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During the past twenty years, the number of completely sequenced bacterial

genomes has greatly increased. It was found that bacterial genomes contain more than
2000 genes but current antibiotics target only a small handful of them. The collection of
genomic data has provided new insights into the molecular structure of cells, revealing
the basic genetic and metabolic elements that support cell viability. Recently, open
reading frames (ORFs) predicted from all known genomic sequences have been
organized into Clusters of Orthologous Groups (COGs). The COG approach in
combination with BLAST (Basic Local Alignment Search Tool) searching of functional
ORFs has become a powerful tool in drug discovery. In view of the recent problems with
antibiotic resistance there is a need to expand the number of druggable targets.

Three main characteristics are required for antibiotic targets: First, they must be
essential for viability or required for cell infection. Second, the bacterial target needs to
be significantly different from its mammalian counterpart. Third, it must be present in
pathogenic strains. The practical application of this information is the ability to link
metabolic activity with its requisite gene target or targets. Once a target has been
identified, its overall importance can then be validated through the monitoring of cell

survival.
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I NVENTI ON The invention relates to identification of
genes essential for bacterial viability and inhibitors
of those gene products. In a first aspect, the
i nvention provides a method for the paralle
identification of an anti bacterial conpound from an
extract conprising a conplex m xture of conpounds one
or nore of which shows antibacterial activity and a
target gene for that antibacterial conpound. In the
nmet hod according to this aspect of the invention,
bacterial cells conprising a genomc |library are
contacted with the extract on a plating nedi um and
cells that are resistant to the extract are sel ected,
and the target gene that confers resistance to the
extract is identified. The identification of the
anti bacterial conpound in the extract is guided by
exposi ng the sensitive and resi.stant cells to various
fractions of the extract.
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selected, and the target gene that confers resistance to the complex mixture of compounds
is identified. The complex mixture of compounds is fractionated and the identification of
the antibacterial compound in the complex mixture of compounds is guided by exposing
the sensitive and resistant cells to various fractions of the complex mixture of

compounds.

In a third aspect, the invention provides a method for identifying the mode of
action of existing antibacterial agents. In the method according to this aspect of the
invention, bacterial cells comprising a genomic library are contacted with one or more
known antibacterial agents on a plating medium and cells that are resistant to the
antibacterial agent are selected. The target gene that confers resistance to the extract is
identified and the activity of the protein or RNA encoded by the target gene is

determined.
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used herein, the term"extract" refers to any natura
product extract including,
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As used herein, the cells can include any bacterial cell including, but not limited

to, Escherichia coli, Bacillus spp., Streptomyces coelicolor, Haemophilus influenzae,
Staphylococcus aureus, Pseudomonal aeruginosa, or other bacterial species for which a
plasmid DNA library can be constructed. Additionally, the cells can include any fungal
or parasitic cell including, but not limited to Sacchoromyces cerevisiae,
Schizosacchoromyces pombe, Neurospora crassa, Candida albicans, Trypanosoma spp.,
Giardia spp., Amoeba spp., Plasmodium spp. or other fungal or protozoan species for
which a multicopy library can be constructed.

As used herein, the plating medium is any capable of supporting bacterial cell
growth. Such plating mediums include, but are not limited to, LB-agar, Muller-Hinton

agar, blood agar, or other medium standard in the art.
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The terms “antibacterial compound” and “antibiotic” are used herein to describe a

compound or composition which has antimicrobial, bacteriostatic, or bactericidal activity.

Antibacterial compounds that are identified through the method described herein
can be then subjected to chemical modification via (semi)synthesis to identify further
related compounds. Chemical modification can be guided by computer-aided drug
design and automated organic synthesis to allow thousands of compounds (a library) of
systematic variants of a parent chemical structure to be produced in parallel by
synthesizing structurally related analogs and analyzing them for binding to the target
molecule. Thus, millions of new compounds designed to inhibit a target can now be
created in a relatively short time.

Many of the target genes selected from the E.coli genomic DNA library have
shown the presence of MDR (Multi-Drug Resistance) inserts. These are usually direct
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IIvM is a member of IlvGMEDA operon, encoding enzymes involved in
biosynthesis of branched-chain amino acids. This biosynthesis consists of several
enzymatic steps that lead from pyruvate and a-ketobutyrate to valine and isoleucine and
from a-ketovalerate to leucine. The IlvM gene encodes one subunit of the enzyme
acetohydroxybutanoate synthase/acetolactate synthase, which is responsible for two
enzymatic reactions and has a complex regulatory pathway. There are strong functional
similarities among all enzymes in this family from all bacterial species. However,
analogs of such enzymes are not found in mammals, therefore inhibitors of this pathway
should be non-cytotoxic for mammalian cells.

