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30
Fewer than 5% of infected individuals develop active TB in the first years after infection. The
granuloma can persist for decades and is believed to contain live Mycobacterium tuberculosis
in a state of dormancy, deprived of oxygen and nutrients. However, recently it has been
suggested that the majority of the bacteria in the dormancy state are located in non-

35 macrophage cell types spread throughout the body (Locht et al, Expert Opin. Biol. Ther. 2007

7(11):1665-1677). The development of active TB occurs when the balance between the host’s



asynptomatic, but contagious, for sone tine. In addition, although
conpliance with the treatnent reginen is critical, patient behaviour is
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par ti culeactivatedant i gen associated with |atent TB) and to rel at ed met hods and
us in the prevention and treatnment of TB, especially the prevention and
treatment of latent TB and the 30prevention or delay of TB reactivation.
The pr elsenderitocemttal tire gpread ofesberoulbsis) effeetivepaicyipetin alel adeucite eatypr i ses: (i)
an Ryl7 30 rotfm i enge %A a varléamt of an Ry1753c protein sequence;
or 35(i gr?? ﬂS%% i 1o A 2\ Ry1753c protein sequence. WO
2010/ 010180PCT/ EP2009/ 059586 4

Diagnosis of latent TB infection is commonly achieved using the tuberculin skin test, which
35 involves intradermal exposure to tuberculin protein-purified derivative (PPD). Antigen-specific

T cell responses result in measurable induration at the injection site by 48-72 hours after



The present invention also provides a polypeptide which conpri ses:

(i) an Ry1753c protein sequence; (ii) a variant of an Ryl1753c protein
sequence;wor2010/010180 (iii1) an i munogenic fragnent POT/ERRONRYIBEGEC
protei n sequence; 5for use as a nedicanent. A further aspect of the
invention relates to a method for the tkeatnent or prevention of TB
conprising the admnistration of a safe and effective amount of a
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sequence or (|||) an |nnunogen|c fragnment of an Ry1753c protein sequence;
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20 development of more sensitive assays that could detect longer-term latent infections.

There remains a need for effective strategies for the treatment and prevention of tuberculosis,

in particular the treatment and prevention of latent TB and the prevention of reactivation of TB.
25 BRIEF SUMMARY OF THE INVENTION

The present invention relates generally to the identification of Rv1753c as a TB antigen (in
particular an antigen associated with latent TB) and to related methods and uses in the
prevention and treatment of TB, especially the prevention and treatment of latent TB and the

30 prevention or delay of TB reactivation.

The present invention provides an isolated polypeptide which comprises:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or

35 (iii) an immunogenic fragment of an Rv1753c¢ protein sequence.



(1) an Rv1753c protein sequence; (ii) a variant of an Rv1753c protein
sequence; or (iii) an imunogenic fragnent of an Rv1753c protein sequence;
15i n t he warnofozabisne of a nedi cament for the treatnent @eCTmPeae0sisn of TB,
represents anot her aspect of the invention. Additionally, there is provided
a pharnmaceutical conposition conprising: (a) a pol ypeptide which conpri ses:
20(i1) an Rv1753c protein sequence; (ii) a variant of an Rv1l753c protein
sequenc®e preséntiinventon alsorprovgiesiaqpdypegtinihioh campfRek753c pr ot ei n sequence;

or (b) a pol ynucleatide conprising a nucleic acid sequence encoding the
pol ypepti de (g)fan(%\fﬁ%égghoge'?é?q%e%gar maceutical ly acceptable carrier or
exci pi ent . Hiiy & hergnt bhen 8vi & 3erpeoteithesttgaendenuunogeni ¢ conposi tion

conprising: f.a) a polypeptide ich ¢co jses: . 30(i) an Rv1753c protein
ceauence. (i 1o Ty BP AT SRR S ST o en s, Tor ¢ 1) o

i mMmnogienuse &s agraeitaneht.an Rv1753c protein sequence; or (b) a

pol ynucl eoti de conprising a nucleic acid sequence encodi ng the pol ypeptide
of (a); 35and (c) a non-specific inmune response enhancer. WO
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sequence; or(iXdn Ry1788c proreinsgeuencef r agnment of an Ry1753c protein sequence.
Hos] cells, é.}'ansf.or rTFd giﬁ aic{ expression vector, forma further aspect
of the invent' %H.a”%&& 1 on 3359%?8% 3941 & host cell which reconbi nantly
expresses a (iipkypapiundgenidiradmdriiobd ap Rv$e33c drofeiraseqRgdch3c prot ei n sequence;
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15  The use of a polypeptide comprising:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence;
in the manufacture of a medicament for the treatment or prevention of TB, represents another

20  aspect of the invention.

The present invention provides an isolated polynucleotide comprising a nucleic acid sequence
encoding a polypeptide which comprises:
(i) an Rv1753c¢ protein sequence;
25 (i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.

Also provided is a polynucleotide comprising a nucleic acid sequence encoding a polypeptide
which comprises:
30 (i) an Rv1753c protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence;

for use as a medicament.



(1) an Ry1753c protein sequence; (ii) a variant of an Ryl1753c protein
sequence; or (iii) an immunogenic fragnent of an Ry1753c protein sequence;
sai d net w0 200mp0i88i Nng t he step of reconbi nantly expres®CHEPI@MN59586

pol ypeptide within a host 20cell. Additionally provided is an anti body or
fragment thereof which specifically birfds to a pol ypeptide conprising: (i)
an Ry1753c protein sequence; 25(ii) a variant of an Ryl1753c protein
sequenck furthier Gspdc} ofthe inventiwgeldtes toreagatant fafthatreRykEnb3icprpvattien of SBquence.
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infection by M tuberculosis), such as not having been vaccinated with
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(a) a polypeptide which comprises:
20 (i) an Rv1753c protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence; or
(b) a polynucleotide comprising a nucleic acid sequence encoding the polypeptide of
@)
25 and

(c) a pharmaceutically acceptable carrier or excipient.

Further, there is provided an immunogenic composition comprising:
(a) a polypeptide which comprises:
30 (i) an Rv1753c protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence; or
(b) a polynucleotide comprising a nucleic acid sequence encoding the polypeptide of
@)
35 and

(c) a non-specific immune response enhancer.



Figure 4. 30 Figure 5: Figure 6: 35 Percentage of CD4 and CD8 cells from

i mmuni sed CB6F1 m ce expressing | FN-gamma and/or |L-2 and/or TNF-al pha

cyt oki neswatoteno®dd (i.e. 7 days post second i mruni sati @QY/EPGYVORISAE
profile at day 21 (i.e. 7 days post second inmunisation) of the antigen
specific CD4 response in imuni sed CB6BL mice. Cytokine profile at day 21
(i.e. 7 days post second i mruni sation) of the antigen specific CD8 response
in imuni sed CB6F1 m ce. Percentage of CD4 and CD8 cells fromi muni sed

CB6F1 'Ice rew gssirr]I IrFN-i%famn? rand/ or. | L-2 f;lrild/ or TNF-naI gha O@}/toki nes at
day 35%?98.0 4ay8 gé%FS% VO RTINS0 A CF T ORTINENS? PTIN%R day 35
(1.e. T7padgeptiposhichltomgrisemruni sati on) of the antigen specific CD4 response
in inmuni sed.CBGﬁHzré)r%ce. t(,\étoki ne profile at day 35 (i.e. 7 days post third
i muni sat i on(f BFY 38[966 ﬁe%Lbe@@?‘fi c CD8 response in i munised CB6F1 m ce.
PCT/5EP2009/ 05 86ridht Bearc Bal e ppdteBBDeqaertteCBB8 cells from i muni sed 057BL/ 6
m ce expresseiin% lirﬁN' ganmla ﬁnd/ort kL- VW%F;” ‘IéNFS-eaI gha cyt oki nes at day 21
(i.e. 7 days B 8{MITEERYd"T 7L PRRY. %@i e r9tu P75 e at day 21 (i.e. 7
days post second imuni sation) of the antigen specific CD4 response in

i mmuni sed ,.C5¢/BL/ 6 m ce tokine profile at da i.e.. ¢.days post second
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SEB%PD QUPTSSSSEQ ID No: 4: SEQ ID No: 5: SEQ ID No: 6: 20 SEQ ID No: 7:
SEQ I D No: 8(i) &8ERy17B3dprotéin s&fii@nic®y No: 10: SEQ ID No: 11: 25 SEQ ID No: 12:
SEQ I D No: 13:_ SEQ I D. No: '~ SEQ 1D No; 15; SEQ ID No: 16: 30 SEQ I D No:
17: SEQ ID l\@?ai%r:%”éﬁﬁfrf B"%E?%f’é&e@ééq}‘%‘%?r 20: SEQ ID No: 21: 35 SEQ ID
No: 22: SEQ (ipahldmm28ogerpofrygreqitiofien Rl y38eqiretetn squakyg@ept i de pol ypepti de
pol ypepti de strain. pol ypeptide pol ypepti de pol ypepti de pol ypepti de

pol ypepti de pol ypepti de pol ypepti de pol ypepti de pol ypepti de pol ypepti de
polfipepEurther gbéngpe ptovided pohgthe fardes probygieptof d@olypkptiaeptongeisipgl ypept i de

pol ypepti de Oer'Fg\?P/ts- de sleguence of Rv1753c from M tubercul osis H37Rv
strain. de s qahe ?F’F%}%‘L‘} STSYEm M tubercul osis H37Rv strain. sequence

of Rv1753c f(ipavifiart oben Bul tBScpradBclsehliersder af n. sequence of Rv1753c from M
t ubercul osi s,.F11.strain,. Seguence of RRY;.OJS'SBC fromM tuberculosis Haarlem A
(iif) an immunogenic rggmen of an Rv C protein'sequence;
said method comprising the step of recombinantly expressing said polypeptide within a host

20 cell

Additionally provided is an antibody or fragment thereof which specifically binds to a
polypeptide comprising:
(i) an Rv1753c¢ protein sequence;
25 (i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.
The use of said antibodies in diagnosis is also provided (such as methods for the diagnosis of
tuberculosis comprising determining the presence of an antibody or fragment thereof which
specifically binds to the polypeptides of the invention in a biological sample from a test
30  subject).

Also provided are diagnostic kits comprising:
(@) a polypeptide of the present invention;
(b) apparatus sufficient to contact said polypeptide with a sample (e.g. whole blood
35 or more suitably PBMC) from an individual; and

(c) means to quantify the T cell response of the sample.
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Figure 5: Cytokine profile at day 35 (i.e. 7 days post third immunisation) of the

antigen specific CD4 response in immunised CB6F1 mice.
Figure 6: Cytokine profile at day 35 (i.e. 7 days post third immunisation) of the

35 antigen specific CD8 response in immunised CB6F1 mice.
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epi t ope MO 2ep/tiose 15. epitope 16. epitope 17. epit opePCB/EPR@oNN386 19.
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Figure 8: Cytokine profile at day 21 (i.e. 7 days post second immunisation) of the
) antigen specific CD4 response in immunised C57BL/6 mice.
Figure 9: Cytokine profile at day 21 (i.e. 7 days post second immunisation) of the

antigen specific CD8 response in immunised C57BL/6 mice.

Figure 10: Antigen-specific CD4 T cell responses in naive and latently infected
humans.
10
DESCRIPTION OF THE LISTED SEQUENCES
SEQ ID No: 1: polypeptide sequence of Rv1753c from M. tuberculosis H37Rv strain.
SEQ ID No: 2: polynucleotide sequence of Rv1753c from M. tuberculosis H37Rv strain.
15 SEQID No: 3: polypeptide sequence of Rv1753c from M. tuberculosis CDC1551 strain.
SEQ ID No: 4: polypeptide sequence of Rv1753c from M. tuberculosis F11 strain.
SEQ ID No: 5: polypeptide sequence of Rv1753c from M. tuberculosis Haarlem A
strain.
SEQ ID No: 6: polypeptide sequence of Rv1753c from M. tuberculosis C strain.
20 SEQID No: 7: polypeptide sequence of Rv1753c from BCG.
SEQ ID No: 8: polypeptide sequence of Mth8.4.
SEQ ID No: 9: polypeptide sequence of Mth9.8.
SEQ ID No: 10: polypeptide sequence of Mth9.9.
SEQ ID No: 11: polypeptide sequence of Ra12.
25 SEQID No: 12: polypeptide sequence of Ra35.
SEQ ID No: 13: polypeptide sequence of TbHO9.
SEQ ID No: 14: polypeptide sequence of Mtb40.
SEQ ID No: 15: polypeptide sequence of Mtb41.
SEQ ID No: 16: polypeptide sequence of ESAT-6.
30 SEQID No: 17: polypeptide sequence of Ag85A.
SEQ ID No: 18: polypeptide sequence of Ag85B.
SEQ ID No: 19: polypeptide sequence of alpha-crystallin.
SEQ ID No: 20: polypeptide sequence of MPT64.
SEQ ID No: 21: polypeptide sequence of Mtb32A.
35 SEQID No: 22: polypeptide sequence of Ser/Ala mutated mature Mtb32A.

SEQ ID No: 23: polypeptide sequence of TB10.4.



SEQID 30 SEQID SEQID SEQ ID SEQ ID SEQ ID 35 SEQID SEQ ID putative

human put ative human putative human putative human putative human putative
human putwios/hiorsan put ati ve human putative human put aPCTEPReY@RMpat at i ve
human put ative human putative human putative human putative human putative
human putative human putative human putdati ve human putative hunman putative
human put ative human putative human putative human putative human putative
human pSEQ@tID\WNo: Rdman ppdlpgdaptiee begquenceof Bth728 hunan put ati ve human put ative

human p t hyman put ative human pu pve human putative human putative
human %%@@lﬁgém ce‘?cfly‘ﬁﬁég%g‘?que O{:@I&? CD8 cell CD8 cell CD8 cell CD8
ce: : CEBE@QD:Nd:DB: ce: :pd]mm'dx:z Fe@BﬁCDSceef MtoZB ce: : % ce: : % ce: : %

ce o8, ce ce .ce ce ce

coll CEEQIPINGE: Co | Pameolift pedlRoREl VOGRIEEl | cop col | Cob ool Coo
cel I5 COBEQdDINCCRS: cel | paDpptidd bediisBce of M10&hustonpe 37. epitope 38. epitope
39. epi . ~epitope 41. .epitope 42 I tope 43. epitope 44. epitope 45.
epi topeég,@.quﬁ(}ggpe 47'[.)0'%%'0{'@%86 .nCPéBF ‘}’@w“&g’” epi tope 50. epitope 51.

epi EopeSEQ.IDepJ::BOpe ggputeqi)@etm@rﬁngs 4 epll f@tmeeal:'l). epi Eope 2623 epi Eope 2:7%

epi t ope : i.tope . .epi tope e ope . epitope . epitope :

epi topesgg.lDi\&'%'gpe 659“t%[§‘|et an6®?48g" ¥ geg‘i. epi tope 68. epitope 69.

epi t opeSEQ.IDeyu: Bape 7 lputetpiet ypean/@D4 csiCe@0pO/3010180PCT/ EP2009/ 059586 12

gggol B ggg”bgl cgg : B SE t#v% f}?@%&??ﬁ%&ﬂogﬁﬁm ID SEQ ID SEQ ID 10 SEQ I D

SEQ ID No: 34: putative human CD4 cell epitope 5.
SEQ ID No: 35: putative human CD4 cell epitope 6.
SEQ ID No: 36: putative human CD4 cell epitope 7.
SEQ ID No: 37: putative human CD4 cell epitope 8.
15 SEQID No: 38: putative human CD4 cell epitope 9.
SEQ ID No: 39: putative human CD4 cell epitope 10.
SEQ ID No: 40: putative human CD4 cell epitope 11.
SEQ ID No: 41: putative human CD4 cell epitope 12.
SEQ ID No: 42: putative human CD4 cell epitope 13.
20 SEQID No: 43: putative human CD4 cell epitope 14.
SEQ ID No: 44: putative human CD4 cell epitope 15.
SEQ ID No: 45: putative human CD4 cell epitope 16.
SEQ ID No: 46: putative human CD4 cell epitope 17.
SEQ ID No: 47: putative human CD4 cell epitope 18.
25 SEQID No: 48: putative human CD4 cell epitope 19.
SEQ ID No: 49: putative human CD4 cell epitope 20.
SEQ ID No: 50: putative human CD4 cell epitope 21.
SEQ ID No: 51: putative human CD4 cell epitope 22.
SEQ ID No: 52: putative human CD4 cell epitope 23.
30 SEQID No: 53: putative human CD4 cell epitope 24.
SEQ ID No: 54: putative human CD4 cell epitope 25.
SEQ ID No: 55: putative human CD4 cell epitope 26.
SEQ ID No: 56: putative human CD4 cell epitope 27.
SEQ ID No: 57: putative human CD4 cell epitope 28.
35 SEQID No: 58: putative human CD4 cell epitope 29.

SEQ ID No: 59: putative human CD4 cell epitope 30.



SEQID SEQ ID SEQ ID 20 SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID 25 SEQ ID SEQ I D
SEQID SEQ ID SEQ ID 30 SEQID SEQ ID SEQ ID SEQ ID SEQ ID 35 SEQ ID SEQ I D
put ati ve Worrary/qotsat i ve human putative human putative hRCREPRMOAFISSE€ hunan
put ati ve human putative human putative human putative human putative hunman
putative human putative human putativel®unman putative human putative hunman
putative human putative human putative human putative human putative human
put at i vEEQUD®ND: B0t at i veuthtivesungunt @D8 el dmjtme 1put ati ve human putative human
putativ ﬂ putative hu u ve, hu put ati ve human putative human
put at i ng Hﬁgﬂo Eﬁt at| v%“tﬂk}’%gﬁ’”ﬁ% g#%\?%"% 2put ative human putative human
put at i vEEQUD®ND: 62D8 c eputatdiedhuoednl CeltqbliopéZBB cell CD8 cell CD8 cell CD8
cel | %E@ﬁll)lNo%' cel | L%Be el%an@SC I 4ceI | CD8 cell CD8 cell CD8
cel | | *cel | PYEAR LN &l $PBR8 %cel | CD8 cell CD8 cell CD8
cel 15 COBEQEDINCCBS: cel IpLﬁE’B/ed&InhanCEB8cell éplﬁae 5cell CD8 cell CD8 cell CD8
cel | I C@g cel | n% CD8 cell epitope 73. epitope 74.
epi to;c):e%géqbé\bq pe 76puqﬁ tcr}%ré 88%' ?%&986% epi tope 79. epitope 80.
epi t opeSBQ.IDeyu: 66pe 82putequtermn&3D8 epll ¢gipped4. epitope 85. epitope 86.
epi t ope, g pe 88, 8(2 t ope %0 epi tope 91. epitope 92.
ep| tope é'DZ‘g‘i 5t52pe 94'0‘”%@“ D88§' epi tope 97. epitope 98.
epi topeSIQQ IDeNw: BBpe 1O@Jtatda/@irmm (ll&cele(mltoop@ 102. epitope 103. epitope
10 &1@? epito ep e 107 tope 108. WO
2019 ohehE08 Egzoogl Sugatmsh (;[E%B FtPRieEe 1B se0 1D SEQ 1D
SEQID No: 7 putative human CD8 cell epitope 11.
SEQ ID No: 71: putative human CD8 cell epitope 12.
SEQ ID No: 72: putative human CDS8 cell epitope 13.
SEQ ID No: 73: putative human CD8 cell epitope 14.
15 SEQ ID No: 74: putative human CD8 cell epitope 15.
SEQ ID No: 75: putative human CDS8 cell epitope 16.
SEQ ID No: 76: putative human CD8 cell epitope 17.
SEQ ID No: 77: putative human CDS8 cell epitope 18.
SEQ ID No: 78: putative human CDS8 cell epitope 19.
20 SEQID No: 79: putative human CDS8 cell epitope 20.
SEQ ID No: 80: putative human CD8 cell epitope 21.
SEQ ID No: 81: putative human CD8 cell epitope 22.
SEQ ID No: 82: putative human CDS8 cell epitope 23.
SEQ ID No: 83: putative human CD8 cell epitope 24.
25 SEQID No: 84: putative human CD8 cell epitope 25.
SEQ ID No: 85: putative human CDS8 cell epitope 26.
SEQ ID No: 86: putative human CD8 cell epitope 27.
SEQ ID No: 87: putative human CDS8 cell epitope 28.
SEQ ID No: 88: putative human CDS8 cell epitope 29.
30 SEQID No: 89: putative human CD8 cell epitope 30.
SEQ ID No: 90: putative human CDS8 cell epitope 31.
SEQ ID No: 91: putative human CDS8 cell epitope 32.
SEQ ID No: 92: putative human CD8 cell epitope 33.
SEQ ID No: 93: putative human CDS8 cell epitope 34.
35 SEQID No: 94: putative human CD8 cell epitope 35.
SEQ ID No: 95: putative human CD8 cell epitope 36.



5 SEQID SEQID SEQ ID SEQ ID SEQ ID 10 SEQID SEQ ID SEQ ID SEQ ID SEQ I D
15 SEQ ID SEQ ID SEQ ID SEQ ID SEQ ID 20 SEQ ID SEQ ID SEQ ID SEQ ID SEQ I D
25 SEQ | DveEQovaBEQ I D SEQ I D SEQ I D 30 SEQ | D SEQ | D SEQHPDNSEDQSRO SEQ | D
35 SEQ ID SEQ ID putative human putative human putative human putative

human putative human putative human pufati ve human putative hunman putative
human put ative human putative human putative human putative human putative
human pSEQ@tID\WNb: Baman pmutatﬁ\ﬁ'e\/r&mimmrmmpeiltemiiowe 3Fuman put ative human putative

nuen PULAENG: B DA TEd B dllefg s Bt 2t ve humen putaty ve
human pSEQtIDW»: Baman puitativieveinenn@D8 peit epifope 3Buman put ati ve human putative
huran péllriatlb\f\?o: gljmin pUttgtE\}evh%mannaB8 cell epitope 40.
5 SEQID No: 100: putative human CD8 cell epitope 41.
SEQ ID No: 101: putative human CDS8 cell epitope 42.
SEQ ID No: 102: putative human CDS8 cell epitope 43.
SEQ ID No: 103: putative human CDS8 cell epitope 44.
SEQ ID No: 104: putative human CDS8 cell epitope 45.
10 SEQID No: 105: putative human CDS8 cell epitope 46.
SEQ ID No: 106: putative human CDS8 cell epitope 47.
SEQ ID No: 107: putative human CDS8 cell epitope 48.
SEQ ID No: 108: putative human CDS8 cell epitope 49.
SEQ ID No: 109: putative human CDS8 cell epitope 50.
15 SEQID No: 110: putative human CD8 cell epitope 51.
SEQ ID No: 111: putative human CDS8 cell epitope 52.
SEQ ID No: 112: putative human CD8 cell epitope 53.
SEQ ID No: 113: putative human CDS8 cell epitope 54.
SEQ ID No: 114: putative human CD8 cell epitope 55.
20 SEQID No: 115: putative human CD8 cell epitope 56.
SEQ ID No: 116: putative human CDS8 cell epitope 57.
SEQ ID No: 117: putative human CD8 cell epitope 58.
SEQ ID No: 118: putative human CD8 cell epitope 59.
SEQ ID No: 119: putative human CDS8 cell epitope 60.
25 SEQID No: 120: putative human CD8 cell epitope 61.
SEQ ID No: 121: putative human CDS8 cell epitope 62.
SEQ ID No: 122: putative human CD8 cell epitope 63.
SEQ ID No: 123: putative human CDS8 cell epitope 64.
SEQ ID No: 124: putative human CD8 cell epitope 65.
30 SEQID No: 125: putative human CD8 cell epitope 66.
SEQ ID No: 126: putative human CDS8 cell epitope 67.
SEQ ID No: 127: putative human CD8 cell epitope 68.
SEQ ID No: 128: putative human CDS8 cell epitope 69.
SEQ ID No: 129: putative human CDS8 cell epitope 70.
35 SEQID No: 130: putative human CD8 cell epitope 71.
SEQ ID No: 131: putative human CDS8 cell epitope 72.



CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8
cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8
cell CD8 weol2bi0@m8iseel | CD3 cell CD8 cell CD8 cell CD8 celClr/BER®9084586 CD3
cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8 cell CD8
cell CD8 cell CD8 cell CD8 cell epitop2 109. epitope 110. epitope 111.
epitope 112. epitope 113. epitope 114. epitope 115. epitope 116. epitope
117. epBEQPB Nt 832:epi tpnpetiv]ejrﬁuma]pdzﬂ)&pell é,ém)peé'ﬁi tope 121. epitope 122.
Do, “eprtaiR "Byn%tn: Bl BB vEse! $5Eb82H: tope 152, opitope 135,
epi topeSE[Q4D Nepi184pe Matimmmmnecmsﬁell qmiobeﬁé 137. epitope 138. epitope
2010/ 013590BAH 83000, Gagube e SRR e 7B <20 1D Sc0 | D 6 SEO | D SEQ
| D SEQ $BEQIEQd: D3GEQ | htdid/eItgrdnCC SECEI éblSEQ?VD SEQ ID SEQ ID 15 SEQ I D SEQ
| D SEQSETERG: 1375 | RuslleTuman tobchl pitdpebP SEQ 1P SEQ 1D 25 SEQTD SEQ
SEQ ID No: 138: putative human CDS8 cell epitope 79.
SEQ ID No: 139: putative human CDS8 cell epitope 80.
SEQ ID No: 140: putative human CDS8 cell epitope 81.
10 SEQID No: 141: putative human CDS8 cell epitope 82.
SEQ ID No: 142: putative human CD8 cell epitope 83.
SEQ ID No: 143: putative human CDS8 cell epitope 84.
SEQ ID No: 144: putative human CD8 cell epitope 85.
SEQ ID No: 145; putative human CDS8 cell epitope 86.
15 SEQID No: 146: putative human CD8 cell epitope 87.
SEQ ID No: 147: putative human CD8 cell epitope 88.
SEQ ID No: 148: putative human CDS8 cell epitope 89.
SEQ ID No: 149: putative human CDS8 cell epitope 90.
SEQ ID No: 150: putative human CDS8 cell epitope 91.
20 SEQID No: 151: putative human CDS8 cell epitope 92.
SEQ ID No: 152: putative human CD8 cell epitope 93.
SEQ ID No: 153: putative human CDS8 cell epitope 94.
SEQ ID No: 154: putative human CD8 cell epitope 95.
SEQ ID No: 155: putative human CDS8 cell epitope 96.
25 SEQID No: 156: putative human CD8 cell epitope 97.
SEQ ID No: 157: putative human CD8 cell epitope 98.
SEQ ID No: 158: putative human CDS8 cell epitope 99.
SEQ ID No: 159: putative human CD8 cell epitope 100.
SEQ ID No: 160: putative human CDS8 cell epitope 101.
30 SEQID No: 161: putative human CD8 cell epitope 102.
SEQ ID No: 162: putative human CD8 cell epitope 103.
SEQ ID No: 163: putative human CDS8 cell epitope 104.
SEQ ID No: 164: putative human CD8 cell epitope 105.
SEQ ID No: 165: putative human CD8 cell epitope 106.
35 SEQID No: 166: putative human CD8 cell epitope 107.
SEQ ID No: 167: putative human CD8 cell epitope 108.



SEQ ID SEQ ID SEQ ID 30 SEQID SEQID SEQ ID SEQ ID SEQ ID 35 SEQ ID SEQ ID
putative human putative human putative human putative human putative human
put ati ve Worrary/qotsat i ve human putative human putative hRCREPRMOAFISSE€ hunan
put ati ve human putative human putative human putative human putative hunman
putative human putative human putativelBuman putative human putative hunman
putative human putative human putative human putative human putative human
put at i vEEQUD®ND: pagat i vmthmmnmmtaﬂ)s cell épitopa 1081 at i ve human putati ve human

putativ ) ative hunan hu tative human putative human
put at i ngﬂﬂm'q ce‘?lfta 5'%] elE%ﬁ) {meﬂchel | CD8 cell CD8 cell CD8
cel | CDBEQEDINCCDBOcel | puiaiBredeinanCCB8 cell épitcpg 1deél | CD8 cell CD8 cell CD8
cel | I cell 3 cel | cel | .CD3 |1 CD8 cell CD8 cell CD8
col | CoEEaIPINER1Cel | Peeliintandro B8] #o1PE 131 | cop cel| cob cell Coo
cel I5 COBEQdDINCDB2: cel | puiaiBredeinianCCB8 cell ¢pitop8 1d8l |  epi t ope 145. epitope
146. 47._.epito ep e 14 it ope 150. epitope 151.
epi topeélri@QB '\g ngpe 1 t'vgélutnb eéégge” %%‘%98324'155. epi t ope 156. epitope
157. epSEQpE Nk5874epi t mpetiveGimapCDepell 4fitdpeapbt ope 161. epitope 162.
epltop ito to 166. epitope 167. epitope
168. %@ﬁ@ '\%géggepl t%tg%t'vf%’ %p?@gﬁgu 91‘%) qgﬁt ope 172. epitope 173.
epi topeSE[(Zi4D Nmﬂ’r?@pe Wﬁatlmmmumecma’ﬁell emiobep&?l?? epitope 178. epitope
| D1%: 35BN No: PIADE KRN P Rg G490°d 1820) | D No: 2841 SEQ 1D o °
245: SEREQDDMa: 1246: Sﬁ@ﬁv@ Miman2dB8 c8E€pilobe Md9. 248: 10SEQ | D No: 249:
putativ . cel | .put t| ve [0 put ati ve human CD8 cel |
put at i VQEQH%O-% cel put tL}'t YA ﬁg%ﬁ" %pgg}zb put ati ve human CD8 cel |
put at i vEEQuUDeND: TB8: cel ﬂ)utamwteatumm ODgaall €EBpedbll. poI ypepti de sequence of
polypep ce of |to Q epi tope 183. epitope
184. %@385@33%?% t%Lb%t' nPa@péﬁ%Bg?%{?quB%t ope 188. Rv2386¢c from M
t ublér CU$5@I|§ Nd31B%: st rmtaﬂvemuzvcﬁﬁ(c% belhmMopbl]ﬁér cul osis H37Rv strain.
DETAI L . PTLON Cur.rent h live bacteria is the nost
effici Eﬁgaﬁﬁtﬂ?ﬁa%or |%Laﬂtévema}no¢ggf?l %@F%m ty. The nost comon
l\/ycobac$lé@iIDmcerTﬁ4 oyedplftamrvetHunmnp@D@osléeplmpBaQBJ lus Calnette- CGuerin (BCG,
an avir n of Vi S e oped over 60 years ago.
Howeveréléﬁﬂél\g y andt %tfv ugl:anv\g?g%eg?'?pg\ﬁgéur ce of controversy - while
pr ot ect $BQ IBdNG: 186: sevmnetl\(élmmCD&nelfmtoaenﬁﬁ in children, BCG does not
pr %\bentséaef[ﬁ\? E}QJII shrg r.{gtlv%fhuman (968 ceEﬂ epitope 128.
SEQ ID No: 188: putative human CDS8 cell epitope 129.
SEQ ID No: 189: putative human CD8 cell epitope 130.
SEQ ID No: 190: putative human CDS8 cell epitope 131.
SEQ ID No: 191: putative human CDS8 cell epitope 132.
25 SEQID No: 192: putative human CD8 cell epitope 133.
SEQ ID No: 193: putative human CDS8 cell epitope 134.
SEQ ID No: 194: putative human CD8 cell epitope 135.
SEQ ID No: 195: putative human CD8 cell epitope 136.
SEQ ID No: 196: putative human CDS8 cell epitope 137.
30 SEQID No: 197: putative human CD8 cell epitope 138.
SEQ ID No: 198: putative human CD8 cell epitope 139.
SEQ ID No: 199: putative human CDS8 cell epitope 140.
SEQ ID No: 200: putative human CD8 cell epitope 141.
SEQ ID No: 201: putative human CD8 cell epitope 142.
35 SEQID No: 202: putative human CD8 cell epitope 143.
SEQ ID No: 203: putative human CD8 cell epitope 144.




or reactivation of pulnonary disease in adult life. Additionally, sone
countries, such as the 20United States, do not vaccinate the general public
wi t h t hi swagero1o®bnost all new generation TB vacci nes RRIrar2emwe5e8srent |y
in clinical devel opnment have been desi gned as pre-exposure vaccines. These
i ncl ude subunit vaccines, which have béén particularly effective in
boosting inmmunity induced by prior BCG vacci nation, and advanced |ive

25y cobBEQEDING: 204cci n@sativel leimam ODS oelf eiloped4BCG wi th nore ef fici ent

and/ or [ AItho h th ne imto inprove resistance to
i nfecti ﬁ&el{)ﬁ\g Zg%-’e |.ﬁ’<‘é1”‘&>’qu’ ?@ggelg !98??1\‘}@ as post-exposure or
therape&EQdD\Nn:QD&es i puthtiiedumahBC D& selserfilopa 1MF. et al Endocri ne, Metabolic

& | nmun, rgets Q 30Several of the proteins
whi ch a§%8'4@%°ngpi exp?%{gtévg ugn %éQP%ee%épFﬁg tages of Mycobacterium

i nf &t i BBQHAWND: Begn shmumtlvtemtmaw@l&celt emtogedhdt ective efficacy in aninal
vaccin ver, vacc nti gens which are highly
express %BHBW%gbﬁhe e%Lf‘?ve r{ugbaé’ségg Iﬁ‘f’%t(?f) qRamay not provide an opti nmal

i Mmune SEQPDMNe 2flor dealtativg hwintdm CR8 eell emm)geswd).f i nfection. Adequate
control ri the later, st on y require T cells which are
353peci§€§lff)gkg)'%hi parwtﬁtd'e nbaﬁt(lf:la% o@ﬁ 1§?e expressed at that tine.
WO 2010$BQODSPCT2:EP200 84106 hBEGNIEDPos! egtopeddBe vacci nes which directly

t ar,get per si.stent bac in protecting against TB
rea1 ti vgl?ﬁdﬂ%{”%é eby %thtﬁ’r‘?q] @%8?\1 ?%% 1g“even enabl i ng cl earance of
t he i nf@EQIIDMNo: R14acci mﬂam\@rrgmﬁann@DB aelemlto]58165ul d therefore significantly
and ec educe r Subuni t vacci nes based
on | at eglgﬁla{gi\ aét ‘gens lf:t ngwgo [Bg J%Eh conbination with early

st age aBEQJBMND: Rd6:pr ovpu:letn& aman @hésell mabpehé? Alternatively, |ate stage

anti gen, ld . used_t.o kel | e e BOG vacci nation (either by
boost i n%Eﬁ@ '%&?Fespo%lg%t'v r%ﬁﬂnﬁgﬁc‘?]ﬂ%p@ pnent of advanced
r ecldrbi 8BQLIDBOG248 T ai nm)tatl\ﬁé'llmmid oD8 aeltem@eedﬁQM t uber cul osi s vacci ne

candi d e begen pr d bas an, a |0| ormati cs analysis of the
whol e 3%%@4@% Ztt?ﬁberc%lﬁ% “&é% SE%v?p'é)lpe @B BMC Medi cal Genetics 2008
1:18) a®HQAD Nhe20est i mgatme rdjrria‘re(EIe&belada;bltppemﬁnessed proteins in actively
and | at ted | d| vidual s PLoS ONE 2009
4(5):e5 §€@)'% %fz ile %%tévgpwgbaé‘scéi%' é’Re 1E%Wn to act as the principal
ef f ect 08EQAD NWQBB'?'ﬁt eputammelhumam(t:m cdll emiobelmﬁe. the predom nant inducers
t e es sent,i al 0 ce in protection agai nst

CugD cusETENG, B2 S, FREER et €OF €l lloB "B eo bf 7B react | vation in
human I BEQNDdeT. 224:encyputativeshunmdneCD@dell eydiopedBal s, due to the associ ated
depl et T20c |Lls. Furt ad ive transfer of OD4+ T cells
t aken $€9ﬁé Iﬁel 0 t ofplf t'evephruimr%' @Béﬁﬁu%topgggénse to M tubercul osis has
been shdwl IDNc@Aber ppudbidetiuomenag@s8 nsit epitopeudbér cul osis in T cell deficient
mce ( t Ex hinoM/CObact eri umreacti ve 0D4+
T cell C§%§IB elgrzlgsho Ut?t'vednuman QD%gg%}%%@gg 1§80f y-interferon 25(1 FNvy),
whizhh, $BQtIDMuY: 2B&s bemnam)fedmmatmcm ceglyepitopbdeant i - mycobacteri al effects of
macr oph e (F 1993 178:2249-2254). Wile
t he rol%@@% %\I—%gl n h t'v uémlne%ésg ?Eﬁ(ggtopg%gl es have shown t hat
1, 25- di SyQriDxNo: 2BO:am npl[té?tJvemurﬂerIa&B oeleemitopet7¢onbi nation with IFN-y or
t unor qﬁll\f % tor- aI ha act i ées hu crophages to inhibit M
tubercu?%él SR gitl on® urtrhjg}a q’[g C? R sOpEan that 1FN-y stinul ates
human nBEQOIP N @82:30t oputative mn%@D&ydlrmmel1ﬁam n D3. Simlarly,
i ntgyl e 12) een. s role in stinulating
remﬁet a%EQqP%\?q\/fzg#uber%uﬂ%' I surqar?fgﬁgm%l ep'@B?)ﬁgQr evi ew of the inmunol ogy of
M tubeBEQIIDNG 2B4f ect pudativedeendBh@D8 &elkepifopari@s. Tuber cul osi s: Pat hogenesi s,

Garay. 08 /D9p035 "t Bl CoRPR o TR ) et nal e ci ne,  Chapt er

150, ppSEQ3B leaa3616t hpdtive HBimzann®@8 dell epitopk 177eds., 352005). WO

2010/ 0 009/ 0 [ese ention relates generally to
t he |d§%§q$ﬁ5 Egﬁ of @%g%%éjmaas? QB%EE}IF%Q'E)Bgrﬁ%l n particular an antigen
ass¥ci a$E@IWNd'|ZB&t ent puk&jvesdnuhanoCP@ kelt epltopeti@®ds and uses in the
prevent at me e i . prevention and treatnent of
| at ent % Eégpr ev‘guh[ t%nh-[’(%}and@ﬁg%lg%é%ﬁgpgg'cti vation. 5 The invention
t her ef ore prow des an Ry1753c protein, variant thereof or immunogenic
fragnment thereof, or a polynucleotide encoding said protein, variant or
fragnent, for use in the treatnent or prevention of TB. Suitably, the use
may be specifically in the prevention and treatnent of |atent TB

(espe0| aIIy the treatrrent of | atent TB) Alternativ_ely, the use may be in

- A~ B Y ——— g = ——



The term "M/cobacteri um speci es of the tubercul osis conpl ex" includes those
species traditionally considered as causing the di sease tubercul osis, as
wel | as Myochratiersoum 15envi ronnental and opportuni sti c PEpEPR@9/05958¢ cause
tubercul osis and | ung di sease in immune conprom sed patients, such as
patients with AIDS, e.g., M tubercul 08%s, M bovis, or M africanum BCG
M avium M intracellulare, M celatum M genavense, M haenophilum M
kansasi SEQND N 2éae, Mutsthedaman\CD8 oelt epitopen18and M scrof ul aceum (see,

i rinciples of 1n n Chapter 150, pp. 953-966
(16th Ie%ééléﬁkg%gﬁgl d, @ atﬁ'e h“"é éBéE% NE))O q??e present invention is
parti cubBQlIp Nb: Ré2t ed pudativef reciano@D8vcelhepitope UBBr cul osi s. The term "active
i nfecti to an.infection fe on by M tuberculosis) with
mani fes$€8 'Q‘?\Leéig sy%%t%%Wo?5§8§'i %‘HQ’ (Sigl 1 abI y WI th manifested
di s&aseSEQMPINIMRE4: 25 Tiheativerimsndhi (Dla&beIVepliopéaeﬁj on", "dormant infection" or

| at ent f iqn. refer to.an i |nfection by M

tubercu?%@i@;i\}ﬁ?ﬂout F?‘Haﬂ 'Vﬁe%%néﬁgggg‘ep %ﬁﬁp?gm and/ or |l esions (suitably
wi t hout SE@nDNs 6 di spEsitveshyumpno0B cell epifbbe 188r m " pri mary tuber cul osi s”
refers i\ni. illn ((mani f ation, of sease synptons) 30directly
fol | ow gQith'\goC??zn (eptgatlverﬁug&eﬁ @ié “ Wf'topﬁﬂgbcul 0sis). See, Harrison's
Pri nci p8EQ IDfNd: 24 &r nal pdmmmdmeeql@ha@b’elemc fom MQtBIBeﬂﬁbs(sl-ﬁﬂRvemtam

oo B gar o1 SeouRRad sed o REAToTE FORT A b SR S act i ve

or latent infection (e.g. infection by M tuberculosis). See, Harrison's
35Principles of Internal Medi pp. 953-966 (16th ed.,
Braunval d, et al., eds., 2005)06€F%E§8'€%${3'f&5@85a/ EP2009/ 059586 18 The
term"tubercul osis reactivation” refers to the later manifestation of

di sease.s for |nfec

o .
oS o ThcloRuS it Vet & B mb Wit et off ol Rhudiie 85 le |y Pest
but1 5doe|mnmmjtyh§he naqspemrembn M}&eb‘s@emwrpmplwed Tanehip psipbbe & BHcdlys Gtimettedt est

may. not CREVLCBb Rl St M oL B v AR By U et £ e

treat estwé\fer;cthelsaﬂew dral dfficang of BEQ inbesoatdeas |cen1ranecsyanNh|Ieaxtd)tec7tmg(zrgalrmt ent

state. wi |.l be I ec osfo t he Rt SY

Cr oat et et et R0 Bty a: PER Woan MpLPENrth Bp i ! Furen iR,

manl f eson ragctarendn/@‘ mympriaoyrdisedsedn eeals éfe. PaldiTiberaltyesomé dowdriess suat asithe
cul,osi ers to _an infec ction by M tubercuI05|s)
FL7 rORRS yheced iy SeBop R FborBRalEpl wl SR cu (176 s

re5| stant to) one or nore of so-called "front-line" chenot herapeuti Cc agents

ef fecti reatl ng cul 0si s i sonl .az ri f et h nbut ol ,

ot r ept diashb i poReatdiaf G dridh e s SO e sl ARGy ) BE0H

t uber cudiessgmedrasfpee-exmsuemvaonfneel Tbese( ieclgde subdunittviaceindsy wiichthalve beeh osi s)

wherei n_t n tr|n| I St an r f_"front-line"

enamot 1 ] Ll Bl SOy bR ol Bl od R ETiEhadislpd angfiShad 18

" clghmot rinea:cmaeteinat,\/a@gleea; Whicefaém $o tetpla:emm wﬂbmangeﬁlaiena@mﬁm dafeywiragmad used

in the t reat tuberc 0sis (e, ectlan b S) .

e AR iR ia A o dbtve oo oS TirbdRr e Xp BT G e lithe. but
ar e noteffdctivd aslpos-capoduae bntheeapentisedcings irclateot 0B casgy @on\¥ieh al Eyddcoser i ne,
et hanbu t ni razi nam de, rifanycins
(i.e., W@H@Q,”g’?’?%gﬁsﬁ{é’eﬁe a[?réb(;}“ar lém% PB? r‘ept onycin, ofl oxa(r:Tiyn,

ci profl oxacin, clarithr onyC| n, 25azithronmycin and fluoroquinol ones.

t EIb%OF Lf%\;seﬁ%l o,([I? he p!:rof%m va Qfare s?rg)S g { gﬂé]rt%ggelg Lﬁ‘l §Qﬁgegrlyas§| %s oq I\%}cgsegctenum

et harrbuuh’cdctuorshan&rite@mshownamdropydeambngtmcnm:tuvé Sﬁmaqdmlanmmél vetmmuitohemmt iC
agent s tr er ha n i stance to
ooeor HRFEverryarbfRian PHRdEEE Which 1Rk nORD SEIRRE htlRnF SadcfRseste

et hi onainfedton aay notsrabmdglancopamakjmnuyrel resgEmisa éqr d&ahﬂgamtmLatd(at@ey@f n 30and

capr eo i V] 8
B N L L e R Ul
Li r@d I’dSp&IdélC,forZﬂ@ﬂ)artld'lhierarEIgHBSmeh)GFEEQXpreISSéd dt peptinde” and "protein" are
used i nterchangeably herein to refer to a polynmer of am no acid residues.
The terns also apply to amno acid polymers in which one or 35nore am no
acid residue is an artificial chemcal mnetic of a corresponding naturally
occurring amno acid, as well as to naturally occurring am no acid polyners
and non-naturally occurring



WO 2010/ 010180PCT/ EP2009/ 059586 19 ami no acid polyner. Suitably a

pol ypepti de according to the present invention will consist only of

nat ur al | ywocowvaidrsg am no aci d resi dues, especially thoPEeTaPRIVO/05L586IS
encoded by the genetic code. 5The term"amno acid" refers to naturally
occurring and synthetic am no acids, a%well as ami no acid anal ogs and
amno acid mnetics that function in a manner simlar to the naturally
occur r i PestanposuracactinesMatichr ditdclly trgatitiie dgmeamt persiatintbaceréa rlnbpaei iencoded by

t he genetjc..code ose an ,no _ac

e.g., h%l»%%&%?%ﬁ'”sﬁzm rﬁé‘&%ﬁ?(‘yE’“?E?%yn%?h@”c'aﬁﬁdoﬁ%s8h8‘éeé‘r? g"”%?%‘”%%. d
anal ogu«a‘sthe; eﬂfemtlsnt A veocipe tangksting hatentihemed theesfs@nagrifecantly efteaconamicdily uct ur e
as a naljt f e |§ 9 ]re E(grhartréno acid, i.e., an a carbon that is bound to a
hydroger‘? %1 ¢ P CI%JP 5 E‘ ®an ani no group, and an R group, e.g.,

honmd&seri ne, norl eucine, nethionine sulfoxide, nethionine nmethyl sulfonium
Such anal o have npdi fied R grou e. g. or ) tide
backbongdiuth pE Gesihirep o8 'ad sthepbTec G @ A5 bF ilsfin St BMon fihFFY
occur r i stggeaantigenato providaiamoultighade vaosiheé. cAlteredtarly, tate dthgdentigeabk coaldpeunds

h h f h i cal

R L L L T o
occur r i thepughitimodaeiabmeditiof ablaycathreaoimbmaacBdGistramspat ural | y occurring am no
aci d) or an amino acid anal ogue, especially a naturally occurring am no acid

and In particular those am no acids encoded by the genetic code. 20
"Nucl ei Recanitlg,"a raegeofsl\/lt tubdamdqsrs vaccine cendidates have adnqmopdsedtbiadesomnd

pol ymers t here in, ei r bl e- st.r anded T, r
enconpa 'S'é‘so”r'?ﬁ‘ SR 03‘?*"6 Wh‘?g.gﬁf‘%me tﬁ;’j Sty deoe {%?{a‘ftoaésg}‘g? Medh | e
backbon@em@&sdﬂ@&mm bndh&@a thestestingl of hlf@fﬁ&ltlaﬂ’y'ld})ﬁﬁéﬂsed pnateios al dgfivelgandr i ng,

S T T TN R Rk

t hel ef er ence nucl eot i des Exanpl es of such anal ogs i ncI ude, Wi thout

limtat, h hor hos m h onat es,
chiral V\/m‘iﬁ"{% p%’o%%?‘uona eﬁ%h%\ﬁn? ?/IaS?ﬁ]eogr?ancqa,l Bt de Of BE’%?‘% ”Hucl eic
aci ds (|ﬁNABb|ty 'Bueltsainé yhet ﬂ)‘redd)remant indudees of sach dﬁmuert)er'ﬁhd assaafidlraée bf/T cells

i b d id f. 30
Oni s BPReBRLRoBY BkeelcSS s Mot BY fitiier e ars L IRiEReRaly e
i nplici mdwaremmnmmieﬁ@snayomlemfmted/xakjwldmam flueeth thapssutiaded deplatowh of €0+, T

de era on. _substitutions) a nt ar u as wel |l as the
o C g, AR b BRI B C AP TR R A L BT UL SER s aifhel)

expli ciitmuriendspatsed) M. Bﬂmcmﬂoszsa}hdwbeedesgewen@b@mfe'qﬂotecmrbagalmanm ons may be
achi eve r n ion of one or
nor e seﬁij’gg't%g E'?%a Q'%'e gﬂﬁ&i @l?begtlw{’ué@dvv;ﬁgt Léyr%%eS?O 4ts)éés)e and/ or

deoxyi nosi ne resi dues (Batzer et al., Nucleic Acid Res.

