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present invention pertains generally to an
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and/or preventing a Mycobacterium associ ated di sease.
atom from said thioredoxin reductase or said peroxidase, and a

hydroperoxide. The enzyme-based assay is capable for determin-

ing the consumption of the reductant.

Furthermore, the invention relates to a method for manufactur-
ing a pharmaceutically active compound for the treatment
and/or the prevention of a Mycobacterium associated disease.
In a first aspect, the method comprises the steps of providing
an enzyme-based assay for detecting inhibitors of the anti-
oxidant defence system in Mycobacterium, providing a test sam-
ple comprising a potentially active compound, contacting the
enzyme-based assay with the test sample, determining the con-

sumption of a reductant and recovering the active compound.

Additionally, the invention refers to a pharmaceutically ac-
tive compound, which is identified by the method for manufac-
turing said pharmaceutically active compound. Said compound is
used for the preparation of a medicament for treating and/or

preventing a Mycobacterium associated disease.



WD 2004/ 106538 PCT/ EP2004/ 005900 2 Several docunents
are cited throughout the text of this speci- fication.
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manuf acture's specifications, instructions etc.) are

hereby incorporated by rgference. However, there is

no adm ssion that any doCunent cited is indeed prior

art to the present inven- tion. Background of the

i nvention Mycobacteria cause two of the nobst inportant

diseases in his- tory, tuberculosis and |eprosy. Even
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ates in the United States and is mich hi gher in
any dogtuvemtpapiiiead iichsindeeablmslverddy tar tdie pHasms) inyen-
Engl. J. Med. 338, 1641- 1649). It is assuned that |HN
resistance is at least in part due to a
| oss-of -function nmutation of a key enzynme in the
nmet abol i ¢ pathway. Bacteria, as |iving organi sns need
ener gy to survive. Thi s-en- ergy is produced by a
Backgﬁ&ﬁﬁﬁ Brerddiat i ve phosphoryla- tion, in form
e chen1ca| entity adenosine triphosphate (ATP).
A major role in the production of ATP play two pyrim -

di ne nucl eoti des ni cot.i nam de ad ni ne
Mycobaf tRrA 3 SRS Ct'("l\‘al\[ﬁ?aqﬁbg B i R e adenlsn(?e{’lSes in his-
tory, HUBkH@otdses F&}Qipi@ﬁasﬁ}\wfﬁ?}en though the antibiotic

streptomycin, which possesses a broad spectrum of activity, is

tion.

usually active against Mycobacterium tuberculosis, many clini-
cal isolates have been shown to be resistant. Further, resis-
tance of Mycobacterium tuberculosis to the tuberculostatic
isoniazid (INH) is detected in 4-8 % of clinical isolates in
the United States and is much higher in other populations
(Pablos-Mendez et al., (1998), N. Engl. J. Med. 338, 1641-
1649). It is assumed that IHN resistance is at least in part
due to a loss-of-function mutation of a key enzyme in the

metabolic pathway.

Bacteria, as living organisms need energy to survive. This -en-
ergy is produced by a process known as oxidative phosphoryla-
tion, in form of the chemical entity adenosine triphosphate
(ATP) . A major role in the production of ATP play two pyrimi-
dine nucleotides, namely nicotinamide adenine dinucleotide
(NAD) and nicotinamide adenine dinucleotide phosphate (NADP).

These compounds mediate most often biological oxidations and
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hydrogen atons rel eased by dehydrogenati on reactions,

and as donors of hydro- gen atons required for

hydr ogenati on reactions. goth of these pyrimdine
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tion ggg“ éﬁﬁhgﬁﬁgxide (H202) Organisns |iving under
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anti - oxi dative mechani sns to protect thenselves from

dam _age by reacti ies. A fam]| f
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(H,0,)Varies considerably between the subfamlies, com

Organisms living under aerobic conditions have developed vari-
ous anti-oxidative mechanisms to protect themselves from dam-
age by reactive oxygen species. A family of anti-oxidative
proteins, designated as peroxiredoxin, has been identified.
They share a common reactive cysteine residue in the N-
terminal region, and are capable of serving as a peroxidase
and involve thioredoxin and/or glutathione as the electron do-

nor.

Peroxiredoxins are low efficiency peroxidases using thiols as
reductants. They appear to be fairly promiscuous with respect
to the hydroperoxide substrate; the specificity for the donor
substrate varies considerably between the subfamilies, com-
prising GSH, thioredoxin, tryparedoxin and the analogous CXXC
motifs in bacterial AhpF proteins. Peroxiredoxins are respon-
sible for anti-oxidant defense in bacteria (AhpC), yeast

(thioredoxin peroxidase) and trypanosomatids (tryparedoxin



prising GSH, thioredoxin, tryparedoxin and the

anal ogous CXXC notifs in bacterial AhpF proteins.
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defense in bacteria (AhpC), yeast (thioredoxin

per oxi dase) and trypanosogatids (tryparedoxin WO

2004/ 106538 PCT/ EP2004/ 005900 4 peroxi dase). They are

consi dered to determ ne virul ence of my- cobacteria.
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tion of which is to get rid of hydroperoxide in the cell.

Tsoniazid (INH) resistance of Mycobacterium tuberculosis is
supposed to be due to a loss-of-function mutation of catalase
(katG) (Sherman et al., (1996), Science 272, 1641-1643) an en-
zyme, which is required for the activation of INH (Zhang et
al., (1992), Nature 358, 591-593), but appears equally impor-
tant for removal of H,0,. Catalase-negative clinical isolates
constitutively overexpress AhpC, which is a two-cysteine-
peroxiredoxin-type peroxidase, whereas catalase containing
strains (katG™ strains) generated in vitro, which do not over-
express AhpC, proved to be virulent. This revealed that the
catalase deficiency had to be compensated by another peroxi-
dase, such as AhpC, to assure protection of the pathogen
against the oxidant attack of the host’s phagocytes (Sherman
et al., (1999), Biofactors 10, 211-217). However, it is un-

clear in the prior art how AhpC is supplied with reduction



per oxi redoxi n-type peroxi dase, whereas catal ase
containing strains (katG strains) generated in
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virulent. This revealed that the catal ase deficiency

had to be conpensated by anot her peroxi- dase, such as

AhpC, to assure protection of the pathogen against

the oxidant attack of the host's phagocytes (Shernman

et al., (1999), Biofactors 10, 211-217). However, it
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(1998X19M@§urékﬁﬁﬁﬁe55%%5537 544). Several publications
deal with agents which are useful in the treatnent of
mycobacterial infections, |ike tubercul osis. Anong
Severéﬁ@@&bii&a@ﬁ@ﬂ%ﬂ&béﬂ)&ﬁ%ﬂoéﬁéﬁkéﬂwﬁﬂém|@ﬁ@Suseful in the
therapeutic agents,_ in particular_certain
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teriatyinfectionevée; gt hiebapprieaisbn @ee4oRoEORHbYLARS medi-

ated by thioredoxin/thioredoxin reductase. The application

shows that 4-aryl quinols are inhibitors of microbial growth
and, in addition, inhibit the human thioredoxin/thioredoxin
reductase system. However, this application does not provide
for an in vitro system based on components derived from the

mycobacterial peroxidase system.

The resistance of Mycobacterium tuberculosis to isoniazid is
commonly linked to inactivation of the catalase-peroxide KatG
that converts isoniazid to its biological active form. Loss of
KatG is associated with elevated expression of the alkyl hy-
droperoxidases AhpC and AhpD. AhpD has no sequence identity
with AhpC or other proteins but has alkyl hydroperoxidase ac-
tivity and possibly additional physiological activities. The
alkyl hydroxyperoxidase activity, in the absence of KatG pro-
vides an important antioxidant defense. Therefore, Nunn et

al., (2002), J. Biol. Chem. 277, 20033-20040 determined the M.



for an in vitro system based on conponents derived
fromthe nycobacterial peroxidase system The
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is comonly linked to inactivation of the
cat al ase-peroxide KatG that converts isoniazid to its
bi ol ogi cal active form Loss of KatGis associated
with el evat ed expression of the al kyl hy-
dr oper oxi dases AhpC and AhpD. AhpD has no sequence
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ubercul osi' s AhpD structure to a resolution of 1,9
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depropgrgfesn thReCREgsvVALCstrgdtliPeCYENé3dut hors suggest a
cata- lytic nmechanism for AhpD involving a proton
relay in which the d u-118 carboxyl ate group, via
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tantsCBEnAhﬁﬁB d8859ﬁ1ﬁ8508h§XEE?§§ad sevacalirdy- offarhs @fi37r
D, determ ned the crystal structures of the HL37F

and HéﬁgQFmEQEFﬁﬁtaﬁﬁ§lm@§?ﬁn§b@dpﬁﬁevﬁkﬁe§apée§h§fCvﬁéelne
residﬁ¥§§ebﬂg defined the kinetic properties of the mutant

proteins. Their results supported the proposed catalytic

mechanism for AhpD.

Zhang et al., (1999), Archives of Biochemistry and Biophysics
363, 19-26 expressed the thioredoxin (Trx) and thioredoxin re-
ductase (TR) of Mycobacterium tuberculosis in E. coli and dem-
onstrated the reduction of peroxides and dinitrobenzenes. The
reduction of Hy;0; required both Trx and TR and was more effi-
cient under anaerobic than aerobic conditions. In contrast,
cumene hydroperoxide is reduced to cumyl alcohol and acetophe-

none in a process that requires NADPH and TR but not Trx.

