WD 2012/ 150432PCT/ GB2012/ 000402 1 METHOD FOR | DENTI FYI NG ANTI BI OTl C TARGETS
Field of the Invention 5 The present invention relates to nethods for

i denti fyiwg 2a1ssbis3eti c targets in bacteria, to nethods Por/getertiodszng
antibiotics and to processes for produgcing antibiotics and pharnmceuti cal
conpositions conprising said antibiotics. 10Background to the Invention
There is an urgent need for new antibiotics to counter the energence of new
pat hogens and resi st gpendrorOKIBENTEANG ANDERITISITARCEES The _
identification of thetargers of candidate antibrotics is critical, since
such information can provide access to a | arge nunber of 15functi onal ly

rel ated novel drug famlies. For exanple, the discovery of the

peni cillin-binding proteins as t@8ideiveRidi cillin led to the devel opnent
of a large famly of antibiotics, rncluding nmultiple generations of

cepha¥ osporins, penicillins and carbapenens (see Schmid (2006) Nature

Bi ot echn [ igR&Sh bastarigitb e
sequenci ﬁldg?%r %%(Ié)ep tlﬁ%é}g@? m@tggésgf[%‘ﬁgil@ ﬁﬁ?mg ahfﬁﬁétﬂ‘ﬁca rgﬁjslgesear gh 19:

2308- 231699th¢dsfqre¢e@ﬁiwr5@ FhuibinticRoand toRERCESFRE fesef@d%f‘s aEqtcy and a) essenti al
genes; p%arﬂﬁe&ﬁlcapeeﬂwo@%ﬁyéorﬁwnmd sapRALd al ) for growth; (c) genes

di sadvantageous for growth under particular conditions; and (d) genes
involved in conferring tolerance to certain conditions ("niche-specific"

esseppial genes). Simlar 25 ngémgtm“eerh@ﬁn described in e.g.
Gawronski et al. (2009) PNAS 7 odman et al. (2009) Cell
Host M crobe 6: 279-289; van Opijnen et al. (2009) Nat. Methods 6. 767-772
and Gall "’Fgg'r‘érns%u?bnt eddldo ndvPhtidtits tcﬁmﬂ&ﬁ&em@r@dnmmmwes are

now col | ectively bbed "Tn-seq" nethod s_'Eh g 8_' ?rtant gl ass of
ant i bi ot ABd fesistAnce t%?’éS‘ﬁEr?é“‘B‘t‘QSﬂ?lé'tdéugsrwv &Jgent ?f"tt?QIc’If ealﬁr% oy ggagdat

essent | a'antﬁts?dincw@é?ltlbént ¥n¢é1sdchenfgfr@woh @R EBvide%&esbSttea lafgecturiber gt s cannot
be identifl Tn- seq Yﬁ&l ncl u |ng EraDI FQH" née tran @%)son |||]| grtlons
|nto1éssétr‘ﬂct'%ﬂa”béq@§d(‘9 A ARiIERo 58" R@Mpis dedscaypmn’ s ediyendnd,, o
not si gnipfdi&GaEAd YardtP bRSENMIIRIedno tﬁeeddvelobmaht ot 18ige f@mw of aﬂnbnstlcsdl fferences
|ntransposon distribution after of th

Wit hout - TSHaaTN P GPRRSSURR I ESPTGSPANES, BEUETIES ABAFTPROTeaTS SRe SHIDR t he
resul t thajos) NEuAOBRteERANSAPEM(4 20120000402 2 Tn-seq cannot di sti ngui sh

bet ween an essentlal gene and an essential gene serving as an antibiotic
target.

20 Transposon directed insertion-site sequencing (TraDIS — see Langridge ef al. (2009)
Genome Research 19: 2308-2316) has recently been described and used to identify: (a)
essential genes; (b) genes advantageous (but not essential) for growth; (c) genes
disadvantageous for growth under particular conditions; and (d) genes involved in

conferring tolerance to certain conditions (“niche-specific” essential genes). Similar

25 techniques have been described in e.g. Gawronski et al. (2009) PNAS 106: 16422-16427,
Goodman et al. (2009) Cell Host Microbe 6: 279-289; van Opijnen et al. (2009) Nat.
Methods 6: 767-772 and Gallagher et al. (2011) mBio 2(1):e00315-10, and such
techniques are now collectively dubbed “Tn-seq” methods.

30 However, an important class of antibiotic targets are gene products involved in cellular
processes essential for viability in the growth conditions used. Such targets cannot be
identified by Tn-seq (including TraDIS), since transposon insertions into essential genes
(including those serving as antibiotic targets) are not significantly represented in the initial
mutant pool. Thus, differences in transposon distribution after growth of the mutant pool

35  with or without (or with varying amounts of) antibiotic would not arise, with the resuit that



There is therefore a need for high-throughput functional screens for
antibiotic targets which 5are capable of identifying essential genes

servi ng asoantyBogti ¢ targets. Sumary of the I nventi onpPCT/gRomrodiseg t o an
aspect of the present invention, there,is provided a nethod for identifying
10an essential gene which serves as an antibiotic target in a bacterium
the nethod conprising the steps of: (a) generating a pool of nutant

bacter | t E&‘éé%sé | 88nePgAd ArRbdsedtial gene serving as an
transpo:ﬁ(-)rtr?g?c%65}?‘6{)élq g[&lb@ Tnmggbn%tﬁggg a pronoter sguch thatg t ransposon
15i nsert@lﬁlhloilﬂtaﬁgﬁact erial DNA increases the transcription of a gene at or
near the insertion site; (b) grow ng bacteria fromthe nutant pool in the
presence of different amounts of said antibiotic to ce two, or

test cul Thareis therigpre a need for hightiroushpul AR ORASCEReEs s$ispaafe oo ©

i nserg i ogg Cgsgmggpldg,qﬁ%n&gggéﬁ[,g énBs bElOMb ik YanBoididigdtd ve essential gene
serving as a target of said antibiotic in said bacterium The nethod may
further conprise the steps of: generating an antibiotic resistant nutant of
said bacteriumby a nethod congyhmbRObftREInséidnof sel ecting for growth in
the presence of said antibiotiT To produce an antibiotic resistant nutant
clone (AbR mutant); transform ng 25the AbR nutant with: (i) one or nore

essenti akcsz‘?&]ﬁ?too;n et Hagd Bfe‘sé‘ﬁﬂln@ﬂﬂor( 'thére@s ;’érbﬁﬂé@@%@ihd&ﬂoﬁiﬁ!entlfymg
i nsertiona nacti vates bacteri al ﬁg uce. a pﬁ f { ransposon

nut afl s mpmnhaleseﬁ@w@mﬂpﬁemee aFEN @&P'aﬂ%ﬁée%f" deliind enes; grow ng
bacteri a, % heiGrg e BRHEQFPI 0i d pool in the presence of dlfferent amount s of
said antibiotic to produce two or nore test cultures; and conparing the

di stribution of transposon insertions between test 30cultures to identify a

putative es(§FBEhél=btnr€§%‘Soc§%‘F Wiufeht Bécté‘né By ﬂ@ﬁsp@éorﬁmu&géﬁés@wm an attivasieg d
bacterium anot her aspect there i1 s g%ow cg nﬁ\t}@ﬂ?g i dentifying
an anti bi ot ct’éﬁf‘rﬁ?ﬁi’%(% .vherRin 1 Ty cRMPESE:A PIoRTotg S AR 0Rs as a
targes of sai ghsafibhHtobh&edd ENAlINGGabSs theIRABErpUCN of a haee atnorewhi tha.

insertion site;
(b) growing bacteria from the mutant pool in the presence of different amounts of said

antibiotic to produce two or more test cultures; and
(c) comparing the distribution of Tn, insertions between test cultures to identify a
20 putative essential gene serving as a target of said antibiotic in said bacterium.

The method may further comprise the steps of: generating an antibiotic resistant mutant of
said bacterium by a method comprising the step of selecting for growth in the presence of
said antibiotic to produce an antibiotic resistant mutant clone (Ab® mutant); transforming
25  the Ab® mutant with: (i) one or more essential genes of said bacterium; and (i) a
transposon which insertionally inactivates bacterial DNA, to produce a pool of transposon
mutants which are merodiploid for said one or more essential genes; growing bacteria from
the merodiploid pool in the presence of different amounts of said antibiotic to produce two
or more test cultures: and comparing the distribution of transposon insertions between test
30 cultures to identify a putative essential gene serving as a target of said antibiotic in said

bacterium.

In another aspect, there is provided a method of identifying an antibiotic comprising
identifying an essential gene which serves as a target of said antibiotic according to a

35 method of the invention.



WD 2012/ 150432PCT/ GB2012/ 000402 3 In a further aspect, there is provided a
process for producing an antibiotic conprising identifying an antibiotic by
a net hod worpraso4sg i dentifyi ng an essential gene whi chpsereBsizamom2t ar get
of said antibiotic according to a nethpod of the invention. Such a process
may 5 optionally further conprise the Step of synthesising said antibiotic,
and may optionally further conprise mxing the synthesised antibiotic with
a pharmaceutically acceptabl e excipient to produce a pharmaceuti cal

conposi tion. The use of an activating transposon ensures t hat .transposon
i nserti ons furiber aspednthied is PEVifedasPragessfeRredisioean M biotie CPMPHSE  nut ant

pool , si B&?ﬂf}»ﬁ%?ﬁ Bﬁ’t?o@&lc'ﬂ}%%éﬂhea cSn%BnQRd%déﬁtﬁy!hé ah Bsasial GerlelwtidH geivesat her

than i nserti I nacti vati on. ffect of .the lPresence of

ant i bi ot aga M&W@S%}QBQ%WCC@WWP@ 'B‘Pthﬁ"ﬁ@f the YRR FUHR RIPEFS 80N
di strd b u&%@ﬂal@&t@? c%h'ﬂﬂs@ﬂ\e(s?é}ﬂoftéilﬁthbgg HQ shif aRfibibits af@ARiyloptigedllys) t her eby

det erim ne aspects and preferred enbod |ment§ cif t he |tgvent|on are
def i ned furtbercompris® aixingtherrynibesised antipiatis “@!B@ RERMacaugRlly Becehty

Descri pt ;04 éﬂtt&&%d V& Bhartiace@al coMiYsitieat i ons, patents, patent
applicati o s and ot er references nentioned herein are hereby incorporated
by reference in their entireties for all purposes as if each individual

publ i cat t HaP0bosRARNEGAS kAN tridy s@rpmseriubmlntoyemmal
i ndi vi dugﬁ{?/sﬁoﬁﬁgftleéln? eé? ncor por at ed_ by IO?ef erence t he cont

t her 4df gensstaselrapregentad. mmﬁtlalrmwafr@%ﬁdwgéfﬁeﬁ»%ﬂs%ff‘@re&'r"ar‘fé%E°W%sr used

herein aﬁ'\‘be‘ﬁﬁ a@%tnﬁﬁ?&h%r‘tﬁéﬂ In¥ertioek Gkcavhtioh NeRY, &% efideeofl thé basenee dfer ms ar e
i nt ended ave t | owm ng neani ngs i n addi tion to ﬁj\ﬁP@r oader__(or

nar r ower pntieicligidkgro sukseauenhsuliirg el therdp@antneot ¢lutrapsposogpdi 100 G5PREr wi se
requiredg ﬁ&eﬁ?ﬂcﬁﬁ& idehfify I 9% §ilcabiyels) th&@bﬁﬂélgﬂhlﬁéd)l s to be read to

i ncl ude t l'ural and vice versa. The term"” or "an" used in relation to
an entity is to be read to refer to one or m)re of that entity. As such,

the {er mgind asL()éHs ar?d"pr)eferre@'@nwdldw’ftﬁof thaiflentfdn dré@sfinednnd duseribesienl
i nt erchangeably herein. WD 2012/ 150432PCT/ GB2012/ 000402 4 As used herein,

the termhec%hﬁfﬁ%@ssetcﬁm\'?aﬁ‘)l”atl ons thereof such as "conprises" or
"conprising," are to be read to indicate the inclusion of any recited

integer (e.g. a feature, elenent, characteristic, property, nethod/process
step or limtation) or gro&§$%EQ$#EQ§§Q§—23L333¥@8$ures el enent,
characteristics, properties, nethod/process steps or limtations) but 5not
the excl usi on of any ot her |nte

t ed
her @it /i PblcAtioB KRS, Rtem PPy PO B GlRET R BraR e TeD et
excl ude addi iRBRJorated bpreféreflcd inttrgesrtiretiesiatiquiprses as & eatie pslividual

publication, patent or patent application were specifically and individually indicated to be

incorporated by reference and the content thereof recited in full.

25  Definitions and general preferences

Where used herein and unless specifically indicated otherwise, the following terms are
intended to have the following meanings in addition to any broader (or narrower) meanings
the terms might enjoy in the art:

30
Unless otherwise required by context, the use herein of the singular is to be read to include

the plural and vice versa. The term "a" or "an" used in relation to an entity is to be read to
refer to one or more of that entity. As such, the terms "a" (or "an"), "one or more," and "at
least one" are used interchangeably herein.

35



The termgene is a termdescribing a hereditary unit consisting of a
sequence of DNA that 10occupies a specific |ocation on a chronosone or

pl asnm d awd20efeossenes a particul ar characteristic in arcorqgnizmd gene
may deternmine a characteristic of an ofganismby specifying a polypeptide
chain that forns a protein or part of a protein (structural gene); or
encode an RNA nol ecul e; or regqulate the operation of other genes or repress

such Ope,&é‘ﬁ%gr}-l%é?ﬁ tﬁé e‘?ﬁt"cmsfgét y&%ah%o‘h@%r@éf&%&h 88 "copipridestedri ned

mechani sm is atermof art used herein. to define
chr onos oleampiidAg, 'é@redb b@ |rm<t toflfﬂ@‘ﬁﬁt%%ter'a@wm%??'kﬁd RIPIR" 4P e "9 YEri d DNA.

The ter ”él?ﬁ@@”&dr%@nsft Erﬂmﬁényaﬁktﬂb%%oé&g Qiep dr imidafidryer %}ﬂé@p ®Rintdgergenet i ¢

conpl enmen I'sm ‘and so i ncludes chronosona

asm d, o hage
and any @EthéeatoRy. elérh@tt@am@%tﬂ?i)wlﬁmﬁé WEtOEIPTQess steRs PE‘I‘W%‘P“@P{B‘ Prad
def iy ng, cﬁtr%aé}clu%h%l? a V\%@ﬁﬁ%r feglp6t Solgof iNRbed! Thd, @yme@lj hergmtthetermn the

basi s of certalin cel staining c charact éri sti cs. he tergn/ow

G am posicompesingids inciugive o oper-endadanddoes aetexsiudg an'B%’Fac"l WgCe %?ﬁﬁr%ss
class of Jddi¥pg el ated bacteria within the Gampositives on the
basi s of ée*h%:}%/h@gg%t%o% of the bases in the DNA. The subcl ass incl udes
Strept ococcus spp., Staphyl ococcus spp., Listeria spp., Bacillus spp.

