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FIG. )

MIBNL
MTAEPEVRTLREVVLDOLGTAESRAYKMWLPFLTNPVPLNELIARDRRQPLRFALGIMDE
PRRELODVHGVDVSGAGGNIGIGEAPQTGRS TLLOTMVMSARATHS PRNVOFYCIDLEGE
GLIYLENLPHVGGVANRSEPDKVNRVVAEMOAVMRQRETTFKEHRVGSIGMYRQLRDDPS
OPVASDPYGDVFLIIDGWPGFVGEFPDLEGQVCDLAAQGLAFGVHVIISTPRATELKSRY
RDYLGTKIEFRLODVNETQIDRITREIPANRPGRAVSMEXHHLMIGVPRFDGVHSADNLY
EAITAGVTIQIASQETEQAPPVRVLPERIHLHELDPNP PGPESDYRTRWEIPIGLRETDLT
PAHCHMHTNPHLLITGARKSGKTTIAKRATARAICARNSPOOVRFMLADYRSGLLDAVEDT
HLLGAGAINRNSASLDEAVOALAVNLKKRLPPIDLTTAQLRERSHWSGFDVVLLVDDWHN
IVGAAGGMPPMAPLAPLLPAAADIGLHI IVTCOMSQAYKATMDKFVGAAFGSGAPTMFLS
GEKGEFPSSEFKVKRRPPGRAFLVSPDGKEVIQAPYIEPPEEVFAAPPSAG

MTENZ
MEKMSERPIAADIGTQVSDNALNGVTAGSTALTSVIGLYPACGADEYSAQAATAFTSEGID
LLASNASAQDOLHRAGEAVODVARTYSQIDDGAAGVEFAE

MTENI
MIWHAMPPELNTARLMAGAGPAPMLAARAGHOTLEAALDAQAVELTARLNSLGEAWTGEGS

SDKALALATPMVVWLOTASTQAKTRANQATAQARAY TQAMATTPSLPEIAANHI TOAVLT
ATNFFGINTIPIALTEMDYFIRMWNQAALAMEVYQAETAVNTLFEKLEPMASILDPGASQ
STINFIFGMESPGSSTRVGEOLPPAATOTLGOLGEMSGPMROLTOPLOOV TS LFSQVEGETG
GGNPADEEAAQMGLLG TS PLENHPLAGGSGPSAGAGLLRAESLPGAGGELTRTPIMIOLT
EXPVAPSVMPAAAAGSSATGGAAPVGAGANGQGAQSGGSTRPGLVAPADLAGCEREEDDED
DWDEEDDW

MTHNG
MAEMKTDAATLAQEAGNFERISGDLKTQIDQVESTAGS LOGOWRGAAGTAAQAAVYRFQE
AANKQROELDEISTNIRQAGVQISRADEEQQQRALSSCMGF

MIBN3
MAADYDKLFRPHEGMEAPDDMAAQPFFDPSASFPPAPASANLEPKPNGQTPPPTSDDLSER
FVSAPPPPPPPPPPPPPTPVPIAAGEPPSFEPAASKPPTPPMPIAGPEPAFPPKPPTPEMP
IAGPEPAPPKPFTPPMPIAGPAPTPTESQLAPFRPPTPQTPTGAPQOPESPAPHVESHAY
HOPRRTAPAPPWAKMP IGEPPPAPSRPSASPAEPPTRPAPQHSRRARRGHRYRTDTERNY
GKVATG?SIQARLRAEEASGAQLAPGTEPSPAPLGQPRSYLAPPTRPAPTEPPPSPSPQR
NEGRRAERRVHPDLAAQHAAAD DS I TAATTGGRRRKRAAPDLDATQKSLRPAAKGPKVK
KVKPQXPKATKPPKVVSQRGWRHWVHALTRINLGLSPDEXYELDLHARVRANPRGSYOIA
VVGLKGGAGKTTLTAALGSTLAQVRADR I LALDADPGAGNLADRYVGROSGATIADVLAEK
BLSHYNDIRAHTSVNAVNLEVLPAPEYSSAQRALSDADWEF IADBASRFYNLVYLADCGAG
FFDPLTRGVLETVECVVVVASVEIDGAQOASVALDWLRNNGY QULASRACVVINHIMPGE,
PNVAVKDLVRHEFEQCVOPGRVVVMPRDRHIAAGTEI SLDLLDPIVYKRKVLELAAAL SHDF
ERAGRR

FIG 1A
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FIG. 1 [continued)

MTENS
LSAPAVAAGPTAAGATAARPATTRVIILIGRRMTDLVLPAAVPMETY IDDTVAVLSEVLE
DETPADVLGGFDFTAQGVWAFARPGEPFLKLDQSLDDAGYVDGESLLTLYSVSRTERYRPLY
EDVIDAIAVLDESPEFDRTALNRFVGAAI PLLTAPVIGMAMRAWWETGRSLWWPLAICIL
GIAVLVGSFVANRFYQSGHLAECLLVT TYLLIATARALAVPLPREVNSLGAPOVAGAATA
VLFLTLMIRGGPRKREELASFAVI TATAVIARRAAFGYGYQDWVPAGETAFRGLFIVINAA
KLTVAVARIALPPIPVPGETVDNEELLDPVATPEATSEETPTHWOAI IASVPASAVELTER
SKLAKQLLIGYVISGTLILAAGAIAVVVRGHFFVHSLVVAGLITTVCGFRSRLYAERWCA
WALLAATVAI PTGLTAKLI IWNY PHYAWLLLSVYLTVALVALVVVGSMAHVRRVSPVVKRT
LELIDGAMIAAIIPMLLWITGVYDTVRNIRF

MTEN7
MAEPLAVDPTGLSARAAKLAGLVFEQPPAPIAVSCTDSVVAAINETMPSIESLVEDCGLEG
VKAALTRTASNMNAAADVYAKTDQSLGTSLSQYAFGSSGEGLAGVASVGGQPSQATQLLS
TPVSQVTTOLGETAAELAPRVVATVPQLVOLAPEAVOMSQONASPIAQTISOTAQCAADSA
QGGSGPMPAQLASAEKPATEQAEPVHEVTNDDQGDOGDVQPAEVVAAARDEGAGAS PGOO
PGGGVEAQAMDTGAGARPAASPLAAPVDPSTPAPSTTTIL

MTENG
MSTTRPTGSYARQMLDPGGWVEADEDTFYDRAQEYSQVLQRVTDVLD TCRQQKGHVEREGGS
LWSGGAANAANGALGANINQLMTLQDYLA?VITWHRHIAGLIEQAKSDIGNNVDGAQREI
DILEEDPSLDADERHTAINSLVTATHGANVSLVAETAERVLESKNWKPPKNALEDLLQQK
SPPPPDVRPTLVVPSPCIPGTFETPITPGTPITPGTPI TP I PGAPVTPITETPETPVTRVT
PGKPVTPVTPVKFGTPGEPTF I TPVIPPVAPATPATPATPVT PAPAPHPOPAPAPADS DG
POPYTPATPGPSGPATPGTPGGEPAPHVKPAALARQPEVPGOHAGGGTOSGPAHADESAR
SVTPRAASGVPGARAAAAAPSGTAVGAGARSSVGTAAASGAGSHAARTGRADVATSDKARA
PSTRAASARTAPPARPPSTDHIDKPBRSESADDGT?VSMIPVSAARAARDAA?AAASARQ
RGRGDALRLARRIAAALNASDNNAGDYGFFWITAVITDGSIVVANSYGLAYIPDGMELDY
KVYLASADHAT PVDETIARCATY PVLAVOAWAAFHDMILRAVIGTAEQLAS SDPGVAKIVL
EPDDIPESGKMTGRSRLEVVDPSAAAQLADTTDQRLLDLLP PAPVDVNP PGDERHMLWFE
LMKPMTSTATGRBAAHLRAFRAYAAHSQEIALHQAHTATDAAVGRVAVADWLYWQYVTGL
LDRALAAAC