WO 96/19578 A2 discloses the identification and characteriza-
tion of the ahpCF operon that determines mycobacterial resis-
tance to the antibiotic isoniazid and its analogues. The op-

eron encodes the polypeptides AhpC and AhpF, which are sup-



resi dues, and defined the kinetic properties of the
mut ant proteins. Their results supported the proposed
w@aioahgessg nechani sm for AhpD. Zhang et al., ¥APBP}004/005900

Archives of Biochen stry and Bi ophysics 363, 19-26

expressed the thioredoxin,(Trx) and thioredoxin re-
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and dem onstrated the reduction of peroxides and
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sup WD 2004/ 106538 PCT/ EP2004/ 005900 7 posed to
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tase enzynme that nay either be a direct target of I NH
or act to confer INH resistance. The sequence of a
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treatnent. None of the above cited prior art
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tificfgdy%§¥o£¥ﬁﬁ§EW$¥ WM ShRed@tfn | dlets 1 8SEAt ahd suggested
Mycobacterium The test systemains to
in the prior art. The inventors of the present invention pro-

vide for the first time a test system in which only components
of the mycobacterial anti-oxidant defense system co-operate in

situ without the help of any artificial protein.

As stated above, many clinical isolates of Mycobacterium are
resistant to commercially available antibiotics. This is not
only a problem with respect to an adequate treatment of in-
fected patients, who bear the risk of developing a chronic in-
fection, but it is also a serious problem for test systems,
which are currently used to identify strains and clinical iso-
lates in samples. In order to develop new highly efficient an-
tibiotic compounds, there is a need for an assay system, which

is capable of identifying such active compounds.



bl ock the systemin Mycobacteriumrather than to bl ock
any ar- tificial peroxidase or thioredoxin as
waele@ehasesl and suggested in the prior art. ThRCT/EP2004/005900
inventors of the present invention pro- vide for the
first time a test systemi,n which only conponents of
the nycobacterial anti-oxi®dant defense system
co-operate in situ without the help of any artificia
protein. As stated above, many clinical isolates of
Summaxdyy cob dtheerinremsronr esi stant to comercially avail abl e
antibiotics. This is not only a problemw th respect
to an adequate treatnment of in- fected patients, who
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it is also a serious problemfor test systens, which
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efficrent ‘an- tibiotic conpounds, there is a need for
method@nf @is Seynsfst eur indi € hphasmeegabl eably i deblivée ycogreoued
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case. IPh@ QOMBhe EHZYER-HISLY asS&ayhelOetHlod ecdt NPanufacturing
inhibitors of the anti-oxidant defense systemin )
a phaiweesizcterllyn aFui vherpmPeund nar presefel foenthgnidenti-
. rel ates t .for. j
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and/ or prieven- tion of Mycobacterium associ at ed _
cientuys@ag@sedVﬂm@/@nethVpnbed. Therefore, the invention ad-

ditionally relates to the use of a pharmaceutically active
compound identified by a method for manufacturing pharmaceuti-
cally active compounds for the preparation of a medicament for

treating and/or preventing a Mycobacterium associated disease.

Therefore, the present invention provides for the first time
an enzyme-based assay in the form of a test system in which
only components of the mycobacterial anti-oxidant defense sys-
tem co-operate in situ without the help of any artificial pro-

tein (not derived or naturally occurring in Mycobacterium) .

Brief description of the drawings

The disclosure of this invention may best be understood in

conjunction with the accompanying drawings, in which



such pharmaceutically active conmpounds, diseases |ike
tubercu- losis caused by antibiotic resistant strains,
weavdhessad fi- ciently treated and/ or prevent edPCT/EP2004/005900

Therefore, the invention ad- ditionally relates to the

use of a pharmaceutically,active conpound identified

by a nmethod for nanufactuglng phar maceuti- cally

active conpounds for the preparation of a nmedi cament

for treating and/or preventing a Mycobacterium
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Mycobact eri um tubercul osis thioredoxin C (MTrxC as
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Detailed description of the invention

In view of the need of therapeutic means for the prevention
and treatment of diseases related to mycobacteria, the techni-
cal problem underlying the invention is to provide means and
methods for the identification of pharmaceutically active com-
pounds, which act as inhibitors of the anti-oxidant defense

system in Mycobacterium.

The solution to the technical problem is achieved by providing

following embodiments of the present invention.

Accordingly, in a first aspect the invention relates to an en-
zyme-based assay for detecting inhibitors of the anti-oxidant
defense system in Mycobacterium comprising

(i) a reductant;

(i1) a thioredoxin reductase or a peroxidase;

(iii)a donor substrate capable of receiving a hydro



Det ai | ed description of the invention In view of the
need of therapeutic neans for the prevention and
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techni - cal problemunderlying the inventionis to
provi de nmeans and nethodghior the identification of
phar maceutically active c pounds, which act as
inhibitors of the anti-oxidant defense systemin
Mycobacterium The solution to the technical problem
i s actirewdbmbyEyamVviidilng arfdbl | owi ng enbodi ments of the
present_invention.. Accordingly, in a first aspect the
ﬁﬁYGH%i%%é%o %ﬁ%ﬁ%%ﬁj an en-gzzne-based assay Por
for ddiebeeingy ithé bddosensdidiheo Binthe axédlantantdef ense
systemin Mycobacteriumconprising (i) a reductant;
(ii) a thioredoxin reductase or a peroxidase; (iii)a
rSURSLi @ APARL L Ole NocEl ANt By ddi g Mne thio-
004/ 106538 PCIT/ EP2004/ 005900 10 gen atom from (ii);
redoxiandreduwiase hyud Hpertdxé deerdoidakes eamdl Mpngthdedonor sub-
consunption of the, reductant. In a preferr .
strate i) et 2 BF< ¢ %rijee(ge it nl%%??%%?efﬁ%&t ﬁzigo‘?arr%l R
prefer Ll BaSEe NG Of s t MpcPlos Oxbtagr eabléprulbeigdonor sub-
strate is an enzyne derived from Mycobacterium A
particularly preferred bacteriumis M/cobacterium
In a 5#%%?3&13?1%'%f8¥5E{?ﬁtéﬁ%%éﬁﬁ P! ef €11 86 SERO0E JBHE . the
al'l ‘conponenht’s of the enzyne-based assay are
enzymstivadédnesssy yader siredl faneobytybdet evedi fmom Ayucabaate-

. artjcul arl eferred bacteriumijs -
rlum.RAgain, a pgrgicu arly preferred bac g98%0£§ Mycobacte-

In a

rium tuberculosis.

In another embodiment, the enzyme is expressed in heterologous
host cells. Preferred host cells are cells of bacteria,
yeasts, insect cells or mammalian cells. Particularly pre-
ferred are cells of Escherichia co%i, Saccharomyces cerevisiae

and Spodoptera frugiperda.

The reductant, which is used in the enzyme-based assay is

preferably NADH, NADPH and/or FADH.

In another preferred embodiment of the present invention, the
peroxidase, which is used in the enzyme-based assay, is a per-
oxiredoxin. Preferred are AhpC and/or TPx of Mycobacterium,

and enzymes of Mycobacterium tuberculosis is most preferred.

The donor substrate, which is used in the enzyme-based assay

is preferably glutathione or thioredoxin. Preferred are thio-



riumtubercul osis. I n another enbodi nent, the enzyne
is expressed in heterologous host cells. Preferred
whomi/1e688 s are cells of bacteria, yeasts, i nNBEDEP2004/005900
cells or mammalian cells. Particularly pre- ferred are
cells of Escherichia colillsaccharonyces cerevisi ae
and Spodoptera frugi perda. " The reductant, which is
used in the enzyne-based assay is preferably NADH,
NADPH and/ or FADH. In another preferred enbodlnent of
redoxineBp(EssRi RRJéAri 6n(TEHE) ﬁérﬁypéhééteﬁhu@h pgdysegymes
y s oxi n.
of My Bb%g??g Eérgu%%%ggan % a mg?ewé g?lun] and
enzynes of Nycobacteriun1tubercuIOS|s |s nost

preferred. . The donor substrate, which is used_in the
The h¥ﬂ£9ﬁﬁrﬁﬁééﬁ a¥BAGh 18 Prefel BbF)egPOFXPATBABSGr 255aY

n re h 65 -
con PROBGERIREIT RRRLRE] o8 BUEy LIl 2L Bre e

peroxeﬁewyé@naéeecuanpdahwdéﬁﬂynégld@ﬁ R@@@bh@tedYQnﬂhollne

hydroRﬁrg%galoglsa%?ﬁ ggéénErSES %ggl hg Hég£8§§%8%gd8roup.

rch™I's use aged aSsay,
hydrogen per oxi de, t- butyl hydr oper oxi de, cunene
dro- peroxide, linoleic acid hydroperoxide

In anagagﬁhaﬁp&yﬁ cﬁbﬁlﬁéesﬁ?aréﬁgﬁa%ﬂeg 5F1aRESokPdanpethod
for ms IRLEELRInS Qy9599ﬁ59é¥t9E9§@¥0ahﬂlégobBﬁboéﬁBGQBr

e present “i nvention rel ates
treatmaguﬁadVorlpgeaephangaaeMvCo@Ebyeaaumveseonpcund flasease,

reatin ng a g/or reventing a Mycobacterium associ ated
Compraﬁ§8§s§ € ﬁSFI ng the steps of (a) providing an

287y Mprbasednas say caopelbhBedaakebyCromprising a reduc-
tant, a thioredoxin reductase or a peroxidase, a do-
nor substrate capable of receiving a hydrogen atom
from the thioredoxin reductase or the peroxidase,
and a hydroperoxide;

(b) providing a test sample comprising a potentially
active compound;

(c) contacting (a) and (b);

(d) determining consumption of a reductant;

(e) recovering the active compound.

