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WD 2004/ 087943 PCT/ GB2004/ 001272 -1 METHOD The
present invention relates to novel nethods for
woaogas7aag i ntracel l ul ar pat hogens. In parti ceC@UGHE2004/001272
relates to nethods of inhi bi_g_i ng netabol i ¢ pat hways
essential for 5 the viability of a mcroorganism In
the presence of glucose during aerobic respiration all
or gani sns generate ATP vmh'lﬁ_goncorritant rel ease of
two CO2 nol ecul es through the TCA/ Krebs cycl e.
M croorgani snms in addition have the unique ability to
generldiee p&Tehtt hnveugdn areldtesntto ofioviechemethGds clpel argeaing e thtracellular

the glyoxylate. p . Thi t h is essential for .
pathoghs oY, SREE TR 1 rehof T as b ng e GG botf s Cssential for
the v&BRI§ 0L nlibrodRsaREE Of the glyoxylate bypass both the

carbons of acetate would be converted to CO2 and

t her dn fhsutresener of glhedsa daring perebig wespiredemath organisms generate ATP

wih Yot fn) Rloeb By SHELOE Bldilee bl B AR OIS,

Micrbyi@gsistnk ¢4 )ddaiiéh blcabewsyiy NaE6(tb Bsherate W ER ﬁ@blil%’lt féhunt of the
bypass_enzynes are i nduced acetate. 15 The branch

by i : .
TCAggcletcalled thsehy axyatepatbwoy- ditds pafwassis gawentipldorths/ atgatsm when
Vel i . a1 ] I [ '
o Rk Sea ekl S 0 AREUIRRL R e carbons
of acBtacoWoultlfve cgevieredite COpned iliese aoaldatot asmaip anipresiduahgarbon to be
he kj nase aceK. The mag or. contr ?«Jﬁpg flux at

utilizt\g[;}itfgr tﬁg? éﬂghes&oqfﬁ;pl plar ?‘?ﬂsgﬁlﬁﬁ S al hegluoxy ypass consists of enzymes
isociggﬁjgérle (ehahb Hh1 At %ﬁlﬁas'@(:ii‘s‘)?ﬂl %9})1‘2“6 e Ié(ér%fenz' H0CkE ithRed by

ogenase (1cdl). The two branc enzymes
acetatsocitrate |yase (icl) and 20 isocitrate dehydrogenase

i cdl te, f th trate, | ' te. In.
{he (e EBHES poit SEpret 48 AHEnE BEods pr bEiGAIGER qasfe in
E.coli i€4 {eRQikrdi ke ARGt ublRBtiA SRS} O do%aﬁ@iﬂ&?rﬁhb@ﬁﬂo@ﬁa@én. In
M d He high Km o 04

i socitrate(30 conpared to tHe icl (6

E.colfhengamessichhnd ik arei aowi epeserealpngwith e kingge decel| The major control of
er_in presence.of twa carbon substr s. ik .

flux G Finch ol i BRGRad e ol s P BR0d L8R pranéF pgint cnzyme

isocitrBeld@Rp@ogehadel (A1) Mhieetwio TR dhagtiht)endyBeisbdiirsie k38 $Rl) and

. isocitrate 25 dehydrogenase ki nase (aceK) is induced

isocifgptecishyiogqnast (edl) ampetgifot the cemynonsabstiajaispeitfaichbl the presence

o e BB 4G A0 A A R 9B B o
isocitrBte S0y esthpaied td e hosSKaf ofié1§6GANND e BB tiasisé&ilate flow
throu-gl]leia?le.tI-Iaoleeieroifn ptrgslerslce of two carbon substrates like acetate not only does the
isocitrate concentration increase to 111uM, more importantly a specific kinase; isocitrate
dehydrogenase kinase (aceK) is induced which phosphorylates icd1 thereby inactivating the
enzyme. Under this condition a significant amount of isocitrate can flow through the
glyoxylate bypass thus preventing the loss of the carbon atoms as CO,. The details of this
control at the branch point of a metabolic pathway where the flow of substrate is ultra
sensitive to factors such as the substrate concentration, the differential Km and the reversible
inactivation of the branch point enzyme through phosphorylation by a specific kinase has
been thoroughly worked out by Koshland and co-workers. (LaPorte, Walsh & Koshland J
Biol Chem. 1984 v01259,14068-14075; Walsh & Koshland J Biol Chem. 1985,vol 260, 8430-

8437).
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control at the branch point of a netabolic pathway

where the flow of substrate is ultra sensitive to
woaoti4msm4such as the substrate concentrati on, PO®GB2004/001272

differential Kmand the reve55|ble 30 inactivation of

the branch point enzyne throfigh phosphoryl ation by a

specific kinase has been thoroughly worked out by

Kos hiRsaenthnide seje abie &l oxylateshant bas hesprp the wubisiat afrldtemlve

il L i 2, SUSEILTS

workPGTMeBI 004/ 402K 2ture, D0ReobtA06 73 5-nesy tahteubdrclbss strains in which
subj ect of intensive

gl I h has becog
the i) B G B D SE TG e LT P ORI s RIS aScs e o

e 6 S AR Bty o1

mutagt fpagh rﬁduqed wdilenbe it 1henlllrtdcolglpﬁenlfmlwmallsehrconﬂa§t thevial @dtant grew in

in- vztgo 8(%'1 n?nzigﬁ{}a as dﬁeéwlla g{ t Ed G rfg-gi? tes@sfl%heﬁ the fagt that the

icl gelnh grdddcdlsbéﬁﬁﬁtellydas@ﬁﬁﬁhuﬁh@ g'ly'r’d)dyl/até ?ﬁhifvﬁﬁl wa%s@ﬁ‘ﬁal rgd
uced virul ence in inmmunoconpétent aninals.

mtra@é‘ﬁiar 8tvivtah elni 1) tulmzrtrldmts theesware iawo iad-gendsrfor @tmdmlgumstrate lyase

the s%ihtfla + cﬁ%dﬁ {;lﬁ ?&eﬁ%&%ds t% ccﬁ]etté g gﬁédéﬁdﬂé{g)g@/%l 18 A2)

descritgecmidtcl Atndsboyisars Eyaadﬂ gk thb ts-gétiter gitymmcata@ dRat dewalopiRit.
esseptial for intracellular survival.
Mtu k[ﬁ?? &S Sheodingthe ehyaxyiajpshuat enyymes hﬁm algmbesaishgwn to

eSS AR AN oL ) 4l

C.albdews (Laenaerc Nanirm 2000 oiot 4 52, 83+ 865)se anatihie haktight within
ug deve The genes encodi ng

i - |
e S SO o Geretogren e senge Sheaaeh
persidt €8 l‘:HealEzﬁ’P/ @1@11 hcﬁ&%@é &dukda W‘ﬁ‘le%fcﬁ{ygén ?gﬁg?dk@ é?&{'ﬁf ends in

i ntracel at ogens. |1 cl I cans
I\/Ilcrqb_@lloéy\,ZZOQtZ m11W§f4§ 8) 204kenvogetler 2he &Ba 8fportrtie invalvement of the

sl GBIt gl TRCE SO B1G TELALE YL, ay b

a reﬂécmonpﬂltﬁd She bﬂsdb@&at%@@fa‘ﬂaﬁll@'dlltlﬂh RAN0Ir6AHSAM ﬂ?&’het he
wild type (Vereecke et al Trends in M crobiol ogy,

