; EFGHe3e 8<6r T WO 02/ 48391 PCT/ EPO1/ 14551 DORMANCY | NDUCED MYCOBACTERI UM @
PROTEINS Field of the Invention The present invention relates to proteins
expressedwy geyant 5 Mycobacteri mw e use of su MAgedi des in

t he pr ophwma?#‘s?, ﬂgi agnosi s and trgmm “‘ m‘“m;cobact erial Clik%?gi(‘:t {qons.
Background to the Invention Upon infegkign wth Mycobacterium tubercul osis

nost individuals nount an 1 o effective I mune response causing the

infection to enter ﬁmcgrt = Wi)ﬁ)rfmsrenal nin the

host for years w thod ot i B e th possible
reactivation later in life. L|ttIe IS knovvn about the state in which the
bacilli survive in the host during latent infection. Sone evidence suggests
that cells JieMiaofdhe invendionte that is sinmilar to the state of bacilli in

non-oxygen limti or ox Cc t| onary phase, cu Mycobacteri a
are obligate aer re§engmv¥ éfglr,elg?ﬁj BIO(S%%%WI‘T’SS?d ’é‘rJ@\ﬂPﬁ& However ,

tubercl e Pacz@édba%ﬁ%%a&o FERRE bf siRB o J@@ﬁ@d&%&[&ﬁ@;&ﬁy@aﬂé %l?a%ﬁ@s@ﬁndl\/e' | as
in |atent ection. Recent genetic evidence suggests that the capability
of tubercl e ttemtméndtiof trycabapdrial mféntipoxi ¢ conditions plays a role in vivo. A
| i nk has been 20 established between oxygen starvation and drug resistance.
Upon depl etion of oxygen in culture the bacillus enters a hypoxic growth
phase then tlgm%p@ Et_ﬁo%@%%berﬂibql devel ops into a dormant form Inportantly,
t he dor mant i s resistant against conventi onal

anti - mycobact er i aligon ii€dtion Withitddbadtorimtibdranib £ msiadividuabtmbensah in

part, be responsible for the observed persistence of the atho en 25 during
chenot he rlapyeffe’ch%e ipamyiRe $EPINER 6JUSENR] thmrée%%tt@ prter it state. g dubereloop)

| nfect. | 4: 2062- 206 n f under
oxygen- | init L Br‘i‘lﬁytrleglﬁguflrgiﬂ%féoaﬁtg ?gﬁ Q’\(lglg f%@ln&t}?ég&&&ﬁk B# he cul tures
grow ex poneQﬁb&bﬁlﬁs@'\gﬁﬁﬁ&%mréﬁéﬂ\&ﬁﬁn 1Ag idllife. KitlSRRA6Rh aewqmstgteaﬂl ent
is generated and the cultures 3o termnate growth when the oxygen

concent r at i owhick #eHesill shyvpednche hese deringilateat imfectisac Spe ewlrdemesuagmu c
stationary phase are in. te of s chr d eplicatin

021 48391 PC'I*P nelesells BT 1B agite oAb E%‘Saé Sﬁ"’g Rb Pl PR aos ﬂme\%anﬁ“ﬁgt he
nycobact gk i d ragmentary. Elegant biochenical work
has shomﬁgtﬁdat é@n&ﬁ'{mﬁﬁ% ?éecell%tgfot their netabolismto anaerobi osis by

swi tching to nitr¥fyeobaetpiaratd olslipatedrobesict they requireakygen fof ggivtbxy| at e.

Genetic anaIﬁ/IS| S has deponstrated that the
- owever, tubercle bacilli encounter hypoxic environments in acute disease as well as

in latent infection. Recent genetic evidence suggests that the capability of tubercle
bacilli to adapt to hypoxic conditions plays a role in vivo. A link has been

20 established between oxygen starvation and drug resistance. Upon depletion of
oxygen in culture the bacillus enters a hypoxic growth phase then terminates growth
and develops into a dom_lant form. Importantly, the dormant form of the bacterium is
resistant against conventional anti-mycobacterials. Hence, hypoxic dormant bacteria
could, at least in part, be responsible for the observed persistence of the pathogen

25 during chemotherapy.

The Wayne dormancy culture system (Wayne and Hayes (1996) Infect.

Immun. 64: 2062-2069) is based on growth of the bacilli under oxygen-limited
conditions in sealed stirred tubes. Initially the cultures grow exponentially and
consume oxygen rapidly. A temporal oxygen gradient is generated and the cultures

30 terminate growth when the oxygen concentration reaches a hypoxic threshold level.

Bacilli in the hypoxic stationary phase are in a state of synchronised non-replicating
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persistence or dormancy.



5 stringent response plays a crucial role in the adaptation to hypoxic
conditions and stationary phase survival. Summary of the Invention The
present i pueol/ass have identified four proteins that are uget/esli@ssad upon
10 term nation of gromh of the attenuated BCG Pasteur ATCC 35734 strain of
Mycobacteri um bovis in the Wayne dormancy cul ture system The inventors
have al so shown that two of these proteins are upregulated in Mycobacterium
bovi s mai ntai ned ¢ | by 10k t at.i gnar hase.. These proteins
play a role in thte)nfjgr\lléelﬁga é%f?cﬁg?mh%feaér r(?zvr? 18 %y%F&?a&FlﬁaltdﬁEm?%ynt enance
of i abil it yredpurisas fhepilanaran Elogardi Blodciiall Worlkhas MOWE!ha HoaRMH: BcliR 0°t S
for the identification and devel opment of novel pharnaceutical agents.
These agent saden}thes mgtalwlism tolapaerobiasisby switphing by hitratesespidtion astl agnosi s of
nycobacteri al icgf ecti.ons SLiCh as. tubercul osis., Accordingly, the present

i nvention prrgg}l §§.amygation ot glyqyylate. (Fenetic anafysis fins despqnsfiated thah the

anti - nycola b RaiaTeltl LVt LQk...expressi on of
a protei n,? %ﬁﬁ%%ﬁh%?ﬁ%gg%h ses: r?lfe?ﬁg%e%g t\lt'llr%{oa%’ gg@ ] @Hfmsg?{ﬁ!sa

prot ei n sel estatemhafy phas&MBYBAE, Rv2623, Rv2626c¢, a variant of Rv3133c,
Rv2623 or Rv2626c and a fragrent of Rv3133c, RV2623, Rv2626c or said
variant, or a polynucleotide or 25 expression vector encoding said protein;

(i) noni torﬁ'mmtagfoﬁﬁeeﬁltveﬁiiiﬁ he test agent on the activity and/or
expressi on _ ; reby determ ning whether the test agent
nmodul ates the actThd prgseanifivefitot)iane dentifle®foud pRItsthethat ¥ RpGESAsed Yipbn
Mycobacteriumin non-oxygen |limting stationary phase, hypoxic 30

stati onar) pruBIBatm efgrawiltolihe attenupied RCG RasteuyehTCAIISEM steain dBnti fi abl e by
a met hod of invention. .a i bo specifjc for a protein selected from
Rv3133c, Rv bé'F’e’”‘(M%c‘fE/‘éw BEYT ‘%é@fﬁ‘i%%?r‘?@?@%cfheamﬁ%fa ¥t i cal
Conposi ti on LaNaHoivaith& tHoRTMAIBERILIhE AL Wy hilaRG LS as an
active ingredient an effgcti ve gm)unt ofuisf'f% ggégnl?%cggélgt%'ﬁlf"iigg‘g@ accordi ng
to the i nvermjipizined in agonaxygerelinbingetitiohany phase rTiebaproteinseplayps tdl¥ én

i ngredi ent 3 ffectiv ? unt of aé)rot,ei se| ected from Rv3133c, Rv2623,
Rv2626c and ge 5%‘%9? eng]o g’%}fﬂfrﬁ%‘i‘téﬁ,a@m %W%@@rﬁfd’lﬁt}ih@r@ﬁﬂgany sai d
fein. sl . . ti body

Phar mcedt | o EacY, R atndel Kitdpbis Gl 61 e WeRBEMon Y 1 ot he

i nvention f alevelspment «f noeélhdarmicetiien hgeins. Thbsd dpents ity beQfse@iH @l body by
therapy or in a diagnostic nethod practised on the hunman or ani mal body;
use of an adEAtmentHirppHaxis prerdiagnesis ©f mysobgsierial indections sushaisne
conposition %e?@t{lggipg to the invention in the manufacture of a nedi canent
15 for the &I agnosi's, prophylaxis or treatnment of a nycobacteri al
infection; a nmetstorfingly ok ipfderdt iswRti6k brovideker i ng from a nycobacteri al
infection, which nethod conprises admnistering to said subject a
t her apeut cal | y éfmetbed fas therisientification of awyenti-myaobacteoid) agephtanmodulbies al
conposition i_ne,conposi.tion accordi.ng to.the invention; 20 - a
met hod f or élg"tr %c\é‘?:ﬁﬁéng’%fégﬁé%?‘é?f%l’f %éﬁl%l?‘bﬁlth?gé°§1§Hﬁ?sé, whi ch net hod
®

contacting a test agent and a protein selected from RV3133c, Rv2623,

Rv2626c, a variant of Rv3133c, Rv2623 or Rv2626¢ and a fragment
of Rv3133c, RV2623, Rv2626¢ or said variant, or a polynucleotide or

25 | expression vector encoding said protein;

(i)  monitoring the effect of the test agent on the activity and/or

expression of said protein, thereby determining whether the test agent
modulates the activity and/or expression of a protein expressed by a
Mpycobacterium in non-oxygen limiting stationary phase, hypoxic

30 stationary phase or hypoxic growth phase.

- an agent which is identifiable by a method of the invention;

- an antibody spediﬁc for a protein selected from Rv3133c, Rv2623 or




conprises detecting the presence of a protein expressed by a Mycobacterium
i n non-oxygen limting stationary phase, hypoxic stationary phase or

hypoxi ¢ gwayeduspdase or a nucleic acid encodi ng sai d prot epdr/kpo1adssd

sanpl e, wherein said protein is selected fromRv3133c, Rv2623, RV2626c and
a variant of 25 any thereof; and an in vitro or in vivo nmethod for

di agnosi ng a nycobacterial infection in a subject which nmethod conprises
nonitoring expres 35 éjﬁf a protein expressed by a Mycobacteriumin
non-oxygen limti ﬁy 206 onary phase, hypoxic stationary phase or hypoxic
xowt h phase, whepegj A Gh b ki L . . ,
V26260 and & var | anrareRitl hEbRiach AEaRE) Secnh BN He
‘Rv3133c, Rv2623, Ru@eLficactivenagrediont anfeffeuilednounReParazent oRinladibedpnd a
fragnment of Rv3133c, Rv2623, Rv2626¢C WO 02/ 8391 PCT/ EPOL1/ 14551 4 or said
variant in a met h8eFOrYRe tnthejigemtion; cati on of an anti-nycobacterial agent.

- use of pr ot ei . e . RV2623 . RV2626¢ .ar i ant of
Rv3133c, §v26_23 of SRS g @}éﬁgﬁas %ﬁ@ﬁ%&f&ﬁle&@%ﬁcﬁm IBIL 5 or
sai d variant in aoff@phAéiniselected GohRVI 130t CRIIND, RI2636¢ a8ER Vardifft ofh@gnosi ng
a dormant nycobacterial infection. Preferably t he nycobacterial 1 nfection

is tubercul osis. Bheref, Gawdmminogeniofragmentrinyspidprdibingand 2 1. shows t he
growt h of BCG'undejél t he con ithocgs of the Wayne dormancy culture system
Log A600 as a fun@tFBHCBIPrHENFLIVERBRTS Vi abl e counts at selected tine

poi nts are indica InhaSnedR j é/\@o%gfgg ed to A600
= 0.005 with mbogﬂgv%ém%%pﬁ bro?ﬁfd(a&(?}é%%%ﬁgﬁl r:;vﬁ{s:ﬁ%ate |Sk&bt§1eal ed

t ubes unddér gent | ec®trding indpecoventibn forsise in andthddiof teataieat e hgmandr

conpl ete decol ori zatn{?gg é{S of the oxygen indjcator_ nethylene blue. Mean

val ues and standaf® pdt b therapy or % & dlagnowtis sestbrd nractised on fhe-huanan & shown.
Vi abl e counts Wer?miﬂﬁi g&?.ned by plating appropriate dilutions of the

cul tures on Dubos ol'ei ¢ al’bumn agar. For all cfu determ nations, cultures
were checked- m cr asCefiRinGigehty antiod phachideatitd ceinpbatidsor Wicemef i cant

clunpi ng was not observed. Arrows Ato D indicate tine points when 20

sanpl es were t akepompesitiofeaccarsiing ieehe inyaationsindbe memifactare of amediganent of

tei t ent h inFig. 2. Fig. 2. sh the t I of i | f
br ot ei n cBnt ont o B CsBos PRty s g el R o R CnefioEm pr ot i
extracts were pr e@%e@%@éfﬁéﬁﬁn%b%j@&isﬁff&ir@ #6mla e @bedl icidie whidiows 10

Fig. 1 and 100 ug of total protein"was subjected to 25 two di nensi ona
el ect rophor esi s. wethodivompsis¢s/asimigistering do saifl sulyjeot adlsqrapediioa]lyt effectiee 4 ti ne
poi nts. Arrows | abel edq&. to 4 indi c&te dormancy-i nduced protein spots. The
arrowhead shows t fBO9Y Of B 2BRRH Afibady, PLARcRtiGal ERTRROSTION 9K BECngRy 2428)

whi ch has been fo&g}g%(gsq)ti Ao BAM Alvegliddd_the hypoxic stationary phase
1999) Bio

(Sherman et al. ( actors 10:21 1-217). Sizes are indicated in

ki | odal t ®@8s.- The expthddifentet8@ingesmgabaitedaldnfecfiaiin a sample, whidh mbthodanme
results. G owmh phase-dependent protein contents were al so anal ysed using
i soel ectric focusSPRRFisEs dpisstingihg pesenagel aqupteingaresyed hyemiycabrasistivn

proteins were det d 4 . ' 3. shows

dor mancy-i nduced glf%ot%e?xrygé X\B%ngﬁée% %étg%nﬁggléég’%%ggé??%%g%%%fet%iﬁ BHei n

spots 1 to 4 in Fg@wt2 phdseer@mtRichcibéiREdiAk 8aidGraeiaiin Gaitl QarpR, Wherein
said protein is selected from Rv3133c, Rv2623, RV2626¢ and a variant of

