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CD8+ T cells ensues, ultimately resulting in the formation of a granuloma. Central to the
25  success of Mycobacterium tuberculosis as a pathogen is the fact that the isolated, but not
eradicated, bacterium may persist for long periods, leaving an individual vulnerable to the later

development of active TB.

Fewer than 5% of infected individuals develop active TB in the first years after infection. The
30 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-
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

35 natural immunity and the pathogen changes, for example as a result of an immunosuppressive
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be eradicated from the infected individual and may remain as a latent infection that can be

reactivated.

30 In order to control the spread of tuberculosis, an effective vaccination programme and accurate

early diagnosis of the disease are of utmost importance.

Currently, vaccination with live bacteria is the most widely used method for inducing protective
immunity. The most common Mycobacterium employed for this purpose is Bacillus Calmette-
35  Guerin (BCG), an avirulent strain of M. bovis which was first developed over 60 years ago.

However, the safety and efficacy of BCG is a source of controversy - while protecting against



20BRI EF SUMMARY OF THE | NVENTI ON The present invention relates generally to
the use of nodified Rv3616c pol ypeptides, or pol ynucl eoti des encodi ng them
in the fiwbadoofookmBent Mycobacterial infections. Additi ecaidrgeiitobaspr esent
invention relates to particular nodified Rv3616¢c proteins. The inventors
have 25surprisingly discovered that di Z{upti ng the hydrophobicity of a
particul ar region of a Rv3616¢c sequence can |lead to inproved expression
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correspld'ﬁ'qu\rll%a&)& ﬁs%g?tdéggm%gihﬁ%@%?l F’PR@CW@]@P (Tgence has been di srupted,
suitably a nodified Rv3616¢c protein in which the hydrophobicity of the

t.0 residues 135- 7R\étbsequence

am aci d i dues corr ondi n 5-154 of the
'S & s KBRSk NS 245008 St Ge Rl T STnic fEvelknBeRt v PRED
i nvent i dasigrieeras pré-eppaaViralestcihesD Thédecitcl RIS 6dhmitpa odisss) whichi hvebded | ed
Ry3616c protejn_ coppr.ising. a.first pol tide a second pol ypept.ide,
Che 11 rREIGIT YRR Beprid BEkP iy PEBEE Bri £ vasdralas: P ANEnGRede: ed
Rv 36 16cmpeatiaeienalalcaihes @hich airhéo sptaos @ B vith eniré dfficieanshdidresatdristraing ) t he
first p eptide is.a sequence having at |east. 90% i dent i 0, residues 1-
155° or PRI BB GSE VeBoSersth oV e et P TREpER aleY SR Kel iR i g a
| edt O€éctickead post-ekposues bdihespbBidc BR2ines iSa@nt DB Nasesl(Lin¥ret anEdrduerifie,r st
and secph | ypeptid are direc rA-dj. ly linked. 10 In a second
aspect @ngﬁfé)c %%@H??ﬁso{#éféL?rggzjﬁé??sd?edé)%gé'i%g%)fi ed Rv3616¢c protein, said
nodi fied Ry3616¢c protein conprising a first polypeptide and a second
pol ypepti de he | ptide being.located towards the. Cterm.nus of
Phe. nodrrnaiie AP b itaie i¥ERERER U8 Pinencoutiote S Seseion e camr
wher ei nmodif¢d Ri/B&1 6ici preteing ahyipdipg i ABMi1S aa RvB&it6 cpodypepidmukeerem residads 18RSt
10 m no ids within resi 1-.13 I 0: 1. an il )t he second
ol YhepP: 190 e £5kb e PtiaRE LB v b anpbass s M azte AR dbide "W chi
r esi duesoly@tidO@hefeirSEQdLES NO1 tal203Mere diebn dbletdd (SEQ @nMo:scafnd pol ypepti des
are dir indirectly linked. 20 I.n a ird as t he i nvention
fhere | ESpidboRhel Y 4rH 1owanfs SResl b Buds ho0 el B RbaRe RSP NG o
al t er nateblaeby by thensitigen MgHe $SEQtIDAN: ¥0 of Usaasdc26bng)of , a Rv3616c sequence
in which at | east one amno acid (e.g. at least 2) has been deleted from
the region corresponding to residues 134-183 in SEQ ID No:1. 25 A fourth
asi@ct of the invention pBRIEFSYMMARYIOF THERYENBIONSr ot ein, said protein
conprising a first polypeptide and a second pol ypeptide, the first
pol ypepti de being | ocated towards the N-termnus relative to the second
pol ypepThagresartdnwhesreiatate ggnerally t ithiestsepafInyquiijtdi RMS618¢ polgpertidgsiaus
Sequencgoly(/)rfucﬁetoticljeesaggco 918 tr?enrhnlgtr?ecﬁqu oWa{em Pﬂycobacterial infections. Additionally, the
present invention relates to particular modified Rv3616¢ proteins. The inventors have
25  surprisingly discovered that disrupting the hydrophobicity of a particular region of a Rv3616¢
sequence can lead to improved expression without detrimental impact to immunogenic
properties. The modified Rv3616c¢ proteins are of use as TB antigens, in particular as latent

TB antigens.

30 Inits broadest aspect the present invention provides a modified Rv3616¢ protein in which the
hydrophobicity of the amino acid residues corresponding to residues 134-183 of the H37Rv
sequence has been disrupted, suitably a modified Rv3616c¢ protein in which the hydrophobicity
of the amino acid residues corresponding to residues 135-154 of the H37Rv sequence is
disrupted.

35



30residues 1-133 of SEQID No: 1; and (ii) the second pol ypeptide is a
conti guous sequence of at |east 155 am no acids wthin residues 184-392 of
SEQ | D Nowo2lpi1/0922s8erein the first and second pol ypepti ees/Ere@i10sriegt |y or
indirectly linked via a third pol ypeptide, said third pol ypeptide
corresponding to residues 134-183 in SEQID No:1 in which 35at |east 1
amno acid (e.g. at least 2) has been deleted. WO
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15(1iQthe first polypeptide is a sequence having at |east 90% identity to
residues 1- 13
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20
In a third aspect of the invention there is provided a modified Rv3616c¢ protein, said protein
comprising or, alternatively, consisting essentially or consisting of, a Rv3616¢ sequence in
which at least one amino acid (e.g. at least 2) has been deleted from the region corresponding
to residues 134-183 in SEQ ID No:1.
25
A fourth aspect of the invention provides a modified Rv3616c¢ protein, said protein comprising a
first polypeptide and a second polypeptide, the first polypeptide being located towards the N-
terminus relative to the second polypeptide, and wherein:
(i the first polypeptide is a contiguous sequence of at least 100 amino acids within
30 residues 1-133 of SEQ ID No: 1; and
(i) the second polypeptide is a contiguous sequence of at least 155 amino acids
within residues 184-392 of SEQ ID No: 1;
wherein the first and second polypeptides are directly or indirectly linked via a third
polypeptide, said third polypeptide corresponding to residues 134-183 in SEQ ID No:1 in which

35 atleast 1 amino acid (e.g. at least 2) has been deleted.



30155-392 of SEQ ID No: 1; wherein the first and second pol ypepti des are
either directly linked or indirectly linked via a third pol ypeptide, said
third polwpeptiide2shavi ng at | east 80% identity to a seqeem@P2@onsaspondi ng
to residues 135-154 in SEQ ID No:1 in which a contiguous portion of at

| east 3 am no acids (e.g. at |east 4) t)éas been deleted. WO

2011/ 092253PCT/ EP2011/ 051158 6 In an ei‘ghth aspect of the invention there

is provided a nodified 3616¢. protei.n i rotein conprising a Rv3616¢c
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has been substi tutjﬁgf%gth h(ycéélg‘gerl]i lic residues. 5 Moudified Rv3616c proteins
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t uber cul osi s(i) FortheXiestpblpegthyg i©aeonigubtslsédieNos of @-Idast i1 00 pairid adidsawitiamy
one of SEQ ID Nos; 3-6 ituted for SEQID No:1 in the foregoin
enbaddi nent s. 10Exré:ﬁéf“3$}'%&?SFQEB%%&QBQWot eins according to the prgsen?
i nvention ar@)those sg@cmmrp'bdyvmti(ﬂ&'e mnngu@siséqaew@];e&aﬁwmﬂ ﬁﬁdobbidgEQ I D
Nos: 161-169, 179 and 18 ) S onsi sting of the am no aci
sequences provi detf 'W‘?I‘f%e%gg&%gaoi%%&1®d,&o'%79 andgl80). Of particul ar

i nt er eswheei@ thélﬁﬁseaﬁd)ﬁén’dngim@péﬁt&ie&ﬁi@@itf&ﬁidﬁet&@ﬂiumasin@iremy dﬁd&divﬁn SEQ | Dd
Nos: 16 163-169, 179 and. 180 (such as those consistjn e ] aci
Sequencllrd BRYor . FhereBaR T RBUSCAER ofgSrors s vl 13k T &FLD8

pr o\l dedoariewslthiat eadi f aethoRCREECS: apleatted)maisfbeen dsleteals nmedi canment s. A
further aspect of the invention relates to a nethod for inducing an i mmune
response in a 20subject, conprising the adm nistration of a nodified
Rv3616CA gixtit @dpact ¢k thelinvrtfongspedds dmotlified RYSeTEd @oteire kaiti @sottia canmpeitingd f or

the t t t | ti ti f TB. i Si th
adni ni STPERI PR 20 8 preacd RoP RIS P TE e Bede iYas e Vo o
subj ectterminone egdativiees &tﬁfsecmdmpelwemiﬁéﬁbrm?ﬁbﬂgeipti dﬁ i nduces an i nmune

. In.25 ther aspect., the nethod further ri.ses induci,ng an
e 1 espollse. AT PONpRORAc BPPaEBRaNEaFbers. SHRRROLE GBS AT T o
Rv3616c protein i mB3dfeSHEAMMNact; e of a nedi canent for the treatnent,

| ti i, ti f TB,. t t.h t of th
arel 1 ora om0t BEXECILEM Atal® 1 BLERR R HAER B25) e ng
nucl ei ¢ aci d sequB#c@2ofcIED MY Na: modi fi ed Rv3616¢c protein. Exenplary
i yence enc nodi d

I I ' , i | gi id di i
R 351 60T Br AR L LPRd Fi50e FELRERICEE a6’ Pre R or B0t e SRa R d8 T ded i n
SEQO g %m@epga@sbmgm polt;zp@a%tige t{ngsieg cg)ﬁzfiﬁtg‘megjefﬁtgme slaqﬁérmletef:g?‘_ez%mqimgno es
ed in ; -178.. . ex i
ot | SERGUES R B i Mool o e ioRE B foy bR T aB s 85 ro-ar o
t hose catrigast 4) has feengdeletetisi sting of) a nucl eotide WO
2011/ 092253PCT/ EP2011/ 051158 7 sequence encodi ng an am no aci d sequences

provided in SEQ ID Nos: 161-169, 179 or 180, such as SEQ I D Nos: 161,
163- 1694 savéhtloasgded0of the inveAligoprprioss chedified Ra3pticyproeins@bngesiagrfirstsi ng a

xgi;ﬁ%ﬁfde%tl g gH(? Q %gcc?nrc]jcpg)o Jpre]z tié‘e,rtrrlljedljirfsf. So yp%%ﬁgg %‘gﬁg orc(a)Ee%itcr)lwgr rstryesﬁ- as a
terminus relative to the second polypeptide, and wherein:
(i the first polypeptide is a sequence having at least 90% identity to residues 1-
134 of SEQ ID No: 1; and
(i) the second polypeptide is a sequence having at least 90% identity to residues
30 155-392 of SEQ ID No: 1;
wherein the first and second polypeptides are either directly linked or indirectly linked via a
third polypeptide, said third polypeptide having at least 80% identity to a sequence
corresponding to residues 135-154 in SEQ ID No:1 in which a contiguous portion of at least 3
amino acids (e.g. at least 4) has been deleted.
35



A further aspect of the invention relates to a nethod for inducing an

i nmune response in a subject, conprising the admnistration of a

pol ynucl ewoi2da/measpri sing a nucl eic acid sequence encodiPog/ER20masfised
Ry3616¢c protein. 10 A further aspect of the invention relates to a nethod
for the treatnent, anelioration, delayinhg or prevention of tuberculosis
reactivation conprising the adm ni stration of an effective anount of a

pol ynuc| eot i. conprisjing a pucleic. acid sequence. en i ng a. nodified
st banarianh Soav o£ A udn i s Mol holigs U e toRi Sotproide
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pol ypepsubdetutsangith isidagphilicnesldfiésed Ry3616¢ protein in the nanufacture of a
medicanment for the treatnment, 20anelioration or prevention of TB,

represents anot her aspect of the invention. Additionally, there is provided
a phar neoéitiéd Rab6 1GePPaSInG intay OoPg3et Sinrowild-type Rv3616¢ prote(regeqaenadirdr ady

Rv3616¢c _protejn;  or : b) a n eot Lde co i sing a pucleic
R Se M ceB Ry hsap TPl oy o8 e SB  HeB kB iRl 3h Bnol € )
a phar nBEQUDINaL B35, azg eptsabstiuted fari SHQ (D NeXI(Cih pheefotegofrigy drhiggdimetter e i s

provi ded an i mmunogeni ¢ conposition conprising: 30(a) a nodified Rv3616¢C
protein; or (b) a polynucleotide conprising a nucleic acid sequence

encl@di ngxempiadginhoditbdRnZB16¢ ptaibeadtordinglto the presenbinvaieniaré thos&odimerising
response enhancer. WD 2011/09225 20 8 provided is an
ey oot BATURLEGY SeRRPPPR PRy RRE ML SEER NEEr 46 LaBg o e e api 2 5% 1 eq
Rv3616ccamsting of the amindHagd seldnses progidsdl or SEA IDINJS: $éd-t6EXTOemdi180). vett or ,
forma further. aspect .of the invention. 5Additionall r,oyi i host
col 1 e RERE e Pt RmuBlEths SRine 4 bt o ARmroRHeY i SEC 19 M Bst

t her e | 651pnoes-1ded 79 aret 180dshicdr ad thespcadistihg ofthefandnaradd bequbnReS pbbitied in

pr gtei n; iq, e onprisin step of reconbinantly expressing said
poﬁfﬁep?%ﬁzba*Fh?€836ﬁﬂgp’té%?&j%gsAlso provi ded are diagnostic kits
conpri si ng:

Also provided are such modified Rv3616¢ proteins for use as medicaments.

A further aspect of the invention relates to a method for inducing an immune response in a

20  subject, comprising the administration of a modified Rv3616¢ protein.

A further aspect of the invention relates to a method for the treatment, amelioration or

prevention of TB comprising the administration of an effective amount of a modified Rv3616¢

protein to a subject in need thereof, wherein said polypeptide induces an immune response. In
25 afurther aspect, the method further comprises inducing an immune response against

Mycobacterium tuberculosis.

The use of a modified Rv3616¢ protein in the manufacture of a medicament for the treatment,
amelioration or prevention of TB, represents another aspect of the invention.
30
The present invention provides a polynucleotide comprising a nucleic acid sequence encoding
a modified Rv3616¢ protein. Exemplary polynucleotides comprising a nucleic acid sequence
encoding modified Rv3616¢ proteins are those comprising the nucleotide sequences provided
in SEQ ID Nos: 170-178, such as those consisting of the nucleotide sequences provided in
35 SEQID Nos: 170-178. Other exemplary polynucleotides comprising a nucleic acid sequence

encoding modified Rv3616¢ proteins are those comprising (e.g. consisting of) a nucleotide
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Use of a polynucleotide comprising a nucleic acid sequence encoding a polypeptide
comprising a modified Rv3616c¢ protein in the manufacture of a medicament for the treatment,

20  amelioration or prevention of TB, represents another aspect of the invention.

Additionally, there is provided a pharmaceutical composition comprising:
(a) a modified Rv3616¢ protein; or
(b) a polynucleotide comprising a nucleic acid sequence encoding a modified Rv3616¢
25 protein;
and

(c) a pharmaceutically acceptable carrier or excipient.

Further, there is provided an immunogenic composition comprising:
30 (@) a modified Rv3616¢ protein; or
(b) a polynucleotide comprising a nucleic acid sequence encoding a modified Rv3616¢
protein;
and
(c) a non-specific immune response enhancer.
35
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i muni s&t'ton) of the 5antigen specific CD4 response in imunised CB6F1
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expressi ng | @\ gaarmdmed/msmao;i’rowi‘rd/ or TNF-al pha cytoki nes at day 1035

(i.e. 7 dayS(blj’OStaép%reftus sUFRG

entsfo cor%a?:t ‘'said modified Rv3616c¢ protein with a sample
(e.g. whole blood or more suitably PBMC) from an individual; and

15 (c) means to quantify the T cell response of the sample.

Another aspect of the invention relates to a diagnostic kit comprising:
(@) a modified Rv3616¢ protein; and
(b) apparatus sufficient to contact said modified Rv3616¢ protein with the dermal

20 cells of a patient.

A further aspect of the invention relates to a method for detecting Mycobacterium tuberculosis
infection in a subject comprising:
(@) contacting a sample from said subject with a modified Rv3616¢ protein; and
25 (b) detecting in the biological sample the presence of antibodies that bind to the
modified Rv3616¢ protein.

The invention also provides a diagnostic kit comprising:
(@) a modified Rv3616¢ protein, which protein is optionally immobilised on a solid
30 support; and

(b) a detection reagent.

In one embodiment the subject receiving a modified Rv3616¢ protein, polynucleotide or
composition according the invention may have active tuberculosis (e.g. active infection by M.

35 tuberculosis). In a second embodiment the subject may have latent tuberculosis (e.g. dormant
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provided for the purpose of:
- treating active tuberculosis;
15 - preventing active tuberculosis (such as by administering to a subject who is

uninfected, or alternatively a subject who has a latent infection);

treating latent tuberculosis;

preventing latent tuberculosis; or

preventing or delaying reactivation of tuberculosis (especially the delay of TB

20 reactivation, for example by a period of months, years or even indefinitely).

There is also provided a method for the treatment of latent TB comprising the steps:
(i) identifying a subject as having a latent TB infection (e.g. by PPD or T cell based
assays); and
25 (i) administering to said subject a safe and effective amount of a modified Rv3616¢
protein or polynucleotide encoding a modified Rv3616c¢ protein (such as in the form of a

pharmaceutical composition or immunogenic composition).

Also provided is the use of a polypeptide of the present invention in the manufacture of a

30 diagnostic kit for the identification of TB (e.g. latent TB) in a test subject.

DESCRIPTION OF THE FIGURES

Figure 1: Rv3616¢ peptide alignment with full length sequence.
35 Figure 2: PBMC responses to Rv3616¢ peptides.
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Figure 8: Cytokine profile at day 35 (i.e. 7 days post third immunisation) of the
antigen specific CD8 response in immunised CB6F1 mice.
15  Figure 9: Percentage of CD4 and CD8 cells from immunised C57BL/6 mice
expressing IFN-gamma and/or IL-2 and/or TNF-alpha cytokines at day
21 (i.e. 7 days post second immunisation).
Figure 10: Cytokine profile at day 21 (i.e. 7 days post second immunisation) of the
antigen specific CD4 response in immunised C57BL/6 mice.
20  Figure 11: Percentage of CD4 and CD8 cells from immunised C57BL/6 mice
expressing IFN-gamma and/or IL-2 and/or TNF-alpha cytokines at day

35 (i.e. 7 days post third immunisation).

Figure 12: Cytokine profile at day 35 (i.e. 7 days post third immunisation) of the
antigen specific CD4 response in immunised C57BL/6 mice.
25 Figure 13: Cytokine profile at day 35 (i.e. 7 days post third immunisation) of the
antigen specific CD8 response in immunised C57BL/6 mice.
Figure 14: Antigen-specific CD4 T cell responses in naive and latently infected
humans.
Figure 15: Alignment of wild-type Rv3616¢ protein sequences.
30  Figure 16A and 16B: Alignment of exemplary modified Rv3616¢ protein sequences.
Figure 17: SDS-PAGE results of initial antigen expression experiments.
Figure 18: SDS-PAGE results of further antigen expression experiments.
Figure 19: SDS-PAGE results of additional antigen expression experiments.
Figure 20: Percentage of CD4 cells from immunised mice expressing IFN-gamma
35 and/or IL-2 and/or TNF-alpha cytokines at 7 days post second and 7

days post third immunisations with Rv3616A138-145.
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peptlde e 14, t|de epti.de . peptide 17. peptide 18.

pepti de %éIDﬁdBdee 2op“t€t &*I“Hba”z‘?%g%'g‘?r?'@’@e%‘ . peptide 23. peptide 24.

pept i deSRQ.IDpepBide 26put@ta4ethLdfan2(ZD8pelpémtd>ee28 pepti de 29. peptide 30.

pol ype guence of 1753c f uI osis H37Rv strain.

pol ypep%lll_:gng\go ggnce ofut g& {2@& %ﬂ °R! E’Bgr4 ul osis H37Rv strain.

pol ypepskEdeDNe9ence oput&ind Hurcanf CO8dN epitoberdoul osi s H37Rv strain. E. coli

cod 0, ol ynucl eot| de se f.or 3616¢c from M tubercul osis
?#Qﬂhiﬁ’p(@?ypeptﬁ)ﬂ@ erm (gﬂg IE@%%?% .8.136-183 derived fromM

tubercu&BK—)QlIB Nd3 BBV st rputative HlupnabECDS Ebll\l@pltobéz“lpol ypepti de sequence of

OSI H37Rv strain. SEQ I D No:

?é?;??%@éﬁ?ﬁ%ggegﬁ;\% dtycﬁrr&??%’ﬂl%[ég %‘% Ofgz? derived from M tubercul osis
H37Rv SSEQ@IID.NDH3IEQ® | D ;Nﬂatlv]a%nml opeptl dﬂto@e@ﬂence of Rv3616c. 8. 166- 182
et vedsaE b Ul gRl IR LA fopeD |0 Mo 105 polypentide
SEQQO D $ieQ ID&s: poL:y pepputaeyedeszmnces oéll W&ﬁé@aB 142- 145 derived fromM
Ru3616c5 81300 185 der | HEAME R TR 681 etlPBePE LB7RY Strain. SEO 1D No:
168: pol $p@pDiNte 184quengsatiie HvEm1OGDS SelldmtopbZ7deri ved from M tubercul osis
TR SSERNGSERD | iR HRH bipeaauence of Ru3SLoc. 8.145-15s
SEQ ID No: 106: putative human CDS8 cell epitope 59.
15 SEQID No: 107: putative human CD8 cell epitope 60.
SEQ ID No: 108: putative human CDS8 cell epitope 61.
SEQ ID No: 109: putative human CDS8 cell epitope 62.
SEQ ID No: 110: putative human CDS8 cell epitope 63.
SEQ ID No: 111: putative human CD8 cell epitope 64.
20 SEQID No: 112: putative human CD8 cell epitope 65.
SEQ ID No: 113:; putative human CDS8 cell epitope 66.
SEQ ID No: 114: putative human CDS8 cell epitope 67.
SEQ ID No: 115:; putative human CDS8 cell epitope 68.
SEQ ID No: 116: putative human CDS8 cell epitope 69.
25 SEQID No: 117: putative human CD8 cell epitope 70.
SEQ ID No: 118: putative human CDS8 cell epitope 71.
SEQ ID No: 119: putative human CDS8 cell epitope 72.
SEQ ID No: 120: putative human CDS8 cell epitope 73.
SEQ ID No: 121: putative human CD8 cell epitope 74.
30 SEQID No: 122: putative human CD8 cell epitope 75.
SEQ ID No: 123: putative human CDS8 cell epitope 76.
SEQ ID No: 124: putative human CDS8 cell epitope 77.
SEQ ID No: 125: putative human CDS8 cell epitope 78.
SEQ ID No: 126: putative human CDS8 cell epitope 79.
35 SEQID No: 127: peptide 1.
SEQ ID No: 128: peptide 2.



SEQ I D No: 170:E. coli codon optim sed pol ynucl eoti de sequence encodi ng
Rv3616¢c. 8. 136- 183 derived from M tuberculosis H37Rv strain. SEQ | D No:
171: E. coWo 20ndomsepti m sed pol ynucl eoti de sequence encedirmp2@@8sR6846cAl
50- 160 derived fromM tuberculosis H37Rv strain. SEQ ID No: 172:E. coli
codon opti m sed pol ynucl eoti de sequenc? encodi ng

Rv3616¢c. 8. 136- 154 derived from M tube t5:ul osis H37Rv strain. SEQ | D No:

173: E i dqn.opti m sed _pol ynucl eoti de sequence encodi
R\/3616c.§%.bi'88\?01329'deriQ/ee[’?fg?ﬁom M tubercul osis H37Rv strai
174: E. sBeQilDaadadB0:opt i pepsied 4pol ynucl eot i de sequence encodi

n
n. 25SEQ I D No:
ng
Rv3616¢C =139, derived fromM tuberculosis H37Rv strain. SEQ | D No:
SeRIDRiRdN opt  HiFL ,
n.

175: E ‘opt i PR 85pol ynucl eoti de sequence encodi
Rv3616csSBQ1BNat432:der i pagdidé 6om Mt uber cul osis H37Rv strai SEQ | D No:

176:E. i dqp,opti m sed_pol ynucl eoti de sequence encodi ng

30R\£61%[fo:bé[)i\%€qgﬁ5 de‘?q@@a?f romM tuberculosis H37Rv strain. SEQ I D No:

177: E. sBQilDiNdds4.0pt i pepsied 8pol ynucl eoti de sequence encodi ng

Rv3616¢c -1 derived fromM tuberculosis H37Rv strain. SEQ I D No:
SeRiBaiidisopt | Hirdd

178: E. ‘opt i FiRY88 %pol ynucl eot i de sequence encodi ng
Rv3616csBQ1BNct 386 der i pegudidé noOm Mt ubercul osis H37Rv strain. WO

2011/ 09%@@35%5?2?33%%%%%3&17 SEQ I D No: 179: pol ypepti de sequence of

nodi fi e d on separating and rearrangenent around the
r estioddueSEQ3DB-Na3938:r om pdptitelier cul osi s H37Rv strain, including deletion of

Cys138. gal Ng.:. 180: pal pti de sequence of nodified Rv3616c protein
based o%ég A\Batl}?%'g Sa%‘%)?'Pégsr angenment around the residues 152-153 from M
t uber cusBRiIIB Nd3TRY: st reaptide DETAI LED DESCRI PTI ON 10The present invention

rel ates rally,to the yse_of nodified Rv3616¢c pol ypepti des, or
pol ynuc?ggmIB s%ﬁ‘codi‘ﬁed)t'ﬁﬁgﬁj inthe field of |atent Mycobacteri al

i nf ect i 8BQ.IDAditdR2.onal pgptide 6. present i nvention relates to particul ar
nodifie 6G ,proteins. e inventors have surprisingly discovered that
di g‘ﬁupt??@@ﬁoﬁ%r oph%efﬂ%g?ﬁ?' of a particular region of a Rv3616c protein
sequenc®EQAD Needd4t o i paptidgead. expressi on wi t hout substantial detrinmental

i npact i\ geni ¢ _properties. The nodified Rv3616c proteins are of
use as %%Qiﬁtliogga : inp%ﬁp?ﬁgul ar as latent TB antigens. Several of the

prot ei NSE@MDNv: dd€: st reepgidy 26xpressed during the early stages of
wCObaC%E{QHBM:ﬁ% ction pﬁh@%/?abeen shown to provide strong protective

efficac - vacdt h nodel s.
20 SEQID No: 148 peptide 22.

SEQ ID No: 149: peptide 23.

SEQ ID No: 150: peptide 24.

SEQ ID No: 151: peptide 25.

SEQ ID No: 152: peptide 26.
25 SEQID No: 153: peptide 27.

SEQ ID No: 154: peptide 28.

SEQ ID No: 155: peptide 29.

SEQ ID No: 156: peptide 30.

SEQ ID No: 157: polypeptide sequence of Rv1753c from M. tuberculosis H37Rv strain.
30 SEQID No: 158: polypeptide sequence of Rv2386¢ from M. tuberculosis H37Rv strain.

SEQ ID No: 159: polypeptide sequence of Rv2707c from M. tuberculosis H37Rv strain.

SEQ ID No: 160: E. coli codon optimised polynucleotide sequence for Rv3616¢ from M.

tuberculosis H37Rv strain.
SEQ ID No: 161: polypeptide sequence of Rv3616cA136-183 derived from M.

35 tuberculosis H37Rv strain.



20However, vaccination with antigens which are highly expressed during the
early stages of infection may not provide an optimal imrune response for
deal i ng wvoholizmerssst ages of infection. Adequate contr olpcampeoig/obasent
infection may require T cells which are specific for the particular
antigens which are expressed at that ti ge 25Post - exposur e vacci nes which
directly target the dormant perS|stent acteria may aid in protecting

ol car arSeadp Wihabnt oot gieptas o nHaor B duPRA LT B B B8Py T her ef or e
significantly and F;g)gt@b}yﬁ&ﬁobﬁf@;ﬁa@l obal TB inf ect: ;)n r at ers] ngﬁfﬁg?: E)n
wth oasFg 0N dBan | GuRitBeg R RaES af i oRh s Pt TRk 0 nat tvery.
| at e stage anti gens Cﬁnéybaélrégbrsggtﬁgggtrgmnpl enent and |(rarpr|ove BOtG \(;?cgij\r/lgtnicgg
Feconbr SoriDRRE 68 ai negVPeRS SRR 6o SEm b PERR T SR BII, Ot orect on
agai nst tubercul osis |l$1bericbl@slisrl-lﬁ7m dtrgint he i ncreased rates OL T:BS e to
{ﬁgcgls\s{g%@iﬁé\!fnaggrgtn |‘i5 %Dﬁl Cdle%g‘g?é Vé@???éﬂgéfﬁ%f&e”vgagﬁ\éh e transfer of

CD4+ T cells taken at zluberchlesgh%?@fv stham. pri mary i mmune response to M

e SUbgs5 MESgRE°T, NSRS SPREISELALR: PRk orsler 1 o1

Mycl@dbact eri um r eact i vetubBdtlodistd7Ry dtaine been shown to be pot ent producers

ant |- myEBABTEE 181 of RudePFe seaPobh AR RO RRED BN o b5 5

Med. 1993 178: 2249- 225#percilbsisé1I7Re stralne of IFN-y 10 in humans is Iess

cl ear e shown t t 1.25-di ei t her al one or

T conbtra PSR B, TR pegla; afweRre ol LA e o e frga‘.}’ﬁat o5 hunan

macr ophages to i nhi bi ttub’brcumben-mlmﬁrsml nfection. Furthernore, i s known

hat- | F, t'_ tes h Cro e dlh I QX V|tamnD3
3 arv5 NEPEL kT oolPeRiPE SERARE SR auib BRA Faert S A IR

stimulating resi st ancetubercb:ﬂosltsw{iﬁmmtraml s infection. For a review of the

i mmunol f.,. M,,15t ub s _infec & Kauf

Tuber cut eel BN fogenasicl Rt pelhireh oA Eer SRS T 1004)

Tubercul osis (2nd ed. R%ﬁmmmayenvedssmm OBy rcuttsd HEMRV sSaim. s

Princip I rnal | ci,ne 953- 966 6t h ed.
o aunwaP a0 BN P 02 6 B0 oo R Bt B sr o Red B on | s
corBfionl y achi eved usi n@v36160Alﬂ£eﬂ6£UdierWed ltriom MesiberoatuissH3 ARvaltrags
nt rade r ber.cul i.n r.ified derivatjve (PPD

Aot GercepdB I aTs col b s SEhAL e BEEhEile SPAEE LHBHIT on ot e
injection site by 48- 7Rv3&160313ﬁ-ﬂ@4rdernqed¢rbnom tuhbrwbs:sﬁdﬁ?&ﬂs&mlrexposure to

cobac a ens nS|t|V|t L.ty have wever, been a
or ool e SR ANGE Pecte ERaBpHoIeaNoUREROIE et SaelMEnnot ol ways
be 25easily distingui sRegblbcatea-nd2ddreddifodi Mi tibarcsioSist 3 Rvsstiaar. t i cul arl'y

R e BNG: 92k 0L, ENieBlon hillis o Aot sPOBReEERERRY S o aot

infected by M tuber CURBH1SCARENI 30 RRDed dmot Motubbeutosis HB TRV strairdi anet er

wh | h Pp b d
Cons ae7 0 POKALE boc CHeReh iR SH o TRl FURLATT N S ruie i s
not applicable to i nd| RvIB18LA144- Mﬁ éiverhinoos Mp pwessiosis HBYRvi draid. V

f |t i di
i endenre BAA7PeY, " ErtieopB Briined A7 Ry OR Rk Fibadng s 2 )
ny@fbacteria can show RVIRBCA €38: 14 Dderakd VremlLu. mtnercwlodls&ﬂmstram Progress

over re t has seen the devel o itro T ce based assays,
based s55 PAREITEr on. Siteonen SRUESERRBVARpti ot ulsnle RRf IS o mor o
specific to M tuber cuRa316ch b1 2P rivied frehy MESAS oG/ ogiscHIIRW-stfain. These hi gh

P Btk MR 1

cross-reactivity due tRvIBIGCA ML Taderived fiseeMPabeldufisisat 3 MBvEtain. Rev. Ml .
Di agn. 2006 6(3):413-422 for a recent review of |atent TB di agnosis.
However, since ESAT-6/CFP-10 are early stage antigens, assays based on
ESAT-6/ CFP-10 may only performoptimally in recently infected people.
Consequently, the



S5identification of antigens specifically associated with | atent

tubercul osis may aid the devel opnent of nore sensitive assays that could
ensure dewvecbiwnmmmB | onger-term | atent infections. PCTIEPR@ 1008188 NS a
need for effective strategies for the treatnment and prevention of

tubercul osis, 10in particular the treatpent and prevention of |atent TB and
the prevention of reactivation of TB. cently, a range of M tuberculosis
vacci ne idat have bee roposed pase i oi nformatics anal ysis of
! e whoP QU R iR beRBaRE AR S0eS By Safte Tl PRare & sBERElTe <
2008 1:18) and on the #resteangngdmett bfcindte adsldyesXpr-43% &édmpvioiubemnsiosis
actively and 15l atently infected individuals chuck SD et al. PLoS ONE
2009 4(5): e5590) . RVSG%%J’&F,QV%@% '%‘6@?9 %\%eﬁ\ﬁ%%&%’slﬁ#%cl and EspA, is invol ved
in the $fQobaut: dB8d:um t pdgreptiie seqch&Xoflmsdific & Rivas caysdteim Hadod ds wopdratie  al .

Infection and I nmunity_ 2008 76(9):4199-4205).. Rv3 S _previous]y. been
ot caed 1n the. | A PaLAT R i leside] Tad v R FRmEb b Sl cce.
for exanple, WO98/5307837RWtraiti yah et al. din. Exp. Imunol. 2004

138: 139- 144 have shown that Rv3616c¢c is well recognised (through PMBC
proliferation and | FN-gamma production) by pul nonary tubercul osis patients.
Mustafa et al. Infect. |mmun. DEDAILEDBESEREABGAON/2 have investigated the
recognition of Rv3616c by M bovis infected and BOG vacci nated cattle. 25

I nternational patent application PCT/EP2009/ 059580, published as

W) ZI@1 0/ ™Hdrégenttreasatiorbetatéd genatlaiytto thecade dfmafifiddVRBEBE66¢ pslypaptidas,iqgen

associ at the | atent sta ti,on rnat

d wt e of TR In 301 nt al _patent
oot s caToplurrsteasho R 8B AleleBLPtd SRecdlp BERVE  Blppablls
pr ot ei ngresard inveatigerttesioqaioutr nelificddtvcndée potadty. CRle ingampasihavens such as
vacci nes, includi ng ESpA (i..e. . Rv3616¢). . .Vacci ne. antigens ar i rably
b oauc iy S Aderd et GRS R b banonisa Gl i T oG R
i mmunol pgtetratequespooseiead @ inproved exprdsbion waihoutsibsantia setintbntdl daphat td 0
th required to counter  infegti a t.hogen.. Neverthel.ess, .efficient
br oot TERLsEeAr GRS T et i of o0 9708 558 SEaR HSHR /s 1158 0
fact or particutaiusilagnt TR actizgins. associ ated w th vacci ne manuf act ure.
Consequently, nodified anti gens which are conveniently expressed at high
| evel s but which avoid any detrinmental inpact on inmunogenicity could
pr ovi deSevesal o treeyrot@inslvarief are.strbhgly pxpreesdd duringrite earlyseeades df dypobacteléum
nodi fi ed 36%6c ant i gens , whi cr(lj agdresstt hi s and ot her ilssues.. 5 W({ Eﬁ(’)ut
bei ng | TRILEDE FHESFOWN AnPToY dg SNy BEGUeee e%ﬁﬂ‘fyl'ﬁé’”lﬂ?a VASATOB IS i um
t ul28r cuHosewer HaiICBvatidn wittharftigd6d Ghicarage higblygxpreissed duriresthe pdrly stageoft ent i al
transnmenprane regipon, a low complexity region and.a cailed-coil. The
i ot apr MR ™o o036 pR SpfRaR B el 8 T IR P8 o sfaliee o enab es
t he r esiofeictiont. AdajubtecsbnReBhiling lqetiefcoticaqgaereeaire 3 detds Miek pressetficddr the

i mproved |.eyel s.. Consequent | in.i r oadest aspect the present invention
pr ovi de%arle\C cﬂ@?%@‘ﬂ/%%ir@ce%f"e&sg? ﬁ*ﬁ P' fch the hydr ophobi city of the

am no acid residues corresponding to residues 134- 183 of the H37Rv
b di t sui.t abl dified Rv3616 tein.in which
T The SRRGTTE VT e Atk Bkt BBManb S IPR At R6TE8 b s dues
ﬁBg- 15ﬁpr0_fec_tiﬂi@la¢£r7m Bae?u@a&@w,itlserdbysem?h?idg TtB' cday'\clz/t(,] be?]\temrema'bfhgsq:lu@'ehm t he
ro ci . s, nean seguence, i fication i. esults in.a
ot 11 or b pioetahcadBRge BraaBoIEs e fRHrPR G ERE SEo R ot ei
sequencredoey/glbbal ZBeixfactesatesor e ef ficiently.

30  Subunit vaccines based on late stage antigens could also be utilised in combination with early
stage antigens to provide a multiphase vaccine. Alternatively, late stage antigens could be
used to complement and improve BCG vaccination (either by boosting the BCG response or

through the development of advanced recombinant BCG strains).

35  While macrophages have been shown to act as the principal effectors of Mycobacterium

immunity, T cells are the predominant inducers of such immunity. The essential role of T cells



Desirably, the extent of nodifications relative to the wild-type sequence

shoul d be kept to a mninum to reduce the |ikelihood of any determ nental

i npact orwormumoegsai city. 25As used herein, a 'direct peptirkeoiioskage is a

peptide linkage in which two peptides are |inked via peptide bonds directly

to each other and w thout an interveniq am no acid sequence. An 'indirect
whi ch two peptides are |linked via

pep:!ge Lingagfl ista'pgpt!d? oge ti.de, 30/n th text. of. th
epti de bonds.to a. nt er yeni epti.de, n ont ext.. of. the
P et derien sl EreuloR s T PR B BleliGFeast Bie M TR bt n
hydr ophialman immunddafigéncy wep anfedtédipdividdaptiabiochs assatistsd delgdtiniof D4+ T
hyd hobi id , bst.ituti d i i ith hyd hili
2S aoon FUSRRITAEE i Rrtaneter PECPARa X Ts fkBa pf et PLBA slieh™ ocogni se
t hat_ a icmnﬂﬁenafs;bmlemtb :\Ars] Mrc?mﬂism;shtmnrmywalt(swﬁer p:pie!cii@;a@gaim\l\ﬁvelra as
mentd on r evi ou .exten e uence i ns shou
Tood PyheRBts i Tl O iR Aol LIRS, TE e A0S o
i mmunogenicity. WO 2011/ 092253PCT/ EP2011/ 051158 21 Separati ng hydrophobi c
id . achi [itti 36 t.ei ,

| oont o ERaBaH TR, R Bl iy BBl shn e BB BB e
SEQ I D (NeN-v}, V\irﬁ‘dhminatnrrf,\lhbebeémﬂiovanm ta%@fttmaﬁth@ycdtraa@ﬁﬁlrﬁfﬁecfsgﬂfl owed bé .

. 1 t hat Nt
he & B RPRRSeRab e GRPrRIS et aleth 85 SRR A UIRIE ol TSl
f r d@renih humane tslbeglcledr, studielHhies shaved thae g 26walirgtrdxpeitamib D3,atth&va6ddor in

of, the inven here .,is, provi ded a

tein. | t i dified, ..
P 3616 S BRaR FRIF v T dr P Ee R AP sl e ep eV ISR B e TP GoqTiages tonhibit
pol ypgplt/f; ﬁﬁeam@s'a in_sfectm'md' prutntEymapej i?i:s,kgb\gs trf6dt nﬁm-VFsGwaegstﬁLflﬁqLﬁbe‘?plgagﬁscat ed
t S -ferm nus o . i fi . C 0 n relatijive to e
socond BoTgsehe By B artR B Sis il IRk Dl BLRe et 12gec e
hﬁvi ng @tedihesa?maﬂ?/qédsimndetty M. muheeai/ahr:emfeb{iodfe?rm‘ re?Eg@odjm)é\mTQr%ol<zgq[yd>f(Aﬂ.i )
t ec ) lde 1Is S epnce vVin . %. 1 | 0,
¢ esiduelbs YRy JaBcop” e P e kakauRtan, dVherupis PRMope sl ELltiiph and
poljy ]PepCb:gveﬂ é?gmcﬁdr,?@phy Tobericnl:iisis érid @q[,l Rorkedd Ganag @n‘le.t, émmflz@mm/:ﬁmisom@_ t

i ed. ro n,. Consj st.s en 0 ernativ consi sts

or o L PRI BB Hletich Shandn PR B! S8kode (ot & SRhARR et tad e
bei ng | 200).ed 20t owards the C-term nus of the nodified Rv3616¢c protein
relative to the second pol ypeptide, and wherein: (i) the first pol ypeptide

is a sequence having at |east 90%identity to residues 1- 133 of SEQ I D No:
1; 2And Diaghodidef IseavTdl infedtipp éptdnttaonly ashisespeshaethbaviengyliatskinetastt wBioRo

e T B PR T RS R Mg o hBLE PO bt i
T cell responses result in measurable induration at the injection site by 48-72 hours after
injection, which indicates exposure to mycobacterial antigens. Sensitivity and specificity have,
however, been a problem with this test, and individuals vaccinated with BCG cannot always be

25 easily distinguished from infected individuals (this is particularly important in light of the fact
that BCG does not protect against latent infection). In general, individuals who have received
BCG but are not infected by M. tuberculosis show a PPD reaction below 10 mm in diameter
whereas people who have a PPD reaction above 10 mm in diameter are considered to have
been infected by M. tuberculosis. However, this rule is not applicable to individuals with

30  immunosuppression due to HIV infection, which may result in a PPD reaction below 10 mm in
diameter); or in endemic countries, where people infected by non-tuberculosis mycobacteria

can show a PPD reaction above 10 mm in diameter.

Progress over recent years has seen the development of in vitro T cell based assays, based
35 oninterferon-gamma release and using antigens which are more specific to M. tuberculosis

than PPD, namely ESAT-6 and CFP-10. These high specificity tests appear to be at least as



The first pol ypeptide may be a sequence having at |east 95% identity to
resi dues 1-133 of SEQ I D No: 1, such as at least 97% identity, at

| east 98%wvodentioras3 at | east 99% identity or even 30100%Cird®ndiiosilss The
second pol ypeptide may be a sequence having at |east 95% identity to

resi dues 184-392 of SEQ ID No: 1, such@s at least 97% identity, at |east
98% i dentity, at least 99% identity or even 100% i denti cal.

WO
Casen BRI AR ORI b SR A L £
i n par tvazdinatiorat SéecRsitM 8580 A xperttRevy Mot Widyrag0@a 6384 $3-497 fér iadtecd it revievabf
| east 98% 'ﬁjﬁnti t even 100% i.denti cal .

. | t 9904 ti
sea ( aupint § B dhasnbsnHouE TR HRr e E SR G s E R Ao e PSS
! (cjient | ton ESATI'E&CHIB-GQ nié@Eol r&@ﬁ%rf}frmd&iﬁ@rﬁt _at[lly No*ecénltlyiirliftectgd tp/)bgﬁ%lé.a?oateduetaﬂ}f, tr%;’/o
entit. uch as at. |l east 97% i denti , S %.1 dent | a eas
090 uelienfiosthd sbliodSovertcaly e e wllro e iles ME A BB1ac protein
of the déveRiprampeiho@aeasitiod assanPhas eowld sasire dectiay ofigndddadrm least 90%
identit full Tength SEQ 1D No: 1. Suitably, the nodified Rv3616¢C

V.t
pr ot ei n'xf?f’ﬁ?rﬁe first aspect is |ess than 500 anmino acids |ong, such as |ess
than 450 am no acids long, in particular |ess than 400 am no acids | ong.

