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HYBRI DI SATI ON Field of The Invention 5 The invention relates to nethods for
the i sol awaemgsigenes which are essential for the survi vadc&pain28igani sm
a\qd to anti bacterials, fungicides, antiparasitics, pesticides and

her bi ci des. Background to The Invention 10 Various strategies to generate
and characterize nutations in a nunber qf. organi sns have been descri bed
that rely on transposon nmutagenesis. Such approaches depend on survival of

the particular organi swmwmsawmfmmnm]gg&g Aqn! y detect nutants
i n which transposons have I nser s. Mitagenesis
protocol s have been devel oped for BEYBRIDERATIODal , states, comparing 15 in
vitro growth with in vivo survival, and the Signature Tagged Mitagenesis
"(STM approach has been particularly successful in identifying nutants

| mportant i ol i\ ni Cnltt However, these conditional nethods cannot
detect muta t are essential for bacterial survival and

“whi ch when nut at ede (RRHEibD tlards tekbtlods %}qnaﬁxaaon of H&%Mﬁ&bar%%ﬁfegﬁhﬁl
genes and in particular the proteins which ey encoﬁe may be goo

substrat es fothasevival sitaneeganiborandnd iahdbdoedriabd, Sunpdeiddsp amtisirdsit,

fungi cides, pesticides and herbicides. The increase in preval ence of

anti bi ot i c- pesticideannd berbicddssa,  for exanple, 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
s an intergatkdrduhdo TR nivkhGahi on of conditional essential genes, that

i s genes which are essential for the survival of an organismin a

parti dd ar envi Vennenstratégies tegenamte aifd ghardrogoninutitigisén aauntber oexanpl e,

t Hese are genes, which  may, be ired for survival in the host. Such genes
and t he proP@aﬂ'énmaE?]b?%‘}esc’éﬁ?ﬂfg‘ét OR HaRSPOPR BHBEERESKSoPYGEe i n screens

for anti bachauh ghss qHAGKSH Gr0LCE BOEALLN: SRR Rokihe THiRgdRIRSATY D

useful in a enua I've vacci nes
thus only detect mutants in which transposons have inserted into non-essential 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.



-2 Summary of The Invention W have devised a general nethod to identify

all the essential genes in a bacterial genone, using a transposon 2§“§4 2004
mut agenesi s techni que. W have called the technique Transposon Mediaté
Differential Hybridisation (TVMDH). Essential genes are those genes which,
when m ssing (eg. because of a chronosonal deletion) or nutated to render

t hem non-functional, result in a |etha& phenotype. That is, genes wthout
whi ch a bacterium cannot survive. The technique can al so be used for the

i denti fi c Snnpmanyfofdchedinventias essential genes. Conditional essential genes

are those gene I ch, are, not ahsol utely essential for bacterial survival,
but whi ch ar o SL B derisph s Benirg mpetodiaidenta A difeseaal BSTGRIN 2 r oot r ai nt s,
Exanpl es ' r ] J: [: hwvalsnat el evat ed
tompor at up il gefibh s s RBh i alch B e, B LR K ) 1 O The
present i pachhigueTranspsseniMedidted Diffaentihe Blydridisitiond TMDH). Besehiidl\pegs an
essential gene of an o.rgani sm _conprising: (i) providi n%pa library of

t r ans pos oArerthesgraenesowhichewhen misging 4eg- bagauge ofa ¢lwemasamad deleignote 1ibrary

pol ynucl egt i de, sequences f| anki ne. sjde ., of the jnserfed transposons to
G ve a1 PR BOERTESn nof Bt ol et PHEobBE L EhEes R ng & he

ot her si dgyiBbut WKich AbaétkBe chAfISRARRNS t0 give a separate second pool of

sequences; (iii) hybridising the first pool of sequences with a first

sanpl e of a pdhegtagbhique catealsa be wsed férrtheridentifieation of cogaditienal assintidle second
pool of sequences.w th a second sanple of the said I | eotide library
Prom the Bk boBGPLIhesShAREL§405S FOOISF RtV He bar PRTATSLBRSHESE RS ne on o
pol ynucl egl,i il bs‘ilﬁf'if tBut Whikie ﬂﬁzﬁ f aud cORRHiSnpf
sequencesﬁggggt&r}%lt ylba}li@iuse,b %}ﬁgésg fjﬁf%r et ‘e’?ﬂrﬁnﬁgﬁan esgentla gene of

t he or ganrestrainish Exampdestof partiehikae cqriditvorehe sestraintyahdlode $upvivalde elevatgdng a

condi tional essential gene of an organism conprising: (i) providing a

first sanfsmpesturgs pndysuiviyalef a pathpged athimnits bests of the said Z 6 JAN 2604

According to the present invention there is thus provided a method for

identifying an essential gene of an organism, comprising:

(1) providing a library of transposon mutants of the said organism;

(i)  isolating from the library polynucleotide sequences flanking one side
of the inserted transposons to give a first pool of sequences and
polynucleotide sequences flanking the other side of the inserted
transposons to give a separate second pool of sequences;

(iii)  hybridising the first pool of sequences with a first sample of a
polynucleotide library from the said organism and the second pool of
sequences with a second sample of the said polynucleotide library
from the said organism; and

(iv)  identifying a polynucleotide in the said polynucleotide library to
which at least one of the said pools of sequences does 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
comprising:

(1) providing a first sample of a library of transposon mutants of the said



-3 organism (input library); (ii) providing a second sanple of the library
and subjecting that sanple to a conditional restraint; (iii) coll egé ‘@g 2004
the nutants that survive the conditional restraint in step (ii)

new | ibrary (output library); and (iv) carrying out the nethod of the
invention for identifying an essential gene of an organi smon the input
library fromstep (i) and on the outpuB-library from step (iii), thereby
to determine a conditional essential gene of the organism Bri ef
Description of The Fi grgagisnHigmutdibtarghows a di agranmatic representation of

one potential scheme for..carrying out. Tr oson i.at e fferential
Fybr | di sation (THBrY. PRIAE & SRS sSuple cE e Ry 2o Subigr pedhausamplrp s
previously subjected & with a transposon is digested with
left- and right-arm %?g%i%%g%n&;&%ienglfl c (TS) and gene-specific (GS)
restriction endofiiiy! easlzting tre hinanta ﬂ&tét&l\dn&(mélcon@mdnahlwpmom stopaigA, t he
| eft-armrestriction endonucl ease pair be Drall Haeffl and the right
armpair may be Hpal/F%%‘WFﬁneﬂékaWé‘?‘ltBWk ¥8Ads in the 200 to 600 base

pair (bp) range ALe DU hPk NG ishy SLENARAGKRSI:D AUakgEf O ot te

units wth conpati are The

resulting separate fr annﬁgwhﬁn bh €he ih lib@d‘rﬁrﬁ@hﬁtepd) aﬁd@hthear m panel s)
may be further purlfled at this stage. Polynerase chain reaction (PCR) is

carried out on the |eputpathbramfrqmgm(m)nﬂmembjammc@1 mdy priner
pairs conprising an ol%g cl eOtfltg ecific for a transposon sequence and
a second ol i gonucl eot F ‘éfﬂ&s?"f? aﬁls%ctorette sequence. The two

panel s of PCR fragnents thus generat ed constitute the left- and right-arm
consensus probes, representing sequences fromthe genes that have been

di srupt ed bMMMﬂﬂm The panels of PCR fragnents can be
(o coct vely ool o B eSS b L 2Rl O DS Ot LT e
carrying out Transposon Mediated Differential Hybridisation (TMDH).
Genomic DNA isolated from a library of bacteria previously subjected to
mutagenesis with a transposon is digested with left- and right-arm

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



different signals. TMDH uses probes derived fromleft- and right-arn% AN 7004
regions flanking the sites of transposon insertions. Figure 2 outli %4 &
theoretical situation where an essential gene (gene b) is flanked by two
non-essential genes. In diagrans A and B, transposons have inserted into
regions of the non-essential gene a. Both left- and right-arm consensus
probes conprise mainly sequences from¥he non- essential gene a. However,

in C, where the transposon has inserted towards the end of a, part of the
resul t i ngtraespesers lnphoig the- laftrip regiuctipmend giclegise paipyngy be frakHaellk i al  gene

b. Asimlar,.situation.can al for transposon insertion within the
non- essgﬂ? %@Eﬂ?mmyieﬁgg%mm of the left-arm consensus probe
may hybridi ze R@tiBiiddRaBa&ROM Be 208 0F600 bald Baif (Hp) 4R btedpuranRal ysis of the

hybridi sation signals produced fromthe two probés allows an
i nt er pr et fillowing gelleictropteresin abd vemorefte umitscwitle cornpatibix ertds argligated ©

Cr anspocoffeImBER fFaement. THRGFsHI g8 oRarNs omBRaungs Se- De /b 84 6, 100bp
| adder; | _ 1 4, right-arm PCR products.
Lanes 3 aﬁgﬁ%@@kfgﬁ%ﬂke%ﬁ&gﬁgﬁgﬁ%g@g% the host strain (E. soli
XAC) with | eft Palymepdsd chaifl iéacaom{ R ig izl dut sretedeft-ane id righitadrin t he

absence of any PCR product fromthe control |anes 3 and 5. Figure 4 shows
hybri di saffegmenipanels ysing pEMSF paiesscomprisingrandliganvgleatide spedific (58 open

readi ng f 1N hybri di sati.on | wn h - I left-arm
or abe. t o EIREion e Al SR iR e RHE e By e REREES )
contai n 4292 twBpanélsBf PERGEhgaRak thedEinBaitdd cdiBifuteals RHe ahd Aghtedrm E.  col i

protein coding genes. A positive hybridisation signal corresponds to a
gene t hat cénsensys probgh.geprssanting yequenced $ioos the genesdhatihgne beancdismuptefl dgnt i f yi ng

a non-essgntial gene,. | b) hybridisation is showa of.1 -l ahel | ed
7\ Ght - ar nERPBBRorRRaToh e AR Rt So R Rt Oepellep B e
three fie|gdq if APbAdiPatiba¥pEiGRenta ! i fi ed open reading franes representing
all E. coli protein coding genes. A positive hybridisation signal

corresponds to a gene that has been disrupted by transposon insertion,

t hereby identifyin non: essent.i al ,gene. Descriptiop of the sequence

st ny SEG | DPIEes ShBruingine i Sud Belcicer Srsinsts obetengsig s ace oi te.
different signals. TMDH uses probes derived from left- and right-arm regions

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
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 ¢, where a component of the left-arm consensus probe may hybridize
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
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



SEQ ID NO 2 sets out the sequence of a prinmer for use in anplifyi n? tEﬁZﬁﬁZ
RNA pol ynerase site fromthe pT7Blue vector. SEQ ID NO 3 sets out ﬁ]el
sequence of a prinmer for use in anplifying the T7 RNA polynerase site from
the pT7Blue vector. SEQ ID NO 4 sets out the sequence of the PHO2 priner.
SEQ ID NO 5 sets out the sequence of the INV1 prinmer. Detailed Description
of The Invention The invention provides-5a nethod for identifying essenti al
genes of an organism Typically, the nethod requires the construction of a
library of thedispagdmn(E. ruli AG) with &fpakd addight-aomh POR primmershespéckivelyy of
transposon nutants can be used to generate a "consensus _probe" which
conpri ses aNo#nibE aksepeporl W B(R prodactdsam the coatioblaness3 adotn t he nutants in
the library. The consensus probe conprises pol ynucl eoti de sequences 2 6 JAN
2004 -6- which flank the transposon insertion sites and thus conprises

sequences from gepgse 4 shdls BbeidiRaioss@ntdmhs prbbss Bardridded afray'Bt AQ@/used to
generate the consensus probe may allow the isolatjon of sequences from one

or bot h regopersreadiag fiamgs.t hlxi(_a) hyt}iitﬁqaﬁﬁmissshoiﬁwmifﬁm :‘Ial?-l,lahelflgxi blﬂqum pobe used to
generate consensus prohes. Firs , e seguence i ng .t. ansposons
are | sol at o ﬁ?ag‘agwpgf%ns wﬁﬁf@{gﬁ%ﬂswr PR °66 e Rt hin Aok IS

ybri di ze D i : e
t ransposon- ?ggg@%a(ﬁ)?}sl .ngggqg;f?luc seo ie%glgﬁghg? ' g‘?)ﬁ ﬁélﬁﬁgﬁﬁg:’ggﬁeﬁi o the
consensus ppoditiveiimpbriclisaties signal chnegendstotagine that haslsendismiptédby t he sur vi val

of the organismin question. Construction of a library of transposon
nut ant s Ty pitagppgon igsqrtion, dherebyt identifying dnon-essanlial 8e0es gener at ed.