G ostri dihmesR %ene E’E %Frﬁ%§&lb’ﬁ\gaé)ﬁereélfﬁy LAeésHRREhY bﬂﬁs nbe oBONAleatt er m
hi gh GtC G am positive bacteriumis a termof art defini ngﬁ@n&“%cul ar

subc1®is soeupies asgpeeifielogetiomriy 3 FYromepeer Pasmidiand drfermings positives
on the bagd sc&stit Har OFRASME A%n@fméy%té?ﬁlﬁfésa Haradierdables arf beyagishotyass
i ncl udes acti1 nomycetes (actinobacteria) including Actino
Ar t hr obagRasifying p Polypeptigschapttaatitoimsss protein m%afza/arsm‘s@g@ @%%/%00402 5
Franki a ghyde a gﬂ@&%&u@ SR gulatd thé @B&@ﬁ&péfro’ﬂh&@lénes dMyrephaesisaci um spp. ,
Nocar di a spp. ropi oni bacterrum spp. and %{})I orrg]ces s§prg The term

ul a

G am negaperetiorpakattact phsnolyPs t{yes,omeoqth%{rqs y&éyn ephan cl ass of
bactggia 5that are grouped together on the basis of certain ceII wal |

staining characteristics. Exanples of Gam negatt bact eri % genera
i ncl ude Rh%t%mélgﬁaomﬁ@%tscﬁ)tﬁﬂf‘éf art pged, RereiRyip Sef NEh?%r obact er

and Nei Saﬁﬁﬁ&frorﬁ%xﬁﬁé\%m&&&hag -hBiftahirREpIdsHHE DAL al gene !s a termof art
defining a particular class of 10genes the products of which are necessary

for viability, either under all conditions or under
The term genome is a term of art used herein to define the entire genetic complement of an

20 organism, and so includes chromosomal, plasmid, prophage and any other DNA.

The term Gram-positive bacterium is a term of art defining a particular class of bacteria that
are grouped together on the basis of certain cell wall staining characteristics.

25  The term low G+C Gram-positive bacterium is a term of art defining a particular subclass
class of evolutionarily related bacteria within the Gram-positives on the basis of the
composition of the bases in the DNA. The subclass includes Streptococcus spp.,
Staphylococcus spp., Listeria spp., Bacillus spp., Clostridium spp., Enterococcus spp. and
Lactobacillus spp.).

30
The term high G+C Gram-positive bacterium is a term of art defining a particular subclass
class of evolutionarily related bacteria within the Gram-positives on the basis of the
composition of the bases in the DNA. The subclass includes actinomycetes
(actinobacteria) including Actinomyces spp., Arthrobacter spp., Corynebacterium spp.,



the conditions of growth used. An inportant subclass of essential gene are
t hose encodi ng products (e.g. proteins, peptides and regul atory

pol ynucl ewbi2desisoashi ch contribute to netabolic processegcesssntimb4okor
viability under inportant growth condigions (for exanple, and in the case
of pathogenic bacteria, under conditions which prevail during infection or
15{m|bFI'P| lcation in the host). Antibiotics and antibiotic targets The
antibio t h | i call
 movel T e B o Piver aweut 1 o
agent), sApe Areridnibacteriust smtané@tr@amm@ﬁw bi ol ogi cal target(s)) of which
are unknown. In many applications, the antibiotic is selected from
conbinatorial |ibraries, natural product i braries, defined chem cal

entiti esThepepe iGliery-negelite krstariumeis iader f‘&ﬁﬁa%ﬁf{jﬁ}ﬂﬁ:P%?Li'ﬁf%assﬁ?ﬁ%te%t i biotic
targed iglent Jé I?H&féeﬁ?@%?ﬁur%a tﬁ@bésf?seoﬂ QRYEM deRWal %taaﬂngémmtéraducgene/ gene

product, ore be involved in one or of the follow ng
bi ol ogi cé*anpmem@féérém -negativebaienal gprara isdide Hiehsiele 4‘0'a¢t94’%qt<i{n 30(b) DNA

repl | cat £ogofie Pl BEnBRsY ERfehRkiopEnaNgissaer coi 11ng) ; (c) transcription

(i ncluding primng, ngat lon and termnation); (d) translation (including
ri bosone conponents, initiation, elongation and release); (e) biosynthetic

pat hways n ) ddi ction;
pat e oad Lgg| ALRONBSEN S BRGranid 5 i as iy dpielseact o ﬁ'efh')‘)“

bact t i agenssithe prieglegs pt Wh'C'BaEﬁ r@qeasar%foru@@"'tvne'ﬁhfé upderAleongions ¥ Ynibent i on
t5 ;?Se{mf {F}H@%ﬁg@lﬁoﬁsﬂﬁ or MR BEE@ AR pRRINBEUINCIa8S of SsskARI ghe athedy érizbdihg C
products (e.g. proteins, peptides and regulatory polynucleotides) which contribute to
metabolic processes essential for viability under important growth conditions (for example,
and in the case of pathogenic bacteria, under conditions which prevail during infection or

15  multiplication in the host).

Antibiotics and antibiotic targets

The antibiotic used to produce the test cultures of the invention is typically a novel

20 investigational antibiotic (anti-bacterial chemotherapeutic agent), the mechanism of action
(and hence biological target(s)) of which are unknown. (n many applications, the antibiotic
is selected from combinatorial libraries, natural product libraries, defined chemical entities,

peptides, peptide mimetics and oligonucleotides.

25  The antibiotic target identified according to the invention is an essential gene/gene product,
and may therefore be involved in one or more of the following biological processes in the

bacterial host:

(a) cell division,
30 (b) DNA replication (including polymerization and supercoiling);
(c) transcription (including priming, elongation and termination);
(d) translation (including ribosome components, initiation, elongation and release);
(e) biosynthetic pathways (including peptidoglycan and fatty acids);
(f) plasmid addiction;
35 (g) cell wall assembly; and/or



bacterium Thus, the nethods of the invention find application in the
identification of antibiotic targets in: (a) G ampositive, G amnegative
and/ or Grworvarisedsbe bacteria; (b) spore-form ng bact er ipar/GB2)12M00403 pOr €
form ng bacteria; (d) filanentous bactgria; (e) intracellular bacteria; (f)
obligate aerobes; (g) obligate anaerobes; (h) facultative lOanaerobes; (i)
m croaerophilic bacteria and/or (f) opportunistic bacterial pathogens. In

certain e JRaPeelliftBgriet hods of the invention are applied to identify
an anti bi gm(c:gtar%e%e in %ggt eria of the follow ng genera: Acinetobacter

(e.g. A baumannii); Aeronopnas (e.g. A hydrophila); Bacillus (e.g. B.
ant hr aci §%ete@l; @#é}hQﬁém@ﬁwogs oPthelifaltior S); Bordetella 15(e.g. B.

pertussi urgdorfen); Bruce/la (e.g. B. abortus, B.
canis, B. nelitensis and B. suis); Burkholderia (e.g. B. cepacia conplex);

Carrpyé ObAcd BEthbls Sf th@lndeﬁilémr'nhy bQ&bﬁH&Sdb ﬂieﬁﬁfy an aGtublbff @@Fgﬁmt arg, C. suis and
C. muridarum; Chl
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(e.g. )S é’@ﬁ)céﬁl%ﬁﬁlbia (Sl ae}rb@oéﬁatig CSuis drexQandiidarn); dy)mmdepmmf(e@ndds
sonnei ococcus_(e. aur eus nt er medi us,
S. epi def& oﬁE') sonﬁﬁﬂ’o@laes%p‘?%gﬁw |Ql§’§5’t30’5{:e§%9({‘} (glc)fjﬁ%%%&? Caé”aeg

mal t ophi lciopashef (%Oér@(Tﬁé@Héu)(Glogtndﬁm @aplcaebiuteum, <. dimmne péifnrrgammmhl ae
and S. py o?enes

AN B, Dot Carvmosaaa & 6. Cirseen e Sisearic e s slse Fhe o' 2

net hods @fpabdteardw. %Hrbééhe@)ﬂfn&eodb%e@ls (eq. IBJﬁa‘ebalfs}arﬂrE amdubn)oElsmanah:get in
mul ti-drug resistant bacter

peni ci | | (§i9rkiolk gfﬂVOb?Fé‘frﬁi”?:aﬁ’? e,llggq 4t aﬁ‘f’areaﬂi% A'Jflf)??é%%rrg? ©9aht |
macr ol i de,eg,gph&ymmtﬁaewbyhms (eaneHBYmnDS, H Fiflsboude dndd!. garaifiushras)ns,

o aret BT bk ek lee B o TRSIRUAAS; v pfppERT e ™
et hizgi | (¢ .§-L. pmgmebm/ﬁﬁ-beptb’spww@Immtermyihs)r Ligteiriagé. gne -mergicgtoganes);
P ot adt b Bl e DB o PR Pr o™ ™
net hi ci | ligghae andRICfudkicdsis); dyvoplagaiarte.q. anzﬂmmnamaemdﬂe)s@naés gslNant
enter OCO%%‘norrhoeae and N. meningitidis); Pasteurella (e.g. P. multocida); Peptostreptococcus;
Prevotella: Proteus (e.g. P. mirabilis and P. vulgaris), Pseudomonas (e.g. P. aeruginosay,
30 Rickettsia (e.g. R. rickettsii), Salmonella (e.g. serotypes . Typhi and Typhimurium); Serratia
(e.g. S. marcesens); Shigella (e.g. S. flexnaria, S. dysenteriae and S. sonnei);
Staphylococcus (e.g. S. aureus, S. haemolyticus, S. intermedius, S. epidermidis and S.
saprophyticus), Stenotrophomonas (e.g. S. maltophila), Streptococcus (e.g. S. agalactiae,
S. mutans, S. pneumoniae and S. pyogenes); Treponema (e.g. T. pallidum), Vibrio (e.g. V.

35 cholerae) and Yersinia (e.g. Y. pestis).



10 Thus, nethods of the invention nmay be used to identify an antibiotic
target in nmethicillinresistant Staphyl ococcus aureus (MRSA), for exanple
sel ect ed woamaansyszef C- MSRAL, C MRSA2, C- MRSA3, C- MSRA#CTRE2gi220004¢RSA,

Swi ss MRSA and any of the EMRSA strains. 15 The conpounds of the invention
may be used to identify an antibiotic target in both high GtC G am positive
bacteria and in | ow GtC Gam positive bacteria. The nethods of the
invention find particular application in the identification of an
antibiotic 20 target in a bacteriumselected fromKlebsiella Eneurmnl ae,

Aci net obBre Bethpdsiafthe inveptioraay bepsediglidentifyan antbioyc teragi1) MuRid ococcus

faecal i spsEhehAGQEE IRILFBChU Hot RReIRARNRINAREREGNN dsahiciiRtresigtanct er
cl oacae, Enterobactér aer06 genes and Nei sseria gonorrhoeae. H‘%SPartl cularly

pr ef er r eauinglenameasissery. mACTOURTESSIAN AN ¥ARGamYSITEsEtanhacteial RIS el | a
pneurg)nl lﬂ?udlﬁﬁ'fd?"e&%?l@td’ehlcmﬁ‘wmé‘ﬂhlcnlﬁf a6 BRtel Qﬁéh@orﬁ)ﬂilr{ andiraguiingreel s 30The

nmet hods the 1 nvention involve generatl n(% pool of nut ant bacteria by
t r anspos@sisiant Stjerfeeacsus arrungnszs; penicig-, '?alﬁ“'“bﬂlﬂcr%\fd? elf¥FYHEesol uti on

of the ngid khesiPRR! s@phfoddiel£aness; pRRERiInAMEtRBIIR- dhddreiient genes
with TnA i n('gs)rcehrut"}%goﬁs vvlsl 'l be Feﬁr esent ed gar?d so effectivel @Iassayed) As

t he pool Vaico@yeies PR greguinglpre- Feééséﬁ%tsfréﬂto PCcR BYQRENRS ANPRFNCED™ genes wi l |

be |ess ablifQid-Yalabrdhas Aysboniyemh- NENRr 0MholdRE PeditiRentirbloctiot be assayed at
all. WD 2012/ 150432PCT/’ GB2012/ 000402 8 Ideally, the mutant pool generated

in tlh% met hods of the invention is conprehensive, in the sense that

' ntser E ' OTFiué me%o%g%v bhegﬁxré%uaﬁ ﬁma&%r@é@m iasntnfgf a.e ahfigidtRItalt ihrmAethisiiigr t i on
mut ant s

he mut ant pool size) reqU|re achj eve th
various fesistant §t3PﬁW§FQﬁ§Pﬁ§We(’§fMRﬁé) §?rz‘~°é‘36‘ﬁ° OB%J&‘EPPQY obérﬁ\gﬁgﬁp%g) t he
aver age RMrER20E-MREAFCERERAY) Beldfan MRBA, TWAs MREX hhdanysofithe BMRSA W t h
regard to the latter, sone areas of bact eri al genonmes attract a |ow

frequenc§trai®s.i nsertion (especially GC-rich regions). Thus, insertion
frequenci es and pool sizes |arge enough to ensure that i nsertions into
insertion-refractory regions are preferr er.a 'n'. m

i nser t i omhe §eraPgHnds RbtherRYRaHeR BIRY ér”sigffb%f"%tjf‘f @’dﬁpt?oé(g'cttarggﬁ'ﬁlbé)\}bh'gy

conpr ehegsicWSraRPdditive adteyia anBirclowt 34T Grémpositieabacterta. m ni mum pool si ze for
bacteria having a genone size of 4 to 7 Mo of 0.5 x 105 to 1 x 105, for

exanpl e 5x105, preferably at |east about 1x106 nutants. In nmany cases,
1x106 nutrgghiethds lof el ioventiee fikd partiailacapphtatiod the Gdkntification of an antibiotic

20  targetin a bacterium selected from Klebsiella pneumoniae, Acinetobacter baumanii,
Escherichia coli (including ST131), Enterococcus faecalis, Enterococcus faecium,
Pseudomonas aeruginosa, Enterobacter cloacae, Enterobacter aerogenes and Neisseria

gonorrhoeae.

25  Particularly preferred are methods of identifying an antibiotic target in Klebsiella

pneumoniae, Acinetobacter baumanii or Escherichia coli.

Mutant pools

30 The methods of the invention involve generating a poo! of mutant bacteria by transposon
mutagenesis. The size of the mutant pool affects the resolution of the method: as the pool
size increases, more and more different genes with Tn, insertions will be represented (and
so effectively assayed). As the pool size decreases, the resolution of the method reduces,
genes will be less effectively assayed, and more and more genes will not be assayed at all.