In a preferred embodiment, the reductant used in the method
for manufacturing a pharmaceutically active compound is NADH,

NADPH and/or FADH.

In another embodiment, the active compound is combined with
suitable pharmaceutically acceptable fillers, excipients

and/or additives. Preferred are physiological saline solution,



tant, a thioredoxin reductase or a peroxi dase, a do-
nor substrate capable of receiving a hydrogen atom
WO p@ai10d388 t hi or edoxi n reductase or the peroxi dBGEEP208416¢)5900

a hydroperoxide; (b) providing a test sanple

conprising a potentially ctive conpound; (c)

contacting (a) and (b); (&? determ ni ng consunption of

a reductant; (e) recovering the active conpound. In a

preferred enbodlnent t he reductant used in the nethod
demlnénalnaadfwetar»ngtabphaﬂﬁaeeupreaenyaa@tﬂvblbéﬁﬁéénénd

NADPH and/ or FADH. | n another enbodi nent,
gel f?ﬁgyﬁDFFvﬁ S¢onpound is combined with suitable
pharmaceutically acceptable fillers, excipients
and/ qor additives. Preferred are phy SIO|O i cal h
In a Shixfi BAPWD 26b4/ ROESSBEPEIVEPSOON 5053065 £9 cthe use of

the pﬂ&ﬁhgééﬂkhééﬁ ESElyétééhbbéﬁasldehQEQhaaS%y the method

rtors an ormulations. In a third aspect,
for m&hefpcéaemnglavpharmaceetateélyoachevaseompounﬁe for the
maceuti cal active_conmpound.identi.f,ied b
prepaBaEhER. Ofor MERIPAOERT: AGACBRAr HROCArTLar FradErrans o
diseaS@NPQHREn fiar atsbaciataaawat:honry@bbacrf@dumnent for
treating and/or preventing a disease, which is
associ ated with Mycobacterium In a preferred

Tn a g?@@gk@%@ﬂ en&%ﬁ %ﬁ%ﬂs%hbsd&EQS%%UE%SLtﬁbe%h(i'&sﬂsS which

ssoci ated wt cobacteriumtuberculosis
is aspethadetiowdahr Yyoobatrlteriimme tuiberculosis.

Best method to carry out the invention

Thioredoxin C that, by analogy to many eukaryotic systems, was
suspected to reduce peroxiredoxins. However, it was reported
to be inactive as potential alternative reductant of mycobac-
terial AhpC (Hillas et al., (2000), J. Biol. Chem. 275, 18801-
18809), as was mycothiol, the major low molecular weight thiol
of mycobacteria (Vergauwen et al., (2001), Arch. Physiol. Bio-
chem. 113, B22).

Even though thioredoxin C was convincingly demonstrated to be
inactive in reducing AhpC, the inventors screened the genome
of Mycobacterium tuberculosis (Cole et al., (1998), Nature
393, 537-544) for homologues of AhpF, thioredoxin-related pro-
teins and peroxiredoxins. Subsequently, they expressed the
genes heterologously in Escherichia coli or Mycobacterium
smegmatis, and were surprisingly able to reconstitute peroxi-

dase systems from the isolated gene products in vitro. Fur-



Thi oredoxin C that, by analogy to many eukaryotic
systens, was suspected to reduce peroxiredoxins.
wolomen@s3s it was reported to be inactive as pRPCERP1084/005900

alternative reductant of nycobac- terial AhpC (H Il as

et al., (2000), J. Biol. Ghem 275, 18801- 18809), as

was nycot hiol, the major |I'0w nol ecul ar weight thio

of nycobacteria (Vergauwen et al., (2001), Arch.

Physial . Bio- chem 113, B22). Even though thioredoxin
ther, 1EFRATRGSH Ghp derb e &fdd aiensd es pdctthge heterolo-

1 -2 AP i r o ; ne  of
gous %co acteri u%ﬁo%grrlc:suﬁggitsg é%ﬁg%gt%%gllﬁ?l%(t%%g),
Nat ure 393, 537-544) for honol ogues of AhpF,

.t hi oredoxin-rel ate - teins d per oxj redoxi ns
The g sHiatan AR AR e ERe e oG SE AR GTous! y
(MEMyldR ) ES 63EIdHC RisA o€ Pldmollo gMEC ST el @iH , Ulo MR Hesu and
wer e surprlsuggly able to reconstitute peroxi- dase

MtAhpE,s M- Hero fitch avicedihdgodd ide sorpriongarssyl regeneyatmg by

4&&9@5%@ PCT/ EP2004/ 005900 13 ther, the
NAD(Eyﬁkéﬁ%brs hecked the efficiencies of the heterol o-

gously expressed proteins by steady-state kinetics.

The inpventors denpnstrated th cothiol reductase o
PurthQR Y I AR SRR SRk MR d deduced by
1ipon=@lRe ar¥ ARRC.1 dNehirhe - Hud Ol 1jifoRRtioUst re-

regenerated by NAD(P)H via M McR Further, the
duceq dye NASHES agehtestingt dd ooramideAnsPucs aseduddishy/tAhpD and

| 1 C I nturn reduc .. Li ponam de,.
enld SO G, A06 LI LSS MM ] RO
curvesedieiwaser ,phtsdviuthpiladnd n MtAhnGreorsitd W ddi phase

when |Ct): reO)SLjqueilLSife rse%sﬁtc%rg s-ll-fh.s?:etn‘it rvrv%sp rs%%rr(?:sesdi %rjl_ th t-bOOH as
MtAhpC substrate (Figure 1). Reversal inhibition by the ini-
tial high hydroperoxide concentration does not account for the
phenomenon, since it is identically observed from 20 uM up to

73 uM initial t-bOOH.

Surprisingly, the reaction started at maximum rate if MtAhpC
and MtAhpD were preincubated with t-bOOH for 2 min, indicating
a facilitated interaction of the reaction partners. The x-ray
structure of AhpD shows that the reactive CXXC motifs of AhpD
are hidden in the interior of the trimeric protein (Bryk et
al., (2002), Science 295, 1073-1077; Nunn et al., (2002), J.
Biol. Chem. 277, 20033-20040), and MtAhpC tends to form
decameric rings in dependence of its redox status (Chauhan and
Mande, (2001), Biochem. J. 354, 209-215; Wood et al., (2002),
Biochemistry 41, 5493-5504). Redox-dependent conformational
changes might therefore determine the accessibility of the

MtAhpD reaction centers for MtAhpC. Steady-state-analysis of



curves, however, were unusual in starting with a |l ag
phase when the fully reduced systemwas started with
w0 2000588 M AhpC substrate (Figure 1). ReverBEI/EP2004/005900

inhibition by the ini- tial high hydroperoxide
concentrati on does not acggunt for the phenonenon,
since it is identically observed from20 gMup to 73
gMinitial t-bOCH Surprisingly, the reaction started
at maximumrate if M AhpC and M AhpD were

the appearectubutedgwlah pab©SHofothg timmnovedi cariveg vaelded a

d
net G8apt’ EeFhcEaPE o CANPDICRURE EHAI T Ro™PRREL LYo ket

booH, "Rt f soof1 Abpid? ar&sHi ddBAchNmbhbRsi Bher Loweef ctbe of cor-
trimeric protein (Bryk et al., (2002), Science 295
respong¥ng 1DeYOXNGRACEE NaFonstapss) (Hefmapnopt efem (3992) .

suprazoﬁggazgg4gi a@QOHE& Pgﬁb§%¢3 LAgf ar ov, dESAMBRE Creduc-

gs i n dependence of its redox status’ (Chauhan and
tion wnMeAhpBoaf) 2.Bi acmefhmjs 35h1c209-12Ks N Ketnpal OF

h 41, 5493-5504 Red d d
0.23 (i GLRaET En B OpR L EeE P RRC LR Gr SPBFELYREy of e e

acceSS|b|I|ty of the M AhpD reaction centers for
EC St eady- st at e-anal ysis of WD 2004/ 106538
AddltP@IIIﬁ ﬂvzoozph@osgmntMSt WeTgpparentrngdyusiCcCesstalofin

recongg§t% ngﬁ&ﬁ§§%g2§ X5§|%QQO§ldggg E W@ﬁg g%sﬁtro by

cons fortRe reaction
combiafind Ah@04kahsth;owbdohlmamkguthaSEOWBWT@dgan@fv@anous

res ondi,n er oxi,redoxi n_caqn t
CXXC-£9p é)mlngugratem&d ety §1( %3#@6& ?&A%% s
and tﬁ@rgﬁhﬁa&ﬁéBﬁlntk@ﬂa%édwkﬁbﬂ@GQfg%né r88cM Iertl only
whi ch, like the KM AhpD of 0.23 M clearly

MtTprenndsMW@K@@ sgggprn§1ngéyt|0ﬁﬂyxc efficiently reduced
MtAhpC. The kinetic analysis of MtAhpC in the system reconsti-
tuted by homologous TR and TrxC yielded a k'; of 2.3 x 10% M
157! that is nearly identical to that obtained in the AhpD sys-
tem. Both the k', and the Ky characterizing the reactivity
and/or affinity to TrxC compare unfavourably with the con-
stants for AhpD by a factor of 10 and 20, respectively, as
does the kgt (Table 1), yet the relative cellular abundancies
of the potential AhpC reductants (see below) qualify MtTrxC as

the relevant one.