The peptide |inkage b irect. Th i de linkage al ternatively be
ndi r eoterg Eorhing 4 8kt fos e rateoitof R e PRE P VPRIos SRR G
modi(f i eid pRvtBGHE theptrezit@et, ansigirevemticn bf lenRVB Gho tcheppretveition @b rgzictigitiog o TBI r St
pol ypepti de and a second pol ypeptide, the first polypeptide being | ocated
towards the C-term nus of the nodified Rv3616¢c protein relative to the

second Redentied tatge ot fubleen sy vazOite icanditiates hagt bgaol prpegsied hased oma

cont i guaus, seguence, of | east 100 anino_acids wthin._resi - 133, of
520 1 B RET R EG s e B39 bR Moo B RS Blg B Of o
| east 18&neatits200&¢i18%and diihe testiigohd @iffeidiaBOxpodssBEQRrdt@Indlor activelwaedei n t he
fir n econ ol,ypeptides are diregctl jndirectly.linked. 25 In sone
ertgui el FResh BrV RGBSR SR A o OREAPY U8 ar¥oli 1y or  “or
alternatively consists of, a first polypeptide and a second pol ypepti de,
the first | ypept i de bej I dt rds .th ~term nus of .the nodified
rv3616c PRS0 B Fevieo, RICETaHEN A §epfeddt R biieRertn“so( ) t ne
first pobygpepsisdSX-$ sacretiort $ygtem §/Veedpnenibest af. /rdectioaasit! IMofindy P08 aci ds
W thin I s 1-13 S ID No:, 1: and (ii)t.he second pol ypeptide is a
cont | gud SRl "By et nas oreviiaineR g Paloplel! T e BRRABe 5 502 o
SEQQ D &dsocidteawtitr teberctibsis {sees for @ramplec drbgpad0y f pAltAltgahastal. dilineExp.y or
Fndirectl ¥ dd %689 138:139-144 have shown that Rv3616¢ is well recognised (through PMBC

proliferation and IFN-gamma production) by pulmonary tuberculosis patients. Mustafa et al.

Infect. Immun. 2006 74(8):4566-4572 have investigated the recognition of Rv3616¢ by M.

bovis infected and BCG vaccinated cattle.

25
International patent application PCT/EP2009/059580, published as WO2010/010177,
describes the identification of Rv3616¢ as an antigen associated with the latent stage of TB

infection.

30 International patent application WO2010/121618 proposes the use of constitutively expressed
proteins and the genes encoding them for immunological compositions such as vaccines,
including EspA (i.e. Rv3616c¢).

Vaccine antigens are desirably produced having their wild-type sequence, thus ensuring that
35 the immunological responses solicited by the vaccine correspond closely to those required to

counter infection by a pathogen. Nevertheless, efficient production of antigens is an important



WO 2011/ 092253PCT/ EP2011/ 051158 23 The first pol ypeptide may be a

conti guous sequence of at |least 110 am no acids wthin residues 1-133 of
SEQ | D Nowolp1imveissas at | east 120 ami no acids or at | eaet/EP3@1aR 180
acids, for exanple residues 1-133. 5The second pol ypeptide nmay be a
contiguous sequence of at |east 180 am,po acids within residues 184-392 of
SEQ ID No: 1, such as at |east 190 am acids or at Ieast 200 am no aci ds,
for | e. regi dues 184-392. . Sui t abl. t he first i de be a
cont | g 0T SUERLHERrcos Hosaiied Bh ARl merde-iE e RRePetbuieetey 194 o
SEQ | D aigeds w'hiahmaé td)rwehi@htlyiéxdrmti alﬂl@h&éﬂel‘SCbLamhdfh a\@wcéhyamtr&hedtalast 120
am no acids, or. | ea t30(ii 2 ugf % i Z!‘(t

Sui t abl {'PEHY! '§E’&‘H}9§E’B'8'| AT Préi’é' ﬁw%ﬁ atagt! &r‘?f‘?@u L%pr?é%f‘dé?w"c?é '%rf SH'2ast
175 am provide indsliflsidtR36 18esntideas whizh-ad@izse thiSERY blbeNgsuds. i n parti cul ar at

| ea 200 am no acids such as at 15l east 210 am no acids or at |east 220
am o aci ds, for exanple residues 155-392. Enbodi nents wherein the second
pol ypeptiitdeutivging liodiet ibyuieesy,sejne acid rediduds 134183 2 3% Mmdbazcmfuds within

d 39 S f bl
o {1 e TT e BRI Sty he Selbindh ICp Rt REl R bore Rt AR e Bine

c;)nt [ gu:@gbnlzé)&ﬁqcmn@eﬂty;regign antl bawiletb&oiaMmhealistaptits dfloas) th(arlalDtrNee ofl.
Alternative no e 16¢ tein second aspect es not
corpr | obes etietirgrTBoNS STRNER TorrenyRer FRtled By fhcreoER s iR R s RS quous
sed@encexppdsspo meinigraveddbzelsini no aci ds or a conti guous sequence of nore than
253 amino acids. Suitably the nodified Rv3616c protein of the second aspect
is less than 500 ami no acids |ong, such as |less than 450 am no acids | ong,

i n partCondeguefl @S ttrb@dlasﬂ@@e@ﬂihﬂqmeﬂéndmvémn)g prdidespepiodiied Rva&tsge nay

ei t her beadlretorlnd i,nkage of the first and s nd

S poct PR it e hy aBPROS S B B A fRR TR StresPindig BrsilieSEeBng
pol ypeptaaj@‘ te®HEERpeaqlienoe hhebéert dismibteal switathlyGr mednfremk/%‘r&gfmmsn il t i ng
fr n 16¢c _sequence. .at a | ocati.on, bet ds
cor oo poRVHEPR AT E T A N LS e By REBT e RHGE 1 e £ i LO7RY
138- 139se£aneﬂ(‘Ee2|s%uptedg t he residues 138-139 or 152- 153 where the peptide
| inkage is direct. Suitably when the first and second pol ypepti des are

rearranged, the start nmethionine is left at the NNterm nus of the nodified
35Rv 36 1By thertetne idisrugdieg tiehydraeingblicty SEQebbt dNesquehd® madidicaidm whicte lesultd inst r at e

hi VWO 2011/ 0 PCT/ EP2011/ 0511 ] . Del et i

hy i oph GBI dr el APPRANG 7 Bt i biged R R UEPT eougnondl o0
am2fo amtpdessedmeeﬁnilengyto resi dues 134 to 183 of SEQ ID No: 1. Del eted
resi dues may be non-

Desirably, the extent of modifications relative to the wild-type sequence should be kept to a

minimum, to reduce the likelihood of any determinental impact on immunogenicity.

25 Asused herein, a ‘direct peptide linkage’ is a peptide linkage in which two peptides are linked
via peptide bonds directly to each other and without an intervening amino acid sequence. An
‘indirect peptide linkage’ is a peptide linkage in which two peptides are linked via peptide

bonds to a third, intervening peptide.

30 In the context of the present invention, four main approaches exist for disrupting the
hydrophobicity — namely, separating hydrophobic residues, deleting hydrophobic residues,
substituting hydrophobic residues with hydrophilic residues and adding hydrophilic residues.
The skilled person will recognise that a combination of such approaches may also be utilised.
However, as mentioned previously the extent of the sequence modifications should ideally be

35 minimised to avoid unnecessary detrimental impact on immunogenicity.



5conti guous, and/or contiguous. Suitably, deleting hydrophobic residues may
be achi eved through the renoval of at |east two ami no acids correspondi ng
to resi duwe 208492233183 of SEQ I D No: 1. Del eting hydroplrobirp20iessdees nay
al so be achi eved through the renoval of at |east three am no acids
10corresponding to residues 134 to 183 gf SEQ ID No: 1. Del eted residues
may be non-contiguous, and/or conti guoa It may be noted that the

il d-t Rv.36 t
T ¢ SETRAT OO E S e o afuthe Sy iERHS 8RB EE et Suveres,
third astpeotatioh tieh@eenrtheatnnmadldmaamressorm’mg/iodeddaemum tbi 18d JRBERLIGCNr 1ot ei n,

consi ot MO S iy 3693 Lo eh Fefant ke R Ralat OB oMl s ety

| east 2thema&rdnmehfrab3h@1twlotaitemrt the O-rghipal egiohes e odific 2ZRY 36 16e prateias

ai t & nad LRy erpnel e R Re N EomerLBoRr o hepdaialRdRence i n

whi ch aprotii.i guous portion of at |east 3 amno acids (e.g. at |least 4) has
been deleted fromthe region corresponding to residues 134-183 in SEQ ID

No:1. 25 O particular interest are nodified Rv3616c proteins conprising a
R\/3616clnmmpea df theviveritioa there Bsrodidedra Apdéied Rv36 16 pratein, @astm@jifidtas been

del et ed_f ion corr.es pondi t o residues 54 in SEQ I D No: 1
& hor - sBfERE e25teh SHimpRkiES p R B Bl e B Bl BT e S PP OB
Rv31@16cbe9|egqla»eatee towardd thehC-geraimisi of thiaeus oglided ROB616L padteinaalativestoahs Becandi ds
(e.g. 30q ?q ) has been deleted fromthe region corresponding to
resi dueoyPsel 1D No: 1. The del eted conti guous portion may be
at least 5 aiji no melﬂdﬁ POl peptids is asaﬁ)uerﬁzuchbwag abletist G0 ienbity terebidues 1-

especi al ly at Ieaf:§3\),(§€ﬁaé‘¢H:ggj?)cg7 (e.g. 6 to 30, such as 6 to 20 or 6 to

15), in particul a no acids (e.g. 7 to 30, such as 7 to 20
or 7 to 15),(isuchthaseadnd mﬂgﬁep&d@mmwehmha\)ﬁ@ at least 90% identity to residues

20115 092253PCT/ EP, 41:]'1%25&':5?&[?@ T to 30, such as 8 to 20 or 8 to 15),
or | east 10 a ’0t03 such as 10 to 20 or 10 to 15).

| n cer twherenthe fistand sedohd pd@beptexéscawdlregmpusinptne¢tiy0inkeray be: 5-4 am no

aci ds, such as those corresponding to residues 142-145 in SEQ ID No:1; 5
am no acids, such as those corresponding to residues 135-139 in SEQ ID

No: 1; I6 samensnbsaiirdents shecihodified Ro&@ﬂGccpmtemmnshisisgastsmtraﬂyabﬂuesltémawéw in
SEQIDNol uch ast 0se ing.to, residu

T35 1as et 7 BRE P08 anf 438cBReiaufe RERRT BRI phRG 1S,
aciafs, twuehdsdbe Chtesrincoof ths putiified (RU36 16@srothire eeldthve1d 612 senoﬁEQ)lypﬁbdﬂde 1, 17
am no acnfd such as those corresponding to residues 166-182 in SEQ I D
No:1; & ‘ﬁrﬁ‘?rﬁ@ aci ds, such as those corresponding to residues 136-154 in
SEQ I D No: 1; (i) the first polypeptide is a sequence having at least 90% identity to residues 1-

133 of SEQ ID No: 1; and
(i) the second polypeptide is a sequence having at least 90% identity to residues
25 184-392 of SEQ ID No: 1;

wherein the first and second polypeptides are directly or indirectly linked.

The first polypeptide may be a sequence having at least 95% identity to residues 1-133 of SEQ
ID No: 1, such as at least 97% identity, at least 98% identity, at least 99% identity or even
30 100% identical.

The second polypeptide may be a sequence having at least 95% identity to residues 184-392
of SEQ ID No: 1, such as at least 97% identity, at least 98% identity, at least 99% identity or
even 100% identical.

35



31 amino acids, such as those corresponding to residues 136-166 in SEQ ID
No: 1; or 48 am no aci ds, such as those corresponding to

resi dues wéeoi@®2isa SEQ I D No: 1. 15 In ot her enbodi nent ecrier2aelostissl
contiguous portion my be 3 to 10 am no acid residues, such as 4 to 10, for
exanple 4 to 8. The particul ar nunber g& del eted am no acids may be 3, 4,
5 6, 7, 8 9 or 10, especially 4, 5, or 8. 20In other enbodi nents the

No: 1. SRl 06 Pboboeh I Eathr BRAT Lo ThuioR al BESUSEE it iR Ro: 1

resi dues34lFSER D No: BEQphfficiNar atleast @sYidestityd, 38ct 44 at I8aSRQ% DeMity, dt Jeast
resi dues,,152- 154 i n I .1 or e del etion of residues 149-151 in SEQ
| D No: 3%}%,&%603}'%&5%0@??%}1 Ot AN We/ﬁ'tdfa%cabrovi des a nodified Rv3616¢C

protein, said protein conprising a first polypeptide and a second

I i he first | y. ti bei I ted t the N-term
PO 4 PP B h iAo BRER e SEmR R B P BhBESe e
i S a coms5-gefSER (slace, injadiculbeasbast 98%identiy,aticklas vt lehstrd 7/ Bliedtitgsat1- 133

R A

wherein the first and second pol ypeptides are directly or indirectly |inked

via a thi. | ypept i idthir | ypeptide correspanding to resi.dues
T4 1eaovioule PR FEn R iolemprinE sl BS5ad Ao S ETBESE 2 Madhgh B8VY s
beel® dehtadast 90% a2 b/ FODRAGBFRER EFPRIG11/ 8hitddg tdmbuifis® Re3@&rdaquoterndfihd he
nodi fie 3616¢, praotein . consists essentially o alternatively consists
or < iR IePRdT 36 HeRLSba R 3bits RSBl isybsben PR B e | do

bei ng | paradueal I¢sawaadg00 heinld-doktsitomyls rel ati ve to the second pol ypepti de,
and wherein: (i) the first polypeptide is a contiguous sequence of at |east
100 am no acids within 5residues 1-133 of SEQID No: 1; and (ii) the second
pol ypepThegsptide dinicaet rh guios direot. qlenmptios litkagk esst altbhiatiasty be iradideds wi t hi n
res]i ues 184-392 of SEQ ID No: 1; wherein the first and second

pol ypeptides are directly or indirectly linked via a third pol ypeptide,

sai d t hinradsgeohy psdct diethe diveati@othdrenig ptavidealsd shodiied B43a1B8 proteBEEidD No: 1 in
whi ch 10at..| eas amino acid (e.g. .at |lea 2), has been, del et ed. Of

o ¢ 1 cuapieh RLberbe HRER PEIRte G HnidionePRlte 4l ARFePREPIOERecHRIRL i ng
essent i @lypeptide being icthtedgowhrdsdhd Cratmipad offfleptrodified Y361 &awoteth ealtiypept | de,

the first polype tidgl be@{,\ﬁgfhl ocated towards the N-termnus relative to the
second 8IS§5%%{)9 P ?ﬁ‘j ST e 15(i)the first polypeptide is a contiguous

sega.ﬁ)(e_ng:)et (r)]f @ | elgstfirsl’t@fjlya@ptime iaaicdstigAbE@beqUeesé diigtdedst Jle?amgnolsﬁﬁ@slt \Etlﬁglg: 1;

an i e secon 0 i S contiguous sequence of a eas

am no acids wthi rﬁsﬁggggﬁgé ofgﬁ-bégg\l%ﬂ’g ID No: 1; wherein the first and

second pol yp@pt i dibe sacendjpalygeplige isra camtigu@stdeguenaekafdt leaat 55t dmind acids _

%Egoll %pﬁgF |1die,n \SAﬂY'V@'H% pésrioqjeg%xgggto%gEQCIBr,\rl&s1|?ond| ng to residues 134-183 in
wherein the first and second polypeptides are directly or indirectly linked.

25
In some embodiments the modified Rv3616¢ protein consists essentially of, or alternatively
consists of, a first polypeptide and a second polypeptide, the first polypeptide being located
towards the C-terminus of the modified Rv3616¢ protein relative to the second polypeptide,
and wherein:

30 (i the first polypeptide is a contiguous sequence of at least 100 amino acids within

residues 1-133 of SEQ ID No: 1; and
(i) the second polypeptide is a contiguous sequence of at least 155 amino acids
within residues 184-392 of SEQ ID No: 1;
wherein the first and second polypeptides are directly or indirectly linked.
35



at | east a contiguous portion of at |least 3 amino acids (e.g. at |east 4)
has been del et ed. The first polypeptide may be a conti guous sequence of
at | east WwoOQommeas3aci ds within resi dues 1-133 of SEQ | PCHEP2d1i1/0suush as at
| east 120 amino acids or at |east 130 am no acids 25(for exanple residues
1-133). The second pol ypepti de nmay be 3 contiguous sequence of at |east 180
am no acids within residues 184-392 of %EQ I D No: 1, such as at l|east 190
am no i d r at lLeast 200 am.no acids (for a resi dues 4-392). 30
The aer et Rategtifn 2oy 5 SRAuRhietoedt alEaTLD ATRb AHFRYRE 334, 103
i n SEQ reBidies 1-188yf BEQAD N@als such asmatneasad20lamire aridsSortad 1636t 13 uarhinas 5 to 20
or 5to 1@1, esaoeﬂi al I.q/ at L&ast 6 amno acids (e.g. 6 to 30, such as 6 to
20 or 6%¢ ’fg?),( T eb%ﬁ’ Ygdri#® at 1east 7 amino acids (e.g. 7 to 30, such as
7 to 20 or 7 to 15), such as at least 8 amno acids (e.g. 8 to 30, such as

8 tq 20,,350r 8 to 15 or _at least 10 am no ac 10 to.30,. such as

T0' B 2B osecago paviaice Wi Bava Shalyous SR ARRS A et 18 adipol ik

enbodi nesidaes h&4-de? et BEQEDMNA: dusueh g3t ldasn 190 aminbleidses adkast 200ransispondi ng

to 134-183 in SErQ %D Na: 1 %3%: 4 am no acids, such as those

cor r espSAdH i FBTPESPHINS 195345 in SEQ 1D No: 1 5 am no

aci ds, such as those corresponding to residues 135-139 in SEQ ID No:1; 5-6

am no i uch .as,tho correspondi ng to residues 149-154 .in_ SEQ | D

o 10 Gl SR RevreRid B8V bRaSeRu s shulitRg” fhereaRlatind gt

SEQQO D seidlie®-13¢ if 8EESIDIM&G-11 iparticuBir@t IdasNot(lamind hcaig] suehasial ssass1t@th as

t hose correspondi ngl tot { gsi dues éSg 160 in SE@ I D1 :41; 17

amino ad"§8 FCLG A AHER Y EL? PELH IR NS P REPales4166- 182 in SEQ ID

No: 1; 10-19 amino acids, such as those corresponding to residues 136-154 in

SEQ I D Na: 1: 1 am no acids, such as t C sponding to

r esi due%lg'%b'-’ i'l?@sqcﬂn%ﬁ?ﬁ’?eﬁ%éﬁ Mgy gya contiguous Seq“e”‘zf‘s‘r’]foaai?‘?%%ﬁ %Ig',”oﬁﬁ as

t hose cwithie sgsttuas M§51392 0é SEQUESNd: 36 inL@BticularSE@as T2 Moarhinoladide tshel as at

e i ment he .del et ed nt i us.portiop fromthe resigues correspondi ng

o 534 T2 it &uPs & 1Rgst PATHTvBEA iy P bl a0k PR d ool dues.

such asEsbbddimbats imreiatidagpdoand pblyp&ptidehea pantiguous asquenpb ef atdéasd @B tetham no
eci.al 4, 5 6 or 8. In other

id be. 3, 4, 5 10, |
2$rlbofii % qss"%'ttrﬂ%r%&“@?égséséﬁto?éggdg%%ﬂt?rg%‘) ro(grlﬂt?%gt'resi dues correspondi ng
to 134- 20183 in SEQ ID No:1 nmay be those corresponding to residues 135-138
in SE D Tl i 36-138 i.n SEQO 1D No:, 1, id 137-138 in SE
1D No SaPRnGmeey g e rokicet e Ricond 2sPa e D5RENTRe 5 onkaBusD No-
1, 20esi shy@enddb@-Mdaré tham S arhidoMoids froar SEQDdN: dt iAdterrativelgthe veslifitd9- 151 i n
SEQ I D No;.,L. 25The_ first pol id d d pol tide will i
orbodi iS5 erlrp 2 el o R e tRePabsaeE PomRiH ol B ieRe bsapis it T Ge
aﬂd SﬁCZ%Vdarpi;nbmptelpIé dentigublis beyuenck ofendreythan 3maknlnioaacmstdniaradnthgno;apept i de.
T t hi ti t i 4-183 in SEQ |ID No;: 1
aher o1 ricubged eI Rt RO FERE Sk PRI S e Ao s a5
am no aadpast i tesy.thaat 500easinodicids Ahdy, suchnsd leys thh@ 50 b podsypegtin geartiowyr
cog?esplond to4@ﬁsi dues .(}34- 183 in SEQ ID No: 301 wherein del etions have
océurre

gsaihag 43P PTG #5999 Gi sti nct 1 ocations (e.g. 1-10, such as 1-5, in

The peptide linkage may either be a direct or indirect linkage.

Examples of the first and second aspects include modified Rv3616¢ proteins wherein the first
30 and second polypeptide correspond to the N-terminal and C-terminal fragments resulting from
splitting an Rv3616¢ sequence at a location between the amino acids corresponding to
residues 135-154 in SEQ ID No: 1, e.g. the residues 138-139 or 152-153, e.g. the residues
138-139 or 152-153 where the peptide linkage is direct. Suitably when the first and second
polypeptides are rearranged, the start methionine is left at the N-terminus of the modified
35 Rv3616¢c protein. See for example SEQ ID Nos: 179 and 180 which illustrate this type of



particular 1 or 2 |locations), each deletion being of 1-10, such as 1-5

am no acid residues. Suitably the third polypeptide is 48 am no acids or
fewer (e.wo2D/0Ms53such as 20-48 or 30-48 residues), suehTaEP2016/0805$90 aci ds
or fewer (e.g. 10-46, such as 20-46 or 30-46 residues), 44 35am no acids or
fewer (e.g. 10-44, such as 20-44 or 30244 resi dues), or 42 am no acids or
fewer (e.g. 10-42, such as 20-42 or 30-412 residues). WO

2011/ 092253PCT/ EP2011/ 051158 28 A fifth aspect of the invention provides
nodi fi Y "IRPEEEEL proteins comprising a first pol ypeptide and a second

pol ypeptide, the first pol ypeptide being |ocated towards the N-term nus

relative to the second | ypept i de,,.and erein: 5(iij)the fjrst .

ol ypepdriaind BRSTGRE 580 TRy b Aeuslio HRteB L reittyeldna bast faiemineni o

r esi duescid edrdgbpohdiffr€Q leBidios 134 toat88 dfiSEQ IBeNset.duetpd ragiiiet intkey bhesnan-

contd guous. sequence offat | east 175 amino acids within residues 155-392 of
SEQ D §G§H9Yous: anGRBEFEEYYYe first and second pol ypepti des are either
directly linked or indirectly linked via a 10third pol ypepti de, wherein

o o avU{EBSPUBTE EoEhh PROS me pb 3R ST nish vl o SO

enbodi naning achie condsgoneihgRy s&lhiespBaten 83 otBBNID Noed s @eldtial Ihydopholsic

alternatively consists of, first, polypeptide and a second.pol ypepti de,
the t 1 riepths piad Ao wiengd bR eBid e oAl Hile BRTERAY o) Bt v to

t hel Os ecavebspon dieiptresiduesatalt tohid@Bef SEQ(ID) Né:e first pol ypeptide is a

conti guous sequence of at |east 100 am no acids wthin residues 1-134 of
SEQ ID No: 1; and (ii) the second pol ypeptide is a contiguous sequence of
at | easDel22d ragitunss ragy s non-contiyuoes iatdes cdmudd? of SEQ I D No: 1; 20wherein
the first and second pol ypeptides are either directly linked or indirectly
linked via a third pol ypeptide, wherein said third pol ypeptide corresponds
t o resildoay bb3bickbihai the SHDtYde RiB6H 6 Beguinchs ednthiaasCyslresiduaat lacatbn(188g. at

|l e 2) . een del et ed. articular in t are proteins conprising,
or I ¢ eyt B Cet RsiLE s doeieBBh iariitel 6 o SEERL: of Fng of - A tirer
pol ypepti de and a second pol ypeptide, the first polypeptide being | ocated
towards, the. Nnterm pus.rel ative to the second.. i de,.and wherein: (i)
the 11 rio B ot PSR R re B st e B uBT RV RculiSer B  BRTHE  aci s
wi t hi n cospridingsorlalfeBdatiobly Std@sisBhdNossehtialgyrat cohsigtinghsd, = Resbibcpeygeptnde is a
cont| UgHS, SFRUSNEE Hlindhol F85 a0 ATRACOAH diferBMEMME s ARRpd R O2
20  toresidues 134-183in SEQ ID No:1.

The modified Rv3616¢ protein may comprise or, alternatively, consists essentially or consist of,
a Rv3616¢ sequence in which a contiguous portion of at least 3 amino acids (e.g. at least 4)
has been deleted from the region corresponding to residues 134-183 in SEQ ID No:1.
25
Of particular interest are modified Rv3616¢ proteins comprising a Rv3616c sequence in which
at least 1 amino acid (e.g. at least 2) has been deleted from the region corresponding to
residues 135-154 in SEQ ID No:1. Other sequences of interest are modified Rv3616c¢ proteins
comprising a Rv3616¢ sequence in which a contiguous portion of at least 3 amino acids (e.g.
30 atleast 4) has been deleted from the region corresponding to residues 135-154 in SEQ ID
No:1.

The deleted contiguous portion may be at least 5 amino acids (e.g. 5 to 30, such as 5 to 20 or
5 to 15), especially at least 6 amino acids (e.g. 6 to 30, such as 6 to 20 or 6 to 15), in particular

35 atleast 7 amino acids (e.g. 7 to 30, such as 7 to 20 or 7 to 15), such as at least 8 amino acids



wherein the first and second pol ypeptides are either directly |inked or
indirectly linked via a third pol ypeptide, wherein said third pol ypeptide
correspomaie 20o/mesBdues 135-154 in SEQ I D No:1 in whichpratr/Ere@3tsass
contiguous portion of at least 3 amino acids (e.g. at |east 4) has been

del eted. WD 2011/092253PCT/ EP2011/ 051158 29 The first pol ypeptide may al so
be a contiguous sequence of at least 1 am no acids within residues 1-134

of SEQ JD Naq: .1, such as .at |lea 120, am aci ds ar  at a 130 amnj ho
oci as © ok B Al BN B G o2 1335, 43 BRD AR Re O B 1683, S L,
cont i guow® @equerég of at | east 200 am no acids within residues 155-392 of
SEQ ID No: 1, such as at |east 210 amino acids or at |east 220 am no acids,
for exanpl e residues 155-392. Enbodi ments wherein the second pol ypeptide is
a cont i ipwettainsachoelimaente theadeldtedsdnti@busportion aayde: Wi t hi n resi dues 155- 392
of QID No:,1 are a|so of interest. 10.The delete i guou ortion
Croft the r og hitaliocsseSudian Aot Sesedming o e8etss AL 4Ry MR Moas:
5 am no aci ds5 amir®. acist suckilas thushcasespoiidind b residbed 135039 ineSH@ D alotty at

| east 6 am no. aci ds .g. ,6 tpo 20, such as to 15 0 in.

barti cul ar at® ARG ek, o Bodteqisgondiy b bfuid Ho-Bed B SR RN 1o
10), such as- &btmireagidsSsah asthass clardspogdin@taresidles $368zia SE@ (D No: 11&or 8
to 10), or at |eas m ids, (e.g. 10 to 20, such as 10 to 15). In
certain embo@FIERT 14%33?%%?2@ Ng’ohti guous portion fromthe residues
corfiespondi ngl 1t amihd=cilisdsuch aSERpIeZdN@spdndirmytobesidues 150-160 in SEQHANDMO

aci ds, such as,those corresponding to resi.dues 142-1 LBsS -1, 20-6
o no' act s, - D eRTEed T SHL T PosR snaremnY 0 Fatitias TaaraBa ks M 1o

No: 1; 8 am NP awindRcidsusithas théseserneepsretmpiodesidudso! 36e340uSECL ABNGAS i n

SEQ ID No:1 or, residues 145-1 in SEOID.No:1; . 11 i ac] uch as
Chose. corr espohiTRg S50 ST Adtosrks TRaBe TN e e it L 1y A et o RBATRS |
am no aci ds, - uarhinasictdspsiehcsrthesspandispendirg toassidusss1 363®B3ibSEHMICBEQ 1L D
No:115. 25 I'n other enbodi nents the del eted contiguous portion fromthe
resitdues corresponding to 135- 154 may be 3 to 10 am no aci d residues, such
as 4 t onkiherfemiboditaens thedlelatedcontigaoyspdriicumay baBrtbdn anfinaetie redduas) no
acids may,be 3, 4 .5 6. 7, 8, or 10, especi al 5..6 or, 8. 30lnpn other
ebodi eSSl Belogbedneit Pouc® natruS ROFpET s b Brideliasirr L& Bngi ng
to 135-4,15%54, 78, 9Q 10Ded¥ecialy 4py, do@ & hose corresponding to residues 135-138
in SEQ ID No: 1, residues 136-138 in SEQ ID No: 1, residues 137-138 in SEQ
ID No: 1, residues 138-140 in SEQ ID No: 1, residues 138-141 in SEQ I D No:
1, 20esi lduwtiser EnibotibdentsnthSk@ldt&d plartiod maly bieltrostadoatespondiig toessidwsss13IB42881ib1 i n

SEQ ID No- .., . 2011/ P P2011/051158 fd | ypept,i de and
second PoRyRaI feresHig® TR 23T Srdd et S EESuT Lo $EIRER: YRGS
enbodi nt38-$40 iheSHQ B Nopt| rggidpds thS-adidin SEHD Mol Npol yrpsiptestes 2rt84 iheSEMD Nect | y
linked yia ,a third pol ypepti T hi.rd pol ypepti de may correspond to
resi dueﬁorl@%-dfgaﬂo ﬁPr éuF%Hkg?SE'ﬁééééjr@dgl etion has occurred at a single
contiguous portion of at least 3 amno acids (e.g. at 5least 4).
Addjtiopally, the third pol ypeptide nmay.CoLr ond to residues 135-154 in
sE38 p Agr gl e By el RESHS e BRknRT BYTERRI b, 57 bR carerdRae
| ocat i ofirst fadypgptide 4 a secdndamlybeptida, thepfast patypleptidelbeing Rchiedadwads the ach
del etion bei nge@f i ?]0, such as 1-,[.3 an‘idnoh acid residues. Suitably the third
pol ypepttefra'@u? e 0T HROYRCRIE Gt (¥"Y®'"5- 20, such as 10-20 resi dues),
(iii) the first polypeptide is a contiguous sequence of at least 100 amino acids within
residues 1-133 of SEQ ID No: 1; and
30 (iv) the second polypeptide is a contiguous sequence of at least 155 amino acids
within residues 184-392 of SEQ ID No: 1;

wherein the first and second polypeptides are directly or indirectly linked via a third

polypeptide, said third polypeptide corresponding to residues 134-183 in SEQ ID No:1 in which
at least 1 amino acid (e.g. at least 2) has been deleted.
35



10such as 18 amino acids or fewer (e.g. 5-18, such as 10-18 residues), 16
am no acids or fewer (e.g. 5-16, such as 10-16 residues), or 14 am no acids
or fewer We.2g11/2254, such as 10- 14 residues). A si xt ircampeatti/osf158 he

i nvention provides a nodified Rv/3616¢c protein, said protein conprising a
15first polypeptide and a second polypggtide, the first pol ypeptide being

| ocated towards the N- termnus relati to the second pol ypeptide, and

wherein: (iii) the first pol.y t] i s a sequence having. at | east 90%
Menct i sPate drabefogies Mo B3RS Biess s ReBinkoHRE FroRan g, Bhalsativel

pol ypeptorditd o, afisequgmﬁidb%d lag;eabndh@@?dep%%thﬁ&nst b(bly%dpﬁddlé esing Um?ted

20184- 392 o EQ | D No: " erein t i rst..and secon 0 eptides are
RO Sy S o A ak u o A gl

pol ypepti de (avi niyeditst pelgpéptieds h demigubys tequense glignesst ¢ 00 e posuddsngitHio
residues 134-183 in.SEQ_thzyé% H _Hch contiguous portion of at least 3
am o aci ds (e.g.reé'tdu?%és Qs %n-88f eted. 25 In sone enbodi ments the
modi fi ed Rv3@L6C thestedr pypshidsisessmitijudlsl seqoéncet adletelr 158t drviad ycidonsi st s

of, a first pol ypept.ide.and 0 0 eptide, the first polypeptide
bei ng | ocated t owAd Y3 e 1?‘6‘%’?1&@35E§e|b§§?'v16 to the second pol ypepti de,

and whewledrgin thé Jirst bed §édodti poybypiiek iadedirectia os mguiestiydinked/ving thitd | east 90%

identity to residues. 1- 30133 of SEQ ID No: 1: a (iok ) ond .

ol ypehatieeie soifird helPelde fgmatronRelS srstiuelarer By n SERLERLD wash 202
of 19EQ atledyn:1 alino\beid €6.9. dtheast Ry Isds sowth detsteind pol ypeptides are directly
linked or indirectly linked via a third pol ypeptide, said third pol ypeptide
having at |east 90%identity to a sequence correspondi ng to 35residues

134- 18301 parttiCarlilleldst Arel prowimsaionrisingl orgiltetnstipey toramstiaf easertialysér 3 am no
acids (e.qg..at least 4) has been del eted. 201 92253PCT/ EP2011/ 051158
3% The TirPising ol o3t roheSRRy e &5 Ea5h BveeniRo g Mt PPURGI B4R AT y co
r esi duetewirds3dBe OftebhiQus E21dNYe td thesscbndpolgpedtidasindIviléreident ity, at | east 98%
id ity, at,.least 99%identity or even 100% i denti.cal . The second., .
ol pept  de By poedrs aNERHESe g RGPyt Sauisnge ol otig 1By A ad Rt
184-392 of SEQ | Debldued 1-1880hSaQ 18tNd:elaahd 97% i dentity, at | east 98%
identity, at ..Leastb 99% i dent | tkl or even 100% i dent i ah@ 10The first.

4 g 'q iPhisR

pol ypept i de Yhd sBESREWINIPNPERITHE TR IPICUE SFAUENSS S RN BEER y
| i nked. 1 n other witihockisiiet 9 881892fof BEQ IPAMy:plept i de and second pol ypepti de
will be indirectly linked via a third pol ypeptide. Th hird, pol ypepti de
ey o ahdIERER hist aid FekERg PofpBaddds s AtRall 8P bateny 1BEed B, ¥ Bep onef ng
t 0 20esi phigseplidd -shBhird p AR dtiDe Notraspandinkite hestduee 3486 irs SEQY 1D w1 of whith
| east 3 .amno acids (e.q. a ea 4). has. been | e such at | east
07001 ottt 8 Bftgiut Polion el B8R ain0 3R T8, et Fianh Bletden350%
i denti cal .

The first polypeptide may be a contiguous sequence of at least 110 amino acids within

residues 1-133 of SEQ ID No: 1, such as at least 120 amino acids or at least 130 amino acids

25  (for example residues 1-133).

The second polypeptide may be a contiguous sequence of at least 180 amino acids within
residues 184-392 of SEQ ID No: 1, such as at least 190 amino acids or at least 200 amino
acids (for example residues 184-392).
30
The deleted contiguous portion from the residues corresponding to 134-183 in SEQ ID No:1
may be at least 5 amino acids (e.g. 5 to 30, such as 5 to 20 or 5 to 15), especially at least 6
amino acids (e.g. 6 to 30, such as 6 to 20 or 6 to 15), in particular at least 7 amino acids (e.g. 7
to 30, such as 7 to 20 or 7 to 15), such as at least 8 amino acids (e.g. 8 to 30, such as 8 to 20
35 or8to 15), or at least 10 amino acids (e.g. 10 to 30, such as 10 to 20 or 10 to 15).



The conti guous portion deleted fromthe residues corresponding to 134-183
in SEQID No: 1 nay be at least 5 amno acids (e.g. 5to 30, such as 5 to
20 or 5 twobb)j0vespecially at |east 6 am no acids (e.g. PETIEP2BA/05H8Eh as 6
to 20 or 6 to 15), in particular at least 7 amno acids (e.g. 7 20to 30,
such as 7 to 20 or 7 to 15), such as aé | east 8 am no acids (e.g. 8 to 30,
such as 8 to 20 or 8 to 15), or at Ieaz 10 am no acids (e.g. 10 to 30,

such as, 10 to 2Q or 1 0 ., In. certain s, the contiquous

or t1 onnderiePehermen L i S GEPYERTUFEIRG (8 skt SR adtB® no: 1

may be: 1321548344n68EG11CD alei1deay berch as those correspondl ng to residues 142-145

in SEQ I D No: n C such as qrre |dues

155150 i n ST, Sud dsines Hithalon e B nS b ro RS PR ARRL L

resi dues 149——5.5|4nr10reCSEQSLth aNothdse cc&ram)mnm@m rdsidusdit3b-839 8@ ID No:1;

corr spondi n to resigdues 138:145 in SE 152 in SEQ
D e b "S- 58 Siori e Pt S e R i B R T4 B R 00 150- 60

| n SEQ | D No: 8aminb/aciisl sucheas tlsse saredspasdihdiasesidosy €3 BlinrgEQ (D Nesl slues

166-182 in SEQ ID No: 1., . inp acids, such as those corresponding to

resi dues 136[6%26? '#P%é@ |n§$\§%f\%§1 ani no acids, such as those

correspondi nglt aminesicilisesuch3B-tiede ¢anreSitpdiry thioediduesr 15048B06iMIER HENDS; such

as those corr ondl ng, to resi n s
S011] 0992590 e S ch e ol RaT e BTt 18 n SRLIP M8l i quous
porttd on nay Jot9 @mmo abmisasndhcasabmé croemsplomﬁng wuesidess Boe-1641i0, SEH®ID HMyanpl e 4

to 8. The parjtjcul ar nunber of, dele .NO, ac , 8,
0 or 10, enpett NG spdosiy e S adRl R MR TR Hede
portion del et48larhinoractdsesuchsisdthess czmrreseamirrgjuorrgsmwesl%mwa SEQ BERoi1D No: 1
may be those corresponding to residues 135-138 in SEQ ID No: 1, residues
136-138 in SEQ ID No: 1, residues 137-138 in SEQ ID No: 1, residues 138-140
i n SEQ InbtiNg:emhodinesritslthesdeld@d dakitiguousShaRtidriirdva thel restdees dueespbﬁ&iﬂgﬁﬂﬂm SEQ
or | eti on of Si 149- 15 SEQ 0 Suit

the' % ni 1 BT E b Tanflog pal B EaD g AoPaspiEcs R A0t 110 Kt eeine’o” 4
or 30- 48ta &sTipaliculsualmias oflfelatedamine acds oy tbeden, 5.6, J, 8,1DedR), espedialligs
20- 46 4 ég % residues), 44 am no acids or fewer (e.g. 10-44, such as
20-44 o %% resi dues), or 42 amno acids or fewer (e.g. 10-42, such as
20-42 or 30-42 residues). 15 A seventh aspect of the invention provides

nodi fi ed 3616¢C protejns ri ide and a,se
ol ypepticdie Rt gD ettt hortib ko o SRR SRR R E AT s
rel2it i vesdio SHEG I Nodndaypbé mmeptcbdespoadmlgwhearseiues 1857138 reSEQrIBtNqdl ypept i de
|sase nee, 90%|de | t Ldues 1-. 201 SEQ I D
AR0Es 3R QIR 1 P11 M S IR MR oo T e 500
i dent | tSEQODm&sndmsju%t’oaa}Qm m‘SBE(LDINb Moresiiuesvhgz-¢b4 int PEQAD Net 1 @nthesecond
pol ypep es re I d or indirectly linked via a third
pol ypep(ﬁ‘? éO” lﬁ%l g 133'&'9%6%# ﬁgw ng at least 80%identity to a
sequence 25corr espondl ng to residues 135-154 in SEQID No:1 in which a
Corkté gLLPhe fi torc')[I3I/poerr.])t|((1)e]zc ar% selzc%%atpog/peptide will in some embodiments be directly linked. In
other embodiments the first polypeptide and second polypeptide will be indirectly linked via a
third polypeptide. The third polypeptide may correspond to residues 134-183 in SEQ ID No: 1
wherein deletion has occurred at a single contiguous portion of at least 3 amino acids (e.g. at
least 4). Additionally, the third polypeptide may correspond to residues 134-183 in SEQ ID No:
30 1 wherein deletions have occurred at a plurality of distinct locations (e.g. 1-10, such as 1-5, in

particular 1 or 2 locations), each deletion being of 1-10, such as 1-5 amino acid residues.

Suitably the third polypeptide is 48 amino acids or fewer (e.g. 10-48, such as 20-48 or 30-48
residues), such as 46 amino acids or fewer (e.g. 10-46, such as 20-46 or 30-46 residues), 44

35 amino acids or fewer (e.g. 10-44, such as 20-44 or 30-44 residues), or 42 amino acids or fewer
(e.g. 10-42, such as 20-42 or 30-42 residues).



amno acids (e.g. at least 4) has been del eted. I n sone enbodi nents the
nodi fi ed Rv3616c protein consists essentially of, or alternatively consists
of , a firw02pologpmpti de and a second pol ypepti de, the fipcstEppalippapsi de
bei ng | ocated 30towards the N-termnus relative to the second pol ypepti de,
and wherein: (i) the first polypeptideﬁés a sequence having at |east 90%
identity to residues 1- 134 of SEQID No: 1; and (ii) the second

pol ypeptide is a sequence having at |east 90% i dentity to residues 155-392
of SEQ ID No: 1; 35wherein the first and second pol ypeptides are either

di r ect | A fifth akmestt of the md/iehﬁm ;bry)wldbsm Iﬁbdlfneij &va361du prdtepsl copapisinde, firstai d third

Do o eaoiraaly sifa Seroskivupeaide. AR bt dielos IS Re e Towass fre; 1 sz0 10

No: 1 mtemhm@r@atﬁzends tr@tmwnqbpolypemndefarwtwﬂmemt 3 amno acids (e.g. at |east
4) S been

irst _po tide ma a ence ha
L0t o806 1 o + 5o et PRUPeiYs S o BB pestaES ppst §ast SRIERGD 439 A" o706
identity, at Iea&@slaééndentﬁSEczmeéaaahd99@6identity or even 100%
i denti cal . The, second tlde be a seque Y st 95%
dentity to Pasi ciBSesan BRBRREEG GRS sRadfi R atierey 173G Rg piias
identity, at | eaS\EIItI'QB%SIIdJ‘QEt‘IBB-)B,QZ@f SECASXN@9I% i dentity or 10even 100%
i denti cal eptide. and segon e wll . .in sone
embodi rprggle bl 8t PPahB RlmeS iR Grd B B BRRL ottty LogSR Bept i de
and Os ectod pplgbytieipt wderew ddid théd ipbljrbé}ﬁidblcprrbsnidtﬂd to resiciet H35-d 5p i SBEEDI de.
The thi ol bea qu ving at, | east 90% identity to a
15 sequ'g?lé %Eﬁ@ilﬁa td{mé OF%% l?gge %@ f‘%ﬁ’%Frﬁd§é%%rD No:1 in which a
contiguous portion of at Ieast 3 am no acids (e.g. at |east 4) has been
del eted, such e at | east 98%.identit at. | east 99%
aent 1) et teus Hrmprtat RVeoHoBh SeBRs T Ay Herb e, guous
port| oncdnsists d¢fhe firse polgpegside and eseoodd pgydeptid@Ind brét AdlypepBE€beibg Necateld may be
ast 5 15 or 5 to 10),
cspze: aprr e BB e 1 medepend PP e oot 6 to 15 or 6 1o
10), in partiicul atheditstlpelgpéptidedsra rontitiods s¢iehce of dtdeadd 108 aoinoascids withil5 or
7 to 10), such as_at cids (e.g. 8 to 20, such as 8 to 15 or
8 to 10), or at |£3§Peig%§ﬁPﬂ§E§ﬂﬁH§ (o2 ﬁé 10 to 20, such as 10 to 15).
251 n cert ai nlipnbotierecdrsl idhgpeptidd isgLaunsigpaustsequerthel eftaelbastotns aguinoscider t i on
fromthe residues orres in SEQID No: 1 nay be: 4 amno
acids, such as t RTN E) uggﬂéﬁ%‘?%gf%ﬁa bglﬁ%lues 142-145 in SEQ ID No: 1; 6
arrizmo achelsin theléitst ansd bdvose potype@tsj@emb eithetr directlyilid ke orlid8ireLBv linkedSk2a | D
No: no h as those [respo dues
135- 145 Peespigening B b Pl P BER R B rb SN e SR FRBRA 1S4 1SRRG
aci ds, Nowdhn adichla Bastbamespmittfeny at Rasedindedsed 86lefedd i n SEQ I D No: 1; or
19 anino acids, such as those corresponding to residues 136-154 in SEQ ID
No: 1.
Of particular interest are proteins comprising, or alternatively consisting essentially or

25  consisting of, a first polypeptide and a second polypeptide, the first polypeptide being located
towards the N-terminus relative to the second polypeptide, and wherein:
(i the first polypeptide is a contiguous sequence of at least 100 amino acids within
residues 1-134 of SEQ ID No: 1; and
(i) the second polypeptide is a contiguous sequence of at least 175 amino acids
30 within residues 155-392 of SEQ ID No: 1;
wherein the first and second polypeptides are either directly linked or indirectly linked via a
third polypeptide, wherein said third polypeptide corresponds to residues 135-154 in SEQ ID
No:1 in which at least a contiguous portion of at least 3 amino acids (e.g. at least 4) has been
deleted.
35



I n other enbodi nents the del eted conti guous portion may be 3 to 10 am no
aci d residues, 35such as 4 to 10, for exanple 4 to 8. The particul ar nunber
of del et edloammo2mei ds may be 3, 4, 5, 6, 7, 8, 9 or lOpcempeciiabiigs4, 5, 6
or 8. WD 2011/092253PCT/ EP2011/ 051158 34 In ot her enbodi nents the
contiguous portion del eted conti guous quti on fromthe residues
corresponding to 135-154 in SEQ I D No: may be those corresponding to

resi du 135-138 in,SEQ ID No: 1, .residues 136-1 i ID No: 1,.

| oai duothe 3t polipeploiEgy pRoNg @ GBS RIEE aE ol gl P oS i

r esi dueesitidés 1434 ion SEEQDI NIb:No sudh ag &tdéabi @20 bhdhaldeidd or dBk@st TBNamind agldst he
del et Ot?){%%ariq Si du(gfﬁsllé_l?- 151 in SEQID No: 1. Suitably the third

pol ypep ¢ i ds or fewer (e.g. 5-20, such as 10-20 residues),

such as 18 am no acids or fewer (e.g. 5-18, such as 10-18 residues), 16
am ids or fewer ,10(e.qg., 5:16, such as 10-16 resi d ,._0or 14 am no
o0 00 ofid Seadnd palEer R T asehe G0t Byl Bed bl of S0uEHIZRD arfie grlas MRS
hydr ophebidaes fesﬁo-d%gf $EQ Ib&lcadhsieve Ht Inaraeug‘_ro érhhoraremlsageneeitﬁi) anﬁirlmdg3 gas;
one (e.d..a east am n rresponding.to residue to o}
200 | B RS oreraRbie s Do s S tiaeiRaRe Wi fe SEot Shrefod S

hydr ophédnitigusiesseduerscevdflalt Ieagipd3Sadrhivio eidSwith (hQ@psiddep1 F5B92 &I SEQ E) NoAsard N) ,
Hs (H, Lys Kg Arg (R}, Ser (S) or Thr (T). O particular interest is

aistE Dty

the rep at |east one (e.g. at least 2) am no acid correspondi ng
t o 10esi dues 135 to 154 of SEQ ID No: 1 with a hydrophilic residue. In this

15 oA R B At bl N Ty i (O
Subst i t mbede aelasiesmimayachie (2.9n5 t20,isguious 5 tal & boogd 1@), esadidiight past 6
contiguous. 25ln a gi h aspe t pavention there | rovid a
o 1 - eiBg s6ade g S MEEREE 1o 08 of Rt o it M SabaRoRnihded 7
whi ch atoQ@ontii@uEsIB toptd dr Do 1Y), slchlagasteast Riammo satisds.gf 8 t@20,atuch @astto4p from
th eqi COlrespond] to resjdues 4-183 in No: 1 has been
Subdt | e Bhe R AL e Rk Ge 10 B Riah e R vonts the modi f ed
Rv3616c protein consists essentially of, or alternatively consists of a
Rv3616¢c, sequence inh i ch ontiguous portipn qf at.]east 3 am,ho.acids
oo o R ot ST b 0o B iy o Rk B8 b ig 47 "3
| D No: 135854 ine3HQ st 1 nalyed: Wi t h hydrophilic residues. 35O particul ar
interest are dified Rv3616c, proteins ¢ I Si. a 1 ence in
whi oh 5 conti bUBING Bt Fam By B s Eie8pos b g e S L LM SR RINETS) e o
t h@(r egi on -6 amino acids, such as those corresponding to residues 149-154 in SEQ ID No:1;

- 8 amino acids, such as those corresponding to residues 138-145 in SEQ ID No:1 or

residues 145-152 in SEQ ID No:1;

- 11 amino acids, such as those corresponding to residues 150-160 in SEQ ID No:1; or

- 19 amino acids, such as those corresponding to residues 136-154 in SEQ ID No:1.

