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WO 2004/ 087943 PCT/ GB2004/ 001272 -1 METHOD The

present invention relates to novel nethods for

targeting intracellular pathogens. In particular it
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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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30 inactivation of the branch point enzyme through
phosphoryl ati on by a specific kinase has been
t hor oughly worked out by Koshl and and co-workers.

, Wal sh & Koshland J Biol Chem 1
wh b g@%’?’%%g_ 14075, Wl sh & Koshl and J Bi ol Chefa #0127
1985, vol 260, 8430- 8437).-20D 2004/ 087943
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mechanfsar”. ilrepresentsta nonelowmshanism diactiodinadrhg disgovery. mor e
enz in. t essenti al. pathway. We call this unique

~ node o% fdlr%glc;{]ti]e:\s/ta%wﬁg(’fatﬁe lé‘ﬁ?m /“éaﬂr PNidR2 mgﬁBE for gitenuating a
microotiganesis,i 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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RNOdQE QEGHS Biaoﬁﬁﬁl?ﬂﬁlaﬁlghﬁ% abIRE Q:‘ﬂ%ﬁ %%; i’%'ﬁ??%“al and nomn-

strlklngly exe I'n - many
cssentil fetabekd Iéﬁﬂ‘!W/aYIS sndigetragesifor 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 includin g the growth medium, subsirate
concentration, the differential Km and the reversible inactivation of enzymes beyond the

branch point.
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on intracellular survival and nmultiplication, a stage
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physi ol ogi cal effectors,  “one | I ng oxygenase
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hibitprs |ead to a depletion of the guanylate
has n E’ EYSIREES- and dGTP pools) leading to the death of

t he P@piotlhyuddiof kiH JaBstedNE
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won 388 0 GOl S TR 7 405
used fior patbivayk hasingwaoye than swotindhes Boma bf the peetabdlic 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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Tableé' vul ni fucus, P.aeroginosa, P.putida, S.onedensis,
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E.coli S. SOT TATAGrEy, —Celeyalg g tharanar—mreervi-si-ae—
E.coliJ JW1122 JW3975 TW3976 |

E.coli0157 71865 Z5601 25602

E.coli0I57] Ecs1608 Ecs4933 ECs4934
E.coliCFT073 c1517 c4972 c4974

S.typhi STY1278 STY4402 STY4403
S.typhimurium STM1238 STM4184 STM4185

Y.pestis YPO1641 YPO3725 YPO3724
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For the glyoxylate shunt to operate anal ogous to that
observed in E.coli, the trio of genes isocitrate
dehydr ogenase (icdl), i socik_trat e(! ygi;e(l ﬁl ) and
' [ e dehydr ogenase i nase(ic sho

Wg?g@e"%{@ Thoug% icgl and icl have been anng‘%“g‘i]ggmfmﬁooém
| arge nunber of organi sms-%cdk has only been
identified in a few The list given belowin Table 1
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SflePRYE DEET THEpst ' F4082 ©
I dentified{fromthe KEGG ase.

X cafpawmisgenonEXEL0peT kegq) | Xaioess O Gan| Sochogh o1
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L
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P.putéda y i ni uf PRARLBTMI238 STRPAIAE STMA185] PRAGIEEES

vROR G000 087943
Rosolduderaln o oo1§2i 7O§ -6 Y. es?%‘lésJ‘%M y180p°y8%4E yoo1s

S. flexneri SF1155 SF4081 SF4082 X catnpestris XCO0967
XA.C1046/_3835 XAC0257

XOOO XQno _
%‘% aaér?f’ﬁ?tr%s ég PROGSHEBIRPFE  P. puti da

MyCW@mﬂmmmsBPA@ inbhedael eareriBé SINEGRRE BYPaBREPKO Bacteria has
icul ar. asp ect of the

been B%g ??%ﬁs%%g’eé%% tjgrtz TSp aoﬁqflglﬁ; s,ugww %lgg)db%magﬁphage In order to

targelt thd g]lquﬂals bﬁpassbﬁ MipicaRef Waht éhahiis of |s¥5%ﬁ¥ﬂe§ﬁ\%rsmn as
is bacteria has been proposed be

mentiQ ﬁgd‘gems‘lfea ftig ??Feqtlfﬂsto i9sPHLLRe targespnzyme wspensibig iOh thq: diteesion, the