2002Th§ present ingentirggis bastﬂél@@nthmgmoweuy mheltohat;msmble to inhibit a

YRR NSRBI PRy B L i BAAR A SARE nd Bs o

the ppéwaggansa diffeenmenciddelic patitidyeCl partiohlat B@Vén‘{z%% i@fthat it is not
substrates available within the environnental niche.

necessyy 1 MihEeREr TROFG EREYIBGS 1ndheressentiabpathway.di scover y
that wd ca'llsthﬂ%ﬁiugln?ocfe%f n%h%t ngaan enzyme/pathway “substrate diversion

mechanism”. It represents a novel mechanism of action in drug discovery.

Therefore in a first aspect of the invention we provide a method for attenuating a
microorganism, which comprises inhibiting, in the microorganism a metabolic pathway
essential for viability by promoting use of the substrate of the pathway in a different
metabolic pathway which is non-essential to the microorganism whereby the substrate is

unavailable to the essential pathway and the microorganism is attenuated.
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net abol i ¢ pathway essential for the viability of a
m croorgani sm by diverting the substrate of the
woabdapw4snt o a di fferent netabolic pat hway. APCT/GB2004/001272
particul ar advantage is thatzjt is not necessary to
inhibit one or nore enzynes In the essential pathway.
uni gue node .of jvating an
enzy ) PRl Pl RS fou BRI o BTeat rmsivtahe pefhway that
mustloppragsentife Iﬁhc%&f?émﬁﬁ eh@iits it AfardGthé QR ark &lﬁﬁéé‘éh or leading to cell
di scovery. Therefore in a first aspect of
death. rﬂ@htﬁcbﬁle%\éﬁlbg@w}dée%mﬁ@nﬁdﬁﬂerft@tatm tenuating a

hi bj t
i or 37 SRR of Yl PBSRTEN : B Ok kPl Bpyi of the pathway
such thiaa il viidhylif3yofRhO6mEHIBE it 86peafier: b BAPSRRIG &fthishe

pat h in adifferent netabolic pathway which is
non- géi’s SHERURIINE @ TRIREOORGABISHD I Hamics by altlh@t decreasmg its

growﬁﬁkéget tB%'ileeX{e%t wReANRY fhhAR &t 6{' elclﬁrﬁ t I aI Blﬁ él%le to

he m croorganismis attenu
contamw m@@w/tn@maorgaﬁsﬁyor aghtafol ELansle m\@plaasﬁ@lﬂ tih &thich the

micrgfiids fndeted el L FaDingacath 1b1saRRomChnhal setsbeliom via the
essenﬂhnﬁétab&?enpéiﬁ\kzhy feahby 21 Io?ﬁ%g"t Al d 1l§i@d| It Ig%?}l& beg%cgssary to

i ncludes cell growh, re at ent
fully Trél@imgthpaxa@wm‘y tp hachipet wscﬁy'phmmanebglchhﬁf@m y or main f
subs eofth viahility o
the Bt Sl piedCt b N ge Frehplity bbffe ejatc phigtays is
deterﬁhedaiyttﬁcﬂ PREéME oR ableREOSK St nuiieni® aly #id 'Ma ﬂgaah thaPthe

at least decreasing its ‘growh rate to an extent
microgpgAnism payiberdapied ysneemrb‘flalde ivutherabsance of apbrticolat natsient such as
gluco?%’ ﬁi‘-},&??l Oc‘r}roagll)i(lgo s er'u'g: I %ﬁ? ( lfl]lgce er% g&)ggﬁg %ﬂ%«?t%n@hg) by means of
compmlsatcﬁr!p er klsunt @@t@ﬁfa@ﬂwhﬁﬁ%@&ﬁh@e@émﬁa@ UBthBAbSHNSE8H Such Hitrfent and

mean that netabolismvia the 10 essenti al

the n?FEtaéB@hWéy pRitTAMaRolisingsuemaptrieny thys bfrcoms ﬂhﬁﬂldnyessentlal pathway.

i nhi
the. pat Recios el glicRiaBRERRSE ity ol calor Bipotagnism.
these llmzlwdefpathdgens whmhthtav@ﬁ rdshfbtdd%tﬁﬁbhﬁh@nﬂd@@aﬁﬁ;&ﬁlﬁﬁérl@bpﬂi%s are
69 ¢ pathways is.  determ ned by the
Conceﬁ?f‘é’slgwc@ﬁ? %ﬁié&%@(f&ﬂg infestion).dertasphacsiaraacupyst(fingal plant
patho$&h, T8Rnt &k Ehi@%y?tgeeéélg 6(9?%&”7‘1%2%? %?Bctloec%c%ﬁ ascians (plant

remai n viabl’e in enée of ‘a par

pathog@n) A hassis bEikghgly esemplifieddiea nnﬁnymatfmgtmmb@sedﬁtmgemclty is dependent
xot rophs) nmeans

on 1nt6q;ce lglglthlﬁgﬁ@gf it Cg]? %{Emslp%%éﬁé9ge mseﬁat@g(%ﬁ)ethe persistence or
latendyS$R10f MycbBadtbi@un PG Rosa. THAAt BHbIhE8s 325th encompass such

stage is given in Table 1 hereinafter.

The person of ordinary skill will be able to select convenient essential and non-
essential metabolic pathways and substrates for use in the method of the invention. By way
of non-limiting example it is convenient to target metabolic branch points. At such points
enzymes from the two metabolic pathways compete for the common substrate. Control at
branch points may depend on a number of factors including the growth medium, substrate
concentration, the differential Km and the reversible inactivation of enzymes beyond the

branch point.
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the normal pathway for netabolising such nutrient thus

becones the non-essential pathway. The nethod of the
wOonvamsas may be used with any conveni ent PCT/GB2004/001272

m croorgani sm these includg pathogens which have a

restricted environnent as far as nutrient options are

20 caoncerned |i ke Candida al bicans (fungal infection),

Lept SSBHREFEh e RIFBHSPYRLIRGamepbelin D3RV AL BYides drimigue mode of
cont%L Bt siBkHey oﬁiglgﬁlsda{l‘é?agﬁ t()n\égcléf ttﬁ% gg%t)%h%%?@s orli?‘granch point effect and

odococcusfascran
diseas¢ waki dogk yone geutpdnidf iegal ation ofupyripablegethssishideshfield & Seegmiller,