25
In other embodiments the deleted contiguous portion from the residues corresponding to 135-
154 may be 3 to 10 amino acid residues, such as 4 to 10, for example 4 to 8. The particular

number of deleted amino acids may be 3, 4, 5,6, 7, 8, 9 or 10, especially 4, 5, 6 or 8.

30 In other embodiments the deleted contiguous portion from the residues corresponding to 135-
154 in SEQ ID No: 1 may be those corresponding to residues 135-138 in SEQ ID No: 1,
residues 136-138 in SEQ ID No: 1, residues 137-138 in SEQ ID No: 1, residues 138-140 in
SEQ ID No: 1, residues 138-141 in SEQ ID No: 1, residues 152-154 in SEQ ID No: 1 or the
deletion of residues 149-151 in SEQ ID No: 1.

35



WO 2011/ 092253PCT/ EP2011/ 051158 35 corresponding to residues 135-154 in SEQ
I D No: 1 has been substituted with hydrophilic residues. The substituted
cont i guouwsoporitiveas3ney be at | east 5 amino acids (e.g. PCr®pP3@,1/0sush as 5
to 20 5or 5 to 15), especially at least 6 amno acids (e.g. 6 to 30, such
as 6 to 20 or 6 to 15), in particular ?6 | east 7 am no acids (e.g. 7 to 30,
such as 7 to 20 or 7 to 15), such as at”'l east 8 am no acids (e.g. 8 to 30,
such as_ 8 to 2 ast 10 am ng

such acTRTBLFeRl%a 5% S5tk Poh BraiB RN R Bt iR ?@t850ﬁé*9r§ffé/qwmt By
cont i guethier groddiraantstye fret polypeptitieaondiséddad pdlypbptae rhdolseindbédtigdipkettiviag t o

r esi due anm no aci

145 | EQ .| No: 1:.. 5 h h
cor  ospBIRaPAgPER PodFa s rkpepie e Sptngs oGS 3B BV 1ER PR as
t h_ose C\Nhesreslpmrediong\ak OCCLEEédChle$|rﬂg41Qe%rE|@ubttnB @irtdn &F d‘tld)éaisg?) amino acids (e.g. Iat 8No .
t ng to residues ;
o 20, endhin AdGoRy. e Ml RREE Ma SoaroR S tRRwed S B4l s R o
Cﬁr r espowdenagw d%letrcms;rﬂuemdﬁ@dbﬁa plmilgg_a‘ dilirfsototationt {e g 110, ahds, 1- su?ih as
t hose cor ondi 0 resi 0 _aci ds
such 2P TTOUR oo BepBrst rpH S LE hrTato B0 RS B "o g Al ia0ec”
31 am no acids, such as those corresponding to residues 136-166 in SEQ ID
. h. id 36-183
o S0 PRl e M uREP I S AR bR e RIS BEAS i e 40T on o
be 1® t osukh aaN8ramiac ladIdS esfe&\m@&—;‘ %Sﬁm& sash 4s t10- 1BOeS|fj@és)e‘bﬁam’pine aéldB@)r &eé/ve'Fge
t ti m no_aci. , or
Do e 4T Sich & 1@ T8 Fee IS & AT Sl o TR e Brid: sitngd 1604

porti onrea‘ﬂlyle@)e those corresponding to residues 135-138 in SEQ ID No: 1,
residues 136-138 in SEQ ID No: 1, residues 137-138 in SEQ ID No: 1,

resi dues 138-140 in SEQ ID No: 1, residues 138-141 in SEQ ID No: 1,

r esi dueA sik&QasHéét d)fnhéSEQarimtl})nNkDowdem miohified ®&ve618uprofein, esid guatsinlobthpliSihgian SEQ

nydropHlTF NRSRTAR B 2 Bo{pn b bR s rotpelpep B Peibh s P AP e the T ne
aci d retsirdines (etatye tathd mshd Bolyiseptide sand2widipinat a | ocati on between those
[ aast 3 hydrUn, 1T e HRBE R S petUnssday B0 4T et o0 By hresllet 15 15
especially 353 t 013mz)fSEsmld:b1Nas1 adndl east 4 r esi dues (e g. 4 to 20, such as 4
'[28, 1§hcﬁsggc l | y gse(égﬁjg%ql elpg} a{sta{os(:e%a%rrlce q Iefvt 6‘% @W?"?y t{) regdu 2 to
200 092253PCT/ EPPBMSQZ)&‘JSIES’BID No: 1;
wherein the first and second polypeptides are directly linked or indirectly linked via a third
polypeptide, said third polypeptide having at least 90% identity to a sequence corresponding to
residues 134-183 in SEQ ID No:1 in which a contiguous portion of at least 3 amino acids (e.g.
at least 4) has been deleted.
25
In some embodiments the modified Rv3616¢ protein consists essentially of, or alternatively
consists of, a first polypeptide and a second polypeptide, the first polypeptide being located
towards the N-terminus relative to the second polypeptide, and wherein:
(i the first polypeptide is a sequence having at least 90% identity to residues 1-
30 133 of SEQ ID No: 1; and
(i) the second polypeptide is a sequence having at least 90% identity to residues
184-392 of SEQ ID No: 1;
wherein the first and second polypeptides are directly linked or indirectly linked via a third
polypeptide, said third polypeptide having at least 90% identity to a sequence corresponding to
35 residues 134-183 in SEQ ID No:1 in which a contiguous portion of at least 3 amino acids (e.g.

at least 4) has been deleted.



36 least 6 residues (e.g. 6 to 20, such as 6 to 15, especially 6 to 10). In
this regard, suitable hydrophilic residues wll typically be An (Q, Asp
(D, GuwaeimemsgN), Hs (H, Lys (K, Arg (R, Ser (8crTmp2fihos(13§. 5The
addi ti onal hydrophilic residues will typically be |ocated between those

resi dues corresponding to residues 133 1io 184 of SEQ ID No: 1, especially
bet ween those resi dues correspondi ng t8 residues 134 to 155 of SEQ ID No: 1
(such as between those residues corresponding to residues 135 to 154 of SEQ
ID No: 1). 10The additional hydrophilic residues may be distributed at

di f f er eTie fmes;i)dlypmﬂdé)etawbem dcuosecd lesirdE seas0 05 B Iarit togedidugses18RIeSSHA3 to

184 of ch as rticular 1 or
21 ocat TRy Ui yadtoad Mawivh gt esBhoesniibiund Sy apap e of Eriles
such as1%idedtdcdli onal residues. The additional hydrophilic residues wll
Sui tibl y be located in one contiguous group. 15 In particul ar enbodi nents
of t*he nodified Rv3616c proteins described in the various aspects above,
t he nodite @tom.’%%@ptmboﬁajhseiaSemMncéBE@nh@aNeastJ%Q/ (dadfﬂﬁl@:es&uémm-egz In

Too( RVICTRR a3 LS ablseRaior 1480 oo ST O OTEThe Sk E b REaIgh &

wi | d- t ypenROB6lidentiabt ei N sequence fromany strain of M tubercul osis. For
exanpl e, any one of SEQ ID Nos: 3-7, in particular any one of SEQ I D Nos:
3-6, may be substituted for SEQID No:1 in the foregoing enbodi ments.

25R10ot eThesfiref pdliypeplide andisecasp @olypestideatissiadoaizommbalirents Ibb@ltrtei:ﬂyellnyed erner red

to herei ifie Al,;so de
r361 6cBr TR PyS e EaoNpklat fad Secony poPRR Al of e iR vae™
t r eat nethird oolype;ﬁrdentme)mwdfpoﬂ]Beptude maytbd asbiencaspeint adkattes% meattttut@a
relates to a nethod I m pon n a 30
Comr | <reeRrcaRpRn s WEHRLET TR IR Srih, B aPRISURVS Bpitp o
aspect atfleddnd anineatido (e.¢.ait waes4)ttha>eaBtdbmbd euch feattleaABARNUentadyTelt lsasat | on
or f TB I‘ISI istration of a safe and effective
rrtﬁt\ %?} é"%ﬁB 'ﬂ%%tqgf’”tve%” “&{n'geg ‘ect in need thereof, wherein
sai d polypeptlde |nduces an i mmune 35response. In a further aspect t he
met hod urth r co ri.ses  i.nduci an_.inmmune res e cterlum
tuber cul Befd) ot e e S S e RS 1 PR b UIB T e he
i nvent i may bebateést 3 ammoraetdsqd.gf Hito Bhesuth eabrea or al’ﬂtBHB)oeaiecwﬂy atlebstyd ng or
preventlon of . tubergcul 9gsi s reactivation rising t i nistration of an
b Fect | VBRaReidR o g 6 ABaTet 561 48 5L8 N TN B ity oL P CpAng 4ei g ?
t hé@0eof to ABhsuaki a1; Bt 20 pot ypptdudh ak adlkestss samd dcidsLag. 8 ¢sparssieh ab B ta20
further egGt , od. further c es .ind e response
agai nstor@@oﬁg’ cEr E&%{(E%@W&ﬂcgg?gg m %(Zgugt]x a%ﬂ%dﬁt Ed %1& protein
in the manufacture of a medi canent for the treatnent, anelloratlon or
prevention .of nts..anot her,. as t,of the inventio esent
Mvent | BRoprB AR S o BT s e el st Rlhe LR koot o2
encodi ntB4a18midiSH@ D Re36Ibay ips:ot ei n. Al so provided is a pol ynucl eoti de
ising a pucleic.acid se ence encodi oteln for
s e AR RS MO G R AT s reRles 5 RSN ot o
or preventi ons aminbBicidd, wsht dxethosspeeispodditdie residesd 136113%®ina8ES 1D dloa ; et hod
for inducing an_inmun ponse in a subject, Cc rj s 1 nistration
of a pol ynud) COTI B LB ToRg0se fhifeBpaRE oSBT ML 8 b N ot 1 e
Ry3616c prot€s amur@(h%udsusmdth tasgecdrrespotidiey toresidtiesn38-84 RNeSEQ D dlomedrhod
for the treat orat i r,.prevention of TB conprising the
adm ni strati rgﬁ S é@% 'nai%bg[?t\g)ct’i ve anount of a pol ynucl eoti de
cor@rising & mahmb(acaisl slichegroszecosrespotidiy @ residids £5)- 036 BRQ [ Nbein to a
subject in neﬁp t her eo

e MBS L e BB b e B S 0 BBHAS ¢ or

i nduci ng an 4 Thamaoraegispssh aaghoseston2spdidirapiact sduasm I6ubmErio ESS IBNo:1;
- 31 amino acids, such as those corresponding to residues 136-166 in SEQ ID No:1; or
- 48 amino acids, such as those corresponding to residues 136-183 in SEQ ID No:1.
35



A further aspect of the invention relates to a nethod for the treatnent,
anel i oration, delaying or prevention of tuberculosis reactivation

conpri si nyotzne/mesBni stration of an effective anount of paTmrlyinwsiieoti de
conprising a nucleic acid sequence encoding a nodified Rv3616¢c protein 30to
a subject in need thereof, wherein saiﬂ pol ypepti de i nduces and i nmune
response. In a further aspect, the net %d further conprises inducing an

[ i bact er i t | 0si.S. .Of | | eotid
compr s CHREET e e L Gt R by 2 B BT ed 3B ng o
nodi fi &dJcR)aB&ltfiq Opfcm_tegziarnplbm tolse Tm_mafrtam}an_llh_grrmbr of dmiécfammte{cﬁ]dsrméwae 3,t f
t t t t , represents anot her aspect o
the i E‘Q’%‘rﬁ,Pﬁﬂfé,%qéb%egéﬂ%%%%r'@ggoil/ 051158 38 Addi t1onal | Y, Chere is
provi ded a pharmaceutical conposition conprising: (a) a

dified Rv361 tepn; or . I | eoti de ,. i Si
nuciPer i CRRIERLS b sslingus pagircielsiedfm b RslDEt ffesngnghs s " 2

(c) a pteyimBENiD Nal 1 yhagbeahdsthdoerespardirgy tooesidxes 185188, in REQ IeNo: t,here i s

provi ded an i noge ositign ¢ [LsSing a modi f] 3616¢C
D ot e resgnes T 90 Boron R RBoT: e hen it Sl 1 alRies Ll e
encodi ngE@ IDING: fl| edidees 638544 piroSEQND Nand, residles 15154 peSEQIID Nomhaonehe
response enhancer., 15 Al , jded is an expression vector conprising a
nucleic&ﬁgfﬁ(ggﬁﬂgﬁ?é48ﬁ@ﬁdﬁﬁgﬁgewgﬁf¢ied Rv3616c protein. Host cells,
tramsfornmed with said expression vector, forma further aspect of the
i nventiQn 0Addi.ti onal | royi ded is a host cell jch rec Lhant |
expr os saata 6 Hidisaldls 4 Tte Adefar Ber Cangr . Moo aad” Bl noo
for t herepidadsicsiuchrasofe @amin Gicids @d feiwB 6d.§c1 P4 G tsaich as 20448 arSDhBdesidogs)] 44 ng
the step of reconbinantly ressing.sai d_pol ypeptide wthin a host_cell
25 Al SogrBlln&?icHiéé)r ewer ?.8g%§§¥,is&)c ?Fgob‘%r%lf’lBéA{‘ln%.s'%ueg’ orvﬂztamlno acids or fewer
(e.g. 10-42, such as 20-42 or 30-42 residues).

15
A seventh aspect of the invention provides modified Rv3616¢ proteins comprising a first
polypeptide and a second polypeptide, the first polypeptide being located towards the N-
terminus relative to the second polypeptide, and wherein:
(i the first polypeptide is a sequence having at least 90% identity to residues 1-
20 134 of SEQ ID No: 1; and

(i) the second polypeptide is a sequence having at least 90% identity to residues
155-392 of SEQ ID No: 1;
wherein the first and second polypeptides are either directly linked or indirectly linked via a
third polypeptide, said third polypeptide having at least 80% identity to a sequence
25  corresponding to residues 135-154 in SEQ ID No:1 in which a contiguous portion of at least 3

amino acids (e.g. at least 4) has been deleted.

In some embodiments the modified Rv3616¢ protein consists essentially of, or alternatively
consists of, a first polypeptide and a second polypeptide, the first polypeptide being located
30 towards the N-terminus relative to the second polypeptide, and wherein:
(i the first polypeptide is a sequence having at least 90% identity to residues 1-
134 of SEQ ID No: 1; and
(i) the second polypeptide is a sequence having at least 90% identity to residues
155-392 of SEQ ID No: 1;
35  wherein the first and second polypeptides are either directly linked or indirectly linked via a

third polypeptide, said third polypeptide having at least 80% identity to a sequence



(a) a nodified Rv3616¢c protein; (b) apparatus sufficient to contact
said nodified Ry3616¢c protein with a sanple (e.g. whole blood or nore

sui t abl y wBNMD)1/0e3m an i ndi vi dual ; and 30(c) nmeans to quaatrigpyottilos113s cel |
response of the sanple. Another aspect of the invention relates to a

di agnostic kit conprising: (a) a nodi Légd Rv3616c protein; and (b)
apparatus sufficient to contact said ified Ry3616c protei n with the
derrmal 35cel | s .of tie WO 92253PCT/ EP2011/ 0511 A further
apect SFeeRUMapPale Ll g I PHOR o GETRELP RPN bt AT fim

t uber cudrambcidef(egt atdeadt #) Rasbdreddlete@npri si ng: (a) contacting a sanple
fromsaid subject with a nodified Rv3616¢c protein; and (b) detecting in the
bi ol ogi cal sanple the presence of antibodies that bind to the 5nodified
Ry3616CTr|Dsr fosepotypeplige may epta seuah@chgvingvatdest a5%iidgmniostoiresifids o3 ol SEQQ:

Sof P SBbNert s 20e8 " o Bertty i eBL LRI ori . Sk MRt BO RS U et

recei vi % ideaticdli ed Rv3616¢c protein, polynucleotide or conposition
according the invention nmay have active tubercul osis (e.g. active infection
by M tuberculosis). In a second enbodi nent the subject may have | atent

t uber cuTtassexobe polypelsiideandy Heoa Bé@aince halilig bt lebstiesre ldeotity $) resldues 1654302

i oot | By L GisuER G LGy O 2 S St Faht b an g . et 5 Rpsbae

pr dtCei nevepoloppuideetaial.de or conposi ti on accordi ng to t he i nvention nmay have
previ ously been vaccinated for tuberculosis (e.g. vacci nated agai nst

20i nfection by M tuberculosis), such as having been vaccinated with a
Baci | | uEh@tnmjlypmpfmmammsédaﬁﬁ)oolyéb;btmwan inveznye erabsditaepistber dveeilylinkgd aln

| t it t hav t
been prebp G RN el Gerl R aR bt e2pedg todl B iPalionediE et
i nf eclt i thind bylyMapttdebEm@mlurd?g@peptmeohayalse agsbqtlrameRy mg\élkigenleuatiﬂﬁ%lm‘eeﬂtym th a
B us 1N . ] c ote
ol PrucTesph e aeseaintId Peber Fi 4B S i NGR Morb o Ridlsrs pedien of o
t he purgdsast 3famino acids (e.g. at least 4) has been deleted, such as at least 95% identity, at least
98% identity, at least 99% identity or even 100% identical.

The contiguous portion deleted contiguous portion from the residues corresponding to 135-154
20 in SEQID No: 1 may be at least 5 amino acids (e.g. 5 to 20, such as 5 to 15 or 5 to 10),
especially at least 6 amino acids (e.g. 6 to 20, such as 6 to 15 or 6 to 10), in particular at least
7 amino acids (e.g. 7 to 20, such as 7 to 15 or 7 to 10), such as at least 8 amino acids (e.g. 8
to 20, such as 8 to 15 or 8 to 10), or at least 10 amino acids (e.g. 10 to 20, such as 10 to 15).

25 In certain embodiments the contiguous portion deleted contiguous portion from the residues
corresponding to 135-154 in SEQ ID No: 1 may be:
- 4 amino acids, such as those corresponding to residues 142-145 in SEQ ID No:1;
- 6 amino acids, such as those corresponding to residues 149-154 in SEQ ID No:1;
- 8 amino acids, such as those corresponding to residues 138-145 in SEQ ID No:1 or
30 residues 145-152 in SEQ ID No:1;
- 11 amino acids, such as those corresponding to residues 150-160 in SEQ ID No:1; or

- 19 amino acids, such as those corresponding to residues 136-154 in SEQ ID No:1.

In other embodiments the deleted contiguous portion may be 3 to 10 amino acid residues,
35 such as 4 to 10, for example 4 to 8. The particular number of deleted amino acids may be 3,
4,5,6,7,8,9o0r 10, especially 4, 5, 6 or 8.



treating active tuberculosis; preventing active tuberculosis (such as by
adm nistering to a subject who is 30uninfected, or alternatively a subject
who has IwbDenti/doefsecti on); treating |atent tubercul osi PCT/RPe@IARLIENG

| atent tuberculosis; or preventing or delaying reactivation of

tubercul osis (especially the delay of ﬁ reactivation, for exanple by a
period of nonths, years or even indefihrtely). 35 There is also provided a
met hod for the treatnent of latent TB conprising the steps: WD

2011/ 092253PCT/ EP2011/ 051158 40 (i) identifying a subject as having a

| at ent ThBtherfeettodmmer(tethg. conligUdd® portioh detdtdd tartigdowsatian) frora itk residues (1 i )

adnlnlsterln af e _an ffective anp
3616 iesp et 5t B B MuRBLh ediie hose btrerr A s st et 9 such
as i n tBEQfiDM: af realdﬁpklaBGBme&m$IE@IID(Nmpp&Istdue$l1®T 1B8ﬂ11.$EJ@¢IDIND 1, residues

0 ded ;i s e use ol ypenpt.i de t
Covenet b PR b berat S TR G e R R { el AR T NG, o
TB (e. g1 of thbajatetidBpf tcgidact ¢49-15Uly SEQ.IDNdThe term " Mycobact eri um speci es of
t he tubercul osis conpl ex" includes those species traditionally considered
as causing the disease tuberculosis, as well as Mycobacterium environnental

and opp®uitabityi thé itmr(;jmqieﬁsdd B0 apeins acitisibefeort @5h.5-200duthung 10H26 easi¢udsi),

I Mmune co se at.ien C atients wth AIDS e.q.,. M

t uber cur 81 B ER APES S lstiar Tt 28, AR B S e m(® WP AP BT ar e,
M 1@el atewns- 1‘6, sgemay ehs e redducspondpainoacidsler iblvek@s 814, sudi asi0vide, M
vaccae, rtuitum and M scroful aceum (see, e.g., Harrison's Principles
of Int erreﬁ'zgfje%bdi ci ne, Chapter 150, pp. 953-966 (16th ed., Braunwal d, et
al ., eds., 2005) The present invention is particularly directed to

i nfecti i t.h rculo i S term" € |n ction" efer to an

ot eot | Sibebiile MrbBREIC BRI mAB AT b R Ao Pediamasof S5t ohds o

synpt onfe.qadleast 2)emionacid soiréspohyingitd msmesﬂest@mmomm siynpindihs) . The

ter ctive i.nfecti roant i nfection a Gl O refer
o | WRRGT et UG T RP aaqard BBk BioRhe bisuBE yil SoRaly e R P Ak

d| sease(DyyGit(aysAsanil), (Hns KH&ﬁLwG()(Angl (RaBey (8) ofmautTyrani f ested di sease

synptonms). A subject with latent infection will suitably be one 25 which

tests positive for infection (e.g. by PPD or T cell based assays) but which
has not Ofiearticsdrriatesst ishiee ﬁmmnsmﬂmﬁom(y @rat leasi Drsninbbch ar e

associated wit act.ive eterm rimar tube cuI0|s refers
Fo ol camsbhidnd B Bibe doiBe R Br NG T Wi BhidBaNIS RS ITHIS oot Fy
f ol200wi negandn‘éwtabiedwyd(@ahglc remﬂm\mtbltydu;allwbetGJme:b)cAbpsi))sBJu die);aAsd—(a}*)rH'sQH),s

Princi pI es I Chapter 150, pp. 953-966 (16th ed.,
Br aunwa K&”a?*f 8&&3) OF%‘E)?;} WO 2011/ 092253PCT/ EP2011/ 051158

Substituted residues may be non-contiguous, although are suitably contiguous.

25 In a eighth aspect of the invention there is provided a modified Rv3616¢ protein, said protein
comprising a Rv3616¢ sequence in which a contiguous portion of at least 3 amino acids (e.g.
at least 4) from the region corresponding to residues 134-183 in SEQ ID No: 1 has been

substituted with hydrophilic residues.

30 In some embodiments the modified Rv3616¢ protein consists essentially of, or alternatively
consists of a Rv3616¢ sequence in which a contiguous portion of at least 3 amino acids (e.g.
at least 4) from the region corresponding to residues 134-183 in SEQ ID No: 1 has been

substituted with hydrophilic residues.

35  Of particular interest are modified Rv3616¢ proteins comprising an Rv3616¢ sequence in

which a contiguous portion of at least 3 amino acids (e.g. at least 4) from the region



41 Principles of Internal Medicine, Chapter 150, pp. 953-966 (16th ed.,
Braunwal d, et al., eds., 2005). The term "tuberculosis reactivation" refers
to the | avernomemeisest ati on of di sease synptons in an 5i mdirmpdualostib@at tests
positive for infection (e.g. in a tuberculin skin test, suitably in an in
vitro T cell based assay) test but doeg not have apparent di sease synptons.
Suitably the individual will not have BRen re- exposed to infection. The

p05|t|ve di agn c St di vi nf ect

Powever ortasBONIa 5 ges i it hagE hl Neb B Petn sy et aBferiec ve
dlseasaeswneﬁons that had been treated sufficiently to bring the

tubercul osis into an 10i nactive or |latent state. It wll be recognised that
nmet hods for the prevention, delay or treatnent of tuberculosis reactivation

can be Thy sutstiwitbd sondguousiovtictiurady b ai IBesttS anginaatidy éc.gyFl 30 suct agld se2Ge.

Th "d t" b fers t
T s s 614 S et ERSL ARG ¥ 81 bR BABHERAT ot et o
static mrtudulérlaedaaét 7 emiricsadidSiest. &nd 30 Oe)ucbrae 700 mere7 tofl 55 cuctahs edeast 8

"front-line" eutic t|v eatin

(e o FEBRATRIeS § RughHeh gt AAREREL 1o 28 brfdrdrenh S gytein g
The t ergochrasltoite@0ug 10@si St ant " tubercul osi s refers to an infection (e.qg.
infection by M 20tubercul osis) wherein the infecting strain is resistant
to two or nore of "front-line" chenotherapeutic agents effective in

tred i nig detthiaramboahents the s:jbemutehefoaw@mﬁs@oa@amh beefers to a

phar macol ogi c ent ., kno d used in the art 1 03|s (e.g
et on_ by APmTAIeLr L a5 Noxs b ot ot o 1 5 S0 M8 o S50
treat tubercu asine achisl sk, ashhbsead:c&respbndlmgndredldUes &8-k3TiNrSEQID Noslal i cyl i ¢
acid capreo cin, Ios r

, i ambut et hi.ona i Lazid,.
ananmycn ol SoTio e SO 3<pat HarEpoasing toreRHERR e T btk RE NG
ri fabuti n) -sa amtrtocnndsu, sluchoésl tousctorresponding tooxaidues 134-#5 hSEE No;1 or
azithromycin an "First-line" or "Front-Iline"
che therapeﬁ?ﬁge%géﬁtgg gﬁbﬁﬁﬁfreat tubercul osis that is not drug
resi stant inci ualembsmmsamod asnhémrmspmdwmueghueMT@ph(smlmNand
pyrazi nam de. . Second-l i ne not her apeut.i c.agent s
o ber cur osi < Thamiusoth aursey Descarapopas (f BRELEs (86 as B SEGH Nor
"first-line"- ’darmgmomcdlsusi&;hdsltmsaaocidnrespornﬂrtg‘ﬂocmadme‘s,1:«Bb‘rﬁ4on$EGdBD No:1;
am nosalicylig acid cl oser Ci kananycin,.and. .c ci,n. Such
phar ol ogi ca) ARReEt s Eh A PR ResPeiiia ErPa R Pl T o s
TheOPhar nacol @ammb ddals] suobfasTheseaquetespasiindHarrdsisunesatit-183hiSED HuiNo;1. 2001.
WO 2011/ 092253PCT/ EP2011/ 051158 42 The terns "pol ypeptide", "peptide" and
"protein" are used interchangeably herein to refer to a polynmer of am no
aci d r elsiatheremdsatnerds the sobstitoted igniéguons padiod snagrte 3 tvokkareinoedieidebigued)e
genetic_c de as |1._as thos no acids that are lLater nodified, e.g.,
v oxy BES e B L By Bt e D R BHbEBhe kPl EedanTRS g oy e
pol ypeps,i4de, G,CTC(BEﬂiongo,tespehallw,ﬁsém 85i nvention will consist only of
natyy ally occurring am no acid residues, especially those am no acids

ded by the genetic code. "Nucleic acid" refers to deoxyribonucl eoti des
or ri bolmun:rhertmtrﬁtﬁ)dsnansitmcdujbaﬁutedtpbﬂroeoiﬁay' e mbséleOrr@sipnngEQ taresidues 135-138

Sgﬁgl e Stsrl':acyft?ﬂof?rreqqsldl;@se@&{ég lé%(ﬂlfN reS| ues’ |n S%Bil}gﬁaq y wth
residues 138-140 in SEQ ID No: 1, residues 138-141 in SEQ ID No: 1, residues 152-154 in
SEQ ID No: 1 or the deletion of residues 149-151 in SEQ ID No: 1.

30
Disrupting the hydrophobicity may also be achieved by adding hydrophilic residues, e.g. the
addition of at least one hydrophilic amino acid residue (e.g. at least 2, such as 2-10) at a
location between those residues corresponding to residues 133 to 184 of SEQ ID No: 1.
Suitably, at least 3 hydrophilic residues may be added (e.g. 3 to 20, such as 3 to 15, especially
35 31to10), such as at least 4 residues (e.g. 4 to 20, such as 4 to 15, especially 4 to 10), in

particular at least 5 residues (e.g. 5 to 20, such as 5 to 15, especially 5 to 10), optionally at



10cDNA, nRNA, oligonucl eotide, and pol ynucl eotide. Am no acids may be
referred to herein by either their comonly known three letter synbols or
by the orwel2etttme2s3ynbol s reconmended by the | UPAC- | UB Bromreonilosdiss
Nonmencl at ure Comm ssion. Nucl eotides, |ikew se, nmay be referred to by their
commonly accepted single- 15letter codgg. By the term Rv3616c protein
sequence' as used herein is neant the 3616¢c pol ypepti de sequence provided

in SEQ ID No: 1 or, 6 a homlogue t e froma cterium species of the
t uber cuPoRSreg g s MBS A ToC. enietRIE op TBD bR SRR e R ot <. or
M af ri lpainephilicoesidGess Wil eypicdly ee IGIMGpAsH €B3), GhaiE)i AsrefN)i HisrARnlyalKpArg

opportunj.stic.and_t causes opportunistic infections such as |ung
i nfecti é?rﬁssﬂﬁwg?gonprom sed hosts (e.g., patients with AIDS), e.g.,

BCG M avium M intracellulare, M celatum M genavense, M haenophilum
M nsasii, .M simae,. M vaccae, M fortuitu and M scrof ul aceum (see,
o o5 PR patiinat i s eGP nurbinty ShdsieladRen Ao Bbas SRl 00 0557565,
16t h edcorrdSpendingiotesigtiesal 33 toeldd.of SERRIDOS):. 1, Bepevidiy hetvecdni thbseaiebidaecy rat e
anong vacci nat ed host.g, t cQnpo s of a vaccing should be well

Coneor vitieshtg Y Hass s L2 P B SR g (ROLAE B aRN vihsR oS ies ruzs16c
pr ot ei ncoresgetdivetd rbsidnesM 33 tobieraficaes) I® kM3 7ARv (i .e. the pol ypeptide
sequence provided in SEQ ID No: 1) 30or a honol ogue thereof from another M

tubercul osis strain (such as CDC1551, F11, Haarlem A and C strains).
St M@ nsTid additidnabierdesphiizi residdiesciapbe dasthatidedt eitifendrit positioigs betwesn tiose (e. g.

MDR or especially XDR) are articularl v bl e, basi or..the w | d-type
Rv3616¢ SROre T RaNde B oaPuBs fed T et AR F (R FoupRaudnd st s+
2011/ 09225 3RGTUIEPROA2 [d35idsY ebdh Haatibrehavisgri 119 additiohal aydidphitit essidies - sushug
resistant, strai.ns found in crowded human, populations. . ers qf the

oo | ent KA gl BRaIgP R s ok G OB R YRR B bR e Oelig i s o

t he wortahtigdhs dronst representative of the family was discovered in

Haa@ em The Netherlands. KZN4207 - Drug sensitive isolate frompatients in
K

waZul u- Natal , South Africa KZN1435 - Multiple drug resistant (MDR) isolate
f r om palhipantcsilar emiodifidnts dabamodfied Rv38f6d @rateitdNESbribediX trengirivas ysectsy

o' i amyrer PR e bRE o inctsad 1 Vot e e a3 R f ound
to be nanbodibentsinmadifiog Rva et proteinttasg nos esrapriseSE@$D dloamg2 t o react i ve
nit rogequg_g]i%gsoqgg%@hﬁs (Friedman et al. J. Infect. Dis. 1997 176(2):478-84)

94 W24 in San Francisco in 1994 froma patient born in China.
Thi20) strain was previously anal ysed by genonmi c del eti on anal ysis (Gagneux

t al.,,,PNAS, 20 6 103(8):2869-2873). 02 1987 - lated in_ S F i
T 0029t RUKER stehs et e st e PP Rvae [l seclep@ o &Ry °°°
anal yz egtrdiry ofgfdnioherculdeis ff orcaxamiple, sy snd GaSEQUR Neats: 37, in faNASIa2 @6% one of

isco in 1999 froma

103(8): =2873) .. 25 T92 - | sol i F

pat s ont SbarR N e e spr T8y e b NAT VB R AR oh et an
PNAS 2004 101:4871-4876). T85 - Isolated in San Francisco in
19 f jent.b i ina. Thi train . 3 ished in H.r t
o) P et R by TR Bt iRt RBHP M ANER skl fdlos
from a Redd1énfprdieing Also prodidad atesischahodifier Red616¢ proteins foy uasmas yreelibaments,

genoni c_del etion anal ysi s eux et al.. P 2006 103(8):2869-2873). WO
Jo11/ 0oy B e EsaH e GR s GRARR o breftstion I 1B,

A further aspect of the invention relates to a method for inducing an immune response in a

30  subject, comprising the administration of a modified Rv3616¢ protein.

A further aspect of the invention relates to a method for the treatment, amelioration or

prevention of TB comprising the administration of a safe and effective amount of a modified

Rv3616¢ protein to a subject in need thereof, wherein said polypeptide induces an immune
35 response. In a further aspect, the method further comprises inducing an immune response

against Mycobacterium tuberculosis.



44 Gagneux et al., PNAS 2006 103(8):2869-2873 and Herbert et al. Infect.

| mmun. 2007 75(12):5798-5805 provi de val uabl e background on the range of M
t uber cul owDOEM2iSAS Whi ch are known to exist. 5Most suipCalipPgo11iobasRy3616¢C
protein is selected fromthe pol ypepti de sequences provided in SEQ I D Nos:
1 and 3-7, in particular SEQ ID Nos: 1 ?nd 3-6, such as SEQID No: 1. An
alignnment of SEQID Nos: 1 and 3-7 is 8 ovided in Figure 15. Modi fi ed
Ry3616¢c proteins of particular interest are those conprising (e.qg.

consi sting of) SEQ 101D Nos: 161-169. Pol ynucl eoti des of particul ar

i nt er esA fuather bkmeoﬂaeimx/edtudrr eiatéde avnbithot! y@rehs egatane ainctioradsmaletiying t o

the M tuberc ns di.scussed abov such. as..t hose ved fraom SEQ
D ner SR PP aSlR tedi S BB R e Bl &isRros R RV gmolit

COMBI NAJflzONGdifleds RqB&‘I@@@r@I@iﬂttalamubgact in@est thdréafdwiry 8 m It ;prrlyﬁeehd\em@cmes

assqQci a nucl eot i es t he resen ion can further conprlse
otner copBTae g itn it e patiel 16 SR ros G rOgee Tl T FTiiove

t hese ambpgeesagamsbMpesbacesipectuberciiosisexanpl e, inproved isolation of the

pol ypeptide antigens may be facilitated through the addition of a stretch

of histidine residues (commonly known as a his-tag) towards one end of the
ant i genThelle dfer modifieds Rt/:a@l'Bcrpedtethn the raaratfa(ttm@ diifa rhéditdnaem dorrties trdatamnt,

typically six.resi th 25i nser the reference sequence.
To ni ni #@'E’%‘I%‘r‘ﬁﬁﬁ"&ﬂ“% Oﬁ% r%%rﬁ‘?ﬂt% 9”%{ % %“1'08‘8 Oé W PVCTRB 1 ef er ence
sed@ence, a his-tag is typically inserted at the N—term nus, usually
|m"red| after the in ne resi
Ot or m HitreReyueploh, aoes omaBalBralBlonss il ieivee Satiehce ththoing o
i ncor pod atoeldles |Rvee1 de‘yjteira@llsld gratiged isal @dlyraclcdtidé ogmensingga hdeipaoitei n
bi nding_to inmo romat o y resins (1 MAC).
Gener al ?W“%B%ep%%ﬁ?dwg %’Hggb‘?éeg%%?c&(&%g EntE Bf @%Hi%ém?%t S Ho? of
si gni f i madiceméntdon thb ereptmenit, avficlloration ofF padviestidn ofdBa desi rabl e i mune
res]g)onse agai nst the reference protein. However, to avoid the risk of an
vérse reaction against the his-tag itself, it is considered best to
i ni m s,e further hgyegt bf thé irtvieetidn &+dt@egto&a rgethbd fcﬁrdmntuonfg érewernurreesis@bres inan

parti cul Wo residues e eof a. entirel WO
Don 1 oow s Ariepsns HioaRhish g 4 frbioBote et dntdilaPEh hiisen o
t he el i endodishgiamudifed RefIBs@rateinposi ti ons, pol ypepti des (and nucl eic acids
encodi ng them) can be prepared which corrpri se nmultiple nodified Rv3616¢C
sequences and/ or additional heterol ogous pol ypeptides or the

pol2nuch éothedespeznotitie mg/ehﬁmnnefatem’nol‘q/metmdtf@frthejrrestmi emeﬂubmtupmbti cular M
t uber cul osi ni.se_t hat (ﬁhen a nunber

d
of conpBRitenar saprPrsan s BahBialin o sanatERaRt e aPRbati on can be
vari ed. p&muomadmb@npmmg)minwed aBd 36 6enceaicediag acamgifeueRe 364 cl petein to a
addi ti ona p fththe antigen .or an dq.iti.o al heterol ogous anfi £
componcbiac (PieeR angrPt Bl aid bo B estud s 0By OF FhirE HRYRBY A MPiner
corrponezmpect (H2) prasera ifveaii@nprpridee a metiospior Bidagnd ah impohy pepbnsteagatmgponent s;
(3)25as yco ac}e¥19 qubercupgg one pol ynucl eoti de conponent;

A further aspect of the invention relates to a method for the treatment, amelioration, delaying
or prevention of tuberculosis reactivation comprising the administration of an effective amount
of a polynucleotide comprising a nucleic acid sequence encoding a modified Rv3616¢ protein

30 to a subject in need thereof, wherein said polypeptide induces and immune response. In a
further aspect, the method further comprises inducing an immune response against

Mycobacterium tuberculosis.

Use of a polynucleotide comprising a nucleic acid sequence encoding a polypeptide
35 comprising a modified Rv3616¢ protein in the manufacture of a medicament for the treatment,

amelioration or prevention of TB, represents another aspect of the invention.



(4) as two individual polynucleotide conponents; 15(5) as a single

pol ynucl eoti de encodi ng two individual polypeptide conponents; or (6) as a
si ngl e povgnoolmetssde encodi ng a fusion protein conpri sipag/Epedih/opaby pept i de
conponents. This flexibility applies equally to situations where three or
nore conponents are used in ZOConbinatégn. However, for convenience, it is
of ten desirable that when a nunber of nponents are present they are
contained within a single fusion protein or a polynucl eotide encoding a
single fusion protein. In one enbodi nent of the invention all antigen
conponeAdditicuaty, pheareiigiedvidsd pahymepdcudes cOmpgsition ¢dmprisingsi ngl e fusi on
protein). In_an alternatj enbadi nent of the invention all antigen
conmponent s d@gaﬂ%ﬁbﬁﬁggﬁggg%BVVﬂﬁéreotides (e.g. a 25single polynucleotide,
such as one @ha@dlyngcleotkiengheribingiactucicdcd sgquehbe eh@rding' deiodifiodl RyB&Hc when
used with reference to portions of a nucleic acid indicates that the

nuclvei c acidWBBW%rises two or nore subsequences that are not found in the
sanme relati omghip to each other in nature. For instance, the nucleic acid

is typically reconbi nantly 30 produced, having two or nore sequences from
unrel at ed ge(r‘fég pﬁ?%&@@c%}f)aﬁﬁeﬁ@b} ﬁ%r\r/{;erf?fr?é(?'ip%ﬁ'«iﬂ nucleic acid, e.g., a
pronoter from one source and a codi ng region from anot her source.

