition wherein (a) in the first given condition
the said nucleic acid comprising a unique marker is maintained episomally

30 and (b) in the second given condition the said nucleic acid comprising a

| R




expect ed. Anot her was an auxotrophic t .| ?QENO grow'on m ni mal
medium. Al of the nmutants had nornal cﬁ'ﬂ Snﬁ&m ogy 20 Exanpl e
2: Coni nvaeser7pstr t i al char ant erisation of s ki: ngrlcnssmshe

t ransposon DNA was eXtracted fromone of the rrut ant s described—imn
Exanple 1 (Pool 25 1, F10), - di gested wigigh Sst I'; “and” subcl on

basi s of kananycin resi'stance. The sequence of 450 bp fl qﬁﬁﬁ ﬁmﬁ
of the transpgg elhi s se

80% identity ?o %ﬁ"marker seqﬂgfécfé’ mspﬁi’?.ifaﬂaﬁﬁé‘g{%{i@g |%eﬁ' éncodes

heat -regul ated protease (Figure 5). To our know edge, this gene has
not previ ouslg been inplicated as a virulence 30 determ nant.

96/ 17951 A method according to Claims 1 or 2 further comprisingrthie/ m/ 02875
57 Parti al s?quences of thirteen further Sal'rrpne‘lﬂjza t yphi muri um

vi rul ence genes A}y ECHIQNING Auxatr ey mugants pxaduged ¢ o
B5) . Dedu aci d sequences of P2D6,. S4C3, P3F4, P7& and P9B7
bear sim I ar i ﬁn%tgptg) OF a fanil y of secretion-associated proteins that
have been conservegsap deleHritiizWhellidt! fie fucki Sel6eRa Al sitp @) 1s 3

pl ants, and which re known
auxotroph; or

both (1A) and (6A).

10 4. ° A method of identifying a gene which allows a miéroorganism to
adapt to a particular environment, the method comprising the method of any
one of Claims 1 to 3 followed by the step:

(7)  isolating the insertionally-inactivated gene from the individual
mutant selected in step (6). |

15 | .

5. A method according to Claim 4 further comprising the step:

(8) isolating from a wild-type microorganism the corresponding
wild-type gene using the insertionally-inactivated gene isolated in step (7)
as a probe.

20
6. A method according to any one of Claims 1 to 5 wherein the

particular environment is a differentiated multicellular organism.

7. A method according to Claim 6 wherein the multicellular organism

25 is a plant.

8.. A method according to Claim 6 wherein the multicellular organism

is a non-human animal.

30 9. A method according to Claim 8 wherein the animal is a mouse. rat.

* C L M H *
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I n Sal nonel | a as the [ nv famly ‘I:n S, typhimuriumthe inv genes are
required for bacterial. i ' “fit o i nt'estinal tissue. The virul ence of

i nv WOne/ 1798 1s}: Tmséﬁﬂﬁﬁdﬁ%ﬁ‘zw n they are inocul at ed bpcricBoseasys r out e,
but not whey the}anr_mEﬂim ni gt éf éd |ntraper| toneally. The di scoverv of
inv-related 10 res—that—ar e requiregefor virul ence foI | ow ng

I ntraperitoneal inoculation suggests a new secret’ﬂwsr’ﬁh |
m ght be re%bite‘élo%%r bake{on of - non-phagocytic c een
and ot her organs he pr odu¥ts of these new genes

better drug targets than the inv proteins in the treatrren

est abl i shed_ infections. Furt her characterisatiagn of the genes

i dentified I th sm@mdpa@qrdmxe@cﬂam9w ereim theamimal i3 a mouse. Exanpl e
3: LD err] determ nations and nouse vacci nation study 20 Mut ati ons -
identified by the met hod of the invention attenuate virul ence. Five

of the tajj ons I Y, { |

1 anes o ety sARBRRERARin 16 40 IO CRINEY GE1 BIKIGHIRTRD 08 ©, | o
parent straghe tﬂfcr§er hs'arel retfidvédffomlthesaitl enviréEmeRt £ asincieptotey
restriction mapping then injected by the intraperitoneal route into groups

of BALfsom thecsite of intradudtion inhstep (80% | et hal dose (LD[err]). The LD50
val ues - for mutants S4C3, P7Q&2, P3F4 and P9B7 were all several orders
of magni t ude hi gher than that of the wild-type strain. No difference

Istn at |h§t |32 al 1%[)50Awagth aec%Eneﬂng?o ag‘)]'to%rétofp éf;}rgé 8%"%’%51&1‘&1%% %te\f)'aé)

10  the microorganism is introduced orally or intraperitoneally. | |

13. A method according to Claim 12 Whe_n depéndent on Claims 8 or 9

wherein in Step (4) the microorganisms are retrieved from the spleen.

15 14. A method according to ény one of the preceding claims wherein the

microorganism is a bacterium.

15. - A method according to any one of Claims 1 to 13 wherein the
microorganism is a fungus. o

20
16. A method according to Claim 7 wherein the microorganism 1s a

bacterium pathogenic to plants.

17. -~ A method according to Claim 7 wherein the microorganism is a

25 fungus pathogenic to plants.

18. A method according to any one of Claims 8 to 10 wherein the

- microorganism is a bacterium pathogenic to animals.

-

30 19. A method according to any one of Claims 8 to 10 wherein the
-
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signi fi camod@erospse in the proportion of PlFlOceBEELA v , _

spl eens ,of nmice injected with an inocul um consi sting*of Zdn-equal—prepertion

of this strafn and the-wld-type strain. Sc?]is inmplies that this nutation ’
e

does ‘attenuate virulence, but to a degree that is n®hisShest

Ljerr]. 5 . P 7 e, a m ni ste

Cobee b an micrbadhlen 5 Subeds BiBeatR WEkaBATL L °15)

becanme ill, indicating ‘that the oral LD[err] levels of these nutants
are at | east an order of nagnitude hi gher than that of the wld-type

strain. 10  20.!1 n Ahmetiodssccording totClaimsi8/dyheyeinuthe bctérivm Seanyl end3ALB/ c
m ce of 20-25 3 in mass were initially inoculated orally (p.0.) or
i nt raperit onedif| Pordetglly pertussis.. Camnlabadrer Jefund, Klostridium dondinmynnel | a

typhi nuri u apt .sjrains,.P3F nd P9B7. . After fouy..weeks,the mce
were then T n%Fgf'éﬂ}“\ﬁi t K80 é‘.’?’."ﬁ.ph’i‘&’ T pé?@ﬁ?pcéd% | WYHENZae; | qin.
Deat hs were t . e r . Wﬁ?&?i . r f m ce
of the same agggﬁé?%%g%e?c%yas ’_th’gﬂgiﬁ_glelai it ’vml'fﬁw'é”g_ %umm’
strains were ﬂiﬁ@ﬁb@‘b@‘ﬂ,‘ %B?eﬁa onBFiHoe@lONeiskeria m¥ningifidiy, |\ Pleliomonts
strain as a positive control. Both non-inmni sed mce died as expected

Spp., Salmonella spp., Shigella spp., Staphylococcus aureus, Streptococcus

pyogenes, Streptococcus pneumoniae, Vibrio spp., and Yersinia pestis.

10 _

~ 21. A method according to Claim 19 wherein the fungus is any one of

Aspergillus spp., Cryptococcus neoformans and Histoplasma capsulatum.

22. A method according to any one of the preceding claims wherein in
15. step (1) the gene is insertionally inactivated using a transposon or
transposon like element or other DNA sequence carrying a unique marker

sequence.

'23. A method according to any one of the preceding claims wherein in
20 step' (1) each different marker sequence is flanked on either side by

sequences common to each said nucleic acid.

24. A method according to Claim 23 wherein in step (2) the nucleic acid
comprising the unique marker is isolated using DNA. amplification
25 techniques and oligonucleotide primers which hybridise to the said common

séquences.

25. A method according to Claim 23 or 24 wherein in step (4) the
“nucleic acid comprising a plurality of said marker sequences is isolated

30 using DNA amplification techniques and oligonucleotide primers which
IR

AT
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A microorganism obtained usmg “the method .of any one of the

preceding claims.
27. A microorganism comprising a mutation in a gqu_e_,- identified using the
method of Claim 5.

28. A microorganism obtained according to Clalm ?26, when dependetit |

on Claim 8, or Claim 27 for use in a vaccine.

29. A vaccine comprising a microorganism accof_di_qg-to Claim 26, when
dependent on Claim 8, or Claim 27 and a pharrﬁa@:cuti’cally-acceptable

carrier.
30. A gene obtained using the method of Claims 4 or 5.

31. A gene according to Claim 30 which is isolated:from the Salmonelia
typhimurium genome and hybridises to the sequence shown in Figure 5

under stringent conditions.

32. A gene according to Claim 30 which is isolated from the Salmonella
typhimurium genome and hybridises to a sequence shown in Figure 6 under

stringent conditions.

33. A polypeptide encoded by a gene according to any one of Claims 30
to 32.

34. A metho& of identifying a compound which reduces the ability of a

microorganism to adapt to a particular environment comprising the step of

(AN
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5 x 10[err]

5 x 10[err] Tms en Replaced_ THIE eef HASBEENT . 2
4 (80% WO96/12951 Wﬁy cumm m 4@& ant_sfrai rPENEEIS02875

initial, |noculum|n i ving no. mice survijving. 15 ~c.f.u.
first challenge W|Idtype chal | enge 89 5 x 10[err] . 5

0 (0% l.p. initial tnoculumwth nutant P9B7 20 initial

i nocul um in selé&ngra Eé‘mgbﬁi{d WHlgh intefferesWiR tﬁé'giﬂcﬁ?gfbf a gene accofditlg

first chall enge type chall enge % 4

2 (50% to any-onenof {Claims 30etoi 32 ot 2 ﬁolypepﬁdeiecédrdingTw @ain’384 appears
to give sone 25 protection against subsequent wild type challenge. This
protection appears greater in mce that were i mmunised i. 3

Exanpl e 4: | tify catlon ce, |l ocu odi b second type

111 rrIs)ecret i orr=syst i&%&\{!@]’h@ﬁ |h‘|'m“i‘ G’%&a"ﬂ %brevi ations used
in this BEganple are VGC 1, virulence gene cluster 1; VGEC2, virul ence

gene cluster 2.
36. A compound according to Claim 35 wherein the particular

environment is a host organism.

37. A compound according to Claim 36 wherein the host organism is a
10 plant.

38. A compound according to Claim 36 wherein the host organism is an

animal.

15 39. Use of a compound according to any one of Claim 36 to Claim 38

for treating infection of said host organism with said microorganism.

40. A molecule which selectively interacts with, and substantially inhibits
the function of, a gene according to any one of Claims 30 to 32 or a nucleic
20-  acid product thereof.

41. A molecule according to Claim 40 w_hich is an antisense nucleic acid

or nucleic acid derivative.

25 42. A molecule according to Claim 40 or 41 which is an antisense

oligonucleotide.

- 43. A molecule according to any one of Claims 40 to 42 for use in
medicine. )
30
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WD 96/ 17951 ' e .' This SheetHasBeenRemlTed

PCT/ GB95/ 02875 I“ “I mlm

Backgr oW@9&/1595IhE -1[ EETEHAS B&E i bed
ga

nel I acrlﬂmzmm umis a

princi pal agent SﬁEpQﬂOEE?I’It in humans and produces a system c
illness in mce which-serves—as a nodepgfor human 5 typhoid fever (1).
Foll ow ng oral inoculation of mce with S. typhinurium the bacteria

pass from tjge | UREmethod N6F &%@ IS8t wWitich sy ot id"%usd%bﬁblé fié' an,

mucosa, via enterocytes or McelTs of the Peyer s patch follicl es

bacteri a t hinfectionaddthmaanigrberganism thee methad |cbmprmngeradnhmstenng an
reticul oendot helial system and di ssem nate toq ot org ns I ncl udi ng the

10 spl een tafﬁectwev&mounhefe mglepubmtégmeuad gsnt@ laim 36 ev dPuhel ni ng
and }1 bacI rema éade host cel @Psur M

replicate |W grem said §0G 1% Pr nﬁ)’rﬂ/?}‘ b‘fregfga;;“sﬂ‘rgggf S¢ It Eﬁlq ul ar and
extracelgl ul roo{ggmsmnnents and to circunvent the specific

anti bacferia ac Ivities of the i mmune system S. typhimurium enpl oys
a sophisticated repertoire of 15 virul ence factors (4). _ To gain a

nor e conpr ehensi ve understandi ng of virul ence nechani sns of

t yphi nur i un453.nd Atplmmmehngdmommsmoampmnmmgm!ﬁ or spxnpmmd

descri bed in l e co ve i entl al i gnat ur e-t agged
. acco Sx@ (l,lalm an armac ut?caliy accepta%rfe carrier, 09

10 46. The VGC2 DNA of Salmonella ryphimurium or a part thereof, or a ‘

variant of said DNA or a variant of a part thereof.

47. A mutant bacterium wherein if the bacterium normally contains a
_gene that is the same as or equivalent to a gene in VGC2, said gene is

15 mutated or absent in said mutant bacterium.
48. A method of making a bacterium according to Claim 47.

49. Use of a mutant bacterium according to Claim 47 in a vaccine.
20
50. A pharmaceutical composition comprising a bacterium according to

Claim 47 and a pharmaceutically acceptable carrier.

51. A polypeptide encoded by VGC2 DNA of Salmonella typhimurium
25  or a part thereof, or a variant of said polypeptide or a variant of a part

thereof.

52. A method of identifying a compound which reduces the ability of a
bacterium to infect or cause disease in a host comprising the step of

30 selecting a compound which interferes with the function of a gene in VGC2

I

| o |




20 nutagenesis' (STM, which conbines tHeTHS SHEET HAS BEEN fit i onal anal ysi s
with the ability to follow simul taneously |the fRERLAGEDa | ar ge nunber of

di fferentWowsams within a single ani mal ' Pt GBIS/028755 Was
publ i shed after the priority date for this invention). Using this approach
we identified 43 nutants with atteguated virulence froma total of
1152 nmutants 25 that were screened. The nucl eotide sequences of DNA
f1anking the accordin?ﬁ%%lﬂiﬂ%@%’htgol?ge%ﬁd’é‘ﬁ&%‘rﬁﬂ? {'Chaifif Sthese nutants
showed that they were rel ate enes encoding type Il secretion
systens of a variety of bacteri al pat hogens (6. 7). The products of
the inv/spa gene cluster of S. typhimurium (8, 9) are proteins that
forma type 133. sefreampeund idestifiable by dheimethod of Clatma2senbl y of surface
appendages nediating entry into WO 96/ 17951

PCT/ GB95/ 02875 61

epithelial c s ( ke L ke -ations in
the inv/ sga §‘t'st e%ql}"s)legﬁ @@ﬁﬂ{fﬁgsgwgﬁ%ﬁﬁ?’ %’ﬁé‘s%‘@uﬂﬁﬁ%@é&g{gﬁ]ﬁ% Fgéiler ed

oral ly theFuRetiol U a0k in VIGRR ST Salnells tyShimuriimei 4 mveleié he 5
mut ant s identified by " STMare avirulent follow ng intraperitoneal

i nocul ati on (productthereof. I n this exanple we show that the transposon

insertion points of these 5 mut ants and an additional 11 nutants
identified by STMall nmap to the sane region of the S. typhimurium

chromosone. Fggthel anflyse Sbroéorrtlgc')usmf ggcl:oorging to Claim 53 or 54 for use in

10 medicine.

56. Any novel feature or combination of features disclosed herein.

“This Sheet Has Beeh Reﬂlaced
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reveal s additional genes whose deduced products have sequence simlarity 10
to ot her corrponents of type Ill secretion systens. This chronbsomal

regi on whigg o Efer to as virulence gene cluster 2 (VGC2) pecdiidsopfr8sent
in a nunber o ot er enteric bacteria, and represents an inportant [ ocus
for S. typhi murium virul ence. 15 Materials and Met hods

Bacterial Strains, Transduction and &3 h Media. Sal nonella enterica
serotypes 5791 (aberdeen), 423180 (gallinarum, 7101 (cubana) and 12416
(typhi murium LT2) were obtained fromthe National Collections of Type 20
Cul tures, Public Health Laboratory Service, UK. Salnonella typhi BRD 123
genom c DNA was a gift from G Dougan, enteropathogenic Escherichia

coil (EPEC), enterohenorrhagic E. coli (EHEC), Vibrio cholera biotype El
Tor, Shigella flexneri serotype 2 and Staphyl ococcus aureus were clinical

i sol ates obtained fromthe Departnent of Infectious D seases and 25

Bact eri ol ogy, Royal Postgraduate Medical School,” UK. Genom c DNA from
Yersinia pestis was a gift fromJ. Heesemann. However, genonic DNA can
be isolated using standard net hods. The bacterial strains and the

met hods used to generate signature-tagged m ni-Tn5 transposon nutants of

S. typhimurium NCTC strain 12023 have been descri bed previously (5, 11). 30
Routi ne propagation of plasmds was in E. coli DH5[err]. Bacteria were

DNA sequence tag

invariable variable invariable
arm region arm
PBDpz
2 [NK],

l | Km < -lO

mini-Tn5 transposon

Figure 1a

SUBSTITUTE SHEET (RULE 26)



WD 96/ 17951 ' PCT/ GB95/ 02875

62 grown in LB broth (12) supplenented with the appropriate
anti bi oti 3096/17951 Bef ore virul ence | evel s of individual nutpgi/chokaigis Were
assessed, the mutations were first transferred by phage P22 nedi at ed

transduction’'(12) to - the nalidixjc acid sensitive parental strain of
S. typhimurium 12023. 5 Transduct 1Ps were anal ysed by restriction
di gestion and Sout hern hybri di sati og before use ag inocul um

Lanbda Library Screening. Lanbdag X) clgdngs with over| @ |ng ysert

DNAs covering VGC2 were obtai ned.ty, sta

[err] 1059 library (1 ni n@ igser
typhi murium LT2 genorfi ThesIE bra
Centre (BX), gary,

Sanderson, fromthe $al monel | a Gineti ¢ u
Canada. 15 Mud- P23 Lysogens. Radig¥FabeW ed DNA pro‘&_ﬁé"'s Ve hybri di sed
grsham filters aring DNA prepared fromlysates of a

to Hybond N (A
set of S. typhiurium strains harbouring Mid- P22 prop@gbs at known

positions in the S. typhi nuni um genone. Preparation of mtamycin-induced
e set of Mid- 2, prophages 20

Mud- P22 | ysates was as-escribed (12, 15)5@1
was origi nall agst ad b ) d Go. n (16) and was &bt ai ned
gi nal | y wﬂ; y-Basson 0. GEdgan (16)

fromthe SGSC.

RECO

<« PO

extract DNA &
amplify tags
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Gel El ectrophoresis and Sout hern Hybridisation. Gel el ectrophoresis was
performed in 1% or 0.6% agarose gels run in 0.5 x TBE. Gel fractionated 25
DNA was twakghamsied to Hybond N or N+ nmenbranes (Anmersham PETHGBIS/02875
stringent hybridisation and washi ng procedures (permtting hybridisation
bet weerl nucl'eoti de sequences with 109mgr |ess m smatches) were as

descri bed by Holden et al, (17). For non-stringent conditions (permtting
hybri di sati on between sequences with 50% m snmatches) filters were 30

hybri di sed overnight at 42[err]Cin 10% for mani de/ 0.25 M Na[err]HPO err]/7
% SDS WD 96/ 17951

PCT/ GB95/ 02875 - 63 and the
nmost stringent step was with ZCBWE\lﬁ[ErB]QHQ dtr121 % SDS at 42C. DNA
fragments used as probes were labelled with [[err]P]dCTP using the
"Radprinme' system (G bco-BRL) orw h [di’ goxi gepi n- 11] dUTPanddet ect ed

usi ng the Di goxigenin system (Boe r .nnhel rr*accordi ng to the 5
manuf acturers' instructions, exceptd i disation was perforned in the
same solution as that used %r adi oact I | abel | ed probes. Genom c DNA
was prepared for Southern hybMrdi sation as desc@Pbed previously (13).

