WD 01/ 07651 PCT/ GBOO 02879 -1 TRANSPOSON MEDI ATED DI FFERENTI AL

HYBRI DI SATION Field of The Invention 5 The invention relates to nethods
for the i i of genes which are essential for the i an

or gani sm g&dﬂkog%gnti bacterials, fungicides, antiparasiti ??ﬁeaégzézts?%l des and
her bi ci des. Background to The Invention 10 Various strategies to generate
and characterize nmutations in a nunber_gQr. organisns have been descri bed
that rely on transpqson nutagenesis. Such approaches depend on survival of
the particul ar organi srpg QNSPOSHIN MEBLEIES IFFRRENTIAS, ONl Y detect nmutants
in which transposons have 1nserted Into non-essential genes. Mitagenesis
prot ocol s have been devel oped fold onal states, conparing 15 in
vitro growth with in vivo survival, and the Signature Tagged Mitagenesis
(STM approach has been particularly successful in identifying nutants

i mportant i Fielpaf TRgBiveatiby. However, these conditional nethods cannot
detect mutants in genes, that are essential for bacterial survival and

whi ch when nut at Eb¢ invention relgtes to methads fop herinlatipa of genepihishaare esseptight i al
genes and i i j i . : ..he good

Substr ates TAP kAU eh BBt 13 plebliudi e AROEY B Bl O

fungi ci des, pestiekits andilesbiaides.her bi ci des. The increase in preval ence of
antibiotic-resistant bacteria, for exanple, has renewed interest in the
search for new targets for antibacterial agents. Essential genes and their
protein progyeksoRRd edrhalaventiBR’ €sent such targets. 25 Additionally, there
is an interest 1n the 1dentification of conditional essential genes, that
is gentl which aVeriewssstmategies td ganetatecargi ghadactatizeghutationsig a nimherion a
particular environnment. I.n the case, of pathogeni ¢ bacteri for exanpl e,
these are ggf%ngWﬁ?’%enbﬂfeifgg?%%ﬁg%m’ftgﬁns‘%q}sa@fr\y BRI REMhost . Such genes
and the probgirbschéddépind B YurvRarsdRe paicdie og@@iint AIIORINS rh@hgedsss and SCIr eens
for antibacterials, Bacteria which 30 carry nutations in such genes may be

usef ul in athusgnlydsteet mptantsde syhighidranggosony feye mserrd intepomesseat genes.-

Mutagenesis protocols have been developed for some conditional states, comparing

15 in vitro growth with in vivo survival, and the Signature Tagged Mutagenesis (STM)
approach has been particularly successful in identifying mutants important in
pathogenicity. However, these conditional methods cannot detect mutants in genes
that are essential for bacterial survival and which when mutated result in a lethal
phenotype.

20 However, essential genes and in particular the proteins which they encode
may be good substrates for use in screens for antibacterials, antiparasitics, fungicides,
pesticides and herbicides. The increase in prevalence of antibiotic-resistant bacteria,
for example, has renewed interest in the search for new targets for antibacterial
agents. Essential genes and their protein products potentially represent such targets. -

25 Additionally, there is an interest in the identification of conditional essential
genes, that is genes which are essential for the survival of an organism in a particular
environment. In the case of pathogenic bacteria, for example, these are genes which
may be required for survival in the host. Such genes and the proteins which they
encode may be good targets for use in screens for antibacterials. Bacteria which

30 carry mutations in such genes may be useful in attenuated live vaccines.



Summary of The Invention W have devised a general nethod to identify all
the essential genes in a bacterial genone, using a transposon nutagenesis
t echni que called the technique Transposon Medi &';h v% enti al
Hybri di satlagﬁo?%—i) Essential genes 5 are those genes \?\'E?CBBIB ?‘{1 m ssi ng
(eg. because of a chronpbsomal deletion) or nutated to render them
non-functional, result in a |lethal phepotype. That is, genes w thout which
a bacterium cannot survive. The technique can al so be used for the

i denti fi cat$wnmafy 60TKE Iiveidén essenti al genes. Conditional essential genes
are those genes which are not absolutely essential 10 for bacteri al

survival, but vmWé haverdevised a geneml meghoddp ideptity all theessenyial g96sinondi t i onal
restrai nts. f r t wAl de survival
at el evat ed %eﬁgttngrues‘s}%aatn g‘%ﬁé? 5‘3&’“}&% pat ggeﬁévl\? %ifd}}@ﬁ% host
Accordi ng tmcmimeﬂrrampusommmed DifferédntimEHytyididatisn p’h’MDiEﬂeBssathgbmﬂ f or

2T br &y o 3, B8 B P BIGRE (Ghe AP 057 GRRRER ATl FORS! ot g
pol ynucl eoUnﬂﬁteﬂQ&%ﬁEﬁﬁerﬁh@i@f&d&ﬁoﬁdl REsultYin Wikt Bén% e. TANSS, lg8kks

transposons; (iii) hybridising the said pol ynuc eot| e sequences with a
pol ynucl eot wd@utwhmh@rlgﬁcﬁnmmtswweorgam sm and 20 (iv) identifying a

pol ynucl cot i de soiieebgiedn® R e i ASiosioblelion dtandudl et S,

essential ggdes. O(f,‘orld'llﬁnﬁr @aeﬁnangen&“me thwegéde@wmha& 1ot BbdollRdly esse@ialet hod f or
identifying a conditional essential gene of an organism 25 conprising: (i)
provi didng afor ppaierial syrsival. But whieh ?fFﬁ?S?méﬂi forsyrydysbureser weriops cenditionahe sai d

organi sm (i i brary and
subj ecti ng %ﬁﬁj%lm]s E& Es Of(ﬂaai‘t ch%?ét/xid%%a?l @giﬂggﬁglﬁg% r%loalrt efebﬁf{’ ecting the
mut ant s thatemamwrasmnﬁhewmhdfapaﬂmbnmmnmh%t in step (| i) to give a new

i brary (output ‘Léc%rfng 20 thc\z/\gre(s)e]ﬁéc ng/gr?tljbn t ere st Os/ pQ’OVlded a method for

identifying an essential gene of an organism, comprising:
15 @) providing a library of transposon mutants of the said organism;
(i)  isolating polynucleotide sequences from the library which flank
inserted transposons;
(iii)  hybridising the said polynucleotide sequences with a polynucleotide
library from the said organism; and
20 (iv)  identifying a polynucleotide in the said polynucleotide library to
which the said polynucleotide sequences do not hybridise, thereby to
determine an essential gene of the organism.
The invention also provides:
- a method for identifying a conditional essential gene of an organism
25 comprising:

€)] providing a first sample of a library of transposon mutants of the said

organism (input library),
(ii)  providing a second sample of the library and subjecting that sample to
a conditional restraint;
30 (iii)  collecting the mutants that survive the conditional restraint in step (ii)

to give a new library (output library);



-3 (iv) carrying out a nethod for identifying an essential gene of an
organism on the input library fromstep (i) and on the output library from

step (i i'w? 1;01;@ eby to determine a conditional essenti gcrassseomhet he
or gani sm - use of an essential or conditional essential gene identified

by a nethod of the invention or a polypeptide encoded by a said gene, in a
met hod for identifying an inhibitor 8f transcription and/or translation of
that gene and/or activity of a polypeptide encoded by that gene; a method

for identifying@viO éaryirgout ameﬂwdcfor xdenttfwaglsmsspmabgﬁnanﬁ#mmgwans| ation of

an ess_entl al or condi #-e%”fp% Hﬁss atSP%i d@@%hf'ﬁ%m mm%é od of the

i nvention; and/or (?‘? a po pep i‘de encoded

by a said gene, ? 1), RO o ﬁéiéfﬁﬁhéae&orﬂﬁioﬁﬁlrﬁsiéhﬁzg gehesfhRe a test
substance can inhibit 15 transcription and/or translation of a said gene

and/or activity of aoqg@mlﬁpeptl de encoded by a said gene; an inhibitor

| dent 'J ![ (ragng?/a?flgﬁ ¢ (Sifle sentlal ognc{ﬁtdh{o\‘xhlrégse%ﬂ%léém fAkhtHed® althé St 1 on

and/ or n esse con Ional esséential gene identified
by a nethod of idvegidnvtarpolypsptiledhcrded by avaitl geres 1rearpe1h9¢)ﬁ:pt| de encoded by

that 20 gene; - an _inhibitar, of transcription and/or ranslatl n of an
essential or coifgntfy#gan mlé@‘é‘lir?ﬁ%‘l‘“ﬂ%ﬁ‘%‘aé‘ﬂ@ GrRosgiepQ Wt %ﬁﬂeé“‘gBﬁ ypept i de

encoded by that % ?,ofapggg%& Eghgoggdg;thra{@nénventl on, wherein the
en

essential or con ona tial g€ene is a bacteri aI fungal or
eukaryotic—paraammodsfseudtntefymgr conditional 25 essentlal gene; - an

o o e e O S5k AR ARl dr LR oo he hurren or

ani nal body by O hE I RVent ton for the

manuf acture of a nedpgRnbl ds@ntialuge identifitd byraanéth®Idf thd inserhtivas er i al |
fungal or eukaryotic parasite infection. 30 - a pharmaceutical conposition
conpri si ng an i nhi bi ea¥orof the i nvention and a pharnmaceutically acceptable

carrier or dil uca%t ' an inhibitor of activity of a polypeptide encoded by a said gene,
which method comprises determining whether a test substance can inhibit
15 transcription and/or translation of a said gene and/or activity of a polypeptide
encoded by a said gene;
- an inhibitor identified by a method for identifying an inhibitor of transcription
and/or translation of an essential or conditional essential gene identified by a
method of the invention and/or activity of a polypeptide encoded by that
20 gene;
- an inhibitor of transcription and/or translation of an essential or conditional
essential gene and/or activity of a polypeptide encoded by that gene;
- an inhibitor of the invention, wherein the essential or conditional essential
gene is a bacterial, fungal or eukaryotic parasite essential or conditional
25 essential gene;
- an inhibitor of the invention for use in a method of treatment of the human or
animal body by therapy;
- use of an inhibitor of the invention for the manufacture of a medicament for
use in the treatment of a bacterial, fungal or eukaryotic parasite infection.
30 - a pharmaceutical composition comprising an inhibitor of the invention and a

pharmaceutically acceptable carrier or diluent;



WD 01/ 07651 PCT/ GBOO 02879 -4 - a nethod of treating a host suffering from
a bacterial, fungal or eukaryotic parasite infection, which conprises

adm nistering to the host a therapeutically effective n
" nhi bi t or™gRTe %&%ﬁ%”r’g. n the

& i nvention; - an inhibitor of the invent
essential or conditional essential 5 gene is a bacterial, fungal or pest
essential or conditional essential geme; - use of an inhibitor of the
invention as a plant bacteriocide, fungicide or pesticide; - an inhibitor

of the inventi ofmeMdalofirBating® HSERIEHNE from abABKHAL RRAdl ceeT@Ridial  gene is a
pl ant conditional or essential gene; 10 - use of an iInhibitor according of
the invention aparasitsdrisetiangwhich campgises sdmindsteringde therhpstaytherapentigallyt onal
essential gene ) i Wﬂ? i ganismis a bacterium and the
condi ti onal res?;rf%{:?i&?%gﬁgrog\%h 0 {thgtthd g%t &fiumin its host; - a
bact eri um at t enagindibifoy ofthe diventione wherein theiésaéritiahor condifiend essemist genes 15
identified by a nethod for identifying a condi té,onal essential gene of an
organidm - a vgﬁflﬁlﬁébé"é?fﬂ’ifg‘i‘gﬁ‘éj°hpeah‘?¥eé\“f‘mh°81‘ ifippal pyfeui DK and a
phar maceutical | ys. GGHRRRISr AR ifdeRtioNks Allhi®ateriocide, RRgIRlidm of the
invention for use I1n a nethod of vaccinating a human or = 20 aninmal; - use
of a bacterium pésticide; i nvention for the nmanufacture of a nedi canent for
vacci nating a human.or apimal: and - a.nethod of raisi.ng.an ipyune response
in a manmmali an ﬁ’&g’th,lbIW/ﬁPgthe VSR ?’ggreglcr}'ﬁ‘? Fﬁsgrit@I ?rncﬁnﬁlgogﬂgssl%tgggua bact eri um
of the inventi or@eneaga?[ah@,gon@gﬁ,gmid@teggeﬂti@fgeﬁghe Figures Figure 1 shows a
di agrammatic representati on of one Eotenti z_il’ schene for carrying out
Tr anspdson -Vedi aseef apiifiibitesae¢ordingipbitie @ventionas a(teNDrlle; Genoni ¢ DNA i sol at ed
froma library of terd [ : | £ g is with a
transposon iIs di%g?ée??%faad‘g wd??{%@éta%g(%m?#gﬁE@%?g?n%%faégrg% tsr%’ whéiein

the organism is a bacterium and the conditional restraint is growth of that

bacterium in its host;
- a bacterium attenuated by a non-reverting mutation in one or more genes
15 identified by a method for identifying a conditional essential gene of an
organism;
- a vaccine comprising a bacterium of the invention and a pharmaceutically
acceptable carrier or diluent;
- a bacterium of the invention for use in a method of vaccinating a human or
20 animal;
- use of a bacterium of the invention for the manufacture of a medicament for
vaccinating a human or animal; and
- a method of raising an immune response in a mammalian host, which
comprises administering to the host a bacterium of the invention.
25
Brief Description of The Figures
Figure 1 shows a diagrammatic representation of one potential scheme for
carrying out Transposon Mediated Differential Hybridisation (TMDH).
Genomic DNA isolated from a library of bacteria previously subjected to
30 mutagenesis with a transposon is digested with left- and right-arm

transposon-specific (TS) and gene-specific (GS) restriction endonucleases. For the



transposon-specific (TS) and gene-specific (GS) restriction endonucl eases.
For the WO 01/07651 PCT/ GBOQO 02879 -5 transposon TnphoA, the left-arm
restricti Qpogishesiucl ease pair may be Dral/Haelll and thgcfbgsogom pair
may be Hpal/Haelll. Restriction fragnments in the 200 to 600 base pair (bp)
range are purified follow ng gel eletrophoresis and vectorette units with
conpatible ends are ligated to 5 the-purified fragnments. The resulting
separate fragment panels (ie. the left-armand right-armpanels) may be
further purtdnspasontlnphiss thetlafrerm Fesiriction endonediedseipaicmey bo Arql@RIIIi s carried
out on the lefi-armand .right- fragnent panel s using primer pairs
conpri si ng aéﬁt%ﬂ]% AUC %I(r)frlg&tge?gié{{?‘flg'for a transposon sequence and a
second ol i gonuclresirictien Spgfitrts i tho200ato 60T baxe phit €y eabige aePpurified The two
panel s of PCR fragnent E@Lhus, generated constjtute the left- and right-arm
consensus priswng geksietenpbptesis god WstaEsiteawits Mihcompatihils as argdigaledie been

di srupted 3 sl AREFdsh@ t S B S qcan be

r adi oargti vg}{(f/p‘lt“g%éeal gﬁd%ugégdl ?%S%?/%ri I zgtfg%lleeg‘%'et&llénent s.a%fS Figure 2
shows t hat righe-atre panelsd nthybe dintheapunifexns thissstegepr obes can generate different
signals. TMDH use robes derived fromleft- and. right-armregions

71 anki ng the si GEUTBIeEIRESEUtT PRE R aHe by et nd sy

theor eti cal frgpnferppdnen usiﬂ%%ﬁ&eﬁﬁai%%%ﬁﬁﬁéiﬂﬁr aSHNn( A6 Re BpeciiR 1bF #nked by two
non-essential genes. In diagrams_ A and B, transposons have inserted into
regi ons of tranepasomsegyensatandp segendoligonmediide epdcific for avestaretipreqeanas.consensus
probes,conpgi se _nai S x tial .gene a. However,
in C, %\9\her e eﬁ‘évo nrg%egis%fosonﬁggrg&?sn@e]ér) en%ﬂfe g&/g{r;sélé&? ﬁ%%%(f“ d %ggtaa,rmpart of the
resul ti ng coAsansEobesgBpresentingsegbenceatyorh e detleshatlial hibdeh disasgtaitlyl al  gene
b. Asimlar situation can also ogccur for transposgn insertion within the

non- essentagpPagehBsertion, thepagels g &ragmghts gaqebe radipactively dasledands probe
may hybri di : LDt ddexeSShiid al gene b. The differential analysis of
t he hybri di%gc% %‘glﬁ%?lgﬁtal{ﬁs XSpr oﬁ%ced fromthe two probes allows an
interpretation to be made in terns of whether or not the gene is
essential . Figure 3 shows 0! | . el ectrophoresis of ?. TnphoA

Cr anepboon |1 br drgrre JaR ey PR af: ARk LORARIERt BT Eenll®'| “2na 6,
100bp | addefiffert@ngndls. TRMDHakepréteRd@ived ohsleft! @idQight-afim @afonar m PCR

products. Lanes 3 and 5, PCR of DNA from i o
flanking the sites of transposon insertions. Figure 2 outlines a theoretical situation

where an essential gene (gene b) is flanked by two non-essential genes. In diagrams
A and B, transposons have inserted into regions of the non-essential gene a. Both
20 left- and right-arm consensus probes comprise mainly sequences from the non-
essential gene a. However, in C, where the transposon has inserted towards the end
of a, part of the resulting consensus right-arm probe may hybridise with the essential
gene b. A similar situation can also occur for transposon insertion within the non-
essential gene c, where a component of the left-arm consensus probe may hybridize
25 with the essential gene b. The differential analysis of the hybridisation signals
produced from the two probes allows an interpretation to be made in terms of

whether or not the gene is essential.