Another prokaryotic only enzyme selected is the product of the cpdA gene. This
gene functions as a c-AMP- phosphodiesterase. Enzymes of this family are well known

as the key enzymes for different regulatory pathways. However, c-AMP-
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membrane and to provide metabolic energy to the microorganism. However, new
experimental data have demonstrated that GadX has a wider spectrum of activity.
Overexpression of GadX induces the expression of proteins from the Gad operon. New
experiments have shown that GadX can also induce the expression of virulent bacterial
factor PerA, osmC protein (responsible for adaptation at high osmolarity), and different
proteases and chaperons (lon, ycgC, yehA and yhcA). It can also be involved in the
expression of proteins, such as in the biosynthesis of aspargine (Asn) and glutamine
(glnH, ginK).

In a second aspect, the invention provides a method for using a complex mixture

of compounds one or more of which shows antibacterial activity for the parallel
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a¢tiomi df ekiseing antflectefial dgenisn e theinmsthoExcebialigg tb this aspect of the

.ldentification. of antibacterial_.conpounds from,an
inyepfop, Pagierial F HEcumii SRR & SSPIoBHS FIBHTY 115 speianiedith one or more

khdWs hitfRcRRa) ageﬁﬁ_‘ll)‘#gﬂélmgem&ﬁﬁﬁi 40 %?MENAIE Yesi PR Edhthe

certain targets. rude extract (629 ng) was
anfihsctevinkagenhare isele¢tyd.t Bhe target gene that confers resistance to the extract is

identified and the activity of the protein encoded by the target gene is determined. All

definitions are as described above.

In a fourth aspect, the invention provides a method of finding novel antibacterial
chemotypes that function by a specific mechanism of action. In the method according to
this aspect of the invention, bacterial cells comprising an expression vector containing a
known gene are contacted, on a plating medium, with an extract comprising a complex
mixture of compounds one or more of which shows antibacterial activity. The extract is
fractionated and the identification of the antibacterial compound in the extract is guided
by exposing resistant cells to various fractions of the extract. All definitions are as

described above.
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fractionation on a Sephadex LH 20 columm (40 g), which

was washed successively with hexanes, 1:1 hexanes-CH
wWQa0g/e8deRCl 2, 1:1 CH2C 2- acet one, acet one, anpCT/US2006/004853

met hanol (Figure 2). The 1:1 hexanes-CH2C 2 and 1:1

CH2d 2- acetone fractions displayed the nost inhibitory

act i 1 ract i 0

of ot JoIRARhe Stonbple by Bt hlihact BT BARLURAY
prefériedrembwidiméntsvasthe inseatiors aratas aoviatended toHirhit The Sogk of the
7:3, 8:2, 9:1, and 10:0 MeOHH2O, this provided the
inVepithest activity 8 2 MeOHH 20 fraction. A
purification of this fraction was applied to a reverse
phase C1 HPLC colum (250 x 10 nm 5 /an) which was
washed with 60(r)95 % MeC¥Esiampleat er over 35 nin at a
flowratefdﬁtltlmn dte“tepl at 24 Thi s

af for ded t vasnpeaiion.of AR §oappoun ¢t as
2 ( 2A fAarish éamap fb@mﬂm&cél@mr(wgwww? Bﬁ’dwéd:’é:c’)%fé%smble
. and 2-(2',4" -di bronophenoxy) -4, 5, 6-tr|bronDp enol

a@mce‘ﬂardxﬁrtawar«gewp ahp spide @Ktmqﬁ é¢29 mpkevay subjesteddnisialinto
ﬁjaéﬁoqfaﬂ&lf' bt a%@f)]gade% if—f‘éd) E&lﬁl%}x 52(?] %f thti&f R5d V%/a%lg% %%?%&ely with

npounds one in descri
hﬁzzaamp 1l RexRaesaCHeCl, )| @Hjﬁljz,fll t@leCla-a!aétoﬁ@ aagtbhd)ahd afetlainol

QEgscdnghe ! armins G Tamds] 4 CHChr seismalbagus A IER the
nﬁfst {ahibRbty 381147&3/ QQQEJ%@E# géﬁ?@wrt]ltl pglgmbﬁﬁxa‘ﬁ%ﬁ ?{hel :1 hexanes-

Pr omega “Cor p The resu asm
hqfl 2% mglcame enedlié omnrcahmsn, Piiich waselited agme&mve’[ﬁmth 5:5,

6 dralye PrCan MRt s Broapd e t5Reest oy Meom:

HOrfRactiB@n AUt d6r thisFslioN WRslapitiel %o & AR Phild Cis HPLC
plasm d. This leads to a theoretical 200-fol d coverage

CQ}mrmr(aS@é A8 mem Sk pa) Whinh wis washge withills—>2aYr Me@Ndntwater over 35
o] at D n t-he ¢

e Sm BG4 o SRR Fia i, 15 E¥ored Micsqapouncs

idewtifiéd, t&peeiively) @s R34 LdibMeidphenoxy)-3,4,5-tribromophenol (PP1004, 1),

and 2-(2',4"-dibromophenoxy)-4,5,6-tribromophenol (PP1005, 2), by comparison of their

spectral data with literature data. Identification of targets for these compounds can be

done in parallel as described below.