Mmammmqgealeﬁtrbf QI0@Hast, Thisenl, Qﬁt un %1%%4 u{lg thrqueh
of M tubercul osis by he nec nls

the B P En o ionan e tabiesdel s s soudamrns ale tourvive

withih £ %idcfo}ﬁh‘léée Ats ;P Rha &MY G ﬁ&é&gﬁ%egl Serdtea i tuberculosis,

di version,
we describe below in the Examples the approach we have employed to identify and

characterise this enzyme as 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 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 atfenuate 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

N R T L T Ty ey iy P Y My
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M t uber cul osi s equi val ent of icd-kinase. This enzyne
is a unique target for inhibiting through the nethod
of the invention as cells inhibited of this enzynE
I t be able to survive wthin the
W‘ﬁg&' )ﬂl sBkl nase has not previously been i dent | &Ptggiﬂﬁmnz
tubercul osis, 10 we des@ribe below in the Exanpl es
the approach we have enployed to identify and
comporpdsAr ¢ &gst systemHonthein 28ility teprepént the phasphofylatioh end esipaxtivation
ofic@f the invention we disclose a method for identifying
conpounds that attenuate Mycobacterium tubercul osis
whi chonvsnisnidest oyspamisdersist @sthe alppve aothpes wdks bé spparchedithe

siond S SIARY bR AP b DL OB S SRR
convegfientlly goinpriserds |agﬁomtechﬂheﬂ tnspzaﬁ; ereyine dr the fcdl denfhd JHbagh

t hat, atten cobacteri bercul osi s
enzy T B R AR o BB bR S s s gt et g
appr@ymlb ¢ Ifréﬁremtefte labsefdl of militypd8pHbrfatidiof @Kﬁ@oﬁﬁﬂ)sﬂﬁ&%@ﬁﬁn of

n of ..icd] . 20 I n a further aspect’ of
. BigE it hery i of o 6ULeid e sepombant erehtdiop g dosseeof
phosphePRNAIsAEan béatliraly eRedkR Hy&tﬁ&i?t%ﬁh&{té Ay hetsoy 'n? %}h%ch

whi ch net hod CO};BH ses testing onpounds i n a
measyips the fermstion pfNADRHFigurs/7) Usipg Fﬂﬂilql@ellﬁdﬁz“(éﬂd' PpwevMOnitor

the p Mﬁ%éﬂ kﬁ@ atf/or z!apﬁgﬂ" gé&x 6h Igﬂ%ée tth H%gq phg@l qstpo%ccg

the 1 nv tlon we ose
elthelzdmﬁm g Gsn berrhxecfést mensumt én wamhabﬁlefsmﬁmnm ey Gitgasther

seoe PR o Al R WP PSR R o1

t hei Altexipitelyyf ofher memndymaﬂalﬂé]m qams]pﬁwpmkﬁmdﬁmf PRfeifd or
f
PEPUABE aﬁc éi :ghe te oho(%gh:w:ﬁeﬁ (Srglg%g%ﬁaélt eﬁ,fastr? qslqtv.pgbrgsusec? rhlslflead of
the esicé el p1$>te11prcpﬁ’cﬁAs m@:li'e}éexﬂhigm'agm&(ts WBEdPthahR @h&épﬁblﬁdaf& by
G | e suchte lﬂé’ eﬁ wll 5 conveniently conprise

p 'a@n% P P:'&PEOT PhoRdation prey g Hime i able Ffbphq%morylate the
said pepizdere or both enzynes, the enzyme may be coupled to

a reporter system capabl e of indicating as

appripivalics ajpses of thedesaidoroye pg¥ish @p agtfmicrobial compound

identifibd W&M@ﬁ%’o% o sp RSP RS mQéggﬁﬂhor ylation of

icdl. Since the phosphorylatlon lcdl will lead to
i t s Deirvmionyil tonhetillvainicd but iioh §mited by eefaénce to the following

mﬁﬁ@&#}ﬁ%ﬁj t ndirectly neasured by
non nonitori &Ia?gﬁggf}?\\;v?t&?fnl n 340n. m which