MtTrxC also proved to reduce another mycobacterial peroxire-
doxin (Rv1932) that by sequence homology, had been classified
as a “thiol peroxidase” (TPx) but had never been investigated
in respect to activity and specificity. MtTPx also accepted
MtTrxB although with slightly lower affinity and reactivity
(Table 1) . MtTPx belongs to a subfamily of two-cysteine-

peroxiredoxins which, in contrast to AhpC and other two-



Additionally, the inventors were surprisingly
successful in reconstituting nycobacterial peroxidase
weymtans3s n vitro by conbi ning AhpC wit h t hi oOPEBR1004/005900

reductase (M TR) and various CXXC-contai ning

proteins. MTR did not re gce M AhpD, M TrxA and the

gl utaredoxin rel ated Rv2466c gene product but only

M TrxB and M TrxC. Surprisingly, MTrxC efficiently

reduced M AhpC. The kinetic analysis of MAhpC in the
cystesk;aet—pafrpmimas'lbkintsut adebyohsﬁrﬂbcgdusoTBealﬁmeErt)iﬁnal1y

% gakl X 4M.1 h%t'da”}/l
MONOMERL i ¢RFLE oTEHR n&SPaP eB°FHOPh&SA pD Y BOte
omdatmsnkoﬁ andntBeokMghatgstenhei restibBacr eaelievicy, to a

and/or affinity to TrxC conpare unf avourably with the
sulfeppn- asidnderigptANgDoEy thef Aarespreroxd densy trate fol-

lowed! B?;ag%ﬂn\.!l%ﬁ?épuﬁ% 28083 E%oé%@hl%laﬁk‘éui)fa %%e with

I've ce abun ancl es ot en |aI
a dlstadiucyanbinésehehel Q@) , quabkilky ikt Etho&igotde&urceltmam:tys

MTer al so proved .to reduce . anot her
peroxiTEARHIRE FHE FOFORPPORcdBSI RePRLIOR FoRaT fy Puild up

betwes@d¥8BCEuRAMRLAI HokAEAnReRR ahassi(hioed) ,asura;hi@bd et
per oxi dase" (TPx) but had never been |nvest| gated in

al., H@§p8dt wsvraeri Pekeranddspeciti ci(RPO3m TPx d#isd . Chem.

p M TrxB al though with slightly Iower affinity
278, g%Q%rgggt—Li)Vity (Table 1). MTPx belongs to a

subfam |y of two-cysteine- peroxiredoxins which, in
contrast _.to AhpC and other two WO 2004/ 106538
Steadwrcﬁteﬁ%b&fl@@sg@oOflyté"ﬁ’g&t WiLHE- fePykiile dyLiRPergrd de and

MtTrx%OQ%'gﬁb%@r%%egedﬁ%@ngoﬁabhﬁg FeReMBLteriNeids is typi-
mechani sm of action is believed to’involve oxidation
callyobbsrrMepr wiithaperpstidiesesr dfiiduse BéreBOGOWitth #tTrxC as

substrate, however, the slopes in reciprocal primary plots
(Figure 2C) surprisingly appear not strictly parallel and show
marked deviations from linearity at high peroxide con-
centrations that are particularly pronounced at low cosub-
strate levels. This kinetic anomaly is also seen with AhpC.
This phenomenon is interpreted as being indicative of negative
cooperativity between subunits. Gel permeation of native MtTPx
vielded an average size of 36 kDa that underscores its homodi-

meric nature. The kinetic anomalies of MtTPx could thus be due

to an allosteric phenomena.

Interestingly, the peroxidatic efficiency of MtTPx is about
one order of magnitude higher than that of MtAhpC. With MtTrxB

-1 was measured that

as cosubstrate a k'; value 3.3 x 10° M!s
appears more reliable than the corresponding value obtained
with MtTrxC of 0.9 x 10° Mls™l. In a ping-pong mechanism, the

values should be identical but the latter is likely un-



sul fenic acid derivative by the hydroperoxide
substrate fol- lowed by formati on of an intranol ecul ar
waele@uliédsele bri dge with a distal cysteine, herBCIZBE2004/005900
while in the oligonmeric two-cys peroxiredoxins the
correspondi ng reaction centér is build up between the
subunits (Hof mann et al ., 002), supra; Wod et al.,
(2003), supra; Baker and Poole, (2003), J. Biol. Chem
- 278, 9203-9211). Steady-state kinetics of MTPx with
derestt-ilmatodd kiwdy dpertdhe dievaret 1dvsTrid®rasl sndrst gt et the re-

., displ i ng- tt .. AS_i§ typi- |
LT R S BB G e  GureLos? s sk fer, pet
thiordHoxSus tyred 61 ioMEY &ind 18 OB highsLCtdOChat of

primary plots (Figure 2C) surprisingly appear not
MEATDG ot ML Tsaral el ks Hown e Elcbia I GHEE AGHBDD

lin | tys ' per.oxi Gy £ent [ _

Couplﬁ:ldr ﬁéul%ﬂ%/e% gpﬁ%ﬁlcsg?kg%ﬁ ow cosubg:ﬁéstzf?a ei{}g%/%%(fe SYS

tem (Maltslekilnetic anomaly is also seen with AhpC. This
phenonmenon is interpreted as being indicative of

negati ve cooperativity between subunits. GCel
The KeldEal iQhHfamad | VM IRX 1rvieisied anagyerRgegsh&faPfrate

36 kDa that underscores its honodi- neric nature. The
equatiigretiiar divenesulest it eoimo vnial negkambsmtie to an

al l osteric phenonena. Interestingly, the peroxidatic

efficiency of MTPx is about one order of nmagnitude
[E,]/ki gher+tbah[RdGH ] of dM/AleGuctéank 1M TrxB as

cosubstrate a k'1 value 3.3 x 105 M 1s-1 was neasured

that appears nore reliable than the correspondi ng

allow aldeLabtalied y e MAdvds lQ'fy Gk X180 MAS -dystdhnd if,

pi ng- pong nmechani sm the values should be identical
as a Hitrsthedrmtdreimatsidn kethe wednd i2004/ 196538 peroxiredoxin
kinet@.(c::-g Eal?:zoe%{‘{roe(%nseg Osoubstrate concentrations are ignored. How-
ever, the concentrations of the enzymes appear to vary between
strains and substrate concentrations can only be roughly esti-
mated. At low peroxide tone and high supply of reductants, as
is commonly assumed for unstressed situations, the turnover
depends on the level of reduced peroxidase that should ap-
proximately equal [Eg]l, on k'; and on the peroxide concentra-

tion.
v = k'; [Ereqa] [ROOH]

AhpC is hardly detectable in most of the katG’ strains of My-
cobacterium tuberculosis and Mycobacterium marinum while it is
easily found in Mycobacterium smegmatis and Mycobacterium bo-
vis BCG. In contrast, MtTPx is consistently seen in proteomes
of Mycobacterium tuberculosis. Its concentration may be esti-

mated much higher than the concentration of AhpC. Being the



16 derestimated due to the deviations fromlinearity
of the re- ciprocal plots (Figure 2C). The k'2 val ues
wW@RootiddB38 f or both thioredoxins are simlar aPdI/EP2004/005900
slightly higher than that of M AhpC for M TrxC but
| ower than that of the l\/t1 pC/ M AhpD coupl e. The
hi ghest V is obtained for 'the MTPx/ M TrxC sys- tem
(Table 1). The kinetic constants conpiled in table 1
and the general rate equation for two-substrate
dominphhgrporgimedoainsand] Beying a hbokerDl/ 1[ Buon] AbrQ2/
[reductant.] .al lLow. t o_esti,mate.turnover rate %
merex P oRP i Teate i mRTRERNT b RRER! s RE GRS idfwe un-
der phgsetibilakiitiags cohdperoxis!. edardier HkDNetiressgt téxdd redictant
substrate concentrations are ignored. How ever, the
capacdgic BRYr RECOHS LMLk Ngn2FRREYAPEe&P to vary bet ween
strains and substrate concentrations can only be '
roughly esti- mated. At | ow peroxide tone and high
v = kSuppEy]ofl negdidteanitls, as is comonly assuned for
unstressed situations, the turnover depends on the
| evel of reduced peroxidase that should ap-