35



15different insertion sites and correspond to 1 transposon insertion every
13 to 23 bp (or about 40-70 different insertion sites per gene). However,

t he et howe 20f2/tstu32i nventi on do not necessarily requi r e pET@BIPIANENS| Ve
nmut ant pool (in the sense defined abov f in order to return useful
information as to the identity of 20antibiotic drug targets. Rather, pool
sizes less than the ideal conprehensive pool may be used, provided that a

reduct oo, S 28) fafubial | PREAndATd HeBnidhtidh &AsorEhasivegRNes) can

be tol erated he case, for exanple, where the nmethod is
desi gnedsange bt mnrﬂpt’%m pyaEY genmarielreprgeented- gBre UMb N4 INSBRIOP h such

embodi ”erggt%ﬁlfsr(?e Ghd ﬁﬁidn‘(?g@%@e& FfifedfPYhislk thls @éﬁéhd%toﬂr\éFleagffori he

met hod ransposon mu enesi s Transposons, sonetinmes call

transposlablu@lnm éaiéhﬂsze ertée[béﬂyﬂalaeé@m?d@%”@@dﬁfﬂgéSb’-iequ%eeQ@meﬁga'Po(ﬁ es of

t he | v MYgynucl eoti des. The termtransposon is well 30known
t

to Fﬁfseg@k-il- Qt?dralesﬁﬁe as%/t and includes classes of transposons that can be

di sti ngui shed on t he basis of sequence organisation, for exanple short

i nvert edwiRREsH:S t d@ﬂ\ ?’r‘ ﬁ?ﬁ% ar@bé Spﬁéderfaﬁwtdtm all§W fre§@éncy @peat s

(LTRs) at the en ends o ranscripts with 5 ends
often t rma@a@@@spewy@@mmmmdﬁnuwzm@mfﬁmcw ?Pﬁﬁgﬁéﬁﬁﬁg%r e

transpos gy M(ﬂ@ﬁéﬂ?@%t rRERLRX Ao WEEHiSh-Feridory fe@%@@wgre@% not encode

t ransposase. once inserted the transposon is sta Preferably, in
ordet0to ensure nutant pool stability, the transposon does not encode

t ransposg.,s%ngpaql dl?udﬂ'ﬁ%'n%%dnr}afertﬁ oﬁ@'ir'"a'hﬁﬂos@n béﬁf&fb%%fnrédj t(ﬁach@e& conpl ex
with transposase enz describ used

yne), S Ee term
"acti vat F%DrﬁhWH"bFQWeW@PhWCéHY &'HB'}Seﬂ/F“éW’EHm" PRQheIze g’é Prigda

aving
tr ampos%eﬁ%& BizE MR R & 0P QADTRIM B UFhiok Bﬁémblé@awommram at rteaan
I ncreases 't transcrlptlon of a gene. at or near the I]p el’tl na% g
00(39810)

Exarml es abgut Jut0} muytants pbs®AsY eases1bds mutantswvill gllew glestiirafion phy
391 gg 2 MerbreRt Rbertiff Siteklafid3Rr8sbrid tB11QFa%Lspos(oanQs%)tldﬁUév'érN33foCﬁ$tﬁﬁ(or 57(4):

about 40-70 different insertion sites per gene).

However, the methods of the invention do not necessarily require a comprehensive mutant
pool (in the sense defined above) in order to return useful information as to the identity of
20  antibiotic drug targets. Rather, pool sizes less than the ideal comprehensive pool may be
used, provided that a reduction in resolution (and attendant failure to assay certain genes)
can be tolerated. This may be the case, for example, where the method is designed to be
run iteratively until the target is identified: in such embodiments the effective pool size
grows with each iteration of the method.
25
Transposon mutagenesis

Transposons, sometimes called transposable elements, are polynucleotides capable of
inserting copies of themselves into other polynucleotides. The term transposon is well

30 known to those skilled in the art and includes classes of transposons that can be
distinguished 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.



The activating transposon/transposone can be introduced into the bacteri al
genone (including chronosomal and/or plasm d DNA) by any of a wide variety
of standawo 20bprse@edur es which are wel | -known to those ekridB2dizmodobe art .
For exanple, TnA transposones can be igtroduced by el ectroporation (or any
ot her suitable transformation nmethod). Preferably, the transformation
net hod generates 1x103 to 5x103 transformants/ ng DNA, 20and such

t ransf Orﬁah]&,wgoﬁnta; bfd RAHshBSasBLtPandBERhAhblcREL WY RN the tahsisbseh @6y agtor at i on.
Al ternatively, transposon nutagenesis using TnA rraq)é}é)cef)%%%@r in vitro

\ ned
and r ecoensioda trensassasayl Byist eraespeariedne ransPrert 8§t YiPrOERIo 5. | n

such enmbgdi pEALGnt Mcﬁ‘@éBmﬁ@fH%%réh%Eoé% dokE RaY Etods Fanghobssd anddis pavitadr d
protocol by m xing comrercially 25 avail abl e transposase enzyne gaéh t he
with

t r ansposoheieamof a§iRERROSOMedi 8- A5A SAPRIEX WHERSPEPASS SIPEMEh &R IFFY

pl asn d wof the plasmd of interest to allow transposition, then the DNA
introduced Into a host bacterial strain using electrotransformation to
generate a pool of plasm d transposon nutants. 30l n enbodi nents where

mut agenegk Sod Fhd?h | B With 1aBtivstihg Banddosb® (RE@MaRbratbrevitéd tTaNTRASEIES Wi t h
genom c Invitro and then introduce the nutageni zed DNA opbl onal l'y,
af ter frHianapasel Weigh aeTaPEIes & RIEPIEF Syeh thatlyansRete N PRePRISPCTEER8S P al strain

(e.g. bytr?ﬁs"cﬁ%ﬂo‘ﬁﬂﬁ%agtein@@ oMhET SHEDPBerfI B SIEE BQAIH ple€ 6P EihNAINs prsoneahs nery
incorporates It into th

R e genone. Such an approach y be parti |y

usel 10 | describedindaorschela! vb (7] ChMettods Mol BiRb 6381137 @@é%ﬁ’é@%’ 000402
10 nat ur gl \iGeHBEERMAY: dA.94. Aci net obacter spp.) and/or can incorporate DNA
vi a honol ogous crossover (e.g. double crossover) reconbinati on events.
Activating transposons for use in the nmethods of the invention 5 Any

sui t abl e TRE hitNalidd WarlshBEEPRSRBoSENE bih bsRtodutet ito Bl thatitiadgeridaes | nvent i on.
Sui tabl e transposons I nclude those based on Tn3 ,gnd tge %13473' (ge (Cass I1)
de yarety ofigigndar

t r anspos Gpeudingshiemagperyal @ng/of giaginid BNSpRY any & Hoy nd their

rel aybves oc.Ah38s Which Gre WBRKknoWHPRAReselsRAEE in thacie IFoppkagsle Mn,and el at ed
transposa[:)l e bacteriophages. A variety of 10suitable tr ospns_are al so
JigBleirzsieens

avai | abl gapsnerenes ean e infragyced; by plecoPereiomios aphatngss SRERFIST / KAN- 2>
transpos@inhddsef erred transposons are those which carry antibiotic

resi stance genes (which may be useful in identifying nutants which carry a
transposon) including Tn5, Tnl0 and TnphoA. 15For exanple, TnlO carries a

t et r acyclpidtrab§Sins tRRSR AT rAethv@ §Bndrhtes 131081 e BRNY Sranisfdn@ants/ng DNA,
20 and such transformation efficiencies are generally achievable using electroporation.

Alternatively, transposon mutagenesis using Tna may be performed in vitro and
recombinant molecules transformed/transfected into bacterial cells. in such embodiments,
transposomes can be prepared according to a standard protocol by mixing commercially

25 available transposase enzyme with the transposon DNA fragment. The resulting
transposomes are then mixed with plasmid DNA of the plasmid of interest to allow
transposition, then the DNA introduced into a host bacterial strain using

electrotransformation to generate a pool of plasmid transposon mutants.

30 In embodiments where mutagenesis is performed in vitro, it is possible to mix
transposomes with genomic DNA in vitro and then introduce the mutagenized DNA
(optionally, after fragmentation and/or circularization) into the host bacterial strain (e.g. by
electroporation) whereupon endogenous recombination machinery incorporates it into the
genome. Such an approach may be particularly useful in the case of bacteria which are



Tn5 carries genes encodi ng pol ypeptides conferring resistance to kanamycin,
streptonycin and bl eonycin. Qther suitable resistance genes include those

i ncl udi ngvohnbhrangsbeni col acetyl transferase (conferri ngpresimhenoesoro

chl oranpheni col ). 20It is of course pggsible to generate new transposons by
inserting different conbinations of antibiotic resistance genes between IS
el enments, or by inserting conbinations of antibiotic resistance genes

bet ween 11 %g)p%ﬂ&témﬁé‘b%ﬁﬁﬁl%béﬁéﬁé‘p%r)ra‘i\d)or coH m'@drpé}att@DNV\gné Rémologous

pol ynucl eoti de sequence transposon, for exanple by making a

r edundan€ropipyer @Lﬁa§PUQ|@pIQ§ﬁ°\@|f) rRRYMBINALGN Q";?B@ of base substitution that
does not affect the transposition or 25the antibiotic resistance
characteristics of the transposon |n the codlng region of an antibiotic

r esi st anfetivatingtranspasons \fprause in fhe mat theinyantiofy ¢ h transposons are

incl ugled within the scope of the |nvent| on. I'n many enbodi nents, a single

transposon i s used to generate the nutant However, 30as gxz@q |ned
above, t Aey suilgbleractiyatimg tfaﬁ%&%@ﬂ@?ﬂrﬁﬂ%@?é”ﬁ?f@eth?q\%ﬁm IMENt9RoPUIaD

rTeqU' red%ré 8§$qu ﬁu@e tﬁ@é%é%féerbwwmheqhsinké)(@ééé IdeRABssohst er Oa on any
n |1 nser IO

I as. ases where the transpos nse on site
bi as occm\ﬁ'sldlng\xé(BNQQB} d "épf fTéﬁéﬁf T2AnERdAnd theifreiativ é\isq JH‘@ ﬁi@#
reduce ofpslJaATirAgE$ bb&éﬁéﬁﬂaaemjérﬂi fRl=hsd trﬁ%bom&eno%hﬁ@é’&mmhe@mfof t wo
di fferent transposons based on Tn5 and Tn/ O nma e ?d
20121@50&@@?’@1!9@82@92#@(ﬁ)d@?a‘ial'ap'red’ﬁm"éerrg'alfyoF‘ctg‘g@glfﬂr%%ﬁhﬁ#)m%nsposons
The nat ULReRY of/RANPIOREHS PBScp{esent in the TnA is dependent on the nature of
the transposon and the ultimte bacterial host. Generally, an efficient,
outward-oriented pronoter which 5drives high |level transcription of DNA

near or pgii@pRiarisBoddi@ dr&iREé mithSdat@ ahﬁb.@trmeastana’é\gerwsqwatcarmayme i ncl ude:
(a) a Pribnow box (-10 el enen

el ement . UseHidR |d@ggwg@ut@rn§vqht§39 Cﬁf%ﬁﬁfaé‘;sg&?ﬁ &9&'“3@8?’\% f’hﬂfﬂﬁj nhU N5Tm <

REKY Q&1 | KONex2mdid SRS De8%ids addtfacydife r@é]@l%'héeﬂ@érfe twedlitd ISEleménts wagsay of
e.g. Escherichia coil, Enterobacter s nber s .of thanggm |y

Ent er obadPéFaEER geNesRNGOHag RPUBERtICES Sg'gfﬁﬁ'"g &%%?“?JE?QB?’BV%'P SHsP

i ncl ude: ap@bikofly@h 9Sthet Qﬂﬁé@lé&és@t‘éhwgéné%ﬁmlﬁtlerthomdelualhg cBloraamgthicol
pronoter); tac (artificial lac/trp tro prormter) and rnB
(ri bosomaFetFH@En ga@%f?@”f?(%@é'ﬁta“ﬁﬁf% ?rPB’ﬁEe’H? ter). The sequences of

the latter pronoters are shown bel ow

20 Itis of course possible to generate new transposons by inserting different combinations of
antibiotic resistance genes between IS elements, or by inserting combinations of antibiotic
resistance genes between transposon mosaic ends (preferred), or by altering the
polynucleotide sequence of the transposon, for example by making a redundant base
substitution or any other type of base substitution that does not affect the transposition or

25  the antibiotic resistance characteristics of the transposon, in the coding region of an
antibiotic resistance gene or elsewhere in the transposon. Such transposons are included

within the scope of the invention.

In many embodiments, a single transposon is used to generate the mutant pool. However,
30 as explained above, the number of Tn insertion mutants (i.e. the mutant pool size) required
to achieve a comprehensive pool or library depends inter alia on any Tn insertion site bias.
Thus, in cases where the transposon insertion site bias occurs, two or more different
transposons may be used in order to reduce or eliminate insertion site bias. For example,
a combination of two different transposons based on Tn5 and Tn70 may be employed.
35



-35-10rip. transcription start

TGGCCTGAGCGCTTCTGTAMCTMIGCCL[ TOGGCGeTGAI | | L, TcTACAATCTTACCCCCACGTCGACTCACTA
TAGGCCAGA MDD GI BIAMNGAGACAG 1 p/ J PCT/GB2012/000402
CA4AATCACCAACTGGTCCACCTACAACARTA SAc TAATCATCGGCTCGDI M G G GGAATTGCGACTCA
CTATAGGGAGATGTGTATAAGAGACAG t ac GCGAACGATAAAGTMTATCTI TTTC

GGCOGGAATAACTCCCI ATAANCGCCACCACTGACCGACTCACTATAGGGAGATOTGTATAAGAGACAG rrn8

19bI0 Tn5pﬂoﬁ1°$é}gfcg%s@%§gtmﬂ&, tpg}gggg@,gri bution of Tn. insertions The
di stri bt _ oson insertions is preferably determ ned by
sequenm ng bacterial DNA adjacent or near (5 and/or 3') the TnA insertion

site (€. ghe g u:%%%?é“ﬁrbﬁﬂtd?%&é’ﬂi .ﬁhne?ﬂ@Aqgaéb&ﬂéntTmhemﬁ@@bf:thwémmcml ons).
Typi cal ly, bacteri al I'anki ng or adjacent to one or both endE@Rf t he

TnA is sm@n@a@aterh@ctw@#@pﬁ cﬁen&eﬁ"a&mff EROE, LRYAEHTIEgtEdRIamAlST W

ext engi v, e@ﬁ\%@ve@ﬁ@ﬁﬁn oryof AR hbaradr v dRberttto (HeOhsetidgiteds chaxen. t han 200
base pai rs\s 2012/ 15 432PCT/ GB2012/ 000402 12 Various nethods can be

used to determne the TnA insertion distribution using DNA sequenci ng: such

met hods  RRY Broffft& thayinB888 (SHPPAShoWb&At (dIanestyI(BFa (YR BlefRhi aiordt) al .
(2009) Nat. Brl\?é hods %m 767 (%i)t&) Igor O(‘z(garrpl e, Tﬁ (S)Za(]:](_pr oggd@ulr es |r§c)l ude

af fini tya'p)UPQ"‘PfE%ﬁtl on of anpli f| ed In junctions (Gawonski etal. (2009)
PNAS 106: 16422-16427); 5ligation of adaptors into genone sequences distal

to the end of the transposon using a
10  For example, the /Jac promoter can be used with the EZ-Tn5™ < R6Kyori/KAN-2>

transposon, and such constructs are suitable for assay of e.g. Escherichia coli,
Enterobacter spp. and other members of the family Enterobacteriaceae such as Klebsiella
spp. Other suitable promoters include: rplJ (large ribosomal subunit protein; moderate
strength promoter); tac (artificial /ac/trp hybrid; strong promoter) and rmB (ribosomal RNA
15  gene promoter; very strong promoter). The sequences of the latter promoters are shown

below:

UP-slement -35 -10 transcription start
[TGGCCTGAGCGCTTCTGTAAACTAATGCC ACGTGGGCGGTGATITIGTCTACAATCTTACCCCCACGTCGACTCACTATAGGGAGATGTGTATAAGAGACAG v

CAAAATCACCAACTGGTCCACCTACAACAATG]IQAQAATTAATCATCGGCTCGIAIM_’[GTGTGGAATTGCGACTCACTATAGGGAGATGTGTATAAGAGACAG tac

rGCGMCGATMAGmTATCTWWCGdIElQGGCCGGAATMCTCCCIAIAAIGCGCCAOCACT GAGCGACTCACTATAGGGAGATGTGTATAAGAGACAG 1B

18bp Tn5 IR end

20
Determing the distribution of Tn, insertions

The distribution of transposon insertions is preferably determined by sequencing bacterial
DNA adjacent or near (5’ and/or 3’) the Tn, insertion site (e.g. by sequencing DNA which
25  comprises Tn, -genomic DNA junctions). Typically, bacterial DNA flanking or adjacent to

one or both ends of the Tn, is sequenced.