Sim | t | tein indicat that th tei [ t
or " mor & UinsE i B ER En P B R BRI TeahEG € ot onship Lo cach

ot H&r i n nat (a e nfaifted, R\B6f 66 pateiprast ei n) . WO 2011/ 092253PCT/ EP2011/ 051158
46 "Fusion p peptide".or "fusion protein' refers to rot ei.n hayj at
east -t nelbh SranbEeipmatiaas B Gri et iedes b sl Bsdlpa AT,
pol ypept i desprotsinzal ently |inked, either directly or via an am no acid

| i nker. The %9 ypeptides formng the fusion protein are typically |inked
C-termnus t term nus, although they can also be linked CGtermnus to
C-term nus, () adbewspedifisininouny-reeparisewdhaederN-term nus to G term nus. The
poHﬁpeptides of the fusion protein can be in any order. This term al so
reférs to conservatively nodified variants, polynorphic variants, alleles,
mut ant sAlso pravivegesnae ekpragsi@ntestoranoeh prising mspetzicescid semleags endodirtea motlifigeéns

t hat na%g%ﬁﬁ thq fusion protein. Mycobacteriumtubercul osis antigens are
describ C861"€"et al ., Nature 393:537 (1998), which discloses the entire
Mycobact eri um tubercul osis genone. 10Antigens from ot her Mycobacterium
speci es that, corr on o M, tuber.cul osi s, anti s can be . identified,

o oL AT s RIS VeTie o HERE DR AR IENBR 0: her
met20od sAdditiomally proviied és @hosticell which rédmmisindntlyexgressdyyd modified Rve61&sgatein. and
ant i body binding assays. 15The term "fused"” refers to the coval ent |inkage
bet ween two pol ypeptides in a fusion protein. The pol ypepti des are

t ypi cal FyrtHeoithed iy pa@videp @ephétted fooitits predtdtien ofla mexlified RvB6é 8¢ protdifter or vi a

an aming.acid linker.. Optignally, the tides.can.be joined via

on. peptiaEeaaREsr o Sa8 okitsabRaR PR e For Relfe vitp 2 host
20Exenptadity Mt ubercul osis antigens which may be conbined with a nodified
Rv 6¢c sequence include one or nore of (e.g. 1 to 5 such as 1to 3, in
particular 1) the following: (i) Mb8.4 (also knowmn as DPV and Ryll74c),
t he pol Alpeptovitledsee dianoestiafkitsbomprisisg:descri bed in SEQ | D No: 102 of

W97/ 09428 ( in I . 101) .and in Coler 25 et al Journal of

| mmunol ogy 1@%1%?@5%-@%%‘3 %Otleﬂfhrti cular interest is the mature M b8. 4
sequence whi ®h | sagdasaas smfﬁ@er!mteadbnﬂgctgagjwabdiﬁmpRi/zm%iprﬁein&ﬂihrmsan;bld

ol ypept i de sequede PATEA o Taeig PR AR g0 ) T bo. 5
(al3o known @3 MSheamwtoRy@REY Yhe T bell pepyepdfittesanvgeence of which is
described in SEQ ID No: 109 of W98/53075 (fragnents of MSL are di scl osed

in SEQ ID Nos: 110-124 of W98/53075, SEQ ID Nos: 119 and 120 bei ng of
parti cuhessthérmrdspeetstf theainderdibs oelates @b efagabsta! kit\é@emrinieg2009 27: 223-233 (in

particul ar t reactive f nts, sho in Figure 2 therein). The
full -1ength %gl yp%&wﬁ'sd&ﬁﬁﬁ%%om MWho s 351 s shown in SEQ ID No: 9:
(b) apparatus sufficient to contact said modified Rv3616¢ protein with the dermal

35 cells of a patient.



WO 2011/ 092253PCT/ EP2011/ 051158 47 (iii) Mb9.9 (also known as M b9. 9A

MIl, MrIl-A and Rv1793) the pol ypeptide sequence of which is described in
SEQ | D Nowo»91109238898/ 53075 and in Al derson et al JournalcTaP2iipsrissrent al
Medi ci ne 2000 7:551-559 (fragnents of MIl are disclosed in SEQ I D Nos: 17
and 51-66 of W98/53075, SEQ I D Nos: 51, 52, 53, 56 and 62-65 5bei ng of
parti cul ar interest) A nunber of pol yé%ptl de variants of MIl are descri bed
in SEQ

o So AR s of s iRt reifics, @ Sndhod rer SIS AR PR Te hy fnERiRsR ©

pol ypepihfed&orsmcammm:t’cmhpﬂhtnt@ 9 is shown in SEQ I D No: 10; 10(iv) Ral2

o Geosori beda) n SEDHHRE SoTB o Da0H SBRED" nh TSR E s & P Gnal of |

I mTunol ogy 2004 Héeétﬁ@&’ﬁ ﬁﬁz&ﬁolo@'b@ sbtﬂple—theIrogis}enp@bﬁlambbdldettmeqtmm@&lef or
%IS shown in S%[ qEj)l\€1c?t tlS(V) Ra35 (al so known as M b32A N-term nal

antitgen) the pol y'B8 ' 5 % ﬁé’ﬁ%gmof which is described in SEQ ID No: 8 of

W01/ 98460 and in Skei ky et al Journal of |nmunol ogy 2004 172: 7618- 7682.

The full-length p eptlde sequen for Ra35 is shown in SEQ I D No: 12;
200vi ) i BeiPe F e RS S U e s90R SR rorL and Rv1196) X he

pol ypept i de (@@quemaﬁ)dmbdmsﬁﬁd Srotdérs auhidhaatotiem iSbRtidraliNemmdifiliseaif oV 8o1id094 28,
and also in Dillon et aI erLecti on and Immunity 1999 67(6):2941-2950 and
Skei ky et al JourHHPodsa nol ogy 2004 172: 7618-7682. The ful | - | ength
poltpepti de @@quemdetetion rébgEnti s shown in SEQ I D No: 13; 25 (vii) Mb4l
(al so known as MICC2 and Rv0915c) the pol ypepti de sequence of which is
described in SEQ ID No: 142 of W98/53075 (cDNA in SEQ I D No: 140) and in
Skei ky latonelendsmdiiment tias subjaat redleting 2000ifiéd RvZa8e-pfddh, pdlgeudiedtide loengt h

pol ypepti de uence S_shown i.n [ 1 Vi i ESAT- 6
(ol 26 RisbtiosTEA aERing Hha-don Tl i arnils EbgisulBshie et 2csp g v
descr i bietledicnloSER |h@ fsaond 6 bodimah Ofhe 3GAYj28t rﬁaﬁ)hh\/d IateBEHQbEfOuNSis (& g4doraraaht i n

Sglr’@;zglﬁ egho%éﬁh/{; Ct'g ISE l_gt?r}i ng%glgg ec%n"lqg b%z7fr1szr iy fepclu o_slsength
2011/ 09@2pH He€TiorPARLAoOb M6 81béEciasis). Ag85 corrpl ex anti gens (e g. Ag85A,

al so known as fbpA and Rv3804c; or Ag85B, al so known as fbpB and Rv1886c)
whi ch are di scussed, for exanple, in Content et al Infection and Immunity
1991 59A32|6]56t3édéiviagtd nhotjlfldd)@é}me(t p@tellNaitheclb’EMﬂeocbrmnibﬁglﬁorQé&)or(ﬂ!@@tcﬂlﬁB

The full-]length peptid uence . 516
(the mlliop rEpaare bR AEe Rao5uat o il TS Reb B aooBele | e,
bei2ly ohfgstiort by i arberawmsesetu):h a§ltnevuﬁglbberh eagirataablvijtpe Bacides SelonwdttnaBudriar
AgSSB | S the protein resi dues 41: 325,
e o MPalruViing Uity res e ResPifa Meiel e e it for g7 08

Al pha cmye}ttmhlnnay Heak 90t bempredisudty paccimate Ro2 WB&w) osfsi (ely. hst desinatebed i n

Ver bon et al acter.i.ology 1 174: 1352- 135 Friscia et al
a1 o catoeuiriel Bl e o r S oo Bets pedr Bt 1 BP IS nt er st
ar e t heCélmettoehiesingBC@spondi ng to residues 71-91, 21-40, 91-110 and
111;.130) ). The full-length pol ypeptide sequence for al pha-crystallin is

sh in SEQID No: 18; 15 (xi) Mt64 (also known as Rv1980c) which is
descr i bRehadifieBd0I36 1€t prateirSepatyduclastideror tompositiorodcdoninig thedgyeni®® hay be

43: 662-670. %Eo full -1 ength pol ypeptide sequence for MPT64 is shown in SEQ
| D No: 'TQV'E? ﬁ%et‘ﬁH‘rB tein of residues 24-228, i.e. |acking the signal
pepti de, bei ngeatfngpﬁutlt/e tubkeouldsist er est) : 20 (xi i) I\/tb32A the pol ypept i de
sequence of whic ts d sc bedlln SE%Qj D%y g t ng and residues
8-330 of SEQ PBVRB’”%‘C }‘r%‘t??e“"c?ts 7% %‘B“'”éf 'E&%F‘P IS IhEs having at
| ed®X one of urrefectad adr;attematnvelyad sabjbettveth tias. IgtentlthCtI(a‘t)a| ytic serine

resi due, whi CE R f ¢ § n@f’e be mutated to alanine). The full-length

pol ypeptide 2 8%5@ Ett’ F°MPB32A is shown in SEQ ID No: 20. The mature
form of M-Db32prevantingdatent tuberculosis; or

- preventing or delaying reactivation of tuberculosis (especially the delay of TB
reactivation, for example by a period of months, years or even indefinitely).
35

There is also provided a method for the treatment of latent TB comprising the steps:



Ser/Ala nmutation is shown in SEQ ID No: 21; (xiii) TB10.4, the full-length
pol ypepti de sequence for TB10.4 is shown in SEQ ID No: 22; 30 (xiv)
Rv1753c, wbeofwlob2sBengt h pol ypepti de sequence for Rv175BcTiEPoomt/ 051158
Mycobact eri um tubercul osis H37Rv is shown in SEQ ID No: 157,

(xv) Rv2386¢c, the full-length pol ypept e sequence for Rv2386¢c from
Mycobact eri um 35t uber cul OSI s H37Rv is own in SEQ ID No: 158; and/or WO

2011/ 092253P, /EP 11/0 0 u n eptide

sequence. f orTRETIBRS 1 PbiF 38&%9&%%3@12%5%@&'8\* Sp S BIRGT TSR T h seo

| D No: 159. aysaggnimdati ons thereof such as: 5 (a) a conbi nat| on of Ral2,

TbH9 and Ra35, conmponent form of f usi r such

2s M b7or - TRLSEBRRRE R ey fErcher ait bIsvF smebattasie e B e ho:

of W2006/ 11t2ith cﬁlqﬂl%ubleoﬁiEQeddang a rﬁb)dlﬁﬂstﬂRvCBmSls@rdtylnE(ﬁumlas]imthenfafm of a

Imn,gwologyz 4172,[7 187 %é re it mcpyp ?rﬁs an optional Hi s-tag to
d“10puri fi TR YRR S MIROPY'? 88'”?'““%%8”'5?8 ERE""?Hventi on suit abl y M b72f

is absent the optional histidine residues). The polypeptide sequence for

M b72f A sho |n S |na

Ser/ Al d ﬁﬁPE& “(ge 05 WBF@‘%‘&%&\PF&P% ves ?r? Wéﬁ? %”Hé&t%%gp%een

r epl acedlagwdstic alltamnml)jemtilrafaﬁmeasﬂm (efpratenta®) lirea itest sitgedtor m of 15a fusi on

protein, such as M/2. The pol ypeptide sequence of M2 is described in SEQ

| D No: 4 of W2006/ 117240 (cDNA in SEQ ID No: 3) where it incorporates an
optlidonalhedterrhl#lyboeictedimes peoieaiotthedabdradbsis eomplbenincldds thesk spectdse present

t M7 .a d I istidi tably Mr2
o abscRtot R DRBIRR AT Fifofit e Culsees Wile’ B3R sh 10
No: 4 oén\)]:mameﬁbbﬂéw ékiri]boatuel_sﬁxf ssqmre}si[t)hatl@Usi@jbetoarcsista)ndrlrgﬂ@d|tpeds¢p|e¥mrtl\1fug% "
n or [ own, in .NQ: : ac i ion o
b5, 5. BTG RATRA B CB ShBaNEN: 81 AR dxantl b B RRE PRSI Ta fuston
pr ot ei n\. sﬂacdmm BaE ®,7Mf avidrheMpiatry qedipiare] /1. seGinencd. génalvbisé]l M. ihaemleglagiinhed i n
| D V‘099/0 1748 in SEQ | No:, 15 i N
5 e or Hosatas” i TP daretiee ANg W riiane gt Rt s e Ea” tiariseaisa 1 n
t he preBmMp/emafdmterrmM@didmbCﬁaﬂkfbb?ﬂﬁ ppo%(«la%ﬁ)(rmm ¢, Braiunwaldcetch/.r edd.dues
9-710 ID NO. .16 f W99/ 748 f
v b7a 1O ereReaRy iR ety g aed SRR SAP A SRR Mo
(suitably wi thout optional histidine residues to aid 30expression) with
M b9. 8 and, M h9.9, .f i tid
Sequenctd 5o R 2101168, BT Boot et 1P MR i BeRPSRER S 6" oo
f usgi0on) mamifestedudissh sk Byinbon @skotlesionse(gtitabhy withmahicstdd diSeskeMybiid@nd)usi on
may optionally incorporate a double histidine followng the initiating

met hi oni ne residue to aid manufacture; WO 2011/092253PCT/ EP2011/ 051158 50
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). A subject with latent infection will suitably be one
25  which tests positive for infection (e.g. by PPD or T cell based assays) but which has not

demonstrated the disease symptoms and/or lesions which are associated with an active

infection.

The term “primary tuberculosis” refers to clinical illness (e.g., manifestation of disease

30 symptoms) 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

35 dormant, inactive or latent infection (e.g. infection by M. tuberculosis). See, Harrison’s



(e) a conbination of Mb72f or M/2 (suitably w thout optional histidine
residues to aid expression) with Ag85B, for exanple in a fusion protein,
such M bM8Ro11fiee2spol ypept i de sequence of M bl03f is degcmiErea 1ioc11SEQ | D
No: 18 of W03/070187 (cDNA in SEQ ID No: 10), where it incorporates an
optional H s-tag to aid purification, ;;t(\,hen utilised in the present

i nvention suitably M bl03f corresponds 'to am no acid residues 8-1016 of SEQ
| D No: 187. SO 0 art i.nterest is 03, I.e.

b1 03r PRy Berian Meeielie &3Pt of BB S HoRH oL R Balicl et
utilisezb05) the present invention suitably MLO3 corresponds to amno acid
resi dues 8- 1016 of SEQ ID No: 18 from WO03/ 070187 wherein the Ser residue
at position 710 has 10been replaced with Ala. The pol ypepti de sequence for
MLO3 i sTishigwn “iubeSEQsis Peddtivatibh,’ refbeno teeidter matnﬁ&t@ﬁcﬁ&ﬁlmisebweﬁhﬂ)toms ifh be

M7 2- f.usi ional l.y i.ncor te da

ol Poi AR Farter S EeR By bR I it RSP Rl o leBbio 20 T o Y
conbi ga(tellcmase(ﬂ adddyy st ﬁtﬂt ddié2 n()Bthte&ip)byre\M tibeade @Ptpt@ﬁ@.l delta)ly ttle melividgil dues
to aid e R I\/t e.in.a fu r

b 17 T RRER S5 e Sereesseddauntedions TRE Besve s Bonssl s Btk isdeas e no: 16
of VWO03h0ividl8ifs (ntdméd, ihowStsp, th iftivid &9 ma/yfmrneay notihae®pieeioatlg snamifestpd | onal
Hs-tag_ to urification, when iised in the present inventi.on

U t abi 5PN AIpEate D ERh R el Ben el 3 fiopRy HeBb S hhal iS850 o no.
16 10 onn3\&R8/ob Fddrd dtatdl B wvilbbe @aodnisad that mathede i thesprivitdrdion) detay dd b114f

i ncor por atin ti.on int en utilised in
e pr oS R s Ay SR 6aA ot BT B PTG s R 5P dres

8- 1154 gfmpbtetls bidibeasel6 from W03/ 070187 wherein the Ser resi due at
position 710 has been replaced with Ala. The pol ypepti de sequence for M14
is shown in SEQ ID No: 28, when used in the 25present invention, the

M/ 2- M bBheéOteivh B&rug résistanth tueycutsts refead toyan mteonq)m(eag emfactcdmmlm thberculdsinge

f || th i
orie? nadfeskiape Ritdub R Fad et BRud TN T ¢ s RSB BTRE e bk e
| n Dohea:atllyd éftorgllingd'aaenalthendpdutit agénte effediive datestingAerd@6siR 16 ; Basidzidand/ or

conbi pat i o 85B. and TB10. 4 .canmponents, such as in a fusion
descrl b@fampw pgeut SérFA@F‘y&'}Lﬂ“r‘?a‘iyr%zl’”% hol ogy 2005 174(10): 6332- 6339
190: 2146- 2153. Combi nations of a nodified Rv3616c sequence conponent and

Rv1753 f 3 I h | h
o o nal R RER TR Bl RRGHEAE 1 eP HRon g Y8R ponen s
(e.29. atwbdicRiosishwbereimtthe mféﬁﬂ)n@@ﬂrémw&%&w?ﬂd 2 M ére vt fedit-Brie”Anot her

mbi f d .Rv3616 d
an w72 s SR RPN B P AU oM or est conpri ses. a modi fi ed

Rv3616c seguence conponent and an Rv2386¢c conponent Q her conbi nati ons of
i nterest .i.nclude those co nodi 3 enc ent and
o By 5 b ARl aRalte Sof TR 40 H Bl Sleb RO Ky AT B RO RS Ces
nodi fi ekded%xhﬂﬁlﬁ%mmmﬁectmmyd\ndnberamdsmh Edepipdified Mﬁrmlabolnglcmragememsed The
ski e ni. s tha |nat ons need

Snda £ 1ot fBatblosu SR PhEare PRt BTl SE ARfiissalialio bl s SChics
conser V@tclosetlr;e rtrchinibugal, ethibhamide, isenigzid Heanamyciat pyrezisamidé Aifachgains {iye,, such
as at st SO{QI dentity

d
Sepaci itagbige 7 sgttneg%%rifa%ﬂw?tsyfpte;mycwnﬁ*ﬁ%agﬂ. Grpfcc e B, | cast
20% of aiérdnfdin drehftitdnoqumdlges, “Bistinelsordfrohelirst’ chb@¥oibbrdpheticadantensedita

Cequenceet it e SOl imp R e R dufisprac: Barber riagpbutoh e P
30  streptomycin and pyrazinamide. “Second-line” chemotherapeutic agents used to treat
tuberculosis that has demonstrated drug resistance to one or more “first-line” drugs include
ofloxacin, ciprofloxacin, ethionamide, aminosalicylic acid, cycloserine, amikacin, kanamycin
and capreomycin. Such pharmacological agents are reviewed in Chapter 48 of Goodman and
Gilman’s The Pharmacological Basis of Therapeutics, Hardman and Limbird eds., 2001.
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20 Each of the above individual antigen sequences is also disclosed in Cole
et al Nature 1998 393:537-544 and Canus M crobi ol ogy 2002 148: 2967-2973.
The genomeoabiiMez2isaber cul osis H37Ry is publicly avail ablper/Hroo110za8P! € at
the Wel conme Trust Sanger Institute website

(www. sanger . ac. uk/ Proj ect s/ M uber cul osi %/) and el sewhere. 25 Many of the
above antigens are also disclosed in patent application nunbers

08/ 523, 435 081534 , 08/ 658, 8 /6596 08/818,111, 08/818, 112,
08/ 942, DRIeTTE SHPeBIE. GapHTs 20850y SRoLoFege A iER e Bdp 695" 85t
09/ 072, &ﬁﬁner&ﬂ/a@rﬂﬁb @@&resﬁlﬂ!’e@?&aﬁik@lly occurrm@/aﬂﬁﬁb 848s a@Ih@rerbbéBedbgtien PCT
pat ent 9@9Dr%§' ca |ons IﬁCT/ U598/ 10407 ﬁ%/ I E?/ 100\%];4 30 /U8991 03265,
PCT/ Us % &ade. Betellsg dIeP AT NO W8T 50 458 KH M ARS 71 94 D8NS Fe b4 s,
W98/ 16@460xygmnwma:té aMd(oerhDSpHmewmm $untablyrmn5caypmrbtlb@'aa:c&fr@n@mtee prese'lh'he
co SItIO and nucl ei c_aci f the inventiqn can
condt: seveian sREsaR L any R e Ry S b EeRbe BiliesklSs eBre il ipe o Re
conposi adidencaded by theogenptiot@ens 350f the invention can include

pol ypeptides or nucleic acids encodi ng pol ypepti des, wherein the WD
2011/ 092253PCT/ EP2011/ 051158 52 pol ypepti de enhances expression of the

ant i gen‘Nuelei: aC|cN$éf,er§iin deokyribenaéestides or fbaiuelentideeend @Igner‘é‘@i%ééfﬁd%&he&nd
W93/ 0417 b{] (f ei,c acid oft t he |nven'(tj| on Ca’%& E’ en |bi1ee ed based on
codon p?'%? r%f Loierstianded, ”’és E5FCTHB LR 3@d § used gD UL S of i n
Vi Vi@ ex¢DMeAShRNA, oligoaugiastide; ahdpolpacdestitdem (| n t he case of pol ypeptide
production). SEQ ID No: 160 for exanple, provides a codon optim sed
pol ynucl eoti de for the expression of Rv3616¢c from H37Rv in E. co/i.

Amino acids may be referred to herein by either their commonly known three letter symbols or

by the one-letter symbols recommended by the IUPAC-IUB Biochemical Nomenclature
Commission. Nucleotides, likewise, may be referred to by their commonly accepted single-

15 letter codes.

By the term ‘Rv3616¢ protein sequence’ as used herein is meant the Rv3616¢ polypeptide
sequence provided in SEQ ID No: 1 or a homologue thereof from a Mycobacterium species of
the tuberculosis complex, e.g., a species such as M. tuberculosis, M. bovis, or M. africanum, or

20  a Mycobacterium species that is environmental or opportunistic and that causes opportunistic
infections such as lung infections in immune compromised hosts (e.g., patients with AIDS),
e.g., BCG, M. avium, M. intracellulare, M. celatum, M. genavense, M. haemophilum, M.
kansasii, M. simiae, M. vaccae, M. fortuitum, and M. scrofulaceum (see, e.g., Harrison’s
Principles of Internal Medicine, Chapter 150, pp. 953-966, 16th ed., Braunwald, et al., eds.,

25 2005).

To ensure a high efficacy rate among vaccinated hosts, the components of a vaccine should
be well conserved among the stains of clinical significance. Suitably, the Rv3616c¢ protein is
derived from M. tuberculosis H37Ruv (i.e. the polypeptide sequence provided in SEQ ID No: 1)
30  or a homologue thereof from another M. tuberculosis strain (such as CDC1551, F11, Haarlem
A and C strains). Strains of M. tuberculosis which are associated with drug resistance (e.g.
MDR or especially XDR) are a particularly valuable basis for the wild-type Rv3616¢ protein

sequence. Strains of interest include:

35 CDC1551 - transmissible and virulent strain



The nodified Rv3616c sequence conponent may al so be adm nistered with one
or nore 10chenot herapeutic agents effective against tuberculosis (e.g. M

t uber cul owDiIMPErsBi on) . Exanpl es of such chenot her apeutrce/Eeg@nisiissicl ude,
but are not limted to, am kacin, am nosalicylic acid, capreomycin,

cycl oseri ne, et hanmbut ol , et hi onam de, '§oni azi d, kananycin, pyrazinam de,

rifamycins (i.e., rifanpin, rifapenti né and rifabutin), streptonycin,

fl d i in, h in and
f US?SSL.”W%%%J  GI Gty BT <O BB ePm NE o RE TS ¢ ne

treati ng physoptiaionsidVergbgrs ef thertéhridmufg milp obAnabeaotosis dtamsthalve beén found

i oot fon (AP DERRBET MAKP L& PR tertshartriee PEGR Bivar Hecred n O °

et hanbut ol , Haarepd, dmgdNethardpyr azi nam de. " Second- | i ne" chermt her apeutic
agent s used to treat tuberculosis (e.g. M tuberculosis infection) that has
denvnstrated drug resistance to one or nore "first-line" drugs 20incl ude

of | oxaci n, cKIM4dd7oxrayRensHiVei isslatificben patentoia ddwaZylu-Natal iSduthcAfdtdser i ne,

am kaci n, kananycin and capreonycin. Conventional chenotherapeutic agents
are generally adm ni stered over a relatively long period (ca. 9 nonths).
Combi nat i on KIN t4BdvweMiitisiaatugcriesisinh@BiREigblate fege phtieritd infKwdBulaNaiahiSduttat i on
250f a nodi f fed Rv3616c sequence component according to the present

i nvention ney &habl e the chenot her apeutic treatnent period to be reduced
(ed® to 8 nonths, 7 nonths, 6 nonths, 5 nonths, 4 rmnt hs 3 nonths or

| ess) withou crease in efflc ular he use of
| ese) L hou 28 e %ﬁaﬂﬁéw@edwgﬁ%%ﬁaﬁtt(@ﬁ)ésgiﬁ ReriHateSsil RReauiNTs

Cal met t e- Guesouth @Big@) . For exanple, in the formof a ITDdI fied BCG which
reconbi nantly expresses a nodified Rv3616¢c protein. Alternatively, the

nodi fi ed Rv3616¢c sequence conponent nay be used to enhance the response of
a subj ect t oCBEghhateansmatieédin, Neav ¥ ber Cityy Ircaneastadynthist stratni was munmo boowtd Ng a

pr ous BCG vacci nation nhance, t he response bject to
Bt acci nat (o) ARORaan SR iem ERIBREL RSB ERER iordulitEhary be
provi ded i n (Friedman et alf J.anfeol. e pbdTE7&1(R):47 84 )ynucl eot | de (optionally in
conjunction with additional antigenic conponents as descri bed above). WD
2011/ 092253PCT/ EP2011/ 051158 53 The skilled person will recogni se that
conbi nat i On894)ﬂ\/l424|‘mGl1ﬁj'lz§tsd ire®sh Raihcibeo mdiaodifoires adtietrmgeutnthhaijmay be
appl i ed: sepg r at el in co ion: at th sequ ial 1y or
W Thi n a shoREthapt B Ry GBRYP ALY dordh bRt iy RacsRix $El, £1AY
Ne\2&fr t hel ess20060103%)@860+2828ce it is generally desirable (where
adm nistration reginmes are conpatible) to adm nister a conbi nation of
conponents as a single conposition. The pol ypeptides, pol ynucl eoti des and
conposi ti ons0f 98hels{a>raﬂaa13nntsdnrﬁlren¢m';@nnm02 frumtmbétpnbl@or&@nﬁnmmtm@ Tthﬁs

iLve

humans, but be exp cl
Todonsst o, nuRIES BEPGOsapy=Eal eer il ekt ?%F%S'S (PR Zel Flathishe
hanst er s, chiOﬁBfﬂd3KEa)s2)8694267&gr| cultural manmals (e.g., cows, pigs, sheep,
goazt5s, hor ses) .

T92 - Isolated in San Francisco in 1999 from a patient born in The Philippines. This

strain was published in Hirsh et al. PNAS 2004 101:4871-4876).

T85 - Isolated in San Francisco in 1998 from a patient born in China. This strain was
30 published in Hirsh et al. PNAS 2004 101:4871-4876).

EAS054 - Isolated in San Francisco in 1993 from a patient born in India. This strain
was previously analyzed by genomic deletion analysis (Gagneux et al., PNAS 2006
103(8):2869-2873).
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VARI ANTS 15T cel |l epitopes are short contiguous stretches of am no acids
whi ch are recognised by T cells (e.g. CD4-F or CD8-F T cells).

| denti fi owDi20n/253 cel | epitopes may be achi eved t hr oughTAPRé10pE118RPPI NG
experinments which are well known to the person skilled in the art (see, for
exanpl e, Paul, Fundanmental | mmunol ogy, Z’rd ed., 243-247 (1993); Bei6barth
et al Bioi nformatl cs 2005 21(Suppl. 1): |29 |37) Al ternati vel y, epi t opes

Bampl <o dl VAR 200 1 B AT B B R A e haRg refer ent rLa

types nEHM2)X3798- Efmstpr@udeaWallmhlé baukgrotay ondhe tzmge@cﬂrgmtm&dﬂd:ws sttdinsneetitter s of
the popul ati a result of the crucial involvenent of the T cell
respons%r %OWUB%%% osis, to maxim se the |level of recognition and 25scal e
of inmmune response, an opti mal nodified Rv3616c protein is one which

cont |n t he suj t abl pes intact. . 'Varia

5 onDer i Fokihe RYas Reaolbla st et ioh FE ol BoRBRSaHp s Reovirelth
nucI ei cSBQild l\msqmendes7 w\Mérhcul@rﬂ]ﬂOﬂDMspaaM 846, anchnaceQdDa: d. seguences,
conservg tlvelgf@% %E‘ f (?/srlants @ ES to hose nucl ei ¢ aci ds which
encode {'§8A¥McY O8nt PAT P/ 15 QEside ';QH{en ‘aci d sequences, or where
the nucleic acid does not encode an am no acid sequence, to essentially
i denticgl .seque S. e to the degeneracy, of the enelc [of0)
nunber QPORERET PRI lpragn BTG 8 85 SdtipdEle et ad oG ad®
pr dtCei niD Weod: 16msicance, the codons GCA, GCC, GCG and GCU all 35encode the
am no acid alanine. Thus, at every position where an alanine is specified

by a WD 2011/ 092253PCT/ EP2011/ 051158 54 codon, the codon can be altered to
any of Pdﬂ@mmdtless)oﬂ’mﬁrmgnamdemst aredicoselnetivad froraube a/ildefdersgqudsmseencoded

pol ypept i de. c i,c_acid.v r| at i.ons dto " ener at e"
Dar ) aneoreao el iedng AE sl end Gk e lRont lule) swdudsPlee HveFREhs

Every nBEQeDN@Qid its esjated & checaion ommdmmuomml ypepti de al so

desl%{i bes every possible silent variation of the 5nucleic acid. One of

skil®l will recognise that each codon in a nucleic acid (except AUG which
i s ordi @QA@MBINATIGN®Nly codon for nethionine, and TGG which is ordinarily
the only codon for tryptophan) can be nodified to yield a functionally

i dentical nol ecule. Accordingly, each silent variation of a nucleic acid
that ensedesenae pohmpm'pgthelmddmekjrmsim&t priotelm(@ha@hmmtédmdyr&em&mse) of the

Non- si | ent \{arl ahl onafbra ﬁ r esul gﬁnge in tthe encoded
ani no atPEELYTE g ?rhcgmrﬁﬁagw P%’Bp%'l%‘ést?"ﬁme O CHMAEEI A" or additi on
of 28m numrmmo@emen;y duesr)wproVédﬁaSealntlgérsdn bthet Fespactt. &bt daxanam@gmpmed hat a
parti cul ol ypucl eot i.de uence e n b th s n si | ent
Pons er vanPUE oiAPe oo aRRGRIE R, SE kel B SfiBi e S e B Secltihice, *Che
ski | | edniptiirsomesidubs (doeﬂmgﬂly kreovirhad a hisetay) tdwartds snb £int tofi thecarsigerdel et i ons or
additions to polypeptide, which alters, adds or deletes a single 15am no
acid or a small percentage of amno acids is a "conservatively nodified
vari ant TheMeenehisHeg akfees ta gtn(lg))f hnelxinid r:esldneés Hypisallp sixi resitiiem thedt assn am no

it 1 o i P RlecchebtsPhioe " Todaliee ulioekiOhe e otiuapspiatad vy
i rrpact thbecfbremco gequanct Lmnbisitagisdfpitally insertedat theN@mMvauaﬂyslmmatelyut ion
tabl es ﬁ‘[e?\('edllnﬁlgtlrﬁgurrﬁ(é%hlloonrﬂr?el rle |dlSJ|e ng)rle se eﬂ the 8 tgr(r:r%lr(?uss Ef'hey are usualny meropogous
to the native sequence but are incorporated since they facilitate isolation by improving the
protein binding to immobilised metal affinity chromatography resins (IMAC). Generally
30 speaking the presence or absence of a his-tag is not of significance from the point of view of
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.
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the art. Such conservatively nodified variants are in addition to and do
not excl ude pol ynorphic variants, interspecies honol ogs, and alleles of the
i nvent i orwolntigmessal , such conservative substitutions wchiierk@liloswsg hi n one
of the am no-acid groupi ngs 25specified bel ow, though in sone circunstances
ot her substitutions may be possible mﬁhgout substantially affecting the

i munogeni ¢ properties of the antigen. "The foll ow ng ei ght groups each

ook ner T TR o B o0 L Y ARSI SRR b8l
I( E) | 3) paieplides (aed quleic@fwsaambdtaﬁngj Bem)4pn Aegi\r/esﬁam@d Which Cb%]$ii$|:]§ﬁm(]ml))tel 5)

sol euci ne.. uci ne : i,apin . Valin : enyl al ani ne
(). Tyradn ke B eiertssh an Bl wtiblano e poSetnibsn chite 7)Y and Wo
2011/ 092 RIeleblidEdencbIDE 1B fiot Bypatierive spEgies ik pbiticaland. (Mprdutees). e. g. ,
Crei5ght on, Proteins 1984). Sui tably such substitutions do not occur in

the “regi on of an epitope, and do not therefore have 5a significant inpact
on t he Onergkitgeinitice pit oflleeto@ssecthat Wisereahugber. ofCompenenty ard athited imay al so

i ncl ude_t hose. wherein.additignal am no acids are inserted.c d to the
o er enfEIB5En e P HEPS M E Y A AT Fiin O ATIE. GLRAT e R SFegi on o
an epi t sp@enéncomigoneat andat addtiahaheoy @ trss gitigeh oanh addinércd heterdidwus

i m’runogerﬂj C proBerti es Iﬁf t he agtdi_gen. 100ne exanpl e of insertions includes
a shor t “YPFRLERPEPCT CRYIA §eREeSPR Y ues (e. g. 2-6 residues) to aid expression
and/Oor purification of the antigen in question. Protein variants

i ncl ude those,wher.ei nlﬂan‘i na aci ds. have beer{ del eted conpared to the
gt O

ref erence squér?c,set‘.'vo IAGSPEPPBRESdo not occur in the regi on of

an epi tope, arg am fliSoatordtbiarcefprieinhdvth Eolyeptidd caapdnentspact on t he

i munogeni ¢ prperties, of e antigen. The.skilled person will recognise
that a partic aﬁs%eoqo&pﬁp{il%?rgﬂ?neg%@yr&g%ﬁp?%gor%ﬁ ‘tutions, deletions and
addi ti ons (or (9ras teonddiviaddl polybhesatiae )compondrest erns "i dentical” or percent
" tity," in.the context of t or_more nuclejc acids.or polypeptide
seconces.  r elurnS i v eBeduelBe oo faLaTERIE R R of e
same or have &)specsihglepolyaudestidagacodingaifiorapriotkin eehphishgy losth polypegtidedes
that are the SaneP{}’iolﬂg"étF 70% i dentity, optionally 75% 80% 85% 90% 95%

98% or 99% i dent9® a specified region), when conpared and aligned for
maxi mum cor r espondence over a conparison 25w ndow, or designated region as

reasur eflnléJ équglitg %%pl?e;s e;[qulj(eadl;}c t%l slitgg\filorh% W%%%J%rr]geeorc r%c%acroimsp%rr]ments are used in
20 combination. However, for convenience, it is often desirable that when a number of
components are present they are contained within a single fusion protein or a polynucleotide
encoding a single fusion protein. In one embodiment of the invention all antigen components
are provided as polypeptides (e.g. within a single fusion protein). In an alternative
embodiment of the invention all antigen components are provided as polynucleotides (e.g. a

25  single polynucleotide, such as one encoding a single fusion protein).

The term “heterologous” when used with reference to portions of a nucleic acid indicates that
the nucleic acid comprises two or more subsequences that are not found in the same
relationship to each other in nature. For instance, the nucleic acid is typically recombinantly

30  produced, having two or more sequences from unrelated genes arranged to make a new
functional nucleic acid, e.g., a promoter from one source and a coding region from another
source. Similarly, a heterologous protein indicates that the protein comprises two or more
subsequences that are not found in the same relationship to each other in nature (e.g., a
fusion protein).
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al gorithns or by manual alignnent and visual inspection. Such sequences are
then said to be "substantially identical." This definition also refers to

t he conplwomnti/b25a t est sequence. Optionally, the idenPchEpPexii®sasover a
region that is at |east about 25 to about 50 amino acids or nucleotides in
| ength, or optionally over a region thgé is 75-100 am no acids or

nucl eotides in 30l ength. Suitably, the'Conparison is perfornmed over a

wi ndow corresppndi.ng,to.the entire length of .the.reference uence (as
opposed T L8oF RESpE tn b LRl TBl TR BBt EaE T S0 w0 SSIRtIsEs one
s equencgolgusptidess(eay. lafeasetnvo e/ jrptactaden _spmowqmmgﬁﬁbva?qusinmﬁ eamefer
conpar ed, en .usi ng.a sequence._gconpari son ori .test, and reference
38sequetticall B ub Bh RS AR 168 a0 Reotogs fudiiahe Dt plefbh e’
gesi gnaltnekgd d-ﬁe][miafe&slangrmimm %Iﬁg,tgenl;r%/s)?;gggd b?ﬁgmgg@?reggnnpgn@ggémisuam
esignat ed. t .progr / ar aneters
can Sho et B RepuRiatl G Beemela Hoe apkpgrkesa Thiuee R
conpar i Gmbeihgoyiokdem Thignereablet refeeo thssgpetioelnim@Ekfigpdeadents deonrmadrpris f or
the test se uences Ie%ti.ve to thefref grence sequence based gp thﬁ (gr ogram
par anet §"§" 5%8‘%?0%‘2% SARMERGF ragaenis Ay daeEiPaCier BPUPLER 85 NE A9y ment
i n whi cthabmalegjue thegfusiay platein.o Myas et tdrivinatub efcaloeis Gatigaguea desafbetl reColerag
nunber of nt i,qu itions .after .the t seguences, are timall
ol gnedl- VBB ASEaR” ST B R SRoies b Cal b ROl AREPT Wb e Bisdiemboun i n
t helOar t Antigehs frain cthérgviyaeibtictefiurs eqadec that t@responpar Vsiobecalvsantgerduzned,
e.qg., by the.lacal honolo algorithmof Smth & Water nan, Adv. p!. WMath.
PO PO S e e R g B e
J. Ml . mBinols kd@vilb3h§skOotRKill ibthetdre espanyblidibationsasshysadnd yntivetybiddioy Pear son
& Lipman, Proc. Nat'l. Acad. Sci. USA 85:2444 (1988), by conputerized
i mpl ene?tA¥T-ons of these al gorithns (GAP, BESTFIT, FASTA, and TFASTA in the
W sconsi n Genetics Software Package, CGenetics Conputer G oup, 575 Science

Dr .., i . , b | al.i i | i i .g.,
R A e e R L R SN
suppl enemd polypeptidexrertydicaligioisedide byleptdgbond, kithérslirBtthHoRackPbibelbr vis eat es a

mul tipl e sequence alignment .from. roup of rel ated sequences .usjn

or ogr 653108 20 iKer el et e et Plned i nah e R SO RF e Baquence
i dent i tkhownttodthase dbkskitl 1 thetartee or dendogram showi ng the clustering

20rel ationshi ps used to create the alignnent. PILEUP uses a sinplification
of the progressive alignnment nethod of Feng & Doolittle, J. Mdl. Evol.
35:285 1 - BGin§ld987.) tubdrbglosie bhibgbne sehithi reag bercbrabined withe medifeatiRd38sd6ci bed by

H ggi ns_& Shar B/OS 5:151-153,(1989) T rogram can.ali up to 300
e qencusaR Reiyd ng . Boleorn @Rt 10 Sroikh 830 ek ParEe o e fifatPac s,
The nmultiple alignment procedure begins with the pairw se alignnent of the
two nost 25sj.y,) ar ences duci,n L.uster of two aligned sequences.
This ot ust or UNLBAREIFERE R A REEAE Ednedlicd YRk 8RBT - ot o
of aligned séspeaberia.SERMD blousi2efINOb7 HO4RE: (vDA ArSEQID tloetdynd irs Colel e

ex sion of the pairw,se aljgn f j.ndiAd dual  sequences. The fi nal
o Bt 1 s e 0ae ) el T o el bR PR Biriifee ' The
program i s rMtbsbysatgengnahichds sipeat thetemirguegree peptite (t.aeininantidocesidued or
nucl eotide c i nat for, 3 i f quencge, conpari son.and b

Gosi gnat i no. TRE BPRuramn B2 te dh 800 RlesER HETD-RERRaLAERE Sulbr el : <
conpar ed t o Mtddetistshsivn re§EQNDed0: 180 det erm ne t he percent sequence identity
relationship using the foll ow ng paraneters: default gap wei ght (3.00),

default gap length weight (0.10), and weighted end gaps. PILEUP can be
obt3 ned f r ofii) Mt EEGoslepuarassdViabahy Rve2&0)f hemolyppettlcagguerecegof whitdrisi on 7. 0

(Devereaux ef, Al NEQ 1§ NIS 18RSy woos/53075 (fragments of MSL are disclosed in SEQ
ID Nos: 110-124 of W0O98/53075, SEQ ID Nos: 119 and 120 being of particular
interest) and also in Coler et al Vaccine 2009 27:223-233 (in particular the reactive
fragments shown in Figure 2 therein). The full-length polypeptide sequence for Mtb9.8

35 is shown in SEQ ID No: 9;



3512:387-395 (1984). WD 2011/092253PCT/ EP2011/ 051158 57 Anot her exanpl e of
algorithmthat is suitable for determ ning percent sequence identity and
sequence woniizmeisy are the BLAST and BLAST 2.0 al gori t lracs/EPediilob1183 €
described in Altschul etal., Nuc. Acids Res. 25:3389-3402 (1977) and

Al tschul etal., J. Mol. Biol. 215:403- g?’LO (1990), respectively. Software
for perform ng BLAST anal yses is publicly available through the 5Nati onal
Center for B | 0 | nf or At | ite at bi . nl m.ni h.gov/).
Thi's al gor i CHMRY o keog® PR AR BT rd R P e enlarepar «
(HSPs) by i denjuehse ofgvisctoistdesariods i0BERQEIDYUG 19/df WO SBRET yhdsie dllikznsen, etwdhi ch
either match,or satisfy.so 0osi.tiye-\va reshol d re T. when, al i gned
W tha wor d SErRar B AR e 2 A aEled ISRl ori TSR dndPRaLR, o %ac
t he nei ghbor 8BQdDWstl18 and 61466108 N@ISISI0NSt SEQUD Nds: av,. 51, $2p8R )66 ahd&2e65

i nitdal 10nei ghborhood word hjts act as.seeds _for initiating searches to
Find | onger PRI OLBRIGIATHE e b UrTRET EPAVRRLGe 4P Enis O Hede SR te

di recti ons aseQdDewsh2 a3 2H,AY, ROrndS 1o VESS/530 Scumoin Atdevenadt iagioremi/ oscor e

can be increased. ati.ve al ated usin for nucleotide
Cotuoncen. ! TeRSmenttond A RRL e -B5E TR GG o s et I acs:
al ways > 0) Mtd.Ns(spewalit SEQADMN0:f1I0r m smat chi ng resi dues; always < 0). For
am no aci d sequences, a 15scoring matrix is used to calculate the
curmul ati ve score. Extension of the word hits in each direction are halted

whelr t he cuglRatiRValsakhgmmagMtis32s e-téralinag anfidend yhet gy pgppadd séqueXcd ofom it s

maxi mum achi eved. val ue: t.h atjVve S to zero or, bel ow, .due to
The. aecumi athignsessiedn Srt B8, i FROLBpRaESd 8 SRAS P fierer “or ¢ he
end of eit hemmsegieyy2904s728a¢8Fd32.Thiee BilAShtapggpedtiiasparsnee farRatd/is T, and
X determ ne the seﬁzcgfgvgtgyuzwnd speed of the alignment. The BLASTN

q

program(forsr}?l‘i"@l'g ences) uses as defaults a wordlength (W of 11,
an expectation (E) or 10, M5, N=-4 and a conparison of both strands. For

am aci d e t he BL P_.pr.ogram as, def aul t.s, a word| engt h of
A 1 expo b ARE R s krgfnty MibaR N A Ral e g moRBeniRie e Sp &eM i ot ¢
& Heni kof f, \hioleis déatilibedio &EQ BrNo: AJFANVED1 BB24G ahd 98SKeikyadtiattoend/of ( B) of

50, tat] _ =4, 2 d N f hot .ands.
The BLAST al ermEood earElAets TSR O RGIE oG B R Far 1y
bet ween two sequmanSER ([sRe,122. 9., Karlin & Altschul, Proc. Nat'l. Acad.
Sci. USA 90:5873-5787 (1993)). One neasure of simlarity provided by the

BLAST algorithmis the snmallest sum probability 30(P(N)), which provides an
i ndicat i on ofvi)tTheloaleb &bown by Miy39MMtc30Aa TRIOED ahe Rwe €96 )tthepoiyedptide i de or

am no acid sequences | d occur b .. [For a_nucleic.acid is
cone der ed SSaRUEaTe g 8 BREed ™ SERARTS: 0% WO Frael BN AREICRERH [ 1)
i n a conpar i stah /éctivhant! damunife | €9906 746 ): 2D 4t 2N eand Skeikg et el Juwetedoft acid i s
pr of er abl y | 202ty 288 02T B oW ST 0 b aDa BB B s PR BB e |
any event, vshowarit SEGf IaNpoldpepti de sequence wi Il have essentially the
saﬁ% activity as the reference sequence (in the case of polynucl eoti des,
varita

nt pol ynucl eoti de sequences will encode a pol ypepti de which has
essential |y (viheMdngalac known ys RIS GQ2eandeR @od BC)ehs palypattielp sebyeres ot mihichlis vy

cspect ol 1y otk SHIRAP 1ET WooB o el TR SRR BRL LD A B Pl ¢ o
resti nul at i ost zhge@yaladf IIRBMGo/ogy 2001 €657 Bide7 Mot Thepa@tliehgtb paiypepides (e. g.

restinmulation for a i pd of bet eral hours to up to two weeks,
such as up t%quﬁgced@f/)ﬁﬁqﬂdgﬁﬁ?‘%nﬂ" léﬁi% 1210 2 weeks) that neasures the
actdOvati on of the cells via |lynphoproliferation, production of cytokines in

t he super nat ant _af ure (measurged A et.c) or characterisation
of T and B cal EPRTR R RRl R EREA LR Solivy S e ekl sPhihRR EARR I Hsi ng
anti bodi es sgesciibecintSEQ Mriine1 08aoEO97/05428(cBNACDBE @I NoCBY) ahtiZy  TNFa,
|FNg, CDACL, 5 GRS FLG) iiShiloR URT AR 968 a8 o A OMRE rATBhGHH
polypeptide sequence for ESAT-6 is shown in SEQ ID No: 15;
35



Suitably, by essentially the sane activity is meant at |east 50% suitably
at |l east 75% and especially at |east 90% activity of the reference sequence
in a T ceWbpriaisesser ati on and/ or | FNganma producti on as®ay/EPX&1As1188 1| be
understood by those skilled in the art, the polynucleotides of use in this
i nvention can include genomc sequenceg extra-genom ¢ and pl asm d-encoded
sequences and snal |l er engi neered gene %gnents t hat express, or nay be

eanonts. oy BACRRaPRRr e Ba Ao o PR S0BpARRA AYEM ShoTHE hand

of man. As wilbd kixevr ecibpBismeRUIB86d)avisdtl drbeitbcasddds fum exqraplgninctendrit@esl may

be single- d di ng. [ doybl e- ded d. DNA
Coenonte SRR b kDo o Rt e MR B AR oo
nol ecul es, WABR893-608.aTHe fulleraytts pelpsbptide sequpnind G2 Fg85A iDbowWmiheSHQ D No: a

I ntrons.