Transposons, SO [ . S € S ba 0!
pol ynucl eot i des. ﬂﬁ?gﬂ?%rl%gdtio?gsn%%%oﬁqﬁgbgg?ﬁugg‘g\%#?ﬁﬁose S tﬁ?l ed in the
art and i ncPag®sms (Geaé 89raé (SifhaGeposeNId) Nie thee fieRlsdbatainUPIOFCER} on t he

basi s of sequence organi sation, for exagﬁl e short inverted repeats at each
end; di r ect PmpliBgrbapeateading framesieprasentingatlts coli pratein cading|genesnds: and pol yA
at 3' ends of .F Lranscr i with 5 .ends oft.en run me types of
virus al so P?llgé?‘éer bg 1 ﬁ%n 5)‘%@5‘11%8‘2’?51’3’8 otl%aa, ge?‘ r aé)%%stn%ﬁ%lel%%ﬂed@

transposon insertion, thereby identifying a non-essential gene.

Description of the sequence listin

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.

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.

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

mutants in the library. The consensus probe comprises polynucleotide sequences



retroviruses, and may therefore be used to generate libraries of ngrhggﬁh
mut ants. However, transposons are typically preferred to viruses b za! 4
i ssues of safety related to pathogenicity may be avoi ded. Any suitable
transposon may be used for the generation of transposon libraries.

Sui t abl e bacterial transposons include Tn3, y8, Tnl0, Tn5, TnphoA, Tn903,
Tn917, Bacteriophage Mu and rel ated vifruses. Any of the above nentioned
transposons nmay be used in a nmethod of the invention. Preferred transposons
are thos@high dhe trgnspasdanghsartion sites iand thws sompriess sequenees frem geresusef ul i n
I denti fyi mut ant s | carry.a transpogson) incluyding Tn5, Tnl0 and
Tohon.  FAt afbiopressentif], Sthecitrqhid me By REa f honeBs theicBisehl mahe. bt ween
its IS el E{E?’&lléw%ﬂ@isIﬁﬁoﬁ%f§éq%§nce9%ﬁ§or?ertﬁ%ﬂ{‘& A YIRMRhS fiRs conferring
resi stance to kananycin, streptonycin and bleonycin. It 1s of course

possi bl e trangpesmrsatlypitelly,ttwantps sensedio gensmtd congerdi probentFisstlg, thaN 2004 -7
conbi nati ons of tjbiotic resistance genes between its IS el epents or by

altering B9AYENGSS| g &t trapspasogs arsdolged anbsecondlxdbeome ampfifigdanpl e by
maki ng a redun ' i ' ' ' ntibiotic
resi stance gengﬁgF?agﬁﬁ?Iﬁgggégg¥%%%Bt?ﬁgbmgﬂ%ﬁﬂkggﬁéﬁ%%%ﬁgﬁngﬂ$ﬁcIuded

W thi n t heo generste bk tiahgposon-efgpedmutanits. tFalymcleutidalthitrdensphseridige ©l ement s

i nclude the Tyl elenment of Saccharonyces cerevisiae, the filanentous fungi
el ement s therfensansesprabomay comeipond togangethatare espential o1 the swiybral ahthep| ant

pat hogens C rysiphe gramnis, Magnaporthe grisea) such as
Fotl/Pogo9 §§m§§65§%ﬁwwhriner-like el enents (see Kenpen and Kuck, 1998,
Bi oessays 20, 652-659 for a review of such el enents). Suitable plant

el ements include Ac/Ds, Tama and other Tam el enents, cin4 and spm

Sui t abl e I Obd HDEATY € iposongmiamspho whi ch may be used in

Drosophi | a and TcC. I Gh can used in enor habdj ti s el egans. Libraries
of "transposon TP kR et BbPSntarB Y SRRt ThoBeStRod known to
those ski bdfélirhés dalled hhsposle S%REHRE,Sire oBll@pdIgRutéotidas:t Bhd @Rfmt r ansposon
mutants can be constructed using either plasm d or bacteriophage vectors
cont ai ni ntyansphson is avedidnovm tathbsa skiled ot thb g and incdudes Blassesof ophage [err] eg.

[err]Tnp hgéns%ggon%%ha%%gﬁjbé 8istinguished on the basis of sequence organisation, for

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.
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, v3, Tnl0, Tn3, TnphoA, Tn903,
Tn917, 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 Tn3, Tn/0 and TnphoA. For example,
Tnl0 carries a tetracycline resistance gene between its IS elements and Tn5 carries
genes encoding polypeptides conferring resistance to kanamycin, streptomycin and

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



I nfect a suitable recipient bacterial strain, for exanple E. coli XAC. This
E. coli strain has a suppressor nutation whi ch prevents the bacteri d;ﬁhﬂyelﬂ[lf.
fromreplicating and subsequently |lysing and al so contains an antibiotic
resi stance gene to allow selection of colonies containing transposed
chronosomal DNA. The vector contains nutation(s) preventing integration of
the 2 chronpsone into the host (bacteridt) chromsone and thus the growth
of false positive colonies without a nutated E. coli gene is prevented.

Cul tures of combinatensgif@ntibictie sisistance ggueg\hntwqqnetnﬁ elemgniswd by alterng the ur i a

tr aneposon PoERrelidaicpll PR Samteodley firroblbla O Mk PandtdBdede ore

plated out QihskinA@dain t&%ﬁin%ﬂ’@élbﬁ@fém IiviAR RARLAR dedtt C1tSAlIFR! ;pi:‘ﬁent
antibiotic and grown overnight at 37C. These colonies consitu a

t ransposon thabswuhyrmspbsoamarbmdmdedhmﬂnmﬂmlsyelmbfahe iniventiollvVDH pr ocedur e
describedinthlggaﬁllca;]l on. Gowth of suchllb[ﬁa efs resltsinthe
generation of thoeH transRosekle entsyaghude the W tations that
are all, g;gg; ‘I’ur{?ﬂ [;l“%ﬂ,g -8 not
result in tﬁg (ﬁ#c "V:ér &EQ ?Bﬁ{enwﬁg no E%}sn%ﬂttslq c%lgl%}\lé@ ypfrcally,

such a I|br&rc]ude\Mghbulmﬂertaht ﬂlmqiaﬂmgmstsualmssm@@iphe @e®Rinison i n at | east
80% preferably at |east 90% nore prefe at Ieast 95% and nost

preferably &agrerat hecgrte @) SUGh AS Eeddhagodlike @érfé& Maginge-1ike glempantpises,
particul ar O%engann?klugle 199@01:91%555 }bsl pég% orrtalrgwe&y uclpg}eﬁlfr?tgi Car
y

t ransposon, becguse or secon ary or

structure which Sﬁuam@pﬁﬁsamhbﬁs iR hillePRYDS, Whﬂranﬁbﬁ{biﬂﬁﬁﬁhmaihy%zﬂi nmay be
advant ageous to conbine two transposon |ibraries, thereby increasing the

probabi |'i t yand$pmpbt ai ni ng transposon insertions in a greater nunber of
genes. For exanp ILn_t.he, case of .bacter librarie and Tnl0

i braries for g}'f%bé a‘b‘BﬁF%‘ B %6%'1’% g0 @%é’ l‘r‘lgﬁlaxi)bélfﬁfg]@nsus probes A
consensus IODPSB% phila S EE BAVRIRh Ch B AR CekrGhbAgHS elpences that flank the

t ransposons. The consensus probe may conprise pol ynucl eoti de sequences from

one or both SI déd)mﬁesalfyranm@pmtmts iy be gﬂnbtatqgmeoldmyOdepmcxm t he
type of net nerate the cons S .prohe. exa i nver se
PCR nmay | ea ‘T"&“ f“n osq IP(SEFF Bt ‘?ﬁ%ﬁl&}&ﬁﬁ@#ﬂ% ‘%tﬂ??ﬁ ELt%aqS bot h sides
of a transpgseihts MieBfistructed using either plasmid or bacteriophage vectors containing

the transposon and a selectable marker. Bacteriophage A eg. ATnphoA can be used to

infect a suitable recipient bacterial strain, for example E. coli XAC. This E. coli

strain has a suppressor mutation which prevents the bacteriophage from replicating

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.

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.

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



vectorette PCR typically leads to the isolation of polynucleotide sequence
fromone side of a transposon. Generally flanking sequence will be Z6 JAN 2004
isolated fromat |east 80% preferably at |east 90% nore preferably at

| east 95% and nost preferably at |east 99% of the nutants in a particular

|'i brary, panel or pool, of nmutants. Any nethod known to those in the art

may be used to isolate pol ynucl eoti de-8-sequences fl anki ng transposons and
thus to generate consensus probes. A preferred nmethod involves the

I sol at i onnof resuibincthe deatls ufthercelh &S theendnedstertiahgeneanFypisally, puchladitrarynpr i si ng
sequences flanking the left hand sides of. the transposons) and a right-arm
consensus“ﬁb&%‘@l’{‘ FasLOnEArANSPRIGR dRseTtiongp Rt least Bee. PratemRblY FaStsi des of t he

t ransposo , ' [ o . i ction
endonucl ool JEREBeRaRAFE W= Ob ind olinEreAblyar | BRL AR Mt cKRRNL ™ O
exanpl e PgehesRestriction endonucl ease digestion nmay be followed by |igation

of a linker such as a vectorette unit before the anplification step
(Figure 1). 2 Somgnegionvolaparticulargeppme msy bdnaseessible oripsertigreby 2 on, genoni ¢

DNA is isg|at ' f i ted with
firs It > r :a: ? ?@8?@5%5%?8%# | tclfr% rﬁs :agke%ae?&ursgﬁfggﬁ‘gg@%’#@%‘%@?g&eﬁ#%?ts r gn S \;,)mos o] né
Typi cal 'y strigdtire atHich RfsoeiR@maspdaMar thRXFRua! TRid ¥ eay@eogni tion

sequences. The exact restriction endonucl ease used will depend on the
sequence advantageoysdaspmbing twaittinsposen librades, thegelnanercasingithetprebabidy on-

tagged |ibrary. . These enzynes. are referred to t he Iranspgson-specific
(399501t B SPekinink et HTeR 1S f & EleRlet Riimb: kehet” FOF BRBRARIRABECTT | ¢
endonucl eagsf Bh@erXl Hbraried T ardUE ! 0 R& s 8r dxafiple bbulddadoribsheal t he
transposon, and Hpal, whi ch cuts close to the ri ght hand end of the

transposon (Figure 1). Generally, an aliquot of the library is digested

with the |eft hand.T-specific¢c endonucl ease and a further aliquot is
separ at el b—gﬂgm%&léﬁwn 2PIEER i ght hand T-specific endonucl ease. The
resul ting fragnBfins@Ras sroBRYs éeﬁ@ﬁtegﬁfrﬁgi@%ﬁﬁcﬁwidé's%% At fhnk their t her

restriction endonucl ease, whith w ally be ditferent fromthe
T- speci f i transpostasudhe @snsensiseroteanadcanphize pol ynasleotideseqizaes SFpmainki ¢
(G specific endonycl ease, is intended to cyt sqQmewhere ip the genom c
sequence PhBRthides gty trafSBRsapt This ﬂta%er@llxa %BQBHW@H%P methodt he

G speci 1 g.and %QH&L@ﬁeecdﬁséﬂsupﬁ%%e.aF&oéyample, 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.