Mol ecul ar O oni ng and Nucl eoti d®®Sequenci ng. Restriction endonucl eases

raQmTmoom>
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10 and T4 DNA |igase were obtained from G bco-BRL. General nol ecul ar

bi ol ogy techni ques were as described in Sanbrook et al, (18). Nucleotide
sequenci nyossAazemr formed by the dideoxy chain term nati on rRCHG

using a T7 sequencing kit (Pharnmacia). Sequences were assenbled with the
MacVector 3.5 software or Assenbl yLIg#ygpackages. Nucleoti.de and 15 derived
am no aci d sequences were conpared with those in the European )
Mol ecul ar BI@Q@/ I\/BL) and Swi ssProt dat abases using the
BLAST and FA prggrarrgi%n% e CGCG package fromthe University of

W sconsin (version 8) (20) on the network service at the Human Genone
Mappi ng Proj ect nt e, JH nxton, UK 20 Te S.
G oups of flve fi og %Lg §c§ (20- 25g) Were 7 8|n uI] e iﬁly

Shspended i 8.9 1 For o t.ﬂ ﬂ?(’ﬂculunﬁte”a

suspended |

bacteria wer Vv t 37[err]Cin 50 rprr)
25 and thenB *c fresh nmedi um [ ous ,en! !‘)f

until an at 560 n f

r eached. For ce” ‘ q g%‘es f 5 x 10[erf] c form ng i (cfu)

nd

by
ce

@i @

per m and-
resuspended I n
plating a difgut
wer e inocul at ed
PCT/ GB95/ 028?5

re concent mt e

‘@e
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64 vol unes and p.o.. by gavage with the sanme volume of inoculum The

LD err] val ues were cal cul ated after 28 days by the nethod of Reed and
Meunch  wWoO 9641951 5 Results Local i sati on of Tran®sI¥GBeS/02875

I nsertiogns. The generation of a bank of Sal monel | a typhi nmuri um m ni
Tn5 transposbn nutants and the screen used to identify 43 nutants with
attenuated virylence have been desc?¥ed 10 previously (5). Transposons
and flanki ng DNA regi ons were cl oned from exconj ugants by sel ection
for kananycin rmessst areerofm by cdinversaepioBent clp MNdtéamset peeesiggitences of
300- 600 bp of DNéenfpbeenki (rgpRdhegerier aqvapleseonsiswer e obt ai ned for 33 :
mut ant s. Conpar itsmath of 123%ese sequences with those in the DNA and

protein daMt abages indicated that 14 nutants resulted from 15 transposon

i nsertions ‘Mt 3*PP&VIEEsI y known virul ence genes, 7 arose from

i nserti oRgedeNt 0493€W 250ENKRSsIM Epest MO l4aBd-Y, PO -kngeresgenes of the

ent er obaquenti eand h3/14s@Suddked dokvivensentdans (8atn sSegdencasawsi t hout
similarity to entries in th&uBraismyurpaimenel la Aeguences—(Tef—5—FExagpl e 1
and t hi Quéyanpl 359 ZOACCAGCCCONEHEEALGAGEEC CAFGLEH T BATT ECAMIT{ASEEHOGOALAT BBO of 19

e ono 3Bt he gahoneucPierssprgAtclotiotbEdtiichal okt kel 158
conpari gg, Hucl e%&d?ﬂ%‘i%%‘i G dcEOATGk AL AT AT GRMK Y K ﬁmﬁﬁm Tener

insertion points w fhyepah qthaq@and wWtibithose in tihe 126 dat abgses showed
that sogBjcsequenessTOGRAAGRTINARGKGGOLEAT COITEALITOATTRCGCOT CATACEGGTCAATCATTAGA 904

Query: 239 GCAGATTGAASGTGATACTGA 219
regeraner rreerie ¢l
Sbjyct: 905 ACAGATTGAACGTGATACCGA 925
Score = 231 (63.8 bits), Expect = 4.0e-24, Poisson P(2) = 4.0e-24
I ‘titwes = 55/66 (83%), Positives = 55/66 (83%), Strond = Minus
Query: 194 TGAAGCGGTAGAGTACGGTTTGGTTGACTCAATTTTGACCCATCGTAATTCATGCCCTGG 135
R E N R A RN RN R R R e e N R R R R RN RN A R R NRRAN RN |
Sbyct: 950 TGAAGCGGTGGAATACGGTCTGGTCGATTCGATTCTGACCCATCGTAATTGATGCCAGAG 1009

Query: 134 ACGCAA 129
' fee
Sbjct: 1010 GCGCAA 1015

>ECCLPXGNA 723278 E.coli ClpX gene, complete (DS
Length = 1945

Minus Strand HSPs:

Score = 364 (100.6 bits), Expect = 1.6e-20, P = 1.6e-20
[dentities = 88/107 (82%). Positives .= 88/107 (82%), Strand = Minus

Query: 325 GATATTGAAATTCACGCCCGCGAAATTTTGAAAGTAAAAGGGCGCATGAATGAACTTATSE 266
FPELDE TTRRdre prine birerl rnheerl trhrrrrrenernerrbatne
sbyct: 1 GATATCGAAATTCATGCCCGTGAAATTCTGAAAGTTAAAGGGCGCATGAATGAALCTTATG &0
Query: 265 RMKYKMMATACGGGTCANTCTCTTGAGCAGATTGAASGTGATACTGA 219
(RN e e N AN R R N R R AN
Sbjyct: 61 GCGCTTCATACGGGTCAATCATTAGAACAGATTGAACGTGATACCGA 107

Score = 231 (63.8 bits), Expect = 6.8e-24, Poisson P(2) = 6.8e-24
[dentities = S55/66 (83%), Positives = 55/66 (83%), Strand = Minus

‘Query: 194 TGAAGCGGTAGAGTACGGTTTGGTTGACTCAATTTTGACCCATCGTAATTGATGCCCTGG 135
FUCCEEELD 10 CUREED TOE L0 00 V0D U e
Sbyct: 132 TGAAGCGGTGGAATACGGTCTGGTCGATTCGATTCTGACCCATCGTAATTGATGCCAGAG 191
. Fetch—3 Gb_ba:Ecoclppa
uery: 134 ACCCAR 129 - OK then type J Biol Chem 265, 12536,
Sbjct: 192 GCGCAA 197 (1990

Figure 5
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strong simlarity to different regions of the sane gene. Second, Southern

anal ysis of genom c DNA digested with several restriction enzynes and

probed wiwboggsdsii cti on fragnents flanki ng transposon i nsemOIeGBISORETSS

i ndi cated that some transposon insertions were |ocated on the sane 30

restriction fragments. Third. when the sane DNA probes were hybridised

WO 96/ 17951 6/39

PCT/ GB95/ RBWew virulence factors with similarity to sequenced gefes: to

pl agues froma S. typhinmurium X DNA library, the probes from nutants

whi ch the JrB¥%8us two steps had suggested i ght be |inked were found to

hybri di se j.0. ne r clones. Thus two nutants (P9B7 and P12F5)

were assi g%xg'ai{}gt’i%ﬁsf'é’r E“’%\@e nutants (P2D6, P9B6, P11C3, P11D10 and 5

P11H10) t org¢burst €rotBaghidedting) Mut ants (P3F4, PAF8, P7A3, P7BS, P7T&2,

P8Gl2, P94, P10El1l1 and PllBQS to cluster C (Figure 8).

Hybri di sat3.opeoéf DNA probes fromthese three clusters to |ysates froma set

of S. typhinmurium strains harbouring | ocked-in Md-P22 prophages (15, 16)

10 showed*PHarithéot Jarlel HegeiniqetAP-bl | | ocated in the nminute 30 to 31

regi on seﬁﬁe%g_i t izgg Ve ref. 22) (Figure 7), indicating that the three

| oci were CcFosée f’ ="="l'inked or constituted one |arge virulence |ocus. To

det er ni ne debcPANThcéddiRaTcarcTataftARRECTEMRAEREAALICESERcEBATACTE RS C

cont ai ned TrEEITEAINTCOCA TORAKSCGAGAAE @ GCGCTAACTTCCGCCACCCTCTCGATACCTTTTGTAATG
ACAATAAATTGCACGATAGTAATGATGGTAAATACGACCAACCCAACGGTGAGATTTCCTCCTACGACA

AACTTACCGAAAGCATCCACAAATATTACCGGCATTATGTTGTAACAGTACCCAGCCGTGATGTGCTGA
TTGGGGAGTTAACAACCGATTTAT

3. s4C3
probably same gene és p2D6, but different region

similarity to S. typhimurium invA and Yersinia spp.lcrD
sequence s4C3_1 U

GCGCGGACGCTAGTGTGGTGGGTGACAGCCAGACGTTACCGAACGGGATGGGGCAGATCTGTTGGCTTA
CAARAGACATGGCCCATAAGGCGCARGGTTTTGGGACTGGACGTTTTCGCGGGCAGACAACGTATCTCT
GTCTTATTAAAATGTGTCCTGCTTCGGCATATGTATCGAACCCTCGGAGCAAAGTCGTTTGGGCGCAGA
ATTAGTACGTTTGGGTCGGTTGCTGTTATTCCTTGGGCTCGGARAAAAGAGT GCCAGCGTGAAGGAGTGG
GATTTGGCAGACTGGCCGCCTAAT

sequence s4C3_1 R

CACTATAGGGAAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCTACTAGTCATATGGATTGCACTT
GTGTATAAGAGTCAGGATTAGAGGACATGCCCCGGGAACCATACTATCTTTTTCCGGTGCTTCGACGCC
ATTTGCGGARACCACAGACTTTTTGCGGCGAATGAGGATAATTGGCAATGCTAACAACGCTGAAAAGAA
AGCGAGAGTGATAAAAGGAAAGCCAGGAATTAAAGCGAGGAGCATTAAAACCACAGCGGCTAATATGAG
CCGACTGAGGTTCTCTGGCAATTTG

4. p3F4

similarity to invG (S.typhimurium)
sequence p3F4_1_U

TGCAGGCCGACTCTAGAGGATCCCCGGGTACCGGTAATTTCTTTAACCTCGCATCCCGGTGGATGAAAG
GATATTCTGGCTGCGTAAGTAATGARTGAACCGCCCAGTAGATAAAATATTGAAAGTGATAACCTGATG
TTTTAATAACGATGCAGGATATACATATAACATGCTGGCATCARAACCAGGTAAGCARATCATATTGTGC
TGCCAGGTTATTCAAACTATCGACCGGTGGTCCAGGCGGGAATTTTTCCACTAMATGTAGGTGGGATCA
ATGGGCTAATTGGTATAGGCGGAT

Figure 6 'Sheet 1 of 5
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DNA fragnments fromthe term nal regions of each clone were used as 15
probes in Southern hybridisation analysis of the other [err] clones.
Hybri di si W@96/17951DNA fragnments showed that several X cl onesciveBdsapsmnd

that clusters A B and C conprise one contiguous region (Figure 8).
DNA fragments from - the ends of this region were then used to probe the
X library tS5e pt@ntify further d/3%es containing inserts representing

the adjacent regions. No [err] 20 <clones were identified that covered the

extrene ri ghiilaanty &6ryicBUsreddiniRepp.) | 0cCus so-this region was obtained
by cloning a 6.5 kb EcoRI/ Xbal fragnent froma |lysate of the Mud- P22
pr ophage stsrzwermcq‘ﬁ:ﬂszglz}_l!( 16) . Restriction mappi ng and Sout hern
hybri di sati on ana SI s were then used to 25 construct a physical nmap of
thi's | ocus RS EATE CRIATCAMTASCRTT FARGAAECE BT ACASIGSTGAACAATACBRIGCIRATAR |

TP T rr-m'r TCRET
e R e
CTADTT G (
cluster 1 @mumndcmvmwrdasemmda@m&mreme ocus VGC2. Flgure
2 shows the position of two portions of DNA whose nucl eoti de sequence 30

has been deemepsnedci 35@quence 1" and "Sequence 2"). The nucl eoti de
WO 96/ 17951 PCT/ GB95/ 02875

66 sequence is shown in Figures 11 and 12.

TTACTAAACAGGGCCCCGGACCAaTGTARACACCACGCETGCCAACACTAAAAAACGATGCt TGCCGTAA
ARAAATTGAACGTTATTTACTTAATACGCCTATTTTAT T TACATTATGCACGGACAGAGGGTGAGGATT
AAATGGATAATATTGATAATAAGTATACTCCACAGCTATGTAAAATTTTgGGGGCTATATCgGATtTGg
TTGtTTtTAATTTAGCCETATGGCT Tt CACTAGGATGTGTCTAT T TTTTTEtGTGGt CAAGCACAGAGAT
TTATTCCCCaACCACC

sequence p7G2_1_I

TTTCCTTGCCGTGACAGTCCGGGATGCGAGGTTAACGAAAT TACCGGCACCAAAGCTGTGGAGGTGAGC
GGTGTCCCCAGCTGCCTGACTCGTATTAGTCAAT TAGCTTCAGTGCTGGATAATGCGTTAATCAAACGA
- AARGACAGTGCGGTGAGTGTAAGTATATACACGCT TAAGTATGCCACTGCGATGGATACCCAGTACCAT
TATCGCGATCAGTCCGTCGTGGTTCCAGGGGTCGCCTAGTGTATTGCGTGAGATGAGTAACACCAGCGT
CCCGACGTCATCGACGAACAATGG

6. p9B7

similarity to fliQ, invX (E.coli)
sequence p9B7_1_1I

CATGAGTAACCTACCCAACTGTAATCTTTACCAATATGCATCATAATCTTCTGCTGGTAAATGATTGGT
AATATCGGAAAGGTAAGTGACATAAGCACGCCATTACGTAAAAGTGCGGCCCCTARACTGCCACTTTTT
AATAAGGGAAGTAATAAAGAAAGGCTCAATGGTCGAATAAAAGCCACAGCCAATGCAATAAGCCACTCA

_ TTTACCTGTTGTGCCATTCAACCATGCTCTCCAATTCGTAACATTATCTGCCGGGTATAATTCAACAGG
ATACCGCTAAGCCATGGGTAG

sequence p9B7_3_0O

ATTCCAGCCCCCGGGCCATCTARCCACTATGAACAATCATCTTCTGGGTGGACAATCATTGGTACCATC
GGCCAGGCTTGTGCAATATGTATGTCATCACGTAAAAGCGCGGCCCCTTAATCTCCCCATTCTTCCTTA
AGGGCAGTTATCACGGCTGGCTCAATGGCCGGCTTAACAGCCACAG

7. s6F5
similarity to yscU (Y. enterocolitica)

sequence s6F5_1_O

GAGGCGCGTCTTCGGTTGAGGGTCGCCCTCCAGATC T TTATGCTCCTGTTTTACGTCATCTTTACTCAT
T T TAAGATCTTTTCTAATCTTATAATATTGAAAAGAATAGTCCAGTATGCCAACGACGAAATAAAGAAA
CATCACCCCAACCCATAACCATTTTTTCAATGATGAAAGCACAAGCACGCCACAGGCTACACCACRGCC
CGGAGGGGGCCGGAAAGTGCTGGGATCTTGATTAATGAAAAAGGCAAAGGGAAGAGATAGGATGATGCA
TGCTGGTTGGAGGCAGATTATTCATCTTCS
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Mappi ng the boundaries of VGC2 on the S. typhi murium chronosone.

Nucl eoti de sequencing of X clone 7 at the |eft hand side of VG2 reveal ed
5 the prewowsa7e81 an open reading frame (ORF) whose deducedpCurGBes/(02875d
sequence is over 90%identical to the derived product of a segment of the
ydhE[err] gene of E. -coli and seque@g ng of the 6.5 kb EcoRI/ Xbal cl oned.
fragnment on the right hand side of reveal ed the presence of an ORF
whose pr e ruvate 10
Kinase' | Sy heW sEiLBACES Winhbt Safaty Woonties W TNACH phirdil |1
chronmosone ydhE and pykF are | ocated close to one another, at mnute 37
to 38 (28)..f;,6ven non-overlapping DNA fragments distri but ed al ong the

| ength of V were used as probes in non-stringent Southern hybridisation
anal ysi s sefudnceCéipioang S. typhinmurium genom ¢ DNA. Hybridising DNA 15
fragments showed that "a regi on of approxi mately 40 kb conprising VGC2

was abseASTIGCORTATRITATIAARTAI TCAFOTRAGRTGAATATASB G TCT BRL ChbErABRANTRT TGE ST Of  VGC2

t o wit hi TAGTAGRGATATEAGTSC %CWWMMT%WWTMI site

G o R R MR e A R LN

a map position 20 of 30.7 mnutes to be deduced for VGC2.

St ruct ur seqpfendéEap1d\Nuck eot i de sequenci ng of portions of VGC2 has
reveal ed the presence of 19 ORFs (Fi gure 8). The G+C content of

appr oxi Wmm@m%@h %W?%Eg@@chmm 25
conpar edefd WZ CTCCTAATAACA
(oENSimm i GTCe
Sal monel rérclKREAFRAA ccca-masccmr'rrcmcmccac'rrcaccaccr-rccc'rrm'r'rccccm
GGATAACGTCCATAATCCAGA
2. s4m10

sequence s4B10_1 U

AGGGCTTTATTGATTCCATTTTTACACTGATGAATGTTCCGTTGCGCTGCCCGGATTACAGCCGGATCC
TCTAGAGTCGACCTGCAGAACCGAGCCAGGAGCAAATTAA T TTTT TTGGGCAATTGCTGAAAGATGAAG
CATCCACCAGTAACGCCAGTGCTTTATTACCGCAGGTTATGTTGACCAGACAAATAGATTATATGCAGT
TAACGGTAGGCGTCGATTATCTTGTCAGAATATCAGGCGCAGCATCGCAAGCGCTTAATAAGCTGGGTA
ACATGGCATGAAGGGGCAACCC

sequence s4H10_ 1 R

CACTATAGGGAAAGCTTGCATGCCTGCAGGTCGACTCTAGAGGATCTACTAGTCATATGGATTCCTAGG
CGGCCAGATCTGATCAAGAGACAGATCCAACTCGGGCCGATCGCCATAACGCCAGCAGTTTGAAAGATG
AAAGCCCAGCT TATCCAGCCAT TCCGGTACAGCGTAACGAGCAGGTTGCCAGAAATAACGATAAAGTTG
CAACACCTCGGGATCAGGTCGGCTCAARAACGGGGTCTCAGGCAAAAATAGCCGATCAGGATGCCCACT
CCTAATAACAGTCCTGTCAACG

3. p4G5
sequence p4G5_1_ O

CCCCCCCCCTTCTCCTGGCTTACACAGCCCCAGACCGGCGCTGGAARAGGCCATTCCCGCCATACAGGA
GGCCAGCAACATATTTTCACGCGCCGCCAGATCGTGGCCGTAACCCACGGCT TTCGGCAGCGATTTGCC
AATCATCGCTATCGCGCCAATCGCCAGGCTGTCGETAAACGGCGTGECGTTGAGCGCGCTGTAGGCCTC
AATCGCATGCGTCAACGCATCGATACCGGTCATCGCCGTCACGTTTGGCGGAACGCCTTCGGTCACGGA
AGCATCAAGAATCGCCACGTCCGGC

sequence pdG5_1_U

CGCGAACGTGCGCCGCAACTGCTTGTGGACGGTGRATTGCAGT T TGACGCCGCTTPCGTGCCGGAGGTC
GCCGCGCAAAAAGCGCCTGACAGCCCGCTGCAAGGCCGCGCCAACGTGATGATTTTCCCGTCGCTGGAG
GCGGGCAATATTGGCTACARAATCACTCAGCGTCTGGGAGGCTATCGCGCTGTTGGGCCGCTAATTCAG
GGGCTTGGCGCGCCGCTTCACGACCTCTCCCGAGGCTGTAGCGTGCAGGARATTATCGAACTGCGGTTG
GTGAGAAAACCAA .
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The conpl ete deduced am no acid sequences of ORFs 1-11 are simlar to

those of proteins of type Ill secretion systens (6. 7). which are known to
30 be raovodeemsior the export of virulence deterninants |RC5.‘/GR2§’D&7§ of
bacteri al . WO 96/ 17951

_ PCT/ GB95/ 0287 67 pat hogens
of plants 4<'21n|?"‘a3n| mals (7). The pred?/c3t9ed proteins of ORFs 1 - 8

(Figure 8)se§{l§1c§ﬁ asaf d n organi sati on and sequence to the products of the
yscN-U genes of Yersinia pseudotuberculosis (31), to invCspaS of the

i nv/ spa classtemctarcdtidccetrebodaaprrirberdoy BcatkACH BA1G8AA A s PdAdAdcRAC 5

spad7/ spadiTTCEAATOATGGRGIGTRATGTATCSEERATGOTGTB AT CISr EATGAL PRARPEATACEBARGYScA 34, -- 35, ) .
For ex anplcéﬁ?‘ﬁ"é"r wémmmcmecveggm@:@msw GEATEFT8Y i s 50%

i denti cal g % "i'ég H}@%‘ég EICARCOATTACTD) TATTEEASSED Spa9 from
S. flexneri Wt Ccal to SpaQ of VGC1 of S. typhimurium(9).
The predi gggge,ggogﬁbnl groduct of ORF9 is closely related to the LcrD famly -
10 of proteins W|th"4'3% identity to LerD of Y. enterocolitica (36), 39%

identity i A . fl exnerl 32 nd 40% | dentcth to | nqu of VGO
(23). Partg APGORETTH L n Figure
8 i ndi catmﬁf%&“sai%zss? ﬁ& GBAGCEL "w" 15 dcscelntboctrhidanig O Y.
ent er ocol mmmed’m&u(ﬁ:&cmTéwm@w&tmm*m&i@ﬂctdtc&&kﬁﬁ%ﬂr@ﬁm cputer 15

menbr ane, CRATICT@RAGAGCAgATRALCT to S. typhimurium InvG a nenber of the
PulD fam |y of translocases (38). ORF12 and ORF13 show significant

5. plOE1l

_ sequence plOELl1l_1

ATACCGAGTATTAAGCGGCTGTGTAACATCGTCATCCAACAACATACGCAGCGAGCCGCCACGCCGGAA
AARCCGCATCGTGTCATGTGCCTGTTGTAGGGTCGGGTCT T TT T TCATGAGTACGTTTTCTGCGCTATC
ATACTGGAAATTTCCCCCCACTTACTGATAAGCCCTGTCAGT TGGGTAAGGACAGAGTTAAGCTCCTGA
GACATTTTTTGGAATGGTTATCTTTCCCCGACTCATAAARTCGGTATTCCCCCTGGGGGCAATATCCAA
AGACGCTTTGGTCGCCCGTAGGGCACC

sequence plOEll_U

GCCGTATGCCTGCAGTTGCCCGGTTATTGCTCGTCAAGCGAACCGATGCCARAGGTGAGAGCGACTCTC
GAATCATGGGGGGTCATGTATCGGGATGGTGTAATCTGTGATGACTTATTGGTACGAGAAGTGCAGGAT
GTTTTGGTARAAATGGGTTACCCCCATGCTGAAGTATCCAGCGAAGGGGCGGGGAGCGTGTTAATTCAC
GATGATATTCAAATGGGTCAGCAATGGGGCAAGGTTCAACCCCCACTTGCAGATATTCCCCCCCCTATT
GGACTGGCAGATTAGTCACTCTCA

6. s54B9
sequence s4B9_1_0O

GGGCGACCTGCCCGCGGCGCAACTTTCCCCGAAGCGTTTTCCATTTCCTTGTTCTTAAATGACCTGGAA
AGCTTACCTAAGCCTTGTCTTGCCTATGTGACAATACTGCT TGGAGAACACCCGGACGTCCATGATTAT
GCTATACAGATCACAGCGGATGGGGGATGGTGAATCGGTTATTATACCACAAGTCGCAGCTCTGAGCTT
ATTGCTATTGAGATAGAAAAACACCCCGCTTCAACT TGGATTTTGAATAATGTAATACGCAATCACCAT
ACACTATATTCGGGTGGCGTATAA

sequence s4B9_1_R

TTCGAGCTGGGGCACCGCTAATATCTTTAACCTCGCATCCCGGTGATGARAGGATATTCTGGCTGCGTA
AGTAATGAATGAACCGCCCAGCAGATAAAATATTGACAGTGATAACCCGATGTTTTTTTAACGATGCAG
GCTATACATATAACATAGCTGGCCACCAACACAGCTGAAGTAAATCATATTGTTGCTGCCAGGCTACTT
CACACTATTGTCCGGCGGGCCAGCGGGGAT TTTCCCCCTAAATCTCGCTGGTTCTCAAA

7. pdF8
sequence p4F8_1 I
AGTCTACGATTTCGCTATATCTTCTCTTAATCATGGCCGCCATTTGTGGATGCGATTTTAAAATATCCG

GGCGATCTTTCATTAAARAATAAAGATTCCCCATGACTTCACAGATAAAGGTATCGGTATTTTGAGTGA
TACGTAACAATTCGTTCTCTTCGTGTGGGTCCATGATGCGAAGAATAATGGTGGCATCATTTTCATGAG
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simlarity to the sensor and regulatory subunits respectively, froma
variety of proteins conprising two conponent regul atory systens (39).
There i swoee1@8P! € coding capacity for further genes bet WBEHGBPSMA23TS and
10, ORFs 1 éb and 11, and between ORF 19 and the right hand end of VGC2.
VGC2 i g conserved anpbng and is speciofdxr to the Sal nonellae. A 2.2 kb

Pst |/ H ndl GATTATGANCSAGANADCENTETETATGAGA EGASEMIGCEARTTCTABCRAGTGANFBARRTCE TR Ur e 8)

| acki ng seQMé@CWﬁ??G&P?W% entries in the DNA and protein databases was
25 used 35 robe in Southern hybridisation analysis of genomic DNA from
Sal nonel | a éé’r ovars and ot her pathogenic bacteria (Figure 10A). DNA °
fragrrents Bydieh&d $78g 1upder non-stringent conditions showed that VGC2 is
present in S. aberdeen. S. gallinarum S. cubana S. typhi and |s absent

f rom EPEC. Gmccmmmm@mecrmmr AT G GACS CAGLTT Thus 30

S O AT A S c oA ICTOInceT cmﬂﬁsﬁmﬁﬁ%ﬁm@éc%@ﬁi%' | ae.