The length of adjacent DNA sequenced need not be extensive, and is preferably relatively
short (for example, less than 200 base pairs).
30



specialized restriction site (Goodnman et a/. (2009) Cell Host M crobe 6:
279-289; van Opijnen et al. (2009) Nat. Methods 6: 767-772); selective
anmpl i fi cavoani(iseqsgri dge et al. (2009) Cenone Research ?e1T/G3208/0@8Mh6) and
the generation of single-stranded DNAgircles bearing In junctions, which
serve as tenplates for anplification and sequencing 10after elimnation of
genom ¢ DNA by exonucl ease digestion (Gallagher et al. (2011) nBio

2(1) : e003155,d Methddd¥ear el 3B %o BétGHnIE@[HwQﬂW\Eert%%ﬂl@uti@@ usiglDNAjue can be

used, and there are nmany conmerci a avai | abl.e sequenci n Ia forns . that
are sui tsasiuending: mquew%trm@ygeen febbed oA erpoures (Van Opinen o

Sequenci 579(266 J%\Yé%trh@ﬁbés é%’:‘rhms £6r SRMIR Thae rar@defdgfergan@u@ grawityi cul ar |y

suitable fo se in met h fth t 111
TM syst emrlﬂgat@@rpéuampé%e% U Jlﬁngﬁ*@sgﬁa\‘véqe"élklp %&Vgln ﬁ@gbﬂ“?@e@e%{ﬁ bsé‘gz) (54?m7ge
or 109bp)q& of a°daB€Hr§ ird!gédnYe %cﬁkﬁéésecﬂstaﬁt@@&ef@fd Sfuhd aBhOLEE isihgiaes

i ncl ude net based on reversi

t | |
are fi rs%pe&taiiéﬁgﬁéﬂr't?@fb?"ierfﬁogd'ﬁﬂnﬁ 3 é{% a‘f'f’g1 e M?rP%%sﬁgf%f"%gc:rucfinal

c (r)]ljoE'OﬁSOﬂérFenfé?%F%O@?N'aQ%tﬁdﬂé@ frezarpp eé1ecti6@tafnpwc§sman Qlargabgest alr e added,

orated nucl eoti des are
Fho DA (ARSI esaRs ey 230 2310) e Pergeray slon qf ool et B Fos "
i mages Oélrcmeoefah TR ﬂéﬂs\’m)h%h%'eﬂlé a%&éhhﬁla%@tfbﬂ@ﬁpltflb&ibntm séxqeerainrtmg Wi th
a next

the term nal ocker is chem cal yrermvedfr

cycl & Cﬁ%ﬁ!ﬁ“@i@i‘@h@f g1081E BNAFOYHGPYclersq Aot &%nﬂ]ﬁlégh‘?{cqt ﬁbéfdéa? M and
| on Torrgm e@@gtgnm ogies (both sold by Applied BiosystensTnm). SOLi DTM

t echnol ogy enpl oys 30sequencing by ligation. Here, a pool of all possible
oligonucleotides of a fixed Iength are |abeled according to the sequenced

posi ti 0nAnﬁ%%g\ﬁqﬁé@@ﬁéd@%@u%&uéﬁ@@ie@ﬁméﬂbﬂcdn tgﬂﬁﬁdl a:ﬁdﬁhep&r efeenmyt i al

| i gation i gase for matchin uences {% 3]

i nf or mat F%méfc'ac”hév?ﬂi‘yee??ﬂ%%c"éﬁ plg %{WSBB%W? Bita % PBP%e 'Q E?J ﬁ@ of ke DNA
is appli frfv@r‘ﬁhoh)/s@dﬂéh&hglby%@ﬁ%heib@snss bdgel REqaeRhg pRatrims ard particutglyon| y

copi es of the same DNA 201&/1 O432PCT{ GB201 02 13,nol.ecul e, are
deposi t eguitpRlefogyseda thg mgiodspbthedavention: s°5@iﬁﬂé‘ﬁ%gg YizantYHF8<S and

| engt hs g@ﬁ@%gmnﬁoﬁ@oflrélbwelyﬁﬁn@ﬂvqaemmgadd @8, o mubp;sam Bparticolarly have
devel oped a system based on using standard sequencing 5chem stry, but with

a novel , PE&f¥%nduct or based detection system This nmethod of sequencing is
based on the detection of hydrogen ions that are rel eased during the

20  Other suitable techniques include methods based on reversible dye-terminators. Here,
DNA molecules are first attached to primers on a slide and amplified so that local clonal
colonies are formed (bridge amplification). Four types of ddNTPs are added, and non-
incorporated nucleotides are washed away. Unlike pyrosequencing, the DNA can only be
extended one nucleotide at a time. A camera takes images of the fluorescently labeled

25  nucleotides then the dye along with the terminal 3' blocker is chemically removed from the

DNA, aliowing a next cycle.

Other systems capable of short sequence reads include SOLID™ and lon Torrent
technologies (both sold by Applied Biosystems™). SOLID™ technology employs

30 sequencing by ligation. Here, a pool of all possible oligonucleotides of a fixed length are
labeled according to the sequenced position. Oligonucleotides are annealed and ligated;
the preferential ligation by DNA ligase for matching sequences results in a signal
informative of the nucleotide at that position. Before sequencing, the DNA is amplified by
emulsion PCR. The resulting bead, each containing only copies of the same DNA



pol ymeri sation of DNA, as opposed to the optical nethods used in other
sequenci ng systens. A mcrowell containing a tenplate DNA strand to be
sequencedwoofdwoded with a single type of nucleotide. PkCTidB0i21000duced
nucl eotide is conplenentary to the |eading 10tenplate nucleotide it is

i ncorporated into the grow ng conpl errent ary strand. This causes the rel ease
of a hydrogen ion that triggers a hypersensitive ion sensor, which

i ndi cat er:ﬁolrePL% e UBAGitLABn aé%‘éﬁHé A rebdit |B@€@lfé?||c¥§78fr qdaﬂﬂl@%tﬁldaérﬁgtﬂw esent
in the tenplate sequence nultiple nucleotides will be incorporated in a

si ngl e csaimrarabitosliiyraingsefeeg"Sor r espondi ng nunber of rel eased hydrogens
and a proportionally higher electronic signal. 15 Functional assessnent of
put ati ve essential genes The dput ative essential gene identified b

conpar i nigntTieeredt; %vtstqnmmpdvavef eYRAPEtha 8YSieB hasebPReng F@@?aréépi‘?ﬁr@égrmy be

further gRAGast Bof vmﬂa ha(vev%h@ébﬁdheshtsuseueétemm&ys@nﬁ erHid elod 201 ndi rect |y
assess its function. his way, an essential function m bellq definitively

assi gnedSQ%'eé%tﬂQj'S[h@ﬁafﬂ PO@W%@%%PP&F hydrpgen iaps thahere releasss %cl ude
bi oi nf or g@l h&fsardhel @NAhé‘s épskéd B the@plidatnstiaguess R dfertsRguendinat i ve

essential gene Is used to interrogate sequence databases, contai ni
?g %Lsifg@g g'?aer to

i nf or mat $YSENIS AraisTawed ceaiRINNg %Fﬁ"&%fs%% SiFRTASP DB SARYENSH

identify |9§8%e(o$ n%le@tfdehf?'trQQlﬂH&dl%Gﬁ?ﬁlclendét|§|€6m§|éﬁ%h&$9 tofthe leadingh
essenti af i ochem cal function(s) have rea %/rﬁbeen aSSI nedgsnd/ or _whi ch

havelbeetempiaianugiectide '%%ﬁ@ﬁfﬂoéﬁ(‘edgﬁv‘ﬁlﬂr‘e”'[}gﬁ PlsMeAEENEY 318U wel |
known t oyeheiagseSisid Il\ﬁﬁ'oge'ﬂ\ ibMhalirigganrd ihy”;b@hléﬁlatnﬁd'll@n 3@:&’@! \A'mltkomdicatéb tigment
Search Tool (BLAST) gr am (Al tschul et al e(é{ %g % Biol. 215:

403- 410 areAcH WB%@HCUE? | If horieRrplyMRf JEPeatHaS nt Ste’%@é@ SEAHIC Sui t abl e
dat abasegitiBe! AR otide€d wit b8 Mtofor &tbBin a SRHIBANIe. ﬂHl&Badﬁ%la ccSWsS&adHRQT and
trEMBL. WO 2012/ 150432PCT/ B2012/ 000402 'iif Al te t| vel or in addition,

the (ful FU’BPeVrPéFQ'?%ﬁeF hydipgent and pf?Pé’”t%‘? '?Q’éer H'E“F§| glene is used to
intefgogate a sequence database containing information as to the identity
of essentlal genes whi ch has been previ ously constructed using the
convent i Euzgtionsl asepssmentefputy e ¥ =the prior art (e.g. as described
i n Gawr onski et aI. (2009) PNAS 106:

The putative essential gene identified by comparing the distribution of Tn, insertions
between test cultures may be further characterized by various techniques which directly or

20 indirectly assess its function. In this way, an essential function may be definitively

assigned to said putative essential gene.

Suitable techniques include biocinformatics, where the (full or partial) sequence of the
putative essential gene is used to interrogate sequence databases containing information

25  from the bacterium assayed and/or other species in order to identify genes (e.g.
orthologous genes in other species) for which essential biochemical function(s) have
already been assigned and/or which have been shown to be essential.

Suitable bioinformatics programs are well known to those skilled in the art and include the
30 Basic Local Alignment Search Tool (BLAST) program (Altschul et al. (1990) J. Mol. Biol.

215: 403-410 and Altschul et al. (1997) Nucl. Acids Res. 25: 3389-3402). Suitable

databases include, for example, EMBL, GENBANK, TIGR, EB!, SWISS-PROT and

trEMBL.



516422-16427; Goodman et a/, (2009) Cell Host M crobe 6: 279-289; van
Opijnen etal. (2009) Nat. Methods 6: 767-772; Langridge etal. (2009) CGenone
Resear ch W®:2023B3684322316; Gal | agher etal. (2011) nBi o 2( byrref8iioddp and/ or
t he techni ques described in WO 01/ 076 (the contents of which are hereby

i ncorporated by reference). 10Alternatively, or in addition, essentiality
can be inputed by elimnating the possibility that a putative essenti al

gene act g e?ﬁati%'lg ?QaﬁﬁdrF th@%ﬁ%@ﬁ&ﬁal?@é&en@& tﬁéamhﬁa edsdatid) Guhd isor

partial) sequence e putative essentl al ?Pzne is used to int errogate
sequenceuaﬁdttfab‘é%fmatﬁﬁ@%ﬂuﬁ#hngd%*éé@ﬁ@n@é‘tﬁllmm%m rakien 8y togdBm ey Vi ousl y

i dentifi M chbAvéridnaretnheg
descri be%qe":h%I §Qﬁés *%“oﬁasi ef@fl o 0095g ﬁ%%éAdsG% 1516422-1 2@g§§5§ 1%0dm&1n

etal . ( 2mampdwscnmln tive eriestast (6:9. zawem@ed InGawions ebakh(2 none
Reseay chyd3s 18398 -Gobtnd ot GRl(A G 2%‘%“ %sﬁ%crcfb@%lin E@g Q/aa(dﬁun@Q@Bdﬁ 10.

Ant i bl ot| C resistance genes entified in such ds as_a cl ass of

ni ches pe@DW)dﬂaidH@I‘ihPﬁ% alﬂ7y77@$géfmfidaﬁ egé’né?@w)z@m R@S?‘%ﬁ@" - &Stfice of a
pronot er 23’}\ﬂghct | C?trr?BPefdé)S(?Piﬂ%%@%%%@mmknﬁrwtﬂﬂéaﬁﬁqua%e%ﬁdedm waipt

gene/ DNA ow i1 denti'fication of essential/inportant DNA
regi ons, 0HB7651 (thenontants dfwhidhpreihgeabidnaseporatadbbyiefersdi@ver, sone
transposons will be positioned appropriately with respect to specific

i nportant DNA regions, whereby transcription of those sgem fic. r i ons,

dri vEh bélternativelyserin @gddifios r?éﬁ%?’“a“tb@a@ AR dneed BY gHPINAYGHNE PORHRHY a25t0
endoqenoF\gtaNeaé%%ﬁtlaP?éﬁénact@X% gn leﬁ'ﬁlctréﬁstﬁl]ﬁéeaﬁénep%\' ekzﬂnplé Cth@@f&ll 89

antibiotl'c concentrations and repeating the sequenci n% ?ﬁrﬁ)ai ible to
observe pertialyseauence pldhe guistye e¥senbial @ene isriee &2 INHYT98 WP?"
region CQ&thlP#&@@JénQe ﬁﬁ&r‘rr@tlellﬁ bﬁg?ﬁérs\ﬁré&ﬁduslyb(d@ntlﬂééﬁs bhtﬂ)lcﬁt@|ré§|stu@ce

contri bution evel s of specific antibioti nscrlptlon
(driven quh@nlgrt%gﬂé%ﬁ'lelﬂ'r‘@érqeéféf'qﬂdd'?rﬁtgeﬁgvr%s‘“let@ég%qu g&@‘?e

surviyal 14p92 g?* @bddmaét @Qbo@d? deN st MRFossi6: Q?gqsﬁ)l%n@ﬁ@gm 51)3(2009)
proximty. To | entify thes i C anthIOtICb osition of

t he i nseleaempRerpAreh 18a¥§°§ 3é§§é9§3@9|'\ﬁf€ha’r@% %Ooéfﬁt ibution to

| ncr easegpfi f\l%%@&étehéé)@er{éfs h& @’lﬁ@ﬁtlfﬂ@%ﬁdh@ﬁé’fh&%ssﬁﬂuwﬁf&ScheA
mat hemat i cal [ y/technically strai ghtforward bioi nformatics conponent of

35this témﬁlcéﬁQéd'b@?W?ésqn@E‘cﬁtﬁﬁ‘Pﬁl on of the contribution of the inserted
pronoter sequence to WD 2012/ 150432PCT/ GB2012/ 000402 15 transcri ption of
t he Butatlve antibiotic target gene, For exapple, transcriptio

of th
ant i BP ot Pesritgrthe prasanes efia @@W@%M&@ébe REgeskSedB U MY f&nfﬂ?ﬁﬂ'&ﬁ? \Nb)'i gt ic

resi st an%r@ﬂeeu#é/@mffmcm‘aﬁ lafid AMAY SheficatsH 6f eahémw/moanpﬂ DNATegons, For
exanpl e, the parti al gene transc sti encode er‘Pbegh i.nformation to

al | ow t r Arsfandarg insea ngly@mg:gfaé:aé) bﬂ?wq\éh(’spmﬁgﬁnsposons positioned

appropriately with respect to specific important DNA regions, whereby transcription of
those specific regions, driven by the inserted promoter, is enhanced significantly compared
25  to endogenous transcription. By growing the mutant pool in increasing antibiotic
concentrations and repeating the sequencing it is possible to observe changes in the
number of reads, indicating not only which DNA region contributes to antibiotic survival, but
also the relative contribution. The higher levels of specific antibiotic target transcription
(driven by the transposon-inserted promoters) will favour bacterial survival in antibiotic and

30 link insertion site to DNA region by proximity.