Figure 1 illustrates the common isocitrate substrate for the icd! enzyme in the TCA cycle and
the icl enzyme in the glyoxylate bypass. icd-kinase inactivates icdZ 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 pinG. 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,




10 nmeasures the formation of NADPH Figure 7). Using
radi ol abel | ed(327) ATP we can nonitor the
phopshoryl ati on of pknG and/or icdl (Figure 6). Also
ee of phophorylation of either pk [
‘wégﬁuggg%ﬁrectly nmeasured in a standard EngiQ%%%%%#ﬁg%z
- using either generic phoptoserine antibodies or
anti bodi es specific to either of the enzynes
Figup¢ 6 showa tthel rgsults bhexperimtiio thsshaw dlidt plt@ sgecifidaltygeibsphorylates

. 1 PROS at .on .o [ ot ei.ns, or, 15 peptj.des,.e.g. th

ioat PRASRRRE M W80l LU Py apergiabR fict Hife s e

E.cow&ylﬁszddféah a dubsttapn dplcg,vfautfoplmplemjr]imi@]1c d)ﬁ}dﬂé?@bﬁﬁﬁ{lﬁw 2).

._peptidel/s representin ragneni.s iC that is

i D IohS ARG P AP B 8 Bt BFGRES A thocpaf i

The phcis goos\bairhmbs asih@vire® st BN ahs (Rl &id Pows time in seconds.
phosphoryl ate the said peptide. In a further aspect
of the invention we provide an antim crobial conmpound
20 identified by one of the above nethod aspects of
the invention. The invention wll now be illustrated
but not limted by reference to the foll ow ng
non-limting Exanpl es and Figures wherein: Figure 1
illustrates the comon isocitrate substrate for the
icdl enzyne in the TCA cycle and 25 the icl enzyne in
t he gl yoxyl ate bypass. icd-kinase inactivates icdl and
thus turns on the glyoxylate bypass. Figure 2 shows a
nei ghbour joining tree for the 11 M tubercul osis
Ser-Thr protein kinases. Figure 3 shows an average
tree for the 11 M tuberculosis Ser-Thr protein
Itinases. Figure 4 illustrates the purification of
plnG Lane | and 2 indicate the purified pknG 30
(indicated by the arrow). Lane N indicates the
nol ecul ar wei ght markers. Figure 5 illustrates the
purification of isocitrate dehydrogenase. The purified
protein was nonitored by 10% SDS- PAGE and is shown as
a 45.4 Kda band. ------------ ------- WO 2004/ 087943
PCT/ GB2004/ 001272 Figure 6 shows the results of
experinments to show that pknG specifically
phosphoryl ates icdl. The results show that pknG
specifically phosphorylates icdl (lane 1) whereas when
E.coli icd is added as a substrate, only
aut ophosphoryl ati on of plazG occurs (lane 2). Figure 7
shows a graph of the typical reaction of icdl in the
presence and absence of pknG 5 The y-axis shows
absorbance as neasured at 340nm and the x-axis shows
time in seconds. WD 2004/ 087943 PCT/ GB2004/ 001272
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-9- Exanple 1 Protein kinases in Mtubercul osis;
identification of pknG as the icd-ki nase in M
t ubercul osis The protein kinase 'signature', including
l, mai ns that are conserved S accord|
W?kéi”ég—m%o A. M Qinn, and T. Hunte ﬂ&/éﬁumﬁﬁ%
Sci ence, 1988 voI 241. 42- !?1) IS present in all the
el even M tubercul osis Ser-Thr protein kinases (STPK)
Exampletl have been annotated. An additional gene, p/cnM
Protii It EREHGIRY uféﬂﬁﬁ&ﬁfoﬁ%fﬁﬁn@aPer%d—ifﬁa%Tiglﬁ.
encodl ng gene, oes not possess” any recogni zabl'e
tubekéudesise si gnat ures. The honol ogy between pknM and the
car boxy-term nal region of pknH probably explains the
or i giThaProfeiminase| agnanre, lmlugnmlhil demaineth@ pRKcdnagriddy