WO 96/:r795§;A TCCCCCCACCGCTATCGCTAACCAGAAATATTAATTGTTCCTCACCAAGAT%%%GCGCCAGAC

PCT/ GB95/ 0_ CCTCCCCCCTCOOGARAT To
determine if the organisation of the |ocus is conserved anmong the

Sal nonel | asseweyAars tested, stringent Southern hybridisations with genomc
DNA di gested with two further restriction enzymes were carried out.
Hybri di si ngeRRcS PREHeAts showed that there is some heterogeneity in the

GGATAAGATCCCGGATAAGTATGTCAGGCTCGTATGCACAACAGGCATTATARACCTCTAGACCATTTT
TAACATGCTCTACTATTTTAAAATGAGGCCAGGGTAATAAGGCATTCATAATGCCGTTAATGATGATTT
CATGATCGTCTACTAATAAGATCTTATATTCTTTCATTTGGCTGCCCTCGCGAAAATTAAGATAATATT
AAGTAATGGTGTAGGTTGTGGAGATCATACGTATTTTCTGGCGTAAGTCGGTTAGTTCCTCCAGCGCGA
TGATTTTCCCCATTTTTACGCGAT

10. p9G4
sequence p9G4_1_0O

TTCCATATTGCTCGTCCGGGGAGCGTGTTAATTCTTGATGATATACCAATGGATCTGCAATGGCGCAAG
GTTCAACCATTACTTGGAGATATTCCCGGGTTATTGTACTGGGAGATTAGTCACTCTCATCAGTCTCAG
GGGGGTGATGTTATTTCTGGGATAATAGAGCAACGGCGTTAGCAGGGGTCGGTCAGTAGTCACGGCCAA
CTTCGGTGCACTTTTGCGTATCACTGGGGTATCATAACTGAATCTCATCCCCCCCACTTTGGTAATCAC
AC

sequence p9%G4_1_U

AARTTCTTTTACCTCCATAAGCTGCGTGGCATAGCGATACAGAGTATTAAGCGGGTGTGTTACATCGTCA
TCCAACAACATACGCAGCGAGCCGCCACGCCGGAAAAACCGCATCGTGTCATGTGCCTGTTGTAGGGTC
GGGTCTTITTTTCATGAGTACGTGTTCTGCGCTATCATACTGGAARATTTCCCCCCACTTACTGATAAGC
CCTGTCAGTTGGGTAAGGACAGCGTTAAGCTCCTGAGACATTTTTTGAGTTGTT&TCTGCCCCCCGACT

CATAAGATCGGGTATTCCGCGGTGG
11. p9Bé

sequence p9B6_1

ATATCCCTAATGCTTTTCCTTAAAATAAATACCACGGAAGGATACTGGCCACCTAGCCAAATTTAGAAA
GCAATGAACATCCGGTTTATTCCTGAAAACGATTACTCCGGCGCACGTTGTTCTGGCGTTACCTGAGCC
AGCAAACGATATAATGGGGTGGTGACCCGCATACCGGTCATTGGCATCCCATCCACACCGGAGGGAGTA
AAACTCATTAGGCCATAGGTAATATCATTAAGACGCTCTAATAAATGAGGGTGGGGGGCCCARACTACC
ACTCCAGTATGTATTGAGTCA

12. p6GS5
sequence p6G5_2_1I

CCCATGGGCGCAATTTGTTGCGCAGCGTTTACCCGACCATCGCGTTTATGAGCTGTAAT TCATGGGGGG
TARAAACGGGCGTGACGACCCCAACGGAAGATAAGGCCGGGCTTARAACAGGAGATTATTGCTAATGCGC
AGCGCAAAGTGTTGCTGGCGGACAGCAGTAAGTATGGCGCGCATTCGCTCTTTAATGTGGTGCCGCTTG
AGCGCTTTAATGACGTGATTACCGACGTCAATCTGCCGCCGTCAGCGCAGGTTGAACTGARAGGGCGCG

CTTTTTGCGCTAACG

-
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5 arrangenent of restriction sites between S. typhinuriumLT2 and S.
gallinarum S. cubana and S. typhi (Figure I0B). Furthernore, S

gal | i nar wp egpdesi. typhi contain additional hybridising fraB@EEB2287% hose
present in the other Sal nonell ae exam ned, suggesting that regions of VG2
have béen duplicated in these species. 10 VGC2 is required for

virul ence in mce. Previous experiﬂéﬁ?% showed that the LD err] val ues
for i.p. inoculation of transposon nmutants P3F4, P7Q&, PO9B7 and P1 1C3
were at |east 100-fold greater than the wild type strain (5). I n order
to clarify the inmportance of VG2 in the process of infection, the 15 p.o.
and i.p. LOerr] values for mutants P3F4 and P9B7 were determ ned

(Table 1). Both nutants showed a reduction in virulence of at |east five
orders of magnitude by either route of inoculation in conparison with the
parental strain. This profound attenuation of virulence by both routes of

i nocul ati on denonstrates that VGC2 is required.for events in the infective

20 process after epithelial cell penetration in BALB/c mce. Tabl e
1. LOerr] values of S. typhinuriumstrains.
LOferr] (cfu) Strain i.p.
p.o. 25 12023 wld type - 4.2 6.2 x 10[err]
P3F4 1.5 x 106 >5 x 109 . P9B7
> 1.5 x 10[err] >5 x 10[err] cfu. colony formng units
18P
() 118Q
@ 19P
19Q
20P
20Q
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WD 96/ 17951

PCT/ GB95/ 02875 69 Di scussi on
A hithertwongskresin virul ence locus in S. typhinmurium of apmCHéBesi0287s 40
kb | ocajed at m nute 30.7 on the chronposonme by mapping the insertion 5
points of a group of si gnature-tagge% transposon nutants with attenuated
virul ence has been identified (5). HR{¥ | ocus is referred to as virul ence

gene cluster 2 (VGC2) to distirdguish it fromthe inv/spa virul ence
genes at 63 m nut esaé?i' jon VIII 1, ref. 22) which we suggest be
renanmed VGCl. VCC1l . h encode co enfis of type I

secretion systens. 10 However, the

29?][31 t are functionally
romi

di stinct. Of 19 mutants that faros ert8Bns into new genes
(ref. 5 and this exanpl e) 16 pped to the stne region of the
chronosone. It is possible - tha§ mni-Tn5 insertion occurs
preferentially in VGC2. Alternativ , as the 15 negative sel ection used

to identify nutants w thg@t uat ed}Wi rul ence (5) was very stringent
(reflected by the high L p¥] Varues for VGC2 nutants) it is possi bl e
that, anong the previously unknown genes, only nutations in those

|
Ipp T 19Q
purk
sodB
siyA

31.0" —
X
Y

37.7'

Figure 7b
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of VGC2 result

Sal nonel | ae (40)

in a degree of attenuation sufficient to be recovered in the
screen. The failure of previous searches for S. typhinmuriumvirul ence 20
det er mi nav0 96/1795i denti fy VGC2 nmight stemfromreliance on BENIGBISNISES e
assays ,rather than a |ive aninal
identified regions of-the S. typhi Irig;(j'gum LT2 chronosone unique to

| ocat ed one such

nodel of infection. A previous study which

on (RF333) . to mnutes 30.5 - 32.

Therefore, RF333 may corregpond to VGC2, although i} yas not known 25 that
RF333 was involved in viru grge determ@ati on. Copnparisons with the
type I'll secretion systens] €[coded by t\e virul ence pl asm ds of
Yersinia and Shigella as wWeRk as vm'thm | of Sal nope|l & I ndi cat es
that VGC2 encodeg the basik"s$tructuralkgonponents of fhe 30 secretory
apparatus. Furtfi¢rnore. t B order of GR§ 1-8 in VQC2Lis the WO :
96/ 17951 w ' < \ = PCT/ GB95/ 02875
70 same as|the gene gpgder in ho ues i.n Yerskn}a, Shigella and
VGCL of S, dyphinmuri g® The fact® §ut he orgdanifgajion and structure
of the VG2 secreti ofggystem is re closglylrgelated to VGC 1 than
to the correspondi ng @ bfes of Yer §a, togetRerf wth the | ow G+tC
content of ke VGC1 (40, pl, 42) was acquired

5 VGC2 suggeﬁéhat VGC2,§
N
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i ndependently by S. typhinuriumvia horizontal transm ssion. The proteins
encoded by ORFs 12 and 13 show strong simlarity to bacterial two
conmponeniyg Ggifost ors (39) and could regulate either ORFs 1pd1/GBoSie8Ts t he
secreted proteins of this system 10 Many genes in VGCl have been shown to
be inportant’ for entry of S. 4¥n muriuminto epithelial cells. This
process requires bacterial contact and results in cytoskeleta
rearrangenents | eading to | ocalised nenbrane ruffling (43, 44). The
role of VGC1l and its restriction to this stage of -the infection is
reflected in the approximately 50-fold attenuation of virulence 15 in

VGCL mutant s shiw dcOtbbs ot YRNBIMTURED amini ot erea i p. (8). The

second observati so expl ai nd ¥ no VGCl nutants were obtained in

our screen (5). I'n contrast nutants in VG Nire prggfoundl yyattenuated
follow ng both p.o. and i.p. inocula Pyk;: ‘ smﬂt hat. tnli ke VGCL, 20
VGC2 is required for V|rulence inm f pi lial ceFF'penetration,
but these findings do not exclude ajfig-qfo - 1 in"This early stage
of i nfection. Thus [i n summar/\figappi n i nseTti on points of
16 signature-taggeq 25 transpqson mut ahtj t he nonel +=e& t yphi muri um
chronosone | ed to tthe i denqti fi cat iforiedf 40 kb virul ence gene cluster
at minute 30.7. Thijs | ocus is consergmd among al |l other Sal nonella

P variety of other pat hogeni ¢
By Nucl eoti de sequencing of a

di ng 30 franes whose predicted
ecretion

speci es exam ned, But not presgnt

bacteria or. in Esgherichia colfi K12.
portion of this |o¢us reveal ed ¥3Bp‘n r g
protelns encode cofponents of typd 11

— aroD

38" —

— Ipp —
— PykF

— ribC

t— purR
— sodB

377 =

XXZZ Z T
AH
+ + 1 |

S.t. hybridiza-
probes tionto E. c.
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WD 96/ 17951 PCT/ GB95/ 02875
71 system To distinguish between this and the type Il secretion
system woosmmaded by the inv/spa invasion | ocus we refer PCA/GBISIORETS/ spa

| ocus as ~ virulence gene cluster 1 (VGCl) and the new | ocus as VGC2.
VGEC2 has " a lower .G+C content thgmg hat of the Sal nonella genone and is
flanked by 5 genes whose products share greater than 90% i dentity with

t hose of the E. coli ydhE and pykF genes. Thus VGC2 was probably
acquired horizontally by insertion into a region corresponding to that
bet ween t ydhE and pykF genes of E. l'i. Virulence studies of VGC2
mut ants hg4e shown themto be attenuat by at least five orders of
magni t ude conpared with the wild 10 type strain follow ng oral or

i ntraperitoneal inocyPggijon. References for this Exanple

Carter, P.B. & Collins, F.M (1974) J. Exp. Med. Hind Hso- 1zoEca5RVz
Takeuchi, A —{I96T—Am—J—Pxt+o~—350, 109- 136. op F| =y —Bt—-B—
(1994) Cur Top. Mcrobiol. Inmunol. 192, 163 é85 ) G oi snan,

E.A & Cch (1994) Trends Mcrobiol. 2, 28 293 5.
Hensel . M .E.. deesqn C . Jones, IVlI:‘s ton, E: <§2

Hol den. D. [ O'§ - 403. ES S P
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6. Sal rmnd G P.C. & Reeves, P.J. (1993) Trends Bi ochem Sci. 18,
Van G jsegem F., Genin., S. & Boucher, C. (1993) Trends

7-12.

M crobl ol

Nat | .

& Ochman._
d nsted. S. B.
717- 724. DB sequencedef| ¥eenkh from genf

G GAGCCAGGAGCMATTMTTTTTTTGMCAATTG
WO 9BTTPOESS

264.

g&ggﬁzﬁ 180. 25 8. Galan, J.E. & Curtiss, R (ROBGRIS28TS

. U.S. A 86, 6383- 6387 9. G oi sman,

H* (1993) EMBO J. 12, 37795@% g7. . G nocchi o. CC
199

Cel |
J)‘;A 41@1}@2419&1&“59@”0'

Wlls, C L. &Galan

----------------- F O et ettt b R EL LA LD bl bbb Ll

PCT/ GB95/ 0287 5 GACGTCTTGGCTCGGTCC'I'CGTTTAATTAAAAMACTTGTTAACGACTTTCTACTTCGTA!?G’ZGGTCATTGCGGTCACGA

<

2}

(2T ¢ 2 )

o

o w

o

[+ 8 7

U o

I T A G Y VD QT NG L Y
LLPQVMLTRQHDYHQLTVGVDYLAR!S

AcGGCGCAGCATGCCAAGCGC‘I‘TMTMGCTGGA‘I‘MCATGGCATGMGGTTCATCGTATAGTATTTCTTAC‘I‘GTCCTTA
TQCCGCGTCGTACGGTTCGCGARTTATTCGACCTATTGTACCGTACT TCCAAGTAGCATATCATAAAGAATGACAGGAAT

GAACQALNKLDNHA'RFIV’Y'FLLSL
TAQHAKRLISWITNHEGSSYSISYCP‘.’

240

RRSMPSA"AG'HGMKVHR]‘JFLTVLT-

CGTTCTTTCTTACGGCATGTGATGTGGATCTTTATCGCT CATTGCCAGAAGATGAAGCGAATCAAATGCTGGCATTACTT

GCAAGAAAGAATGCCGTACACTACACCTAGAARTAGCGAGTAACGGTCTTCTACTTCGCTTAGTTTACGACCGTAATGAA

start yscJ*? .
R § F L R K V M W [ F I 8 H C Q KM K R ! K C W H Y L
v L §$Y GM* CG S L S LI ARRT®*SESNAGTIT.Y
F £ LTACDUVOLTYH RS LPEDTEARNI OQMTLATLIL

ATGCAGCATCATATTGAT GCGAAARAAAACAGGAAGAGGATGGTGTAARCCTTACGTGTCGAGCAGTCGGCAGTTTATTAA

2l eececcecma [P, PR Peccvcmm=- e r et a b e e m e m et .- .- PR +

TACSTCGTAGTATAACTACGCTTTTTTTTGTCCTTCTCCTACCACATTGGAATGCACAGCTCSTCAGCCGTCAAATAATT

start yscJ*?
€ § I ! L M_R K K T G R G W CNILTTCRAUVG S L L M
A A S Y * CE KK OQOTZEEUDGVTLRUVEQRQSAUV Y-
M Q H H T DA K K NI R KR MUV * PY VS S S R Q F 1 N

TGCGGTTGAGGCTACT TAGACTTAACGGTTATCCGCATAGGGCAGT T TACAACGGCGGATAAGATGTTTC! CGGCTAATCA

......... N L L L L T R L)

ACGCCAACTCCGATGAATCTGAATTGCCAATAGGCGTATCCCGTCAAATGT TGCCGCCTATTCTACAAAGGCCGATTAGT

R L R L L R L NG Y P HURAUV Y NG G * L V S G * S
¢ ¢ +* 6Y L DL TV I1IRT11T 6 @ ¢ TTARDKMTF P ANDQ
A~ v E A T* T * R L S A * 66 5 L QR R 1T RCF R L 1 s

GTTAGTGGTATCACCCCAGGAAGAACAGGCAGAAGAT TAATTTTTTAAAAGAACAAAGAAT TGAAGGAATGCTGAGTCAG

0] cemcccmae trvmcnnne- tomcccaceww PP teoncacane tevmanmnm- toremmmm-- PEmw————-- *

CAATCACCATAGTGGGGTCCTTCTTGTCCGTCTTCTAATTAARAAATTTTCTTGTTTCT TAACTTCCTTACGACTCAGTC
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ATTGGCTTUUwpmmecGmmcgemtm@nqrm&mmmfmvcmmﬁnm@ unoni ae
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TTAGCAGGATTAGCTGAACGGCCTTTAGCAACCAATATGTTCTGGCGGCAAGGACAATATGAAACTATCATAACGGTCGT
RATCGTCCTAATCGACTTGCCGGAAATCGT TGGTTATACAAGACCGCCGTTCCTGTTATACTT TGATAGTATTGCCAGCS,

S R 1S +* T ATFSNUO QITV LAARTTI * 1 ¥ H NG R
L AGLATET RTEPLATNMTETMWRUOSG QT T 11 TVy
* QD+ L NGLO®* QP ! C 566G ¥ DNWMMIEKTLTSS=** =’ § ¥

ATTCTCTTATGTCAGATACTCAAGCAAACCTTSTTAGACGAAGAACT GCTTTT TAAAGCGT TGGCTAACTGGAAACCCGE

3361 —ccccecan [ PO, bmmmame—-- P [P, o - [P, -

TAAGAGAATACAGTCTATGAGTTCGTTTGGAAGAATCTGCTTCTTGACGAAARATT TCGCAACCGATTGACCTTTGGGCG

I L L C Q1 L K Q@ T F L DEETLULEFKATLANUG®WUYETP A
F § ¥ Vv R Y § §$ K P § * T K N CF L KR W v T G N ¢ ¢
S L M S DT QA ANILIULRUR RRTATF®* 8§V 6 * L T TR

AGCGTTCCAGGGTATTCCTCAACGATTATT TTTGT TGCGCGATGGGCTTGCAATGAGT TG T TCTCCACCTCTTTCCAGCT
344] emecaccne- P bmmcmccaa. demcccnnea trernecena decmcmeen- b s on- bemmmmam—— .