2019/ o4y el B SR RERgTa R g N g pe B p‘%@ L ansTeBy
Eril?ﬁdf) )(|III:N'-Iv§ V\:.:r?ﬂhﬂnmm daa?:] been shor\]/\m tk)ste?bermeeardhamgﬂmbieylamftebtsgéne cDNAOI O
e o BYBERERE R OO AL R 8 R0, oY e
one- | et memrrsay\mtmlbss clearoEmndledemdvé)yhdivhethlaUPAG:—dllrLyBchlyamihmm Ib&,leﬁhlem@nm atiar e

Co | ik by th

eotapt ctemmAE M FREPor PRy FRlor BT Sl B8 SR ipdP i eof O IRAbY
used hellr/letmercy/asfﬂsameCﬁdme Foothy et itie keewo ¢rat & Ny stimdtes ungifQnadoploages or  a
o g0 R LS AR M TRE re Bty LR B UL 3 B R B PP
My c obacrogr instimsadog essidtdrate to 4. émbarcwcmemfwhomr F@mamwtemfsme mnramrcbldgyactf M
ggﬁ;?i#@g@b@g@'@%@%n' Qefee&ﬁ OQ EHT?Q %K{;%g@oél hoge%‘éan ﬂW%%uarlﬁd M

i nt racermtkcat(@poMedchaé)Jﬁub@bulgeaé&eimb Rdvh ahd@'ammekjstO(M) &ahsasson's M

sim ae, c I e oA rison's
Princi pIID%sC' / ?ﬁﬁtg(rﬁ/‘/ﬂ % %cﬁﬁgbte@%bp%ﬁ%gé,%%& %%]Béégg\fvalﬁﬁgha/'ég&,r”

Br &mmwa2@b5)et al ., eds., 2005). 20To ensure a high efficacy rate anong

vacci nated hosts, the conponents of a vaccine should be well conserved
anong the stains of clinical significance. Suitably, the Ryl1753c protein is
derived fromM tuberculosis H37Ry (i.e. the pol ypepti de sequence provided
in SEQ ID No: 1) or a honol ogue thereof fromanother M tuberculosis strain
(such as CDC1551, F11, Haarlem A and C strains). Strains of M tubercul osis
whi ch are associated with drug resistance are a 25particularly val uable
basis for the Rv1753c protein sequence. Strains of interest include:



CDC1551 - transm ssible and virulent strain Haarlemfamly (such as Haarlem
A) - Drug resistant strains found in crowded hunman 30popul ations. Menbers
of the Hawsol2erovdiexsdl y of M tubercul osis strains have beem/Hreamas4586 many
parts of the world. The first representative of the famly was di scovered
in Haarl em The Netherlands. KZN4207 -1Drug sensitive isolate frompatients
in KwaZul u-Natal, South Africa WO 2010/ 010180PCT/ EP2009/ 059586 21 KZN1435 -
Mul t i pl Ehadpregentésiestientel{tdf3narallyl tattee itletificpitdn @R\ 763c dsvaZBlantiflt @h, Sout h

Africa , KZNGOS - t ensi v dr resistant (X i sol.ate from
pat 1 ent Rz AnTRERarae ST A B e SRR EMbpS AR 348 T New Yor k
Cty. |preoseiontandrettment of TR espesiallyf ihemoevieatitreambireatmenhafiatantor®jandhihect i on
drug users e}nd rgsli stg.g% to .r%acti ve nitrogen internedi ates (Friednman et
al . J. PRYEEP! °HP&'aY Poo7 YN478-84) 10 94 M4241A - Isolated in San
Frarci sco in 1994 froma patient born in China. This strain was previously

anal ys b nom c del etion an i neux al ... PNAS 2006

103(3) - Dsedv I8 ek Skl MR ARAOR Sforinglestoc SN0 Tackmens

pat i entthbmof ora psoutblesliteszncoding Sailtpratein, wartanp veivagnisityfoansd iviziesltrégtmganom c
del etion anal ysi s n t al.. . PNAS 2006, ,103(8):2869-2873) .

Tor'- 1T araloh ir B SRl Me BRq mel DS HL RIS PR Y Heapment o

Phi | i ppiateas TB Téspec20p theareatmerst of ldbdrit J1B&.d Alternbdiviebh thet usal mayPh\B tR04
101::4871-4876). T85 - ol ated. in San. Franci sco in 1998 from a patient born
0 s b o R o 1B SRR e RS o AR AtbE e BRI 2
101: 487derie@ 6 monRsEPEAIS 4r evdrsiodiefinétdly).n San Franci sco in 1993 from a pati ent
born in India. This strain was previously anal yzed by genonm c del etion

anal ysis (Gagneux et al., PNAS 2006 103(8):2869-2873). Gagneux et al., PNAS

2006 10B{Sieri3B9edtBic@riamdspedeiebef thedtbaxtulodinitenplex] intiudes tBO&7species

O BT P R RSP R Bl OB, ry 17

t uber cui 0814 st FAISIS
pr dtdei nenvirosmketat &dl dpponubistc gudcigsapdticdess tiparnmas gnddungldisedse iBBEEnUAR: Nos:
1 and 3-7, in.particular SEQ | D Nos: d 3- uch. a ID No: 1. WO
2010/ o 1T PCPRRS UG a8 PO R Py AT et Fals BT BEPQVS O er est are
t hose cMnpficaiumgy BGOW. asurnoMsingacalglacd, M. etatiqueVicgeramenst, M) haémplaivm,
Ry1753c, protein ,se nce; (1 riant of an 1753 rofein, sequence; or
S 1 nlsae A SRS ek SRR B YR ST B B PP RS

Pol ynucPeuatip/eess nferal $iedfcaisl, Cheptept 3G @p( 3280666 6toes) Blaungaldf §f &, vdg.j ant  of

SEQA D 2 I t ..of . SEQ. | . i C i geni c

P18 15 el B8RV B0 e B RO R I S,

pol ypeptides of the present invention can further conprise other conponents

e nofhd B RS Frb OB (I RYOGORRGLN Yo 8Tk Bud TR B EbRERS RRA 0on 1 ¢

ot her respects. For éxanple, i nproved | soration o he“pol'ypépti de anti gens

may be rmagifdsiddadiszhstSympaungharnidie lesich (soitabdf wigh stanifédstdd ditedsestyimghtanas).

resi dues (commonly known as a his-tag) towards

25 The terms “inactive infection”, “dormant infection” or “latent infection” refer to an infection (e.g.

infection by M. tuberculosis) without manifested disease symptoms and/or lesions (suitably

without manifested disease symptoms).

The term “primary tuberculosis” refers to clinical illness (manifestation of disease symptoms)
30 directly following infection (e.g. infection by M. tuberculosis). See, Harrison’s Principles of
Internal Medicine, Chapter 150, pp. 953-966 (16th ed., Braunwald, et al., eds., 2005).

The terms “secondary tuberculosis” or “postprimary tuberculosis” refer to the reactivation of a
dormant, inactive or latent infection (e.g. infection by M. tuberculosis). See, Harrison’s

35  Principles of Internal Medicine, Chapter 150, pp. 953-966 (16th ed., Braunwald, et al., eds.,
2005).



one end of the antigen. The term"his-tag" refers to a string of histidine
residues, typically six residues, that are inserted within the reference
sequence.woaorwvmbrshse di sruption of the activity associ CEEP2A00I0598¢ he
reference sequence, a his-tag is typically inserted at the N-term nus,

usual ly immediately after the initiati h§ nethionine residue, or else at the
C-termnus. They are usually heterologous to the native sequence but are

i ncorporated since they facilitate isolation by inproving the protein

Gener ai TUF EHBaRPHS RRE BraQeide bl B BT P RE RO i 5eaSs pygs mar

si gni f i iodinidealfthattesth ogitvenfor Dfectioee.gfin 253etberculini ship tastdeditabliih aniimmitrod

response ai nst _t f.erence, protein, wever, to avoid the.risk of, an
hvor oo AR el el 61 toRE AR BB e Pieol PR sy erfo o i sliorpc
m nidm stest ihdichtes gta thef indikidudliis infetpde hgweta, the indiddud enayror hesyirdiegye i n
particul ar. t residques .(or.to exclude t u of .a_his-ta ntirely). 30To
o ove EHet S gl Tonies A Poieenre auTHone EReDibegh ¢ Ba bt T Ll b Rahs he
conposi tuberaslosip dhty pardoties odlaténhstatee | Itwit bedscaghisel ehat mveimddscfor than conpri se
mul tiple copies of the inventive antigen and/or additional heter.qlqgous

pol ypepheiaer iy R Pear e st eg N e o T bo e n R YA pec es
(i n parmbeitdsting bttivesyspeumsiidgease WO 2010/ 010180PCT/ EP2009/ 059586 23 an

ad ioti onal copy of the inventive antigen or an additional heterol ogous
antigen conponent could be presented: (1) as two individual polypeptide
conponeftesterrd (‘@ug assistafitliBibercufmsct refens woarpinfestiong(ebptinfegiminyhys¥t tberculosis)
conmponent s: . : : o one l.ypeptide, and .one pal ynucl eoti de
cononavereye itesting siriays Ak SaR T AREIPE B BB e o Pl S s g
pol ynuctatiet i faentdine’ adienmthanapdutid eyerds affegive yrpeedtindeutsmogosie (. ¢ ; isoniazid,

(6) as & Si ﬂ]g|§1 IKOnu?rI eot i gle eracodi ng a é)usi on protein conprising both
pol ypepf PUR'M 6 8&%8 énst SPIOTHCL R4 '?9 applies equally to situations
whelbe three or nore conponents are used in conbination. However, for
convenienc it J.S,0ften. desi | e th en . r. of conponents are

o esent TGy anuliy LR bR Mk 0Py Be BBl BloriBTRY A

pol ynuclubetcuidsis 1 &beremdha ipfectiag sirhie i$ tesistant o wtoedrmmork of Gromt-émédodi nent of t he
inventign all antigen co ent.s, are nrovided as pol ypeptides (e.g. within
2" oF nol Ao R Eee S TR LR dlB 88 Rnoc et ot the | nvention all
anti gen conponents are provided as pol ynucl eotides (e.g. a single

polynuch eqti d such. as _one_.encoding a single fusion protein). .20The term
it e el T TR e Rl e Rl R

i ndi catteesat_ttdrtwrcwm mgzlirééciiogdjyd\/l._dah@vwseis). tEmenmiifiq;rbprmrmabdegiudrag_eetstdsad are
not fouﬁ%qreéptug)g%u?ogg% 10de) pPé‘r?H Pntf?%aeﬁ%{ﬂni tcri]r?{?rﬁirrllo A 6 3 !:(?%é@r%c?nnce’

t he nucl’el’C acra’i ty%calye0|atyrduce, aV|8 or’ fior e
sequencesidseom, etiraphbata dethionamidar isamgad, kapamgkie, pyrasmarhidactfamgeihs (ecl ei ¢

acid, e.qg...a.pr ter from.one urce. and a coding reqi from another 25
Sour ce. R APPSR e LAY BT BB EBa i R b Bt SRR SRR

corgix i sazthtomoyodT ambituerequirsdanesn CEistdihaltor dAF @nhilirte” tbemdtherapehtic sgemés used to

rel ationship to each other in nature (e,g., .a . fusion protein "Fusi on

ol ypeptiaibai e laflsNel ol R atadbodsony JFemRnETPREMGL | cast “two
het er ol siggpisnBpadd/peptinatese ( ESeronditlink’ecemdilvarapdutio lagents usedricsteat

pol ypept i des) coval ently |inke either directly or via an,amno acjd

P er PURESsE A KF betorairh g Bk Ranr el e dr8-RG, PP et

C- t er m oflexatio, diprofioxacimy sthicalk el ghindseljcytiaacid) goloberida, akiccid; karamytins t 0
Ctgrm t er m t L. ) - ! T
polPhept e gl e B G S Bunth el (FEILOHE chib e AL ooy O

r ef er s Gitmews g be Vabimadojogimad Bésie df Viearapattiss, HaotyaoaptLont8Shesisi, 200%.,
alleles, mutants, immunogenic fragnents, and interspecies honol ogs of the
antigens that nake up the fusion protein. Mycobacteriumtubercul osis

ant i genbhaateemsl gsodypiebtde”] peided aet “pro®ir2 @t S04 BOPETYERPROOSEDTO 5¥6r Bh

polymer of amino acid residues. The terms also apply to amino acid polymers in which one or
35 more amino acid residue is an artificial chemical mimetic of a corresponding naturally occurring

amino acid, as well as to naturally occurring amino acid polymers and non-naturally occurring



al ., Nature 393:537 (1998), which discloses the entire Mycobacterium

t ubercul osi s genone. Antigens from other Mycobacterium species that

corr esporiot2o1oiotsaber cul osi s anti gens can be identifi e@CTEPZ09/0695B61g
sequence conparison algorithnms, as described herein, or other nethods known
to those of skill in the art, e.g., hyb®idisation assays and anti body

bi ndi ng 5assays. The term "fused" refers to the coval ent |inkage between

t wo pol ympieptacidigslynmera Suitsblpa pofypeptide acEhelinotoytie ptelsdetsnaandon wili cakistonlpi ned
via a pefptideI bondf. ei t her direc&l to each, other .or_via an anl')n acid

i nker . TEBHTBNGCY NG RN AT GELOUEIRCTRECREY HEE® 9GP P EPal ent

| i nkagegentfiknod#) t o those of skill in the art. Exenplary M tubercul osis
antigens which may be conbined with Rv1753c include one or nore of (e.g. 1
to 5 such as 1to 3, in particular 1) the followi ng (such as one or nore
of @) The fexhiaminoHsid” (efErsNb n8tudallly alcewrikeg amth syaghdde\ansing a&gd, ldAegll, ast dreino

| ti f which i. ibed in SEQ | D .No: 102 of W97/09428
(DA 0o KB 5o ot fime B b s mab i i Retall 100
161: 2356cc2dmd.an@ho peids.i Nafuadllyioet@rieg bmire ddids arathose evibbd@ddoystagyenete whi ch

i b he | eadi i | . j d i.e. am i id 2015-96 f

5 SR D6 s RSP RALIP b P S5 ARG, 015 % rom

M b8. 4 <i:e$b®&yglmnalrhaite8:?_-@ G)thbm)hogerine(.}Ame:dcﬁi:ﬁagcgjugf_régglgm gargguﬁlld[s)ahm 100
7 t epti de seguence o IS SCI | .0 . :

oY H6b amhavisle By BERE <EmBRARRES, 85 Bl dhofiiREarTSEadih s aniciet Ton, o

W98/ 53hidbis bBaY tolx Naogehl 9 cartibx2olgeianganofio paup) aul @ Rignégy, est,) and al so

in Coler et al Vaclci ne 200@. 2.7 22[?- ngfﬁiiﬁl arti cul arlfthe reacti ve

£ 1 agmertLTRSTRNR Ok e ietiofing SEToRde. fmahipRie MeXi SHrankny » T P uence
for M b$ave madifduoRugraoups $EQ, nBridlacined or B0dified pepidebkh@lesoblitnetain tas sbinb9. 9A,
MIT, M -A d . Ryl179 th | tid f which i. i bed i
SEG 1 b e B Sl i Pl Rediing ES R, ARl e e He P R ot
Medisci nehed€H) cdmpbinds3Pat(Hava gratnatireothaMsldifterentdioscihe gedeiahct@ngcdl Btriotate 17

and 51- q,6 of iV‘l)98|/ 5$q7t5t TSHES |D Nos: 17,51 52 FS 56 arpld 6r2n-. 65 bei ng of
par ti cut"@" IAPRAE YUt URATIEERPS 10r A TR ST &0 ¢ BPTUIHY SO NP TP Wscr i bed
i n 35SERuitablyNosamipd,ac@i3s aaturdly, oc20rriagcinddo adid WOSBAMB/AicharthlogueAl der son et
al Jourpal IOI% \/]%2%10/01&180':’%17 EIiD 00 /n059|58p gnS Expelri nent arI] Igbgibci ne
2000 7: SHECEEG3 MY AP UTIRE N GBS b PRI B T8 8™1ae <o @ UPL P SN i n
SEQ I D ¢dmetit 0odd.i v) Ral2 (al so known as M b32A C-term nal antigen) the
pol&?oepti de sequence of 5 which is described in SEQ ID No: 10 of

W01/ 98460 and in Skei ky et al Journal of |nmunol ogy 2004 172: 7618- 7682.
The f ul INUckigadid”pefeypiepteoswitmagelestdes oo ribRatRotide sséralwolymerSE@red ilNeithetr 1 ;

(v) Ra35 (,al so, known a b32A. N-term nal _antige th al.vpeptide sequence
of ) 1onnaslE; & s iBied I Re P S RE S S SR LR B e R AR P Ry "ot el
Jour nal nigiedtiteanabggyr RO0difled Backb6d8resBlBRs of lirkapes, lwHidnare sy pib bty epturally
sequence_for 35 1s_sh in SEQ LD No: 12:. (yi). Th | so known a

v b3o, Site SpriEe SR et Wae s ust kbt Bt B 6P MRS <
desxdr i badtleinaSEQIRvNch arkGiietabolB8 T & &vidBer simidarab $tee iefer@ndd rarclestided.
Infectigon and | ity 1999 67(6):2941-2950 and, Skei.ky et al Journal of

| mrunol S5y S0a 0 oS reue oty inrdten p R Tices auBtunlahBitror
TbH9 i smethglwhasph@ERd, Bhikd<metiByl pBO§phonjitebt 2300méthlykribokncentides, pE@da- and
Rv3616¢c he I t\i de..sequence of which.is.described in SEQ ID No: 138
of voog) skt abF IR SERFTHENE M Pyt Soke ST OTAER BpTdot o
sequenceedxgribdviublébtides & hibamudlevtiBESahdpdipmedsdhereof. (viii) Mb4l (al so

kn as MICC2 and Rv0915c) the pol ypeptide sequence of which is

25described in SEQ I D No: 142 of W98/53075 (cDNA in SEQ I D No: 140) and in
Skei ky Enlesd othenwiswmindioated narparicdgyn @000 adié Sequehde alkéImpliditty dncompbesegt h

polypepig nce-for Mb4l is.sho i N Q1D No: 5-.#x ESAT-6 (al so
Ko RO EeATHRGIS LaMnholsby Bad: PeadheRlinentds s i Ao
complementary sequences, as well as the sequence explicitly indicated (suitably it refers to the
sequence explicitly indicated). Specifically, degenerate codon substitutions may be achieved
35 by generating sequences in which the third position of one or more selected (or all) codons is

substituted with mixed-base and/or deoxyinosine residues (Batzer et al., Nucleic Acid Res.



30described in SEQ I D No: 103 of W97/09428 (cDNA in SEQ ID No: 104) and in
Sorensen et al Infection and Imunity 1995 63(5):1710-1717. The full-length
pol ypept iwo 20m¢uuersee for ESAT-6 is shown in SEQ | D No: PETI/EP2009/05958) AQg85
conpl ex antigens (e.g. Ag85A, also known as fbpA and Rv3804c; or Ag85B,

35al so known as fbpB and Rv1886c¢c) whi cROare di scussed, for exanple, in
Content et al Infection and Immunity 1991 59: 3205-3212 and in Huygen et al
Nat ur e Ne80&I (18919 6tsuDe28/1 0/ BibD L3eRCPLERBODASWHAD86); Ros&{id) ef&3ABD8. The

e BB Peel 60745838y Alod®eRdin fu TRHE-6Raly o 0N ng

of partmedlAapliganueleetide), and belyhudléotidengt h pol ypepti de sequence for Ag85B is
shown in SEQ ID No: 18 (the mature protein of residues 41-325, i.e. |acking
t he signal peptide, being of 5Sparticular interest); (xi) Al pha-crystallin
(al $0 khmino atishsp)barederkRyi03Ete)in Wheitteritiseidasenolie dnown Vesdletteredynaddolslarur nal

of Bacterjol o 992 174:1352-13 a rd Sci t al O jinical and

Bpor | nonT SO O BAY [T pRa SRk (UnRE1Te Bloamil Mo Barals, ¢ e

f r agmenCeminiisan: edypteutidey) likewise shaluies refdrredilto by thelOcordrbodlf @ceapdedl didgld30) .
The ful| Bl ecrg)?t h pol ypepti de sequence for al pha-crystallin is shown in SEQ

| D No: IT o Q?'i) Mot 64 (al so known as Ry1980c) which is described in Roche
et al Scandi navian Journal of |munol ogy 1996 43:662-670. The full-1length

| i f 15NMPT64 | h in SEQ ID No: 20 (t {
i e A B e L C g P S
parti cupravideatineB3EQUD No: (1 >ar rinomdidgdi2 Aheredierqno b Whepbacleriise gpeaiescofdfie whi ch i s
d i b in SEQ 1D No; 2 (full-] th d i d 8- 33 f..SEQ I D No: 4
(mat ur o8BS 2PemIos Sesedap rt M PARLRRLL MR Bo e Y 4B Pr dhe
cat al yt Mgcabactdumspatied tHag isgenvirbememstbibdrydpporteresticrendrtesti cduses egpocthnisty f or

| e : d | anj.ne).. . The full-]en I i.d f
N L S o
Serl/5Al ae.guUBEG, dh dviing dvinirace!//@&@, MDcdlatun2 2. ggbbxaensy, MBi&emopHilm, Mul | - | engt h

pol ypepti de_sequence for TB1Q.4 is.shq N LD No: 23; xV) Ry2386¢c,
Phe” Farterean SRS Upfactes-du Joulnd” AEY Mhysmaelrriery 2on sErSbr S

t uber cuPasiiEe H3 TR ma Mebmine, ChaBEQ 5@ pho95329d, 18thdddor BraOnwéldvel)al.Ry&sr,07c,

t he ful#dd S:ngth pol ypepti de sequence for Ry2707c from Mycobacteri um

t uber cu og 's H37Rv is shown in SEQ ID No: 249. or conbinations thereof,
such as (for exanpl e conbinations such as (a) to (g)):

WO
/ / . i i f b d
cofonelil o g p Ty Ae enipnpapRvafied Rprtei ik ceBiaE L bl pear
The pol ypepl casesedwenng tbé stuins 4 tlinisal digaificaned SuitaliEQhe RviN@53Gprofein is

ek e bl W B ey

aid gpumn' 4 haraolbgue thetesh frami dniothed M. fubene/qaisestem (siunl?veﬂﬁlilm 560 kb II-baaNAer’;)?Zf
veb7or R end Rosiisy”SRen? of My PoBfu e SuMER b SRR Rl B R eB G

Ser2%Al aparticadrydsaReB e Hdsissfor thiedR\vd 7bBeprotdimbgduencs.eBiraies peintetest inthglebeen
repl aced with al ani ne) conponents, for exanple in the formof 10a fusion
protein, such as M/2. The pol ypeptide sequence of M/2 is described in SEQ
| D No: 4 of QDLOSB! 1ttarisAiisqi®NAd vinul&kE@tkald No: 3) where it incorporates an
optional double histidine to aid manufacture, when utilised in the present
invention M/2 may al so incorporate a double histidine though suitably M2
i s absent t hidaafem fandly (sioohldseHdmrtetn Al) NRrugiresistantesiathsdsunt in 2fovideairhustz@ | D

N0:304 of V\nggp%a}i%zgﬂ\?erﬁtgéars %F th%q-ﬁgefrl(é%l fgrrnily of M. tuberculosis strains have been found
in many parts of the world. The first representative of the family was discovered in

Haarlem, The Netherlands.

KZN4207 - Drug sensitive isolate from patients in KwaZulu-Natal, South Africa
35



15i nterest). The pol ypeptide sequence for M/2 is shown in SEQ I D No: 25;
(c) a conbination of Mb8.4, Mb9.8, MDb9.9 and M b4l conponents, for
exanpl e iwothw/fiorsm of a fusion protein, such as M b71f PCThP2@oloyysept i de
sequence of MDb71f is described in SEQ ID No: 16 of W99/051748 (cDNA in
SEQ I D No: 15), where it 20i ncorporateglan optional His-tag to aid
purification, when utilised in the present invention suitably M b71f
corresponds KzNdEsndValtipld dresiedisest MURDisolhteSkeh patidxts inlovd2ubwNUBY B 748.
The pol ypept%t?e sequence for Mb71f is shown in SEQ ID No: 26; (d) a
conbi nati on ‘UM b72f or M2 (suitably w thout optional histidine residues
to aid 25expression) with I\/tb9 8 and MDb9.9, for exanple in a fusion

protein. The e |de uence for M 2-M b9. 9-M b9 |s shown
PosE0 i b NS E IR e Wi B IR SR lhE ™ RoafPbdheer e
M7 26\t b9. 9- Mda8h &friaasi on may opt| onal Iy incorporate a double h| stl di ne
followng the initiating nmethionine residue to aid manufacture; 30 (e) a
conbi nati on of Mb72f or M/2 (suitably w thout optional histidine residues

to aid expr e@sil—thg‘r)ly traridmidgBibBlev YorkeSignl end study thissit@in waofoand fo Iseislore

M b103f. The t| de uence of

of V0037 070 § e Ry Gl Ty R REE s TR AE onal
His-tag to aﬂFde@manbt alarllloﬂ@ct BisnHe97 1T6(R):4%8384)n t he present invention
sw1 bly Mbl03f corresponds to am no acid residues 8-1016 of SEQ ID No: 18
from WO03/070187. Al so of particular interest is WO

2010/ 010180 PuT/NER20A9/I95£68 6 Reh ”MbD3isco inel 99Mtflo03 patient boman &hireg ThisSer / Al a

nmutation in the Ra35 uti.lis esent % ion
Sui tably Mo ATLIRe RISy ook ey deite uERfiab e BEREP ST 16
from W03/ 0721)[11571031(&)12869 2008). Ser resi due at position 710 has been repl aced
with Ala. The pol ypeptide sequence for MLO3 is shown in SEQ ID No: 528,

when used in the present invention, the M/2-M b9.9-M b9.8 fusion may
optlidonal | y |(m095m otated dd@dnl E?ahmsdd idi2082 froinl opatiegt bére in Sbtthdddrery This

met hi oni ne resi. manuft re. f |na on of b

(s t abl y i STt b BhEy SRR b aS ont sl f SRt eaed plte Al W
M b4l, for ex@ep103(8)2889{2838pn protein, such Mbll4f. The poI ypepti de
sequence of M bl1l4f is described in SEQ ID No: 16 of WO03/070187 (cDNA in
SEQ ID No: 9), where it incorporates an optional His-tag to aid

puri ficati onT92vhieolatediih SaedFrantidchdén p9%Ssfeorh ai patiemitboominsThet RHdlippindsbTHié f
coryesponds E 16 from

WS 070187, ét/ﬂ"gwa%;g“%'%hgd iRt Brds 20 %7]1 48P0 b1 141

15i ncorporating a Ser/Ala nutation in the Ra35 conponent, when utilised in
the present ifgfivention |t ML14 espon S Q2 A0 2 d r.esidues
51160 o1 SES DoRERR 8 Sph s DR RePL (e g kAR S

posi ti on 710pubdishdakieirsb el alc &NAM 2004A104:48The4§76)).ypept i de sequence for ML14
is shown in SEQ ID No: 29, when used in the present invention, the

M72- M b9.9-M b9. 8 fusion may optionally incorporate a doubl e 20histidine

f 0ol2%w ng thEA’SﬂBzGi-woia’mgj ineSami Franciscorie 40E8I&onm pét[dznmmsruﬁramtjw &his sfrgin a

conbi nat i on 8 JT- n ri bed
- Doner ty ot P S8R AN B 5 o RTRE AR Lottt B BB A aBRASEDRE, o or
25(h) a conbiO%8)2ﬁ69€ﬁ‘87Ag858 and TB10. 4 conponents, such as in a fusion
described in Dietrich et al Journal of |nmunol ogy 2005 174(10):6332-6339

190: 2146- 2153. Combi nations of an Rv1753c conponent and an M b40
conpone@agraauvg ebl. pANAS 20061 03(A): 28685287 3@ Herbéry esal cinfecbridomuat 2@07s coul d

Corbonattt 2 SREHEs Pholfds Fifele BaRor Pl -ATe ERRRRT Bl U s Ml ner

and an &EBXnoenpoessit . A further conbination of interest conprises an

Rv1753c conponent and an Rv2386c 35 conponent. WO

2010/ 010180PCT/ EP2009/ 059586 29 O her conbi nations of interest include

t hose ciogrsugably tae RRY153s3ootemnp saleated &och tha pRlyREOie seqopomesmiovided i An

gﬂg'h“_%@blﬁ%&l 13hi 3, A pABESLSEQ TONRE! £§54 3%, RIhR36eGaBRRPgnt and an
35



5crystallin conponent. The skilled person will recognise that conbi nations
need not rely upon the specific sequences described in above in (i)-(xvi)
and (a)-(Wp,20ewdotshat conservatively nodified variants @ETEP2002059586 at

| east 70% i dentity, such as at |east 80%identity, in particular at |east
90% identity and 10 especially at | ea88 95%identity) or inmunogenic
fragnments (e.g. at least 20% of the full length antigen, such as at | east
50% of Pdlgnuidatigesof pantiquéartintenesbaire at odecmatprigingo(sunth sasqpesisiid of) atsetsmst 80%)
of the desgribed sequences can be used to achieve the sane practi cal

ef fect .e“égﬁwgof t he above individual antigen sequences is also disclosed in
Col e et al Natam RvIr$98 pidieid38quihite544 and Canus M crobi ol ogy 2002

148: 2967- 297 The gepo tubercul osis H37Rv is publicly avail abl e,
for exami o 012 gl Sy by BB REHERRBE (ot o webs! 1o

(wwi. sanger . @ anlihPuepgartisfragrenier anlRvs7SIc)prateth sdgeendwer e. Many of the
above antigens are also disclosed in U S. patent application nunbers

08/ 523, 435, 08/523, 436, 08/658, 800, 08/659, 683, 08/818, 111, 08/818, 112,
08/ 942, Bdijnudkdrtifd whl ABitatfB L&oPriEO8uctD8s 8513isBBg of)@9/2086t 3 EQ MOND72,0596,

09/ 072, 967 9/ , - 09/073, 01 Q9/ 223, 040, 09/ 287, 8 in, PCT
ot on Tamert of PERuBING: DR6ES 2piets aadRrdusioEaameRt AleRd SR

PCT/ U599/ 03268, PCT/ U599/ 07717, W97/09428 and W97/ 09429, W98/ 16645,
W) 16 which is herein incorporated by reference. 25 The

LoD o COMRIRATING

0Si eptides, and nucleic acids of the invention can al so
conpri se additional polypeptides fromother sources. For exanple, the

conposi i ons d fusion proteins,of the.invention .can include polypeptides
or hucl ERILAE RIRONEeRliRs BL i nrbelh ER B i Dfees al®eh hances
expr esscammpavkentshiesigned treenhaace theili@inunagenicifyl arem inaprove these aotigeing in( stéer,

30e. g. r\/\1)99/ 40|:_I.8r8 anmd W93/ 04({1).75%. Thfet nucII el Gi acings nofmt hg 'tn}ﬁFnt' on can
be engiWERYEY bARETHIF LBYGHCHFRPLeTLRIIAES PRYECRIGE Anidens My, EF ! a?ag.,
hurténs throughhiee edditonodf a stretchval histidinesssidugs (comanopBriknowulagra Histdgd tovwardg i n

t he case of%pqlt%(%e@ti g]e production). The Rv1753c conmponent may al so be
adni ni sO'&f XithOFE or nore chenot her apeuti c 35agents effective agai nst
tubercul osis (e.g. M tuberculosis infection). Exanples of such

chermth.ﬁg t4.c .agent s include - but.are not |i 'teg.t - am in
am nosa i%@ﬁ#c%é? ,re%e\?/ﬂoﬁ)itgﬁl %%T%E?ﬁ%r’%@ﬂ%%éy%'g B rgﬁ'd%%splrfh %g Ve n,
cycl osensarted withiatheutielencetskoereei de,minease diziuptiok ahthmaciivity asyocated anith de,
rif cinsf(éi.e. rifanpin. .rifapentine ng 'f%gtin strepto i.n
of 12K hchRretetosPepraleaBire Reedd TATEIY ARARBE ot b ooy oy ity
f | uor oqaftem theoinitiatindSwethiatirenmetsidee ap\eldesat ded Erteintieds. ey be ysudiynieterotfgotihie
treating physi el an, 4319 Breh el sdidr 4 ectﬁnbifa”‘"r‘&e}to{‘%r tiof by RhorbifiSthe
5chenot her p%utl ¢ gl%er?t $" HSed 8Os uper Gl'6sy § (ae. g. MAPPYBR Cul osi s
i nf ect i poleint biading $o imohobilised metal affinity chromatography resins (IMAC). Generally

speaking the presence or absence of a his-tag is not of significance from the point of view of

25 eliciting a desirable immune response against the reference protein. However, to avoid the
risk of an adverse reaction against the his-tag itself, it is considered best to minimise the length
of the his-tag e.g. to four or fewer residues, in particular two residues (or to exclude the use of

a his-tag entirely).

30  To improve the magnitude and/or breadth of the elicited immune response the compositions,
polypeptides and nucleic acids of the invention can comprise multiple copies of the inventive
antigen and/or additional heterologous polypeptides (or polynucleotides encoding them) from

Mpycobacterium species (in particular M. tuberculosis).

35 One skilled in the art will recognise that when a number of components are utilised in

combination, the precise presentation can be varied. For example, a Rv1753¢ component and



drug resistant include isoniazid, rifanpin, ethanbutol, streptomycin and
pyrazi nam de. "Second-|ine" chenotherapeutic agents used to treat

t uber cul o80=0(0010180M t ubercul osis infection) that has aemmrtmwasesds dr ug
resistance to one or nore "first-line" drugs include ofloxacin,

ci profl oxacin, ethionan de, am nosalici¥Bic acid, cycloserine, am kacin,
kananyci n 10and capreonycin. Conventional chenotherapeutic agents are
gener al dryaduditinal sdpgras theoiviesntiae metigan arelnyaddiiogalfetéroldgéusaant@enooinbsnent

Combi nat | of conventional chenotherapeutic agents with the admnistration
of a Rvﬁo?’g[g%e Br&?ﬁ%ﬁ nt according to the present invention may enable the
chenot herapeutic 15treatnent period to be reduced (e.g. to 8 nonths, 7

nmont hs, 6 m)nBBs t5 m)cﬁt'hsdl 4 m)qt hs, 3 rmqt_hs or less) without a decrease
in efficacy. APPiTIiYANE! PRYRFRISE PTPPREM ¥ se of an Rv1753c conponent in
conjaunct i on w2)hasBafusioh ysot&ial coetptisin Gheth poldéphle cdroporextpl e, in the form
of a nodified %CG whi ch reﬁ(gnbidﬁantl nZOFxgresses R\/g._753c (or a variant or
f ragnent therg faSaOQGGD@éy@FP S He P & %(%13./ UK(C g%g?m%%qe{;,, the Rv1753c conponent
may be used t ¢})esshtandrdititheal pelyparisstidefcompsndjtect t o BCG vacci nation, either

by co-adm nistration gr by bqgosting a .previous. B accl.nation, en_ used
Uy enhance. t h)rishORdE PORnICE e eBBS Yo PR A A RO e Rne S
conmponent may (&) as osisdly pbynpelestideashcoding hdudiar protdin eorppdisimelpdth gelypeptae
polynucl eotide (gptionally in conjunction 25with additional antigenic
cor%jc])nents as deCSE’}QOBS%SabO\,e)_ The skilled person will recognise that
conbi nati ons of conponents need not be adm ni stered together and may be

| i - , | v. i i i : h i i.all
B 4 e e N A e e
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mniStra . L . .
o oncirBdrBhs'atf pREnARSy SRR RSt RISl Bk br e AT R e PblfPele ang

corfposi ¢ncodmgal sihdie fysicageotein. Nuent ieatodimdnt usthalinvwentien altantiges cemedndnbs

humans, _hut are, effective in other m .s.including dongsti¢c mamral s

Beor e arBiolicy & adiieptifed &6 Wb 'R rkiar ottt Jo SRRy

chi nchi érhbsjimantbf gy ineentionrat lantigemednspdnents. are pawiledEsgm)ynsbleefdesdeat s,

hor ses) .. IV\D @01(?/ q:cld0180 CT/ EP2009/.059586 3f1 1 MWL Nl C FRAGMVENTS T cel |
NG 8OLRYY " Sn%‘i"g am Aé"

epi tope% L?Sf?es%npgq'%gssm@*e Gelds which are recogni sed
by T cells 5(e.g. CD4+ or CD8+ T cells). ldentification of T cell epitopes

may,be achi eved .t hr ough, epito pRi ng experi.nments_ which_are .l known to
2D, BteT bRl ey R o Bl 18 R BRE e O 8 B Tl 60

| nunol thgyucldicchceldcom2iéds B o rh8i@3ubs@picBbes thiat arfe rekt fdBndiimfhersaatel cs 2005
21(Suppl ,...1) :0.29-137) .. 10Al t.ernativel epi topes nay. be.predicted using the
2ppr oncAtONUE et omet PG Tl 1B e "R RBER: X5y s MucHiy Plynatl

i nvol veprediicedf havieg fivacal horeesspoerses ifmont wirelatedl geses arrabgddstomes@id yevappar ent

that fragments of .the full | ength 17 | tide whi.ch nt ai.n _at

| east | ofBCEReRn et s prorabS: R 633 SaPee 4R Bl Rl P Bl

i mAbnopsatrexc t SiovlarhSadtetdrolagoenpretelrbiadieates fiteat ttedproteihesreprisea dwo ormnocgeni ¢
fragmsntu S I mmgog%nirc fortgc?m rlltg1 a%corrdLartlig [0 %Oheacﬁro sent itn}/ee@ti on wil |
typi caI?fP 8%%&% 5?q%a okt ﬁnlfou.‘? IR G YLF SMTHE P | engt h
pol ypepfuside psetgiugnce (e.g. at | east 10), such as at |east 12 contiguous
am no acids (e.g. at least 15 or at |east 20 contiguous am no acids), in

20particular at |east 50 contiguous am no acids, such as at |east 100
cont i gutusioamotypeptciet sr fision eroteind| refee tol se@steirINd,ingpantle aph twrs hetatohmgoas i ds) .

i4~abl N [ ill b : 9 : I
50510 o P LRDHO TG BE RS, Lo AW RO e Touliopl 689 by TR B ' "
pol yloe|to¢i'reatéy sevjﬁencamri]ndz&zd; Iimk;je:r.l ]:I'bf pulmdﬁfb?ﬁﬁnidgatheifusicﬁ ;d'bteme aﬂieft_\{qmallpir eg os
ation uch. .
oy not B8 FERERRE LR Iy bBER o B AR IR N P RS Bun P N
maxi m sterrhines teeN-déérmifius; ecNdeintinentoaliteracalke Tok polypepteles @f fherfssion progein

pol ypeptide,. it | eneral | i.rabl hat_.an i n nic fragnent.