-t o- d nRNA | | , ich t . tair
T Conar eREEE mafh ot of Rsits f:aattel € I Rg e w608 bRfod. BehgRE s ene
wi thin a pol yarticllgobtecst)oThd full-lgrges polypdpide BEqunce frchgB5B0¢ yinovarl iIaGHQIED may,

but need not, b i nked to other nolec and{or. s ort materials.

S0Pol ymucl ool s M St fofie StrefBues 81525 ddnzakpd 1 Song Beniio BB er
sequence t hapartngardetsrest)Mycobact eri um anti gen or a portion thereof) or may
conprise a variant, or a biological or functional equivalent of such a
sequence. Pol ynucl eotide variants nay contain one or nore substitutions,
addit i ons, dgbh atphaswsyssiith @fsol kneehtaisMidpX asd (Rv20Brad) whired is desunioge i Cérbygn ef t he

encoded pol ypeptide is not  di m.pl ] lative to the reference protein. 35
oL oL port BB iseke dacitei Tse T R B Larisda i Crftes
2011/ 092253 PERdcERz0111 10miidai8gyo 999801 0amBsb 2 @if ipdetisulamintdvest iatke thiei fiagethntpr epar ed
and/ or mani pul at ed usi any o var | f 11, e | {,shed techni ques.
For exanpl e,COéFGSB?@fﬁn {2%8?%%3 %9%@4@%1&0&8 ,11§éﬁhggctﬁ'eo@glqwﬁhore
det ai | bel owolipepsids eenienge for aiphaaaystalh BfshoWANASSEQUDINEdBeens may be
per11(‘?or med, for 5exanple, using a Synteni mcroarray (Palo Alto, CA)

r

according to the manufacturer's instructions (and essentially as descri bed
by Schena et (xgIMpt64tatsn kridainl as RC@®B0c)Setich i998s&R1etiGn Récid) 6t Scah@ayviand

Heller etal., Prac.,Natl. Ac Cl 4:2150- 215 1997)).

A ternat 1 vei (PO Oy B e e e o e TR R R RN BRASE deisapesir ; om
cel | s expreskPmg4 tsehopnat SEQSIDdes:CIrd (edmbtreeproteirs oiblesidged\24-ak dleclakkisg S
cells. Such pol ynucl eat.i des y be 10anplified via polynerase chain
reaction (Pcfﬁ?.Syqegfp%pﬁpg’d%?ﬂﬁn%a{)@ﬁfcugﬁéHﬂ%ﬁﬁt -specific priners may be
desd0gned based on the sequences provided herein, and may be purchased or
synt hesi sed. £ ified portion of a polynucleotide. S 0
ol ate a ot BB ERwBAN s adend A f HERbge TBQ B SRl

t uber cul osi slen@hpand lesaiugs 8+8S0g SEE ID karewimdteehof \WOed/98¥60 hispedaltyh
techni ques, a | igr ar

ool ynucl cot | B RoR et T s ETREFY Bl Pl GRS ok PRa RN e e b1 y,

: ibrary is s:ieziellus,ehle'ch edy far dxarc:lmlp;ed@e qnaragajtfrmﬁrﬂamg! dhe QMBnl%Imppremw_e f
[ ries may_al so be preferr or n nd .ups i.0NsS O

gl Gonorsestpiah BF MR G B s Hale! ¥hr Iremalhe (HREHITEA BRVERE: g

5' 20sequenc@a/Alkorutdtidoris dheat inBEQ €2 Niot 2les, a partial sequence may be

| abel ed (e.g., by nick-translation or end-labeling with 32P) using well

known t echni ques. A bacterial or bacteriophage library is then
(xiii) TB10.4, the full-length polypeptide sequence for TB10.4 is shown in SEQ ID No:

22;

30
(xiv) Rv1753c, the full-length polypeptide sequence for Rv1753¢ from Mycobacterium
tuberculosis H37Rv is shown in SEQ ID No: 157;

(xv) Rv2386c, the full-length polypeptide sequence for Rv2386c¢ from Mycobacterium
35 tuberculosis H37Rv is shown in SEQ ID No: 158; and/or



generally screened by hybridising filters containing denatured bacteri al
colonies (or |awns 25contai ni ng phage plaques) with the | abel ed probe (see
Sanbr ook w0 2a11/0022381 ecul ar Cl oni ng: A Laboratory Manual PCZOEPO)1)1/051158

Hybri di si ng col onies or plaques are sel ected and expanded, and the DNA is
isolated for further analysis. cDNA clgges may be anal yzed to determ ne the
anount of additional sequence by, for anple, PCR using a priner fromthe

partial sequen a,priner fromthe vector. Restriction s, and. parti al
equences: e b v afrsr BBk Riekp s S68hes BrBverdlrufi SRRR i hEs
The conpl et etusegulenise¢13TRy i¢ bieowrbie SEQ €D NMonesb.usi ng st andard t echni ques,

whi ch may involve generating a series of deletion clones. The resulting
over | appi ng sequences can then be assenbled into a single contiguous
sequence. cofnbingtibn$ Bvegsds, stiohAsnol ecul e can be generated by ligating suitable
fragments, using well known techniques. WD 2011/092253PCT/ EP2011/ 051158 60
Alternatively, there are nunerous anplification techniques for obtaining a
full I ength @pdicombsagoenitRafl, doHa gpdRa38]coalpbAerste Fueaeepldhtthe forsiafta

t echni , plificati [ | f dviaP . f. i et
of Comer o PR RUAFTABE ST Py MESoNBBR AP S Ve e PR on -
S';]ep.5 P[i ”ErSEmD Nze 6dx $VQ2ED/ U240 (cONA iree{(mmmt_ g\lo: Spérh(jll\iar&(temlelt ak!wuwaéic:n
the 5art. Priners are - nucl eotides in len .. have a
cont ont | of | o T BlogyR0Hh 572 M a2 ERbiD aet Rl MedRt B 28 o es
oL 1@bout g8(blirtﬂicz?tilﬁ_, wmbeuﬁimpuiirfihedxess%tj ngmtm&amﬁw@m@bmndﬁsmﬁm
ove, and over| appi ng sequences assenbl ed i onti guou nce.
Toome such aEidTd BsPles” HoEReRRaar et NGt Rihf BRhod Ty S BeG 2S:
Nucl . Acids Res. 16:8186 (1988)), which uses restriction enzynes to
O rCurari sedobd pbnaet BT PG E i Al B B Bonr BT Fipviicr i ¢ n
di vergent prseresesiénd echbdenosplhbed kittoaaninegcampondhtshion easmpletite thesbiny ef
ST cat o eppralth Rl as b2 T8 P BEdERERe Y2 S pRbed B ¢ <o
a known r egil@nNo:#hef \EORD06/1 €149 qDEAGe SEQY I© Ny [B) evhleleyit Bigbipecitegdan optibnakcond
round of arrplifilcati n wth t

h the sanme |inker prinper and.a secon riner
Cpecitic o AT W menes O aieB Bl T pRSt BB B oy
two priners lbaincomiotdtabeloakleaistidine thaugbmudshly #7Qiis elbsandtie dptionaltdoablknown
sequence, is _.descrjbed in /. 385 t her lque ds _known as
Faptd anpl IR 4 spo et 7andem Srasaa: M e AR Aol S DRE" e
us0of an i nintresd). The poiype@tine saguencedomel2 jsrshiven,in BECCID My:ld4i di ses to a
pol yA region or vector sequence, to identify sequences that are 5 and 3

of a known sequence. Additional techniques include capture PCR (Lagerstrom
et al., PCR (¥tleocbinAtigr ofdVitbB8:41 1bd.8, Nb9B13nd Mtbd 1wahponent®@et €xaardtein tee al . |

Nucl . Acids._ Res  19: 3055 60 (1991)). h | oy i ficati
Ty 2l 56 be GRBPL) SO BB IR W7 ol it OB 3SR or oy
i nst ances, i descabgubiasSHD D No: thbVDI9/0BuTV48 (oBNA in SHIND SleqUuenwaersyit anal ysi s
ce
"

abin A (
T avai | oo PPkt HELERE, SEMERET B bR R R ner al 1y “be

per formed usinngntiorlslitdmokitb 730 poregppants foeangino abifBsid@iceASH7 safr $H@$) NGarié such
o e A TR e TR e o WL RO SEm AL 2t
PO_YNUCLEOT_I DE EXPRESSI ON I N HOST CELLS WD 2011_/ 092253PCT/ EP2011/ 0_51158 61
R R T A e R
re@bi nant @idlessiming aith d4b®.6 acd Mib®.9efopeessplein @fusiongarbigpre ptHedlypeptide
appropriate Qe%%tengeeljolr gh Wéﬁ\ﬂ%b%é—lbl?oglggglro%% srgoe\/%eipngaCSYD leo: %]ﬁ\/IQZ fusion),

when used in the present invention, the M72-Mtb9.9-Mtb9.8 fusion may optionally

incorporate a double histidine following the initiating methionine residue to aid

manufacture;

35



genetic code, other DNA sequences that encode substantially the sanme or a
functionally 5equival ent am no acid sequence may be produced and these
sequenceswoayiim2253ed to cl one and express a given pol ypeptapdei/odsssv | | be
understood by those of skill in the art, it may be advantageous in sone

i nstances to produce polypeptide-encodégg nucl eoti de sequences possessing
non-naturally occurring 10codons. For anpl e, codons preferred by a

ti | k ti t i host | 1 1 i, th
e o o o Plef A ey Binatet B 2 Wt e SRl el Blsfstat fedigs 1558 "
h?vi n? desi r@@ir&sﬁfn@pﬂ?wgef& fStJf:)hanaﬂe:n dnﬁilslfmlpiréteinV\bl!lchh\/libSOBfoﬁger t han t hat
a ranscri nerat e r n ur rln S
S Ener covor  RoltoeRERe EEhRace PEMHG BBeat et SECURNG IaRE GRS o182, nods
?ener al | y ktn(camfpi in SEt@al[aNb:_ 1'0),I wn&gfent iﬁ@)trﬁd)rbtes apdpypuaq)yiﬁagﬁ?@mtimgca%_en(r:]es
or varil e 0 reaso | NC 1 NQ. ut. | e 0 eratl on | C
oy Ehe’ ot wiiSES PiRe ptdteatindifon Bl wiiBhf SfresBand b ate 8 1 o
| e, DNAesiduéd B b DoNo: f18 e WiCaE3) dARCR ' it f
Fi(ggprreﬁt S an@esﬁgnt h”?ig’% y.ISFagngml egt' d rray@lg);.ah égza%ébgﬁleiﬂﬁelqreﬁt}sﬁles Jene
nucleot i de SHAdEEolt1030nERPARING A st A PUtaiPs KPS RariCAEPRRET VY be
usgd to i Psemtﬂismw thestersbnﬁihmtish beitabl;aﬂ/ltl@:ﬁ c@fg&p?sd/édautdrmno tpai?prefimmS &gange
. ) I uce. ,mu 1 ONsS, SO
oo Pt o e P LS: BProd ugiBoh 2Rt e th SF ey oSl efbestiur OB

| i gdx ed to abdeetreplatepaliis ARS SEgU=peptide ssytiedes far M198 tshawot ifiSEQ EDNo:

exanple, to reen peptide libraries for inhbito ol ypepti de

et ty, |+t epaBERi F eresoaRibylion br S Bud o RRiatRRRL A Goany
recogni sed biicérpo@meoutEt histidgivaifdllaking taainittidy mefhibnise cgsiduead @idn may al so
be engi neered ontain a cleavage site | ocated between the

t o_cont
pol ypepti de-'@%@a?t%e’sequence and t he heterol ogous protein sequence, SO
that the pol ypeptide nay be cleaved and purified away fromthe

30 I iety. S di desi r.ed I ti .
SyriBhes: sed s SanEhdiop T MBFEEE M7RSRHA R et PP REe PR Rt AT ¢ ne
art (see Carenphegston) Mith INtb£t, &br. exaMpd in afasids pResin, soghitb BeIf. The poRpéptida3

SEA Lot nat | veBhes o WPl a6 bEeBES in TR NP BRI G Tof L (VA 2521 R0

t 0 synt hesi zMo:t9)ewhere dnatpata s gnerptienal Histagab wpimirifidetionowhen ptilised énthe

t hereof. For exanple..pept.i esi s 011/092253PCT/ / 58 62
can b per f o RaHLERI A) RBEATEE ! EBisRenal LA e Erghier td Tt 4l Se
smm::e 269: IM?:ﬁIMX(érli93%03/0]‘;011@7admmmdicsyantdmrs§t§s gptymlm.wm‘gvled, f;)r
exanpl e, usi.n e.. ept.i de sizer er ki n r,.Palo o,
on 5 now CRbREHATR SEARBIRIRS Ru¥ Be38 EhaRan Tl T nanS Bileh
preparative invgthiopeuftabiyriiic¢é chiregpodds tur amiab agidapsigudses-g154 Q& @D dlo; 16
o e S SO ot s O PR Dot PR ROV, e,
may be confiAleedTHeypaypeptdaseqlieaoatoy 341 40s sisaveruiar8E@ KD (e: 28, wheheuskd irathe
ceoadat & BesSiiplon MELr2RIBb biych 35S PR BT RERRF Bl Byt
and/ or conbi msttinesfohgwiod ¢ initibtimpehbihising rebidse guad eeswufacoume;ot her pr ot ei ns,
or any part thereof, to produce a variant polypeptide. In order to express
a desired pol ypeptide, the nucl eotide sequences encodi ng the pol ypepti de,
or Iuncti onadg)a@uhrbiiiaﬁmlgt AgEDB dred rf&g‘éﬁto?dwmnémSmca}apnmplfli@c:red?mpbﬁisi on
vector, i.e., a ve r [ ont ai. ns EGEaS Y. enents for e
{ranscr i pi  oRo T BT e e i o BlsPrsd oA o186 ool R

30

(h) a combination of Ag85B and TB10.4 components, such as in a fusion described in
Dietrich et al Journal of Immunology 2005 174(10):6332-6339 190:2146-2153.

Combinations of a modified Rv3616¢ sequence component and an Rv1753¢c component are of
35 particular interest. Obviously such combinations could optionally contain other additional

antigen components (e.g. an M72 component).



codi ng sequence. Methods which are well known to those skilled in the art
may be used to construct expression vectors containing sequences encoding a
pol ypept iwe 20f1/d9ztser est and appropriate transcri ptional pamdpreeiamnsiiag i onal
control elenents. These nmethods include in vitro reconbi nant DNA

t echni ques, synthetic techni ques, and %2 Vi vo genetic reconbination. Such
20t echni ques are described in Sanbrook~et al., Ml ecular Coning, A

Laborat ory Manual (2000), and Ausube/ et al., Current Protocols in

Mol ecul ar Bi ol ogy (updated annually). A variety of expression vector/host
syst ensAmmyerh@mtﬂridtibs etlintevest@oinprisesadn thoelXipd &vS6 181 saguehaoddntineatarelaes.
These i&z%ude fﬁ are not limted to, mcroorgani sns such as 25bacteria
transfo GORPLHEVeconbi nant bact eri ophage, plasmd, or cosm d DNA
expression vectors; yeast transformed with yeast expression vectors;

in
cel l. syste i_nf cted t.h virus expres Vi Irus);
o e APy bnRsfondln Brebh iorp S 9.%%@%@%@?8%5%3%9@%6@and a
caul i f | RvE386BBE@AMPONAHtr US, CaMW,; tobacco nosaic virus, TMW) or with
bacterial expression vectors (e.g., Ti or pBR322 pl asrri ds); or aninmal cell
systens. 30 The "control elenents” or "regul atory sequences" present in an
expr essOther ¢erabiaatiansef imasst |I‘mmdd thass bahpitbineg noaified fRvBB®6¢c sequence
vect or - - enhanc 0 ers e%nd 3" untransl ated regi ons-- which
i nt er actOWYH" ?ﬁsq 'ﬁ%}'ﬁ’l 8r°°B]P8'E'%W ns to carry out transcription and
trasl ation. Such el ements may vary in their strength and specificity.
Dependi tor system and host 3 nunber of s bl e
Lt anscr NaP O 6EPaAler o el Siren e o e trl RGro16h Sa REe gemarpen and
i nduci barealphaonstails, corppnbet. used. For exanpl e, when cloning in bacterial
systens, WO 2011/092253PCT/ EP2011/051158 63 i nduci bl e pronoters such as
the hybrid | acZ pronoter of the PBLUESCRI PT phagem d (Stratagene, La Jolla,
Cal if. )Tr&r sHH%B@%stnphi&mﬁodniéQtHﬂt@oB&nati(ﬁd ndeemebrehgupdvidhe apekifideequekessmy

| fr. | f
i dse-rPEERoks b G 1Y Dee B RERESTBrbh L AR AR B G Rkt ¢
ce: | 1 Ift&%dsl‘na()%?ld@ﬂlt)alsnsh amhitlea;é\t/fé)&&opeﬁﬁy ,off padueulae?uwﬁteo%ndedity\gncad o
e | de or u
D e ke St R e iy et ad e B S RS PR aR s AE ot

expr essardigen etichmas atrepstrs ef thetaatigete repatticdarug deast e wsd espécaityed Idagt t he
I tide, F I wh I tit ded, f
o s PO B oS5O D B B M el el o | Lo

ex@0essi on of fusion proteins that are readily purified nay be used. Such
vectors |ncI but. Q mted to, Lfun tlonal . C

o ont noESteP g pedindbifud Bhrac ThaPate s o8 et WA ST B g Bk ci
t he seqRENS3Y-sdicardi Qgmud &igobigbgpR0@x148:29aTt2978s tThemenbmelof §athaeréutdsis t he
vect or i,.th seguences no-ter m.nal t..and th

subs equinpy R Pl A0 A7 SSandh o B8P HkRe T8 SAP b RAPI R ci n 1 o
pr oduc e@wvpbdhgee.at.ok/Frdjdes/Miaedeecudsddisticegisewher®i ol . Chem 264: 5503- 5509
(1989)); and the like. pGEX Vectors (Pronmega, Mdison, Ws.) may al so be
us to express foreign pol ypeptides as fusion proteins wth glutathione
S- t r ansKenysfehé @bdye artigegeaeradq distlcsed inti. Srpgierdtapplitatian ausbesliges23mMB5¢c an

beads. 147 PRyate 05 oepUEP PR RS oppaBd R 08 | B0 0B8R A RIS 65t o e
made | nOGBS06Y 06860, 383y0010SK8SE, 0BIET21596] 00 LRISEHEPATL0S! OOTENTY, of

|t or es O RaOhE B BRL 88 R0 PhT e R ebnlGruary R TR B P Elafbs e
Sa@thar POYILS9IM03085] BT BES98/0806hEIC THUSILOT BT VE0aT/a941aandoNOSTINaRd,ve or

iggdua\}ﬁjegg,i%%gg%gfggm%ggg e%%h%" nlch |s Cetrglrn mc%rp():oorgt%ld b?/xrle e?esn%é and PGH may be

sect

The compositions, polypeptides, and nucleic acids of the invention can also comprise
additional polypeptides from other sources. For example, the compositions and fusion proteins

35 of the invention can include polypeptides or nucleic acids encoding polypeptides, wherein the



vectors containing constitutive or inducible pronoters include GAP, P&
GAL and ADH. For reviews, see Ausubel et al. (supra) and Grant et al.,

Met hods Bwoynnl092#33: 516- 544 (1987) and Ronms et al. Yeaet/EP201285888 (1992) .
30l n cases where plant expression vectors are used, the expression of
sequences encodi ng pol ypeptides may be grlven by any of a nunber of
pronoters. For exanple, viral prom)ter such as the 35S and 19S pronoters
of CaM/ used al one or | natl on der sequence
£t om TN FRR G HD HoBE e ot 06 BRGER, s8p ), S BeREF V0w 55 afe

pr ormteasg WOole/404 88 bad $vwahd/041msini t of RUBI SCO or heat shock pronoters nay
be used 35(Coruzzi et al., EMBO J. 3:1671-1680 (1984); Broglie et al.,

Sci ence 224:838-843 (1984); and Wnter et al., Results Probl. Cell Differ.
17 85- 1Tte fucPAd adids dhibs inveotiet canchesercimened badBd201chidon pasaeadd if2épktied51158

d by . di DNA ,
oot g e B RpRafitin bR e il d Soretine bf A pa e IBLbfidim fn e,
gf _ geneasfe;ioldyp_elz_amaa ﬂ)rablh(ﬂlohﬁ\/?‘o%?D Noe 60 g)r@xambleb;b@NMls E/?&M\?ﬂéﬂmhuﬁ%d{eglr bSOEeOf
ci ence and Te sys s
used toIo gd%%ﬁﬁ%?g)pﬁsﬁ’g Oéﬂqgsﬁf%‘rfgcg%h?’lzg ?/n one sﬁch syst em

Autographa callfonlca nucl ear polyhedr03|s Vi rus (AcNPV) is used as a

vect or O, EXRLe ei enes in ter fru a.cells or in

Tr' chop BT ABRER e ohd u i cRekBraRIBar 450 Pratbii el Eonmay M Ci oned

i ntl® a Mmmlserammnalageetgleﬁectwfe dgamstiubersulosisgb.gasl. tuberquidsighiefdeiion)gene, and
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i nteres . | i gat.ed.into an .adenqvirus transcription/transglation

compl oxnebRiebTuadSrER s AoRET o e PBRE PbaBHEh I aquence.
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Rous s rconm vir g enhancer, may be used to increase expression in
mamal i st eAgst & |qa ol tods and protocols for working wth adenovirus
vectors are reviewed in Wl d, Adenovirus Mthods and Protocols, 1998.
Addi ti opal ferences, re ardl n Lrus 0 be f.oynd
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(optionally in conjunction with additional antigenic components as described above).



i nserted sequences or to process the expressed protein in the desired
fashion. Such nodifications of the polypeptide include, but are not |limted
t o, acet wetomg2rsar boxyl ati on, gl ycosyl ati on, phosphor ycatapeey1/05i1p8 dat i on,
and acyl ation. Post-translational processing which cleaves a "prepro” form
of the protein may al so be used to facggitate correct insertion, folding
10and/or function. Different host cell%“such as CHO HelLa, MDCK, HEK293,
and W 38, which have specific cellular machinery and characteristic

mechani sms for such post-translational activities, may be chosen to ensure
t he CorTr&C$k|Itmdjefécma/t/|il exvoghide mamcemsinagor@foftcbmpboesr&a'; geedndatbe ammumEEmd
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1-2 days in 20an enriched nedia before they are switched to sel ective
medi a. The purpose of the selectable marker is to confer resistance to
sel ect i ?nrel pl)(ay”ﬁbdtiﬂés,pb@ﬁ&dﬂ@tﬂldéb?ﬁ%gl@bwlﬂdhsaﬂd’ld@GMﬁMeﬁforCﬁillltSuMP’itfeh o
successfully. ex ss the introduce Res ant cl gnes stably
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used to [ ECover tlrans or n@ ell line Thesg i ncl ude, but are not limted
to, the? ?%& WRPPEgAs Pk %QH%P'SF’ CRPrI0SE (NS§Pkr etal ., Cell 11:223-32
(1977)) and adeni ne phosphoribosyltransferase (Lowy et al., Ce// 22:817-23
(1990)) 8ﬁP\ %m ch can be enployed in tk.sup.- or aprt.sup.- cells,
respectY j‘ﬁ antinetabolite, 30antibiotic or herbicide resistance
can be used as the basis for sel ection; for exanple dhfr which confers
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2020 0923 b3R6Es dR204sb0 0 Sk abfples. Mul | i gan, Proc. Natl. Acad. Sci. U S A
85:8047-51 (1988)). Recently, the use of visible markers has gai ned

popul arity with such markers as ant hocyanins, 13-glucuronidase and its
subst r alhen ﬁé‘sse antcbred pop @ atise sadidad mLBnatsbslh‘feedneHLAdj/;feerrhean thei paytiovlatel y
used not .only to i nsf or mant s a 0 ,quant i he ampunt of
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syst em iciRblcsleentef dle. T cébta‘bb}mﬂSeMDtubeBJutIiSIS mbmadisk3he (elt@%)récogﬁltibhaugh t he
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conf i r madjorifyqor @xabliyladl) Tickll epiopeetniasice encodi ng a pol ypeptide is inserted
within a marker gene sequence, reconbinant 10cells contai ning sequences can
be identified by the absence of marker gene function. Alternatively, a

mar ker ‘Yarientsaor “‘bengeinatieely irrrodnf@ddnarrarwistdrppae$)td t)qmlephilrdﬁacmhamﬂhm@els agidence

under the contrﬁ& of a %t g @ BLo Exgress on_of q @p ﬁ{ ene in
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a desired nucl otide s q be identi %
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radi oi mmunoassay (RIA) and fluorescence activated cell sorting (FACS). A
t wo-site, nonocl onal - based 25i mmunoassay utilising nonocl onal anti bodi es
reactive to two non-interfering epitopes on a given polypeptide nay be
preferred for sone applications, but a conpetitive binding assay



may al so be enpl oyed. These and ot her assays are descri bed, anong ot her

pl aces, in Hanpton et al., Serol ogical Methods, a Laboratory Manual (1990)
and Maddowoev11ad922s3J. Exp. Med. 158:1211-1216 (1983). 3@cAvBre@e/osass ety of

| abel s and conjugation techni ques are known by those skilled in the art and
may be used in various nucleic acid and,am no acid assays. Means for
produci ng | abel |l ed hybridi sati on or PCR probes for detecting seguences

related to polynuycl eotides in¢clude .oligolabelin ick translation, .

e | abainhBePieR S fiapd i 41hrordns i RPrdiaT patpns fep bR gdinoi diering

35Al t erthatenvedey, pdiypeptds usuubasiclets addyariztivhs @ad td Feiestddr Meyerxeatel caretitd, nt o
a vectorh.for t he roductfion of .ar] rrRlal? robe. Such vectors are known in the
art . ardhieB Ao sS40 STTEBREYEl (WS Y Adeisos s e BRI U BETE and
may be hgeid virictsgttodes a pelypbftideradredesicrbes dviedy yssitidsitenovaratiomof tappr opri at e
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and t hevdriakken otHpsiiclgiehtid thatansddusrepblypdplidaispmiplidiLio leach telsribed seneacef
interest nmay be cultured under conditions suitable for the expression and
recover of.lthe Rrat ein tbrom .ehl CHl.turﬁ. Theﬂprot ei.n,10produced by a

r econbi *‘Agnn-f'e@éw 'NRY° B 8%er"evﬁ'8 "R ILA LA NG FOdPT A 3 %%%ﬁﬁ?%g on
t hel Os eqlednerdheuytl/ the stlbsitutieot daletionedt addiiombt dmine agiidesidtex)d Thysd $kilked iof
skill ip the . art, expression. vectors containin ol ynucl eot i de be
Gosi gnele el B ldooe PRGN o st BE RS GTtkR Bh P MRl R B Te TR e oo
pol ypeptandgilenhcansgtvativgpvariatioyot i ¢ or eukaryotic cell nenbrane. O her

reconbi nant constructions may be used to join sequences encoding a

pol ypept.i i : r : i . j |y i de
R e e R e s R e

puri f i catbstitatiérec deletierts ergadditions tespdlypeptidie whiat aliwrse adds ot deteteed single net al
chelzat i ng. i des | Sstd_di.ne- 1 t.o. dhat allo

purteri cAfina R o AR AN RS Y B RUR TR Fod (i yetal Where

puri f i ctheiageraon(sjmesbitd indesubstitutioy bbdudinimo amiviwitrha fuhohienatly sinilar aeiho n t he
FLAGS ext. j i.ni i I e,
20vash, J0° a8 RuButldeigthiaulidh LS BURE Giich oTRAR st PGBt b

speci f i WolbgicalFardtion oKkeorarigntt er oki nase (I nvitrogen. San Diego, Calif.)

bet ween the purification domain and the encoded pol ypepti de nay be used to
facilitate purification. One such expression vector provides for expression
of 28 f uSomaeryative eilpstitudint sabiéagrovdingIfymtipoalyesiroifariantier acids anedvell kmoeheén ¢ aci d
encodi hist . di resi - ' -t hy ' er oki nase

ol cavaghedrty SehbRR AR L B AERh AT fir OB 10 BB ho ik T ) e

(i mmobi palgearphistvatiantenintgfsoenies poollogerarolglless\of thesneedioni bed i n Porath et
al., Prot. Exp. Purif. 3:263-281 (1992) while the enterokinase cl eavage
site provides a neans for purifying the desired pol ypeptide fromthe fusion
pr ot ei nin gandias susls corseofative stlzstituitinhs whi falbwitlzin wné w§iheranpgnobeidrgsolpéngsr ovi ded

i | Al i Ol - - ) :
pORNOEDTP et MO el rg fiates s Sdikitthbos gubSplbalewingut oo o
const r usitbstanatfyrafeciing tbaémmunogenic popeties pbihg rotiyarot Trkdsll@fing bight groeps i on
are | nté%,g\%%ﬂ%iri %%Eno%%ldsﬁhét%ré( } )@%anJ Qér%em?fvéagub\%ﬂmiﬁt)( e Hi5 ?rgotﬁgry of a

or we nown appr oaches, ral o IC

vari ety seve are outlined bel ow for
the purpose of illustration.
1) Alanine (A), Glycine (G);
30 2) Aspartic acid (D), Glutamic acid (E);

3) Asparagine (N), Glutamine (Q);
4) Arginine (R), Lysine (K);
5) Isoleucine (1), Leucine (L), Methionine (M), Valine (V);
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W);
35 7) Serine (S), Threonine (T); and



WO 2011/ 092253PCT/ EP2011/ 051158 68 1. ADENO VIRUS One of the preferred

nmet hods for in vivo delivery of one or nore nucleic acid seguences

5i nvol veswohelwme2sef an adenovi rus expressi on vector. " AREEMPLOINOSI1SS
expression vector” is neant to include those constructs containing
adenovirus sequences sufficient to (a)_.support packagi ng of the construct
and (b) to express a polynucleotide thgg has been cloned therein in a sense
or antisense orientati he context of an antisense
construct, expres§> §8%@”%8§)R%%U?W Et t he gene product be

synt hesi sed. 10 T@eeexgreﬁagMOnveomwm1®6npr|ses a genetically engineered
form of an adenovirus. Know edge of the genetic organi sation of adenovirus,
a 36 kb, linear, double-stranded DNA virus, allows substitution of |arge

pi eces SiitabesuaiisubdtituiiNAs Wb tnbt bcoueinghe safivresicasepippé,and dondt Grenefbauisavé

Ho t t t h d i | infecti f host
bol 1, s g e B B gk e e e PR e ause. adenoviral DA,

can replicate in an eplsonal manner W t hout potential genotoxicity. Al so,
adenovi es are,struc ura t abl and enane r.earran nt has been
ot ot oo wiays Y Blrt iide oty fern R elRnd A0S st bl e el ortiared ol
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mani pul at.i on t cel | g ge and high infectivity. Both

ends of 3¢ ﬁép')\?F aa(i(ﬂr Wérif'(c,%\ﬁﬂ” qf hel 1950¢" BEEE°Pair i nverted repeats (I TRs),

which are cis eI enents necessary for viral DNA replication and packagi ng.
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the prote| ns for Vi raI DNA replication. These proteins are involved in DNA
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capsid ¢Hlettoeslasd additiorex for esyp esmbinbtjonatherenf)si gni fi cant processing of a
single primary transcript issued by the major late pronoter (M.P). The M.P,

(located at 16.8 mu.) is particularly efficient during the | ate phase of
i nf28ct | Dirg teansl “iadrtictiher n&b%wldiesmaedw the @onteki &f two onmibes nyudsis esids ar
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t ransfor f.raom hupan, ryani.c ki dne I DNA.fragnment s and
conti ¢ aopar ERRIRL. R dPlbaiS e ERahE aPdpifent 316 195 98RE. The s
regi on Optighayems riehtity bxists dveea aelporothiat is st gaesmm)u( 29 resbokt Sheanlno é@(YsBOr t he
current a Vi r ctor th the heI cel.l s arr
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the El and E3 regions, the HHX|nun1capaC|ty of the current

For sequence comparison, typically one sequence acts as a reference sequence, to which test

sequences are compared. When using a sequence comparison algorithm, test and reference

35 sequences are entered into a computer, subsequence coordinates are designated, if

necessary, and sequence algorithm program parameters are designated. Default program



adenovirus vector is under 7.5 kB, or about 15% of the total |ength of the
vector. Mre than 80% of the adenovirus viral genone remains in the vector
backbone woadoiigoeise source of vector-borne cytotoxicityPCAEPRY110BASS
replication deficiency of the El-deleted virus is inconplete. For exanple,
| eakage of viral gene expression has bggn observed with the currently

avai |l abl e 20vectors at high multiplicitres of infection (M)1) (Milligan,
1993). Hel per cell Iineds ma]Z be[. derived from hud§n c&l I S such as hunman
enbr yorR ERPERR{ALRT P RLUERINE PR HRISHE 56i 4190 ad) 1188 SPI%REr  hunan
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perm s sTEAVE 5 IR RGP NSE SROVANFRSP2sE OR 1RePIOg I RETG g g., Vero cells or
ot her nonkey enbryoni c mesenchymal or epithelial cells. As stated above,
the currently preferred helper cell line is 293, cher. et al. (1995), have
i 58 oshATRA SYE TR L sPO et cofpgey B e el 6 sRgueTog ey bd
30adenosoniptsed tona eieches s@juentBbithakame Inumbggofagatigsoudpesiyoes\aitdrthe two
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30 regions of sequence comparison and by designating the program parameters. Using PILEUP,
a reference sequence is compared to other test sequences to determine the percent sequence
identity relationship using the following parameters: default gap weight (3.00), default gap
length weight (0.10), and weighted end gaps. PILEUP can be obtained from the GCG
sequence analysis software package, e.g., version 7.0 (Devereaux et al., Nuc. Acids Res.

35  12:387-395 (1984).



and they are highly infective. The life cycle of adenovirus does not
require integration into the host cell genone. The foreign genes delivered
by adenowvousiwvmeisers are epi somal and, therefore, haveprcowprgenosnzgcity to
host cells. No side effects have been reported in studies of vaccination
with wild-type adenovirus (Couch etal 1963; Top etal ., 1971),
denonstrating 30their safety and theraBéutlc potential as in vivo gene
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30  (P(N)), which provides an indication of the probability by which a match between two
nucleotide or amino acid sequences would occur by chance. For example, a nucleic acid is
considered similar to a reference sequence if the smallest sum probability in a comparison of
the test nucleic acid to the reference nucleic acid is less than about 0.2, more preferably less
than about 0.01, and most preferably less than about 0.001.
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72 transcript of the reconbinant plasmd to be packaged into viral
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30  Polynucleotides may comprise a native sequence (i.e., an endogenous sequence that encodes

a Mycobacterium antigen or a portion thereof) or may comprise a variant, or a biological or
functional equivalent of such a sequence. Polynucleotide variants may contain one or more
substitutions, additions, deletions and/or insertions, such that the immunogenicity of the
encoded polypeptide is not diminished relative to the reference protein.
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15di sease. The renoval of viral coding sequences m nim ses immune reactions
to viral gene expression, and therefore, rAAV does not evoke an

i nf | ammatwoyoriespsase. 4. OTHER VI RAL VECTORS AS EXPRESSCONPOONSIRECTS

20 her viral vectors may be enpl oyed as expression constructs in the
present invention for the delivery of 8%igonucleotide or pol ynucl eoti de
sequences to a host cell. Vectors deriVved fromviruses such as vaccinia
virus (R dgeway, 1988; Coupar etal., 1988), lentiviruses, polio viruses and
her pes viruses nmay be enployed. O her poxvirus derived vectors, such as
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25 containing phage plaques) with the labeled probe (see Sambrook et al., Molecular Cloning: A
Laboratory Manual (2000)). Hybridising colonies or plaques are selected and expanded, and
the DNA is isolated for further analysis. ¢cDNA clones may be analyzed to determine the
amount of additional sequence by, for example, PCR using a primer from the partial sequence
and a primer from the vector. Restriction maps and partial sequences may be generated to

30 identify one or more overlapping clones. The complete sequence may then be determined
using standard techniques, which may involve generating a series of deletion clones. The
resulting overlapping sequences can then be assembled into a single contiguous sequence. A
full length cDNA molecule can be generated by ligating suitable fragments, using well known
techniques.
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acid may be stably maintained in the cell as a separate, episomal segnent
of DNA. Such nucleic acid segnents or "episones" encode sequences
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In certain instances, it is possible to obtain a full length cDNA sequence by analysis of
sequences provided in an expressed sequence tag (EST) database, such as that available
from GenBank. Searches for overlapping ESTs may generally be performed using well known
30 programs (e.g., NCBI BLAST searches), and such ESTs may be used to generate a
contiguous full length sequence. Full length DNA sequences may also be obtained by analysis

of genomic fragments.

POLYNUCLEOTIDE EXPRESSION IN HOST CELLS
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are E. coli, yeast or a mammlian cell |line such as COS or CHO
Supernatants from suitabl e host/vector systens which secrete reconbi nant
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30 heterologous moiety.

Sequences encoding a desired polypeptide may be synthesised, in whole or in part, using
chemical methods well known in the art (see Caruthers, M. H. et al., Nucl. Acids Res. Symp.
Ser. pp. 215-223 (1980), Horn et al., Nucl. Acids Res. Symp. Ser. pp. 225-232 (1980)).

35  Alternatively, the protein itself may be produced using chemical methods to synthesize the

amino acid sequence of a polypeptide, or a portion thereof. For example, peptide synthesis



5 polypeptide functional epitopes. Preferred peptide |inker sequences
contain Ay, Asn and Ser residues. Other near neutral am no acids, such as
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place of tryptophan, or hisD, which allows cells to utilise histinol in place of histidine (Hartman
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xpressed only after significant processing of a single primary transcript issued by the major
late promoter (MLP). The MLP, (located at 16.8 m.u.) is particularly efficient during the late
phase of infection, and all the mRNA's issued from this promoter possess a 5'-tripartite leader
(TPL) sequence which makes them preferred mRNA'’s for translation.
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terminal repeat (LTR) sequences are present at the 5 and 3° ends of the viral genome. These
contain strong promoter and enhancer sequences and are also required for integration in the

host cell genome (Coffin, 1990).

30 Inorder to construct a retroviral vector, a nucleic acid encoding one or more oligonucleotide or
polynucleotide sequences of interest is inserted into the viral genome in the place of certain
viral sequences to produce a virus that is replication-defective. In order to produce virions, a
packaging cell line containing the gag, pol, and env genes but without the LTR and packaging
components is constructed (Mann ef al., 1983). When a recombinant plasmid containing a

35 cDNA, together with the retroviral LTR and packaging sequences is introduced into this cell

line (by calcium phosphate precipitation for example), the packaging sequence allows the RNA
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reactivation). DI AGNOSTICS 20l n anot her aspect, this invention provides

nmet hods for using one or nore of the nodified Rv3616¢c proteins described
above to woagnowe2ssuber cul osis, such as |atent tubercul esr&pedionsazanpl e
using T cell response based assays or anti body based assays of conventi onal
format). 25For exanple, there is provi 2€d a method for determning |atent
M tubercul osi s infection in an indivi conprising: (a) obtaining a
sanmpl e f ndi_vi ai ample with a.nodified
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i nventi he i ndividual will be seropositive. In a second enbodi nment of
the invention the indivi dual wll be ser onegati ve.
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may be defined by a signal to noise ratio (SINratio) of at least 2:1 (for
exanple, at least 3:1 or at least 5:1). In a further aspect of the present
i nventi on ne{.l@uErAMRALPYEDIOEE S EaPRESSyINOSENs Uens M

20  Other viral vectors may be employed as expression constructs in the present invention for the
delivery of oligonucleotide or polynucleotide sequences to a host cell. Vectors derived from
viruses such as vaccinia virus (Ridgeway, 1988; 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

25  for various mammalian cells (Friedmann, 1989; Ridgeway, 1988; Coupar et al., 1988; Horwich
et al., 1990).

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
30  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
portions of the genome could be replaced with foreign genetic material. The hepatotropism
and persistence (integration) were particularly attractive properties for liver-directed gene
transfer. Chang et al. (1991) introduced the chloramphenicol acetyltransferase (CAT) gene
35 into duck hepatitis B virus genome in the place of the polymerase, surface, and pre-surface

coding sequences. It was cotransfected with wild-type virus into an avian hepatoma cell line.



25t ubercul osis infection using a skin test. As used herein, a "skin test"
is any assay perforned directly on a patient in which a del ayed-type
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t he i nveepli¢ation iraledendent of or in synchronisation with the host cell cycle. How the expression
25 construct is delivered to a cell and where in the cell the nucleic acid remains is dependent on

the type of expression construct employed.

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

30 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
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
and spleen of adult and newborn mice demonstrating active viral replication and acute

35 infection. Benvenisty & Reshef (1986) also demonstrated that direct intraperitoneal injection of

calcium phosphate-precipitated plasmids results in expression of the transfected genes. Itis
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two cri a: 1) the relevance of the experinental conditions to the
dormant state and 2) the rank order of expression. The maxi mum score for a

particular experinental taset was adjusted based, on potential relevance
o t ho SAPRER o8 EiH HineC 86 Ve o B b leciooilE S semed Plsg e F het: ono.
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Smicroarray gene expression and genome-w de gene knock-out (growth phase
essentl @éétér@ may also be utilised as a delivery method (e.g. listeria, see WO2004/11048) and in

20  particular BCG.
POLYPEPTIDE COMPOSITIONS

Polypeptides may be prepared using any of a variety of well known techniques. Recombinant

25 polypeptides encoded by DNA sequences as described above may be readily prepared from
the DNA sequences using any of a variety of expression vectors known to those of ordinary
skill in the art. Expression may be achieved in any appropriate host cell that has been
transformed or transfected with an expression vector containing a DNA molecule that encodes
a recombinant polypeptide. Suitable host cells include prokaryotes, yeast, and higher

30 eukaryotic cells, such as mammalian cells and plant cells. Preferably, the host cells employed
are E. coli, yeast or a mammalian cell line such as COS or CHO. Supernatants from suitable
host/vector systems which secrete recombinant protein or polypeptide into culture media may
be first concentrated using a commercially available filter. Following concentration, the
concentrate may be applied to a suitable purification matrix such as an affinity matrix or an ion

35 exchange resin. Finally, one or more reverse phase HPLC steps can be employed to further

purify a recombinant polypeptide.
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Shorter polypeptides may also be generated by synthetic means, using techniques well known
to those of ordinary skill in the art. For example, such polypeptides may be synthesised using
any of the commercially available 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 Elmer/Applied
BioSystems Division (Foster City, CA), and may be operated according to the manufacturer’s

instructions.

Within certain specific embodiments, a polypeptide may be a fusion protein that comprises
multiple modified Rv3616¢ proteins as described herein, or that comprises at least one
modified Rv3616¢ proteins as described herein and an unrelated sequence such as those

described in (i) to (xvi) and (a) to (g) above.

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 solubility of the
protein or to enable the protein to be targeted to desired intracellular compartments. Still

further fusion partners include affinity tags, which facilitate purification of the protein.

Fusion proteins may generally be prepared using standard techniques, including chemical
conjugation. Preferably, a fusion protein is expressed as a recombinant protein, allowing the
production of increased levels, relative to a non-fused protein, in an expression system.
Briefly, DNA sequences encoding the polypeptide components may be assembled separately,
and ligated into an appropriate expression vector. The 3’ end of the DNA sequence encoding
one polypeptide component is ligated, with or without a peptide linker, to the 5" end of a DNA
sequence encoding the second polypeptide component so that the reading frames of the
sequences are in phase. This permits translation into a single fusion protein that retains the

biological activity of both component polypeptides.

A peptide linker sequence may be employed to separate the fusion partners by a distance
sufficient to ensure that each polypeptide folds into its secondary and tertiary structures. Such

a peptide linker sequence is incorporated into the fusion protein using standard techniques

Mo/ .