Figure 3 shows agarose gel electrophoresis of A TnphoA transposon library
30 left- and right-arm PCR products. Lanes 1 and 6, 100bp ladder; lane 2, left-arm
PCR products; lane 4, right-arm PCR products. Lanes 3 and 5, PCR of DNA from



WD 01/ 07651 PCT/ GB00/ 02879 -6 the host strain (E. coli XAC) with left-arm
and right-arm PCR priners, respectively. Note the absence of any PCR
product fromthe control |lanes 3 and 5. Figure 4 shows h i.di j on of
consensus“ﬁ%b@%lto a gridded array of E. coli 5 open régiﬁhggﬁ‘ﬁwgrres. In
(a) hybridisation is showmn of the 33P-labelled |left-armprobe to the
Panorama Gene Array (Signa-CGenosys Ltdg-. The three fields contain 4290
PCR-anplified open reading frames representing all E. coli protein coding
genes. A p@gihbitéBail YLl doizeAL) Aith Sifgial andRighCSROPOR phithess, B8RR1VART has been
di srupt ed b% transposon insertion, thereby identifyi ng a non-essenti al
gene. 10 | nNpts)thaghsencgiof any BER ipsodupidign 8t coptecldmps B andbi ed ri ght - ar m probe
with the Panorama Gene Arrays (Signma-Cenosys Ltd). The three fields
contain 4290 PCR- anplified open reading frames representing all E coil
protein codi ng geiges.4 showphgbridisadomyfxonsinst proties 30 g prdded afraesPOnds to a

gene that has been djsrupte .j.ransposon insertion, thereby identifying
a non-éssen?li’e&lre"t‘?é‘i‘fe%ra“i@' ﬂ%%é?’}l;b‘i“ihﬁﬂ‘f%fs Awn g é‘ﬁésﬁclébel”iegﬁﬂnﬂn%@q D NO |

sets out thg GEAMRRGR: Bbnd ARay (SidthAGR 4 _s?héth IR fiefds @otthd 2 sets out
t he sequencg) o?ﬁa pri rrernfora%-(sé in arrps %T?y?ng t he 17 RRA By%?rer ase site
from t he pTPEReamplified open 2diGERames m@esedtiseals Eoed/i proteingedinggemesofd a pri ner
for use in anplifying the T7 - RNA pol.ynerase.site.fromthe pT7Bl ue vector.
SEQ ID No BOSidBUistRe slbgl cameronts PiRethr L8t I ohen SoRRtPY D NG, 5 set

out the seqyenessoffiindetfon! MNYbPideRBfying sdnldBicatibigendescri ption of The

I nvention The invention provides a nethod for identifying essential genes

of an 1br gani sm Impbhxbaidisption isshoma elghe r'BdabeHedrightarm prebemittthon of a
i brary of transposon 0, r iy Gul I Sm. iprary of
t ransposon %ﬁ‘?ﬁ%ﬁ%égrgnf&%ysﬁgfggnaf(fg)en%%ﬂsgftg* gﬁgq&ggﬁgg%%%éam g%ﬁ)p}%%lg'e" whi ch

conpri ses aamphfidderpe ceading ffrapes yepusskstivigi alle:. ek porsieSodiigOgantdleA nutants in
the library. The consensus_ probe conprises paql ynucl eoti de sequences WO
01/ 07651 PCIostipedyybrdisation signal corresponds to a gene that has been disrupted by

transposon insertion, thereby identifying a non-essential gene.

15
Description of the sequence listing
SEQ ID NO: 1 sets out the sequence of the T7 RNA polymerase site.
SEQ ID NO: 2 sets out the sequence of a primer for use in amplifying the T7
RNA polymerase site from the pT7Blue vector.
20 SEQ ID NO: 3 sets out the sequence of a primer for use in amplifying the T7

RNA polymerase site from the pT7Blue vector.
SEQ ID NO: 4 sets out the sequence of the PHO2 primer.
SEQ ID NO: 5 sets out the sequence of the INV1 primer.

25 Detailed Description of The Invention

The invention provides a method for identifying essential genes of an
organism. Typically, the method requires the construction of a library of transposon
mutants of a particular organism.

The library of transposon mutants can be used to generate a “consensus

30 probe” which comprises a complex pool of polynucleotide sequences from the

mutants in the library. The consensus probe comprises polynucleotide sequences



-7 which flank the transposon insertion sites and thus conprises sequences
fromgenes that are non-essential. The particul ar- nethod used to generate
t he conseRgysopésebe may allow the isolation of sequencesciiesvoogsre or both
regions flanking the transposons. Typically, tw steps are used to
generate consensus probes. Firstly, the 5 sequences flanking the
transposons are isolated and secondl y;7-they are anplified. The consensus
probe is hybridized to pol ynucl eotides fromthe organismused to generate
t he tr anspodich flangdeckranspesnn Sserdioh yitasahé tiuis dersprisensequencapfromygonésdi ze to

t he consensus probe may .carrespond t nes.that are essential.for the
survival ofha "OBFCQS:fﬂg%Im%ﬁpHﬁ‘é@?ri %%b&ﬁlbseaon%ﬁnreﬁ%ttﬁ%ﬁon% HSUS PIORS ar y of

t ransposon iyt ABtvhe plaiéd dfsequitntdsifon Yneldr bothaBgipaslihkingitRnt s i s gener at ed.
Transposons, =~ sonetines call ed transposable el enments, are npbile

pol ynuc! eotriantposorFhd ypisaliy, twe Hersnsswisd tagenerate qensppnstRsotenokEstiykthel ed in t he
art and incl udes : | stidqiqui shed on the
basi s %f sgacﬂ’eeﬂ%eé?llgﬁlglgg?lgg{ap%)ﬁ)?&r{s%%slgéég%&egg%nﬁ %ﬁ\%&ﬁ%iﬁgbeat s at each
end; directly rapeadsensuop@be Brhybridized opobmsacleqtidER_pmale drgamisndssd and pol yA
at 3' ends of RNA transcripts wiith 5 S often . tryncated.  Sone types of
virus al so!® ﬁ?@@art%l'thét‘?ﬂ%%ﬂ“ﬁé%?éé‘ﬂ“@ﬁ%?@Y“W%Ft‘%ima‘_é“"tr}g PdEs Iuses, and
may t her ef & NG ASEHBLMBEORFiddl BERE tHABare bssbtHR Frit@ sufilARE the 20
However, transposons are typically preferred to viruses because issues of
safety relsgaatnt in questiongeni city may be avoi ded. Any suitable transposon
may be used for the generation of transposon libraries. Suitable bacterial
transEQ)sons i nclude Tn3, yS, Tnl0, Tn5, TnphoA, Tn903, 25 Tn917,

Bact er i ophaggsiMétish of 4 Bbratyast tdhdpes@smutdiry of the above menti oned

transposons may be used in a method of the invention. Preferred transposons
are those whi cAypiseltyy adibrarppigransprasas mytantidesepere (\HISESOR%y be useful in

| dent i Fyi NG TithaNlfied fuioshBlt elenfnks! ABFRBACPIIARROHE Ih §3m Tn10 and

TnphoA. For exanp arries a tetracycline resistance gene between
its IS el enanimsand wel knawn tetho8Gkijed ésthennadd ingluded gigregstafdes conferring

B R i e

example short inverted repeats at each end; directly repeated long terminal repeats

(LTRs) at the ends; and polyA at 3' ends of RNA transcripts with 5' ends often
truncated. Some types of virus also integrate into the host genome, for example
retroviruses, and may therefore be used to generate libraries of insertion mutants.
20 However, transposons are typically preferred to viruses because issues of safety
related to pathogenicity may be avoided.
Any suitable transposon may be used for the generation of transposon
libraries.
Suitable bacterial transposons include Tn3, v8, Tnl0, TnJ5, TnphoA, Tn903,
25 Tn9!7, Bacteriophage Mu and related viruses. Any of the above mentioned
transposons may be used in a method of the invention. Preferred transposons are
those which carry antibiotic resistance genes (which may be useful in identifying
mutants which carry a transposon) including Tn5, Tnl0 and TnphoA. For example,
Tnl0 carries a tetracycline resistance gene between its IS elements and TnJ carries
30 genes encoding polypeptides conferring resistance to kanamycin, streptomycin and

bleomycin. It is of course possible to generate new transposons by inserting different



WO 01/ 07651 PCT/ GB00/ 02879 -8 conbinations of antibiotic resistance genes
between its IS elenents or by altering the polynucleotide sequence of the
t ransposogo fierssexanpl e by maki ng a redundant base subspdi/gBbomasion t he
coding region of an antibiotic resistance gene. It will be apparent that
such transposons are included within the scope of the invention. 5 Suitable
fungal transposable elenments include t-Be Tyl elenent of Saccharonyces
cerevisiae, the filamentous fungi elenents (the filanmentous fungi include
agri cul t ur adompinatipns efzantibiotia rasisprachgrgenbetweantitsd§ eementspn by ghterimgrths,

Magnaporthe_ qri sea),such a -l rke and Tcl/Marinef-| i el enent s
(see Ke rrpe‘h i %R%ﬂ%ﬁ(ﬁcq'iwé?g;%% (k)'{aalgsg’g%osn ’ %6?“(%% B)g@a%%‘g aze “89?‘"5&?5& such
el ements). si@sthutidrahltiee @daptregibe oba mtibioak vdBtafes gdme. Franill bargpRédier Tam

el enents, cind4d and spm Suitable animl elenents include P and hobo which
may be usedbptfuchirgsBeens are dnrduded withen the seopp oblbie isetiony Caenor habdi ti s

el egang. Librari : according to any
met hod% 15 knom@gﬂg%@gﬁﬁﬁﬁﬁé@%fﬁﬂ% %1%%?1%/@9'&_@:0%%}2%&”%1?& i braries of
bacteri al tSampapompres ceravisine,she Alameatooofungirdabents (s fiigmentbinefungil asm d or

bact eri ophage vectors contai nin the transposon. and a sel| ectabl e nmarker.
Bact eri oph %l“.. ; a?étf."ﬁ“?f?g%w&taﬁ 3’5@?@8%?!‘5?%?’.*’?#@&%95’%‘?@%! e reci pi ent
bacteri al Sﬁﬁd&% prth@%ﬁ.f‘eéﬁmh‘ﬁs Fot 19®gb-196%nd Tbl/ﬁ!aﬁnelqg{ce'elen%n'i & has a

suppr essor ion prevents the bacteriophage fromreplicating 20
and subsequiéempsn angddiucl, K498, BiostsaysA® 65265%far arsview oftsuch elemets)lance gene to

|1 | ecti f ' tai.ni t | . .- Th
ect or%oont ai ne SHERARHERRT oleP P FRERE s T TRER et omosone

into the hogid splacterial) chronosone and thus the growth of false positive
colonies without a nutated E. coli \ngne is prevented. Cultures of the

reci pi ent strai nroviiablegpisgh clements inckuded spddioberivhich mayseuged in Brot h) and
cells inm 2ha 1 it A. transposon

vector for rcjﬁg%fl at a%gyh%‘i%%g%gsregflﬁpkg&?ﬁ%gﬁsee%g%%ﬁ s are plated out on
L-agar suppl endnbmdeswittansposcmpiotanismat e geadrated haoerding iolangmethodnd gr own

O L e SRR S ST G POoposp L b ary and can be
Growth of  sm@hindsichd B¢ éddStric@si sty dither flBnfI8 BEbRIBPhAE vERG GRS mMutants
and the transposon and a selectable marker. Bacteriophage A eg. ATnpkoA can be used to
infect a suitable recipient bacterial strain, for example £. coli XAC. This E. coli
strain has a suppressor mutation which prevents the bacteriophage from replicating
20 and subsequently lysing and also contains an antibiotic resistance gene to allow
selection of colonies containing transposed chromosomal DNA..- The vector contains
mutation(s) preventing integration of the A chromosome into the host (bacterial)
chromosome and thus the growth of false positive colonies without a mutated E. coli
gene is prevented. Cultures of the recipient strain are grown in enriched medium (eg.
25 Luria Broth) and cells in mid log phase of growth are infected with the A transposon
vector for 1 hour at 37°C. Aliquots of the infected cells are plated out on L-agar
supplemented with the appropriate selective antibiotic and grown overnight at 37°C.
These colonies consitute a transposon library and can be further analysed by the
TMDH procedure described in this application.
30 Growth of such libraries results in the generation of thousands of mutants and

these result from mutations that are all, of necessity, in genes that when mutated do



these result fromnutations that are all, of necessity, in genes that when
nmut at ed do WD 01/ 07651 PCT/ GBOO' 02879 -9 not result in the death of the
cel | ie. GLhforfoniiessential genes. Typically, such a |i breyGeosbishe conpri se
at | east one transposon insertion in at |east 80% preferably at |east

90% nore preferably, at |east 95% and nost preferably at |east 99% of
non-essential genes. 5 Sone regions  a particular genone nay be

i naccessible to insertion by a particular transposon, for exanple because
of a parti aodrasultie denitathyof the deliii¢. itl@rnon-essentidtggnes. iiypishlly, sudhsdduassi ble to a

particul ar transposon. Thus it nay.be . advanta s t {ne two

t r ansposon il gemapRsEat Ie?ﬁ@P%H?“*ﬂ??%é%ﬁFW@ "f% eaﬁ?%@éﬁrﬁg{a\ﬁgmg;ea%bt ai ni ng

t r ansposon gpdiSsble REErably, & 184s£98% and HERGrefBhblyANREst 9B of s AEkRtiali N the 10
case of bacterial Tibraries, Tn5 and TnlO libraries for exanple, could be
conbi ned. g&eneration of consensus probes A consensus probe is generated
from pol ynucl eot.i de_sequences.. . . The, consensus
pr obe 5ﬁﬂy corrpriggrgebegf(g‘ﬁﬁg?8%‘%1%"9%1%&éﬁgﬁlggggma%%gsgﬁlg%?g or both sides of

any transpgs@BularitinSpotbh,| foo@aniphd begawde peaparticuldriseconiae oofertiaey hod used to
generate the consensus, probe. For exanple, inverﬁ]e PCR r’gay | ead to the
i sol ati on e¥uqgssF yhirdl isinereessible (e Pl BAR9ST TUg&dnatoe, t r ansposon,

whereas v gg\;aﬁ{agge&ﬁ st(lE tggnl%)i?{@ {VthrArﬁéchSGﬁ‘Wﬁra}igso tHagebl %Qilr'éh‘éi.ng feQrotdilpuct eot i de

sequence fromo a transposon. Genéra | anki ng sequence
W || be i sof atsidingntansmson maartiod0fa gpratst purabdrypf aenes.| Berexaopley infen e

preferably at | east,k 95% and st .or rabl v at | east :99% of mutants in
a parlQ cul 8?Selof§?°é?r§??ﬁb%ﬁﬁsi’ ngaqu)'g?f’bf lﬁﬁrarf?ﬁ%%{n %@I(;%h?urfdz?eh%glbw%g'vm to those
in the art may be used to isolate pol ynucl eotide sequences flanking

transposons and thus to generate consensus probes. 25 A preferred nethod
i nvol ves t (Gen¢ratidrnoficonsensusipsgbes onsensus probes: a left-arm consensus probe

(conprising seq ec%glgesnsﬁs %glg i? ehdified £dih p?@ﬂ&lé&tﬂ@&cﬁﬁfm&?ﬂm figRARPOsons) and

|
a right-arm consensus prpo onpri sing gquences flanking the right hand
si des of t l@ndposons P THOBSsenshapiobe mag ecraprisepolynacleatidg eemerdes froimswkat ed by

restriction endonucl ease di gestiqn, ically follo by .an _.anplification
step, 1$or 3obeRakss f Wani*-@é‘f’}‘iﬁ?? thgeﬁaraﬁx,ﬁvpgg an eg%%%‘%fg}? thr?:a&;) be
fol I owed by ddg3khédte He Rnsensus probe. For example, inverse PCR may lead to the

isolation of polynucleotide sequences from both sides of a transposon, whereas

vectorette PCR typically leads to the isolation of polynucleotide sequence from one
side of a transposon.

20 Generally flanking sequence will be isolated from at least 80%, preferably at
least 90%, more preferably at least 95% and most preferably at least 99% of the
mutants in a particular library, panel or pool, of mutants.

Any method known to those in the art may be used to isolate polynucleotide
sequences flanking transposons and thus to generate consensus probes.

25 A preferred method involves the isolation of two consensus probes: a left-arm
consensus probe (comprising sequences flanking the left hand sides of the
transposons) and a right-arm consensus probe (comprising sequences flanking the
right hand sides of the transposons). Each consensus probe is generally isolated by
restriction endonuclease digestion, typically followed by an amplification step, for

30 example PCR. Restriction endonuclease digestion may be followed by ligation of a

linker such as a vectorette unit before the amplification step (Figure 1).



| i nker such as a vectorette unit before the anplification step (Figure 1).
WO 01/ 07651 PCT/ GBOO' 02879 -10 In a preferred nethod of the invention,
genom ¢ D@ o1s7¢spol ated froma |ibrary of transposon nmucmtsoocastedi gest ed
with a first restriction endonucl ease that cuts near the end of the
transposon. Typically, suitable endonucl eases have hexanucl eoti de
recognition sequences. The exact resttl0cti on endonucl ease used will 5
depend on the sequence of the transposon which was used to generate the
transposon- tagdea préferred methqthelthe inventinas sepomiq BNy is ésglates! fegn e he

Tr sposon-speci fi T-speci f onucl.easgs, I n the case,of TnphoA,

sui tabl e T of frnspRt ‘é“‘g%%‘é“g‘ﬂg?sg‘% ‘gl?ﬁrs&ﬁfté‘ﬁ{‘%’h ngonyclsase 'L?)tpt he |eft
hand end of cutdy@at the RAP LM tramspdsdrp Jlypickiy, elitablet ehdemRfeasds davd he right hand
end of the transPoson (Figure 1). Generally, an _aliquot of the library is
10 di gest edhexprysleotide respgmtinngaenssse dibe erack Frasistien endopudigese wsed it her

aliquot; is i 1 o - i £l

endonuE:SI eascze?)gﬁl@{ @%éﬁqlﬁg{l%gﬁ?%g?% nc{goii)g@cé “%ggise{aﬁgge%éagg%é{ag e %/n'di gest ed
with a furtiagged litesyr Thése enzyared areuefesed ®, asuls Tdanspiokdn-gpgeitic &M-speckfe) di f f er ent
fromthe T-specific ndonucl e, The, secand endonucl ease, the

Gene- speci f‘?‘@%‘@‘?ﬁ@cﬁ?ﬂf)"aﬁ% HE%@P%%’E%,'SP%C"W RehslFasss B donenher e i n

the genom cwﬁﬁgu@tger%sé {&aﬁe f&ﬁsh_al?@&’ﬁi oﬁﬁéﬁ#&ﬁ&gn,gﬁdml,wmm&e_t@ener ally,

the G specific endonuclease will have a four ase pair recognition
sequence antle sight keipfl endefthpiresspesos (Bigurenl )i Gefadllpe an alppioboef the libdatyeis 1.