Cont o nerin R SFis T e FARAL FobaiiaiROy PG A s e he

( sbS abvariaats| aleged, opgmits, iBhuRagdnic irhgmerits cagientesspeties hemBlpgF 58themntigenisn

whi ch of I t c | ni | 0 : ' e

Ui  abl ) eLet SR R ORI, PRGN bB%uR 5t R s bl L 58
as those epitopes described in the Exanples and in SEQ I D Nos: 30-59,
particularly those associated with a plurality of HLA alleles, e.g. those
associated with 2, 3, 4, 5 or nore 35alleles).



WO 2010/ 010180PCT/ EP2009/ 059586 32 Ot her fragnents of the Rv1753c protein
whi ch may be of use include those containing at | east one CD8 epitope,

sui t abl y WO 20maab180Wwo CD8 epitopes and especially all CP8THEPR40008%58¢ such as
t hose epitopes described in the Exanples and in SEQ ID Nos: 60-247,
particularly those associated with a pRérality of HLA alleles, e.g. those
associated with 2, 3, 4, 5 or nore alleles). 5 Were an individual fragnment
of the élulNatzIrerSQBI53?)<()1%9[8¢mﬁldediisdomede esMeWwobadqvmtudemMssgaﬂmrT@d to be
| munog I th Iﬁ % t%lamreg )% ores n(§1 alfd ‘érctlzotg |SUI tc%tr)lly at
| east rdoggna 8spe‘i’ Y§PPar e easPe7sy (”‘%& 3 88 4RYCHB55 BHIT"e

activi tiye iobntified, ¢.of, @siap Geqe@gaencparisoregigonhms tasodasestedndraih| amtaesay  of

per oa BFORSE KT Gk RET befar B TR SuiaSld LBl Bgndhe gay.

1 déy tasshysweek or 1 to 2 weeks) that measures the activation of the cells
via |l ynphoproliferation, production of cytokines in the supernatant of
culture (measured by ELISA, CBA etc) or characterisation of T and B cell
res pons‘éhae Ieymi fused rafecs ©xhe acwlldniliakageth@itweemgtwoeotypeptidesdn arfidsidrophioasn.

speci fi

T Bemao e Bal RS RISl AEhHaR reploc i S o Buneres ore PR ey

f r agmendming ac@nmkdrercautlohallybme paptideg e oe joiredevid horepeptide soalerdsipkayes whi ch

|s 1%t | east 2 SOE kE Ieast 50% and especially at |east 75% (such as
Ieaslf 055\610}5’ Ib‘?se g« of the reference sequence in a T cell

proI i feration and/ or | FN— gamra production assay. 20ln sone circunstances a

pl ural i of fr nts of the full |en i.ch ma may not
beover Py ARG oSh bl rcuBarbe rRRBHEE b ot B0 ¥ e 1
sequencm))rermf)(e Ige1 ts & csuch asbttaiBningrarteglar v atherfolldwind cﬂgclmak onespmopsxoft() td he
full ({)}g)t)h sequence itself. For exanple, at |east two inmunogenic
fragnment's’”(such as three, four or five) as described above, which in

corth nati on provide at | east 50% suitably at |east 75% and especial ly at

| east 90% 25 aof the_r celna in V|tro estinul ation
nsoay of PavEPbHIs8 kobBE asEERL SRERPEAES Hihg Thelfus PesllebFErbFTRER g
producti on a@mybed /AR GAND Bo3002/afrW @7 £94 26 (d[?(NﬁnmeSEQl[D Wel Y0 yddfin Edler

vari ants" appli I equences. Wt h
respect to p‘g[r § glot}zéﬂglug?gggc% sequer?crz%gsis or?%e'rc\algffn\?%gg)} lﬁgn&%/\%téae

vari ant s r ef dtts.4 sedqueosewhiagb liealseatihd deadim gedigresh pepl@el (derunhmabCIdrreSIdues

es tially i no. aci d elc acid es
moPhncode” alt STRe S 88; 10 GurBRLRAEE, e RN SRR CHTuRRSo
35Due to theMtbdgkiseshaey iroSEQHD NeBeti ¢ code, a Iar ge nunber of functionally
i dentical nucleic acids encode any given protein. For instance, the codons
GCA, GCC, GCG and GCU all WD 2010/ 010180PCT/ EP2009/ 059586 33 encode t he
am no aci d afipklib®es (aTdujsqomtasemst9n@6@0287onthmperype|atrdeadeauém dfgvrrbqbe'si fied

by a codon, the cod £espop 0 S
descri bed w %%Sgﬂ eogﬁéel':f(?n ﬁi‘@ggg%S@%g agpeggs &%&clhg'% S%dg%lggez
vardaat i ons | @adod: d1051i2|4@|f|t/\7’09&/53(176985@rlltl‘ms ¥ 89 biaeh 1 2) beihg ohpa&nﬁjlme speci es
of conservat. modifie R 5her ein
whi ch encodes%ége%)o nyoga(al%? ln§:61§ %CZ'IeI @/ €es égv%é%%o@ ?%# g“'%letﬁg? “Vatiation
of the nucl eﬁr@gmmtsish@remdﬁ"lgwkmthemnl)I Thetuddengile pdlpedptida shquende ifiori Mitb8.8
nucleic acid ce ch is ordinarily the only codon for
met hi oni ne, 3%@ %S%wg ordinarily the only codon for tryptophan) can
be nodified to yield a functionally identi caI rml ecul e. Accordingly, each
R0 o 2 A0 AeHEL Soted TRD ERFRIER PR RERR Rk ot &
a nunber of saduende afavhiett isalescritedrin @E@’ﬂﬂ”@o 19—(50\/0981’6&07(fsan‘tj-|25\lddr$bn et al
particul ar I T I e red to
Jo%lrnaa}%?Egﬁé}%%n%l I\)/ea;}cuf %qu & W%Q %etth é‘:fquTl\g{Pe 8|38I8€£oa1

t he reference sequence nuc gnventd on may contain a
nunber of nOBEQIIDeNUSs: ¢Z)ascda6\1/@6|0I7W®%/5(3117508§Q(IDd%osex&rﬂ)1l &2, 33,%0,and b2F65as

1-25, in pargti.cul ar SRpeci | £ ered) 1en
corpared Lo t4iE bR RERsfe AT it G ROs vl o r Rk ReSthat Il o
resdfit in a 8BAQriQeNasn2t.188, 26,270 &6 aadidn @f MDEB/53HJGemden Alierdvaret ehdughaltohe
substitution, deletion or addition of am no acid residues). Those skilled
inthe art will recognise that a particul ar pol ynucl eoti de sequence may
contain both silent and non-silent conservative variations. In respect of
variants of a protein sequence, the skilled person will recognise that

i ndi vi dual 20substitutions, deletions or additions to pol ypeptide, which
alters, adds or deletes a single



amno acid or a small percentage of amno acids is a "conservatively
nodi fied variant" where the alteration(s) results in the substitution of an
am no aciwowntopieushuncti onally simlar am no acid or th@CT/EP2009/059586
substitution/del etion/addition of residues which do not substantially
i npact the biological function of the “%ariant. 25 Conservative substitution
tabl es providing functionally simlar amno acids are well known in the
art. Such coBgmriranialMegiomed?F00ed551a55%A NI fall4ength @adyheptidanséqueanalfalo not
excl ude pol ypprphi c varia a~hnt erspeci es honol ogs, and alleles of the
i nvention. 3 9%1%88}9‘?i"HgE@fIDtWeqlbhventi on may contain a nunber of
conservative substitutions (for exanple, 1-50, such as 1-25, in particular
1-10, and es jably 1 am no i residue(s),. may,be altered) when conpared
Lo the ref or BHEE 2dHaE KRB s Rifaa GREAUT RhuY b BN heaoRR FEons i 1
fal 15 wi t hi n whieh &f ddshebeanin Isi=CGatt) NogtofiVog$/98petafid mdSKeddy@ival Jhwenaglof i N sone
ci rcunst ances_ot her t,LL Ut b ossi ble wi.thout substanti.ally
o fect T ng  nE i ny PR BT e o Ry BRI Pal b S R o s o
t he anti gen. shbiwe ifh @EQIM Ng: £i;ght groups each contain am no acids that are
typically conservative substitutions for one another: 1)Al anine (A,
A ycine (Q; 52)Aspartic acid (D), Qutamic acid (E); 3) Asparagi ne (N,
d ut am ne (Qv) R435 Mg kriowa {sRYItb3RRN-teem{nld) antigen) thelpelypepi@le(depuenceusfi ne (L),
Mety oni ne (M., Valin ) ; enyl [ TyL0sin Trypt ophan
D 307 Ser thien {8)esCihbinerd TS oWl RDabd ng RS Al Pl 1y
(see, e.gqg., OmeugktgP00PNF2EBN8-76884The full-lendBupdlateptids setueigb$dr Ragbiions do
not occur in_the r%g_#)ﬁ]@g 1 epitope, and do not therefore have 15a

1

si gni fi cant TIRSECE nogeni ¢ properties of the antigen. Protein
variants may al so include those wherein additional am no acids are inserted

d f f ' ' :
ot 110 1 ocal)onE R EERNaLT SRREE b din TERRPL Bpr 50T Mo BEPBEIRS Tn
partth cul ar l1sdgueate ofnyhienid deagribetdon SEXADl@,10i7 rof VQe7 /@M A8e amdidist iroDillod  500r

fewer am no aci t ea | ocat | G or r, | rticular 10
or fewer, es%eatl:?nz (ﬁ@)n@ng:}mf’@\?& ;S.S%séﬁg)a%‘la%sg%@ﬁnpnsfskg}ri\(leie(t)ﬁg‘%cﬁ’g'%r/]fg,[’ occur in
t he regi on ofmmumadqgyt2fde 17276183682t Thdtulaérytie pbigpeptide sequenice damitbHIpact on

t he i mmunogeni ¢ pr [ €S. pf the antigen. One exanple of insertions
25 1 3

i ncl udes a shory' g istidine residues (e.g. 2-6 residues) to aid

expression and/or purification of the antigen in question. 25 Protein

varJants inc t.hose erein 10 i e been | et ed conpared.to

¢ h@% ot or enc S0 T8 RGPS Tl B8R 1804 BREPRGe Sealireaprant] e

| ocat i ons ( sdesgrilbed ib-SEQ 2 Abi ©38&0f WOPBABOYS (CDINA @ SER &) Non$37)i mhpdulki cul ar
1 location) and,na for exanpl 1 avol.ve the. Lon.of 50 or fewer am no
aci ds at _onch 0 peh e FORTRE oM ST IO RO P, *0°0r ' 301 ever
especially 5or fewer). Suitably such deletions do not occur in the region

of an epitopg,. and do, not ther h i gnpi ficant,. inmact on .t :
"rmnogen o gio R T @B Ehobes T Ca AR b BePeas BBl RAE b Aacllin e
t h&5 a part i dedcabedin@EHED D Nar 14h0f WaP8/666T6 (cBdAsinleEQ tiNoot)) andlireSkeikys and
additions (or i,nat i t ) 010/ 1 CT/ EP2009/ 059586 35
Met hods of deettail? Xrﬁ'rﬁlg@ IT%@'”%@?’( gg(éoefée%"{wg\éﬂé% ' i{ﬁegﬁ? 'Fggtﬁ pé)}ygetgog?cri bed and
exenplified sayuthee fiox &ipd 1eis shoam inBPEQ IDMNek é6:abl y exhi bit at | east about 70%
identity, nore preferably at |east about 80%

(ix) ESAT-6 (also known as esxA and Rv3875) the polypeptide sequence of which is

30 described in SEQ ID No: 103 of WO97/09428 (cDNA in SEQ ID No: 104) and in
Sorensen et al Infection and Immunity 1995 63(5):1710-1717. The full-length

polypeptide sequence for ESAT-6 is shown in SEQ ID No: 16;

(x) Ag85 complex antigens (e.g. Ag85A, also known as fbpA and Rv3804c¢; or Ag85B,
35 also known as fbpB and Rv1886¢) which are discussed, for example, in Content et al
Infection and Immunity 1991 59:3205-3212 and in Huygen et al Nature Medicine 1996



S5identity and nost preferably at | east about 90%identity (such as at |east
about 95% at | east about 98% or at |east about 99% to the associ ated

ref erenceweequanesy) The terns "identical” or percent "i @€miEPR§09/N59586t he
context of two or nore nucleic acids or polypeptide sequences, refer to two
or nore sequences or sub-sequences thak6are the sane 10or have a specified
percentage of am no acid residues or nucleotides that are the sane (i.e.,
70% i dentit y2(893893-89ml The f18Y6ngBOPolyBisle 930§0en8s ¥r AYBBAGs sIaRPH indBHQA ID Noover

a specified i on). when compar Mexi mum. corr esp ndence
over e compalt b MeBe BRAEER 308, e Roing e TRE PR GEPRERREC of “the
fol | ow ng sepprénda ictergsgr Tisofullddrair polpaptide sbyuemea tiarl AgbBds sfeovin iarBEQ i ual

i nspection. Suc eque ces en sai be, 15" sybst.anti al | dent cal ."
Thi & def i (NOr RN L oG of REOuETs T o Re & R aS MO yfeie, bERG o

Opt i%onal |y, mdmculdemterdsy), exi sts over a region that is at |east about 25 to
about 50 am no acids or nucleotides in length, or optionally over a region
that is 75-100 ami no acids or nucleotides in length. Suitably, the

conpari son i &i)péptfaacrpsdllioyaso knommatovepXaamdeRyBoBde)nehittoistdescrivediin ¥etongt h  of

th f 20, F | |
e i oS e Tk, R AN A
using a sequlémeemmrqbanmycm’ogy tee5 td2a)3-52 &df panldulaelhmrmt@m Eheqt@meess are

entered into a co te se ¥ r e

necloary " srreSaLiCl RO T arioal d Pk & ok RGN e

Def aul t pr ogpaypepipasequenes for aiphaleystsibdis soowallrtSE@aDlN/ce19ar aneters can be
desi gnat ed. The sequence conparison algorithmthen cal cul ates the percent
sequence identities for the test sequences relative to the reference

sequence, ba(sxe)d\/lph64t(daieo pnagr asTRp 38T vbick is destdloepiarRabe ehelnBtanwtinaaisn used

her ein, referenc h eqguence na 30co )8, ed to a
ref erence seqod'er'?lace)f n}amynoo@nﬁ%}% d&:h?\eg{r%@f T(?:h n Iﬂ%ug sooﬁlé%f)&?o%equg? el t he two
sediences arEPToH4 :srmt)h\m nalSE@ﬂ:EbNo I\Z@t(ltlmis?mfe ?lbl&iy‘FlOTB‘BSId?éS %@qn&neebackm?
conmparison are we n i, N e ial alignment of sequences for
conpari son gtgﬁ St?é‘a!:%‘?'?&a% & %fpﬁmcutﬁ 'n[% ocal honol ogy al gorithmof Smth
& Waterman, Adv. App!. Math. 2:482 (1981), by the honol ogy alignment

2l gor | hm of (SRR I RS el o Pt AR AR S RN 0, o,

USA 85: 2444 I6A§BBAnd tepidaesPB3eIdl SEQ IDnyd:ehirtat) ofd/ Oof/ABHes espbgallyi t his

BESTFI T, . F 01 /. EP2009/ 059 TFASTA th
W eonor s covap e et SR R (P 3 PR 2Bt SO, | Dea®
Dr., Madi sonesidlg, wiich bmyrfnirruxatnpw begmoeatdd aradhninegudhe fullsipegth ipolypésiele, e. g.,

Current Protocols i ul ar _Bi ol Ausybel et al eds

supp! ement ) ccaeies R MR R BLPRE NS AT s Busp Bl iR B a4 s
a multipl e steacatationgssovwn ihrSER D Yoo of rel ated sequences using
progressive, pairwi se alignnents to show rel ati onship and percent sequence
identity. It also plots a tree or dendogram showi ng the clustering

rel2ft i onshi p&ivii3Bdo0 #dotherfalbieagthipelyakptifeneuendd foEUB1 Q14 ésshaowsi im@EJ IBlbi on of
t he progress%%e al i gnnment nethod of Feng & Doolittle, J. ML EvolL
35:351-360 (71987). The nmethod used is 10simlar to the nethod described by
H ggins & Sharp CAB/ OS 5:151-153 (1989). The programcan align up to 300

sequences, X i ds.

The mut tr pi <] B s nh F 29 Belas Yenlin G SHRE Lo PR RO e
two nost si nubercubeigui8TRess sivedin SE IANo! 243; endiof two al i gned sequences.
Thig, cluster is then aligned to the next nost related sequence or cluster
of *al i gned sequences. Two clusters of sequences 15are aligned by a sinple
ext ensi on of(xt/iI)]Rv@'é@ﬂ"cwtf@efulalehgmmupepﬁdet semuench for Ruar 07sdoure Myesbhaclrient | nal
al i gnment i Stuﬁgrt&bﬁggqﬂﬁﬁv% gre&,{meﬁ éﬁQﬂ:S RI%I’EL&;'SI ve, pairw se alignments. The
programis run by designattng speciflc seguernces and their amno acid or
nucl eoti de coordlnates for reglons of sequence conparlson and by

desi gna e sequence is
corpar o iRt PRLPTERh ARTLL b e bRt v fab b WG uence
20idbentity relatlonshlp using the foll ow ng paraneters default gap wei ght
(3.00), default gap length weight (0.10), and wei ghted end gaps. PILEUP can
be obtained fromthe GCG sequence anal ysis software package, e.g., version
7.0 (Devereaux et al., Nuc. Acids Res. 12:387-395 (1984). 25Anot her exanpl e
of algorithmthat is suitable for determ ning percent sequence identity and
sequence simlarity are the BLAST and BLAST 2.0 al gorithns, which are
described in Altschul etal., Nuc. Acids Res. 25:3389-3402 (1977) and
Altschul etal., J. Ml. BIO| 215:403-410 (1990), respectively. Software

e e ey O ee—



words of length Win the query sequence, which either match or satisfy sone
positive-valued threshold score T when aligned with a word of the sane

| engt h i rwea 2dexEbsse sequence. T is referred to as the meirgrbawioswsds wor d
score threshold (Altschul et al., supra). These initial neighborhood word
hits act as seeds for initiating searcBés to find | onger HSPs contai ni ng
35them The word hits are extended in both directions al ong each sequence
for as far a@)tlembinatibabi Rmml'rbglrmdtRe@é@bmpoaentbe‘oimn&ﬂsmdhe@lmdfative

| d 10/ 0180PCT/ 058, 7
ol oot e Ry RRuEN. R pkRey JNE R pReiE R T TAP 2 B85 BeT it chi ng
resi dues; al 3BQRIDNDP AMO2006pEITaHO YCMmeSE@anosﬁharuﬁmrfg(en@ﬁ duﬁmmeal vvays

cumi at i ve. SeQTELHERER RAERTETe1FTSGaMieR FRCbSuSs Bl GRSV, (o

wherd t he cupsmlﬂahhonewﬁém gnm;edun theqresehainhentinfsuldgbly Mbmﬂmnbseyt tKefoptional t s
5maxi num achi.ev ive scor ZEro W due to
Do heouma St wRliEe), T PP ld s SRr A2 nbEh Ty SERIBIRE 246, e

end of either sequence is reached. The BLAST al gorithm paraneters W T, and

(tor nucl eot ad SERTHLe) % EadoR SR SN RuBPRFE hen(dp T At R0

expect ati on {drheoesidiy hdd:tﬁenl‘deplécemdltraaIemnp)aa:onsmnmeofs fooekamle is thedoeks of For

i d he .B d f
A B expect BB OE] SFenuts Minq" bR Ao Bt Rs  aritpich §7hdk Pt bea Bt ot ¢
& Heni kof f, IPride:.4 M?Z?%@&WZ@C(CDNNSASEQI IDO9E:53) (WbBBI) Dncaﬂpbgnesem ept(og)al of
50, t at arison.,o r ands.
rone Bracy afbi mbude bic MeRvaPhichyrBR et ardsthdlveR B vig b
sim I arity b@*smenrpbmm s elgublp téstidins elegu gh. syitabKBI7Riis alSs ol thecﬂphbnallaboble

Nat'|. Acad. SA 90: 58 )
brovi ded_ by PRI KETeRPYEr fAm o0 ore Tom L FRRe Gedb el ptisele))
whildh provi dieterest). iThdipogpemileakqudreegoold@bis shoywnby SEQ IENNa 2%at ch bet ween
two nucl eotide or am no aci d sequences woul d occur by chance. For exanpl e,
a nucleic acid is 20 considered simlar to a reference sequence if the
snmal | est sunocp)a@bmblnlatmryoﬁ Witb& .4c M8 did . odind Mib4tl estnpooents,for e@intbld i thére
reference nu ess refera ss than
Sbout 001, 2HE chalEipsETe PR RReRuE st R B MR
i nventi on al descabd¢dinEEQ O pol ymm:weeemem&mnm mSEﬁaDNor $5) wheregDt | de
ot 11 one. (BeaRo R B L Bl Bt ARER Rt e P88t erment of
a second nucuhemtlodesumﬂwb'hm"]afmblreslpoedmmcbemnaapdlrgq)mmSl93@1&0fr$E(D$[Dntgp 16|) an

500111 an 1 IREEGRIPR e, g ook Blde oy Seos oy DT R B RuTRE TS BRF &

"hi ghly stringent hybrldlsatlon condi ti ons" refers to condltlons under

whi ch b ill.h
compl ex i xr ) & cpimeltetp Bt B7pfol iz (AR WIAR EREH Bisrd atliet b Bia®
st rdngent coe»qliresismma with &/ts@ § wed dtb8le plendearhplaida Yusidn dyetedh. f'lfr@rpmlupepnde

35different circunstanc ences_h br|

i gher -t enpet L aTaetor A ez RS LS aPHERRIS SRS I BB P iRl o
acids i s fouwuben nse'ﬂl |p$‘&emresél'r&m’mennme$he M?Z%QQI\%QBG&Q&P@'&&EBQ@%&OSQSSG
38 Bi ochem str I I\/g B g‘%”o%i/n I—ﬁ [ tlzatl l\(chI el o Pr obes,
"Over vi ew of Pﬂ@lep? g ? ﬁy% AYon® Ahd ' THE'S ?'a?%g%? 6] A3 ei ¢ acid
assays" (1998anufeetnex;al |y, highly stringent condi t| ons are selected to be
ab 5-10C Il ower than the thermal nelting point (Li) for the specific
sequence at a defined ionic strength pH The Tn, is the tenperature (under
defi ned 5i on@eaasbmbngtlm ofleItb?ﬁﬁof Mm(witablgzwitbmntdpad)riad)hpstldmevdréichjes?o@%dof t he
pr obes conpl errent bri th yence at
equi |l ibri ume(\ngsr:e%s targggg % meosé{glrae |0%Soe%{am “@‘é@g@sgﬁ‘ °Tn" 50% of
t he probes ap@ypupudmsmheabe e'thtHOBfrlsldH)cnbbldghS&QleergérwW:@(Bﬁj()‘t(]mﬁis wil |

be those in ' n Lon | odi um
ion, typicaliy a %ﬁg@gt% ‘ﬁﬁerkxl't%a"r%ora%&%‘%o t'éentHr'%tFa%L{éatdoQu” e
sal3%s) at pI—WﬂerOutihee@lnahalpdes'eh’en\m)ttlerrpentaiﬂyjk/l&)1|0§f enrrelseam;ds talaouno 3@63 for
short probes t ) e I | ong
probes (e.g. reg%}Jg ?1339? ﬁgﬁégdBlrﬁJACﬁgg'{o%d\éf?s%&’qﬁlogm ﬁ‘% géla@g%dé%?l ons may
al so be achi eved with the addition of destabilising agents such as

formam de. For selective or specific hybridisation, a positive signal is at
| east two tinmes background, optionally 10 tines background hybri di sation.
15 Exenplary highly stringent hybridisation conditions can be as follow ng:
50%for mam de, 5x SSC and 1% SDS |ncubat| ng at 42C, or, 5x SSC, 1% SDS,

o, ~ o~ - P~~~ N O OA NI NSNS ~ o~



20Nucl ei ¢ acids that do not hybridise to each other under highly stringent
conditions are still functionally equivalent if the polypeptides which they
encode arwo=otwgtersvi ally identical. This occurs, for ex&CHIEP2000/08958& COpy
of a nucleic acid is created using the maxi num codon degeneracy permtted
by the genetic code. In such cases, th@nucleic acids typically hybridise
under noderately stringent hybridisation conditions. 25 Exenplary
"noderately BU03 ngemb1mb|mbdbsmtt|h@a SeodH mhutatisr in the IRa38 camippbentdivisat | on 1 n
a buffer of 4% m de at 37C, and .a wa SSC at
45C. A poSi t%‘t{/'&ei&? tHBB[GSSP 'BYFW“S” SP"ﬁbi,?V &"%)?S reeespaa%ﬁ@r%wrmac@m%sg%ue&%
ordi nary ski 1016\/mfIS|EQ EEadoi 1,8ﬁr@mNg@()yem‘rﬁtwradrelertmmSen/reshy@lat kb sstéini 70110 heasd

wash condltlons can ti i de condi ti of siml

3001 1§ ngencySeorrP Brrauth ek PeBh e S bR ol MIBR IS Sl SEQLD Mg
reférs to thas, b\rhedlusgd wdlhplpeeeengmvermohyﬂhell\dZZSMtt@ 93Mtt59 grblsemurhey optlopaly a
parti cul ar nluc reo;t L[dedsetgugnﬁg,l under stt ertllt H{gﬁ L et Ll(fn tconjdl tions
when that se§t¥RRES 3 “BYESEREUTH °°%’6‘r9p & fiatg VUGS AP el 1 ul ar or
i brary 35 DNAnafacttfédd). WO 2010/ 010180PCT/ EP2009/ 059586 39 In any event,
variants of a pol ypepti de sequence wl| have essentially the same activity
as the reference sequence (in the case of pol ynucl eotides, variant

poI ynucl eot i @ea s@qbieaioesof WMtbT 2fen 0Y@gsditabd] wigeot optenahhistiincaesidasetutdial | y

LGRS 2ot Wl SubAL oSG TR ATOEE e SRFALRE 4L The BaPpige

Sl east 90% asxquenteyofdiitbtl v is eésoribad & SEQUE MNoe 16 of AIOIIVANBY cDNS In BEQADI on

assay of PB ood th speci,fj.c tigen . Q. restinulatjon for
e ot of MarioRheed Biatpcralsia ST Hilh Rk nb i wheR UFey 3 e
day, 1 day tpredemtdrelention éumablyz\/ltmeckfs:))rretmmdgmasmmsactdwresﬂoes gdtibonf BEQL he

of cul ture (Gt o & oA 3o IS PR e M P92 5 cer

reslfonses byintorpomtid@arstr/dit maaedh il the F@Bélcnmpgnér& \ghemlstlhsgd mrthe padeets

Bes bt &) ' PP VEMS sIBAetr it ra e PR oS sl s TRy o St FARTBEQ Ro: 78

essential ly frdve V%@WOW&?WH@emshmﬁan'esme bepcsition (R0 rmelbealh)kgplzaiedlvemst 75%

and especi al % actl VI t.he refer e in T cel |
proliferati %Ig eo‘?oqmgﬂgg quﬁ t| orAIr '%grsown ml‘%@@.@ LH Inlf)Ee in'the
COMPCSI T O\ISorAsenjse,(énhrm emmMYTZJrMIb@ éfMtbQ,tSdU&dea@@iphd@ﬂynr&:qusate@ dgoubtel ecul e
th has beernI i 3 € ﬁedl fr,éheem@ﬁtn e 4h| 3 r|e DPIA g ,UafCQf' cul ar speci es.
Théref or e, f) yenL?cVe IO oot sl |§o 8% Y& HOHEE’S to a

polynucleotlde segnent t hat contalns one or nore coding sequences yet is

substantiall |soI ed a rified free fraqr otal e

of the speci ach \?/g?r(':\é\ﬁfx%gengo n%'%‘:-[z)}gloctomcﬁ)é)n‘FntsO%JtcL aﬁed %sonvﬁ‘%c %erH

under st ood byolidrtyss askourha@adf mﬁedﬂbes Brseasedz00g019PrA1db-etS3desd/of t hi s

i nvention can 25i ncl ude genom ¢ sequences, extra-genon c and

pl asm d- encoded sequences and snal | er engi neered gene segnents that

ex@%ess, or (nm)iy combanaéipr etiAgaSBearpl B3H).4 porapeiamss, spch gpiapt fudies depejpieddes and
the like. Su S nat

synt heti cal I?f'e gt rrgp\?]z, m%'fp U'%lé]ﬁa%doél ﬁ@g%?%%G%%geL@%ﬁ%{del 2153rreans t hat
a pol ynucl eoti de is substantially away from ot her codi ng sequences and

that th ati es not ¢ nt ortl ans t ed. codi ng
oA sueR BT B TR S e B UM SRRE B oDl O BT

pol ypep@bdeusipshdmgsdnﬁgiamnss céuid btiinate dontaic lo#hiet additiohal anmgqmaaoatmﬂethnsom
O”Bgi en re\ﬁ% fran§s that flank the gene and encode proteins other

than th %gne S this refers to the DNA segnent as 35originally

i sol ated, and does not excl ude genes or coding regions |ater added to the

;oo anindKerof of TRes omBRSe 87 B AR o Rgaet ) 3R 18r 2 hriSorihl o

(codi ng or antl sense) or doubl e- stranded and nay be DNA (genonic, cDNA or
?c/)m glef,]A?Jr%h%gﬁ%m |n§i‘i)ocnoc§i‘;|‘rét§§e8n Nﬁ‘pr%%ls%%%vel%é n%ionen I\dAannR %Ices, whi ch
35 component.



to a DNA nol ecul e in a one-to-one manner, and nRNA nol ecul es, which do not
contain 5introns. Additional coding or non-codi ng sequences may, but need
not, be pwe=erwoiwisbhi n a pol ynucl eoti de of the present PoT&EPRION5958601d a
pol ynucl eoti de may, but need not, be |inked to other nol ecul es and/or
support materials. Polynucl eotides nmay28onpri se a native sequence (i.e., an
endogenous sequence that encodes 10 a Mycobacterium antigen or a portion
t her eof Qther corayinaitongrdf fverasiiaclidathps® corapiising) agRedl53arcompoagntandlan
equivalgq@ogf such a,sequence. Pol ynucl eotide variants may contain one or
nmore sub&t'i ﬁf?@ﬁgvmguditions, del etions and/or insertions, as further
descri bed bel ow, preferably such that the i munogenicity of the encoded
pol ypepfide . j.s not dimnished el ative t ref er enc otein. The

ort oot ah g SemEBE T e st FardistE sh o g iR RECARl A aRBral 1y 15e
asséssecysisllinesmpotsd herein. I n additional enbodi nents, the present

i nvention provides isol ated pol ynucl eoti des and pol ypepti des conpri sing
various | engths of contiguous stretches of sequence identical to or

conpl enEmd skilledtpersamewit recwgniee tHat chrab®eativreneesd ndt sty asecthb epedific sdgaences

exanpl e, 20po| ynucl eot i.des, ar r.avi d this.invention that conmprise at
Coast aisseibau eV BHASE) M Pt Babtonsa B FousET s B E el
cont i guatusast @oVedoéntithe such as hideaf6OP/cidertity e paniceladatdedsd 96t iHentity andas wel |

as | i nternedat ngt there between. It will r i | under st pod
Phal " eE R ALBS oAy ' RGP ES s Pagrbénitle g St S5 AT of iHIT RER ! e
quot ed ardigeessuch aslat BastN% dilthe3Idtigat, in parblylarsl leds270% Andetspegiall/Gd JeakO1,

102, 103, etc,.: 150, 151 152, 25153 tc.,. ingluding all [ntegers through
200 5002050 1¢ BT oRt e urReRs DRk ERhiels T e Selsgl SRt ed by ¢ hose
of ordinary skill in the art that, as a result of the degeneracy of the
genetic-code,, there .are ny..nucl eoti de .seguences th enco a ﬁi pepti de
e GescEited erarf RAGAIR B HEREORAIS £ ERE SR RRS BEGo SRR D b o

i delrlt i t 39X BB 73 hanchQamhes Mictebislegu 20@2145:230Ty2978t iThe ggenme oNOh éitieed dssss

pol ynuc| i des. that wva ue to differences i don uys are .

Cpent 1 ey S RURihayRhY o) S pLLB AR De Ty S §oR e R e st

pol ynuciweot.saleer bbak/Pasjectsim ituhez@dodigy adtbetsewlame/ or pri nat e codon
selection. Further, alleles of the genes conprising the pol ynucl eoti de
sequences provided herein are within the scope of the present invention.

Al | el esMangofehd agevecargigges e dismdiscoseddh te8 quhters application humbersrdd/523,435nor e

udbor VS o3l B o5 Shly B e Rl PR W e an

al t er ed0&858)898)108/866,38dnCY/0561556A00A172 S9GRY0/0F2, 95, 09/073,009, 09/073,010,

s, hybr APSIpAL RS RA T 6T olft b SRR GPUSRRORAL AeRORbaN R4 ° "

P(?—YNU]SEEUUSBE/%DEB\HPG:WU/SUBW@WEPCFHAWERIBW@@]%O?ZB@MMG%MQ?H@:Sl may be
estavl | S8R PRI GeBEes ool Bt R Siorth RRcR BB R S ) enc T ea. as

destxi bed in nore detail below, by screening a microarray of cDNAs. Such
screensymy be perforned. . .for_exanpl.e, .usi a teni mcroarray (Palo
At o o sehs AR At ATeIF apttE ol e tur et Pin SRR e 1 1y
as descadditethabyolypeipédes fedm ather séuroes. Fatdxampteathe Gopositibhs 93d LBBD4rdieinE9
(1996) Heller etal .. ,Proc. Natl. Acad. Sei. USA 94: 2150-2155 (1997)).
N o ha 0 Fen Bl s niier Y or SR a R encPRn PRIRA oS e P )
cel | s epglyptidergnttdneep exiression diebe antigeth, begr, NS, asudlieaza Wrustprbieincgéasi s

Ids. S I [ b lLi.fied vi | hai. ti
(PaD I eRLIEE o520 EnE PR BT Bl el et LG ES BRI ER basea
on t he saEgdencedoppeiérdect iher giecies an dhaiesy elye, pumatsgdettie oasesyiit si sed. An

gene | romersln PhaParPyBrta st i Wi BTt B T B o) weing

wel I known techniques. Wthin such 20t echni ques, a library (cDNA or

genomi i ned usi.ng one. or re | yaucl id rob [_Qrinmers

2o v abi 09 By RGPPSRy S P p B ere MR Pap Of e PleaRaRe be B 1

i nA%udeademtgeffectivd agaihs subeRanekisieng. iMedbdrcdosis infectionly Elaswpldseofpueti erred f or

0 BB ST Bl o A o SESOE, S

hybri di sati on techni ques, a partial sequence nmay be | abeled (e.g., by

ni ck-translation or end-labeling with 32P) using well known techniques. A
bacterial or bacteriophage library is then generally screened by
hybridising filters containing denatured bacterial colonies (or |awns
cont ai ni ng phage plaques) with the | abel ed probe (see Sanbrook et al.,

s o o, NN PN PN o o



35usi ng standard techni ques, which may invol ve generating a series of

del etion clones. The resulting overl appi ng sequences can then be assenbl ed
into a siwglzelocanmspguous sequence. A WO 2010/ 010180PCTPEPAPOGVOSH886 42
full length cDNA nol ecul e can be generated by ligating suitable fragnents,
using well known techniques. Alternati 9@ly, there are nunerous
anplification techniques for obtaining a full length coding 5sequence from
a parti wpreﬂhﬁwrsequesmme Mhadnbmosetthbrtaendjmiuszpmw;d aarpdrhydur(;@yiazrma'rmd@eneral |y
per for ) ari_et comerci a its may be
used thfSE‘uy?' ?ﬁ‘. éamﬁl& ”f?P%”\{'t”F@Hdi'{ag’ﬁ“”)PPtr‘?w%?”s‘y%ﬁy"fﬁxa% pgr%féod‘ac'gi ng, for
exanpl eglaritbfonwaine azigirémcioand fliorbipn@nalotes. FSucI‘rE:hsma’merapyeé detabhme&ﬁy&@a

nucl eotides i.n ent. of at |east anneal to the
arget uBiehtbs v Hlng 8P Sind PRGN Shetbabiaibnsrr ERAIRR T ed  egi on
10méy b@em&qmmapmdlcagedtemed brette a habeecul @aid(eay &, | talpgptwigsis edpotioc)etbatds setbl ed
into aﬁ?ontl e is inverse PCR

Deo 3 OB r I In GRS MBSO §iBubl, 8 S0 SRy B ghied

restri ctSecondlirey maembtbnemeen@a@erm ﬂsaigtmm:tat iubetchiesisiieynMr egeawiosts t he

15 he f h ul, d
o kAR Heroptiil ShoGRURREST Gk drah B TR et Huas R lde° K

r egi on. of\ktitin rcigmofl@daciat emtdnmmldqopnmmslal,lcysequemyebserdjeaaeﬂﬂacmokamqmwctri al
seqlllg)encen ?%)rbe rclatrleved by anmplification with a priner to a Iinker

seq encd %OWCII}TEI‘ specific to a known region. The anplified sequences
are typically subjected to a second round of anplification with the sane
i nker prine nd a second 20 ecific to

var | at i R RH En SpSBE AP i Fira el S Risietie s Lol o ngtherios
ext ensi@na. 9 moo‘prpmstmbdan@coﬁamnserftlooahdhlemokrewmusqueﬂsw;th itree akirsiaistrbtah i n
V\D96/3§59& 7% ot her g ﬁ g} i own_.as " Q%I I'h ﬁ‘t on?
CONA endd b7 oRAEET PO af%"é H?&% epﬁ%soﬁ”vé‘ge? 0 eieupigfieichep &t 2 R5H frer
and%an meqtmenaberlpdltorbe reduced ke.fytb8i rdorges, 7 mosthy,d ryuénnhegj onths, 4 ewhors, 3
sequence, tQ %n)w@éﬁ uencseeslt t are 5 and 3 of a known 25sequence.
Addltlonr?gﬁ1 8t ﬁ?qu U A Fffgg Qp‘? UPEYPCR (Lagerstromet al., PCR Methods
Applic. 1:111-19 (1991)) and vvaI k| ng PCR (Parker etal., Nucl. Acids. Res.
19: 3055 it tiion so be

enpl oye(a ‘? r"c r')]t}ﬁresg’fs ufeé (sgémﬁg?\%gp . LFn%c% Wgﬂ%%clﬁ%% ances, it
i's posstihette(GlfdnmaBﬁGa Fat daxalnmmgnrintmeﬂbbm s’ezqrmdmed Bﬁ(ﬁwallcysecsmnﬁnesﬂquences

j ded | EST
D2 anre T R REE TR BT RE o b b e R ne R Bt BBy e
per f or nRel AASt mgmpehdnt kregviee yseddo anfsan(ce .tige resbme cBlaA{BBJecemrBﬁ@y)acmm@ns uch

ESTs may, be, used to enerat nt| ugus f | engt.h s uence Full length
DNA seque 'th ngc%ﬁldmlql 515 Or@f@? Medd 83) aLiS éj(::é V3EAFG8n L Lfsegg?nant s. WO

20|10/ OIWMYGEBWBB%QEBQGMO B@G{Mﬁﬁﬁﬁﬁm ]ER\MIEXPFES%@NOhMtH@T CELLS
P
Fus on RGP GMARE B8 ferim A TRNeReh PO TR ke MlbudE (B B8 4t BilnctBR:

recﬂﬂrbmﬂnhddﬂ%aﬁuﬂmt@euicnﬂoondntsestje&mbpdebsve)n of a polypeptide in
appropriate host cells. Due to the inherent degeneracy of the genetic code,

ot her DNA sequences that encode substantially the sanme or a functionally
equi val & slalrddr[mramiwill samgeise tharaymbdatiorechi cethpanehts heesrbn&etxe@numstermy be

used to cl ress. a n. po e. under.st ood by

hose. opBERR 7 fiof KB oGP bt RE B A A0S s2ins i redleiab g

pr oducewittoh wsbplttlpeleeobrﬂw@hnlge saroé eomr@i@hmm‘ﬁmemtcrwteﬁoslswﬁmr@snfon naturally
S T 1 09 E0800y 16" 0o SHATBL i OIS AR RIELE S B BATCHEEHAL) B okaryotic

or euka?(g’ P host® TaR e {02 REPERLE tﬂe & “8f"PPIot’ern

expr essadminister a@oprbirdtior o&ccvremmhtm siRpla compnsiton.pt havi ng desirabl e

properties, such as a half-life which is longer than that of a transcript

15generated fromthe naturally occurring sequence. Mreover, the
pol ynucTIm)pcnytmp&éemepntyescleardebenénglinpesa’nm aﬁﬁim;geaﬁthrméstlcgewﬂmhdalw Benown i n

the art S pal ype f arjety of

e o LRI Rty P ERERke S50 R AR ABLARS Bl Ao

cl &% ng(e. gardnms&ts;gabtatsdfabs nea(xmrgamlacpmgsohambbr@ehlechlllas) and agrlcultural
mammals (e.g., cows, pigs, sheep, goats, horses).