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.

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

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



base pair recognition sequence and suitable exanples are given in Table 1
bel ow. Table 1. Exanples of 4bp recognition type Il restriction 76 JAN 2004
endonucl eases suitable for use in TVMDH EnzynmeRecognition
SiteEnzyneRecognition Site Acr 7CLCGC Msel Ta' TAA GGGt GAATt T Al ul AGLCT

MsplCl ~CGG TCt GAGGECt C Bf al CATAG N al | tt CATG GATt CGTACt Bst ul CGLCG Rsai GT" AC
GCt GCCAt TG 26 JAN 2004 - 10 Dpnl GATC Sa3aGATC CTAG CTAGL

Hael 11 GALCCTaqgl TI CGA CCt GGACCTT Hi npl A CGCTsp5091AATT CCCTGITAAT In sone
cases it may be é@ﬁp@fﬁmm@tbomethpwegﬁ% &eé%lmleNAdﬁlS@?ﬁ%mB@th as the
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may al so  beuts aBMaRE 8 of the HaRspbiish. %aﬁ?@ﬂﬂﬁbl&@n@dﬂuc&hséﬂ%ﬁ%the | ef t hand
side and the right hand side of the transposon. The resulting fragnents

may then behetanucleetidecneeapnitinsiequgricys. f Fhegpreeitrestription endonuclease used will

depend on the sequence of the transposon which was used to generate the transposon-
tagged library. These enzymes are referred to as the Transposon-specific (T-specific)
endonucleases. In the case of TnphoA, suitable T-specific endonucleases are Dral,
which cuts close to the left hand end of the transposon, and Hpal, which cuts close to
the right hand end of the transposon (Figure 1). Generally, an aliquot of the library is
digested with the left hand T-specific endonuclease and a further aliquot is separately
digested with the right hand T-specific endonuclease.

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)
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 II restriction endonucleases suitable for

use in TMDH
Enzyme Recognition Site Enzyme Recognition Site
Aeil c'cGe Msel T'TAA
GGC1G AAT;T
Alul AG'CT Mspl C'CGG
TC1GA GGC1C
Bfal C'TAG Nlalll 'CATG
GATiC GTACt
Bstul CG'CG Rsal GT*AC
GC1GC CA1TG
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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.

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

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

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



sequences may then be separated fromthe "stuffer"” fragnents using a
magneti c- bead-streptavidin conjugate. The purified DNA can then bel § dhesse
and used to hybridize to polynucleotide libraries, for exanple a gridded
array. The techniques described above can therefore result in the isolation
of sequences flanking both sides of the transposons. These pools of
flanking fragments, the left- and righll-arm consensus probes, may be used
in hybridisation experinents to determ ne the essential genes. Further

met hods f or expemapents. ng a consensus probe include the use of artificial
transposons whi ch,conpri.se pol y.ner ase bindi ng site. uences. ch

Lr ansposons may. MAEHERYE el Bio KR 3RS pOuB P hearaigR ARy BREFRRCRT
sequences flanking the transposons in such a library can be isolated by

the addition of RNA polynmerase to DNA fromthe transposon |ibrary which
has been i sP&R9d Thus, geskeBdandnghtsirmeposks| of dtagohents mbystersefdigatddand. The RNA
transcripts thus nerat.ed,can be |abelled and us I n _hybridi sation
exper | ment SSuSaedly ABRHTELHIE TarPERPeobe Primeo WRRAIHPEIRGR  pt s can be
reverse trapsgribhednand GBI h Ak rNAR el fiPmaPligall GR6 dRARIfLe

| abel | ed an%%usgg I n hy%{rﬂla?iosatl n ekpert?inentséd%ﬂemﬁgégoy a transposon
wi t h di f f er Bgitignaksotienawhkichiwill iba gnmplified alohg edthithefrandpssemadisrupted al | ow f or

the isolation of left- and rjght- arm.pools, qf fragnents. 2 6 JAN 2004 -12-
Addi ti onal #REIURRRSs 1T Byis HasErkeR o be %%mkbé{% gHETImeatsythe s exanpl e,

splinkerettg; : ' TN ite PCR, capture
PCR, panhaﬁecﬁllllDl %&ﬁgﬂﬁgﬁggﬁsﬁb%kwﬁ ceg?? I(‘i)tn ?P%?ptg%r evi ew of these
t echni ques pslggruditbtidetlibedry., IrCerder thirbmova thés shefffer fEagmieht) Bixind b=t prifidry . The

t echni ques descri bfelcj 3@%&3{ O%:ﬁit hngﬁge_r atﬂi)on t%fp a consensus pr obe‘qe
typical |y reapbeusedipthgi reantiops Fgllowsime dPERAthe sonsensys seauppces@n|bicbr ary  of
t ransposon t an Lth,a G specific restricti epdanucl ea f exanpl e,
ol 11 PRARRleR el nncSel BES bl o 38) U ARG Rlaiihl S ERE et i fe™
endonucl easfirst pRide.| Thid ResubtX BEthe ME1Bdse O tHe shffer Grabmehfs Ahd the@nggRas i N whi ch
the transposon is inserted, or cuts at a |large distance, for exanple nore
t han 2kb, aswapengesmayiiken bessepatated frim the “Twslest srgmentuping e mognetism t hese
genes wil |

o et PR B e BRI MR SR Fvo PO BRBELSY "

hybridize to polynucleotide libraries, for example a gridded array.

The techniques described above can therefore result in the isolation of
sequences flanking both sides of the transposons. These pools of flanking fragments,
the left- and right-arm consensus probes, may be used in hybridisation experiments 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
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
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.
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open readjdieved by combining two or more of the techniques for generating consensus

probes.

Hybridization 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
32p, 3P or *°S, enzyme labels or other labels such as biotin or digoxigenin or
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
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



franmes in the genome is known. Therefore, the order of all the open reading
frames represented on a gridded array is known. This may be usefulththm‘
interpreting hybridisation results, as is described bel ow. Hybridization
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Hybridization experiments are typically carried out using two copies of the
gridded array. In such experiments, the first array may be hybridized with a left-arm
consensus probe, while the second array is hybridized with the corresponding
right-arm consensus probe.

A location which on both the left- 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
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 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



I s generated under control conditions (eg. growh at 37C in conpl et
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restraint. For exanple, the library of nutants can be inoculated in a
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the library of mutants has been subjected to the conditional restraint it can be
recovered.

The library of mutants that have been exposed to the conditional restraint will
lack 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
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
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
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can be introduced jnto a I ci de. vector... fQr anple a | asm,.d- based
vector, whi ch 1 st highs Epfbisaaopitiond] sulRGR Se Pabbedt e AL of a
candi dat e eSssilbAh nBBRRri Bafspotn'thidin OBF Lxdisple, (2R bbGsed tlifREUFEd i nto
the bacterial strain"fromwhich the candi date gene originates. |If the

t ar get genemonse sEdlowing infédtionteatetiabargetrtp diveds ahé spleenssnl ahecourse of

al l elic-exchagnge mutants that have a _di srupted versjon of the target gene.
'n the caseiNctRNCaR a%n‘@msaﬂzafﬁlwlbwggfemmam%&@ct CRULLOR | al gene

can be intrgdycs aﬁé?tﬂletﬁ}n%tepiﬁ‘}&%lﬁziarg}iiﬁg)_rrgg(%/ﬁ'&e%%ﬂs b8 cth sk B Whi ch

- hal
t he candi date ge%e ori1 gl nates. ange TUCANT S car?gﬁgo I sol ated and

subj ect ed t suigblevplitesiNiiethe tdze of tirtiohditiondl reesin at elevatd tehiperab@edd dat e  gene
is a conditional essentjal gene, it should not be possible for the

al | el i c- excHamgesonaggss lbray canbe e #tderCt he conditional restraint.
Simlar experinme . | | Ol reatics
The use of bi of neaRraTL e lARAeLEE pRbeEbr PRI s Pl TR
essential amh peaefl éflaatiBioties SBils haly r@RaPSnedwiRhard eéitlal firAntibiofiDH may be
used to search databases contai ning sequence information from other

speci es | n_ BBEaNot.cSucdeaeneT yould b KEes srygsuth eabilimisslovepberesl cones
e ng the glenisiEe (SR ntiBloud?] OfkaniES SRk B e i prdehelof cosent!

carcinogens, UV or other agents that cause oxidative stress and thus genes that confer

resistance to growth under those conditions may be identified.

Verification of the phenotype

Potential essential gene sequences and conditional essential gene sequences
identified by the TMDH strategy may be verified using a method based on allelic
exchange. This technique is particularly suitable for analysis of bacterial genes.
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
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



exanple, an E. coli gene is identified as essential using a nethod as
descri bed above. This may allow the identification of a putative 1AN 2004
ort hol ogue from Sal nonel l a. That Sal nonella gene may be tested by %\PI g’ﬂll!:u
exchange and the construction of conditional nutants in Sal nonella as
descri bed above. Further orthologues may be identified in nore distantly
rel ated organi sns, for exanple from Pl@&snodi um species. Suitable

bi oi nformatics progranms are well known to those skilled in the art. For
exanpl e, sthan Baei whichdbd catdidgtengene ogimateh. Adlolic-¢BlangTmupantsganrhe( Al t schul et
al ., 1990, J. .. Biol. 215, 403-410. and. Al fschul al ., ..1997, Nucl .