TCGCAAGGTCCCATAAGGAGTTGCTAATAAAAACAACGCGCTACCCGAACGTTACTCAACAAGAGGTGGAGAAAGGTCGA

A FQ G I P Q R L F L L R DG L AM S C S ? P L 5 § s
R s RV F L N D Y F C A°M G L Q * V VvV L H L T ? A
S_ vV P G Y 85 8§ T 1 I F ¥ A R W A CNE L 7 3 T 35 7 Q L

CGCCGAGCTCTGGTTACGATTACATCATCGACRAATAAAAT TTCXTGGAGTCGCAATGCG TTCAT GG TTAGSTGAGGG

PRI Y .
Sl ecemacecam- L L . P e cc e e toecaaneme- L L R L Lok Y iy,

SGCGGCTCGAGACCAATGCTAATGTAGTAGCTGTTTATT TTAAAGKACCTCAGCGT TACGCAAGTACCAATCCACTCCST

A E L W L R L KWHURUGOTI KF? 6V A MUER S W L & E G
P P S $§ G Y D Y I I D K * N £ 2 E 8§ Q € V H & v R E
R RALV TI T S S TNIKTI S WS RNATFMMUYVYGS®*» G §

GTCAGGGCGCAACAGTGGCTCAGTGTATGCGCGGGTCGGCAGGATATGGTTCTGGCGACGGTGTTATTAATCSCTATTGT
360] ccvcacwenaas tommmesm - brrmm—aen- L LR TS LT LT TN LEEE TP TS R )

CAGTCCCGCGTTGTCACCGAGTCACATACGCGCCCAGCCGTCCTATACCARGACCGCTGCCACAATAATTAGCGATAACA

start lcrD*
Y R A @ Q W L SV C A GR Q2 D MV L A T V L L I A 1 v
S G R NS G S V Y ARV G R 1 W F W RURC Y * § 1 L -+
2 G ATV AQCMZBRGS A AGTYGSGDGV ! N B Y C

GATGATGCTGTTACCCTTGCCGACCTGGATGGTTGATATCCTGATTACTATCAACCTTATGTTTTCAGTGATCCTGCTCT

368] ~-eccccecaa [P —— e ommmana becnanwena - T m——— - - L +

uTACTACGACAATGGOAACGGCTGGACCTACCAACTATAGGACTAATGATAGTTGGAATACAAAAGTCACTAGGACGAGH

M M L L PLPTMWMUVCDEILITTINLMEFESUV I L L ¢
« ¢ cY PC® R PG W LI S+ L LSTTULGCTET Q" * & ¢ 5§
5D AV TLADTLTODGEG?®® Y PDY Y QPY V F S D 7 AL
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Morrison (1995) Proc. Natl. Acad. Sci. USA 92, 11140-11144.

I ncorporation of mnute quantities of this peptide in transformation
experi rewWe9/eRss to very efficient transformation frequenpceeBosiomsese 10
encapsul ated clinical isolates of S. pneurmnl ae. This overcones a nmjor
hurdl e in pneunggQg BPcs and the availability of the
peptide greasl y--f-acﬁqﬂTF"f.é?f (iAﬁcec_Tcér.g"ﬁfsf ’%’n“@i“‘*ﬁ*ﬁfféf*.’.‘él’ffff "Tff‘fﬁff@UUDﬂJf&é It ant

A proporastion of;txansfog nMang s, af e, apal ysegd fos verjfy [15 m)J ogous

I nt egratbl on of tthe pl asm & sequences, rand rcheaked vf ar wstia ‘]vl tyy ¢ - The
very | ow | evel “"of rfevefsion &sSo&i &t &dSwith Mufahtd Hehefated byr - -

i nsertion- d% E)lls|Tcl&'lmmrqucAmm&&ﬁe—dcdaym&ah&rmtc&bﬁ&r&r&hawéﬂP&cl-ﬁﬂsfrﬁg- regions
wil | be" shari - oy e - te-of -Teverston g
unaccept abl y Flgirt‘v}ch-gfz%qcéprgm CCA PAVA% eC(ETATTACG ’cé:mr'lfﬁm?’]cfccnrf@ﬂmﬁfm HQC rowth of
t he tragsforrrépt'-§ ™40, Sinf, CulRt l!ll’e’ and_ qumi m |Gowt I ¥not herami RAF.v -

(b) Armi mal nodeal v o Hhi}her‘s, "phetinbnt,ak 'gg.l Y)t Jbank |cs“Fo ‘an, z'ecF1nto
pool s for i nocul Al ion into Swi ss and/ or C57Bl/ 6 mce. "Pr elimnary
exper i ment gear &. %ﬁ'ﬁ“ﬂb‘i’ e T R TN BT C i aeaiMog™of t he

pool s and t he optricmurmrThaAGGEHAMTAACCAGCATARAT GdTAGT AN T RLACE B LIt MO TR Sirrddi-] Pses

i nocul a,of 10[grg]scfu, deliye by, mpu o, the trachea (Veber et al
(1993) 8 Antim G.rcabl aT Gherrér;t{mesrj,apy:ga }541135,. s ‘;c N $WI._S§ i ge devel op
acut e pheunonfa®*wkfthi i B8-8 HaysS &nd C57B1/ 6 hiter ! v devel op subacute
pneunoni a wit hird&mﬁcd-.QudJaM\SﬂA&Eb&%TTﬁ#ﬂGé@Mdﬂ@ﬂéﬂ&b&A&g\rGncﬂﬂ'cck"aé"@5“ on yield
10[err] cf &?% upg CYeber-et--ab--($993)y--}--+Antrnrerobi-al----o----ov-oooeo-es 1082

CCCATIGCCTTCAATCGCGTGCAAAGAGC GAACTACCCTACGGTCCGTTTGTTT:\CTCr‘TAGCT ATCEITAASS

a E R ¥V % E VS A R F & L D G M PG K Q@MS I D 3 9 L
b S R G W.7 K L A h ¥ S R L M 6CQANEK " * ¥ 5 M A 1 ~ .
c R E G % 35 8§ +* R T F L A * WODARTG OQTHNTE Y R W 3 F = -

Tn mseﬁnon P2D6

08 C GTGCCGGAGTTATCGATGCAGACCATGCCCGTACATfMGACAGCATGTCCAGCAGG.-\AAGCCGCTTTCTCGGTGCG.-'-.?
4 ] cccccmccmcccccmcana Pemvenome- - [ . bomcavcawe - Pommanecwme bPrmmcmamewe 3160
GCACGGCCTCAATAGCTACGTCTGGTACGGGCATGTAAT TCTGTCGTACAGGTCGTCCT TTCGGCGAAAGAGCCACGCTA

R A G V I DA DMHARTILR RUGQHV QQE SR RTELGA AM-
M Q T M P V H * D 8 M S S R K A A F § VY R % -
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GGACGGTGCGATGAAA AAATTTGTTAAAGGCGATACGATTGCCGGTATTATTGT TGT TCTGG TGAACAT TATCGGSGSTATCE

416] ~ececcmncenicaaanaa trrm e m——— tcermcnnaa temcncman- A R L LY el v d
- +emecomaaa. $24cC
CCTGCCACGCTACTTTAAACART TTCCGCTATGCTAACGGCCATAATAACAACAAGACCACTTGTARTAGCSSCoATAGS
a b 6 A MM < F V¥V K G D0ODTT1TAGTI T VUV LY NTILE TG 31 :-
b T V F N L L K A I R L P V L L L F w - T L 35 5 U S -
c G R CCt- 2z ¢ 7 * RPRY T CR Y Y CC S G E ¥ Y R A& ¥ & -
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a I A1 QY DM S8 M S E AV HT Y S V i, 8§ 1 6 ¢ 35 L -
b L s L s @ N M I €C R * VR L FTULTIAY C Q 5 E M vV Y -
c Y R Y R T 1 = Y v D E *+ G C S H L - R T V N R R ® F »n -
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WD 96/ 17951

PCT/ GB95/ 02875 76

Chenot herggweRfosi473) at the time of death. If required, niREEIGRISIONTSO
injected intraperitoneally for the identification of genes required for

bl oodst f eam i nfection. (Sullivan et de}( 91993) Antimcrobial Agents and
Chenot her apy 37, crzwjrcrrc&ﬂrccwn(re;)crcrc rirtiresesg@nvscirtent.ithicc@itratece

Once the par affétgys: L S L R B L 1 B SN TR T TR L Dt
consi sting of several ousand strarns 1Is su Jecte to virulence tests.
Mitants wth atfeéndated, Vi PuFenc® are Fdéntjfied-by, hybrrdt sati oh fanal ysis,
10 usi ng | abeld ad st ags, for meﬁnes |Rnpu'°1 pa?;cf‘, WEGOMEREG! ,p@ohssas “probes.

I f S. pneunoni ae DNA cannot be colony blotted easily, chronosomal DNA
is | i ber at ed chemE IR ¥oid Egh‘:z’yrratlcal I y in the welis of nicrotitre

di shes prior ransfer onto n ranes using a dot-bl ot

appar at us. DN f‘t‘ﬁ“‘ﬁ%ic}fdi’l’ff.“fméﬁﬁ’f éyﬁ?@ﬁ‘fﬁf%&ﬁfﬁcﬂg l'%ﬁéffc}f}/.\quT}ismd

rescue in E colirrrbisrorccampccetrratSscaccatoTé o8 MretireaBaoh@nicalcTackbBaTTA0) |
sequenced, Gengmi,c DNA Jibrarjes, . . & § Gonstd yeted ih appropriate_

vect ors mai nt ai med Iitnweirt ke k. acel k 8r rax « 1 Gramrpesnt kve hostssicrain,
and are probed wWfth FeStfittFoh Fraghehts ¥ * * fTahktiny t He § nt egriat ed
plasmd to isol afc&cﬁdA&B&dccﬁAEMcﬁm&cﬁ'eﬁ@&TdA/FHTGdicdcﬁ\'rGAGmGc*fﬁ%ﬂfsMHrékcu
sequenced antf“sublAM'ed to--detarted functionat - amatysirs. 202 £xanp3be 6:

GAATC GCTGCMTGTMGACGGCTGGA GCACTATAACTGCGGT, CTAC WMTMACTCCT
I dentification of Virulence genses EAtSrococcUs. faecarts ATec

2 R L s P T L H S A DL R D1 DAMRMWTE L F £ 0 T 5 -
3 VvV L AR R Y I L & T+ F VvV I L T P * O G & 1 L R I P -
" T 5§ * P DV T F CR P D S * Y * R HEMVY £ 1 ¢« 5 ¥ p o

GCGTCCCTCTCCCTGAGGTGAATAT TGAGGTT TTGCCTGAACCCACCGAAARATTGACGGTACTGCTATATCAGGAACCT
412] comacemaa tememccnne e e aman remccvene- ¢ me. tecccmcnan L e L L L T T Y rpppny + 4800
CGCAGGGAGAGGGACTCCACTTATARCTCCAAAACGGACTTGGGTGGCTTTTTAACTGCCATGACGATATAGTCCTTGGS .

v P L P E V N 1 E V L P E ¢ T E K L T ¥ L L ¥ Q2 E P -
1 L R F C L N P P KN * R Y T ¥ I R N P -
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GTATTTAGTTTATCTATTCCCGCTCAGGCGGATTATT TATTGATAGGCGCGGACGCTAGTG TGGTGGGTGACAGCCAGAC
4801 --comenaa O JO tomommmman R e S et T + 4880
CATAAATCAAATAGATAAGGGCGAGTCCGCCTAATAAATAAC TATCCGCGCCTGCGATCACACCACCCACTGTCGETCTG

vV F § L § I P A Q A DY L L I GAR DA SV V G.D 3 Q0 T -
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c i » F I v¥ s R $ 666G L F I DRURGHR®"*®*™ CGG*™ 0 2?2 0 -

ow
<
[
<
<
-

GTTACCGAACGGGATGGGGCAGATCTGT TGGCTTACAAAAGACATGGCCCATAAGGCGCAAGG TTTTGGACTGSACGTTT
488] --cece--- L trmr e -~ tremmaccaa tommmmr e toceverees tommeme——— temccsscnne 1960

CAATGGCTTGCCCTACCCCGTCTAGACAACCGAATGT TTTCTGTACCGGGTATTCCGCGTTCCARAACCTGACCTGCAAS

L P NG MG Q1 C WL TKDMMAWBHKBIKAAQGT®T G L 2 ¥ §F-
Y R T G W G R S V G L @ KT W P 1 R R K V T
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- TCGCGGGCAGCCAACGTATCTCTGCCTTATTAAAATGTGTCCTGCTTCGGCATATGGGAGAGT TTATTGGTGT TCAGGAS
496] ec~ceccecmcccaccmaccaa Prrncmmm—- tmrmmacen- D L LT T termcm e rrmrmcm—a—. $04¢

AGCGCCCGTCGGT TGCATAGAGACGGAATAAT TTTACACAGGACGAAGCCGTATACCCTCTCAAATAACCACAAGTCCTT

A G 8§ ¢ R I §s AL L K C V L L R H MG E 1 6 V Q0 & -
R A ANV S L P Y * N V S C F G I WE S L L V & R K -
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ACGCGTTATCTAATGAATGCGATGGAAAAAAACTACTCTGAGCTGGTGAAAGAGCT TCRGCGCTAGTTACCCATTAAT 52
504] --mcemeon- P R $ommmmaaan D $ommmomman sommmeeeee $ommmmmnes 5120

TGCGCAATAGATTACTTACGCTACCTTTTTTTGATGAGACTCGACCACTTTCTCGAAGTCGCGGTCAATGGGTAATTATT
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(a) Mut agenesi s Mut agenesi s of "E. faecalis is acconplished using
pl asm d pAT112 or a 25 derivative, devel oped for this purpose. pAT112

carries gwoas/nfest sel ection in both Gramnegative and FET/GBYSE87SI ve
bacteria, and the art site of Tnl545. It therefore requires the
presence in’the host strain of the iaW3yrase for transposition. and

stabl e. singlg, CORY T 8 T T AT AT B S HEG FOTCoTeATATG 63 Tae DL
contain an exci S’HGM%&Tg:emrr@c?ﬂda&ﬂeﬁ)@ém&ﬁ"m&lc@&ﬁ&&écc@&ﬂ&@:@‘ﬁm&%mcﬂ 2%¥.
Recovery of DNA I Qngl pgstpe iptegrated plasm d |s accorr'pl | shed by ) WO
96/17951:: T G R Jxxns~r-oursvsarvvlp,-.,..v._
PCT/GBQS/cOZS?SLGAT'KRCPDVDRICPYRASS??YSASS'.-

restriction di gestfBocRicclRiReutEcchProcdakicERERSa dadicdréIfti R c@RTscen
transf or mat i 8ft of--£---coti----The geseﬂee -of--st-Rghe-sti-es-f-of--+ 8si-td-Ct iR

enzynes in pATl BT ERE IES I VET N ES TTF TP UT THOIA ST PITE)  Gene
106, 21) :all ows the |snccorxpor at iron af rRDMAcsequence wagsvpki erst@ transfer 5

to a virdlent strdjhf; 6; BEY. RaBchl| FsCcqrfy f‘ng,] Rl st Y HATINS (L o7 pr ovi de the
i ntegrase function) el t%er conj ugat 1 on ectroporation dr

transformatig .".'ic.c.fcﬁﬁrff.‘ic.ﬁwaff HETTESOM) COMECTORS TRt oot al
(1986) J. Bact e et dRboTTAL G B TCOATATGACCEAGAS CAGAGCABNT T B ToTACENbE F AT AR cocacrres

a T A MG T Y T AL S S R HKTOQTI L QL I E Q A L K Q -
-] R Q W 6 P I L R CURULVY I RRU RS CNILS SRR - 5 -
c D 6N G DL Y CAV V S S * DADUPA AT Y RATG A3 £ £ -
AGTCAGCCAAATTATTCATTGTCACTTCTGTCGACACCCGACGT TTCTTGCGAAARATTACAGAAGCCACCT TS ™ CGAC
544] ~ccmccaaa tecmmmanan tommcecan- temcccnnan L L L L T tome 5520
TCAGTC GuTTTMTAPGTN\CAGTGAAGACA\:CTG"GGGCTGCAMGMCGCTTTTTMTGTC TTCGGTGGACAAGCTS
a § A X L F 1 V TSV > TRU RTFLRIEKTITEA AT . C -
-] $ Q P N YT S L 5§ 1L L S TUPDJV S CEIEKLOQT KSNU®PTZEP = s T -
< vV § QI I HCHF CR'H P T F L AWKNZY R S H UL "~ R R~
G TACCGATTTTGTCATGGCAGGMTTAGGAGAGGAGAGCCTTATACMGTGGTAGAMGTATTGAC CTTAGCGAAGAGG
552)] ~e-mecoauaa e amaa D trmmeccaan tremccaana L L temcmeman tecencane- « 5600
CATGGCTAAAACAGTACCGTCCT TAATCCTCTCCTCTCGGAATATGTTCAC CATCTTTCATAACTGGRATCGCTTCTCCT
a vV P I L s W Q E L GEE S LI QV V E S I DL § £ &£ & -
b Y R F C HGRNOZ®* ERRALZYKUW<®*®* KV L T LATZK KR g -
< T D F VMAGTIRRGTETZPYT S GRIK Y * p * R R G -
GTTGGCGGACAAT GAAGAATGAAT TGATGCAACSTCTGAGGC TGAAATATCCGCCCCCCGATGGTTATTGTCSAT GGGGT
560] -~eccccncctsmccccans trmccncnan tmmecccan bomemcaane temecwccnaaa temmoacma- temmemcee—aa 5680
CAACCGCCTGTTACTTCT TACTTARCTACGTTGCAGACTCCGACTTTATAGGCGGGGGGCTACCAATAACAGE TACCCCS
end lcrD* start yscN*¥?
a L A i _ S £ I D AT 5 E A E 1 S A P R W UL L § % ¢ = -
b W R T M K N E L MM _0 R L R L K Y P P P D G Y C R # G -
< VGG Q* RMNZ®* CNUV* G * NTRUPUZPMVI VUGS & -
CGAATTCAGGATGTCAGCGCAACGT TGTTAAATGCGTGGTTGCCTGGGGTATTTATGGGCGAGTTGTGCTGTATE, AAGCT
S6B] cmmcmccccracacccaaa P e T teemrmceaa temmaccee- temcmcanan L L et 5764
GCTTAAGTCCTACAGTCGCGTTGCAACAAT TTACGCACCAACGGACCCCATAAATACCCGCTCAACACGACATATTTCES
a N § G C ©Q RN V V¥V K C V V A WG I ¥ G R YV V L Y < A -
b R I Q@ DVv s A T UL LNU AUMWILUPGV F MGEILTCTC?:: ~§ & -
c E F RM S A QR C* MR G CL G Y L WA SCAUV *+ 5 L.

TGGAGMGMCTTGCTGMGTCGTGGGGF\TTMTGGCAGCAMGCTTTGCTATCTCCTTTTACGAGTACMTCC"GCTTC
576] ~memvveaa termrccaen tommme . P i D e ——a— P T demmemmcn + 5840

ACCT! CTTCTTGAACGACTTCAGCACCCCTAATTACCGTC GTTTCGAMCGATAGAGGMMTGCTCATGTT‘\GCCCGAAU

yscN*
W R R T C * S R G D * K_0 0 S F A I § F Y E Y NR A S -
L AEVY VYV G611 NG S KATLTULSU PTFTSTTI 6L &-
L L K S W 6L MAATIEKTLTCYTLTULTLTR RVYVOQSSGSG F -
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m
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ACTGCGGGCAG\.AAGTGATGGCCTTAAGCGACGCCATCAGGTTCCCGTGGGCGMGCGTTATTAGGGCGAGTT ATTGATG
584] ~ccmcccecniceccoonaa trmcmcmcn== temn e - L b P R bommmc e m—m- temcc - c329

TGACGCCCGTCGTTCACTACCGGAATTCGC TGCGGTAGTCCMGGGCACCCGCTTCGCAATMTCCCGCTCMT AACTAC
3 LR AA S DG L KR R HQ V P V GG E AL L &RV ; D G-
b ¢ G ¢ ¢ vV M A L s D A I R F P WA KR Y * 6 E L . M -
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A large nunber of insertion nutants are anal ysed for randomintegration of
the plasm d by isolating DNA fromtransci pients, restriction enzyne

di gest i ogy 299ut hern hybridisation. Individual nmutants aPET/GBIYREIS n t he
wells of mcrotitre dishes, and conplexity and size of pooled inocula are
15 optimséed prior to screening of 243 nutant bank. Two different nodels
of | nf Got 1T CHUSELT Iy R CSRROTR BTSSPV EUTTTIEECHTSIchS a vl |
establ i shed ™" coankddhockBRERcTAREccEIrRREl chAcRacadc P Erbh EfcchBibdacdéicitrhl gction

of up to 10[er r; cfu of faecalis into animal s that have a catheter

E.
inserted across the',ariyi % Ve b 7, O (Wit Pet”, &l A 1993)", Apt i cr obi al

Agents and Chemptherapy 37w 4069 .A20 = ANLNals @re sacrafs ceck at gvari ous

times after | nQekLald ot ccgﬁ%ggl-,%gmm@\t&gf&&%&m kM BRL | C val ve

are exci seckpoihorogeni-zed-- c—bomm——- cul Lt uro-ped-um-t 0-L2COVREk

bact eri al col oRMESTSTORATAGTAPITCSRETAETCF R CTARGECCHITERS TATCECAACERERAAEFETICIF AR t he

bl ood ata vari eus ti res affee LnEcul atkror. aAThepsecond 1t ¢ ¢nMpdel i g Of
peritonPtis infntce Ltfalt owing inty aperis oneal’ imjlection of M tig 25
10[err] “cfu of E7 flaccdl i®s T(¢h&ndwst B &t "al¥ (1998) “Aft i‘ni"cfobi 41 TAgents and
Chenot her apy 3AGTG@80@r)'rT'rmas'rcm'GG@T@Mcmmmhmam@empccmmmr y

exper i nent S 8r & HAR L RS LA SR ,eacmsnel&mcx?a?&&t@s;ggﬁty ggd

the opti muminoculumlevel. prior to screening the mnutan
V\l)96/1951 vV G 1 £ § A P G V 6 K S T L L A ML CNAUPUDADS N-

"E‘LLLAWGKARFHRCCVHR_?BTQT,\-
R R 2

PCT/CB95/02875"GVY.FE‘CSHRGEKHASGDAV' c A

ATGTTCTGGTGTTAAT TGGTGAACGTGGACGAGAAGTCCGCGAATTCAT CGATTTTACACT GTCTGAAGAGACLCGAAAS
816] =recccccreacancnaa- L il L tommmen - tommcecns temeceren AR LR L 2240
TACAAGACCATAATTAACCACTTGCACCTGCTCTTCAGGCGCTTAAGTAGCTAAAATGTGACAGACTTCTCTGSSSTTTT

v L ¥ L 1 6 E R G R E V R E F 1 D F T L 8 EETR & -
M F W C *» L v NV D E K S A NS § 1T L H C L KR P = K -
< C 8§ G ¥V N W +* T W TR s P R I HRVF Y T Vv * RD P ¥ T-

oo

CGTTGTGTCATTGTTGTCGCARCCTCTGACAGACCCE CCTTAGAGCGCGTGAGGGCGCTGTTTGTGGCCACCACGF\TMC
624] <cccmcnvccannnvenaa [ [P T temcrmmna- bomcvmnccane Pemecacoe— . 8320
GCAACACAGTARCAACAGCGTTGGAGACTGTCTGGGCGGAATCTCGCGCACTCCCGCGACAAACACCGGTGGTGCTATCG