20product. For exanple, DNA shuffling by random fragnmentati on and PCR
reassenbly of gene fragnents and synthetic oligonucl eotides nay be used to
engi neer wbheormabmoti de sequences. In addition, site-di PETEPANDEEZENES] S
may be used to insert newrestriction sites, alter glycosylation patterns,
change codon preference, produce splic8lvariants, or introduce nmutations,
and so forth. 25 Natural, nodified, or reconbi nant nucleic acid seqguences
may be ligated to a heterol ogous sequence to encode a fusion protein. For

exanpl g i ibraries for inhibitors of polypeptide
activit@@ﬁﬁyaﬁgﬁﬁggﬂﬁgékgﬁTFo encode a chineric protein that can be

recogni sed by a commercially avail able anti body. A fusion protein nay al so
be engi eqLed to con%gin a.SOCIeﬁyfﬁe site |oc tegt%etmeen t he I

pol ypept CaeRIREY Py 8 diTEHEEUS RE et %Sﬂe%”é'P8|a8@8W Py HrolisgdiBnd ey o

t hats t hie.g dBAFeptGRRx Traylisheldehtfivation afiill cgllepitopesimawdy dchiemed theouybtepitopedgous

noi ety. .Sequences . encodi n desi r.e ol ypept.i de nma synt hesi sed, in
Whol & JPPRITS A RIS g5 EreE LR RS PR A (78 af 3 ae

Car ut hePsyl, Mnddmeatadimmuhbiody, 3ALed s2432247 @9aP); BEBbartippt al Bi&in@22B8alick2B0% ,
Horn et ugl. fds Res. Synp. Ser. pp. 225-232 (1980)). WO
2010/Of%k§5@%%ﬁég%§gg/059586 44 Alternatively, the protein itself may be
produced using chenm cal nmethods to synthesize the amino acid sequence of a
polypepkide.,. or a.portion thereof. For exanple, peptide synthesis can be
peror it iRl uPate™ s e dRen SR it PotadeeRebab Sy e Bl ce

269: 202- 204 (1995)) and autonmated synthesis may be achi eved, for exanple,

i i.d hesi Kin. El al 0. Al :
newly <o Reut ST bR RL OE TR NPl 5@ prb PR SB Poidiat  ve i gn

per f or na@ppaeert ittt frdgeiknisroatiegut [Ength(Rv1g 53¢ Bolgpeitide vhidhr aainedimat le&tionetTur es

TR o e R e s 0 e
in the t ﬁb I s? i B e I'rmed by

amiio amedeferat wsharebdrassequmngemgfragmgnts. t he Ednman degradati on procedure).

Addi tionally, the am no acid sequence of a polypeptide, or any part

thereof, may be altered during direct synthesis and/ or conbi ned using

E:hem' cglknmmdgedis_fmig:ﬁentseaml errdmt' : oftlne)pr:eeerirtéqunti?t willrtgpicaly caméorip@ait Ig%‘l@r eof ,
o produce a vari.ant no ide, n order to express e

ol ypeptigatoynid epBS e RERE i ferdd bPuRbae B TR G R lgtTaL) Shen as a

funct i deast 1Rqontigucristasninoragidd .g.res eraseth omdtdeassh 2@ ppmtgoouRb@ineXgmidss,Sn on

ve r, i.e. ve r which contains the necess el ements for the

! 290 rpastictiar & 1arSE pEharltab s SBRO DY, B A RRSh o BTdlar R b S

whi ch asxanved bt Ikasi\@0 tcontiduose asilind dadb)i Suitdidy tietimmayogenicSagménds ewdlhniss atuct

expr essj.Q ect ors_contai.ni-p u s_encodi 0 pt.i.de i Nt erest
ond’ CoaeBn Al Rt o€ B e BoPE T BRNTTER A FERL 0% §8F 8RRy S bl <
These nedlyympsde seduedee.i N vitro reconbi nant DNA t echni ques, synthetic
techni ques, and in vivo genetic reconbi nation. Such techni ques are

descri bed in Sanbrook et al., Ml ecular Coning, A Laboratory Mnual
( 2A%0) , It dilbeAursiebstdoctthatih ., dicarse euttbréd popdation, suchds reowdrer diBe@nogyA( updat ed

annual 1y), 25A yariety. of .expression vector./ host st ens be utilised to
cont af nvRsRERn B S5t miBr B FRY a0t BELEN Sl e RER AT B ibn nor

| i m t edComsequemttyotr gaximseshs levhl aisedpgottion iaad scaa sf mmede nespdnsedcanbi nant
bact eri opha pl.asm d, or cosm.d .DNA expressipn vectors:. yeast .Iransfornmed
wrh yeaarefie JuE BBk e B8R fu dom B S84 s Painsl Bt i

expr esseptopeeiomrise {ull.length bequehow (suitahly appepitdpesl | systens transforned with
Vi . 30expression vectors (e.g., cauliflower nosaic virus, CaM,; tobacco
nosal ¢ virus, TWMW) or with bacterial expression vectors (e.g., Ti or pBR322
pl asm dRarticdar feagnmamts ofehé Ryy8i3zmoteifhehitic ovaly helof ebemehids thase contaguhgator y

of "t ho. GasiclP Y eniPef ARl E5 PPt TOE oftoBor dRF SRl R PR o0 ' O1°

35whi ch(such es those epitdpek aletcribed linther Exangties arsl it SECAID MosB0-39, aagiculapy | on and

Depona o0 The wraeTor PR BEh AR ek, baCkost sbRbRBREs B Gobbkdsas 4

ut i35 sedllelesy nunber of suitable transcription and translation el enents,

i ncluding constitutive and induci ble pronoters, may be used. For exanpl e,
when cloning in bacterial systens, inducible pronoters such as the hybrid

| acZ pronoter of the PBLUESCRI PT phagem d (Stratagene, La Jolla, Calif.) or
PSPORT1 plasm d (G bco BRL, Gaithersburg, MD) and the |ike 5nmay be used. In
manmal i an cell systens, pronoters from mammal i an genes or from mamal i an
viruses are generally preferred. If it is necessary to generate a cell line
that contains multiple copies of the sequence encodi ng a pol ypepti de,

e o T AN o . 7 e o e



10l n bacterial systens, a nunber of expression vectors may be sel ected
dependi ng upon the use intended for the expressed pol ypeptide. For exanple,
when | ar gegoquewtidtshes are needed, for exanple for the i rdudEPR@/064586

anti bodi es, vectors which direct high |evel expression of fusion proteins
that are readily purified my be used.3%uch vectors include, but are not
limted to, the multifunctional E. coli cloning and expression vectors such
as BLUHEStDRlF fPagra&tts af thgee ¥ 53¢ proldmivhich nidyebesefqise rmsudentbosk cuntdihieg at least

| id f i be, | i d.i h LR, fr. i
Cequencate 7B sphCaTRbI e e RBb SibPtiinoe ptdalicih o palfialides:s
gal act otbskasgtopes thsdribad nyiheiEkapipiEseind in SEQY IDoNee @0-247 Noarbatlatysthfddan Heeke

et e o0 S, 00 0 B 0 L

as fousion proteins wth glutathione S-transferase 20(GST). In general, such

f usi i | ubl d [ ified f I d s b
adsor pt TR o P GEGe et ts L8 BadRBob e Gt ags. St SRUMTRe "o esence
of fr eecayisidieddnto Meemnianoyeiinehemdeelicits 8 uedpoayes ivhith isvatyledst 20%s sgjtebil dto

i ncl ude_h ' h i f XA e Si h h
o B D AR BBl 5Bk O X PEGUSAS SE Y R EREnid , 1 °
25 | n tdmugeeasih,anJaviivaesimdationcaseay oEPBEC an whotdigoodwitly spddficsantigerisaery. ng

ituti i nduci.bl t h I fact or, .al cohgl i.d :
and Vo el a6 o2 B G B R R BT G R BRRb AT b R e
pr onot et day focl wdek &APto PeEekshfiiat arechsididblthdactivation eftse caBerifAusubel et al .

€} : -\ E | . 153.516-544 987) 3

e Bl = wBRBes bR RayBh g oqusybl o SRS Wi ekl St CRPSr SR SR o
used, tOBAexqoesisaracteddatioe@ii€randB etlcoshangepby inraEind desacaiyiabstathingv@ry. by

f . f . . F | e, viLal h he 35S
R i e
35dife g aCDéeld e3Daseettisiolbevdd mynafEéis Witka flavsom EbBGultablg; 803grdarit(4987) ) .

Al ternativel lLant pronpt.ers such. as _the small. subunit o,RUB or heat
Chock cionkElele BB R SR bRe B nS 5 omeRSs ihish o rOet Ah v SRy ot
al ., ENB&BE0Y3arib7dpetasPal128845% Buoyhs at least|90%)SE terautiviBdF:taS R &48cd 1984) ;
and Wnter et al T 3 su!.gts Pr obI, 1_Di fferd }7: 85- 105 (1991)). These

const r utt S eEh "Be F%F'?r8 GEdign ARE/ST BN MBI IYSIONFFEY: DNA tr ansf or mat i on

or pat hogen-nedi ated transfection. Such techniques are described in a

nu r of generally avajilable revi ews, (see R bbs .i.n,5 McGaw Hill
Betbr o s efioinstinieh bARIR S AR G5 1B utombBfiduif bR oL o1,
mayhal smtajoeou';:aem/etrlepﬁﬁgpae@ﬁa? qnmqyp@pbc:)m thef er}timtgg’éﬂnb_.fuIHepgtIa)saqm)érEgi/)inlayone
SucC SyS e u [ a a .C 1.1,0 ca nucl ear r IS VvVliru IS
cued auBe Sdha pabei APAR AL RIS PEGCREL [ AR IABIR Bl R T 1S
i n Tri cdraphpls i ldaar madmmlinegsmwc tregroests 1dehasdhreg, fobheofdky pe pésaibedrayolse

cloned into.a nan-essenti.al _redi @R, of the viru uch as t.h I in
Gene. S B ARR PR PR B0 sl At ro B sBe G AR S0
i nsXx t i aativibyf oftthe refeley pe pequece mcardinnvifresregtireulationnadshy LERBMIC ervehgioblpbédr i n

gene inacti nd produce reconbi nant virus |acking coat protein. The
Peconbi Rhe UreeeB Rl FndRr BEPRRBR pld it BT CRaroler S i ugi per da
cells or Trichoplusia |arvae in which the pol ypeptide of interest may 15be
expressgﬂ Qﬁ@ﬂflhard etal., Proc. Natl. Acad. Sci. U S. A 91:3224-3227
(1994)). Bn mahmal i an host cells, a nunber of viral-based expression
systens are generally available. For exanple, in cases where an adenovirus
i's ed, As_an. expressi on vect ar = sequences encodi ng.a po tide_of

| oo ARRfRLE RO GRTTe A o JRERIST S e REREL AR 87 ¥RER L 4 B
20conpl saquences. Withgespéctith palttiatler prarivdad seqences, ganservativelyadedifiesequence.

| nsertion. i non-, essenti.al .El or, E3 regi,on. t he viral n .nay.. be
used t o pn A ReRBioGacnnin elodtRbidler Sa e locfih gt hed

pol ypepddqiences, bniveerbdide husdic eeiblldee$ hoigantode Shanino Ridsequsate,.to Assahtial§ci .
US A 8§1: - (1984)). In addition, transcription enhancers, such as
t he RDu@enéggga gnghs (RSV) enhancer, may be used to increase expression
in mammal i an host cells. 25 Methods and protocols for working with

adeidovi Pus tostbe degenesiacy ofdihve eensticicnd& ldrgeAdieriey of usctivieaiidsntinatiniieic ocol s,
1998. i g r r di VA K MS ctar be
Found | B HeRe0r PhE bRk REGn. PO et A o orB RIS ER ot B, o5
Research Quide to Internet References, 2004. 30Specific initiation signals
may al so be used to achieve nore efficient translation of sequences
encodi ng a pol ypeptide of interest. Such signals include the ATGinitiation
codon and adj acent sequences. In cases where sequences encoding the
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WO 2010/ 010180PCT/ EP2009/ 059586 47 shoul d be in the correct reading frame
to ensure translation of the entire insert. Exogenous translational

el enent s woaoioibisat i on codons may be of various ori gi neCThHEPRDINGSES al and
synthetic. The efficiency of expression may be enhanced by the inclusion of
enhancers which are appropriate for th83particular cell systemwhich is
used, such as those described in the 5S5literature (Scharf. etal., Results
Probl . éelode Bief draino a2 dlabrdl 6Ph(s] 89eNe)y pésﬁicmdnzhdre an ,alamurimostspem‘idd bytar ain may
be chosen for it expr.essi t he insert
sequenceboprngsoipteants Hira B Buk bt e Codtls Bestitte WEEH Afreucn
nodi f i cthtieaosdenf pdiypeptids. yPagt iudisid add valgtiobsiteadte “silett” br leegermbrate variants,
acetyl at car box | ation l,ati. phosphor vl at i. on i dati on,
and. oy e are St oh SPmerRuf Fia by Shtig el BRERIRAR S Regpleh i o
of thhe hreihevhichencodésa pbiypested dism d@cnbesteatew mssma;llenn\ssaemmbmnf théol di ng
and/or functio

56" TR pEd. OBs ok W e thogeart oo g™ A it ad oty Al SRR, 2

f or sucik opdisdriy manmlwdodonédr raethiovine] @s] T@8ywhieh dﬁq@slmlanlyoheorslga kceddrhfer cor r ect

nodi ficatio [ oce af t f.ore Sprotein. FEar term.

n ghe yi RSl hERRaTed & i ine BpFhre AEE! SpBkMe. AlortBfofeiihient
gener al Variaporediex nedeic Boid tieat@apddss acpdlypdptide & imiplictin ehatbHysaeibpd esgueace.

pol ynucl eotide of interest may be transforned using expression vectors

whi n I L NS [

exaﬁ;sgiﬁﬁ)oﬁlg élgét@{a olf '{h%dn\%ntlgp LV Qgp{a‘iarpg gr%:)%ro& sﬂgrqjv% |%t12091%g%9%9§r9[g|3 1-50,
separ at suchexst 1625, ifpardtioviamty5t dred especeﬁtutbodnn(@fmamlme almretd))rwhemeidnmarmytobe

al | one w_f e di f sw_tched
fo ser ebbfedieitandivdie ARDolBeBRANEFEnPRND GEahs ity B Gy efehe
resi st acnmeertvetns-:e\valatlom(foraarxdmlpteﬁ 1150e seatcas BRd omaglpom h-5aacd especiadly ¥ of
cells S t n i cl ones
o st anrods) HERERSes oEE RSB R Bl Bo p PP E e SR g R o S B aEl €

t ecltoni qaresthmpmmq:h reaUIelrtaJCFndmgecretHe etn;(Cpéed ﬂny\orawrquuemces(eltwth@mhstyst ens
may be r f r T ot
Li ni tedétﬁ)%ﬁltuk ﬁé d%f\é?&gsrédlioq{h eé)? a\'}}ﬁﬁ%ég{i resm!t%gf] U c;%%ss%llé@%ﬁg%rt VQIII‘FeiC%{;r?E%
3011: 22BaB2 pgrtiena) polmntleaﬂ@smepbmaph@onﬂamﬁ;dtm sigems$ et agresijdnbvgnsenadtive Cel |
22:817- %ﬁ (&990)) genes which can be enployed in tk.sup.- or aprt.sup.-
cells, respeéilvely Al so, antinetabolite, antibiotic or herbicide

resi stance can be used as the basis for selection; for exanple, dhfr which
conf er sinrresnest efrivagiants ofretongieineseguence\ihgl skillee paitson wHk ieeogrie that indizdualSci .

U. 8
amszrggg %u}:)ggﬁ?g s aglggﬁy%(:(?r?dgwgﬁ% 4&4&'0%? %%z('ﬁhe Sar’g?){j%gg a 7t ta% ?nglk%l Bi o
150: 1- 1amm@8m)c)r a sopall rairger@agqadtamIMBGﬂs isanicensaneatively anastifiedo/acahtd néatef ur on

d ph Vi .
Addi {1 onereGiYE BRSO AR EBREE L BEERS WE {blloToty SRR e .,
descri bagld of be sakstifytlon/delatipBadditipr bf residoeswbigh lde nobsulistdnitiglly impaol thei n pl ace

ft : s | Ils t til hi st | | f
Pi st o HgBpREE iR e AR 20 00 Rl - Acad. Soi . ULS A 85! 8047 51
(1988)). Recently, the use of visible markers has gai ned popularity with

h trat : d
ol f or GaTenyiee SRR pr By A RARBLAG N B rliS p QBB Gl "
i dent i fpetartariichcassarggtivblytmedifiedl iagacfgaant |nf'owdutl®e taami:do nof excliaesi ent or

stabl e e tor system (Rhodes
etal . ﬁiﬁh&hﬂwﬁéﬁéaéﬁ %RX%EE§5§H%Q%E(%BH%$EgQﬁﬁ#ﬂhﬁgﬁgﬁhe presence/ absence
of marker gene expression suggests that the gene of interest 10is al so
pr nt r exanpl e,
e A B B B o N L R b B b rb i B he (081 e
sequenc@(amm@dniﬁ isaeh ag &t25s inquanticaiani1r, gedlaewmlyd@mlb@acldeeﬂldlia(@)dnmybe he
absence, r f \Y an be pl aced
't ancan S el R coBRRd WG ftendl SRRl IF clnof UK EinBRRRE " 0%,
si ngl e gpibstitotiens WIEf@jIr\wﬁm orme ofthe lamlrmaw@groglemes ispedifisigeatiavs theudhridgemeon
150r se WiTel® s well.
At er nat e ncpS UL DN ER iy BEPSSL Ming o Bk R 2R AN
polynucleotlde sequence may be identified by a variety of procedures known
to those of skill in the art. These procedures include, but are not limted
to, DNA-DNA or DNA-RNA hybridi sati ons and protein bioassay or 20i nmunoassay
t echni ques whi ch include nmenbrane, solution, or chip based technol ogies for
t he detection and/or quantification of nucleic acid or protein.



A variety of protocols for detecting and neasuring the expression of

pol ynucl eoti de- encoded products, using either polyclonal or nonocl onal

ant i bodi e’0o2pwaithise for the product are known in 25t he RCT/EPEOaMSE86

i ncl ude enzyne-1linked i mmunosorbent assay (ELISA), radi oi munoassay (RIA),
and fluorescence activated cell sorting4(FACS). A two-site,
nonocl onal - based i nmunoassay utilising nonocl onal antibodies reactive to

t wo nonirinmirexgteic ipngpeejEstad resardigea. Jhe éntlowinlg\aig gralps mayh bentpineivéns acdg$ or
sone appljcation but a.co titive binding,assay nay al so be enpl oyed.
These alal GERECAY 8RS B DRSPS RE AP Rer  pl aces, in 30Hampton et
al ., Serological Methods, a Laboratory Manual (1990) and Maddox et al., J.
Exp. Med. 158:1211-121 IElQZ&;. A.wi de variety of |abels and conjugation

t echni ques are kn bga i) e’éﬂXQW%a in the art and may be used in various
nucl®ei ¢ aci d and 2m noAsuartit @ dY)s GlutdeaicsacidgE);pr oduci ng | abel | ed

35hybri di sati on or, P r obes r tecti sequences related to

pol ynucl eoti des i cI5E%§%V?%%?Q@ePﬂﬁa?mﬁ#§g transl ation, end-|abelling or
PCR anplificati omMusi ngrginineafdd)] Lystheng;l eoti de. WO

2010/ 010180PCT/ EP2009/ 059586 Al ternatively,. t equences, or any
portions thereof y b@o@Pgﬂ%@gﬂﬁygn%( e&?gwx?%%&@hzmgpﬁgﬁction of an nMRNA
probe. Such vect of)s arhdny@aminen(R)HEyresite (Y§r Eryplophar GVal | y avai |l abl e, and
may, e used to synthesize robes jn vitro by addition of an appropriate
RNAOEonnerase such asé%qﬂJ3 :Hg?m%m%hgﬁﬁmlabeled nucl eoti des. These
procedures may bes8)conOysttied (O MethianivafMety of commercially avail abl e
kits. Suitable re 8ra§r Ephq&u%qg 6%8“%8233’ whi ch may be used include

radi onucl i des, en yﬁbsg” BT 8L dERE e ‘| um nescent, or chronogenic
agents as well as substrates, cofactors, inhibitors, magnetic particles,
and the.l.jke. 10Host. cells transforned w.th ol.ynucl eot i de . sequence of
"t er ecoUlaby EREHPTLFRa® Gl CTuhi Tt sradbaRERY o e LR eand
r ecldv er y sighifitdre inppaxt en thd inonuragkehic pudgeuties. of THeeantigehei N produced by a
reconbi nant cell may be secreted or contained intracellularly depending on
t he sequence and/or the vector used. As will be understood by those of

ski | | iProtdie vadnts @ap aBzs snautdevtecdeowberedrddaitionalganiod yoids besoihsetessl qvaypaloed

encodedoht ERN ARt i SAPPRR Sy Eane Wil rgBef £ B Phedrsh e
QO her reédodatioss)tsuitaihs 1 bu2 tacatisnsyaypdrtculs ddotaiioppamd ey feneesnpadodiveg a

polypept.id f i rest to nucleptide s ence encogdi ng._a pol t
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puri fi catfewer, bspadilly &tarfigvatpnBuitebly such urtkertidng tdoaroé oot inl theirégon dan net al
chel at i egL?togepé[ni d(1€osn %lﬁ(}:f} T rﬁ" 2Ll dli rﬂﬁée;[n':[ Wta%i)hg en%QnuLJlnese%ihato 2l IeOWf the

puri ficati %’oﬁ oD T 2ed 20ret al s prdfelﬂ dorralve tﬁ§[9§F|3ﬁ

puri fi caitigen. Omeiexembliel of dresed rtionminob.gles laudhiort stratetl of histidioeregsidueti(é.0z28 i n t he

vich. ) - erRReP R Bl Rbs bl sEMesRn B Elor MDA Bt hose speci fi c

for29act or XA or enterokinase (lnvitrogen. San Diego, Calif.) between the
purification donmain and.the encoded. pol tide e used tp facilitate
ur 11 cae O T ol est BB SOUB IR TR b PRt B RO e B of 2

f usi on pefotmiesagoand, forrgaapleosyghejdietides afayiaterasit1indatona(slchias 1agi d
encodi n . histidine residues precedin t hi Qredoxi n. or. _an _ent erokjnase
ol eavageoiofe bV B TufatERs B PATELAFL RN B B e exfef BROTAR

(1 nmobi delstexh ofB0alr feva aafifio acidsy atodachiedation égpioly ps @8 od & ibedrticnlaPao0 at h

et , Prat. Exp.,Rurif. 3:263-281 (1 : ile the enterokinase cl.eavage
o 0 oo BYBhssPE Yy e T, SPIRGY Ry R hat B it oy FbE IHOT o BB oe on
pr ot ei nanddB0ditserafose bavedd sigeifitatt snpdut oh treointnaunogenis ipoopepiast o ithesarntigen.
provided in Kroll et al., DNA Cell Biol. 12:441-453 (1993)). IN VIVO
POLYNUCLEOTI DE DELI VERY TECHNI QUES WO 2010/ 010180PCT/ EP2009/ 059586 50 In
addi ti oftad skdifddqubirsoanwil reapgnist ithat agrasticulat peoteio vpriars inmay coneprise samstidutiohs,t he
pol ynuc]| i des .of t.he jnyvention are intraduced into cells in vivo. This
may be %%%%E% §d399ﬁ8$%k§a§ E%ggﬁgv%&@e%?BMBll known approaches, several of
whid5h are outlined below for the purpose of illustration. 51. ADENO VI RUS
One of the preferred nmethods for in vivo delivery of one or nore nucleic
aci d sequences involves the use of an adenovirus expression vector.
"Adenovi rus expression vector" is neant to include those constructs
cont ai ni ng adenovi rus sequences sufficient to (a) support 1lOpackagi ng of
the construct and (b) to express a pol ynucl eotide that has been cl oned
therein in



a sense or antisense orientation. O course, in the context of an antisense
construct, expression does not require that the gene product be

synt hesi sw0.20fa0BRPr essi on vect or conpri ses a geneti calPCy/EPagonessed f orm
of an adenovirus. Know edge 15o0f the genetic organi sation of adenovirus, a
36 kb, linear, double-stranded DNA viras, allows substitution of |arge

pi eces of adenoviral DNA with foreign sequences up to 7 kb (G unhaus &

Hor wi tzMeth%Q))f ddterndoing trasdpitope reficrevof masntigdreaadies onbedadndi extepliiieanin dfe host
cell s doe result in chronosonmal integration because adenoviral DNA can
replica 'I%éam Séin epi somal manner w thout potential genotoxicity. Al so,
adenoviruses are structurally stable, and no genome 20 rearrangenment has

i L ual 1 o Bl e R R BBy Bebl; moREPARTo TG eBafiShe o

far,5 adidentity aadi miosf metelratny anpaﬁl’abomd)(lf}’e|denmﬁstiJohrﬁS)etﬂemsmaH>cht db%eatleastuch as
acute res i_se npvi.rus is particularly suitable
For - use it B8 et BrSaRd SuLbTPe Bendiier e Fied SheiBiichad o5genone, - eace

of mani pul atl on hi gh titre, wide target-cell range and high infectivity.
Bot h t 100-.200 t.ed t
(rs) ¢ et dferticn€ o PERET weRMkShTupyorGr o BRI piei Pt oh“hna
i, ) 2?2"3‘?”%?2? Seq epode yorants e roxd Zewﬁ%mb‘m“mﬁf e A
| S S V
L0 gl SRR peTetios Bk s et Gnulleois BRPES s s Mo 1 or
t he reg%_ﬂ;gnda:mygggtlmgﬁh%?ﬁ%mmmaﬁ%(ﬁo% r%zszxfs% orgﬂﬂ%menany@var & epeanfeldl ul ar
enes
Synt hesT8opf: Wi S atd oG foE MR T aarR i fEite SRRSO BPalITe ar e
|( EVOl vemlmdmmwels@phiedaeglomas hwaeurgermemgmeeﬁmednllcamnig bmmerr:geﬁ%msemlﬁonof f
enan
the vi r%PO%E@&OHB}SP‘D@PE? Pl Bl BsSERET shitretlelfks TR S ltedl
of 1® si ‘isgbstaptiallyrieytital.anBhis definition alsadefays totbe namphméﬂloataeeqmlseqmree (I\/LP)

The M.P ocated. at..16.8 m u r|n Iate
w0 2010P Bt FEGHEARHIR B isoBeh reslofiakls BBk st b P S ST S
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whi ch mak %ganhph red tvarlsaﬁg ; nalﬁurr{i ﬁyqn

r econbi AR Sl e "’sa §eh érp§F8d“?dr%r% Hohd 0%8%?3198(:% Fin™ '5"

bet weenofsheitdférensesdéqueneand provi rus vector. Due to the possible

rerc?bnbi nation between two proviral vectors, wld-type adenovirus my be
generated fromthis process. Therefore, it is critical to isolate a single
cl one oﬁ:onsiequsnderammmriscbmdiypvdaﬂwahe pe@cnee anid axs)eanefenendetﬂqgemnmrﬁcnwlsibm test ur e.
L0Cener gt on ando B ABALAL Ol d e <G 0L o AJSRON IS SLATS 1 Al SR ar ©
repli cation gerd irents epend1 on'h? &Y (fug K& B% ea\q 1" e, c?egl Nated 293,
whi ch wsesueneazsdre enteded mtma: bmmﬂeesbbgaquem&mcd:r@yateebtesddsggnétﬂji BNA

fragnen nd const i Xpres i 77).
Al b S e D R R e e A e
Shéik, dD@dpters bmn lommahbr aJttemtwerpasanveiertswas,bevddslgntaied Aekpeqierz83 cel | s,

carryfrel either_the El, the D3 or .both regio

Prevec, %‘ﬁ')”” ﬁOHtQ{“u‘SS” C%&%'ﬁée\?ﬁ%eér&%% SS&E%&éQ%”ﬁ'S‘P%Fﬁ tSFt(SGEH%@/CGSf t he
W | d-tyr[edatlgetmnhre r¢fetemsh sEinmandhivasedtoalthe prb@8M pajanwierdi ng capacity for
about 2 extra kB of DNA. Conbined with the approximtely 5.5 kB of DNA t hat
is replaceable in the El and E3 regions, the maxi num capacity of the

cur r ent A dchemmavison indeet ,crs used ek, reéfebenks tooa segjmnt inekicbf steheertaetraday bengt h
of §0he vect oL 4 re?ert han e2(91800/63) of, themad%rr%g)w [US ¥ | roaS enone. & |{\1Ns | n

E nEU e THPBEL I ileric TEOUERSS it SAmErOgREL oot (9% POt oxf'ci

the r epéequahce:srarelebhmial@amggned MIathoE‘s oﬂellgahmdt ofi setqsem@sﬁaoammaﬂsm ariéomll-

cur rent 1R AT bR e SRS RTIoBt i B R R G e el gy

(Ml |'i gthe,lock®B@holo@béigbritem afenhith & Mésgenmmean, Hdvd‘mﬂ/ VWdathf2:483 (198t bgéld s such

as hu n el.l I , p I r ot her
humanrrgﬁ wg%n&?lélh% S%hﬁ] c])cr’\?e,gdlgﬁel@é\@% rf‘j %ﬁ%rﬁaﬁé\/@??@, k)i}ah%hel per

cel3d% nsaqard:kefodelmllaeta rrlietbtm Ofr%earEMnl & Lrp)fnamt ﬁ’erc MatimAtadiScs pSA 85:2uhat are

e et

the currently preferred hel per cell 30I|ne is 293. Racher et al. (1995)
have di scl osed i nproved nethods for culturing 293 cells and propagati ng
adenovirus. In one format, natural cell aggregates are grown by inocul ating
individual cells into 1 litre siliconised spinner flasks (Techne,

Canbridge UK) contalnlng 100-200 m of 35ned|un1 Follomnng stlrrlng at 40
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i nocul um resuspended in 5 mM of medium is added to the carrier (50 m) in
a 250 m Erlenneyer flask and left stationary, with occasional agitation,
for 1 to wWohoiofihesmredi umis then replaced with 50 m of pCraPhoomwsdseén and
shaking initiated. For virus production, cells are allowed to grow to about
80% confl uence, after which time the nBdiumis replaced (to 25% of 5the
final volunme) and adenovirus added at an MJ of 0.05. Cultures are left
stati onﬁFA{S'bNerthég%scon%ml Gevdting Suftware FtdmkagmlGumtn%CbmpmteaGMpt 67400 )/0

and sh ot her 7 ui rement that the
Senov; S8 gt dreieen U8 R B7 e ol Ol Mebdiioh 19Re R et | y
def ectlﬁleafodoh;en M&w&ar(ﬂlold)g}e(Aadmw\ef alysde.et@96rsupglement)bel i eved t o be
crucial to the successful practice of the invention. The adenovirus may be
of any of the 42 different known serotypes or subgroups A-F. Adenovirus
typ® 5 Ohe exmgpletmpaﬁséfﬂl alg@ntbrmeﬁ BPiuERP. sPla EUPNgeates emiuﬂtiplé sequedes alighnadot ai n
a condlftl onal ﬁf]r lc?eﬁl -defective radenc?w rus ve Ejr% ’ﬁ %e irnltihe i

pr esent ORISR, e TSP PY RS PSS g dR KU M AR R P
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re-exposed to a polypeptide, or a short peptide corresponding to an
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conpositions may be purified fromhost cells or other biological sources,

or alternatively may be chemically synthesised as described herein.
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ORAL DEL] VERY In certain applications, the pharmaceutical conpositions
di scl osedf&r%i n may be delivered via oral admnistration to an animal. As
such, these conpositions nay be for mul ated with an inert 5diluent or with
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15phosphate; a disintegrating agent, such as corn starch, potato starch,
alginic acid and the like; a lubricant, such as magnesi um stearate; and a
sweet eni yoagentpissuch as sucrose, | actose or sacchari nPERIEPR@IaGTeE or a
flavouri ng agent, such as peppermnt, oil of wintergreen, or cherry
flavouring. Wien the dosage unit form#8 a capsule, it nmay contain, in
addition to materials of the above type, a liquid carrier. Various other
mat er i aPOL¥NYChEQIHRE EXPRESSIONANIHOST CELLISO ot herwi se nodi fy the physi cal
formof the dosage unit. For instance, tablets, pills, or capsules nay be
coated with shellac, sugar, or both. A syrup of elixir may contain the
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350r glucose. These particul ar aqueous solutions are especially suitable
for intravenous, intramuscul ar, subcutaneous and intraperitoneal
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2010/ 010180PCT/ EP2009/ 059586 65 aqueous nedi umthat can be enployed will be
known to those of skill in the art in #4ght of the present disclosure. For

exanpl e, one dosage may be dissolved in 1 m of isotonic NaCl solution and
ei t her Althtedivety, heGotein iBEIf magydederotadey sisimgfdnemitabmethojde ¢d ehtiedsiettbe

proposed si te.dof i nf usifon see,.  e. g , ?erri ngrt%n'r@ Phar rrlaceutt.idcal tgci.ences,
15t h Edi T1'8R - pirava s PERIFS P53 BOTEBAY STy e GATTHE | BPUR SYENaYe wi I |
necessacan e parfoumed apieg dierngusosolitiphasotedhiquss (&obelye ef abj Saéndedi6A@0RF 284t ed.

The per respansi bl e for admnistratio ill., in an v , rmone the
2ppr bpr b1 30 GEREIREPE AR AL ASlinR.l criph B R 1LE PRbie
admdni ssyrdhesimer (Perkipdiatr, Fa Akp@AJ. neet sterility, pyrogenicity, and the
general safety and purity standards as required by FDA Ofice of Biologics
standards. 10 Sterile injectable solutions are prepared by incorporating

t he actAwewlymypthesidsd peptideenaelopisubsthrainiumirified by pespapgtive pighaieefosobivent wi t h

various, of  the ot her ingredients enunerated above,,B .as r ired, f db
Fo o Sl e abaeol @ e Ay PH e sEfiaRBR ey Mt Epes (tbedlyed B
i ncor posradthergohtparabds iechisiqsdseanvailatie th the tarty Thierngmpdsigod of thaspnthetit myptides
vehliocl e which contains the basi o 15di spersi.on, nedi um nd t he rei%ui red ot her
i ngr edi'BFP(L)e P%Wﬁ@%é‘%%%%53?%&3'3866%“6[‘%'”9ﬁ%g-c!{bee NI Bonder s f or
t he pr epacadure@nAdditisiatly) the ammeadidbépienod of a polgpetide, q@raalyeartaoersef, hags of

preparation are vacuum dryi ng and freeze-dryi ng techni gues ich yvield a
ovetor gt A1hrEl Qe RO St P o P e o BTt S P s diBRe v om
a pr evi foursloyhes peateihe-driahy eare thesedfutol ppod icker eoibint RypEpddeonposi ti ons

di scl osed herein may be fornulated in a neutral or salt form

Phar maceuti cal | y-acceptable salts, include the acid addition salts (forned
wi t1D t hle drdeydo arpress gdesifesl miflypebtide itiod uahgotide deadinchs anedirgy thre golypébtide,

i nor gani G r?(ﬁljo(rjmsl esu%hle%gs, for eelxagféldemogﬁdr ocohlig{ei C o f%hc\)/se h(r)r.i C aq/ci()ﬁ&, or
such or%faHi ¢ O5i HES Cg}aiyé), OXAIR MO AR APRIGPE A e BREETIPE | t@aﬁﬁ"th I ke.
Sal t s fwhinkedomaink theheedes sy eniemxsyfor thedtgpscrirdion ahd drabgatiter of\vieslinke ad

i norganj c.bases suc for. exanpl sodi tassi um_ anmoni u al ci um

or 1 or v B dtea el Shief B eMa IRl ERT) HT A TR tsha 6

t ri met hgdnatructeexpiessibn decters qontairdng eequedcdédhendoding.a pdypepfide oflihtetasband

solaf i ons. W i ni_si e in. nner ¢ tible with

;AL P gide PR E L P AR G RRL PR b DufZiEor:

f or nul atecombinanteDA$edhpigadsi synthiete edhninu&)and ar vied geradtic deoagendtonn8uaduch as

i ect ol g SOl UL 908 dh UOsL ShEARG: SANIMLER, BBYnL NP LAJE /a5 thdie o1
carrier” 1'Rcludes any “and al " 'sol"verit's; ~di Spersidn nedi a, veRi el &5’

coat i ngand Audubehdtss/., @utreliatoioro/alin Mok calat Biolnggdlpdatedrsuailgot oni ¢ and

absorption del aying agents, buffers, carrier solutions, suspensions,

colloids, and the like. The use of such nedia and agents for

35[#%ar nverikty obdxpmedsionevestdnbbstraystenissmayebé utlisetio contdih@andekpreExcept | nsof ar

as any conventi.onal nedia Qr agent, is jinconpatibl.e with the active

" ngr edi BANUGPLOR Seadicen oend s, Pt BTSRRI T otstidesa BBt osse 66
conposi bactera trastoomee mith a¢ @birdu pbetapoihagy, @ladmideor cogmatiDBAtexprsrioal so be
*phar et PR o 8o OB RBRARE nspot sl PYates INRFRUMsi i ons
t hat Sdurus@ixpssidaeectars (ald.,draguloviors);ilamticall systérosviraasforeaest witmvinisen

admni stered.tqQ a, hupan. Th reparati.on af,..an ueous. conposktiQn t hat
o rePEBibeRir s B G o bl TS Lo BN GBS TRBE MY Bt
Typi cal bactermliexpresmpogdars (s gail eoqpBiselethsagds)npremtimbl cedl sygtetnker as |iqui d
sol utions or suspensions; solid fornms suitable for solution in, or
suspension in, liquid prior to injection can also be prepared. The

pr epar atheftoor etdnsentfeor éregliaidry eehjuehOe3 préddaSADh aANDBPEIISICALVe BBt b ¢ERYsd N
certain_e dinents, th har maceut i cal sitd.on | ivered by
ot r anal TP AT etians A e oD S, BT BT ST S e dBh el Yery
veld3&| eshicivirtdractsvifhdrosi Belelar perteing tayeargsqut trass@iptormaendisansation pSoth de

conposi él!ar%%ts%gye\%[r}l/ h their Ist'f'e?ngltﬁjgrgdS sg&ifi\(/:itﬁ Bg&,gnldin%nc()jn the vector system and host



buccal aerosol sprays has been described e.g., in U S. Patent 5,756, 353
and U. S. Patent 5,804,212 (each specifically incorporated herein by
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i ncorporated herein 20by reference in its entirety) are also well-known in
t he phamtmaedalahymatnbar tbf$UIthﬁ)|EEBWi’IS(El,ptltbm and traresdetivh alhm@wtstemélwtemg/ccbnxtututnee form
of a polytetr fII uor oe the | ene su(é)1 rt rratr x 1S descr nIUtS Pat ent
5, 780, 0% IPLyd ?Pfoé‘&? i te&r?{‘é’%"%“ﬁ&?”c‘?&%ﬂ écﬂeHa YeqWtirety).
254. LllF?dBﬁNEprorhMBI@@AESblkEe hyAND |ddZGROMAIET bOhe-AAED #S TRIPT R bsEY | n

d h f li o
nanos apSTPREN e ey i) B PERBET AR REORES RE: SHRerduse, MR8 Pede ang
t he 3 i kay beusédelni mamod lart cdmyetbtrtsheroumt@eﬁotﬁ oasimediat gene:sr@rs‘&m i nvention
into sui t%b a o&tS ceIrI S, elglltypareg'rcﬁl gr.,.sthe ry oS Siti ror ea”n tgaet present
i nvent i 'O Hhav BETYSSP AF G ud v eigarty 2y 8??%?8? enEPEEeA €' 1" "% i pi d

parti cl entang mpm;sterm)plea of &= selqeen(m mdmgtaqcrcﬂypeptidea vaetnspased oh &\ drhe
i ke. S%%{]forw }y Vﬁ{heferredrf r etlntro uction of
phar mac In&aglq%a 8?%%% u§ec9r At ISP eﬁtgc ﬂ%'&”éﬁ "aci ds or constructs

di scl osed herein. The formation and use of 35l posones is generally known

ool ocih s3B! Svbieitt, b Mgfiet of fiffersRhoBF RISy e SebRH e Rl Had B yse
nﬁnocapmtelnded fq[n tltdwe(pré@ea@b&b@ﬂ%%ﬁ@?fﬁ@@gﬂ%@ﬂ%ﬁ&]tﬁa'ggtl?;q;emddahtorbl otic
t hera Qr r.ac.e Il a | N

o apvedanfais B iR Eclof or AR PoRes it BBl e dish BYS SRERNeor RSNy

hal f - tlpsretelr(scmm aema%ul?apaﬁmidpmpbmbsmj Q8B8/ectdhrd imnlude,cbuCheumt Iuﬁ:ﬁchT to,lthe S.

Pat ent s C|f|call |ncor ora ed h re| inJts
oot 1 1ot DR R B o o AR BV aRIoRE c I ) PSR! RERgpfe . In
pr €fpar a\t/hlolmmeaeteqpemMnoangrtmgpmwentlee of |hmrestluwrberlepteeiwem thdadabnina, 1998;

Chandr et al 1997 alit, .1995: S, . Pat S. Pat ent
5 ohg. JEarme fitn sedyshPes Mg vl et Ry i Hbodt dtedidior UB- S ot enc
5, 795, 5@lactesiddsesspebatfa Iumalnkj)protamos padatet] phé vedtorsifyam erbek@&Sehusrteru Ji Biol.