Aci ds ReS§SOM£1§§gELe§t&629 ?%%@ri@’e .HQW?J;FBF@%"?&%%%&%G? sear chi ng
are for e 5 t

O gan s aear 0O PR ey ene TSPk be PR [ le Ae PR PRe

i nvent i onnmtantd tocuevitoundeh thetconditionalpesmid) e to carry out transposon

mut agenesi s and_ thus, those that can give rise to a library of transposon
nut ants. O ear Bimilarrexperaments giax be perpigagd for atherorganiamés will have to be
produced in order to give a better chance of achieving saturation

mut agenesi s. Sui tabl e organi sns i nclude prokaryotic and eukaryotic

or gani sneBicthiformi® prokaryotes include bacteria. Preferred bacteria are
t hose which are animal or human 2 6 JAN 2004 -17 or plant pathogens. The
bacteri a used Khyugseofthioinformgties may aiovctherapid dsolation of furthasgeseatiala may be

for exanple, framthe genera Esgherichi al | a. Vi brio, Haenophilus,
Nei seor | nnespftiing St RAEkdhess Aot tpfied TR why ot ol Qise iR
Ent er obacifthbas@fédiidihitg sedleBtSinFormdtibh rOm ABEIAPBEESIn JP3&HE MBANAS |
Aci net obacter, Mraxella, Flavobacterium Actinobacillus, Staphyl ococcus,

St r ept ocoenbdogasesheschiremithose spdciast érengs scGdentifidddian e tedteskforbeing a,

Hel i cobacter, .. | obact.er, Lawsoni opl asma acill l.u

Agr obact oF AT BRFERGTLY e 2SBE Be s inbraadus zattsd B0 iR of the
above mengipnse DMebh ceheisEaGiEel P bR Lising @ métRMPR Rbcrilie@abbea in

humans; Sal nonella typhinurium- the cause of “salnonellosis in several
ani mal spdhiemay Shéwitheckdtmtifioapon of a pitativeaorttwlague HromeSalmppbids. dThav er ;

Sal monel | g Sronsiia bint may be eS8 B alldlic' xohange and the Sandthuchon ap >+ 52 monel | a
conditional mutants in Safmonella as described above. Further orthologues may be
identified in more distantly related organisms, for example from Plasmodium
species.
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 ef al., 1997, Nucl. Acids Res. 25,
3389-3402.) may be used. Suitable databases for searching are for example, EMBL,
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
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



chol eraesuis - a cause of salnonellosis in pigs; Salnonella dublin - a
cause of both a systenic and diarrhoeal disease in cattle, especialfJyANbPID4
new born cal ves; Haenophilus influenzae - a cause of neningitis; Neisseria
gonorrhoeae - a cause of gonorrhoea; Yersinia enterocolitica - the cause
of a spectrum of diseases in humans ran?ing fromgastroenteritis to fata
septicenm c disease; Bordetella pertussi-§/~ the cause of whoopi ng cough;
Brucell a abortus - a cause of abortion and infertility in cattle and a
condi ti on kAbplntRathogens.ant fever in humans; Vibrio cholerae - a cause of

cholera; Costridiumtetani .- a.cause of fetanys: Bacjl]| nthracis - a
cause of ant hr athe BiEiEHed e KBRS iF G Ry Phe R e <
Preferred eykaireRhle, Bfl e BerPd FRtheRthil WRRRORAMAAY RS HABHophiAR! Pest s.
Suitabl e fungi includé the afi mal pat hogens includi ng Candi da al bi cans - a
cause of t hNeskeria] YiecdimipjBordeteBp Brucella, Skigelén, Kiebsieigyltmtatobactert) Senlaca,

athlete's fqot in__adults. OQh suitabl e fungj inc]lude the plant pathogens
Phyt opht hor ATqt¢HSe ¥ibI}s Aergs P%”V‘?Iia?c%?‘a?tgmﬁr%&iﬁc &spp., Saprol egnia
SPP. , Erysi pRGofiRerium, AthbBgoihls §taph§lbcoc ,Sh’e@b@éégﬁ&,%ﬂ&'ﬂ%tﬁ&ﬁ} urta

i nequal i s, avi ceps purpurea, Drpfocarpon rosae, Puccinhia gramhis,

Usti | ago avEisgsia, Slostridine, Pasteuedllap Hehsobaesr, iCaaipyitdaélen $aodoniay spp. ,
Trypanasonma_spp., GG arda sgp. Tri,.chonpnas spB. and Schi stosoma spp. O her
ani mal par a¥fcerlasma, Basdlus, Agrohastonium, Rhigobivme EpinjacirsXasthanyenssn nt h,

nemat ode and annel| raSi ' I S ' I i psects,

nenmat odes and mﬁ}‘%“geféggﬁ%%ﬁe:‘zf%?%i&q%n&ﬁ Ll%ﬂ;é?n?a%gﬁs ‘g’ﬁer‘lé‘g% Aé’ﬂ’t'ga i ncl ude
nonoct yl edogsisaBedidirtodaindaass; SHMRoRNerb/IhGainm S e use dthakBorellosishi ch t he
entire genone has been sequenced and therefore for which it my be

possi bl e t oircssieml aimalsnegigsdSaimenaile sy e qagsa ofdumani tyghoid 8% or al | of
the open readin ranes,. ;ocreens f.or inhibitors of e nt i and
cond! 1 onal SaizeBsl APEidEE EREE of Rod MiePing o reRonS e LaLtlE: A genes of
bacteri a anghdibigefft y#EeRisk dESalmbhd1mRistih pigs SSHIME Re/IBRBIRP 8208 oflbkget s f or
antibacterial substances. Simlarly essential and conditional essenti al
genes of f uskytenzipdnd diaghgenl idisepsgrin sattleesperiallyofamew-born calves;

Haemophilus influenzae - a cause of meningitis; Neisseria gonorrhoeae - a cause of

gonorrhoea; Yersinia enterocolitica - the cause of a spectrum of diseases in humans
ranging from gastroenteritis to fatal septicemic disease; Bordetella pertussis - the
cause of whooping cough; Brucella abortus - a cause of abortion and infertility in
cattle and 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
include animal or human parasites and plant pests.

Suitable fungi 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.,
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



pl ants and the proteins which they encode nmay represent targets for 5 JAN 7004
fungi cides, antiparasitics, pesticides and herbicides respectivel

Fungi ci des nay have both animal and plant applications. Furthernore, if a
particular gene is essential or conditionally essential for a nunber of
different bacteria, fungi, parasites, pests or plants, that gene and the
pol ypeptide it encodes may represent -48target for substances with a

br oad- spectrum of activity. An essential or conditional essential gene

i dent i fi ethearidpusplabdeinziatid esmatotdeand abﬂudapmaﬁtetshe pol ypeptide which it
encodes may be used in a nethod for identify an_inhibitor of
transcription S4iHable planhpestsinelyde Bﬁeqth@e@éﬁ’é‘eﬁﬁlﬂ/@? uses puahias sBigst he

pol ypept|gled glgded by the gene. Such a substance may be referred to as an
i nhibitor of an essential or conditional essential gene. Thus, an

i nhi bi tor of asurgieplad inclide HoOAGLLIbARIan@dxBBIidhsJeNe i S a substance
whi ch inhibits expression and/or translation of that essential gene and/or
activity of t hé’rqipgur%@gamaas mdbmdowhlchahe ensigegeniogie has beerondi t i onal

essenti al ene a rried out t. t erm ne whet her

S veat oupdi efmﬁﬁe&ﬁ& Sk BT s b ot fd it abas Sl "esoont i ol

gene. For eﬂtﬂ@gerﬁfn%‘&lﬁlroﬂﬁe ;?cﬁﬁﬁﬁ%e?r condi tional essenti al
or

gene nmay be |1 ked to codi ng sequence a reporter polypeptide. Such a
construct nmay be contacted with a test 2 6 JAN 2004 -19- substance under

condi tion an t e abs nce of the test substance expression of
t he repor gk and condifional egsential ganes,\y t he effect of the
test subst ancg ﬁ f \ ssent i al
gene to be det eéryﬂt1 gﬁ%é %gtﬁgﬁggieﬂﬁ &‘{anrﬁhl ﬁafﬁgﬂglﬂ&@gﬁﬁd

essent i al whichathexeridode alay egaeseht tai-getmﬂmtﬂﬁyteﬁsl slubﬂhmieedslxﬁltu’rlyexarrpl e, by
contacting the nRNA of the essential qr. conditional essential gene with a
test subsEsfetial andeondivonsl essepiial genas ofdmed a?fb?lﬂﬁafyonﬁrp%lt%ﬁt pests A t he nRNA

0,1 PR B S48 SR T B s o of (1
gene to bstiphedsiios] p@dexd%ﬁit}wﬂﬁeﬁeymﬁd&umyl Fuﬁglﬁdés by Havefboth pol ypept i de
encoded by the essenti al
animal and plant applications.
Furthermore, if a particular gene is essential or conditionally essential for a
number of different bacteria, fungi, parasites, pests or plants, that gene and the
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
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.
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



gene may be isolated, for exanple, by contacting the polypeptide mnsf
substrate for the polypeptide and a test substance under condition & WA 2004
woul d permt activity of the polypeptide in the absence of the test
substance. This would allow the effect of the test substance on activity
of the pol ypeptide encoded by the essential or conditional essential gene
to be determ ned. Suitable control expet9nents can be carried out. For
exanple, a putative inhibitor should be tested for its activity agai nst

ot her pronokebistancetiNig conditipnd iyipaiiéh, Ge thetabsahics oDthettest Bebsp@mes bxpredsion t hat it
Is a general .inhibitor of gene transcription, translation or | ypepti de
activity. T@Eﬂiesmn@bﬁemﬁetwl@@%t T&em&i@lw thereflieptrofishe gﬁfs of
essential or & nditiona tgﬁ q P Iﬁ@)lnattorlal l'i braries,
defi ned chefCat &Rt Fi‘ﬁ”&%s“"b‘gfgi‘? s gr %’&i {oFa" SSHTTHeE B 1O8F1 gonucl eot i des
and natural deeffiaed | i braries. The test substances may be wused in an
initial screen of, for exanple, ten substances per reaction, and the

subst ances of baSuhﬁmomMicl@hku'hititmmﬂbﬁim efrantegseintial drrmndikidn@llelss,ential

Furthernore, antibody, products (for exa clo and. pol ycl ona

ant | bodi s, ggr?erfa%g%ﬁéa Exabieet ¢ "ﬁa&ﬁe&nﬁﬁ% ¢ eSO Sl gr af ¢ ed

anti bodi es) gy @1%31 Fﬁ@@itﬁgrtecst F’Jbs%ﬁé@ﬂﬁdeiiho Q'Fu L@&IP Lt bi tor of
an essentia or con t|on ssential gene I's one I'n S expression

and/ or tr anghidlativn o:ffthé RN £ isthe absencgeithe eastsubstancd. i | 'Dhn*, woald dllosy the

pol ypeptide _encoded by t hat essentlal or. condi tional gene. Preferred

subst ances &ffectof ngéesw@ﬁaﬂcr: qRitianslatenefithe asenfiah er eanditional exsentia gene

translatlonB?a%dé 11; lﬁ%d vity by at least 10% at |east 20% at |east 30%

at | east 40% east '50% at |east 60% at |least 70% at |east 80% at

least 90% at | e8abst@ir¥s ahichtinhibattidB%6falpolypeptidediicoddd I@nthefeséehﬁali nhi bi t or

of 1 gm[err], 10 gm[err] 100%21[err] 500 gm [ erré ngM[erq}%, 10
itk g sHbsirap

momi [err], &EBganPq isplajed, fiows g xam clémcmge@tmgnmemoﬂmnu

per cent age decreas and/.or ransl,ation .and/ ity in a
Corpar | son JF RetRRa R P ESPLamRAnR pont i BRELAL pORAIRAPR 2RI, o1 ce.
Any conbi naileQlyep ﬁdreemqﬁ@af&eﬂwmt@@ﬁ@t SUBGARRS This Wl ANbWIRe effédhbbi tion
and concentration of i nhibitor may be used to define an inhibitor of an

essent i al othedestidibstancalon astvatyt afdhe palppsptide ehcoged by the dssdnttibl o on at | ower
concent I at ! o itiohal eeRlial gene & be determined.
Suitable control experiments can be carried out. For example, a putative
inhibitor should be tested for its activity against other promoters, mRNAs or
polypeptides to discount the possibility that it is a general inhibitor of gene

transcription, translation or polypeptide activity.