25 any thereof; and
- an in vitro or in vivo method for diagnosing a mycobacterial infection in a
subject which method comprises monitoring expression of a protein
expressed by a Mycobacterium in non-oxygen limiting stationary phase,
hypoxic stationary phase or hypoxic growth phase, wherein said protein is
30 selected from Rv3133c, Rv2623, RV2626¢ and a variant of any thereof.
- use of a protein selected from Rv3133¢, Rv2623, Rv2626c, a variant of
Rv3133c, Rv2623 or Rv2626¢ and a fragment of Rv3133¢, Rv2623, Rv2626¢



tubercul osis H37Rv genonme annotation. To predict the domain architecture of
t he dormancy-i nduced proteins their sequence (derived fromthe M

t uber cul oo FiRIFv 5 genone date base TubercuLi st (Institucieeiiayes: Pari s,
France, [http://genolist.pasteur.fr/ TuberculList/], Data Rel ease R2, March
22, 1999)) was searched against the protein domain famlies date base Pfam
(Sanger Centre, UK[http://ww. sanger. ac. uk/ Software/Pfani], version 5.5
Sept ember 2000). The .resul tt.of t{:{}% searct i s _shown schenatical |y, HSP20,
domai n found in 287 B FapAn{n 3 metodfanthe dgagiificaiiontafian gnti-mexcebagtesiel nunber
PFO0011). res reggedecei ver domain found in response regulators (Accession
nunber PF00072). rgE, helix-turn-helix DNA binding domain (I uxR subfam]ly)

found in tramscri psd afeproteigsdlatal Sorh RvGESH, Rv2623) RVR6Z6PEQRSARLE CB S,
smal | nodul es of ﬁgknown functiqn found in diverse proteins. Paire of CBS

domai ns di meri se £ 5 RY264305 Rv2§Renendsa fragment of R3 1 38ecBy2623n Rvdbfer
‘PF00571) . Fig. 4. els..of rrRN,%s encodi n .

dor mancy- ’nduced Bf%?é?ﬁz&?%d%%%%ﬁgﬁﬁ t§¥ f%;}naﬁfﬁ%oﬁé’ &ﬂag?i’g??féﬁ%gneaﬂns&r es.
Aut or adi ogr ans of ddiaidn eiydoltlctiial @iffedtighal RNA from exponential I'y grow ng
(lane A, fromtine point Ain Fig. | ) and hypoxic stationary phase

cul tures (Ilane D, Preferablyithempeshacterial infeetign istuber@dosis.e shown. The bl ots
were hybridised with [(err)-32P] dATP | abel ed probes specific to the
transcripts encodi ng the dornmancy-induced proteins: 1, 161cD antigen; 2,
23, kD respoBsief DeiHistion of the FRaurkd® conserved hypot hetical protein; 4, 16
kD conserve ypothetic Fig. 3 ). X-ray filnms were exposed for 1
day. The 180t t om pBigell. shovmshe grewtt of BCGfunder the chuditiondicFalid Wayné t h a probe
specific to &65 r RNA 25 dermnsirati ng equal | oading of ribosomal RNA. 5 ug
of total RNAIQFEREDEY,SHBYe sYSRn.cLp% Asmahe Tupstion efime isshewse irhle courds stare

Its. Th j t i . conf i d | dent |
oy e oo e ARTARSE B8 Dot JANRSUAPL YRR AL LRk HEREIES™ 1Y
5 shows the 4gewi0t005fwiB{Dubss Twdnedlbiltaint Breg. (DEcEPARAIThéNated RN GLE € 30

cultures were diluted and grown in roller bottles. Optical density as a
function of ‘Wdeeeelestising conditions. Aandyd mdigats fading and nempletedesolatieatizanyl es

t ak f .02/ 48391, P EPQL/ 14551 6 - di i | |
gleregt r gpﬁ(g)r e |tg£ grgyaﬁ_ef/l\é%‘g%?r %F%Y%P%@SH&WSV a 'ﬁ%@ﬁ’f} %At?fl%%&%‘&gﬁém%e
experi nent Wasr GidepdrRdntbtberiBbtts Eu‘erﬁﬁ%w}é’.: Waﬁé@@cﬂﬁm%lﬁ%{é{ﬁlﬁw@@ plati

representative growth curve is shown. g. shows e tenporal “profile of
prot ei n contapprepriste @@ogs ofuheicnltures beDubobaiticlaltumiRmgireiRor et cfinct s wer e

prepared at tinme.pqints to Dindicated by the arrows in Fig. 5 and

subj ect ed to&qwl&%ﬁ’é‘ﬁs‘i W& Wks a@ﬁ%%‘i’?&?@%ﬁly fopany dpmping afeellst ai ned
gel s corres i t i L AL S . . i ndi cate
stationary ﬁggig&igﬁdcﬁ%%%ﬁ%&g% gﬁ"@gﬁa g g{ S%o%hﬁ%@%h%ﬁ& %ﬁﬁ%“)ﬂgng al kyl
hydr oper 8Ri dremplesurdra sake At tvRv-2dasionkl eléctropBortticinthlyses dfpreteitn- r egul at ed

in 1l o the sta{i?n er phase. The experinent was carried .out four tinmes and
a represent aFtOPFé‘SssgP Bingig 2 is shown. Fig. 7 shows a multiple sequence

al i gnnent of the g4k i 00Xl t atyonar hase i nduced
tubercl e bacill usF']1 'r%tsg{ﬂgg gﬁg%ﬁ%ﬁﬁﬁleﬁr éﬁl %?%H@"g?s&? 5[?&‘3‘0 ]inﬁﬁ%t her
bact eri a. ThH¥apendemzecyodultufesybtbth. aPiotein 8@t W&o paphrliabthe endpsihRi A

Rv2626¢c as derived fromthe M tubercul osis H37Rv genone data base
Tuber culLi st o Thindicated tyabe amows Pafigs] arme Hilceg of total protein was subjected to

[http://genqlis}i.pasteur fr/ Tuberculist/]) was searched against the

non- r edu%ga?fwoéﬁ‘%%sﬁ%‘% Slegtr éesﬁsl\la{*‘h)o%’gw HYRE-grined gelpreonrespRrding ¢y the

| nf or mat i on,4 EathesEa, ALhs 1 : /\qﬂyﬂ/é ' nih : ' [fy
.orthologs in ot h?r bacteri a.aﬁjﬁlﬂka?l}g.‘l: 1 §Q§%nﬁggg%2+ cpr%ﬁ?%%%é%% from
20 Mycobact ewiowhead slervesthe 22 &D alcyd dydioparoxideireducssisd pARsc, Bve428) whidd ami no
acid protei col or, accession nunber CAB62687;

from Streptomyces coeli
.P.aer.: |38q’§ﬁr§>ﬁ%}1 BP‘SPOp‘Peo @Vlhr%ﬁﬁm@gmﬁwtaé@m@immﬁmiabn

nunber AAQD ' WNQ:aci d . WR f. acCishl US subtilis,
accessi on n3m92 %%%ggﬁs m}gplﬁ?{eﬁai %t@e? ﬁ% lgglr%réff%ﬁ Hbf“i%tg%st ee&‘Pertuﬂgmpr ot ei ns
their sequents cabredsen fafreithaodtingt s@he tRAIHT CloRith pagemgﬁm{d%ﬂii pro, dat a
base Pfam (Sanger Centre, UK. [http://ww.sanger. ac. uk/ Software/ Pfanm']).

The positi orfonigntsigse glse @nelysed 138 isenherinies fotuastesstiipapHh e NoPiBidtarbl ) ar e

i ndi cated abpve_the alignnent. Brief cription of the Sequences 30 SEQ ID
NO | shows t gnﬁ%cé'l'lgg? @r%tglﬁﬁ&?éee&%?"?‘%mwc fromthe H37Rv strain of
Mycobact eri um t uber cul osi s. WO 02/ 48391 PCTI EPOL/ 14551 7 SEQ | D NO: 2
shows the am no acid sequence of Rv3133c fromthe H37Rv strain of

Mycobact eri um t uber cul osi s.




SEQ I D NO: 3 shows the nucl eotide sequence of Rv2623 fromthe H37Rv strain
of Mycobacteriumtuberculosis. 5 SEQ ID NO:4 shows the am no acid sequence
of Rv2623wigemssdie H37Rv strain of Mycobacterium t ubercul ogdgepedsa@&s1D NO 5
shows the nucl eotide sequence of Rv2626c fromthe H37Rv strain of
Mycobacteri um tubercul osis. SEQ ID NO: 6 shows the am no acid sequence of
Rv2626¢c fromthe H37Rv strain of 1o M/copact eriumtubercul osis. SEQ ID NO:7

shows the nucl eotg.de, sequence of Rv3132c”from. he. H37 strain of
Mycobact eri um t ub%gg%ﬁgg}"§?f"§'€@°¥ﬁ‘ﬁ]ﬁ?‘&@ﬁ%% Fﬂ@“’a‘ﬂﬁ%r%u%‘a S‘é‘ﬁ‘i?@ﬂﬁ% of
Rv3132c frombthdteidXphe 1Sbl4ahFigh. Wegkﬁ&h%nemrw?&fr&mg@éuﬁ%' > SEQID
NO: 9 shows the am no acid sequence of a variant of Rv2626c from
St r ept ony ceJubsretlosio IFGF7Rv SE@hOamiOtadns Movgeditidcha domainacihitestarpusfithe of a

vari ant of 2626¢ from Pseudonpnas aerugjngsa..SEQ I D NO 11 shaows the

am no acid SOFRERFsingrced Rfaﬁe}r'éﬁelb%eqmz@sn’r 1 ghealde fubpigglosifdi 3 TR |
Detail ed Pk i I BSal esent invention

rel at es t?%@%@%ggﬁﬁ %gg%rw\égtggigﬁgl}%%&g?g@g Ega_n%S .Rv3133c is shown in
SEQ I D NO  Ihpndfg&kefist. Pashir. fi2Tubvoib.2sY/]) Bata Meiwasd R2, & ch P2 ND99P) wad - SEQ | D
NO 4 and Rv2626c is. shown in SEQ ID NGO, 5 and SEQ ID NO 6. Sequence

i nf or mat i on se@ehechagainst hgmegteinromedn famitiohdate base Nfam (Bangeneenife, t he

Myeobacs or | TN eh e s SR o R ard PRRTT (BB Sertbmbd 2008 ey "2
can be 30 fquagt dftthdédarst i/sgmwﬁéo‘htemamwrHSfleo,TMﬁﬁ?lanﬂtilh-zm%D)faﬁhnﬁ of the

invention may be in a substantially isolated form It will be understood

t hat t he lpr ofdest shagk protainsdédcedsion marher BFEOMWA). ded_temateseivki ddmain foundbt WO
02/ a8391 PCT/EPQ /1lab51 interfere with the intende { pose, of

pol ypept i de BAFPERIE TP %tOFseéﬁFEFé’d’né’ém&ﬁbgf%%%hl 89‘%? gg‘v&%he%bgﬁ’rt i cul ar
an isol ated I i J N '
Weobact er i s Argrangin (R JBYAL) Tl i ol RO AR BR0h

obt ai ned by muetber BFO0RS2).nE€BSprgemioddles bf aiknotvh dtindtipa dolel iadivirsepr ot ei ns on
5 a 2D-gel and extracti ng t he pol ypept i de fromthefgl. A protein of the

i nvent i on ndjotsingo Paise pHCRS domansdimarise o form p sighle aridemaii ch case it
will genetall ri Lypeptide in a preparation in which nore than
50% e.g.% ﬁéc{sﬁgﬁ“@%&g@ﬁ%% or 99% by weight of the protein in the

preparation is a Figot ehoweiteddyestdte koblsiof mRIRAsIEAcBEInFRIohaskoy-ifditede enpl oyed
to purify and/or synthesise the proteins according 10 to the invention.

Such met hodPrefews e pxponaaiisllytgsowingyand dosoas calires. efiutoradidgraras of and i ncl ude
t echni ques ch as, those disglosed in Sanbrook et al ecul ar Gl oning: a
Labor at ory %E%ﬂlﬁpl blfgaosféﬂﬁalﬁ@ﬁ\ E%ﬁxﬁg%” %grx‘?wﬁ?ga@ ,e%%@’r‘?é’%‘?tsgl osur e
of which is i rid poe bﬁlc@taltianmmﬁg%tduhﬁfex (18¥e D’aﬁoﬁfthfe%grg%%eﬁig.-rﬂe term

"variant" refers to a honol ogues” of Rv3133c, Rv2623 or
20 are shown. The blots were hybridised with [o*?P]dATP labeled probes specific to

the transcripts encoding the dormancy-induced proteins: 1, 16kD antigen; 2, 23, kD
response regulator; 3, 32 kD conserved hypothetical protein; 4, 16 kD conserved
hypothetical protein (Fig. 3). X-ray films were exposed for 1 day. The bottom panel
shows the blots after re-hybridisation with a probe specific to 16s tRNA

25 demonstrating equal loading of ribosomal RNA. 5 pg of total RNA was loaded. The
experiment was repeated once with the same results. The up-regulation of the
transcripts was confirmed independently by reverse transcriptase — PCR analysis.
Sizes are indicatéd in bases.

Fig. 5 shows the growth of BCG in roller bottles. Exponentially growing pre

30 cultures were diluted and grown in roller bottles. Optical density as a function of

time is shown. Arrows A to D indicate time points when samples were taken for the



15 derived fromother strains of .Mcobacterium such as the attenuated BCG
Past eur ATCC 35734 strain, or from other mcroorgani sns such as bacteria

i ncl udi ngwi 6243888Myces, Pseudononas and Bacillus. The termpdmebiiagis: refers
to a protein which is sufficiently simlar to Rv3133c, Rv2623 or Rv2626¢C
that the variant is capable of eliciting an i mune 20 response to Rv3133c,
Rv2623 or Rv2626¢c. Preferably the variant can be used to raise antibodies

to Rv313 3 12623 626 8ferably th i ant . dt
bonor oo ot wpmengopt] g EaHEhar: ardlins St Poiein 6oRents SHPRB FEEIE- b of o ubi +
a varai nt ofTiRVab3dtmehBwaLRARCoR ol HEsNGiPMNA salR t&ultE &iEL ?ejﬁtééeﬁtaﬁ@é | ant

of Rv3133 c is capable of binding a sensor histidine proteln kinase such as
25 Rv3132c. growdlr ¢uame ischo®Ru3133c preferably has transcriptional regulatory

activity. Typically, pol tides wt re than about _65% i dentit
preferably at Iea’l.s‘é' @gb}ﬁ‘%{)tﬁgfef?%%ltpr@‘%%%gﬁ@tﬁaFPP‘EEFPQfWCbSW%EP Tat

1 east 95% at St 0 ' | ] ] ' '
sequencesg ofbdéﬁ%' Ipﬁg%é%a@tgég@{i%? 8%{ %rﬁggg%yﬁﬁ%hnélggtf g%g%siﬁgdev?s ed as
vari ants of ihlRg. [ aideubiectedus two dimeabiogali et blacteophbtesisi A-B showadilvant s and
the deletion, nodification or addition of single am no acids or groups of

ani no aci ds Siained gels prespondingtodthe d dimaspoints. mgr@gvsdgbedenbl pd 3 plicaicle

mai ntains the ,ability to generate an,i ne res se i ch.is.effective

ngal net Ry arpbien st HERES Bl el "HlR e ERRE M B 2 KDl

PCT/ EPOL/ 1453 rdiét38dfeldfctaseiahbCUR VAR) Rc R RAE tof B dSnRButdaam 1, 2

or 3 to 10, 20 or 30 substitutions. The nodified protein generally retains

activity las thestationary pbase. The sxperondny svas odrsied vut foonimengndoerepratentativr

exanpl e ‘accor di to bhe 5 followng Table. Amino acids in the sanme bl ock
t@gng!ﬁﬁs A preferably 'in the sanme line in the third col um

in the secord
may be substitut f , ) r :
Pl {VPOI ar - unchar ggﬁcﬁglwféﬁgﬁe@ﬁ%{fg&iﬁ%ﬁ' 'ILQ’&&%]% I@ﬁanmp Easg agﬂor ter
pol ypept i de lsgpqxie stivonaryephasd ihducet habescle pacibliis prowin mdethe nost sifmdlar exanpl e, a
peptide of at |east 20 am no_acids or up to 50, 60, 70, 80, 100, 150, 200,
300, 400 or Sstholegsifaundiaiatier bactermgThe sequense of ther I4d amsne agid mycobadteriahe
scope of .the_| | bt 4 apapl e eliciti | bodi es or
2 e T dbl PP LRG3 i R s AR RS P dekbie Wbl

TubercuList (Institut Pasteur, Paris, France, [http://genolist.pasteur.fr/TubercuL.ist/])

was searched against the non-redundant GenBank data base (National Center for
Biotechnology Information, Bethesda, USA, [hitp://www/ncbi.nlm.nih.gov]) to
identify orthologs in other bacteria. M. tub.: 143 amino acid protein Rv2626c from
20 Mpycobacterium tuberculbsis, accession number A70573; S.coe.: 141 amino acid
protein from Streptomyces coelicolor, accession number CAB62687; P.aer.: 138
amino acid protein from Pseudomonas aeruginosa, accession number AAG05547,
B.sub.: 140 amino acid protein from Bacillus subtilis, accession number B69824. To
predict the domain architecture of the proteins their sequence was searched against
25 the protein domain families data base Pfam (Sanger Centre, UK
[http://www .sanger.ac.uk/Software/Pfam/]). The positions of two predicted CBS

domains (Accession number PF00571) are indicated above the alignment.