FIG 1B
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acggacgctg
gtgcgtacaa
gagctcatcg
catggatgaa
ccggggccegy
tecgacgctac
gcgcaacgtt
atctcgaaaa
gacaaggtca
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gtctttectga
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cgcgactacc
aacccagatc
gggcagtgtce
gacggcgtgce
gacgcagatc
tgccggageyg
gagtccgact
ggacctgacg
tctteggtge
cgecgecattt
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catcattgtc
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cceectacat
ggttaa

tcecgateget
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cgcgaggttg
gatgtggctg
ccecgtgateg
ccgegeegec
cggceaacatc
tgcagacgat
cagttctatt
ccttecacac
accgggtggt
ttcaaggaac
cgatccaagt
tcatecgacgg
caggttcaag
catctccacyg
tcggecaccaa
gaccggatta
gatggaaaag
acagcgccega
gcttececage
tatccacctg
accgcactcg
ccggceteact
ggccaaatcg
gtgccegaaa
tcgggectge
gatcaaccgc
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cgcetegegtt
ttggcacatg
tggcceegtt
acctgtcaga
cgccgeattce
aggaattccc
gcatttctcg
cgagcctccea

gccgacattg
cggctcgacg
atgaggtctce
ttgetggett
agcggtccag
ccggegtett

tgctggacca
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gcatcgacct
gtcggtgggg
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ccacgctgga
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caccatctga
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ctgggagatt
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cagtccceag
tggacgcggt
aacagcgegt
gaagcggttg
cgtggtggag
atcgtgggtg
attgeccggeg
tgagccagge
gggtcgggeg
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tctcgcececaga
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gcacgcaagt
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cgcccaagey
ccaatgcatce
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1 atgctgtgge acgcaatgcec
51 cggcgegggt ceggetccaa
101 tttcggcgge tctggacgcet
151 tctctgggag aagcctggac
201 tgcaacgccg atggtggtet
251 cccgtgegat gcaggcgacg
301 gccacgacge cgtegetgee
351 cgtccttacg geccaccaact
401 tgaccgagat ggattattte
451 atggaggtct accaggccga
501 cgagcegatg gegtcgatce
551 acccgatett cggaatgece
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mtbn4
1 atggcagaga tgaagaccga
51 tttcgagcgg atcteeggeg
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201 ggaactcgac gagatctcga
251 cgagggccga cgaggagcag
301 tga
mtbns
1 atggcggccg actacgacaa
51 tceggacgat atggcagege
101 cgceggegee cgcatceggea
151 cccecgacgt ccgacgacct
201 gccaccccea cccccaccte
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accggagcta aataccgcac ggctgatggce

tgcttgegge
caggccgtcg
tggaggtgge
ggctacaaac
gcgcaageeg
ggagatcgcc
tctteggtat
atccgtatgt
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cagcttegtce
tactggtcac
ccgttgeege
cgctacggece
agcgtcatga
gcggccgeeg
ggggatcgca
tecgeggtege
gtggacaacg
cgaagaaacc

cggtcecegget
tacgtcacgt
ggtgcgeggg
cgaccgtctg
tgggegttge
actcatcatc
tcacggtage
cggcgegttt
catgatcgct
acacggtccg

atggctgaac cgttggccgt
gaaattggece ggcctegttt

gcggaacgga
gaatcgetgyg
aacagcatcc
agtcactggg
ggcctggctg
gctgectgagce
ccgctgaget
ctggctccge
gacgatcagt
gcggcecaat
caagcggagc
cgacgtgcag
gcgcatcacce
gataccggag
cgatcegteg

ttcggtggta
tcagtgacgg
aacatgaacg
aaccagtttg
gcgtcgecte
acacccgtgt
ggcaccccgt
acgccgtteca
caaaccgccce
gcccgcacag
cggtccacga
ccggccgagg
gggccagcag
ccggtgecceg
actccggceac
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gcgaacaggt
gacgtatctg
gcggggtcaa
gtgctgtttt
gttggcgtcg
ctgcettegg
ttcgggetgt
gcggatcgeg
aggagttgct
ccgacctgge
caccgagcge
cgggcaccct
cacttctttg
cggatttcge
tggcggegac
tggtacccgce
cetggttgeg
caccggtegt
geceatecatte
caatatccgg

cgatceccacc
ttececgeagec
gcagcaatca
gctgecegge
¢ggcggegga
agccagtatg
ggtcggtggt
cacaggtcac
gttgttgcga
gatgtcgcaa
aacaggccgc
cttgcecagceg
agtgacaaac
tcgttgecge
cccggcgggyg
cccageggceg
cctcaacaac
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tctaccagag
ctgatcgcaa
ctcgttgggg
tgaccttgat
tttgcegtga
ctatggatac
tcattgtgac
ctgcecgecga
cgatccegtc
aggccatcat
agcaaactgg
gattctgget
tacacagcct
tcgeggettt
ggtcgegatt
actatgectg
ctcgtggtgg
aaaacgaact
ccatgetget
ttctga

ggcttgageg
teceggegecy
acgagaccat
gtgaaagccg
cgtcetatgeg
cattcggcetce
cagccaagtce
gacccagcte
cggtgcegea
aacgcatccc
ccagagegcg
ctgaaaaacc
gacgatcagg
ggcacgtgac
gcgtteeege
agtccgetgg
cacaacgttg

cggccacctg
ccgeegeage
gcgccacaag
gacgcggggce
tcaccgetat
caggactggg
gaatgcggcec
ttceggtace
gcgaccecgg
cgcgteggtg
Ccaagcaact
gceggtgeca
ggtggtcgeg
acgccgageg
ccgacgggtce
gctgttgttg
tcgggtegat
ctggaattga
gtggatcacc

cagcggccgce
atcgcggtca
gccaagceatc
ccectgacteg
aagaccgatc
gtcgggcgaa
aggctaccca
ggcgagacgg
actcgttcag
ccatcgctea
cagggcggca
ggccaccgag
gcgaccaggg
gaaggcgcceg
gcaagccatg
cggecceegt
tag
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ccaggccgac

gggeggetgg gtggaagecg

aatatagcca
cagcagaaag
caatgctgcc
tgcaggatta
ttgattgagc
acgggagatc
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ccccagacgt
ccgggaaccc
cacacccatc
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ctceegetee
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ccgtgggage
gcggggtcge
ggcggceggcea
ccecgecegec
gcagatgacg
ggcacgcgac
gtgatgcgcet
gacaacaacg
cgacggttcc
acgggatgga
atcceggttyg
gcaagcctgg
ccgeggagea
gagccagatg
ggaggtcgtce
agcgtttgcet
ggcgatgage
caccgctacce
ctgcccacte
gcggccgtec
caccgggttg

ggttttgcaa
gccacgtcett
aacggcgccc
tctegecacg
aagctaaatc
gatatcctgg
catcaattca
ccgagaccgce
aacgcactcg
gcctacecetg
cgatcacccce
ccgggagege
gccggtgacce
gcacaccagdg
ccggccecacac
acacccgcag
ttacaccggce
gggggcgagce
tggtgtgeeg
atgcggacga
ccgggegeac
gggegegegt
atgctgccac
ccgagcacge
gtcgaccgat
gtacgccggt
gccgccactg
gcggttggeg
cgggcgacta
atcgtegtag
attgeccgaat
acgaaattge
gcggctttee
gttggccagt
acattcegga
gaccccectegg
cgacttgttg
ggcacatgcect
ggccgegagg
acaggagatt
agcgtgtggce
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gggcagctat
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agggtcaccy
Cgaaggcggc
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gggcggegge
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cacatcgaca
gtcgatgatc
cagctgeecag
cgacgcatcg
cgggttcttce
ccaacagcta
aaggtgtact
acgctgtgcc
acgacatgac
teggatcceg
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cggcggctcea
ccgeeggege
gtggttcgag
cegetecatcet
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gccagacaga
tttetatgac
atgtattgga
ctatggtecg
catcaatcaa
ggcacaggca
aataatgtgg
tagcctggat
cgacgcatgg
ctggaatccea
tcagcagaag
cceocgggeac
atcaccccgg
gatcacacca
cggtcacccece
ccgatcacge
ggccacgcce
caccggeged
cegtetggte
cgtcaaaccc