20" ueelt n_ BRI B R B T E R e RBGRT bR Sree ) ¢ o
Msel T TAAYEGGdGHiARe Tightidall TABeGTic MiddhudleddeG  TC, GA GGC, C 25 Bfal CTAG

Nlalll 'CATG GAT, C GITAC, = Bstul CG CG Kral GI' AC GC,GC CA TG Dpnl ' GATC
Sau3a ' GATC The resulting fragment pools may then be separately digested with a further

restriction endonuclease, which will typically be different from the T-specific
endonuclease. The second endonuclease, the Gene-specific (G-specific)

15 endonuclease, is intended to cut somewhere in the genomic sequence that has been
disrupted by the transposon. Generally, the G-specific endonuclease will have a four

base pair recognition sequence and suitable examples are given in Table 1 below:

Table 1. Examples of 4bp recognition type I restriction endonucleases suitable for
20 use in TMDH

Enzyme Recognition Site Enzyme Recognition Site
Acil C'CGC Msel T'TAA
GGC,G AAT,T
Alul AG'CT Mspl C'CGG
TC,GA GGC,C
25 Bfal C'TAG Nlalll 'CATG
GAT,C GTAC,
Bstul CG'CG Rsal GT'AC
GC,GC CATG
Dpnl 'GATC Sau3a '‘GATC
CTAG, CTAG,




CTAG CTAG WO 01/07651 PCT/ GBOO) 02879 -11 Haell | GG CC Tagl T CGA

CC, GG AGC, T Hinpl G CGC Tsp509 ' AATT CCC, G TTAA, I n sone cases it may be
conveni entyd fs8&e the same restriction enzyne both 5 aspdmesobozsapd G
speci fic endonucl ease, i.e. the sane enzyne nmay be used to cut within the
transposon and within the interrupted sequence. In addition, it may al so
be convenient to use the same enzyne 4l&- cut at both the left hand side and
the right hand side of the transposon. The resulting fragnents may then be
si ze sel ect EﬂemTypi cal ly|tgagrents W thr,l0 a size ofrggomM approximately
200 to 600{bp are isolated, for exanple froma gel, a(gl purified} The
smaller the¢ fragnents is thng _the snaller the ch ¢ 5ensus
probes inclygi,ng sequenceg'dacom genes Mhpoh |ie next| margenes whi ¢h have
been intefrupted by trmggi}ons. Typigcally, the |ef L %nd ri ght-arm pool s
of fragnents_are then anprfied 15 £ ' ' out by
ligating |inkers, preferably vectorette wunits, to the left- and right-arm
fragnent pool s. ' . ' : fhetes | s+@r m pool s,
the resulting f%%%onré%%gg&g?ggge %%@gﬁlr&lﬂft? g#@%?&%;gs#ﬁ?@qteﬁﬂﬁgﬁog gel or by
usi ng $pun-ag lelMand G- apat fixgendpinyclealRCRe. theysatieenzyas maebe wed taigitng the | eft -
and right-arm pools of fragnments as tenplates and a.pr.inme ai,r conprising
an 20 ol i goyithin dstragIposoRAndsy! “TB'F"&CWE?@S{}%%C'SI@@HQHB% I{ﬂ?gy 45 econd

ol i gonucl eqti.gfventReR! sk thefste Bndyhidks tut(a® Both TheER hatfdadidetdhd siRasugmce (Figure
1 g). The use of transposon- and vectorette-specific PCR prinmers results in
t he speci f ihandsipé of the ransppscdf sequences that are adjacent to the sites of
transposon insertion. Al ternatiyv the. e [ - s of
fragments may b S%P‘twgg@g%‘f/ms Eég'g}%/eglbg%lﬁ%?%C}eﬁﬁgﬁé%%?%%& of a

sui tabhe | ghglelorshot! Arpesiahentiodeo pO0 bpeire altedafor exmipheframalgef, aadit i on of
sequences adj acent to the sites of transt[}oloson i nsertion. ., Those | abell ed

anpl i fied gorliehcBre weallentbe fagments isalatedythe smples thefhange of HregQBeRYent s.

probes including sequences from genes which lie next to genes which have been

interrupted by transposons. Typically, the left- and right-arm pools of fragments are
then amplified.

15 Amplification may be carried out by ligating linkers, preferably vectorette
units, to the left- and right-arm fragment pools. If linkers are ligated to the left- and
right-arm pools, the resulting fragments may be re-purified for example through a gel
or by using spun-column chromatography. PCR may then carried out using the left-
and right-arm pools of fragments as templates and a primer pair comprising an

20 oligonucleotide specific for a transposon sequence and a second oligonucleotide
specific for a linker (eg. a vectorette) sequence (Figure 1g). The use of transposon-
and vectorette-specific PCR primers results in the specific amplification of sequences
that are adjacent to the sites of transposon insertion.

Alternatively, the left- and right-arm pools of fragments may be amplified by

25 cycle primer extension. The use of a suitable labelled oligonucleotide primer can
allow the amplification of sequences adjacent to the sites of transposon insertion.
Those labelled amplified sequences can be used directly in hybridisation
experiments.

Alternatively, the left- and right- arm pools may be amplified by inverse PCR



Alternatively, the left- and right- armpools may be anplified by inverse

PCR WO 01/ 07651 PCT/ GB00/ 02879 -12 (IPCR). Thus, the left- and right-arm

pool s of fragnents may be self-ligated and subsequentlypélﬁgkjmwz@g usi ng
e |

transposoﬂv% %t ¢ prinmers. Wen using I PCR techniques t he
possibility that, a "stuffer” fragnment may ligate into the self- ligation
reaction, which will be anplified alongpwth the transposon-disrupted 5

sequence. If this material were to be using in |abelling experinents, the

stuffer segye .eT&BPJhg[ltffE%ﬁ&ﬁgﬁ't%ﬁFﬂb giinfﬁgxh@r%ﬂﬁwﬁgelﬁii% ar@S 11 bound

to the polynucleotide rary. In order to renove this s Ier fragnent,
bi ot i nyl at esubseduerttysampl Hiedmsing $rosposort dpecifiPERmemsadiiennsingedPCBW ng | PCR, t he

consensus sequences, can be r.edi gested w.th whichever. enz was. used to

o0 at ot ot R e B qirermet B8 o FEenE R et Tt o7 ¢ he
rel ease of {pRiontretclion, WHiGOREIYeandshidiel BRnE With Sstmspds6AldBAGRSY MY then be
separated fromthe "stuffer" fragnents using a nmagnetic- bead-streptavidin

conj ugat e. Finuenngr Ifthisanatyual ware te he ysipg in labrllinecexaerimenys ghe wuffdsybri di ze to
pol ynucl eotide | i brari r i . e techni ques
descri bed aBov mg%ﬁa ﬁﬁé&%ﬁgp%@%ﬁ%cﬁgﬁugiggﬁgg *ZF {"%ﬁi t81}@15 sequences

fl anki ng bopblysudiesidefiblalie Ihoadts pogmose thidwsfter fagnentpbiofihyakd pgmérsagnent s,
the left- and right-arm consen_susé:prob_es, nay be used in hybridisation
exper i ment s cat by ysed ivthe IRCR rractinis distlpwingdBGR sthe ponsepsup ssauetse sansbsy

gener ati N9 9 GABSEUNMSyIRURDE chiEhelSs 438 1088 HididzGrlensdsiARRPOSONS

whi ch conprise pol yner ase Ing site sequences.. t ransposons
may bel@sed firsd ppen €Tt estltsan spasieasei of sher suffen fagroerds arelsthe ddhserseguences

flanki ng the transposagns . in such | i brary. G be isolated by.the addition
of RNA —pol SRS Mg HISRke prRRLe HBom B S Bt TASTE P A RATIARHISS been

i sol ated, dbggsitRfraviaifbonjugttes The pheGbdAINARSES tHek 86 1aBBRY 8nd U8 tdRNA
transcripts thus generated can be |abelled and used in hybridisation

exper i ment s hylyidiceste pplyaurlentide libranies, donryempls|agriddedsarzy. RNA transcripts can
be reverse tr ansgﬂé Qaﬁn@ﬂg SEJARP&PM@%%&E% quﬁﬁxhitnrﬁ%'esisolgt;io%do‘iced can be
i n hybri 5. The usé o

| abel | ed and use I'sat on experi nmen a transposon
w th dis f er egjuefieb fiaskigsotbsidel sfghsirimposahs. EEtizke pdold dfFlaakialg fiapyemk,| ow f or
the isolation of left- and right- arm pools of fragnments. Additional

met hods f or hfdRéraRdirgh-amems e RIoBSomaY Phbed drhybridisadongrprrments

to determine the essential genes.
Further methods for generating a consensus probe include the use of artificial
transposons which comprise RNA polymerase binding site sequences. Such
20 transposons may be used to generate transposon insertion libraries. The sequences
flanking the transposons in such a library can be isolated by the addition of RNA
polymerase to DNA from the transposon library which has been isolated, digested
and size selected as described above. The RNA transcripts thus generated can be
labelled and used in hybridisation experiments as described below. Alternatively, the
25 RNA transcripts can be reverse transcribed and the complementary DNAs thus
produced can be labelled and used in hybridisation experiments. The use of a
transposon with different polymerase binding sites at each of its ends may allow for
the isolation of left- and right- arm pools of fragments.
Additional methods for generating a consensus probe include, for example,
30 splinkerette-PCR, targetted gene walking PCR, restriction site PCR, capture PCR,
panhandle PCR and boomerang DNA amplification (for a review of these techniques



30 splinkerette-PCR, targetted gene wal king PCR, restriction site PCR,
capture PCR, panhandle PCR and boonerang DNA anplification (for a review
of these t l,aues WO 01/07651 PCT/ GBOO 02879 - 13 see ' , Cell
Mol . Li fe‘%ﬁ?ﬂd"%ﬁ (1998) 1403-1411). The techniques desc%ggaoé(%%'\?e for the
generation of a consensus probe typically require the digestion of genomc
DNA isolated fromthe |ibrary of trangposon nutants with a Gspecific
restriction endonucl ease (for exanple, Haelll 5 in Figure 1). It is

possi bl e t hat Huhg Packi sl arifd33aqi 985 10841yl ease used in an  experi nent
wll not cut within the gene in which the transposon is inserted, or cuts
at a large di stEhedechniqyes deserthsdabonsider the genesatign obaeqnseRsysPR® i nserti on
site. Therefor seque, e ' : rt of the
consensus ptlyglﬁ@yL‘f’ﬂ@%tpggi%e;gt{e(ﬁ?rfg%@%ﬁc%S%c%%léfgglsfrggﬁgﬁgg%? &I’ng be carried
out sever al trdnspEen mexeiks Witz Gespecific fBtridtitr erdentclé@ss (fecexample; Hg¢lili ct i on

endonucl eases. The qreater, the nunber of .enz s, used to ke consensus
probes? t heingigus é)rqf ’ﬁémﬁ“%%H\aﬁ@ﬁBawulgkﬁﬁgﬁewpﬁﬁ%%gse&%ti al genes
bei ng repr ea@@aﬁﬁgn A1 B Ecut MABRNES SerR P RARN tH tFnBpdsad islifserttd, oRBts be

0

achi eved by Ining two or nore of the techniques for generating
consensus Plargeelistants, fhiydnaimpiezmete trankb.oovey diosuthe prsetiion sio Thsrsfergel eot i de

| i braries The se nces which r.ise the.co S 0 y be labelled
for use asseﬂ’t‘eé‘ﬁ% T M5 HeGY %’glﬁrlm(; Aorm et roﬁﬁheen‘{&ég&% rgtgel' te;ﬁ]lﬁglggl s incl ude
radi 0i SOt OPRSeRHEM0BDnsERR protts n@fy bé oiric® ButyseeerhlaingdsSeaok tinkusing | abel s such

as biotin or digoxigenin or 20 fluorescent |abels. These | abels may be
det ectl@d usdifferente@spepsficmsstrictignondonusleasess dhe gieptet g nuRbEnod eagyMes Gener al | y

the consensys,pf I?Q%i éggg%;&%%%ﬂﬂe L3 MOLiNAobEOF éeqlﬁélcésst%rﬁ‘}l&g fromthe

organi sm being stu ynucl eoti des used wl'l typically be in the
form of a |dshentinlgenedbeapamepakdnyedie tHerconseasusipkabes.y Aeinitag agsuld may@enoni ¢ or

eDNA 25 libraries, for .exanple, coul ggbe used. Poelﬁénlflcl eotides in the
library to aicxs Bhepmbining SiQ pismpre Of e 'efimiqhes Ry BT IR0 S Eonpri se al | or
part of an gggential gene. Ideally, a library used in a hybridization
experinment wll be in the formof a gridded array. Gidded arrays typically

conprilse a different clone at every | ocation

Hvbridization of consensus probes to polynucleotide libraries

The sequences which comprise the consensus probes may be labelled for use
as probes in hybridization experiments. Suitable labels include radioisotopes such as
12p, 3P or S, enzyme labels or other labels such as biotin or digoxigenin or

20 fluorescent labels. These labels may be detected using methods well known to those
skilled in the art.

Generally the consensus probe is hybridized with polynucleotides isolated
from the organism being studied. The polynucleotides used will typically be in the
form of a library and generally be from a wild type organism. Genomic or cDNA

25 libraries, for example, could be used. Polynucleotides in the library to which the
consensus probes do not hybridize may comprise all or part of an essential gene.

Ideally, a library used in a hybridization experiment will be in the form of a
gridded array. Gridded arrays typically comprise a different clone at every location
on the array and preferably the array represents the whole of an organism’s genome

30 (if the array is a genomic DNA array) ie. it may represent the whole of a bacterial

genome, for example. Alternatively, the array could be an expression array, in which



on the array and preferably the array represents the whole of an organisms
genone 30 (if the array is a genomc DNA array) ie. it may represent the
whol e of @woaabeii al genonme, for exanple. Alternatively, p¢hieBawmsy coul d be
an expression array, in which WO 01/07651 PCT/ GB00/ 02879 -14 case it would
preferably conprise all messages froma particular organism Particularly
preferred |ibraries are those where edén I ocation of the gridded array
represents a single open reading frame of the organism wherein all the
open readi n‘@se’FW‘QHB’SPTF?@H%W@%&%ﬁLWW&?é’%ﬁP@g@ﬂ?ﬁgmﬁmt hat way all

protein Cogiéiéﬂcau:f?r%%ﬁﬂ‘é& Btatiflears BRMENESS ethodafibl 6580 bRsHed BHSy advant age of

using grid s 1s that a whole genone may be anal yzed i'n one
exper i ment , repesgntcpisiokle ppanrdadihgfrahe oftbe otgenigmi whereinall deapensaadingr obe does

not hybridize arg i diately available in a purifi.ed f.orm Additionally,

in the caseé%ff‘eséﬁo‘% &ﬁﬁ%’ﬂﬁ%’&?@ﬁ%‘he‘“&gﬁm aﬂé’?telﬂgg D€equenced, for

exanpl g E. }Q&Hud&k)tié‘e scqBERYd &k Aprestited. Wl@@dvﬁftag@'o}frﬂ?%@rid&a%ﬁ‘ﬁ 40 frames
a

in the genone is known. Therefore, the order of he open reading franes
r epr esent edthate wheje genpat may bganalyzedisgne exnerimerh ey @uigkyfand thecloneser pret i ng
hybri di satign .r.esult [ I - - 1. gl d.0n.experiments are
typically Ctgr\}rklugafﬁgﬁﬁnsﬁgsﬁxﬁBﬁb\%@ﬁ%&g?@r@@e%#gnﬁ%ﬁ%%&é@agfrafr?lg%%l n such

exper i nment Spuriffed fbrint. SAddifisreayly i yhexasdiyfomi cganisth whose eatire@bhonte lias 15
consensus probe, while the second array is hyhridi ze? with the
cor r espondi PRED sequspeedaforeeasmrle fisifd 95 Sotrsevisiad, Srearis ot alhPRaR teaditgot h t he

left- gnd rh%%gaﬂ&ﬁ@ ge';.é@lx%s@aw ’I‘H&efd?é/,l?ﬁéﬁhv\s iagrri}git@gﬁiéﬁei%ffaﬂmgorrespond

to an essential gene’ Figure 2, however, sho in so cases smal |
regi ons of epmsaitédadn gyembled egaerskeowny Thie mag bk aseddl in mterpR€ngonsensus probe
in the even\g}f of a.tranlﬁ osan insgrtip close to the end of a non- essenti al

gene whi ch Pyboidisationresylis, 353 deschRUREldY gene. Thus essential genes may be

capabl e of genergibizafios ERetintR)id atty SidhllyOdAn$ddmRlisiR W Lople 8Fthe AN
essential gene nmy give a hybridisation signal at_ a particular |ocation
only on onegtdded jamay.i tsucthexperiments, the fisharrayymay berfwpedigedwitba ledi-amme| ones on

ﬁg n iireglgs)e/ nwéécnger%%%//\gr\(/) g?’ W%@%ﬁ%ﬁdﬁi 1?& Q%# i tl)) rﬁ?l%?i g’%tﬁ glﬁ Cclg gg%%? Ctl)lfg an essenti al
gene will t mglitcaarhlcynsebéxstﬁuﬁe. | ower than that seen for an adjacent
non-essenti al geR?()caEi-Qril \?vhlcc r(])n lf)gthstﬁee f;ft- and right-arm arrays shows no
hybridisation is likely to correspond to an essential gene. Figure 2, however, shows
that in some cases small regions of essential gene sequence may be isolated in a
20 consensus probe in the event of a transposon inserting close to the end of a non-
essential gene which lies adjacent to an essential gene. Thus essential genes may be
capable of generating a small hybridisation signal on an array. An essential gene
may give a hybridisation signal at a particular location only on one of the right and
left arm arrays. Therefore not all clones on an array which give a positive signal
25 should be classed as non-essential.

However, the amount of hybridisation seen for an essential gene will typically
be much lower than that seen for an adjacent non-essential gene. This can be seen
from Figure 2 which shows two important aspects of TMDH. Firstly, it is desirable
that as many different insertions are obtained for as many genes as possible in the

30 genome under study. Secondly, the use of an array from an organism whose entire

genome has been sequenced and therefore where the order of genes in the genome is



fromFigure 2 which shows two inportant aspects of TVMDH Firstly, it is
desirable that as many different insertions are obtained for as many genes
as possi blyg diardshe 30 genone under study. Secondly, the pcyscBobozmm array
from an organi smwhose entire genone has been sequenced and therefore
where the order of genes in the genone is WO 01/07651 PCT/ GBOO 02879 -15
known may be crucial in interpreting ‘e results of hybri di sati ons.