To identify the specific antibiotic target(s), the position of the inserted promoter can be

assessed with respect to its contribution to increased transcription of relevant downstream

DNA sequences. A mathematically/technically straightforward bicinformatics component of
35 this technique permits recognition of the contribution of the inserted promoter sequence to



Sessential protein. Bioinformatics would allow the effects of
transcriptional read through on genes downstream of the gene adjacent to
the i nserwedoty@nsposon to be considered, where there i gctriese1zmwogef i ned
RNA transcription term nation sequencgg For exanpl e, a transposon/ pronot er
upstream of genes A, B and C nmay generate a 10pol yci stronic transcript of
all three genes (A-C), upstreamof B a polycistronic transcript of genes B

and C ant?'an‘é?ﬁﬁti’bﬁ%ﬂ?h@pu@tivh’%HtllSi@ﬁlﬁtaget bénd. heorlekadplef ﬁénstchpnd‘nl 6f3ﬂie t wo

transposons were hi low in antibiotic I biotic

tar get v@fﬁ'b@t'%@f@%r@é“@ 9URCRTPAYS YAy e shough %@%&i?“ﬁ@oﬁ@s ﬁ%&@é of the

i nvent i of\oiffoRHatRidralys 4 VAUl RBIRIW SRExMhatibn. CRGrasaMRY, thel fiptifgehdiratdcept ar get
S overex?)lr gss% toyg{ evue wher e |ﬁtpéh(?olntr| but aiﬁs"q{ﬂand feetidlg r ni ff)cantg'.J

role in ltnmestﬁhermpq*ﬁgem@w@tmfe@“%t@néﬂ?l'qw Bansatiop ﬁé’“P%"ﬂ‘fg‘i’ 3%&@8{39 t ar get

deconyol gdsbrfhl {)Fgftﬁn ”Bfoh@&%a%&@wbﬂ@ra%\mr% defterl df YraRsdripgiohdl @eainthrdmgbbnc
targets where the antibiotic binds to and alters the 20functi

monomer i geNea dPwReIreaRLPidhe penR adiacend & tetinsgried raRSPIsEN F%B%E@lf'q%ﬁecgas es where
the anti @llhé}é iierk RtHEk doSdemsaa R @arRBfipticherifdtibRaeyusiesp! ex, when

addi tional target supplied from overexpressi on may not functlon as an
effective sink and so alter the effect of the antibiotic. 25Thus, in sone

Ci r cunst pRCEImblRea FRhYRASnorh&tEr udk‘(r%@hl&@eﬁ@é’A@ah@@dnaylg@maturact ion with
ot her, conplenmentary, techniques for identif Og essent.i al condltlgnally

essetfl i apolygisieaisSeanserint Oéﬂ'm’"é?e ganes Gl “Fbséfﬁé%’ &3P 50'3150%%5?% t

anti bi Ot% &ies BPSndIC BRE LBSFb e bP®just génecgﬁmtﬁmuedorawﬂenmmraeoﬁms met hod
of the ihvention may optionally further

gener at i werednghand ‘bPéﬁ!‘TdcbWé% ?%‘tbéﬁ"tc then ‘é?ﬁtanﬁ '°%?@6558P18$q%&?\”83? a net hod
conprising the step of selecting for growth in the presence of said
antibiotic to produce an 35anti biotic resistant nutant clone (AbR nutant);
WO 2012/ Ancillesp araiyticgnethadsn00402 16

15

The methods of the invention find particular application in cases where the antibiotic target
is overexpressed to a level where it contributes and plays a significant role in the binding
kinetics to antibiotic at the levels used for target deconvolution. The methods are therefore
ideally suited to antibiotic targets where the antibiotic binds to and alters the

20 function of a monomeric macromolecule. However, sensitivity may be reduced in cases
where the antibiotic target is available only in a ternary complex, when additional target
supplied from overexpression may not function as an effective sink and so alter the effect

of the antibiotic.
25  Thus, in some circumstances the methods of the invention may be used in conjunction with

other, complementary, techniques for identifying essential, conditionally essential, non-
essential and/or essential genes serving as targets for antibiotics, as described below:

(a) Complemented sequencing

30
The method of the invention may optionally further comprise the steps of:

(a) generating an antibiotic resistant mutant of said bacterium by a method comprising
the step of selecting for growth in the presence of said antibiotic to produce an
35 antibiotic resistant mutant clone (Ab® mutant);



(b) transformng the AbR nutant with: (i) one or nore essential genes of
said bacteriunm and (ii) a transposon which insertionally inactivates
bact eri alwONM2/t5043pr oduce a pool of transposon mutants WwIraB28120000402
merodi pl oid for said one or nore essenfial genes; 5(c) grow ng bacteria
fromthe merodiploid pool in the presence of different anmounts of said
antibiotic to produce two or nore test cultures; and (d) conparing the

di Stributi Qg elndrerfRPRE AR IMASWIONG) SR oheRsle b8SdntialYdnes ebsdie | dentify a
put ati ve essential gene serving as a target of said antj bioti M sai d
bacterium 10W#ers® a9 (DralfRNsBeeRD Wit iEeHpRAl inpeHerter eRFtena : B biotic
resistant mut gfrmcey@ b6 o Er8ndpREON ndkatitslwhieh aR e RKiplBN Ror 88id@Rticamopenes
ensures that transposon insertions into essential genes (including those

serving as an€$¥NtAli9€Nesirgets) are represented in the initial mutant pool,

sinces tr anwog@wmgr&%féﬂiaqm {rRtrRerobiploRNddPinthe prdsaheLsf diftdtentyntduhtsvafabl e
phenot ypes under non-sel ective conditi onsrfiﬂ)/men_ the wild type copy of the
essential gen&did SRHRIPCAPFAICE O PR P PXItINGS; 3¢t i vat ed” nut ant ~ copy) ,

but not unqgy csfpAMGitNEdeaBiid SrfansPbEdA ifdeptions lbdtviccpasstepiurds esidentify
conpl ement the insertiona I nacti vat ed .di fferences

, al |y _ tﬁnt, co%.. . .Jhus,
in transposona@Htetive eRential dene spVIIARHtagset PHRAIGRAIIASIRFYY RATERY M pool  wi t h
or without antibiotic can be readily detected, permtting identification of
essefd i alrhJaaess tARsbd<eR M@EMgoRgerBEddd P antisistisiesistanimutitsoptitloae
further steps set out above: the rrerodl%lsé)lfg l;iool rra%/? conprise at | east
0.5 x 10BerAdRRE for ongor BlespRsental 9ea5% ENssEas RaliANSROT AP ONSH ey odi pl oi d
pool By &R igeReAlindiRfYR] thBxel Srvify g AahBbiotid theyets baslieptasiated dothermiial
conprise at |east 1x106 nutants;  the rrerodi?F)I,m d gool rra%d c.oqgrl ses 0.5
x106 to MUanbBooh iaae tEanspesen IRgsiNSINgitee AYRICGIY OBt ARREIEd WARlE: 1 x106
mut an: S; pﬁ%o?fp@@?ﬁ@ér%h%‘élécﬂé EoridiRné (VHENAS Aild tybeToppof thy e8Bntigi gdnd an
insertion rate of a

t | east one transposon per 50 base pairs. of bacteri al
DNA, 12t FeBERIEMBRE the ign’tieral W&PV%@‘? E&s@t ﬁ&?ﬁ-&L@PO%%{I{’PE??'%‘?Q"VW?&@%“S| east
one trangRenahe id ty?é cBPy Bodddridt BomblehRat BeiitdertidNAly iabctivagstmutast dopgnsposon
per 15 base pairs of bacterial DNA or at |east one transposon per 10 base

pairs of bacterial DNA, 35 the bacterial DNA of step (b) may be chronosomnal

DNA, pl ashigl ditiferRes i tAnspusch ditribltiopraseogiivtiasithe hasediploiBiytastrpdohay
conpri sewtitrt]gr \(Aa/irtll'golui gnti ?(%itcecgln%le rggé?lgrégtected, permitting identification of essential genes

20  which serves as antibiotic targets.
In the optional further steps set out above:

¢ the merodiploid pool may comprise at least 0.5 x 10° mutants, for example at least
25 1 x 10° mutants;

o the merodiploid pool may comprise at least 5x10° mutants;

o the merodiploid pool may comprise at least 1x10° mutants;

o the merodiploid pool may comprises 0.5 x10° to 2 x1 0° mutants;

o the merodiploid pool may comprise about 1 x10® mutants;

30  transformation with the transposon in step (b) may yield an insertion rate of at least
one transposon per 50 base pairs of bacterial DNA, at least one transposon per 30
base pairs of bacterial DNA, at least one transposon per 25 base pairs of bacterial
DNA, at least one transposon per 15 base pairs of bacterial DNA or at least one
transposon per 10 base pairs of bacterial DNA;

35 o the bacterial DNA of step (b) may be chromosomal DNA, plasmid DNA or a mixture
of chromosomal and plasmid DNA, and may comprise the entire bacterial genome;



WO 2012/ 150432PCT/ GB2012/ 000402 17 the AbR nutant may be generated by a
nmet hod whi ch further conprises nutagenizing said bacteriumprior to

sel ecti ngwban1grsewsth i n the presence of said anti bi oti cpcT/GB2012/00040DE

nut ageni zi ng step may be: (a) chem cal,;nutagenesis; and/or (b) radiation
5nut agenesi s; the bacteriummay be a G ampositive bacterium the
bacterium may be sel ected from Enterococcus faecalis, Enterococcus faecium

and Nei ssefi qhgg‘gmﬁ{u@ﬁ.g@?glbeetﬁgp%g%ﬁfgw&wwm& furffePEBhs@REI ve bacterium

10 the bacterium may C Kl ebsi el I a pneunoni ae, Aci netobacter
baumani i, Eschetagetiziag saitibacteriumgirior WTEEEting fos grawth psbe d6ainnee 0583 gi nosa,
Ent er obact er é}higgg@e, Ent erobact er aero genes and Nei sseria gonorrhoeae;
the bacteria may b€ grown fromthe nerodiploid pool in step (c). by

i nocul ati ng ghewiutageitingstew tray be7(a) chargigal m@iﬂgmiﬁpﬁ@d/ab@gfadl@@[‘ cfu from
t he r odi pl o] .; in step (c) at least two test cultures may be
prodl:?c;ed, onerjngtraé%r]p&?éh t he absence of antibiotic and one grown in the

presence o ahe bbctetiur nfdydre @Gaarpipesitive baderiveent rati on of about 1 to about
kD sy e aghdR N SR RoR e BISRAS ARCLL Brlc- AR RERYEER 0!

cul tures may guencing adjacent or near

t ransposon i naerNeisser@idoaprrhddae; sequenci ng of DNA adj acent or near the
insertion site may _conprise selective,. | jfication of transposon-bacteri al
DNA j unct i (Snst,ﬁe b?ﬁ@”%’@dﬁ%’n%‘? 3 rﬂ‘ﬁi}‘eggﬁ'?%%s?teeng@quenci ng- by- synt hesi s ( SBS)
bi ocfeni st ky; the dBotdtiuRMmabith selécted HOMOKIgsisdia pnedrhamiad, O inedstacteai rs of DNA

adj acent or near the_25i nsertion si e seque ... the . uenced DNA
majy be 5 andf@mapi, %?F?‘FH%’”? ﬁg'é:}tic h%ﬁ?i?ra'?ﬁg%ﬁgaﬁ'ﬁ%"ar%@e%%ﬁf%er conpri se
the step of asste@batigr aacsES Enicraactenaetogened andshleidsguiatgnbrkoes@sent i al gene
by sequence conparison with one_ or re essential. gene of 1 d

b;ct e(r:]i um °*f oﬁhgpéf?ﬁﬁ?fi?@’adfetgrawgHB%@@%’%@P‘B' H°ﬁL'8%%po¢?§é¥ ‘tngcé%%”@quenci ng;

the met hod mayrolt hBEILMCRITPT0726 10h) Eorsdxamprefabaasi@ntfodroanthessemndipmid f uncti on
to said putatlv?_ essential gene by determining that it is not an antibiotic
resi 8tance gePRP: for exanple by a nmethod conprising identifying an

ant i bi oti c o episEdARE 8t B8R Yest EQMFSDRAY b6 bfRNutES onBIedn drthe absenseqfienci ng

using at ransgrﬂﬁ)?o?icvﬁh %rr]\elgpcf‘m% iin\{ﬁé Srsesgr?c%nofiarr}ﬁt%tﬁé &?r; example at a
concentration of about 1 to about 4 x MIC);

« the distribution of transposon insertions between test cultures may be compared by

20 sequencing DNA adjacent or near the transposon insertion site;

« the sequencing of DNA adjacent or near the insertion site may comprise selective
amplification of transposon-bacterial DNA junctions;

» the sequencing may comprise sequencing-by-synthesis (SBS) biochemistry;

e about 25, 50, 75, 100 or greater than 100 base pairs of DNA adjacent or near the

25 insertion site may be sequenced,;

» the sequenced DNA may be 5° and/or 3’ to the insertion site;

» the method may further comprise the step of assigning an essential function to said
putative essential gene by sequence comparison with one or more essential
gene(s) of said bacterium, for example by transposon directed insertion site