€g9g9g9cgg99g
tcggtgacgce
cgecegegecyg
gtacggccegce
ccggtggeta
ggcgcggacyg
aacccgatcg
ccggtgtegg
cgccegecag
cggcggeget
tggatcaccy
tgggctggece
tggcceagege
acctaccegg
gctgegggeg
gtgtggccaa
atgacgggcce
gctggcogac
cggtggatgt
ctgatgaagc
gcgggegtte
aagcgcacac
tggctgtact
cgcatgctga
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¢gggcccagyg
cacctgeege
gcggcgecegce
ttgatgacge
tattgcecggg
atggcgctca
gctgatgagce
ggccaatgtc
agaattggaa
tecgeegecac
accgggcaca
gaaccccaat
acgcccggcea
ggtgaccccg
cggtcacccc
gttaccccag
atcgectgag
cagcaacacc
gcggegttag
gacgcagteg
cggetgegge
agcggtacceg
ggccteggge
cctecggacaa
gcacctcectg
cagcgagtct
cggcteggge
cgtggeegeg
caacgcgtece
cggtgaccac
tacatacccg
ggatcacgca
ttttggeeat
gtgatcggta
gattgtgctg
ggtcgegget
actaccgatc
caatccaccg
ccatgaccag
cgggcectacg
tgcgactgac
ggcaatacgt
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PROTEINS EXPRESSED BY
MYCOBACTERIUM TUBERCULOSIS AND
NOT BY BCG AND THEIR USE AS
DIAGNOSTIC REAGENTS AND VACCINES

This application is a divisional, and claims priority, of U.S.
application Ser. No. 10/009,383, filed Mar. 4, 2002, which
claims priority of International Application No. PCT/US00/
12257, filed May 4, 2000, which claims priority of U.S.
Provisional Application No. 60/132,505, filed May 4, 1999.
The disclosures of U.S. application Ser. No. 10/009,383,
International Application No. PCT/US00/12257, and U.S.
Provisional Application No. 60/132,505 are incorporated
herein by reference in their entirety.

The invention is in the field of tuberculosis and, specifi-
cally, reagents useful for generating immune responses to
Mycobacterium tuberculosis and for diagnosing infection
and disease in a subject that has been exposed to M. tubercu-
losis.

BACKGROUND OF THE INVENTION

Tuberculosis infection continues to be a world-wide health
problem. This situation has recently been greatly exacerbated
by the emergence of multi-drug resistant strains of M. tuber-
culosis and the international AIDS epidemic. It has thus
become increasingly important that effective vaccines against
and reliable diagnostic reagents for M. tuberculosis be pro-
duced.

The disclosure of U.S. Pat. No. 6,087,163 is incorporated
herein by reference in it entirety.

SUMMARY OF THE INVENTION

The invention is based on the inventor’s discovery that a
polypeptide encoded by an open reading frame (ORF) in the
genome of M. tuberculosis that is absent from the genome of
the Bacille Calmette Guerin (BCG) strain of M. bovis elicited
a delayed-type hypersensitivity response in animals infected
with M. tuberculosis but not in animals sensitized with BCG.
Thus proteins encoded by ORFs present in the genome of M.
tuberculosis but absent from the genome of BCG represent
reagents that are useful in discriminating between M. tuber-
culosis and BCG and, in particular, for diagnostic methods
(e.g., skin tests and in vitro assays for M. tuberculosis-specific
antibodies and lymphocyte responsiveness) which discrimi-
nate between exposure of a subject to M. tuberculosis and
vaccination with BCG. The invention features these polypep-
tides, functional segments thereof, DNA molecules encoding
either the polypeptides or the functional segments, vectors
containing the DNA molecules, cells transformed by the vec-
tors, compositions containing one or more of any of the above
polypeptides, functional segments, or DNA molecules, and a
variety of diagnostic, therapeutic, and prophylactic (vaccine)
methodologies utilizing the foregoing.

Specifically, the invention features an isolated DNA mol-
ecule containing a DNA sequence encoding a polypeptide
with a first amino acid sequence that can be the amino acid
sequence of the polypeptide MTBN1, MTBN2, MTBN3,
MTBN4, MTBN5, MTBN6, MTBN7 or MTBNS, as
depicted in FIG. 1, or a second amino acid sequence identical
to the first amino acid sequence with conservative substitu-
tions; the polypeptide has Mycobacterium tuberculosis spe-
cific antigenic and immunogenic properties. Also included in
the invention is an isolated portion of the above DNA mol-
ecule. The portion ofthe DNA molecule encodes a segment of
the polypeptide shorter than the full-length polypeptide, and
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the segment has Mycobacterium tuberculosis specific anti-
genic and immunogenic properties. Other embodiments of
the invention are vectors containing the above DNA mol-
ecules and transcriptional and translational regulatory
sequences operationally linked to the DNA sequence; the
regulatory sequences allow for expression of the polypeptide
or functional segment encoded by the DNA sequence ina cell.
The invention enconpasses cells (e.g., eukaryotic and
prokaryotic cells) transformed with the above vectors.

The invention encompasses compositions containing any
of the above vectors and a pharmaceutically acceptable dilu-
ent or filler. Other compositions (to be used, for example, as
DNA vaccines) can contain at least two (e.g., three, four, five,
six, seven, eight, nine, ten, twelve, fifteen, or twenty) DNA
sequences, each encoding a polypeptide of the Mycobacte-
rium tuberculosis complex or a functional segment thereof,
with the DNA sequences being operationally linked to tran-
scriptional and translational regulatory sequences which
allow for expression of each of the polypeptides in a cell of a
vertebrate. In such compositions, atleastone (e.g., two, three,
four, five, six, seven, or eight) of the DNA sequences is one of
the above DNA molecules of the invention. The encoded
polypeptides will preferably be those not encoded by the
genome of cells of the BCG strain of M. bovis.

The invention also features an isolated polypeptide with a
first amino acid sequence that can be the sequence of the
polypeptide MTBN1, MTBN2, MTBN3, MTBN4, MTBN3,
MTBN6, MTBN7 or MTBNS as depicted in FIG. 1, or a
second amino acid sequence identical to the first amino acid
sequence with conservative substitutions. The polypeptide
has Mycobacterium tuberculosis specific antigenic and
immunogenic properties. Also included in the invention is an
isolated segment of this polypeptide, the segment being
shorter than the full-length polypeptide and having Mycobac-
terium tuberculosis specific antigenic and immunogenic
properties. Other embodiments are compositions containing
the polypeptide, or functional segment, and a pharmaceuti-
cally acceptable diluent or filler. Compositions of the inven-
tion can also contain at least two (e.g., three, four, five, six,
sever, eight, nine, ten, twelve, fifteen, or twenty) polypep-
tides of the Mycobacterium tuberculosis complex, or func-
tional segments thereof, with at least one of the at least two
(e.g., two, three, four, five, six, seven, or eight) polypeptides
having the sequence of one of the above described polypep-
tides of the invention. The polypeptides will preferably be
those not encoded by the genome of cells of the BCG strain of
M. bovis.