R €C v I ¥ V A T S D R P A L E R V R A L F VAT T 1 & -
Lt s QP L T D e P * S A * G RCLWUP P R * -
c L € H T CRNULL®* QTR LR ARIETGA AWV C G HWHDS -

g w
<
<
v
e

AGAATTTTT TCGCGATAATGGAAAGCGAGTCGTCT TGCTTGCCGACTCACTGACGCGTTATGCCAGGGCCGCACGGAAAT
6321 =mecccccccncecacnan tmmmmw e apmmmccaen= L D Poremme——— b mene——- dmmcne—aa + 8400
TCTTAAAAAAGCGCTATTACCT TTCGCTCAGCAGAACGAACGGCTGAGTGACTGCGCAATACGGTCCCGGCGTGCCTTTA

E F F R D N G K R V ¥V L L A D S L TR Y A R A AR K §-
f I M E S E S S C L P T H * R V M P G P H G N -
R I £ 8 R * W K A 8§ R L A C R L T DA ALUCQGQGURTZEE | -

[ 1
z
bt}
n
1

CGCTCTGGCGCCGGAGAGACCGCGGTTTCTGGAGAATATCGCCAGGCGTATTTAGTGCATTGCCACGACT TTTAGARCGT
640)] ~-emcccccecccccac—m- trmmmam——— R rmccmcnwm- tomamm——— PO, tomecacean + B1ED
GCGAGACCGTEGCCTCTCTGGCGCCAAAGACC TS T TATAGCGGTCCGCATAARTCACGTAACGGTGCTGARAATC TTGTS

L W R R R DR G F W R I 8 P G V F 8§ A L P R L L £ R
R 8 6 A 3 E T A V 5 6 E Y R Q A Y L V H C 8 O F = % v -
A L A f E R PR F L ENT A RUR 1 * CI ATTFR T Y-

N o w

ACGGGARTGGGAGARAAAGGCAGTATTACCGCATTTTATACGGTACTGGTGGAAGGCGATGATATGAATGAAGCCSTTGS
64B] -~-ccvea- recmmecaaa tensmnnaan R et tomcmmenan temerccana temmmcnane temmcacnee + 6560

TGCCCTTACCCTSTTTTTCCGTCATAATGGCGTARAATATGCCATGACCACCTTCCGCTACTATACTTACTTCGGCAACC

yScN*
T V L vV E G D DM NEAVY G -
R Y W W K A M 1 ~ M B 1 5 .
c . G N G R K 8 Q Y Y R I L Y G T GG R R * ¥ E * S§ R W -

[
-
o
Q
m
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z
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™
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>
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-
=
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>
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-
-
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-

CGGATGAAGTCCSTTCACTGCTTGATGGACATATTGTACTATCCCGACGGCTTGCAGAGAGGGGGCATTATCCTGCCATT
6561 =cmc-c-an PO PR P tommm————- B R vom—————— . 6533

GCCTACTTCAGSCAAGTGACGAACTACCTGTATAACATGATAGGGCTGCCGAACGTCTCTCCCCCGTAATAGGACGGTAA

G * § £ §f T n * W T Y CT I P T A CR E G A L S8 C H
vV R 3 L L D G H I v L 8 R R L A E R G H Y P A |
R M K 5§ V # ¢ L. M D 1 L Y Y P D G.L Q R G & 1 I L P L
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™
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(c) Virul ence gene identification | sol ati on of DNA flanking the site
of integration of pAT112 using its E. coli origin of replication is
sinmplifi egoldg/1bdse | ack of sites for nost of the - conmoh "E&’éf?’%’%p
recognition restriction enzynes in the vector. 5 Therefore DNA fromthe
strains of ihterest are digested witB5/@fe of these enzynmes,

sel f- 11 gat ed, 1 ST RGO TTHIOHATATIAERNIRRE TP TR P B s
based on the Seq4eR&RscAdcRirERtcchRactircadarecidctRErcORochdteabloaiathacclrcgenom ¢
DNA library of E: faecalis are probed with sequences of interest to
i dentify infiabt Ccbptey bf \wis W Bnte’glnks whi Thahe’st heh seludfgnced. 10
Exanpl e % |dentri ki ®aki ensok wi rulfence gemes mMnsPseudenBnasraer agpenosa

(a)  Mitagenesi g lncolitbobbARSRAT AR RS ARRER LR B AS Sk O

nmut ageni se PseudoRbBhas--------- RS- LGN OS & --afte--E e+ FA-FH- - FH5--deF {-vat4-ve. kdvat
was used for therfaRERICFAREERCT TEFMACT TOACAATIATACETIMASTRETAT & T TFIS A CMSTATSFRTATARFTGT ence
genes (Exanpl e vl)e icS & @par teed t-0 thave t w wbreoad euUtal Isi Sat-i Gn rARDAQG e -

Gram neg&tive bacteri a, Yi RCFudi A Lcse.véraJ PSSk stéuﬂé)ﬁphgalsT Petofehzo and
Timaris (1994) Mthols® Ehzynbl* 6%, 20 " 386§ ,"d P et ugi nosa nut'ant bank
IS construct ed WSeCORTTATACCTAROCSRTANTIGEACATT TTTHCGACAAAGTAASFATAPASTATGSCAACEGRETTATTTANY - TN5

-

ransposons B U b RS A E e SR dcemerre ek a0 fror e
virul ent (and possibly nucoid) recipient strains. This approach

represent’s a si §pifrcant €j feYshving O h&r “der fygt fvBsfof, Tn§ 7 ¥, 7 -
desi gned cspeci f« Qaa{x,l yiéﬂoyrx JR 1aef ugﬂnresa msutxagemeosi & (Rel IoaPpets_ al 1(1985)
f?gﬁsﬁisoﬁ?" 293 san TR AL SRR LA Yer PG R IR 2 E ko b ol TR an 2R
«» 688l -rececccocaa [Py, DT P e, et e - - EXT LT LR [T L ] LI
eeet CTTTTTAATGTGGTTTATGAGTGGCTCACTAGTACCT TTGAAACGACCTCTATTAGCGCGCCGACTTTTCGTTRATGCST

end yscN* ysco*

a K I T 2 N T H R V I M E T L L EI I AR L K SN TY A -

b E K L H @ I L T E * S W K L CMWUR * S R G *~ K ATI TR -

c K N Y T K Y s P S D H & N £ A G D N R A A E K QL R 5-
GCAAGCTTACCGTACT TGATCAGCAGCAACAGGCGAT TATTACGGAACAGCAGATT TGCCAGACGCGCGCTTTAGCAGTG

6961 --c-ceava- D et tmmmm e R $ommmmmome tmmmemceee tememnonna tmecmmm—an. 1040

CGTTCGAATGGCATGAACTAGTCGTCGTTGTCCGCTAATAARTGCCTTGTCGTCTAAACGGTCTGCGCGCGAARTCGTCAC

3 A S L P Y L 1 S S NRU RLTILU RNSRTEFEFARRALT®QC -

b Q A YR T®* SAATGDY Y GTATDTLUZ®PUD AU RTES S V-

< K L TV L DQ Q@ Q@ @ A1 1 TEOQ®Q@TITCQTRALA AUV -

TCTACCAGACTGAAAGAATTAATGGGCTGGCAAGGTACGTTATCTTGTCATTTATTGTTGGAT AAGAAACAACAARATGGT
704] wocccccaw PP temmcamma PO —— [Py e mccema b em- e et Tr12¢
AGATGGTCTGACTTTCTTAATTACCCGACCGTTCCATGCAATAGAACAGTAAATAACAACCTATTCTTTGTTGTTTACCG

2 L P D* K N * W A G K V R ¥ L VI Y C W [ R NN K W ?-
r Y Q T E R I N G L A R Y V I L s F I v G * E T T N G -
b S T R LK EULMGMW Q 66T L S§'CHULLULDI KV KOQOQM A -

CGGGTTATTCACTCAGGCGCAGAGCTTTTTGACGCAACGGCAAGCAGTTAGAGAATCAGTATCAGCAGCTTGTCTCCCGS
712} ~-—rmmeretcccac—n—— trmm e ——- tmmmm—aaa D el e nne- D L tomme e ool

GCCCAATAAGTGAGTCCGCGTCTCGAAAAACTGCGTTGCCAT TCGTCAATCTCT TAGTCATAGTCG TCGAACAGASGGCT

G Y S L R R R A F * R NG K OQLENDGQY Q QL V 5 R -
vV 1 H $ G A EtE L F DATA AS S * R I 51 8 s L s ? 6 -
< G L F T Q.A Q S F L T QR QAV RE SV S A ACL p -

o w
o

CGAAGCGAATTACAGAAGAATTTTAATGCGCT TATGAAAAAGAAAGAAAAAATTACTATGGTATTAAGCGATGCGTATTA
120] -<~ecema- temcconea= tocmrceea tocmmcnman S boecmooaana R ——— tomrmeaman—. I28C
 GCTTCGCTTAATGTCTTCTTAAAATTACGCGAATACTTTTTCTTTCTTTTT TAATGATACCATAATTCGCTACGCATAAT

end yscO* start yscP- )
a R S E L Q K N FN A L M KEK KEEK 1 T MV L S DAY y -
E AN Y R R I L M R L * KR K K K L L w Y * A M P 1 <-

c K R I_T £ g £ ¢« ¢ A Y E K E R K N Y Y G I K R C Vv L

CCAAAGTTGAGGGAAGTCTTGGGTTGCCATGCCAGTCTTATCAGGATGATAACGAGGCGGAGGCGGAACGTATGGACTTT
72B] ~cccccea- tmmmem - tmmmmc s am e e - R e bl bl D tevcmmcnm—-, 1386
GGTTTCAACTCCCTTCAGAACCCAACGGTACGGTCAGAATAGTCCTACTATTGCTCCGCCTCCGCCTTGCATACCTGAAA

a 0O S * G K S WV A MO®PVLSG* * RG666G6T VY & L * -

b K vV E G 5§ L 6L P C QS Y Q DDWNEWATEA ATETURMDTF -

< P K L R E V L 6C H A S L I R M I TRR R R NV W T L -
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(b) Ani mal nodel and virul ence gene identification The bank of P.

aerugi nosa insertion nutants is screened for attenuated virulence in a
chroni c mwoweemsy i nfection nodel in rats. Suspensions of PCT/GBISAZR7SQI NOsa
cells are introduced into a bronchus foll ow ng tracheotony. WO

96/ 17951 ’ PCT/ GB95/ 02875
79 AN dichRRRRr AN AR rccord ARk DR RIS G?cro'r'ra\lrr\c,(c ,982)

I nf ect. 1361 MYt s --36:--1-223)-- - -Baet-e+ +-a--af-e--F ecov-ef e - by--pi-at-k g - L.ung.

honogenates to C"G"G“?ﬁ‘ﬁb“?%ffﬂ?‘&?“ﬁ?’é‘d?“ﬁ%ﬁﬁ“@@ﬁtféﬁ&@“?&ﬁECTTCFWE@@ are used
to probe DNA 7 T o»olloney bl ots wofw bao:terlsa sused as et he ¢ roguleum Al t.is al so
possi bl & to sdpfedt " -5, % e ﬂm;a 13 Bahf , ¥ ruRehce tests ¥nfar nodel of
endogenous bact er em a ra'Ea\fa et al ('19?923 "Ant i i ‘cr'obi &l fadlent s and
Chent her apy,, 3QC.“.T.H.-“.I_%".“.G’.ﬁ“fcfff?.@fﬁﬁfﬁﬂfff@“?ff?f@w‘?f*"md’s@mmm'@l995)

Nat ure Cenet| C5GCQATAG%}'_?CQTckd&c%@@Mﬂccmcagtﬁﬁbm;;@é;“m-é:-@am el ;%520
fl anking the transposons I s done as described in Exanple 1 nom c
DNA | ibbaries'§ b “t fig™i Spfatj &n° ahd 18, Vseqtiehcing &%) ";Lt'éxd Gopites: of the
genes afFe constvructved ivnat ve 1l aberatery Byx v v st andaed: et hod

Exarrpl e 8: I de%'rfclrcc @TIC}\TQ}G‘GB«LTT¥AIC£(H*Cgﬂgmgg%céf\aGéﬁ&EJTgJCLJT'}JG%TGLHm G%t US

........................................................................ ¢ 1605
AGTTACAGGGAGTAGTACT‘l'TAMTGGCMGCTACTTTCGCGATTTCGTCACCGACCTCAGAGTCMCGACGTATACCCC )

Q ¢C P S § * N L P F DE S A KA AVAGV S VY AAY G v-
i E 1 ¥ R S M K A L K Q W L E S Q L L H #u ¢ -
c $ M §$ L 1 M K FT VR * KR * S 5 6 W S L S CC 1 u

O o
z
<
-]
X
x
[A]
[

r60 TATATAATTTCCCTGGAGATATTCT ATGTTMGMTAGCGMTGMGAG\.GTCCGTGGGTGGAGATACTTCCMCGCAA(‘
7601 ~eeccacan T teevcncmerrtmerccc—- D . L L teemeccona tecemremm— 7680
ATATATTAAAGGGACCTCTATAAGATACAATTCTTATCGCTTACTTCTCGCAGGCACCCACCT CTATGAAGGTTGCGT TS

end yscP* start yscQ¥? .
Y N F # &6 D1 L C * E * R M K S V.R GWUR Y F Q R K -
I § 5 L E 1 F %X ¥y K N S E * RA SV 6 G DT S N A R -
< t - F P W R Y s M L R ! A NETETRTEPMWVYVETITLTEPTOQG-

oe
<

1681 GCGCTACCATTGGTGAGCTGACATTGAGTATGCAACAATATCCAGTACAGCAAGGGACATTATTTACCATAAATTATCAT
--------- .---------Q---------Q---------#-----—---Q--——-r-—-0---———---0--------_; 7760
CGCGATGGTAACCACTCGACTGTAACTCATACGTTGT TATAGGTCATGTCGTTCCCTGTAATAAATGGTATTTAATAGTA

start yscQ%?
A L F L vV S * H* V CNNIUG QY S KGHTY L P <* [ 1 1 -
‘ D I E Y AT 11 S S T ARODTI!I 11 Y HIK LS »-
c AT 1 6GE LT L S MQOY PV QQGTLFTTINSZSYGH -

1161 AATGAGCTGGGTAGGGTGTGGAT TGCAGAACAATGCTGGCAGCGCTGGTGTGAAGGGCTAAT TGGCACCGCTAAT CGATS
................... A b L e e R L L R EL L T LD L L T R R T % ey yr R 840

TTACTCGACCCATCCCACACCTAACGTCTTGT TACGACCGTCGCGACCACACTTCS CGATTAACCGTGGCGATTAGCTAS

oo
x
<
X
z

*
»

M § W ¥ G C 6 L Q NN ARG S A G V K G - L AP L I D R’ -
* A G * 6V DCRTMLA AALV * R ANUWUHUR* § 1 -
4 N E L G R V W1 AE QG CM®W QR WCEZ G L I 6T AIUNIZSK 5 -

TN

GGCTATLGATCCTGMTTGCTA'I‘ATGGM'I‘AGCTGMTGGGGGCTGGCGCCGTTATTGCAAGCCAGTGATGCM\. CCTCT

784) -~cmccccceccmmcnnan Py tecacancane tememes et e ———- temmerem e m b —— . ———— -l

L s I L N C Y M E** L NG G WUPRUR Y CKUPVMOQ ? s -
* 1 A I W N S8 * M G A G A V I A S Q * C N P L -
< A I D P 2L L L Y 61 AEWGILA AZPILULGQASUDU AT L ~-

o
o
<
o
(%]

, GTCAGAACGAGCCGCCARCATCCTGCAGTAAT CTACCACATCAGCTAGCGT TGCATAT TAAATGGACAGT TGAAGAGCAT
921 --ec--oae P, tmmmmmecan tmmmmmeae e tommmeeoen $ommemmaas R i r 3000

CAGTCTTGCTLC! GGCGGTTGTAGGACGTCATTAGATGGTGTAGTCGA’PCGCAACGTATAATTTACCTGTCMCT'!'C'!'CGT.R

VR T S R’ Q H P AV I Y H I §* RC I L NGOQUL K § M
L Q* S T TS A SV A Y * M D S * R a -

¢ QN E P P T S C S N L P K QL AL H I K W T V EE H -

o o
n
[y
x
1
»
z
-

GAGTTCCATAGCATTATTTTTACATGGCCAACGGGTTTTTTGCGCAATATAGTCGGAGAGC T T TCTGCTGAGCGACAACA
800] ---vc---cenrmnnanaa Ll kel e Pt - h ke i temmemmesa e - temmm e .- ¢ BORU

CTCAAGGTATC GTMTMMATGTACCGGTTGCCCM.N\AACGC GTTATATCAGCCTCTCGAAAGACGACTCGCTGTTGT

S § I A L f L H G Q R V F C A1 +* s E S F L L S8 0O N k-
wy Ty AN G F F A QY S R R A F C* A T T -
< EF K 5 1 { F T W &P T G F L RNIT v GE L S A E R Q¢

T o
<
o
.
-
-
-
X
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15 (a) Mut agenesi s The functional eqiuval ent of transposon

mut agenesis in fungi is restriction enzyne nedi ated integration (REM)
of transf\QoHsigesPNA (Schiest! and Petes (1991) Proc. MWIIVGB9SMO28YS Sci .
88, 7585). In th| s process, fungal cells are transfornmed with DNA

fragrrents catrying a selectable rraré;;(zgl n the 20 presence of a restriction
enzyne, and sipgle & ntearatio er e gmc sites,
defi ned byséshe- t.@{r.éefag%é%ﬁ%%gf TR Y r.éﬁc}.ﬁ?%f.cf\fﬂff_cgﬂf&? mcm?ﬁrnﬂfﬁ/lg,nas
al ready been uSAMTAGHEEESASFAFRICHTCAGEGALAT MIAATECCALCACETEIMTETAAT TAGCT REBATECAGATAGS
Cochl i obol us (ltuety al (1994) Proc, Nagl o Acads SCi.. USA9L,s . s 12649)
and Ust?l ago QBOI ket etsat (1996) Mole fCein.v Gerrety, I248 R ‘34?) vanad 25 have
shown that incorpdtdtiforf of ‘active rest i & iCof &ndyfe 'wftth & Pl Ashid
encodi ng h 1g6 r owmswarse@mtcanmmiceadscdaar@nngdaerrmttcna‘ppamemdrgcccrmdom
|t egr at i oh O LR LA I L L LI O e B LML s Rl S dténce
tags are i ntroc uce Into a convenient site 1n one of two vectors for
hygronmytin re'S|§Rt’an‘t:e" an ysed ts(g A riarfsfRrimYa foll i cal™, g & & Gf A, 30
funlgatus GVE)Q@ZfZ§5f ) ﬁ%n L6 F FATISQ L PG G 1
PCT/ CBQS/ 0287 CAAG TT! TAGTCCAG! T, (I‘
Ani el model, R&imfwféﬁéafﬁeﬁwa%ﬁ% S i 1 T8 ﬁq% of
aspergi | | 0Si S ATECCIMEBCHACABERBITE T TATTAT B THCTACHET AAAE TG CHT BT CAGGTCCTATAGCTT TGCGATGAACGCAG

T @ & ¢ ¢ * @ R 1 T R * N L T N~*" S R I S KR Y L R Q-

d
b R K G v A DR G * H DUt T * R 1 8 P G Y R NATCC-TV -
< Y AR V L L T E DN T M K F DE L V QDT ETUL LA S -

AGGGAGCCCAATGTCAAAGAGTGACGGAACGTCTTCAGTCGARCTTGAGCAGATACCACAACAGGTGCTCTTTGAGGTCG
8§32] eemmcmccao D P L T trmmmrc e L toevom e nn tmecccanras 5400

TCCCTCGGGTTACAGTTTCTCACTGCCT TGCAGAAGTCAGCT TGAACTCGTCTATGGTGTTGTCCACGAGARACTCCAGC

G A Q C Q RV T EW R L Q S N L S R Y HNRCS L R S
F N V K E * R.N V F S R T * A DT T TG AL * G R -
c G § P M S K s DG T S S Vv E L &8 Q01 P Q Q V L F & ¥ G-

o
x
™
e

GACGTGCGAGTCTGGAARTTGGACART TACGACAACT TARAACGGGGGACGTTTTGCCTGTAGGTGGATGTTTTGCGCCA
840] ~ccmmmcceecmmmcaa- bmmmmmmmen tecmccanan toemmeenee e e B tommm———e- + 8480
CTGCACGCTCAGACCT TTARCCTGT TAATGCTGTTGAAT TTTGCCCCCTGCAAAACGGACATCCACCTACARAACGEGGT

0O VR V W KULDNTYUDZETULTEKT RGTT FTCLSZ® VDV LZRG Q -
T CE S GNWTTITTTS®* NGG®RTEA ARCRTWMTFETCA AR-
c R ASLETIG QLR® Q!LKTGDVLPVGGCTFATP -

oo

GAGGTGACGATAAGAGTARATGACCGTAT TATTGGGCAAGGTGAGTTGATTGCCTGTGGCAAT GAATTTATGGTGCSTAT
CTCCACTGCTATTCTCATTTACTGGCATAATAACCCGTTCCACT CAACTAACGGACACCGTTACTTAAATACCACGCATA.
R «+ R * E * M T V L L G K V S * L P V A MNL W C Vv L-