Brief Description of the Sequences

30
SEQ ID NO:1 shows the nucleotide sequence of Rv3133c from the H37Rv strain of

Mycobacterium tuberculosis.



15 Proteins for use in the invention nmay be chemcally nodified, e.g. post
translationally nodified. For exanple, they nay be gl ycosylated or conprise
WO 021 483¢ip §34k543P0 / 14551 10 nodified am no acid resi duespcribgi/ 1088 al so
be nodified by the addition of histidine residues to assist their
purification. Polynucleotides The invention also includes nucleotide
sequences for use in nethods of the 5 inyenti on that encode for Rv3133c,

Rv2323 or Rw AVAL fr reof .a | .as

el cot i de eaaadnid bR Me Shink oMo oPRIALIE AL R s
sequence NRYAMPE RN @n APV culdeg] eoti de sequence information is provided in
SEQIDNG 1, SEQID NGO 3 or SEQID NO 5. Such nucleotides can be

isol ated frovyEQEPINOGrshoyn theewickeotida sepenieyf Rv262% fioodtbhe H37Rvistreinrofi n t he

art, as 10 dgscr,i bed, b f, exanple in Sanbrook et al, 1989. Typically a
pol ynucl eot i@cqbgfteﬁzggytf"ﬁg)éﬁféw'nventi on conprises a contiguous sequence of

nucl eot i des gi) ¢h NG:4HBAR R Shinb Wb sBfenBP ot REBII FRIE el L hPns to
t he codi ng ssé%%ence or the corrpllnerrentS %f t%ce) c% ng seg{feﬂﬁ?ﬁ%g)l D NG
1, SEQ | D Ny®borteSER thiberbidpsis. 15 A pol ynucl eotide for use in the

i nvention c ridize to the codi ng sequence aor the conplenment of the
codi ng sequzsﬂz-c(g)ﬁg I\ll(gé Ppys g nupleotidesqquengs of Rv@o2airpmthad3 7Ry girain of evel
significantl ' .. The signal |evel generated by the

i nteraction Iﬁf%‘?d\%@é%’%g’g’?%%@ %oti de of the invention and the coding
sequence or SEQUD&N®IHshoivs theeartiadiabid ssQerneN6ER ¢1628EQohhRPI3 7Ry sbfa dfD 20
NO 3 or SEQIDNO 5 is typically at least 10 fold, preferably at |east
100 f ol d 10 asMyeabepreriumdubercwlogist i ons bet ween ot her pol ynucl eoti des and t he

i endi 1y oS TN Sb ALY Bhlssi e g R B S T svelBef ) i ng

the probe, effeobtitichiuddRberafogst i ve hybridisation may typically be achieved
usi ng conditions of nediumto high 25 stringency. However, such

hybri di sat i GEQHY Nf@:8chows ¢ amino acideequenye siRvHB3Re fioondie HGRy skaimvef i n t he
art (see Sanp o%k et al, 1989. For exanple, if high stringency is required
sui t abl e. corfdV3APEHEr HHIMO-IEUPSIEM 0.1 to 0.2 x SSC at 60 C tip to 65 C If

| ower strin O I ' [ | i |4 s C at 60 C.
The. codi 1y et R aS0 SRR lA B st 2SR b Bkt KRB R 75, ey be
modi fi ed by Smempkmmicesleoddisbipki t uti ons, for exanple from1, 2 or 3 to 10, 25,
50 or 100 substitutions. The polynucleotide of SEQID NO 1, SEQID NO 3
or SEQ | D NOEQ RO 0skewaihenmipo asid seanenseonfa Yajlapeoffo@ioRpefiomy one or

nor e insertilpsg?dom s%hﬁ&} 0%1 PCT/ EPOL/ 1:t 551 11 and/or del etions and/or by
an extension at erther ol Both ends. The nodified pol ynucl eoti de generally

encodes a pEBQ@EPNOE 1WhHbwtheaenihdTH0 e€RBhEe I vaviahtiof RNZ6266BbIVel Y, a
pol ynucl eoti de encodes a DNA-bi nding portion of Rv3133c or a fragnent of

Rv313 3 &0 cdpublius sebrilis.ndi ng a sensor histidine protein kinase such as 5
Rv3132c. Degenerate substitutions nmay be made and/or substitutions may be
made which would result in a conservative am no acid substitution when the

nodi fi ed seqy&aned ms&[%m,l altad Inventiopxanpl e as shown in the Tabl e above..
A nucl eoti dé SequUence | IS P of selectively hybridizing to the
conpl enent of thePrbinscodi ng sequence of SEQ ID NO 1, SEQ ID NO 3 or SEQ
i0OIDNO 5 wll general I% have af Ieaat 60% ,a& If&st 70%  at | east 80%
at | east 90% at ue present invention relates to dormancy-induced Mycobacterium proteins.
25 Rv3133c is shown in SEQ ID NO: 1 and SEQ ID NO: 2, Rv2623 is shown in SEQ

ID NO: 3 and SEQ ID NO: 4 and Rv2626c¢ is shown in SEQ ID NO: 5 and SEQ ID

NO: 6. Sequence information for the dormancy-induced mycobacterial proteins of

the invention is taken from the complete genome sequence of the H37Rv strain of

Mycobacterium tuberculosis (Cole et al., (1998) Nature 393: 537-544) and can be

30 found at http://genolist.pasteur.fr/Tubercul.ist/.

Proteins of the invention may be in a substantially isolated form. It will be

understood that the protein may be mixed with carriers or diluents which will not



| east 95% at |east 98% or at |east 99% sequence identity to the coding
sequence of SEQID NG 1, SEQID NO 3 or SEQID NGO 5 over a region of at

| east 20, wo efigaebl y at least 3 0, for instance at |east 4f/borlgest 60,
nore preferably at | east 100 conti guous nucl eotides or nost preferably over
the full length of SEQID NO 1, 15 SEQID NO 3 or SEQID NO 5. For
exanpl e the UWGCG Package provides the BESTFI T program which can be used to

cal cul at e honol of exanple used op Bts default settings) (Devereux et
al (1984) Nug’l?eé%gg ﬂi‘i“&ée ptendsd purpese Ofﬁgmolmﬁ.dem@ sti] betgmanied aBLAST

al gorithns cg| : c p eguenges
(typically Z%Ibg n %lﬂygoﬁfeéfdag* P E[lélg{ll?{ %g{é?i,a%g 3 S%Qadrﬁgﬁ%ﬁggébog's@ﬂlﬁﬁed in

Al tschul (1 98ppraled fvbrh ottt MycoBattdAn BRsInd RorGRathpR] arfdsolated PBlypeptidd! -

Biol. 215:403-10. . Software for perform ng BLAST anal yses i pub?l cly

avai | abl e t hngtign oblainexdryi sepaipting:the pelypeptidsifoure otheoMygybacteriat prtdinson
(http:// . i almnih. gov/). This.algorithminvolves first identifying

hi gh scowggggﬁéﬁlgaew ) |cﬁn% %FPJYP@“%SQ?IB “tg?lyig‘rﬁfo%?{t RYPVGRIIR ME¥ngt h W
in the queryaS€HYBICibshRtiall hildEled THiE iHAdal i bRl ved

t hreshol d sc%re T when al iugljir?isjelcgjlL vviet h a ,%%m%?&?ig@%gﬁ?r%{xhﬁﬁgse‘gﬂ%at abase
sequence. T palypeptide irel prepamtion irewhieh gitre thah 608k, e chose thas 80%; 86%0D Y,

(Al tschul etwgégo ;b?goéi'g T%etﬁe ini,tia-tlh nei ghbour hood word hits act as seeds
for initiatifNg SPcHeght QS the Htalispsihg BFAPATPHOR & & PO ohibe dieation-t s ar e
extended in j i : . X

Ul a1 ve 2 geans oA Bl BB PRo TR BRI DD uBDri e Beldle
in each dbr ettheimvantiorh aSuchdnetheis:ard Well atdaritadd veperkonitieg is eeret had | s of f
by the quanti] tﬁ{\g X fromits maxi num achi eved WO 02/48391 PCT/ EP01/ 14551 12
val ue; the ciafiidsischaiqgesiich gothose disglased ip Sambragk; er glidMolecwlarClagiognul at i on

f t - J i | ] tS; o b d ith
sequence i o PSR N oAl EARoh SOt Bn elo) B D080l ing BiGRFe 8L or i ne
the sensiti WyhithadcRide@Herein thhe eﬁﬂiﬂeﬁ‘mﬁé{oﬂéﬁrﬁk@sr program uses as

defaults a word length (W of 11, the™ OSUMb2 scoring metrix (see
Heni kof f and Heni Kasf terra 1'9@2int Refers toNaltdmoldgimd of ByB 1330SRvBER3 dkBBR6%6d10919)

alignnments (B). of SO, expectati of 10, M5 N=4, and a conparison of
bot h st_rdﬁdsc.@nf'ﬁg f%%@%elgﬁ%wﬁ%f%@qu%s hs dhe deppated Bk Jastrof ¢ he
roc, Natl. Aeey ey B Sinet B Boms st Mihcfn SRR | TT0Y
provi ded by Sthept@uykes; RsegdmdriasrendBotiBusmal | est sum probability {P(N)),
whi ch provides an_indication of the probability by which a match between
two nucl eotide or TBfiH® "sefagt ﬁ&{kﬁ@@omw@cb&wﬁwpt?h?ﬁé@wﬂ e?anpl e,
a sequence ig,4 i . if.the .smallest sum
probability L?‘r’f I?gréfplgﬁ%gr?? gf%§%% tﬁ)‘rt@{@‘lg{el’g‘ﬁlesﬁ"g&f’? %gfﬂlgltér}gcagﬁaml@es equence

I's | ess bhanesiust tolRvII3tRDELY of ReS61deaPrebavly e Yarid b B @kgrabl y | ess
t han about 0.01, and nost preferably | ess than about 0.001. Any conbination

of the abovdaisganiibadies ta &yBddde, Bv2 di2626¢l eMlorg prefemablyrihsi vatiamtsianes nay

b q i s of ha Lon i .
coni nat i oni( g 1 Rt CERAETE o ssrord B IETHOR ilse et RS bt ng 0.
preferred. Thus, FeferfHPHRhAIA oPRVYB3i€QiaBIR ofBidaihd BN AAtMbRARE:AW

sequence identity over 2S, preferably over 30 nucleotides forns one "aspect
of the inverikYasiant efsRvfdadsc is qaphble of bindingdesensor bistifine paoteindestse 8% mequence

id i | id i d h ili ;
:or ggfjlct Y&g\/g{"ﬁaé‘?g o‘{eagl%hts‘%}cvél?i‘i ﬁghﬁﬁf h*gsottf%\?griﬂqog‘\?/rl,emgﬁ:’ﬂ@ﬁ gFé'JSV?Wake pl ace
invitro, in vi Vol‘ﬁica@l)yf ci)lyﬁepti-EQ@wﬁHH&Q%ﬂaﬂ%ﬁom‘ypﬁegg’gg%&@aﬁﬁfdatil%es'\ii © own

_reconbi nant protei'n syntheSis or i-ndeed as therapeutic ents I'nt
ri ght, util i&B86lor at least PeYecand particulaclyipreferably ay deast 2396 aleyst 08%uriaf least

Nucl eoti des enentary. to fhose encodi ng Rv3133¢c, Rv2323 or Rv2626c, or
_antisense se(%gé auty, wath the agmgacidseguenseg i REQ H@ﬂ‘@yl SEELIRNG: 4 or .

SEQ ID NO: 6 are considered as variants of the proteins. Such variants include allelic

—

30 variqnts and the deletion, modificatien or addition of single amino acids or groups of
amino acids within the protein sequence, as long as the polypeptide maintains the

ability to generate an immune response which is effective against Rv3133c, Rv2623



30 The present

invention also utilizes expression vectors that conprise

nucl eoti de sequences encoding the proteins or variants thereof of the
i nvent i onwowoda3RXpPr essi on vectors are routinely construct@@ykpoiiligsiart of

nol ecul ar bi ol ogy and nmay

enhancers and ot her

whi ch may bqnqggggggp

orientation, in orde

el ement s,

WO 02/ 48391 PCT/ EPA /14551 13 for exanple
i nvol ve the use of plasm d DNA and appropriate initiators,
such as fog

pronoters,
exanpl e pol yadenyl ati on signals

Yoteifi)d - Whi ch are positioned in the correct

to allow for protein expression.