Example 2
Parallel Identification of an antibacterial and its target

E.coli DNA library was constructed by ligating a partial Sau 3A digest of total
genomic DNA of E.coli K-12 (ATCC #25404) into pGem 3Z vector (Promega Corp.).

The resultant pool of plasmids was transformed in E.coli strains DH5a (Invitrogen). The
DNA library had a complexity of about 10°. The average insert size in the library was
2.0 kb with more than 90% of the transformed cells containing plasmid. This leads to a
theoretical 200-fold coverage of the genome.
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applied on four plates with differing extract

concentrations. Colonies |ocated on the hi ghest
w@omveesder@t i on of extract were then sel ected apdI/USEDEE)4853

on an X-GAL indicator plate. The ratio between white

and bl ue col onies then determ nes the efficiency of

sel egtieotion dftpgetsaraatiedtiuten LB ﬁfatersesﬁiﬁbfeﬁ‘lehféd%m the
fal se positive result. This coul d be explained as a

cHgtoxititapbRfinterssh MNAnkiam andcowioli oells (ritlpvestasmueinsért) were

R

hJ@Sst:cbmmtraMmmf extiactanat diomedlecet and tﬁted[in(m| X-GAT gidicator
o this retransformati on were

h hel
P@Hﬂe eff’&l m@%ﬁ’v% fvhgts éﬁ‘éfa@? §§lonies ghen detarmings thesetfcieneyeef
sélé&mneﬁﬁgea%ﬁée 68 bR cBR¥ibs Restitts AR p%ﬁ%v@ E‘é&ﬁgt $his could be

pri mer he resultant sequences were then use
emlmswd geapessible hast dapmosimal mittetiarcinitht preaes of mettmed
C&Hﬁ Sequences whi ch contained full genes which
e Ot mul ti-drug efflux punps are then carried over

to t PRasimeds!frdih adite @blonlts vRESp@Hied M tEA for ﬂi@ﬁ' a%huiﬂ % Eonfer

shown interesting tar ets were fractionated and

reshEANSS Phen Eeiapeforaed | kost Fenatiistrriad Plasmidewhich heldnpRo this
re?:%gsafgfg{ugﬁ\%& $heff s%%%r‘g@éﬁe §|e \s}flhg L Zﬁ% S’t%aﬁ ggﬁ?%etngeedq from each
emmwmg bcoihlaﬁlﬁoarﬂ ane§ P momofer primiet! The wedlembbdy@endes were then
S@? t[ﬁ#ﬁ conf er eS| stance to the requisite _extract.
IHE? SCHADED P %ﬂaﬁleethaw@altgﬁna%méhwm mﬁwﬁn@éw@nch
coritaih &P RAMNENBY ﬁfhfcﬁrwetrg‘ Rot' RSk Sdrﬁg Eﬁ]fl&?pu}ljlﬁ ?et.med over to the
ear targe

t hereby narrow ng down o S
nexg ﬂ)hﬁﬂ;erOflﬂmlplplﬂCat Extractsf whivh hgee shown intesesting targets, were

g Uhelent Al iR PO b e egiarbaiieee pe S i Bt
of t hBe@ewah Ol.ﬂtﬁfﬂb Igéné%%és\éﬁtﬁeﬂféﬁ'sgpa\ﬂ't@&b Y va§loR PRI (Ea)ch

is:. 1. Aneth or the parallel entlflcatlono
mélhwgl,lﬁl gpRrecis dpseged mgmgatqa plgpmighto determine its ability to confer

resistance to the requisite extract. Using this method, we are able to determine which

gene is responsible for the resistance to the extract, thereby narrowing down of search for
its target. Further manipulation of the gene allows the sensitivity of the extract to be
determined by way of an in-frame deletion of the protein as well as removal of the gene

from the native E. coli.