hat S I
acco{%’r%er ve aci‘rzsgg skt réo]'ﬁn‘?l énﬁlulle%}q %gs%ks%ﬁ o‘ir %‘8% VX"] A 420
is preskmiin plbheekyernil y@em’eloszn Sem’ﬁlr@octtem @mssds ¢STHFEthst hdmmaen

wnofe?, ARET Qi KO et BN IRt M Bl e

encotling gewodmes moirpossdss oty re&gnnmlﬂmhhasbergna‘nresmié hohoiwgy Between

d t he domain. i
ply 5 B o RSP Suhaaonaby PR=UR I e pemieTPy
Aligiithent pfitha STPE faraily kiemdae rdvealdd thitidaegdies sfeSabaalﬁte@rcaﬂsewed

strate ased on the | o assunpti on
acros} iy aflise e@"}amsb%% HFingn e potf it sl domain
Vb GEEKPXN, Metryizqg ey @ﬁh@ am vﬂ@dm@bmﬁlacmﬂsﬂc of $EPKs, pknl has an

I cd-ki nase of E.coli (aceK . Since the icd-kinase

asparzging gf this PgEEen: &hich iz BHysHA) é?ruaeéTm howgver, {heothensorsprved

resid@4Y MR ordaln indiBats BRI ALY ThPILRR, cytosol , the
enzyme should lack transmenbrane donmeins. 3. The

DO S R0 0L MALBSLEU oL, ShON NG e,

based 60 e BB TbwiikdssiBmpriviol 8 gdapted, he put ative icd-kinase in
M tuberculosis is also present in Mleprae, as it is

12l $Q. ﬁé?lEé oHi & aufﬁﬁet é“wéa}»gﬁg'rﬁﬁ%f mﬁlﬂ%g%l%ﬁfi%%‘%@fp%d’%ﬁth

bi oi Nt or mat | approac
puthgtiddvigndsonDE.ogo(sek). nase anong the annotated Mtb
STPKs with aceK of E.coli. The effort was not

I €8inkd b - Mbdsd hdti vith SccuBBl UEHER 18R HitBAY i TOR ki dle enzymes, it
searchi ng but rather took advantage of the known

r ethepideeiinthegriosrlethe enrameTimuldlagl trapspsmbrnge derains.
structural honol ogy di spl ayed between aceK and
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.

Homology with aceK

A bioinformatics approach was taken to identify the putative homologous kinase
among the annotated M.zh 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.tb and the structural homology displayed between aceK and
eukaryotic STPKs. The main features identified were the followings;




30 eukaryotic STPKs. The main features identified were
the follow ngs; WO 2004/ 087943 PCTI GB2004/ 001272 -10
The strongly and weakly honol ogous residues differ

e 12 sequences. Based on the stro lr
B2004/001272
wﬁgar?r%@sogous residues Kand L in the second conZGe rve

motif and the weakly homellbgous residue Ain the
third conserved notif, it is seen that plcuG plcnL,

pKrhe sarookly pi CwdB kB emobgbusesithadiffa aﬁpngﬂie 1aGedtences. Based

on theS R RIS BRI 2190k te b sebnd ORbsied it nd e vieakly
homd-fkg'bﬂs ORitlhe Atin tHekhikd dofdedGedimotPkin ks skeidifiar pknGPm, @#AAend

66/ Pl 14c + PInT 2088c + PknK 3080c
pkn ﬁﬁloﬁtls?%‘garwt‘“gfﬁig?‘é’% 10 It is seen from Table 2 that

5 the TM domain is absent in the genes pknG and pknK
i ndi cating that R/DObabl these tvvo STPKs act in the
Trangipembganerompipg(l] ¥t eri ng of the STPKs

GenePERCENTAGE | D pARRI X PKNB PKND WEOIEMF PKNL PKNH

PKNI _PKN] PKNK PKNI  PKNA 31 8 31 .72 231.11 27.88 21 65
Pknx*g}. 34 26. znsg.‘sg)ﬂgﬁc 94 35.18 PKNB+27.73 25.18 28. 44
PkiB)' 41 23 85 26 19956 ég 24 14 28 24"