O her

sui tabl e

vectors woul d be Ay il sitetipeiosomay de slade,| folexdinpldfrodl 1, 2 3B tway, 26

further exanple in this regard we refer to Sanbrook et al.
Preferably, & 39cubsiitetiens:

oper ably qu
expression o

1989.
maskifigserotein gensrallyvetqins@ativity as arect or i s

et gnqggvgtlivess%%Etie@@gr%smﬁgé}ﬁg% I'En%geg f}}?rae%{%é,g‘ qcﬁérgﬁgp

g °coding sequence

for the
®is an

expressi op Vellbing Tabte. ahitb h6ids aP@e akhy bldcR ke the sen@rcalungh ahd prefediddsi tion
wherein the conponents descri

function i n infkks samenlineniddbe third selumnimaye be substinjedsoyeashaghersuch as a

pronot er,

bed

are in arelationship permtting themto

"operably linked" to a coding sequence is positioned in such a

way that expression of the codi ng sequence is achieved under conditions

conpatible with the regul atory sequence.
utilises cells that have been nodified to express Rv3l 33c,
FeT1s fnclude transi ent, |

Rv2626¢c or a vari ant

T her eor .

st abl e hi gher eukarydtic cel

cells,
cells, such as yeast
nycobacterial cells.
insertion of vectors

Accordi ng to anot her
anti bodi es specific f
conditions or in stat
are specific for a pr
anti bodi es are for e
met hods i nvol ving i mj
t herapeutic agents in
speci fic epitopes of
anti bodi es may be use

aspect,

unopr eci

Such
i nes

usi ng for exanpAlelPHAHEUl ovi
or 20 prokaryotic cells such
Particul ar exa
encodi ng a pol
i ncl ude mammal i an HEW293T, CHO Hel

t he pr

or a protein t
i onary phase c
otein sel ected
anpl e useful i
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their owmn rig
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such as manmal
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15 Cells The invention al so
Rv2323 or

lor preferably
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wer eukaryotic
al or
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ypept i de accordi
A, BHK, 3T3 and

oot Ryvantia.on
I TV T ot

hi ch may

g%é t he
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cellq.
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i nvention
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t ed under
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n purification,
bn 30 techni ques
nt. Anti bodi es n
ccording to the
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or, inde

ey (pe rai

i nventi or.

Polar-charged

133c, or a variﬁnt

VO (
DE

KR

AROMATIC

HFWY -

gtes to

hypoxi c
ant i bodi es t hat
Rv2626¢. Such
or screening
ed, as
sed agai nst
Such
2/ 48391
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Shorter polypeptide sequences are within the scope of the invention. For

example, a peptide of at least 20 amino acids or up to 50, 60, 70, 80, 100, 150, 200,

300, 400 or 500 amino acids in length is considered to fall within the scope of the

invention as long as it is capable of eliciting antibodies or a CD8 T-cell response to
Rv3133c, Rv2623 or Rv2626c.

15

Proteins for use in the invention may be chemically modified, e.g. post-

translationally modified. For example, they may be glycosylated or comprise



PCT/ EPA / 14551 14 thereof, binding to DNA or to a sensor histidine protein
ki nase such as Rv3132c. An anti body, or other conpound, "specifically

bi nds" towd ¢dasai N when it binds with preferential or hi oggephkpdiiséyf to the
protein for which it is specific but does substantially bind, or binds with
only low affinity, to other. proteins. A variety of 5 protocols for
conpetitive binding or immunoradi onetric assays to determ ne the specific
bi ndi ng capabi | i tg of an_ antjbody are weld known in the art (see for _
exanpl e MaddBRdiie &manJ@CI@?ﬁl.dl%éiheY gy alspibe modified by ¥w)additiearplihiftidinsassays
typically i : i conpl exes between the specific protein
and its ant ﬁ%%gggéhg‘gﬁlﬁgﬁ@?%éﬁé%t of conplex formation. 1 o Anti bodies
of the invention Palynkgeotidtd bodi es to human pol ypeptides or fragnents
thereof. For the purposes of this invention, the term"antibody", unless
specified to the ﬁ@mmwmtsﬂp alsedhelydes rfuckegtide sesuemdes forbisa th methotly pfitbei de of

the i i an. f i hel Fcah' d E(ab' f ,
wel 1 2 of nghieig e sREEahy B By st e b B oh ngment
thereof may o tRdtboPdsiveellld rﬁiaieioﬁ@éjﬁdﬁ%enc@p%h%ﬂla&fré @&n@l@h{eﬁﬁﬂi fiSred. THMBNI Sed

antibodi es. Antibodies may be used in a nethod for detecti'ng pol ypeptides
of the i nventicteotide sequbincs may caRNAaomDNA. Wuckehtideteqoehoe dmprmstesy is |

N Th said aRtPBOE HARRIDAUN IR N ctor BB ot B Suchenehtigecsn of an
2;“ | body- antyege]&q 'ﬂ%!rr?éélls%?g%lﬁ}hésiﬂﬂ%ﬁéﬂi%'gqg\ﬂ@ﬁﬁhp%ﬁll%&%&?ﬁ&fe@ Lgen
npl ex conprising sard antl y 1's forned. sanpl e may be Tor exanple a

tissue extrakkcrited dydyayseffexampldn Satdbysok ¢Naf,i1989i es of the invention may be
bound to a solid support and/or gackaged_ into 25 kits in a suitable
cont ai ner al ong w xmicadlyia pebyruclestide frr sise inghe imiestion eermprifes p Gotiguous . .

e o e ndBdode Ry S FoBR ALl S B T
Rv2626¢, f orth@¥aiing Sequeficetor TR butploheft FINOSIding MhédedrsEQD Khe 1i nventi on

can be produced by any suitable nethod. Means 30 for preparing and
char act eri siSHQ EdtNQoHpeSEQIP Wi 3. known in the art, see for exanple Harlow

dL 1988) " Ant | bodi es: Lahor at Ma "ol d i Har b
oron oty Beons AR SR R bt SR ey “omy be
WD 02/ 48391 s&ﬁfén@?@ﬂé&%%l%&n%%%@&'m ¥eduith é%l?@ﬁl?l?@:yl 'SE(:?"IIB‘RRS: ani mal

0 I ptide t

agai nst the l e pol ype or a fragfen ereof, Tor exXanpte an

anti geni c e erdiiZQ TBaN@0F at dilevadisipnifidaatly tbeve backgrooge The signabidvel f or
produci ng a pol ycl gnal anti body conprises immunising.a 5 suitable host

ani mal , for g@%ﬁfﬁ{;ﬂi}/&he iteractiovehetusenapalpnuclagtide of the invention archthgnd
isolating i |1 [ ey ﬂHHI §E§ erefore
be inocul ate ﬁ@%h&?ﬁgé?ﬁ%&ﬁ%@%ﬁ&ﬁgﬁ%%gﬁén %%g%gﬁkf§ﬁr novgghfro I he

ani mal apsl MNE: 3 GESEQATINONS fiybichlRyl at 18asied Hisld, Iefermdpdu@ésﬂqocafdm,ruscl onal
anti body conprises immortalising 1 o cells which produce the desired

anti body. HyBiepssdnieectionsigiwen ghermpbemcleptidessingd ghespadingnseguerics of r om an
i nocul at ed %)ﬁt?i]b %F(’)‘:t f’} lSE"i‘f' iISTRTIO:\g' c;[r%Etd] %) &{fo:%?' ”fh% igé?lmye(;f interaction may

be measured, for example, by radiolabelling the probe, e.g. with **P. Selective

hybridisation may typically be achieved using conditions of medium to high

25 stringency. However, such hybridisation may be carried out under any suitable
conditions known in the art (see Sambrook et al, 1989. For example, if high
stringency is required suitable condifions include from 0.1 to 0.2 x SSC at 60 °C up to
65 °C. If lower stringency is required suitable conditions include 2 x SSC at 60°C.

The coding sequence of SEQ ID NO: 1, SEQ ID NO: 3 or SEQ ID NO: 5

30 may be modified by nucleotide substitutions, for example from 1, 2 or 3 to 10, 25, 50

or 100 substitutions. The polynucleotide of SEQ ID NO: 1, SEQ ID NO: 3 or SEQ

ID NO: 5 may alternatively or additionally be modified by one or more insertions



and MIstein (1975) Nature 2S6, 495-497). An immortalized cell producing

the desired anti body may be sel ected by a conventional procedure. The

hybri domasygeysgher grown in culture or injected 15 intraperpdppealilyysif or

formati on of ascites fluid or into the blood stream of an all.ogenic host or

| mmunoconpr om sed host. Human anti body may be prepared by in vitro

i muni sation of human | ynphocytes, followed by transformation of the

| ynphocyt s adhdt deRbal BadAH ty ] SishsidiOh ol oPBOAAIL Ahe Hodifild) mONOC! ONal
the 2 a abl

and pol ycl onal anti bodi es, exper i nment ani nal i's sul y a goat,

rabbit, rat miymweistde péncdsii ¢neddestdylypeptive nbidrhastitmfofaid 4tisitgr ed as a
conjugate in which the i munogen is coupled, for exanple via a side chain
of one of tHAlteArEEhAE Relynaslegtide enopdessr DNA-bisdmemertiqneef, RYBE33sorai er

| le i i cal ial,ogi-calk | ier. Th i bod
bt i ned rmyt FEhGR o KL PDEbAICOLBRlE 5 SEEP bR e BRG Kpns? i, 0
activity An RvAIGRt AégensmRubsitulitis rdyesemhdd AMARsHsuBdlithtfors ReayUstn Ade

proteins that are u&reggul ated under hypoxic conditions or in“stationary
phase cul t urhich wogldreaulhip seanserativeTineing ecidenbsiigutinat Woshsthermpodifeedused t o

i dentif bst t h bjnd to h ' , h [ tati
phase of norURTEEn FRRATh T aPPEE pouB i daBERREEa. pr ot of s and |’
par i oul ar whi ch e ieeaieite wiftA8 e Ble (DRAR6RIy FRbEEALAG, R Nods oy

al so be used to identify aggnl sts or antagoni sts te Rv3133

c activity, doniylérhémos ther DAL dodatgaeguenice BY SEQIDNO: WSHRIB YB3 or SEQ

PCT/ EPOL/ 143@@6 tr_ﬁnscr [ &Eonal activity and/oor agents which gliﬁ%regul ate
or down- g Ryl geperally, bavet inastrfYe 26 deast (1.4 15gpt 80Knmat keapt: UBb.at f or mat
may be used e ozl lofdb L SET ' hods smay

I nvol ve contlgag:ytE ?%\%’ %ﬂg%??r%ﬁ’c%-a?%ﬁc%f %eﬁhgg % ﬁ g‘%ﬂ%rﬁgor@?gﬁgg% %Fﬁ%uﬁ

protein w t ISEQ IBNO:aySEQ EDNOTBirtSBQ Iy N@r5 diendirsidor0bf dteast Bt agent to
the protein. The protein nmay be incubated with a test agent. Mdul ati on of
Rv3133c act iRveierablingt least 3@ifey instancs atleastd G ableasttomarrreferabihet leat 400i s a

cel | -based asspy. Preferably the assay . na rrie i single well
of a nmicrot ictopﬁglbcrugtnélgle%%gfrqusmger%lmy8ﬁer ?ﬁ\?&lﬁﬁl 0? H#QJSNQ& |1screeni ng
are prefesregkg 0 NGRbasRn BAOVsty can be determ ned by contacting cells
expressing a dormancy-i nduced or a stationary-phase induced protein with a

substance under ikoresampleithob WGGGBackage providesthe BESTFET progeath athich by t he
br of or abl y. ceheS aselly Pleufils Retaelog{br gt Bdaml oM oRigossi ng
ol s uii ch G eouer AT(EIEH Ndleic B RRcaRhR, bIER T T RRRTRohEC, her
BLAST algorithms can be used to calculate homology or line up sequences (typically -
20 on their default settings), for example as described in Altschul (1993) J. Mol. Evol.
36:290-300; Altschul et al (1990) J. Mol. Biol. 215:403-10.

- Software for performing BLAST analyses is publicly available through the

National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/).

This algorithm involves first identifying high scoring sequence pair (HSPs) by

25 identifying short words of length W in the query sequence that either match or satisfy
some positive-valued threshold score T when aligned with a word of the same length
in a database sequence. T is referred to as the neighbourhood word score threshold
(Altschul et al, 1990). These initial neighbourhood word hits act as seeds for
initiating searches to find HSPs containing them. The word hits are extended in both

30 directions along each sequence for as far as the cumulative alignment score can be
increased. Extensions for the word hits in each direction are halted when: the

cumulative alignment score falls off by the quantity X from its maximum achieved



t he observed responses are the result of activation of the protein.
Typically the cells are transfected with a Mycobacterium and grown in
oxygen dedyg ¢d/i48861 conditions. Mre preferably, the cells apeEr/pyaabesiteri al
cells growmn in conditions suitable for hypoxic growth, conditions that

i nduce the hypoxic stationary phase or conditions 20 that induce the
stationary phase‘in the presence of oxyggn. The binding of a test agent to

a dornmancy-i c ' LY;: ' ced.protein be,det er m ned
directly. Fo%(ﬂ'&eékg%p e,lﬁegﬂeg%lb%lr@ﬁ%ﬁ%gg§re$se{l]ag’ga§lﬁtt8E}gpa%ﬁgnﬁﬁﬁ%gf%‘be Rith a

dor mancy- i naddeRtheghtive-stoihl estaiid-alpRGenth;HIHEELShdUrRIBe Segtthcb is¥dhdH@q0f the

test agent to t rotein can be nonitored. 25 Agents that inhibit the

he
interacti on Bie %&g@ad;gqﬂﬂxm parameiers W HeansbX defetrhinBitite sensitivith and speed of
hi stidine protei.n kina Y, so be identifjied thr h ast 2 hybrid
assay or ot haf? @qn%gﬁ@‘ﬁ?@ﬁr%gﬁ%ﬂgﬁﬁ%a‘é(orggg‘?ﬂﬁﬁ%’gﬁ?i&itbﬁtati on
or an EL| $A hesstMeEriatify thatdi 68Y BeARYARd AR L
expressing Rv3133c, and i%c&batléng § 0 such?%g{lﬁomg%%zﬁiﬁgr}?gggcggent
optional |y iSeit HEAPREJ60LE 10919 abgmsents (B)stfi50] expepatiore(B) of il 0 se-5RNS3232C
bi ndi ng of Rv3133c to the,sensor histidine protein kinase may be
det er m ned. POmReris of bath stgands. of Rv313 3 ¢ to DNA or transcriptional

activity V\OOZ/rﬂ&?ﬁ% . it . The results of
the assay are typlica 95@@%%?@%%5%%@9&0??%@? giog{eh%%ﬁ%uﬁ%tyt he sane
assay in thehetheeito® sefjudnbes; s&sé.g.alafin mﬂm'ts*cmﬂiém@ﬁ)?%@%tpﬂc&é FeyS nmay

al so be carried out to_ identify agents which nodify Rv3l33c, 5 Rv2623 or
Rv2626¢c &% pridBAid8ns 871309785 x Hns measgrsrnisinitarah prgyidedrbydbeBLASSal perithm

expression. .Such _a s _may. he.c i.ed out for.exanpl.e b i ng anti bodi es
for Rv3133c,” &?f@?@se%)rlsuﬁgé?%éhﬁygﬁm)‘ji ‘P’@‘Ffl PERYeS aﬁm)‘ié‘??ﬁ‘loég?‘?fn f ol | owi ng