I dentification of conditional essential genes The nmethod may al so be used
for the i dénewn mexbr emcist indpigaretingihg regd@oh pybridisajonsenes. Condi ti onal
essential genes are those which are not absolutely essential for bacterial
survival, but are essential for survival in particular environnents eg.

survi val i ideatificaion (of nortdit 14l genemat hogeni ¢ bacteriunm) or survival at

el evated tenperatures. Suc nvi ro nt e _.kno . candi t j.gnal
restraints. In o ag}eﬁpg "?aé'&Psﬁt 8uﬁ@r@?&ﬁeé%gﬁﬁ%a%@%ﬂf\?oé’?ﬁlﬁgﬁg S,en{allﬁl i brary of
transpgson Hﬁgs?i@ltoﬁditié&lies%eﬂﬂam?érﬁz&%thﬁk@%i&ﬂﬁé fidlabsonnely eisemsal (9. growt h at
37C in conplete nedia). The ibrary of nmutants is then subjected to sone

condi t i onalbacterizl sarivivial, bioare essentisl for sumvival injpartigplar evirgments €€-can be

i nocul ated in.a,suitaple.haost, -if }1 | . jvel y, the
library of SHY{2hird }bogﬁe“btéleﬁ?sgv%a 3 &‘15%4“2 tga\‘/:{agiJl gﬁ??ﬁ%}%fﬂé{aﬁ@é@w fter the
library of tspcdttues hSwchkasivortnenisers ltbvirmastcbadidemniliesiramal restraint it can

be 15 recovered. The library of nutants that have been exgosed to the
condi tional resi% endattoygolgte cqndtionphessertial gRpgscH !t am@‘&a?%fﬁ PIBYAYS | 1 t hose

genes,essent | ! liodstBe. geilial $203h cERYEE ARARNE TheThe cont r ol
and C(l)ﬁdi tiI% eg'}:raﬁegsu{lrggi%%y?li%g?grl?esg{ %ag?] be asubj ec%e to TI\/DEI ase 20

descri bed aieweof Bptansiatheysubjdctdite samuicdnditional rentreioh skmsxampledbes from t he
control Ilibrary_are pool ed and rjight-.and. |eft-arm consensus probes from
the condi t ili§Fay of ‘i‘“&‘?f‘ﬁg&?’h'{’e H“Pﬁ'?%t?%,ﬂérsé‘“gbg%lﬂ%s .1% e R%gg%sul ting pools may
then be hybyjedi=si¢tly, heRBrast invutims @l el eatan@Rvhtedteaipeature. pAErer abl y in

the formof gridded arrays. Alternatively, if the pooling step is not

carried outhe litwany of epuanis has heasrsublieatad faohe cqpditionsle@ini &8sy y: contr ol

l eft- gm consensys probe; control right-arm consensus probe; conditional
restraint "€t &rm consensus probe; and conditional restraint ri ?ht -arm
consensus pr obe The library of mutants that have been exposed to the conditional restraint will

Jack mutants which carry transposons in those genes essential for growth under the
conditional environment.
The control and conditional restraint libraries can be subjected to TMDH as
20 described above. Optionally, right- and left-arm consensus probes from the control
library are pooled and right- and left-arm consensus probes from the conditional
restraint library are pooled. The two resulting pools may then be hybridised
separately to polynucleotide libraries, preferably in the form of gridded arrays.
Alternatively, if the pooling step is not carried out, four separate hybridisations will
25 be necessary: control left-arm consensus probe; control right-arm consensus probe;
conditional restraint left-arm consensus probe; and conditional restraint right-arm
consensus probe.
Comparison of the results given with the control and the conditional restraint
libraries will allow the identification of genes which permit survival in the
30 conditional restraint. Genes identified as essential for survival in the conditional

restraint library, but not identified as essential for survival under control conditions



Conparison of the results given with the control and the conditional
restraint libraries will allow the identification of genes which permt
survival wodifagssB0 conditional restraint. Genes identifimr/aBoomessenti al for
survival in the conditional restraint library, but not identified as
essential for survival under control conditions WO 01/07651 PCT/ GBOQO 02879
-16 shoul d represent genes that are ed€ential for survival under the
conditional restraint. |In the case of the analysis of conditional

nut ati ons ishould sepressplesenesthatagg esssntiah for suyivaltwderthe gonditiongl retHaiitansposon
nmut ants, for ex i : | oy infection,
bacteria target qg@;ﬁeﬁa&g&s}hgﬁlgwggﬁégﬁ‘s"“&%ﬁ%ﬁ%ﬂ%ﬁg?ggatggégél’ ?m){é%ﬁfgn can be
conveni ent | Salmondllavwgpdiney iywe trirsposon gnutdmay) fe eaoplerdanlbe osadrio snferta t hose
organs. The bact Er' a .rec'%vereg?fromth Ii.versdan splﬁ ns can ge grown on
sui tabl e plapwe. Fpilowipg intetion hactepa taxgeh g iyesyAnd splseqsagd fhe coursg ol at ed

t enper gt ur gnfRiiod EARRBRRAIhP Ewed BY géryorﬁﬁfygbmmebwiaﬁ&oﬁ?s%n Qher
conditional restraints include growh of antibiotic resistant bacteria in

10 the prestbose agananThibastariesecovered framythe byesnindgpleens aahibe lgraymeoressent i al
For Nt bl O bRl LAE Rese SUG BENRSA PnlS cl:ALEPIRLRN E10s W LD the

- u . .
ability to ' acteri a resirstance Icular a oflics. Organi sns

coul d be greamspdsontdp@edlinasman bofrownatddadgens, UV or ot her agents that
cause oxidative stress and thus, %ﬁnes that confer . resistance to growth
under those condPPrivadivayal pestrpigisinipdegrowthphoptihipticresisiapt Rspterimin phenot ype

Pot ent,ial Lal an adi ;i | Ladin; e sequences
identi1 iedﬁésﬁéﬁ?ﬁgﬁ{%&tﬁgmgﬁﬁgfl bgl %cri %’%@%glssﬁg&zﬁ;ﬁet 11())1%&‘ ased on
allelic exekisage. Shbh gertee ehniddadarges frmrtugs wiithrtheyatslity t@lviwer battermhal ysi s of

bacterial genes. 20 PCR priners c be used to generate left- and right-arm
sequences cEnFBLSIRAFG BLATPIGeT et B aNoe BRAFAECLd it h a
kananyci n- r 3disdRRE O\ BEAHNGeHEME cabftSH@dakiOe stidifardiity $dnBOthaR®RRLt € can be
i ntroduced into a suicide vector, for exanple a plasm d-based vector,

whi ch i s urnebiklendedo geqyith eades those gondisions byl beidentidied n t he case of a
candi dl%te essential gene, the resulting construct can be 25 introduced into
the bacCterial strain fromwhich the candi date gene originates. If the

target genevégfieesebf thabhenotypshoul d be i npossible to isolate

al l eli c-exchange mutants . .
Potential essential gene sequences and conditional essential gene sequences

identified by the TMDH strategy may be vcrified using a method based on allelic
exchange. This technique is particularly suitable for analysis of bacterial genes.

20 PCR primers can be used to generate left- and right-arm sequences corresponding to
the target gene sequence and ligated with a kanamycin-resistance encoding gene
cassette. The resulting cassette can be introduced into a suicide vector, for example a
plasmid-based vector, which is unable to replicate in a host bacterium.

In the case of a candidate essential gene, the resulting construct can be

25 introduced into the bacterial strain from which the candidate gene originates. If the
target gene is essential, it should be impossible to isolate allelic-exchange mutants
that have a disrupted version of the target gene. In the case of a candidate
conditional essential gene, the essential gene can be introduced into the bacterial
strain from which the candidate gene originates. Allelic-exhange mutants can be

30 isolated and subjected to growth under the conditional restraint. If the candidate

gene is a conditional essential gene, it should not be possible for the allelic-exchange



that have a disrupted version of the target gene. In the case of a
candidate conditional essential gene, the essential gene can be introduced
into the lwastworssal strain fromwhich the candi dat e genep@irGRuoRedeS.

Al lelic-exhange mutants can be 30 isolated and subjected to growth under
the conditional restraint. If the candidate gene is a conditional
essential gene, it should not be possible for the allelic-exchange WO

01/ 07651 PCT/ GB00/ 02879 -17 mutants to survive under the conditional
restraint. nBi‘?ﬂtﬁ@ﬁ“@k‘ﬁéﬂdﬁ‘éﬁfﬁoqﬁiﬁ?nﬁléeﬁ@rfﬁor med for other organisns

Bi oi nformatics the rapid isolation of
further essent|§ ccr)’g{l]'lts'?f1 wﬁé@éﬁ% &%An%%& gene identified in
TVMDH may be used to search dat abases cont ai n| ng sequence information from
ot her speciges L n order to identify orthol ogous genes fromthose species.
Genes soO | Scan be tested for being essential or conditionally
essents al usi ngrﬁ@eseqmamfsnﬁ&femaguﬁ&wqﬁss;ﬁa %rinaﬁ)@r/ﬁnhmgseﬁ@arexarml e, an
E. coli gene is identified as essential using a nethod as descri bed above.
This may aand)wmn@nald@mmluggaﬁ dhgee lfé?npﬁtthm?RMDHrmmedggfthfwnh Sal nonel | a.
That Sal han an

constructi th QS (%oﬂa? lﬁggeﬂg%& %?%’%?a BX ﬁ%glaq%er% 77 guéglg etg érelngg'd above.

Furt her orbhﬁ&legjnegemfmhethosexzkpems‘|mesnxdmﬁedbatm&§tw foebeihgd or gani sns,
for exanple from Plaspodi um 15 species. Suitabl e biqi nformatics_ prograns

are wel | kRUHHA or ¢arguionally sspeagial yringfle ggnptic tepyyiques desstiked abpve- Hiesi ¢ Local
Al'i gnjgent %ﬁgrﬁ@ an 20 ko/t BlrBRTMe MR8 BlstMal §§ﬁ§é’i m@!hodgel des J‘]&ggbovla Mol .

Bi ol . 215 403-410. and AI tschul et a , 5,

3389- 3402 )l“hrmlyaymlowsthdxdeﬁiuﬁmam of adpmfatyasetholbgue fdemonqmrTélaf or exanpl e,

EMBL, Tl GR, EBI W SS: P a r EMBL . ani sms useful in
t he |nvent frobs '\}?@aﬁ"ﬁngﬁkaytbﬁé‘fmﬁix}' E1UEE ngi"igﬁa‘? the oS HE 0grﬁ’?are t hose for
which it i goddfchhbhetants P SAfbielRits dbScABEPDHBON FiHROSHRMghedREy bIUS, those
that can give rise to a library of 25 transposon nutants. Cearly, if the
genone is Isegtad inmnre divigntnrelated rearismse far gxaseple fomdtiesrpdiym or der to give a
bett ef chag&% of achieving saturation nutagenesis. Suitable organisns

ary

i ncl u 'otic and eukaryotic organisns. Suitable
Suitable bioinformatics programs are well known to those skilled in the art.

For example, the Basic Local Alignment Search Tool (BLAST) program (Altschul et

al., 1990, J. Mol. Biol. 215, 403-410. and Altschul et al., 1997, Nucl. Acids Res. 25,

3389-3402.) may be used. Suitable databases for searching are for example, EMBL,
20 GENBANK, TIGR, EBI, SWISS-PROT and trEMBL.

Organisms useful in the invention

Organisms that may be used in the invention are those for which it is possible
to carry out transposon mutagenesis and thus, those that can give rise to a library of
25 transposon mutants. Clearly, if the genome is bigger, more mutants will have to be
produced in order to give a better chance of achieving saturation mutagenesis.
Suitable organisms include prokaryotic and eukaryotic organisms. Suitable
prokaryotes include bacteria. Preferred bacteria are those which are animal or human
or plant pathogens.
30 The bacteria used may be Gram-negative or Gram-positive. The bacteria may

be for example, from the genera Escherichia, Salmonella, Vibrio, Haemophilus,



prokaryotes include bacteria. Preferred bacteria are those which are ani nmal
or human or plant pathogens. 30 The bacteria used may be Gram negative or
G am posi Hig/Rrekhe bacteria may be for exanple, from thecKepsyasre
Escherichia, Sal nmonella, Vibrio, Haenophilus, WO 01/07651 PCT/ GBOO 02879
-18 Neisseria, Yersinia, Bordetella, Brucella, Shigella, Klebsiella,

Ent erobacter, Serracia, Proteus, VibdPo, Aerononas, Pseudononas,

Aci net obacter, Moraxella, Flavobacterium Actinobacillus, Staphylococcus,

St r ept ococ ANeissetigs Ospurie.dBardgiella, Brupelds, iShigelty, ddebsielipubrterpbastes eataria,

Hel i cobact Ca | ohact [ S illus,
Agrobacterﬁ{f%euﬁhi z%%il}%g%n%%’ras vﬁﬁ%@gg{r{) %ﬁfﬁ%@gﬁéé%t %@%I es of sone of the
above nent i pagBagenenaAdinebdcilubeStaghyl ook, Strepcodeas) Mycobadiriuint, hoea i n
humans; Sal nonel | a typhi nurium - the cause of sal nonellosis in several

ani mal spedi‘&{la’frd?%ﬁ%‘ﬁ_ wpy Basteprsila, HCIFH@C%LE@M?W%PW%%i d fever;

Sal mong! | a (G0t @idstidadb filtus &R Rerfin, RARALRA, EXinor XantHefRASs, Sal nonel la 10
chol eraesui s” - "a cause of salnonellosis in pigs; Salnmonella dublin - a
cause of both a Exsyyptesnf somseaf thid zbhové menliondil geeseare dsdmtichig coléspeci al | y of

new- born cal ves;. .. Haenophi | us influepzae, - a cayse of njngitis; Neisseria
gonorrh oeaecapseac’féié%g‘@e%‘m‘“a‘gﬂ% N F{’ﬂ%’ﬁ{?a 6‘5’["&%’?‘@ 'zﬁ*‘i Wﬁ%@%ﬁh"gﬁﬁqs‘ﬁ he cause

of a spect riReRfal dhis@f§RSick; BalbRIIE nphangt Bhisé OISR pIREMee&i tis to fatal
septicem c di sease; Bordetella pertussis - the 15 cause of whoopi ng cough;
Brucel | a abWwmerila egtevitidis e a gtusa pbfoet paisemng imffustans;| SalmoreHa cattle and a
condi ti,on kpo as. u L:0; s Vibr haql cause of
chol end: " q OapraR A R s ok e WERRSmoM Y bR BER et o757
cause of  agybtemickandikdrihobd] diseasedn yarle 8speially dEndwsbgrn calpkgnt s and ani mal s.

Preferred eukaryotes 20 include api mgl or human parasites and pl ant pests.
Suit abl e f URGAMIPHENBE 4R am FIRSE ODREHBEERVEI I 89l heerediafa s ¥i cans - a

cause of t r VN aYa K. £ g 3 i 0 hekikhdr en,
R R S i L e R
Phyt opht hormnging frsinagastroenteritis toofptal septicaniic disease Bardereldpmarausspp the Sapr ol egni a

. i ph . 25 Ce tis ulm, Mniliniafructigena Venturi
heaudr 8. oo B P ol oo o5ty T DL A e i s,

Ustil ago av@RR&ind a condition known as undulant fever in humans; Vibrio cholerae - a cause

of cholera; Clostridium tetani - a cause of tetanus; Bacillus anthracis - a cause of
anthrax.

Suitable eukaryotes include fungi, plants and animals. Preferred eukaryotes

20 include animal or human parasites and plant pests.

Suitable fungt include the animal pathogens including Candida albicans - a
cause of thrush, Trichophyton spp. - a cause of ringworm in children, athlete’s foot in
adults. Other suitable fungi include the plant pathogens Phytophthora infestans,
Plasmopara viticola, Peronospora spp., Saprolegnia spp., Erysiphe spp.,

25 Ceratocystis ulmi, Monilinia fructigena, Venturia inequalis, Claviceps purpurea,
Diplocarpon rosae, Puccinia graminis, Ustilago avenae.

Suitable animal parasites include Plasmodium spp., Trypanasoma spp.,
Giarda spp., Trichomonas spp. and Schistosoma spp. Other animal parasites include
the various platyhelminth, nematode and annelid parasites.

30 Suitable plant pests include insects, nematodes and molluscs such as slugs

and snails.



Sui tabl e ani mal parasites include Plasnodi um spp., Trypanasoma spp.

G arda spp., Trichononas spp. and Schi stosona spp. O her aninmal parasites

i nclude t{ pus platyhel mnth, nematode and annelid 30

Sui t abl e plgnpeggsts i ncl ude insects, nenmatodes and nnllﬁggéﬁgﬁiﬁﬁés sl ugs
and snails. WO 01/07651 PCT/GBC£702879 -19 Suitable plants include
nonoct yl edons and di cotyl edons. Prefed$ed organisns are those for which the
entire genonme has been sequenced and therefore for which it may be
possible to con§hhﬂﬂ¢p@mkﬂdadeammayykdmuumdthumﬂbmentire genone or all of
t he open reading franes S Scre i bitors of ssential and

condi ti onal ess&RfsEd ‘ﬁ%‘ﬁ’ésé“sl'—fég HH’B tife §eBpraF %sstﬁeé’hti al genes of
bacteria a@ﬂ?deﬂ@ed%ﬁhmﬂe%hﬁmt%ytb@%ﬁssm@%nﬂﬁﬁ& SRPgsRRYs targets for
anti bacterial substances. Simlarly "esSential and conditiondl essential
genes of f gnyringnikk entikaggnome or plhobibe open reging Bamgsd 10 pl ants and t he

pr ot ei $s whi ch they encode may represent targets for fungicides,
antiparasitics, pesticides and herbicides respectively. Fungicides may have
both ani mkr&ﬁwf@irﬂﬂﬁto@@ﬂehﬁﬁﬁdlQﬁkﬁcoxﬂhfo’fnhl&rsiﬁﬂﬁﬂ,gehé a particular gene is
essential or conditionally essential for a nunber of different bacteria,
fungi, parasi te@sseﬁﬁ%}%‘l gondifongk essentipl-genesegf bagterip anddherpplypepiidrspt i de it
encodes ma r ctrum of
R B S e A
as descri bestenwdbambccmddxmlhlensmhglmmsiaﬁun@hmhe&aryempnﬂmewystsbmdused in a

nmet hod_ f or entlf in an. inhjbitor, of transcriptio nd/ or translation of
t he gg(he am Hra“g(':l{qwgtle?’s@fhmlhﬁ EY RIS DHSEPIERRt BFESH 8{1&8? °¥6% gene. Such a

substance gry a%ufc@fp%sﬁ&akstaﬁd ASbid{des fepHcRVdIPr F&l{glc?dbs &9 ¢ald Bdth OF

condi ti onal essentla gene. Thus, an inhibitor of an eéssential or

condi t i onaknigwd et plant agglmnq:rgs a subst ance whi ch inhibits expression and/or
transl ati on of n pepti de
encoded by that %D@es”gﬁ?fal %ancg%ﬁgﬁ 4 %énsg m&c& CX{IJIM?“% 1%23;},%“1%2@’ sui tabl e
assay may hembardfidéfterentbadteria Gingt, mnaﬁte\metstb @f plant,ahdt gsmaxaidam e

I5 polypeptide it encodes may represent a target for substances with a broad-spectrum

of activity.

An essential or conditional essential gene identified by a method as described
above and the polypeptide which it encodes may be used in a method for identifying
an inhibitor of transcription and/or translation of the gene and/or activity of the

20 polypeptide encoded by the gene. Such a substance may be referred to as an
inhibitor of an essential or conditional essential gene. Thus, an inhibitor of an
essential or conditional essential gene is a substance which inhibits expression and/or
translation of that essential gene and/or activity of the polypeptide encoded by that
essential or conditional essential gene.