PknD 0931c +
PknF, ' 1743¢ +
PknF 1746¢ +
PknG 0410c

PknH 1266¢ +
Pknl 2914¢ +
PknJ 2088¢c +
PnK 3080c

PknL 2176¢ +
Table 2

10 It is seen from Table 2 that the TM domain is absent in the genes pknG and pknK

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) 36.85| 27.03| 29.12
PING 20.77| 28.6| 21.12| 20.78| 22.28
PKNH 26.6) 29.61| 23.06| 29.14
PKNI 30.06; 21.9| 25.54
PENJ 25.37| 27.98
PKNK 28.61
PKNL
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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 PKNI

WG Qi 9 2554 PrW 2537 27.93 PKNK 28104l MO}

43 PCT/ GB2004/ 001272 -11- Table rom-t
above honol ogy matri x (Tabl%‘ 3) it is seen that the
genes pknG and pknK are | east honol ogous with other

TabledpPks. However the general homol ogy anpbng the STPKs
being low it was decided to | ook at how the genes

cl uskERim &%ﬁ%rg%aﬁlblto@fl hﬁmmd ble B @teai tﬂﬁtttlﬂé ,'gdmg§ jﬁ&zcmms
ear nel g our n aver age ree _a ori
meﬁs fﬁa%tmnw&%ewo %ﬁq%ﬁﬁét Hevegt the geneeal hpmology among the
STPRIRSILIS WA v s é&l&fmﬁ&dm h8w2hASteles dhhsgly %ﬁmﬁé edch oBRE When the

that the genes pknG and pknK are outliers

clusteringinfens bygeannsphbayr e and aypagstrphalgartipr ae Corrpar ed
to M tuberculosis nearly half of the genes in
M | eProaetha hemelophard chizsseimg of he M)mbp&emb@ SEPES (Fifre 23nd

. t te { I t

FignB LRGN PR B ERN oY AP SOPPaRr g FEpeYTPES
K, Gamier T, Cole S T. Conparative genonics of the

STPK&pTMdW"&ﬁd tubercle bacilli. Res. Mcrobiol 2000;

151:135- 142). O the 11 STPKs only four, pknA, pknB,
pknGCamgatsk LM dyherapiosis ey bﬁlﬁ\nflﬂaﬁpsea@s in Mijearagiseseither absent

or ps &ﬁk 3t ?B&ng!eﬁ tHaPGH1G %%%Ictégﬁuﬂg?ﬁhts ?Lgé F%Eégﬁ%lfn% b

to 15 aceK, absence rane
(BrOP&bﬂRaiG@rdqmﬁVi %ElmewfﬁTﬁﬂsuera?n@Obr%Eence in Mleprae are

Com%%ar R g 9&810?8@2{,‘{&% 8@&)& KRG ﬁéc{ﬂhsﬁ eg/lé&%%m{ itﬁ)of 135~

errs we are sa|S|

142) 1 (Gfighe tHSKPKaswy four, Wt dlydmdy| pbs Gsaind Brrdinpt @re@ent in M leprae
Phosphoryl ation of icd by pknGin Mtuberculosis 20 In
or deiThe abatté pansisrstrorgly hghicaiek fhat whent Highe fretors, like homology to

mceKI %e&e%@%ﬁnér&%ﬂtﬁ H&Bﬁﬂl o%%] et 11¥\§TPKS 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 iedl, To this end we have cloned, expressed and purified pknG and icdl.