12d:
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following factors: (1) their ability to adopt a flexible extended conformation; (2) their inability to
adopt a secondary structure that could interact with functional epitopes on the first and second
polypeptides; and (3) the lack of hydrophobic or charged residues that might react with the

5  polypeptide functional epitopes. Preferred peptide linker sequences contain Gly, Asn and Ser
residues. Other near neutral amino acids, such as Thr and Ala may also be used in the linker
sequence. Amino acid sequences which may be usefully employed as linkers include those
disclosed in Maratea et al., Gene 40:39-46 (1985); Murphy et al., Proc. Natl. Acad. Sci. USA
83:8258-8262 (1986); U.S. Patent No. 4,935,233 and U.S. Patent No. 4,751,180. The linker

10  sequence may generally be from 1 to about 50 amino acids in length. Linker sequences are
not required when the first and second polypeptides have non-essential N-terminal amino acid

regions that can be used to separate the functional domains and prevent steric interference.

Within preferred embodiments, an immunological fusion partner is derived from protein D, a

15  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
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

20  epitopes and to increase the expression level in E. coli (thus functioning as an expression
enhancer). The lipid tail ensures optimal presentation of the antigen to antigen presenting
cells. Other fusion partners include the non-structural protein from influenzae virus, NS1
(hemaglutinin). Typically, the N-terminal 81 amino acids are used, although different
fragments that include T-helper epitopes may be used.

25
In another embodiment, the immunological fusion partner is the protein known as LYTA, or a
portion thereof (preferably a C-terminal portion). LYTA is derived from Streptococcus
pneumoniae, which synthesizes an N-acetyl-L-alanine amidase known as amidase LYTA
(encoded by the LytA gene; Gene 43:265-292 (1986)). LYTA is an autolysin that specifically

30 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
C-LYTA fragment at the amino terminus has been described (see Biotechnology 10:795-798

35  (1992)). Within a preferred embodiment, a repeat portion of LYTA may be incorporated into a
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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

20 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
host tissues. 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.

25 Likewise, such compositions may further comprise substituted or derivatised RNA or DNA

compositions.

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

30  using the particular compositions described herein in a variety of treatment regimens, including
e.g., oral, parenteral, intravenous, intranasal, and intramuscular administration and

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

Typically, formulations comprising a therapeutically effective amount deliver about 0.01 ug to
about 1000 ug of modified Rv3616c polypeptide per administration, more typically about 0.1 ug
35  toabout 100 ug of polypeptide per administration (e.g. 0.5 to 50 ug). In respect of
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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

25 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

30  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

35 used in preparing any dosage unit form should be pharmaceutically pure and substantially
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prepared incorporating the active ingredient in the required amount in an appropriaté 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
10  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
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.
15 2. INJECTABLE DELIVERY

In general it may 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
20  specifically incorporated herein by reference in its entirety). Solutions 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

25  of microorganisms.

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
30 inits entirety). In all cases the form must be sterile and must be fluid to the extent that easy
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),
35  suitable mixtures thereof, and/or vegetable oils. Proper fluidity may be maintained, for

example, by the use of a coating, such as lecithin, by the maintenance of the required particle
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papr oc 2Felglapaperacadmiaptrotidn inlahlaqueous solution, for example, the solution should be

suitably buffered if necessary and the liquid diluent first rendered isotonic with sufficient saline
10  orglucose. These particular agueous solutions are especially suitable for intravenous,
intramuscular, subcutaneous and intraperitoneal administration. In this connection, a sterile
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
15  ofinfusion (see, e.g., Remington’s Pharmaceutical Sciences, 15th Edition, pp. 1035-1038 and
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

20  required by FDA Office of Biologics standards.

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
25  the various sterilized active ingredients into a sterile vehicle which contains the basic
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
30 thereof.

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,

35 hydrochloric or phosphoric acids, or such organic acids as acetic, oxalic, tartaric, mandelic,

and the like. Salts formed with the free carboxyl groups can also be derived from inorganic
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bases such as, for example, sodium, potassium, ammoniurh, 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

5 avariety 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
10  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
compositions is contemplated. Supplementary active ingredients can also be incorporated into

the compositions.

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

20 toinjection can also be prepared. The preparation can also be emulsified.
3. NASAL AND BUCCAL DELIVERY

In certain embodiments, the pharmaceutical compositions may be delivered by intranasal

25  sprays, buccal sprays, inhalation, and/or other aerosol delivery vehicles. Methods for
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

30 lysophosphatidyl-glycerol compounds (U. S. Patent 5,725,871, specifically incorporated herein
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).

35
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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

5  compositions of the present invention into suitable host cells. In particular, the compositions of
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

10  formulations of the nucleic acids or constructs disclosed herein. The formation and use of
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
targeted antibiotic therapy for intracellular bacterial infections and diseases). Recently,
liposomes were developed with improved serum stability and circulation half-times (Gabizon &

15  Papahadjopoulos, 1988; Allen and Choun, 1987; U. S. Patent 5,741,518, specifically
incorporated herein by reference in its entirety). Further, various methods of liposome and
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

20 incorporated herein by reference in its entirety).

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

25 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;
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

30  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
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).

35
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Liposomes are formed from phospholipids that are dispersed in an aqueous medium and
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

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

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

10  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

modifying the liposomal formulation.

In addition to the teachings of Couvreur et al. (1977; 1988), the following information may be

15  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
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

20 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

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

25 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,
apparently by packing the phospholipids more tightly. It is contemplated that the most useful
liposome formations for antibiotic and inhibitor delivery will contain cholesterol.

30
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
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

35 are prepared by ether evaporation and are three to four times more efficient at solute

entrapment than MLVs.
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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

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
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
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
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
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
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
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potential in directing liposomes to particular cell types. Mostly, it is contemplated that
intravenous injection of liposomal preparations would be used, but other routes of

administration are also conceivable.

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

10  degraded in vivo. Biodegradable polyalkyl-cyanoacrylate nanoparticles that meet these
requirements are contemplated for use in the present invention. Such particles may be are
easily made, as described (Couvreur et al., 1980; 1988; zur Muhlen et al., 1998; Zambaux et
al. 1998; Pinto-Alphandry et al., 1995 and U. S. Patent 5,145,684, specifically incorporated
herein by reference in its entirety).

15

Skin patches may also be utilised for transcutaneous delivery.
IMMUNOGENIC COMPOSITIONS

20  In certain embodiments of the present invention, immunogenic compositions are provided.
The immunogenic compositions will comprise one or more modified Rv3616¢ sequences
(polypeptides or polynucleotides) as those discussed above, in combination with an

immunostimulant.

25 Immunogenic compositions may also comprise a fusion protein or a polynucleotide encoding a

fusion protein, in combination with a pharmaceutically-acceptable carrier or excipient.

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

30 include adjuvants.

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
35 also contain other compounds, which may be biologically active or inactive. For example, one

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

or immunogenic composition.

lllustrative immunogenic compositions may contain a polynucleotide (e.g. DNA) encoding one
5  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.
10  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
15  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)
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
20 are disclosed, for example, in Fisher-Hoch et al., Proc. Natl. Acad. Sci. USA 86:317-321
(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
25 91:215-219 (1994); Kass-Eisler et al., Proc. Natl. Acad. Sci. USA 90:11498-11502 (1993);
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
30  (1993). The uptake of naked DNA may be increased by coating the DNA onto biodegradable
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.

35 It will be apparent that an immunogenic composition may contain pharmaceutically acceptable

salts of the polynucleotides and polypeptides provided herein. Such salts may be prepared
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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).

5  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

10  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

15  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;
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.

20
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

25 the formulation isotonic, hypotonic or weakly hypertonic with the blood of a recipient,
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.

30  Any of a variety of immunostimulants may be employed in the immunogenic compositions of
this invention. For example, an adjuvant may be included. 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-

35  type cytokines (e.g., IFN-y, IL-2, and IL-12) tend to favour the induction of cell-mediated
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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.

Within the immunogenic compositions provided herein, the adjuvant composition is preferably

5 designed to induce an immune response predominantly of the Th1 type.

Suitable adjuvant compositions include oil in water emulsions. In particular an oil in water

emulsion which comprises 0.5 - 10 mg metabolisable oil (e.g. squalene), 0.5 - 11 mg tocol (e.g.

alpha-tocopherol) and 0.1 - 4 mg emulsifying agent (e.g. polyoxyethylene sorbitan monooleate)
10  per human dose. See, for example, WO2008/043774 which is hereby incorporated by

reference.

An alternative adjuvant comprises an immunologically active saponin fraction derived from the
bark of Quillaja Saponaria Molina (such as the HPLC purified fraction known as QS21, as

15  described in US5,057,540) presented in the form of a liposome and a lipopolysaccharide (such
as 3-de-O-acylated monophosphoryl lipid A). These compositions may further comprise a
sterol (e.g. cholesterol), such as wherein the ratio of saponin:sterol is from 1:1 to 1:100 w/w
(e.g. the ratio of saponin:sterol is from 1:1 to 1:10 w/w). Particularly suitable are those
adjutants wherein said QS21 and said 3-de-O-acylated monophosphoryl lipid A are present at

20 ratio of QS21:3D-MPL of 1:1 w/w and both are present in a human dose at a level of below 30
ug. Such adjuvant compositions are described, for example, in WO2007/068907 and
US2008279926, which are hereby incorporated by reference.

Other adjuvant systems of interest include those based on aluminium salts in conjunction with

25 the lipopolysaccharide 3-de-O-acylated monophosphoryl lipid A. The antigen and 3-de-O-
acylated monophosphoryl lipid A may be co-adsorbed to the same metallic salt particles or
may be adsorbed to distinct metallic salt particles. See, for example, WO00/23105,
US7357936 and US20080226672A1, which are hereby incorporated by reference, which
describe immunogenic compositions comprising an antigen bound to a first metallic salt

30  particle (in particular aluminium phosphate or aluminium hydroxide) and 3-de-O-acylated
monophosphoryl lipid A which is bound to a second metallic salt particle (in particular

aluminium phosphate or aluminium hydroxide).

Any immunogenic composition provided herein may be prepared using well known methods
35 thatresult in a combination of antigen, immune response enhancer and a suitable carrier or

excipient (as necessary).
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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,
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

autologous, allogeneic, syngeneic or xenogeneic cells.

Certain 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 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-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)).

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
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

simple way to discriminate between two well characterised phenotypes. However, this
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nomenclature should not be construed to exclude all possible intermediate stages of
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

5 these markers, but a high expression of cell surface molecules responsible for T cell activation
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

10  other variant thereof) such that the polypeptide, is expressed on the cell surface. Such
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

15  vivo transfection of dendritic cells, for example, may generally be performed using any
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

20  recombinant bacterium or viruses (e.g., vaccinia, fowlpox, adenovirus or lentivirus vectors).
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.

25 Immunogenic compositions and pharmaceutical compositions may be presented in unit-dose
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

30 freeze-dried condition requiring only the addition of a sterile liquid carrier immediately prior to

use.

In some embodiments, a “priming” or first administration of a modified Rv3616¢ protein
(including fusion proteins), or polynucleotide encoding said protein, is followed by one or more
35  “boosting” or subsequent administrations of a modified Rv3616c protein (including fusion

proteins) or polynucleotide encoding said protein (“prime and boost” method). For instance, a
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first administration with a modified Rv3616c¢ polypeptide (including fusion proteins) or
polynucleotide encoding said protein is followed by one or more subsequent administrations of
a modified Rv3616¢ polypeptide (including fusion proteins) or polynucleotide encoding said

polypeptide.

In one embodiment, a first administration with a modified Rv3616¢ protein or polynucleotide is
followed by one or more subsequent administrations of a modified Rv3616c¢ protein. In one
embodiment, a first administration with a modified Rv3616c¢ protein or polynucleotide is
followed by one or more subsequent administrations of a modified Rv3616¢ polynucleotide.

10  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.

15  preventing or treating latent tuberculosis, in particular preventing or delay tuberculosis

reactivation).
DIAGNOSTICS

20 In another aspect, this invention provides methods for using one or more of the modified
Rv3616¢ proteins described above to diagnose tuberculosis, such as latent tuberculosis (for
example using T cell response based assays or antibody based assays of conventional

format).

25  For example, there is provided a method for determining latent M. tuberculosis infection in an
individual comprising:
(a) obtaining a sample from the individual;
(b) contacting said sample with a modified Rv3616¢ protein;
(c) quantifying the sample response.
30
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.
35
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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 a BCG).

The sample response may be quantified by a range of means known to those skilled in the art,
5 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

10  cytometer.

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);
15 (i) carboxyfluorsecein diacetate succinimidyl ester (CFSE) Ilabelling and

fluorescence monitoring of cell division using flow cytometry.

Quantifying a sample cytokine response includes in particular the monitoring of interferon
gamma production.

20
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 latent M.

25  tuberculosis infection using a skin test. As used herein, a "skin test" is any assay performed
directly on a patient in which a delayed-type hypersensitivity (DTH) reaction (such as swelling,
reddening or dermatitis) is measured following intradermal injection of a modified Rv153c
protein as described above. Such injection may be achieved using any suitable device
sufficient to contact the antigen combinations with dermal cells of the patient, such as a

30  tuberculin syringe or 1 mL syringe. 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

35 ruler. In general, a response that is greater than about 0.5 cm in diameter, especially greater
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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 modified Rv3616¢ protein component is suitably formulated as a
5 pharmaceutical 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.
10  Such kits typically comprise two or more components necessary for performing a diagnostic

assay. Components may be compounds, reagents, containers and/or equipment. For

example, one container within a kit may contain a modified Rv3616¢ protein. Such protein

may be provided attached to a support material. Such kits may also, contain a detection

reagent that contains a reporter group suitable for direct or indirect detection of antibody
15  binding.

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:
20 (i apparatus for obtaining an appropriate cell sample from a subject;
(i) means for stimulating said cell sample with an Rv3616¢ polypeptide (or variant
thereof, immunogenic fragments thereof, or DNA encoding such polypeptides);

(iii) means for detecting or quantifying the cellular response to stimulation.

25 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
30 (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:

35 (@) 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:

(@) 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).

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

changed or modified to yield essentially similar results.

EXAMPLE 1 - IDENTIFICATION OF Rv3616c AS A LATENT TB VACCINE TARGET

The gene Rv3616¢ encodes for a conserved hypothetical alanine and glycine rich protein.

Rv3616¢ 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
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.

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.
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,
102:8327-8332

+/- y-INF with TraSH mutated

libraries of M. tuberculosis

B51



54 199 FI TNALNG. SEQ I D No: 101 A2 55 202 NALNGLKEL SEQ I D No: 102 BS51,

A 2402, B 3501, Cw_0602 56 213 KLTGWTG. SEQ I D No: 103 A2, A 0201 57 214

LTGWTG.AWeBQ@1l@21Ne: 104 Al, A 0101, A24 58 225 GASNLESPETEBO)1Ds1Nes 105
A24 59 228 NLESFFAGV

10

15

20

25

30

97
Reference Experimental model Timepoint:
Maximum score®
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

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




SEQ ID No: 106 A2, A 0201 60 231 SFFAGVPGL SEQ I D No: 107 A2, A 0201, AZ24,
Cw_0401 61 238 GLTGATSG. SEQ I D No: 108 A2, A 0201 62 246 LSQVTGLFG SEQ I D
No: 109 AwQ 2BBRI/BOR5347 SQVTALFGA SEQ I D No: 110 A2 64 25@CISAS8EAHSSEQ | D
No: 111 A1, A3, B7, B8 65

98

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
5 amino acids centered on the highest H value (MaxH), masking these from further

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

10 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

15  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).

Rv3616¢ ranked very high as a vaccine antigen according to several criteria:

20
(i) Rv3616¢ is consistently up-regulated across all models of dormancy. Among the
entire suite of 3999 genes scored in the meta-analysis, Rv3616¢ was ranked in the top
quartile of overexpressed genes across all dormancy models. The up-regulated score
for Rv3616¢ was 6.52 which favourably compared with the top gene score of 22.28.

25
(i) Rv3616¢ ranked as being highly essential for survival in the mouse spleen infection

model (scoring 4.945, out of a possible scoring of 5).

(iii) Subcellular localisation predicted that Rv3616¢ protein is a membrane bound
30 protein and thus has significant extracellular exposure, indicating suitability as a

vaccine target.

(iv) Rv3616¢ can a elicit protective response against initial tuberculosis challenge.

35 (v) Rv3616¢ is broadly recognised as an antigen.



260 ASSGLAHAD SEQ I D No: 112 Al, A3, A 0301 66 262 SGLAHADSL SEQ I D No: 113
A 0201 67 263 GLAHADSLA SEQ I D No: 114 A 0101, A 0201, A 0301 68 269
SLASSASLRvEEQ@1VM92483: 115 A 0201, A 0301 69 271 ASSASLPAPCBSE®20105058 116 B7
70 286 SGFGA.PSL SEQ I D No: 117

99

EXAMPLE 2 — Rv3616c EPITOPE PREDICTION

Method

5 T cell epitope prediction was based on the following approaches:

Prediction | Name URL/References

CD4 and Multipred | website: antigen.i2r.a-star.edu.sg/multipred/
CD8
Zhang,G.L., Khan,A.M., Srinivasan,K.N., August,J.T. and
Brusic,V. (2005) “MULTIPRED: a computational system for
prediction of promiscuous HLA binding peptides” Nucleic Acids
Res. 33, W172 - W179.

SVMHC website: www-bs.informatik.uni-tuebingen.de/SVMHC

“Prediction of MHC class | binding peptides, using SYMHC.”
Pierre Donnes and Arne Elofsson in: BMC Bioinformatics 2002
3:25

CD4 ProPred website: www.imtech.res.in/raghava/propred/

Singh,H. and Raghava,G.P.S.(2001) “ProPred: Prediction of
HLA-DR binding sites.” Bioinformatics,17(12), 1236-37.

Tepitope2 | In house program based on :

H. Bian, J. Hammer (2004) “Discovery of promiscuous HLA-II-
restricted T cell epitopes with TEPITOPE.” Methods 34 : 468-
75

CD8 nHLA website: www.imtech.res.in/raghava/nhlapred/

Bhasin M. and Raghava G P S (2006) “A hybrid approach for
predicting promiscuous MHC class | restricted T cell epitopes”;
J. Biosci. 32:31-42




A2, A 0201, B51 71 291 LPSLAQVHA SEQ I D No: 118 B7, B_3501, B51 72 298
HAASTRQAL SEQ I D No: 119 B7, B8, B 3501 73 301 STRQALRPR SEQ I D No: 120 A3,
A 0301 74wB0Q611RPRARGPVG SEQ I D No: 121 B7, B 0702, B8, BEI/EP20130911EEVGCESCQL
SEQ I D No: 122 B7, B44 76 350

100

Prediction | Name URL/References
NetCTL website: www.cbs.dtu.dk/services/NetCTL/

“‘An integrative approach to CTL epitope prediction. A
combined algorithm integrating MHC-I binding, TAP transport
efficiency, and proteasomal cleavage predictions.” Larsen
M.V., Lundegaard C., Kasper Lamberth, Buus S,. Brunak S.,
Lund O., and Nielsen M. European Journal of Immunology.
35(8): 2295-303. 2005

Epijen website: www.jenner.ac.uk/Epiden/

Doytchinova, I. A., P. Guan, D. R. Flower. “Epiden: a server for
multi-step T cell epitope prediction.” BMC Bioinformatics, 2006,
7,131.

Syfpeithi website:

www.syfpeithi.de/Scripts/MHCServer.dll/EpitopePrediction.htm

Hans-Georg Rammensee, Jutta Bachmann, Niels Nikolaus
Emmerich, Oskar Alexander Bachor, Stefan Stevanovic:
“SYFPEITHI: database for MHC ligands and peptide motifs.”
Immunogenetics (1999) 50: 213-219

PredTAP | website: antigen.i2r.a-star.edu.sg/pred TAP/

Zhang,G.L., Petrovsky,N., Kwoh,C.K., August,J.T. and
Brusic,V. (2006) “PREDTAP: 3 system for prediction of peptide

binding to the human transporter associated with antigen

processing.” Immunome Res. 2(1), 3.




GASKGTTTK SEQ I D No: 123 A3, A 0301 77 351 ASKGITTKK SEQ I D No: 124 A3,

A 0301 78 353 KGTTTKKYS SEQ I D No: 125 A 0301, B8 79 368 TEDAERAPV SEQ I D
No: 126 BA@®20Am9ema be seen from Tables 2 and 3, Rv36l6ecTtmreaiinsiias nunber
of predicted CD4+ and CD8 T cell epitopes. Furthernore, this information
suggests that the protein carries epi t@a\es that can be recogni sed by HLAs

whi ch occur worl dwide (that is HLAs fr Caucasi an, African, 5Asian or
Latl n A L\ dug| Q cpp wnhct VAMAAL a| | ol ~f renuenr\l oc ot ) V\O

L1 I II Ul o VWO UOT U O (J.L LA'AY LI bl A\ | \1 LLAYA X1 IIbLl
2011/ 090 BESHRHOEPD BT 05 11 %RE@ZF@?RWE 3 - Rv3616c EP| TOPE | DENTI FI CATI ON
A range| of 30 ovel PAPROTY pPapL dies.repier desabieifvdbloch @ngt h of Rv3616¢c were
prepared (see S5Figure 1 for details and SEQ I D Nos: 127-156) and tested for

their ability to stinulate PBMC
C. Kuttler, A.K. Nussbaum, T.P. Dick, H.-G. Rammensee, H.

Schild, K.P. Hadeler, “An algorithm for the prediction of
proteasomal cleavages”, J. Mol. Biol. 298 (2000), 417-429

A.K. Nussbaum, C. Kuttler, K.P. Hadeler, H.-G. Rammensee,
H. Schild, “PAProC: A Prediction Algorithm for Proteasomal
Cleavages available on the WWW”, Immunogenetics 53
(2001), 87-94

Results
5 Table 2 — Putative Rv3616¢c human CD4+ T cell epitopes
Putative Amino _
CD4 acid Epitope SEQ ID No: HLA allele
epitope " sequence
position
number

DRB1_0301, DRB1_0401,

1 5 FIIDPTISA SEQ ID No: 29 DRB1 1101

2 31 ILYSSLEYF SEQ ID No: 30 DRB1 0301

3 36 LEYFEKALE | SEQ ID No: 31 DRB1_ 1301

4 63 YAGKNRNHY | SEQ ID No: 32 DRB1 0801
5 87 LIHDQANAYV | SEQ ID No: 33 DRB1 0301, DRB1 0401

6 111 FVRPVAVDL | SEQ ID No: 34 DRB1 0101

7 119 LTYIPVVGH | SEQ ID No: 35 DRB1 0401

8 121 YIPVVGHAL | SEQ ID No: 36 DRB1 0101

9 151 YLVVKTLIN SEQ ID No: 37 DRB1 0401

10 152 LVVKTLINA | SEQ ID No: 38 DRB1_ 1301

11 154 VKTLINATQ | SEQ ID No: 39 DRB1 0401
DRB1_0301, DRB1_0801,
12 164 LKLLAKLAE | SEQ ID No: 40 DRB1_ 1101, DRB1_1301
DRB1_0301, DRB1_1101,

13 173 LVAAAIADI SEQ ID No: 41 DRB1 1301

14 181 [ISDVADII SEQ ID No: 42 DRB1 0301

15 197 WEFITNALN | SEQ ID No: 43 DRB1 0401

16 252 LFGAAGLSA | SEQID No: 44 DRB1_1501

17 264 LAHADSLAS | SEQID No: 45 DRB1 0401

18 270 LASSASLPA | SEQ ID No: 46 DRB1 0401

19 288 FGGLPSLAQ | SEQ ID No: 47 DRB1 0401




fromfour PPD-F donors. The data, shown in Figure 2, reveals that
peptides 1-7 and 17-30 were i mrunogeni c for these individuals. These

pepti des woeosuieEbBl y present within the sequence of thecmmbediiesii®3616c
10proteins of the invention. It should be noted that peptides 8-16 (am no
acid residues 92-215) may be i mrunogenj ¢ in other individuals of differing
HLA type. 15 EXAMPLE 4- Rv3616c H37Rv OGQUES Rv3616c sequences from a
nunber of M tuberculosis strains and BOG were identified using BLASTP
searches of GenBank (H37Rv reference sequence accessi on nunber

NP_218133.1): Strain Accession Nunber %identity CDC1551 NP_338263.1 99 F11

YP_001289574.1 99

figfvs RSt

qg ﬁg} 99 Ccif 3087742?.1 99 BOG
YP 979759.1 99 20Al 9% v§ WY COBY e r P WSS cat es a hi gh
| evel dPu&meﬂtAﬁx. Bl OLOd CAL [ASSAYS Quant|fication of T cell responses|to
Rv3616¢ CDS8 no Epitope .
epitope aqlfj sequence SEQID No: HLA allele
position
number

1 5 FIIDPTISA SEQ ID No: 48 A2

2 6 [IDPTISAI SEQ ID No: 49 A 0101, A2

3 9 PTISAIDGL | SEQ ID No: 50 A2, A 0201, B7, B8

4 10 TISAIDGLY | SEQID No: 51 A1, A 0101, A3, A 0301

5 12 SAIDGLYDL | SEQ ID No: 52 A2, B 3501

6 13 AIDGLYDLL | SEQ ID No: 53 A 0101, A 0201, B44

7 17 LYDLLGIGI SEQ ID No: 54 A24

8 25 IPNQGGILY | SEQ ID No: 55 B7, A 0101, B_3501, B51

9 30 GILYSSLEY | SEQ ID No: 56 A1, A 0101, A3, A 0301

10 33 YSSLEYFEK | SEQ ID No: 57 A1, A 0301

11 35 SLEYFEKAL | SEQ ID No: 58 A 0201, B7, Cw_0401, Cw_0602

12 38 YFEKALEEL | SEQ ID No: 59 A24, A 2402, B8, Cw_0401, Cw_0602

13 39 FEKALEELA | SEQ ID No: 60 B44,B 4403

14 69 NHVNFFQEL| SEQ ID No: 61 A24, Cw 0602

15 76 ELADLDRQL | SEQ ID No: 62 A 0201

16 77 LADLDRQLI | SEQ ID No: 63 A 0101, B51

17 79 DLDRQLISL | SEQ ID No: 64 A 0101, A 0201

18 80 LDRQLISLI SEQ ID No: 65 A24, B7, B51

19 94 AVQTTRDIL | SEQ ID No: 66 B7

20 103 EGAKKGLEF| SEQ ID No: 67 A24, B7

21 107 KGLEFVRPV | SEQ ID No: 68 A 0201, B51

22 108 GLEFVRPVA| SEQ ID No: 69 A 0101, A 0301

23 109 LEFVRPVAV | SEQ ID No: 70 B44

24 111 FVRPVAVDL | SEQ ID No: 71 B7, B8, B_3501

25 113 RPVAVDLTY | SEQ ID No: 72 B7, A 0101, B_3501, B51

26 116 AVDLTYIPV | SEQID No: 73 A2, A 0201

27 120 TYIPVVGHA | SEQ ID No: 74 A24

28 121 YIPVVGHAL | SEQID No: 75 A 0101, A2, A 0201, B7, B8

29 129 LSAAFQAPF | SEQ ID No: 76 A1, B7,B 3501

30 130 |SAAFQAPFC| SEQ ID No: 77 A 0201

31 131 AAFQAPFCA| SEQ ID No: 78 A 0301, B_3501

32 133 |FQAPFCAGA| SEQ ID No: 79 A2, A 0201

33 135 |APFCAGAMA| SEQ ID No: 80 B7,B 3501

34 136 |PFCAGAMAV| SEQ ID No: 81 A3

35 141 |AMAVVGGAL| SEQ ID No: 82 A2, A 0201, A24, B7

36 143 |AVVGGALAY| SEQ ID No: 83 A1, A3, A 0301, B7

37 147 GALAYLVVK | SEQ ID No: 84 A3, A 0301

38 149 LAYLVVKTL | SEQ ID No: 85 B8, B44, B51

39 150 AYLVVKTLI | SEQ ID No: 86 A24

40 155 KTLINATQL | SEQ ID No: 87 A 0201, A2, A 0301, A24

41 156 TLINATQLL | SEQ ID No: 88 A2, A 0201, A3, A 0101, Cw_0401

42 158 INATQLLKL | SEQ ID No: 89 B7, B8, Cw 0602




25 Pol ypeptides may be screened for their ability to activate T-cells

(i nduction of proliferation and/or
bl ood norwouelieme2ssel |
(such as latently infected)
105 Latently infected individuals are
above | Omm and wit

that has a di aneter

i ndi vi dual s.

5

producti on of cytokines)
(PBMC) or in whole blood preparatrcome26inomishf ect ed

WO 2011/ 092253PCT/ EP2011/ 051158
ually identified by a skin test
ut synptonms, with no Mb positive

i n peripheral

cul t ur ez—w-th—a—regative—Ssputymnegative—apd—wth—neteston{as—deteeted by

tive <) SP <) €
chest s .| Amirenge of. in viitro assays can be used based on PBMC sanp| es
or whol e M%od:acad t er FNRS myl asEQnDiNo:pr sence of t HeAalelegen ( or
variantgﬁm rpgembn f PEYRETE thereof as appropriate) t he proIiferation of
the cell's iTay be determ ned (as neasured by n y) or,.the
prlolducti gms of cysggk NAT QUUADL | fsgqumcﬁgen Fﬂ?‘fq?FBZ %ﬁ%%tog%}tl ?}‘I’ (}:4LQI1t ured
cells and measured by ELISA—or —after intracellular g9
CD8 T c¢el ks andigma y;g_lLKLpg(Kil 0SEQYDNERY) . E‘BF%;O?QQ& 2s§ﬁrp| es
may be i nised - whol e bl nnd by Ei EW1 P407, i
gr adi ent 42ntlri 18ma ,K,L,L,/KK \E|ﬂ\ A %ﬁQJD;ngzd AZnAgQRQ%é_O%Qﬂ; BleBfC en
be washed4%nd P?Qﬁn e5BKLARLY n SEQIID(NQ‘NQBI‘ ngen uMys A9, An@1q1f(5t8 further
detai | s sté Llal {6thi | KLAELYMA ] SEQABNO: 9% 5~ 1999 180: 164%- 1664) . T cel
prol i feraf#8on 1570The LAGYAAAL |i §RAB Ne9Bohse may be AdhAR4dB%ri sed by
per f or mi_ngP | yinphttyt & VAN APE aBEQHDAI9s| s using t heBYsB3% at ed thyni dj ne.
Thi s techd? que HEcessAIADIIREVcel BEREAP Nk |9dnsi on updid, APt €w_8642rul ation to
an antilgedl In pféactilée)ISPY¥A |pBbRilbd¥@i9Bon i s det eAnd HEdBb$S@st i mat i ng
i ncor por ab2 on o182 r | tIcAVADIIKhy nBEQBE Nant98 DNA, a procktA €dBbsely related to
under | yi n§3 chant@s 2ULGEVWHFIn@HIZID NbD1@ sui tably, |AZpheeot e
proliferab4 on nt§P be FPRNAINGEJ SEQ MYNohedssucci ni m dyl esA2r of
car boxyf | 8®r secadn (NACRGAKEL (| GESE)D NGFRI2 sporgsineonsdy Basdo1,rgvevosogi bl y
coupl es t g6 bot h2iant ricesWITEL | 8EQ eNb: 08 f ace pr ot ei a3 AHy20eaction w t
| ysi ne [sige chapns anmwiireLFa\geEd abNe: Zpa[1i ne gr oups, A \then, Aygphocyte
cell s divkge,| GBE 1ebaNUERFHA|SED 8 Nobwdsed equal Ty betwegn the daughter
celI's, \whkgh Jar g2 NeNEESFEABT!|TSERS D NBOT@sFent as theapaepps. As a result,
hal vi ng O Cel 1 pHAar | SFHRGIPEENEEQ I RBS1dY/ | Mar stzegc@g@ugggscng&(genera ion
in a popupAtTIoNH3Y PEPTERFEALTREG f) Ne: ?(ﬂp s readit yAQ 07 |09w,30 py ftow
cytpnegry 3 Tor S TTEEQUPEREGT SRS 1D RETKOITS PD et at 4“ Eép Ved. 1996
184: 27 ?%%); 3o T BSHUFBLEBA [ AEETD NIV J'E: II":VI:S\b ey E,’ﬁAZde”euL :;uud)nbt al ned
Rty st A QA 1 Bl ARV SN v A
essentialeéninoﬂi“i4RS§§EAHADﬂ Eg%ﬁzgéi?,J ctivatedpgpﬁg”&Jg%ﬁ
2011/ 092288 P/ 25043 PREHADSLL GEQID NG 143 T e " A0t o bae vest bd
and thpirgzhbno e GL&HADSvAiiﬁﬁfﬂ ﬂpw“' face é%é J“A &ﬂy’ eht+y—Aenory
CD8 and 9 f 12¢¥! SLASHAS Eu§$#Q NPEL :ytomstryA‘aQ'.2 ”E¥g3®5n be—used to
i ndi cat evgs.;;e exgjﬁt é‘éﬁé\%ﬂ ﬁ‘nc ;S%Q i Eg- ;%f aton—i-n rnfs&_o 2%? é% each—ant] gen

ti f 289 | psicTeN SE nt ' vPet o

gf{ﬁﬁff;;m\ 291 JLPSLAQVHA| SEQD No: 118 | B7,B 3501, B51

727 298 |HAASTRQAL| SEQ ID No: 119 B7, B8, B_3501

73 301 |STRQALRPR| SEQ ID No: 120 A3, A 0301

74 307 |RPRADGPVG| SEQ ID No: 121 B7, B_0702, B8, B51

75 319 |[EQVGGQSAQL| SEQ ID No: 122 B7, B44

76 350 |GASKGTTTK| SEQID No: 123 A3, A 0301

77 351 ASKGTTTKK | SEQ ID No: 124 A3, A 0301

78 353 | KGTTTKKYS | SEQ ID No: 125 A_0301, B8

79 368 |TEDAERAPV | SEQ ID No: 126 B44

As can be seen from Tables 2 and 3, Rv3616¢ 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).



5 Cytokine production I FN-y production (or the production of other

cytoki nes such as e.g. L2, TNF-al pha, IL5, IL12 etc) may be neasured using
an enzymewbi2nkig@2isaunosor bent assay (ELI SA). ELI SA pl atres/mrayiibosiisoat ed

wi th a nouse nonocl onal antibody directed to human | FN-y (PharM ngen, San
10Di ego, CA) in PBS for four hours at %omterrperature. Wells are then

bl ocked with PBS containing 5% (WN) non-fat dried mlk for 1 hour at room
tenperature. The plates are then washed, for exanple, six tinmes in

PBS/ 0.2/ 0 TWEEN- 20 and sanples diluted 1:2 in culture mediumin the ELISA
pl at es BXAMPLELDARYE6 t6EPRITORE IDENTIPIOATdONer at ure. The plates are again
washed and a pol yclonal rabbit anti-human IFN-y serum for exanple, diluted
1: 3000 in 15PBS/ 10% norrmal goat serum may be added to each well. The plates
ar e t heA ramewi 30 edeilappingyeptioss soveting tenfull Bmptr gtRv3616cwasiequlegandd (see

hor ser adi sh per qxi dase- anti-rabbit | i . m.cal .Sa.. . St.
Louts, e £ faGast Seidp Nasbist 160 s 8 so Tl e ey
non- f at freth if@at PADkdondkd.er a further two hour incubation at room
tenperature, the plates are washed and TMB substrate added. The reaction
may be stopped after 20 mn with 1 N 20sulfuric acid. Optical density can
t hen bﬂ'l@tedfamhwm iﬁFig@Eé)Z,rrm/e?é gt ﬁiﬁidem%?r&i 17R8@ nerciennumogksin érithese g
Typically.. fractions that result in both replicates giving an.. 0
o1 bat erngaho B ah RS ptiEhs pEnitibl Srdant iR e tabn AP e mBdey Rvdb1ec
congi depretbinzosfitiie meentoXAMPLE 5- | MMUNOGENI CI TY OF Rv3616¢c I N CB6F1 M CE
25The i nmunogenicity of the antigen was evaluated in CB6F1 mce (first
generation cross of BALB/c and C57BL/6 mce). CB6F1 m ce were immunised

i nt r amuis shibdd by ndlied eteat tpepiides(816 (tmyind acid aysidubsad 2R R yna3&)e imintunoQemdic irg of
protein_antigen in conbinatipn wth the Adjuvant System ASO E (a |i posonal
30ad;j uv%i[ﬁ?r 'F%P"ﬁﬂ?'ét"f@'ﬁgr’b‘ﬁ%"’?&fpﬁg 3D- MPL and B21). The experinental design
was as follows: Goup Day 0 Day 14 Day 28 WO

201K 0%2gRuptE £FLRVIUOLRIAS fBMoLoGUES

Rv3616¢ sequences from a number of M. tuberculosis strains and BCG were identified using

BLASTP searches of GenBank (H37Rv reference sequence accession number NP_218133.1):

Strain Accession Number % identity
CDC1551 NP_338263.1 99
F11 YP_001289574.1 99
Haarlem ZP_02248979.1 99
C ZP_00877472.1 99
BCG YP_979759.1 99

20  Alignment of the homologue sequences indicates a high level of identity.

BIOLOGICAL ASSAYS

Quantification of T cell responses to Rv3616c¢c

25
Polypeptides may be screened for their ability to activate T-cells (induction of proliferation
and/or production of cytokines) in peripheral blood mononuclear cell (PBMC) or in whole blood

preparations from infected (such as latently infected) individuals.



A total of 24 mce were used in the protocol group. Peripheral blood
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intracellular and cell surface proteins by reaction with lysine side chains and other available

25 amine groups. When lymphocyte cells divide, CFSE labelling is distributed equally between
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).

30
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



stinmulated PBL (not medi umrenoved) on day 21 (i.e. 7 days post second
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containing 5% (WN) 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
medium in the ELISA plates are incubated overnight at room temperature. The plates are
again washed and a polyclonal rabbit anti-human IFN-y serum, for example, diluted 1:3000 in

15  PBS/10% normal goat serum may be added to each well. The plates are then incubated for
two hours at room temperature, washed and horseradish peroxidase-coupled anti-rabbit 1gG
(Sigma Chemical So., St. Louis, MO) may be added, for example, at a 1:2000 dilution in
PBS/5% non-fat dried milk. After a further two hour incubation at room temperature, the plates
are washed and TMB substrate added. The reaction may be stopped after 20 min with 1 N

20  sulfuric acid. Optical density can then be determined at 450 nm using 570 nm as a reference
wavelength. Typically, fractions that result in both replicates giving an OD two fold greater

than the mean OD from cells cultured in medium alone may be considered positive.

EXAMPLE 5 - IMMUNOGENICITY OF Rv3616c IN CB6F1 MICE

25 The immunogenicity of the antigen was evaluated in CB6F 1 mice (first generation cross of
BALB/c and C57BL/6 mice).

CB6F1 mice were immunised intramuscularly three times (on day 0, day 14 and day 28) with
0.5 ug of protein antigen in combination with the Adjuvant System ASO1E (a liposomal

30 adjuvant formulation comprising 3D-MPL and QS21).

The experimental design was as follows:

Group Day 0 Day 14 Day 28
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20  The cytokine secretion blocking compound brefeldin-A (BD-Pharmingen) was added 2 h after
the onset of the cultures at 37°C, 5% CO, and the cells maintained at 37°C, 5% CO, for 4

additional hours followed by overnight incubation at +4°C.

Cells were then harvested and stained with Pacific Blue-coupled anti-CD4 (BD — clone RM4-5,
25 BD-Pharmingen) and peridinin chlorophyll A protein (PerCp) cyanin5.5 (Cy5.5)-coupled anti-
CD8 alpha (clone 53-6.7, BD-Pharmingen) antibodies.

Cells were then washed, fixed, permeabilised (Cytofix-cytoperm kit, BD-Pharmingen) and
stained with allophycocyanin-coupled anti-IFN-g antibodies (clone XMG1.2, BDPharmingen),
30 fluorescein isothiocyanate (FITC)-coupled anti-IL-2 antibodies (clone JES 6-5H4, Beckman
Coulter) and phycoerythrin (PE)-coupled anti-TNF alpha antibodies (clone MP6-XT22, BD-
Pharmingen). After final washes, stained cells were analysed on a LSR Il flow cytometer

(Beckton-Dickinson). A minimum number of 10,000 cells were acquired in the CD8+ subset.



PPD Skin Test Data Individual |ID Nunmber Induration dianeter (mm 4 05 0 33
0 38 0 36 15 46 15 13 15 7 16 58 25 74 26 8 53
WO 2011/092253 PCT/EP2011/051158

108

For further background see Walzer T et al Cell Immunol. 2000 206(1):16-25 and Maecker HT
et al J. Immunol. Methods 2001 255(1-2):27-40.

As negative controls, some cells were also cultured overnight in vitro in culture medium
5 (unstimulated). The antigen-specific responses were calculated by subtracting the average
cytokine response produced by unstimulated cells from the average cytokine response

produced by the peptide-stimulated cells.

At each timepoint and for each group, the data was collected from 4 pools of 6 mice each. The
10  data below is presented as the % of CD4 or CD8 T cells producing IL-2 and/or IFN-gamma
and/or TNF-alpha. Each individual pool of mice is plotted (triangles) as well as the average

value of the group (bar).

Figure 3 shows that on day 21 (i.e. 7 days post second immunisation), Rv3616c¢-specific CD4
15 and CD8 T cell responses are detected in mice immunised with 0.5 ug of Rv3616¢/ASO1E.

Figure 4 shows the cytokine profile of CD4 T cell response from the Rv3616¢ peptide pool-

stimulated PBL (not medium removed) on day 21 (i.e. 7 days post second immunisation).

20  Figure 5 shows the cytokine profile of CD8 T cell response from the Rv3616¢ peptide pool-

stimulated PBL (not medium removed) on day 21 (i.e. 7 days post second immunisation).

Figure 6 shows that on day 35 (i.e. 7 days post third immunisation), Rv3616c-specific CD4 and
CD8 T cell responses are detected in mice immunised with 0.5 ug of Rv3616¢/ASO1E. The
25 third dose increases the CD4 T cell response but not the CD8 T cell response. Due to

technical difficulties, data was only available for a single pool.

Figure 7 shows the cytokine profile of CD4 T cell response from the Rv3616¢ peptide pool-
stimulated PBL (not medium removed) on day 35 (i.e. 7 days post third immunisation). Due to

30 technical difficulties, data was only available for a single pool.

Figure 8 shows the cytokine profile of CD8 T cell response from the Rv3616¢ peptide pool-
stimulated PBL (not medium removed) on day 35 (i.e. 7 days post third immunisation). Due to
technical difficulties, data was only available for a single pool.

35
EXAMPLE 6 — IMMUNOGENICITY OF Rv3616c IN C57BL/6 MICE




60 55 WD 2011/092253PCT/ EP2011/ 051158 111 The cel |l -nedi ated i nmune (CM)
response was assessed by neasuring cytokines on isol ated peri pheral bl ood
nononucl eso 208092256 PBMCs) by i ntracel | ul ar cyt oki ne st aiPormp2¢ii@S)isassay.

I CS carried out was an adaptation of previously described methodol ogy (see
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EXAMPLE 8- PRODUCTI ON OF MODI FI ED Rv3616¢c SEQUENCES 30 C oning The
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gamma and/or TNF-alpha) were measured by flow cytometry after overnight in vitro

15  restimulation with pools of 15mer peptides covering the sequences of interest. The procedure

followed was as described previously.

As negative controls, some cells were also cultured overnight in vitro in culture medium
(unstimulated). The antigen-specific responses were calculated by subtracting the average
20  cytokine response produced by unstimulated cells from the average cytokine response

produced by the peptide-stimulated cells.

At each timepoint and for each group, the data was collected from 4 pools of 6 mice each. The
data below is presented as the % of CD4 or CD8 T cells producing IL-2 and/or IFN-gamma
25 and/or TNF-alpha. Each individual pool of mice is plotted (triangles) as well as the average

value of the group (bar).

Figure 9 shows that on day 21 (i.e. 7 days post second immunisation), Rv3616c-specific CD4
and CD8 T cell responses are detected in mice immunised with 1 ug of Rv3616¢/ASO1E,
30 although the antigen-specific CD8 T cell response is very low (cytokine profile data is therefore

not shown).

Figure 10 shows the cytokine profile of CD4 T cell response from the Rv3616¢ peptide pool-

stimulated PBL (not medium removed) on day 21 (i.e. 7 days post second immunisation).



restriction site at the Ctermnus. To generate the nodified Rv3616¢
constructs, a series of WD 2011/092253PCT/ EP2011/ 051158 112 PCR

anpl i cat iwoougisezs3di fferent priners was perforned i n ordeEre@ideiiss e
specific nucl eotide residues within the Rv3616¢c. The nodified inserts were
then cloned into pET26b-F and/ or pET19€1 (Novagen). Clone to be generated
Primers used CAN 1001/ 1004 pET26_Rv3 PGL, 136-183H i s CAN 1003/ 1002 CAN
1001/ 1006 pET26_Rv3616L, 150- 160H i s CAN 1005/ 1002 CAN 1001/1008
pPET26_Rv3616L, 136- 154H i s CAN 1007/ 1002 CAN 1001/1010

PET26_ Rvigek611, shobrs tiBattdni day 35 (i.e. 7 days post third immunisation), Rv3616¢-specific CD4

and CD8 T cell responses are detected in mice immunised with 1 ug of Rv3616¢/ASO1E. A
third immunisation dose increases the CD4 T cell responses but only slightly the CD8 T cell

5 response.