i nducti on OfprQEHUimptbfy%ﬂQh b inflfoh MW ENAointBledtid oGRS hAR sBR¥nB& WBEt or ed
by determning the effect of the test agent on Rv3133c, Rv 2623 or Rv2626¢C
MRNA | evel s.ocPudfyeehabtss  Far@xamRpla, & saqubnceds eonsideradoimilar to aaofiigrsegaencer i um
grown in oxygen-deprived conditions. Additignal.control experinents may be
carried out IP%SSF‘ agrﬂ.uglprog%ﬂgtgmlgoqlggtsogggﬂpsﬁr gurneg e S??—S’é‘ﬁed in the
above assaysg) u PRt G ' ' fi ] entities
and conpou ncsl’g%lﬁ%l‘e: p?kf’l 8%85[2%35%3 g? [ I%gfe?na{b}rtltelpgcgl?ﬁ g‘?‘?“égﬁﬂ H&gég? 1%%2@12?%@, *hat ur al
product | i brthad sisut 810¢ hargismost ppdfenblydes.thahabgat 0l06R! ay |ibraries) and

anti body products, Typically, organic nolecules will be screened,
preferably smal | Aphembinginnedihesbayeimantinpsddegraes pEsaquenceideniity 2ed fr om 50

to 2500 dalt [ o) n_.be. bi | ecul incl udi ng,
sacchari des,ﬂggpﬁ%g%% de%,t"ens?t% g?‘gl{od&sje?ﬁ%%? flglﬁlel%l?&bé;elﬁ ?ﬁ?‘&i“ﬁ%& S’a’:a‘?lli g?’: vgs,
structural anere@gingent cabiihatiink ins higher #Qtienceaddtitiodver REGeE Bngths) WM ned

froma wde variety of sources including |ibraries of synthetic or natural
conpound&l HAefRe® Hhussion Pxamriap palyanelsotidewiieh bast dsaste?D% seqtienesct ed or

dom cheni.gal... nodi fjccat | Lati | kyl at. .
catori 11 oat iaunBeey A5 Rierdy R ARttt Bl usntionye. et

subst ances R¥s BBolynbélediiieAlhichid #lles3CIPS @ec{h@ncef BEnty 808! M nutfofiHBst ances
per reaction, and the substances of these batches whith show i nhibition or

activation test edhermblyriudleatitigs. have stilityib praduceen ofithe pwteiseatcatdiag to the
concentration of. from 1nMto 1Q00uM .preferably from 1uMto K 100uM . nore
pref erably F?%ﬁw@{aw@]&ﬁmyltémq%e KAy /’ﬁ%@?rﬁ‘é{%i‘ﬁn&c}&@% S Ty be

25 involved in recombinant protein synthesis or indeed as therapeutic agents in their

own right, utilised in nucleic acid vaccines or gene therapy techniques. Nucleotides
complementary to those encoding Rv3133c, Rv2323 or Rv2626c, or antisense
sequences, may also be used in gene therapy.
Vectors
30 The present invention also utilizes expression vectors that comprise
nucleotide sequences encoding the proteins or variants thereof of the invention. Such

exi:ression vectors are routinely constructed in the art of molecular biology and may



PCT/ EPOL/ 14551 Di agnostic nmethods for the detection of nucleic acid

nol ecul es, such as nmRNA, encodi ng a pol ypeptide of the invention may

invol ve tixddygpql i fication, e.g. by PCR (the experinental pefbafdigsit set
forth in U S. Patent No. 4,683,2Q2), ligase 5 chain reaction (Barany, |991,
Proc. Natl. Acad. Sci. USA 88:189-193), self sustained sequence replication
(Guatelli et al., 1990, Proc. Natl. Acadl. Sci. USA 87:1874 1878),

L nseL! B gy ) el pmis %0

Bi o/ Technol agjafedsld)othdr chimyens, bdh 4346} @@aﬁ;p@ﬁpaymnyliaﬁb& Sighf18 wiedphod,
foll owed by the detection of 1 o the anplified nolecules using techniques
wel | known traay brosesesshrys khd which aripositioned Th 8seotettaricntationchendss tar e

especially uailef ufl for .the detection of%qr]ucl ei c aC:lddQ&ml ecules if such

mol ecul es” arB OB EEBIRICIR FXRIEFYOT GUDH SHERYS Yeqird%ostd braparsnbioRsS®S pect  of
the preseat 4 i i &'ﬁgrtﬁ GIXEE] : [ identified
by screen?ngﬂc{lkggﬁﬁﬁl?&%%?ixre tor a oegq?r?ﬁlgﬁ%gg?én%n@%ﬁlﬁ%%%ameri al
i nfection. Tel%Peat nent may be therapeutic or prophylactic. The condition
of a patient suffering. froma nycqbacterial ipfection can thus be inproved.
The patient may t}’ée%grq%%&po&nug%pﬂ& ﬁ’él%? incthe ieplagn-in a vectps iseperahly subj ect
is a manmal i i ificiallw.nfected
by a Mycopad il iRttt Sl iR GBaIBbE b Bid bt Ph DA™ CoL70r
badger. The codingaeiuente by Hictst sellphe thbrvediordaan Bgpremion lcloy. The il ficially

infected by a Mycobacterium The subject may be at risk of a nycobacteri al
i nfectiond tpperably|linkpdcrefere ta a juxtappeitipe aiereimtha comparenthddsaribddi artiin a
nycobacterial, j.nfection.i.s endem c¢. The subject be suscepiible to
mycobact er | aPiafiohBiR Rearhite TG FATREHGH PR BHeneiRy Mephesn A FEBEIRY 25

pat hogens, %U«?ﬁkn@é; stibiVas A RMYGORRREBIY BiRelds 1d ¥ %&ﬁé $e)éu91?éeh98@s’?l‘li)&neﬂriﬂ
capabl e of infecting manmal s, such as 't hose mamual s~ di'scussed above. The
Mycobact er i sheh & way fhat gkprgssion ofithe cadihg séqmendelis achi¢ved mndéd conditiwasi i, M
bovis or M aviu substances identified according to the. screening nethods
out|ined abGYEPAEYCEAL Fﬁ‘iﬁ”i"tt%"éfsﬁﬁl‘{qﬁc%t andard pharmaceutically acceptable
carriersand/ or %ispi ents as 30 is routine hi the pharmaceutical art. For
exanple, a suita substance may be dissolved in physiol ogical saline or
wat er for inj ectiThesnvehtionalsaatilissstcellethat havefbeemmodifledno ekpressdeydandc,upon
several factors including the partjcul ar substance to be WO 02/ 48391

PCT/ EPQ / 1~$y2333 opRm6h6s 08 pa@rianidharpel. fwsh cells ingudetrassiangar wreferallyi on.

Suitable t . r i.on.ate ful described i n Rem n' s
Phar maceut ?(%gal%leg;é lfée(r%lg }raﬂsé%'&kfé%ﬁelgt%% Séﬁ#%\%%’ﬁ‘b%ﬁ? Fe%a(gtlgsl’e P%iﬁh‘éiﬂglg?ﬁi a,
17" Ed. 19&gamplee WicslohREsESredkiontsysibmi Bweh ehikieaslichellgisiclPhs ydat @ntirety

by way of reference. A vaccine conposition typically also conprises an
adj uvant 20 Tmsolpayaiicsslls moh asdeagferialion mysepadtetial eellsa Martipatar grarsples pHig cel | s
(APCs) or to gompartnments in.the antigen_prqgcessin at hway, . for exanple
acting as acsgﬁ' &F‘@L o eerflﬂ&ﬁ?ﬂgy ggﬁﬁ@’ﬁé’égﬁéVS@FQFgPé? BOQP%SW{?I per
response, Slzl@ébréi%ﬁ@o {RSRMHERN iNAhdd A¥ANaEaRHERBOIT CElD, HRER! ;%T‘ﬁ‘d t hus
may conprise a T helper (e.g. Thl) cell epitope. to Preferred substances

whi ch enhanead C@fueedlgeni city i ncl ude sequence fromthe hepatitis B core
anti gen, sequence froma stress protein or sequence from
gen, g Ant{bocq}es P 9

25 According to another aspect, the present invention also relates to antibodies
specific for a protein that is up-regulated under hypoxic conditions or in stationary
phase culture and in particular antibodies that are specific for a protein selected from
Rv3133c, Rv2623 and Rv2626c. Such antibodies are for examplé useful in
purification, isolation or screening methods involving immunoprecipitation
30 techniques or, indeed, as therapeutic agents in their own right.
Antibodies may be raised against specific epitopes of the proteins according

to the invention. Such antibodies may be used to block Rv3133c, or a variant



Clostridiumtetani neurotoxin fragment C. The stress protein is typically a
bacterial (e.g. nycobacterial) heat shock protein (HSP) or a protein which
has honol ¢ayoMsséy such a protein, such as mnmycobacterial orpdyEpAlissgir ot ei ns
of the HSP 60 and HSP 70 15 famlies (e.g. HSP 65 or HSP 71 of
nycobacteria) or mammal i an honol ogue (e.g. gp96 of mce or humans, Ant hony
et al. (1999) Vaccine 17, 373-83). The substance nay case the pol ypeptide

tor to,adopt.a.particyl ate f i t b '
U ruscl ke qREREPEtiSE DS ' a seiorbisydine piiten kg b SRAGL KR ot
(1996) Eur. ahtibh@én@ther 3@111}33&%?{,1; Sciglﬁl\l/ﬁ l§iﬂ|9§”tt@@§ﬁot€ﬁ1ywﬂ§1 #hihls A 1|°k' ne,

such as a cytokine which st t C class I restricted C
response or prefecantiabdrehipiiaffmityds thel protest for ehéd iTisepedific baipdmese (e.g. |L-2,

IL-7, 1L12, IFEN or ). . The substance pay be, for exanple, CFA a
muranyl  di péb‘gﬁta%m(”é’. %P‘Ecﬂf bindsyaBmRuY & affingty fo afksripyoteimsndpeispdr yI 1 pi d
A, |ipopolky I . ] QNES, - saponi n
(e.qg. Qu%%i ?fbgglﬁggﬁe% |e(rg}%“e,%5§]@ﬂ%eor¥ocyé“%? %?dmbdé%tgg%qﬁlsctroog E%@eitﬁe mannan
(e.g. oxidi spdcifiobiaiing capabidiey ¥f ACanbids@lareividlloeRMh in e 80 (REWrekafplee. J.
oil in water or water 1n oil) such as soybean enulsion (e.g as in H oe et

al . (1996) \Meddaxeer nd J. Bxp.-Md. 1581 HilpIPRANEIS) ndyclhimmiahmiasdass wpexllpy
enteral or parenter rout es. such as. via opal, buccal, anal | ronary,
it r avenous T eiok Seiprhita of bl hePer R speht Pidiin ARG aftbolE AL o
ot her appr ophé aleSsidedibmt cFlcbAble® Fofidiogs. The particul ar route of

adm nistration used may aid the stinulating.-of a CD8 T cell response, and
t hus t he 1pol ypeptAsigbodésstafthemayerdmnpnaybedandibodies td inmmanspalypdptides or\WO

02/ 48391 PCT/ EPO1/ 14551 for adm ni sterjng by such a_ route. Delivery by
an intr awscéﬂgé‘?emso%@ogrngﬁg%PWP%eﬁio t%%gnt;é, dF1E} r @HLboAy ', unless

t her apeut i c ]?sééé{ﬁ&i ?&ﬁﬂc icXﬁtréarng'r)lglthJﬁé o %’;cﬂ %iﬂéﬁcﬁ@#kiﬁ% GFgd to a

patient differing froma nytobacterid 1nfection. ective anount of a
pol ypept i de infergiohhSutlpfregments incuded Vi Fadheamd R(kts),defgmenapadwell af single-
generating an i mmune _reslgonse is admnistered to a subject at risk of a
nmycobact er i #haingmgibedien . Fathermpee thsentibodies andnfiaganent thetnes may e chimerial | y be
moni tored, by detecti antd bodi.es..di rect ed. agai pst..Rv3133c, Rv2623 or
Rv2626¢C. qi\ntai“glgacﬁgés’d;g% '#e?af‘égo%lﬁsc?f ehen (Vheﬁe_ detected using an

ELI SAassay. 1 o TAgxiklass rdy e isedid atRthodEr 8RedtRizPoRipBPEIRGE tedi Ny to
various paraneters, especially .according to the substance used; the age,
wei ght and dovefitiohdn adlolegical samplenwhich mthed eamprisest he rout e of

adm ni stration; and the required inmen. A physician will be able to

det er ni ne t He recﬁIPYlélngra&Pg‘gbB‘?y%@ﬁgmv§W%’i on and dosage for any
particular patienheutftiny Bibkdlbgiedls Rﬂ%@h sa3d bAitHBI9RANr Bdnditiofls WHIcRD Per kg
of 15 ' body weight, according to the activity of "the specific nodul ator,

t he age, 20wei ght alldwcionthe formatiarf oftanentbdslyeattigen ctwaplerpatded, t he type and
severity of e degeneratigon_and the frequency and route of administration.
Pref er abl y, i yf'é gw&\;@egarg}bgﬁy-,aggg@ con*}/plex comprising said ant{gogy 18 '

formed.
A samj::le may be for example a tissue extract, blood, serum and saliva.
Antibodies of the invention may be bound to a solid support and/or packaged into
25 kits in a suitable container along with suitable reagents, controls, instructions, etc.
Antibodies may be linked to a revealing label and thus may be suitable for use in
methods of in vivo or in vitro imaging of Rv3133c, Rv2623 or Rv2626c, for
example, in a method of diagnosis. '
Antibodies of the invention can be produced by any suitable method. Means
30 for preparing and characterising antibodies are well known in the art, see for example
Harlow and Lane (1988) “Antibodies: A Laboratory Manual”, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY. For example, an antibody may be



ng to 2 g. A vaccine conposition is preferably admnistered in a single
dose. One or 20 nore, for exanple, two, three or four, further doses may be
requi red ¥ od/@8e term protecti on agai nst a Mycobact eri um pgf/epd1i12851
Further doses may be agai nst a Mycobacteriuminfection. Further doses may
be adm nistered after a period of from1 nonth to 15 years after the
initial dose, for exanmple, 1, 2, 3, 4, 5, 8, 10, 12 or 15 years. Several

further doses e adm nistered at nt.jérval s after, the initjial dose, 2s
for exanpl e %ff)g‘g‘?/ed y riﬁm(granﬁgo A OH{@}I%! %SMNE@FMIP&%EQIW@H{?%B? fg a

pol ypepti de i I QoI @%m | ' s a nucleic
aci d vacci neﬁéﬁﬁﬁg?egyggfoggencogfﬁgnt e %&%’gig&f@g’ }%éégﬂﬁ@a%% ni stered by
any avai | abl‘@mtembpenjue. For exanple, the. nucleic acid may be introduced
by needl e injection, Fr eferably intradermally, subcutaneously or 30

i ntramuscul arly. Amhedor perdpcing pepotyedonal antthordy comprises imauinisingal direct !y

across the ski i u L i.d delivery devi.ce.such as

particle- r?redglfl g?%%%a%%‘éﬁ%}@r ?A\f%{%ﬁ&%ﬁg enﬁ%fr%?%glaag‘lﬁalmﬁg@ T eeet @%d

topi cal ly t dsélingithmunedlobuding BeasHRk afitidl @Gefnt. OThe andRaOR4y HeR%dre be