The invention also features methods of diagnosis. One
embodiment is a method involving: (a) administration of one
of the above polypeptide compositions to a subject suspected
ofhaving or being susceptible to Mycobacterium tuberculosis
infection; and (b) detecting an immune response in the sub-
jectto the composition, as an indication that the subject has or
is susceptible to Mycobacterium tuberculosis infection. An
example of such a method is a skin test in which the test
substance (e.g., compositions containing one or more of
MTBN1-MTBNS) is injected intradermally into the subject
and in which a skin delayed-type hypersensitivity response is
tested for. Another embodiment is a method that involves: (a)
providing a population of cells containing CD4 T lympho-
cytes from a subject; (b) providing a population of cells
containing antigen presenting cells (APC) expressing a major
histocompatibility complex (MHC) class II molecule
expressed by the subject; (c) contacting the CD4 lymphocytes
of (a) with the APC of (b) in the presence of one or more of the
polypeptides, functional segments, and or polypeptide com-
positions of the invention; and (d) determining the ability of
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the CD4 lymphocytes to respond to the polypeptide, as an
indication that the subject has or is susceptible to Mycobac-
terium tuberculosis infection. Another diagnostic method of
the invention involves: (a) contacting a polypeptide, a func-
tional segment, or a polypeptide/functional segment compo-
sition of the invention with a bodily fluid of a subject; (b)
detecting the presence of binding of antibody to the polypep-
tide, functional segment, or polypeptide/functional segment
composition, as an indication that the subject has or is sus-
ceptible to Mycobacterium tuberculosis infection.

Also encompassed by the invention are methods of vacci-
nation. These methods involve administration of any of the
above polypeptides, functional segments, or DNA composi-
tions to a subject. The compositions can be administered
alone or with one or more of the other compositions.

As used herein, an “isolated DNA molecule” is a DNA
which is one or both of’ not immediately contiguous with one
or both of the coding sequences with which it is immediately
contiguous (i.e., one at the 5' end and one at the 3' end) in the
naturally-occurring genome of the organism from which the
DNA is derived; or which is substantially free of DNA
sequence with which it occurs in the organism from which the
DNA is derived. The term includes, for example, a recombi-
nant DNA which incorporated into a vector, e.g., into an
autonomously replicating plasmid or virus, or into the
genomic DNA of a prokaryote or eukaryote, or which exists
as a separate molecule (e.g., a cDNA or a genomic fragment
produced by PCR or restriction endonuclease treatment)
independent of other DNA sequences. Isolated DNA also
includes a recombinant DNA which is part of a hybrid DNA
encoding additional M. tuberculosis polypeptide sequences.

“DNA molecules” include cDNA, genomic DNA, and syn-

thetic (e.g., chemically synthesized) DNA. Where
single-stranded, the DNA molecule may be a sense
strand or an antisense strand.

An “isolated polypeptide” of the invention is a polypeptide
which either has no naturally-occurring counterpart, or has
been separated or purified from components which naturally
accompany it, e.g., in M. tuberculosis bacteria. Typically, the
polypeptide is considered “isolated” when it is at least 70%,
by dry weight, free from the proteins and naturally-occurring
organic molecules with which it is naturally associated. Pref-
erably, a preparation of a polypeptide of the invention is at
least 80%, more preferably at least 90%, and most preferably
at least 99%, by dry weight, the peptide of the invention.
Since a polypeptide that is chemically synthesized is, by its
nature, separated from the components that naturally accom-
pany it, the synthetic polypeptide is “isolated.”

An isolated polypeptide of the invention can be obtained,
for example, by extraction from a natural source (e.g., M.
tuberculosis bacteria); by expression of a recombinant
nucleic acid encoding the polypeptide; or by chemical syn-
thesis. A polypeptide that is produced in a cellular system
different from the source from which it naturally originates is
“isolated,” because it will be separated from components
which naturally accompany it. The extent of isolation or
purity can be measured by any appropriate method, e.g.,
column chromatography, polyacrylamide gel electrophore-
sis, or HPLC analysis.

The polypeptides may contain a primary amino acid
sequence that has been modified from those disclosed herein.
Preferably these modifications consist of conservative amino
acid substitutions. Conservative substitutions typically
include substitutions within the following groups: glycine
and alanine; valine, isoleucine, and leucine; aspartic acid and
glutamic acid; asparagine and glutamine; serine and threo-
nine; lysine and arginine; and phenylalanine and tyrosine.
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The terms “protein” and “polypeptide” are used herein to
describe any chain of amino acids, regardless of length or
post-translational modification (for example, glycosylation
or phosphorylation). Thus, the term “Mycobacterium tuber-
culosis polypeptide” includes full-length, naturally occurring
Mycobacterium tuberculosis protein, as well a recombinantly
or synthetically produced polypeptide that corresponds to a
full-length naturally occurring Mycobacterium tuberculosis
protein or to particular domains or portions of a naturally
occurring protein. The term also encompasses a mature
Mpycobacterium tuberculosis polypeptide which has an added
amino-terminal methionine (useful for expression in prokary-
otic cells) or any short amino acid sequences useful for pro-
tein purification by affinity chromatography. e.g., polyhisti-
dine for purification by metal chelate chromatography.

As used herein, “immunogenic” means capable of activat-
ing a primary or memory immune response. Immune
responses include responses of CD4+ and CD8+ T lympho-
cytes and B-lymphocytes. In the case of T lymphocytes, such
responses can be proliferative, and/or cytokine (e.g., interleu-
kin(IL)-2, IL-3, IL-4, IL-5, IL-6, IL-12, 1L-13, IL-15, tumor
necrosis factor-o. (TNF-), or interferon-y (IFN-y))-produc-
ing, or they can result in generation of cytotoxic T-lympho-
cytes (CTL). B-lymphocyte responses can be those resulting
in antibody production by the responding B lymphocytes.

As used herein, “antigenic” means capable of being recog-
nized by either antibody molecules or antigen-specific T cell
receptors (TCR) on activated effector T cells (e.g., cytokine-
producing T cells or CTL).

Thus, polypeptides that have “Mycobacterium tuberculo-
sis specific antigenic properties” are polypeptides that: (a)
can be recognized by and bind to antibodies elicited in
response to Mycobacterium tuberculosis organisms or wild-
type Mycobacterium tuberculosis molecules (e.g., polypep-
tides); or (b) contain subsequences which, subsequent to pro-
cessing of the polypeptide by appropriate antigen presenting
cells (APC) and bound to appropriate major histocompatibil-
ity complex (MHC) molecules, are recognized by and bind to
TCR on effector T cells elicited in response to Mycobacte-
rium tuberculosis organisms or wild-type Mycobacterium
tuberculosis molecules (e.g., polypeptides).

As used herein, polypeptides that have “Mycobacterium
tuberculosis specific immunogenic properties” are polypep-
tides that: (a) can elicit the production of antibodies that
recognize and bind to Mycobacterium tuberculosis organisms
or wild-type Mycobacterium tuberculosis molecules (e.g.,
polypeptides); or (b) contain subsequences which, subse-
quent to processing of the polypeptide by appropriate antigen
presenting cells (APC) and bound to appropriate major his-
tocompatibility complex (MHC) molecules on the surface of
the APC, activate T cells with TCR that recognize and bind to
peptide fragments derived by processing by APC of Myco-
bacterium tuberculosis organisms or wild-type Mycobacte-
rium tuberculosis molecules (e.g., polypeptides) and bound
to MHC molecules on the surface of the APC. The immune
responses elicited in response to the immunogenic polypep-
tides are preferably protective. As used herein, “protective”
means preventing establishment of an infection or onset of a
disease or lessening the severity of a disease existing in a
subject. “Preventing” can include delaying onset, as well as
partially or completely blocking progress of the disease.

As used herein, a “functional segment of a Mycobacterium
tuberculosis polypeptide” is a segment of the polypeptide that
has Mycobacterium tuberculosis specific antigenic and
immunogenic properties.