12



extract conprising a conplex m xture of conpounds one

or nore of which shows antibacterial activity and (2)
wa@2a0a/08@P6 gene for that anti bacterial conpoundPCT/li82006/004853

met hod conprising contacting bacterial cells

conprising a genomc library with the extract on a

pl at iWilept ie¢claimeddsntd sel ecting cells that are resistant

to the extract, identifying the target gene that

confers resistance to the extract, guiding

fracty | f . ' S 1 1]

L nd ¢ oarRpls & phafe S ARG o AP AT Lol Bl ok From an

t her eklyadt demprifipg agomplexanixive of emmpiundoomecstinore of théch shows

o B R TR SRR A e Sh A,
cons hfemdagcoﬁ{pris&gaﬂﬁfacth&élbéc@éﬁatt%élté%nﬁﬁi@ﬁug %%n@x&&oﬂﬁgxy with

agar. 3. The net hod accordi ng Caiml, "wherein t
bact & iragtean aplatieg medivot and seleoting ¢rdls ghas apesresistant to the extract,

nsk st.1 ' aci | | Us spp. t [.ept Ces ..

Cool 1SRl Bt TeBBdene BBF kR rSfrce RN Bigne

aur etﬁaciimﬂti&lls efitheeriias b}e?xp@isiﬁg% sgﬁsitiee m%iﬂéélgtaﬁwe%ls to the
ing a conpl.ex m xture qQf caonpounds one or nore of

\li;: c %a%%iég%gﬂ@ﬁa Ba theraby dentifyipg the angbacterial gemppuns) in the

i dentgfdcgation of (1) an anti bacterial conpound and

(2) a target gene, the nethod conprising contacting
bacterial cells conprising a genomic library with the

28 o1 o BF Ftd doBoring S TREHT Ereteih e nian ey s selooed from
M Xt tHeQerOlp CARBRAHS GﬁLBlééﬁﬂMﬁlléirﬂﬂn{oﬁ%F&%aqﬁow.t hat

confers resistance to the conplex m xture of
conmpounds, fractionating the conplex m xture of

. : [ [l th
3o SHESRARAAESARR RIRET WiRYEH Y baECoctS afefegged from
conpthergoups dohsist el EXolNBaLillug spp., SiLepesHiRds coelicolor,

Haemophilus influenzae, Staphylococcus aureus and Pseudomonas aeruginosa.

4. A method for using a complex mixture of compounds one or more of which
shows antibacterial activity for the parallel identification of (1) an antibacterial
compound and (2) a target gene, the method comprising contacting bacterial cells
comprising a genomic library with the complex mixture of compounds on a
plating medium and selecting cells that are resistant to the complex mixture of
compounds, identifying the target gene that confers resistance to the complex
mixture of compounds, fractionating the complex mixture of compounds and
exposing the resistant cells to the various fractions, and identifying the

antibacterial compound in the complex mixture of compounds.

5. The method according to Claim 4, wherein the plating medium is selected from

the group consisting of LB-agar, Muller-Hinton agar and blood agar.
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5. The nmethod according to Caim4, wherein the

plating mediumis selected fromthe group consisting
wo@boobBs@gar, Mul | er- H nton agar and bl ood agarP®@I/UI106/004853

nmet hod according to Claim4, wherein the bacterial

cells are selected fromthe groups consisting of

E.coli, Bacillus spp., Streptonyces coelicol or,

Haenpphi | us influenzae, Staphylococcus aureus and
6ps eudbaoretlpdascergingde £1aim 4,Avhrerih thi Haoteriabieatlsiafeysetegted from

t he de of act.ion eXl. S | anti pacterial agenis,

the NRols P Al 88 el 3Pt ces efGolo”,

c onp HagindghitusIRMEHEGe, \StddhPoYocthis BureEad PIRHSMERR Meruginosa.
anti bacterial agents on a plating nedium and sel ecting
cells that are resistant to the antibacterial agent,

I denta £y . '
e ooy
pr ot & o) f1] .cofhp patden rary wi
bR Bl R S R o b b g ol
specfTTt | . : .

cont gk hiRGesifBntdo MheAdntiBactERA 'agéﬁt, iaéﬁ:tﬁ?fn!g%e ﬁf%(elt gene that confers
conpri sing an expression vector conprfsing a kKnown
generssistance o b exadt, andrdstarmining theaotivityeof the rrotwie endoded by
conp e or nore of which shows anti bacteri al

acti @.ié?‘g‘d}‘ﬁgSn n§ui ding fractionation of the extract by
exposing the sensitive and resistant cells to the

various fractions, and thereby identifying the

8ant i Bedetbed dor findinganidactarialicheragiypesthaf function by a specific

mechanism of action, the method comprising contacting, on a plating

medium, bacterial cells comprising an expression vector comprising a known
gene with an extract comprising a complex mixture of compounds one or more of
which shows antibacterial activity and guiding fractionation of the extract by
exposing the sensitive and resistant cells to the various fractions, and thereby

identifying the antibacterial compound in the extract.
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