S st lem bt SOBUEDD (NG BRE e pBhR SRR bbb B S BAL ) By e

i ncI ud| algo e asdd tosaxmmeﬁmre@s pobyipe plitte dsépaomprpt@ns:witrt glumhlatmsmmfecalel S

addi tion.. |ipospne e

o " Wbere g dbitet Pt pinglmirdn b BV by Bl PEREERT e ver y
syst emsby ddsposdionds gImtatleaomeegamsedeafsffem\rveddtyyelmtmni inttreoptesencgerfiése  dr ugs
(Heat h gf ta Ladn Prot9 eaitnhs eFt] alstem1r9n86 be Iéalna OVI Itu e%t al n thjfgsglh Fr esta
& Pugl i §1'e %6) 1% Bedve angFY aaer‘?tys (P PIROFY &t 4P
(I mai zufactoeXal proteaﬁgﬂaavdgmtemm that thile. qlonbﬁ&f@b/peptvdermfsrﬁsre@:@dri tmsr re&ased
Baltimore, .19 |pt|onfactors and allosteric effectors (N colau &
Gersond%omf&§$)r rrrtﬁ%t@‘g?vg“ ety of cultured cell lines and animals. In
add@& i on, several successful clinical trails exam ning the effectiveness of

ol 7 10BE Vb Sire el finh b e R S o AP SR REREIERE "several

st udi esmdmglgesptomditats smhle aesatpheffadtorpeteolmm:QX|dase1candzf§§d>maatbedJs‘aﬂt Rtizart oi mmune

responses taxi,cit i zation a ter deI i Mori &
Fuicar ou o S E i RhRBERR R nd R PRTE B LR A ek Fal B B AT s e
in an a&uewswaa@nawbeb&t@l Zﬁmmmrwr@musel;alf dtethauis |Bniz)moke 53616644 EYX8I) C

bi lgyer a | | amel | ar vesicles (M.Vs). M.Vs generally
havsg)ydl aaeﬁbl%gggtél {/gaStgg‘rzg%%t( p m Soni cation of M.Vs results in the
formati on of small unilanellar vesicles (SUVs) vvith dianeters in the range
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2010/ 010180PCT/ EP2009/ 059586 68 I n addition to the teachl ngs of Couvreur et
al. (1977; 1988), the followng information may be utilized in generating

| i posomal fornul ati ons. Phospholipids can forma variety of structures
other than |iposonmes when dispersed in water, depending on the molar ratio
of I i p| d to water At Iow rat| 0s the I | posone is the preferred structure.
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5depend on pH, ionic strength and the presence of dival ent cations.

Li posones can show | ow perneability to ionic and pol ar substances, but at

el evat ed wergpavaEbisnes undergo a phase transition whi ch markPdéog/oadssBer s
their permeability. The phase transition involves a change froma closely
packed, ordered structure, known as thé6gel state, to a |oosely packed,

| ess-ordered structure, known as the fluid state. This occurs at a
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in plac nings or pores exist in the capillary endothelium
such asﬁf%é\é}geﬁﬁAggﬁg%szg(f‘Ft he liver or spleen. Thus, these organs are the
predom nate site of uptake. On the other hand, SUVs show a broader tissue
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as recognition sites as they have potential in directing |iposones to
particular cell types. Mstly, it is contenplated that 25intravenous
injection of |iposomal preparations would be used, but other routes of

adm nistration are al so conceivable. Alternatively, the invention provides
for phar ITB.CEUtI cal I y- accept abI e nanocapsul e for rrul at| ons of the
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30in a stable and reproduci ble way (Henry-M chel |l and etal ., 1987,

Qui ntanar-QGuerrero etal., 1998; Douglas et al., 1987). To avoid side

ef fects dwe 2pw/iimtspacel | ul ar pol yneri c overl oadi ng, suclrCUIEPR@PI0AES6
particles (sized around 0.1 p.m should be designed using polyners able to
be degraded in vivo. Biodegradabl e pol $al kyl -cyanoacryl ate nanoparti cl es
that neet these requirenents are contenplated for use in the present

i nvent i grouldSucih tipacdiredt esadimayfrdnee trensdmctasislafiomatlthe eatiredesart. | badeo&muvr eur

etal ., 1980:. 1988: zur hl.en etal ., 1998: anbaux . et
5010) b1 Sngs abe BuElof bdions raeke o ARBSudils PR natup! andi 665 and
U S Pamndwtic5ThdbfficBdAcy shhemrdssioalrhay banedrgpoedibg thelieeclasion biyenhehesre mbixhi n

its entjrety). .Skin patches may also be utilised for transcutaneo

el 1 ver§/e b daRERCPERE EoLENIBCET R Phict s vigth s P ELTEHBAT e s o

t he Sr elgenture (Savatfi efg/., Rexutsogebl Celt ONifeasitt12Dat62a(1894)).0vi ded. The

i nmmunogeni ¢ conpositions will generally conprise one or nore pol ypeptides
or 10pol ynucl eoti des, such as those di scussed above, in conbination with an
i mrunoslkniandltianta hést celiretoio stayrel ciosemfoy it abitityto modsénibe exp@ssionbéthees or
potentiiat erg%fm inﬁrune res onseth%anti bodqy ard/.orthCﬁl lir' diate Lﬁ{ho an
exogenol &K TOGERTCSE 0L PRSP RIS REICLhEdNE Aoy ied oSl livai's,

bi odegrmadadifitations of iheplospestideengude, pat yleawt limitehloaatdtyeforandrbbkpatmres (i nto

whi iS i . d; . g. | 1 , .S, . :
e L R eV S D T
descr i baehaves,a ‘popreXampbithe Bosteihimasy dlewbansedtdSacilitMaaormet ibasiian fdldihg

subuni t_apd .adj.uvant.. approach 1995 har [C 0si t,i.@ns, and
munogai Ratite PlieRRE RREHs e eoBh REM Al BEKRIT OBy i so
cont ai nhavelspecitio ngdluiam tisa chinlencdndehardigeristio heghasibing fasucv postttranslatdnare. For
exanpl e, ,one 200r re i mmunogeni c portions of other M .tubgercul osis

ant | bertoties e Bideh THTRES el BEbinallertn b Bacsr b B IRERE de o
as 1® sepateiti.e conpound, within the pharmaceutical or inmunogenic
conposition. Illustrative inmunogeni c conpositions may contain a

pol ynucl eotide (e.g. DNA) encodi ng one 25or nore of the pol ypeptides as
descr i beat ladmpteen, lsigiclyietcharbd tdtien b Fecpebinadeproteinge nabkt egrassioniis gertdralgr eby

i thi n R EOYBRrAS RN OB SR BB rel e BRI 8oL T RS

ski | | itnartsfermedtusingrexbredsiog vactofsevtictamiag cextpinedral afgirsydtrepieatidreandéon a and

Vi r%ah exp Oeggi onexsyessteﬂseenl}lun rr(])(gs g%g{% pel ir&err teecnhtp]i ues are V\S/eell nown
in e A ICLUCH RS tsﬁ)osé Jesefinhed y B(?Im%n& G ReY' 'ﬂﬁé’rfp. 3 ug
Carri ervesyst Eotovlibg he3ntt@RIC(idD8Bhe vactdr, celfssnenbe sll@vdadetd gréve fagi1R2 days in
Approprjate. nucleic acid.expressi.on St contai i, the necessary, DNA
sequenciteisied piedia Betors e/ ore SIEhe i SetecTvg Med, Tog Womlig o Sl olesbls, g

t er m namierkgr sitgoahfpr reBatinee t@sele@ionyandjitsspyres@rce dllows hrosvth bed asboverystfr at | on

of a bacteriumh |1 _(for.ex C cter.j.um Baci |l or

Lact oba%eltnglwlﬂhs%hs u?é%sg?u?lyﬁéérg%w '%géé%%%g?%nﬁgﬁ %gﬁfé?tr I%ne rO]c E{é@{yococcus

| a@58 s)trarsfdrmed gekssag bt peoliEspted ysppttissies ¢etuce teomiqies apprdpriate todce call
secretes the polypeptide) (see, for exanple, Ferreira, et al., An Acad Bras
C enc (%}%5) 77:113-124; and Raha, etal., App! Mcrobiol Biotechnol (2005)
WO 2010/ 010180PCT/ EP2009/ 059586 71 PubMedl D 15635459). In a preferred
enbodi ngnt . the nay be. introduced ing . a yiral expression_system
Cerg. . BRLMPG o PelafiRt SSistRnPTE Bed Bubh e totdoBaRETiRes) TR ch ey

i nvol veintlhde, s a@f na limied fratheogepecsiihgeketus tty)nidine pihasa(Wigler ebalp &ednt
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ot et DBt e 008 308 e By ABHEA 20 Sreet

Bi ot echwhigiesnférs6esisBATe (CIB8BYtreRbe OMigir @t at, dlroc. Nt Avak 252/ 8.3172:3867-

(1991); I etal .. Proc, ... AC [ A.91:215-21 .
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10@Hz me(Cotitend-Gardpim etid/at/i bo/. 8&/.21588-28UIB8( N 998 als anpatGukich coreatesistaBice .
Res. 73; - 7 : [ incor ' i_nt,0

xpr ool o B RS SRR R Broh s ls B B e APHEC
The DNA may al so be "naked," as described, for exanple, in Uner etal.,
Sci ence 259:1745-1749 (1993) and reviewed by Cohen, Science 259:1691-1692
(1993). The uptake of naked DNA may be increased by coating the DNA onto
bi odegr adabl e



15beads, which are efficiently transported into the cells. It wll be
apparent that a inmunogenic conposition nay conprise both a pol ynucl eoti de
and a polwpeptodelseonponent. Such i munogeni ¢ conposi t i @aTmRgooPNMs8ele f or
an enhanced i mmune response. It will be apparent that an i nmunogenic
conposition nmay contain pharnmaceutical #§ acceptable 20 salts of the

pol ynucl eoti des and pol ypepti des provi ded herein. Such salts nay be

pr epar eskléatabte pbreesene ek akbsgrivad clepéadrhme, ntqrB, ivbidhcallbas esl)s tonudilisedindgle in

ic b Q. | f i ond d iar.y. an d
baci ¢ oo AePEPan e Bl oBR et PITER ALk e it LBk oR A U
anmoni unMulliglaa] BrocaNal/. egd eSe.uhSsal 35904 7Z8ViND8®). aRgcently ttabluse ofarisibler known
toth f di kill.in.th t b I i.n_ the i [
conpos: TPORE T T ftblasol Bt SEndraryBE asem ety ar e fo b g R ng. on
t he Snodsubsfrateddil B &tdrlatifetase Dansatibstraia fuciférin, beingrdsen usedr@rniyoo ideyifybe

riate.manner i ncl udi ng for

formul ated.for _any .appr.op of. adm ni stration, . I f
exanpl SratieaR buPR Oyl o epaRs Rl SePhr e SReSislY ¢ oneal
subcut asteibutable toi andpeaiiin vectbasyséshm R cles &t aonVetkods Mak Sit.eé85ad21-131 (1995)).
30adm ni stration, such as subcutaneous injection, the carrier preferably
conprises water, saline, alcohol, a fat, a wax or a buffer. For oral

admi ni s/'e\ltrajrjgn the myenmb/abﬁen@bmf\mar_kmgeinereﬁxpmssian so%gaitmarmﬁtgens utihtea‘lsst

many tol , | actose,. starc nesi um st eara sodi.um saccharine, .tal cum
celthi gs@sogereatas edierge an® AR ralon 2ef Trbt b pd R fab Sreimiy 4y
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coril exessetbetion Lfedly imliddtes. eXpadssion dithe tan@aiB gédd as wkll.ch are capabl e of
inducing a class I-restricted cytotoxic T |ynphocyte responses in a host.
5Such conpositions nmay al so conprise buffers (e.g., neutral buffered saline
or phospratativelyf hest edlisswhicinedntaioand @pasabeesited polynwglaatids sequaane oy ,be

sucrose or...dext rans. nni t.ol roteins |, ypept i des—or ani no, aci ds such
s gy crmaireg by Sy FBrtches sROS & Bse REWIPRRY AFerftsdlbdtulsora’or
gl ut at hindnee, batl prevant fisité e tag DNAaDNA aniDNAYRNIAOibd dis atissl| antdgsoteindtioassagler t he
foryul ati on i sotani.c. hypataqgnic or weakly h rtoni.c with th | ood. of a
ot ahirihorS 8 i AT iRk SEPERLY hiatiahd KiFudedBiie L eo.

Al t er nathedetegtiorc emiorsduantificatiof of neclgic esidot prateient i on may be fornul ated as a
| yophi | i zate. Conpounds nay al so be encapsul ated within |iposones using
wel | known technol ogy. Any of a variety of inmunostimnmulants may be enpl oyed

ig t he Awenietpgepriotocotsripodatédting andimebSuingthie rexpression of Foynueemtipé-encated
or ot et PP g P Eiiq AT br BEh<hiBM IRl B adna U ER A5 SRR G,

m r&&r al theiart, Eaxadchpiesstclid etzymedinkedrmmendasesyenhsesy (ELISA ) aadibinphdnoassay

or ot o riARBR0 B Rcee e R e R RCE R Pl PR R can

be usedmnBwicaaddyeutitising wambsloadlentionties ehetivieyto 2@ van-irddofezing £pitbmes aexanpl e,
Freund' s | nc | et e Adj.uvant and Conpl ete Adjuvant (Difco Labpratories,
Dot rof 18V TURERRR TR R B8 o SRR P bR Shelieiid ARy
ASOLB, mAsSakp baEhploysd: Thaselankkoihentssags atehdasentbed, Ghaxg Sther bldcesian
Phid-~adel,phi PA) ; | | skel fr ber bacj | , TDM
(1 2hal o bin oA SorBap O o P R e AP B e Pl 53

fact or ) Medl 168 181am2d81(1%833.uch as al um ni um hydroxi de gel 25(al unm) or

al um num phosphate; salts of calcium iron or zinc; an insoluble suspension
of acylated tyrosine; acylated sugars; cationically or anionically

deri vat A nidk yavieyysefdatieds ardesgnjygaliyp leebpibhageaesnoyn by dyrsadskiiiee imtihe raoisgpider es;
nmonophosphoryl _Lipid A LO);..an uil A (e.q, -21) . ki nes uch as
G cor Y Bheed talih 0Ol 304 it o bl Miaitor oo TRed 56" an
adjddv antybridisetion ord® CR erabesiortetdcing Requenaes rafied fo pdignaleetidescindodgposi t i on
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i mmune responses of the Thl-type and Th-2 type response. Thl-type cytokines
(e.g., IFN-y, I1L-2, and IL-12) tend to favour the induction of cell-

35nedi at ed i nune response to an adm nistered antigen, while Th-2 type
cytokines (e.g., IL-4, IL-511-6, IL-10) tend to favour the induction of
hunoral i mmune responses. Adjuvants capable WO

NN AN PN APNA N ANTETNAVT | =] A=\ r—oersm o~ Y Y - 3 L T L 4 L e—m— -



Wthin the i munogeni c conpositions provided herein, the adjuvant
conposition is preferably 5designed to i nduce an i mmune response

pr edom nawmol2g10afiotshe Thl type. Fol |l owi ng applicati on of PaTIEPRUIOSEEE C
conposition as provided herein, a patient will typically support an inmmune
response that includes Thl- and Th2-typ® responses. Wthin a preferred
enbodi nent, in which a response is predom nantly Thl-type, the | evel of
Thl-t ypalteyitvelynthe sehhéndeemm@@o’tt@na tiiprecftreay loxtlemdéd intveanvédier fbethel of

Th2- Kk f th 0 I b |y d
usi g’ SeraieiBl BET K pishes Sl VaiPete FaSTARPEY. SR CoitufAbsvauBge oo
Janewayandethay be usedronsybthekiag RNApriobésl it witemby 2@dtlon dftem dpplofbidte RWApPOSi ti ons
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ot her Ivycobact erium proteins, such as other Mycobacteriumtubercul osis
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DI AGNOSTI CS I n anot her aspect, this invention provides nethods for
using one or nore of the pol ypeptides descri bed above to di agnose

t uber cul osD=0 (0fmn1sexanpl e using T cell response based aPsEP2@9/03BaqOt i body
based assays of conventional format). For exanple, there is provided a

nmet hod for determining prior M tubercbfosis infection in an individual
conprising: (a) obtaining a sanple fromthe individual; 15(b) contacting
sai d sacghmonentshis aonstisiofedt(Bdnpe!t /pa P83 )deVinn 8 hecoarhirans plasm(d JondainiRy 4753c¢

tei ~ (i j f 1753 tei. NGE:, .
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b tified b : f k tot illed insth t, 30
ho v HovENR IsafaebB A <Bh o SBRs i retulene AR S ost Sy okt on o
speci fi t97®yt oki nes or anti bodi es. For exanple, T-cell ELISPOT nmay be used
to1rHJni tor cytokines such as interferon gamma (IFNy), interleukin 2 (1L2)

andinterleukin 5 (1L5). B-cell ELLISPOT may be used to nonitor the
st i nmul aAinovel @ppidach deggmad tosillswspediid facgeding iofetevirdchectoes Ivabk ascenthg ponse may

I b h i sed by th f by intra- . tra-cel l ul i ni
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sucl& ni m dyl ester (CFSE) |abelling and 5fl uorescence nonitoring of cell
divisio ing flow cytonetry. antifying a sanple cviokj.ne response

ol uaed SRR ppp@AREle GRE R Al B TRt S fuSREPen ogdie BRIt on
10When hisiimtptsdiettibgd@s taighinsied retrovina tehoelspe propairs ahd sgainst sppesific tell @aepnt | gen
may be defin ignal to noj rafip (SIN rati f .at least .2:1 (for
exarp) e BE, o Sty d B G8E b Bkt ullu iR ot oS en
i nvent i (Rouret Abd984ay. elpngantibedies agdinagmajsehisocombpeatitdlily oenglek nbest armh usi ng
a in test us her ei n rskin testt is.an ssa rforned.directly
on 2D 188 Lttt e e B furluBe i PruBhser Badlbr ROREY R P ubhg
(such asurfanelahiigens withdohesuotrgpiovirde inmvitta (Rasix eif s/, M&&8ur ed f ol | ow ng
intradermal injection of an Rv153c pol ypepti de as descri bed above (or

vari ant, inmunogenic fragnments thereof or nucl eotides encoding them. Such
i nj ection may. AmENacAssooedEDSIRU$EAnNyY sui tabl e device sufficient to contact

t he antigen conbinations with dermal cells of the patient, such as a
tuberculin syringe or 1 nmL syringe. 20The reaction is neasured after a

perdSod AAViRidgewdyri98&adigrmenat & Meagtskd31984)issa pdrbeirus, diseoterehas especi al | y
48- 72 hours, reacti nmedi at e { mune resp i

ar eat er CEREF G TS PRaTeha R bR bR KL Pal TR et BB EE e gen:
The r esthesEhuragn pepulaias thatihas satddeky Jinkesi togng disease. It is also classified as a
dependovirus, because its replication is dependent on the presence of a helper virus, such as
adenovirus. Five serotypes have been isolated, of which AAV-2 is the best characterised.
30  AAV has a single-stranded linear DNA that is encapsidated into capsid proteins VP1, VP2 and

VP3 to form an icosahedral virion of 20 to 24 nm in diameter (Muzyczka & McLaughlin, 1988).

The AAV DNA is approximately 4.7 kilobases long. It contains two open reading frames and is
flanked by two ITRs. There are two major genes in the AAV genome: rep and cap. The rep
35 gene codes for proteins responsible for viral replications, whereas cap codes for capsid protein

VP1-3. Each ITR forms a T-shaped hairpin structure. These terminal repeats are the only



25ruler. In general, a response that is greater than about 0.5 cmin

di aneter, especially greater than about 1.0 cmin dianeter, is a positive
response,wordiozadisoe of prior M tubercul osis infectionPCREPCHINBYSSOr NMAY
not be manifested as an active disease. For use in a skin test, the Rv1753c
conponent is suitably fornul ated as a pharmaceutical 30 conposition
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exarpl eproteires, andtransveption frdrh p4a pmmcmgheampslaipmtanm@mormaa& I\dmycz{mdy or
fragrreni98t4 ereof that specifically binds to a protein. Such antibodi es or
fragnent's r)r‘ay be provided attached to a support material, as described
above. One or rmre addi tional containers may enclose 5 elenments, such as
reagents_or used.in the assay., Sucgh kit

it or nalBAGE Bi s W ARE e s B W s A PR A e ai s
a reporareexpyessigh Bctdrallline i§ that therregiredrenitsfdr deloferidgh eehe m"nnm‘graimntdnméy

bi Al ternative e desi | e of nRNA
oncut eLeBBrEhRé R surbathy Y P BAREN & Madhe B0 S i e onpr f se
at | easénlpb® ojltmegamdq:jeeomedé' hisriedes ocorpiin thevectas todessembleeld sHdVENAt hat

hybri di ses to nucl eoti de encodin n _oli onucleotlde
may be. TSt BRI bRl gtRe Y E8beRaf 6 AT M8 Llee SRRt Fona
conponeahgly tshitdd fioayellveripy estsphsevcdristmctsuch kits i nclude a second

ol i gonucl eoti de and/or a diagnostic reagent or container to facilitate the
detection of a polynucl eotide encoding a protein 150f the invention. O her

di dgnoshheds sd 8 gbmtbbmiee bfrm‘zergle/ehlgleecdluémltﬁ Memeﬂ'eetei ioa relativedy | nedi at ed
responseozTI]éIIC @ 1! eC(%r exanpl e, e p use |Vpr EE lnag stic met hods of
the preSEMICPls ikt rﬁ‘} g R tté*WH YPYErEEM'YS 2dribrq e gfafﬁ?gpparat us
f or obt@ignirethtoanoldlzerrépivi dtilewiss, AAVasrpraoa‘tm@gm& awdbjotassoc(ated witheams f or
stimul at.ing said ce .Ie th an 1753c. po ti r, vari ant

*her eof STt sgerea PR apdhe RedBares G aRS fBER BB BB i des)
(i11) nedqnsssfon; aclethecdforegrAckV qmmnotfeyolﬂagart inBaramlatany exspoesponse to

stiqqul ati on. 25Suitable nmeans for quantifying the cellular response include
a Bcell E LI SPOT kit or alternatively a T-cell ELISPOT kit, which are
known to thogeOBieRIViRA VATCTORE A EXPREIONOCORSTHUETEI t conpri ses: (a)a

pol ypeptide of the invention; and 30(b)a detection reagent suitable for
direct or indirect detection of antibody binding. O particular interest
are di aOthesvirat vkctos rhay be emglofyed aqaam’ei;éigri oansTructslin thegeesems msention for the

Posbr S0 Pl BPLAL Ao BYRRE S5 Rhe e VRIS AR,
pol3ppeptiiuvdes vidhhad Veecider vimls (Rigigbwaynf1988; Coupar et al., 1988), lentiviruses, polio
viruses and herpes viruses may be employed. Other poxvirus derived vectors, such as fowl-
pox derived vectors, may also be expected to be of use. They offer several attractive features
for various mammalian cells (Friedmann, 1989; Ridgeway, 1988; Coupar et al., 1988; Horwich
et al., 1990).
30
With the recent recognition of defective hepatitis B viruses, new insight was gained into the
structure-function relationship of different viral sequences. In vitro studies showed that the
virus could retain the ability for helper-dependent packaging and reverse transcription despite
the deletion of up to 80% of its genome (Horwich et al., 1990). This suggested that large
35 portions of the genome could be replaced with foreign genetic material. The hepatotropism

and persistence (integration) were particularly attractive properties for liver-directed gene



i ndi vidual. A diagnostic kit conprising: 5(a)a pol ypeptide of the

i nvention; (b) apparatus sufficient to contact said polypeptide with a
sanpl e (ew@.20bmbwsobl ood or nore suitably PBMC) from anPCmdiPeéodosdsse and (c)
means to quantify the T cell response (e.g. proliferation or |IFN gama
production). 10 EXAMPLES The fol |l owbig exanpl es are provi ded by way of
illustration only and not by way of limtation. Those of skill in the art
wi || rezatisfer. IGhaoget aie(189Ypintreduced thencremirphesitolpaeyensiesase{@ATEgeded be

| DEnT! A eARCREeR i v SoRER i Rratae<tes Wb e raraiirot Snd U e

Rv 1753 ccalirgpsdonentesast wiEransfected egthfvald-tapgviatsdnto ameavisr heplatdniecell line.

20 b [ t uber.cul osis.. PPE. f ami | f y- . Asn-ri.ch. teins. Rv1753
was sl CulEh Rt G BRhdvet v R Maranure Vv wpR e SR PEIER cul osi s
gendés adisolilinpiegrhtatytds. BhablaCay gehasepreasinh eaaniecatdor alflexdt R¢idays afferi n

Mur phy and. Br.o BMC. I.nf eqt..Dis. 2007 7:84-99. Potential dormancy phase
gene tatrragnes%cescn?r\r{lw(}l‘vrﬂ/aggbee{@iéﬁgl]g 25t ubercul osis were prioritised through a
bi oi nformati cs meta-anal ysis of published genonme-w de DNA m croarray

dat aset I bacterial gene expression,.ynd L mul at ed dormancy conditions.
Subcel I%?(gpoqaﬁélg?eli \é%‘tt?rgwcﬁﬁdel\\ﬂﬂu?Elbee‘?%rﬂ(ﬁ%ssﬁé‘%b 8?%?’5%9e§hcoded by genes, was
subsequently carried out on the entire genone to identify vaccine targets.

30Bry efly, e I pen ditions in the dormancy nodels were quite varied
soE]Q zero toéﬁﬁl\éwgéé?%%@%gystem was devel oped to normalise these data

based upon two criteria: 1) the rel evance of the experinental conditions to
t he dor man tate . and 2). the rank order. of expression. The maxijaum score
for a oryerdh &hea BaeriehBEint Mot bn i LR Bhsed e b Pl
r el evanioeerition the egpriessio@ ot mesthe defiveled irana\cehh@kie dblivetryibray el osi s

1 sho t he data ts. col

| nf eCtie(q)cQ:S' ﬁg}}-%brl‘l(\a/itr 1N Taborat tofedtitasfof rlls(?crtm(:fr(]:I f&eg{s Ii§t epr:an \t/l.oge;[ hxer
with the 88]%% d" X AT %%0?89/?8? each cdataset Addirt | onial’ "aatalet’s on
gerld esgemtasanh theytrdfatmengrob vettainveiseasbstaiene dsfdeseribedabove, one preferred

2010/ 010180PCT/ EP2009/ 059586 35 | i shed, st udi ing transposon:based
nockoUTCAXBaT FEAPL Aoy Bfh WP R Pl S Set Palt bR SR BEEr Ve

a scor earoinfeotiows viral particldabl e 1 - Sources, experinmental nodels, and scoring
criteria for M tuberculosis DNA 5m croarray gene expression and

genonme-w de gene knock-out (growth phase essentiality). Reference

Exper i nenteathermadedssion nemstiuct has\oanmetivered inda tHdedell shel icddic atid eWbdding the

M (?rOO bi (?elzs'lreg %Rgzonﬁél:ezt}gé grSp]nySrmtu%Ire\éﬁl(}ezi gerauléﬂgeesrmgf é E)gslitlio%%d%%d expressed at
different sites. In certain embodiments, the nucleic acid encoding the construct may be stably
integrated into the genome of the cell. This integration may be in the specific location and
orientation via homologous recombination (gene replacement) or it may be integrated in a
random, non-specific location (gene augmentation). In yet further embodiments, the nucleic

25 acid may be stably maintained in the cell as a separate, episomal segment of DNA. Such
nucleic acid segments or “episomes” encode sequences sufficient to permit maintenance and
replication independent of or in synchronisation with the host cell cycle. How the expression
construct is delivered to a cell and where in the cell the nucleic acid remains is dependent on
the type of expression construct employed.

30
In certain embodiments of the invention, the expression construct comprising one or more
oligonucleotide or polynucleotide sequences may simply consist of naked recombinant DNA or
plasmids. Transfer of the construct may be performed, for example, by any method which
physically or chemically permeabilises the cell membrane. This is particularly applicable for

35 transfer in vitro but it may be applied to in vivo use as well. Dubensky et al. (1984)

successfully injected polyomavirus DNA in the form of calcium phosphate precipitates into liver
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Tuber cul osi s. (Edi nb.) 2004 84:218- 2275¥Wayne nodel of hypoxi a# 30 and 80d:
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Med. 2043 mrﬁﬁ&dméndﬂ néelbdrn onico tiemonstatingactehdgbeplication ynd BEutd4 and 48h:

5 Kar akous et a 2004 2 Q
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envisioned that DNA encoding a gene of interest may also be transferred in a similar manner

5 invivo and express the gene product.

Another embodiment of the invention for transferring a naked DNA expression construct into
cells may involve particle bombardment. This method depends on the ability to accelerate
DNA-coated microprojectiles to a high velocity allowing them to pierce cell membranes and

10  enter cells without killing them (Klein et al., 1987). Several devices for accelerating small
particles have been developed. One such device relies on a high voltage discharge to
generate an electrical current, which in turn provides the motive force (Yang et al., 1990). The
microprojectiles used have consisted of biologically inert substances such as tungsten or gold
beads.

15
Selected organs including the liver, skin, and muscle tissue of rats and mice have been
bombarded in vivo (Yang et al., 1990; Zelenin et al., 1991). This may require surgical
exposure of the tissue or cells, to eliminate any intervening tissue between the gun and the
target organ, i.e., ex vivo treatment. Again, DNA encoding a particular gene may be delivered

20  via this method and still be incorporated.

Bacteria may also be utilised as a delivery method (e.qg. listeria, see W0O2004/11048) and in
particular BCG.

25 POLYPEPTIDE COMPOSITIONS
The present invention, in other aspects, provides polypeptide compositions.

Generally, a polypeptide of the invention will be an isolated polypeptide (i.e. separated from

30 those components with which it may usually be found in nature).

For example, a naturally-occurring protein is isolated if it is separated from some or all of the

coexisting materials in the natural system. Preferably, such polypeptides are at least about

90% pure, more preferably at least about 95% pure and most preferably at least about 99%
35 pure. A polynucleotide is considered to be isolated if, for example, it is cloned into a vector

that is not a part of the natural environment.
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t he fi nisd ﬂrs}:mmer(mjtﬁ?edi nsify emo&maal@tsae\faﬂiat;]l?gnér aegfglggfc?am:traﬁort Iﬁf bas
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Ref seq éxXohafgnieaink Hingllgtorenor nisrabevdtsephiase HRUE steps cat be bapkoyed tafuirtber, and

KEGG and g}zggecroggene} ﬁr II i nl&@ By conmbining the data fromdifferent studies
and souf¢es? ™ HEENBREPSRYEW was 20r eached about t he particul ar genes and

pattonays nost critical for survival in the dormant state. In Step 4, a
PO il e SR R Bt S e B o) BB
manual thaakpsutsi 006fanbin@atidstiandlgepataliyegs thaarabpoob®aminodrcids, mlaaets@bjel ity,
horrol Oggente(r)atgéj g?@yrﬁﬁ&%smggn% %lﬂgeEechnlques well known to those of ordinary skill in the art.
For example, such polypeptides may be synthesised using any of the commercially available
20  solid-phase techniques, such as the Merrifield solid-phase synthesis method, where amino
acids are sequentially added to a growing amino acid chain. See Merrifield, J. Am. Chem.
Soc. 85:2149-2146 (1963). Equipment for automated synthesis of polypeptides is
commercially available from suppliers such as Perkin ElImer/Applied BioSystems Division
(Foster City, CA), and may be operated according to the manufacturer’s instructions.
25
Within certain specific embodiments, a polypeptide may be a fusion protein that comprises
multiple polypeptides as described herein, or that comprises at least one polypeptide as
described herein and an unrelated sequence, examples of such proteins include tetanus,
tuberculosis and hepatitis proteins (see, e.g., Stoute et al., New Engl. J. Med. 336:86-91
30 (1997)). A fusion partner may, for example, assist in providing T helper epitopes (an
immunological fusion partner), preferably T helper epitopes recognised by humans, or may
assist in expressing the protein (an expression enhancer) at higher yields than the native
recombinant protein. Certain preferred fusion partners are both immunological and expression
enhancing fusion partners. Other fusion partners may be selected so as to increase the

35  solubility of the protein or to enable the protein to be targeted to desired intracellular
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30
Within preferred embodiments, an immunological fusion partner is derived from protein D, a
surface protein of the gram-negative bacterium Haemophilus influenza B (WO 91/18926).
Preferably, a protein D derivative comprises approximately the first third of the protein (e.g.,
the first N-terminal 100-110 amino acids), and a protein D derivative may be lipidated. Within
35 certain preferred embodiments, the first 109 residues of a lipoprotein D fusion partner is

included on the N-terminus to provide the polypeptide with additional exogenous T-cell
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degrades certain bonds in the peptidoglycan backbone. The C-terminal domain of the LYTA
protein is responsible for the affinity to the choline or to some choline analogues such as
DEAE. This property has been exploited for the development of E. coli C-LYTA expressing
plasmids useful for expression of fusion proteins. Purification of hybrid proteins containing the

15  C-LYTA fragment at the amino terminus has been described (see Biotechnology 10:795-798

(1992)). Within a preferred embodiment, a repeat portion of LYTA may be incorporated into a
fusion protein. A repeat portion is found in the C-terminal region starting at residue 178. A

particularly preferred repeat portion incorporates residues 188-305.
20 TCELLS

Immunotherapeutic compositions may also, or alternatively, comprise T cells specific for a
Mycobacterium antigen. Such cells may generally be prepared in vitro or ex vivo, using
standard procedures. For example, T cells may be isolated from bone marrow, peripheral

25 blood, or a fraction of bone marrow or peripheral blood of a patient, using a commercially
available cell separation system, such as the Isolex™ System, available from Nexell
Therapeutics, Inc. (Irvine, CA; see also U.S. Patent No. 5,240,856; U.S. Patent No. 5,215,926;
WO 89/06280; WO 91/16116 and WO 92/07243). Alternatively, T cells may be derived from
related or unrelated humans, non-human mammals, cell lines or cultures.

30
T cells may be stimulated with a polypeptide of the invention, polynucleotide encoding such a
polypeptide, and/or an antigen presenting cell (APC) that expresses such a polypeptide. Such
stimulation is performed under conditions and for a time sufficient to permit the generation of T
cells that are specific for the polypeptide. Preferably, the polypeptide or polynucleotide is

35 present within a delivery vehicle, such as a microsphere, to facilitate the generation of specific

T cells.
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SEQ | D pyotiferation of T cells may be accomplished by a variety of known techniques. For example, T

10  cell proliferation can be detected by measuring an increased rate of DNA synthesis (e.g., by
pulse-labelling cultures of T cells with tritiated thymidine and measuring the amount of tritiated
thymidine incorporated into DNA). Contact with a polypeptide of the invention (100 ng/ml - 100
ug/ml, preferably 200 ng/ml - 25 pug/ml) for 3 - 7 days should result in at least a two fold
increase in proliferation of the T cells. Contact as described above for 2-3 hours should result

15  in activation of the T cells, as measured using standard cytokine assays in which a two fold
increase in the level of cytokine release (e.g., TNF or IFN-y) is indicative of T cell activation
(see Coligan et al., Current Protocols in Immunology, vol. 1 (1998)). T cells that have been
activated in response to a polypeptide, polynucleotide or polypeptide-expressing APC may be
CD4" and/or CD8". Protein-specific T cells may be expanded using standard techniques.

20  Within preferred embodiments, the T cells are derived from a patient, a related donor or an

unrelated donor, and are administered to the patient following stimulation and expansion.

For therapeutic purposes, CD4* or CD8™ T cells that proliferate in response to a polypeptide,
polynucleotide or APC can be expanded in number either in vitro or in vivo. Proliferation of

25 such T cells in vitro may be accomplished in a variety of ways. For example, the T cells can be
re-exposed to a polypeptide, or a short peptide corresponding to an immunogenic portion of
such a polypeptide, with or without the addition of T cell growth factors, such as interleukin-2,
and/or stimulator cells that synthesise a polypeptide. Alternatively, one or more T cells that
proliferate in the presence of the protein can be expanded in number by cloning. Methods for

30 cloning cells are well known in the art, and include limiting dilution.
PHARMACEUTICAL COMPOSITIONS

In additional embodiments, the polynucleotide, polypeptide, T-cell and/or antibody

35 compositions disclosed herein will be formulated in pharmaceutically-acceptable or
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physiologically-acceptable solutions for administration to a cell or an animal, either alone, or in

combination with one or more other modalities of therapy.

It will also be understood that, if desired, the nucleic acid segment (e.g., RNA or DNA) that
5 expresses a polypeptide as disclosed herein may be administered in combination with other

agents as well, such as, e.g., other proteins or polypeptides or various pharmaceutically-active
agents, including chemotherapeutic agents effective against a M. tuberculosis infection. In
fact, there is virtually no limit to other components that may also be included, given that the
additional agents do not cause a significant adverse effect upon contact with the target cells or

10  hosttissues. The compositions may thus be delivered along with various other agents as
required in the particular instance. Such compositions may be purified from host cells or other
biological sources, or alternatively may be chemically synthesised as described herein.
Likewise, such compositions may further comprise substituted or derivatised RNA or DNA
compositions.

15
Formulation of pharmaceutically-acceptable excipients and carrier solutions is well-known to
those of skill in the art, as is the development of suitable dosing and treatment regimens for
using the particular compositions described herein in a variety of treatment regimens, including
e.g., oral, parenteral, intravenous, intranasal, and intramuscular administration and

20 formulation. Other routes of administration include via the mucosal surfaces.

Typically, formulations comprising a therapeutically effective amount deliver about 0.1 ug to
about 1000 ug of polypeptide per administration, more typically about 2.5 ug to about 100 ug of
polypeptide per administration. In respect of polynucleotide compositions, these typically
deliver about 10 ug to about 20 mg of the inventive polynucleotide per administration, more

25 typically about 0.1 mg to about 10 mg of the inventive polynucleotide per administration

Naturally, the amount of active compound(s) in each therapeutically useful composition may be
prepared is such a way that a suitable dosage will be obtained in any given unit dose of the
compound. Factors such as solubility, bioavailability, biological half-life, route of

30 administration, product shelf life, as well as other pharmacological considerations will be
contemplated by one skilled in the art of preparing such pharmaceutical formulations, and as

such, a variety of dosages and treatment regimens may be desirable.



DRB1 1301 5 109 LVAANRADL SEQ I D No: 34 DRB1_0301, DRB1_0801, DRB11101,
DRB1_1301, DRB1_1501 6 117 LVSLVMSNL SEQ I D No: 35 DRB1 1501 7 120
LVMSNLFGQvEeEQodofdo: 36 DRB1 0401, DRB1_1301 8 140 YEQVAEABY2@BEQ5Y5B5 No: 37
DRB1_0101 9 144 WAADVSAMS SEQ I D No: 38 DRB1 0401 10 172 LONLAGLPA SEQ I D
No: 39 DRB1 0101, DRB1_ 1101, DRB1_150163

10

15

20

25

30

35

1. ORAL DELIVERY

In certain applications, the pharmaceutical compositions disclosed herein may be delivered via
oral administration to an animal. As such, these compositions may be formulated with an inert
diluent or with an assimilable edible carrier, or they may be enclosed in hard- or soft-shell
gelatin capsule, or they may be compressed into tablets, or they may be incorporated directly
with the food of the diet.

The active compounds may even be incorporated with excipients and used in the form of
ingestible tablets, buccal tables, troches, capsules, elixirs, suspensions, syrups, wafers, and
the like (Mathiowitz et al., 1997; Hwang et al., 1998; U. S. Patent 5,641,515; U. S. Patent
5,580,579 and U. S. Patent 5,792,451, each specifically incorporated herein by reference in its
entirety). The tablets, troches, pills, capsules and the like may also contain the following: a
binder, as gum tragacanth, acacia, cornstarch, or gelatin; excipients, such as dicalcium
phosphate; a disintegrating agent, such as corn starch, potato starch, alginic acid and the like;
a lubricant, such as magnesium stearate; and a sweetening agent, such as sucrose, lactose or
saccharin may be added or a flavouring agent, such as peppermint, oil of wintergreen, or
cherry flavouring. When the dosage unit form is a capsule, it may contain, in addition to
materials of the above type, a liquid carrier. Various other materials may be present as
coatings or to otherwise modify the physical form of the dosage unit. For instance, tablets,
pills, or capsules may be coated with shellac, sugar, or both. A syrup of elixir may contain the
active component, sucrose as a sweetening agent methyl and propylparabens as
preservatives, a dye and flavouring, such as cherry or orange flavour. Of course, any material
used in preparing any dosage unit form should be pharmaceutically pure and substantially
non-toxic in the amounts employed. In addition, the active components may be incorporated

into sustained-release preparation and formulations.

For oral administration the compositions of the present invention may alternatively be
incorporated with one or more excipients in the form of a mouthwash, dentifrice, buccal tablet,
oral spray, or sublingual orally-administered formulation. For example, a mouthwash may be
prepared incorporating the active ingredient in the required amount in an appropriate solvent,
such as a sodium borate solution (Dobell's Solution). Alternatively, the active ingredient may
be incorporated into an oral solution such as one containing sodium borate, glycerin and
potassium bicarbonate, or dispersed in a dentifrice, or added in a therapeutically-effective

amount to a composition that may include water, binders, abrasives, flavoring agents, foaming
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agents, and humectants. Alternatively the compositions may be fashioned into a tablet or

solution form that may be placed under the tongue or otherwise dissolved in the mouth.
2. INJECTABLE DELIVERY

In certain circumstances it will be desirable to deliver the pharmaceutical compositions
disclosed herein parenterally, intravenously, intramuscularly, intradermally, or even
intraperitoneally as described in U. S. Patent 5,543,158; U. S. Patent 5,641,515 and U. S.
Patent 5,399,363 (each specifically incorporated herein by reference in its entirety). Solutions

10  of the active compounds as free base or pharmacologically acceptable salts may be prepared
in water suitably mixed with a surfactant, such as hydroxypropylcellulose. Dispersions may
also be prepared in glycerol, liquid polyethylene glycols, and mixtures thereof and in oils.
Under ordinary conditions of storage and use, these preparations contain a preservative to
prevent the growth of microorganisms.

15
The pharmaceutical forms suitable for injectable use include sterile aqueous solutions or
dispersions and sterile powders for the extemporaneous preparation of sterile injectable
solutions or dispersions (U. S. Patent 5,466,468, specifically incorporated herein by reference
in its entirety). In all cases the form must be sterile and must be fluid to the extent that easy

20  syringability exists. It must be stable under the conditions of manufacture and storage and
must be preserved against the contaminating action of microorganisms, such as bacteria and
fungi. The carrier can be a solvent or dispersion medium containing, for example, water,
ethanol, polyol (e.g., glycerol, propylene glycol, and liquid polyethylene glycol, and the like),
suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for

25 example, by the use of a coating, such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants. The prevention of the action of
microorganisms can be facilitated by various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, sorbic acid, thimerosal, and the like. In many cases, it will be
preferable to include isotonic agents, for example, sugars or sodium chloride. Prolonged

30 absorption of the injectable compositions can be brought about by the use in the compositions

of agents delaying absorption, for example, aluminum monostearate and gelatin.