30 sequencing,

« the method may further comprise the step of assigning an essential function to said
putative essential gene by determining that it is not an antibiotic resistance gene,
for example by a method comprising identifying an antibiotic resistance gene by
transposon directed insertion site sequencing using a transposon which inactivates

35 on insertion;



WO 2012/ 150432PCT/ GB2012/ 000402 18 the one or nore essential genes of step
(b) may be provided on an expression vector, on an integrative expression
vect or whwohoizsesses i nto the bacterial chronpsone afterctrrgsefanomei on; on
a single or |low copy nunber expressiongvector which is stably naintained
extrachronosonal |y after transformation; 5 the expression vector may be a
conbi nation of plasm ds containing fragnents of the native chronosone of

sai d bacter,i %ﬂb%? %rs {@Bé ﬁieﬁ{r%?%hgi %ﬁétéﬂ (dbzg{aQrHéséP&ﬁde(oaﬁQh expré&sigme or nore

essential genes 0o _ provi on_linear DNA (for exanple,
fragments of \ssturdrcarDRIRgstive sXaressien eegtemyhich psertioniibe Sactbtle essenti al
genes of st epcr{‘;cm\oég?% M{%§%nﬁbﬂion‘?6n 3 siiRid 5186w eHpPRImIdr dxprssisaent i al

genes of said bacterium e one or nore essential genes of step (b) may
conprise at |astar whih igstablygaaintagmed gixtractuemosamally afterteansforggtionyt ' | east 150,

at |east 2Q0, th?texb%gs%n g8l0haibe L&8RbiNAHGh SSIEMiIbELoMSARY ragmeatsthf
0 tlg of step (b) " may b

bacterium 15 The one or nore essential genes ] p y be provided
by a method cthepeties ehgomndsoree pi/said)bagierium ong pacterda arificial chjemesene sai d

bact eri um by {B'A@gsposon directed insertion site sequencing; the one or
more essential gehe(s) of step (b) may be selected from genes involved in:
cel | di vi sieontheand/oomobiesseatialigeaes ohsten o) n@yahemr@wd@;bwﬁﬁar%m or
20supercoi li ng). Lot id B¥aomlng) primng, el ongation

and/ or term n%%almon%]’?/agnhg}]%?&?%g%@fda@%g%‘%rs exarr@l’e genes encodi ng

ri bosone conpieentsr npes essantigigenes of step (h)maytdomprise ath aga dp e dawsesof

rel ease); and/aqr. Dbj tie G .(for exanple peptidoglycan and/ or
fatty acid ne Sﬁé%”gﬁwé&?r?f§?‘§3’L“P“§@M’?‘he AbR nut ant may be transforned

si mul t aneous| thewintlor trioee essential genes oRdeys 4y mayalompeine st loastsi®; at IB2si28ratum and

the {1 ansposoR, . den 5t &8 (08) ofiDE AR JTVSADS0GTAY B8 il [@nooT Med i th

the transposo W Th € one o sential genes of said
bact eri um andésentialigenss efpsajdbadtér&inbR nmut ant may be first transformed with

t he e or nope essential genes of i LU h 1 t he
tranggoson.' 3 emsﬁrméeﬁﬁ%nﬂgkgfﬁfs?@ét??gﬁﬁ%{sﬁgbgpgﬁh gn%eégbjéscr]y with the
one or nore esaeprisiral idgetif@sg ofie samdrebessertial genesmd shiddacteaingpyENspesonf j r st
transforned w,th %ﬂ.e %ﬂe o.F nore _essential genes of said bacteriumand then
with the trandERSHNseHAR S MAEPL4ASposon insertion into the introduced
essenti al genge dne\or aase esydntialgene(s) bestap ¢o)tray kedf $eledtehtymafenaeinvdived oi d

ﬁ?g?;ﬂitels?n alrrlw(:jccgllodrlr\}/:}lsiior(%;ae;[n%/otrti')‘?\hfl Pe"%)lligaﬁljoﬁ (t%]; e&a%plg,a&o?yng)&{zg{i&e& from such
20 supercoiling); and/or transcription (for example priming, elongation and/or
termination); and/or translation (for example genes encoding ribosome
components, genes involved in initiation, elongation and/or release); and/or
biosynthetic pathways (for example peptidoglycan and/or fatty acid metabolism).
o in step (b) the Ab® mutant may be transformed simultaneously with the one or more
25 essential genes of said bacterium and the transposon;
o in step (b) the Ab® mutant may be first transformed with the transposon and then
with the one or more essential genes of said bacterium; and/or
o in step (b) the Ab® mutant may be first transformed with the one or more essential
genes of said bacterium and then with the transposon.
30
When the Ab® mutant is transformed simultaneously with the one or more essential genes
of said bacterium and the transposon, or first transformed with the one or more essential
genes of said bacterium and then with the transposon, undesired transposon insertion into
the introduced essential genes may occur which can reduce the efficiency of merodiploid
35 formation and complicate the analysis of the data obtained from such libraries.



WO 2012/ 150432PCT/ GB2012/ 000402 19 Such probl ens are avoi ded when the AbR
mutant is first transforned with the transposon and then with the one or
nore essewvizal2/gesses of said bacterium However, dependipog/GBroid@o402
efficiency of the process used to intr@duce the essential gene(s), such a
strategy may 5require a significantly larger nunber of transformation
experinments to give a library of sufficient size. An alternative solution
expl oits the phenonmenon of transposition imunity. Here, undesirable
transposition into the introduced egsential genes is ellnina%ed Sor

r educed) Sksh praklemp aregvaided whanshe d6n Mk isclirgtitpnsiogmed wik thelfansposon

ext r achr gimsenRith Wi ordd &ﬁh&'ﬁlelg¥entiﬂl Gk &1 94id BASRrilg aHoWevdrheepeaigtonal

genes used to create the merodiploids. 10Such a strategy magt ti)e used in
conj unct therefiigiansy phige prensspaswshie inEbige §i¢ fsearie! Q‘F“Q(%g‘!d‘lq RECPr BAS posons
. forg exaiml-&a sidictly! 15rdef RiRbdr\tf FrandisrmeinR kiaihdrd RVgiveliitraly! o

transposon systenms for use in nmethods which exploit the phenonmenon. of
transposFtﬁff'@WfiSliﬁuﬁint%ue(f‘@;‘!v%l%@'étfq”tf”é‘ﬂbéﬁW@heﬁﬂ'g?'&%{b"fttﬁ’@é o0 Y3 and
its rel ag—tie?é?%de:'sﬁgﬁé YR8 irth thel iRASERES @BschBhligenEy ispiliatritel @AM CS2 (see
Figure 2) contains the entire Tn3-based trans&oson-g}ener é%{l ngﬁ@xslt

(i ncl udi FRsiugRA &Y inoerRsating tEaNEPPSOEINRRIEENSh BEQUERFRSHD agh{om ,afﬁ% and
TNPA) andyaesigrbigdrila et BAEH bbsrtigl A8 ebafigentated @ ordité e merliipiitan

conpl ene ¥ e the p

Ir gene, thus preventi nrg g)r oEagatl on i thlﬁg[ %ci pi ent
bact 491 aSueh astrateanmey §p LUsemhn cpRRINEifWthg EBSRASRDS PARE AN A RPA
mobi | i safifraRdddbis [Rr SRAMIEW 3 GHiS Fabtivek 048 destiibdargdiew.donor strain by
conj ugat i on, ich is permssive to plasmd replication (i.e. contains the
pir gene). Inadvertent propagation of the plasm d can al so be detected by

the presepes@frapbSdt §/RmdoF 8Sd MiBEEEIORITEN £ANAE phékdiesnasudft abl e
transposons include those based on Tr;% a % t he %34 i k §CI ) lI'%{

25t r ans p&aBsTResRioR IMavHY (9% desarpesahov H@B‘ ¢ thagosa3e %gﬁ, aq(ﬂgslnleaé &t heir
rel aysvegor flapthlel the trap§fosol AEMRAY plASHRPAMIEEE ¢sdecchmg ) bbntaind thecdraiteed
transposabl e bacteri ophages. A vari et Yr@ﬁufg sui t abl e tragégosops arﬁ al so
avai | abl dngbases EanspPsen-generatng systedy (neluding aenes 8ngesing B FesoVERg e i / kan- 2>

transpos @r@nsp%@g’éeeé%ﬁﬁg, PRSPPI adb @ntdiginef vdplicitiond oriR6Hthaths attive
resi stance genes (whi [

ich may be useful in identifying putants whi carry a
t r anspos @AY WheE IcaapPieg entas! Vﬁﬁ?@"&ﬁae"l‘H%Brﬁye'ﬂW pﬁepgﬁﬁ@ n elffc'(?éer%p ies a
t et r acycly;Rgris 8fdrii-ABSRItBANEhE Bla¥@RIBISd Sontdneihe mutRPAvhbbilsaliobodgin td es
genes encodi ng pol ypepti de ' resi st anc

f . k i .
St 1 oBPom Pl RIS G50 RypEaPle BRTHRS SUt ) SONLIREEy BTG P BIELE RRSTE ¢ hose
i ncl udi ”Ge&i_@éti%rnem@.%Hiaﬁ@'th@ﬁgg@ﬁé’)l | fisvahent psepagation &the pigsmiisiaptaisode t o

chl oranpheni col ). WD 2012/ 32PCT/ GB2012/ 000402
P detected Q)y the presence of a to ramyCcTn res?s ance gene PaacA4).

Other suitable transposons include those based on Tn3 and the Tn3-like (Class Il)

25  transposons including y& (Tn1000), Tn501, Tn2501, Tn21, Tn917 and their relatives. Also
Tn10, Tn5, TnphoA, Tn903, bacteriophage Mu and related transposable bacteriophages. A
variety of suitable transposons are also available commercially, including for example the
EZ-Tn5™ < R6Kyori/KAN-2> transposon.

30 Preferred transposons are those which carry antibiotic resistance genes (which may be
useful in identifying mutants which carry a transposon) including Tn5, Tn10 and TnphoA.
For example, Tn10 carries a tetracycline resistance gene between its IS elements while
Tn5 carries genes encoding polypeptides conferring resistance to kanamycin, streptomycin
and bleomycin. Other suitable resistance genes include those including chloramphenicol!

35 acetyltransferase (conferring resistance to chloramphenicol).



20 It is of course possible to generate new transposons by inserting
different conbi nations of antibiotic resistance genes between IS el enents,
or by inswotbregisespbi nati ons of antibiotic resistance geogssB2einwen2
transposon nosaic ends (preferred), or,gby altering the 5pol ynucl eotide
sequence of the transposon, for exanple by maki ng a redundant base
substitution or any other type of base substitution that does not affect
the transposition or the antibiotic resistance characteristics of the

transposon, in the coding region of an antibiotic resi sﬁgncebﬁﬁne or
el sewher &is of comse Ppasialp 4 Beneralg e transReRADs Ry insering different FombINatNS He scope

of the '&%f&b?éknsté&e'dbn@wtv@@m@'bw@n% oPbypinBétify toabiRRMERILS hAtitisted t o
generate the mutant pool. However, as expl aj ned ahove, the n rrber of Tn

i nserti ofeSiTtANGAOSNES betweerhEanEREseR MEBRIF e%‘ilsz(@f ereefl)i Py 351 Hifeve a

CO”prb‘fheB&yMJ%le%ﬁ&% séfuehtdbAhY tARESILS, foNé@imphd bpmaRingRyrediindafsitdsei on site
bi as. I'n cases where the transposon insertion as o curs, two

or nor e ﬂitﬁf'@'@h?r &'thtﬁqﬁmﬁs?fl’f@sﬁﬁyb%@’t'ﬂgé'?ftidﬂe%?ﬁé‘rféfgﬁ?gaﬂi@s PN 8l i nat e

i nserti ofheSiniiSioft RSistadneE cRABRScs df ﬁférffénﬂﬁédoﬁnm%e bwngjtégf@nrcﬁ ah
transposons based on Tn5 and Tnl0 na be e

th t hod of
t he i nveABtbimiciegistanas; Qﬂﬁ‘&lqr)?bﬁWP?'l‘?éF ng@nt %Hcgg@rﬁgogc?nsi %i%ﬁlcr“%ﬁgﬁg g

gene (fogitax ¢8NRpabf @esethtisd. gene) Whl ch serves as an antibiotic target
in a bacterium 28t he met hod conprising the steps of: (a) transform ng

bact&ia wth an extrachronosamal el ement (e.g. plasmd or BAC) conprising

(1) ong RanyEhBodhhERB! 4 &hglﬁQﬁ%p&fon%iUétdha@bﬁéﬂawlhe&n.dar(tlplobl (HwBvenkr, MOT €
transposon repeat sequences, roduce a %%?%%of bact er.i

mer odi pl 8% GX%F%H a@dﬁdthér'i‘é'"’@ﬁr Prfo reingertigh mu Relbe My t(p8f¥m?e§ﬁ§qu(5rﬁﬂ1 ng

the nerogy phRivEs @mppéiisivalpodl drhibr%rﬁ 8RO HRdY g bh\eay Tnphsestitndsite ®igar i Si ng:
(i) gene_encoding a transposase and resol vase; r epeat

t r anspos A8¢S. ineasgh Mhetmthetiapsposep '%ﬁBP&SHe W§°8ﬁ‘érsot?"'°r?(5r"é\°r? Béﬁée&')son r epeat
Sequ?@tceﬁ'aﬁgpots&t% rtﬁﬁ)ﬁ Bflggléd)lﬁ%‘idéf&bd rélduegﬁﬂghnﬁ]f\at&tuﬁért(o@)snéCblfﬁ‘serFotr em‘lﬁqﬂesonv\o

i muni ty agai ns e transposon delivere

2012/ 1502 39mbinAtgef1Ye Sitsie traspesops, %S%Qs"b@}? %ijfm@n'}‘?\\(/g%?mBﬁ?e
transposon delivery systemis preferabl y based on Tn3, for exanple
containin the Tn3 tnpA and tn erred ar ns sond pver

pl asmi ds TiKs & WﬁWPH@Pt*@dPﬁﬁﬁ'ﬁ“gg"@g ﬁ?” %Ihﬁhf?rﬁ?rbste%e ?%@F@F 'gﬁgtgy' gefe( s)

S (b) Tr eﬁ@@or@k@rﬁﬁlﬁﬂﬂé&s@ﬁtnél@%nemm e @myaropitibivtialtargefinmttaeteriomnpr i se
t he step of Tn-seq anal ysis as .described in e.g. Gawonski et al. (2009)

PNAS29 06 theygathod semprsingheftens &t al .

(a) transforming bacteria with an extrachromosamal element (e.g. plasmid or BAC)
comprising : (i) one or more essential genes of said bacterium; and (ii) one or more
transposon repeat sequences, to produce a pool of bacteria which are merodiploid

25 for said one or more essential genes; and

(b) transforming the merodiploids of step (a) with a transposon delivery plasmid

comprising: (i) gene encoding a transposase and a resolvase, and (i) invert repeat

transposase recognition sites;

30 wherein the one or more transposon repeat sequences of the extrachromosomal element
of step (a) confer transposon immunity against the transposon delivered by the plasmid of

step (b).