25 Any suitable assay may be carried out to determine whether a test substance
is an inhibitor of an essential or conditional essential gene. For example, the
promoter of an essential or conditional essential gene may be linked to a coding
sequence for a reporter polypeptide. Such a construct may be contacted with a test
substance under conditions in which, in the absence of the test substance expression

30 of the reporter polypeptide would occur. This would allow the effect of the test

substance on expression of the essential or conditional essential gene to be



is an inhibitor of an essential or conditional essential gene. For exanple,
the pronoter of an essential or conditional essential gene may be I|inked

to a codi ggyppegyence for a reporter polypeptide. Such apepagdvodgl may be
contacted wth a test substance under conditions in which, in the absence

of the test substance expression 30 of the reporter pol ypeptide woul d
occur. This would allow the effect of-20he test substance on expression of
the essential or conditional essential gene to be WD 01/07651

PCTI GB00/ 02&71@mired0- det er mi ned. Substances which inhibit translation of an

essential or congditional .essenti al ene.may be. | sol ated, .for exanple, by
contacting the :%Qf-\taﬁqﬁsméc é@é‘éﬁﬁf"%ﬁlaqu of Erb%safrﬁ'ial)?faoné@g%{:?sﬁ?t‘ ene wWith a
test subst agge mafdR isotdddtd idrieREple B confibtih thE MRNA 6f the 8gsht@ll bon of the NRNA
in the absence of the test substance. This would allow the effect of the

t est subst arreditionaliessental genowithp teshuibatarcerimniier copditiprsibiatrvatdrermgsent i al

gene 0 be ] I i.ahihi Cql: VI Q ol ypepti de
encoded by t[r%gfagé&%?g@%i%@@%ﬁ%n%%ﬂtﬁ%oﬁegg lé%@%rﬁe%g’tﬁ%lld@?b@ﬁ Tont act i ng
t he pol ypepéffedeoftht resesubstinsk oatt@ndlation of thetdsenpiall oy perplitictal éssehtial genst

subst ance under  condi tions that would permt activity of the pol ypeptide in
t he absencetode detsamingdt substance. This woul d allow the effect of the test

subst ance on actéu\sg{a?{ce%hﬁéﬁqnmeitx&m&io@s@gs@ﬁﬁee dbd6y B SeRhdAl O

conditional essential gene to be detéerm Sui tabl e control experinents
can be car r gand noytbe ifedateds farephople soyontaciingthe pélypeptidbinithra ssbatmatedfobe t est ed

for its actjvity agains t he ronoters, .. or ol ypepti.des to

i scoult & e pBYERTRE ARg FCRoRER IR sanilar oo B ALk
transcripti @ polypéirle & iheAbRhcd6H iPRRIsuBRanRE! THis tWbuld ol tRuSsasces 20
Sui tabl e test substances for inhibitors of essential or conditional

essential Hetrsssubpienagha acBibi efzhopolapeptioengpdeddy theessendia! etheni cal
entities, ‘Qo%&hfoqglsa}%rﬂg%@gﬁé io %dte%te&.cs’ ol i gonucl eoti des and nat ur al
e subs

product |ibraries. u ancés may be wused in an initial screen
of, for exanpl e, Siirblezuusdlarpeinghey cah dacirtiedoutafdr édamptahptatiees of bat ches
whi ch show jphibition tested, individually urthernore, 25 anti body

products (f lbélﬁhﬁﬁ}l]@,bemﬁ?cfpbﬁ%ﬁalaﬁﬂa%‘}%&&gﬂgpmgﬁﬁ BENASOr singl e chain

polypeptides to discount the possibility that it is a general inhibitor of gene

transcription, translation or polypeptide activity.

Test Substances

20 Suitable test substances for inhibitors of essential or conditional essential
genes include combinatorial libraries, defined chemical entities, peptides and peptide
mimetics, oligonucleotides and natural product libraries. The test substances may be
used in an initial screen of, for example, ten substances per reaction, and the
substances of batches which show inhibition tested individually. Furthermore,

25 antibody products (for example, monoclonal and polyclonal antibodies, single chain

antibodies, chimaeric antibodies and CDR-grafted antibodies) may be used.

Inhibitors of essential genes
An inhibitor of an essential or conditional essential gene is one which inhibits
30 expression and/or translation of that essential gene and/or activity of the polypeptide

encoded by that essential or conditional gene. Preferred substances are those which



anti bodi es, chinmaeric antibodies and CDR-grafted anti bodi es) may be used.

I nhi bitors of essential genes An inhibitor of an essential or conditional
essenti al weneoiest one which inhibits 30 expression and/ ecticBagesst i on of
that essential gene and/or activity of the pol ypeptide encoded by that
essential or conditional gene. Preferred substances are those which WO

01/ 07651 PCT/ GBOO 02879 -21 inhibit edsential gene expression and/ or
translation and/or activity by at |east 10% at |east 20% at |east 30%
at | east 40uhibiftesseatialigenpoxprestion apdier teansiation andéos aetiviydy aateavéaét at 809 at

| east 90% S 0 i nhi bi tor
of 1 gni.’ ﬁ%%'zﬁ‘?mh 18&(%(86 aq‘:lﬁalst,%s/% 8@1% ﬁa%ﬁ%@?&iﬁr{ﬁ ?Iehago rﬁ‘l@é‘sf 100N
m-1. The m%mmm%)g’e at lehstl@ﬁ%umatheaqoﬂ%eanasoﬁcmrqnenoéthbagebxdﬁof ease in
expressi on and/ or ansl ation clivi ikn a go sgn. .0 f assays in
t he presencguﬁfﬁg éB#@WE 1@ ”g’?’hegg‘&ﬁmét éor‘ﬁ%ﬂl @?ﬂ] Bt &% of the
above nenti @&té&@%lﬁlﬁﬁox?fep&%érﬁ@ﬂﬂ& ﬂ%entéé&@e&bisb%e@?&sx@&ﬁﬁ@@ﬁ ration of

i nhi bi tor nay be "'used to define an"inhibitor of thé invention, with

great er i nhirdnislatiomand/or agtikity GrOMPRYIRN|0H ASSAYSN rfh;; mq:sen@ramddbsem dfest

subst ances W actl Vi o ) S d above an
be tested it:fi\’lh P%% g‘n sAfné/ co}r%lsnﬁg gfztﬁ%%oogﬁp%% onehgggges 0% ? n for

ant i bact er i @hibani avluwndaﬁtraloﬁloanﬂummdmhy beousedas béfﬁiedﬁhnlﬁlﬁtdr\éf th¢. Thus,
candidate inhibitors could be tested for their ability to attenuate

bact eri al i RVERiORowih pisatsy wbibitipn af joaver cancensratigns being mefered i al or for their
abi I'i tyy to inhi & iRl ROV Sctlvity iR SssRR S8 ctPds thdse dBschi6 Lvee.
Therapeut| C useb{etshg{t)’?%%rg o Sact e?t% aP’ ?Su%% Fc teukar cot(%dgé%agam te
essenti al ocandbe nestediiniravivo es@mstsuahasﬁrmmnﬂmyodoboﬁm&dtmnfoa met hod of

treatnment of the hunman.or an t hera I n particular such
subst ances agigrt §‘§H’ﬁyﬁr3ph€{’i‘?8€e?g¥ r het %&%@ﬂf"“@f éu%z%“tdé %l , fungal or
eukaryoti ¢ jpabasistcBulli bk eGicdTor theit stli§ UH SitchSE DadiBYal ﬂif@dﬁoﬁ@mﬁﬁn@éjm for the
manuf acture of a nedicanent for use in the treatnent of a bacterial, fungal

or eukar yoht easpaf anantibagtefiad of fos theirphdity toghibit groveh obplpats inethe casgfof er i ng
from ch %lerq)Pdgctl on can be inproved by adm nistration of an inhibitor.
A therapeutlc y 25 effective anount of an inhibitor may be given to a
human patient in need thereof. Inhibitors of bacterial, fungal or

eukaryotic _Joar asite essential or conditional
herapeutic use

Inhibitors of bacterial, fungal or eukaryotic parasite essential or conditional
essential genes may be used in a method of treatment of the human or animal body
20 by therapy. In particular such substances may be used in a method of treatment of a
bacterial, fungal or eukaryotic parasite infection. Such substances may also be used
for the manufacture of a medicament for use in the treatment of a bacterial, fungal or
eukaryotic parasite infections The condition of a patient suffering from such an
infection can be improved by administration of an inhibitor. A therapeutically
25 effective amount of an inhibitor may be given to a human patient in need thereof.
Inhibitors of bacterial, fungal or eukaryotic parasite essential or conditional
essential genes may be administered in a variety of dosage forms. Thus, they can be
administered orally, for example as tablets, troches, lozenges, aqueous or oily
suspensions, dispersible powders or granules. The inhibitors may also be
30 administered parenterally, either subcutaneously, intravenously, intramuscularly,

intrasternally, transdermally or by infusion techniques. The inhibitors may also be



essential genes may be administered in a variety of dosage fornms. Thus,
they can be admnistered orally, for exanple as tablets, troches,

| ozenges, wafiR%ess Or oi ly suspensions, dispersible powdescr/eBoogbsypul es. The
inhibitors may al so be 30 adm nistered parenterally, either subcutaneously,
intravenously, intranuscularly, intrasternally, transdermally or by

i nfusi on techni ques. The inhibitors ned2-al so be WO 01/ 07651 PCT/ GBOO 02879
-22 adm ni stered as suppositories. A physician will be able to determ ne

t he requi r esdministered asfsuppbyiteriest Aaphiysinian ovill bealie pradetdrminiedhe rgguirasint . The
formul ation_ o i nhi.bi.tor for kN _preyenting or treating a bacterial
or fungal e taldglrlfuwalnpncfloerﬁg%hop%?gcgﬁlarpg%%\érs such as the nature of the
exact inhi bitor, Tk fofehlagsn 6f aphrtibies: doriuse & proventitg er treading a U&keriab of Nt ended,
etc. An inhibitor may be forpulated for sinultaneous, separate or
sequential (Hneal ipfectigmyib degend upop fastars such as thepatuig A dhs gractipbibiierst r ati on i n
the present .| | j & ‘Qlt]gir“g?,qg i cept : rier or

di | uent?s.S Thgh%ﬁgf Hé%%c:é%%{gl &carrl e O%‘fsdﬁ?h%e\ﬁf&%359%2{%1&6@&:5@' e, an

i sot oni ¢ sofatinulred fbosimektarphs sepamkd @ sequehtial 8e.f or s nay cont ai n, toget her

with the active comound, diluents, e.q. | agctose,. dextrose, saccharose,
cel lul ose, corn éf‘g;ﬂ!é'i’l‘t"éﬂs Bee fygfIOEP‘é!P‘&gf°f|aa’6W%}aﬂP%§n tb‘? gresdt|jca, talc,
stearic aci ghye NG ¥PhhasealicdilyRespRBledhfier 8N@Rht. PRk YRLMAL&RRa0! YCOI S;
bi ndi ng agents; e.g. starches, gum arabic, gelatin, nethylcellul ose,

car boxynet hyarded drliluer nery beofoy oxanyrle, gy isotanichohuiond Fetaygmplsasalidgralgent s,

e.g. starch_. 15 alginic aci al.ghnates or sodj ym starc | ycol at e;

ef f ervt:[gci n&orﬂ]isﬂaﬁ/r 85{31%655@5?‘?@?&6gﬁtfeveetcgﬂ"@?%r}d’ a’é‘feflfshag'ga‘gﬁ%és, such as

| eci thin, paky&gkadcsrosd, deldss Wopa4el or poislo siafth; MBAGME), e.gNiiical OXi ¢ and
phar macol ogi cal |y inactive substances used in pharmaceutical fornul ations.
Such phar matadusicans agd apgpesiyre Ascakiym siearsen aadiernebethyiene RY6NS  manner, for

exanpl e, bybmag%glgggts;rg_ggHgghlesgggéqgta%w, E%%%I{,?%lrlﬁtl&hplggeds ugar-coating, or 20

filmcoating pr SSes. qu ers ora m nistration may be
Syrups, enutsbansnaiylcellubsengiobndny! piwolsdonepisagerggatingtagents, ag. starchj ers, for

O S O o S OER e SRS A e rapm Bl andor
natural  25sgeiRneRdVeiting APk s@dhGis TektBin, P& §dokthtes By upBAtH aAS 8n
car boxynet hyl cel | ul ose, "or
general, non-toxic and pharmacologically inactive substances used in pharmaceutical
formulations. Such pharmaceutical preparations may be manufactured in known
manner, for example, by means of mixing, granulating, tabletting, sugar-coating, or
20 film-coating processes.

Liquid dispersions for oral administration may be syrups; emulsions or
suspensions. The syrups may contain as carriers, for example, saccharose or
saccharose with glycerine and/or mannitol and/or sorbitol.

Suspensions and emulsions may contain as carrier, for example a natural

25 gum, agar, sodium alginate, pectin, methylcellulose, carboxymethylcellulose, or
polyvinyl alcohol. The suspensions or solutions for intramuscular injections may
contain, together with the active compound, a pharmaceutically acceptable carrier,
e.g. sterile water, olive oil, ethyl oleate, glycols, e.g. propylene glycol, and if desired,
a suitable amount of lidocaine hydrochioride.

30 Solutions for intravenous administration or infusion may contain as carrier,

for example, sterile water or preferably they may be in the form of sterile, aqueous,



pol yvi nyl al cohol. The suspensions or solutions for intranuscul ar
injections may contain, together with the active conpound, a

phar maceutygaldesiacceptable carrier, e.g. sterile waterecoésosssd !, ethyl
ol eate, glycols, e.g. propylene glycol, and if desired, a suitable anount
of |idocaine hydrochloride. 30 Solutions for intravenous adm nistration or
infusion may contain as carrier, for-28xanple, sterile water or preferably
they may be in the formof sterile, aqueous, WO 01/07651 PCT/ GBOO 02879

- 23- i sot onisstonialsalire selmtiots. ons. A therapeutically effective anmount of an

inhibitor is admnistered to.a patient. . The. dose of.an inhibitor my be
det er ni ned accor/élir&f?@apf"ét“'\?ﬁ}‘ Fgﬁ’ﬁleﬁﬁ?’g%toéP%f“glbggblégﬁrgmlﬁerg@@oar%'ﬁ’&' to the
substance Upgiost BE aR GfibIE N be AREmMAADCErAIRg @ virbRs BardibieR)t tO be

treated; the route of adm nistration; and the required reginen. Again, a

physi ci an wspecidlly agbdrding do thetsubstanae usepthe agpyweight andpordigen aithe ni st rat i on
and dosage _for, an rti.cu I A i by dose rom about
0.1 to350 repier Ot oBRedsiome o Blitlmud LR B Ikl adeln b DT

speci fi ¢ i nkliyRicia@rwill bk @bla gedetsrmiighthe paydirecrongiof admmistdtiohandsiokdgect to be
treated, the type and severity aof .the degeneratjion and_10 the frequency and
route of adfer Mkt%‘i‘i@rﬁ?‘lw-eﬂé)’%‘ﬁﬂl)‘/‘?‘%ﬂ‘g‘?sggﬁ fppe abput pé\f%?é%"ér ke Bfﬁ] 5

Mgt 029. Livg, ﬁlée‘?élg,aafc‘é&di\{gﬁ&{h@%&iiiggofﬂ{élégeéiﬁé Guhlb0BE, KL AgRCKiPREhEN i tO

i nduce an i sponse~in the host thus providing protection against
subsequent anditioanglthnsubiechtodsttivatydrthe Tipe gndseyerite of thetdeganstatipy aidhocul at i on

wth a live attenuated strai.n of.th h . € [ in

reduced vi r e &gauensy i rPHtﬁtOfF?mﬂlbsirgg?{gfﬂ rE%%ggf faily dos %&ﬁlgee?sc%%gg@\ébygt he

vi rul ent pa,tngqgg?: Bacteria which carry nutations in conditional essential
or

genes required survival in a host isolated according to the nethods
descri bed above nay 20 be good candi dates for use in |live attenuated

vacci nes. TQECEEE at ité) acicqggg oduced into the bacterial vaccine generally
knock-out t he gene conpletely. This may be achi eved either
by abol i shing syThdemiciple hindnycqisitipp éppiintizicasn mihurferesponsdedn gwriostor by
I ordér ¢ olbab B SHPyRER B 8RB ey pebe rere el e el B Bene o
its 5 -end paye/BebfSloslifthn Wittelied 4RAuAEd dAGFfithehtitigbRiiR. 4 $ifain
having reduced virulence such that it does not cause the disease caused by the
virulent pathogen. Bacteria which carry mutations in conditional essential genes
required for survival in a host isolated according to the methods described above may
20 be good candidates for use in live attenuated vaccines.
The mutations introduced into the bacterial vaccine generally knock-out the
function of the gene completely. This may be achieved either by abolishing synthesis
of any polypeptide at all from the gene or by making a mutation that results in
synthesis of non-functional polypeptide. In order to abolish synthesis of polypeptide,
25 either the entire gene or its 5'-end may be deleted. A deletion or insertion within the
coding sequence of a gene may be used to create a gene that synthesises only non-
functional polypeptide (e.g. polypeptide that contains only the N-terminal sequence
of the wild-type protein).
The bacterium may have mutations in one or more, for example two, three or
30 four conditional essential genes. The mutations are non-reverting mutations. These

are mutations that show essentially no reversion back to the wild-type when the



codi ng sequence of a gene may be used to create a gene that synthesises
only non- functional polypeptide (e.g. polypeptide that contains only the
N-t er m nalyosggence of the wild-type protein). The bactmrixseouzer have
mutations in one or nore, for exanple two, three or 30 four conditional
essential genes. The nutations are non-reverting nutations. These are

mut ati ons that show essentially no revérsi on back to the w | d-type when the
WO 01/ 07651 PCT/ GB00O/ 02879 -24 bacteriumis used as a vaccine. Such

mut at i ons i PREteHiU@ i Hesd @p 7 YRESINgnBuchdPHEass dclude dnsertiophind delrioBs| et i ons are

pref o1 abl y |t Y BLERUlreloRBY 1t OHELRGk IR d RoicbEaghh, for exarpl e

from1l0 to nucl eot 1 des. efer e coding sequence is

del et ed. 5 I&hgh facéxamplenframs ¢ ta 600 hveleotidesi Resferatdy chayhylecodih@i ns onl y
defined nutations, |j.e. nutations which are characterised. It is clearly
undesi r abl eSSA¥FNGEE 951 8act er i um whi ch has uncharacterised nutations in its

genonesas a VacChRabeqaH 96ed ih BRN Rc¥RdIpEfel®lPcdntatds dnfPdefinB@ uncharacteri sed
mutations may confer properties on the bacteriumthat cause undesirable

si de- ef f ect mutationsThe nutations whichgrenabetacietised. dteiy cloarly wndesichbbectd uby/a et hods

wel | known to .those.skilled in th . ropriate nethods include

o oni ng. ¢ ne RS TeRs et ket riledionaR BG RN § R renltE. <,

pl asmi d, angerdeRssild berisk thaltcdrthhractsivel efutdtidhOmay benfed oweiddh thequence or
deleting a part of the DNA sequence, resulting inits inactivation. A

del eti on nefackEumthatsaueandesirable sideelfgtinl e, cutting the DNA 15 sequence
usi ng jpestricti %e%ﬁ%%{%ﬁ% Bxlﬁﬁattioﬁé’ﬁxaﬁe? in dxﬁga%ﬁqeg{sddg’@velll Eﬁ(’iwr?fét side the

codi ng  sequence an I'gati ng toget the two en I n the renaining
sequence Wi thbseasRilled i ihbianit iAppropsiates naatioes dhetude cionmptthe BNl sequénde 6Bir ryi ng t he

i nacti vat ed A sequence can be transfarned.into the bacterium by known
t echni ques @%dﬁgﬂ%ﬁfﬁ%%ﬁﬁ?rb Bh 2 FSH&‘S’rﬁng(j%FFT"&ﬁ asglectable marker “}tg is then

possi bl e byig gichaPbRASRL &b &m&&ir?gg%ﬁiof the DNA seRtbAR! redl18hLintst he
i nacti vated DNA sequence has reconbi ned into the chronosone” of the

bact er i um aimectivagonsi A deletygremdze intrgdusad by.Hersexawple, eustimthe ®Nron- f unct i onal
I B e e R
the native f2g6éneeé hntligating fogeheothe gosiénds in the remaining sequence with an
antibiotic resistance determinant. A plasmid carrying the inactivated DNA sequence
can be transformed into the bacterium by known techniques such as electroporation
or conjugation for example. It is then possible by suitable selection to identify a
20 mutant wherein the inactivated DNA sequence has recombined into the chromosome
of the bacterium and the wild-type DNA sequence has been rendered non-functional
by homologous recombination.
The attenuated bacterium of the invention may be genetically engineered to
express an antigen that is not expressed by the native bacterium (a "heterologous
25 antigen"), so that the attenuated bacterium acts as a carrier of the heterologous
antigen. The antigen may be from another organism, so that the vaccine provides
protection against the other organism. A multivalent vaccine may be produced which
not only provides immunity against the virulent parent of the attenuated bacterium
but also provides immunity against the other organism. Furthermore, the attenuated
30 bacterium may be engineered to express more than one heterologous antigen, in

which case the heterologous antigens may be from the same or different organisms.