Figure 12 shows the cytokine profile of CD4 T cell response from the Rv3616¢ peptide pool-

stimulated PBL (not medium removed) on day 35 (i.e. 7 days post third immunisation).

10  Figure 13 shows the cytokine profile of CD8 T cell response from the Rv3616¢ peptide pool-

stimulated PBL (not medium removed) on day 35 (i.e. 7 days post third immunisation).

EXAMPLE 7 — IN VITRO RECOGNITION OF Rv3616c BY PBMC FROM HUMANS WITH

LATENT TB
15
Experiments were performed in order to assess the peripheral T cell response specific to the
inventive antigen in 4 TB naive healthy adults (PPD skin test = 0 mm) and 8 TB latently
Infected healthy adults (PPD skin test = 15 mm or above) from South Africa
20 PPD Skin Test Data
Induration
Individual ID diameter
Number (mm)
4 0
5 0
33 0
38 0
36 15
46 15
13 15
7 16
58 25
74 26
8 53

60 55



CAN 1009/ 1002 CAN 1001/1004 pET19_Rv3616L, 136-183H is CAN 1003/1002 CAN
1001/ 1006 pET19 Rv3616L, 150-160H i s CAN 1005/1002 CAN 1001/1008
PET19_Rv380@h11188625354H i s CAN 1007/ 1002 CAN 1001/ 101@CT/EP2011/051158

pET19 Rv3616L, 166-182H is CAN 1009/ 1002
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The cell-mediated immune (CMI) response was assessed by measuring cytokines on isolated

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
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
antigen-specific CD3+CD4+ or CD3+CD8+ T cells expressing IFN-gamma and/or TNF-alpha
and/or IL-17 were measured. Medium-stimulated cell responses were subtracted from the

responses obtained in peptide pools stimulated cells.

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)
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
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 14 shows
that an antigen-specific CD4 T cell response is measured in 6 out of 8 latently infected
individuals (not in individuals number 7 and 74) when compared to the non-specific CD4 T cell

response measured in the naive individuals.

EXAMPLE 8 — PRODUCTION OF MODIFIED Rv3616c SEQUENCES

(i) Cloning

The Mycobacterium tuberculosis H37Rv Rv3616 nucleotide sequence was codon-optimized
for expression in E. coli and gene synthesised. The insert obtained following subcloning was
cloned into pET21b+ (Novagen) using a Ndel restriction site at the N-terminus and a Xhol

restriction site at the C-terminus. To generate the modified Rv3616¢ constructs, a series of



CAN 1001/ 1065 pET26_Rv3616L, 135-139H i s CAN 1064/ 1002 CAN 1001/1067
pET26_Rv3616L, 142-145H i s CAN 1066/ 1002 CAN 1001/1069
PET26_Rv380@h11104%25352H i s CAN 1068/ 1002 CAN 1001/ 1072CT/EP2011/051158
pPET26_Rv3616L, 138- 145H i s CAN 1070/ 1002 CAN 1001/1073
PET26_Rv3616L, 149- 154H i s 112

PCR amplications using different primers was performed in order to delete specific nucleotide
residues within the Rv3616¢.The modified inserts were then cloned into pET26b+ and/or
pET19b (Novagen).

Clone to be generated Primers used
CAN1001/1004
pET26_Rv3616A136-183His
CAN1003/1002
CAN1001/1006
pET26_Rv3616A150-160His
CAN1005/1002
CAN1001/1008
pET26_Rv3616A136-154His
CAN1007/1002
CAN1001/1010
pET26_Rv3616A166-182His
CAN1009/1002
CAN1001/1004
pET19_Rv3616A136-183His
CAN1003/1002
CAN1001/1006
pET19_Rv3616A150-160His
CAN1005/1002
CAN1001/1008
pET19_Rv3616A136-154His
CAN1007/1002
CAN1001/1010
pET19_Rv3616A166-182His
CAN1009/1002
CAN1001/1065
pET26_Rv3616A135-139His
CAN1064/1002
CAN1001/1067
pET26_Rv3616A142-145His
CAN1066/1002
CAN1001/1069
pET26_Rv3616A145-152His
CAN1068/1002
CAN1001/1071
pET26_Rv3616A138-145His
CAN1070/1002
CAN1001/1073
pET26_Rv3616A149-154His
CAN1072/1002
5
Restriction
Primer primer sequence site
CAN1001 ggaattccatatgagccgtgectttattattgatccgac Nde1
CAN1002 | ccqg ctc gag cac cac att gecg aac cag aac Xho1
CAN1003 ctg agc gca gca ttt cag gca ccg atg tgg ccg ata tta tta aag nil




CAN 1072/ 1002 WD 2011/092253PCT/ EP2011/ 051158 113 (ii) Expression of the
reconbi nant proteins Host strain: T7 Express conpetent E.coli

Bi ol abs) :wenhanver3BL21 derivative. Transformation of Eschmape@hiosiisol i T7
Express with plasmd DNA was carried out by standard methods with
CaCl 2-treated cells (Hanahan D. " Plasm,d transformation by Simanis. " in
G over, D. M (Ed), DNA cloning. IRL gss London. (1985): p. 109-135).
Reconblem{oogl a%m ds ID Host strain Pl atte aig ET21 Rv3616H s S T7 Express’
LB agar CANI00R | G2 TR e A A06° BT CarBaRiZel | 1 TnB |
pET26_F&3'8‘&0@AJ 3683 Hu s T TetExpreassycthBaggar pI ate with phytomd and 1Q0
pg/ ml ~KemeToosi ;. PETR6, RYA616A150: 160H:s. T7 Express’ LB agarpl ate i th
phyt one g@w 0 pg/ n %: mycin® " pET26 Rv3616A136-154H s T7 Express'| LB
agar pl% 'trftﬁ?ﬁ?ﬁﬁ%atéhﬁg‘iﬁeaaﬁ@?%Pa%aﬁf&ﬁwu n"" pET26_Rv36[I'6A166- 182Hi s
T7 Expr@AM100BB sagsntphatggaict fvophytane-tantcd0 pg/ m Kananmycjimi "
pET19 WM@‘J %Q-;cgggdlc?gc-ggaag%(c@égt%%ggclc%tggtaartta%lagte with phyt O and 1Q0
pg/ m rhenidill1nB _

AN1010 ctttaataatatcggccacatcggatttcagecagetgggttge nil

CAN1064 | ctgagegeageatttcagggtgcaatggeagttygtyg nil

CAN1065 | cacaactgccattgcaccctgaaatgetgegeteag nil

CAN1066 caatggcagttgtgggtggtgctaaaaccctgattaatgcaac nil

CAN1067 gttgcattaatcagggttttagcaccacccacaactgccattg nil

CAN1068 | ccottttgtgecggtgcaggtggtgetetggeatate nil

CAN1069 gatatgccagagcaccacctgcaccggcacaaaacgg nil

CAN1070 gccggtgcaatggcagttgttgtgaaaaccctgattaatg nil

CAN1071 cattaatcagggttttcacaacaactgccattgcaccgge nil

CAN1072 gcatttcaggcaccgtttggtggtgctctggecatatce nil

CAN1073 | gatatgccagagcaccaccaaacggtgectgaaatge nil

(ii) Expression of the recombinant proteins

Host strain: T7 Express competent E.coli (New England Biolabs): enhanced BL21 derivative.

Transformation of Escherichia coli T7 Express with plasmid DNA was carried out by standard
methods with CaCl,-treated cells (Hanahan D. « Plasmid transformation by Simanis. » in
Glover, D. M. (Ed), DNA cloning. IRL Press London. (1985): p. 109-135).

Host strain

(New Engl and

Recombinant plasmids
ID

Plate agar

pET21_Rv3616His

T7 Express”

LB agar plate with phytone and 100 pg/ml Carbenicillin®

pET26_Rv3616A136-183His

T7 Express”

LB agar plate with phytone and 100 pg/ml Kanamycin®

pET26_Rv3616A150-160His

T7 Express”

LB agar plate with phytone and 100 pg/ml Kanamycin®

pET26_Rv3616A136-154His

T7 Express”

LB agar plate with phytone and 100 pg/ml Kanamycin®

pET26_Rv3616A166-182His

T7 Express”

LB agar plate with phytone and 100 pg/ml Kanamycin®

pET19_Rv3616A136-183His

T7 Express”

LB agar plate with phytone and 100 pg/ml Carbenicillin®

pET19_Rv3616A150-160His

T7 Express”

LB agar plate with phytone and 100 pg/ml Carbenicillin®

pET19_Rv3616A136-154His

T7 Express”

LB agar plate with phytone and 100 pg/ml Carbenicillin®

pET19_Rv3616A166-182His

T7 Express”

LB agar plate with phytone and 100 pg/ml Carbenicillin®

pET26_Rv3616A135-139His

T7 Express”

LB agar plate with phytone and 100 pg/ml Kanamycin®




PET19 Rv3616A150- 160H s T7 Express' LB agar plate with phytone and 100

pg/ M CarbenicillinB pET19 Rv3616A136-154Hi s T7 Express' LB agar plate with
phyt one awmod 200@9pzs8 i  Car benicilli nB pET19_Rv3616A166- 182 EP20id/0EMps ess’ LB
agar plate with phytone and 100 pg/ rri Car benicillinB

PET26_Rv3616A135- 139Hi s T7 Express’ %gar plate with phytone and 100

pg/ nl Kananyci n" " WD 2011/ 092253PCT/ 011/ 051158 114 Reconbi nant pl asm ds

| D Hosts st at e agar-pEl2e .\WFMA142 145H-s—T7—Express—tBagar—plate
J o5t strai AT J |

with pRef8’H§'“8'ﬁtoP'isd'deg/n RSt h PS8 6 "Ry 3616A145- 152H s T7 Expr esk'
LB agadDpl ate with phytone and 100 pg/m Kanamyci n""

e i D s Pl bt s
pET26 Rv3616A145-152His | T7 Express” | LB agar plate with phytone and 100 pg/ml Kanamycin®
pET26_Rv3616A138-145His | T7 Express” LB agar plate with phytone and 100 pg/ml Kanamycin”
pET26_Rv3616A149-154His | T7 Express” LB agar plate with phytone and 100 pg/ml Kanamycin”
A: NEB (catalogue number: C2566H)
B: Teknova, CA, USA (catalogue number L1092)

C: Teknova, CA, USA (catalogue number L1096)

5  Confluent agar plate inoculated with transformed E. coli T7 Express + plasmid was used to
inoculate 800 ml of LB broth APS + 50 ug/ml of antibiotic to obtain O.D.gp0nm between 0.05 -
0.1. Cultures were incubated at 37°C, 250 RPM to an O.D.gponm around 0.8.

Expression of the recombinant protein was induced by addition of 1 mM final of isopropyl -D-
10  1-thiogalactopyranoside (IPTG; EMD Chemicals Inc) to the growing culture medium. Induction

was maintained for 3 hours at 37°C (or overnight at 16°C).

(iii) Purification

15  Bacterial culture was centrifuged 15 min, 4°C at 8000g. Bacterial culture pellets were
resuspended in Lysis buffer (20 mM Tris buffer (pH 8.0) and a mixture of protease inhibitors
cocktail (Complete EDTA-free). Bacteria were lysed with the Constant Cell disruption system
(Constant System). Soluble (supernatant) and insoluble (pellet) components were separated
by centrifugation at 20000g for 20 min at 4°C.

20
The insoluble components (pellets) were resolubilised in 20mM HEPES buffer containing 6M
guanidine HCI, 500mM NaCl, 10mM imidazole pH8.0. The supernatant was then loaded on a
5ml IMAC column (BioRad). After washes, elution was performed using a 20mM HEPES buffer
(pH 8.0) containing 6M Guanidine-HCI, 500mM NacCl, and 250 mM imidazole.

25

Two dialysis steps were performed in membrane 12-14000 MW CO (SpectraPor): primary in a
8M urea buffer containing 20mM HEPES, 150mM NaCl at pH 8.0 followed by a second dialysis
in PBS, 4M urea pH7.4.

30 (iv) SDS-PAGE




T7 Express' LB agar plate with phytone and 100 pg/m Kananycin"" A: NEB
(cat al ogue nunber: C2566H) B: Teknova, CA, USA (catal ogue nunmber L1092) C:
Teknova, wé,20li@21s6at al ogue number L1096) 5Confl uent agacTmpradie/osniegul at ed
with transfornmed E. coli T7 Express + plasm d was used to inoculate 800 m
of LB broth APS + 50 pg/m of anti bi ot'1 to obtain 0.a600nm between 0.05 -
0.1. Cultures were incubated at 37C, 2 RPMto an 0.a600nm around O. 8.
Expressi on of the reconbinant protein was induced by addition of 1 mM final
of isopropyl 13-D 101-thi ogal act opyranosi de (I PTG EMD Chemicals Inc) to
the gr owarnlleetrbtntrfcm ingubedrandlimdliced icolture@wersadolibetet @dddtormite heusresisiod 7C (or

overni ght 6C cation 15Bacterial culture was centrifuged
15 mn, % él(-‘.’f éd g@é%Pg é‘:ﬁgécul ture pellets were resuspended in Lysis

buf fer (20 rrt\/ITrls buffer (pH 8.0) and a m xture of protease i nhibitors

1 EDTA- f Const t Cell
O e B ot B TR ds veis e Wy NIBAE 48 LIS ool Bilretdilinton Sl PR B0 beifF
( pe|4|Cet() 85|$hrmmam I?eagiai &t HEQéidjla‘t(Bldlnbﬁaﬁ?misrwérelg‘Eﬁnl d@lﬁtrﬁt}ige@(ﬂ@&t}:&rﬁ@‘h Sggerg\/ln n
t e | NSO e.co u ed .l n.,.
REPES i 2armyeheny erse SRRRBARE RetSienEeBinine cakd i THE FivBa o he. o.
Tlhet sumamaémmfem@szo(btefpr Bﬁm&ggm B gEmPINS bWEQf fVIGE@l leﬁﬁlr(gﬂBm‘F@(dl)wwtré@élﬁrangk'\iﬂs hes,
ut 1 on, was ertor usli n a u 1. NN
Guani i e DRCPE aGRR AR s fiP3EY dhm shratef brotdes g ey kI Eens. ver e
pertifor n&dwnrin Feyubssatizad?248.4000 MACO (SpectraPor): primary in a 8M urea
buf fer containing 20mM HEPES, 150mM NaCl at pH 8.0 foll owed by a second

dialysis in PBS, 4Murea pH7.4. WO 2011/ 092253PCT/ EP2011/ 051158 115
Sanpl eswheo ompareidne thead3 ZRdwilditype edpressdibrinies covastracts RV ¢6 LB 15et er m ne

tr eat ea R RAREPARE: e o1 S B A RAPE TR Ros RS o and BTEREARR0 osm

DTT andi3eatedtaly idptoviedr 10 min. Sanples were then centrifuged at maxi num
for 2 mnutes and | oaded on NUPAGE Novex 4-12% Bis-Tris gel
(In trogen). The mgration was perfornmed at 200V for 35 mnutes in |Xx
NUPAGE MeScdrstractrRy3BUb A £36- (3 neoritaiogkar) eaortbolb STEH covs vdthn thedetwerak) ow
visualization of the sepa ted pr ot el " t he results of which are 10shown
'n Fi guisedipnly aagssndl P srplings A0 RetEs9R WPTIE ype expressi on, the
constructs Rv3616. 8. 138- 145 Rv3616 8. 136- 154 Rv3616. 8. 150- 160,
Rv3616. %‘Ul@g! 115892— gﬁm pot abl y
i nprov C Cottar fred—an FOTTEeC STOP codon
wi 20 n t he sequence, consequently expr essi on of the sequence di d not
g{;&i&ﬁ&%ﬁg Iarrtlétl8g5‘c()juesdmetﬁg)<c'jA‘IYngEto%hatF escnbe@ in Example SO\yvhg:elnNHg éT.Z"?QDEYS?gt}aqr?
was used in place of T7Express and confluent agar plate was used to inoculate 25 ml of LB

broth APS with antibiotic, three expression runs were performed (starting from the same

transformation plate) in respect of a range of modified Rv3616¢ constructs.

25
The products of the expression runs were analysed by SDS-PAGE and a representative gel
from one of the expression runs is provided in Figure 19. Rv3616A138-145 was found to offer
the best protein expression, followed closely by Rv3616A149-154 and Rv3616A136-154, with
Rv3616A135-139 also showing good expression.

30

Quantification of the band corresponding to the target protein was performed using
ImageQuant TL software. Briefly, the SDS-PAGE gels were stained using InstantBlue staining
(Novexin) and scanned with a UVP Biolmaging System in TIFF files format. The bands were
then analysed using ImageQuantTL 7.0 software from GE Healthcare. The Rv3616 non-

35 induced protein being used as control for negative expression as no reactivity with anti-his tag

Ab was observed.



Usi ng anal ogous net hodol ogy to that described in Exanple 8, wherein the
BL21 (DE3) strain was used in place of T7Express and confluent agar plate
was used wo 2onigoedsate 25 m of LB broth APS with anti bi eCr@Epr2ethneass
expression runs were performed (starting fromthe sane transfornmation
plate) in respect of a range of nodifi ! Rv3616¢c constructs. The products
of the expression runs were anal ysed by "SDS- PAGE and a representative gel
fromone of the expression runs is provided in Figure 19. Rv3616. 8. 138- 145
was found to offer the best protein expression, followed closely by

Rv3616.(8. 14%— 15? atr;d RvB616. 8. 136- 15? wth Rv361p. 8. 135-139 4l 59 SQQ)M ng
ood expr es$amstrug antJ tlono th and cor res n et
grotei rp‘vﬂvas Nfurnef?J“ b | ..ufG' H,M,Ba?(é oé?é. e\l\g b 8 h 93 h
gel s war@NdiHicRd Rvi8ibg| | nst afit Bl ue st ai ni 8g (NoveX| n) And sc: nned 8w| t h a
UVP Bi qIRmginég Systemin TIFF8files format 8 The bands wBre thegn and ysed
using l|negeissoliee’- 0 sof twage from GE Hegl t hcare. ThegRv361€ nonqg
35I nd_uc_ 384 g&%é’l,lé)fl ng u??g cont rELnI ‘Oé8 neg:';}\EJ Ve eXpy €ssign as,go
reacti \ t1 ant+—Hhi AD—WaS 0S€Et vcu A=
2011/ 09 0 DAY %31)8211/0'—'\11'—'\2 16 Construct QRanrl % el 91 Band % - 1¢e] 2
Band %|Bu3€61641355639 3 ayer agelhon i nduced ®3616 9 8 7 18 Rv3616 8 88 8
Rv3616ATRB616A142-145 9 9 8 9
Rv3616A145-152 10 9 10 10
Rv3616A149-154 26 28 31 28
Rv3616A138-145 23 25 21 23
Band %: measure of the band's Volume divided by the Total Volume of all the bands in the lane.
In band percentage, the Rv3616A149-154, Rv3616A138-145 and Rv3616A136-154 proteins
are all expressed at notably higher levels compared to the natural sequence or the known
5 Rv3616A150-160 construct. Rv3616A135-139 was also expressed at a high level.
Example 10 — IMMUNOGENICITY OF Rv3616A138-145 IN CB6F1 MICE
The immunogenicity of Rv3616A138-145 was evaluated in CB6F1 mice.
10
CB6F1 mice were immunised intramuscularly three times (on day 0, day 14 and day 28) with
50 ul of test vaccine containing a dose range (8 ug, 2 ug and 0.5 ug) of Rv3616A138-145 in
combination with the Adjuvant System ASO1E (a liposomal adjuvant formulation comprising
3D-MPL and QS21). The formulations also contained urea (4M) and arginine (500 mM).
15

The experimental design was the following:

Group Day 0 Day 14 Day 28
8 ug Rv3616A138-145 8 ug Rv3616A138-145 8 ug Rv3616A138-145
1 /IASO1E /IASO1E IASO1E
2 ug Rv3616A138-145 2 ug Rv3616A138-145 2 ug Rv3616A138-145
2 /IASO1E /IASO1E IASO1E
0.5 ug Rv3616A138-145 0.5 ug Rv3616A138-145 | 0.5ug Rv3616A138-145
3 IASO1E IASO1E /IASO1E




10 12 10 Rv3616A136-154 22 28 29 26 Rv3616A166-182 10 10 9 10
Rv3616A135-139 15 16 17 16 Rv3616A142-145 9 9 8 9 Rv3616A145-152 10 9 10 10
WO 2011/092253 PCT/EP2011/051158

117

A total of 20 mice were used in each immunisation group. 10 mice received saline as a

negative control group (data not shown).

Peripheral blood lymphocytes (PBL) were collected & pooled on days 21 (i.e. 7 days post

5 second immunisation) and 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 a 6 hour in vitro
restimulation with pools of 15mer peptides covering the full Rv3616¢ antigen sequence. The
detection of mouse T cells that express IL-2 and/or IFN-gamma and/or TNF-alpha was done

10 by using short-term antigen-driven in vitro amplification of cytokine expression.

Briefly, PharmLyse solution (BD-Pharmingen) was added to heparinised mouse peripheral
blood in order to lyse red blood cells. The PBLs (Peripheral Blood Lymphocytes) obtained
were washed and then incubated in the presence of a pool of 15-mer peptides - overlapping by

15 11 amino acids - covering the sequence of the antigen of interest and of 1 ug/ml of antibodies
to CD28 and CD49d (BD-Pharmingen). Each 15-mer peptide was used at a final
concentration of 1 ug/ml. Medium controls wells were also stimulated with antibodies to CD28
and CD49d.

20  The cytokine secretion blocking compound brefeldin-A (BD-Pharmingen) was added 2 h after
the onset of the cultures at 37°C, 5% CO, and the cells maintained at 37°C, 5% CO, for 4

additional hours followed by overnight storage at +4°C.

Cells were then harvested and stained with Pacific Blue-coupled anti-CD4 (clone RM4-5, BD-
25 Pharmingen) and peridinin chlorophyll A protein (PerCp) cyanin5.5 (Cy5.5)-coupled anti-CD8
alpha (clone 53-6.7, BD-Pharmingen) antibodies.

Cells were then washed, fixed, permeabilised (Cytofix-cytoperm kit, BD-Pharmingen) and
stained with allophycocyanin-coupled anti IFN-gamma antibodies (clone XMG1.2, BD-

30  Pharmingen), fluorescein isothiocyanate (FITC)-coupled anti IL-2 antibodies (clone JES 6-5H4,
BD-Pharmingen) and phycoerythrin (PE)-coupled anti-TNF alpha antibodies (clone MP6-XT22,
BD-Pharmingen). After final washes, stained cells were analysed on a LSRII flow cytometer

(Becton-Dickinson). A minimum of 10,000 cells were acquired in the CD8+ subset.

35 As negative controls, some cells were also cultured for 6 h in vitro in culture medium

(unstimulated). The antigen-specific responses were calculated by subtracting the average



Rv3616A149-154 26 28 31 28 Rv3616A138-145 23 25 21 23 Band % neasure of
the band's Vol une divided by the Total Volune of all the bands in the |ane.
I n band psocentm@gs3 the Rv3616A149- 154, Rv3616A138- 145 ana/HRe@6HSAI86- 154
proteins are all expressed at notably higher |evels conpared to the natural
sequence or the known 5Rv3616A150- 160 1c1%nstruct Rv3616A135- 139 was al so
expressed at a high level. Exanple 10-  TMMUNOGENI CI TY OF Rv3616A138-145 I N

CB6F1 M . The i nmmuno uated in CB6F1
oo, CHEPeSRTREos el VB stk Pt A\ et MM By 0, day
14 and gragucd)bwihé bepiiewdtinafiatéé@sélisvacci ne cont ai ning a dose range (8 ug, 2
ug and 0.5 ug) of Rv3616A138-145 in conbination with the Adjuvant System
ASO1 E (a |iposomal adjuvant fornulation conprising 3D-MPL and 21). The
f or mul aAi exeh tiaieﬁoincam ﬁir @aeh groap, thé Mhtaamak erligetat rem( HPEolsdh 5 deweach and

R S R ST e e e R R R e R T
TNF-alpha. Each individual pool of mice is plotted (closed diamonds) as well as the median

value of the group (bar).

The results are shown in Figures 20 to 25.

10
Figure 20 shows that at both timepoints (7dPIl & 7dPlll), Rv3616c¢c-specific CD4 T cell
responses are detected in mice immunised with either dose of Rv3616 A138-145/AS01E. The
levels of Rv3616¢-specific T cell responses are higher at the 7dPlll timepoint when compared
to the 7dPII timepoint. Cyotokine profiles of the CD4 T cell response from the Rv3616¢

15  peptide pool-stimulated PBL (medium removed) are shown in Figures 21 (7dPIl) and 22
(7dPHI).

Figure 23 shows that at both timepoints (7dPIl & 7dPlll), Rv3616c-specific CD8 T cell
responses are detected in mice immunised with either dose of Rv3616 A138-145/AS01E. The

20 levels of Rv3616c-specific T cell responses are higher at the 7dPII timepoint when compared
to the 7dPlIl timepoint. Cyotokine profiles of the CD8 T cell response from the Rv3616¢
peptide pool-stimulated PBL (medium removed) are shown in Figures 24 (7dPIl) and 25
(7dPHI).

25 In conclusion it may be noted that the Rv3616¢ 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
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

30 important in a latent TB scenario. The relevance of Rv3616¢ 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. Rv3616¢ may therefore be expected to be of
substantial value in the prevention, treatment and diagnosis of tuberculosis infection
(especially latent tuberculosis infection).

35



/ASO1 E 2 2 ug Rv3616A138-145 /ASO1 E 2 ug Rv3616A138-145 /ASO1l E 2 ug
Rv3616A138-145 /ASO1 E 3 0.5 ug Rv3616A138-145 /ASO1 E 0.5 ug
Rv3616A1380240/0928361 E 0.5 ug Rv3616A138-145 /ASO1 E WBCT/EP2011/051158
2011/ 092253PCT/ EP2011/ 051158 117 A total of 20 m ce were used in each

i mruni sation group. 10 mce received sgline as a negative control group
(data not shown). Peripheral bl ood Iynﬂﬁocyt es (PBL) were collected &

pool ed on days 21 (i . ays .post _5second i nisation) and 35 (i.e. 7
foys poARuERFr o Mo RR BR RS b ST e e BT AR R ROe R coi
I esponsegprésaondeiual ol dn@ettdrth&iheaorregionbingeti 3 AR vowiatypé 8gqudncd, @nelfrer
| FNga / - al pha re nmea ed by flow.cyt r our
i vt revienTient B0 EARS e B SR et pantieble HGRIY ad 4 Has Rshi
Rv3616cwastirdgienes eqOB6EEemicEhe detection of nmouse T cells that express IL-2
and/or | FN-gama and/ or TNF-al pha was done 10by using short-term
anti‘gen-driven in vitro anplification of cytokine expression. Briefly,
Phar nLyse sol uti on (BD-Pharm ngen) was added to heparini sed nouse
peri pheral blood in order to |yse red blood cells. The PBLs (Peripheral
Bl ood Lynphocytes) obtained were washed and then incubated in the presence
of a poObnaifucttdemmspeatrg ghes exp@gsibh apaiangribics Whlld neamtaimingthels - coveri ng
t he sequence of. %&?‘Bﬁnt Hf?f:/n of interes% ¥aTE](rj,[hof 1 ug/rﬂ]c of ant.i podi a3 to
cD28 and"EHAIE"E! A NGET VREEF T 5° BERRAUGEOMWACOTUIHCRTY YRP nay
con@ent vaatineprafucls. Utherdew ifedifiedrRessracqroteing inhsy eesfeyredtsalustin thel at ed wi t h
ant i bodi es to.@%éﬁ atnd ng;l{%g,l 20The g%toki ne secretion bl ocking conpound
br ef el d?cmrﬂer(c BRYFHA 10ComRPsons 1rugh AR Ya¢HESonset of the cul tures
at 37C, 5% CO2 and the cells maintained at 37C, 5% CO2 for 4 additional
hours foll owed by overnight storage at +4C.

Although the foregoing invention has been described in some detail by way of illustration and

15  example for purposes of clarity of understanding, it will be readily apparent to one of ordinary
skill in 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.

All references referred to in this application, including patents and patent applications, are
20 incorporated herein by reference to the fullest extent possible as if each individual publication
or patent application were specifically and individually indicated to be incorporated by

reference.

Throughout the specification and the claims which follow, unless the context requires
25 otherwise, the word ‘comprise’, and variations such as ‘comprises’ and ‘comprising’, will be
understood to imply the inclusion of a stated integer, step, group of integers or group of steps

but not to the exclusion of any other integer, step, group of integers or group of steps.

30



Cells were then harvested and stained with Pacific Blue-coupled anti-Ch
(clone RWA-5, BD- 25Pharm ngen) and peridinin chlorophyll A protein (PerCp)
cyani n5. 5wOQyh/B)2s60upl ed anti-CD8 al pha (cl one 53-6. 7, pBDaPh@n nsigen)

anti bodies. Cells were then washed, fixed, perneabilised (Cytofix-cytoperm
kit, BD-Pharm ngen) and stained with ophycocyani n-coupl ed anti | FN-ganmma
anti bodi es (clone XMGLl.2, BD- 30Pharm rfigen), fluorescein isothiocyanate
(FITC -coupled anti 1L-2 anti bodies éﬁl Mg JES 6-5H4, BD- Pharm ngen) and
phycoerythrin (PE)-coupled anti-TNF 6‘ anti bodi es (cl one MP6- XT22,

BD- Phar m ngen). After final washes, stained cells were analysed on a LSRI|

fl ow cyfoneter ecton-Di cki nson). .A m ni of. .10 0 cells.ywere acquired
n°the bpe- PR EIER g8 R eliS Py ey PoPh Gyl o iy o s S dREGUEEI" L e
for 6 h in vedrrespbmdingiot residuae 44183 ofrtsé H3TRakeg)encd has daén dienmpsgeci fi c
res%onses were cal cul ated by subtracting the average WO

20117 092253PCT/ EP2011/ 051158 118 cytoki ne response produced by unsti nmul at ed
cel I s f2.om t Aencafiet RYS6¢HE prloteneacoesdiog &eclgirot doradelas 4 tedipepentde- st i nul at ed
cells. At each tinmepoint and for each group, the data was collected from4
pools of 5 mce each and 5the data presented as the %of CD4 or CO8 T cells
produci g | LA Zhaiifidd Rv36Fde prarsimacuotding toldifreatipin@l oEacihr uswlay/h ehedicapeat  of
mce is pl otft eﬁﬂ (cl osed dtam)nd§én aﬁ I II as the medi an val ue of the group
(bar). The r&5MCRICEHHORALRACTAURT LIMBECY8S P 25. 10 Figure 20 shows t hat
at Mot h tinmepoints (7dPIl & 7dPI11), Ry3616c-specific CD4 T cell responses
are detected,in m i nised with.either dose of 616 .8, 138-145/ ASO1E.
The | evbi s o MRS/ TREpBkin Fedoliifb looglben Rt Lee et as Milenual 1y

ti mepoi nt whientheatgsr & dedativatioan of dRerculdsiepoi nt . Cyot oki ne profiles of the
CD4 T cell response fromthe Rv3616c 15pepti de pool -stinulated PBL (nmedi um
renoved) are shown in Figures 21 (7dPIl) and 22 (7dPIl1). Figure 23 shows
t hat at5.bot hA mouiflediRU38 16§ piBtdin &ccoadhd to) eithBy 36ih6 ¢ 08 Pefor lisecadhthetioadient

re nses ar etected .in m i mmuni sed with either dose of Ry3616
.8,31%?;8- 145/ A@b%@.treﬁh@erﬁ@?@}%ﬂq?%f Rv3616¢-specific T cell responses are

hi gher at the 7dPII tinmepoint when conpared to the 7dPIl1 tinmepoint.

Cyot oki pe profiles T cell. resppnse from Rv3616c peptid

ool -t fmut ot TRl otma T na BB AR 1 Bkrafe R 558 PelRRMEE n 25
(7dPI11). 25bntheqrevantiooof latent®B. be noted that the Ry3616c antigen is
capable of eliciting an i nmune response in both CB6F1 and C57BL/6 m ce.
Furthernore, the profile of cytokine production indicates that a |arge

pr @for t7.0n oA nanlified V38 p@cpriotain decvedihg tocsitheesliaina1 pk Ay fal udeyad mEdicament
associ at ed cyt pki.ne I, a polyfunctional T-cell response is elicited).
Bh 0N CBImaitsT 2Re

| nportantly antigen-specific T-cells are present after

i mruni sation, CD8 cells may be particularly 30inportant in a latent TB
scenari . The rel.ev f 3616¢ t.o human infecti is_confirned by the
i on | el | of MEUEIHREEL piReTn e o TR LARF St el Br<SY s Bies e
Africa and tfoethelisevetionbf TBSponses in naive subjects. Rv3616c may
thyfore be expected to be of substantial value in the prevention,

tr ment and di agnosis of tuberculosis infection (especially Iatent

t uber cud.osi sA imddifietdiRM3B 16¢ protein according to either claim 1 or 2, for use as a medicament

for the amelioration of TB.

10. A modified Rv3616¢ protein according to any one of claims claim 1 to 9 in which the
30 hydrophobicity of the amino acid residues corresponding to residues 135-154 of the

H37Rv sequence has been disrupted.

11. A modified Rv3616¢ protein according to any one of claims 1 to 10, comprising a first
polypeptide and a second polypeptide, the first polypeptide being located towards the

35 N-terminus relative to the second polypeptide, and wherein:



WO 2011/ 092253PCT/ EP2011/ 051158 119 A nunber of nodified Rv3616c proteins
have been prepared which clearly denonstrate expression equal to or better
t han t he wornagpersdi ng H37Rv wi | d-type sequence, or to Prhe/HRY@EHSHSO- 160
sequence of the prior art. The i mmunogenicity of Rv3616 A138-1451ASO1E was
confirmed in CB6F1 mce. 5 Constructs mnstrati ng good expression
characteristics while naintaining the nogenicity of the wld-type
sequence are, key 10vacci.(§1

th ti f i all i abl -~

o aducts. " nevRstt prBRSHIES § Bodlaypar R Rae bLetfr ) B MR oY witine
comrer ci al produciesidne®f-1B¢36$EQ IDAMgOsahd ons, such as vacci nes. Al t hough
the f i i ti b d i.bed i il f.
TG LT e e e LR
will be readily apitan essidues 16689afof SEQ IDaMy: 1skill in the art in |ight of
th hi f.this i ti t hat tain,ch and, modi fi cat i
be. fiade. t her Gege Ph IR SHEReER g PrefiReRE: Sy RPeh BRI A naes
cl Si msi Altl \;fie*fagilﬁiemp«aﬁoerpeia‘:l@rwtmale_zihcsaidnhitrd1|it>cﬂyweﬁ;pfjbld'a_f:eu’freiasralond:*'.]é m’euidhas?m‘?r]@mts
and patent a ons., ar i ncor por at ed, herein reference to the
full gst ext e'ﬁlt@ép@@ih& éhé@'q%fa%g%?éﬁ?l‘a C{,?Cd‘gg S%‘iﬂﬂ ﬁie?‘%[ﬁj'on or patent
application were specifically and individually indicated to be incorporated
b f Thy th i fi.cati dt | ai whj ch, foll ow,
anl css e chmiBiTigiceitiferrdls S a s T I e | "
yar1:0at ![ ﬁns_ S(t.bllﬂipr:&i‘-ng' a:i}fcimppsdlﬁm;ti)‘ticé@mki acoeomdi ;?jlyw'ptidel,vitﬂd fir]?tapajgtrpda@tiﬁé beidgt o

e incluysion o ed integer, .ste roup of . in rs.or grou
of "5t eps. but oed favptie e TEIngs TRt B Reionf robgerdes PRb G REtD of
i nt eger 3 ]9_r (g)r gRyugtg?ﬁirsitpepseptﬂ@_is y\@o@(@hb{]ﬁge@hfeadmL ﬁbﬂ’é?zikl_ _ 3D@5fmt i AROWiEliA Msd
1. A i1fie 510 I n I C rophobi ci 0] e am no acl

e Plie 1 o8 EeBRENS R 588 o\ ho !

resi dues corresporr‘?a of the H37Rv sequence has been
di srupted. 2i) A nbdistcad fRhgEbbde Braotaitiguasseydemg dfat Bhei 1M5lgmihoacidse as a

medicanment. 3. A mdifie in,according to either claim11 or 2,
fo?‘f’ﬁse as a rredi‘é@ﬂ%ﬁ s@g&%ﬁé@%p@@%ﬁﬁb@}l‘o.& reactivation of tubercul osis.
4. A nodi f i eghdrgidghérspand seqond potypdptitigstace eithendirectlydinkedlorandizsctly tikedse as
a nedi canent_.for reactiyv tubercul o

Ryaeisc. pr ottt A LGy TR0 er Rer el AyRnnts 85 Eipolile FireSa it inbnt
in SEQ ID No:1 in which at least a contiguous portion of at least 3 amino acids has
been deleted.
20
13. A modified Rv3616¢ protein according to either claim 11 or 12, wherein the first
polypeptide is a contiguous sequence of at least 110 amino acids within residues 1-134
of SEQ ID No: 1.

25 14, A modified Rv3616¢ protein according to any one of claims 11 to 13, wherein the
second polypeptide is a contiguous sequence of at least 200 amino acids within
residues 155-392 of SEQ ID No: 1.

15. A modified Rv3616¢ protein according to claim 14, wherein the second polypeptide is a
30 contiguous sequence of at least 235 amino acids within residues 155-392 of SEQ ID
No: 1.

16. A modified Rv3616¢ protein according to any one of claims 11 to 15, wherein the
peptide linkage is direct.
35



15for the treatnment of latent TB. 6. A nodified Ry3616c protein according
to either claim1l or 2, for use as a nedi canent for the prevention of

| at ent TBNVO20iA/0d22mdi fi ed Ry3616¢c protein according to ecthepeoialosiiss 1 or 2,
for use as a nedicanent for the treatnment of TB. 8. A nodified Ry3616¢
protein according to either claim1l1 or, 2, for use as a nedi canent for the
prevention of TB. 25 9. A nodified Ry361I6¢c protein according to either
clalml for canent for the i or f 1B, 10. A
o 11 6l oA TR SRR e S Ry s it SRSy TS Bafisrdnens's i 1
whi ch t he 30fypdide phiciyeds indiredt. t he am no aci d resi dues corresponding to
resi dues 135-154 of the H37Rv sequence has been disrupted. 11. A nodified
Ry3616c protein according to any one of clains 1 to 10, conprising a first
pol ypepts.de AntbdifieseRn38d6@pProsgieptdotding tohetaifr TBMhpﬁduwpaSpthudmddwjepgdé ocat ed

to ds the 35N-term.nus reI V. to e cond tjde, .an e

V0 011/ 065 s D e s s Tpa1° SECT RIS wRRL AR BBb A FansfRugpericn ™
cont i guous S@‘(wmmSMefmr&iadldﬁiﬁstéacmmwm acids within residues 1-134 of
SEQ ID No: 1; and (ii) the second pol ypeptide is a contiguous sequence of
at least 175 amino acids within residues 155-392 of SEQ ID No: 1; 5wherein
It hekf idr 9. and n&mmh @ﬂd?v@ﬁh&’@ﬁrl@'(tjdnd&&:o@dlﬁg & édyarneotigrc@mh& ¥ td i Okeehpoisingradirstect ljy
inked via a thir ol tide ) thir corr onds
Lot esi dues AEepEa A BEBoriiay BBl i Bl vhealed BaME AR R R F ORI been
del1€X ed. 12.@rtemdmlfsiafdhe&rﬁamécRvemeﬂp’rommradveag) the satyhdypdypeptidd,ands 1 to
10, said protein 10conprising a first polypeptide and a second pol ypepti de,
the first po‘fvpl?fgf)’ti de being |l ocated towards the Nterm nus relative to the
second pol yp(e)pti dibe fiest @olpeptieleris a Gegudniae hbvingtat leablyqspidedstyits residuesti guous
sequence of at ﬂ%t acids within residues 1-134 of SEQ ID No: 1;
and (ii) the seco ?{%ggh d?e‘eléj a contiguous sequence of at |east 175
am no aci ds (Iibw ttherec@si phiNgplidbis30sqabnGHQVIMY MNdeasl 90%Hesreityntotrbsidlies St

an econd pol ypeps ither directly linked or indirectly linked via
a ?Ir‘?lsrd pol ypeptiﬁ%‘!’%‘éﬁ%%é‘ dli’t hird pol ypepti de corresponds to residues
135- 154 i n Skkgreid thiofidst amd gduodl patypbpttiet age dieattly guibdseqiiyribked of at | east 3
am no aci ds has been del eted. 20

20. A modified Rv3616¢ protein according to claim 19, wherein the first polypeptide has at
least 95% identity to residues 1-133 of SEQ ID No: 1.

20
21. A modified Rv3616¢ protein according to claim 19, wherein the first polypeptide has at
least 90% identity to residues 1-134 of SEQ ID No: 1.
22. A modified Rv3616¢ protein according to claim 21, wherein the first polypeptide has at
25 least 95% identity to residues 1-134 of SEQ ID No: 1.

23. A modified Rv3616¢ protein according to any one of claims 19 to 21, wherein the
second polypeptide has at least 95% identity to residues 184-392 of SEQ ID No: 1.

30 24 A modified Rv3616¢ protein according to any one of claims 19 to 21, wherein the
second polypeptide has at least 90% identity to residues 155-392 of SEQ ID No: 1.

25. A modified Rv3616¢ protein according to any one of claims 19 to 21, wherein the
second polypeptide has at least 95% identity to residues 155-392 of SEQ ID No: 1.
35



13. A nodified Ry3616¢c protein according to either claim1l or 12, wherein
the first polypeptide is a contiguous sequence of at |east 110 am no acids
wi thin resoduE®9125334 of SEQ ID No: 1. 2514. A nodi fi ed Rg36PO@1psOSLI N
according to any one of clainms 11 to 13, wherein the second pol ypeptide is
a contiguous sequence of at |east 200 i no acids within residues 155-392
of SEQ ID No: 1. 15 A nodi fied Ry3616Cprotein according to claim 14,

wherei n eco is a 30 ont i guoys, seq ce, of at. Ieast 235
A no. a-de. At ivoPRobacEiotn bdBuing ey dhE WG eTES RS T nsti 10 Ry s 6c
protein accogeﬁhong pbl@paﬂwedmae aofeast Qﬂ%rtdeﬂnﬂiytt@ rébﬁjue‘shéﬁeeﬁ of BEQuemMie:de
i nkage is direct. WD 2011/092253PCT/ EP2011/ 051158 122 A nodified Ry3616¢
protein according to any one of clains 11 to 15, wherein the peptide
| i nkage2i.s i Adiadified. Rv%mmdbrbmda&o&ﬁd@m griyodrel of ctraon @lita2p, twheediaittia 17,
wheer n said thi rg %&}ygg tiide corresponds to residues 135-154 in SEQ | D

T in whi c%epéfje g et i guous portion of at |east 4 am no acids has
been del et ed A nodi fied Rv3616¢C prot ein according to any one of clains 1

bol ypepthae hadeRsapLte SRl &ardit B it S Pn i Aot e s 160

protein reI a;bept’eemm(dd@es metestd pol ypeptide, and wherein: (i) the first

pol ypeptide is a sequence having at |east 90% identity to residues 1- 133
of SEQID No: 1; and (ii) the second polypeptide is a sequence havi ng at

| edlt 9286 i demiddifledtRv36&6¢ privesn i&;@f(ﬁ&@tcﬁényﬁE@ deIales 1910 M evrairginthee first

and second pal ect i ndirectl

Ry3616¢. pr of EPHTER RS ERsdeigMeloBr ol atlsB AserueRe 19 sty BBt 14 %has a

| east 95% i derftll leyigh@SE@ED Noes. 1- 133 of SEQ ID No: 1. A nodified Ry3616¢

protein according to claim19, wherein the first pol ypeptide has at | east

90% i dentity to residues 1-134 of SEQ ID No: 1. A nodified Ry3616¢c protein

accor di 3@ t oA alalified Ryv36nbepetain bevarding & anyadnepsf ptairde 1 hxa$0 adaid magifie®5%
r.otein

ity to j,dues 1-134 of. SEQ 1D No: 1. A nodi
hBt i g ¢ oRy CEREPER tBmerias 2grat gobBer e i belKHIR P IBNC ! de has
at | east 95%o|y1mpt|dé yelhgldoetdddmsmﬂ;% GaernuifiusSkEGhé Iaoblhied Rv3&16uxdoifeired
Rv3616¢c prote gﬁ%&la%g f claims 19 to 21, wherein the second
pol ypepti de 'V% 8§§f YREEH ‘"fte&? t"\@elr%gl dues 155-392 of SEQ ID No: 1.
A nodi fi ed R¥3616ibefirstipelypesticieds dicogtiguoussyquenee of atdéast 80 hhitcoacids, witlter ei n
t he second pol ypepti de a 95% i dentity to residues 155-392 of SEQ
ID No: 1. WO 201'%?@53%2%3&?}EF%?lD‘%SlT% 123 A rodifi ed Rv3616c protein
ac@br di ng tofiipny thasecdndypaypeptiddistencadliguodsesequendshd as easttbSphippepits de has

0

at | east 99%i den Jtﬁn¥re&dues§'89"é%§ o%g?-_‘QSI%ZN of SEQ D No: 1,

wherein the first and second polypeptides are directly or indirectly linked.