.pat hogenj.city i ependen on intracellular survival
Hong%bocﬁ‘%ql’%lﬁm%a@%&gﬁ’ﬁ;:g’ﬁa%e closely associated with
the @ﬁﬁcl:sdi%rﬁ@ 9§ﬁ2§ tlhlelg?zingg @Min@Elﬁﬂﬁa@fbﬁm%ﬂk%@‘atf%hfé@of potent

t uber cul osi s. or gani sns enconpass
physilegical eBegomgens mclhydingreycloTgdsneselwlhieh &adafd the synfhesis of
rson of ordipnary skill w.ll be able to select
prosBEhTaM: Bt PhELERaer b ioheol B8 BRpRigeR g bch Joads tothe
syntliesis DRyRo@ds BMDEHGEEL WHIRS aspizi anfl okl NBAIIOsle Qhaildb® as potent
invention. By way of non-limting exanple it is

inhibitersaf sy elaex yasnesernpesifaetivainbititor pf gpsh ars, availaje Rrigge ef al
. poi.nt f the two netabolic pathways
Blo"@lgﬁr%gé?%levgﬁﬁ?aﬁ?%' n substrate. Control at 30 branch

poi niThe m@yetdepaititanser hetsfYOIRIP 6éhyldeseasse(IMIPDHY ishd thd¥@etabolic
romt h nmedium substrate concentration, the _
branch ek AETES MGHeafitl syRWSse pRRyRY I RloFIFRge of (heraopHersion of IMP o

{ : ' .
XM DTSR 575% o f FPRACRBE e anlRst NP AP TP gpa ace
pools)eaglimpged dlodi¢ach phithhwapidlyrdovidite $adcen neltpU@ranoheti ot Gﬁifantini, Curr.
ntr of rates through a pathway. One of the

Med{{hegy %%mié%-@&imwwmwﬁw Hpple Ripeheayeal pgdivays
contH#RAAE dRRr&AtbragBithididh akddAB sRidy RiY infeadiod e W&G ?rfﬁiﬁig that

Hershfield & Seegm |l er, Hori %1 Bi ochem Bi ophys. 1 Q‘f%
straddlg|th@brageh psint Gadksaw{Fahoeri Resd@Pd vk 58 39K8r40031). Howater to the
substrat e .between two.famlies of tent. ..
best SR haPb e e Pnecal BF aflsn SysBiortion diyicion ok g Germshes pathway
has nohbéeh anBei@stelo the synthesis of prostagl andins and

t hr onboxanes, the other involving |Iipoxygenase which

| ead$remotingaisesy therabpiatoin the nkwessenéd ragtabdlicpestivey. may be
el b5 0, 850 OI8O penc
pointl wigex ygehaseh Ruds @\oaidsedatigl fabllivigoehit thalothe? BradcBsiitb Aindn-
essen%i%lggﬁe, Yh%l ess7:.3%’tia16pza9tl-1v§e?}§3 gn'ay be activated by diverting the substrate through the
non essential path using the control parameters mentioned earlier.. This strategy may also be
used for pathways having more than two branches. Some of the metabolic pathways which
have branch points are the Glyoxylate pathway, Glycolysis, Pentose Phosphate pathway,
Purine Salvage pathway and Phenylalanine and Tyrosine metabolism.

A particular essential metabolic pathway is the glyoxylate pathway in the
TCA/Kzebs cycle. As previously mentioned microorganisms have the unique ability to
generate ATP through the glyoxylate pathway.

The flow of the substrate isocitrate is generally through the TCA cycle when the
organism grows in glucose. However as mentioned in the prior art there is a partial diversion

through the glyoxylate bypass when the carbon source is acetate (C2 carbon source). This is
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The target for anticancer therapy | M

dehydrogenase(l MPDH) is at the netabolic branch point
wohoq@os79ag nucl eoti de synt hesi s pat hway. Bl ockage/GB2004/001272

the conversion of IMP to XNB by I MPDH inhibitors |ead

to a depletion of the guanylate (GW, GP, GTP and dGIP

bR 0 b B 2L s,
velodiythn@hiephobPidStylaveh 6f ica? By @b haGHMR !éi&%ra?él%cﬁkc%cp&t ok

si npl e biochemni cal pat hways containing divergen
KoshiangpiH cRaoriers fLaRaste, Walsh &doshhed i iielrGlasmi. 984 fvot256,14068-

LSS 3] O S AP LIS 58t

that best mofanostraik 6DBICOH geowReIe BRE 8RtwiRf typs B®dih &Rn the carbon source
diversion for inhibition of a branched pathway has

1s Corgie ghenone-dneruirashitustaryed o dunit wigr G2@adtontshurce (LaPorte,
h . ’ . : th
ThorphSS LR ug LR B N R RO P B
essenginlityd substratehdiv@ratohway. |1 n a typical branch point
wher e one branch |eads to an essential pathway while .
t he gtyh‘@?y 8% HABHEE NG exampls- the Shvorylass Pathwaythes been found in the
folllRaREidaRsmRat hway may be activated by diverting the
substrate through the non essential path using the
E.colg Srivplal S.pahameien, & . pestis,iSyfaderd aX fasedosa, Xiasipsitriat 2@yonopodis,

e e B S e e e A

S.mel’z)lfoﬁ,n&.huﬂghﬁérﬁy, Blikelilbg H%M.Q’B/j{gg&ﬁctgﬁt (ﬁ}é@éceiﬁzﬁ,’ €LY nSis,

Pent ose Phosphat e pat hway, rine Sal vage pat hway and

M.tulprefgsiaMfipnes, &nglumpiaysi, eeffieienso Slcoelinolex, Pakadiedilrans,
S.sob?ﬁcﬂfcﬁgélé%l% R} b2 ,E%ic'ﬁs the glyoxylate pathway

. Al'Kt'ebs™Cycl S"previously nmentioned
i cr gor tgarglﬁﬁglahﬂ‘)tﬁmt teeopeitel igal 8ddiub itd that BbseBRAARTEEAL fhe trio of
ATP t hr og{gh the glyoxyl ate pathway. The flow of the
geness igpsitiagg glehydseganast dicgdd), gispairate| yasatichugnd tibeeiTa dehydrogenase
. r [ S [ cose. . Howeveyr as
kinas T VR o0 ittt 9B T BTt s LSRRV R larEnurmber of
organiimeicdk bas onlhrbeey identified iry oXaw alte: Iy pass BUIGA it Teble 1 names the
car bo cetate (C2 carbon source). This is

source is . a n is
OrganNgSH WHAL | @moé@?/@%b%’ﬁmaﬁmlf@doJﬁlPﬁi%@%nﬁ with its id) were
identifed ¥ofh the KEE dafBHieA AR RS0 BpgRdE. O the Km
igocf}rafe for Fc gﬁghﬁg§%@h§€%@ ve ggity and the
phosphoryl ati on of icdl by aceK has been el aborately
Tabldp" ked out by Koshland and co-workers (LaPorte, Wl sh
4% Koshl and J Biol Chem 1984 v01259, 14068-