PCT/ EPOL/ 1~551 21 exanple by intranasal, oral, intravaginal or intrarectal

admi ni st r at iispculapd with th¢ imunedes, bloodisuhsenuently ramowgg ftom thelaaimal andy

sever al knov;E/B ¥€ sfecti%}techni ques, for exanple those including the use
of transfect?d S‘éﬁ‘ﬂ%‘%l’ |l es of these agents includes cationic agents,
for exanple, cal CA&&EEtH&HDﬁPg?&d%ciﬁ 2o derdna DX ibb &N o fkidel BRIBRARRAS T Or
exanpl e, lipofectamand tr nsfecgam The dosage o? ('he nuclelc actd to be
admi ni st @0 eccetlawhivh mbderedbe dsirpd amtibody! Biybridomeicellsamaylbé prodoeadrbyst ered in
the range of_lpg to Im;i referably to I'pg to 10,9 nucleic acid for
particle rrecﬁJ%}Pgaplﬁgh%e Eé‘?qn&é'il {nogpiated syreraneniy anypal gyieumoyy eells. (Koklesr al | y
a | ow dose I { t v pnent of a CD8 T cell 1 o response.
_ Thus a su%gygétggxlggﬁg\%%etzﬁg’%(?I?jgg'pti de or vector may be adm nistered
to prevent nycobakh ghimdltalirddeell pestlucthg@hdddsitpé pititddy dayRCdeRited®y & hus be
in an anmpunt and concentration that is suitable for admnistering to

provi de an &Sprepional rropegred okhe hybridemas may be rpvenissyitiesrar injpgtedect or i s

adm nistered jn the for f "nake The | owi ng Ex | es

ot £ ot onishehee it - ool B e muifor G b BT S8R o of

dor mancy- i NGiieeshid hedtr MmuR6SanyR6:2i3a ABE. Hunkdiean Lyre
system Bacil I|g wer e harveslt ed af? V<}3.I’i gt%st tinme po?ﬁfx@#‘é?gﬁﬁ&g?r \/zv;siI A-D),
washed tw ceifraipmosishtiore@thumenflgmphocyddsi fodlowed by smasfdedation dfylsd s buffer (9
M ur ea, 4%?—1APIS, 50 nj\/IgTT,_ efabloc [1 ng m-1], pepstatin [1 ug m-1],

| eupeptin [ y‘E‘QI?ﬁy-tef]W’éliﬁ PYFERAE WESA th 0.5 nm gl ass beads using a M ni
Bead Beater (Bio j \ j | sing the

Bi oRad protein a?ﬁﬁﬂ ?%gggé&%rbg% ﬁﬁ%%%agﬁl%%&ﬁ%%ﬁ@tdgﬁ ’d%lgot ein were
subj ect edo t @xperomemal animalf is suitbiyga peatgbimt) rdt-of rhomyebifldesieedhe 25 Stri ps and
an | PGohor i ,soelectric focysi ng unit as recomrended by the rnanufacturer.

( Aner sham PHEYBHIORE) My be edmimstonil & 2 eopivedie s Which Ahs iHnynogeR is couplshd

di mension 1 0 i . Ml am | S. d
Cprotean | LioP@aaRit VIR LKL Gthne BB AL INAS, 5] it FeptpF

stai ning. FiThe carrie? heylBcute isepsieasH ghysiotogicdlyGlccdpimbisitiRas iMeahtiBedys. Four
proteins showed a drastic increase in their steady 30 state |level in the

hypoxi ¢ st atobéiadymanh he isolafadpndif degiredvpurifiedl) . The proteins were not (arrow
1, 2, 4) Yl Only;§§k|§ (agi{/gw 3) detectable in the extracts from
exponentially _ / EPO1/ 14551 22 grow ng cultures (Fig. 2A)

and appeared as I Rhp&iR@t SspefioTdhapredant RO IR B st bR pMAdihPhal EUCEd
termnation of growh (Fig. 2B). Elevated |evels of the proteins were

mai nt ai ned tUpFeBAtestienden bypaxiosanditiona or reiationptysshasy eilgre dGere@hingTo
_ IS Sg Jn ELI g dt P gn&ﬁécgz i e_slcrnegrllji%g %&ﬁo%ts %ar;'SBe utsgg toefélgrllt?f}a' %ugs%elmcgg Sltats bi\rlx\ﬁ %a

hypoxic growth phase, hypoxic stationary phase or non-oxygen limiting stationary

30 phase induced proteins and in particular which bind to Rv3133¢, Rv2623 or
Rv2626¢c. Screening methods may also be used to identify agonists or antagonists

which may modulate Rv3133c activity, inhibitors or activators of Rv3133¢c



5 digestion with trypsin to recover the peptides (Shevchenko et al. ( 1996)
Anal . Chem 68: 850-858). Peptide sequence tags were generated from

sel ect ed pepéddesH by nanoel ectrospray tandem mass spectr ongimwipoiassd a
gquadrupol e/tinme-of -flight hybrid instrument {QSTAR, PE Sciex). Protein
identity was reveal ed by searching sequence databases with a conbi nati on of
t he peptide sequence tags and the mass information. 1 o Protein 1 was the

16 kD antigen Rv2Q31 revioysly reported to he induced in o -starved
A o o R AR A O T

4484- 4492) . R8I Ré 288G dxpfesddn kD response regul ator Rv3133cc. Proteins 3
and 4 were the 321cD conserved hypot hetical protein Rv2623 and the 161cD

(1 4kD on SDS PAGR\ny suiteblevfermatynpeayt beaised fdr the adsey.ninped6@aberms aghect i vel y
(Fig. 3). Protein 15 ' nanes, and Rv nunbers are according to the M

t uber cul osi SCHEERING HthedsemahinBelXe Contaqtng adarmaney -indpemioyr angiationaryguese 537 -

544) . Exappl.e:2: i.nf . level s of teins.
dot o1 i e wigied HRERALP o fkBh el mORIIRR T HAGHERE LR S S ol rancy 20
i nduced pr otgbfen. Cmglﬁbﬁhﬁﬁlay\foé Ihcabatedwith a6t aferit M oduR@eY ofRt B33cevel  of

their nmRNAs, total was i sol ated from exponentially grow ng and hypoxic
stationary HAeHE®Y ;maytberdetermingd.slibg prefesredtaspedtrtherassay islactellchasddyasiay. as

described (Hutter,apd D ck 1999) FEMS Mcrobig] .. Lett..178; 63-69).
Probes wer elﬂiig%rag’tl% RSB u‘gﬁ%&%@(ﬁt&ﬁwg %Offs“qcémeaﬁ%@.e' gf?@ypri Mer s
were deri vedofhaSwhikh ddow M %&k@hﬁs@e@nh@@ﬂ’_r&%%}fé@? sequence and were as
follows: 1, Rv2031lc ( GCCACCACCCT TCAG~ ATGICGITCCTCGTCAGCACCTACO) ; 2,

Rv3133cc 1§ TCGTAGMGHSEEORMTIY Can BCGREATIGEGO) CGRAEHER)cell SexRuRihg 3
GGCAGCCGTT TT TCGCGCA . 4, Rv262 .
E wm%ﬁ?‘lw&ﬂ@@@@ Wi?ip\g\gubstance under

ragment s e CoRToAzg y metnbe e dlcdle U e 6, thedipbiinit %,

aut omat ed séaguangelly ofleGomWinsitBVekphdsgdtl. | FrvRelablythd &3eayt is amgiet ot & igs WO
02/ 48391 PCT/ EPOL/ 1~4551 23 all_ four proteins in dormant bacilli. In
exponent i al U§igiGieH cxprpssingaeeqiebinay preteinpPrslarably, potrobrstpeimans 8ror wer e

ro el ne 11 & EIEIAE B s Vhh b5 ook Wi ek B BER AR F
the steady shébbsehridabspohsdsiag: the rdsbit afhétBRRoNBNMeipRotBinO XY BRA G HRIRS

dormant culture is in apparent contradiction to the down-regul ation of the
transcript iane hemgbecied witk d Aubbanterdunmofind grownuibexygen deffidientgenditiens. ved by Hu

et al. ( 19 J. Bacteriol, 181: 13 80-13 87. The 16kD.anti ad been
o evi busl y  PAD BB 00 S ety ORa ) SALLarian COR G G ghlp Aot o

cul tures of agcl gkt : i : : | I heat
shock pr ot eiﬂrﬁ? g%%w&%&%v%%%% F{S'}xg gg&mﬁ@tﬁgo{é&?g@g %gﬁgrgé%% function
ascri bedz2a o thathirducerheattonafy pliase indie pyesereef bkygea. new dor mancy- i nduced
proteins were preﬂ_ilct_g‘g by the M tubercul osis H3 7Rv genone project (Cole
et al. ). HoweverlhehindingRf & fest agentigfetormangyrinducsd or gSTUOBAY SRS are not

ilable. t : : - ' t ed
Monserved Aimiy phdieinclh 8Eafeuhie] SRR, oS PeRE Db BiehD A UNET oL B
A 15 si m | arcah e Subated gl adormuhe-ipdoded o adenidharyfphakd indscedpiratain hidt abase

( 1) suggested . . :
binding of the test agent to the protein can be monitored.

25 Agents that inhibit the interaction of Rv3133c¢ or a variant thereof wifh DNA
or with a sensor histidine protein kinase may also be identified through a yeast 2-
hybrid assay or other protein interaction assay such as a co-immunoprecipitation or
an ELISA based technique. |

Assays may be carried out using cells expressing Rv3133c¢, and incubating

30 such cells with the test agent optionally in the presence of a sensor histidine protein
kinase Rv3132c binding of Rv3133c to the sensor histidine protein kinase may be
determined. Alternatively, binding of Rv3133c¢ to DNA or transcriptional activity



that the 32 kD conserved hypothetical protein shown in SEQ ID NGO 4
contains two " Universal Stress Protein' (Usp) domains (Fig. 3). This donain
is found wop éne3ddspA protein in E. coli. UspA is up-regul aiegrpgisigésati onary
phase cultures and plays a role in the survival, o f growth-arrested cells
(Diez et al. (2000) Mdl. Mcobiol. 36: 1494 20 1503). The 16kD conserved
hypot hetical protein shown in SEQID NO 6 is predicted to contain two

* Qyst at hi oni ne-peta synthase' (CBS). dondns (Fig, 3). CBS domains are found
in . functi o3 @e Eﬁ%g@é gﬁ%feéédﬁ%‘?i)the PﬁfﬁﬁﬁeJMP‘FguY edmearefbiodheresaltnot  known.
Most i ntri guyyadnddud; 5 r ion of the 23 kD
response regul a?orllgslﬁ%mmgg?l%@%%élﬁgﬁﬁl%g&%e#ﬁtlhse%réglél olrtfse regul at or contai ns
a 25 " helix-turn-Mehitaring¥Wrdssioli ng domain and is thus likely to act as a.

phosphoryl ati on dependent transcription factor (Fig. 3). Response
regul ators, togethRYSYEY, alspbe carried putdioiidentidy agents Whish mpdify RBi3d83¢.n ki nase,

2 vartety® of HRRE RERAZE, Shiin, OPREH AR SURCE I Gobutr Bl i Ui 6"
concei vabl e ekBtbsibe Sach Asbhyls @AYt FrOdxaRlpfYSy @s@ngaar{t%gie'b fort he

control of the cobacterial dormancy response. "I nspection of the genomc
| ocus surr omlgg%tfh@@é neRe2@6ditmmontier 28¢lDof eguessva foBowingtinduction bf

t uber cul osi s, H37 showed .t hat .t he gene appears to form an operon with the
gene WO Oﬂoﬁ%ﬁoﬁ* PEP&?WBE‘QYQ‘%PFS%‘?Q%&ayat??ﬁﬂ?f&’ioé?fl%édﬁﬁméméh%ensor
hi stidine pregfegi JF thé RaFEreh(H RyFii338] Ry 2030 0RMRIEE nAOYADRA | fldrd

identical in BCG and cofﬁedﬁlﬁlnd},cat e t%atﬁta%l S put g.tl veggévﬁgstéeﬂrggéﬁ?belg’ent S
the sensdd imkNAviedels aretrhenitooed inal Modobubreriant growh yn otydeh@epgvedancy- i nduced
23kD response r,e,gul ator. Exanple 3: Detection and identification of
stationary ﬁﬁ%@‘é‘ DS.i nduced proteins M bovis BCG were grown at 37C i n Dubos
Tween- al bum n br of hs:{ L OS] ) L)L b-cul tured once in

| i quid nmedi um uné{ﬂléﬁ%@érggdéﬁg@e?%engsgrﬁ%ng%iﬁégro]ﬁt?al growt h phase (A800 =
0.2 - 0.3) beforeldsngauisati on to an'1l o experinental culture. To grow

experimental cultures medi umwas dispensed in 100 m aliquots to roller
bottles, 10 x 14 Siblgrest pgantewhich caw bevssieddn thetabdve assaGooclud®. 05 (5 x 106

cfu/m). | t ures . were., aer at by .i ncubatj.on on a roller apparatus at 1
rpm Thelsrcjglc?)gbn}fléi?rﬁlZigfaxm?’éggﬂ%%@ﬁnﬂ% |eg9_“ﬁ%§rmﬁﬁf’mpa}‘fe‘f}’ m;ﬁ@ﬁﬂ% nts and to
al | ow exchanpggti®f mi&id@! sligoiQ¥biiievand ARGl gfcﬂQCttlerm,Schhrﬁg disPI% Q! cal
density of the 15 cultures in. a Utrospec 3000 spectrophot one e,?’

( Phar maci a) phegeodisplay dktariasitand wetimodyrmepducted from different tine points
corresponding to xponenti a entry into Sttﬁti onary phase, early

he ase
and late stati ona'l[ﬁy?m&ﬁﬁ’s‘ggi"li? 51.°|1°§BPCQWE\?E S%e%je.d’ Pisferate syl gEgaatS on of

protein ext ; b i =b sal i ne,
resuspended h?d%é@%s:\gm%ﬁ #1 %VZGr Mf‘gﬁﬁn‘“ﬁ‘f@g@% %gng 8&2@&%’1\;%&%& abl oc
[1 g mi20] prezptstaanibe bidmelgeuids-itdlnding) yae¢harided, Fattyoacids; dtpjoidsppuritiesy upt ed
with 0.5 nmm gl ass beads using a Mni Bead Beater (Biospec). Protein
concentrat i &}E gs: detiativen stucturah gnalogs ggicombinatipny eteobsSandidataigent s and

| s. . Qi i . 0 _i.s0el i . i
Gsi ng. pi - 7orsEisodileleo R AL fufla5 of Ut B PBREF Bt DlbfRE “Un ¢
as recomrendetirdl\coripotiids. TabwrasHatthcoldiigd apami Magbeahjgdted R difé2dQr Vhr s.