Test Substances

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,
antibody products (for example, monoclonal and polyclonal antibodies, single chain
antibodies, chimaeric antibodies and CDR-grafted antibodies) may be used.

Inhibitors of essential genes




Test substances which show activity in assays such as those described above
can be tested in in vivo systens, such as an ani mal nodel of infectiQn fO{
anti bacterial activity or a plant nodel for herbicidal activity. Thtﬁ, JAN"2004
candidate inhibitors could be tested for their ability to attenuate
bacterial infections in mce in the case of an antibacterial or for their
ability to inhibit gromth of plants i"A80the case of a herbicide.

Therapeutic use Inhjbitors of bacterial, fungal or eukaryotic parasite
essential or cévdnhibiipnef anessential en cogditienalrssential gese is one whigk inhdbitsof

treatnment of fhe h a0l body by _ther o kD rticular,such
subst anc gag‘ %%Sl%ngmﬁwﬁlago%%%tae Sﬁ%t@%egf %W?P%?twgy Ogg'bet Pe"ﬁ?ﬂ%fi’{‘d? ungal or
eukaryot i endpdled by titat eRERE] P BondiGiiAl F4HRS PETeREd Sib¥tadt&QrdtodSRtichf or the
manuf acture of a nedicanent for use I'n the treatnent of a bacterial, fungal

or eukar ndibitessentied gens ¢xprassion and/oMransiatiodiand/onagivity byat leastt 1084fat er i ng
fromsuch,an ,J.nfecti on can. be |nproyed adm ni ation an. i nhi bitor.
A therap_elﬁaftcyaq p,f%‘fe@{st?ﬂ)c/{iiq%e.aﬁ%athﬁ@,ﬁﬁ%&@%%lﬁaﬁtﬁg/,%}p@% a human
patient i BoRiesdleddnO0%Oht leAsh D59 drat FealtioBRs £eonBéntratibh 9ftheQhhiBi#éAsY Ot | C

parasite essential or COﬂdItIO]na| essential genes may be admnistered in a
vari ety ofl pgodAgd fgnlis 100Tpgm]”, 50@ygmbl; 1beerdl 6 10 AnA0DWOnR miit Bhei st er ed
orally, for exanple.as tablets, troches, |ozenges, aqueous or oily

suspensi oRETCRIR OBt e BPregRiasg ek as e XPHIFIBN ABYET nmy al so be
adm ni st efrﬁ&lﬁﬁfn%ﬁiﬁfr%ﬂi%griﬁ'até&ﬁ{paﬁéﬁ?ﬁdﬁﬁéérhﬁg?}%ﬁé présPACCARARBLELY of

I ntramuscularly, intrastérnally, transd y infusion techniques.
The i nhi bitleaest subsfarek s Anlyeombihation of e @abowsmentjzmed degreesad . perceptagsi ci an wi | |

be able to determ pe the requi.r . route of adnmnistration for each

parti cul aF“}’g%\fl?’éﬂ‘E‘{.]c%%“‘?@PMféimFPréﬁay qSﬁqﬁrogaq?%ﬁ ap gphibiter c&r*f“pr eventing
or treati ; i e Q@ niib ReRd @&lsor s such
as the na?%?@l%? ?%ﬁ[edlgé(%gtéssféltﬁﬁﬂ%%eéWﬁlegg\%dé%her gfof)l%gr nacgﬁ'?c%gg or

vet er i nar peing preéferrédit ended, etc. An inhibitor may be fornulated for

si nmul t aneous, separate or sequential use. An inhibitor is typically
fornul ated for TgehFhbstanceswnich showaglvigy iBaess sycinas thqss deggriogd gbove

phar maceut.| . rLier ' F?Ef 3 ceutical carrier
or dil uenwn@ygeﬁg?ﬁf%%@%ﬁtgﬁg §d§ﬁ a3 %F@H%ﬁ@gﬂu‘{ i"OR. of?;?exarrpl e, solid
oral antibacterial activity or a plant model for herbicidal activity. Thus, candidate

inhibitors could be tested for their ability to attenuate bacterial infections in mice in

the case of an antibacterial or for their ability to inhibit growth of plants in the case of

a herbicide.

Therapeutic 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 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
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



forms may contain, together with the active conpound, diluents, e.g.

| act ose, dextrose, saccharose, cellulose, corn starch or potato Staiﬁﬁhuzm&
| ubricants, e.g. silica, talc, stearic acid, nmagnesium or cal cium

stearate, and/or polyethylene glycols; binding agents; e.g. starches, gum
arabic, gelatin, nethylcellul ose, carboxynethylcellulose or polyvinyl
pyrrolidone; disaggregating agents, e.gsttarch, alginic acid, alginates

or sodiumstarch glycol ate; effervescing m xtures; dyestuffs; sweeteners;
wet ti ng ageAdmunistered opally, fariexample ap gablety tioghesslozenges,aqueousioidy: and, in

general , nog-ﬁg l.C a |.C i t. L e used in

phar maceuti cal @%@%ﬁgﬁggﬁq’@ﬁgﬂ&ﬁgﬁcgﬁ't%iléﬁa’iﬁlt%?g%graagi%ﬁ%ns may be
manuf act ur eddifhidteredparefiepdly] eitie bututiBbBly, DitriRAbasIpfinfMnthRblarly,
granul ating, tabletting, sugar-coating, or filmcoating processes. Liquid

di sper si ons irnteastegradly, transdenmally ar by infusign teghniguesp Thedphibidors mayalso be

suspensi ons. ,The syrups may. cont gi n_as. car.ri.er far, exa e, saccharose or
scbhar ose MHE R FrodiRS: ARG ABle P sFEER SabERE one and
emul si ons NMpyuté BN UdMhiRishatiGRfor eSdh par@dulpafiBte a natural  gum agar, sodium

al ginate, pectin, nmethyl cellulose, carboxynethylcellulose, or polyvinyl
al cohol . The suséaforondation of @h inhiibiter fooeseiim prexentingordreating 2 badteniad onay

Corrror: 5 ARt o S pha SRR Mt PR SR SR pBRE P
glycol's, e. gheltPPphaRclitair veRttfalyfust 8Sinfedded, eft. AN {rfllir AHWet of

| i docai ne hydrochl oride. Solutions for intravenous adm nistration or
i nf usi on maforomidted for asnulenedusy sepafatr oresequankiel usst eri l e water or preferably

they may be in the form of sterjle, uequs,. i.sotopic saline solutions. A
t her apeutical | y gﬁ’f‘@ﬁ’ﬁ’f‘%‘%ﬂ% fBFn‘ﬁgteggqﬁagﬂ%‘met?“dBﬁ]?Wr§§eé'F ed to a
patient. T ﬁ?\a'ﬁfn alnMA by - er a ﬁérﬁﬂ - VAri ous
par anet er s, Hﬁrg{gﬂgem a Ia?Baccorbgéér?g&ﬁo Egﬁs%ﬁ%’?gg‘g{elﬁ%st'egﬁgi) e agéelfhcﬁi ght
and condi t i carrief ot diRienpahy be)tfoit exahmpld, ag ddoehic $dhetiono tHoe erdmpldsatidsiralat i on;
and the required regi nen. Again, a physician will be able_ to determ ne the
required roffrmsspaycontain.degciher gyiththe actyssqmpoped, dilHonts 8- lactessy patient. A
typi cal dai hé/

according to )itﬂog&gsg{:@\# ({Sjg/mgp B@Eéé nglé%i& ? 1I1 gpP%Ol%?%r%ﬂ(r’?uﬁcgn ggéej';g' %i/\\ﬁg(}' gm ’ and
talc, stearic acid, magnesium or calcium stearate, and/or polyethylene glycols;
binding agents; e.g. starches, gum arabic, gelatin, methylcellulose,
carboxymethylcellulose or polyvinyl pyrrolidone; disaggregating agents, e.g. starch,
alginic acid, alginates or sodium starch glycolate; effervescing mixtures; dyestuffs;
sweeteners; wetting agents, such as lecithin, polysorbates, laurylsulphates; and, in
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
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
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,



conditions of the subject to be treated, the type and severity of th
degeneration and the frequency and route of adninistration. PreferabBJANZML
daily dosage levels are from5 ng to 2 g. Live Attenuated Vacci nes The
principle behind vaccination is to induce an inmune response in the host

t hus providing protection agai nst subsequent challenge with a pathogen.

This nmay be achieved by i nocul ation-##th a live attenuated strain of the
pat hogen, i.e. a strain haV|ng reduced virulence such that it does not
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Live Attenuated Vaccines

The principle behind vaccination is to induce an immune response in the host
thus providing protection against subsequent challenge with a pathogen. This may be
achieved by inoculation with a live attenuated strain of the pathogen, i.e. a strain
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
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,
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



that cause undesirabl e side-effects. The attenuating nutations may bd 6 JAN 2004
I ntroduced by nethods well known to those skilled in the art. Appropriate
met hods i ncl ude cloning the DNA sequence of the wild-type gene into a
vector, e.g. a plasmd, and inserting a selectable marker into the cloned
DNA sequence or deleting a part of the DNA sequence, resulting inits

i nactivation. A deletion may be introdu2®d by, for exanple, cutting the DNA
sequence using restriction enzynmes that cut at two points in or just

out si de t heofthaiwild-typequeeiop and | i gating together the two ends in the
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provi des i nuni 2 | AN 2004 -24- against the virulent parent of the
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especi al | y, thaheausanodageable silesfifectse may be from E. coli, tetanus, hepatitis
A, B or Cuvirus, . human rhinovirus such,as t 2 0 4, herpes

o ol ox virus. - pa Buatng Fataatsmaybe intigpddih mehets NRLERTF | us,

i nfluenza Vigods kil ®AhKhR. Wpptbpridte fdthdd®ifltiAde cloning the DNA sequence of

the wild-type gene into a vector, e.g. a plasmid, and inserting a selectable marker into

the cloned DNA sequence or deleting a part of the DNA sequence, resulting in its
inactivation. A deletion may be introduced by, for example, cutting the DNA
sequence using restriction enzymes that cut at two points in or just outside the coding
sequence and ligating together the two ends 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
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.

Such attenuated bacteria may be genetically engineered to express an antigen
that is not expressed by the native bacterium (a "heterologous 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



trachomatis. Useful antigens include non-toxic conponents of E. coli Smag& m
| abile toxin, E coli K88 antigens, ETEC colonization factor antigensf '{3@
protein from B.pertussis and tetanus toxin fragment C. The DNA encodi ng

t he heterol ogous antigen is expressed froma pronoter that is active in
vivo. Two pronoters that have been sh@m to work well in Salnonella are
the nirB pronoter and the htrA pronot€f. For expression of the ETEC
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adm nistration, e.g. as a 2 6 JAN-2004 -25- suspension. Reconstitution is
advant age®#figepicseaesnce may e fragy £icafl, tgtanys, dapatiiis|d Bher € yirugdwmaa t he

viability_of . c ' I rotect the,.attenuated bacteria and
the " vacoHiaovits sRaEhTivbe2 of Budid Herhd sHndet fined PRAREE MR AS: B on | &
advant agefyotaid-nasih disedse Virtls, ieflnga eined) caebatiae $iridér Oamddiahe vacci ne.