31. A modified Rv3616¢ protein according to claim 30, wherein the first polypeptide is a
25 contiguous sequence of at least 110 amino acids within residues 1-133 of SEQ ID No:
1.

32. A modified Rv3616¢ protein according to claim 30, wherein the first polypeptide
wherein the first polypeptide is a contiguous sequence of at least 100 amino acids
30 within residues 1-134 of SEQ ID No: 1.

33. A modified Rv3616¢ protein according to claim 30, wherein the first polypeptide
wherein the first polypeptide is a contiguous sequence of at least 110 amino acids
within residues 1-134 of SEQ ID No: 1.
35



A nodified Ry3616¢c protein according to any one of clainms 19 to 26, wherein
the peptide linkage is direct. A nodified Rv3616¢c protein according to any

one of clwore111®2158 26, wherein the peptide |inkage is ipadinreat/osAssodi fied
Rv3616c protein according to any one of clains 19 to 26, wherein the

nodi fied Rv3616c protein does not conp{ASe a sequence having at |east 90%

identity to full length SEQ ID No: 1. nodi fi ed Rv3616¢c protein according

et pilypeprToaeniy o8 GelBleit Bt ymEpIY B o SFPSEO Rory DT RE el g

| ocat ed t owagetond belyfeftielens agsntitjuothsequedcd beal 14363686 aminocdatdswithén at i ve to
the second pol ypept i a rein: (l)the first polypeptide is a
cont i guous s@aﬁﬁﬁgié‘ggg%f’{ggﬁgﬁ '\%0(05 am no acids within residues 1-133 of

SEQ ID No: 1; and (ii)the second pol ypeptide is a contiguous sequence of at
| ea anj, no_aci Lt hin residues 184-392 qf SEQ -1 wherein the
frrdt ah ochamATEUSEbtT MRS ke e f hiatreat Rt Y modi f 1 e
Ry3616¢ pr otsscondpolgpelitidg id @ contijususSSequahes ef 4t Iédse 175 asinogdidepeiptin de is a
contiguous se encg 5%%%t %@i@éﬂls am no acids within residues 1-133 of
SEQ I D No: 1CSRURDHEPYPRGC Protein according to claim30, wherein the
first pol ypeptide wherein the first pol ypeptide is a contiguous sequence of
at | eas

100 N i it hi. i,.d 1-134 of SEOQO ID No: 1. A_nodified
V36160 ot AT HRCGNAPTGS b 208 Catdrern Phett eeoptl gl e ©
whelei n t he dontighouysadeypefda dfat leaist20oarhing woids withuesidee55894 ef&2Q 100
am no acids within residues 1-134 of SEQ ID No: 1. WO

2011/ 092253PCT1/ EP2011/ 051158 124 34. A nodified Rv3616c protein according to
any one of clainms 30 to 33, wherein the second pol ypeptide is a contiguous

sequencg, of at | east am no acid Lt hi.n si,dues, 184- 39 f SEQ | D No:
255 i ok edieAREbees Bl Aftciad i aTHE 165 SRR e S5onT nilieoige {2 53,
wher ei n t he cmtigmnelispsaioqueeget ofde ldast 285caminb guids svithinqrusidoes 185-382 bfesEM I0L75
anH@p aci ds 'Iﬂin resi dues 155-392 of SEQ ID No: 1. 36. A nodified Rv3616¢C
protei n acco i g to claim 35, wherein the second pol ypeptide is a

10conti guous sequence of at |east 200 am no acids within residues 155-392
of SEQ No: 1...37. dified Rv3616 r ot ei ccording tq cl.aim 36,
eher et he Agtid s TRl pSola0 i P BTRRE L 5 PR *Dss

am no aci ds pédtibe inkegeiisidiesct.155- 392 of SEQ ID 15No: 1. 38. A nodified
Rv3616c protein according to any one of clains 30 to 37, wherein the
peptide linkage is direct. 2039. A nodified Rv3616c protein according to any
on@0of %9.ai nA ndldified R3/B6 16 eroaimadtdoedipg fat ardeoriel of kkafyes B8 to Bidiwheedin thED. A

nodi fi ed RVSQ%&% ?roteLn.gccqrding to any one of clains 30 to 39, wherein
the modified ® '%Iéagﬁr'%{n I"i“*does not conpri se a contiguous sequence of
nore than 259

40. A modified Rv3616¢ protein according to any one of claims 30 to 39, wherein the

modified Rv3616¢ protein does not comprise a contiguous sequence of more than 259
25 amino acids from SEQ ID No: 1.

41. A modified Rv3616¢ protein according to any one of claims 1 to 10, said protein
comprising a Rv3616¢ sequence in which at least one amino acid has been deleted
from the region corresponding to residues 134-183 in SEQ ID No:1.

30

42. A modified Rv3616¢ protein according to claim 41, said protein comprising a Rv3616¢
sequence in which at least two amino acids have been deleted from the region
corresponding to residues 134-183 in SEQ ID No:1.



25am no acids fromSEQ ID No: 1. 41. A nodified Rv3616¢c protein according
to any one of clains 1 to 10, said protein conprising a Rv3616Cc sequence in
whi ch at weasii/mes3an no aci d has been del eted from t he PceEgPeon1/051158
corresponding to residues 134-183 in SEQ ID No:1. 30 42. A nodified Rv3616¢C
protein according to claim4l, said prgjein conprising a Rv3616¢c sequence
in which at | east two am no aci ds have “Been del eted fromthe regi on

corresp ng to.r 134-183 in S
5011/ 005D5 PR RS T Eda e i acesing frrir M A0 A psdBl somavising aREG B ng ¢ o
claima41, saseihuen@st mlwhucroatpeaﬁbngamma/ﬁﬁiﬁ@s Isexgudzsted fromwthe edgia@i | east one
am no acid has been de ete correspondi ng to residues
135 154 in %el Wrﬁ%nﬁorgﬁ ueﬁe ﬂfﬁ%ﬁ]‘ﬁgéﬁ%@%wgc protein according to claim
said protein conprising a Rv3616c sequence in which at |east two am no
aC| have bgee the re Qr r £SRO; di esi du 154
&0 Th nok TodiaR g PRl e etetdas by G0 £ S0 5 BFRgRrRhy SRR
cI ains 1 to é@ueswﬂvﬂfmalleeslﬁwamrnosycm ravé ibesh dpleteydept ihdaegind a second
SRR et e e Y e I T
pol ypeptide is a contiguous sequence of at least 100 am no acids within
re5|due 1 133 of . _and t he secpond | ypeptjde, is a
Cont | guitis SAuHTed R0 26° pately adBkoigd kel Sits P 10rBH i 154 200
of 18EQ I D Noconipnswdgear’esrpdmmmwe sitd aedc@ﬂWepwem@mmdMy@lp&qdbeiegt ly or
corr esponi gt IMEFaEs Nsmpls HaRa e Risng bl P PER AT RIREE 1 armi no
aci d has bee(mu)delteeedst paﬁ)é@ptﬂer‘mdchht&ﬂoﬁ@@@d@c@bb&teedstaO((Ien'd‘idbg:idsQNiaﬂry one
of claims 1 to 10, said, proteLp-C rising a first polypeptide and a second
pol ypepti de, the '{Fis'ndg? ﬁqﬁgﬁgég%gﬂﬁ%ﬂnan?ocat ed towards the N-term nus
relative to (iWe staesscorpboyreptideis,a cndgudiarsenoendel Jftabeabi 155tarpiab wpiept | de
IS cont i guous se uence of m {10 acids within residues 1-133
f 1%EQ ID No: 1; qlﬁefﬂ%é 332(93%5%@ Vpeptide is a contiguous sequence
of at |east \&E&emrth@ﬁrsaamdiseountihxorypeetkiedlaee;dmébﬂlyBeadméctISEE@édJnNe thiitd
wherein the first and seco 0 epti re dlre Y, ,0r, iLnd i nked
Ve o tnira SRR aE el e e e bl pe Rt e et s8ab I SEE PR fues
134-183 i n SE@HidD Mdedst dtanieastid has bedn deleted. porti on of at Ieast 3 am no
aci ds has been deleted. 30 47. A nodified Rv3616¢c protein according to

either claim45 or 46, wherein the first pol ypeptide is a contiguous
se@fenc4s.0f AmddfestRVBED6@proretn acdotdingvid driyroneasficthires 1 1o 183atf prSte® | D No: 1.

comprising a first polypeptide and a second polypeptide, the first polypeptide being

located towards the N-terminus relative to the second polypeptide, and wherein:

(i the first polypeptide is a contiguous sequence of at least 100 amino acids within
residues 1-133 of SEQ ID No: 1; and
25 (i) the second polypeptide is a contiguous sequence of at least 155 amino acids

within residues 184-392 of SEQ ID No: 1;
wherein the first and second polypeptides are directly or indirectly linked via a third
polypeptide, said third polypeptide corresponding to residues 134-183 in SEQ ID No:1
at least a contiguous portion of at least 3 amino acids has been deleted.
30
47. A modified Rv3616¢ protein according to either claim 45 or 46, wherein the first
polypeptide is a contiguous sequence of at least 110 amino acids within residues 1-133
of SEQ ID No: 1.



WO 2011/ 092253PCT/ EP2011/ 051158 126 A nodifi ed Rv3616¢c protein according
to any one of clainms 45 to 47, wherein the second pol ypeptide is a

cont i guouwsoenumerse of at | east 180 am no acids wi thin resirPe@d/nifgs 392 of
SEQ ID No: 1. A nodified Rv3616¢c protein according to any one of claims 45
to 48, wherein the peptide linkage is 6rect A nodified Rv3616¢Cc protein
according to any one of clains 45 to 4 wherein the peptide |inkage is

i ndi t di wh d
precky A RS BB AR S elrSRE A FL AR APy IS B S,
atd! fe_aséI gv g?icbngpolysemmens @ﬂomfguatl? kaa&hcélomﬂlfn:stlaetp ds”riml tudsigmndel eted. A
ifie 6C rdi o any one of clains 0 , conprisin
ngirst poIyﬁ@@y?gig%ﬁ%E8F§%§6ﬂaﬁgalypep?ide, the first polypeptidenEeing )
| ocated towards the N-termnus relative to the second pol ypeptide, and
wh the fi I ti f.at | t
100 Sarm b ach MOURAEBIREP g cotdind By bt osTRAHS 18 SHE iR e second

pol ypept i de peptide tiokigedsidiksctsequence of at |east 175 amino acids within
resi dues 155-392 of SEQ ID No: 1; wherein the first and second pol ypepti des
are either directly linked or indirectly linked via a third pol ypeptide,
wher ei ns&ai dAHddﬁf@dw%m&pbdom acoordisg ety dne of eliirds1 85 td G -witiedein theSEQ | D
No:1 in which L ast.l.% 'qo acid has been deleted. 53.A nodified
Rv3616c protR{ '38@ iHYU4Eany one of clains 1 to 10, said protein
conmr|5|ng a first pol ypeptide and a second polypeptide the first

pol ypep, el to ds the rel at.i e to.the.second
Pol Ypept | de, R HETRHETBPRCC I Stmesies Fho e wbpi 8o i EuieeRyTons
sequence Of (atrrelsﬁaﬁids tﬂ)@ébl(&llﬁsm@4at83ds SEQ M Ko:30n %chlﬂ@&eaﬂ;t—d%t@ﬁo&ﬁbrh@\ No:
1; and (iv) se [ [ onti guous sequence of at |east 175
am no acids %e&fﬂaﬁ{:?@g\"ﬁ’ Ci % d% %EQ I D No: 1; wherein the first and
second pol ypeptides are either dlrectly linked or indirectly linked via a
t hif, ype t|d W&% n sai.d third rresponds to residues
3505, s 8% L R e RGBT mli ety Bt S RS S TR GPITA R TR | enst
3 am no aci dﬁolymhh\@anmd debedr@doolydéﬂldﬁ)iﬂd ﬁ)@%ﬁ%@ﬁd&ﬁ’éﬁﬁgk#c@feﬁltwarﬂﬂhé4 A
nodi fied Rv3 % ﬁ@ﬂ%@n ﬁﬁﬁordﬂg% &her 8I§kq;52 or 53, wherein the
first pol ypeltrauhieg ot i 1o sHe S urERLE Gr s el iBer 110 am no. acl ds
wi thin resi d(tues lthéﬂqfsttpblyﬁﬁ@dleﬁk N@ontfguoﬁs S5é&queAcearotiatileast 160 3mirGcaqidsoriim
according to any on i %herein t he second pol ypeptide is
a contiguous sequgﬁﬁge%?qgt ?gggﬁngb 0 acids within residues 155-392
of 2BEQ 1 D Nofiv)1. th@&écdhdmﬁi)_rpfepe«_ib B&@hﬁguqmscﬁeqhenmaﬁat asigl A5cansihaianids5,
wherein the secong,bolyReRLHEE 393 RsEq 1D No: 1;
wherein the first and second polypeptides are either directly linked or indirectly linked
via a third polypeptide, wherein said third polypeptide corresponds to residues 135-154
in SEQ ID No:1 in which at least 1 amino acid has been deleted.
25
53. A modified Rv3616¢ protein according to any one of claims 1 to 10, said protein
comprising a first polypeptide and a second polypeptide, the first polypeptide being
located towards the N-terminus relative to the second polypeptide, and wherein:
(iii) the first polypeptide is a contiguous sequence of at least 100 amino acids within
30 residues 1-134 of SEQ ID No: 1; and
(iv) the second polypeptide is a contiguous sequence of at least 175 amino acids
within residues 155-392 of SEQ ID No: 1;
wherein the first and second polypeptides are either directly linked or indirectly linked
via a third polypeptide, wherein said third polypeptide corresponds to residues 135-154
35 in SEQ ID No:1 in which at least a contiguous portion of at least 3 amino acids has

been deleted.



contiguous sequence of at |east 235 am no acids within residues 155-392 of
SEQ ID No: 1. 57. A nodified Rv3616¢c protein according to any one of clains
52 to 56,woheriiomsshe 15peptide |inkage is direct. 58. Acmm®diiesiiBy3616c
protein according to any one of clains 52 to 56, wherein the peptide

| i nkage is indirect. 2059. A nodified 3\/ 616¢c protein according to clai m58,
wherein said third pol ypeptide correspdnds to residues 135-154 in SEQ ID
No:1 in which at |east a contiguous portion of at |east 4 ami no aci ds has
been del eted. 60. A nodified Rv3616c protein according to any one of clains
1 to 1054.sai Al npdifiediRv3B56OpmPLdis bcmrding tor sithepolbiypsPbi 8& varedeia treefreind

pol ypeptide, the f.irst polypeptide bei (o] d towards the N-term

el 201 ve 1o Relit e BOUYER salienE A4 kBRCl P38 whRGPS G TR e
is a sequencef SEQiIMloat. | east 90% identity to residues 1- 133 of SEQ I D No:
1; ﬁm (ii1) the second pol ypeptide is a sequence having at |east 90%
identity to residues 30184-392 of SEQ ID No: 1; wherein the first and
selcond whyp,emddd?eﬂhmemﬁ |:5|©@m ycdénirdnﬁ@d) any c'brfmctibfrc%mhd; B2 ko Bdéadwevéiathe third
pol ypeptide, said third. po eptide having at |ea 0% identity.to a
eahence. cor FEoBORAMRETER + £ BFRLECs S5HARS Blotugddt Pof RETre sasatineha

conti guous pesidues188-392 of 8BQUDMNcari no aci ds has been deleted. WO

2011/ 092253PCT/ EP2011/ 051158 128 A nodified Ry3616c protein according to

claim 60, wherein the first pol ypeptide has at |east 95% identity to
r esliodduess.1- 18halifieBEY36 D6 dNoroteln adcorainly fo etaimRys3 Ghecsip thet secondpalpseptidg ist 0

claim6l, wherein the first p eptd de has. at .| east. 98% i it

Feal dues’ 1. 15p5thpolsEma i Reor ST R AR A1 B3 weh BT S R AP o any
one of claindo60 to 62, wherein the second pol ypepti de has at | east 95%
identity to residues 184-392 of SEQ ID No: 1. A nodified Ry3616¢c protein
according to claim®63, wherein the second pol ypeptide has at | east 98%

i denti t§7.t o AesidifiedRVBB46SPdtedi a&GorihdtdNmy dne o chards b2 enlsRwdeide the ot ei n

ac ding to_an e of. clainms 60 to 64, wherein the peptide |inkage is

di ﬁg{:t A nn%ffqt'l}g‘éﬁﬁﬁ%ﬁ‘é'éecﬁr otein according to any one of clains 60 to 64,
wherein the peptide linkage is indirect. A nodified Ry3616¢c protein

accordi to,cl ai.m erein the third pol ypeptide_i sequence havi ng
2 P eastelomo BBk iyep BEPEldh arkocdib i a ki Rlaie o 1 Po B GRT 155 [
SEQ | D No: 1 peptidbiickage ismidtregguous portion of at | east 3 am no acids has
been del eted. A nodified Rv3616¢c protein according to either claim67 or
68, wherein the third polypeptide is a sequence having at |east 98%

i det i t59.t 0 Anweitfied RS6¢6s presyroackonding o ¢lais 58)ehelsddt sdi irdnpdBi@ptid® No: 1 i n

whi ch a contj guous rtion of at, lea 100_aci ds.has, been deleted. A
o 11 ed Rk Reb R BB el R 104 SEFT T T Rleh 2t RES0 SR oBihatton,
t he conti guoofsat fEast 4 amirdedcdsatthsfeemdeleted. esi dues corresponding to 134-183
in SEQID No: 1 is least 4 amno acids. A nodified Rv3616¢c protein
according to any one of clainms 66 to 69, in which the third polypeptide is

48 am n@D.aci A snolifieddRVS6 16 qprloegtitcording to any one of claims 1 to 10, said protein
25 comprising a first polypeptide and a second polypeptide, the first polypeptide being

located towards the N-terminus relative to the second polypeptide, and wherein:
(i the first polypeptide is a sequence having at least 90% identity to residues 1-
133 of SEQ ID No: 1; and
(i) the second polypeptide is a sequence having at least 90% identity to residues
30 184-392 of SEQ ID No: 1;
wherein the first and second polypeptides are directly linked or indirectly linked via a
third polypeptide, said third polypeptide having at least 90% identity to a sequence
corresponding to residues 134-183 in SEQ ID No:1 in which a contiguous portion of at
least 3 amino acids has been deleted.
35



WO 2011/ 092253PCT/ EP2011/ 051158 129 71. A nodifi ed Ry3616¢c protein according
to any one of clains 1 to 10, said protein conprising a first pol ypeptide
and a secwodopalsypepti de, the first pol ypeptide bei ng | ecatprdottiosasgls t he
N-termnus relative to the second pol ypeptide, and wherein: (i) the first
pol ypeptide is a sequence having at |leagst 90% identity to residues 1- 134
of SEQID No: 1; and (ii) the second pditypeptide is a sequence having at

| east 90% i dentity 't i dues 155-392 of .S D No: 1;. wherein.the first
and secohd doMpbeiFet T o ACRTgY I O ARG i) Rl e RideUfas &
third pol ypepastds idantty tdiesdupoh yieptf SEQ IDavo:ng at | east 80% identity to a
sequence corresponding to residues 135-154 in SEQID No:1 in which a
contiguous portion of at |east 3 ami no acids has been deleted. A nodified
Ry3616c6qr ot & nodiied V3o hge protein acaordidg tordiaimed 1) whbesid theSirstpolyypptitic Ids dtas at
| ea 95% i dent.i to residues 1- D No: 1. A nodified 3616¢

pr ot%iei n acco?ﬁ?tﬁé){/‘t '86@1'%%G?E}JGM%‘%P%F%BN?-S% pol ypepti de has g | east
98% identity to residues 1-134 of SEQ ID No: 1. A nodified Ry3616c protein

accordi to, any,..0 | ai 71 to 73, wherein the cond pol.ypepti de has
o P eastPosoh ARLIHER R 3054 SofFin ddeoidnd Brareedaits RESE AR c
Rv3616¢c pr otsscondpolgpeliting hbe atleastro5td identitg terasidube 184-80Rdf PEQYPaENd:i1de has
at least 98% identity to residues 155-392 of SEQ ID No: 1. A nodified
Ry3616¢c protein according to claim 74, wherein the second pol ypeptide has

at 10eass4.99% naelificd IRy 36 060 Erdtetiuascolding 80Rainf 6 ShQetdh Ne:setondpatpshiptide tas
Rv3616¢c protein rding to a 0 clal 1 to 76, wherein the
peptide i nk%é%asﬁgglgi'ggﬂ@/. toﬁﬂ@%ﬁ@ﬁ%@eﬁ%ﬁ%&& i:‘i n according to any one
of claims 71 to 76, wherein the peptide linkage is indirect. A nodified
Rv3616c,.protein ac i.ng to.claimy8  wherein_the third. polypeptide is a
Sequenctnavk i ARaTREE ey e (S Glehiahin® B I e SukEAR Y o
resi dues 135peptid®lizkibd/i98i2ed3PCT/ EP2011/ 051158 130 154 in SEQ ID No:1 in
\Ahiﬁi; a contiguous portion of at |east 3 am no acids has been deleted. A
nodi*fi ed Rv3616c protein according to either claim78 or 79, wherein the
third pes.ypefpimadified Rv@6$@gpretede adumvding toednyl @msdf cRirts 60164, twhelr@in thesequence
correspondi né;e ttg r.eksi dues 13@- 154 in SEQ ID No:1 in which a contiguous

Ridg dgkag §%Gc

portion of a edning i ds has been del eted. A nodified Rv3616¢
protein according to any one of clains 71 to 80, in which the contiguous

portion.del efed fr resi dues carrespondi t0.134-183 in S IlD No: 1
P | easi’a airgiedRoe Tad FRla e GRS BRRR D Mo re e P RRPRTER i 61,

i n 26hi ch t hesezophdeghirg) ptdedst 06%daedretyeld f sepmehbecorespdudisg toesidagondd-ng to
134-183 in SEQ Ig(#gm& j1s I asht 5 a,[m' no aclit.ds. A“rm i3fi ed R\/.§666c $r otein
according to any Lo MhiCh7 8 cpiigyats PRGROLA! PRl 3P A 25T Jeptite i s
20 am no acideted. fewer in length. A nodified Rv3616¢c protein according to
any one of clainms 1 to 10, said protein conprising a Rv3616¢c sequence in

which at least 1 amno acid fromthe region corresponding to residues
134- 18368.n SE@ddifieNidRv3t16@psrobee accoudisg ta elthedchaint 67 ar 68, dvhepdin thecthir¢si due. A

ified Rv3616 tei ing t | aLyn .84.. sai d t ei
e sy e P b SREREL T AT bR B U E DERPREbELE,
fromthe regiesidueon 343D MISEQ ID dlo: emivehies alcdatidilBisiportBhQf bhehst:3 dminas been

substituted é’l‘:iéshhahsytge{e%pﬁllelté& resi dues.

69. A modified Rv3616¢ protein according to any one of claims 60 to 68, in which the
30 contiguous portion deleted from the residues corresponding to 134-183 in SEQ ID No:

1 is least 4 amino acids.

70. A modified Rv3616¢ protein according to any one of claims 66 to 69, in which the third
polypeptide is 48 amino acids or fewer in length.
35



A nodi fied Rv3616¢c protein according to any one of clains 1 to 10, said
protein conprising a Rv3616¢c sequence in which at least 1 amno acid from
t he regi owocorwvmspEendi ng to resi dues 135-154 in SEQ | D Ro1/EP20iamstieen
substituted with a hydrophilic residue. A nodified Rv3616¢c protein
according to claim86, said protein copprising a Rv3616¢c sequence i n which
a contiguous portion of at |least 3 am acids fromthe region WO

2011/ 092253PCT/ EP2 / 158,131 correspondi ng.tp.residyes 135-154 in SEQ
"D Nov T hack Baed EP RGBS arer B o8 Y0 Rk P s R 36 26c
pr ot ei n accocamprgirigta freypaypeptie ahdb BBcdndt i@ ptida ittt frsopeypeptiddbsingi ng a
Rv3616¢C sequence &)n whi ﬁhﬂ\ﬁ | east Qne thﬁdrg%hi Idi C amtn acc'i]dhresi_due has
been added aPCdef EMATHICHEISIRLNSIABLE Pdlg Hfed 88WP8%6%nari‘ Y"%'§""133- 184 in
SEQ I D No: 1) A nidififdt pdlypyRihit6s a geqiarico haciagmdicagt 9096 wleatit@Bssidiies d -
rotein conprisin sequence in which at | east one hydrophilic

gn‘i r?g aci dmr)esi dugsﬁqs%%gﬁﬁlgdﬁ}@dat a |l ocation between thoseyresPdues
correspondi n@) t o thd4edd@d palypBpid D dNEquéncethavird) dtilet BYRGdEtitypootsiines

according to cl ai S tein conprising a Rv3616¢c sequence in which
at | east one hydrg%)rﬁ??% %faéalﬂ?ﬂ%ﬁgc?’d resi due has been added at a | ocation

bet ween t hosehdresithelthst and seaopo pdiypgptides haddildeBy limkeIEQinddeblty linked Aiaradi f i ed
Rv3616c protegin according.to.claim90, said protein, c i,sing a Rv3616¢C
cequence | 1 G eRvERPengyd Bird sy Rpeiia Tt il SRy Batbaletoon
add@d at a | as@sponifeiowesidudhtine!F4eiaiSHED Norrie syhiohti cuantiyoousImorildofiat SEQ
| D No: 1. Am)c{ifie.d Rv r ot according to any one of clains 88 to

| 3616¢C qitn
91 wherein afeFeAPNP R59R 8?8%?” f¢'8%€di no acid resi dues have been added
within the specified region. A nodified Rv3616c protein according to any

one of ai 1 to id protein,.bejng .f r .than,5Q0 .ani no aci.d

Poei quetd o R et Reoalah ool atohtng i ey Wbl R s PR R s 2t o o
pr ot ei n bei ngadtdses idehtin tok®Qidass md 3dof SEQEI®i Miatels in | ength. A nodified

Rv 6¢c protein according to claim94, said protein being fewer than 400

am o acid residues in length. A nodified Rv3616¢c protein according to any
one of 73.ai n& mbdtfied 336 temotedn agrotdieg tnslaion 22; whesstrg therficst pofypSii(del HasN:

161. 132 97, A ified Rv3616¢C, prot ej rding to any one of clains 1
Lo 05, conprPaft el e EidsenRs 1 B RES B9 T Ror 165 98 A modified
Rv3616c protein according to any one of clains 1 to 95, conprising the

5am no id sequen E D No: 163, 99. A Lfi 616¢c .protein
accordiﬁ‘g toﬁHﬂVﬁ'Sﬁ?@b%"%olﬂn iCCtOB(j]r'ég;'at,o %rﬂ?reiog?ﬁﬁn? ﬁgt"a e eé%'i? esequence
of 2BEQ | D Nosecdbd polipddlide has abidnéti 5ds ReBhity be rasiduesi165-802 of SEQYDtND:any one
of claims 1 to 95, conprising the am no acid sequence of SEQ I D No: 165.

101. A nodified Rv3616¢c protein according to any one of clains 1 to 95,
conpri sisg tAedifieddRva6i 6t setpireacmrdifig ST ANehe dibthelsecdfiPpolpeptide haed

Rv3616 [ di | &l 95, i Si h

i no aci d_ SBUtEhAE AR S o R 1 6 BT gt .00 T ed RuSeL6e

protein according to any one of clains 1 to 95, conprising the 20am no acid
f SEQ I.D No: 8. 104, A nodjfied 3616 tei ' t

anoneTyr . o e e des ool e rdies iR et eSSt G RARE L, o

169. at least 99% identity to residues 155-392 of SEQ ID No: 1.

77. A modified Rv3616¢ protein according to any one of claims 71 to 76, wherein the
peptide linkage is direct.
30
78. A modified Rv3616¢ protein according to any one of claims 71 to 76, wherein the

peptide linkage is indirect.

79. A modified Rv3616¢ protein according to claim 78, wherein the third polypeptide is a

35 sequence having at least 90% identity to a sequence corresponding to residues 135-



25105. A nodified Rv3616¢c protein according to any one of clains 1 to 95,
conprising the am no acid sequence of SEQ ID No: 179. 106. A nodified
Rv3616¢c pwotzeimnazssor di ng to any one of clains 1 to 95, pcorgpreigiosgss he
am no acid sequence of SEQ ID No: 180. 30 107. A nodified Rv3616c protein
according to any one of clains 1 to 106 wherein the tuberculosis is

associated with a Mycobacterium tuberc 0osi s infection. 108. A

nodi fied Rv3616¢C in.according to any one Q | ai 1to .10 erein
oo d 35 {12 SES FRNCHIB R AoeaBRe edfe BLeeilyhastng Soifs fas By
2011/ 092253 R{eAéte2011/ 051158 133 109. A nethod for the treatnent,
anelioration or prevention of TB conprising the adm nistration of an
effective amount of a nodified Rv3616¢c protein according to any one of
clains d0to AGddfiedRvSBbepriotsimacueding tresithef claivh@d er 1O, sdicteip teytpept | de

i ndyces an i ne.response. 5 110. The o,0f. a.mpdified Rv3616C pr.otein
hccdh i ng. t PUFOUERET San e s PR e haR A steBPE® SR oRBRe Breon
for the treafsines 135-¢5€ M $EQ |DMN ol wachatal contigdous Bortion of at le2dt13 arfino

pol ynucl eoti de, conpri si a,nucleic acid sequence encoding a nodified
Rv3616¢c 10pr%ﬁ%ﬁ¢é%%998r to any one of claims 1 to 108. 112. A

pol ynucl eoti de according to claim 111, consisting of a nucleic acid

sequencg, encpdi ng. iLfied Rv3616 ot ei n agcor di to.any o of clains
oo 1081128 Peded sEROOL Pt A ontnd I ipheg lin e g 8- YefRGe 1 15
comr i Si ng acadqueIsgrisTcaEktag framptbé ygifiics derrasodithigng 184-188yh 8B@ IDINGSEQ | D
Nos: 161 to 63 %é(79 ar 188. 114. A pol ynucl eotide according to claim 113,
conprising a ?8 AR A5 P ng to any one of SEQ ID Nos: 170-178. 115. A
pol ynucl eoti de according to any one of clainms 111 to 114 for use as a

nedi ca t. 116, . ucl eotide accordi.n 0 anp ne of. clains,. 111 to
Tre TarBh, adrned Ran(EhSoRT dimues Biharet & My Heetafol R cot 1 de
accordi ng t odedstgd dom t0é redidiessoirddpdndinhid 184r183%eSEQ IB Nediis &rend ambto t he
prq%gntion on&IB. 118. A pol ynucl eoti de according to any one of clainms 111
to 11

4 for %s a nedi cament 30for the anelioration of TB. 119. A
pol ynucl eoti de according to any one of clains 111 to 114 for use as a

medi cangnt fopr the t nt of latent, TB. 35120, .A pol cleotide . .
nocor ai . « AmATBACOGRIET Bowh 2 riRd ooy e 4 ey PB4 ikt tira e
preventi on opolympétd isTB. ami®azidd b @92 b3leagthEP2011/ 051158 134 121. A

pol ynucl eoti de according to any one of clains 111 to 114 for use as a
medi canment for the prevention of reactivation of tubercul osis.

20 84. A modified Rv3616c protein according to any one of claims 1 to 10, said protein
comprising a Rv3616¢ sequence in which at least 1 amino acid from the region
corresponding to residues 134-183 in SEQ ID No: 1 has been substituted with a
hydrophilic residue.

25 85. A modified Rv3616¢ protein according to claim 84, said protein comprising a Rv3616¢
sequence in which a contiguous portion of at least 3 amino acids from the region
corresponding to residues 134-183 in SEQ ID No: 1 has been substituted with

hydrophilic residues.

30 86. A modified Rv3616c protein according to any one of claims 1 to 10, said protein
comprising a Rv3616¢ sequence in which at least 1 amino acid from the region
corresponding to residues 135-154 in SEQ ID No: 1 has been substituted with a
hydrophilic residue.

35 87. A modified Rv3616¢ protein according to claim 86, said protein comprising a Rv3616¢

sequence in which a contiguous portion of at least 3 amino acids from the region



5122. A pol ynucl eotide according to any one of clainms 111 to 114 for use as
a nedi canent for the delay of reactivation of tuberculosis. 123. A

pol ynucl ewvi2da/merser di ng to any one of clains 111 to 12PCuure@iinsiise
tubercul osis is associated with a Mycobacterium tubercul osis infection.

124. A nethod for the treatnent, anel i&ration or prevention of TB
conprising the admnistration of an ef écti ve anount of a pol ynucl eoti de
according to_any one of cl.ainms 0 4 a, subject in.need thereof,
Wherei n Sai CPOVTRNRY BeSr TR LT T RARALD Rolp Bighesh il whi®of

pol ynucl eot i meirggdierdsioges. 0 any one of clains 111 to 114 in the manufacture
of a nedicanent for the treatnent, anelioration or prevention of TB. 126. A
pharmaceutical conposition conprising: 20(a) a nodified Rv3616Cc protein
accor di 88 t oA andifieddRv3b164 priotsn Acdoedid® & argnshe(df clatmphas ndcsaid progdid y

acceptable carrier or_excipient. 127. A pharmaceuti.cal .conposit.ion.

comBli i ng: FEEFS GRICESEHIRnoR TLAPiSh Bh Res AIRMERPNEE 0 AL Iepiue, 114,
and (b) a phrasmeeuiddedht ¥y Irat@pbetvben t@te rediduas cexesguneig.to 128-184Ain

i mrunogeni c §[§ Bi%t_%on conprising: 30(a) a nodified Rv3616¢c protein
according to ﬁﬁ e of clains 1 to 108; and (b) a non-specific inmune
response enhancer. 129. An i mmunogeni ¢ conposition conprising: 35(a)

pol ynucl eot i de accardi t o _any one . .of  cl ai 111 to 114: and

Do oobaari EEE T dad B M S REs S AR SR PR e Tions  Rg prag 160
enh@ncer. 13skquéhe infwhictogresast oae pdrspliilioammoeelddiesigué baebédresddedaitan 128 or
129, wherein _the nonspecific inmune response,e roJd djuvant. 131.
An expr esei ORCHBELENES BPrEreREUES RokrEPEiag G B ERarR bR ho o rodi 11 ed
Rv3616c protein according to any one of clains 1 to 108. 132. A host cell
transfo d wth.t ession vect.or of claim131.. 133. A host l,l. which
oo st 14 Meda R TES RRAT rd G S R, PRt ete g g R BRe of
clains 1 to dd@ence in which at least one hydrophilic amino acid residue has been added at a

15 location between those residues corresponding to 134-155 in SEQ ID No: 1.

91. A modified Rv3616¢ protein according to claim 90, said protein comprising a Rv3616¢
sequence in which at least one hydrophilic amino acid residue has been added at a

location between those residues corresponding to 135-154 in SEQ ID No: 1.

20
92. A modified Rv3616¢ protein according to any one of claims 88 to 91 wherein at least
two hydrophilic amino acid residues have been added within the specified region.
93. A modified Rv3616¢ protein according to any one of claims 1 to 92, said protein being
25 fewer than 500 amino acid residues in length.

94. A modified Rv3616¢ protein according to claim 93, said protein being fewer than 450

amino acid residues in length.

30 95. A modified Rv3616c protein according to claim 94, said protein being fewer than 400

amino acid residues in length.

96. A modified Rv3616¢ protein according to any one of claims 1 to 95, comprising the
amino acid sequence of SEQ ID No: 161.
35



134. A nethod for the production of a nodified Rv3616c protein according to
any one of 15clains 1 to 108, said nethod conprising the step of

reconbi nawol2g11eseprsessi ng sai d pol ypepti de wi thin a host pc&HP201185115A net hod
for the production of a nodified Rv3616c protein according to claim134,
wherein the host cell is E. coll. f?% A di agnostic kit conprising:

(a) a nodified Rv3616Cc protein accordl to any one of claims 1 to 108;

(b) app, atu suffi ontact .sajd nodifi.e rotein with a
Samo ok o g aBaefrofigt R R Al R ST 3 ORI aIe and
25(c) rreans tzﬁmmuantdls‘ewuéﬂit&; of S ID Nestese of the sanple. 137. A diagnostic
kit conprising: (a) a nodified Rv3616¢c protein according to any one of
claims 1 to 108; and (b) apparatus sufficient to contact said nodified
Rv3616c9%r ot &inodified IRv36 ¢6 dpriotait a@fdedthd & afy anepaiiclatms 1 td 88. cofnpnieinhaiek f or
detecting Mycobacterium t uber, LS. Ihfection in a subject conprising:
(a)%’gnt acti @“Q%&%ﬁ%“?%ﬁ%ﬁ%@“& ngif with a nodified Rv3616¢c protein
according to any one of clainms 1 to 108; and 35(b)detecting in the
biologl sence of antibodies t t he nDdl i ed
Rv3626¢r ot Ameee SB17 555 Seseiflee By el Blerea ' 48, o Ra o of
clai m 138, wheinheiagidtdequemmd dfiSHD RYRGL1ERt.protein is i mobilised on a solid
support. 5140. A fusion protein conprising a nodified Rv3616¢c protein
according to any one of clainms 1 to 108 and an additional heterol ogous
poltpeptitde. A tfblified R)@By&updo&m actrding tdarydore df uiires 1 oo 05,edompaisingitic ng t o
claim 140. 10142. ®% ‘gﬁéﬁﬁ% CO{%)SI tion according to either claim
126 or 127, %’BWBtBiC 8“3?10 NP erol ogous antigen conmponent which
isin the forma polypeptide. 143. A pharnaceuti cal corrposi tion according
to eith claim?12 I 7 onprisi.ng, an add|t| rol o ous antlgen
corrponeﬁ({1'\/\h'§€??di:'|f?gi|ﬁ’3p iéc ?@ferwng?coéd'ﬁgf%ﬁmc?n&qf ¢ S 1%0 %5 ogenl C
conposi ti on aaiboradidggquencel dff8EQ D Nome28 or 129, corrprl si ng an addi ti onal
het1%r ol ogous anti gen conponent which is in the forma pol ypeptide.

1455 A pharnmaceutical conposition according to either claim 128 or 129,
conpri si0®y ah nifdifibdiRV36M6d proedire acdobdiog o @yt ongesf clabmp dne 5, aohiptiingsheé n t he

formof a po rxmg%lc%oé[elqgence of SEQ ID No: 167.

103. A modified Rv3616c¢ protein according to any one of claims 1 to 95, comprising the
20 amino acid sequence of SEQ ID No: 168.

104. A modified Rv3616¢ protein according to any one of claims 1 to 95, comprising the

amino acid sequence of SEQ ID No: 169.

25 105. A modified Rv3616c protein according to any one of claims 1 to 95, comprising the
amino acid sequence of SEQ ID No: 179.

106. A modified Rv3616c¢ protein according to any one of claims 1 to 95, comprising the
amino acid sequence of SEQ ID No: 180.
30
107. A modified Rv3616¢ protein according to any one of claims 1 to 106 wherein the

tuberculosis is associated with a Mycobacterium tuberculosis infection.

108. A modified Rv3616c¢ protein according to any one of claims 1 to 107, wherein said
35 modified Rv3616¢ protein does not comprise SEQ ID No: 162.



146. An pol ypeptide according to any one of clains 1 to 108 for use in
conbi nation with a chenot herapeutic agent. 25147. A pol ynucl eoti de
accor di ngvoaoamg2sae of clainms 111 to 123 for use in comoirEeteonsss h a
chenot her apeuti c agent.

133

109. A method for the treatment, amelioration or prevention of TB comprising the
administration of an effective amount of a modified Rv3616c¢ protein according to any
one of claims 1 to 108 to a subject in need thereof, wherein said polypeptide induces

an immune response.

5
110. The use of a modified Rv3616c¢ protein according to any one of claims 1 to 108 in the
manufacture of a medicament for the treatment, prevention or amelioration of TB.
111. A polynucleotide comprising a nucleic acid sequence encoding a modified Rv3616¢
10 protein according to any one of claims 1 to 108.

112. A polynucleotide according to claim 111, consisting of a nucleic acid sequence

encoding a modified Rv3616¢ protein according to any one of claims 1 to 108.

15 113. A polynucleotide according to either claim 111 or 112, comprising a sequence encoding

a polypeptide according to any one of SEQ ID Nos: 161 to 169, 179 or 180.

114. A polynucleotide according to claim 113, comprising a sequence according to any one
of SEQ ID Nos: 170-178.

20
115. A polynucleotide according to any one of claims 111 to 114 for use as a medicament.
116. A polynucleotide according to any one of claims 111 to 114 for use as a medicament
for the treatment of TB.
25
117. A polynucleotide according to any one of claims 111 to 114 for use as a medicament
for the prevention of TB.
118. A polynucleotide according to any one of claims 111 to 114 for use as a medicament
30 for the amelioration of TB.

119. A polynucleotide according to any one of claims 111 to 114 for use as a medicament

for the treatment of latent TB.

35 120. A polynucleotide according to any one of claims 111 to 114 for use as a medicament

for the prevention of latent TB.



10

15

20

25

30

35

WO 2011/092253 PCT/EP2011/051158

121.

122.

123.

124.

125.

126.

127.

128.

129.

134

A polynucleotide according to any one of claims 111 to 114 for use as a medicament

for the prevention of reactivation of tuberculosis.

A polynucleotide according to any one of claims 111 to 114 for use as a medicament

for the delay of reactivation of tuberculosis.

A polynucleotide according to any one of claims 111 to 122 wherein the tuberculosis is

associated with a Mycobacterium tuberculosis infection.

A method for the treatment, amelioration or prevention of TB comprising the
administration of an effective amount of a polynucleotide according to any one of claims
111 to 114 to a subject in need thereof, wherein said polypeptide induces an immune

response.

The use of a polynucleotide according to any one of claims 111 to 114 in the

manufacture of a medicament for the treatment, amelioration or prevention of TB.

A pharmaceutical composition comprising:
(a) a modified Rv3616¢ protein according to any one of claims 1 to 108;
and

(b) a pharmaceutically acceptable carrier or excipient.

A pharmaceutical composition comprising:
(a) polynucleotide according to any one of claims 111 to 114;
and

(b) a pharmaceutically acceptable carrier or excipient.

An immunogenic composition comprising:
(a) a modified Rv3616¢ protein according to any one of claims 1 to 108;
and

(b) a non-specific immune response enhancer.

An immunogenic composition comprising:
(a) polynucleotide according to any one of claims 111 to 114;

and
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130.

131.

132.

133.

134.

135.

136.

137.

138.

135

(b) a non-specific immune response enhancer.

The immunogenic composition according to either claim 128 or 129, wherein the non-

specific immune response enhancer is an adjuvant.

An expression vector comprising a nucleic acid sequence encoding a modified

Rv3616¢ protein according to any one of claims 1 to 108.

A host cell transformed with the expression vector of claim 131.

A host cell which recombinantly expresses a modified Rv3616¢ protein according to

any one of claims 1 to 108.

A method for the production of a modified Rv3616¢ protein according to any one of
claims 1 to 108, said method comprising the step of recombinantly expressing said

polypeptide within a host cell.

A method for the production of a modified Rv3616¢ protein according to claim 134,

wherein the host cell is E. coli.

A diagnostic kit comprising:

(@) a modified Rv3616¢ protein according to any one of claims 1 to 108;

(b) apparatus sufficient to contact said modified Rv3616c¢ protein with a sample
(e.g. whole blood or more suitably PBMC) from an individual; and

(c) means to quantify the T cell response of the sample.

A diagnostic kit comprising:
(@) a modified Rv3616¢ protein according to any one of claims 1 to 108; and
(b) apparatus sufficient to contact said modified Rv3616¢ protein with the dermal

cells of a patient.

A method for detecting Mycobacterium tuberculosis infection in a subject comprising:

(@) contacting a sample from said subject with a modified Rv3616¢ protein
according to any one of claims 1 to 108; and

(b) detecting in the biological sample the presence of antibodies that bind to the

modified Rv3616¢ protein.
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The method of claim 138, wherein the modified Rv3616¢ protein is immobilised on a

solid support.

A fusion protein comprising a modified Rv3616¢ protein according to any one of claims

1 to 108 and an additional heterologous polypeptide.

A polynucleotide encoding a fusion protein according to claim 140.

A pharmaceutical composition according to either claim 126 or 127, comprising an

additional heterologous antigen component which is in the form a polypeptide.

A pharmaceutical composition according to either claim 126 or 127, comprising an

additional heterologous antigen component which is in the form of a polynucleotide.

An immunogenic composition according to either claim 128 or 129, comprising an

additional heterologous antigen component which is in the form a polypeptide.

A pharmaceutical composition according to either claim 128 or 129, comprising an

additional heterologous antigen component which is in the form of a polynucleotide.

An polypeptide according to any one of claims 1 to 108 for use in combination with a

chemotherapeutic agent.

A polynucleotide according to any one of claims 111 to 123 for use in combination with

a chemotherapeutic agent.