10(2009) Cell Host M crobe 6: 279-289; Langridge etal. (2009) Cenone
Research 19: 2308- 2316 or Gallagher etal. (2011) nmBio 2(1):e00315-10. Wen
used in cwohbbmatsosp Wi th Tnseq anal ysis, the invention mray/dBaoidn®o402
identify: (a) essential genes; (b) geq?s advant ageous (but not essential)
for gromh; (c) genes disadvantageous tfor growth under particul ar
conditions; and (d) genes involved in conferring tolerance to certain

condi ti omam&fée &bt ehﬁesmhén Ghe ﬁéﬁ@&&@@aelgemﬁwm 8 pPsteiabiydast® orIagNt i al
genes whj ch ser ve as antibiotic targets. n%)rel fication 20The ||nvent| on
[

wi |1 nowopexaterle epaining;the Théfnafeandinely 9§B%% teried AP @asPopRRIENENe merel y

exenpl ar yashids Whlchiflifthes tco RHphYe ofd! bAS RSardiBlole rdshdhcargene@y. i ntended to be

limting in any way to the scope of the nonopoly clained or to the

i nvention descri bed. These exanples constitute the best node currently

conteyrpl ated for practicing the invention. 25Preparation of bacteria for

el ectroporatlon Bacteria are grown in 2 x TY broth to an 0D600 of 0.3-0.5.

Cel |s ar®) fR889harvest ed and washed three tines in 1/2 original culture

vol ume 10% gl ycerol and resuspended in 1/1000 original culture volume 10%

gI ycerol _and stored at -80C. 30 Preparation of tr S Transposon
DNA (& B4 F5H109 of e BYENTAB ey QPHENG Y fTINEARPDRISSEE SIBS ¢ 1 PR AMEWRSI | ac

pr onot er a3\@&scabd infd. @ Galgronki et azg@rmug)l mAs des: 8428H6d T FoANIARASEAT CTCCCT
and 35 5' - CTGICTCTTATACACATCICT.

0 210t 2, (EOBRA o NDE 905 BOTIELAES 3 et b iaoe) REnmS HeserarByeiR ha®

i nt er nal 23 ACorlBMEBha ot GAMRANA) FEN aCIFd0UBt5M@ WAEN pEETMIRMb{rRtion 8aA rnnbed
supra). The resultant anplicon was the phosph orxl at ed

pol ynuc| 885t 3RYSIS; H?s@V?NéW R fusner 'ﬂ?r(‘)tl wH@)ess ABPRR 9 ngﬁgr ams of this

DNA wer eadJagt bB@dJ(‘béi Rét éébél’ﬂlaﬁZorT%Wfﬁ Kd)@@ﬁé@@l@é&/aﬁﬁgbﬁ@eﬂioegrOMh under
Bi ot echnol qgi es) 37C for 5t hen st or?d at, - centration

of 20ng/ mﬂ'Cl@rfeP%*E'P%aaﬁ (%ﬁe&ﬁf nyglved i con HEQ@'%?W%?E?'BPPF@E Sof cells

( pr eys oughiyh&EsucRIE” éésenﬂél@leaég W aRftionitd BsddnBidehBghih sthler ngppaces and
1 pl (20%)rg corrpl enenting plasmd conprising essential genes and

Exempilification

20  The invention will now be described with reference to specific Examples. These are merely
exemplary and for illustrative purposes only: they are not intended to be limiting in any way
to the scope of the monopoly claimed or to the invention described. These examples
constitute the best mode currently contemplated for practicing the invention.

25  Preparation of bacteria for electroporation

Bacteria are grown in 2 x TY broth to an ODg of 0.3-0.5. Celis are then harvested and
washed three times in 1/2 original culture volume 10% glycerol and resuspended in 1/1000
original culture volume 10% glycerol and stored at -80°C.

30
Preparation of transposomes

Transposon DNA (a derivative of EZ-Tn5™ < R6Kyori/KAN-2> possessing an internal /ac
promoter was amplified using oligonucleotides 5'-CTGTCTCTTATACACATCTCCCT and
35 5-CTGTCTCTTATACACATCTCTTC with Pfu Ultra Fusion Il DNA polymerase



el ectrotransfornmed in a 2-mm el ectrode gap cuvette using a Bio-Rad

GenePul ser 11 set to 2.4 kV, 25 pF, and 200 0. Cells are resuspended in 1
m. of SOGvordiumv{3knvitrogen) and i ncubated at 37C for 2chdsBrer/®poead on
L- agar bacteroi ol ogi cal growth nmedi um suppl emented with an appropriate
concentration of kanamycin. The concentration of 15kananycin used is strain
dependent and determned enpirically After incubation overnight at 37C, the
n]yrrbﬁr otsngégyniapswan akarastile, thedhtemal &cﬁbﬁidrhmt €h Eobyre@mlaalﬂ Witll adtagr opor tion
of them _an rom er_of col onies qn tes i

st |t BT Heriyeg Soacah dp PTARLaSRicht e o wosEhevBistyEbe by
resusgensblgmdemna@gheée (Nez,ee?@lemmslomd) mm@humemgara)d@@ﬁéefﬁhtslmgAmIre ' ed
spr eader esuspe rom sever el.ect ropor S n poo e
b Creat BeR TR B ThS i (A BbSRSE Gt WoRRRI e e 87 fo

mut ang s. thelatdred ¥i 220°@ Bt & DNX ¢oncemrgioh ogeoef/s) 25 Eight cultures of 100 m
broth medi um are prepared, six of which are supplenented, in duplicate,
with the test antibiotic at a concentrations 0.5, 1 and 2 x MC. Any

r equi r edGeheabidresf moddCeictérkl pdbsl® be added to the mediumat this tinme to

ensure active transcription directed into the chronosonmal DNA fromthe
t ransposon sequence. 30 Assum ng a transposon mutant pool of 1 mllion

nut ant s, SikBBmicidhitied of @lis {hrevipegy swere axse@’d sreinfiRsdvied €. 2eP@RAgrerl t ure.

Cul tg@(es are rovvn t L&{OI onaré %h nd el ls harve %@d for genomi ¢
DNA trHﬁ’?ﬁPB CM§s gy 1&’ g} eaneipige ?5?”%' SPERNSIAG eFFRIUE) 98Ned 20 ¢ h 108
-108cf u Elecwotidneformes in £ Bininilefstrod® @36 caveRte UisPighh Bio-RdpGemsRuser plxasw and

So15) 150490 eBomb et 5 ata Rt isnd et Al el eLe At TeertiumdnHoBsR 4! uri na

Tm pl at f probated e FFOCHELT Ny therespread bl g 5ambiomgncbogr©hztramadusﬁﬂuence reads
oson i nsertio nce regtds are then

initiated from frans e

ppeq ¢ SRR wih &1 250 LR ARl R A o S aToa 28 Fenom
annot{t i kandneychaisedng steaih Bepandehedinddetedite@npirieags that nmap to each gene
for the 8 cultures (6 test and 2 control). Conparison of the control data
sets with each other and of test data sets with each other indicates the

degree oAﬂamp@Haﬂmbaérmgmréta?P@rtheGomnarbfscmmza‘s aoduiverdl pRadsds Bbtinlaté@st dat a

he.ant BY G1IER pITerIes Srccam s e e bb SRt Gaefife eheb et ot nin

t he EsseéitlwteQMemtwé?y Manan{yaihgﬁlstgﬁtrtﬁﬂcﬁﬂesl 476 hanested iby¢eduspedionih Wi t h
antipiotic

ere th onot er se an increase in this specific gene
Crandbr i HEEAS SRBpizgy wBier R LS e o BLPEtRR: RePUTEPHEY EARJE™ Gene( o)
I NCcr easesevetdl elzotrogarhticrisi 20a thedh podlddib @fdate muiemht library mixtures estimated to
include over 1 million mutants.

Identifying antibiotic target gene(s)

25
Eight cultures of 100 ml broth medium are prepared, six of which are supplemented, in
duplicate, with the test antibiotic at a concentrations 0.5, 1 and 2 x MIC. Any required
promoter inducer is also be added to the medium at this time to ensure active transcription
directed into the chromosomal DNA from the transposon sequence.

30

Assuming a transposon mutant pool of 1 million mutants, 10% — 10°fu of the pool are used

to inoculate each culture. Cultures are grown to stationary phase and cells harvested for

genomic DNA extraction. Fresh cultures are also prepared and inoculated with 10° —

10°%fu from the first cultures. These are grown to stationary phase and cells harvested for
35 extraction of genomic DNA.



15 Exclusion of antibiotic resistance genes Conventional transposon
directed insertion-site sequencing (TraDIS - see Langridge et al. (2009)
Genone Reweannsdf2 2308-2316) can be used to identify ®oridB20i2/0402

resi stance 20genes which are not essenhial to growth under nornal
conditions but which confer tolerance to the antibiotic (i.e. a class of
the "niche-specific" essential genes discussed in Langridge et al. (2009)).
This permits the elimnation of antibiotic resistance genes from candi date

antibiotic targ?\lté‘)Y genes, as descri bed beI ow. 25The M C of t_Pe tibiotic to
be test daenaig igispe¢enced using theallvmina '8?f°rf7h‘f‘ﬁ?r89'ia“”@31‘?r B3R ures of 100

n  brot hyn5Rfda48H & SothiheRah&be rtewr, nﬁlfnatéhlf@m méeraaymoarmhﬂﬂh gvesh the
antibiotic at a concentration O. . X just bel o

Assuni ngS%at{eﬂ%mseasgawWﬁﬂmﬁppswtthbaiteH?qunewe piiFTice andpempargsiny S

pool zar ethé'%@ﬁ‘orﬁ@ ahﬁmsﬁﬁrﬂb@eﬁmeq% hufBer @ébb&'ér%‘é réads BEOWEp tdedthajenonar y
phase and cells harvested genoni.c traction. Fresh cul tures are

al so pr dgathed %’f‘ereisrféé‘iﬂt &f‘@a C\RP‘[’W 1@‘8’“%@8895 rORTPHIAR Sets With BRERI e .
These ar Gna Adbs kit FhRtdeNRY e Mo Rerandlcated the degracasiterperirhéntanviariagnl on of
genom ¢ DNA. Genomic DNA is sequenced using the Illumna TM platform
i ncorporating the TraDI S nodification to obtain sequence reads initiated

from t hec§haafBRHP Bortith Bhtaiviih téétto%%?a se‘s@gwsc&peﬂmeataare@radmemmmwed to the
bacterial genone sequence and conpared

W t
20127015049'21’1@?9%9)1Efgmmt@@”f"l’i@mgéH‘Hﬂ@aEAn?ﬁﬂUSP?%WaFBfrﬂ@tt@nﬁPﬁlﬁ?”t he

numrber QFs&ﬁ&U\QIﬂQﬁtH@@é@ént‘iéﬁ@bné@rﬁhH‘n&ucQﬂ@& 6s) fifredsRan delBdrbwi @dth (2 t est
and 2 control). npari son of the contro data ets with e%gh ot her and

of test %fﬁ@t?t'géﬁ@r%wr%leﬁr&?w afy ingreass indhig ﬁBeCdlfécgg%'@ tEENSeIeRi ment al

vari at i ooreeREP el réRfivedfeat @BLAtatont teaattet HerledStindledst wiet CorgBatvdion of
experlnental reproduci bility and indicates those genes involved in

resi st an@¥bioticyp®® 1 shows the results of a pilot study to identify genes
t hatqgontribute to ciprofloxacin resistance in Sal monella Typhi. The graph

i ncludes_data for every non-essential gene in 10 the bacteriuns genone.
The trangﬁwmgwﬁ-@ﬁ%ﬂ@%%s grown in 4 conditions: 2 control
cultures (no antibiotic) and 2 cultures with sub-optimal ciprofloxacin.
Each point represents a gene and each ene i S ctrl 1 v ctrl
2 & Cl p1Convent a“rB'I‘%R?ﬁo'gHEe‘?t?ﬂji”E%'i“g%‘s %e%‘éa?'g%?t{?g&pé?? H’g'}ﬂr&p ¢ ¢4 ati on:
Cl P mean(2p06) GéndisiReseHEICY9: 230823P6) dindel tal t@ld@ht.fpeammdndmlsmnuster of

bl ack control poi nts represent enes é.er whi ch %@'@Sho ‘i°ﬂtS?mfl cant

di f f &} en8¥EP. Wh“‘rﬁ‘ P GGt eSSENtizfieg °ﬁ5‘6h Hp rtS‘@f'B%CPH er of black
POi Nt s afoferaRRAs tHe@tibRUB ird. tataa%sto@trfee'alcaéaps@nc"‘ébeerfnurgehes dfscossetilire bl ack

ﬁlnga:qe[ OE%&@%?%@ 25@3) aji’hls permltsnﬂg%llr%n%pon 0 tlhlottlc resns?ance genre]éaﬁot hat are

candidate antibiotic target genes, as described below.