Y Y W A R ¢ V D C L W Q * 1 Y & A Y -
< Ev T 1 R VY NDU R ! I 5 Q9 6 E L I ACGNZEFMNV R T -

o
o
o
o
FA
tn
=

-
e}

TACACGTTGGTAT CTTTGCAMMTACF\GC GTAARRCCTGATAAGARARATAATATGCGARACAATATAATAGCGTTCCAGG

856] ~~c-cccectcccccccmescm e ner e c e me—c—aaa L L Ly et L R + Sedi
ATGTGCAACCATAGAAAC GTTTTTATuTCGCAT"""GGACTATTCTTTTTATTATACGCT TGTTATATTATCGCAAGGTCC

end yscQ*
H V 61 F A K 11 @Q R K ? DK KNNM®BRT ! * * R 5§ R -
T L V S L Q@ XY § ¥ K L I R K1 1 C & ¥ ;
T R W Y L _C X N T A ¢« T * * E K * Y A NNTT 1 A F Q V-

neCw
-
r
<)
r'd
z
7
<
o
(1]
1

TCGTGTCATGAGAGATACAGTATGT CTTTACCCGATTCGCCTTTGCAACTGATTGGTATATTGTTTCTGCTTTCAATACT

AGCACAGTACTCTCTATGTCATACAGAAATGGGCTAAGCGGAMCGTTGACTMCCATATAAC.‘AAGACGMAGTTATGA

start yscR"
y S ¢ H ER Y S M_S L P DS P L QLI S I & F L L S I L -
; 1 R L C N * L V.Y C F CF QY C-
c v § « £ 1 QY V F TR G A F ATUDM®WY I VvV S ATFNT -

o
»
<

x

o
=]
-
<
0
-
-’
<

GCCTCTCATTATCGTCATGGGAACTTCTTTCCTTAACTGGCGGTGGTATTTTCGATTT TACGAAATGCTCTGGGTATTC
8721 --mmemm=- tememmme—- temcec e tecnmcman— e L L e e ———-——— temceem - tececcanaa + 8800

CGGAGAGTAATAGCAGTACCCTTGAAGAAAGGAAT TTGACCGCCACCATAAAAGCTAAAATGCTTTACGAGACCCATAAG

P L I ! Vv M 6 T S F.L ¥ L A Y V F S 1 L RSN ALGTI Q-
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cl osely matches the course of pul nonary di sease in humans (Smth et al
(1994) Infect. Immun. 62, 5247). Mce are inoculated intranasally with up

to 1, 399 %% goni di ospores/ nouse, and virul ent fungal MPACINGRISHRETS
recovere 3ays | at er by using |ung honbgenates to inoculate liquid
medi um " Hyphae are collected after /f3§w hours, fromwhich DNA is

extracted for ,aaRbtd-teRtt@ecanéats c&dcﬂgma—fndc&gercmAmaehﬂmc@kﬁmp bl ot s of
DNA from t¢ser poot--of--t+-anstortatts-c cn?'mu;gm]r My ;r; é%r 10

t he regions fI’éﬂﬁ‘?"ﬁﬁ“‘i‘sﬂé”ﬁéﬂm‘f‘?@&ﬁﬁcﬁn s are c 'gesting the
t.ransfo-r mant DNAYweth @& restricts on ien!zy"meL tShat TUL cht*SHde‘- tthee REM '
vector ,® sel f Ni'gatiQrR, dpd t &p sy, Oy ety dp Yo By Tedlity Erkrrgrs "paséd on the
known sequence of the pl asmd are used to determ ne the adjacent A

Fum gt s, DA SRR TR R TP ARG PR EEF g 15
the cause Of tdAfrrit¥dctdite foccBlAeTtOisyREsCEtRMERCBURRAR Cherars AT TsTAsTChBE Ut Wi t h
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a gene with a nucl eic acid co psSing a uni que narker sequence soO
‘that each nut WCCGCMTGAGcmhcﬂm&cmﬁtf?craﬁ&ﬁmmm&emcﬁ&qmcﬂﬁmda| ones of

the said '3¢r ST 41 M 2) - sprovicdirat ndios "1yo-a 4tsor ed
sanpl e of eacﬁg%%gﬁtc mi Tmf)crc'(r)T et gﬁ%‘%faégﬁzcﬁc a%c%%ﬂc{%%%ﬁfvi dual |y
st o_re_d:nucl eiTe' a}giﬂg € AQ R ecenpr 'psing she un’hqu.el'yanr kweliK sYeELueTn'cceSRf r-om each
i ndi vi gual iy &t ™ % % % % M (D) e Tenf alicTng 2 Tl el Wt af S futlant s
produced by step (1) into the - sai dcgartlcul ar environnent and
al I owi ng st SH SASHE T T AT S B RSP gy ¢ he
sai d envi r onmesirrarddacceraccereeceatsbiaccaAtOiridcerdscagadtr e et gartsaRTdeAaate t e sai d
environment or a selected part thereof and Jsplating the nycleic acid
fromthe retrdiGvads u a M G QONJINILSHEE & A & k - w @) aC@MPavi pg any

mar kere sequenses Rnat heRneckescsatid ksl atede ¥ o $nssteh (49 to-the

uni que mar Ker 3 eOUeREs R cafidbelecbddbticdhlsstddoccittb A BlaccetaRéchiAaatbrodtBarbdta St EP (2) |
and 11841 -=-e- e ).--sef-ee«t-l-ng--an--|-nd+-v+-e-ua+---rm{-a-nt--vm+-eh-d»ees--net wicent ai n
any of t THECCRA PG EAT o ASHM BT RIE SEERECTE DG TR CETAC AR T SR AP T A JCOGACCGECAGEGT

3 * R I R 8 1 I N TAAUZEV R P MMNUPIL1 Q ¥ P A G P I-

-] 3 A S vV 3 8§ L T PP PR S G R * * T P SR S L P V ?p -

! A H F * H H * H R RRG QA ADTUDTEUPHUPEATCHRSH -
TACGATCCACCACCAAATCCGTTAACGCCAGGATATAACCGCTGGGTAAACCTAACACCCAGTAGGCGGTAAAGGTGATA -
1192 ~cccccca. [P [P - temcaccans tmmcncanne R [P dacmccncna + 12000

ATGCTAGGTGGTGGTTTAGGCAAT TGCGGTCCTATAT TGGCGACCCATT TGGAT TGTGGGTCATCCGCCATTTCCACTAT

R 8§ T T XK S vV N A R 1 *« P L G K ¢ N T Q * A V K ¥ 1 -
4 P » N P L T P G Y N R W V N L T P S R R * R * =« .
c T 1 # H QI R * R Q DI T A G * T * H P V G G XK G D K-

[ ]
(&)
°
]

AAAAAGATGGAACGCGTATCTTTATAACCGCGCAGAATACCGCTGCCGATAACCTGTATAGAGTCGGAAATCTGGTAAAC
1200] <ccccccacrcccnnccna bommme e tecnccncne L teecncnone boccmcccen demccncaan + 12080

TTTTTCTACCTTGCGCATAGAAATATTGGCGCGTCTTATGGCGACGGCTAT TGGACATATCTCAGCCT TTAGACCATTTG

K K M E R Vv s L * P RR1 P L P 1 TCTI11E S ET1 W T -
K R W N A Y L YN RAEY RCR®* PV * S R K S G K P -
¢ K DG TR I F I T A Q@QNTAADNILY RV G NL V N -

[+ N %

CGCAGCGRGCAGCATTAATTGCGGCAAGCGCCACGACCTCAGGGTTGTCAT TGTAGAGCAAAGCAATATGCTTACGCAGA
1208] --ccccccctcrnnccaca L el L dmcmncan- temmcm e L Y i boem e + 12160

GCGTCGCTCGTCGTAATTARCGCCGTTCGCGGTGCTGGAGTCCCAACAGTAACATCTCGTTTCGTTATACGAATGCGTCT

a A A 8§ § I N C G K R H DL R V V I V E Q S N ML T Q 5 -
Q R & 2 L ! A A S A TTSG 1L S L * S KA1 TCUL R’R R -
‘S E O # ° L R Q A P R P Q G C H C R A K OQ Y A Y A £
GTAACGGTAAAAATAGCGGTAACCACAGCCATACAAATGCCGACGCCTAAACCGGTACGCGCTGCGTTTGCGCATCTAGE

1216t ~==ceecea-- trcemmmm—- [P teccncnnae beommmcn e L —— PP B . + 12240

CATTGCCATTTTTATCGCCATTGGTGTCGGTATGT TTACGGC TGCGGAT TTGGCCATGCGCGACGCAAACGCGTAGGTCG

B R

N G K N S G N H S H TNA AUDWA AZ®* T 6T RCV CA S s -
¥ I A VvV T T A1 QM P T P K P V R A A F A H F & -

c * R * K * R * P OO P Y K C R R L N R Y A L R L R 1 Q R-

oo
<
-
<

GTTGAGCCTTGGCTCAGACCGATAACCCACTCGAATCGT TACCGCCGCAGCCAGCGACATCGGCAGTACGARCATCAGES
--------- e mmeeemee#eseemeeeepesmmmmmmedeoemeoocodmeme o soogemc—cococtoesecaannd 12320

CAACTCGGGACCGGGTCTGGCTATTGGGTGAGCTTAGCAATGGCGGCGTCGGTCGCTGTAGCCGTCATGCTTGTAGTCGE

¥ E P W ? R P I T H $§$ N R Y R R S Q R H R QY E K Q R -
* 6 7 D R * P T R I VT A A A S DI G S T N1 s E -
< * 4 L A Q T DNUPILES L P P QP AT S AV R T S5 A -

AGCTAAAGT TAAGCGCAATCTGATGACCGGCGACATCCACAATACCTAATGGCGARACCAGCAGCGCAACGACCGCAAAT

1232] ecceacca- temcmemama D LR LT i trommmmcnnn temccrcne= tecmcvonaa L +
TCGATT TCAATTCGCGTTAGACTACTGGCCGCTGTAGGTGTTATGGATTACCGCTTTGGTCGTCGCGTTGCTGGCGTTTA

oo
-
(%]
-

A.K V X R N L M T G DI H N T * WRNOQOQOQURNDBURK * -
L §s A1 * * P.AAT ST 1T P NG ET S S A T T AN -
$§ * 8§ * 2 Q §$ DDRRHPQ Y L M A K P A A QR P Q1 -
AACGTCACTTCAAAGAACAGCCAGCGCAATCGGCAACCCCAGTTGAATCAGGCGCTTCATGACGACGCTATCGGGTTTGE

1240) cccvcccccrevcccanvan dermcccaae bemcmem—aa ¢mmmccccae D demmccana tecnccman 4
- TTGCAGTGAAGTTTCTTGTCGGTCGCGTTAGCCGT TGGGGTCAACTTAGTCCGCGAAGTACTGCTGCGATAGCCCAAALG

T e
[ it
=

7]

R H F » 2 0 P A Q S A T ¢ V E S G A S * R R Y R V C°~
N V T . ¥ N 8 Q R N R O P Q L N QAL H DDA ALl G £ A -
< T S L Q R T A S A I GNP S * I RR FMTTLS G L P-
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2. A nethod according to Caim 1 wherein the plurality of 25

m croorgani sns as defined in step (1) is produced froma plurality of
m croorgalv'vewl-,ggﬁch of which conprises a nucleic acid conpn:'c;-jmsmg-,s
uni que narker sequence, by changing their condition froma first given
condition to ‘a second given condition38f@ein (a) in the first given

condition |, tHECSH A AUErR e AT AT HE ST S IR ST TP em
mai nt ai ned epi SO:ffaid:(ywaﬁh'rmaﬂﬁlTAé'hs)'cdsmdrmsd&&&mﬂA@\IrMeﬂcﬁmaﬁHﬁmﬁﬁr\d‘da&*Sal “Q
nucl ei ¢ aC|d corrpr|S| ng & c 1S . 85.

uni que may ker s%quenca Ins,er,,tllorJfa'?Iy Tnachi ates a gemec D K H w3 1 A
nmet hod accordingxte €l airsrlios B further comprisingsthersteps: 7 o -

(1A) renoving auexe}céeepéafm Jg%act&ﬁccpé,\w ;%T&Eacmmﬁsaﬁmegném' n st ep

(1); or - 12561 ===eeu- teF ¥ AR et hef--i-Re-FeH-at--sel-eot ed--+3. Skap
(6) is an aﬂI%ﬁ‘?GEF}STF“CST"'GCGGCG'"’G"CT‘“'GGCG“"BW‘(‘EE&G"EH’&FC‘(“GMF“T"TEU‘TCM A
nmet hod ofa i dent ixf i Bg ga sggnN@ WhisCR 3l IR0WS va eMACKOQr gaRi SMrt @ x v s s -

b DR R S R N A A ADTA AETFRHTIKMATILDI KNIV

c * T A A V AT P Q P I P P S§ 8§ G I P K W P * Tt K 1 = F -

CACCGGAATATTCACCAGCAGGCCCAAAARTCCCATCACCATACCCGGT TTGGT TTTGGCCAGACCTTCGCACTCETTTC
12641 ~m=cmcene temeeucnmsteccnean e tomonne- b e ¢ 12720

GTGGCCTTATAAGTGGTCGTCCGGGTTTTTAGGGTAGTGGTATGGGCCAAACCAAAACCGGTCTGGARGCGTGACCAAAG

L P E T S P A G P K 1 P S P Y P V W F W P DL RTG F -

< H R N I H Q@ Q A Q K S H K H T RVF G F G QT F A L V s -

< T 6 ! F T S R P K N P I T 1 PG L VL ARUP S H W F R-
GCGCTACCTGAAAGAAAAGGTATCCTGCGCCCCACAGCAGCGCGCGAAGATAACCCACGGCTTTATCGGCCAGCGCCGGA

1272] -vermacecas tece e tmmrcm - drmmccncna L R T e eaa L D e + 12800

CGCGATGGACTTT»1'T‘l'1'CCATAGGACGCGGGGTGTCGTCGCGCGCTTCTATTGGGTGCCGMATAGCCGGTCGC GGCTT

3 A L ? ER KOG 11 L R ® T A A REDNW®PR LY R P A P O

c R Y L ¥ E K V §S C A P Q Q R A K I T H G F I G Q R R 1

3 A T * K K R Y P A P H S S A RR®* PTARL S A S AG

TCAATATTATGCATAGAGCGGATAATGTATCCGGCAT TCCACAGGACGATCATCACCAGCACGGAGACAAAGCCCGECAS
1280) ~--=ec-ue ememmoean bomamacnan teommenann B D R 4o + 12880

AGTTATAATACGTATCTCGCCTATTACATAGGCCGTAAGGTGTCCTGCTAGTAGTGGTCGTGCCTCTGTTTCGGGCGGTS

Q Y » A * § 6 * €C 1R HSTGRTSSPARTRTOQTST PP A-

-]
b N I M H R A DNV S G 1 P Q 0 D H H Q H G D KA AUR Q -
c $ I L ¢ 1 ¢ R 1 MY P ATFHURTTITITSTETTIK®PAS -
CCAGMCCCTTGTCGAACCTGATGCGCGM‘ACGCTCACGACGGCCGGAGCCATTGAGTTGCGCMTCACAGGCGT CAAGG
12881 ---=v--a- e P Y D toemmmecen L tomemmceaa L L + 12960
GGTCTTGGGAACAGCTTGGACTACGCGCTATGCGAGT GCTGCCGGCCTCEGTAACTCAACGCGTTAGTGTCCGCAGTTCS
a R T L vV E P DA R Y A HDGR S H * V A O S QA S &
b P E F L S N L M R DTULTTAGA ATIEULI RNUBHTZ RRDUGQIS -
¢ Q N £ ¢ R T * CA ! R SR URUPEZ®PLSCATITS GV K a-
CCAGCAGTAAGCCGTGACCAAACAAAATGGCGGGAAGCAGATAGAGGTGCCGATAGCGACGGCAGCCATGTCCGTAGEGS
1296] <~~cew-ca- beencnmona bommec e deecnccnce Pemmeem——n LEL LR R decacenana Pommmcanna, 13040
GGTCGTCATTCGGCACTGGTTTGTTTTACCGCCCTTCGTCTATCTCCACGGCTATCGECTGCCGTCGGTACAGGCATCGCS
5 P AV S R D Q T K WU R EADU RGO ADS DG $§$ HV R 3 A -
b Q Q * AV T K QNG G XK Q@ I EV P11 AT A AM S V A L -
c S § K P * P N KM A G S R * R CR * R R Q P C P +« =& ;
TATAGCCTCCCGCCATGACGGTATCGACGAAT CCATTGCGGTCTATACCACTTGCGCAAGGATCACCGGTATCTGAACGS
1304] -=veveen- e R temeronnna e A temeeecnn~ L + 13120
ATATCGGAGGGCGGTACTGCCATAGCTGCT TAGGTAACGCCAGATAT GG TGARCGCGTTCCTAGTGGCCATAGACTTGES
a 1 A S R H DG1 DZESTITAUVYTTTTCARI!I TG T1* T L-
& * P P A M TV S TNUPILU RS 1T PLAQGS PV S E R -
< Y S L P P * R Y R R I H C G L Y HLR K DHIU RTY L N A -
TAATAACTGACGCGCTTCACTGGTATACT TCTGCACGTATTCACCTTTTATTTTGT TG T TATATGAAAGACTAAAAAGCC
1312] evvcace-- tremcmnca- temmnmesan tecmencana L ) $mcvancana teomcmmnna toccacnana ¢ 13200
ATTATTGACTGCGCGAAGTGACCATATGAAGACGTGCATAAGTGGAAAATAAAACAACAAT ATACT TTCTGATTTTTCGG
a I T OA L H W Y TS ARTHILLTETCTCTY MIEKTD?®* K A -
b * ¢« L TR £ T G I!I L L KV FTF Y F V V I * KT KK P -
c NN+ RA S L VYT FCTYSZPFTILILULYETRTILZEKSR-
GCCGAAGTGGCAGCCAAAAGAAATAGCAGGGGAARAT T TCAGTCTATTGTAGCGGGGTAT TACTATTTCTCCAGTGAAAAA
13201 ~ccccanw- P . P . desnwemna- temmecanan N s cmmncan fmmmemn—-— + 13280
) CGGCTTCACCGTCGGTTTTCTTTATCGTCCCCTTTAAAGTCAGATAACATCGCCCCATAATGATAAAGAGGTCACTTTTT
a A £ vV A A X R N S R G NF S L L * R G I T I 5 pP V .K K-
b P K W Q P X E ! A G E 1 8§ Vv Y €C 5 G V L L F L Q * K N-

n

R S G S @ K K » 0 G K F 0 S 1TV AGTY Y Y £ S 5s g kK -
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adabt to a particular environnent, the method conprising the nmethod of any

one of Claims 1 to 3 followed by the step: (7) isolating the
insertio %g,i.;ggpcti vat ed gene fromthe individual muPERIGRISNWIP ed i n
step (62. A et hod accordl ng to Claim4 further conprising the

st ep: |solat|n &39%i | d-t pe_nm.cro .
cor r espongj,ng “C“GTTG(”V\’/%"F CEYBETHEN §‘-‘_’_&T_§_Tfﬁfgc"fﬁ@1ﬁ MCAG ?gﬁ?jqz{cnf&?fgt@go gene

isolated In stﬁpca(xcl)-r-rccccccnaasaecmtnbmmaﬁcammmﬁccamgcmgatcﬁwre@wcd| ng to
any one of C grein th pqrt,,l gular, gni rropmgnt. ks a

differantiate srrul i @gﬂzﬁ'ul ar cg?kgantgmpu AL @ Tt Av et hod accosdi-ng to
Claimé6 wheret ¥ the' ntil i ket lularc of garfl sm25F A fiant® ¥ ¥ F 28, A
met hod accor digggricRachiaddrabecidiftcRtidcdrit@cddihdrbdRictatA ar or gani sm is a

non- humant el Aek-----+36---9-+----A-met-hot-according-t-o- 47 m 8 wherein the
an| n‘a| | S a nﬁﬁ?é‘\mﬁiTACAMTGCCCCTAGCATGTCCCATGGCGCTTTGACC