For parenteral administration in an aqueous solution, for example, the solution should be
suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient saline
35 orglucose. These particular aqueous solutions are especially suitable for intravenous,

intramuscular, subcutaneous and intraperitoneal administration. In this connection, a sterile
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agueous medium that can be employed will be known to those of skill in the art in light of the
present disclosure. For example, one dosage may be dissolved in 1 ml of isotonic NaCl
solution and either added to 1000 ml of hypodermoclysis fluid or injected at the proposed site
of infusion (see, e.g., Remington’s Pharmaceutical Sciences, 15th Edition, pp. 1035-1038 and
5 1570-1580). Some variation in dosage will necessarily occur depending on the condition of the
subject being treated. The person responsible for administration will, in any event, determine
the appropriate dose for the individual subject. Moreover, for human administration,
preparations should meet sterility, pyrogenicity, and the general safety and purity standards as
required by FDA Office of Biologics standards.

10
Sterile injectable solutions are prepared by incorporating the active compounds in the required
amount in the appropriate solvent with various of the other ingredients enumerated above, as
required, followed by filtered sterilization. Generally, dispersions are prepared by incorporating
the various sterilized active ingredients into a sterile vehicle which contains the basic

15  dispersion medium and the required other ingredients from those enumerated above. In the
case of sterile powders for the preparation of sterile injectable solutions, the preferred methods
of preparation are vacuum-drying and freeze-drying techniques which yield a powder of the
active ingredient plus any additional desired ingredient from a previously sterile-filtered solution
thereof.

20
The compositions disclosed herein may be formulated in a neutral or salt form.
Pharmaceutically-acceptable salts, include the acid addition salts (formed with the free amino
groups of the protein) and which are formed with inorganic acids such as, for example,
hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,

25 andthe like. Salts formed with the free carboxyl groups can also be derived from inorganic
bases such as, for example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and
such organic bases as isopropylamine, trimethylamine, histidine, procaine and the like. Upon
formulation, solutions will be administered in a manner compatible with the dosage formulation
and in such amount as is therapeutically effective. The formulations are easily administered in

30 a variety of dosage forms such as injectable solutions, drug-release capsules, and the like.

As used herein, “carrier” includes any and all solvents, dispersion media, vehicles, coatings,

diluents, antibacterial and antifungal agents, isotonic and absorption delaying agents, buffers,

carrier solutions, suspensions, colloids, and the like. The use of such media and agents for
35 pharmaceutical active substances is well known in the art. Except insofar as any conventional

media or agent is incompatible with the active ingredient, its use in the therapeutic
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compositions is contemplated. Supplementary active ingredients can also be incorporated into

the compositions.

The phrase “pharmaceutically-acceptable” refers to molecular entities and compositions that

5 do not produce an allergic or similar untoward reaction when administered to a human. The
preparation of an aqueous composition that contains a protein as an active ingredient is well
understood in the art. Typically, such compositions are prepared as injectables, either as
liquid solutions or suspensions; solid forms suitable for solution in, or suspension in, liquid prior
to injection can also be prepared. The preparation can also be emulsified.

10
3. NASAL AND BUCCAL DELIVERY

In certain embodiments, the pharmaceutical compositions may be delivered by intranasal
sprays, buccal sprays, inhalation, and/or other aerosol delivery vehicles. Methods for

15  delivering genes, nucleic acids, and peptide compositions directly to the lungs eg via nasal and
buccal aerosol sprays has been described e.g., in U. S. Patent 5,756,353 and U. S. Patent
5,804,212 (each specifically incorporated herein by reference in its entirety). Likewise, the
delivery of drugs using intranasal microparticle resins (Takenaga et al., 1998) and
lysophosphatidyl-glycerol compounds (U. S. Patent 5,725,871, specifically incorporated herein

20 by reference in its entirety) are also well-known in the pharmaceutical arts. Likewise,
transmucosal drug delivery in the form of a polytetrafluoroetheylene support matrix is
described in U. S. Patent 5,780,045 (specifically incorporated herein by reference in its

entirety).
25 4. LIPOSOME-, NANOCAPSULE-, AND MICROPARTICLE-MEDIATED DELIVERY

In certain embodiments, the inventors contemplate the use of liposomes, nanocapsules,

microparticles, microspheres, lipid particles, vesicles, and the like, for the introduction of the

compositions of the present invention into suitable host cells. In particular, the compositions of
30 the present invention may be formulated for delivery either encapsulated in a lipid particle, a

liposome, a vesicle, a nanosphere, or a nanoparticle or the like.

Such formulations may be preferred for the introduction of pharmaceutically-acceptable
formulations of the nucleic acids or constructs disclosed herein. The formation and use of
35 liposomes is generally known to those of skill in the art (see for example, Couvreur et al., 1977;

Couvreur, 1988; Lasic, 1998; which describes the use of liposomes and nanocapsules in the
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targeted antibiotic therapy for intracellular bacterial infections and diseases). Recently,
liposomes were developed with improved serum stability and circulation half-times (Gabizon &
Papahadjopoulos, 1988; Allen and Choun, 1987; U. S. Patent 5,741,516, specifically
incorporated herein by reference in its entirety). Further, various methods of liposome and
5 liposome like preparations as potential drug carriers have been reviewed (Takakura, 1998;
Chandran et al., 1997; Margalit, 1995; U. S. Patent 5,567,434; U. S. Patent 5,552,157; U. S.
Patent 5,565,213; U. S. Patent 5,738,868 and U. S. Patent 5,795,587, each specifically

incorporated herein by reference in its entirety).

10 Liposomes have been used successfully with a number of cell types that are normally resistant
to transfection by other procedures including T cell suspensions, primary hepatocyte cultures
and PC 12 cells (Renneisen et al., 1990; Muller et al., 1990). In addition, liposomes are free of
the DNA length constraints that are typical of viral-based delivery systems. Liposomes have
been used effectively to introduce genes, drugs (Heath & Martin, 1986; Heath ef al., 1986;

15  Balazsovits et al., 1989; Fresta & Puglisi, 1996), radiotherapeutic agents (Pikul et al., 1987),
enzymes (Imaizumi et al., 1990a; Imaizumi et al., 1990b), viruses (Faller & Baltimore, 1984),
transcription factors and allosteric effectors (Nicolau & Gersonde, 1979) into a variety of
cultured cell lines and animals. In addition, several successful clinical trails examining the
effectiveness of liposome-mediated drug delivery have been completed (Lopez-Berestein et

20 al, 1985a; 1985b; Coune, 1988; Sculier et al., 1988). Furthermore, several studies suggest
that the use of liposomes is not associated with autoimmune responses, toxicity or gonadal

localization after systemic delivery (Mori & Fukatsu, 1992).

Liposomes are formed from phospholipids that are dispersed in an aqueous medium and

25  spontaneously form multilamellar concentric bilayer vesicles (also termed multilamellar
vesicles (MLVs). MLVs generally have diameters of from 25 nm to 4 um. Sonication of MLVs
results in the formation of small unilamellar vesicles (SUVs) with diameters in the range of 200

to 500 A, containing an aqueous solution in the core.

30 Liposomes bear resemblance to cellular membranes and are contemplated for use in
connection with the present invention as carriers for the peptide compositions. They are
widely suitable as both water- and lipid-soluble substances can be entrapped, i.e. in the
aqueous spaces and within the bilayer itself, respectively. It is possible that the drug-bearing
liposomes may even be employed for site-specific delivery of active agents by selectively

35 modifying the liposomal formulation.
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In addition to the teachings of Couvreur et al. (1977; 1988), the following information may be
utilized in generating liposomal formulations. Phospholipids can form a variety of structures
other than liposomes when dispersed in water, depending on the molar ratio of lipid to water.
At low ratios the liposome is the preferred structure. The physical characteristics of liposomes

5 depend on pH, ionic strength and the presence of divalent cations. Liposomes can show low

permeability to ionic and polar substances, but at elevated temperatures undergo a phase
transition which markedly alters their permeability. The phase transition involves a change
from a closely packed, ordered structure, known as the gel state, to a loosely packed, less-
ordered structure, known as the fluid state. This occurs at a characteristic phase-transition

10  temperature and results in an increase in permeability to ions, sugars and drugs.

In addition to temperature, exposure to proteins can alter the permeability of liposomes.

Certain soluble proteins, such as cytochrome ¢, bind, deform and penetrate the bilayer,

thereby causing changes in permeability. Cholesterol inhibits this penetration of proteins,
15  apparently by packing the phospholipids more tightly. It is contemplated that the most useful

liposome formations for antibiotic and inhibitor delivery will contain cholesterol.

The ability to trap solutes varies between different types of liposomes. For example, MLVs are
moderately efficient at trapping solutes, but SUVs are extremely inefficient. SUVs offer the

20 advantage of homogeneity and reproducibility in size distribution, however, and a compromise
between size and trapping efficiency is offered by large unilamellar vesicles (LUVs). These
are prepared by ether evaporation and are three to four times more efficient at solute

entrapment than MLVs.

25 In addition to liposome characteristics, an important determinant in entrapping compounds is
the physicochemical properties of the compound itself. Polar compounds are trapped in the
agueous spaces and nonpolar compounds bind to the lipid bilayer of the vesicle. Polar
compounds are released through permeation or when the bilayer is broken, but nonpolar
compounds remain affiliated with the bilayer unless it is disrupted by temperature or exposure

30 to lipoproteins. Both types show maximum efflux rates at the phase transition temperature.

Liposomes interact with cells via four different mechanisms: endocytosis by phagocytic cells of
the reticuloendothelial system such as macrophages and neutrophils; adsorption to the cell
surface, either by nonspecific weak hydrophobic or electrostatic forces, or by specific

35 interactions with cell-surface components; fusion with the plasma cell membrane by insertion

of the lipid bilayer of the liposome into the plasma membrane, with simultaneous release of
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liposomal contents into the cytoplasm; and by transfer of liposomal lipids to cellular or

subcellular membranes, or vice versa, without any association of the liposome contents. It

often is difficult to determine which mechanism is operative and more than one may operate at

the same time.

The fate and disposition of intravenously injected liposomes depend on their physical
properties, such as size, fluidity, and surface charge. They may persist in tissues for h or
days, depending on their composition, and half lives in the blood range from min to several h.
Larger liposomes, such as MLVs and LUVs, are taken up rapidly by phagocytic cells of the

10 reticuloendothelial system, but physiology of the circulatory system restrains the exit of such
large species at most sites. They can exit only in places where large openings or pores exist
in the capillary endothelium, such as the sinusoids of the liver or spleen. Thus, these organs
are the predominate site of uptake. On the other hand, SUVs show a broader tissue
distribution but still are sequestered highly in the liver and spleen. In general, this in vivo

15  behavior limits the potential targeting of liposomes to only those organs and tissues accessible

to their large size. These include the blood, liver, spleen, bone marrow, and lymphoid organs.

Targeting is generally not a limitation in terms of the present invention. However, should
specific targeting be desired, methods are available for this to be accomplished. Antibodies

20 may be used to bind to the liposome surface and to direct the antibody and its drug contents to
specific antigenic receptors located on a particular cell-type surface. Carbohydrate
determinants (glycoprotein or glycolipid cell-surface components that play a role in cell-cell
recognition, interaction and adhesion) may also be used as recognition sites as they have
potential in directing liposomes to particular cell types. Mostly, it is contemplated that

25 intravenous injection of liposomal preparations would be used, but other routes of

administration are also conceivable.

Alternatively, the invention provides for pharmaceutically-acceptable nanocapsule formulations
of the compositions of the present invention. Nanocapsules can generally entrap compounds

30 in a stable and reproducible way (Henry-Michelland et al., 1987; Quintanar-Guerrero et al.,
1998; Douglas et al., 1987). To avoid side effects due to intracellular polymeric overloading,
such ultrafine particles (sized around 0.1 um) should be designed using polymers able to be
degraded in vivo. Biodegradable polyalkyl-cyanoacrylate nanoparticles that meet these
requirements are contemplated for use in the present invention. Such particles may be are

35 easily made, as described (Couvreur et al., 1980; 1988; zur Muhlen et al., 1998; Zambaux et
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al. 1998; Pinto-Alphandry et al., 1995 and U. S. Patent 5,145,684, specifically incorporated

herein by reference in its entirety).
Skin patches may also be utilised for transcutaneous delivery.

IMMUNOGENIC COMPOSITIONS

In certain preferred embodiments of the present invention, immunogenic compositions are
provided. The immunogenic compositions will generally comprise one or more polypeptides or

10  polynucleotides, such as those discussed above, in combination with an immunostimulant. An
immunostimulant may be any substance that enhances or potentiates an immune response
(antibody and/or cell-mediated) to an exogenous antigen. Examples of immunostimulants
include adjuvants, biodegradable microspheres (e.g., polylactic galactide) and liposomes (into
which the compound is incorporated; see, e.g., Fullerton, U.S. Patent No. 4,235,877).

15
Preparation of immunogenic compositions is generally described in, for example, Powell &
Newman, eds., Vaccine Design (the subunit and adjuvant approach) (1995). Pharmaceutical
compositions and immunogenic compositions within the scope of the present invention may
also contain other compounds, which may be biologically active or inactive. For example, one

20  or more immunogenic portions of other M. tuberculosis antigens may be present, either
incorporated into a fusion polypeptide or as a separate compound, within the pharmaceutical

or immunogenic composition.

lllustrative immunogenic compositions may contain a polynucleotide (e.g. DNA) encoding one

25  or more of the polypeptides as described above, such that the polypeptide is generated in situ
(thereby eliciting an immune response). As noted above, the DNA may be present within any
of a variety of delivery systems known to those of ordinary skill in the art, including nucleic acid
expression systems, bacteria and viral expression systems. Numerous gene delivery
techniques are well known in the art, such as those described by Rolland, Crit. Rev. Therap.

30  Drug Carrier Systems 15:143-198 (1998), and references cited therein. Appropriate nucleic
acid expression systems contain the necessary DNA sequences for expression in the patient
(such as a suitable promoter and terminating signal). Bacterial delivery systems involve the
administration of a bacterium host cell (for example, a Mycobacterium, Bacillus or Lactobacillus
strain, including Bacillus-Calmette-Guerrin or Lactococcus lactis) that expresses the

35 polypeptide (e.g. on its cell surface or secretes the polypeptide) (see, for example, Ferreira, et
al., An Acad Bras Cienc (2005) 77:113-124; and Raha, et al., App! Microbiol Biotechnol (2005)
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PubMedID 15635459). In a preferred embodiment, the DNA may be introduced using a viral
expression system (e.g., vaccinia or other pox virus, retrovirus, or adenovirus), which may
involve the use of a non-pathogenic (defective), replication competent virus. Suitable systems
are disclosed, for example, in Fisher-Hoch et al., Proc. Natl. Acad. Sci. USA 86:317-321

5  (1989); Flexner et al., Ann. N.Y. Acad. Sci. 569:86-103 (1989); Flexner et al., Vaccine 8:17-21

(1990); U.S. Patent Nos. 4,603,112, 4,769,330, and 5,017,487; WO 89/01973; U.S. Patent No.
4,777,127; GB 2,200,651; EP 0,345,242; WO 91/02805; Berkner, Biotechniques 6:616-627
(1988); Rosenfeld et al., Science 252:431-434 (1991); Kolls et al., Proc. Natl. Acad. Sci. USA
91:215-219 (1994); Kass-Eisler et al., Proc. Natl. Acad. Sci. USA 90:11498-11502 (1993);

10  Guzman et al., Circulation 88:2838-2848 (1993); and Guzman et al., Cir. Res. 73:1202-1207
(1993). Techniques for incorporating DNA into such expression systems are well known to
those of ordinary skill in the art. The DNA may also be “naked,” as described, for example, in
Ulmer et al., Science 259:1745-1749 (1993) and reviewed by Cohen, Science 259:1691-1692
(1993). The uptake of naked DNA may be increased by coating the DNA onto biodegradable

15  beads, which are efficiently transported into the cells. It will be apparent that a immunogenic
composition may comprise both a polynucleotide and a polypeptide component. Such

immunogenic composition may provide for an enhanced immune response.

It will be apparent that an immunogenic composition may contain pharmaceutically acceptable
20 salts of the polynucleotides and polypeptides provided herein. Such salts may be prepared

from pharmaceutically acceptable non-toxic bases, including organic bases (e.g., salts of

primary, secondary and tertiary amines and basic amino acids) and inorganic bases (e.g.,

sodium, potassium, lithium, ammonium, calcium and magnesium salts).

25  While any suitable carrier known to those of ordinary skill in the art may be employed in the
immunogenic compositions of this invention, the type of carrier will vary depending on the
mode of administration. Compositions of the present invention may be formulated for any
appropriate manner of administration, including for example, topical, oral, nasal, intravenous,
intracranial, intraperitoneal, subcutaneous or intramuscular administration. For parenteral

30 administration, such as subcutaneous injection, the carrier preferably comprises water, saline,
alcohol, a fat, a wax or a buffer. For oral administration, any of the above carriers or a solid
carrier, such as mannitol, lactose, starch, magnesium stearate, sodium saccharine, talcum,
cellulose, glucose, sucrose, and magnesium carbonate, may be employed. Biodegradable
microspheres (e.g., polylactate polyglycolate) may also be employed as carriers for the

35 pharmaceutical compositions of this invention. Suitable biodegradable microspheres are
disclosed, for example, in U.S. Patent Nos. 4,897,268; 5,075,109; 5,928,647; 5,811,128;
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5,820,883; 5,853,763; 5,814,344 and 5,942,252. One may also employ a carrier comprising

the particulate-protein complexes described in U.S. Patent No. 5,928,647, which are capable

of inducing a class I-restricted cytotoxic T lymphocyte responses in a host.

5  Such compositions may also comprise buffers (e.g., neutral buffered saline or phosphate
buffered saline), carbohydrates (e.g., glucose, mannose, sucrose or dextrans), mannitol,
proteins, polypeptides or amino acids such as glycine, antioxidants, bacteriostats, chelating
agents such as EDTA or glutathione, adjuvants (e.g., aluminum hydroxide), solutes that render
the formulation isotonic, hypotonic or weakly hypertonic with the blood of a recipient,

10  suspending agents, thickening agents and/or preservatives. Alternatively, compositions of the
present invention may be formulated as a lyophilizate. Compounds may also be encapsulated

within liposomes using well known technology.

Any of a variety of immunostimulants may be employed in the immunogenic compositions of

15  this invention. For example, an adjuvant may be included. Most adjuvants contain a
substance designed to protect the antigen from rapid catabolism, such as aluminium hydroxide
or mineral oil, and a stimulator of immune responses, such as lipid A, Bortadella pertussis or
Mycobacterium species or Mycobacterium derived proteins. For example, delipidated,
deglycolipidated M. vaccae (“pVac”) can be used. Suitable adjuvants are commercially

20 available as, for example, Freund’s Incomplete Adjuvant and Complete Adjuvant (Difco
Laboratories, Detroit, Ml); Merck Adjuvant 65 (Merck and Company, Inc., Rahway, NJ);
AS01B, AS02A, AS15, AS-2 and derivatives thereof (GlaxoSmithKline, Philadelphia, PA);
CWS (cell wall skeleton from a tubercule bacillus), TDM (trehalose dicorynomycolate), Leif
(Leishmania elongation initiation factor), aluminium salts such as aluminium hydroxide gel

25  (alum) or aluminum phosphate; salts of calcium, iron or zinc; an insoluble suspension of
acylated tyrosine; acylated sugars; cationically or anionically derivatized polysaccharides;
polyphosphazenes; biodegradable microspheres; monophosphoryl lipid A (MPL®); and quil A
(e.g. @S-21). Cytokines, such as GM-CSF or interleukin-2, -7, or -12, may also be used as
adjuvants.

30
An adjuvant refers to the components in a vaccine or therapeutic composition that increase the
specific immune response to the antigen (see, e.g., Edelman, AIDS Res. Hum Retroviruses
8:1409-1411 (1992)). Adjuvants induce immune responses of the Th1-type and Th-2 type
response. Th1-type cytokines (e.g., IFN-y, IL-2, and IL-12) tend to favour the induction of cell-

35 mediated immune response to an administered antigen, while Th-2 type cytokines (e.g., IL-4,

IL-5, 1I-6, IL-10) tend to favour the induction of humoral immune responses. Adjuvants capable
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of preferential stimulation of a Th-1 cell-mediated immune response are described in WO
94/00153 and WO 95/17209.

Within the immunogenic compositions provided herein, the adjuvant composition is preferably
designed to induce an immune response predominantly of the Th1 type. Following
application of a immunogenic composition as provided herein, a patient will typically support an
immune response that includes Th1- and Th2-type responses. Within a preferred
embodiment, in which a response is predominantly Th1-type, the level of Th1-type cytokines
will increase to a greater extent than the level of Th2-type cytokines. The levels of these
cytokines may be readily assessed using standard assays. For a review of the families of

cytokines, see Janeway, et al., Immunobiology, 5" Edition, 2001.

The Rv1753c compositions usually comprise one or more adjuvants, e.g., AS01B (3-de-O-
acylated monophosphoryl lipid A (3D-MPL®) and QS21 in a liposome formulation; see, U.S.
Patent Publication No. 2003/0143240); AS02A (3D-MPL® and QS21 and an oil in water
emulsion; see, Bojang, et al., Lancet (2001) 358:1927); , ENHANZYN® (Detox); 3D-MPL®;
saponins including Quil A and its components e.g. QS21 and saponin mimetics; CWS (cell wall
skeleton from a tubercule bacillus); TDM (trehalose dicorynomycolate); aminoalkyl
glucosaminide 4-phosphates (AGPs); immunostimulatory oligonucleoptides e.g. CPG; Leif
(Leishmania elongation initiation factor); and derivatives thereof. In a preferred embodiment,
an Rv1753c¢ polypeptide is administered with one or more adjuvants selected from the group
consisting of 3D-MPL® and QS21 in a liposome formulation e.g. AS01B and 3D-MPL® and
QS21 and an oil in water emulsion (e.g. AS02A). Adjuvant systems AS01B and AS02A are
further described in Pichyangkul, et al., Vaccine (2004) 22:3831-40.

When delivering the Rv1753¢ antigen as a nucleic acid, it can be delivered, for example, in a
viral vector (i.e., an adenovirus vector), or in a mutant bacterium host cell (i.e., a mutant,
avirulent Mycobacterium, Lactobacillus or Bacillus host cell including Bacillus Calmette-Guerin

(BCG) and Lactococcus lactis).

Preferred adjuvants for use in eliciting a predominantly Th1-type response include, for
example, a combination of monophosphoryl lipid A (MPL ®) preferably 3-O-deacylated
monophosphoryl lipid A (3D-MPL®), optionally with an aluminium salt (see, for example, Ribi,
et al., 1986, Immunology and Immunopharmacology of Bacterial Endotoxins, Plenum Publ.
Corp., NY, pp. 407-419; GB 2122204B; GB 2220211; and US 4,912,094). A preferred form of

3D-MPL® is in the form of an emulsion having a small particle size less than 0.2mm in
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diameter, and its method of manufacture is disclosed in WO 94/21292. Aqueous formulations
comprising monophosphoryl lipid A and a surfactant have been described in WO 98/43670.
Exemplified preferred adjuvants include AS01B (MPL® and QS21 in a liposome formulation),
3D-MPL® and QS21 in a liposome formulation, AS02A (MPL® and QS21 and an oil in water
5 emulsion), 3D-MPL® and QS21 and an oil in water emulsion, and AS15, available from
GlaxoSmithKline. MPL® adjuvants are available from GlaxoSmithKline (see US Patent Nos.

4,436,727;4,877,611; 4,866,034 and 4,912,094).

CpG-containing oligonucleotides (in which the CpG dinucleotide is unmethylated) also induce

10  a predominantly Th1 response. CpG is an abbreviation for cytosine-guanosine dinucleotide
motifs present in DNA. Such oligonucleotides are well known and are described, for example,
in WO 96/02555, WO 99/33488 and U.S. Patent Nos. 6,008,200 and 5,856,462.
Immunostimulatory DNA sequences are also described, for example, by Sato et al., Science
273:352 (1996). CpG when formulated into immunogenic compositions, is generally

15  administered in free solution together with free antigen (WO 96/02555; McCluskie and Davis,
supra) or covalently conjugated to an antigen (WO 98/16247), or formulated with a carrier such
as aluminium hydroxide ((Hepatitis surface antigen) Davis et al. supra; Brazolot-Millan et al.,
Proc.Natl.Acad.Sci., USA, 1998, 95(26), 15553-8). CpG is known in the art as being an
adjuvant that can be administered by both systemic and mucosal routes (WO 96/02555, EP

20 468520, Davis et al., J.Immunol, 1998, 160(2):870-876; McCluskie and Davis, J.Immunol.,
1998, 161(9):4463-6).

Another preferred adjuvant is a saponin or saponin mimetics or derivatives, such as Quil A,
preferably QS21 (Aquila Biopharmaceuticals Inc., Framingham, MA), which may be used alone

25  orin combination with other adjuvants. For example, an enhanced system involves the
combination of a monophosphoryl lipid A (MPL®) and saponin derivative, such as the
combination of QS21 and 3D-MPL® as described in WO 94/00153, or a less reactogenic
composition where the QS21 is quenched with cholesterol, as described in WO 96/33739.
Other preferred formulations comprise an oil-in-water emulsion and tocopherol. A particularly

30  potent adjuvant formulation involving QS21, 3D-MPL® and tocopherol in an oil-in-water
emulsion is described in WO 95/17210. Additional saponin adjuvants of use in the present
invention include QS7 (described in WO 96/33739 and WO 96/11711) and QS17 (described in
U.S. Patent No. 5,057,540 and EP 0 362 279 B1).

35  Alternatively the saponin formulations may be combined with vaccine vehicles composed of

chitosan or other polycationic polymers, polylactide and polylactide-co-glycolide particles, poly-
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N-acetyl glucosamine-based polymer matrix, particles composed of polysaccharides or
chemically modified polysaccharides, liposomes and lipid-based particles, particles composed
of glycerol monoesters, etc. The saponins may also be formulated in the presence of
cholesterol to form particulate structures such as liposomes or ISCOM®s. Furthermore, the
saponins may be formulated together with a polyoxyethylene ether or ester, in either a non-
particulate solution or suspension, or in a particulate structure such as a paucilamelar
liposome or ISCOM®. The saponins may also be formulated with excipients such as
CARBOPOL® to increase viscosity, or may be formulated in a dry powder form with a powder

excipient such as lactose.

In one embodiment, the adjuvant system includes the combination of a monophosphoryl lipid A
and a saponin derivative, such as the combination of QS21 and 3D-MPL® adjuvant, as
described in WO 94/00153, or a less reactogenic composition where the QS21 is quenched
with cholesterol containing liposomes, as described in WO 96/33739. Other suitable
formulations comprise an oil-in-water emulsion and tocopherol. Another suitable adjuvant
formulation employing QS21, 3D-MPL® adjuvant and tocopherol in an oil-in-water emulsion is
described in WO 95/17210.

Another enhanced adjuvant system involves the combination of a CpG-containing
oligonucleotide and a saponin derivative particularly the combination of CpG and QS21 as
disclosed in WO 00/09159. Suitably the formulation additionally comprises an oil in water

emulsion and tocopherol.

Other suitable adjuvants include MONTANIDE® ISA 720 (Seppic, France), SAF (Chiron,
California, United States), ISCOMS® (CSL), MF-59 (Chiron), the SBAS series of adjuvants
(SmithKline Beecham, Rixensart, Belgium), Detox (Corixa), RC-529 (Corixa) and other
aminoalkyl glucosaminide 4-phosphates (AGPs), such as those described in pending U.S.
Patent Application Serial Nos. 08/853,826 and 09/074,720, the disclosures of which are
incorporated herein by reference in their entireties, and polyoxyethylene ether adjuvants such
as those described in WO 99/52549A1. SmithKline Beecham and Corixa Corporation are now
part of GlaxoSmithKline.

Other suitable adjuvants include adjuvant molecules of the general formula (1):
HO(CH,CH;0O),-A-R
wherein, n is 1-50, A is a bond or —C(O)-, R is C4.5 alkyl or Phenyl C4.5 alkyl.
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A further adjuvant of interest is shiga toxin b chain, used for example as described in
W02005/112991.

One embodiment of the present invention consists of an immunogenic composition comprising
a polyoxyethylene ether of general formula (I), wherein n is between 1 and 50, preferably 4-24,
most preferably 9; the R component is Cy.s0, preferably C4-Cyo alkyl and most preferably Cq,
alkyl, and A is a bond. The concentration of the polyoxyethylene ethers should be in the range
0.1-20%, preferably from 0.1-10%, and most preferably in the range 0.1-1%. Preferred
polyoxyethylene ethers are selected from the following group: polyoxyethylene-9-lauryl ether,
polyoxyethylene-9-steoryl ether, polyoxyethylene-8-steoryl ether, polyoxyethylene-4-lauryl
ether, polyoxyethylene-35-lauryl ether, and polyoxyethylene-23-lauryl ether. Polyoxyethylene
ethers such as polyoxyethylene lauryl ether are described in the Merck index (12" edition:
entry 7717). These adjuvant molecules are described in WO 99/52549.

Any immunogenic composition provided herein may be prepared using well known methods
that result in a combination of antigen, immune response enhancer and a suitable carrier or
excipient. The compositions described herein may be administered as part of a sustained
release formulation (i.e., a formulation such as a capsule, sponge or gel (composed of
polysaccharides, for example) that effects a slow release of compound following
administration). Such formulations may generally be prepared using well known technology
(see, e.g., Coombes et al., Vaccine 14:1429-1438 (1996)) and administered by, for example,
oral, rectal or subcutaneous implantation, or by implantation at the desired target site.
Sustained-release formulations may contain a polypeptide, polynucleotide or antibody
dispersed in a carrier matrix and/or contained within a reservoir surrounded by a rate

controlling membrane.

Carriers for use within such formulations are biocompatible, and may also be biodegradable;
preferably the formulation provides a relatively constant level of active component release.
Such carriers include microparticles of poly(lactide-co-glycolide), polyacrylate, latex, starch,
cellulose, dextran and the like. Other delayed-release carriers include supramolecular
biovectors, which comprise a non-liquid hydrophilic core (e.g., a cross-linked polysaccharide or
oligosaccharide) and, optionally, an external layer comprising an amphiphilic compound, such
as a phospholipid (see, e.g., U.S. Patent No. 5,151,254 and PCT applications WO 94/20078,
WQO/94/23701 and WO 96/06638). The amount of active compound contained within a
sustained release formulation depends upon the site of implantation, the rate and expected

duration of release.
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Any of a variety of delivery vehicles may be employed within pharmaceutical compositions and
immunogenic compositions to facilitate production of an antigen-specific immune response.
Delivery vehicles include antigen presenting cells (APCs), such as dendritic cells,

5 macrophages, B cells, monocytes and other cells that may be engineered to be efficient APCs.
Such cells may, but need not, be genetically modified to increase the capacity for presenting
the antigen, to improve activation and/or maintenance of the T cell response and/or to be
immunologically compatible with the receiver (i.e., matched HLA haplotype). APCs may
generally be isolated from any of a variety of biological fluids and organs, and may be

10  autologous, allogeneic, syngeneic or xenogeneic cells.

Certain preferred embodiments of the present invention use dendritic cells or progenitors
thereof as antigen-presenting cells. Dendritic cells are highly potent APCs (Banchereau&
Steinman, Nature 392:245-251 (1998)) and have been shown to be effective as a physiological
15  adjuvant for eliciting prophylactic or therapeutic immunity (see Timmerman & Levy, Ann. Rev.
Med. 50:507-529 (1999)). In general, dendritic cells may be identified based on their typical
shape (stellate in situ, with marked cytoplasmic processes (dendrites) visible in vitro), their
ability to take up, process and present antigens with high efficiency and their ability to activate
naive T cell responses. Dendritic cells may, of course, be engineered to express specific cell-
20  surface receptors or ligands that are not commonly found on dendritic cells in vivo or ex vivo,
and such modified dendritic cells are contemplated by the present invention. As an alternative
to dendritic cells, secreted vesicles antigen-loaded dendritic cells (called exosomes) may be

used within an immunogenic composition (see Zitvogel et al., Nature Med. 4:594-600 (1998)).

25  Dendritic cells and progenitors may be obtained from peripheral blood, bone marrow, lymph
nodes, spleen, skin, umbilical cord blood or any other suitable tissue or fluid. For example,
dendritic cells may be differentiated ex vivo by adding a combination of cytokines such as GM-
CSF, IL-4, IL-13 and/or TNFa to cultures of monocytes harvested from peripheral blood.
Alternatively, CD34 positive cells harvested from peripheral blood, umbilical cord blood or bone

30  marrow may be differentiated into dendritic cells by adding to the culture medium combinations
of GM-CSF, IL-3, TNFa, CD40 ligand, LPS, flt3 ligand and/or other compound(s) that induce

differentiation, maturation and proliferation of dendritic cells.

Dendritic cells are conveniently categorised as “immature” and “mature” cells, which allows a
35 simple way to discriminate between two well characterised phenotypes. However, this

nomenclature should not be construed to exclude all possible intermediate stages of
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differentiation. Immature dendritic cells are characterised as APC with a high capacity for
antigen uptake and processing, which correlates with the high expression of Fcy receptor and
mannose receptor. The mature phenotype is typically characterized by a lower expression of
these markers, but a high expression of cell surface molecules responsible for T cell activation
5 such as class | and class Il MHC, adhesion molecules (e.g., CD54 and CD11) and

costimulatory molecules (e.g., CD40, CD80, CD86 and 4-1BB).

APCs may generally be transfected with a polynucleotide encoding a protein (or portion or
other variant thereof) such that the polypeptide, is expressed on the cell surface. Such

10 transfection may take place ex vivo, and a pharmaceutical composition or immunogenic
composition comprising such transfected cells may then be used, as described herein.
Alternatively, a gene delivery vehicle that targets a dendritic or other antigen presenting cell
may be administered to a patient, resulting in transfection that occurs in vivo. In vivo and ex
vivo transfection of dendritic cells, for example, may generally be performed using any

15  methods known in the art, such as those described in WO 97/24447, or the gene gun
approach described by Mahvi et al., Immunology and Cell Biology 75:456-460 (1997). Antigen
loading of dendritic cells may be achieved by incubating dendritic cells or progenitor cells with
the polypeptide, DNA (naked or within a plasmid vector) or RNA; or with antigen-expressing
recombinant bacterium or viruses (e.g., vaccinia, fowlpox, adenovirus or lentivirus vectors).

20  Prior to loading, the polypeptide may be covalently conjugated to an immunological partner
that provides T cell help (e.g., a carrier molecule). Alternatively, a dendritic cell may be pulsed

with a non-conjugated immunological partner, separately or in the presence of the polypeptide.

Immunogenic compositions and pharmaceutical compositions may be presented in unit-dose
25 or multi-dose containers, such as sealed ampoules or vials. Such containers are preferably

hermetically sealed to preserve sterility of the formulation until use. In general, formulations

may be stored as suspensions, solutions or emulsions in oily or aqueous vehicles.

Alternatively, an immunogenic composition or pharmaceutical composition may be stored in a

freeze-dried condition requiring only the addition of a sterile liquid carrier immediately prior to
30 use.

In some embodiments, a “priming” or first administration of an Rv1753c polypeptide (including
variants, immunogenic fragments or fusion proteins), or polynucleotide encoding said
polypeptide, is followed by one or more “boosting” or subsequent administrations of an

35 Rv1753c polypeptide (including variants, immunogenic fragments or fusion proteins) or

polynucleotide encoding said polypeptide (“prime and boost” method). For instance, a first
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administration with an Rv1753¢ polypeptide (including variants, immunogenic fragments or
fusion proteins) or polynucleotide encoding said polypeptide is followed by one or more
subsequent administrations of an Rv1753c polypeptide (including variants, immunogenic

fragments or fusion proteins) or polynucleotide encoding said polypeptide.

In one embodiment, a first administration with an Rv1753c¢ polypeptide or polynucleotide is
followed by one or more subsequent administrations of an Rv1753c¢ polypeptide. In one
embodiment, a first administration with an Rv1753¢ polypeptide or polynuclectide is followed
by one or more subsequent administrations of an Rv1753c polynucleotide. Usually the first or
“priming” administration and the second or “boosting” administration are given about 2-12
weeks apart, or up to 4-6 months apart. Subsequent “booster” administrations are given about
6 months apart, or as long as 1, 2, 3, 4 or 5 years apart. Conventional booster treatment (e.g.,
a protein priming administration followed by a protein boosting administration) may also useful
be in preventing or treating tuberculosis (e.g. preventing or treating latent tuberculosis, in

particular preventing or delay tuberculosis reactivation).

ANTIBODIES

“‘Antibody” refers to a polypeptide comprising a framework region from an immunoglobulin
gene or fragments thereof that specifically binds and recognises an antigen. The recognised
immunoglobulin genes include the kappa, lambda, alpha, gamma, delta, epsilon, and mu
constant region genes, as well as the myriad immunoglobulin variable region genes. Light
chains are classified as either kappa or lambda. Heavy chains are classified as gamma, mu,
alpha, delta, or epsilon, which in turn define the immunoglobulin classes, 1gG, IgM, IgA, IgD

and IgE, respectively.

An exemplary immunoglobulin (antibody) structural unit comprises a tetramer. Each tetramer
is composed of two identical pairs of polypeptide chains, each pair having one “light” (about 25
kDa) and one “heavy” chain (about 50-70 kDa). The N-terminus of each chain defines a
variable region of about 100 to 110 or more amino acids primarily responsible for antigen
recognition. The terms variable light chain (V.) and variable heavy chain (Vy) refer to these

light and heavy chains respectively.

Antibodies exist, e.g., as intact immunoglobulins or as a number of well-characterised
fragments produced by digestion with various peptidases. Thus, for example, pepsin digests

an antibody below the disulfide linkages in the hinge region to produce F(ab)’;, a dimer of Fab
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which itself is a light chain joined to Vy-Cy1 by a disulfide bond. The F(ab)',; may be reduced
under mild conditions to break the disulfide linkage in the hinge region, thereby converting the
F(ab)'; dimer into an Fab’ monomer. The Fab’ monomer is essentially Fab with part of the
hinge region (see Fundamental Immunology (Paul ed., 3d ed. 1993). While various antibody
5 fragments are defined in terms of the digestion of an intact antibody, one of skill will appreciate
that such fragments may be synthesized de novo either chemically or by using recombinant
DNA methodology. Thus, the term antibody, as used herein, also includes antibody fragments
either produced by the modification of whole antibodies, or those synthesised de novo using
recombinant DNA methodologies (e.g., single chain Fv) or those identified using phage display
10 libraries (see, e.g., McCafferty et al., Nature 348:552-554 (1990)).

For preparation of monoclonal or polyclonal antibodies, any technique known in the art can be
used (see, e.g., Kohler & Milstein, Nature 256:495-497 (1975); Kozbor et al., Immunology
Today 4: 72 (1983); Cole et al., pp. 77-96 in Monoclonal Antibodies and Cancer Therapy

15 (1985)). Techniques for the production of single chain antibodies (U.S. Patent 4,946,778) can
be adapted to produce antibodies to polypeptides of this invention. Also, transgenic mice, or
other organisms such as other mammals, may be used to express humanised antibodies.
Alternatively, phage display technology can be used to identify antibodies and heteromeric Fab
fragments that specifically bind to selected antigens (see, e.g., McCafferty et al., Nature

20  348:552-554 (1990); Marks et al., Biotechnology 10:779-783 (1992)).

The phrase “specifically (or selectively) binds” to an antibody or “specifically (or selectively)
immunoreactive with,” when referring to a protein or peptide, refers to a binding reaction that is
determinative of the presence of the protein in a heterogeneous population of proteins and

25 other biologics. Thus, under designated immunoassay conditions, the specified antibodies
bind to a particular protein at least two times the background and do not substantially bind in a
significant amount to other proteins present in the sample. Specific binding to an antibody
under such conditions may require an antibody that is selected for its specificity for a particular
protein. For example, polyclonal antibodies raised to fusion proteins can be selected to obtain

30 only those polyclonal antibodies that are specifically immunoreactive with fusion protein and
not with individual components of the fusion proteins. This selection may be achieved by
subtracting out antibodies that cross-react with the individual antigens. A variety of
immunoassay formats may be used to select antibodies specifically immunoreactive with a
particular protein. For example, solid-phase ELISA immunoassays are routinely used to select

35 antibodies specifically immunoreactive with a protein (see, e.g., Harlow & Lane, Antibodies, A

Laboratory Manual (1988) and Using Antibodies: A Laboratory Manual (1998), for a description
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of immunoassay formats and conditions that can be used to determine specific

immunoreactivity). Typically a specific or selective reaction will be at least twice background

signal or noise and more typically more than 10, 20 or 100 times background (e.g. binding to

other Mycobacterium proteins, such as other Mycobacterium tuberculosis proteins).
DIAGNOSTICS

In another aspect, this invention provides methods for using one or more of the polypeptides
described above to diagnose tuberculosis (for example using T cell response based assays or

10  antibody based assays of conventional format).

For example, there is provided a method for determining prior M. tuberculosis infection in an
individual comprising:
(a) obtaining a sample from the individual;
15 (b) contacting said sample with an isolated polypeptide which comprises:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence;

(¢) quantifying the sample response.

20
The sample may for example be whole blood or purified cells. Suitably the sample will contain
peripheral blood mononucleated cells (PBMC). In one embodiment of the invention the
individual will be seropositive. In a second embodiment of the invention the individual will be
seronegative.

25

Suitably the individual will not previously have been vaccinated against M. tuberculosis

infection (e.g. suitably the individual will not previously have been vaccinated with BCG).

The sample response may be quantified by a range of means known to those skilled in the art,
30 including the monitoring of lymphocyte proliferation or the production of specific cytokines or
antibodies. For example, T-cell ELISPOT may be used to monitor cytokines such as interferon
gamma (IFNy), interleukin 2 (IL2) and interleukin 5 (IL5). B-cell ELLISPOT may be used to
monitor the stimulation of M. tuberculosis specific antigens. The cellular response may also be
characterised by the use of by intra- and extra-cellular staining and analysis by a flow

35 cytometer.
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Methods of quantifying a sample proliferation response include:
(i pulsing cultured cells with a radiolabel (e.g. tritiated thymidine) and monitoring
tritium uptake (e.g. gas scintillation);
(i) carboxyfluorsecein diacetate succinimidyl ester (CFSE) Ilabelling and

5 fluorescence monitoring of cell division using flow cytometry.

Quantifying a sample cytokine response includes in particular the monitoring of interferon

gamma production.