Cloning and Purification of pkrG:

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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deci ded to show that it specifically phosphoryl ates
the isocitrate dehydrogenase of Mcobacterium
tubercul osis. Additionally this phosphorylation al so
es the enzymc activity of icdl his end
wb'}&ﬁg%ﬁ%l oned, expressed and purified pknC?(grh B%og%qoun
Cl oning and Purification o-le-pknG 25 The gene encodi'ng
pl cnG (Rv 0410c) was PCR anplified and cloned into the
supegiefane Solloving s the pkin ﬁd@rec‘ﬂieatercaﬁeﬂ%l an@iidnifth 86lFhade. W

Fol |
oot RECERT e B Rt D0l P N i g
SeplwIﬁsdb)e:bI(mEbhtc]lc[%aphg.anas deer) €Fl 106 4 PRk ﬂkn&%ﬁu@yatmﬁﬂm :ﬁ?hm@?ﬁ:l.
U er soni catl on e ce
e pJi bl ibciEies (GG 10 SBSORAGE: 1 ¢ oo seon  ha

the protei n was expressed in the soluble WO

Clogipg apd Bysificattanf egivey ddydrdenae? super nat ant .
Following this the protein was precipitated in 35%

anmo ANEFRAS I IsaresequERees (RY 80GScrang BIVBI9c wamotateds isocitrate
dehyﬂfo‘g&ﬂbe‘/ Ry, &‘Jbez]—crulﬁzs @I’évg%% Crﬁdﬁg oP et Ha@%béen LS V\g g}%]gegg}entaﬂy to

exChange (Q Sepharose Mt 64
be the mid erzyme) Therrmallp) of #16 twiogeesd zaﬂ()RNd3mw Wlldbﬂ\dasﬁe is cobiygarable

d 10% SDS-
to th@Hieb Yer? e BERPI L b ors PR B e oty B LA Lbe
recorfbinins phswid wis thrarensemnediinte she det BOBEDEAN BolR338 8@hction by

(RO T B8 U e Plefion B AR SRR v b cronisnisnn Tos

buffee(pHet. 5)n§mltoatnhg/sohmat1dmhd &t 1§satedmertémge£f Be3080BK s af wi seen
whose size is conparable

nes
that 4‘ onPft&‘ a‘PteSS§§ ﬁ%lﬂ&lﬁ%%@ﬁ(geww ineloeion fefies ware hon prfied in
step (LA &60%) rseﬁaqecgmmc The pefiedGnelldiéh Bddids %Qémérpﬁﬁﬁb(ﬂlze%)m 6M

the transformed into the host
M@Lﬂﬁat&g}?@mﬁlﬁﬁ qikyHomin PBS iypresqnse o5 L MAWPSB 1 Fhe muified protein
was theT ok flrddaii 105 bmsm@gshwg@tmn and |ysed by
sonication in Tris buffer(pH 7.5). Foll ow ng

Specifiephoqiliodylatibiofgall by pim&t € was centrl fuged at 30000Xg.
It was seen that the protein was expressed as

i ncl Dspone hepias. spddificalln @h@@h@@la&@ G2 SweRf & 4 Ri§se reaction in

aburf s G 74 bon Bl S M et s Y. SHPNGOLT 2ad 06 R

OrthovanAddiefhe %%fér%@éﬂﬁq&’ﬁywﬁﬁp | lp?ésls 0ok 932%%‘]% EI‘gﬁ amount

presence of | MNDSB. T urifire pro ern
of praiging, pln dn&ydﬂ,@%hﬁ%cﬁﬁﬁiassh&g\md Behgvestitiotll] As a negative

tion knG To, prove that pknG
contr@lphg%cﬁ i ‘?\,é’i ? &is&%? 5‘(5 ritte ac g@%mﬂﬂl‘}g the Kingsprgaction
the prodatd weR ninon fﬁSMI-PRQ‘JE &Ihﬁ@ra@iﬂgﬁgﬂe@ Thé RkRisHPe HEWn in Figure
6 MyCl 2, 2mM Wndl 2, 0. 1nmM DTT an
The results clearly indicate that pkrG specifically phosphorylates icd (lanel) whereas
when E.coli ied is added as a substrate, only autophosphorylation of PknG occurs (lane2).