Organism Icdl icl icdk
E.coli b1136 b4015 b4016
E.coliJ JW1122 JW3975 JW3976
E.coli0157 721865 25601 25602
E.coliO157] Ecs1608 Ecs4933 ECs4934
E.coliCFT073 cl1517 c4972 c4974
S.typhi STY1278 STY4402 STY4403
S.typhimurium STM1238 STM4184 STM4185
Y.pestis YPO1641 YPO3725 YPO3724
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14075; Wal sh & Koshland J Biol Chem 1985, vol 260,
8430-8437). It has al so been shown 5 that aceK nutant

woeno@ioa7as E.coli grows well like the wild typeCsiaBadem/001272
when the carbon source is i ke glucose. In

contrast it is starved to death under C2 carbon source
(LaPorte Thorsness-—& Koshland 1. _Bi ol Chenl 985

Y.pesjiskHg, 1056311§@%68) Thi s |iYR8l&ates the |&88Ehtiality

fsuostrat H rsionm By f—rorm="trm
Sﬂe e gl yoxyl F%elégt hway has S_ggé%ffound in tS é 0
Xca;fzpéskﬂmvw ng xX@aemdss: E. colxcc®@gyphi, S| tsads7ger i um

Ypestis— S flexneri X fagtidosa, X canpestris, X

X axepogadisodi s ,| SACHHYE3%e, VXACMFucus, P. é@k@@ﬁﬁosa,

PaciGeh o1 | 1A mot aci ens) TARal i Tot 1. B|Eoa’o

P.pufdlq aponi CUMPFGOCE escent us | @41 Dgyensi s, MPP4011/4565
tuberculosis, Mleprae Clglutanicum C efficiens

R.solgnacsaruymg ol chSQillﬂédl odur anRSO4H0S. sol f af RSIQ32S5

Cetegans,  Athatana, —S-cervisiaefFor—the ghyoxyt-ats
shunt to operate anal ogous to that observed in E. coli,

t he i i paitulaggspes df sSRCinkEdion tﬂ@f}ﬁlﬁb&%ﬁﬂ@ﬁﬁs (icdl),
isocitrate lyase(icl) and isocitrate hydr ogenase

Mycghacteaaqy %?R’jw%@uﬁél nisatignesksesiier tiglyekylate dnymﬁa of dis bacteria has
e PRNPSREBE R0 BEH1L BBel RS HIRSlul e S RRIALE g e

targebthk (g\lyqulaﬂéaﬂiypass]ofmdmﬂﬁarwi@szﬂ bGyahgmetisnsnbesudstrite dNets@on as
enes have been jdentified . These genes

th
ment{apngd i PJCVE Feessardahioi sty fhﬁ&ﬁsgﬁh@lzme@%wapﬁbl@sfert e diversion, the
M. tu&é%%oﬂ?é@ﬂ?a &fl-of RIMEALE. T%@Qh 5! Cgfi‘ﬁ%&%%g% 5@@3‘93‘% through

E.col1 b1136 b4015 401
the m@\‘l@@?ﬁ theHngeitiod b5 telkliabbhitzd 60thivEaHme waubdhottbZble to survive

it 5 AR A3 cRrpasahas i Risytostres ealigdin Huiuprlosis

we d%g%%%gﬁo@-fm%a%h%]tﬁé apptBaht Wéhaﬁ@@nﬁﬁ@ed%g 0dédiy and
characterise this enzyme as pknG.

+ o
| -y
li

In a further aspect of the invention we disclose a method for identifying
compounds that attenuate Mycobacterium tuberculosis which method comprises testing
compounds in a test system for their ability to bind to pknG and prevent autophosphorylation
of pknG.

In a further aspect of the invention we disclose a method for identifying
compounds that attenuate Mycobacterium tuberculosis which method comprises testing
compounds in a test system for their ability to bind to pknG and prevent phosphorylation of
icdl.

In a further aspect of the invention we disclose a method for identifying
compounds that attenuate Mycobacterium tuberculosis which method comprises testing
compounds in a test system for their ability to bind to icdl and prevent phosphorylation of
icdl by pknG.

In a further aspect of the invention we disclose a method for identifying

compounds that attenuate Mycobacterium tuberculosis which method comprises testing
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WO 2004/ 087943 PCT/ GB2004/ 001272 -6 Y. pestisKI Myl 802
y0016 y0018 S.flexneri SF1155 SF4081 SF4082 X
woanpastauss X000967 XCC0238 XCC3780 X axonopo#CE/GB2004/001272
XAC1046/ 3835 XAC0257 XAC3832~_ P. aerugi nosa PA2623
PA2634 PA1376 P.putida PP4012 PP4116 PP4011/ 4565
RS03245 I n a particul ar

o B AR et S A v
of icdcobact eri um t ubercul osis. As nmentioned earlier the

gl yoxyl ate bypass of this bacteria has been proposed

t o bé&oayementitest systemy fog upminrthe e dvglnaethedsrwil ! appirtehi to the

. t.he .wdn order t.o..5 target t | yoxyl at
soienfi S TRERAR AR Y Baf BERG B RatiemBirdndiia it o
convehivalseaiprize aFBpiropae ot heSpiid edSnRF MY ic8l ehBme or both

identify the target enzyme responsible for the
enzyges, dhcssEmerpey bavgoupleHd? @ tenssics systam gapabletofdndicating as

' ' ' ' i > et far .
A PASen s SRR Sy Rl e 5L ppryion o
icd]. Sahdeshé plosphorgthtion of fidd we2gatieo 1 ebabdngitanbadddl Lioh Othe degree of

urvive Wwthi Qigt he macrophage. As this |cinase has

phosphixrylgieR, £ 25 ydisenthy meswie Py srP1ifering its gptévitiinGd0s.m. yehich
- i . 3 have .
e B DR e 51 P OB R 7L P i
the pipdsiorylatioa of pitdiend/aspetFigie thelsaihe hra&:'g&e o‘f\@héﬁl?@ﬁ@t% of
it e S SO B B o ks using i
. i i .G ; i Llit y
sonof PRI RIS SRR VLTI o PR gL
pknGAlternately, othen enetlasiy egilable tohdetdchplenspharylatien df palt@seor

v e T b e R U . st o
bk gO AR L RA AR ISR A b o
pknG2epn be used o mositorstbp plospbéryldtion; provited pinGhis atils tl giwepleorylate the
said ﬂ@%ﬁgé).d for identifying

In a further aspect of the invention we provide an antimicrobial compound
identified by one of the above method aspects of the invention.

The invention will now be illustrated but not limited by reference to the following

non-limiting Examples and Figures wherein:

Figure 1 illustrates the common isocitrate substrate for the icdl enzyme in the TCA cycle and
the icl enzyme in the glyoxylate bypass. icd-kinase inactivates icd] and thus turns on the
glyoxylate bypass.