For the separation in the second dimension 12.5% sodi um dodecyl sulfate
pol yacr y| anfaulogethemiesl anadifientions, sueleas acyletion,alidationBesseifivatiorr ot ei ns wer e

det ect ed, by  si.k.xer..staj njng and th | s .were eval uated by visual

i nspecti %grjl aﬁl%l.ﬁg%tmghSﬁ{oﬁp‘glbcﬁgttgﬁ?%?mo%set of twodil nensional gels. Two
proteins of 16kDTeOsubdhles AR wded A infial Q&éﬁ?&?fdr@xﬁrﬁ;ﬁ'erl@ 0 steady
‘state level in the stationary phase (Fig. 6, arrows 1 and 2). The two

prot ei ns wesSebsincesipergeaciioncandrihe sibstancesadtisese bmhmopkﬁnbshdmhﬂu;‘bitjmmm ng

cultures (Fig. 6A) .and. . .. .
( a9t1va?1o}1 tested individually. Test substances may be used at a concentration of

from 1nM to 1000uM, preferably from 1uM to 100uM, more preferably from 1M
30 to 10uM. :



WO 02/ a8391 PCTI EPO1/ 14551 25 appeared as mmjor spots imredi ately upon
termnation of growth (Fig. 6B). Elevated |levels of the proteins were

mai nt ai newg éy@sghout the stationary phase (Fig. 6C, D). ThergfiRsot ein
is the B CG counterpart of the 16kD antigen (Rv2031 c). The 14 kD

pol ypeptide is the counterpart of the protein Rv2626c predicted by the M 5
t ubercul osis H37Rv genone project. The rked up-regul ati on of the 16kD

antigen and the 115}{%%39&&%2,& i mredi at el y upon term nation of growth

suggests that th Fes in the entry into the stationary phase and/ or
i n maintai ni ng viBhighbdty Méthedsabi MBechhasEnlddté hdill moltalekSsukPa@nt i gen has
been previ ousIR& reported to be induced in stationary phase 10 cultures of

t uber cl e badPRNA,Exeedinge pelypertids 96 Yhelinv@dionanasbinyolye sheiretdplificd8@), e.gxanpl e

4: Honol t tati - i d - d Rv2626
pr ot eimr)1 %?gc egr%f"% {j]eec??(pgré‘h%fq%g’&%pﬁg?e%:sgﬁﬁéﬁﬁ%ﬂt@?ﬁ%@?é%gg@ﬁimced 34
kD 15 pr o ei gHaBes@ivey(Banay b1 18t DN o4 &ldnsShowA §§(?)18'§.E@3}),[§e1¥%1§a§1’8 not

available. A simlarity search against the protein main famlies (pfam
dat abase suggawaned reflizatiorh@uateadli ef al.,d886iRrbs Niftl. AcpdiSci.AISAB7:38UHMAI ns

Figs. 3 an The recently di scovered S domgin i s _naned after

éys'? at hi oni %%QFWWH&HBQM&QIQQSYM§ g‘i"%‘? ﬁ;‘ﬁis v9$H&ErG NetlgAcadh8clomai n
is usually pr t . { 1N s : by i jates to
forma si ngﬂesegg‘%géalflétlrlgz}’t% geﬂ%éﬂlgasg?é@@?g{)%ﬁﬁggg’a%@e g%?loggé n a large

number of fumtt97poahhy ofiievmictsic puid b@blificgistmetiod, Toltdwert B0 BBR&RIPs
dehydr ogenases and _chl oride channels. Al though the role of the CB S domain

in t hese l®r dheamplified melaculgs vsing teshgiques well knamsaito thoserafiskiliinghearsi n

i nteraction i egul ation,. hn contsast .hes ot ei.ns t hat
contain a paptl;fg}{ré g%&ét%gmgkgﬁ%q%ﬁ% ﬁs%Fﬁlgh}égseﬁn@ﬁﬁ}e c%’?ecﬁ?lh%fr} ciﬁﬁ‘f Wid¢ eq

donai ns, t hensleliés iFkad MOREV P4 pReskRAH GBS, IOWaRRMES! | al protein appear s
to consist of only a pair of CBS domains, not fused to other domains (Figs.
3 and 7). It is iMediedstsehg to note that small ol ecul ar wei ght proteins
with the sane predi cited domaLn architecture.and abo 35% sequence identity
can be found in dgl?‘f)g erﬁﬁgqcépf{ﬁegwﬁntdgv B3} @ﬁ]}lé%gfutigsggqné%q%gtrl}avp E¢omas
30 _aer Ugi NO3Ee AR By Ghid: g 16ohRighbd Brdrfado aBdve it )
Rv2626¢c dor maency i%uced a%d. stat%:onary pﬁé"é%ﬁ‘ﬁﬁez%%ﬁ%g@ﬁ@ﬁgﬁ%%gr otein
i s a nenber infectiom eThdizetmentahaytsectheiapedtiaroripyophylad@e.0The! 83t da@aEPOL/ 14551

26 Exanple 5: ,Q/erﬁxpregsi on, purification and phosphorylation of the 23kD
response reddheRtSHiETRE PW.anFM@béﬁtPﬁﬁlﬁB{?ql%%’ég“ baimenigeed: ddwinationt Rv3133c

is predicte i . tihon-de dent transcription
regul at or. %@Ja}’lﬁ\%ﬁ?{’ﬁ%@é} @ﬁ&?et %{%Ar@ttg?fa\m%faﬁg@ﬁ%lﬁaawa@fn ronmot er s
and recr ui t syfRbillypaieywhiciasn beondtirally of ertificRilly Giifedtedl B a AycB58880kAl THOr mancy
genes. Hence, prevention of DNA binding by inhibitors should abolish

r esponse2% e dYIRRSF apigiad sikjpct maychera privaatgsenyyipt baggen he sebjend dntapisally onot er -
sequence is hk , i Ltr hindi assay, can.be garried out to
screen for ionﬁﬁg]}l‘?gérag bpeﬁl qfl Hé'll)ﬂggg@%@é@ %ﬁﬁq%%azﬁ’ﬁﬁbﬂc 4 Wﬁfn@‘ iGFty.
Usi ng gene speychef dt ¢isRiof Bedyeob@dtdri4at thib o) fyPRally bbeshsys & W Ralst B4R genor ne
sequence (Cole et al. (1998)) the codi ng sequence of the Rv3133Cc gene is

i sol ated by leugtion irdwhichmycbhdteriad igectionris trdesie. Ths bdjeqmutydien i s
constructed, overexpressed and purified as descrjbed.in Uijasz et al.
(2000), Bi oSHEFPLRIP %Fg%_g’é‘?l-l 4591 dHetoBalaytriion ok “égct&n.by(oﬂl@sg)
Mol ecul ags clpaitoBéhs, Sitinths SN, PEhe KD aLBRRM AL Bp¥cally Pifiogenic and capable of

infecting mammals, such as those mammals discussed above. The Mycbbacterium is

D

typically M. tuberculosis, M. marinum, M kansasii, M. bovis or M.avium.
Substances identified according to the screening methods outlined above may
be formulated with standard pharmaceutically acceptable carriers and/or excipients as
30 isroutine in the pharmaceutical art. For example, a suitable substance may be
dissolved in physiological saline or water for injections. The exact nature of a

formulation will depend upon several factors including the particular substance to be




Cold Spring Habor, N. Y. The purified protein is phosphoryl ated as descri bed
in Uijasz et al. using 50 nM|ithium acetyl phosphate. Exanple 6:

| sol at i onywagh/4saéki oacti ve | abelling of the pronoter DNA 2opdpepsiagesat e
pronoter DNA is PCR anplified using prinmers derived fromthe M

t ubercul osis H37Rv genone sequence (Cole et al. (1998)) and 5 -end | abell ed
with y-3zP-ATP and T4 pol ynucl eoti de kinase according to standard nethods

as described jn Sanbrook. et, al . (198 Y5 Exanple 7: Bindi of. the
phosphor yl at M&ﬁ%@‘@ the &Eﬁ“ﬂicﬂgut[: 8%@@“’&%&?-&%%%@’8?5 %‘Ir}gm@‘élim%lhi ft
anal ysi s of el R 1:0s : I b Aan:het al vol unme
of 15 ul V\hiatérﬁ?%@n?%bﬁ& ﬁﬁqn%é%g?@gjﬁggp orc 5‘7& gct%legélg%%g’(%\@% Ittt{abglglglil]}lagor whi ch
was prei ncub@omgany, EasteinePerppyi vamia, 7% Bdnh983, therdisclasureldT which Btindlodud

tenperature in 20 oM HEPES (pH 7.2), 5 30 mM Mgl 2, 0.1 nM Na2EDTA, 0.5 niM
Cadl 2, 10% dspeigobits spiirety by way of redesenssn DNA as described in Uijasz et al.

(2000). ToQ start : t . 32P-1 abel.ed prompter .. WO .02/ 48391

bCT EPOL) $=a551 22 BRARS (orBeltiph RS Y SRBTRAEh gt TPEAIIFEN i xt ure
i's incubat edm@f'tdr%& theOpeplide 68 Ahtighh rs@itifigt RANS (APOD RIS SorRp LA MaRd by
non-denat uring polyacrylam de gel el ectrophoresis’(PAGE).” Cels are dried
and exposed andigan prossysing patuyay, ferexemglesacting esla carriet prptesz The sequen¢e2000) . An
i nhibitor of the.respo regul ator will prevent the bindi f the protein
to its promdTey SURNEREL B PEUEER oL § BRPUEE St GroRRe (B 1 csiponent s,

Conpl ex for n@kidRe, 204 tid3en ofT gap&RI(EX%. TR Wil Piodes detectable in the
gol Ushif i anamane Bl e e e e Lo TioMeE 1 1. A method f or

the identdfi cati oPrefeiredsubstaricesrywbivhaohance anmugegdniditydhclbderseduérmse dsont he
on oxyben ITRBERAS & airy SHAH SRHSIcE B RFeS PR SOEPHAEERGr  hypoxi ¢
ar owt h_ phaseey Wi g HELIGHGANRL 388 ) TROMREblolih & dS3h1ARERke AT @

protein selected from
(e.g. mycobacterial) heat shock protein (HSP) or a protein which has homology with

;such a protein, such as mycobacterial or E. coli proteins of the HSP 60 and HSP 70
15 f'lfa.milies (e.g. HSP 65 or HSP 71 of mycobacteria) or mammalian homologue (e.g.
gp96 of mice or humans, Anthony et al. (1999) Vaccine 17, 373-83).
| The substance may cause the polypeptide or vector to adopt a particulate
| form. The substance may be a virus or virus-like particle (such as a yeast Ty particle,
e.g. as in Allsopp et al (1996) Eur. J. Immunol. 26, 1951-9). The substance may be a
20 cytokine, such as a cytokine which stimulates a MHC class I restricted T cell
iresponse or favourable MHC class II restricted T cell response (e.g. IL-2, IL-7, IL-
|'12, IFN or GMCSF). The substance may be, for example, CFA, a muramyl dipeptide
(e.g. of a mycobacterial cell wall), monophosphoryl lipid A, lipopolysaccharide (e.g.
from B. abortus), liposomes, SAF-1, a saponin (e.g. Quil A), keyhole limpet
25 hemocyanin, beta 2-microglobulin, mannan (e.g. oxidised mannan), an acrylic based
microbead, or an emulsion (e.g. oil in water or water in oil) such as soybean
emulsion (e.g as in Hioe et al. (1996) Vaccine 14, 412-8).
| The substances may be administered by enteral or parenteral routes such as
| via oral, buccal, anal, pulmonary, intravenous, intra-arterial, intramuscular,
30 intraperitoneal, topical or other appropriate administration routes.
The particular route of administration used may aid the stimulating of a CD8

T cell response, and thus the polypeptide vector may be provided in a form suitable



Rv2626c, a variant of Rv3133c, Rv2623 or Rv2626c¢c and a fragnent 10 of
Rv3133c, RV2623, Rv2626c or said variant, or a polynucleotide or expression
vect or eng@lén@ssmai d protein; (ii) nmonitoring the effect ofci/bRiiesgh agent
on the activity and/or expression of said protein, thereby determning

whet her the test agent nodul ates the activity and/ or expression of a
protein expressed by a 15 Mycobacteriumin non-oxygen limting stationary

phase, hypoxic stationar hase or 0xP rowt h phase. 2. A nethod

accor di ng totlotr: P@T’%ﬂls}e%eeﬁ/yef%ﬁ&r@ae( %ﬁv%%ﬁgpéWP%m%oﬂhYdd?%mof sai d
protein to t agrat . 3. A nethod according to claim1 wherein step
(i) conpri Srgganﬁgiprteorl ng 20 binding of Rv3133c, a variant thereof or a
fragment of eit heA thdigpencitallyoeffodidve dmouvht 08k hesdlubgards admBidtere€ tc?d patienpher ei n
step (ii) conprises nonitori n? binding of Ry3133c, a variant thereof or a
fragment of Wiieres foper Byroastesakiafrelpn. nigeiigrtive amemephe rolipenside 5f A

et hod accgor.gj cl ai I nethe,sensar hi.stidine protein 25 kinase
's RV31328, gt F‘f‘@%’%’ of ﬁ?rag’gfem%?lgrgg? f’gpgaﬁ%n‘% gé’%‘“%ﬁ‘?%‘} RSO A et hod
accordi ng t ;dediist®rel tohaefuBiebt &TRR of h myc60dBRiria BFedR! Saulioh¥¢ an

transcriptional activity of a gene regulated by Rv3133c, a variant thereof

or a fragnermnmymegesgonse ¢candypiodlly B monitaredhbyl détectingmtibodies diréctelt dgaimsbf a
di agnostic t hat_ _hi nd 30 . protein pressed by, a Mycobacteriumin
non- oxygen ?fgﬁlé%gﬁé?@gﬁ Pbﬁﬁé&%hé@%@oﬁ@%ﬁﬁcg@%ﬂc PRGNS Y SCor hypoxi ¢
growm h phasege; t.Q: ti de encoding said protein, which method
conpri ses: ?%e)&f:egr}ﬁé %mg%%%? agent and a protein selected from Rv3133c,
Rv2623, 10WD 02/ 8B3&1ddREdf £ROHNIh Y laydR dewmifed, aceordmgitaniriofs pddalds,
Rv2623, Rv2626¢c, a fragment of Rv3133c, Rv2623, Rv2626c¢c or sajd variant,
or a pol ynuceISE‘?ﬂq?{}’eacéﬂ‘@&ﬂ fﬁdh%%&bataﬁ?eolﬁsé&ﬁ,he 285 werghth pad eonsltionsf thewt er act i on
bet ween t he ! ' L 12O | I | de,, thereby
determ ni ng ﬂv%ﬁgétﬁgr%?%%é?’gtg?%alg%n %h%%’%?‘%@%@%@@é%ﬁ&% ert i de
expressed byphysibiaatidl HeabletddeRriine A/ @qiirdd Mutel TadEmbteAbAMd ABSHEE

hypoxi c stationary phase or hypoxic growh phase. 8. A nmethod according to
any precedi fgr elyapanictarpatiants & tpiagbeailyi dose isifrem aheytdat toot0 g pgnigof of a

protein T prb%%)s, %\%iéﬁ{, é%cg%cfr?gbt%%g arlcltf%IE?y 'of th%%géc(%ﬁg gleogulator, the age, weight and

conditions of the subject to be treated, the type and severity of the degeneration and

the frequency and route of administration. Preferably, daily dosage levels are from 5
mgto2g.
A vaccine composition is preferably administered in a single dose. One or
20 more, for example, two, three or four, further doses may be required for long term
protection against a Mycobacterium infection. Further doses may be against a
Mycobacterium infection. Further doses may be administered after a period of from
1 month to 15 years after the initial dose, for example, 1,2, 3,4, 5, 8, 10,12 or 15
years. Several further doses may be administered at intervals after the initial dose,
25 for example at 3, 5, 10 or 15 year intervals.
Nucleic acid encoding a polypeptide of the invention may be administered to
a mammal as a nucleic acid vaccine. Nucleic acid encoding the polypeptide may be
administered by any available technique. For example, the nucleic acid may be
introduced by needle injection, preferably intradermally, subcutaneously or
30 intramuscularly. Alternatively, the nucleic acid may be delivered directly across the
skin using a nucleic acid delivery device such as particle-mediated gene delivery.