25 The MIC of the antibiotic to be tested is determined for the bacterium of interest. Four
cultures of 100 mi broth medium are prepared, two of which are supplemented with the
antibiotic at a concentration 0.5 to 0.75 x MIC (i.e. just below MIC). Assuming a
transposon mutant poo! of 1 million mutants, 10® — 10°cfu of the pool are used to inoculate
each culture. Cultures are grown to stationary phase and cells harvested for genomic DNA

30 extraction. Fresh cultures are also prepared and inoculated with 10® — 10%cfu from the first
cultures. These are grown to stationary phase and cells harvested for extraction of
genomic DNA. Genomic DNA is sequenced using the lllumina™ platform incorporating the
TraDIS modification to obtain sequence reads initiated from the transposon insertion sites.
Sequence reads are then mapped to the bacterial genome sequence and compared with



ci profloxacin resistance in Salnonella are found in this region of the
graph, as well as genes not previously known to contribute to resistance.
G ey poi nwe 2ateosessthe bl ack 20cl uster are genes that cortmidB2he/des02
sensitivity. Again, genes known to conqibute to sensitivity are found in
this region of the graph, and this data identifies genes not previously
known to contribute to sensitivity. Data are generally sufficiently clear

SO as nofhetg‘énétﬁgléhﬁ@caﬁérﬁfo'c@térﬁﬁ'ﬁe tih@fhhbfﬁleﬁofs% Fenderab@thst hap td esdasineg
descri ptlon det ai | gﬁesent qu pre erred enbodi nents of the present

i nvent i offr hﬁu"rrﬁ#“@[%s( estEnd 2 59pHS)-and variations in practice thereof are
expected to occur to those skilled in the art upon consideration of these
descriptions. Those nodifications and 30variati ons are int erljlded t

enconpas CamPalisoniah thenontoLdaia s%ﬁﬁrY@‘r’i‘d‘@Gh Rthesapd of iggl data sets with each o%e
2012/ §r50ﬁ1§%ﬁg§/tr\%§ﬁ%é’é ng(b@ﬁmgﬁta%law& GomprigBi Bpébnh@rdatdwth itéstida@ an

essential gene serves as an antjbiotic tar% in a bacterium the
met hod céﬁﬁﬁh%%ﬁpﬁﬁ@e§%ﬁ§’wc'bﬁ‘tx%i)d igdinateaithosg 98N eiBrolvEd IfesiBiE ¥act eri a
by transposon nutagenesis with an activating transposon (TnA), wherein the

TnA conprjses a pronoter such that trans Qson inserti nt o bagcterial DNA
i ncr easekigEiee! shousdbe resuits Af %Pﬁoé 36{95{@5{3 y oReeRt ?‘Ph%pr\ r&gjéer SR ?’iaé?i” 10( b)

growi ng RAEtach éé/ﬁfahb dwﬁ athe §agh indudeb aariesareenei-eshehfigirgent immount s
of said antibiotic to uce two or nore test cultures; andqu g gorrparlng

the & st Fhelhi’PﬁeBHméfgeFﬁmel hER HENSRPSOR ISRRIAR liprast wag gronnd 4 cgng fy a

put at i vecsfirelliiufds (86 RALISENA) 1aRE 23k Itaret Aitd QUb-Rbtirhal dibr@ﬂﬁ)dabinOEhéh pcnnts ai d
bacterium 152. The nethod of claim 1l wherein the p 8? L IS })ﬁﬁ\cterl a
conpr i sefePERseNSA9ens. %’@@afbfgeﬁﬁﬂsaﬁf’%ed?we%%'ﬁﬁ gl pé'g Ylgi i nut ant s.
3. The ”'Sﬁd‘@lglcgﬂ(es%@dézgrée W&(_Féhﬁ\ehféﬁ?vé}ﬁ%n 1PN cthasdaer e?OQFQYI ses at

| east 5x105 nutants hod of claim1 wherein

mut ant bARPEMDa RS REYergktse slusies 95 blagh derdrohprints represent genes for Witk Fata™

15  shows significant differences). In Figure 1, grey points below the diagonal cluster of black
points are genes that contribute to resistance. The further from the black cluster the grey
points are, the more significant the data. Genes that are known to contribute to
ciprofloxacin resistance in Salmonella are found in this region of the graph, as well as
genes not previously known to contribute to resistance. Grey points above the black

20 cluster are genes that contribute to sensitivity. Again, genes known to contribute to
sensitivity are found in this region of the graph, and this data identifies genes not previously
known to contribute to sensitivity. Data are generally sufficiently clear so as not to require

statistical analysis.

25 Equivalents

The foregoing description details presently preferred embodiments of the present invention.
Numerous modifications and variations in practice thereof are expected to occur to those
skilled in the art upon consideration of these descriptions. Those modifications and

30 variations are intended to be encompassed within the claims appended hereto.



5. The method of claim1l wherein the pool of nutant bacteria conprises 0.5
x106 to 2 x106 25nutants. 6. The nethod of claim5 wherein the pool of

nut ant basbeoizusesoprises about 1 x106 mutants. 307. Thecwrtsorb/obs0any one
of the preceding clainms wherein the tpgnsposon nutagenesis step (a) yields
an insertion rate of at |east one transposon per 50 base pairs of bacterial
DNA. WD 2012/ 150432PCT/ GB2012/ 000402 26 8. The nethod of any one of the
precedi ng gk ms wherein the transposon nutagenesis step (a) yields an
insertion rate of at |east one transposon per 30 base pairs of bacteri al
DNA. 59. The nethod of any one of the preceding clainms wherein the

transpospna %&ﬁ&ﬁ@?ﬂeﬁtnfﬁh&@n@%erﬂaﬁééﬁ‘é vﬂﬂcH Q5084 ds0ah srabRotiotargét ih @ast one
t ransposon per base pairs of bacterial DNA. 10, The method of any one

of the phastasgméhrecmained CQWBF'%P%fﬂekﬁéeRsr%nsposon mut agenesi s 10step (a)
yields an insertion rate of at |east one transposon per 15 base pairs of

bact eri al DNA. 11. The method of any one of the Brece r}g q ne wherein
the transpé@ogenfirtingenean! of miiapt pagtera Y ERNSRASANEYA PRASIS WA, P AtNGe o 5t

one transposopaRPbsdP(TRRS WhBRdin thelin, Rambrsdsad prbﬁio@déuch fhat triﬂi@o@m*t hod of
any one of the preceding clains wherein the bacte (a) is

chr onosonal ( HERHAM fo me”ai@i“é\'"qfﬁés‘?f‘etf‘ﬁga“%?'pé?ﬂ/ofa %er&ﬁataraﬁéﬁi to 11

wherein the bggtbh ake: DNA of step (a) |s pI asm d DNA or a m xture of
chronmosomal (genom c) and e .of . the

prectli ng dplagiemingRactaia ff%”@r‘ﬁﬁ@ﬁ’d&?ﬁ'“ﬁﬁ? Bﬁéﬁ'é%qé}‘ﬁferg'ft@ﬁo(‘@? sPeadrs in
vivo. 25 15. oftiioticRd BRAIUSE tviddr rase tedt cﬁituﬁemniﬂ to 13 wherein the

t ransposon mnut agenesi s of ste rs iin vit he net hod of
any oﬁe of (@)hEO%P%E@CIP%S'SHP&P&%SR/&{W'EG 'Q“ﬁé’eH‘éF@Pé?ﬁt&}H“i"?s&’ '%’ét 30positive

bacterium putative essential gene serving as a target of said antibiotic in said bacterium.

15 2. The method of claim 1 wherein the pool of mutant bacteria comprises at least 0.5 x 10°

mutants, for example at least 1 x 10° mutants.

3. The method of claim 1 wherein the pool of mutant bacteria comprises at least 5x10°

mutants.
20
4. The method of claim 1 wherein the pool of mutant bacteria comprises at least 1x10°

mutants.

5. The method of claim 1 wherein the pool of mutant bacteria comprises 0.5 x10° to 2 x10°

25 mutants.

8. The method of claim 5 wherein the pool of mutant bacteria comprises about 1 x10°

mutants.

30 7. The method of any one of the preceding claims wherein the transposon mutagenesis
step (a) yields an insertion rate of at least one transposon per 50 base pairs of bacterial
DNA.



WO 2012/ 150432PCT/ GB2012/ 000402 27 18. The nethod of any one of clains 1
to 15 wherein the bacteriumis a G amnegative bacterium 19. The net hod
of cl ai my8 2etrerseisd the bacteriumis selected from Kl elpsraiB2a125po@noni ae,

Aci net obact er baumanii, Escherichia c Fi , E. coli ST131 strains,
Pseudononas aer ugi nosa, Enterobacter Cloacae, Enterobacter aero genes and
Nei sseri a gonorrhoeae. 20. The nethod of any one of the preceding clains

wher ei n é)aﬁﬁeeﬁ\bﬁoﬂ'bﬁa &Y@offtﬁé)metcgﬁn%@mﬂﬁ@\nﬁereﬂ%e trQnﬁio@@n (ﬂm)ad&yieSIs

i nocul at1 ng gr owm 107 , for exanpl e abou % fu from
t he rut astep {Rglelds an Iwrtlorh@t%fta’idﬁbePneaW%ﬁ@”cﬂer@ng’aﬁ? BEE%IPfr@C ’éf

wherein gRgteria are grown fromthe mutant pool in step (b) in the presence
of anti bi ot| c at a concentration of about 0.5, about 1 15and about 2 x MC
to produce at least three test cultures. 22. The nethod of any one of the

precegdi ng ?#\é‘h@&o%%m Bnd band 'p?éc%bn%ﬁmlaﬂﬁs AheréMAné ﬂ%ﬁéﬁds@ﬁlmdtmje‘néﬁﬂ t est

cultures is conpared sequenci n adj acent or, ar the jns on site
of L he TaiED (@01e cain ITPRAIOTINRE 1SRk o abSPRRRIY AT 751 e Sy MR 2bi | DNA

adj acentpQp near the insertion site of the TnA conprises selective
anpllflcatlon of transposon-bacterial DNA junctions. 24. The net hod
of claim22 or claim23 wherein the sequenci ng conpri ses

sequenci - m@.ﬁéma I&?§hysor(eS§5)1e Er&e&ﬁglcratmywhera& thd FrangpRisbe ehutdgeassis one of
clains 2 wher ei n _about 50, 75, 100 or gllsater t

pai r §0 of stmka)aml%wvswom@é? of ﬁéeaﬁm“? HeRsPOFYhPEYi %P&agﬁaﬂ%ﬁ?g%ﬁp 3026.
The et hggaof any one of clains 22 to 25 wherein the sequenced DNA is 5
and/or 3" to the TnA insertion site. 27. The nmethod of any one of the
preceding clains further conprising the step of assigning an essenti al

f U“Ct ionq§, OTﬁé‘h@tHBHto%hy Gn@éﬁtﬂéfpke?&edmg@%lrﬁywﬁaﬁuﬂﬁéﬁaﬁman imbagedBsist h one
nore essential gene(s gaa%a acterium

2012/ 150%p WAMW%%@ES 5 st ?H%"Pr%%ﬂ%%ﬂ B?" 19 bass PaYs RhR3ES ! sai d

essepii apngene(s) are identified by transposon

12. The method of any one of the preceding claims wherein the bacterial DNA of step (a)

is chromosomal (genomic) DNA.

20 13. The method of any one of claims 1 to 11 wherein the bacterial DNA of step (a) is
plasmid DNA or a mixture of chromosomal (genomic) and plasmid DNA.

14. The method of any one of the preceding claims wherein the transposon mutagenesis

of step (a) occurs in vivo.

25
15. The method of any one of claims 1 to 13 wherein the transposon mutagenesis of step

(a) occurs in vitro.

16. The method of any one of the preceding claims wherein the bacterium is a Gram-

30 positive bacterium.

17. The method of claim 16 wherein the bacterium is selected from Enterococcus faecalis,

Enterococcus faecium and Neisseria gonorrhoeae.



directed insertion site sequencing using a transposon which inactivates on
insertion. 529. The nethod of any one of the preceding clainms further
conpri si ngot2he/svep of assigning an essential function toTaB2012p00802i Ve
essential gene by determining that it s not an antibiotic resistance gene.
30. The nethod of claim 29 wherein the determ ning step conprises
identifying an 10antibiotic resistance gene by transposon directed

i nsertiogg STﬁeernét‘FIGH%f‘SﬁW&weU&'dibﬁlrné 1lté QBthh‘éffba‘éférluma@bleaﬁﬁﬁeg@ﬂve
i nsertion. The net'hod of any one of the preceding clains further

conpri si b@?tqfh'é‘ steps of: generating an antibiotic resistant nutant of said
bacterium by a nmethod conprising the step 150f selecting for growh in the

presence of said antibiotic to produce an antibio él C rzal stant mutant cl one
(AbR nut At The methad phelainh 48 wWherempthe RactgAYMF seiecteq rogn &ehs'éidr e essenti al

genesg of ﬁ@n%nmcmhbﬂé%ct&%u&ﬁan), BsdhbAGHPESDE. ¥hi s13ngesidd, onal |y
|nact|vat es bacterial DNA roduce a pool of trans oson ags\%nts whi ch

are maroBF%denﬁ%?eryﬁfﬁas%rfé’t%?b%fé/‘é@@%rﬁ’it%fpb%ﬁ*fe%e’ BN B¢ & ia from
the mer ogy@bsadool in the presence of different 20anounts of said
antibiotfTc to produce two or nore test cultures; and conparing the
distribution of transposon insertions between test cultures to identify a

EUt ?t i Vezﬁ’s?’ﬁ'@ﬁ'ﬂemod%?ﬁ ¥]§ﬁ‘é ¥ tR8 pﬁb%eém@; EAE ) wﬁéreﬁﬂbd&t@@tdr@g&imdrdm treai d
acterium

i dent® f ymﬂﬁméﬁoqé%@ﬁ@ K®|bvg@%l%§5%@§€% @2 gbb 3? % S%bog},m bi oti c

accor di ngot gn,3roreinaesutast pdRf.i ned in any one of the precedl ng cl ai ns.
33. A process for producing an antibiotic conprising the nethod as defined
in claim32. 3034. The process of claim 33 further conprising synthesising

sai d ant bpi pkd methda ofEh@o.ﬁ)é @Hﬁé%réﬂedﬁb@ldﬁw@%héﬂémMer@mgrmﬁfgomm ng the
synt hesi sed antibiotic wt ically acce %ablfe Fbgl eb fo
pr oduce @%P%é’éﬁﬁpé@lm Q@rﬁfﬁ% ant iotic at a’concentration of abou ut

15  and about 2 x MIC to produce at least three test cultures.

22. The method of any one of the preceding claims wherein the distribution of Tna
insertions between test cultures is compared by sequencing DNA adjacent or near the
insertion site of the Tna.

20
23. The method of claim 22 wherein the sequencing of DNA adjacent or near the insertion

site of the Tn, comprises selective amplification of transposon-bacterial DNA junctions.

24. The method of claim 22 or claim 23 wherein the sequencing comprises sequencing-by-
25  synthesis (SBS) biochemistry.

25. The method of any one of claims 22 to 24 wherein about 25, 50, 75, 100 or greater
than 100 base pairs of DNA adjacent or near the Tn, insertion site are sequenced.

30 26. The method of any one of claims 22 to 25 wherein the sequenced DNA is 5" and/or 3’

to the Tn, insertion site.

27. The method of any one of the preceding claims further comprising the step of
assigning an essential function to said putative essential gene by sequence comparison
35  with one or more essential gene(s) of said bacterium.
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28. The method of claim 27 wherein said essential gene(s) are identified by transposon

directed insertion site sequencing using a transposon which inactivates on insertion.

29. The method of any one of the preceding claims further comprising the step of
assigning an essential function to said putative essential gene by determining that it is not
an antibiotic resistance gene.

30. The method of claim 29 wherein the determining step comprises identifying an
antibiotic resistance gene by transposon directed insertion site sequencing using a
transposon which inactivates on insertion.

31. The method of any one of the preceding claims further comprising the steps of:
generating an antibiotic resistant mutant of said bacterium by a method comprising the step
of selecting for growth in the presence of said antibiotic to produce an antibiotic resistant
mutant clone (AbR mutant); transforming the AbR mutant with: (i) one or more essential
genes of said bacterium; and (ii) a fransposon which insertionally inactivates bacterial
DNA, to produce a pool of transposon mutants which are merodiploid for said one or more
essential genes; growing bacteria from the merodiploid pool in the presence of different
amounts of said antibiotic to produce two or more test cultures; and comparing the
distribution of transposon insertions between test cultures to identify a putative essential
gene serving as a target of said antibiotic in said bacterium.

32. A method of identifying an antibiotic comprising identifying an essential gene which
serves as a target of said antibiotic according to a method as defined in any one of the
preceding claims.

33. A process for producing an antibiotic comprising the method as defined in claim 32.

34. The process of claim 33 further comprising synthesising said antibiotic.

35. The process of claim 34 further comprising mixing the synthesised antibiotic with a
pharmaceutically acceptable excipient to produce a pharmaceutical composition.