The cPh@¥naizdlibre@fltHeEHeduetaltts ard 1ankdde ipeeoXid®lex
concentra- tion. V=k' j [ Ered ] [ ROOH ] AhpCis
mannefa it Fhget@dihsns NADRHs Posil st helepsnds &y Fihes sgready of

[ r i.S [ i
regerSIARILE R S Bl g o ar R R reduc-
tantsandnWyc abec tlertitem being aBCGy los tdonttregst ANWMDIRarn de

e SEUL TR A1 B SIS o MEOBACL I U 4 i
spot B heliddad the Koreakkiiali arvefl AbR@r-8eiing dherac-
terized here as a specific substrate of MtTPx, but MtTrxC is
always seen as a major protein in all Mycobacterium tuberculo-
sis strains investigated. MtTR is a medium spot in all ana-
lyzed mycobacterial proteomes (Jungblut et al., (1999), Mol.
Microbiol. 33, 1103-1117; Mollenkopf et al., (1999), Electro-
phoresis 20, 2172-2180 ; Nagai et al., (1991), Infect. Immun.
59, 372-382; Sonnenberg and Belisle, (1997), Infect. Immun.
65, 4515-4524 ;Weldingh et al., (1998), Infect. Immun. 66,
3492-3500 ; Rosenkrands et al., (2000), Electrophoresis 21,
935-948 ; Rosenkrands et al., (2000), Electrophoresis 21,
3740-3756. Thus, the MtTR/TrxC-mediated detoxification sys-
tems, because of their high reduction capacities, are parti-

cularly relevant under conditions of oxidative stress.

Taking into account both rate constants and capacities, NADPH-
driven H,0, reduction by the MtTR/MtTrxC/MtAhpC and the
MtTR/MtTrxC/MtTPx system should be at least as efficient as
the NADH-driven, AhpD/AhpC-mediated one in coping with H30;



WD 2004/ 106538 PCT/ EP2004/ 005900 17 dom nant
per oxi redoxi n and having a higher k'l than AhpC,
wormPsoasest definitely be rated as the nore r ePEWEPL004/005900

enzyme un- der physi ol ogi cal conditions. Under H202

stress, the reduct ant q%m ty may becone limting

accordl ng tov = k'2 [EOX]"®[reductant] The

concentration of the reductants is linked in a conpl ex

manner to the NADH and NADPH pool s, depends on the
challspgediakt kaegenetaiing. eBayheseaddi t8&opbnl tgpeepoetoxi -

the proximl reduc- tants, only the latter being
daseseBay| y NOWENREY cBiCSAh FDSEAR AT L @SR te g gyl rement s also

in ka%w@@féfxgg%iye%fﬂgp%éwﬁﬁs&imngs eh@ B9&ob§99&r1al

corresponding to a lNow nolarity level
enzymelarat- onegi be@akﬂelspeas'rans pdc mdaommmlaie@ ofMtWPRPeven

on CORL Gttt A IV ERRBEE RS DI g i RUBKEC) PRy LoTex

therelWbIRB b%n@l@@nltmc&m@uals@z ahl aafdoxdiveed Merekael &f alyco-
proteonmes (Jungblut et al., (1999), Mt. Mcrobiol,.

bactez3um tERerTUZONS! PenKeprepdalSPectIygy Ee lEmepgroxidases,
such Egob%%' _2 29.’113%11 glngs%o (F1 %:'an%lt r%lgﬁl(ljﬁ%g%)l(ol S 97%%01) ,

Sonnenber
in: Skeifesdtum.| manolﬁﬁgulé&‘lB.lwb@y WrdirRodle etn duman Heal th,

(%1%?: 6?6§3f ect. e‘é%ﬁ’fo%&dﬁ%’g%z %glgg-sél Rose%krands et

ton/DBQ%%'é‘&‘h% %n@orﬁl - and (e %%&ft&ﬁ'ﬂﬁrt%yﬁl Zbneral to
740-3756. Thus, the M TR/ TrxC nedi at ed detoxi fication

the pgyz@ogte@m I@@G@G}@@C@f tchdihe Ipxgidlartddise t5itaie sea pakantiass by
.are . parti-_cul A Ip\éP % evant under conditions of
SsS

the 151)“ &atlve §]tre Ak ng into account both rate

constants and capacities, NADPH
Examples

The invention will now be described in detail with respect to
showing how certain specific representatives embodiments
thereof can be implemented. However, all examples are intended
to be illustrative only. In particular, the invention is not
intended to be limited to method, materials, conditions, proc-

ess parameters and the like specifically recited herein.

Example 1

Preparation of constructs

MtMycR preparation




driven H202 reduction by the MTR/ M Tr xC/ M AhpC and
the MTR M TrxC M TPx system should be at |east as
webdosaoessg as the NADH-driven, AhpD AhpC- nedi BCEEPINE005900

in coping with H202 WO 2004/ 106538 PCT/ EP2004/ 005900
18 chall enge int katG str%?ns. Bot h per oxi redoxi n-type
peroxi - dases may, homever? neet special antioxi dant
requirenents also in katG+ strains. Like other
per oxi r edoxi ns, the nycobacterial enzynmes act on a

The MyraFadrsme cteadhngfl frpadreod@RINI des, aMPIR i@derfragn Mycobac—

. conpl.ex lipid hydroperoxi des bl e M. C_and
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spectrum sel enoper oxi dases, such as GPx-4, in the
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ace AT Pl elRitlle S A M S Gk (Mo Ao
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contribute in general t t he .pat hogen' s resistance to
uct W PARRR (B SYERASE Y | (RETIAD (R
PMV2 §16S bR i Bt 1 o &rd NI E Wi b deterium smeg-

_described in detail with respect to showi ng how =

matigdm dlants pdeidk o 45881 es ditaatsalad lentrydi iftimt $7ag Hapegfied
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by nigl RS ARy SO TS A B,
Hilddrs, @rmamt)ended to be [imted to nethod, materials,

conditions, proc- ess paraneters and the |ike

specifically recited herein. Exanple 1 Preparation of
constructs

MycSH preparation

Mycobacterium smegmatis cells were disrupted by boiling them
for 10 min at 95°C in 10 mM Tris-HCl pH 8. MycSH was isolated
from the crude Mycobacterium smegmatis soluble extract essen-
tially as described by Unson et al., (1998), J. Immunol. Meth-
ods 214, 29-39.

MtAhpC preparation

The AhpC ORF was amplified by PCR using a forward primer that
contained an NdeI site and overlapped the 5' end of the coding
sequence (MtAhpC Forward: 5'-G GCG CGC CAT ATG CCA CTG CTA ACC
ATT GGC GA-3') and a reverse primer which contained a BamHI
site, the sequence for a 6xHis tag and overlapped the 3' end
of the coding sequence (MtAhpCH6 Reverse: 5'-CCG GCG GGA TCC
TTA GTG GTG GTG GTG GTG GTG GGC CGA AGC CTT GAG GAG TT-3').



M MycR preparati on WO 2004/ 106538 PCT/ EP2004/ 005900
19 The MycR open reading frame (ORF) was anplified
wo canddpaobac- terium tubercul osis H37Rv genonPCT/ERrda04§05900

PCR with engineered 5 Pstl and 3 Hndlll sites and

a CGtermnal 6xH s tag (MM/CcR Forward: 5" -NNN NNN CTG

CAG ATG GAA ACG TAC GAC A GCG ATC-3'; M MycRH6

Reverse: 5" -NNN NNN AAG CTT TCA GIG ATG GIG ATG GTIG

ATG ACG CAG GCC AAG CAG CGC GIT-3"). The PCR prod- uct
The PERSpelodned watso cllivaady dottac ttével pirosrgedsico rexpastsed on

veceRURE RS, SNBERLESTLAN 95 INC S e g, corre-

spondS @lgU Ble@ sPloFt @inR v . P Wxidriet 1 oy waisC Kelduekel dtre Escher-
.., chromat ogr aph}éq(_’,Nl - NTA Superfl ow, Q agen, Hilden,
ichiaggioddnTnery (OB 3dr dpvagiesn MPEGEeEr e ViSdrh Shiddhet iSs ™M

| |15 oner i S sl g t . ofs i1 _
rere G shIUH Al Skl 1%¢%1I}77\/3%§H%\%a@§ £idg By Hiod cne

late tcheomaideyrdptybact eri um snmegmati s sol ubl e extract
essen- tially as described by Unson et al., (1998), J.
| mmunol . Meth- ods 214, 29-39. M AhpC preparation The

MtahpRePRrMaemnmpl i fied by PCR using a forward primer
— that _ contained an Ndel site and overl apped the 5 end

of the coding sequence (M AhpC Forvva!rd: 5'-G GCG CCC
sne 585,185 660 I CFA 065, S, G, ihand apiaice.
neeredl GYHNIdAGMANG ‘oI AIe dittes I MtaighD dfortweerd:odi 'ngfC CCC
CCC CSA%.‘q ljlﬁ‘l’éc eAG(I‘MAA‘I‘IjAp% %eP}/Ge rCSTeC: ASA'G- %%% gé%—qu, -ll-\g‘:%hpD Re-
verse: 5'-CC CCC CCC AAG CTT TTA GCT TGG GCT TAG TGC CTC GAT-
3') and cloned into pET22b (+). Expression was induced in E.
coli Tuner (DE3) with 0.5 mM IPTG at 30°C. MtAhpD was purified
to homogeneity by anion exchange chromatography (UNOsphere Q;
BioRad, Munich, Germany) and hydrophobic interaction chroma-
tography (Phenyl Sepharose 6; Amersham Biosciences, Freiburg,

Germany) .