The nucleic acid may be administered topically to the skin, or to mucosal surfaces for



limting stationary phase, hypoxic stationary phase or hypoxic growth
phase, a pol ynucl eoti de which encodes a variant, or fragnent of said

protei n ogygoigbenucl eoti de which hybridi ses under stri ngepd/gmigisésions to
a sequence encoding said protein. 15 9. An agent which is identifiable by a
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Example 1: Detection and identification of dormancy-induced proteins.

BCG were grown in the Wayne dormancy culture system. Bacilli were

harvested at various time points (Fig. 1, arrows A-D), washed twice in phosph'ate-

20 | buffered saline, resuspended in lysis buffer (9 M urea, 4% CHAPS, 50 mM DTT,
pefabloc [1 mg ml™], pepstatin [1 ug ml'], leupeptin [1 pg ml'] and disrupted with

\ 0.5 mm glass beads using a Mini Bead Beater (Biospec). Protein concentrations

were determined using the BioRad protein assay reagents and protocols. 100 ug of
total protein were subjected to isoelectric focusing using pH 4-7 Immobiline Dry

25 Strips and an IPGphor isoelectric focusing unit as recommended by the manufacturer
(Amersham Pharmacia) for 62000 Vhrs. For the separation in the second dimension
12.5% sodium dodecyl sulfate polyacrylamide gels were used (Protean IIxi system,
BioRad) and proteins were detected by silver staining. Fig. 2. shows a representative
set of two-dimensional gels. Four proteins showed a drastic increase in their steady

30 state level in the hypoxic stationary phase (Fig. 2, arrows 1-4). The proteins Were not

(arrow 1, 2, 4) or only weakly (arrow 3) detectable in the extracts from exponentially
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To determine whether the increase of the steady state level of the dormancy-

20 induced proteins correlates with an increase in the steady state level of their mRNAs,
total RNA was isolated from exponentially growing and hypoxic stétionary phase
cultures and subjected to Northern blot analysis as described (Hutter and Dick (1999)
FEMS Microbiol. Lett. 178; 63-69). Probes were isolated by PCR using BCG
genomic DNA as template. The primérs were derived from the M. tuberculosis

25 H37Rv  genome sequence and were as follows: 1, Rw2031c
(GCCACCACCCTTCCCGTTCAG, ATGTCGTCCTCGTCAGCACCTACC); 2,
Rv3133¢cc (TCGTAGGTGTAGGCGGGTTC, CGGCGATCTGCTTGTTGGT); 3,
Rv2623 (GGCAGCCGTTCCCACATTG, GGCTGATCGCGCACCACCAQ), 4,
Rv2626c (CCACCGCACGCGACATCAT, CGGAACACGGCGGACCTG); 168

30 rRNA (GCCTGGGAAACTGGGTCTAA, TCTCCACCTACCGTCAATCC). The
identity of the PCR fragments was confirmed by sequencing using a Perkin-Elmer
ABI Prism 377 automated sequencer. Fig. 4 shows high levels of the transcripts for
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$SBATBING] $$$_QI@I;_ovis BCG were grown at 37(% in Dubos nggn-albumin ‘t(Jr)oth (BD

Biosience). Bacilli were sub-cultured once in liquid medium until they reached an
early exponential growth phase (A,;-uo = 0.2 - 0.3) before inoculation to an

10 experimental culture. To grow experimental cultures medium was dispensed in 100
ml aliquots to roller bottles, 10 x 14 cm, and pre-cultures were diluted to Ay, = 0.05
(5 x 10° cfu/ml). Cultures were aerated by incubation on a roller apparatus at 1 rpm.
The roller bottles were opened daily for turbidity measurements and to allow
exchange of the air. Growth was monitored by measuring the optical density of the

15 * cultures in a Ultrospec 3000 spectrophotometer (Pharmacia).

Protein extracts were prepared from different time points corresponding to the
exponential phase, entry into stationary phase, early and late stationary phase (Fig. 5,
arrows A-D). For the preparation of protein extracts the cells were washed twice in
phosphate-buffered saline, resuspended in lysis buffer (9 M urea, 4% CHAPS, 50

20. mM DTT, pefabloc [1 mg mil"), pepstatin [1 pg ml'], leupeptin [1 pg m;']) and
disrupted with 0.5 mm glass beads using a Mini Bead Beater (Biospec). Protein
concentrations were determined using the BioRad protein assay reagents and
protocols. 100 pg of total protein was subjected to isoelectric focussing using pH 4-7
Immobiline Dry Strips and a IPGphor isoelectic focusing unit as recommended by

25 the manufacture (Amersham Pharmacia) for 62000 Vhrs. For the separation in the
second dimension 12.5% sodium dodecyl sulfate polyacrylamide gels were used
(Protean IIxi system, BioRad). Proteins were detected by silver staining and the gels
were evaluated by visual inspection. Fig. 6 shows a representative set of two-
dimensional gels. "I“wo proteins of 16kD and 14kD showed a drastic increase in their

30 steady state level in the stationary phase (Fig. 6, arrows 1 and 2). The two proteins

were not detectable in the extracts from expoentially growing cultures (Fig. 6A) and
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The 16 kD antigen has been previously reported to be induced in stationary phase

10 cultures of tubercle bacilli (Yuan et al. (1996) J. Bacteriol. 178: 4484-4492).

Example 4: Homologues of the stationary phase-induced and dormancy-induced

Rv2626¢ protein

Biochemical or genetic data for the new stationary phase-induced 14 kD

15 protein/dormancy-induced 16 kD protein shown in SEQ ID NO:6 are not available.
A similarity search against the protein domain families (pfam) database suggested
that the protein consists of a pair of CBS domains (Figs. 3 and 7). The recently
discovered CBS domain is named after Cystathionine Beta Synthase where it was
originally identified. The domain is usually present as a pair and this CBS domain‘;

20 dimer associates to form a single compact structure. Pairs of CBS domains are found
in a large number of functionally diverse proteins such as inosine-monophosphate
dehydrogenases and chloride channels. Although the role of the CBS domain in
these proteins is unclear, it may be involved in protein-protein interaction and protein
regulation. In contrast to these proteins that contain a pair of CBS domains in the

25 context of other, unrelated domains, the small stationary phase-induced
mycobacterial protein appears to consist of ohly a pair of CBS domains, not fused to
other domains (Figs. 3 and 7). Itis interesting. to note that small molecular weight
proteins with the same predicted domain architecture and about 35% sequence
identity can be found in other bacteria such as Streptomyces coelicolor, Pseudomas

30  aeruginoas and Bacillus subtilis (Fig. 7). This suggests that the Rv2626¢ dormancy-
induced and stationary phase-induced mycobacterial protein is a member of a new

bacterial protein family.
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The dormancy-induced response regulator Rv3133c¢ is predicted to function

5 as a phosporylation-dependent transcription regulator. Thus, it is likely that the
protein binds to target promoters and recruits RNA polymerase to initiate
tréznscription of essential dormancy genes. Hence, prevention of DNA binding by
inhibitors should abolish response regulator function. Under the assumption that a
cognate promoter se:quence is available, an in vitro DNA binding assay can be carried

10  out to screen for inhibitors of the response regulator’s DNA binding activity.

Using gene specific primers derived form the M. tuberculosis H37Rv genome
sequence (Cole et al. (1998)) the coding sequence of the Rv3133c gene is isolated by
PCR and a glutathione S-transferase fusion protein is éonstructed, overexpressed and
purified as described in Ulijasz et al. (2000), Biochemistry 39, 11427-11424 and

15 ' Sambrook et al. (1989) Molecular cloning, Cold Spring Habor Laboratory Press,
Cold Spring Habor, N.Y. The purified protein is phosphorylated as described in
Ulijasz et al. using 50 mM lithium acety! phosphate. |

Example 6: Isolation and radioactive labelling of the promoter DNA

20 The cognate promoter DNA is PCR amplified using primers derived from the
M. tuberculosis H37Rv genome sequence (Cole et al. (1998)) and 5'-end labelled

with y-**P-ATP and T4 polynucleotide kinase according to standard methods as
described in Sambrook et al. (1989). |

25 Example 7; Bmdmg of the phosphorylated response regulator to its cognate

promoter and gel shift analysis of the binding

Protein-DNA complexes are formed in a total voiume of 15 pl which contain
4 pmol of phosphorylated response regulator which was preincubated with the
appropriate inhibitors for 10 min at room temperature in 20 mM HEPES (pH 7.2), 5
30 mM MgCl,, 0.1 mM Na,EDTA, 0.5 mM CaCl,, 10% glycercﬁ and 0.5 ug of salmon
DNA as described in Ulijasz et al. (2000). To start the reaction, *?P-labeled promoter
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modulates the activity and/or expression of a protein expressed by a

15 Mycobacterium in non-oxygen limiting stationary phase, hypoxic
o stationary phase or hypoxic growth phase.

2. A method accdrding to claim 1 wherein step (ii) comprises monitoring
binding of said protein to the test agent.

3. A method according to claim 1 wherein step (ii) comprises monitoring

20 binding of Rv3133c, a variant thereof or a fragment of either thereof to DNA.

4, A method according to claim 1 wherein step (ii) comprises monitoring
binding of Rv3133c, a variant thereof or a fragment of either thereof to a sensor
histidine protein kinase. | .

5. A method according to claim 4 wherein the sensor histidine protein

25 kinase is Rv3132c, a variant thereof or a fragment of either thereof.

6. A method accordirig to claim 1 wherein step (i) comprises
monitoring the transcriptional activity of a gene regulated by Rv3133c, a variant
thereof or a fragment of either thereof.

7. A method for the identification of a diagnostic agent that binds to a

30 protein expressed by a Mycobacterium in non-oxygen limiting stationary phase,
hypoxic stationary phase or hypoxic growth phase, or to a polynucleotide encoding
said protein, which method comprises:

1) contacting a test agent and a protein selected from Rv3133c, Rv2623,
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stationary phase hypoxic stationary. phase or hypoxic growth phase.

20 11. ' An antibody specific for a protein selected from Rv3133¢, Rv2623 or
Rv2626c¢. _

12. A .pharmaceutical composition comprising a pharmaceutically
effective carrier and as an active ingredient an effective amount of an égent according
to claim 9 or 10 or an antibody according to claim 11.

25 13. A vaccine composition comprising as an active ingredient an effective
amount of a protein selected from Rv3133c, Rv2623, Rv2626¢ and a variant of any
thereof, or an immunogenic fragment any said protein, and a pharmaceutically
effective carrier.

14.  Anagent according to claim 9 or 10, an antibody according to claim

30 11, a pharmaceutical composition according to claim 12 or a vaccine composition
according to claim 13 for use in a method of treatment of the human or animal body

by therapy or in a diagnostic method practised on the human or animal body.
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15 an antibody according to claim 11 or a vaccine composmon according to claim 13.
19. A method for detecting a mycobacterial infection in a sample, which
method comprises detecting the presence of a protein expressed by a Mycobacterium
in.non-oxygen limiting stationary phase, hypoxic stationary phase or hypoxic growth
phase or a nucleic acid encoding said protein in said sample, wherein said protein is
20 selected from Rv3133c, Rv2623, RV2626c and a variant of any thereof.
20. A method according to claim 19 which corhprises:
@A) contacting a sample and an agent according to claim 9 or an antibody
according to-claim 11; and
(i)  monitoring binding of said agent or antibody to said sample, thereby
25 determining whether said sample comprises a protein expressed by a
Mycobacterium in non-oxygen limiting stationary phase, hypoxic
stationary phase or hypoxic growth phase, or a nucleic acid encoding
said protein and hence whether said sample is infected with a
Mycobacterium.
30 21. A method according to claim 20 wherein said nucleic acid is RNA.
22.  An invitro method of diagnosing a mycobécteﬁal infectionin a

subject, which method comprises a method according to any one of claims 19 to 21
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SR () - T 013456 80 oa acco%(git)o claim 23, which method comprises
administering to a subject at risk of mycobacterial infection an agent according to
claim 9 or an antibody according to claim 11 and monitoring the response to the said
10 agent or antibody.
25. A method according to any one of claims 17 to 24 wherein said
mycobacterial infection is tuberculosis. '
26. A method of obtaining a protein selected from Rv3133c, Rv2623,
Rv2626¢ and a variant thereof, which method comprises maintaining a
15 Mycobacterium under aerobic or anaerobic conditions suitable for inducing non-
oxygen limiting stationary phase, hypoxic stationary phase or hypoxic growth phase
expressed proteins and isolating the said protein. .
27.  Use of a protein selected from Rv3133c, Rv2623, Rv2626¢, a variant
of Rv3133c, Rv2623 or Rv2626¢ and a fragment of Rv3133c, Rv2623, Rv2626¢ or
20 said variant in a method for the identiﬁcatién of an anti-mycobacterial agent.
28.  Use of a protein selected from Rv3133c, Rv2623, Rv2626¢, a variant
of Rv3 133c, Rv2623 or Rv2626¢ and a fragment of Rv3133c¢, Rv2623, Rv2626¢ or
said variant in a method for the identification of an agent for diagnosing a dormant

mycobacterial infection.
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