25 antigen"), so that the attenuated bacteriumacts as a carrier of the

het er ol ogous antigen. The antigen may be from another organism so that the
vacci ne prwgofesst protecti on agai nst the other organi sm pérmasbdazssl ent
vacci ne may be produced which not only provides i nmunity against the

virul ent parent of the attenuated bacterium but also provides i munity
agai nst the other organism Furthernor?; the attenuated 30 bacterium may be
engi neered to express nore than one heterol ogous antigen, in which case

t he het er ol ogousthgrdeicgdagousaytigsa niay bmacampletmprogin eiafpagofapradeigani sns. WO

01707651 PGLLGHA0L 878 Bpc 88 M 1S AU LBIGASH RN i cOTP! et e

protein or a par rotein -contalning an & 'gen may be

from a vir usr exaimplednotice basteruing alyaisy, at fangusiods exkapyoiic parasiad e bacterium a
yeast, a fungus or g §ukaryoti c._parasite. The ant ihgqen may be from an
extracel | ul EHEGY MNP Hew apsrigoeilat i tptrackiilar neeige MOt gspetigldygheant i geni ¢

sequenge rr%ﬁgﬁué Lrtee oyl be ol RRUE 1tetﬁ'rﬁﬂ?ﬂ Iobtie®s AVB B @irls, Yoy, human

rhi novirus su as type 2 or type 14, herpes sinplex virus, poliovirus type
2 or 3, fobinonings swoliahtype 2 entype V4. rhampes simplexerirns, poliovisys tymdsadki e virus or
Chl anydi a fIractc‘iomattha. Usef ul .aH'nti ens incl ude non-t(?ﬂoji ccgorrponents of
Ecoli heat PEBTEROTBLISRASE Ky T REE AN GEREC PTG 94t i on f act or
anti gens, Rr&RoRam eistfufl iigedsdnBu@eidnlissic SormpehehBloRBYS! heatildbilkr agnment C.
The DNA encodi ng the heterol %919“8 antigen is expressed froma pronoter

that is acttpxia, kol K§dantiggss, izafipy facton grtigsee B-69meatpintfeomwor k wel | in
Sal mongl | a he_nj t the htrA pronoter. For expression of
t he EﬁEC c%%%ﬁ%bggﬁdo% g%: g}r?lfga{ﬁp?g{gcn's, the wild-type pronoters could be
used. 15 A DNA dhe$INAehcodingphe Béterglophies antigemis expreppet fadvh v promdted t o DNA
encoding the heterolo OLi_S anti gen L{;ra% be rra%}eﬂ and transfornmed into the

at t enuat ed tHetdy 2VE R vIPR T REGmOEH A haYe besr shavg R avori e & or nant s

cont ai ni ng diRorddAaRARS hi-H pronitidr B8 theFR} LorbRGier.§ Pér RYRIMFoie SCreening for
a selectable marker on the construct. Bacteria containing the construct

may be gr ovi#TEGicaipnirasiopdacserantigimghe wildhiynetreeimstors cogldddmtedi stration to the
host e 120! Mo bR BUERGRShoe G TS YIS RS o
advant ageousd hetftbRgEW bl gérDmhap beinadechditiahSTomneddiintd the Menexadfakeriif a
lyophilis Edusi%g%ggvselfllltigga? (tjech%alrJT;s. 'lsr%g&or%%%tssﬂ)gtiin?r?gythe DNA construct may be
selected, for example by screening for a selectable marker on the construct. Bacteria
containing the construct may be grown in vitro before being formulated for
20 administration to the host for vaccination purposes.
The vaccine may be formulated using known techniques for formulating
attenuated bacterial vaccines. The vaccine is advantageously presented for oral
administration, for example in a lyophilised encapsulated form. Such capsules may
be provided with an enteric coating comprising, for example, Eudragate "S" (Trade
25 Mark), Eudragate "L" (Trade Mark), cellulose acetate, cellulose phthalate or
hydroxypropylmethyl cellulose. These capsules may be used as such, or alternatively,
the lyophilised material may be reconstituted prior to administration, e.g. as a
suspension. Reconstitution is advantageously effected in a buffer at a suitable pH to
ensure the viability of the bacteria. In order to protect the attenuated bacteria and the

30 vaccine from gastric acidity, a sodium bicarbonate preparation is advantageously

administered before each administration of the vaccine. Alternatively, the vaccine



be provided with an enteric coating conprising, for exanple, Eudragate "S"
(Trade 25 Mark), Eudragate "L" (Trade Mark), cellul ose acetate, cellul ose
pht hal at eway o1/08s8r oxypr opyl met hyl cel | ul ose. These capsubPenGBEyo2&m used as
such, or alternatively, the Iyophilised material may be reconstituted
prior to admnistration, e.g. as a suspension. Reconstitution is

advant ageously effected in a buffer at26a suitable pHto ensure the
viability of the bacteria. In order to protect the attenuated bacteria and
t he 30 vaccinaeb¢ pisnargdfar prienigral adripistratiars #tiapasel administiation 95r epar ation is
advant ageou 1.Nj efore each adm nistration of the vaccine.
AIternative%{‘/r%mfl%gm\gg{i:ﬁ“ﬁ%’% '01/ 07651 PCT/ GBOQ 02879 -26 may be prepar ed
for parenteral aTi vicsine aiay dbansedit thevasdhatiad of & imambedian hosrparticalaflgnuscul ar
adm ni stration. The vacci ne nay Be used in the vaccination of a manmalian
host, parti &BWaen jost Butielaeen apieyl hobrAminiestion catsedey a MEIROTBAS™.nf ect i on

caused oy aeﬁgﬁﬁlﬂ% gﬁgﬂr gel) may BReRd 6 ﬁr)!véitéaa&yrhg]gﬁtﬂstew arl dFRb&¥ LR PE

prevented by m-ni i ng an effective dose a vaccli ne prepared

accor di ng t of 4 heecine pepaicd accofdieg Wdbaigeendivpl Theatbsagelemplayed witht el y be at t he
di scretion of. th hysi ci.an, . but. wi .| .be depe nt on, various factors
el udi ng. t Rt bediabs BRgiHioPaY Hatoriege TRANT ResspSRie Ein vAtBut no

formul at ed. facldpyiavialing Theksa0e weiiPof the AEst bREthe ije cRIRicHeTbmalldten of from
10" to 10 bacteria 10 per dose may be convenient for a 70 kg adult human

host. Agri Hawevarad dasage qomprising dhesorgfadprimisteation lof frpmri§ate M\dbapletin essenti al
or congtiopal, essenii Ml red to plants in order to
ﬁi or Eéar dose rgxg%taé %nv Qxﬁsfor {:Fylﬁa%gﬁ%mn%gﬁgs?

preven rea erial, Tung est I'nfections; the term pest
i ncludes any ani mal which attacks a plant. Thus inhibitors of the

i nvention may be useful as pesticides. Inhibitors of plant essential or
condi ti onal l € genes may be adninistered to plants in order to

reduce or stop  phfiorreWibhial ! fiadal bl $edt AGdnti@ForohBliBhat Egemiaig&eg nhi bitors
of the present invention are nornally applied in the form of 0

conposi t i ongay bgedhmistared to pdants iprorden teepraynt outreatbasttdripl, fengshergiskte carriers
O oL 0 B ABBLL R bR B R T BBl b o
the inventi gfine aiveRCorSAhESd skl REFRIiGHSE Inhibiastt 6f piafiesRftial or
conditional essential genes may be administered to plants in order to reduce or stop
plant growth, that is to act as a herbicide.
The inhibitors of the present invention are normally applied in the form of
20 compositions together with one or more agriculturally acceptable carriers or diluents
and can be applied to the crop area or plant to be treated, simultaneously or in
succession with further compounds.
The inhibitors of the invention can be selective herbicides, bacteriocides,
fungicides or pesticides or mixtures of several of these preparations, if desired
25 together with further carriers, surfactants or application-promoting adjuvants
customarily employed in the art of formulation. Suitable carriers and diluents
correspond to substances ordinarily employed in formulation technology, e.g. natural
or regenerated mineral substances, solvents, dispersants, wetting agents, tackifiers,
binders or fertilizers.
30 A preferred method of applying active ingredients of the present invention or

an agrochemical composition which contains at least one of the active ingredients is



fungi ci des or pesticides or mxtures of several of these preparations, if
desired 25 together with further carriers, surfactants or

appl i cati gn- pr ting adjuvants customarily enployed i f
formul ati g&ﬁgﬁﬁam e carriers and diluents correspondr}tcf)lj/}gﬂ)g@%sgl%ces
ordinarily enployed in fornulation technology, e.g. natural or regenerated
m neral substances, solvents, dispersamts, wetting agents, tackifiers,

bi nders or fertilizers. 30 A preferred nmethod of applying active

i ngr edi ent SeQhpb1areH. EBRHumbBN EMHphINALiBHs and e @le®F Bplicstadn degomnsi ti on whi ch
contains at |east one of the active ingredients is WD 01/0/651
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sol i d ¥ or mepkd oy @ gheisdilee g i plmpeiogm biotlgphcepeli (Thafeive ogreditns The

active i ngredignts atpgﬁea tla!sééa_s RaBRH Ib'yﬁxqgﬁegna'iﬁg@fe se&RUthIMitHYlidui@r egnat i ng
a

the seeds elther w liquid fornulation containing active ingredients,
or coat i ng formenatisntchntaingng dctive ingredientsi areoatingrihem pith glsolidifpemulation.t her t ypes

of application are al so _.possi bl for. exanmpl e | gctive , treat.nent of the
pl ant sterT;[n gpee 8%9;&%61}@5 pglsc?f?a%l“iah&’? %rﬁiglgﬂtpgssgb eé?%rseé(?fn?lﬁ’ Lo fied form
or, prefer alhiment OORE PRAt stothd di bube adj uvants conventional ly enployed in the
art of fornmulation, and are therefore fornulated in. known manner to

emul sifi abl e corfbenetivatingrediensnarayped ip yamadified fprmosinrgferdblyalegether or

di lutable solut] j - ssej“ﬁjrg, | Sandeubl € powders,
dusts, gr ar%lhgpéeg@ﬁ%aﬁ%’ Jgﬁg%ngﬁ%f ps ! tefl\é)\ﬁishg gr?fdg@ggrrg?é,an?nepol ymer 15
subst ances thdréfisee fohrulmad itr lmookh riduweercto emabifiabErreoncentrateneodiatls pastes,
application, such as  spraying, .atom zing, dustin catterin r pouring,
are chosen di“ﬁ“é’c“é’&%y&%lﬁ@éd&%?ﬂgfq{'étlonﬁrfﬁé’%?&q%%‘}seggw OXYegTSy ?Fg“‘g? evai | i ng
Ci r cumst ancegdeAAURR! SARAEs, hid ASo &capsARBbAS Airle@dinglé,Gn polyARE | y from 509 to
5kg of active ingredient (a.i.) per hectare ("ha", approxinmately 2.471
acres)s pr ehlstatoesy Likethe naory af shexempasitionsy the maghods pf appéicationysusa§ r om 200g
to 5009 a.i./ha. The.forpul.afi : i1 ar. ' ont ai ni ng
the active SPPNEFT RIS gﬁs&ﬁé’vﬁ%&gnggg&g%fp%’aa?é;&ogénslgIa?%?%d?luf ?’gﬁit adj uvant ,
are prepar egtehded lobjéfives and the prevailing circumstances. Advantageous rates of

application are normally from 50g to Skg of active ingredient (a.i.) per hectare ("ha",
approximately 2.471 acres), preferably from 100g to 2kg a.i./ha, most preferably
20 from 200g to 500g a.i./ha.

The formulations, compositions or preparations containing the active
ingredients and, where appropriate, a solid or liquid adjuvant, are prepared in known
manner, for example by homogeneously mixing and/or grinding
active ingredients with extenders, for example solvents, solid carriers and, where

25 appropriate, surface-active compounds (surfactants).

Suitable solvents include aromatic hydrocarbons, preferably the fractions
haviﬂg 8 to 12 carbon atoms, for example, xylene mixtures or substituted
naphthalenes, phthalates such as dibutyl phthalate or dioctyl phthalate, aliphatic
hydrocarbons such as cyclohexane or paraffins, alcohols and glycols and their ethers

30 and esters, such as ethanol, ethylene glycol, monomethyl or monoethyl ether, ketones

such as cyclohexanone, strongly polar solvents such as N-methyl-2-pyrrolidone,



manner, for exanple by honbgeneously m xing and/ or grinding active
ingredients with extenders, for exanple solvents, solid carriers and, where

25 appr opyiahRrespur f ace-active conpounds (surfact ants). fiiEBdalogs7s0! vent s
i ncl ude ar omatl c hydrocarbons, preferably the fractions having 8 to 12

carbon atons, for exanple, xyI ene m xtures or substituted naphthal enes,
pht hal at es such as di butyl .phthal ate-2% di octyl phthal ate, aliphatic

hydr ocar bons such as cycl ohexane or paraffins, alcohols and glycols and
their ether éin&ﬂmyas;dfoe&ide@rrslimsshbdffomnédmamwhll apepoyidized vegejabld gilsoctonet hyl or
nonoet hyl et her Jketones so Cé§| ohexanone, strongly polar solvents
such as N-netIRgL ‘Ze%y?‘i%i‘ oAhgrdoy L PCT) GBOO 02879 - 28 di et hyl

sul foxi de or di rrﬂidwldmheﬁmsdﬁeg&sr dBtslanadisparsikiediondersygefématllg oi | s such
as epoxi di zed coconut oil or soybean oil; or water. The solid carriers used
e.g. for dusatgrahminegl §Her|s§v%wé%’6%é#lgumé?aehrh@Pmpryﬂonﬁapmtéapu}gitner al

Fi 11 er.s, SUCh, B33 bhEe ubBhodim plAGHLD (RN ARG \RI BBl aRbbag! g1 te: 5

In order to I npfove oper ies It so pos o add
hi ghl y di spsitisiedcidiok hxghly cbspented)abshrbghﬂ golyinerpestseﬂle@namﬂdmiﬁdsmphyﬂer S.

Sui tabl e granul ated adsorpti ve [fiers us f or. exanpl e
puni ce, br oREHE ATedorous Lypies, oy %?‘aB’iP W‘%%fogeg g%ﬁiﬂ espd%i te,pf Reniogiteor bent
carriers ar snd@st%lb Rbsoftehit bafrfers Atk Alatial sudPiial il ofGAl! IPDiditRn, HT €aL
number of pregranul ated materials of 1norganic or organic nature can be

used, 10 eggat wﬂvsco&brbgrammtmrta@nds opinorganic pe drgghia matureesan daasad, Dependi ng
onthe ature of t%f@g elnﬁlredldeg té)‘Pe used in the fornulation,

sui tab} sufEaCREAEY] or?:l P FURGEZE BN ER BT ¢, cationic and/or anionic
surfactants haVIDgpe&amgloarmaxsdtdrybﬂmeaai@p@grsdlagt@aaumﬁﬁiheg properties. The

term "surfactants" al so be understood as conprising m xtures of
sur f act ant s formglagon.tsyisable gifagsractive GpmaeUNdR e neRieNIsecabionin apfpranierit ubl e

S0P, 1, 5 o OB LR AP O iy (0 S
substi t ut ed"surfaerantshwibdldesbeaindbrishé s ¢atgrisimganidairdsaifaurfistants. 10 to 22
Cteari B aci d " or Sutsblfripats Rt P D PG SURE SHPE MGG obt ai ned
for exanpl esglmggwsm,@%rfggelacme cdnifobfyy. 0i I . The fatty acid methyltaurin
salts may al so be used
Suitable soaps are the alkali metal salts, alkaline earth metal salts or
unsubstituted or substituted ammonium salts of higher fatty acids (chains of 10 to 22
carbon atoms), for example the sodium or potassium salts of oleic or stearic acid, or
20 of natural fatty acid mixtures which can be obtained for example from coconut oil or
tallow oil. The fatty acid methyltaurin salts may also be used.
More frequently, however, so-called synthetic surfactants are used, especially
fatty sulfonates, fatty sulfates, sulfonated benzimidazole derivatives or
alkylarylsulfonates.
25 The fatty sulfonates or sulfates are usually in the form of alkali metal salts,
alkaline earth metal salts or unsubstituted or substituted ammoniums salts and have a
8 to 22 carbon alkyl radical which also includes the alkyl moiety of alkyl radicals, for
example, the sodium or calcium salt of lignonsulfonic acid, of dodecylsulfate or of a
mixture of fatty alcohol sulfates obtained from natural fatty acids. These compounds

30 also comprise the salts of sulfuric acid esters and sulfonic acids of fatty

alcohol/ethylene oxide adducts. The sulfonated benzimidazole derivatives preferably



More frequently, however, so-called synthetic surfactants are used,
especially fatty sulfonates, fatty sulfates, sulfonated benzi m dazol e

derivativ | kyl aryl sul fonates. 25 The fatty sulfon | f at es
are usual F@o%f/omg]e formof alkali netal salts, alkali ne%g’?ﬂﬂﬁf{’%@% salts

or unsubstituted or substituted ammoniuns salts and have a 8 to 22 carbon
al kyl radical which also includes the.glkyl noiety of alkyl radicals, for
exanpl e, the sodiumor calciumsalt of l|ignonsulfonic acid, of

dodecyl sul f @n@ip sfifoni adidl Folpstan@loné Bty Yicia lr&BE bortathing 84S 20b4rBbed from
natural fatty acids. These conpounds 30 al so conprise the salts of sulfuric

aci d est er satemel Exantndesi of aioiangswfonnigy arg theasodivmo Faleinmydr suirthasglaginadduct s.