Figure 2 shows a neighbour joining tree for the 11 M. tuberculosis Ser-Thr protein kinases.
Figure 3 shows an average tree for the 11 M. tuberculosis Ser-Thr protein kinases.

Figure 4 illustrates the purification of pknG. Lane 1 and 2 indicate the purified pknG
(indicated by the arrow). Lane M indicates the molecular weight markers.

Figure 5 illustrates the purification of isocitrate dehydrogenase. The purified protein was
monitored by 10% SDS-PAGE and is shown as a 45.4 Kda band.



conmpounds that attenuate Mycobacterium tubercul osis
whi ch nethod conprises testing conpounds in a test
weoeyai@msTdsr their ability to bind to icdl and pCEMEBE2004/001272
phosphoryl ation of icdl by gknG In a further aspect
~of the invention we disclose a nethod for identifying

. 25 _conpounds that attenuate Mycobacterium tubercul osis
Figugg¢ élvp%f?lﬁ SePulls ApeRPsEmensde sy thet Pz ssgifiraBy phosphorylates
; 7 : ' t for
et R e oD AP gl by B PRl (R 17 Piiftas when
E.colii ralds adderdi asra subftrate dhly dGoophesphenylati@ssf sy6t @asrsf(@ihe 25

. in the above nethods w || be apparent to the
Figuge] ST S5ph G BierdngalSracrip oB{paga e eished ot absenge of plonG.
The £XATBhGSME0HaRSE asSHSIBRE AYBAdnm afPAESNLEH %]ﬂc%\/sctr 1P 2Eonds.

as appropriate either the pknG enzyne or the ic
enzyme or both enzynes, the enzynme may be coupled to
a reporter system capable of indicating as
appropriate the presence or absence of

aut ophosphoryl ati on of pknG or phosphoryl ati on of
icdl. Since the phosphorylation of icdl will lead to
its concom tant inactivation, the degree of
phosphoryl ati on can be indirectly nmeasured by
monitoring its activity in 340n.m which 10 neasures
the formati on of NADPH Figure 7). Using

radi ol abel | ed(32y) ATP we can nonitor the
phopshoryl ati on of pknG and/or icdl (Figure 6). Also
t he degree of phophorylation of either pknG and icd
can be directly neasured in a standard ELI SA format by
using either generic phophoserine antibodies or

anti bodi es specific to either of the enzynes
Alternately, other nethods avail able to detect
phosphoryl ati on of proteins or 15 peptides, e.g. the
| MAP technol ogy that uses fluorescence ani sotropy nay
be used. Instead of the entire icdl protein,
peptide/s representing fragnents of icdl that is
phosphoryl ated by pknG can be used to nonitor the
phosphoryl ati on, provided pknGis able to
phosphoryl ate the said peptide. In a further aspect
of the invention we provide an antim crobial conpound
20 identified by one of the above nethod aspects of
the invention. The invention will now be illustrated
but not limted by reference to the foll ow ng
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non-limting Exanples and Figures wherein: Figure 1
illustrates the common isocitrate substrate for the
woaadl4/08mayne in the TCA cycle and 25 the icl eqIGEB2004001272
the glyoxyl ate bypass. icd-kpnase inactivates icdl and
thus turns on the glyoxylate bypass. Figure 2 shows a
nei bour joining tree for the 11 M tuberculosis
hr protein kinases. Figure 3 shows an average

Protélhelﬁniééﬁ il Metu};%réwlosh“ RediflcARbs ofsﬁknﬁ BE R ﬁkﬂdlﬁ‘as]g in M.

ki nases. Figure 4 illustrates the purification o
tubepgir@sis Lane 1 and 2 indicate the purified pknG 30

(indicated by the arrow). Lane Mindicates the

ol edire@rotein lgmse neighesurs’, incluglingealb11 Hémsine dtae sretchaserved

scoofitfa 15 s tafisn G o My 5 Sra” BREE otk e 1SHb IR 241: 42-51)
is prégefttn Al KeOe1006100/, M@e%@%fs%?%@ pRfedih BB200ASEPL3 fitat ha@é been

Figure 6 shows the results of experlmsnts to show t
annopgicARReditianabgang, piwdé priiely Was previqushi annméedrae@mmwe STPK-

enco %g:%ﬁ@ %56?5#?0’3&&&5&(}} r%@é%%’za?fséqgg% ¥ ln% u1esngﬁdb?r§?1§gy between

pan rahgt t}&LdadﬂiXQStBﬂmhyll 18gion of pkn A @?&Ba@@c@{p‘ﬁmﬁd @B @riginal annotation.
hows a_graph of the typical reaction of icdl

Aliggpéiiig tf}?ri‘é%%é@ﬂ%halea@%ﬁ@@a@ﬁ %&tn‘lé resiguestige ghsqlytely conserved

S o881 RIAEE TR Q0 9 0, s doma

VIb (MXKE%BDM}E&OX%?&y ar8ino Bxidjipivbich iPrletragteristicrod SE¥Kisrpknl has an

ubercul osis; identificatjion G as the
aspes guIEiR SR v B isler & SHERS v Ehen (R Riseconserved
residudy i8R @6rRain ind164td tHabgr,a ib a%@r/@ﬁf‘ﬁhﬁ%% that are
conserved 5 according to Hanks (Hanks, S. K., A M

Qui nE, {41?? T. Hunter. Science, 1988 vol 241 42-51)

i's preSElet tq idenily thepniaiwigdrkinass Y tukaredpys s&arcrlhﬁtrategy
base®@bRtHRI81] ave been annotated. An
asean)Idl |on5\h g 8k %@asvﬁ%tﬁgms previ ously annot at ed

as_a putative STPK— encodi ng gene, does not possess

lanJhe esaggnieAdignaen ofadlethe plgien SFRK of Phabhewbssgyas compared with
beﬁﬁ‘é’?ﬁc}‘hnﬁ@#@?& H}l K ar boxy-term nal region of pknH

probably explains ori gi nal annotati on.

2. Since the icd-kinase activity occurs in conjunction with all the TCA cycle enzymes, it

should occur in the cytosol, the enzyme should lack transmembrane domains.

3. The specific icd-kinase of M.tuberculosis should have least homology with the other
STPKs.

4. Ttis presumed that a homolog of the putative icd-kinase in M.tuberculosis is also

present in M.leprae, as it is also a intracellular pathogen.