MtTR preparation

The vector pTrcHis A (Invitrogen, Karlsruhe, Germany) contain-
ing the TR ORF fused to an N-terminal 6xHis tag was kindly
provided by T.H.M. Ottenhoff (Leiden University Medical Cen-
tre, Leiden, The Netherlands). Protein expression and purifi-

cation was done as described for MtAhpC.



TTA GIG GIG GIG GIG GIG GIG GGC CGA AGC CTT GAG GAG
TT-3"). WD 2004/ 106538 PCT/ EP2004/ 005900 20 The PCR
w@e@dneds3svas cl oned into the procaryotic expr eBGI/BP2004/005900
vector pET22b(+) (Novagen, Madi son, USA) digested with
corre- sponding sets of enzymes. Expression was
i nduced in Escher- ichia €li Tuner (DE3) (Novagen,
Madi son, USA) with 0.5 mM | PTG at 30C. The sol uble
protein was purified by nickel che- late
chr omat ogr aphy. M AhpD preparati on The AhpD ORF was
anplified by PCR using priners with engi- neered 5
Ndel and 3" Hindlll sites (M AhpD Forward: 51- CC CCC
METrxECCHEATATEnACT ATALGHA PGETELABE GCC GCG 3'; M AhpD
Re-_verse: 5 -CC CCC CCC AAG CT1 IIAGCTTGGGCTTAG
TGC CTC GAT- 3') and cloned into pET22b(+). Expression
[ e n i n P
The 4 R AR TR 4R PRI 0 Por S Rabaaenert by ani on ™
forwaeﬂcbaﬁ@erehthﬂategmapﬂme@UHﬁsphEﬂesime anﬂ%myeﬁmﬂppdd the

, hydrophob| c interaction chro t
5" engphen e sBpA s G B oRe: ST B0 S CTUARES, e erautg s CAT
ATG GPR ey hcTMCER Rheparat inew-Bhe wRateB Fhrel® A5 -CcCC cCC
(I'nvitrogen, Karlsruhe, Germany) contain- ing the TR
CAT AQDGFCiGs €Tt dCEn CRA 6AF KAC Bk §CCag \A/aéV«’QRVr?rﬂ@ﬁC Forward:
, | d f Uni ,
oo SECSPARDKG, ot o Sl Lo BLOeRIR T Yoveree

pr1n@@&DM®S&hD@o&ﬁ@1@@ﬂ'hn—EQ&EHD@lW@S &@@egmquhﬁﬂﬁlﬂnﬁia

for de WO 2004/ 106538 PCT/ EP2004/ 005900
6xHis tag and overlapped the 3' end of the coding sequence

(MtTrxAH6 Reverse: 5'-CCC CCC GAA TTC TCA GTG ATG GTG ATG GTG
ATG GGA TGA AGT CTT TGT TCC AGG GCC-3'; MtTrxBH6 Reverse: 5'-
CCC CCC GAA TTC TCA GTG ATG GTG ATG GTG ATG GGC TTG TTG GGC
TCG CCC GTT-3'; MtRv2466cH6 Reverse: 5'-CCC CCC GAA TTC CTA
GTG GTG GTG GTG GTG GTG GTC GAA CTG AGG CGG CTC GGT-3'). The
PCR products were cloned into pET22b(+) digested with corre-
sponding set of enzymes. Expression and purification was done

as described for MtAhpC.

MtTrxC and MtTPx preparation

The TrxC and TPx ORFs were amplified by PCR using forward
primers that contained an NdeI site, the sequence for a 6xHis
tag and overlapped the 5' end of the coding sequence (MtH6TrxC
Forward: 5'-CC CCC CCC CAT ATG CAT CAC CAT CAC CAT CAC ACC GAT
TCC GAG AAG TCC GCC-3'; MtH6TPx Forward: 5'-CCC CCC CAT ATG
CAT CAC CAT CAC CAT CAC GCA CAG ATA ACC CTG CGA GGA-3') and

reverse primers which contained a HindIII site and overlapped



21 MTrxA, MTrxB and M Rv2466¢c preparation The TrxA,
TrxB and Rv2466¢c ORFs were anplified by PCR using
wo eomaea3pri ners that contai ned an Ndel site aPCI/EP2004/005900

overl apped the 5 end of the codi ng sequence (M TrxA
Forward: 5'-CCC CCC CAT G GIG ACC ACT CGA GAC CTC
ACG 3'; MTrxB Forward: 5“CCC CCC CAT ATG GIG ACT
ACC CGA GAC CTC ACT GCC-3'; M Rv2466c Forward: 5'-CCC
CCC CAT ATG CTC GAG AAG GCC CCC CAG 3') and reverse

the 3pr iemer s fwhiheh cootitnagi MU@WCEchtMeRWS%q@e'ﬁ&C cce

cce aeffely CER Srec S Lrt R Bl ol Bl trigeprese:

51 -CCECEC@T @AéTG'IﬁT GTATGEaET @o@T@A@G@GtGGG@GB 'GL.T ThHel POBCprod-
AGG GCC 3' M TrxBH6 Reverse: 5' CCC CCC GAA TTC TCA
ucts @RGEATECTPE ATGOGREoRRS @@@ﬁ%ﬁTél@@éwﬁc@%@ccorr@-

sondfhd SR Gra erd e Cre Gre G CroPAGS (G B b done
as de@GLiPeyl folre MtRERr oducts were cloned into pET22b(+)
di gested with corre- sponding set of enzynes.
Expression and purification was done as described for
M AhpC. M TrxC and M TPx preparation The TrxC and TPx
ORFs were anplified by PCR using forward priners that
Exampd@ntZai ned an Ndel S|te the sequence for a 6xH s tag
‘ he codi ng sequence
5 . CCC CAT ATG CAT CAC CAT
CAC CAT CAC ACC GAT TCC GAG AAG TCC GCC-3'; M H6TPx
Forward: 5' - COC CCC CAT ATG CAT CAC CAT CAC CAT CAC
MEMY CBCASEAE ATA ACC CTG CGA GGA-3') and reverse priners
whi ch contained a Hindlll site and overl apped WO

2004/ 106538 PCT/ EP2004/ 005900
The activity of AhpC with MycSH and MycR was tested in a sys-

Measu

tem that contained 450 uM NADH or NADPH respectively, 0.2 uM -
20 uM MtMycR, 0 uM - 20 upM MycSH, 0.2 uM - 20 uM MtAhpC, 73 uM
t-bOOH in 50 mM HEPES, 1 mM EDTA pH 7.4 in a final volume of

500 pul. The decrease in Ajy was monitored over time.

MtAhpD/MtAhpC assay

The specific activity of MtAhpC with MtAhpD was obtained by
measuring initial velocities monitoring the NADH oxidation at
340 nm at 25°C. The test system contained 450 uM NADH, 200 nM
MtahpD, 0.4 U bovine liponamide dehydrogenase (Sigma, Taufen-
kirchen, Germany), 50 uM liponamide, 0.5 uM -~ 10 puM MtAhpC, 73
UM t-bOOH in 50 mM HEPES, 1 mM EDTA pH 7,4 in a final volume
of 500 pl. The reaction was preincubated for 15 min at 25°C

and started by addition of the peroxide. For the AhpD-



22 the 3' end of the codi ng sequence (M TrxC Rever se:
5'-CC CCC CCC AAG CTT CTA GIT GAG GIT GGG AAC CAC
W@1104306538t TPx Reverse: 5'-CCC CCC AAG CTT CTRCTAER20G(005900

CAG CCC GEC-3'). The PCR prod- ucts were cloned into

cl oned pET22b(+) di gest eduﬁ'th corre- sponding set of

enzynes. Expression and p fication was done as

descri bed for M AhpC. Exanple 2 Measurenent of NAD(P)H

consunption M MycR assay The activity of AhpC with
dependerSH kame e B twedbl ¢ sy e d/EAhne siglse qmimn@mm meeprly