Where a polypeptide, functional segment of a polypeptide,
or a mixture of polypeptides and/or functional segments have
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been administered (e.g., by intradermal injection) to a subject
for the purpose of testing for a M. tuberculosis infection or
susceptibility to such an infection, “detecting an immune
response” means examining the subject for signs of an immu-
nological reaction to the administered material, e.g., redden-
ing or swelling of the skin at the site of an intradermal injec-
tion. Where the subject has antibodies to the administered
material, the response will generally be rapid, e.g., 1 minute
to 24 hours. On the other hand, a memory or activated T cell
reaction of pre-immunized T lymphocytes in the subject is
generally slower, appearing only after 24 hours and being
maximal at 24-96 hours.

Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
pertains. In case of conflict, the present document, including
definitions, will control. Preferred methods and materials are
described below, although methods and materials similar or
equivalent to those described herein can be used in the prac-
tice or testing of the present invention. Unless otherwise
indicated, these materials and methods are illustrative only
and are not intended to be limiting. All publications, patent
applications, patents and other references mentioned herein
are illustrative only and not intended to be limiting.

Other features and advantages of the invention, e.g., meth-
ods of diagnosing M. tuberculosis infection, will be apparent
from the following description, from the drawings and from
the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are a depiction of the amino acid
sequences of M. tuberculosis polypeptides MTBN1-MTBNS8
(SEQ ID NOS:1-8, respectively).

FIGS. 2A and 2E are a depiction of the nucleotide
sequences of the coding regions (mtbnl-mtbn8) encoding
MTBN1-MTBNS (SEQ ID NOS:9-16, respectively).

FIG. 3 is a bar graph showing the delayed-type hypersen-
sitivity responses induced by intradermal injection of 3 dif-
ferent test reagents in female guinea pigs thathad been either
infected with M. tuberculosis cells or sensitized with BCG or
M. avium cells.

DETAILED DESCRIPTION

The genome of M. tuberculosis [Cole et al. (1998) Nature
393:537-544] contains open reading frames (ORFs) that have
been deleted from the avirulent BCG strain. The polypeptides
encoded by these ORF's are designated herein “M. tuberculo-
sis BCG Negative” polypeptides (“MTBN”) and the ORFs
are designated “mtbn.” The invention is based on the discov-
ery that a MTBN polypeptide (MTBN4) elicited a skin
response in animals infected with M. tuberculosis, but not in
animals sensitized to either BCG or M. avium, a non-M.
tuberculosis-complex strain of mycobacteria (see Example 1
below). These findings indicate that MTBN (e.g., MTBN1-
MTBNS) can be used in diagnostic tests that discriminate
infection of a subject by M. tuberculosis from exposure to
both mycobacteria other than the M. tuberculosis-complex
and BCG. The M. tuberculosis-complex includes M. tuber-
culosis, M. bovis, M. microti, and M. africanum. Thus they
can be used to discriminate subjects exposed to M. tubercu-
losis, and thus potentially having or being in danger of having
tuberculosis, from subjects that have been vaccinated with
BCG, the most widely used tuberculosis vaccine. Diagnostic
assays that are capable of such discrimination represent a
major advance that will greatly reduce wasted effort and
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consequent costs resulting from further diagnostic tests and/
or therapeutic procedures in subjects that have given positive
results in less discriminatory diagnostic tests. Furthermore,
the results in Example 1 show that MTBN4, as expressed by
whole viable M. tuberculosis organisms, is capable of induc-
ing a strong immune response in subjects infected with the
organisms and thus has the potential to be a vaccine.

The MTBN polypeptides of the invention include, for
example, polypeptides encoded within the RD1, RD2, and
RD3 regions of the M. tuberculosis genome [Mahairas et al.
(1996) 1. Bacteriol. 178:1274-1282]. Of particular interest
are polypeptides encoded by ORFs within the RD1 region of
the M. tuberculosis genome. However, the invention is not
restricted to the RD1, RD2, and RD3 region encoded
polypeptides and includes any polypeptides encoded by
ORFscontained in the genome of one or more members of the
M. tuberculosis genome and not contained in the genome of
BCG. The amino acid sequences of MTBN1-MTBNS are
shown in FIG. 1 and the nucleotide sequences of mtbnl-
mtbn8 are shown in FIG. 2.

The invention encompasses: (a) isolated DNA molecules
containing mtbn sequences (e.g., mthbnl-mtbn8) encoding
MTBN polypeptides (e.g., MTBN1-MTBNS) and isolated
portions of such DNA molecules that encode polypeptide
segments having antigenic and immunogenic properties (i.e.,
functional segments); (b) the MTBN polypeptides them-
selves (e.g., MTBN1-MTBNS) and functional segments of
them; (c) antibodies (including antigen binding fragments,
e.g., F(ab"),, Fab, Fv, and single chain Fv fragments of such
antibodies) that bind to the MTBN polypeptides (e.g.,
MTBN1-MTBNBS) and functional segments; (d) nucleic acid
molecules (e.g., vectors) containing and capable of express-
ing one or more of the mtbn (e.g., mthn1-mtbn8) sequences
and portions of DNA molecules; (e) cells (e.g., bacterial,
yeast, insect, or mammalian cells) transformed by such vec-
tors; (f) compositions containing vectors encoding one or
more M. tuberculosis polypeptides (or functional segments)
including both the MTBN (e.g., MTBN1-MTBNS) polypep-
tides (or functional segments thereof) and previously
described M. tuberculosis polypeptides such as ESAT-6, 14
kDa antigen, MPT63, 19 kDa antigen, MPT64, MPT51,
MTC28, 38 kDa antigen, 45/47 kDa antigen, MPB70, Ag85
complex, MPT53, and KatG (see also U.S. application Ser.
No.08/796,792); (g) compositions containing one or more M.
tuberculosis polypeptides (or functional segments), including
both the polypeptides of the invention and previously
described M. tuberculosis polypeptides such as those
described above; (h) compositions containing one or more of
the antibodies described in (¢); (i) methods of diagnosis
involving either (1) administration (e.g., intradermal injec-
tion) of any of the above polypeptide compositions to a sub-
ject suspected of having or being susceptible to M. tubercu-
losis infection, (2) in vitro testing of lymphocytes
(B-lymphocytes, CD4 T lymphocytes, and CD8 T lympho-
cytes) from such a subject for responsiveness (e.g., by mea-
suring cell proliferation, antibody production, cytokine pro-
duction, or CTL activity) to any of the above polypeptide
compositions, (3) testing of a bodily fluid (e.g., blood, saliva,
plasma, serum, urine, or semen or a lavage such as a bron-
choalveolar lavage, a vaginal lavage, or lower gastrointestinal
lavage) for antibodies to the MTBN polypeptides (e.g.,
MTBN1-MTBNS) or functional segments thereof, or the
above-described polypeptide compositions; (4) testing of a
bodily fluid (e.g., as above) for the presence of M. tuberculo-
sis, MTBN (e.g., MTBN1-MTBNS) polypeptides or func-
tional segments thereof, or the above-described polypeptide
compositions in assays using the antibodies described in (¢);
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and (5) testing of a tissue (e.g., lung or bronchial tissue) or a
body fluid (e.g., as above) for the presence of nucleic acid
molecules (e.g., DNA or RNA) encoding MTBN polypep-
tides (e.g., MTBN1-MTBNS) (or portions of such a nucleic
acid molecules) using nucleic acid probes or primers having
nucleotide sequences of the nucleic molecules, portions of the
nucleic molecules, or the complements of such molecules;
and (j) methods of vaccination involving administration to a
subject of the compositions of either (f), (g), (h) or a combi-
nation of any two or even all 3 compositions.