Al ternatively, the vaccine may be prepared for parenteral adm nistration,
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be used ip.the v byat.ion nnal L an. host ... particul arl a human host
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especi al | B p@riafihaieBaniPioxiRigehei €. be prevented by administering an
effective dose of a vaccine prepared as descri bed herein. The dosage

enpl oyed wi || Whe DA engoding the heterologous antigen is expressed from a promoter

that is active in vivo. Two promoters that have been shown to work well in
Salmonella are the nirB promoter and the Atr4 promoter. For expression of the
ETEC colonization factor antigens, the wild-type promoters could be used.

A DNA construct comprising the promoter operably linked to DNA encoding
the heterologous antigen may be made and transformed into the attenuated bacterium
using conventional techniques. Transformants containing the 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
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
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



the discretion of the physician, but will be dependent on various factors

i ncluding the size and wei ght of the host and the type of vaccine 7§ JAN 2004
formul ated. However, a dosage conprising the oral admnistration of from
107 to 1011 bacteria per dose may be convenient for a 70 kg adult human
host. Agricultural use Inhibitors of bacterial, fungal and pest essential

or conditional essential genes may be -&mnini stered to plants in order to
prevent or treat bacterial, fungal or pest infections; the termﬁpest
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containing active ingredi&nts, or coating themwith a solid formnul ation.

Agricultural use

Inhibitors of bacterial, fungal and pest essential or conditional essential genes
may be administered to plants in order to prevent or treat bacterial, fungal or pest
infections; the term pest includes any animal which attacks a plant. Thus, such
inhibitors may be useful as pesticides. Inhibitors of plant essential or conditional
essential genes may be administered to plants in order to reduce or stop plant growth,
that is to act as a herbicide.

Suitable inhibitors are normally applied in the form of 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.

Suitable inhibitors can be selective herbicides, bacteriocides, fungicides or
pesticides or mixtures of several of these preparations, if desired 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,



In special cases, further types of application are also possible, for

exanpl e, selective treatnent of the plant stens or buds. The active
ingredients are used in unmodified formor, preferably, together wil® JAh&0
adj uvants conventionally enployed in the art of formulation, and are
therefore fornmulated in known manner to enul sifiable concentrates, coatable
pastes, directly sprayable or dilutable solutions, dilute enulsions,

wett abl e powders, soluble powders, dusts, granul ates, and al so
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hectare ("ha", approximately 2.471 acres), preferably from 100g to 2kg
a.i./ha, nost preferably from 200g to 500g a.i./ha. The fornmnul ati ons,
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with the adjuvants conventlonally employed in the art of formulation, and are

therefore formulated in known manner to emulsifiable concentrates, coatable pastes,
directly sprayable or dilutable solutions, dilute emulsions, wettable powders, soluble
powders, dusts, granulates, and also encapsulations, for example, in polymer
substances. Like the nature of the compositions, the methods of application, such as
spraying, atomizing, dusting, scattering or pouring, are chosen in accordance with the
intended objectives 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
from 200g to 500g a.i./ha.

The formulations, compositions or preparations containing the acttve
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
appropriate, surface-active compounds (surfactants).

Suitable solvents include aromatic hydrocarbons, preferably the fractions

having 8 to 12 carbon atoms, for example, xylene mixtures or substituted



carriers are porous types, for exanple pum ce, broken brick, sepiolite or
bentonite; and suitable nonsorbent carriers are materials such as calcite
or sand. In addition, a great number of pregranulated materials of 7§ JAN 200
i norgani c or organic nature can be used, e.g. especially dolomte or

pul veri zed pl ant residues. Depending on the nature of the active ingredient
to be used in the fornulation, suitabl&/-surface-active conpounds are

noni oni ¢, cationic and/or anionic surfactants having good enul sifying,
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Depending on the nature of the active ingredient to be used in the
formulation, suitable surface-active compounds are nonionic, cationic and/or anionic
surfactants having good emulsifying, dispersing and wetting properties. The term
“surfactants” will also be understood as comprising mixtures of surfactants.

Suitable anionic surfactants can be both water-soluble soaps and water-
soluble synthetic surface-active compounds.

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
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.

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



adduct of p-nonyl phenol with 4 to 14 noles of ethyl ene oxide. hbn-ign{@
surfactants are preferably polyglycol ether derivatives of aliphati b JAN 2004
cycl oal i phatic al cohols, or saturated or unsaturated fatty acids and

al kyl phenol s, said derivatives containing 3 to 30 glycol ether groups and
8 to 20 carbon atons in the (aliphatic) hydrocarbon noiety and 6 to 18
carbon atons in the alkyl noiety of -2&e al kyl phenols. Further suitable
non-ionic surfactants are the water-sol ubl e adducts of pol yethyl ene oxi de
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of non-i oalcohslsthieressxide Aldactsn Thy byl fmatddbehyiaii desicaichigatives prefasbhr  oi |

pol ygl ycol ethers, polypropyl ene/pol yet hyl ene oxi de adducts,

tri butyl phenoxypol yet hoxyet hanol , pol yet hyl ene gl ycol and

oct yl phengxvet hpx hanol . F ied. esters. Q| Y Oxy. ylene sorbitan
and pol y oSt BRI eral dnf P "R G Bl corfiipiE BAS R HIE 2

sur f act anhomsCa¥afiplds of alkyRivisutfchates arathe batiah! al@imt R AthingdmRei um sal ts
whi ch have, as N-Substituent, at |east one C38-C22 al kyl radical and, as

further ssaltstafidodenyibenzengeulfonimanidstibutyinaphtiplencanlfopiniagidddrafiayl | benzyl or
| ower hydro l.kyl r.adicals. The.salts . ar ref.erablly in e form of
ol des. - PERNGACHo o EGHt S5 Rormapieil e afiof boghes” Atk HBishie e

st earyl tr s Ruh AT PROPAMES Q. 55IR dFihdSbgphHi(RiLdR0egh Nyl ) et hyl ammoni um
brom de. The SurfacCtants custonarily enployed in the art of fornulation are

descri Pedaddﬁcbofpnar_qipbanol with MrGU # eindemofetideneraxidet s and Emul sifiers
ponual N U9, B BateRl, Nt 00t SR, 0T 00t Y and
bout 0. 108 s D O Sl i el o, o
pr ef er abl yaidl derivaivesitor®aihimgaito B0 g ether groups and 8 to 20 carbon atoms in

the (aliphatic) hydrocarbon moiety and 6 to 18 carbon atoms in the alkyl moiety of

the alkylphenols.

Further suitable non-ionic surfactants are the water-soluble adducts of

polyethylene oxide with polypropylene glycol, ethylenediamine propylene glycol
and alkylpolypropylene glycol containing 1 to 10 carbon atoms in the alkyl chain,
which adducts contain 20 to 250 ethylene glycol ether groups and 10 to 100
propylene glycol ether groups. These 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,
polypropylene/polyethylene oxide adducts, tributylphenoxypolyethoxyethanol,
polyethylene glycol 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
N-substituent, at least one Cg-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.



the active ingredient, fromabout 1 to about 99.9% preferably from about |
to 99% and nost preferably fromabout 5 to about 95% of a solid or 61 ﬁwwﬁ‘
adjuvant, and from about 0 to about 25% preferably about 0.1 to abl) tJ

25% and nost preferably fromabout 0.1 to about 20% of a surfactant.

Wher eas commerci al products are preferably formul ated as concentrates, the
end user will normally enploy dilute f o#%rul ati ons. Exanpl es Unl ess

i ndi cat ed ot herwi se, the nmethods used are standard bi ochem cal techniques.
Exanpl es of Steayitipethylpmmenpmehlondesi bgyzndid-ehletesthyhethylsmmenniwnook et

al ., Mol ecu\) ml&‘{eom ng, a Laboratory Manual (1989) and Ausubel et al.,
Current Protocols in Ml ecular Biology (1995), John Wley & Sons, Inc.

Exanple 1 A fl owTHe agifaantdiéusiomardy employedl the Qﬁ%ﬂﬁfr&uﬂdﬁoﬁhﬁé’\ﬁbsbﬂbda gure 1.
Fol lowing the generation of a transposon |ibrary, DNAis purified from

appr oxi mat efar examplzoincd¥lefrutekeonis Petergents and) Emulﬁlﬁers dAnopalér MCPuhlishingt e
probes for the differential hybridization, gene sequences fl anking the
site of transposon i nsertion are recovered by a strategy involving double

restrictioncg %g%b@&ﬁﬂe@' B8y @9, 4ifd Sﬂ&ﬁlfaﬂ@WooHe‘fEmyﬁﬂﬂaeﬁiM arm
fragnents in the 0 to 600bp size range are purified by g

el et r ophor eSifaqeFAgtivecA gents,” atbendicat) Publishing €oq dmt. ﬁ\b“uﬁoﬂkswii(gat ed onto the
ends (Figure If In order to generate ecifi.c robe ul ati for
sUbsequent  hybr i dheaBioBFTace comongoms uesally b SogbHmua P D SppiRRe  PCR | s
carried out f@férﬁbl?%b&ﬁro Pﬁ‘i e[b%u?w/%' s?br&(f}ﬁblﬁtf{o?rpém?@o ﬁ&ﬂ:tbh% of

%&i%{g
vectorette (Figureé I g). Figure 3 a ge ysi's 0
anplificati the asfivé m@redleamd‘rom gbﬂutamb@ﬂrﬂér%/b qxﬂeihsabl)g‘rmmabom[ip]o&%h. The

%r ot S FRRREEoNS R b B LS Tl ™

ef fectivene () wher e
DNA from an mO;Ibof;{" gltpgs‘%oﬁéﬁ:?at{)o%uﬁgqatb)étﬁér?lgtnz(sgédtggﬁ%%t@ ?ed to
PCR wi t h t hfrossabeup®. |1n®alsomﬁd%cefwurfactmit no detectable anplifi cat i on.

Foll owi ng anplification, the two q?robe popul ations produced from the left-
and right-arms aNehererdicomaersial Rrodugbeare BEFieTED ?@u!atﬁé) AHCANCARIESSIEed to an

E. end user will normally employ dilute formulations.

Examples
Unless indicated otherwise, the methods used are standard biochemicai

techniques. Examples of suitable general methodology textbooks include Sambrook
et al., Molecular Cloning, a Laboratory Manual {1989) and Ausubel et 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.

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 1¢). Left- and right-arm fragments in the 200 to 600bp size range are purified
by gel eletrophoresis (Figure 1d and 1le) and vectorette units ligated onto the ends
(Figure 1f).