Inactivation of icdl due to phosphorylation by pknG

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

shown that in pkrG it is the serine residue that is phosphorylated ( Koul et.al Microbiology
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20 Orthovanadate) the transfer nol ecule ATP was 0. 1nM
in presence of y32P ATP. The anmount of proteins, pknG
and icdl, in the reaction was | g and 2. 5g
ver As a negative control E coli
{B?@t&@%‘l was al so used in a separate reacti oPrﬁ‘JT%'jBZ"Mmmm
Fol | ow ng the kinase reactd¥n the products were run
on a SDS- PAGE and aut or adi ographed. The results are
20015 Hehbd 4397128 tihencedt woulld Bt togreaktiolassiel teed physphorgiatia ef icdl by
Bearddk B o5/ ane
plen; A e B R i BT LS il sbripisbs
by: aut ophosphoryl ation of pknG occurs (lane2).

: f- d phor yl by pl anG
o RN (52 il SABTICR 1) > P

By n@h@ﬁs@@ ﬂfe)fb:@iaﬁdn bﬁdADPH a3840vim {6 BRI MbhiRE ks reblQiMBVEr i N
t he ran oint substrate diversion to

Howgee g4 RhopIGmB B e Byt SRUSBHIgE FraeHKAfian piohe Srmpri@pn

the f&%ﬁ&ﬁoﬂN@Pﬂ%&ﬂN&ﬂ&&&by&éﬂu@ﬁ Q@ dokéibarR¥ BESdogRNt 1t
was_. shown that in pknGit is F he serine residue that

Shownsbelpypiadigg ¥ a%té*aty@}%élﬂeawn af icfil By ppretesgy abwence of pinG.
It is GRAME %&Qﬂ@aﬂogfe@g@l%&%%aqog%g L%? (Bé Fkn ref'sults ina

v01147, 2307-2314) hence 0 assune
COﬂCPWéQHtHﬁ@S"ﬁh@rsﬁthﬁmﬂof icdl by platO occurs at the
serine residue. The reaction catalysed by icdl in the
absence is be given Dby: Isocitrate + NADP ->j
AKm-D&l‘@f&HMWMWMCTMT(H@ER@HLOSEg the
nitor

for 340n ca
cactiogh e e oS B B G EBis e et s ensbles
itto l}gﬁ(ﬂp@‘anmlmeﬁnﬂ;i‘m)rgm mhaiﬁrss is Jﬂé pﬁd@ﬁgfrﬂﬁtﬁﬁﬂ depéifiBnt ihdtGvation
or, His, reduced there ucm_te
of the e, n%sewgba‘?%ﬂw a'swsﬁ’eﬁ USPESAES Ahasphyuy q@ ccﬁr?apknf}
to betsymﬁlﬁlly olﬁmive Qﬂmfa THeGbcond i91h€ GERERLHA T @h&ﬁ@ﬁﬁst&fw
ISOCIEkn(—l o VI ous fromthe above result that

%Eﬁws‘w PR HIP OFSANISR W &8 BIcesq the prefiegence of

isociGRE £ Wdl ovbﬂﬂa&: bi MadikeRneh Kn'i‘%()ﬁfe%rvenér ﬁ(mqu'aMENue in
SHUNT | N COBA Rl UM TUBERCULOSI S There are

M.1h e aRsaruee the Ban erlwﬂtﬁre forisd | e kym at evaliisd b3 lmmmBurke
| | V A n

plot RICH ISR & gl 6 S’E"g ?x&ffé NN g%g Tl G AR TR Km

for idlstawe bagatprayipusly @emfmmbcéby Ruﬁscl aflfh ce-wodersne bhatoand hiivand

B A T AT S NN

affmﬂt)hl@ isticifater &k k. THINdhQprdvBethe RSN LEa ditRRALAIEh 8nd we can
between icd| and icl. \I/)\hen the organismgrows in

thus egnglude e persibyits pea lopdgvegy shunt to be operative in M.zuberculosis.