Homeology with aceK

A bioinformatics approach was taken to identify the putative homologous kinase
among the annotated M.tb STPKs with aceK of E.coli. The effort was not restricted within the
sequence analogy or motif searching but rather took advantage of the known relationship
between the STPK's of M.zb and the structural homology displayed between aceK and

eukaryotic STPKs. The main features identified were the followings;



10 Alignment of the STPK famly nmenbers reveal ed that
15 residues are absolutely conserved across the
waroums79aB| ki nases ot her than pknl possess a PgsiGB2004r001272
the active site [Hanks domai VI b (DXKPXN, where X is
any am no aci d)] which is characteristic of STPKs.
pknl has an sparagi ne at this position, which is
unbRtgrongbt arsmw LOTHRIRERUSITESIEYRS dsfferermangyiBe 13 sefuences. Based
[ c.at
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Phnl g Pagst simy W@%ﬁéﬁ?“ ‘all the el even STPK of M

tubercul osis was conpared with the icd-kinase of
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It is seen from Table 2 that the TM domain is absent in the genes pkrG and pknK

nlnl nlkknA_and a
Pl\l] PI\III\ CATTU r-

nserved notif, it

knG. arao mmect
KHo—aHe—hHbSt

=

i aceK 5

indicating that probably these two STPKs act in the cytosolic milieu.

Homology and clustering of the STPKs

PERCENTAGE ID MATRIX

PKNB [PKND [PKNE [PKNF |PKNG |PKNH |PKNI |PKNJ |PKNK |PKNL
PKNA 31.8| 31.72| 31.11| 27.88| 21.65| 31.34| 26.7| 30.58| 26.94| 35.18
PKNB 27.73| 25.18| 28.44| 20.72| 24.49| 21.2| 28.13| 25.45| 35.68
PKND 39.01| 30.67| 22.41| 43.85| 26.3 29.36| 24.14| 28.29
PKNE 28.09| 20.73| 44.8| 26.3| 29.69| 25.33| 32.25
PKNF 20.25| 32.04{ 38.5| 36.95| 27.03| 29.12
PING 30.77| 28.6) 21.12| 20.78| 22.28
PKNH 26.6| 29.61; 23.06| 29.14
PIKNI 30.06) 21.9| 25,54
PIKNJ 25.37| 27.93
PKNK 28.61
PKNL
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Transmenbrane Domai ns(TM in H .tubercul osis STPKs .
CGCene Rv No: TM domain PknA 0015¢c + PknB 0014c +
woknid0883ic + PknE 1743c + PknF 1746c + PknB&C04B2004/001272

PknH 1266¢c + Pknl 2914c + RknJ 2088c + PknK 3080c
PknL 2176¢c + Table 2 10 It Ts seen from Table 2 that
tEe TM donmai n is absent in the genes pknG and pknK

I icating that probably these two STPKs act in the
cytosolic mlieu. Honol ogy and clustering of the STPKs

PERCEﬁB'pﬁ(BEe BB VWINE RIoYo 2 HiNRri RICINED | P BINEE Y6 (1RKNIG dKMpAnG and
PKNJ PKNK PKNL PKNA 31.8 31.72 31.11 27.88 21.65
Pknfé &reézasszbomolg@ow@@ ohgr SEPKg Howayer the geaerabhoppology among the

o804 5 B o 1 3 B IR A B v
clustdanBis26n8 bg De FheRMbBE (B2, a'zla avEUNEt20al2briB.04 38. 5
36.95 27.03 29.12 PING 30.77 28.6 21.12 20.78 22.28

DNy Bminé BuRdioey af®eititertly of bl AfbelRudsty STPs Ggure 2 and

PKNJ
Figure 3) it seems that the genes pkrG and pknK are outliers when compared to other STPKs.

STPKs in M.leprae

Compared to M.tuberculosis nearly half of the genes in M.leprae are either absent
or pseudogenes. It is postulated that only the bare essential genes are present in M.leprae
(Brosch R, Gordon S V, Eiglmeier K, Garnier T, Cole S T.

Comparative genomics of the leprosy and tubercle bacilli. Res. Microbiol 2000; 151:135~
142). Of the 11 STPKs only four, pknA, pknB , pknG and pknL are present in M.leprae.

The above analysis strongly indicates that when all the factors, like homology to
acek, absence of transmembrane domain, outlier in STPKSs, and presence in M.leprae are
taken into account only pknG satisfies all the four characteristics. Thus we are satisified that

pknG is the icd-kinase in M.tuberculosis.

Example 2

Phosphorylation of icd by pknG in M.tuberculosis

In order to demonstrate that pknG is the specific icd-kinase in M.tuberculosis we
decided to show that it specifically phosphorylates the isocitrate dehydrogenase of
Mpycobacterium tuberculosis. Additionally this phosphorylation also inactivates the enzymic

activity of icd1. To this end we have cloned, expressed and purified pknG and icdl.
Cloning and Purification of pknG:

The gene encoding pkrG ( Rv 0410c) was PCR amplified and cloned into the
expression vector pET 21D. The recombinant plasmid was then transformed into the host
BL21(DE3). Following induction by 1mM IPTG for 2hrs the cells were collected by
centrifugation and lysed by sonication in Tris buffer (pH 7.5). Following sonication the cell

lysate was centrifuged at 30000Xg. It was seen that the protein was expressed in the soluble
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PKNK 28.61 PKNL WO 2004/ 087943 PCT/ GB2004/ 001272

-11- Table 3 Fromthe above honol ogy nmatrix (Table 3)
wonRoM49sz@an t hat the genes pknG and pknK are PeasiB2004/001272

honol ogous wi th ot her STPKs wever the general

honol ogy anong the STPKs be]I g lowit was decided to

| ook at how t he I(genes cl uster anong each other when

supegnggng Follgwing thisghe Rrofrim wap pragipiatedan §hHoammenigm swlphate. The
prote@ﬂ’ Eél?cg Guak RS d?gsgf%& Em B a%ﬁ%uﬁ@%tﬁgl{@% on exghanee (Q-

cl ustering of e M tuberculosis ure
Sephiioger dir@hatoprapke fswhhsten (RgugefakatpknG dmdd proakd 306nM NaCl.

outliers when c are er STPKs. STPKs in
The Wﬂ%ﬁfgi? P&%\W@%%ﬁ%ﬂnég%ﬁe&%@% nearly hal f of
the genes in M| eprae are either absent 10 or

Cloning wdddanmificatibh of $sopitaite dahadlobbadseonl y the bare
essential genes are present in Mleprae (Brosch R

Cor ddhefs e tvizd géreaequentes @@NI0BEC hnd RIBB3K) dnnotated as isocitrate
g,]g)(g nparative enom cs _of the leprosy and tubercle
dehyFRgPpase in MoreDergplesisphioweyes @one ebthemdrve pagn proggn expsrimentally to
be thggf ﬁ%fli’yr}hé/ THe léfﬁﬁall the Rig %nfg ?Agﬁ g@%i’a@?{) I'W}%ég %?ssced?ﬁparable
to th¢ Ea:blz \mﬂmwai PCRI’amﬁiléﬁmtl (ans clohedk entdn dmtdxp%sm@ vddtos¥ek8c. The
enc of, tra smerrbr orml n, | er E STPKs, and

recorﬁ?‘é‘ Rl o fagniEras Qe tfﬁ%}? hogt HOE G lomyngpiagastion by
1mMSH*I'C§fer§rthé célﬁewécré’ 9611&5:'@@%6%{1{1%%&&% an?'i‘%%d‘ﬁ'? sBhitation in Tris

satisified that pknGis the iIcd-krnase
buffer(pbe?.okFodpwingmonieptien the Rhld $yshwrwisakehwifuged Ht SGOQQKg) lImzas seen

e S 81 05 e BB P SRR B B0 Vi R B i
step ASE6BH) §uercsb @yadidh@t THetpusiPied ifd1Eddd NoREOHAB PeH Bidilized in 6M
the isocitrate dehydrogenase of Mcobacterium