With respect to diagnosis, purified MTBN proteins, func-
tional segments of such proteins, or mixtures of proteins
and/or the functional fragments have the above-described
advantages of discriminating infection by M. tuberculosis
from either infection by other bacteria, and in particular,
non-pathogenic mycobacteria, or from exposure (by, for
example, vaccination) to BCG. Furthermore, compositions
containing the proteins, functional segments of the proteins,
or mixtures of the proteins and/or the functional segments
allows for improved quality control since “batch-to-batch”
variability is greatly reduced in comparison to complex mix-
tures such as purified protein derivative (PPD) of tuberculin.

The use of the above-described polypeptide and nucleic
acid reagents for vaccination also provides for highly specific
and effective immunization. Since the virulent M. tuberculo-
sis polypeptides encoded by genes absent from avirulent
BCG are likely to be mediators of virulence, immunity
directed to them can be especially potent in terms of protec-
tive capacity. Where vaccination is performed with nucleic
acids both in vivo and ex vivo methods can be used. In vivo
methods involve administration of the nucleic acids them-
selves to the subject and ex vivo methods involve obtaining
cells (e.g., bone marrow cells or fibroblasts) from the subject,
transducing the cells with the nucleic acids, preferably select-
ing or enriching for successfully transduced cells, and admin-
istering the transduced cells to the subject. Alternatively, the
cells that are transduced and administered to the subject can
be derived from another subject. Methods of vaccination and
diagnosis are described in greater detail in U.S. Pat. No.
6,087,163, the disclosure of which is incorporated herein by
reference in its entirety.

The following example is meant to illustrate, not limit the
invention.

EXAMPLE 1

MTBN4 Elicits a Specific Skin Reaction in Guinea
Pigs Infected with M. tuberculosis

Four groups of outbred female guinea pigs (18 per group)
were used to test the usefulness of the MTBN4 polypeptide as

10
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a M. tuberculosis-specific diagnostic reagent. The four
groups were treated as follows.

Group 1 animals were infected by aerosol with approximately
100 M. tuberculosis strain H37Rv cells.

Group 2 animals were sensitized intradermally with 10° live
M. bovis BCG Japanese cells.

Group 3 animals were sensitized intradermally with 10° live
M. avium cells.

Group 4 animals were mock-sensitized by intradermal injec-
tion with saline.

Seven weeks after infection or sensitization, the animals
were injected intradermally with 1 ug of PPD (6 animals from
each group), 2 ug of purified recombinant MPT64 (6 animals
from each group), or 2 pg of MTBN4 (6 animals from each
group). The diameter of the resulting erythema was measured
24 hours later. Data are expressed as mean diameter of
erythema (in mm) and standard deviations are indicated (FIG.
3).

No erythema was detected in the group 4 animals with any
test substance and thus no data are shown for this group. On
the other hand, group 1 animals (solid bars) showed a signifi-
cant response with all three test substances. Group 2 animals
(openbars) showed asignificant response to PPD and MPT64
but not MTBN4. Group 3 animals showed a significant
response to PPD only (hatched bars).

Thus, PPD which contains antigenic/immunogenic mol-
ecules common to the M. tuberculosis-complex as well as
other mycobacterial strains, gave the least discriminatory
results in that it induced responses in animals infected with or
sensitized to mycobacteria of the M. tuberculosis-complex
(M. tuberculosis and BCG) as well as another non-pathogenic
mycobacterium (M. avium). While MPT64, which is encoded
and expressed by both M. tuberculosis and BCG, did not elicit
a response in animals infected with M. avium, it did elicit
responses in both the M. tuberculosis infected and the BCG
sensitized animals. Finally, MTBN4 elicited a response in
only the M. tuberculosis animals. Thus it induced the most
specific response and, most importantly, allowed for dis-
crimination between animals infected with M. tuberculosis
and those sensitized to BCG.

Although the invention has been described with reference
to the presently preferred embodiment, it should be under-
stood that various modifications can be made without depart-
ing from the spirit of the invention. Accordingly, the invention
1s limited only by the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 16
<210>
<211>
<212>