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 (pkrG) which specifically phosphorylates and inactivates its cognate
isocitrate dehydrogenase(ied). Thus inhibitors of pkrG (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 icd? by
two-step procedure, in the first step the kinase is autophophorylated and in the second step the




isocitrate for icdl is governed by its differentia

Km In order to verify if this is also truein M tb

we neasured the Kmof isocitrate for icdl. The Km as

y Lineweaver-Burke 20 plot and
wé\oé?dﬁ'%dsh?%omden direct linear plot indicat ed GO EOLF

12M for isocitrate. The Kml4for icls have been

previously determ ned by Russel and co-workers to be
phosphge sdrat & rain@hers 50 biitkotypesadflintalritbrs, dleZimtehqt@mvieMel y.

earl | cat hat
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mhﬂpiro%\ezﬂiq&emﬁt the phdsﬁlmrﬂnﬂimraif iddh and we can thus
conclude the possibility of a kmdriven shunt to be
operative in Mtuberculosis. 25 In summary we di scl ose
a novel nethod of pathway inactivation by substrate
di version. This concept is exenplified in M
tubercul osis by identification of a novel isocitrate
dehydr ogenase ki nase (pknG which specifically
phosphoryl ates and inactivates its cognate isocitrate
dehydr ogenase(icdl). Thus inhibitors of pknG
(conpounds that bind such that the transfer of
phosphate noiety to the correspondi ng serine residue
inicdl is prevented), will 30 divert the substrate
isocitrate away fromthe glyoxylate shunt. This w |
prevent the growmh of the bacteria in C2 carbon
source, which m ght be catastrophic when the bacteria
are in the |atent/persistence phase. It should be
noted that pknG transfers the phosphoserine to icdl by
two-step procedure, in the first step the kinase is
aut ophophoryl ated and in the second step the WO
2004/ 087943 PCT/ GB2004/ 001272 - 14 phosphate is
transferred. There nay be two types of inhibitors, the
first that prevents autophosphorylation, the second
that prevents the transfer. W believe that both the
type of inhibitors will prevent the phosphoryl ation
of icdl. 15 CLAIMS 1. A nethod for attenuating
Mycobact eri um tuber cul osis which conprises inhibiting
the gl yoxylate shunt in such organsimby pronoting use
of the isocitrate substrate in the TCA/ Krebs cycle
whereby the isocitrate substrate is unavailable to the
gl yoxyl ate shunt and the m croorganismis attenuat ed.
2. Anethod as clainmed in claim1 and wherein use of
the isocitrate substrate in the glyoxylate shunt is
pronoted by inhibition of isocitrate dehydrogenase
kinase in the TCA/ Krebs cycle




3. Anethod as clained in claim1l and wherein the
enzyne to be inhibited is,.pknG 4. A nethod for
i dentifying conpounds that "attenuate Mycobacterium
tuber cul osi s which nethod conprises testing conmpounds
CLA%;Q test systemfor their ability to bind to pknG
prevent autophosphorylation. 5. A method for
i denti fy| ng conpounds that attenuate Mycobacterium

t uberc i S mhlc cQ es test conmpounds
| 2ttt iRt B e o5 B PTG
mhlﬁﬁﬁﬂg 11 Iaﬁ@ QIR O Micﬁbkgr%gflﬁ{) ?x@lnoﬂh %s@@ipchb #Bcitrate

derive o icdl. 6. i dentifying
sub&il@tﬁjn (h/ECARGreba eyabmwherebwhe diseistase subsiraty uﬂolarasfailabiec ® the
e n npounds in a test
glyOs isaf 'JE{J}{&‘% g%n&oo%%ﬁs% g%ﬁen%?tﬁg to icdl or a peptide
derived fromicdl and prevent phosphorylation of icdl

bypknG, 7. A nethod for identifying conpounds that
2. at temghicd anplappettinglsinind and whsrein use pEthasosHrakesubsigte in

r A
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theT@émememﬂm of icdl. 8 An anti-mcrobacteria
compound identified according to the nmethod of any
one of clainms 3-7.

3. A method as claimed in claim 1 and wherein the enzyme to be inhibited is
pknG.
4, 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.

5. 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.

6. A method for identifying compounds that attenuate Mycobacterium
tuberculosis which method comprises testing compounds in a test system for their
ability to bind to icd! or a peptide derived from icd/ and prevent phosphorylation of
icdl by pinG.

7. A method for identifying compounds that attenuate Mycobacterium
tuberculosis which method comprises testing compounds in a test system for their

ability to prevent the phosphorylation and or inactivation of icd].

8. An anti-microbacterial compound identified according to the method of any

one of claims 3-7.