10  When using such quantification methods, a positive response to an antigen may be defined by

a signal to noise ratio (S/N ratio) of at least 2:1 (for example, at least 3:1 or at least 5:1).

In a further aspect of the present invention methods are provided to diagnose M. tuberculosis
infection using a skin test. As used herein, a "skin test" is any assay performed directly on a

15  patient in which a delayed-type hypersensitivity (DTH) reaction (such as swelling, reddening or
dermatitis) is measured following intradermal injection of an Rv153c polypeptide as described
above (or variant, immunogenic fragments thereof or nucleotides encoding them). Such
injection may be achieved using any suitable device sufficient to contact the antigen
combinations with dermal cells of the patient, such as a tuberculin syringe or 1 mL syringe.

20  The reaction is measured after a period of time, for example at least 48 hours after injection,

especially 48-72 hours.

The DTH reaction is a cell-mediated immune response, which is greater in patients that have
been exposed previously to the test antigen. The response may be measured visually, using a

25 ruler. In general, a response that is greater than about 0.5 cm in diameter, especially greater
than about 1.0 cm in diameter, is a positive response, indicative of prior M. tuberculosis

infection, which may or may not be manifested as an active disease.

For use in a skin test, the Rv1753¢ component is suitably formulated as a pharmaceutical
30  composition containing a physiologically acceptable carrier. Suitably, the carrier employed in
such pharmaceutical compositions is a saline solution with appropriate preservatives, such as

phenol and/or Tween 80™.,

The present invention further provides kits for use within any of the above diagnostic methods.
35  Such kits typically comprise two or more components necessary for performing a diagnostic

assay. Components may be compounds, reagents, containers and/or equipment.
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For example, one container within a kit may contain a monoclonal antibody or fragment thereof
that specifically binds to a protein. Such antibodies or fragments may be provided attached to
a support material, as described above. One or more additional containers may enclose
elements, such as reagents or buffers, to be used in the assay. Such kits may also, or
alternatively, contain a detection reagent as described above that contains a reporter group

suitable for direct or indirect detection of antibody binding.

Alternatively, a kit may be designed to detect the level of mMRNA encoding a protein in a
biological sample. Such kits generally comprise at least one oligonucleotide probe or primer,
as described above, that hybridises to a polynucleotide encoding a protein. Such an
oligonucleotide may be used, for example, within a PCR or hybridization assay. Additional
components that may be present within such kits include a second oligonucleotide and/or a
diagnostic reagent or container to facilitate the detection of a polynucleotide encoding a protein

of the invention.

Other diagnostics kits include those designed for the detection of cell mediated responses
(which may, for example, be of use in the diagnostic methods of the present invention). Such
kits will typically comprise:
(i apparatus for obtaining an appropriate cell sample from a subject;
(i) means for stimulating said cell sample with an Rv1753c polypeptide (or variant
thereof, immunogenic fragments thereof, or DNA encoding such polypeptides);

(iii) means for detecting or quantifying the cellular response to stimulation.

Suitable means for quantifying the cellular response include a B-cell ELISPOT kit or

alternatively a T-cell ELISPOT kit, which are known to those skilled in the art.
One possible kit comprises:
(@) a polypeptide of the invention; and
(b) a detection reagent suitable for direct or indirect detection of antibody binding.

Of particular interest are diagnostic kits tailored for quantifying T cell responses:

A diagnostic kit comprising:

(@) a polypeptide of the invention; and
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(b) apparatus sufficient to contact said polypeptide with the dermal cells of an

individual.

A diagnostic kit comprising:
5 (@) a polypeptide of the invention;

(b) apparatus sufficient to contact said polypeptide with a sample (e.g. whole blood
or more suitably PBMC) from an individual; and

(c) means to quantify the T cell response (e.g. proliferation or IFN-gamma
production).

10
EXAMPLES

The following examples are provided by way of illustration only and not by way of limitation.
Those of skill in the art will readily recognize a variety of noncritical parameters that could be

15  changed or modified to yield essentially similar results.

EXAMPLE 1 - IDENTIFICATION OF Rv1753c AS A LATENT TB VACCINE TARGET

The gene Rv1753c¢ also known as PPE24, encodes for a protein member of the

20  Mycobacterium tuberculosis PPE family of Gly-, Asn-rich proteins.

Rv1753c was selected based on a genome-wide analysis of Mycobacterium tuberculosis
genes associated with dormancy phase maintenance and infectivity as in Murphy and Brown
BMC.Infect.Dis. 2007 7:84-99. Potential dormancy phase gene targets in Mycobacterium

25  tuberculosis were prioritised through a bioinformatics meta-analysis of published genome-wide
DNA microarray datasets of bacterial gene expression under simulated dormancy conditions.
Subcellular localisation of M. tuberculosis proteins encoded by genes, was subsequently

carried out on the entire genome to identify vaccine targets.

30  Briefly, experimental conditions in the dormancy models were quite varied so a zero to five
scoring system was developed to normalise these data based upon two criteria: 1) the
relevance of the experimental conditions to the dormant state and 2) the rank order of
expression. The maximum score for a particular experimental dataset was adjusted based on
potential relevance to the clinical occurrence of dormancy phase M. tuberculosis infections.

35 Table 1 shows the data sets collected for Step 1 together with the adjusted maximum scores

for each dataset. Additional datasets on gene essentiality for growth were obtained from
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published studies using transposon-based knockout experiments (TraSH). Genes which had

no effect on growth received a score of zero.

Table 1 — Sources, experimental models, and scoring criteria for M. tuberculosis DNA
) microarray gene expression and genome-wide gene knock-out (growth phase

essentiality).

Reference Experimental model Timepoint:
Maximum score®
Betts JC et al. Starvation under controlled O, 96h: 3
Mol. Microbiol. 2002 43:717-731 24h: 2
4h: 1
Hampshire T et al. Nutrient depletion under 62 and 75d: 5
Tuberculosis.(Edinb.) 2004 84:228- controlled O, 49d: 4
238 18d: 2
Muttucumaru DG et al. Wayne model of hypoxia® 14d (NRP-2): 4
Tuberculosis.(Edinb.) 2004 84:239- 7d (NRP-1): 2
246
Voskuil Ml et al. Wayne model of hypoxia® 30 and 80d: 5
Tuberculosis.(Edinb.) 2004 84:218- 14 and 20d: 4
227 10 and 12d: 3
6 and 8d: 2
Schnappinger D et al. Infection of mouse macrophages, 24 and 48h: 5
J. Exp. Med. 2003 198:693-704 +/- y-INF
Karakousis PC et al. Hollow fiber subcutaneous 10d: 3
J. Exp. Med. 2004 200:647-657 implant in mice
Talaat AM et al. Infection of mice. MTB harvested 28d: 3
Proc. Natl. Acad. Sci. U.S.A 2004, from lung®
101:4602-4607
Sassetti CM et al. TraSH mutated libraries grown on 14d:5
Mol. Microbiol. 2003 48:77-84 solid media
Rengarajan J et al. Infection of mouse macrophages, 7d:5
Proc.Natl.Acad.Sci.U.S.A 2005, +/- y-INF with TraSH mutated
102:8327-8332 libraries of M. tuberculosis
Sassetti CM et al. C57BL/6J mice infected with 7,14, 28 and 56d:5
Proc.Natl.Acad.Sci.U.S.A 2003 TraSH mutated libraries of M.
100:12989-12994 tuberculosis
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*Maximum score based on relevance as a dormancy model; h = hour ; d = day.
PRatio of M. tuberculosis from Balb/c lung to MTB in aerated culture for 28d.
# Wayne LG and Hayes LG Infect. Immun. 1996 64:2062-2069

Step 2 - In applying the second criterion, the rank order of gene expression, gene scores from
each dataset were ordered from highest to lowest based on expression ratio (fold expression

in the experimental condition versus cells in log-phase liquid culture). The highest scoring gene
received the maximum score for that particular dataset (listed in column 3 of Table 1. (e.g. 5, 4
..., 1 point)). The score was decreased by 0.005 points for each gene in order until zero, or the
end of the data set was reached. Thus when the maximum score was 4 points, the 100th
ranked gene would receive a score of 3.500. For a maximum score of 5 points, 1000 genes or
25% of the M. tuberculosis genome received a score. For experiments where data from
multiple time points were collected, the maximum score across all time points was used as the

final score.

In Step 3 scores for each gene in each of the experimental conditions were collected into a
Microsoft Access database. Reference fields were added to facilitate prioritisation, such as the
Refseq ID, Genbank function, Genbank note, Tuberculist classification, and KEGG and Sanger
Center links. By combining the data from different studies and sources, a consensus view was

reached about the particular genes and pathways most critical for survival in the dormant state.

In Step 4, a prioritised list of therapeutic targets was derived utilising the top 400 scoring genes
(~10% of the genome) supplemented by expert computational and manual analysis of
biochemical pathways, enzymology, drug tractability, homology to human genes and other
prior knowledge. The great majority of the high scoring genes come from the subset where two

or three of the groups intersect.

In Step 5, the identification of subcellular localisation of M. tuberculosis proteins encoded by
genes, was carried out on the entire genome. The heuristic used for membrane protein
prediction is described in Chalker et al. J. Bacteriol. 2001 183:1259-1268. Average hydropathy
profiles (H) (von Heijne G J. Mol. Biol. 1992 225:487-494) were generated using GES
hydropathy values (Engelman DM et al. Annu. Rev. Biophys. Biophys. Chem. 1986 15:321-
353) weighted using a trapezoid window. Using a process similar to the initial steps of the
TopPred Il algorithm (Claros MG et al. Comput. Appl. Biosci. 1994 10:685-686), helical
transmembrane segments (TMS) were predicted for each peptide sequence by selecting 19

amino acids centered on the highest H value (MaxH), masking these from further

SEQ ID No: 178 A 0101, A 0201, B51 120 678
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consideration, and repeating the process until no peaks with a H of >0.5 remained. Subcellular
locations were assigned based on the peak MaxH value, number of segments with a H of >1.0,
and distribution and peak H values of the putative TMS. A MaxH cutoff of 1.15 was chosen to
maximize the discrimination between two SwissProtein release 34 test datasets containing
transmembrane and cytoplasmic proteins, respectively (Boyd D et al. Protein Sci. 1998 7:201-
205). Proteins with a MaxH of <1.15 were classified as cytoplasmic, while those with a MaxH
of >1.15 and at least three possible TMS were classified as membrane proteins. Anchored
proteins were defined as having exactly two TMS, one starting before amino acid (aa) 35 and
one having a H of >1.15 with the other having a H not lower than 0.5. SignalP with Gram
positive settings was specifically used for M. bacterium to identify secreted proteins amongst
those classified as either cytoplasmic or "unknown" in the heuristic analysis (Nielsen H et al.
Protein Eng. 1997 10:1-6).

Rv1753c¢ ranked very high as a vaccine antigen according to several criteria:

(i) Rv1753c is consistently up-regulated across all models of dormancy. Among the
entire suite of 3999 genes scored in the meta-analysis, Rv1753c was ranked 116" as
one of the top 10 % of over-expressed genes across all dormancy models. The up-
regulated score for Rv1753¢ was 13.29 which favourably compared with the top gene
score of 22.28. Rv1753¢ was not down-regulated in any model of dormancy, scoring 0

(compared to -18.13 for the most widely down regulated gene).

(i) Rv1753c ranked as being essential for growth according to in vitro growth models of

M. tuberculosis survival (scoring 2.07, out of a possible scoring of 5).

(iii) Subcellular localisation predicted that the Rv1753c¢ protein is secreted and thus has

significant extracellular exposure, indicating suitability as a vaccine target.

EXAMPLE 2 — Rv1753c EPITOPE IDENTIFICATION

Method

T cell epitope prediction was based on the following approaches:

Prediction Name URL/References
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762 LPQLVWHPY SEQ I D No: 198 B7, B51 140 764 QLVVHPYTL SEQ I D No: 199

A 0101, A2, A 0201, B8 141 768 HPYTLTGPI SEQ I D No: 200 B7, B8, B51 142 770
YTLTGPI VIweRQoiofdo: 201 A 0101, A2, A 0201 143 774 GPl YCCHPR00SAISBEO No:
202 A24, B7, B_3501 144 775 PIVIGSFFL SEQ I D No: 203 A 0101, A 0301 145 780

SFFLPAFNI SEQ I D No: 204 A24 89
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Resuilts
5 Table 2 — Putative Rv1753¢c human CD4+ T cell epitopes
Putative .
Amino .
CD4 | o cid Epitope SEQ ID No: HLA allele
epitope - sequence
position
number
1 57 WQGASSSAM | SEQ ID No: 30 DRB1 0401




146 783 LPAFNIPE SEQ I D No: 205 B7, B51 147 788 | PG DVPAI SEQ I D No: 206
B7, B51 WD 2010/ 010180PCT/ EP2009/ 059586 94 Putative CD8 epitope nunber
Am no aciwoporvaidmsn Epit ope sequence SEQ I D No: HLA al | @Ce/EP4@9/094386

G DVPAINV SEQ I D No: 207 A 0101, A 0201, A 0301 149 793 VPAINVDGF SEQ I D

No: 208 B7, B 3501 90
Putative Amino _
CD4 acid Epitope SEQ ID No: HLA allele
epitope o, sequence
number position
2 81 VQAEQTAAQ | SEQ ID No: 31 DRB1 0401
3 100 VKTAVVQPM | SEQ ID No: 32 DRB1 0301, DRB1 1301
4 105 VQPMLVAAN | SEQ ID No: 33 DRB1_ 1301
DRB1_0301, DRB1_0801,
5 109 LVAANRADL | SEQ ID No: 34 DRB1_1101, DRB1_1301,
DRB1_1501
6 117 LVSLVMSNL | SEQ ID No: 35 DRB1_1501
7 120 LVMSNLFGQ | SEQ ID No: 36 DRB1 0401, DRB1_ 1301
8 140 YEQMWAADV | SEQ ID No: 37 DRB1 0101
9 144 WAADVSAMS | SEQ ID No: 38 DRB1 0401
DRB1_0101, DRB1_1101,
10 172 LQNLAGLPA | SEQ ID No: 39 DRB1 1501
11 261 FGNLGSNNV | SEQ ID No: 40 DRB1 0401
12 291 FGNTGNNNI | SEQ ID No: 41 DRB1 0401
13 413 FLNAGNINT | SEQ ID No: 42 DRB1 0401
14 453 LQFSITTPD | SEQID No: 43 DRB1 0401
15 673 LTIPAGITI SEQ ID No: 44 DRB1_1501
16 725 FGIPFTLQF | SEQ ID No: 45 DRB1 0401, DRB1 1101
17 731 LQFQTNVPA | SEQ ID No: 46 DRB1 0401
DRB1_0401, DRB1_0801,
18 733 FQTNVPALQ | SEQ ID No: 47 DRB1_1101
DRB1_0101, DRB1_0401,
19 770 YTLTGPIVI SEQ ID No: 48 DRB1_1101
20 782 FLPAFNIPG | SEQ ID No: 49 DRB1 0401
21 866 LTIDPINLT SEQ ID No: 50 DRB1 0401
22 891 LTIDPINLT SEQ ID No: 51 DRB1 0301, DRB1_1501
23 954 YFNSSTAPS | SEQ ID No: 52 DRB1 0401, DRB1_1101
24 955 FNSSTAPSS | SEQ ID No: 53 DRB1 0401
25 976 FGNNGSGLS | SEQ ID No: 54 DRB1 0401
DRB1_0101, DRB1_0801,
26 1000 YQNFGGLSS | SEQ ID No: 55 DRB1 1101, DRB1_1501
27 1003 FGGLSSGFS | SEQ ID No: 56 DRB1 0401
28 1020 FANRGILPF | SEQ ID No: 57 DRB1 0801
29 1025 ILPFSVASYV | SEQ ID No: 58 DRB1_ 1301
30 1037 FANIGTNLA | SEQID No: 59 DRB1 0401, DRB1_1101
Table 3 — Putative Rv1753¢c human CD8+ T cell epitopes
Putative Amino _
CD8 | " cid Epitope SEQ ID No: HLA allele
epitope o, sequence
number position
1 2 NFSVLPPEI | SEQ ID No: 60 A24
2 5 VLPPEINSA | SEQ ID No: 61 A2, A 0201
3 6 LPPEINSAL | SEQ ID No: 62 B7, B8, B 3501, B51
4 8 PEINSALIF SEQ ID No: 63 B44
5 9 EINSALIFA SEQ ID No: 64 A 0201, A 0301
6 18 GAGPEPMAA | SEQ ID No: 65 A 0101, B_3501




150 795 AINVDGFTL SEQ I D No: 209 A 0101, A 0201, A 0301, B44 151 802
TLPQ TTPA SEQ I D No: 210 A2 152 803 LPQ TTPAI SEQ ID No: 211 B7, B8, B51
153 808 ™WOIRIREMSBEQ | D No: 212 B7, B _3501 154 810 Al TPPEAEARR00SESISBO No:

213 A 0101, A 0201, A 0301 155 813 TPEFAI PPl SEQ ID No: 214 B7, B51 156 818
| PPl GYGGF SEQ I D No: 215 91
Putative Amino _
cDs acid Epitope SEQ ID No: HLA allele
epitope o, sequence
position
number
7 20 | GPEPMAAAA | SEQID No: 66 B7, B 3501
8 22 EPMAAAATA | SEQID No: 67 | B7, B_0702, B8, B_3501, B51
9 26 | AAATAWDGL | SEQ ID No: 68 A1, B8, B_3501
10 28| ATAWDGLAM | SEQ D No: 69 B7
11 30 | AWDGLAMEL | SEQ ID No: 70 A1, A 2402, B44, Cw 0602
12 33 GLAMELASA | SEQIDNo:71 | A 0101, A_0301, A2, A 0201
13 34 LAMELASAA | SEQ ID No: 72 A3, A 0301, B51
14 48| VISGLVGGA | SEQID No: 73 A 0101, A 0301
15 64 | AMAAAAAPY | SEQID No: 74 | A1, A3, A 0301, A 0101, B_4403
16 66 | AAAAAPYAA | SEQID No: 75 A 0301, B 3501
17 68 | AAAPYAAWL | SEQID No: 76 A1, A24, B 3501, B51
18 69 | AAPYAAWLA | SEQID No: 77 A1, A 0301, B_3501
19 70 | APYAAWLAA | SEQID No: 78 |A3, A 0301, B7, B 0702, B8, B_3501
20 72 | YAAWLAAAA | SEQ D No: 79 A 0301, B8, B_3501
21 73 | AAWLAAAAV | SEQ ID No: 80 A2, A_0201, B7, B51
22 75 | WLAAAAVQA | SEQ ID No: 81 A2, A3, A 0201
23 82 | QAEQTAAQA | SEQ D No: 82 A1, A 0301
24 83 | AEQTAAQAA | SEQ ID No: 83 B44, B 4403
25 86 TAAQAAAMI | SEQ ID No: 84 A3, BS, B51
26 91 AAMIAEFEA | SEQ ID No: 85 A 0201, A 0301, B_3501
27 92 AMIAEFEAY | SEQ ID No: 86 A2, A_ 0201
28 95 AEFEAVKTA | SEQ ID No: 87 B44
29 97 FEAVKTAVV | SEQ ID No: 88 B8, B44
30 98 EAVKTAVVQ | SEQ ID No: 89 B8, B 3501
31 101 | KTAVWQPML | SEQ ID No: 90 A 0101, A 0201
32 106 | QPMLVAANR | SEQID No: 91 | A3, B7, B_0702, B_3501, B51
33 107 | PMLVAANRA | SEQ ID No: 92 A2, A 0201, BS
34 109 | LVAANRADL | SEQ ID No: 93 B7
35 112 | ANRADLVSL | SEQ ID No: 94 B7,B44
36 114 | RADLVSLVM | SEQID No: 95 B7, B 3501
37 118 | VSLVMSNLF | SEQ ID No: 96 A24. A 0101
38 124 | NLFGQNAPA | SEQ ID No: 97 A2
39 130 APAIAAIEA | SEQ ID No: 98 B7,B 3501
40 132 AIAAIEATY | SEQ ID No: 99 A1, A 0101, A3, A 0301
41 138 | ATYEQMWAA |SEQ ID No: 100 A 0101, A2, A 0301
42 142 | QUWAADVSA |SEQ ID No: 101 A2, A 0201
43 150 | AMSAYHAGA |SEQ D No: 102 A2, A 0201
44 152 | SAYHAGASA |SEQ ID No: 103 B7, B_3501
45 153 | AYHAGASAI |SEQ ID No: 104| AT-A0201, A:’:&;—Z“OZ’ A_0301,
46 157 | GASAIASAL |SEQID No: 105 B7. B 3501
47 160 | AIASALSPF |SEQID No: 106 A 0301, B7
48 164 | ALSPFSKPL |SEQID No: 107 A 0101, A2, A_0201
49 167 | PFSKPLQNL |SEQ ID No: 108 A24, A 2402, Cw_0401
50 170 | KPLQNLAGL |SEQ ID No: 109 B7, B 3501, B51
51 174 | NLAGLPAWL |SEQ ID No: 110 A2, A 0201, B7, Cw 0602
52 175 | LAGLPAWLA |SEQ ID No: 111 A 0101, A 0301
53 178 | LPAWLASGA |SEQ ID No: 112 B7, B 3501




B7, B_3501 157 820 PI GVGG-TL SEQ I D No: 216 A 0101, A 0201, A 0301 158 828
LPQ TTQEI SEQ I D No: 217 B7, B51 159 829 PQ TTQEIl SEQ ID No: 218 A 0101
160 835 BNODPHWIDISBEQ | D No: 219 A 0101, A 0201, A 0301PCEEPBS/0FEL TI NSI
SEQ ID No: 220 B7, B51 162 840 ELTINSI GV SEQ I D No: 221 A 0201 163 845

92

SI GVGGEFTL
Putative Amino _
CD8 | " cid Epitope SEQ ID No: HLA allele

epitope it sequence

number | POSition
54 181 WLASGAPAA |SEQ ID No: 113 A 0201
55 185 GAPAAAMTA |SEQ ID No: 114 A3, A 0301, B8
56 186 APAAAMTAA |SEQID No: 115 A3, B 3501, B7
57 189 AAMTAAAGI [SEQ ID No: 116 A1, A 2402, B51
58 192 TAAAGIPAL |SEQ ID No: 117 B7, B51, Cw_0602
59 193 AAAGIPALA |[SEQID No: 118 A 0101, A 0301
60 199 ALAGGPTAI |SEQID No: 119| A1,A 0101, A2, A 0201, A 0301
61 201 AGGPTAINL |SEQ ID No: 120 A1, A24, B51
62 203 GPTAINLGI |SEQ ID No: 121 A_2402, B, B_é)57$2, B8, B_3501,
63 206 AINLGIANV |SEQ ID No: 122 A2, A 0201
64 231 NANLGNYNF [SEQ ID No: 123 A24, B 3501
65 236 NYNFGSGNF |SEQ ID No: 124 A24
66 263 NLGSNNVGV |SEQ ID No: 125 A2, A 0201
67 383 SLNTGSYNM |SEQ ID No: 126 A2
68 408 NANTGFLNA |SEQ ID No: 127 A 0101, A 0301
69 413 FLNAGNINT |SEQ ID No: 128 A2
70 418 NINTGVFNI |SEQ ID No: 129 A 0201, A 0301
71 447 GVGQGSLQF |SEQ ID No: 130 B7, B 3501
72 456 SITTPDLTL |SEQ ID No: 131 A 0101, A 0201, A 0301
73 459 TPDLTLPPL |SEQ ID No: 132 B7, B 3501, B51
74 461 DLTLPPLQI |SEQ ID No: 133 A 0101, A 0201
75 466 PLQIPGISV |SEQ ID No: 134 A 0201
76 469 IPGISVPAF |[|SEQ ID No: 135 B7, B 3501
77 471 GISVPAFSL |[SEQ ID No: 136 A 0101, A 0201, A 0301, B44
78 474 VPAFSLPAI |[SEQ ID No: 137 B7, B51
79 476 AFSLPAITL [SEQ ID No: 138 A 0201, A24, B7

A24, B7,B 3501, B51, B_0702,

80 479 LPAITLPSL |SEQ ID No: 139 Cw 0401, Cw_0602
81 481 AITLPSLNI |SEQ ID No: 140 A 0101, A 0301
82 483 TLPSLNIPA |SEQ ID No: 141 A2, A 0201, A 0301
83 484 LPSLNIPAA [SEQ ID No: 142 B7, B 3501, B51
84 492 ATTPANITV |SEQ ID No: 143 A1, A 0101, A2, A 0201
85 494 TPANITVGA |[SEQ ID No: 144 B7, B 3501
86 497 NITVGAFSL |SEQ ID No: 145 A2, A 0201, A 0301, A24
87 502 AFSLPGLTL |[SEQ ID No: 146 A24, A 2402, B7
38 505 LPGLTLPSL |[SEQ ID No: 147| B7,B 3501, B51, B_ 0702, Cw_0602
89 509 TLPSLNIPA |SEQ ID No: 148 A2
90 518 ATTPANITV |SEQ ID No: 149 A1, A2
91 523 NITVGAFSL |SEQ ID No: 150 A2, A24, A 0201
92 528 AFSLPGLTL |SEQ ID No: 151 A 2402, B7
93 531 LPGLTLPSL |[SEQID No:152| B7,B 0702, B 3501, B51, Cw_0602
94 535 TLPSLNIPA |SEQ ID No: 153 A2
95 544 ATTPANITV |SEQ ID No: 154 A1, A2
96 549 NITVGAFSL |SEQ ID No: 155 A2, A24, A 0201
97 554 AFSLPGLTL |[SEQ ID No: 156 A 2402, B7
98 557 LPGLTLPSL |[SEQID No:157| B7,B 0702, B 3501, B51, Cw_0602
99 561 TLPSLNIPA |SEQ ID No: 158 A2




SEQ ID No: 222 A 0201, A 0301 164 853 LPQ TTPPI SEQ I D No: 223 B7, B51 165
858 TPPI TTPPL SEQ I D No: 224 B7, B 3501, B51 166 860 PI TTPPLTI SEQ I D No:
225 A _010Wp 200002069 A 0301 167 863 TPPLTIDPI SEQ | D No: PRRZAPBR9/0BGSs 168 870

PINLTGFTL SEQ I D No: 227 A 0101, A 0301 169 913 TPPLTI EPI

B7, B51 170 915 93

Putative Amino _
CD8 | " cid Epitope SEQ ID No: HLA allele

epitope it sequence

number | POSition
100 570 ATTPANITV |SEQ ID No: 159 A1, A2
101 575 NITVGAFSL |SEQ ID No: 160 A2, A24, A 0201
102 580 AFSLPGLTL |SEQ ID No: 161 A 2402, B7
103 583 LPGLTLPSL |[SEQID No:162| B7,B 0702, B 3501, B51, Cw 0602
104 587 TLPSLNIPA |SEQ ID No: 163 A2
105 596 ATTPANITV |SEQ ID No: 164 A1, A2
106 601 NITVGAFSL |SEQ ID No: 165 A2, A24
107 609 LPGLTLPSL |[SEQID No:166| B7,B 0702, B 3501, B51, Cw 0602
108 622 ATTPANITV |SEQ ID No: 167 A1, A2
109 625 PANITVSGF |SEQ ID No: 168 A24, B 3501
110 627 NITVSGFQL |SEQ ID No: 169 A 0201, A 0301
111 635 LPPLSIPSY |SEQ ID No: 170 B7, B51
112 636 PPLSIPSVA |SEQ ID No: 171 B7, B 3501
113 640 IPSVAIPPV |SEQ ID No: 172 B7, B51
114 645 IPPVTVPPI |SEQ ID No: 173 B7, B51
115 650 VPPITVGAF |[SEQ ID No: 174 B7, B 3501
116 662 PLQIPEVTI |SEQID No: 175 A 0201
117 665 IPEVTIPQL |SEQID No: 176 B7, B 3501, B51
118 669 TIPQLTIPA |SEQ ID No: 177 A 0201, A 0301
119 673 LTIPAGITI SEQ ID No: 178 A 0101, A 0201, B51
120 678 GITIGGFSL |SEQ ID No: 179 A 0101, A 0201, A 0301
121 686 LPAIHTQPI |SEQ ID No: 180 B7, B8, B51
122 688 AIHTQPITV [SEQ ID No: 181 A 0101, A 0201, A 0301
123 693 PITVGQIGV |SEQ ID No: 182 A 0201
124 698 QIGVGQFGL |SEQ ID No: 183 A 0201
125 705 GLPSIGWDV |SEQ ID No: 184 A2, A 0201
126 706 LPSIGWDVF |SEQ ID No: 185 B7, B 3501
127 712 DVFLSTPRI |SEQ ID No: 186 A 0201
128 714 FLSTPRITV |SEQ ID No: 187 A 0101, A2, A 0201, B8
129 717 TPRITVPAF |[SEQ ID No: 188 B7, B8, B 3501
130 725 FGIPFTLQF |SEQ ID No: 189 A 0201, B8, B 3501
131 729 FTLQFQTNY |SEQ ID No: 190 A 0101, A2, A 0201
132 732 QFQTNVPAL |SEQ ID No: 191 A24
133 739 ALQPPGGGL |SEQ ID No: 192 A 0101, A 0201
134 747 LSTFTNGAL |[SEQ ID No: 193 A 0101, B7
135 748 STFTNGALI |SEQ ID No: 194 A 0101, A 0201, A 0301, A24
136 749 TFTNGALIF |SEQ ID No: 195 A24
137 754 ALIFGEFDL |[SEQ ID No: 196 A 0101, A2, A 0201
138 758 GEFDLPQLY |SEQ ID No: 197 B44
139 762 LPQLVVHPY |SEQ ID No: 198 B7, B51
140 764 QLVVHPYTL |SEQ ID No: 199 A 0101, A2, A 0201, B8
141 768 HPYTLTGPI |SEQ ID No: 200 B7, B8, B51
142 770 YTLTGPIVI [SEQ ID No: 201 A 0101, A2, A 0201
143 774 GPIVIGSFF |SEQ ID No: 202 A24,B7,B 3501
144 775 PIVIGSFFL |[SEQ ID No: 203 A 0101, A 0301
145 780 SFFLPAFNI |SEQ ID No: 204 A24
146 783 LPAFNIPGI |[SEQ ID No: 205 B7, B51
147 788 IPGIDVPAI |SEQ ID No: 206 B7, B51

SEQ I D No: 228




PLTI EPI GV SEQ I D No: 229 A 0101, A 0201 171 918 | EPI GVGEF SEQ | D No: 230
B44 172 929 PPLTVPG H SEQ I D No: 231 B 3501 173 930 PLTVPGE HL SEQ I D No:

232 A 010X 26100800174 935 G HLPSTTI

177

SEQ I D No: 233 A_OPOT/EP200088958475 937

HLPSTTI GA SEQ I D No: 234 A2 176 938 LPSTTI GAF SEQ I D No: 235 B7, B3, B 3501
94
Putative Amino _
CD8 | " cid Epitope SEQ ID No: HLA allele
epitope it sequence
number | POSition
148 790 GIDVPAINV |SEQ ID No: 207 A 0101, A 0201, A 0301
149 793 VPAINVDGF |SEQ ID No: 208 B7, B 3501
150 795 AINVDGFTL |[SEQ ID No: 209 A 0101, A 0201, A 0301, B44
151 802 TLPQITTPA |SEQ ID No: 210 A2
152 803 LPQITTPAI |SEQ ID No: 211 B7, B8, B51
153 808 TPAITTPEF |SEQ ID No: 212 B7, B 3501
154 810 AITTPEFAI |SEQ ID No: 213 A 0101, A 0201, A 0301
155 813 TPEFAIPPI |SEQ ID No: 214 B7, B51
156 818 IPPIGVGGF |SEQ ID No: 215 B7, B 3501
157 820 PIGVGGFTL |SEQ ID No: 216 A 0101, A 0201, A 0301
158 828 LPQITTQEI |SEQ ID No: 217 B7, B51
159 829 PQITTQEINl |SEQ ID No: 218 A 0101
160 835 EIITPELTI SEQ ID No: 219 A 0101, A 0201, A 0301
161 838 TPELTINSI |SEQ ID No: 220 B7, B51
162 840 ELTINSIGV |SEQ ID No: 221 A 0201
163 845 SIGVGGFTL |[SEQ ID No: 222 A 0201, A 0301
164 853 LPQITTPPI [SEQ ID No: 223 B7, B51
165 858 TPPITTPPL [SEQ ID No: 224 B7, B 3501, B51
166 860 PITTPPLTI |SEQ ID No: 225 A 0101, A 0201, A 0301
167 863 TPPLTIDPI |SEQ ID No: 226 B7, B51
168 870 PINLTGFTL |SEQ ID No: 227 A 0101, A 0301
169 913 TPPLTIEPI |SEQ ID No: 228 B7, B51
170 915 PLTIEPIGYV |SEQ ID No: 229 A 0101, A 0201
171 918 IEPIGVGGF |SEQ ID No: 230 B44
172 929 PPLTVPGIH |[SEQ ID No: 231 B 3501
173 930 PLTVPGIHL |SEQ ID No: 232 A 0101, A 0201
174 935 GIHLPSTTI |SEQ ID No: 233 A 0101, A 0301
175 937 HLPSTTIGA |SEQ ID No: 234 A2
176 938 LPSTTIGAF |[SEQ ID No: 235 B7, B8, B 3501
177 946 FAIPGGPGY |SEQ ID No: 236 A 0101, A 0301, B 3501
178 958 STAPSSGFF [SEQ ID No: 237 A1, A 0101, A24
179 986 WFNTNPAGL |SEQ ID No: 238 A24
180 1002 NFGGLSSGF [SEQ ID No: 239 A24
181 1005 GLSSGFSNL |SEQ ID No: 240 A 0101, A2, A 0201
182 1012 NLGSGVSGF |SEQ ID No: 241 A 0201
183 1020 FANRGILPF |[SEQ ID No: 242 B8, B 3501
184 1022 NRGILPFSV |SEQ ID No: 243 A2, A24, B51
185 1025 ILPFSVASYV [SEQ ID No: 244 A2, A 0201
186 1026 LPFSVASVV |SEQ ID No: 245 B7, B51
187 1029 SVASVVSGF |SEQ ID No: 246 A24, B7
188 1036 GFANIGTNL |SEQ ID No: 247 A24, Cw 0401, Cw 0602

As can be seen from Tables 2 and 3, Rv1753c¢ contains a number of predicted CD4+ and CD8

T cell epitopes. Furthermore, this information suggests that the protein carries epitopes that

can be recognised by HLAs which occur worldwide (that is HLAs from Caucasian, African,

Asian or Latin-American individuals — see website at www.allelefrequencies.net).



946 FAI PGGPGY SEQ I D No: 236 A 0101, A 0301, B_3501 178 958 STAPSSGFF SEQ
I D No: 237 Al, A 0101, A24 179 986 WFNTNPAGL SEQ I D No: 238 A24 180 1002
NFGELSSGWEeEBQodofdo: 239 A24 181 1005 GLSSG-SNL SEQ | D ROT/EPA@IASBEOL, A2,
A 0201 182 1012 NLGSGVSGF SEQ I D No: 241 A 0201 183 1020 FANRG LPF SEQ I D
No: 242 B8, B _3501 95

EXAMPLE 3 — H37Rv HOMOLOGUES

Rv1753c sequences from a number of M. tuberculosis strains and BCG were identified using

5 BLASTP searches of GenBank (H37Rv reference sequence accession number YP_177830.1):

Strain Accession Number % identity
CDC1551 NP_336255.1 95
F11 YP_001287714.1 80
Haarlem ZP_02247061.1 82
C ZP_00878894.1 96
BCG YP_977884.1 83

Alignment of the homologue sequences indicates a high level of identity in the N-terminal and

C-terminal regions, with the majority of variation occurring in a central linking region.

10 BIOLOGICAL ASSAYS

Quantification of T cell responses to Rv1753c

Polypeptides may be screened for their ability to activate T-cells (induction of proliferation
15 and/or production of cytokines) in peripheral blood mononuclear cell (PBMC) or in whole blood

preparations from infected (such as latently infected) individuals.

Latently infected individuals are usually identified by a skin test that has a diameter above
10mm and without symptoms, with no Mtb positive culture, with a negative sputum negative

and with no lesion (as detected by chest X-Ray).

20  Avrange of in vitro assays can be used based on PBMC samples or whole blood: after
restimulation in presence of the antigen (or variant/immunogenic fragment thereof as
appropriate) the proliferation of the cells may be determined (as measured by CFSE/flow
cytometry) or the production of cytokines quantified (present in the supernatant of cultured
cells and measured by ELISA, or, after intracellular staining of CD4 and CD8 T cells and

25  analysis by flow cytometry).

For example, PBMC samples may be obtained from heparinised whole blood by Ficoll-

Hypaque density gradient centrifugation following standard procedures. The cells may then be



184 1022 NRGA LPFSV SEQ I D No: 243 A2, A24, B51 185 1025 | LPFSVASV SEQ I D
No: 244 A2, A 0201 186 1026 LPFSVASWV SEQ I D No: 245 B7, B51 187 1029
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Cw 0401, Cw 0602 As can be seen from Tables 2 and 3, Rvl 753c contains a
nunber of predicted CD4+ and CD8 T cel P6epitopes. Furthernore, this

I nformati on suggests that the protein carries epitopes that can be
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5  The specific immune response may be characterised by performing lymphocyte proliferation
analysis using the tritiated thymidine. This technique assesses the cellular expansion upon in
vitro stimulation to an antigen. In practice, cell proliferation is determined by estimating
incorporation of tritiated-thymidine into DNA, a process closely related to underlying changes
in cell number.

10
More suitably, lymphocyte proliferation may be performed using the succinimidyl ester of
carboxyfluorsecein diacetate (CFSE). CFSE spontaneously and irreversibly couples to both
intracellular and cell surface proteins by reaction with lysine side chains and other available
amine groups. When lymphocyte cells divide, CFSE labelling is distributed equally between

15  the daughter cells, which are therefore half as fluorescent as the parents. As a result, halving
of cellular fluorescence intensity marks each successive generation in a population of
proliferating cells and is readily followed by flow cytometry (for further details see Hodgkins,
PD et al J. Exp. Med. 1996 184:277-281).

20  Practically, after thawing, PMBC may be washed and stained with CFSE before being
cultivated (2 x 10° cells) for 72 hrs with 10 ug/ml of antigen in culture media (RPMI-1640
supplemented with glutamine, non essential amino acid, pyruvate and heat inactivated human
AB serum). Cells may then then harvested and their phenotype characterised using surface
staining to identify memory CD8 and CD4+ T-Cells. Subsequently, flow cytometry analysis

25 can be used to indicate the extent of lymphocyte proliferation in response to each antigen

(proportion of cells with decreased CFSE intensity upon in vitro stimulation).

Cytokine production

IFN-y production (or the production of other cytokines such as e.g. IL2, TNF-alpha, IL5, IL12
30  etc) may be measured using an enzyme-linked immunosorbent assay (ELISA). ELISA plates
may be coated with a mouse monoclonal antibody directed to human IFN-y (PharMingen, San
Diego, CA) in PBS for four hours at room temperature. Wells are then blocked with PBS
containing 5% (W/V) non-fat dried milk for 1 hour at room temperature. The plates are then

washed, for example, six times in PBS/0.2% TWEEN-20 and samples diluted 1:2 in culture
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EXAMPLE 4 - IMMUNOGENICITY IN CB6F1 MICE

The immunogenicity of the antigen was evaluated in CB6F1 mice (first generation cross of
BALB/c and C57BL/6 mice).

15
CB6F1 mice were immunised intramuscularly three times (on day 0, day 14 and day 28) with
0.5 ug or 2 ug of protein antigen in combination with the Adjuvant System ASO1E (a liposomal

adjuvant formulation comprising 3D-MPL and QS21).

20  The experimental design was as follows:

Group Day 0 Day 14 Day 28
1 2 ug Rv1753¢/ASO1E 2 ug Rv1753¢/ASO1E 2 ug Rv1753¢/ASO1E
2 0.5 ug Rv1753c/ASO1E 0.5 ug Rv1753c/ASO1E 0.5 ug Rv1753c/ASO1E

A total of 24 mice were used in each protocol group.

25  Peripheral blood lymphocytes (PBL) were collected and pooled on day 21 (i.e. 7 days post
second immunisation) and day 35 (i.e. 7 days post third immunisation) and the antigen-specific
CD4 & CD8 T cell responses (as determined by CD4 or CD8 T cells producing IL-2 and/or IFN-
gamma and/or TNF-alpha) were measured by flow cytometry after overnight in vitro
restimulation with pools of 15mer peptides covering the sequences of interest.

30  The detection of mouse T cells that express IL-2 and/or IFN-gamma and/or TNF-alpha was

done by using short-term antigen-driven in vitro amplification of cytokine expression.
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35  value of the group (bar).