<213>

SEQ ID NO 1

LENGTH: 591

TYPE: PRT

ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 1

Met Thr Ala Glu Pro Glu Val Arg Thr Leu Arg Glu Val Val Leu 2sp

1 5 10

15
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Gln

Leu

Gln

Leu

65

Gly

Met

Tyr

Pro

Arg

145

Phe

Asp

Leu

Glu

His

225

Arg

Glu

Gly

Arg

Ala

305

Val

Pro

Gly

Ile
385

Gln

Val

Leu

Thr

Pro

50

Gln

Ile

Val

Cys

His

130

Val

Lys

Asp

Ile

Gly

210

Val

Asp

Thr

Arg

Phe

290

Gly

Arg

Pro

Leu

Pro

370

Ala

Val

Pro

Gly

Asn

35

Leu

Asp

Gly

Met

Ile

115

Val

Val

Glu

Pro

Ile

195

Gln

Ile

Tyr

Gln

Ala

275

Asp

Val

Val

Gly

Arg

355

His

His

Arg

Asp

Thr

20

Pro

Arg

Val

Gly

Ser

100

Asp

Gly

Ala

His

Ser

180

Asp

Val

Ile

Leu

Ile

260

Val

Gly

Thr

Leu

Pro

340

Glu

Leu

Ala

Phe

Thr
420

Ala

Val

Phe

Trp

Ala

85

Ala

Leu

Gly

Glu

Arg

165

Gln

Gly

Gln

Ser

Gly

245

Asgp

Ser

Val

Gln

Pro

325

Glu

Thr

Leu

Ile

Met

405

His

Glu

Pro

Ala

Gly

Pro

Ala

Gly

Val

Met

150

Val

Pro

Trp

Asgp

Thr

230

Thr

Arg

Met

His

Ile

310

Glu

Ser

Asp

Ile

Ala

390

Leu

Leu

Ser

Leu

Leu

55

Val

Gln

Ala

Gly

Ala

135

Gln

Gly

Val

Pro

Leu

215

Pro

Lys

Ile

Glu

Ser

295

Ala

Arg

Asp

Leu

Phe

375

Arg

Ala

Leu

Arg

Asn

40

Gly

Asp

Thr

Thr

Gly

120

Asn

Ala

Ser

Ala

Gly

200

Ala

Arg

Ile

Thr

Lys

280

Ala

Ser

Ile

Tyr

Thr

360

Gly

Ala

Asp

Gly

Ala

25

Glu

Ile

Val

Gly

His

105

Gly

Arg

Val

Ile

Ser

185

Phe

Ala

Trp

Glu

Arg

265

His

Asp

Gln

His

Arg

345

Pro

Ala

Ile

Tyr

Ala
425

Tyr

Leu

Met

Ser

Lys

90

Ser

Leu

Ser

Met

Gly

170

Asp

Val

Gln

Thr

Phe

250

Glu

His

Asn

His

Leu

330

Thr

Ala

Ala

Cys

Arg

410

Gly

Lys

Ile

Asp

Gly

75

Ser

Pro

Ile

Glu

Arg

155

Met

Pro

Gly

Gly

Glu

235

Arg

Ile

Leu

Leu

Thr

315

His

Arg

His

Lys

Ala

395

Ser

Ala

Met

Ala

Glu

60

Ala

Thr

Arg

Tyr

Pro

140

Gln

Tyr

Tyr

Glu

Leu

220

Leu

Leu

Pro

Met

Val

300

Glu

Glu

Trp

Cys

Ser

380

Arg

Gly

Ile

Trp Leu Pro

Arg

45

Pro

Gly

Leu

Asn

Leu

125

Asp

Arg

Arg

Gly

Phe

205

Ala

Lys

Gly

Ala

Ile

285

Glu

Gln

Leu

Glu

Hisg

365

Gly

Asn

Leu

Asn

30

Asp

Arg

Gly

Leu

Val

110

Glu

Lys

Glu

Gln

Asp

190

Pro

Phe

Ser

Asp

Asn

270

Gly

Ala

Ala

Asp

Ile

350

Met

Lys

Ser

Leu

Arg
430

Arg

Arg

Asn

Gln

95

Gln

Asn

Val

Thr

Leu

175

Val

Asp

Gly

Arg

Val

255

Arg

Val

Ile

Pro

Pro

335

Pro

His

Thr

Pro

Asp

415

Asn

Pro

Arg

His

Ile

80

Thr

Phe

Leu

Asn

Thr

160

Arg

Phe

Leu

Val

Val

240

Asn

Pro

Pro

Thr

Pro

320

Asn

Ile

Thr

Thr

Gln

400

Ala

Ser
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12

Ala Ser Leu Asp Glu Ala Val Gln Ala Leu 2Ala

435 440

Arg Leu Pro Pro Thr Asp Leu Thr Thr Ala Gln
450 455

Trp Trp Ser Gly Phe Asp Val Val Leu Leu Val

465

470 475

Ile Val Gly Ala Ala Gly Gly Met Pro Pro Met

485 490

Leu Leu Pro Ala Ala Ala Asp Ile Gly Leu His

500 505

Gln Met Ser Gln Ala Tyr Lys Ala Thr Met Asp

515 520

Ala Phe Gly Ser Gly Ala Pro Thr Met Phe Leu

53

0 535

Glu Phe Pro Ser Ser Glu Phe Lys Val Lys Arg

545

550 555

Ala Phe Leu Val Ser Pro Asp Gly Lys Glu Val

565 570

Ile Glu Pro Pro Glu Glu Val Phe Ala Ala Pro

<210>
<211>
<212>
<213>

<400>

580 585

SEQ ID NO 2

LENGTH: 99

TYPE: PRT

ORGANISM: Mycobacterium tuberculosis

SEQUENCE: 2

Met Glu Lys Met Ser His Asp Pro Ile Ala Ala

1

5 10

Val Ser Asp Asn Ala Leu His Gly Val Thr Ala

20 25

Thr Ser Val Thr Gly Leu Val Pro Ala Gly Ala

35 40

Gln Ala Ala Thr Ala Phe Thr Ser Glu Gly Ile
50 55

Asn Ala Ser Ala Gln Asp Gln Leu His Arg Ala

65

70 75

Agp Val Ala Arg Thr Tyr Ser Gln Ile Asp Asp

Phe Al

<210>
<211>
<212>
<213>

<400>

85 90
a Glu
SEQ ID NO 3
LENGTH: 368
TYPE: PRT

ORGANISM: Myccbacterium tuberculosis

SEQUENCE: 3

Met Leu Trp His Ala Met Pro Pro Glu Leu Asn

1

Ala Gl

5 10

vy Ala Gly Pro Ala Pro Met Leu Ala Ala
20 25

Thr Leu Ser Ala Ala Leu Asp Ala Gln Ala Val

Leu As
50

Leu Al

35 40

n Ser Leu Gly Glu Ala Trp Thr Gly Gly

a Ala Ala Thr Pro Met Val Val Trp Leu

Val

Leu

460

Asp

Ala

Ile

Lys

Ser

540

Arg

Ile

Pro

Asp

Gly

Asp

Gln

60

Gly

Gly

Thr

Ala

Glu

Gly

60

Gln

Asn

445

Arg

Asp

Pro

Ile

Phe

525

Gly

Pro

Gln

Ser

Ile

Ser

Glu

45

Leu

Glu

Ala

Ala

Ala

Leu

45

Ser

Thr

Leu

Ser

Trp

Leu

Val

510

Val

Glu

Pro

Ala

Ala
590

Gly

Thr

30

Val

Leu

Ala

Ala

Arg

Gly

30

Thr

Asp

Ala

Lys

Arg

His

Ala

495

Thr

Gly

Lys

Gly

Pro

575

Gly

Thr

15

Ala

Ser

Ala

Val

Gly
95

Leu

15

Trp

Ala

Lys

Ser

Lys

Ser

Met

480

Pro

Cys

Ala

Gln

Gln

560

Tyr

Gln

Leu

Ala

Ser

Gln

80

Val

Met

Gln

Arg

2la

Thr
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-continued

14

65

Gln Al

Thr Gl

Thr Il
13

Asn Gl

70

a Lys Thr Arg Ala Met
85

n Ala Met Ala Thr Thr
100

e Thr Gln Ala Val Leu
115

e Pro Ile Ala Leu Thr
0 135

n Ala Ala Leu Ala Met
150

Asn Thr Leu Phe Glu Lys Leu

Gly Al

165

a Ser Gln Ser Thr Thr
180

Gly Ser Ser Thr Pro Val Gly

Leu Gl
21

195

y Gln Leu Gly Glu Met
0 215

Pro Leu Gln Gln Val Thr Ser

225

Gly Gl

230

y Asn Pro Ala Asp Glu
245

Thr Ser Pro Leu Ser Asn His

Ala GL

260

y Ala Gly Leu Leu Arg
275

Ser Leu Thr Arg Thr Pro Leu

29

0 295

Ala Pro Ser Val Met Pro Ala

305

Gly Al

Gly Gl

310

a Ala Pro Val Gly Ala
325

y Ser Thr Arg Pro Gly
340

Glu Arg Glu Glu Asp Asp Glu

<210>
<211>
<212>
<213>

<400>

Met Al
1

355

SEQ ID NO 4
LENGTH: 100
TYPE: PRT

Gln

Pro

Thr

120

Glu

Glu

Glu

Asn

Gln

200

Ser

Leu

Glu

Pro

Ala

280

Met

Ala

Gly

Leu

Asp
360

Ala

Ser

105

Ala

Met

Val

Pro

Pro

185

Leu

Gly

Phe

Ala

Leu

265

Glu

Ser

Ala

Ala

Val

345

Asp

Thr

90

Leu

Thr

Asp

Tyr

Met

170

Ile

Pro

Pro

Ser

Ala

250

Ala

Ser

Gln

Ala

Met

330

Ala

Trp

75

Ala

Pro

Asn

Tyr

Gln

155

Ala

Phe

Pro

Met

Gln

235

Gln

Gly

Leu

Leu

Gly

315

Gly

Pro

Asp

ORGANISM: Mycobacterium tuberculosis

SEQUENCE: 4

a Glu Met Lys Thr Asp
5

Asn Phe Glu Arg Ile Ser Gly

20

Glu Ser Thr Ala Gly Ser Leu

Thr Al
50

35

a Ala Gln Ala Ala Val
55

Gln Lys Gln Glu Leu Asp Glu

65

70

Ala

Asp

Gln

40

Val

Ile

Ala

Leu

25

Gly

Arg

Ser

Thr

10

Lys

Gln

Phe

Thr

Leu

Thr

Trp

Gln

Asn
75

Gln

Glu

Phe

Phe

140

Ala

Ser

Gly

Ala

Gln

220

Val

Met

Gly

Pro

Ile

300

Ser

Gln

Ala

Glu

Ala

Gln

Arg

Glu

60

Ile

Ala

Ile

Phe

125

Ile

Glu

Ile

Met

Ala

205

Gln

Gly

Gly

Ser

Gly

285

Glu

Ser

Gly

Pro

Glu
365

Gln

Ile

Gly

45

Ala

Arg

Ala

Ala

110

Gly

Arg

Thr

Leu

Pro

190

Thr

Leu

Gly

Leu

Gly

270

Ala

Lys

Ala

Ala

Leu

350

Asp

Glu

Asp

30

Ala

Ala

Gln

Ala

95

Ala

Ile

Met

Ala

Asp

175

Ser

Gln

Thr

Thr

Leu

255

Pro

Gly

Pro

Thr

Gln

335

Ala

Asp

Ala

15

Gln

Ala

Asn

Ala

80

Tyr

Asn

Asn

Trp

Val

160

Pro

Pro

Thr

Gln

Gly

240

Gly

Ser

Gly

Val

Gly

320

Ser

Gln

Trp

Gly

Val

Gly

Lys

Gly
80
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16

Val Gln Tyr Ser Arg Ala Asp Glu Glu Gln Gln Gln Ala Leu Ser Ser

Gln Met Gly Phe

<210>
<211>
<212>
<213>

<400>

100

SEQUENCE :