The sul f ona g P&gié&;gié 4RL8 R4 &"Elb\ﬂf‘yg%apgt%l%ﬁe%mfymé’gp 9]049}7 p51

PCT/ GBOQO 02 aln dnl c groups atty acid
radi cal contiaphthalegestlfonic Béidﬁmrhm&hy@twnda:nsﬂoamchm Klsasditgblaaiel sul f onat es

are the sodium calciu rotri et | a salts of dodecyl benzenesul fonic
acid, di but‘iﬂ“ﬁ%&ﬁ’l’?ﬁi’ﬁ‘élpéf’@g‘aﬁ S Ea ?H’e%?sf’g?n%ac‘i%ﬁtoﬁéq enesul foni ¢

aci d/ f or mal ﬂﬁnm?g%ﬂ%ﬂaﬂ wnzms@ai%iesoﬁkmeﬁé%)h@éﬂ e are 5 corresponding

phosphat es, alts of the phosphoric acid ester of an adduct of
p- nonyl phenol den-wntccsuﬂfactmfoasptc[ferehlhpblegﬂecaixthdederi\kanvas@ﬁahphau«:f actants

are preferabl t her der vatives, qf. aliphatic cloallphatlc
) cohots. ot et Agonal SEfanPabd sy 5 rfieclif A iy Bhet ai d
derivativ essaﬁpd&@aﬁuesgmﬁalhmgaqo gb gB@bl etfieh @fouds MBStoR0tathoh Qtodf? if ar bon at ons
in 10 the (ali phatlcll hydr ocarbon noiety and 6 to 18 .carbon atons in the

al kyl Qoi et@le fﬁhphzetwé ¥rRSATbANCAOEYY anttGite hparken aterss & thorkyloneietyofir f act ant s
are the \/vattﬁ% a&g adduct s of polyethyl ene oxide with pol ypropyl ene
glycol, ethylen di am “he propyl ene glycol and al kyl pol ypropyl ene gl ycol
contai ning | to Fudthessulialsie abm}nm:a sorfadiantDrk Yie weden-sojublbaddhétebf adduct s

contain 20 to 250 ethy col eth groups and 10 to 100 ropyl ene
gl ycol et herolyfihylgne *14% RRYHRHS & §alaFtﬁyleempﬁmfwlsn%gl&qﬂy| ene

glycol unitgaRas 1;{6'1}%96(;4 gﬁ}c}zip&'ntaﬂﬂh 1 tReRfafARicHd M eheadTehas, of
non-ionic surfact ants are nong(P pheno y@i/et hoxyet hanol s, castor oil

pol ygllycol whibeadductsgopsaing?9rie gyl ethelensoslyest piperegreunsand 0 sitidct s,
tributyl phepquﬂgn%l ngt:oP&ﬁé( grg\ﬂbg.o IThese compounds usually contain 1 to 5 ethylene
glycol units per propylene glycol unit.
Representative examples of non-ionic surfactants are
nonylphenolpolyethoxyethanols, castor oil polyglycol ethers,

20 polypropylene/polyethylene oxide adducts, tributylphenoxypolyethoxyethanol,
polyethylene giycol and octylphenoxyethoxyethanol. Fatty acid esters of
polyoxyethylene sorbitan and polyoxyethylene sorbitan trioleate are also suitable
non-ionic surfactants.

Cationic surfactants are preferably quaternary ammonium salts which have, as

25 N-substituent, at least one Cy-C,, alkyl radical and, as further substituents, lower
unsubstituted or halogenated alkyl, benzyl or lower hydroxyalkyl radicals. The salts
are preferably in the form of halides, methylsulfates or ethylsulfates, e.g.
stearyltrimethylammonium chloride or benzyldi(2-chloroethyl)ethylammonium
bromide.

30 The surfactants customarily employed in the art of formulation are described,

for example, in "McCutcheon’s Detergents and Emulsifiers Annual”, MC Publishing



pol yet hyl ene gl ycol and octyl phenoxyet hoxyet hanol. Fatty acid esters of
pol yoxyet hyl ene sorbitan and pol yoxyet hyl ene sorbitan trioleate are al so
sui tabl e wipsheni ¢ surfactants. Cationic surfactants argcpessoansgidl v

guat ernary anmoni um salts which have, as 25 N-substituent, at |east one
C$-C22 al kyl radical and, as further substituents, |ower unsubstituted or
hal ogenated al kyl, benzyl or |ower hydtbxyal kyl radicals. The salts are
preferably in the formof halides, nethylsulfates or ethylsul fates, e.g.
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Reents. L Chanramy Bk P RIS kG roroen 6B oG o
COMPOSi4 I ONgeUSHA 1!ngreefaﬂtt fbfh Abb@N tetaewt 9993, %&f&mu?m%&%bupr Rfgeabl y about

0.1 to about 95% and nost preferably from about 3 to about 90% of 5 the
active i ngr euntl most préferably fteouabont § to aboui A5 of @%ldprbqua@)hyam,ranm about | to

adj uvant, aRamEpB G 57 sranaty 00T 1R dhedl 2 mnalnG P ety cout

25% and no%mpﬂ)@f,m 8] abouf 2000 bpdbaufactntl t 0 about 20% of a surfactant.
Wher eas conmerci al products are preferably forml ated as concentrates, the

10 end user wi | | Wheresarorymengisi Brpdusts e rafesabiy formubated as congepirates, than| ess
i ndi ca}dad ogherw ﬁl “5‘91%“%’?‘9@’8%}%”‘3??'“%&0% andard bi-ochem cal techni ques.
t hodol ogy

Exanpl es of ‘suita ene t ext books include Sanbrook 15 et
al ., Mol ecular Coning, a Laboratory Manual (1989) and Ausubel et al.,
Current Progtocols in Mlecular Biology (1995), John Wley & Sons, Inc.
Exanpl e | AExamplesi 59y am outlining the TMDH procedure in shown in Figure 1.

20 Fol I owi ng t heygRaehaichef offbrvilsd, Ekﬁﬂﬁ&ﬁ&d&%séd at?é é\ﬁﬁ/darmecueﬁu&wl fied from
approxi mately 20 000 colonies (Figure la and Ib). In order to generate

probes for techniques. Examples of suitable general methodology textbooks include Sambrook
15 et al., Molecular Cloning, a Laboratory Manual (1989) and Ausubel ef al., Current
Protocols in Molecular Biology (1995), John Wiley & Sons, Inc.

Example 1
A flow diagram outlining the TMDH procedure in shown in Figure 1.

20 Following the generation of a transposon library, DNA is purified from
approximately 20 000 colonies (Figure 1a and 1b). In order to generate probes for
the differential hybridization, gene sequences flanking the site of transposon insertion
are recovered by a strategy involving double restriction endonuclease digestion
(Figure 1c). Left- and right-arm fragments in the 200 to 600bp size range are

25 purified by gel eletrophoresis (Figure 1d and 1e) and vectorette units ligated onto the
ends (Figure 1f).

In order to generate a specific probe population for subsequent hybridisation
to the gene array filter, PCR is carried out with primer pairs specific for the
transposon and the vectorette (Figure 1g). Figure 3 shows a gel analysis of the PCR

30 amplification of left- and right-arms generated using this approach. The PCR step is

designed to amplify only those sequences that have been disrupted by transposon



the differential hybridization, gene sequences flanking the site of
transposon insertion are recovered by a strategy involving double

restricti agoensgresiucl ease digestion (Figure 1 c). Left- paflgBbdBgear m
fragnents in the 200 to 600bp size range are 25 purified by gel

el etrophoresis (Figure Id and | e) and vectorette units ligated onto the
ends (Figure if). In order to generatedla specific probe popul ation for
subsequent hybridisation to the gene array filter, PCRis carried out with
priner pai rigsgper(Rigure porackn and Hafdp sHeniivanegs eftbisssptivseer frem( Fi gure 1g).
Figure 3 sh i i i | f left- and
right-arns %}g?}gfsa({qz%cﬁgﬁd r?é%f ﬁ'lhgé%@@ggﬁnﬁﬁgﬁg&%@g%&?@rpﬂ eSS gned to
anmpl i fy onl wardspesoe isefjjeeted asPCR atithithy eanteqeimneds srdupdudisl inxyo detesbposon WO

01/ 07651 PCT/ GBOO’_OZB?@ -31 igserti on (Figure 3, tracks 2 and 4). The

ef f ect i venedBplgication SFatlowing amplificatiqn, Hytwa Reobg pprulagions prodpeeddromng 5. where
DNA frem a ] ; I . : gk | pcted to
PCR i £ { he e Rl SrehioR g Woeled Pioul e B SRR RRLE O

Fol | owi ng aedl griddedanrayrijbrari€Figwes 1k obe popul ati ons produced from 5 the

left- and right- i oactively |ab d (Fi.gure |h d. hybri di zed
to an B cort JiFHRAR=H ISR mep i iPylaed e RO hova
the result pfosHiGEThtbah bRBENA ByditivetiybatisQdbnWighhl dnBe atrBf dorresdeldd | ght - arm

probes. A positive hybridisation signal on the array corresponds to a gene
that has be@@ afmhab%/&é&eﬁydlﬁmaﬁé BY §8RSPPIRSARIETtion agsh i qowae%&qméhquy

unl i kql y 19 b%gségﬁtiaqssenti al. Exanple 2 The foll ow ng experinents were
carri eg out to give experinental details of three different approaches we
have used to generate transposon-specific probes 15 (consensus probes) for
use in the TMDH technique. (i) Coning of a DNA-dependent T7 RNA Pol ynerase
site into a@ii’él‘éﬂlv%goson vector DNA-dependent T7 RNA Pol yrnerase sites have

been i ncor por at efhl (il GwillB BiperiRleAS et ¥BGLAMS tPSvepRIMERaER aiBANS Of
generating RNA tenplates in a highly 20 specific and regul ated nmanner.
1

These RNA phued differerii aprrognbienwe baveatged fogenerpte trapgpaspncIpegifis probes or der to use
abel 6 r TS RIS B b ST pr ot 0w have engineered a
(i) Cloning of a DNA-dependent T7 RNA Polymerase site into a transposon vector
DNA-dependent T7 RNA Polymerase sites have been incorporated into many
plasmid vectors as a convenient means of generating RNA templates in a highly
20 specific and regulated manner. These RNA products have been termed ‘run-off
transcripts’. In order to use labeled run-off RNA transcripts in the TMDH protocol,
we have engineered a DNA-~dependent T7 RNA polymerase site into the transposon
EZ::TN pMOD <MCS> vector (Epicentre Technologies). The RNA polymerase site
has been engineered into the multiple cloning site (MCS). Following transposition,
25 this novel transposon will allow the generation of specific fragments of RNA
corresponding to the parts of gene(s) directly flanking the site of transposon
insertion. Labeled probes generated in this fashion can be used to hybridise to
polynucleotide libraries, for example gridded arrays, as described above (see the
"Hybridization of consensus probes to polynucleotide libraries" section of the
30 description).
The core DNA-dependent T7 RNA polymerase site from pT7Blue vector



EZ:: TN pMLOD <MCS> vector (Epicentre Technol ogi es). The RNA pol ynerase site
has been engi neered into the multiple cloning site (MCS). Fol |l ow ng

t ransposi woain7es25 t hi s novel transposon will allow t he rancs2eon of
specific fragnments of RNA corresponding to the parts of gene(s) directly
flanking the site of transposon insertion. Labeled probes generated in
this fashion can be used to hybridi se-¥o polynucleotide libraries, for
exanpl e gridded arrays, as described above (see the "Hybridization of
consensus pMNsyageMo pol ynucl eotide |ibraries" section of the 30
description). The core DNA-dependent T7 RNA polynerase site from pT7Bl ue
vector WD 01/07651 PCT/ GBOO 02879 -32- (Novagen):

5' - TAATACGATTRAXCTATEACTFCACTAEAGGD-NCBEQ)IDNWaly anpl i fi ed together with 80
bp 5 -sequence in order to incorporate any flanking recognition notifs
(bases 2830-62). The followi ng prinmers were used: 1.

5 - IR I 20 bp 383002

5 -CT GCAGGCATC@fgg TTCCCTATAG 3 gézau?)%)'éﬁ (()rg%%,glcgld d.}gea%) ﬂan?})(IIZ'H mer 1 (SEQ
I D NO 2) hezsognitRamlhotifs {bkasgsiA8d@6R). rﬂ&z@)folltawag priinagsywepe (KSEQ ID NO 3) a
Hndlll site. PCR was performed using pT7Blue vector as tenplate and priner
pai rs 1 & and 3&4 using the follow ng paraneters: 95C 5 mn.; (94C 1

mn.; 55C 1i, nirCCGGwcmmmGTo}TGMDr@yqum 28546; (SEWID NOi mal

ext ensi on. roducts were gel ext racted 6& 3@% and cloned into the
TOPO cl oni n%y §/ K APGRA TG TTTEER T4k %‘{hgt( r @EQ&E’rN Baddrs 1 & was
cut frgmTOPOwWith Sall and Hi ndI I, cI oned into EZ:: TN pMOD <MCS> vect or

(Epi centre Technol ogi es), transfor med into JMLO9 cells (Promega) and

sel ect ed on anpiRrirhér INSERIDASQuenicis aallaite pmdértinad) dartdpringn Ri(BBQtIDe pr esence
of the DNAgﬁp endent 1 RNA pol ynerase site. RNA was generated by in vitro
transcripti o5t HyHh &' boMAX 1 arge scale RNA production system

(oSS v 8 TR I SFEETISLAAD it Ho poperigiant (o) e
and 3&4 using the following parameters: 95°C 5 min.; (94°C 1 min.; 55°C 1 min.;
15 72°C 1 min.) for 30 cycles; 72°C 5 min. final extension. PCR products were gel
extracted (Qiagen) and cloned into the TOPO cloning vector (Invitrogen).
PCR product from primer pairs 1&2 was cut from TOPO with Sall and
Hindll], cloned into EZ::TN pMOD <MCS> vector (Epicentre Technologies),
transformed into JM109 cells (Promega) and selected on ampicillin.
20 Sequencing was performed to confirm the presence of the DNA-dependent T7
RNA polymerase site.
RNA was generated by in vitro transcription using the RiboMAX large scale
RNA production system (Promega). Sug of DNA (EZ:TN vector with the cloned T7
promoter site) was digested with Af7 III for 1h at 37°C and purified on a QIAquick
25 column (Qiagen). Prior to RNA generation, the DNA sample was blunt-ended by
treatment with 5 units of Klenow polymerase at 22°C for 15min.
RNA run-off transcripts were generated following the addition of nucleotide
mix and T7 RNA polymerase to the reaction (30ul of 100mM mix of tNTPs and 10pul
T7 RNA polymerase). The reaction was incubated at 37°C for 4h. The A/II
30 digested DNA template produced an RNA transcript of 200 bp, demonstrating that

the cloned T7 RNA polymerase site insert was functional.



25 colum (Q agen). Prior to RNA generation, the DNA sanple was bl unt-ended
by treatnment with 5 units of Kl enow polynerase at 22C for 15mn. RNA
run-of f tRad@@Résit s were generated foll owi ng the additi opr9&pdaredsgot i de

m x and T7 RNA polynerase to the reaction (30l of 100nmM m x of rNTPs and
10l  T7 RNA polynerase). The reaction was incubated at 37C for 4h. The

Afl 111 30 digested DNA tenpl ate produsdd an RNA transcript of 200 bp,
denonstrating that the cloned T7 RNA polynerase site insert was

functional . WO (OFbt 05685 thePOVIDERBOI000I8F 9ansp@PnHibrary (genérated withTDH pr ot ocol , a

transposon [l [ enerat.ed with t EZ: TN transpgoson contajning the
cloned T7 p‘%’%mﬁséﬁ%f’%fo l?lflgglgcéoéﬁgﬁgtpéod{mtwe)a Wﬁllq?e gﬁ@“’f“&& ﬁt\@d di gest ed
usi ng the rentbeiisldted) dafsted UGhens estiless eaddndoleaBricsiraRd, melkpet ed. Run of f

RNA transcri{)ts generated fromthe cloned T7 pronmoter will be 5 | abel ed and
used to hybeieated-eRup off RN transsupts gencratest fipm die clonediTd promoterwillthe f or m of

gridded arr Iyl .| R i £ I, i nverse PCR
Ve have devriy Sl uledBIEbANIE dolAIARARANLAREE i bR Tt of 11 C" o obes
10 by i nverg@d&®CRrdysr use in TMDH protocols. The foll owi ng exanpl e was
carried out on DNA isolated froma TnphoA transposon nut agenesis
experinment. Genom c DNA from a transposon nutagenesi s experinment was

di gest ed wi4; ; b&sb) I PPl (an i soschi zonmer of Msel)
in a vol une(f%?e;ﬁ%ﬁmgg?ﬁ&ﬂg%&éb?gékcg&g}g%_bﬁ%ﬁ{gr%ll\ﬁ%ms et hanol precipitated by
addi ng 41 3M Na®chave HEvis@ian inposxed nisthed|to geriesataitrangpason sicaifisdrdtes 15 mi n

(benchxt op ,Eppend centri th atant renoved and the
Formmi AP SORTEEh 5 B i MBBprobags SHRIRIM ARk BT VE B8 &1t 1 f uged

for 5 m nutlaDNA hlaedRomatiaphoA eanspesbnandagehbiis dpbli@éntvacuum dried for 10
m nutes. The pellet was resuspended in 20gl H20 Fol | owi ng. resuspensi on of
the pellet, 10 &Enemis PINA feomp ranspason iiagsaesis grepriment was giggdediwitp ) | ow nass

mar kers t o pstimpte, ganiddae T1BE (ENGSRIRLE MaRh RED volink UF £6lu kP 2
00n % f( g f%({) 53% g

concentration o g 1n 10041 o Igation m X ati'on buffer,
Sl ligase (B°WirddiouE BEODBR vay&harfoNpre¢ipited by ddiing 4d M NaOMas i ncubat ed

;gr deié P?g@go&g@@%ﬁ%@pﬁg{‘}g Eéﬁa@%gqe {?lr %l%%\tlrﬁé@ncb og%%péarfdgﬁ‘ml precipitated

centrifuge), the supernatant removed and the remaining pellet washed with 200ul1

75% ethanol. The pellet was centrifuged for 5 minutes, the supernatant removed and
the pellet vacuum dried for 10 minutes. The pellet was resuspended in 20ul H,O.
Following resuspension of the pellet, 1p] of the DNA sample was run on a gel
20 alongside 2ul low mass markers to estimate quantity. The DNA sample was then
diluted to a concentration of 200ng in 100ul of ligation mix [20ul 5X ligation buffer,
Sul ligase (5 units, GIBCO BRL) 75ul DNA + H,0]. The reaction was incubated for
2 hours at room temperature. The ligated DNA was ethanol precipitated as described
above and resuspended in 10pul H,O.
25 Immediately following ligation, PCR was carried out with the PCR primer
pair PHO2 and INV1 as follows:
1l of the above DNA in a 25l reaction mix:
12.5u] Reddymix (PCR reaction mix, Abgene, UK)
9.5pl H,0O
30 1ul DNA
1l PHO2 primer (12uM)



25 Immedi ately following ligation, PCR was carried out wwth the PCR pri ner
pair PHO2 and INV1 as follows: 11 of the above DNA in a 25| reaction m x:
12. 51 Redeyg@oréstCR reaction m x, Abgene, UK) 9.5 H20 BOr/ébodddyel | PHO2
prinmer (12M WO 01/07651 PCT/ GB0O0/ 02879 -34- 1 gl INV 1 priner (12M PHO2
has the sequence: 5'-AGGICACATGGAAGTCAGATCCTGG 3" (SEQ ID NGO 4) 5 INV1
has the sequence: 5'-CTAAATCTGTGITCTCT¥EGGECGEC-3' (SEQ ID NO 5) PCR was
carried out under the follow ng conditions: 95C for 5mn; 94C for 1mn;
64C for Imn for 30cybHdNVipgmep(l@gMly 72C for 10nmin. Following PCR 51 10
of the PCR product was run on a gel for analysis. One of the potenti al
artifacts of the inverse PCR protocol is the inadvertent inclusion of a
“stuffer' fragnmePHO2 lgathersgquented t he sel f-ligation step outlined in step 3

above. Follow ng PCR, the s fer' Ir g will be anplified along with
t he transpéséﬁh%%?@%%&ﬁgéTcﬂT%sE%@Ngﬁ"vaere to be used in
l'abel ing 15 expefyERisint qhdiee;TVMDH protocol, a non-specific background
signal would be generated arising fromthe hybridization of the short
‘stuffer' fAagiARATCIGHeTTEECYRGOIGESIGEE’ (SHQ HP WO:5h order to renove this

"stuffer' fragnent the DNA can be redigested with Tru9l followi ng PCR |If
the transposon-gene junction inportant for the TMDH protocol is anplified

by a biotin-| abepCRAvdIdaieB buf@ider thbifellowiRgamitionams20 G eRURNILO Y be
purified away from contamnating “stuffer' fragnents using

a
magnet i c- bedakns Ef&ptoay mim for d8eycirgafolowathy RUIFifP1 KimipNEokewing RER. Bel | abel ed
and  upd t gr BYBICRdirtfuct QePRRYAULPRL LG b brari es, for exampl e a g i dded
array. (iil neratrng specific probes vy cycle primer extension 25 Cycle
pri mer extensi onOaaof the potemithi bnifaungdfithe/inkéreagPER ipsotedol [IYhe Adfivweent to the
site of tr ansPo,son [ r‘lse‘r t ?n. Th? use of a | abel ed oligonucl eotide priner
inthis inclusion of a ‘stuffer’ fragment ligating into the self-ligation step Sutlined in step 3
above. Following PCR, the ‘stuffer’ fragment will be amplified along with the
transposon-disrupted sequence. If this material were to be used in labeling
15 experiments in the TMDH protocol, a non-specific background signal would be
generated arising from the hybridization of the short ‘stuffer’ fragment to the
polynucleotide library. In order to remove this ‘stuffer’ fragment the DNA can be
redigested with Tru91 following PCR. If the transposon-gene junction important for
the TMDH protocol is amplified by a biotin-labelled PHO2 primer, this fragment can
20 conveniently be purified away from contaminating ‘stuffer’ fragments using a
magnetic-bead-streptavidin conjugate. The purified DNA can then be labeled and

used to hybridize to polynucleotide libraries, for example a gridded array.