GnHEY, pred wefolded ky rapighdi tl@nam PBStinpeespives i dF NDHB. die plugified protein
was t.JhQI‘I" ohﬁ@fe?%xtelg% SHEWAGE ﬁ%ngllg% of icdl. To this end

ave C exp réssed and purified pknG and icdl.

sPec%c P8 Hadct { ffw&ﬁ, I pknG

To prove that pknG specifically phosphorylates icdl we set up a kinase reaction in
a buffer (Tris~pH 7.4 containing 5mM MgCl2, 2mM MnCl2, 0.1mM DTT and 0.1mM Na

Orthovanadate) the transfer molecule ATP was 0.1mM in presence of y32P ATP. The amount
of proteins, pknG and icdl, in the reaction was 1ug and 2.5ug respectively. As a negative
control E.coli icd protein was also used in a separate reaction. Following the kinase reaction
the products were run on a SDS-PAGE and autoradiographed. The results are shown in Figure
6.

The results clearly indicate that pknrG specifically phosphorylates icdl (lanel) whereas

when E.coliicd is added as a substrate, only autophosphorylation of pknG occurs (lane2).

Inactivation of icdI due to phosphorylation by pknG

So far we have shown that pkrnG specifically phosphorylated icdl of
M.tuberculosis. However in order for the branch point substrate diversion to occur it has to be
shown that phosphorylation of icdI causes its inactivation. In an earlier experiment it was

shown that in pknG it is the serine residue that is phosphorylated ( Koul et.al Microbiology
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25 The gene encodi ng pknG (Rv 0410c) was PCR anplified

and cloned into the expression vector pET 21D. The
woeomis7aaant plasm d was then transfornmed i nt oPCI&BE20E1001272

BL21(DE3). Follow ng inductipn by 1nM I PTG for 2hrs

the cells were collected by centrifugation and | ysed

2001 ¥ 32 05@1 8 L lngerit \Szvpg I Soashte gm%ﬁqtgg%{gl%\é\éhno%ylaﬁon of iedl by
phnGBERRKE thé beriiR3eFARNThE Rlacti BRIV HY ARBinSKe ﬁﬁs%ggéjisib% given
The sol ubl e WD 2004/ 087943 PCT/ GB2004/ 001272 -1

by: supernatant. Following this the protein was
precini ed in 35% gnmoni u | phat The protein
Isomgraﬁeﬁé&ééé t ieh 4 @%@P%@de #ﬁ@%ﬁ%‘u@e@@% and purified
B U AR A RNy
i R e T K R R S R R
Hownlge®lif the Phesphorilationaff i¢diebypriote cansesathe dieet kattbni of thdSbrmer then

SDS- PA oni Purification of isocitrate
the ERERAP GH YRR PP dPereb s hERe e a1 i Bossc
ShovaBel R 3 e PRNYBE &fpRchl BdactiSP6f el AlEpresiRbY N PARBASKEPAnG.
M tubercul osis. However none of them have been proven

It is ehspeusi frasn the abpve epsulh éhat phosphpyasienypinécd I tyekafhtdselts infa
enes. | 3339c) whose size is
anw§%§%@$§%§§Q§§%5¢@%f .E%Ii gene was PCR anplified and
cloned into the expression vector pET8c. The 10
reconmbi nant plasmd was then transfornmed into the host

A Ky DREVER) SHEY INVRYCORACTERIUM TUBERCEEOSE 2hr s
h | j | _
by sanrary ano I ARHFE RS oRCHAL IR B B Shich cnables

it to booparativiedn atnhiercc@izhnikiysEhefimas theplissphorgtiondeAeM{gactivation
e seen hat .t he protein was expressed._ as )
of the fidf 4 LhigrPShBaNEE sheha doaes b herFoestic 8boMBPRIAtREIPt icdl by phnG
b . c o .
T K L e A
isocifrate Gat@lended! andfic]l Wawnble ompnismdirbws iroglucase BRSprieference of

isociﬁ%%&%{}? PSE%?]\-/%AI@[@\E g?ﬁs éﬁ%@@t{%&éﬁ&g |%r trgbgg}f\{y\ﬁ thtlshig rE]IISO true in
M.:bRIROBBRaradl (A K‘Pfﬂoﬂfsod'iﬁétlla fOVic@K ﬁdﬁle_fﬁn RS eVAudtbdby PXRFeaver-Burke

specifically phosphorylates ic we set up a kinase
plot arsCeornish-Bawdea dingttf lareaf filot srdted. advabwmnafai2piM fprisdditrate. The Km

for i A RS )l S PRI R R 04 FEIEPEor QRS A5 and
15002{%??12%? é?ii‘d ng?%gspreae}g\éetl}F :;I?]lisagﬁgé‘ glgaréﬁgldgbra% @hi¥edl R Freater
affinity spisotiiratel gver Ads. & hixedpad prowes the presence of a differential Km and we can
thus conclude the possibility of a km driven shunt to be operative in M.tuberculosis.

In summary we disclose a novel method of pathway inactivation by substrate
diversion. This concept is exemplified in M.tuberculosis by identification of a novel isocitrate
dehydrogenase kinase (pknG) which specifically phosphorylates and inactivates its cognate
isocitrate dehydrogenase(icd). Thus inhibitors of pkrnG (compounds that bind such that the
transfer of phosphate moiety to the corresponding serine residue in ied1 is prevented), will
divert the substrate isocitrate away from the glyoxylate shunt. This will prevent the growth of
the bacteria in C2 carbon source, which might be catastrophic when the bacteria are in the

latent/persistence phase. It should be noted that pknG transfers the phosphoserine to icdl by

two-step procedure, in the first step the kinase is autophophorylated and in the second step the



control E.coli icd protein was al so used in a separate
reaction. Follow ng the kinase reaction the products
wWoRnE/08ta3on a SDS- PAGE and aut or adi ogr aphed. PO®/GB2004/001272
results are shown in Figure 25 The results clearly
indicate that pknG specificé} y phosphoryl ates icd
(1 anel) whereas when E.coli icd is added as a