G oup Day O Day 14 Day 28 1 2 ug Ry1753c/ ASOLE 2 ug Ry1753c/ ASOLE 2 ug
Ry1753c/ ASOLE 2 0.5 ug Rv1753c/ ASOLE 0.5 ug Rv1753c/ ASOLE 0.5 ug

Rv1753c/ ABOREI0/0A0t80t al of 24 m ce were used in each proPCTEP2@O89536
25Peri pheral bl ood | ynphocytes (PBL) were collected and pool ed on day 21
(i.e. 7 days post second inmmunisation)98and day 35 (i.e. 7 days post third
i muni sation) and the antigen-specific CD4 & CD8 T cell responses (as

det er m FigdreblysHcid tbat coRBay R 1cieé ] Bdapysqubist savgnd imuaisalico), RFENMGacspe dfitdl D4

TNF- al pha I asured by flo tonetry after. overnight in vitro

(oot mAh POR TeERBRE GF AN adfF it Bt bt % el ences of

i nt er esRv1730TASOdEL bt ilevelsodf Rvd dS&c-dpacdicl Tscdllvaspadsps akshigter 2h mived/ or

| FN- gamma._and/ ar.., TNF- ne by usi.ng shart-term ant] Sdrinen in
i tr o arEn bR b R ECRaRSn oREn R wlts MihugaRh bith O TG R ASRAC 2
201@& 010180PCT/ EP2009/ 059586 98 Briefly, PharnLyse sol ution (BD-Pharm ngen)
was added t epar,j ni_ sed nous. i pheral blood in,orde 0 lysg the red

bl o0q capre2 HRtnt ehBRar P A DSh e hpRacy il Lt ShieeR eat B i fashed
and t hestimuiatad 2Bednotmédiempersest) enaky 21gio@|7 ddys bostnaeicope phraidsation).
overlapping by 11 am no acids - covering the sequence of the antigen of

interest and of 1 ug/m of antibodies 5to CD28 and CD49d ( BD- Phar m ngen).
Each 15Figefe Jspivsdbe wiskins pobfitt ofeaCHS Makll meporese frat ittenRof7538¢ pgptide. pddkdi um

| s. I timilated with t i,hodi t 8 . CD49d. .. Th
cyriths nrtBePaPER g bR RgEReRhndRh PIRES o9 R pORS SRAT ITIARoRks 'added
2 h after 10the onset of the cultures at 37C, 5% CO2 and the cells
i ntai ped 37C,. 5% . dditi l,.h f ol l b Lght
mcubat | Bt STRA el ondi 45 ey ptratoh o UL el SRR RRT i PRARHY c
Bl ue- coOp8 dccediméspoblMs grBldetectddoinenitd/Mnrbuni&ia Witiaeitiengesy ofad! 798¢/AGOME N
(ol one B bveis BERY Biee ep Ry ol RheBea < Kapun L PRuANLEIEATS,  Sett
periieabRy18d/ASOyY Ediarkinayite penmamiked witBD:5RpRV 718GeMB04Bd st ai ned wit h
| I oph i n- coupl ed i - LEN- t i badi I XML, DPh i :
£ uor ox 01 T uleiRE Ry TiasRR e b 7y kel ardf e s 8l Phatine Bt AR S5 B
6- 5H4, ®Bécaigrbmnn@Ethd highgr dand ophygoéantigeni Mhé RB)igarvsyacHdid G T cdiNFespoqxrza
ant i bodi es éd one %ﬁﬁ XT2§%§ har mi ngen). After final washes, stained
cel I's wer& 4l fé’e A g I flow cytoneter (Beckton-Di ckinson). A
m ni mum nunber of 10,000 cells were acquired in the CD8+ subset. For
i R e e
stimulated PBL (not medium removed) on day 35 (i.e. 7 days post third immunisation). Due to

technical difficulties, data for the third pool of cells at the 2 ug dose is not available.
Figure 6 shows the cytokine profile of CD8 T cell response from the Rv1753¢ peptide pool-
25  stimulated PBL (not medium removed) on day 35 (i.e. 7 days post third immunisation). Due to

technical difficulties, data for the third pool of cells at the 2 ug dose is not available.

EXAMPLE 5 - IMMUNOGENICITY IN C57BL/6 MICE

30  The immunogenicity of the antigen was also evaluated in C57BL/6 mice.

C57BL/6 mice were immunised intramuscularly three times (on day 0, day 14 and day 28) with
1 ug or 4 ug of protein antigen in combination with a the Adjuvant System ASO1E (a liposomal
adjuvant formulation comprising 3D-MPL and QS21)..

35

The experimental design was the following:
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and CD8 T cell responses are detected in mice immunised with either dose of

Rv1753c/ASO1E. The levels of Rv1753c¢-specific CD4 T cell responses are similar regardless
of the immunising dose of Rv1753c. In contrast, mice immunised with 1 ug Rv1753¢/ASO1E
displayed higher Rv1753c¢-specific CD8 T cell responses than mice immunised with 4 ug

25 Rv1753c/ASO1E.

Figure 8 shows the cytokine profile of CD4 T cell response from the Rv1753¢ peptide pool-

stimulated PBL (not medium removed) on day 21 (i.e. 7 days post second immunisation).

Due to technical difficulties, data for the third and fourth pools of cells at the 1 ug dose are not
30 available.

Figure 9 shows the cytokine profile of CD8 T cell response from the Rv1753¢ peptide pool-

stimulated PBL (not medium removed) on day 21 (i.e. 7 days post second immunisation).
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The cell-mediated immune (CMI) response was assessed by measuring cytokines on isolated

15  peripheral blood mononuclear cells (PBMCs) by intracellular cytokine staining (ICS) assay.

ICS carried out was an adaptation of previously described methodology (see Von Eschen et al,

Hum. Vaccin. 2009 5(7)). PBMCs were stimulated in vitro by one pool of 15-mer peptides -

overlapping by 11 amino acids - covering the entire sequence of the antigen of interest. Cells
20  were stimulated with peptides for 2 hours, further cultured overnight in the presence of

Brefeldin A, processed for ICS and analysed using flow cytometry. The frequencies of the



I ndi vi dual | D Nunber Induration dianeter (m) 4 0 50 33 0 38 0 36 15 46 15
13 15 7 16 58 25 74 26 8 53 60 55 The cell -nedi ated i mune (CM
response waoagEessed by nmeasuring cyt oki nes on i sol at eg¢CIHpesmopbessal bl ood
nmononucl ear cells (PBMCs) by intracellular cytokine staining (ICS) assay.

| CS carried out was an adaptation of ptlvi ously descri bed nethodol ogy (see
Von Eschen et al, Hum Vaccin. 2009 5(7)). PBMCs were stinmulated in vitro
by one gdigengpedfic 6PB+PPpt odED3+CDGEITI (&ﬂj@bngebyngln?l\agla'mmamhtdm TNFeapter | ng

i tn peptTuaE 738 anb@s. A RER Blielerdl oiponitywerelHEFAGe S rblhE. o
Br ef el dieapdhsepobtatrssianl péptidelfiblsastichudated yallzd usi ng f | ow cytometry. The
frequenci es of the
5 ICS: antibodies
Anti-CD3 PO (Invitrogen — cat CD0330)
Anti-CD4 PB (BD - cat 558116)
Anti-CD8 APC-H7 (BD — cat 641400)
Anti-IFNg AF700 (BD-Pharmingen — cat 557995)
10 Anti-TNF PE-Cy7 (BD-Pharmingen — cat 557647)
Anti-IL17 AF647 (BD-Pharmingen — cat 51-7178-71)

The results are presented as number of antigen-specific CD3+CD4+ T cells expressing TNF-
alpha and IFN-gamma, per million of CD3+CD4+ T cells since these cells represent the main

15  population of the antigen-specific CD4 T cells (the background response level due to the
medium is removed). No antigen-specific CD3+CD8+ T cells were detected. Figure 10 shows
that an antigen-specific CD4 T cell response is measured in 7 out of 8 latently infected
individuals (not in individual number 60) when compared to the non-specific CD4 T cell
response measured in the naive individuals.

20

In conclusion it may be noted that the Rv1753c¢ antigen is capable of eliciting an immune
response in both CB6F1 and C57BL/6 mice. Furthermore, the profile of cytokine production
indicates that a large proportion of antigen-specific T-cells express a plurality of Th1

25 associated cytokines (i.e. a polyfunctional T-cell response is elicited). Importantly both CD4
and CD8 antigen-specific T-cells are present after immunisation, CD8 cells may be particularly
important in a latent TB scenario. The relevance if Rv1753c to human infection is confirmed
by the high level of recognition in latently infected individuals from South Africa and the
absence of responses in naive subjects. Rv1753¢ may therefore be expected to be of

30 substantial value in the prevention, treatment and diagnosis of latent tuberculosis infection.

Although the foregoing invention has been described in some detail by way of illustration and
example for purposes of clarity of understanding, it will be readily apparent to one of ordinary
35  skillin the art in light of the teachings of this invention that certain changes and modifications

may be made thereto without departing from the spirit or scope of the appended claims.



WO 2010/ 010180PCT/ EP2009/ 059586 102 anti gen-specific CD3+CD4+ or CD3+CD8+ T
cells expressing | FN-ganma and/ or TNF-al pha and/or |1L-17 were neasured.

Medi um stwoubsr@Eoiseel | responses were subtracted from t IRETEPSPOOSES6
obtained in peptide pools stinulated cells. 5/CS: antibodies Anti-CD3 PO
(I'nvitrogen - cat CD0330) Anti-CD4 PB1®BD - cat 558116) Anti-CD8 APC-H7 (BD
- cat 641400) Anti-1FNg AF700 (BD-Pharm ngen - cat 557995)
10Anti - TNF PE- Cy7 (BD-Pharm ngen - cat 557647) Anti-I1L17 AF647

it ger Lisegerees Eebt D i abPleetl R B ARE PR SRR A, per

milli onlnocﬁrpMan'bycreﬂeka]csnmm fulless extestl dossibleprsatesth mdhedMIpnbllcatlon

15popu|at| n.of the antigen-s e back response
Fovel " il Bhelalaf B PR ERED ity Tl o RS el T Cel <
wer & detebmemeet. Figure 10 shows that an antigen-specific CD4 T cell response
is measured in 7 out of 8 latently infected individuals (not in individual
nunber 60) when conpared to the non-specific CD4 T cell response neasured
in the Tizmegridmdtheisﬂnajhsatloa(bnbmhe:dainimlhidmfdllbwnm!eéﬁheob:etdxttrbaxhiretshe Rv1753c
antigenth$ (P bl e K Fltlng aptjnnung1re5§on§e in(gpth §B§E1 ﬂnd
C57BL/ 62 APYES Flir ¥ r?ﬂﬂ‘?%rset’ RAT BPEHIONR SUF" % FBRPAESpPBh G PEHY n¥ L5t es
that a lhraremoqnﬂmpmptyltb@mfusmntofgesrtateqbemeg‘er(stél'p,tgeddpsofentegerssr gropp of steps y  of

T SRR RS eSelbe B st mifla b iSSPl g g kol BRIy o

present after imunisation, CD8 cells may be particularly inportant in a
|atent TB scenario. The relevance if Rv1753c to human infection is
confirmed by the high level of recognition in latently infected individuals
from South Africa and the absence of responses in naive subjects. Rv1753c
may therefore be expected to be of 30substantial value in the prevention,
treatment and di agnosis of latent tuberculosis infection. Al though the
foregoing invention has been described in some detail by way of
illustration and exanple for purposes of clarity of understanding, it wll
be readily apparent to one of ordinary 35skill in the art in |ight of the
teachings of this invention that certain changes and nodifications nay be
made thereto without departing fromthe spirit or scope of the appended
claims. WO 2010/ 010180PCT/ EP2009/ 059586 103 All references referred to in
this application, including patents and patent applications, are

i ncorporated herein by reference to the fullest extent possible as if each
i ndi vi dual publication or patent application were specifically and
individually indicated to be incorporated by 5reference. Throughout the
specification and the clains which follow, unless the context requires

ot herwi se, the word 'conprise', and variations such as 'conprises' and
‘conprising', will be understood to inply the inclusion of a stated

i nteger, step, group of integers or group of steps 10but not to the

excl usion of any other integer, step, group of integers or group of steps.
WO 2010/ 010180PCT/ EP2009/ 059586 104



WHAT IS CLAIMED IS: 1. An isolated pol ypeptide which conprises: (i) an
Ry1753c protein sequence; 5(ii) a variant of an Ry1l753c protein sequence;
or (iii) wo2rmmunmsgeni c fragment of an Ry1753c protei n PEHEPR@L/059586 A

pol ypeptide according to claim1, for use as a nedicanent. 103. A

pol ypepti de according to either clai mM4or 2, which conprises an Ry1753c
protein sequence. 4. A polypeptide according to claim 3, which consists of
an Rv17BBATPISOTIAINEReIguence. 155. A pol ypeptide according to either claim1
or 2, which conprises a variant of an Ry1753c protein sequence. 6.A

pol ypeptide according to claim5, which conprises a variant of an Ry1753c
pr ot ei n1 sequem]cselatten/;i)m_\g)wtlddz @aich c%@ﬂzﬁni;eiaenti ty thereto. 20 7. A polypeptide
according to cl al(w ) V\{%g ?nﬁ Ses 2 variant of an Ry1753c protein
sequence having a eleg\é 699 ﬁ??"ﬁ/ “Thereto. 8. A pol ypepti de according
to daim?7, whi ch(u):anmmarﬁesaraRvaTﬁCﬁrpmtem sequétyck7b3c protei n 25sequence

havi ng at | east (SIgO 'ndr% t|t Ost ? ?g@?%%’cpr tlde according to claim
5, which consists a %{'PP ?grg% ﬁyi‘}' ot ew %e@HSQ%Ce 3010. A

pol ypepti de accor ding to cI al m 9, which consists of a variant of an Ry1753c

protein sequg Vi n %identity ther et 11. A pol ypepti de
accordl%g to @P?ﬁ) ?8 \%rd f%mg t r8¢° asei’i’ei@ : an Ry1753c protein

sequence havi ng at | east 90% i dentl ty thereto.

g R ey e e R e o C??%%%%%%%Enﬁﬁ%&éotsﬁ Lot

95% i dent i t ysdduened.0. 13. A pol ypeptide according to either claim1l or 2,
whi ch conpri ses an i mmunogeni ¢ 5fragnment of an Ry1753c protein seqguence.
14. A pol ypeptide according to claim 13, which conprises an inmunogenic
fragnend. of Aealypedi@iearcordingdo dlaire$Si dhieb cbnsists ahaRRYTARC ppoteinedequsaguence.
1015. A pol ypeptide according to claim 14, which conprises an i mrunogenic
fragnent of |east 20 amino acid residues froman Rv1753c protein sequence.
16.18 pob.y pepA ipdiypeptceratcorgingdo eltlserrldid, 1 ovd, ethichaprprisesa aariantoiiamgeni ¢

fragment of Rv1753c protein sequence.

6. A polypeptide according to claim 5, which comprises a variant of an Rv1753c¢ protein

sequence having at least 70% identity thereto.

20
7. A polypeptide according to claim 6, which comprises a variant of an Rv1753c¢ protein
sequence having at least 90% identity thereto.
8. A polypeptide according to claim 7, which comprises a variant of an Rv1753c¢ protein
25 sequence having at least 95% identity thereto.
9. A polypeptide according to claim 5, which consists of a variant of an Rv1753c¢ protein
sequence.

30 10. A polypeptide according to claim 9, which consists of a variant of an Rv1753c protein

sequence having at least 70% identity thereto.

11. A polypeptide according to claim 10, which consists of a variant of an Rv1753c¢ protein
sequence having at least 90% identity thereto.
35



| east 50 am no acid residues froman Rvl1753c protein sequence. 15 17. A
pol ypeptide according to claim 13, which consists of an i nmunogenic
fragnent wb 2ar0/(RYBF53c protei n sequence. 18. A pol ypept iPde/FRe@o068458¢ t O
claim 17, which consists of an i mmunogenic fragnent of 20l east 10 am no
acid residues froman Rv1753c protein ¥s8guence. 19. A pol ypeptide according
to claim 18, which consists of an i nmunogenic fragnent of |east 20 am no
aci d ret2.dueA pbilypeptale deedrdmgao pladh il pwisielo oemsists o2 24riaAt plodry Resi3d @rotein
according to claimZ19. ich si St f an i nmunogeni ¢ fragnent of | east
50 am no aci%eqlugg?edr&%vén%Aﬁséﬁg%)i%gycgﬂeg?'ei n sequence. 21. A pol ypeptide
according to any one of clains 1 to 20, wherein the Ryl1753c protein
sequencg,i s frao cobact eriym tuber culosi.s. 30 22 A pol ypeptide. according
Lo crar o1, ARREPEH R REb AR H (oA e BnelRn MR BRI D Ry 1.
23. %A pol ypefrgnient @t e Rail TEBctppotaimysegnenaaf clains 1 to 22, for use in the
treatnment or 35prevention of tuberculosis. WD 2010/010180PCT/ EP2009/ 059586
106 24. A polypeptide according to claim23, for use in the treatnment of
t uber culdisi sA pdlypegtideacyrepigi td elaérs d 81 whinly corapddesiam i2dhunbgenicifregmanttdie
prevention of tubercul gsi s, .526. al jde according to claim23, for
lse i the (PBH NGRS ACHIEuRS (ER PR L o R Fhept | de. acoor ding to
claim23, for use in the prevention of |atent tuberculosis. 28. A
polypepili de accprdi,ng to claim23. for use in.the prevention, of
ead i vié-i ot SPVReR B ACCRiPG € .C%EB 14 AVINET GRBRYTR S ATEPRYC rB9TP%ich 23,
for use in tlhestdd ayinobcideasiduesstdnoan &v17i0Gaeproteinosigeen@0. A pol ypepti de
according to any one of clainms 23 to 29, wherein the tuberculosis is
15associated with a Mycobacterium tubercul osis infection 31. An isolated
pol ynuci@ot i Aeolypemtidesicogrdimgrtoclagn d 5aehidh seqpésesanamoatiopeniafrpgmymesit | de
whi ch conprises:.~(i). an Ry1753c .protei uence; 20(ii) a variant of an
Ry1L7536 ot ot aro) S0cian e e oS T o RV e TRk FLsPEbRnt of an RyL753c
prdteei n sequence. 32. A polynucleotide according to claim31, for use as a
gﬁ?r;)ff‘s n;- a&%ﬁ@@t@%@éﬁ%‘a@ é'gf?ﬁ%%?v%i‘érh 06didks § ANRIm Bl b gfientéran
Rv1753c protein sequence.

18. A polypeptide according to claim 17, which consists of an immunogenic fragment of

20 least 10 amino acid residues from an Rv1753c protein sequence.

19. A polypeptide according to claim 18, which consists of an immunogenic fragment of

least 20 amino acid residues from an Rv1753c protein sequence.

25 20. A polypeptide according to claim 19, which consists of an immunogenic fragment of

least 50 amino acid residues from an Rv1753c protein sequence.

21. A polypeptide according to any one of claims 1 to 20, wherein the Rv1753¢ protein
sequence is from Mycobacterium tuberculosis.
30
22. A polypeptide according to claim 21, wherein the Rv1753c¢ protein has the sequence of
SEQ ID NO: 1.

23. A polypeptide according to any one of claims 1 to 22, for use in the treatment or

35 prevention of tuberculosis.



encodi ng a pol ypeptide which conprises an Rv1753c protein sequence. 34. A
pol ynucl eoti de according to either claim31 or 32, conprising a nucleic
aci d sequeocelvanesdi ng a pol ypepti de which conprises a PaTIERR409059586
Rv1753c protein sequence. 30 35. A polynucl eotide according to claim 34,
conprising a nucleic acid sequence encdi ng a pol ypepti de which conprises a
variant of an Ry1753c protein sequence having at |east 70%identity

t her et 024. \WOA p0OL/Péftibe HR0NTHgEP 2208 20 58b8%e ihQhe Béathepbbitabebeosis.de accor di ng
to either claim31 or 32, conprising a nucleic acid sequence encoding a
pol ypepti de which conprises an i munogeni ¢ fragnment of an Rv1753c protein
sequenc?s. 53K pAlypeptidesckedingde cain @Bdiongsd ia ted prevedmn of dulj@réwdogiy a nucl ei ¢
aci d sequence encodi ng a pol ypepti de which conprises an i mrunogenic
fragment of at |east 10 am no acid residues froman Rv1753c protein
sequenczs. 38A polypéptitecdceatingeo ataim2d] foguseinaing treateneat ofdbi@nheb&tulbeis37,
conprising a nucleic acid 10sequence encodi ng a pol ypeptide which consists
of : (i) an Rv1753c protein sequence; (ii) a variant of an Rvl1753c protein
sequencz’. orA pblypgptiaie dcovndimgge claém DB aigrmestd indiie preventionSs catpmitdtisdreulsgsiuence
1539. A pol ynucl eotide according to claim38, consisting of a nucleic acid
sequence encodi ng a pol ypeptide which consists of: (i) an Rvl1753c protein
sequences. (I A)ooapwtrdlembordfngao chird 23 3for pseinehé peeeptemad reantivgtionigf  an

i ogenlc éarg nlt of an Rv1753c protein sequence. 20 40. A

poliylnucl eot i 48X ui ng to any one of clainms 31 to 39, wherein the Rv1753c
protein sequence is from Mycobacteriumtuberculosis. 41. A polynucleotide
accor di to m.40, mh rein 753c. rot se nce 250f
SE0 1 D A | 1A BB AN TlrLE el 23 0 e bl ol iRa/atan BEYER G gk Rees
t he sequence of SEQ ID NO 2, or a fragnent thereof. 3043. A poI ynucl eoti de
accordi to, an ar

ot event 1 of PPUBERBiseriamafl pY gof gfdaimsc HeBaeBabl g \F8 CFisRas, for
usda n t he tassatiadtwithfa Mybehactdriosi feber36iSis mfpdiopnucl eoti de according to
claim43, for use in the prevention of tuberculosis. WO

2010/ 010180PCT/ EP2009/ 059586 108 46. A pol ynucl eoti de according to claim
43, for3use Amisblaed paatucotidetorhpardsing a hudeic adildeensence encoding a polypeptide

which comprises:
(i) an Rv1753c¢ protein sequence;
20 (i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.
32. A polynucleotide according to claim 31, for use as a medicament.

25 33. A polynucleotide according to either claim 31 or 32, comprising a nucleic acid sequence

encoding a polypeptide which comprises an Rv1753c¢ protein sequence.

34. A polynucleotide according to either claim 31 or 32, comprising a nucleic acid sequence
encoding a polypeptide which comprises a variant of an Rv1753c¢ protein sequence.
30
35. A polynucleotide according to claim 34, comprising a nucleic acid sequence encoding a
polypeptide which comprises a variant of an Rv1753c¢ protein sequence having at least
70% identity thereto.



47. A pol ynucl eotide according to claim43, for use in the prevention of

| at ent tubercul osis. 548. A pol ynucl eoti de according to claim43, for use in

t he prevewDi2or/mbi8neacti vati on of tubercul osis. 49. A polPgnEPR@ONFTE6

according to claim43, for use in the delay of reactivation of

t ubercul osis. 10 50. A pol ynucl eoti de addording to any one of clains 43 to

49, wherein the tuberculosis is associated with a Mycobacterium

t uber cudsi sAipolyecdieativeZtcdrdipigdo pifoeldind! ad@poshprisiny okt atidgeqlé{ca) a

pol ypepti de which co 1753c in.se

Dar T ot of - aegaaBaeB g which ABRERE S pRirBshR RENROTE R P rent of

an Rv1753c pprotedi secgeqeence; or (b) a polynucl eotide

conprising a nucleic acid sequence encodi ng the pol ypeptide of 20(a); and

(c) a pharmaceutically acceptable carrier or excipient. 52. An i mmunogenic

conposi 37.on A@Wnudeastgie azbgrd)ngao plainy Béptaneisingi schiuatederpeid seguence eneadifyd 753c¢

protein seque vari.ant_ o A ence; (i)

n | munogant Pl hieR PR AT s ouBa R R O BTG ol

(b) a pol ynueskidats flemcormpri7sBagrateimsed@nceaci d sequence encodi ng the

pol ypepti de of 30(a); and (c) a non-specific inmune response

enhancer. 53. An i nmunogeni ¢ conposition according to claimb52, wherein the

non- spegs.f i cAipolynoeedicespoding teahpooeof ¢lsimars1adj3dyeomprising@ nucleic acid

20% 010180PCT/ EP2009/ 59586 109 F 8ssk.on vector conprising a
Fr)bagerass

nucl-ei c aC|cF§9gaﬂ%%%Q§ W@d%RQMfﬁgh ich conprises: (i) an

Rv1753c protein s@queRecE53¢proteia sequengat of an Rv1753c protein sequence; or
(i11) an inmunogepi ¢, Lragupnt Rtz fRUEA3GuBHQ! 8 n sequence.

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence

15 39. A polynucleotide according to claim 38, consisting of a nucleic acid sequence encoding
a polypeptide which consists of:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.

20
40. A polynucleotide according to any one of claims 31 to 39, wherein the Rv1753c¢ protein
sequence is from Mycobacterium tuberculosis.
41. A polynucleotide according to claim 40, wherein the Rv1753c protein has the sequence
25 of SEQ ID NO: 1.

42. A polynucleotide according to claim 41, which comprises the sequence of SEQ ID NO:

2, or a fragment thereof.

30 43. A polynucleotide according to any one of claims 31 to 42, for use in the treatment or

prevention of tuberculosis.

44. A polynucleotide according to claim 43, for use in the treatment of tuberculosis.

35 45, A polynucleotide according to claim 43, for use in the prevention of tuberculosis.



An isol ated host cell transforned with an expression vector according to
claimb54. An isolated host cell which reconbinantly expresses a pol ypepti de
whi ch compoi2eB10(80) an Rv1753c protein sequence; (ii) &CTAPRE@IM5BB6 an
Rv1753c protein sequence; or (iii) an inmunogenic fragnent of an Rv1753c
protein sequence. An isolated host cel108according to claim56, which is
selected fromE. coli, yeast and mammlian cells. An isol ated host cell
accor di48) t oA pbiyhuelédidewlstalingdo alabadB) fousselaltimetréatm@atsfilatenttubetchiosisf or
t he production of a polypeptide conprising: (i) an Rv1753c protein
sequence; (ii) a variant of an Rv1753c protein sequence; or (iii) an
i mmunogéhi ¢ Apalyneci¢otiok aaboRing 16 dlainpéd|] fer usesiaduepresentmai o lateit hasbradogis.i si ng
the step of reconbi nantly expressing said polypeptide within a host cell. A
met hod for the treatnent or prevention of tuberculosis conprising the
adméni s48.at i Apolyhucestatacandingftd elaim ¥8, famoseit tiod peveatloppd pédotieatoargbr i Si ng:
(i) an R\/175t3 Rr tiei n sequence; (ii) a variant of an Rv1753c protein
sequence; or u%?ic}]@sgh i mmunogeni ¢ fragnent of an Rv1753c protein sequence;
to a subject in need thereof, wherein said pol ypeptide induces an i mune
respons A pethod fqr the treatnent ,or. preventi of . tuber cul osi s
Conprt < Tng  REOREe e Aok B 47 bl e 08T RHEGAESL ST
pol ynucl eot i tdeercolwpisi Si ng a nucl ei ¢ aci d sequence encodi ng a pol ypepti de
corﬁgj'i sing: (i) an Rv1753c protein sequence; WO
20107/ 010180PCT/ EP2009/ 059586 110 (ii) a variant of an Rv1753c protein
sequenc®). orA pblyhiiclestideracoordipgrio any bae obeldinef43atn 4By dA&3m the dtberculasigeence;
to a subject_in infaeﬁg ihheﬁfo(];b C}(/]\e/}r}le%eg gersa}' di pr9I %anl eoti de i nduces an i nmune
response. 562 TRE el hod deear |Hg & PREIMET R 'm 60 or 61, wherein the
pol ypepti de or polynucleotide is adm nistered as a pharnaceuti cal
corrposi“’ on. 6}3;'r The r ai‘hOd aS(I:,[cooerig}rht%ji tno_ either claim®60 or 61, wherein the
pol ypepti‘de %rp ﬁ(ﬂ%”ﬁﬂéﬁ TRENY BIHR"St er ed as an i mrunogeni c
corfidosi t i on. (a}@ poHypeftive whitthoemprisesr di ng to any one of clainms 60 to 63,
wherein the subjegt |I§V1a75§amToﬁlih 65. The nmethod according to claim64,
wherein the subje 2N SV d PRGAENS'" 2586 e met hod accor di ng to any one of
clainms 60 to 65, (ihawvaiantbhen BubjsSctprbtam seqtienae; buber cul osis. 67. The net hod
according to any ghe. qfchaldm: Al dPan WISFSIThrbh SRLASS opas | atent

(b) a polynucleotide comprising a nucleic acid sequence encoding the polypeptide of

20 (@);
and

(c) a pharmaceutically acceptable carrier or excipient.

52. An immunogenic composition comprising:
25 (a) a polypeptide which comprises:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence; or
(b) a polynucleotide comprising a nucleic acid sequence encoding the polypeptide of
30 (a);
and

(c) a non-specific immune response enhancer.

53. An immunogenic composition according to claim 52, wherein the non-specific immune

35 response enhancer is an adjuvant.



tubercul osis. 20 68. The method according to any one of clainms 60 to 65,
wherein the subject does not have tubercul osis. 69. The nethod according to
any one ovOochawars1860 to 68, wherein the subject was 25pPeviEraapsisasruni sed
with Bacillus Calnette-CGuerin (BOG. 70. The method according to any one of
clains 60 to 69, wherein the wherein tH® Rv1753c protein sequence is from
Mycobact eri um tubercul osis. 3071. The nethod according to claim70, wherein
the Rv1SA3c pmekmessitragedidreonmejsian@muafeicSkdy séyustre &ncodhglhpolpeddtidel
according to ﬁn% one.of clainms 60 to 71, further conprising the

adni ni stratiOn° FO'BRrézsegr nor e chenot her apeut| c agents effective in treating
35t ubercul osis. (N m*e’t?tsedpan@msdqwtg]cep any one of clainms 60 to 73,

further conprisi n@ t he a mf R ?ég tf at | east one additional

Mycobact eri um tub }%u?r(')%'] §ah i) C PIRE M mEHE Y Akt or di ng to claim 74,

wherbei n t he addi tiipaalimiMpaoderid feagmentiofl be Ryl 5% goteint seg@andes pr ovi ded in
the formof a pol ypeptide. The nethod according to claim75, wherein the
pol ypeptide conprising: (i) an Ry1753c protein sequence; (ii) a variant of
an Ry1758c pAntselatedsiesst esiCieanstormediwith amnexprassioagenioc atcoading tt claifn B Ry1753c
protei n sequence; and the additional Mycobacteriumtuberculosis antigen are
provided in the formof a fusion protein. The nethod according to claim 74,
wher ei n56.he Al diotatexhiad st b@'lbwbiamenohtbﬁnatnﬂjoemretmiaSpcﬂyneipgdaelth:hrabmw'rishsd in
thekd orm of a pol nuc%e 5de. he et hod according to claim 77, wherein the
pol ynucl eot i de co%iﬂﬂ Yﬁé 8%06‘:6'[13?(&%6?8% sequence encoding a poI ypepti de
conprising: (i) afi)Ryd7bdof pn BveErF8cyeotedreegueride; pr a vari ant of an Ry1753c
protei n sequence; 1753c protein

sequence; and the”ﬁ&ﬂ.’?i“&ﬁ%?e’}{&é%%’é%’ﬁé)éf ?'&Fr{ dsk %8%?%“8?% gen are
provided in the formof a single pol ynucl eot| de sequence 79. The net hod
accor di to cla m /7.8 grein d S | e uence encodes
st o pr dhBIRshost HFE PRy oAb, R e e ol s ort
30Mpcobact ermamntalibecellsl osi s anti gen. 80. The met hod according to claim74,
wherein the additional Mycobacteriumtuberculosis antigen is provided in
the formof a Bacillus Calnette-Guerin (BOG. 3581. The net hod according to
any one5&f cAmisoatébhdsb c&80acoottimgiorcidinedat, mbh rieeatBaoi/up Ceeticr @werni

tubercul osis refers to the treatnent of tuberculosis. WO

2010/ 010180PCT/ EP2009/ 059586 112 82. The net hod according to any one of
clains 80 toA&ﬁlzthomrerHeierprodnestiom ebd pelppemide poepasibg:on of tubercul osis refers

to ZtOhe preventi on( i)an I&\%E’:c pro?eln sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence;
said method comprising the step of recombinantly expressing said polypeptide within a
host cell.
25
60. A method for the treatment or prevention of tuberculosis comprising the administration
of a safe and effective amount of a polypeptide comprising:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or
30 (iii) an immunogenic fragment of an Rv1753c¢ protein sequence;

to a subject in need thereof, wherein said polypeptide induces an immune response.

61. A method for the treatment or prevention of tuberculosis comprising the administration
of a safe and effective amount of a polynucleotide comprising a nucleic acid sequence
35 encoding a polypeptide comprising:

(i) an Rv1753c¢ protein sequence;



583. The net hod according to any one of clains 60 to 80, wherein the
treatnment or prevention of tuberculosis refers to the treatnent of | atent

t uber cul o80=201084101Bhe net hod according to any one of cl aiPOE/EPOONOSHBOG
wherein the treatnent or prevention of tuberculosis refers to the
prevention of |atent tuberculosis. 10 B%. The nethod according to any one
of clains 60 to 80, wherein the treatnent or prevention of tubercul osis
refers to the prefipavadantof an Bat753¢catrotein sebjuendeeocul osis. 86. The net hod
according to any @ne of clains &0 tot89 gﬁgﬁ n the treatnent or
15prevention of tUBEPIMEEPLIEHRIUeH O PREVALY AP B 4P Fat i on of

t uber cul osi sto &Bsubjekh meedHioetealc adedimspid polamyclantide dfducéaamBniind @sBonse.
wherein the tuberculosis is associated with a Mycobacterium tubercul osis

i nfection. 2088. The net hod according to claim87, wherein the M/cobacterium
t ubér cubsi sThenfethiod @ecordingds eitheatcidim i0tdn 64, whierein-tte pglypesidstoant strai n of
Mycobact eri umltubgrgbll osids.. .8t9.r‘l(']he met h(r)nd a co[di ng to any one of clainms 60
to 88, whi chPTHBTERI AR 9HURE e%sp%ﬂgaer a?ﬁgﬁ' &L R Sﬂ'l%rcul osi s infection.
25 90. Use of a pol ypeptide conpri sing: (i) an Rv1753c

protein.sequence;, (ii) a variant of .an.Rv1753 rqtein sequence; or

01y s o gid e aghdie 2o HeRpo b iherBlthe bluPEMIER S0 n' ¢ e
manuf act ur e Edlyraicheetide srazininittered dseart inewd nogebicebmpositient i on  of

tUbIgf culosis. 91.Use of a pol ynucl eotide conprising a nucleic acid sequence
encodi ng a pol ypeptide conprising: (i) an Rv1753c protein sequence; 35(ii)
a vari atd. of TleenmBthbd=8cordingtte any s ofesidisns 60rto 631 wheraim thersulsjegdna enaniraginent
of an Rv1753c protein sequence; WD 2010/ 010180PCT/ EP2009/ 059586 113 in the
manuf acture of a nmedi canent for the treatnment or prevention of

t uber cub®si sThe@@ehol wstadingrtotleinm 64 ompereiniting sabjeatlisypephacde conpri sing: (i)
an Rv1753c protein sequence; 5(ii) a variant of an Rv1l753c protein
sequence; or (iii) an inmunogenic fragnment of an Rv1753c protein sequence.
93.18 pod6/nucTieoinethed @oogdingitngnaomelof daitis@® te €§Lehereinghe sabjact has faathieon
protein conprising. a polypeptide conprising: 10(i) an Rv1753c protein
sequence; (itiug)ergu &1 ant " of an Rv1753c protein sequence; or

67. The method according to any one of claims 60 to 65, wherein the subject has latent

tuberculosis.

20
68. The method according to any one of claims 60 to 65, wherein the subject does not
have tuberculosis.
69. The method according to any one of claims 60 to 68, wherein the subject was
25 previously immunised with Bacillus Calmette-Guerin (BCG).
70. The method according to any one of claims 60 to 69, wherein the wherein the Rv1753¢
protein sequence is from Mycobacterium tuberculosis.
30 71. The method according to claim 70, wherein the Rv1753c protein has the sequence of

SEQ ID NO: 1.

72. The method according to any one of claims 60 to 71, further comprising the
administration of one or more chemotherapeutic agents effective in treating

35 tuberculosis.



(ti1) an immnogenic fragnent of an Rv1753c protein sequence. 94. A

pol ynucl eotide conprising a first nucl eoti de sequence which selectively
hybri di sewoRbudersonoderately stringent conditions to tireTEPaEOOsEBRE Of a
second nucl eoti de sequence whi ch encodes a pol ypeptide conpri sing:

(i) an Rv1753c protein sequence; (ii) H1lvariant of an Rv1753c protein
sequence; or (ii1) an inmmunogenic fragnent of an
Rv1753c7%r ot Bienmsthgderccading@o 8aRind\7poMysteiol te@bdnaler moeashémuthdrapetitiaingerdd,
conprising a fir cl eoti de seﬁgﬁnce whi ch sel ectively hybridi ses under

hi ghl y strinﬂ?ﬁ?ﬁ%gﬁgﬁp?gﬁgapgap L1 enent of a second nucl eoti de

sequence whi ch encodes a pol ypeptide conprising: (i) an Rv1753c protein

sequenceg; 25(ii variant of _an Rv1753c tei,n uence: . or, (i1i) an
oot o e driel ¥pihoik Hle B meRodb g a BB SRR RS Y huct Lot de
accdr di ng t cadmihiseatial cliatc@dt are &flitionanidycabanigriamftubestulosis betijende sequence
whi ch sel ectively hybridises to the conplenent of SEQ ID NO 2. 97. An

anti body or fragnent thereof which specifically binds to a pol ypeptide
conpri stsg: The mathoRatZ&rdingpe ckan M4 setpreindiee addifignabMyesbaartdriuof tubevclRodig53c
protei n sequence; .or ijii? ﬁnfi nqgﬁnicféragnent of an Rv1753c protein
sequence. 982 RGP SgY et e Oégﬂ%ﬁ Y§PId80 2010/ 010180PCT/ EP2009/ 059586
114 (a) a polypeptide according to claim1; (b) apparatus sufficient to
contact._sai ol ypeptide with a s le (e.g. ol e bl ood.or nore suitably
PENS 1 Fm aH AR ot oBicy 7ottt pdlita oS R Eal T Feaponce. of
the sanple. A di agjreosRvi758t predsiosegienget 0 cl ai m 98, conprising: (a) a

pol ypepti de accor Sng to.cl ai h&%ba taf)par atus sufficient to contact said
pol ypeptide with & AU OL A B<".v I8 618 e suitably PBMC) from an
i ndi vi dual ; and (@) améamsinbgenjtfadmént ohna Ryhas3qireteirsequbecel cel | response
of the sanpl e, di,agnostic Kit conprising.: a_pol i ccording to
clai m . ( by PUERRRT ekt s TR el i Dl Be RO R e BFFRVS cnpre
(e.1d. whol e fokioogrotein.

77. The method according to claim 74, wherein the additional Mycobacterium tuberculosis

antigen is provided in the form of a polynucleotide.

20 78. The method according to claim 77, wherein the polynucleotide comprising a nucleic
acid sequence encoding a polypeptide comprising:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence;
25 and the additional Mycobacterium tuberculosis antigen are provided in the form of a

single polynucleotide sequence.

79. The method according to claim 78, wherein said single polynucleotide sequence
encodes a fusion protein containing the Rv1753c¢ antigen and the additional

30 Mycobacterium tuberculosis antigen.

80. The method according to claim 74, wherein the additional Mycobacterium tuberculosis

antigen is provided in the form of a Bacillus Calmette-Guerin (BCG).

35 81. The method according to any one of claims 60 to 80, wherein the treatment or

prevention of tuberculosis refers to the treatment of tuberculosis.



or nore suitably PBMC) froman individual; and (c) means to quantify the B
cell response of the sanple. A diagnostic kit conprising: (a) a pol ypeptide
accordi ngvoaooleabrsnl; and (b) apparatus sufficient to ce@cT&PRISASLS6

pol ypeptide with the dermal cells of a patient. A diagnostic kit

conprising: (a)a pol ypeptide according!t20 claim1; and (c) neans to
quantify the T cell response in a sanple froman individual (e.g. whole

bl ood or nore suitably PBMC). A diagnostic kit conprising: (a) a pol ypeptide
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prevention of tuberculosis refers to the prevention of tuberculosis.

5 83. The method according to any one of claims 60 to 80, wherein the treatment or

prevention of tuberculosis refers to the treatment of latent tuberculosis.

84. The method according to any one of claims 60 to 80, wherein the treatment or

prevention of tuberculosis refers to the prevention of latent tuberculosis.

10
85. The method according to any one of claims 60 to 80, wherein the treatment or
prevention of tuberculosis refers to the prevention of reactivation of tuberculosis.
386. The method according to any one of claims 60 to 80, wherein the treatment or
15 prevention of tuberculosis refers to the delay of reactivation of tuberculosis.

87. The method according to any one of claims 60 to 86, wherein the tuberculosis is

associated with a Mycobacterium tuberculosis infection.

20 88.  The method according to claim 87, wherein the Mycobacterium tuberculosis infection is

associated with a multi-drug resistant strain of Mycobacterium tuberculosis.

89. The method according to any one of claims 60 to 88, which induces an immune

response against M. tuberculosis infection.

25
90. Use of a polypeptide comprising:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or
(iii) an immunogenic fragment of an Rv1753c¢ protein sequence;
30 in the manufacture of a medicament for the treatment or prevention of tuberculosis.
91. Use of a polynucleotide comprising a nucleic acid sequence encoding a polypeptide
comprising:
(i) an Rv1753c¢ protein sequence;
35 (i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence;
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92.

93.

94.

95.

96.

97.

98.

113

in the manufacture of a medicament for the treatment or prevention of tuberculosis.

A fusion protein comprising a polypeptide comprising:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.

A polynucleotide comprising a nucleotide sequence encoding a fusion protein
comprising a polypeptide comprising:

(i) an Rv1753c¢ protein sequence;

(i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.

A polynucleotide comprising a first nucleotide sequence which selectively hybridises
under moderately stringent conditions to the complement of a second nucleotide
sequence which encodes a polypeptide comprising:

(i) an Rv1753c¢ protein sequence;

(i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.

A polynucleotide according to claim 94, comprising a first nucleotide sequence which
selectively hybridises under highly stringent conditions to the complement of a second
nucleotide sequence which encodes a polypeptide comprising:

(i) an Rv1753c¢ protein sequence;

(i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.

A polynucleotide according to either claim 94 or 95, comprising a first nucleotide

sequence which selectively hybridises to the complement of SEQ ID NO: 2.

An antibody or fragment thereof which specifically binds to a polypeptide comprising:
(i) an Rv1753c¢ protein sequence;
(i) a variant of an Rv1753c protein sequence; or

(iii) an immunogenic fragment of an Rv1753c¢ protein sequence.

A diagnostic kit comprising:
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100.

101.

102.

103.

(@)
(b)

(c)

114

a polypeptide according to claim 1;
apparatus sufficient to contact said polypeptide with a sample (e.g. whole blood
or more suitably PBMC) from an individual; and

means to quantify the T cell response of the sample.

A diagnostic kit according to claim 98, comprising:

(@)
(b)

(c)

a polypeptide according to claim 1;
apparatus sufficient to contact said polypeptide with a sample (e.g. whole blood
or more suitably PBMC) from an individual; and

means to quantify and characterise the T cell response of the sample.

A diagnostic kit comprising:

(@)
(b)

(c)

a polypeptide according to claim 1;
apparatus sufficient to contact said polypeptide with a sample (e.g. whole blood
or more suitably PBMC) from an individual; and

means to quantify the B cell response of the sample.

A diagnostic kit comprising:

(@)
(b)

a polypeptide according to claim 1; and
apparatus sufficient to contact said polypeptide with the dermal cells of a

patient.

A diagnostic kit comprising:

(@)
(c)

a polypeptide according to claim 1; and
means to quantify the T cell response in a sample from an individual (e.g. whole
blood or more suitably PBMC).

A diagnostic kit comprising:

(@)
(c)

a polypeptide according to claim 1; and
means to quantify the B cell response in a sample from an individual (e.g. whole
blood or more suitably PBMC).