450 AM NADH .qr NADPH r espect | 2,
the S, A% oINS FEANATIGN, O I ML G AN NEAR: 5 74"
MtAhgd dridb @tdd 19hHpd Fdﬁﬁﬁ&nﬂrdﬂ\ﬂcE&TAzp&%qdelmeWéemafﬁ UM -
volunme of 500 Al. The decrease in A340 was nonitored
65 mp\leQQHEas MRHI N AR WA e REi The sreii ¢ pat-
tern Of M AhpPC with M AhpD was obtai ned by neasuring
initial velocities nonitoring the NADH oxi dation at
340 nm at 25C. The test system contai ned 450 AM NADH,
200 nM M AhpD, 0.4 U bovine |iponam de dehydrogenase
(Sigma, Taufen- kirchen, Germany), 50 AM | i ponam de,
MEAhgt M e AMIMANPC, 73 AM t-bOOH in 50 nM HEPES, 1
MV EDTA pH 7,4 1in a final volune of 500 Al. The
reacti on was preincubated for 15 mn at ZSC and

s R ol D T A e i A

METr>& utht GEt’MxM:ﬁéEp}ﬁaﬂhEv@ImdﬂéI@nﬂow\EImecﬂléayIIyeasur:Lng ini-

tial velocities monitoring the NADPH oxidation at 340 nm at
25°C. The test system contained 450 uM NADPH, 10 uM MtTR, 10
uM MtTrxB or MtTrxC, 0.5 uM - 15 uM MtAhpC or 0.2 uM - 5 uM
MtTPx, 100 nM bovine catalase (Roche, Mannheim, Germany), 73
UM t-bOOH in 50 mM HEPES, 1 mM EDTA pH 7.4 in a final volume
of 500 pl. The reaction was preincubated for 15 min at 25°C
and started by addition of the peroxide. MtTR and MtTrx alone
showed NADPH consumption. It was reported, that thioredoxin
reductases produce Hy;0,. In this test system this would start
the redox cascade. To reduce this basal acitivity to a mini-
mum, catalase was added. For the kinetic studies of MtAhpC and
MtTPx the conditions were nearly the same as for the measure-
ment of the activities using 5 uM of the peroxidase and fixed
thioredoxin concentrations. A range between 5 uM - 65 uM t-
bOOH was used for the calculation of the kinetic pattern.
Specificity for H;0,, cumene hydroperoxide, linoleic acid hy-
droperoxide and phosphatidyl cholin hydroperoxide, both pre-
pared from soybean lipoxygenase-catalyzed oxidation of the

corresponding lipids, were investigated accordingly.



the same as for the neasurenment of the activity using
5 M MAhpC and fixed M AhpD concentrations. A range
wheimeessd® AM - 65 AMt-bOOH was used for the PCT/EP2004/005900

cal cul ation of the kinetic pat- tern. M AhpC and M TPx

assay The specific activi tkfs of M AhpC with M TrxC

and MTPx with M TrxB or TrxC respectively were

obt ai ned by neasuring ini- tial velocities nonitoring

the NADPH oxidation at 340 nmat 25C. The test system

contai ned 450 AM NADPH, 10 AMM TR, 10 AM M TrxB or

MTrxC, 0.5 M- 15 AM M AhpC or 0.2 AM- 5 AM M TPx,

100 nM bovi ne cat al ase (Roche, Mannheim GCernmany), 73
Examp®é t3b00H in 50 mM HEPES, 1 nM EDTA pH 7.4 in a final
—volune of 500 Al. The reaction was preincubated for
Steady-statetkpmeriand start ed by addition of the

peroxi de. M TR and M Trx al one showed NADPH

consunption.. It was reported, that thioredoxin
Substﬁ@b@tﬁBESo@éDdb@epéEﬁ&idéme$hWastmﬁmiﬁgmﬁdwn¢ﬁiﬁnuously

Id start the redox cascaf To reduce thi slﬁsagal
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linoleic acid - droperoxi de and phosphatldyl chol i n

see Wa}%p%} ox%flaethb%t%qlﬁ%lorbalé%d IS5 Gyiéen €nzyme molar-

1ty, | t RPXyQENESE- &Péaéd&@@n@%é@f&h&”ontﬁ@eaxf&ii onglh 8%re-
| i'pi ds, were investigated accordingly. WO 2004/106538

duciRCT¢ BPRO0AT ©050808pectively. The empirical coefficients @y,

o1, ®; and ®;,, are functional characteristics of the particu-

lar enzyme. The reciprocal net forward rate constant k', by
definition equals @; and @, describes a reductant-dependent
step, thus must be the reciprocal k’;. By analogy, &, is the
reciprocal kesr, which can be any of the rate constants deter-

mining the a substrate-independent step.

Example 4

Gel permeation of native MtTPx

MtTPx was reduced by adding 200 mM DTT and chromatographed on
a Superdex 75 column (Amersham Biosciences, Freiburg, Ger-
many) . protein molecular weight standards (Serva, Heidelberg,
Germany) were used for column calibration. Eluted peroxidase
was identified by activity measurements and SDS-PAGE. For size

determination of oxidized MtTPx, the enzyme was incubated with



24 Exanple 3 Steady-state-kinetics Substrate
turnover by peroxi dases was nonitored continuously by
WORDGRdBEonsunpti on in a coupl ed test system PANEPIHAL/E@5900
was analyzed according to Dalziel, (1957), Acta Chem
Scand. 11, 1706-1723. Reé Its are presented in terns
of the general Dal- ziel- éuation for two substrate
reactions, in which the term (D1,2/ [A] [B] is zero (
[Eo] /v = (Do+ (D1/ [A] + c2/ [B] + (D1,2/ [A] [B]
300 u¥ee&-babHeat) robm tkinpegqiaticof ofEGP méans Thwst alo
. lar- ity, [AL_and | ar oncentrati ons of .the
Welghggwaﬁth§¥ &%&LPSFeéug&hge u%&?%gF%}opeg 5§m%ﬁﬂ%fapﬁﬁaas
descrepRdr kdakecoefficients 00, CD1, (D2 and (D1,2 are
functional characteristics of the particu- |ar enzyne.
The reciprocal net forward rate constant k'1-by
definition equals 01 and 02 describes a
reduct ant - dependent step, thus nust be the reciproca
Summaly? ofBexampllegy, Co is the reciprocal kcat, which can
be any of the rate constants deter- mning the a
substrat e-i ndependent step. Exanple 4 Gel perneation

Figur@f 1Nahiowe MhEP%:MIbRd wa s Jtadeeadndy radhiangh @ hariv b
and chronmat ographed on a Superdex 75 colum (Amer sham
by t-BOgsci MiddpC peailyity, Wi MgmpP. asr SOSWYSToIate) s
i.gh t . rva, i 1 11CGer, W, -
teSte\éi‘sséLgl gl% %g’gﬁrr?%%&gﬁ%r gﬁ%ﬁ%ﬁ%%@r'om gasée A'\/\/arlgm e
actiondemnts fored nybatidd/ifiop ndasumeRENES *@nenSDSRAGEd Ry the

. size determnatjon of_ oxidized TIPx, the e S
additigh ok daRah WORS0H 1 GRS E PEH E% SEFBISHE P
MtAhpD and t-bOOH was preincubated for 15 min at 25°C. MtAhpC,
MtAhpD and the hydroperoxide were preincubated together for 2
min at 25°C and the reaction was started by the addition of

this mixture.

Figure 2 shows steady-state-kinetic analysis of MtTPx with
MtTrxB or MtTrxC as cosubstrates. Substrate turnover by MtTPX
was monitored continuously by NADPH consumption in a coupled
test system at 25°C and pH 7.4 with t-butyl hydroperoxide as
substrate and MtTrxB as cosubstrate. Three sets of data were
analyzed according to Dalziel (Dalziel, (1957), supra). Re-
sults are presented in terms of the general Dalziel-equation
for two-substrate reaction ([E,]/v = ®o+ @,/ [ROOH] +

&,/ [reductant]; see table 1).

Figures 2A is an example of a primary Dalziel plot of the
MtTPx/MtTrxB system showing enzyme-normalized inverse initial
velocities ([E,1/v) in dependence of reciprocal hydroperoxide

concentration at different MtTrxB concentrations that were



25 300 Mt-bOOH at roomtenperature for 30 mn. The
nol ecul ar wei ght was then estimted by gel filtration
W@ booefredtssgyr aphy as descri bed above. Summary oPCT/EP2004/005900
exanples Figure 1 shows the oxidative activation of
M AhpC and M AhpD by t-b . M AhpC activity with
M AhpD as cosubstrate was ested in the conventi onal
test system (11). Trace A: The re- action was
prei ncubated for 15 mn at 25C and started by the
kept a:d:d:isttia@rt by tcon®dHuocTisaceoBnetad iogac tihen séxapgst corre-
M AhpD and t-bOOH was preincubated for 15 mn
Sponda g)(’f‘, M AhpC, M AhpD and the hydroperoxi de were
prei ncubated together for 2 mn at 25C and the
reaction. was started by the addition of _this

Figune Bude. am gaaqa@p}esm@ Fecpnfedvataligirdt iRl odrialBhg £rdi-
nate g é\gr-E’P I'f Tr )S.B % TPX-HGXQ r%?ftu 1%? velocities

straeturno was nonitore
at [AQORL ihUClsd »plbytﬂww%acmmpﬁnmfwﬂ]a fotipediudesén of
systemat 25C and pH 7.4 with t-butyl hydroperoxide as
Dalzisibsoeftfe cdientMPer XBlaped oshbBL ARG, Kithree 5¥PSCHFSa 1in-
& ana yz a d I
cerctdn Vainy Y REIasPRL et R B0l iR Horhipate
intertd@tgemercml _DalEgl evmenuarrunary ocﬂatavoeﬁ ubtist eat endependent

analye | FURGHTR 150 Sd0 4 4576 BESH GRSk meags and stan-

dard KAMRIE Rfs a primary Dal zi eI pI ot of the MTPx/MTrxB
system showi ng enzyne-nornalized inverse initial
velocities ([ EO]/V) in dependence of reciprocal

Flgurey CHCO ﬁte: ga:(nl gﬁs g{eo@ rat I%Qna% qj‘aflfz%.ree_l.n%ll\gt-rra(ﬁB the

conce
MtTPx/MtTrxC system showing enzyme—normalized inverse initial

velocities ([Egl/v) in dependence of reciprocal hydroperoxide
concentration at different MtTrxC concentrations that were

kept constant by continuous regeneration.