phosphs i tEansferisd) Yheaemoy e SI¥REYRPR A indibitsrs. shiarsbBigtipigvents

auto%ﬁ&gﬁ&gaggﬁ Qﬁ&&éo\éﬂ% g@g pgrv]%ﬂ\hl\tﬁg e tijalﬁgfet G%Q gg@ééféﬁﬁég E}f&‘iﬂ {#d type of

inhilpteospiibprglatt et phodpharflaBon b zcdllber cuI 0si s. However in
order for the branch point substrate diversion to
occur it has to be shown that phosphorylation of icd
causes its inactivation. In an earlier experinment it
was shown that in pknGit is the serine residue that
i s phosphoryl ated (Koul et.al M crobiology WO
2004/ 087943 PCT/ GB2004/ 001272 -13 2001,
vo1147, 2307-2314) hence it would be |ogical to assune
t hat phosphorylation of icdl by pknG occurs at the
serine residue. The reaction catalysed by icdl in the
absence is be given by: Isocitrate + NADP -->
cc-ketogluterate + NADPH + 2C(r)2 5 By neasuring the
formati on of NADPH at 340nm we can nonitor this
reacti on. However if the phosphorylation of icdl by
pknG causes the inactivation of the forner then the
formati on of NADPH is reduced thereby reducing the
absor bance at 340nm Shown below in Figure 7 is the
typi cal reaction of icdl in presence and absence of
pknG It is obvious fromthe above result that
phosphoryl ation of icdl by pknGresults in a 10
concom tant inactivation of the former. A Km DRI VEN
SHUNT | N MYCOBACTERI UM TUBERCULCSI S There are two
i nportant features of the glyoxylate bypass enzynes
whi ch enables it to be operative in a mcro organism
The first is the phosphoryl ati on dependent
inactivation 15 of the icdl. This, as we have shown
above by the specific phosphorylation of icdl bypknG
to be specifically operative in Mtb. The second is
the differential Kmfor the substrate isocitrate
between icdl and icl. Wen the organismgrows in
gl ucose the preference of
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isocitrate for icdl is governed by its differentia
Km In order to verify if this is also truein Mtb
worcmmazgsed the Km of isocitrate for icdl. TheCKaB2804/001272
eval uated by Lineweaver-Burkg 20 plot and
Cor ni sh-Bowden direct linear plot indicated a val ue of
for isocitrate. The Km for icls have been
QLQﬁﬁi ously determ ned by Russel and co-workers to be
around 115 and 1500 Mfor icll and 02 respectively.
This data clearly indicate that icdl has a greater
1. af Aimé¢thgd fop altemaiting at micva@ganieh svhidth¢enpltaea inhilities irt the
. _presence of differential, and. we can thus
micrByRRG¢ THEDYGHBEY T S9abR! D RNy VEADSFE P phe substrat
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di scl o0Se a novel nethod of pathway inactivation by
wherghy Hrersabuiratelis\apsdilshle tTrhsesseniobpathivey exdig|niticeetganism is
aumﬁﬁwauberculosis by identification of a novel
I'SoCitrate dehydrogenase ki nase (pknG which
specifically phosphorylates and inactivates its
coghate isaocitrate dehydrogenase(icdl). Thus

2. i nhipethed as Grinsritclain Teip Ahe RFaCe Ot apseras of tarwitrient
. f i t i nq. .
e AR Rl BRSAN T Skt D LRy rgorsanom.
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oicdl by two-step procedure, in the first step the
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transferred. There nay be two types of inhibitors, the
first that prevents autophosphorylation, the second
5.t hAtmgthed anclaimeldan claamsk and, whageih ¢he enzgmeliabe bdibitedhigisocitrate
deht¥(p% of (ici ibitors will prevent the phosphorylation
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1. A nethod for attenuating a m croorgani sm which
conprises inhibiting in the mcroorganisma netabolic
6. pafinethodasepimed inchimy apdi whegsin thymisreprsnisng ivbaceffacterium
ubstrate 5 of the pathway in a different
tubeacgfoév olic pathway which is non-essential to the
m cr oor gani sm whereby the substrate is unavailable to

t he essenti al t.h and the mcro organi smis
7. 2 method as cﬁairr?e% in\é@{m and wherein the enzyl%e to be inhibited is pknG.

8. A method for identifying compounds that attenuate Mycobacterium tuberculosis
which method comprises testing compounds in a test system for their ability to bind to pknG

and prevent autophosphorylation.

9. A method for identifying compounds that attenuate Mycobacterium tuberculosis
which method comprises testing compounds in a test system for their ability to bind to pknG

and prevent phosphorylation of icd! or a peptide derived from icdl.
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attenuated. 2. A nmethod as clainmed in claim2 and
wherein the presence or absence of a nutrient 10
wdebmwosiaags whet her a netabolic pathway is essearica20@r01272
non-essential to the n1croorﬁ@n|sn1 3. A nethod as
claimed in claim1 and wherein use of the substrate in
the non-essential pathway is pronoted by inhibition

10. of Agpethed {arddensifying C?IHEOIE@Q ot amnus@tmwactfaum tuberculosis
whicf TRt QEgRt Bt Pfib@hlh h ARG PRSPt i iedt or
a pepetidaideriviedaftomvibel sidprevent phospherylaiobef icadiblyi gied. i s
isocitrate dehydrogenase (icdl). 20 6. A nethod as
claimed in claim1 and wherein the mcroorganismis
11. WRQQ&H&Pfdr H‘&Enﬂ‘f&ig g&ﬁ‘id§ thaf att&u%thﬁ?é’olﬁéteﬁhﬁf tﬁ?&cﬁ]ﬂ sis
claim®6 erel enzyme to be ihhibited
which komeghod Q@lmsesxtas’engmmpmmds tentestfsystem foo ﬁwmmdsyttm ptevent the
hsa@tegﬁaten cob r|ug1 zberculosis whi ch nethod
PhOSRYRSAHER & %WF {fAfrs in a test systemfor their
ability to bind to pknG and prevent
aut ophosphoryl ation. 9. A nmethod for identifying
12. cofpeotiasicrabacteriel evrupeuadiqasibisd peording tuhemeihedplsany@ne of
chnﬂ!%? nmet hod conprises testing conpounds in a test
systemfor their ability to bind to pknG and prevent
phosphoryl ation of icdl or a peptide derived from
icdl. WD 2004/ 087943 PCT/ GB2004/ 001272 -16 10. A
nmet hod for identifying conpounds that attenuate
Mycobacteri um tubercul osis which nethod conpri ses
testing conpounds in a test systemfor their ability
to bind to icdl or a peptide derived fromicdl and
prevent phosphorylation of icdl by pkfnG 5 11. A
nmet hod for identifying conpounds that attenuate
Mycobact eri um tubercul osis which method conpri ses
testing conpounds in a test systemfor their ability
to prevent the phosphorylation and or inactivation of
icdl. 12. An anti-mcrobacterial conpound identified
according to the nmethod of any one of 10 clainms 8-11.