2 $ * R Y VY G DRTG T RETGT1D -
b G VEDMEFTGI! V QGTAI KLV s I -
c £E L K I ¢ L R G S Y R V P RN W YR -
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86 rabbit, dog or nonkey. 10. A nethod according to Caim?9

wherein the animal is a nouse. 5 11. A nethod according to any one of
Cains 6 (wpddiyedierein in step (4) t he m croorgani snms PCEHGB23/028%5/ed
fromthe sald'envi ronment.at a site renote fromthe site of

i ntrodugtion‘in step (3). 12. 35/9net hod according to any one of

Cl ai s DN skquehes e Ve $teplyserl@ the m croorganismis introduced
orally or i ntraperi toneal | y. 13. A nethod according to Caim12
when dependenf ,on Gl.aigp 8 or 9 wherein in step (4) the m croorgani sns
are retrieved frobnthe spl een. 15 14. A nmethod according to any one of

the precedi ng, CPEFT TR B MR T Cq T T T O T A S IS ca Dt e e |,

............... cammen P T R e Y o

15. A met hod’ aeawwangmﬁc@wmmmmcﬁwﬁcm&mmw&mﬁmmknemr

m croorganismis a fungus. 20 T insegeion e

AGAGCGNCGCAT TGGCNWAMMWTKRNNMRNNSCNNNACTAAACCGTTCTCTAT TATCGCAGAAATAATATCATCLCCCTG

Bl =eecca- L L L e e e L L RS ¥ 1

TCTCGCNGCGTAACCGNWTKKWAMYNNKYNNSGNNNTGATT TGGCAAGAGATAATAGCGTCTTTATTATAGTAGGGGGAC

AGAC‘I'GATGAGﬂGTGACTMTCTGCCAGTGCMTMCCCGGGMTATCTGCMGTMTGGTTGMCCTTGCGCCAT‘I‘GCT

16l e~reucuaa Dy e L L e L L LT TP 711

TCTGACTACTCTCACTGATTAGACGGTCACGT TATTGGGCCCTTATAGACGTTCATTACCAACTTGGARCGCGGTAACGA

Tn 2 nseﬁt ion P64

GATCCATTTGTATATCATCATGAATTAACACGCTCCCCGGCCCTTCGCTGGATACTTCAGCATNS SGGTAACCCATTTTT

24] ~-mwee-a cectmcmce- N I o L L E T T it bt L L L T S, + 320

CTAGGTAAACATATAGTAGTACTTAAT TGTGCGAGGGGCCGGGAAGCGACCTATGAAGTCGTANS SCCATTGGGTAAAAA

ATCAAA-'\CATCCTGCAC'I‘TCTCGTACCMTMG.TCATCACAGATTACACCATCCCGATACATGACCCCCCATGF.TTCGAG

32] cvee-- correncnana B T T T L LD T TS Vs Iy

TAGTTTTGTAGGAIGTGAAGAGCATGGTTATTCAGTAGT GTCTAATGTGGTAGGGCTATGTACTGGGGGGTACTAAGCTC

AGTCGCTCTCACCTTTTGCATCTGTTCGCTTGACGAGCAATAACCGGACAACTGCAGGCTGCCATCTTCTTTCCATTGCG

40) cecca-- D L L Tt b it D T P ST SR + 480

TCAGCGAGAGTGGAAAACGTAGACAAGCGAARCTGCTCGTTATTGECCTGTTGACGTCCGACGGTAGAAGAARAGG TARCGC

CCCGCACATAATGAATATTGCTTTTGTCTAATAAAAACT TAACCCGCAAAGGTARGTCAT TTACCGT TTCAGGCTGACCA

48] coccean= P T et DL DL S PSP L LS P T LYY LR PR T LI L LR LR ¥

GGGCGTGTATTACTTATAACGAAAACAGATTATT TTTGAAT TGGGCGT TTCCATTCAGTAAATGGCAAAGTCCGACTGGT

CTARTACT TAACASGACACCCATTCCACCGATGAAAATCAAGAATACGCCAGCCAACCACCAGTACCCTGATCTGGAAAL

561 =emmecscctocccamcmctameccmmcctocomenccobnoeamenontemn —t-- tmmmenacaes 640

GATTATGAAT TGTCCTGTGGGTAAGGTGGCTACT TTTAGT TCT TATGCGGTCGGT TGGTGGTCATGGGACTAGACCTTTG

GGGTATTTGATAATCAGCAAGTTCACAATCCTGT TTACCAAACGCGATASSCACT CCCGCAACCTGCARAACCCCACTGS

641 R L LU PR LR LR L e e A ety T T LT . T4

CCCATAAACTATTAGTCGTTCAAGTGT TAGGACAAATGGTTTGCGCTATSSGTGAGGGCGTTGGACGTTT TGGGGTGACT

ATGGTAGCGGCTTATTTGGATTARATCTGCGGCCATTAARCTCTAACTCTGGCT TTCCCGGCATCAACAAATARACTATCT

T2} ~ccmcceae tecmmnua B T i i Al i DT LT + 300

TACCATCGCCGAATAAACCTAATTTAGACGCCGGTAATTGAGATTGAGACCGAAAGGGCCGTAGTTGTTTATTTGATAGA

GCCTGTTCTCTCAGAATAATTTTTTCAT T TATAGCCAGCGAATACAAATATCGCATCCCT TCTCCCCCAGTGACAGGTTA

80) cecua- B X L r pupup - = 0 A v o - o o - e = - -——————-- + B8O

CGGACAAGAGAGTCTTATTAAAAAAGTAAATATCGGTCGCT TATGT TTATAGCGTAGGGAAGAGGGGGTCACTGTOCAAT

CCTTCATTCAGCTATACTTCCCGGCCTTGTAAAACGTGACCTAAAAAACGTAT TTTCCAGGAACTCT TTGGATTAACCAT

Bl ceccmmccnct e mncrrcnt r e crcrr e rl crca e ra e n e e e me - - - - - + 960

GGAAGTAAGTCGGTATGAAGGGCCGGAACATTTTGCACTGGAT TTTTTGCATARAAGGTCCTTGAGAAACCTAATTGGTA

GAGATATGCCATTATTTACTACTGAGGCT TTAATCAAAAAAAGCCTGATTACACTATGTACTTGAGTCGTATCATTGCGA

96} ~eecccae- L e L T T D e D OL L LD LDy e s IR 1 [}

CTCTATACGGTAATAAATGATGACTCCGAAAT TAGTTTTTT TCGGACTAATGTGATACAT GAACTCAGCATAGTAACGCT

AACAAATGACCTACAACAGGAATATCGCCCAATAAAGGGATTT TGTTTTGCGAGTGGATTTGTTTACCTTGTTTAAACCC

10l cccecrmcmavnccnccrmntmerenccr et cc e ncepmannas cecteccanw crmtrmrcccrnatemmeene=et ]120

TTGTTTACTGGATGT TG TCCTTATAGCGGGTTATTTCCCTARAACAAAACGCT CACCTAAACAAATGGAACAAATTTGGG

TCCCAGCAATNAGACTTTGCCCGGCCAATAATGTGGCTTGCGAANCRATTTCAGAATT TTGCACT TCGGGCAGCGGGTCT

1121 -cceccrmcntccnncca cmtomccemcectemccarcambenmna= cemtemcecmmmetecemcc et e —— e + 1200

AGGGTCGTTANTCTGAAACGGGCCGGTTATTACACCGARCGCT TNGY TARAGTCT TAAAACGTGAAGCCCGTCGCCCAGA
GTNTYGCYTTKGNSTATCACTTTGTTGTCCATCCTGAANTATTAAGAT TAAGCAT TAT TTTTTGCGTGCCATTGTCATTT
1201 ~-cccmuu- tommmmmdan tommmaman— 4mcmmmecmctrcecccnectommmmmmsctmoccseccetoamnesmnat 1280

CANARCGRAAMCNSATAGTGAAACAACAGGTAGGACT TNATAATTCTAATTCGTAATAAAARACGCACGGTAACAGTAAA

AACAAGCGAGGTGTAACGCGWNAACAAAGAACCCGTAGTGATGGATTCAAGTTTAGCCACTTTTTCTCCCTGCAGTTTGG

1281 ==cmmeee- teeemam——- tmcmemem—— o——— ~eme4ecescecmctecsmemmeetecmnccccctoacaceeects 1360
TTGTTCGCTCCACATTGCGCWNTTGT T TCTTGGGCATCACTACCTAAGT TCAAATCGGTGAAAAAGAGGGACGTCAAACT
Sequence 2 Figure 12 Sheet 1 of 5§
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16. A nethod according to Claim7 wherein the mcroorganismis a

bact eri um pat hogenic to pl ants. 17. A nethod according to Claim?7
wher ei n t ke 94808907 ganismis a 25 fungus pat hogenic to pl aptpGBosn287s 18.
A nmet hod according to any one of Clains 8 to 10 wherein the

m croorgani sthis a bacterium pat hogeﬁégmﬁ ani mal s. 30 19. A nethod

accordi ng to ap¥aRAAEraRiarirrAkdRochiabdn FM%AE&&MTGGCTGGMTACMMGCC
87 M BF GOf-gahAt+STA-4-5--8--F UAGHS-P a-t-hege—m-ewt—e S-S r--=+-w-=-===-2(Q440 A

met hod accor di H T8 A M TR B e T T A C T FUTRCT S ATy T ORECTATTERS of
Bor det el | a per tcu@sdrsrrTicein Moatt G car@hdtmcacciar@SiATracemsAbohechdTRtye 5

Escheri chi &'tolT - b)G LY %@E‘é&% };}mm?%h% EP@HQW&?&%E:? 182
Hel i cobacter pylori, K ebsie pneunoni ae, Legi one neunopni | 4
' ACCGTCATTCAMCCTGTATTGMCGCM"TTCTTGCCACCCAGCGACACT GCCGTTCCCCAGTCGATGCCTMCT GGT

S B e T e T 11

TGGCAGTAAGTT TGGACATAACTTGCGTTARAAGAACGGTGGG TCGCTGTGACGGCAAGGGGTCAGCTACGGATTGACCA

-

TARTATCTCCAGCATTAACATCGATAATTTTCACCGAAATCTCTATCATCTGCTGGCGTTGATCTAATTCTGTGATGAGT

T B D T e L ERT RSN P YT

ATTATAGAGGTCGTAATTGTAGCTATTAAAAGTGGCTTTAGAGATAGTAGACGACCGCAACTAGATTAAGACACTACTCA

TTCCGATACNNNGCCATATTGGNNNCATAATCACGAACGATCACTGCATTC TGGCGTNGGGTCGGCAGCAAACATNGGCA

168l ~cccccvecctrcccnccnctonanmcccntonrecranntanenssncrterncacenebrccnnrematanncsasaat | 750

AAGGCTATGNNNCGGTATAACCNNNGTAT TAGTGCT TGCTAGTGACGTAAGACCGCANCCCAGCCGTCGTTTGTANCCGT

ATGCCTGTGTAGCGGGTGAACCATTGTTCNTCGATGACGTCGGGACGCTGGTT TTACTCATCTCACGCAATACACTAACG

176] ~cmccceccdocmccccartecaccccactrmccnrcantancaccaccbrcceccrncbocncscacabocnnanenat 1840

TACGGACACATCGCCCACTTGGTAACAAGNAGCTACTGCAGCCCTGCGACCARAATGAGTAGAGTGCGTTATGTGATTGC

ACCCCTGGNNAACCACGACGGACTGATCGCGATATTGGTACTGGGTATCCATCGCAGTGGCATACTTARGCGTGTATATA

1841 ~cmcccecctmccmcrcnmdrerarcacctacccccacctmwrnemmerbmemcr et ce re e nebuaccancaad ]320

TGGGGACCNNTTGGTGCTGCCTGACTAGCGCTATAACCATGACCCATAGGTAGCGTCACCGTATGAATTCGCACATATAT

CTTACACTCACCGCACTGTCTTTTCGTTTGAT TAACGCATTATCCAGCACTGAAGCTAAT TGACTAATACGAGTCAGGCA

3 R se—tmemmmceaes 2000

GAATGTGAGTGGCGTGACAGAAAAGCAAACTAAT TGCGTAATAGGTCGTGACT TCGAT TAACTGATTATGECTCAGTCCGT
n inseﬁuon P1G2

GCTGGGAACACCGCTCACCTCCACAGCTTTGGTACCGGTAATT TCTTTAACCTCGCATCCCGGTGATGAAAGGATATTCT

2001 —-scceeccgecaccmectecceccecedececccaccteammceceeteeccccaantenmecncaebeemeesacat 2080

CGACCCTTGTGGCGAGTGGAGGTGTCGAARCCATGGCCATTAAAGAAAT TGGAGCGTAGGGCCACTACTTTCCTATAAGA

GGCTGCGTAAGTAATGAATGAACCGTCCAGTAGATAAAATATTGAAAGTGATAACCTGATGTT TTAATAACGATGCAGGA

2081 =~m----- ~teccccrcccteccocsscctoscecranatnnsncarcetesscasrantrecccccantanacceaeas 2] 60

CCGACGCATTCATTACTTACTTGGCAGGTCATCTATTTTATAACTTTCACTAT TGGACTACAAAAT TATTGCTACGTCCT

TATACATATARCATGCTGCCATCAAACCAGGTAAGCARATCATATTGTGCT GCCAGGT TATTCAAAAT AT CGACCGGTGG

216] e~mcomcaa [T T N L L et T DEL LY L L L L L L P PP 21 1+

ATATGTATATTGTACGACGGTAGT TTGGTCCATTCGTTTAGTATAACACGACGGTCCAATAAGTTTTATAGCTGGCCACT

TCCAGGCGGAATTTTTCCACTAAATGTAGCTGTTATCAATGGGCTAATAGTAATAGCCGTATCATAGT TCTCTGAGAGCA

224] ~eccccaa L L T D L L e e L L R D T L T T I & V.11

AGGTCCGCCTTAAAAAGGTGAT T TACATCGACAATAGT TACCCGATTATCATTATCGGCATAGTATCAAGAGACTCTCGT

GATGTNAAAACCTCTGCTAATGGCATTTGTCTGGCATAAAGGGTGAAGTCATTACCTT TCCATGATAACTCATCACTCTT

2321 D e L R Y T e L e L T e P S L L LTS X 1)

CTACANTTTTGGAGACGATTACCGTAAACAGACCGTATTTCCCACTTCAGTAATGGAAAGGTACTATTGAGTAGTGAGAA

TGCTGTATTGAGTATAAATAGTAAAATTAAGATTAAACGTTTATTTACTACCATTTTATACCCCACCCGAATARAGTTTA

240] ~cvcmcccctmcncrnccvtucnccrcncntacaccccsnboncrccacatcccacnctabtacncccacnbanmrcnenat 2480

ACGACATAACTCATATTTATCATTTTAAT TCTAATTTGCAAATAAATGATGGTAAAATAT GGGGTGGGCTTATT TCAAAT

TGGTGATTGCGTATTACATTTT TTNAAAATGCAAGT TAAAGCCAGGTGTTTTTCTATCTCAATAGCAATAAGCTCAGAGC

~etmeemann ——tmemme e ~-+ 2560

4 - 5 T N O L L L e N

ACCACTAACGCATAATGTAAARAANTTTTACGTTCAATTTCGGTCCACARRAAGATAGAGTTATCGTTAT TCGAGTCTCG

TACTACTTGTGGTATAATAACCGTTTAACCATCCCCCATCCGCTGTGAGCTGTATAGCATAAT CATGGACGTCCGGGTGT

256] ~=~emmmesrtmcemcmesetemaemmmeedo—ee—eeoedoecceedesfeo—acsmeoesccmcmctatamcmeeenet 2640

ATGATGAACACCATATTATTGGCAAAT TGGTAGGGGGTAGGCGACACTCGACATATCGTATTAGTACCTGCAGGCCCACA

Tn 1nsertion Plulas

GCGCAARCRGTAGTGTCAMMTAGGCAAGACAAGGCTTAGGTAAGCTTTCCAGGTCATTTAAGAACAAAGAAATAGARAAT

264] ~~~ecavccticwcccccccctcconcona- B e L T L R Prvocnan -—+ 2720

CGCGTTYGYCATCACAGTKKATCCGTTCTGTTCCGAATCCATTCGAAAGGTCCAGTARATTCTTGTTTCTTTATCTTTTA

) GCTTCTGAGAAAATTTCTYCYBHNNNNNNNNNNNNNNNNNNNNNNNNNCATCAATAGTCATTATCCAGGATS SKMTWWYM
272] ~emccccccbecemcaemctececemcmebecacmcmec4-emmsesmeteemacmemesicse-csyobommmmmmwet 2800

CGAAGACTCTTTTAAAGARGRVDI v} NNGTAGT TATCAGTAATAGGTCCTAS SMKAWWRK
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Listeria spp., Neisseria gonorrhoeae, Neisseria neningitidis, Pseudononas
spp., Salnonella spp., Shigella spp., Staphylococcus aureus, Streptococcus
yogenes ngt ﬁ%sqcoccus pneuroni ae, Vibrio spp., and Yersi RCT/GBAS(0287S 10

accord| ng to Caim19 wherein the fungus is any one of
Aspergl‘I | us spp., Crypt ococcus neof oy’gﬁs and Hi st opl asma capsul at um

22. - A net hod accordl ng one 0 rece %g( in 15
step (1) thg, géﬁésﬁs%”s‘l"‘ﬁg‘é’ﬁ'f FYATCTTACT y.é':tmfc GC”GAQTCSJT T?%ﬁspoggdn&%omo

t ransposon I Tk emekgm%mxsmhmmmmcmmmmwmwm ker
sequence. rnmécm?cc@?c&%?%m?fc% Qb Gerb B+ ABYrRAScRiTataABR RF8R8MNNT Cl ai B

wherein in 38 -step ~ehi--pefker--sequenee-4-s-f-banked-+omsei t her
si de by S ARGATACTE TAAGCOMMET MGCTIAGSEIE TT T S AGAATANTTETARATARAGETGATA TGAGARGARCATETIAT A

met hod accordi '?&s&;@c%Am&acma@xsacehﬁcﬁmproéa)mdammmmmmc

conpri si ng Hée-iH-egde--rraf-ker--rs-i-sot-ated-usin 53040
t echni ques and *ACFATRATENEBTATERABITCTREF IR ER %’Wﬁ% ]E"m;t he sal comon

sequences. acmTwrmmmwsmmmwmwmsrwwmmmm i.n step

- mepessm—pecetmpeqmerrebgeacmanc. + 3120

(4) the  tnyciel %I\'t;%&' mmmmmmfa AR kRteaaRpUENC es
s isolated 30 using I fication techni ques and ollqonucleotlde

pr| mers whi Ch AAMAGTMTTGTAGTCATCGACTNGGTTATATATGMGMATTTAT TCCTAATGATAACACCATCGATTAATCWWCT
--------------------------- tmmemmcmesbommemmmcmbracccmccctocmccercstoancaaaast 3200

TTTTTCATTAACATCAGTAGCTGANCCAATATATACTTCTTTMATAGAAGGATTACTATTG'I'GGTF\GCTMTTAG’MGA

GATGMACTATATGTACTGCGATAGTGATCAAGTGCCMAGATTTTGCN\CAGGCMCTGGAGGGMGCATTATGMTTT
320] =ceccccces tomcmcnna= T teemocmcnne trmmnmm——- tecccncm—— Prcmcccena PR + 3280

CTACTTTGATATACATGACGCTATCACTAGTTCACGGTTTCTARAACGTTGTCCGTTGACCTCCCTTCGTAATACTTAAA

SSTCAATCTCAAGAATACSSYSYRNNNNNNTCTTTAGTAATCAGGCTAACTTTTTTATTTTTATTAACAACAATAATTHT
328] =-=meeme- PSR bomememann B tommmmm e +mmmmmmnae T B + 3360

SSAGTTAGAGTTCTTATGSSRSRYNNNNNNAGAAAT CATTAGT CCGATTGAAAAAATAAAAAT AATTGTTGT TATTAANA

TTGGCTGCTATC ‘!'GTGCTTACCGCAGCTTATATATCMTGGTTCRGMACGGCAGCATATAATAGAGGATTTATCCGTTC
336l --m=cemeaa tommecnea~ tomcvamnan toemccer——- L e ceeceertmmccesnen + ——e-t 3440

AACCGACGATAGACACGMTGGCGTCGMTATATAGTTACCAAGYCT TTGCCGTCGTATATTATCTCCTAMTAGGCMG

TATCCGAGATGAATATTGTACTAAGCAATCAACGGTTTGAAGAAGCTGAACGTGACGCTAAAAAT TTAATGTATCAATGC
344] -mwmmnce- tomccmccaa tmecnccce= e et temscoccee trcnccecnce L $=eccccccce + 3520

ATAGGCTCTACTTATAACATGATTCGTTAGTTGCCAAACTTCT TCGACTTGCACTGCGAT TTTTAAATTACATAGTTACG

TCATTAGCGACTGAGATTCATCATMCGATATTTTCCCTGAGGTGAGCCGGCATCTATCT"TCGGTCC’H‘ CAAATTGCAC
352] ~emccccaa L e B L L LTS T Y tommmmen—- tommmecnan + 3800

AGTAATCGCTGACTCTMGTAGTATTGC‘PATAMAGGGACTCCACTCGGCCGTAGATAGACAGCCAGGMGTTTMCGTG

MGCCGACGCTNAACGGAGAGAAGCACCGTCTCT T TCTGCAGTCCTC TGATATCGATGAARATAGC TT TCGTCGCGATAGT
3601 -==-=cem- U 4omccmcene R tommmmae B D D + 3680

KCGGCTGCGANT TGCCTCTCTTCGTGGCAGAGARAGACGTCAGGAGACTATAGCTACTTTTATCGAAAGCAGCGCTATCA

Tn inseﬁ: 1on PIF4

TTTATTCTTAATCATAAARATGAGATTTCGTTATTATCTACTGATAACCCT TCAGATTATTCAACTCTACAGCCTTTAAC

360) ~vmccacao PP, frovncnmen bmaoneeee= R P PO P, + 3750

AAATAAGAATTAGTATTTTTACTCTAAAGCAATAATAGATGACTATTGGGAAGTCTAATAAGT TGAGATGTCGGAAATTG

GCGAAAAAGCTTTCCTTTATACCCAARCCCATGCCGGGT T TTACTGGAGTGAACCAGAATACATAAACGGCAAAGGATGGC
3716] ~crcemcaaa rrmcccm = teccenanas T T N tommccme—- tommcane—e [P . + 38310

CGCTTTTTCGAAAGGAAATATGGGTTGGGTACGGCCCARAATGACCTCACT TGGTCTTATGTATTTGCCGTTTCCTACCG

AACGCTTCCGTTGCGGT TGCCGATCAGGCAAGGCGTATT TTTTGAGGTGACGGTTAAACT TCCCGATCTCATTACTAAGA
384) ~cccccecna P tmc e - rrm—-——— et mm - —-——— porermmanan D ataadnd trercn - s 3329

TTGCGAAGGCAACGCCAACGGCTAGTCCGTTCCGCATAAAAAACTCCACTGCCAATTTGAAGGGC TAGAGTAATGATTCT

GCCACCTGCCATTAGATGATAGTATTCGAGTATGGCTGGATCAAAACAACCACTTATTGCCGT TTTCATACATCCCGGCA
3921 ~-cecerme-- B L T e e el toccmm——a tomemm e + 40900