Table 1 summarizes the kinetic constants of MtAhpC and MtTPx.

Rate constants were derived from steady-state analysis as

shown in Figure 2; the empirical Dalziel coefficients ®,, @,
and ®, correspond to tﬁe reciprocal values of kgat, k1 and k's,
the latter two being net forward rate constants for the reac-

tion of the enzymes with t-bOOH and the reductants, respec-
tively.
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conti nuous regeneration.

The sl opes corre-
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: . .2
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were derivgg fgom steagyogt ate afr@yésg s as shown in
Figure 2; tlhe enplrlcal Dal zi el |coefficients|430, cl
afdrec2——cortlespond—tothe recrprocat—vat ues off kcat,
MtAhCl| MtBrkC 4,0 . 13he: | bt er xt 1o bei fmy. het Tafrwanl-pPéte |5-10
congtants flor the rgac- tion of fhe enzynmes with
t-bpOoH and [tthel edugPalt’s, respell-t4vely. WD
2004/ 106539 PCT/ EP2(004/ 005900 27 Table 1
MtTPx |METrxB |0.66 + [3.4 x 10° + |4.6 x 10° 1.95 14.46
| 1.12 0.48 1.35
METPx |MtTrxC |11.11 + 0.9 x 10° + |5.8 x 104 120.68 |184.48
0.99 0.22 0.22

Table 2 summarizes the specificity of MtAhpC and MtTPx for hy-

droperoxide substrates.

The activities with t-butyl hydroper-

oxide (t-bOOH) were set to 100

. LOOH, PCOOH and COOH mean

linoleic acid hydroperoxide, phosphatidyl cholin hydroperoxide

and cumene hydroperoxide, respectively.

* The activities with

H,0, were difficult to be estimated due to the basal activity

of TR/Trx system.




enzyme donor kcat k'l k'2 KM ROOK KM donor sub-
substrate strate (s-1] [M1S''] (M1ls-1] [AM (M
wOrRhpassg AhpD 0.63 0.95 x 104 2.7 x 106 65.PGI/BPR84/005900
0.94 0.08 14.28 M AhpC MTrxC 0.13 2.3 x 104 2.5 X
104 5.64 5.10 1.21 0.07 % 12 MTPx MTrxB 0.66 3.4
x 105 4.6 x 104 1.95 14.48 1.12 0.48 1.35 M TPx
MTrxC 11.11 0.9 x 105 5.8 x 104 120.68 184. 48
0.99 0.22 0.22 Table 2 sunmarizes the specificity of
Tabldt AhpC and M TPx for hy- droperoxide substrates. The
activities with t-butyl hydroper- oxide (t-bOOH were
set to 100 % LOON, PCOOH and COOH nean |inoleic acid
Mydrgper ox! O&,[ prospngati dyl Jchol 1 n qédr per oxi pe and
enzymige | AORPaT op et QRH ﬁﬂ%@%e:??@@ﬂy. OThHERE i [ities
with|sape2 werle diffipult to be estjimated due fo the
basal|taxettievity] of TR Trx system WO 2004/ 106588
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A2 27. WD 03/004479 Al WD 2004/ 106538

PCT/ EP2004/ 005900 31 daijte 1. An enzyne- based assay
for detecting inhibitors of3k he anti-oxidant defense
systemin Mycobacteriumconprising (i) a reductant;
(ii) a thioredoxin reductase or a peroxidase; (iii)a
donor substrate capable of receiving a hydrogen atom
Jrom(ii); and (iv) a hydroperoxide, for determning

consunption of the reductant. 2. The assay of

claim11l, wherein the thioredoxin reductase and/or the

PerPxddase andl dhedonar é[%{ké%ttri‘%t%e 1irdh 1M} £ S W the

derived from M/cobactérium preferably Mycobacte- rium
t @rgricidxosiant IlefEnseasamreanf gl Mynobasrte;iwharaginy ising

t he .enzyne j s .ex- pressed in heterol ogous host cells.
A4}l?hea§§§%éPQﬁaqﬁ’ain13, wherein the host cells are

seligot ed tHilgeddig rgreducteis S Ry pfrddayd a,
yeasts, insect cells and manmmalian cells, preferably

celiiis et Jonersuhsiiat & AaPAER GHaraRRSE KRV Roen
and Spogopt &dd "1 )9' REfHa.

(iv) a hydroperoxide,

for determining the consumption of the reductant.

The assay of claim 1, wherein the thioredoxin reductase
and/or the peroxidase and/or the donor substrate is an
enzyme derived from Mycobacterium, preferably Mycobacte-

rium tuberculosis.

The assay of claim 1 or 2, wherein the enzyme is ex-

pressed in heterologous host cells.

The assay of claim 3, wherein the host cells are selected
from the group consisting of bacteria, yeasts, insect
cells and mammalian cells, preferably cells of Escher-
ichia coli, Saccharomyces cerevisiae and Spodoptera fru-

giperda.

The assay of any of the preceding claims, wherein the re-

ductant is NADH, NADPH and/or FADH.

The assay of any of the preceding claims, wherein the

peroxidase is a peroxiredoxin, preferably AhpC and/or TPx



5. The assay of any of the preceding clains, wherein
the re- ductant is NADH, NADPH and/or FADH 6. The

w@s®anoesss any of the precedi ng clains, wherei nPCTEP2004/005900

10.

per oxi dase is a peroxiredoxin, preferably AhpC and/or

TPx WO 2004/ 106538 PCT/ EP2004/ 005900 32 of

Mycobacteri um nore preferé@ly of Mycobacteri um tuber -

cul osis. 7. The assay of any of the preceding cl ai s,
wherein the do- nor substrate is selected fromthe
geeuRyeebatsbirigmof mogkubatlieoablandft Myooddotierium tuber-
preferably thioredoxin B (TrxB) and/or thioredoxin C
(FHkCF18f Mycobacterium nore preferably of
Mycobacteri um tubercul osis. 8 The assay of any of the
precedi ng clainms, wherein the hy- droperoxide is,
sehectedafr ofh ehy gfotipecomsicetiing 6faips dwbgaein the do-

per oxi de, . t-butyl hydroper.oxi de, [

P e SPE RGP e R R P H TRy RFOper ot doe BRGYhArRgeting of
cholikaenibyer aper exiide ed@asiany pexifeaablyongrioxietpxdn B
hydr operoxy group. 9. A nethod faor nuf

oHAF IR COPPYaF] FHaerRAe ot HOura )t Ot PRGEIT SridFbr moFe
2 g%%g&gggya oy Wa%r Hdi B - 3RGIated 14 sease,

nprising the steps of (a) providing an enzyme-based
assay of any of clains 1 to 8; (b) providing a test

SR Sefal or o S By el O TR (e ny-
droperoxide is selecged from the group consisting of hy-
drogen peroxide, t-butyl hydroperoxide, cumene hydroperf
oxide, linoleic acid hydroperoxide, phosphatidyl choline
hydroperoxide and any oxidant comprising a hydroperoxy

group.

A method for manufacturing a pharmaceutically active com-
pound for treating and/or preventing a Mycobacterium as-
sociated disease, comprising the steps of
(a) providing an enzyme-based assay of any of claims
1l to 8;
(b) providing a test sample comprising a potentially ac-
tive compound;
(c) contacting (a) and (b);
(d) determining consumption of a reductant;

(e) recovering the active compound.

The method of claim 9, wherein the reductant is NADH,
NADPH and/oxr FADH.



(d) determ ning consunption of a reductant; (e)
recovering the active conpound. 10. The net hod of

W@ k@uv@3s wherein the reductant i s NADH, NADPPC EHRE004/005900

11.

12.

13.

14.

FADH. WD 2004/ 106538 PCT/ EP2004/ 005900 33 11. The

met hod of claim9 or 10, rein the active conpound

is conmbined with suitablemgﬁhrnaceuticalIy accept abl e
fillers, excipients and/or additives. 12. The nethod

of claim 11, wherein the pharnmaceutically ac- ceptable

f imhlee metéxd pifermtlsiand or dddi wheesiar eheelaattiot dommaund

the group consi,sting .of _physiol ogi cal ,sal.ine sol u-

{ Pn CCRERE ST b eeY BT PCP AR C A A Fghe
highitti ek s , arRek 9i drifdniit icinsddiivasuse of the
pharmaceutically active conmpound identi- fied by the

nmet hod of any of clains 9 to 12, for the preparation

0 i . fr.eati -

12 TRALGRMRH J1Qf; f 18 Y Uh PR A1ly ac-

R/EITC%baCt errum aSSOClI ated di'sease. 14?.05%18 use o C alym

13 epiadrle fitlHend seaspicttsulerxdywmadkiit.ives are selected
from the group consisting of physiological saline solu-
tion, demineralized water, stabilizers, proteinase in-

hibitors and gel formulations.

A use of the pharmaceutically active compound identi-
fied by the method of any of claims 9 to 12, for the
preparation of a medicament for treating and/or prevent-

ing a Mycobacterium associated disease.

The use of claim 13, wherein the disease is tuberculo-

sis.