In order to generate a specific probe population for subsequent hybridisation



cols gridded array library (Figure li). Figure 4a and 4b shows the result
produced follow ng hybridisation with the Ileft- and right-arm probﬁg.mﬁ 04
positive hybridisation signal on the array corresponds to a gene that a@
been di srupted by transposon insertion and is consequently unlikely to be
essential. Exanple 2 The follow ng experinents were carried out to give
experinmental details of three differ80t approaches we have used to
generate transposon-specific probes (consensus probes) for use in the TVDH
t echni queto (he)gefit amaynigiteyf PER Di\Ferdepewtdett pritderdirs Bpéopfiefoadlee site into a

t ransposon vect or - dependent T7 RNA Pol ynerase sites have heen

i ncor por alfaeEPOsR 9"5‘”&%‘ 1gwetlg)-stigure %Wérﬂeiﬁ‘!ﬁm@h@)?(%gener ating
RNA t enpl L1 i ol el f i r I

products %@gﬁgdeheo% At?é?&pneaéd%ﬁ&%ﬁé\e n?@%r?s‘%&%ﬁ%%sp@%r eerﬂ_(?§§€eg e%\lf\ abel ed

run-of f Riésigredrts amplifisonly thidie seguBlited tiei A8 been dBripasEbergispesoned a
DNA- dependent T7 RNA pol ynerase site into the transposon EZ:: TN pMOD <MCS>
vect or (Epicentre Technol ogi es). The RNA pol ynerase site has been

engi neered_into the L.tiple cloni Lte (MCS)....Fol |l owi ng.transposition,
this novetnspio (aGsd el £afd 8" 8 FlchBvcnte gl s Hep iR Ao aghent s o
RNA  cor r aedipsidlbineacks 3tah@ spahére DNA Semess k. &1 86lhtedhot haBlinig 4 he site of
transposon 1nsertion. Label ed probes generated in this fashion can be used

to hybri direesposorpisGutieptec GOPCR ithithe yare prmeisded résuitain rsdetédablexanpl e

ri dded arr as cribed a e ee the . "Hybridi zati,on consensus

D obes. t oRBBIieRe SONARLAE AR eEon: Dicitodiiotn PARMALORE BbEd B The cor e
DNA- depenggnis Tahd Ryt aghy ﬁ%&@(ﬁ@%ﬂb&lﬁé&ﬁeﬂ@& Eﬁéﬂeqﬁ? YeFhridiRA G ae R) |

5' - TAATACGACTCACTATAGGG 3" (SEQ ID NO 1) wasS anplified together with 80 bp
5' - sequencdi gnddedderay flibramp ogwerlat e any flanking recognition notifs (bases
2830-62). The follow n rimers, were used: ) e e .

e et router W he teg poguce follaging hybrigisation wish the

S - CTGCA%AWTWSA‘%EBQUVA ﬁﬁ)'ri%&tior( §5%.l ok th\‘.ocma%) corresponds

to a gene that has been disrupted by transposon insertion and is consequently unlikely

to be essential.

Example 2
The following experiments were carried out to give experimental details of

three different approaches we have used to generate transposon-specific probes

(consensus probes) for use in the TMDH technique.

(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
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,
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



Primer 1 (SEQID NO 2) has a Sall site (underlined); and prinmer 2 (SEQ ID
NGO 3) a Hndlll site. PCR was perfornmed using pT7Blue vector as te t‘rﬁhﬁmu"
and primer pairs 1 & and 3&4 using the followi ng paraneters: 95C 5

(94C 1 min.; 55C 1 mn.; 72C 1 mn.) for 30 cycles; 72C 5 mn. final
extension. PCR products were gel extracted (Q agen) and cloned into the
TOPO cloning vector (lnvitrogen). PCR p?b‘duct from pri rrer pairs 1& was cut
fromTOPOwith Sall and Hndlll, cloned into ; MOD <MCS> vect or

(Epi cent re PeRWdetigedibraries, fo axarepleged d%aéraymgembpéaw ﬁ@gthy and

he. DA doper e o Yoo Db 6 Bo DS B AL DAL B 17 07TTS

transcripti gesceptiog. t he R boMAX | arge scale RNA production system
(Promega). 5g of DNA (EZ:. TN vector with the cloned T7 pronoter site) was
di gested with Af{The pmefQNAidﬁ:pamdeath? RMA pelyerasel sighfrem@TABlweckectasol um
(Qagen). Prior to RNA generation, the DNA sanple was bl unt-ended by
treatment with 5 units of Kl enow polynmerase at 22C for 15m n. RNA run-of f
transcript s(ngvagegiener ated following the addition of nucleotide 2 6 JAN
2004 -32- mx and 'T7 RNA pol ynerase to the reaction (30l of 100mM m x of
rNTPs and 10l T7 RNA pol ynerase). The reaction was incubated at 37C for

deronst rat 1 A MAACOAETCATEATABRR GERIERD.TT.Te Tndert wls © 7 P

functional. For use in the TVMDH protocol, a transposon library (generated
with the EZ: TN transposon containing the cloned T7 pronoter site) will be
gener at ed. DPh\amplifiéd togetheoivith 86 bp & -gepierct insirdey to meorpesate any flanking
endonucl eases descri bed, .and %3 flll‘%c,ed Run of f RNA transcripts
gener at ed fF%ﬂ%‘H@“B‘i“ Hpases é ) {LPWIg PTIMETS WS USHeF used t o

hybri di ze to pol ynucl eotide libraries, typically in the formof gridded
arrays. (ii) Cenerating transposon specific probes by inverse PCR W have
devi sed an 1npOCEGHCEEGTGTOS AETETHGCAATEOSY (2830-28541i(SEQ Iprid0eg) by

verse P! 8L oHe A BB LR T RTARL .99, RBGRbR RS C2 T e

out

Primer 1 (SEQ ID NO: 2) has a Sall site (underlined); and primer 2 (SEQ ID
NO: 3) a HirdlIl site.

PCR was performed using pT7Blue vector as template and primer pairs 1&2
and 3&4 using the following parameters: 95°C 5 min.; (94°C 1 min.; 55°C 1 min.;
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 Sa/l and
Hindlll, cloned into EZ:: TN pMOD <MCS> vector (Epicentre Technologies),
transformed into JM109 cells (Promega) and selected on ampicillin.

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). Spug of DNA (EZ:TN vector with the cloned T7
promoter site) was digested with 4/7 I1I for 1h at 37°C and purified on a QIAquick
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



on DNA isolated froma TnphoA transposon nutagenesi s experinment. Genomc
DNA from a transposon nutagenesi s experi ment was digested with thlmsj 2004
restriction endonucl ease Tru9l (an isoschi zoner of Msel) in a volu %*
40gl at 65C for 4 hours. The DNA was et hanol precipitated by addi ng 413M
NaOAc + 2001 100% et hanol, m xed, centrifuged for 15 mn (bench-top
Eppendorf centrifuge), the supernatadt renpved and the remaining pell et
washed with 2001li1l 75%ethanol. The pellet was centrifuged for 5 m nutes,

t he super Ak apd T7 &hbd palymesase e thegeadtion (3ud ofi H0mMaaif fi !NIFspd 4Pk . The
el l et wasqH spen i n201 H20 Fol.l ow r ensi f.the pellet, 1l
F the DbV PBBSEE) O reabien FRnGIREA A STEREAR, The Ratbice, 2% o
estimate gipasted DNA TeplBDHredidtd gh R friREriptdfl200 ®F, dénchsaANgEMmaf at i on of
200ng in 100l of ligation mx [2Q 5X ligation buffrer, 5l ligase (5 units,

G BCO BRL}hezdonedi IV RNPOwjlymatase siwdnsertomasfanctionglibat ed for 2 hours at room
tenperature. The |igated DNA was et hanol precipitated as described above
and resuspended in 101 H20 Imrediately followi ng Iigation, PCR was carried

out with the PER piifife mﬂgﬁyﬂ%l %inangﬂ)\'}éamﬁ% géeﬁt‘fﬁt'edjtﬁttpﬂ(hct he above DNA
ina 251 reaction mx: 2 6 JAN 2004 -33- 12.5| ddym x (PCR reaction m x,

Abgene, URZ:TN t5hspeach dontdihig the @oiggl 7 proarotdrkib) will be déviéragad. BNA( 12M) PHOR
has the se nce; ' CACATGGAAGTCAGATCCTGG- 3"  (SEQ I D NO. 4) [INV1 has
The S uo RALBE Eolaterk diepeiresyiont Lpe DO RO e S ST ) STy was
carried oy leg ud 58 Ri9A hQnd b eld s TR bfhored $f1ber  1m n;
64C f or 1%%&‘?% 3o§§c|es, fo@gﬁggﬁc‘dnc 9’%?’%’%%1%. bioje? nfgbePCR, 50 of
the PCR plabeliedandased tormybridiae trepolfmicleatiat Jibiasics, yscably in e formeit i al

artifacts qof the inverse PCR protocol is the inadvertent
gridded arrays.

(ii) Generating transposon specific probes by inverse PCR

We have devised an improved method to generate transposon specific probes
by inverse PCR for use in TMDH protocols. The following example was carried out
on DNA isolated from a TnphoA transposon mutagenesis experiment.

Genomic DNA from a transposon mutagenesis experiment was digested with
the restriction endonuclease Tru91 (an isoschizomer of Msel) in a volume of 40ul at
65°C for 4 hours. The DNA was ethanol precipitated by adding 4pul 3M NaOAc +
200p1 100% ethanol, mixed, centrifuged for 15 min (bench-top Eppendorf
centrifuge), the supernatant removed and the remaining pellet washed with 200ul
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, 1ul of the DNA sample was run on a gel
alongside 2ul low mass markers to estimate quantity. The DNA sample was then
diluted to a concentration of 200ng in 100pl of ligation mix [20pul 5X ligation buffer,
Sul ligase (5 units, GIBCO BRL) 75ul DNA + H,0]. The reaction was incubated for
2 hours at rcom temperature. The ligated DNA was ethanol precipitated as described
above and resuspended in 10ul H,O.

Immediately following ligation, PCR was carried out with the PCR primer
pair PHO2 and INV1 as follows:

1l of the above DNA in a 25yl reaction mix:



inclusion of a “stuffer' fragment ligating into the self-ligation step
outlined in step 3 above. Following PCR, the “stuffier' fragment wll 83
anplified along with the transposon-disrupted sequence. If this ma J# 00
were to be used in labeling experinents in the TVMDH protocol, a
non-speci fi ¢ background signal would be generated arising fron1the
hybri di zati on of the short ‘stuffier' f3%&gnent to the polynucl eotide
library. In order to renove this “stuffer' fragnent the DNA can be

redi gested with Tru911Zsnl Beddygnip(PER reactipee mix.aegsoe.diKhene j uncti on
inportant for the TNQS E ocol is anmplified by a biotin-I|abelled PHO2
primer, this fragnment A2 onveniently be purified away from contam nati ng
“stuffier' fragments qgjpg;@ magnet i c- bead-streptavi din conjugate. The
purified DNA can then be | abel ed and used to hybridize to pol ynucl eoti de
libraries, for exanpl épbPHORgaimer &t1d) (iii) Generating specific probes by
cycle priner extension Cycle priner extension can be used to anplify
fragnents of DNA adjacent to the site of transposon insertion. The use of
a | abel ed ol i gonucl eoyj,0Rwr pefmer (19uM)i S procedure results in the
generation of a specific hybrldlzatlon probe. z 6 JAN 2004 -34- 5QCpnol of
the HPLC purified non-biotinylated PHO2 (right arm primer (SEQ ID NG 6)

was | abel | ed Wt?’ﬂiﬁ%ﬁ 41 err]P] ATP using the forward reaction of the
G bco BRL 5 ) SEYER%Em as bel ow with 10 uni ts T4 pol ynucl eaoti de

ki nase in a ng(?%gb (yghmj((gk?&mbegg@[(gi )I fied PHO2 priner,

301 H2O, 10 orward reaction [ 733P] ATP, 21 5
units/1 T4 pol yiN¥ldasthdsciuenase) . Fol | owing i ncubatl on at 37_C for 30
m nutes the_| abel ed rinmer was purified usin the Q agen Q aqui ck

Nucl eot i de ﬁee%MA TOTOH el He G RE0GES K VRN 5)i'n a final vol une of

30l. To prepare the run-off tenplate, E. coil genomi c DNA containing a
transposon in a known site (lanB) was purified using the Wzard Genom ¢ DNA

Purification KitPCRwie@died dlt@mtiémté fdlmvﬁﬁglbdirﬁliﬁm 95°Ct foe SN 9486 for
appr oxi mately 1 g/ 1. 20g of the genom c DNA was digested with 25 units of

Trudl at 651Wi%E Qforﬂem Eoréﬁ@b'eﬂqsef@llqwgbbx & Crfor I(hmtnuerH@wnz BRursel af t er
the additi O{he%li‘B%du& wirull ShaSsePor aBRFeIE-

One of the potential artifacts of the inverse PCR protocol is the inadvertent
inclusion of a ‘stuffer’ fragment ligating into the self-ligation step outlined 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
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
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.