CGGTGGACGGTAATC TACTATCATAAGCTCATACCGACCTAGT TTTGT TGGTGAATAACGGCAAAAGTATGTAGGGCCGT

AAAAATACGTACACAGT TAGAAAATGTAACGCTGCATGATGGATGGCAGCAAATTCCCGGATTTCTGATATTACGCACAA
400} -=v-ecew- tercm e ——- S B e L LS T D ettt P temmrm———— + 4080

TTTTTATGCATGTGTCAATCTTTTACATTGCGACGTACT. ACCTACCGTCGTTTMGGGCCTAMGAC TATAATGCGTGTT
CCTTGCATGGCCCCGGATGGAGTCTGGTTACGCTGTACCCATACGGTAATCTACATAATCGCATCTTAAAAATTATCCTT
408} «cccenem- tmccmcene- tormmmme—- P L temmmnm———- L L L tummcmam—. L L ¢ Q160

GGAACGTACCGGGGCCTACCTCAGACCAATGCGACATGGGTATGCCAT TAGATGTATTAGCGTAGAATTTTTAATAGGAA

CAARCAAATCCCCTTTACATTAACAGCATTGGTGT TGATGACGTCGGCTTTTTGCTGGT TACTACATCGCTCACTGGCCAA

416] ---veon-- P b temcemncna T L] P S L LR L it L B + 42430
GTTGTTTAGGGGAAATGTAATTGTCGTAACCACAACTACTGCAGCCGAAAAACGACCAAT GATGTAGCGAGTGACCGETT
Figure 12 ~ Sheet 3 of 5
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88 hybridi se to the said common sequences. 26. A nethod

according to Caim 1 or 4 wherein the particular environnment is not a
human bodyodgri7es1 VWO 96/ 17951 PCT/GB95/02875

PCT/ GB9g%/ 02875 hybri dise to the said conmpbn sequences. 26.
A mi croor ganfsm obt ai ned using the mgt hod of any one of the pr ecedi ng
cl ai ns. 38/39

ACCGTTATGGCGTTTTGTCGATG1‘CATTMTMMCCGCMCTGCACCGCTGAGCACACGTTTACCAGCACAACGACTGG

424) mremcccccmtocccccncnlcccninmncteamnecsrret e n e se e tenree s et ieensencstsencenenas 320

TGGCAATACCGCAAAACAGCTACAGTAATTATTTTGGCGTTGACGTGGCGACTCGTGTGCAAATGGTCGTGTTGCTGACC

ATGAATTAGATAGTATTGCCGGTGCTTTTAACCAACTGC TTGATACTCTACAAGTCCAATACGACAATCTGGAAAACAAA

432] ~ememcemctemccecamcteccmccacctescmcmmnetrmcrmaeanbecoasareebec e e td e caaanant 4400

TACTTAATCTATCATAACGGCCACGAAAATTGGT TGACGAACTATGAGATGTTCAGGT TATGCTGTTAGACCTTTTGTTT

GTCGCAGACGCACCCAGGCGCTAMTGMGCAAAMMCGCGCTGAGCNAGC'I‘AACAMCGTAMAGCATTCATWTACG

setemcocvssstoncmnea==s 4480

440) ~cccccncatercmcncncebrmccce o L L L

CAGCGTCTGCGTGGGTCCGCGATTTACTTCGTTTTTTTGCGCGACTCGNTCGATTGTTTGCATTTTCGTMGTAGMTGC

GTAATAAGTCATGAGTTACGTACTCCGATGAATGGCGTACT CGGTGCMTTGMTTATTACMACCACCCCTTTAMCAT i

48] ecvecmccncctercncrncntcncocncncwvstroncnnccnebcccnercanbnrrnruner i rccrace e be et cenee 4560

CATTATTCAGTACTCAATGCATGAGGCTACT TACCGCATGAGCCACGT TAACT TAATAATGT TTGGTGGGGAAATTTGTA

AGAGCARCAAGGATTAGCTGATACCGCCAGAAAT TG TACAC TGTCTTTGTTAGCTATTATTMTMTC?GCTGGATTTTT

teemcccceatbomoncanact 4640

456] ~—ccccncctcccaaa cnotrcncnconatoe -4

TCTCGTTGTTCCTMTCGACTATGGCGG’I'CT'I‘TMCATGTGACAGAMCAATCGATM'I‘MTTATTAGACGACCTN\MA

CACGCATCGAGTCTGGTCATTTCACAT TACATATGGAAGAAACAGCGT TACTGCCGTTACTGGACCAGGCAATGCAAACC

d64] weenmmvectvmccccaas D L I e L LR LR B ey Y e CL T P Sy & & T}

GTGCGTAGCTCAGACCAGTAAAGTGTAARTGTATACCTTCTTTGTCGCAATGACGGCAATGACCTGGTCCGTTACGTTTGG

ATCCAGGGGCCAGCGCNAAAGCAAARAACTGTCATTACGTACT TTTGTCGGTCAACATGTCCCTCTCTATTTTCATACCG

D T e N L LY Y P e L L R T T Y 3 ‘800

472) =~w-mcceceteccccsa

TAGGTCCCCGGTCGCGNTTTCGTT TTTTGACAGT AATGCATGAAAACAGCCAGTTGTACAGGGAGAGATAARAGTATSGC

ACAGTATCCGTTTACNNCAAAT TTTGGTTAATTTACTCGGGARCGCGGTAAAAT T TACCGAAACCGGAGGATACGTCTGA

480] ~eccmccccterrmncmc et rcccr e vt ercr e b terres e ba e r b e r e s vt e e nan - 4880

TGTCATAGGCAAATGNNGTT TAAAACCAATTAAATGAGCCCTTGCGCCATTTTAAATGGC TTTGGCCTCCTATGCAGACT

CGGTCAAGCGTCATGAGGAACAAT TAATATTTCTGGTTAGCGATAGCGGTAAAGGGAT TGAARTACAGCAGCAGTCTCAA

488) cccmcrncctmcmcccncst e cerarcatcr s cc e ab e re et e T aE R e bt E e E et e R e neaae .. 4960

GCCAGTTCGCAGTACTCCTTGT TAATTATAAAGACCAATCGCTATCGCCATTTCCCTAACT TTATGTCGTCGTCAGAGTT

ATCTTTACTGCTTTTTATCAAGCAGACACAARTTCGCAAGGTACAGGAATTGGACTGACTATTGCGTCAAGCCTGGCTAA

#ooemsemcstecc o cccatacaaaaaccs 5040

496) corccranctecacccnvetemccacccejvcunsccnabon

TAGAAATGACGAAARATAGT TCGTCTGTGTTTAAGCGTTCCATGTCCT TARCCTGACTGATARCGCAGT TCGGACCGATT

AATGATGGGCGGTAATCTGACACTAARAAGTGTCCCCGGGGTTGGAACCTGTGTCTCGCTAGTAT TACCCTTACAAGAAT

5041 cvccccmcncboncaa et e e PR B R L e ettt + S120

TTACTACCCGCCATTAGACTGTGATTTTTCACAGGGGCCCCAACCT TGGACACAGAGCGATCATAATGGGAATGTTCTTA

Tn xnseﬁuon

ACCAGCCGCCTCAACCAATTAAAGGGACGCTGTCAGNNNCCGTTCTGCCTGCATCGGCAACTGGCTTGCTGGGGAATACG

5121 -v-a-eee- R T --==4 5200

TGGTCGGCGGAGTTGGT TAATTTCCCTGCGACAGTCNNNGGCAAGACGGACGTAGCCGTTGACCGAACGACCCCTTATGC

CGGTGAACCACCCCACCAGCAAAATGCGCTTCTCAANNCNAGAGCT TTTGTATTTCTCCGGAAAACTCTACGACCTGGCG

5201 crrmccccvetrconcccns - T o - b m———— we=-=t 5280

GCCACTTGGTGGGGTGGTCGTTTTACGCGAAGAGT TNNGNT CTCGARAACATAAAGAGGCCTTTTGAGATGCTGGACCGC

CAACAGTTAATATTGTGTACACCAAATATGCCAGTAATAAATAAT T TGTTACCACCCTGGCAGTTGCAGATTCTTTTGGT

528] ~vccccrmctcccccorrctccvccrcc et ccarcctactenccenrr et ct et f e ac et e e —-- ==t 5350

GTTGTCAATTATAACACATGTGGTTTATACGGTCAT TAT TTAT TAAACAATGGTGGGACCGTCAACGTCTAAGAARACCA

TGATGATGCCGATAT TAATCGGGATATCATCGGCAAAATGCTTGTCAGCCTGGGCCAACACGT CACTATTGCCGCCAGTA

5361 -~-sccommbocman meectosecccsectescccesactmceccummetemememmmateem e e enbomnmaanaat 5440

ACTACTACGGCTATAATTAGCCCTATAGTAGCCGTTTTACGAACAG TCGGACCCGGTTGTGCAGTGATAARCGGCGGTCAT

GTAACGAGGCTCTGACTTTATCACAACAGCAGCGAT TCGATTTAGTACTGATTGACATTAGAATGCCAGAAATAGATGGT

544)] ~ecmccnmecntemmcn= B L L Lt L T T TS 1y 1)

CATTGCTCCGAGACTGAAATAGTGTTGTCGTCGCTAAGCTAAATCATGACTAACTGTAATCTTACGGTCTTTATCTACCA
ATTGAATGTGTACGATTATGGCATGATGAGCCGAATAATTTAGATCCTGACTGCATGTTTGTGGCACTATCCGCTAGCGT
552] cvecrvncetcccomccan tmmmmeam——- [P P T T dercamreentcccncce. etrcccccaa. + 5600

TAACTTACACATGCTAATACCGTACTACTCGGCT TATTAAATCTAGGACTGACGTACAAACACCGTGATAGGCGATCGCA

ASCVNMAGAWRWTMWTCRTY GT DDAAAAAAWR DGRKDHWTCATHAY ANNTTACAAAARCCAGTGACATTGGCTACCTTAGC

560] —vemmecmcctococo- csetemecccsccteccescmsmfemeeeemescieeccacecctomcancamnteneee———— + 5680
TSGBNKTCTWYWAKWAGYARCAHHTTTTTTWY HCYMHDWAG TADTRTNNAATGTT TTGGTCACTGTAACCGATGGAATCS
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27. A mcroorganismconprising a nutation in a gene identified using the
nmet hod of C aimb5. 28. A m croorgani smobtai ned according to Claim
26, when ﬁogenqbsmt 10 on daim8, or Caim?27 for use in ®PCIECBISNSTS

29. A vaccine conprising a nicroorgani sm according to Cl aim 26, when
dependent on "daims§g, .or Claim?27 ;,@S, har maceuti cal | y accept abl e

carrier. 15 R LD Clains 4 or 5.
31. A genessa(;eep-%?-rzcé‘-s t-@%ﬁfﬁ?&%{“ -4-&- -f-s%lgaﬁg%-- 4r-omtsh& Sal monel | a
t yphi nmuri um gdﬁ%’&ﬁ@’%@@é@%ﬂwm"éﬁaﬂéﬂt‘éﬁwn Figure 5 20

under stringent conditions. A gene according to O aim 30 which
is isolated fromthe Sal nonella typhl muri um genone and hybridises to a
sequence shown in Figure 6 under stringent conditions. 25 33. A
pol ypepti de encoded by a gene according to any one of Cains 30 - to 32.

Figure 12 | . Sheet 5 of 5
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34. A nethod of i dentifying a conpound which reduces the ability of a 30
m croorganismto adapt to a particul ar environnment corrprl Si ng:. -t he step of

WD 96/ 17951 PCT/ GB95/ 02875 |
89 sel ecting a conpound which interferes with the functlon of a‘gene
accordi ng to any one of Clains 30“to 32 or a pol ypeptide according to

Cl ai m 33. - . d f y. th t hod of C 34.
5 36 Gf%wgguﬁﬁ aéﬁ@??’ﬁb’nér' "t rdcad Sher E5A B H1GHH o
envi ronnent i geg

accarding to Caim
36 wherein the ﬁ“st orgam smi 'sﬁlgc%ml@érﬁWﬁ%W@ys“R? ?ﬂ*‘l?gﬁ?ﬁi

accordi ng to speecific @Salnila. t he host organismis an ani mal .

5 Hensel er al (1995) Science 269, 400-403 describes the simultaneous
identification of bacterial virulence genes by negative selectxon This
paper was published in July 1995.

Slauch ez al (1994) Methods in Enzymology 235, 481-492 describes in vivo
10  expression technology for selection of bacterial genes specifically induced

in host tissues.

Pascopella et al (1994) Inf. Immun. 62, 1313-1319 describes the use of in
vivo complementation in Mycobacterium tuberculosis to identify a genomic

15 fragment associated with virulence.

US 5,397,697 descnbes the 1dent1ficat10n of plant-responswe genes of
bacteria.

20 Some virulence genes are already known for pathogenic microorganisms
such as Escherichia coli, Salmonella typhimurium, Salmonella typhi,
Vibrio cholerae, Clostridium botulinum, Yersinia pestis, Shigella flexneri
and Listeria monocytogenes but in all cases only a relatively small number
of the total have been identified.

25 _

The disease which Salmonella typhimurium causes in mice provides a good
experimental model of typhoid fever (Carter & Collins, 1974).
Approximately forty two genes affecting Salmonella virulence have been
identified to date (Groisman & Ochman, 1994). These represent
30 approximately one third of the total number of predicted virulence genes
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1;5 39. Use of a conmpound according to any one of daim 36 to Oaim 38
for treating infection of said host organismwth said mcreorganlsm :

40. A nolecul e which selectively interacts with, and substant-i aI~I y

AR ] *
L] -

i nhibits the function of, a gene a%cordl ng to any one of Claims 30t

32 or @ nucleic 20 acid pro‘duct “t her eof 2
to Caim40 ch is nucl eic acid or nucleic acid
~derivative. é’ aqgaggp E§®)accordi ng to Claim40 or 41 which
antisense ol i gonucl eoti de. 43. A nolecule according to
of Clainms 40 to 42 for use in - nmedicine. 30 WD 96/ 17951

PCT/ GB95/ 0287 he object of the present invention is to identify genes involved in the
' adaptation of a microorganism to its environment, particularly to identify
5 further virulence genes in pathogenic microorganisms, with increased
efficiency. A further object is to reduce the number of experimental
animals used in identifying virulence genes. Still further objects of the
invention provide vaccines, and methods for screening for drugs which

reduce virulence.

10

Summary of the invention

‘A first aspect of the invention provides a method for identifying a

microorganism having a reduced adﬁptation to a particular environment

15 comprising the steps of:

AMENDED SHEET

41. A nol ecul e accordi ng

is an
any one



44. A method of treating a host which has, ér is susceptible to, an
infection with a mcroorgani sm. the: nethad, conpri si ng admi ni-steri hg an
effective anmount of a nol ecul e or corrpound according to Claikm36 or 40°

wherein said gene is present in said microorganism or a close relative’ of

5 said ricroorganism .. " 45 A phar $dceut i cal conposition conprising a
nol ecul e or co according to Claim38 or 40 and a

phar maceut i cal%pt able carrier. 10 46. The VGC2 DNA of Sal nonella
typhi muriumor a part thereof, or a vari ant of said DNA or a variant
of a part thereof. 47. A mutant bacteriumwherein if the bacterium
normal |y contajns t e gene
in VGC2, said geneaﬂ&s wmra?@%lﬂgfmgbsen g%ﬁﬁ%ﬂ#‘%@ bgclfegrlﬁpm

48. A net hod adhpaionno Lphaiiulir eHvirvnawnd icBa tHe3téps of: 49.  Use
of a mutant bacterium accord| ng to Cllaim 47 i acci ne. g 50. A

phar maceut dcal confd}i t iprovidingra plurglity bﬁanmrowgan!m @acly ofowhich ifCl ai m
47 and a phar g elétnldg t!l}ll ymtalt%%edoﬁayblthee gnasg;ﬁgnal inactivation of a gene with a
mucleic acid comprising a unique marker sequence so that each mutant
contains a different marker sequence, or clones of the said microorganism;
(2) providing individually a stored sample of each mutant
10 produced by step (1) and providing individually stored nucleic acid

' comprising the unique marker sequence from each individual mutant;
(3)  introducing a plurality of mutants produced by step (1) into the
said particular environment and allowing those microorganisms which are

“able to do so to grow in the said environment;

15 (4) retrieving microorganisms from the said environment or a
selected part thereof and isolating the mucleic acid from the retrieved
microorganisms;

(5) comparing any marker sequences in the nucleic acid isolated
in step (4) to the unique marker sequence of each individual mutant stored

20 as in step (2); and |

(6) selecting an individual mutant which does not contain any of
the marker sequences as isolated in step (4).

2. A method according to Claim 1 wherein the plurality of
25 microorganisms as defined in step (1) is produced from a plurality of
microorganisms, each of which comprises a nucleic acid comprising a
unique marker sequence, by changing their condition from a first given
condition to a second given condition wherein (a) in the first given condition
the said nucleic-acid comprising a unique marker is maintained episomally
30 and (b) in the second given condition the said nucleic acid comprising a

weonses  (IIIHOMIIN




51. A pol ypepti de encoded by VGC2 DNA of Sal monel | a-typhi muri um 25 or a
part thereof, or a variant of said polypeptide or a-vari ant. of a:part

ther eof . 52. . A method of identifyi:ng a compound whi ch.reduces The;
ability of a bacteriumto infect or cause disease in a Rosf’ conpritsi mg
the step of 30 selecting a conpound whi8Sh interferes with the function of
a gene in VGC2 ni: REPLACED
WO 96/ 17951 unique marker sequence insertionally inactivates a gene, PCT/.GB95/ 02875

91 according to Claim46 or a polypeptide according to CI a| m 51

53. A conmpound identifi | abI e by the met hod of O ai m 52. 5
- The' T unctj on b . 0RO poeBrhg fo LifmnL 2 iR ook d R,
- product thereof. (1A) removing auxotrophs from the plurality of mutants produced
5 instep (1); or
(6A) determining whether the mutant selected in step (6) is an
~ auxotroph; or
both (1A) and (6A).

10 4. A method of idehtifying a gene which allows a microorganism to
adapt to a particular environment, the method comprising the method of any
one of Claims 1 to 3 followed by the step:

(7)  isolating the insertionally-inactivated gene from the individual
mutant selected in step (6).

15 | |
5. A method according to Claim 4 further comprising the step:

(8) isolating from a wild-type microorganism the corresponding
wild-type gene using the insertionally-inactivated gene isolated in step (7)
as a probe. |

20
6.. A method according to any one of Claims 1 to 5 wherein the
particular environment is a differentiated multicellular organism.

7. - A method according to Claim 6 wherein the multicellular organism
25 is a plant.

8. A method according to Claim 6 wherein the multicellular organism

is a non-human animal.

30 9. A method according to Claim 8 wherein the ammal is a mouse, rat,
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55._ A nol ecul e or conmpound according to Caimb53 or 54 for use in 10
nmedi ci ne. 56. Any novel feature or. conbl natlon of features .
di scl osed herein. \ R T

86
rabbit, dog or monkey.

10. A method according to Claim 9 wherein the animal is a mouse.

S 11. A method according to any one of Claims 6 to 10 wherein in step (4)
the microorganisms are retrieved from the said environment at a site remote
from the site of introduction in step (3).

12. A method according to any one of Claims 8 to 10 wherein in step (3)
10 the microorganism is introduced orally or intraperitoneally.

13. A method according to Claim 12 when dependent on Claims 8 or 9
wherein in step (4) the microorganisms are retrieved from the spleen.

15 14. A method according to any one of the preceding claims wherein the

mlcroorgamsm isa bactermm

15. A method accordmg to any one of Claims 1 to 13 wherein the
microorganism is a fungus.

20
16. A method according to Claim 7 wherein the microorganism is a
bacterium pathogenic to plants.

17. A method according to Claim 7 wherein the microorganism is a -

25 fungus pathogenic to plants.

18. A method according to any one of Claims 8 to 10 wherein the

microorganism is a bacterium pathogenic to animals.

30 19. A method according to any one of Claims 8 to 10 wherein the
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microorganism is a fungus pathogenic to animals.

20. A method according to Claim 18 wherein the bacterium is any one
of Bordetella pertussis, Campylobacter jejuni, Clostridium botulinum,
Escherichia coli, Haemophilus ducreyi, Haemophilus inﬂuehzae,
Helicobacter pylori, Klebsiella pneumoniae, Legibnella pneumophila,
Listeria spp., Neisseria gonorrhoeae, Neisseria meningitidis, Pseudomonas
spp., Salmonella Spp., Shigella spp., Staphylococcus aureus, Streptococcus
pyogenes, Streptococcus pneumoniae, Vibrio spp., and Yersinia pestis.

21. A method according to Claim 19 wherein the fungus is any one of
Aspergillus spp., Cryptococcus neoformans and Histoplasma capsulatum.

22. A method according to any one of the preceding claims wherein in
step (1) the gene is insertionally inactivated usihg_ a transposon Or
transposon like element or other DNA sequence carrying a unique marker

sequence.

23. A method according to any one of the preceding claims wherein in
step (1) each different marker sequence is flanked on either side by

sequences common to each said nucleic acid.

24. A method according to Claim 23 wherein in step (2) the nucleic acid
comprising the unique marker is isolated using DNA amplification
techniques and oligbnucleotide primers which hybridise to the said common

sequences.

25. A method according to Claim 23 or 24 wherein in step (4) the
nucleic acid comprising a plurality of said marker sequences is isolated

using DNA amplification techniques and oligonucleotide primers which

weorosseer NIV 0
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hybridise to the said common sequences.

26. A method according to Claim 1 or 4 wherein the particular

environment is not a human body.
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