(iii)  Generating specific probes by cycle primer extension
25 Cycle primer extension can be used to amplify fragments of DNA adjacent to
the site of transposon insertion. The use of a labeled oligonucleotide primer in this
procedure results in the generation of a specific hybridization probe.
50pmol of the HPLC purified non-biotinylated PHO2 (right arm) primer
(SEQ ID NO: 6) was labelled with 30pCi [y**P] ATP using the forward reaction of
30 the Gibco BRL 5' DNA labelling system as below with 10 units T4 polynucleaotide
kinase in a 50ul reaction volume (5ul 10 pmole/ul HPLC purified PHO2 primer,



procedure results in the generation of a specific hybridization probe.
50pnol of the HPLC purified non-biotinylated PHO2 (right arm) prinmer (SEQ
ID NO 6) wasiérehel led with 30CG [yl13 P] ATP using the fpewesehmgecti on of
30 the G bco BRL 5° DNA |abelling systemas belowwith 10 units T4

pol ynucl eaoti de kinase in a 50l reaction volune (5pl 10 pnole/ gl HPLC
purified PHOZ primer, WO 01/07651 PCTAB00/ 02879 -3 5 30 it H, O 1015x
forward re

pol ynucl eot Lﬁ%) ﬁ§§§ X foﬁ%‘l‘rf’c%gﬁ%f?&é F‘fﬁ%’b}iﬁ? P%@&P[ggé&%uglgg {#‘lﬁ(ﬂles t he

| abel ed pri1@Ego1pReIeplidd Kih@g). using the Q agen Q aquick Nucl eotide Renoval
Kit. Label ed primer was recovered 5 in a final volunme of 30t. To prepare

the run-of f tempfloHewingfmcubgian a@é?f&nfoé 3Q)Nm%®ﬁh¢alabﬁlmranertwaamspﬁgbn ina

known site rifd a Purlflcatlon
Kit (Pr orre % nthii%gwgg Q%q%l(%@g% ?%eﬁl&g? M%% f‘%ﬁ%a mef;wasr rgﬁ?vﬁﬁ? ely 1

ug/ m . 5209 iﬁ)ﬁfhh’le/ogﬁﬁwds’ﬂmpDNA was d| gested with 25 uni ts of Tru9l at 65C
for 10 2 hours and then_ di gested a further hours, after the addition

of another 25 uriPtrsePagsttheRyyRfpiemp %&nmggeap NOFONRIIINA was
el ectr Ophogsggggam tﬁ%wsa%ke HEABIWES puiRd uSiig iR arizk At entAid SRARONMEd tO

bet ween 20 Inthis gel fragnent was extracted using the
Q agen Gel PEmﬁczamli@n(H(omeaMdTm ﬁnaédoncmtaltlfm pbthe DNAIwes afpr@@dadtelyl5 Run-of f s

Sel ect o DASTT. 20pe AT BrroRt SR BhEt a2 i aLTap T Rbet on P
prinery 0.2 s sen B@tsteBasty funBLD Hoxpaner thaaddnysranaser A52iniei ts) and

buffer in a final volune of 100l. The reaction conditions were an initial
denat ur at i @he®YMB4C for 2 minutes 20 followed by 60 cycles of 94C for 30s,

B oL 0 AR B BRI L LB Tl
l'i braries. exdfedWhitQdr/r&ponded RECHtGRETW2RDBp. TRODNA in this gel fragment was
extracted using the Qiagen Gel Extraction Kit and eluted in a final volume of 30ul.
15 Run-offs were then generated using approximately 3pg Tru91 digested 200-
500bp size sclected DNA in a reaction mix consisting of 7 pmoles of labelled PHO2
primer, 0.2 mM dNTPs, and Boehringer Expand Taq polymerase (2 units) and buffer
in a final volume of 100pul.
The reaction conditions were an initial denaturation of 94°C for 2 minutes
20 followed by 60 cycles of 94°C for 30s, S5°C for 30s and 72°C for 2 minutes.

Following the cycle primer extension reaction, the labeled product was

hybridized to E. coli gridded array libraries.

25



CLAINMS | LLELELE et Vil 11 INCL MS 1. Anethod for identifying an
essential gene of an organismconprising: (i) providing a library of

t ransposorRydigaeis of the said organism 5 (ii) isolatipgr/qsboymseml eoti de
sequences fromthe library which flank inserted transposons; (iii)

hybri di sing the said pol ynucl eoti de sequences with a pol ynucl eoti de

library fromthe said organism and (3 identifyi ng eot| de in

t he said polynucleotide library to 10 which the sai d”&ﬂgﬂpﬁl H)"LHE IJ
sequences do not hybridise, thereby GlAIM&ternine an f the
organism 2. A nethod according to claim1l, wherein the said poI ynucl eoti de
library is in the formof a gridded array. 15 3. A nethod according to
claim1l or 2, whArmidtivd foeidentifgingsmessental lgend efran wrganisyeasdprisingngus, pl ant or
animal . 4. A nethod according..to agé one of the %r cedin cI ai ms, wherein:

20 in step (ii) $BblyrRieYidpgiadibray QtErnsaeson muaninef B ‘i’r 8P ¢ he

transpogons are (ijsol 1@61%§§b)ﬁlu\$f%oﬁde°é&@ﬁen@és PR RNy IRtEhARhY nucl eoti de
sequences flanking the other " side of the transposons are isolated to give

a separate second poahsmdsrexmms and in step (iii) the f| rst pool of
sequences i s hyby.i.di . of the ai d nugl eoti de
library and the é%oﬁa%ﬁ\é}%fngég %aé(iﬁl%!?ﬁ } ﬁﬁﬁ?ﬁcﬁ‘@lﬁawg ci‘%é second
sanpl e of the said polllbfﬁwq}(ﬁomeqmdrgyh@hyan& A nmet hod according to claim
4, wherein in step (ii) each pool of sequences is isolated by a nethod

conprising: (a) GVbeslthrﬁgcylgéﬁ@ﬁi)’@uwlqeélé)ﬂﬁts@é pplysusleptide bibeary toof

transppson-tagged 30, t tL glg.q t cuts

wi thin the transposonmgﬁrﬁ{s}psglcl ?@ugﬁétgdzeuc %ggeg%%g ayglesggﬁﬁe%)lt@ferent WO
01/07651 I 11I1T1T |1 ddtdrining dnles¥éntihl g‘emadﬂihPG‘f@éﬁaﬁO’ 02879 L -37-
restriction endonucl ease (G specific endonucl ease) which cuts within

2. A method according to claim I, wherein the said polynucleotide library is in

the form of a gridded array.

15
3, A method according to claim 1 or 2, wherein the organism is a bacterium,
yeast, fungus, plant or animal.
4, A method according to any one of the preceding claims, wherein:

20 in step (i1) polynucleotide sequences flanking one side of the transposons are

isolated to give a pool of sequences and polynucleotide sequences flanking the other

side of the transposons are isolated to give a separate second pool of sequences; and
in step (iii) the first pool of sequences is hybridised with a first sample of the

said polynucleotide library and the second pool of sequences is hybridised with a

25 second sample of the said polynucleotide library.

S. A method according to claim 4, wherein in step (ii) each pool of sequences is
isolated by a method comprising:
(a) digesting genomic DNA isolated from a library of transposon-tagged
30 mutants with a restriction endonuclease that cuts within the

transposon (T-specific endonuclease) and a second different



the di srupted sequence; (b) ligating the resulting DNA fragnents with a

|l i nker; (c) carrying out PCR on_t i DNA fragnents with an 5
ol i gonucl getoidmsspeci fic forlﬂmg%ﬁﬂjﬁ@{ﬂgm‘uence and acT/GHod/gp8vRUC| eot i de
specific for a linker sequenc&¥"§. s«according to claim4 or 5,
wherein the |library of transposon nutants is a library of TnphoA E. coil
mutants. 10 7. A nmethod according to-%l-aim 6, wherein: in the isolation of
the first pool of sequences the restriction enzynme which cuts in the
transposon i s Dral arsstrictien endewisipass&rrrecifis eadonuplgass) yhich cuta 8tithinct i on
endonucl ease; and 15.in.the i j.on of the second pool of sequences the
restriction enzynme \A}%'Fgf?mpgelﬁitsg&lkeﬁut’he transposon i s Hpal and tﬂe second
enzyme is a 4 bgge pRgdting estresubtingdNAdragments ithsidink&; A met hod for

identifying a conditional essential gene o n, organi sm 20 conprising: (i)
providing a fir& sa?ﬁﬂ-"é“gcﬁutggﬁ%rtg"r%s‘g?‘“ﬁ{)§2s%@§%ﬁtsﬁﬂmaﬂs of the said
organigm (i nput |ibr - ~ibdt] ral escmianof the library and
subj ecfi ng t hat sanp?ig tgdé%ld)gglgﬁ:?ﬁfgfngﬁm%gisﬁﬁgﬁﬁlt; 25 (iii) collecting the
mut ants that survi veoligoaudeotifietspesifad for ainkeaseguencs. step (ii) to give a new
library (output library); (iv) carrying out a nethod according to any one
of the preceding clains on the input library fromstep (i) and on the
output |ibgary fraemed &Rofdirg th clairh ek 8pwhdréin detlibiary BEtransposodi t i onal
essential gene of the orfgani sm_ 30 9. Use of an essential gene identified

by a met hodhwsantoss dilivepry of Beppodrde cof mpnts1/ 07651 | 11ITITL TTEIIL 1111/
Lrrer o 1/ PCT/GBOO 02879 CL MS -38- claims | to 7 or a conditional
essenfé al gene according to claim@8, or the pol ypeptide
7. A method according to claim 6, wherein:
in the isolation of the first pool of sequences the restriction enzyme which
cuts in the transposon is Dral and the second enzyme is a 4 base pair restriction
endonuclease; and
15 in the isolation of the second pool of sequences the restriction enzyme which
cuts in the transposon is Hpal and the second enzyme is a 4 base pair restriction
endonuclease.
8. A method for identifying a conditional essential gene of an organism
20 comprising:
1) providing a first sample of a library of transposon mutants of the said
organism (input library);
(i1) providing a second sample of the library and subjecting that sample to
a conditional restraint;
25 (iii)  collecting the mutants that survive the conditional restraint in step (ii)
to give a new library (output library);
(iv)  carrying out a method according to any one of the preceding claims on
the input library from step (i) and on the output library from step (iii),
thereby to determine a conditional essential gene of the organism.
30

9. Use of an essential gene identified by a method according to any one of



encoded by a said gene, in a nethod for identifying an inhibitor of

transcription and/or translat| f and/or activity of a
pol ypept i ¢ gngeded by that geHE[[“IwLIﬁQF‘L mod for ideot/ichyigagio (1) an
i nhi bitor of transcription and wal son~0f an essential gene
identified by a nethod according to any one of clains 1 to 7 or a

condi tional essential gene identified-B§ a nmethod according to claim 8;
and/or 10 (ii) an inhibitor of activity of a polypeptide encoded by a said

gene, whi cllams htw7 eonganidiionalpsseatiahgantepcondingie claim Bewrtthepdiypentide can
inhibit transcription.and/or translati f a .sai ne and/or activity of
a pol ypepti §&° 8‘%@%83‘8“ lgjc/[ge/amsaa%n %aikoé .lae%gfy%lg. anAﬁﬁi?’ﬁ%ﬁqﬁitrtagsrcrlP tified by a
met hod accorfd/BptrimlatibRbNMhi0zend Bnd/dihctiviBi &iat galy peptidersaBSIet ibp itha® Bernd/ OF
transl ation of an essential or conditional essential gene and/or activity
of a pol ypepti de encoded by that gene. 20 13. An inhibitor according to

claimld or 32, W?‘ﬁ%@ﬁ&%“ﬁm“ al or conditional essential gene is a

bacterial, funga ukaryoti'c parasite essential or conditional
essential gene. {i¥. Aan inhititor dfitransaription emdjort teansthdiomofhd efsentialgend N a met hod

of treatnent of the 25 h n or anjimal body by therapy. . 15. An inhibitor
according to claim 14’@8‘1#%3@'3%3@0 : ﬁ?ﬁlngo% ap g%et‘?fj"é?ﬂ’t‘%ﬁ)f t‘f’ﬂ Obacterial ,
fungal or eukaryotic psddfinhPeskdhtifCleh® Mened - a dSBoPiccaidgtBichihor
according to claim13 for the manufacture of a nedicanent Tor use in the

treatment of a bacterBadnd/dfungal or eukaryotic parasite WO 01/07651
PCT/ GBBQY 02879 -39- | 11 LI JALIIVELLLLLET L)) ionfection, CL Ms 17
%)I "()‘@O a1 inhibitor Jafl Acluwl'() J)fl a gpogpeptﬁ(#ﬁ ebrlic?Aerci bé ééS‘rd&eH@ to claim 13

A phar nmaceuti cal nposi Tl on compri-sin 0

and a phar maceut ing@dhl ifetheCEPipRistdetarinidify whéthetial ikt Bibstaceldhn ikhibet hod of
treating a host suffering froma bacterial, fungal or eukaryotic parasite
i nfection, WANCHPEYMMIYFd@nslatinnnfasaidigspe ad/argeti iyl agolypeptidseut i cal | y

ef fective a@H&H&Ed% a%digggg_bi tor according to claim 13.

15 I1. An inhibitor identified by a method according to claim 10.

12. An inhibitor of transcription and/or translation of an essential or conditional

essential gene and/or activity of a polypeptide encoded by that gene.

20 13.  An inhibitor according to claim 11 or 12, wherein the essential or conditional
essential gene is a bacterial, fungal or eukaryotic parasite essential or conditional

essential gene.

14.  An inhibitor according to claim 13 for use in a method of treatment of the

25 human or animal body by therapy.

15. An inhibitor according to claim 14 for use in a method of treatment of a

bacterial, fungal or eukaryotic parasite infection.

30 16. Use of an inhibitor according to claim 13 for the manufacture of a

medicament for use in the treatment of a bacterial, fungal or eukaryotic parasite



10 19. An inhibitor according to claim11l or 12, wherein the essential or
conditional essential gene is a bacterial, fungal or pest essential or
condi tionghopeenti al gene. 20. Use of an inhibitor accecricBegzgrel9 as a

pl ant bactericide, fungicide or pesticide. 15 21. An inhibitor according
to claim1l or 12, wherein essential or conditional essential gene is a

pl ant conditional or essential gene.-322. Use of an jynpbi ing to
claim 21 as a herbicide. 20 23. A nmethod accordi ndlmmnmmgﬁm“’mel n the
or gani sm iisfeatitbact eri um and the conditional restraint 4sigre o4 t hat
bacteriumin its host. 24. A bacterium attenuated by a non-reverting
mutation in one or nore genes 25 identified by a nethod as defined in
claim23. 2b. A YR4fiabsiticAkBmpsditieh dntpaising fah inhildne adcdiding toelamdBm 24 and a
pharmaceutically acceptable carrier, or diluent. 30 26. A bacterium

accor di ng and aqthaimaceuticely agesptably carigeendiyenst vaccinating a human or

ani mal.. WD 01/07651 111111 112112112112121111 11 ~'1I PCT/GBOJ 02879 MS -40
27. Uée of a bacterium according to claim?24 for the manufacture of a

medi cament 1§ or A aediodaf iraging athostesufferingfiommalbact@al, fongakvheukaybtie ai si ng an

I Mmune response. in a | i an. host .. whi.ch ompri ses admi nistering to
t he host dPARSEE g}@qﬁp{lm Eﬁrwa'mﬁ)a 13}5};{19&?0 tgﬁﬁosriTE theéaé)eutlcamy g9

effective amount of an inhibitor according to claim 13.

10 19. An inhibitor according.t-o claim 11 or 12, wherein the essential or conditional

essential gene is a bacterial, fungal or pest essential or conditional essential gene.

20.  Use of an inhibitor according to 19 as a plant bactericide, fungicide or

pesticide.
15
21. An inhibitor according to claim 11 or 12, wherein essential or conditional
essential gene is a plant conditional or essential gene.
22. Use of an inhibitor according to claim 21 as a herbicide.
20
23. A method according to claim 8, wherein the organism is a bacterium and the

conditional restraint is growth of that bacterium in its host.

24. A bacterium attenuated by a non-reverting mutation in one or more genes

25 identified by a method as defined in claim 23.

25. A vaccine comprising a bacterium according to claim 24 and a

pharmaceutically acceptable carrier or diluent.

30 26. A bacterium according to claim 24 for use in a method of vaccinating a

human or animal.
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27. Use of a bacterium according to claim 24 for the manufacture of a

medicament for vaccinating a human or animal.

28. A method of raising an immune response in a mammalian host, which

5 comprises administering to the host a bacterium according to claim 24.

10

15

20