(ifli)  Generating specific probes by cycle primer extension
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.



Fol | owi ng di gestion, the DNA was el ectrophoresed and the gel fragnment was
exci sed that corresponded to between 200-500bp. The DNA in this gel
fragment was extracted using the Q agen Gel Extraction Kit and el UZ@‘]AN p00&
final volune of 300. Run-offs were then generated using approximately 3g
Tru9l digested 200- 500bp size selected DNA in a reaction m x consisting of
7 pnol es of labelled PH®2 priner, 0--nmM dNTPs, and Boehringer Expand Taq
pol ymerase (2 unltsﬁ and buffer in a final volune of 100l. The reaction

condi ti ons wer é0pmol ofith¢ HPLG@MﬂGdapntbmtmﬁfla@ﬂ-f(li@%(ﬂﬂﬂmm}.lpmer fol |l oned by

60 cycles 3 2 m,nut es Fol | ow ng
the cycl e(%é(? i’é?ﬁ%ﬁé’?@qg@?#‘i @HCSE) eﬂl‘gg; B‘FJ d fRetieR 8f i di zed to
E. coli ofedsiBeo BRT DNAdell Jteﬁ as BBl oPRth YPullits P4 gslgluéiéaotﬁgQUENCE

LI STING <110> ARROW THERAPEUT C§ LI'M TED <120> TRANSP

DI FFERENTKif\aseHWBRIOPI SATt GNvoluha (5uINDGOBE&pkHPLE pufied PHOSAmER 9917531, 7
<151> 1999-07-26 <160> 5 <170> Patentln Ver. 2.0 <210> 1 <211> 20 <212>
DNA <213> Artificial Sequence <220> <223> Description of Artificial

Sequence: Iq, 1R, 18R] WRrFaR readion BRRES 341 10uCi/ul [y°P] ATP, 2u1 5 units/ul
T4 polynucleotide kinase).

Following incubation at 37_C for 30 minutes the labeled primer was purified
using the Qiagen Qiaquick Nucleotide Removal Kit. Labeled primer was recovered
in a final volume of 30ul.

To prepare the run-off template, E. coli genomic DNA containing a
transposon in a known site (lamB) was purified using the Wizard Genomic DNA
Purification Kit (Promega). The final concentration of the DNA was approximately
1pg/ 1. 20pg of the genomic DNA was digested with 25 units of Tru91 at 65_C for 2
hours and then digested for a further 2 hours after the addition of another 25 units of
enzyme.

Following digestion, the DNA was electrophoresed and the gel fragment was
excised that corresponded to between 200-500bp. The DNA in this gel fragment was
extracted using the Qiagen Gel Extraction Kit and ¢luted in a final volume of 30ul.

Run-offs were then generated using approximately 3ug 7ru91 digested 200-
500bp size selected 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 100ul.

The reaction conditions were an initial denaturation of 94_C for 2 minutes
followed by 60 cycles of 94 C for 30s, 55_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.



taatacgact cactataggg <210> 2 <211> 25 <212> DNA <213> Artificial IBAANZML

Sequence <220> <223> Description of Artificial Sequence: PCR primer <400> 2
cggct cot gvd 6Pkt g9 aattg PCT/ GBOO 02879 20 25 WO 01/ 076%k17386b2870 <211>
7 <212> DNA <213> Artificial Sequence <220> <223> Description of

Artificial Sequence: PCR primer <400> 3 ctgcaggcat gcaagctttc cctatag <210>

4 <211> 25 <212> DNA <213> ArtificialaBequence <220> <223> Description

of Artificial Sequence: PCR priner <400> 4 aggtcacatg gaagtcagat cctgg <210>

5 <2l1> 25 <212> DA SEQUENCE LISTING
<110> ARROW THERAPEUTICS LIMITED
<120> TRANSPOSON MEDIATED DIFFERENTIAL HYBRIDISATION
<130> N76036A

<140>
<i41>

<150> GB 9917531.7
<151> 1999-07-26

<160> 5
<170> PatentIn Ver. 2.0

<210> 1

<211> 20

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:T7 RNA
polymerase site

<400> 1
taatacgact cactataggg 20

<210> 2

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:PCR primer

<400> 2
ccggetegtg tegactgtgg aattg 25



<213> Artificial Sequence <220> <223> Description of Artificial
Sequence: PCR priner <400> 5 ctaaatctgt gttctct.tcg gcggc 2 6 JAN 2CRZEJAN2M4
FCT/GBCE¥02879 27 25 25 2 6 JAN 2004 -37 CLAIM5 1. A nethod for

1 déntifyi W§ B#78dsential gene of an organismconprising: FFFQH8MRHPNg a

|1 brary of transposon nutants of the said organism (ii) isolating fromthe
| i brary pol ynucl eoti de sequences flankinghgne side of the inserted

transposons to give a first pool of sequ&fces and pol ynucl eotide sequences
flanking the other side of the inserted transposons to give a separate
second p2H)> 3f sequences; (iii) hybridising the first pool of sequences
wWth a &Prist 28anple of a polynucleotide library fromthe said organi smand
the secop-ppRh of sequences with a second sanple of the said
pol ynuclLept, f«‘tH«:*&ﬁﬁT %e ﬁ%‘@@ the said organism and (iv) identifying a

n-t Sgl po

pol ynucl €oti de e | ynucl eotide library to which at |east one of

‘the said fools of sequences does not hybridise, thereby to determ ne an
.essenti &

Gene of the organism 2. A method according to claim1, wherein
step (i ¥323%obpserdpsion @énmntriyiiatplaSpaugneach@oprimen n t he said

pol ynucl eotide library to which the said pools of sequences do not

hybri di sggo>t Bereby to determ ne an essential gene of the organism 3. A

met hod ﬁgﬁggg&gggkgagﬁﬁggg tﬂfa&’ wherein the said polynucleotig? library

isint m of array.

<210> 4

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:PCR primer

<400> 4
aggtcacatg gaagtcagat cctgg 25

<210> 5

<211> 25

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence:PCR primer

<400> 5
ctaaatctgt gttctettcg gegge 25



4. A method according to any one of the preceding clains, wherein the
organismis a bacterium yeast, fungus, plant or animal. 5. A ggp@q@V
according to any one of the preceding clains, wherein the '%r

transposon nmutants is a library of TnphoA E. coli nutants. 6. A nethod
according to any one of the preceding clains, wherein in step (ii) each
pool of sequences is isolated by a nethbd conprising: Z 6 JAN 2004 -38- (a)
di gesting genonmic DNA isolated froma library of transposon-tagged nutants
with a restriction endonucl ease that cuts within the transposon
(T-specific endonucl ease) and a second different restriction endonucl ease
(G speci fic endonucl ease) which cuts within the disrupted sequence; (b)
ligating the resulting DNA fragnents with a |inker; and (c) carrying out
PCR on the resulting DNA fragnments with an oligonucl eotide specific for a
transposon sequence and an oligonucl eotide specific for a |linker sequence.
7. A nethod according to claim®6, wherein: in the isolation of the first
pool of sequences the restriction enzyne which cuts in the transposon is
Dral and the second enzyne is a 4 base pair restriction endonucl ease; and
in the isolation of the second pool of sequences the restriction enzyne
“which cuts in the transposon is Hpal and the second enzynme is a 4 base
pair restriction endonuclease. 8. A for identifying a conditional
essential gene of an qr ' . gﬁﬁiﬁ Lo ol el i :Si | e of
a library of trafrll’spos%nlggrr@#gﬁrsfgo hghgg?saﬁﬁ%rgggér)ﬁ@s#ndg?ar{gsur{l cf’l?lgflgl? ) (i)
providing a seco(y sappividing alibery oftraisyosendmsaits ofthe sgidtdagdnisnpl e to a
conditional restraint; gji) collecting the nutants that_survive the

condi tional rest i nt 1Sokatige diony the)library pglypucleptide feqyenres @ESde brary) ;

and of the inserted transposons to give a first pool of sequences and

polynucleotide sequences flanking the other side of the inserted
transposons to give a separate second pool of sequences;

(iii)  hybridising the first pool of sequences with a first sample of a
polynucleotide library from the said organism and the second pool of
sequences with a second sample of the said polynucleotide library
from the said organism; and

(iv)  identifying a polynucleotide in the said polynucleotide library to
which at least one of the said pools of sequences does not hybridise,
thereby to determine an essential gene of the organism.

2. A method according to claim 1, wherein step (iv) comprises
identifying a polynucleotide in the said polynucleotide library to which the said pools
of sequences do not hybridise, thereby to determine an essential gene of the
organism.

3. A method according to claim 1 or 2, wherein the said polynucleotide
library is in the form of a gridded array.

4. A method according to any one of the preceding claims, wherein the
organism is a bacterium, yeast, fungus, plant or animal.

5. A method according to any one of the preceding claims, wherein the
library of transposon mutants is a library of TnphoA E. coli mutants.

6. A method according to any one of the preceding claims, wherein in

step (ii) each pool of sequences is isolated by a method comprising:



(iv) carrying out a nethod according to any one of the preceding clainms on
the input library fromstep (i) and on the output library fromstep (iii),
thereby to determine a conditional essential gene of the organi st JAN 288,
met hod according to claim@8, wherein the organismis a bacterium and the
conditional restraint is growh of that bacteriumin its host.

-38-

(a) digesting genomic DNA isolated from a library of transposon-tagged
mutants with a restriction endonuclease that cuts within the
transposon { T-specific endonuclease) and a second different
restriction endonuclease (G-specific endonuclease) which cuts within
the disrupted sequence;

(b) ligating the resulting DNA fragments with a linker; and

{(c) carrying out PCR on the resulting DNA fragments with an
oligonucleotide specific for a transposon sequence and an
oligonucleotide specific for a linker sequence.

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

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

comprising:

(i) 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;

(iii)  collecting the mutants that survive the conditional restraint in step (ii)

to give a new library (output library); and

(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 (iit),
thereby to determine a conditional essential gene of the organism.

9. A method according to claim 8, wherein the organism is a bacterium

and the conditional restraint is growth of that bacterium in its host.