Met Ala Ala Asp

1

Ala

Phe

Thr

Pro

65

Pro

Pro

Lys

Pro

Pro

145

Pro

Ser

Ala

Ala

Arg

225

Gly

Glu

Pro

Pro

Arg

305

Ala

Lys

Pro

Pro

Pro

50

Pro

Ile

Pro

Pro

Lys

130

Thr

Thr

His

Lys

Ser

210

Ala

Lys

Ala

Leu

Thr

290

Ala

Gln

Arg

Asp

Pro

35

Pro

Pro

Ala

Thr

Pro

115

Pro

Glu

Gly

Gly

Met

195

Pro

Arg

Val

Ser

Gly

275

Glu

Glu

Pro

Ala

Asp

20

Ala

Pro

Pro

Ala

Pro

100

Thr

Pro

Ser

Ala

Pro

180

Pro

Ala

Arg

Ala

Gly

260

Gln

Pro

Arg

Asp

Ala
340

85

SEQ ID NO 5
LENGTH :
TYPE: PRT
ORGANISM: Mycocbacterium tuberculosis

666

5

Tyr

5

Met

Pro

Thr

Pro

Gly

85

Pro

Pro

Thr

Gln

Pro

165

His

Ile

Glu

Gly

Thr

245

Ala

Pro

Pro

Arg

Ser

325

Pro

Asp

Ala

Ala

Ser

Pro

70

Glu

Met

Pro

Pro

Leu

150

Gln

Gln

Gly

Pro

His

230

Gly

Gln

Arg

Pro

Val

310

Ile

Asp

Lys

Ala

Ser

Asp

55

Pro

Pro

Pro

Met

Pro

135

Ala

Gln

Pro

Glu

Pro

215

Arg

Pro

Leu

Ser

Ser

295

His

Thr

Leu

Leu

Gln

Ala

40

Asp

Pro

Pro

Ile

Pro

120

Met

Pro

Pro

Arg

Pro

200

Thr

Tyr

Ser

Ala

Tyr

280

Pro

Pro

Ala

Asp

Phe

Pro

25

Asn

Leu

Pro

Ser

Ala

105

Ile

Pro

Pro

Glu

Arg

185

Pro

Arg

Arg

Ile

Pro

265

Leu

Ser

Asp

Ala

Ala
345

90

Arg

10

Phe

Leu

Ser

Pro

Pro

90

Gly

Ala

Ile

Arg

Ser

170

Thr

Pro

Pro

Thr

Gln

250

Gly

Ala

Pro

Leu

Thr

330

Thr

Pro

Phe

Pro

Glu

Pro

75

Glu

Pro

Gly

Ala

Pro

155

Pro

Ala

Ala

Ala

Asp

235

Ala

Thr

Pro

Gln

Ala

315

Thr

Gln

His

Asp

Lys

Arg

60

Pro

Pro

Glu

Pro

Gly

140

Pro

Ala

Pro

Pro

Pro

220

Thr

Arg

Glu

Pro

Arg

300

Ala

Gly

Lys

Glu

Pro

Pro

45

Phe

Pro

Ala

Pro

Glu

125

Pro

Thr

Pro

Ala

Ser

205

Gln

Glu

Leu

Pro

Thr

285

Asn

Gln

Gly

Ser

Gly

Ser

30

Asn

Val

Thr

Ala

Ala

110

Pro

Ala

Pro

His

Pro

190

Arg

His

Arg

Arg

Ser

270

Arg

Ser

Hisg

Arg

Leu
350

95

Met

15

Ala

Gly

Ser

Pro

Ser

95

Pro

Ala

Pro

Gln

Val

175

Pro

Pro

Ser

Asn

Ala

255

Pro

Pro

Gly

Ala

Arg

335

Arg

Glu

Ser

Gln

Ala

Met

80

Lys

Pro

Pro

Thr

Thr

160

Pro

Trp

Ser

Arg

Val

240

Glu

Ala

Ala

Arg

2la

320

Arg

Pro
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-continued

18

Ala

Ala

Val

385

Tyr

Tyr

Leu

Ile

Val

465

Glu

Val

Ala

Phe

Leu

545

Ser

Leu

Ile

Val

Pro

625

Leu

Ser

<210>
<211>
<212>
<213>

<400>

Ala

Thr

370

His

Glu

Gln

Thr

Leu

450

Gly

Leu

Asn

Leu

Tyr

530

Thr

Val

Arg

Asn

Arg

610

Trp

Asp

Asp

Lys

355

Lys

Ala

Leu

Ile

Ala

435

Ala

Arg

Ser

Leu

Ser

515

Asn

Arg

Ser

Asn

His

595

His

Asp

Pro

Asp

Gly

Pro

Leu

Asp

Ala

420

Ala

Leu

Gln

His

Glu

500

Asp

Leu

Gly

Ile

Asn

580

Ile

Phe

Arg

Ile

Phe
660

SEQUENCE :

Pro

Pro

Thr

Leu

405

Val

Leu

Asp

Ser

Tyr

485

Val

Ala

Val

Val

Asgp

565

Gly

Met

Glu

His

Tyr

645

Glu

SEQ ID NO 6
LENGTH :
TYPE: PRT
ORGANISM: Myccbacterium tuberculosis

511

6

Lys

Lys

Arg

390

His

Val

Gly

Ala

Gly

470

Asn

Leu

Asp

Leu

Leu

550

Gly

Tyr

Pro

Gln

Ile
630

Val

Val

375

Ile

Ala

Gly

Ser

Asp

455

Ala

Asp

Pro

Trp

Ala

535

Ser

Ala

Gln

Gly

Gln

615

Ala

Arg

Ala

Lys

360

Val

Asn

Arg

Leu

Thr

440

Pro

Thr

Ile

Ala

His

520

Asp

Thr

Gln

Asp

Glu

600

Val

Ala

Lys

Gly

Leu Ser Ala Pro Ala Val Ala Ala

1

5

Ala Ala Arg Pro Ala Thr Thr Arg

20

Met Thr Asp Leu Val Leu Pro Ala

35

40

Asp Asp Thr Val Ala Val Leu Ser

Lys

Ser

Leu

Val

Lys

425

Leu

Gly

Ile

Arg

Pro

505

Phe

Cys

Val

Gln

Leu

585

Pro

Gln

Gly

Val

Arg
665

Gly
Val
25

Ala

Glu

Val

Gln

Gly

Arg

410

Gly

Ala

Ala

Ala

Ala

490

Glu

Ile

Gly

Ser

Ala

570

Ala

Asn

Pro

Thr

Leu

650

Arg

Pro
10
Thr

Val

Val

Lys

Arg

Leu

395

Arg

Gly

Gln

Gly

Asp

475

His

Tyr

Ala

Ala

Gly

555

Ser

Ser

Val

Gly

Glu

635

Glu

Thr

Ile

Pro

Leu

Pro

Gly

380

Ser

Asn

Ala

Val

Asn

460

Val

Thr

Ser

Asp

Gly

540

Val

Val

Arg

Ala

Arg

620

Ile

Leu

Ala

Leu

Met

Glu

Gln

365

Trp

Pro

Pro

Gly

Arg

445

Leu

Leu

Ser

Ser

Pro

525

Phe

Val

Ala

Ala

Val

605

Val

Ser

Ala

Ala

Thr

Glu

45

Asp

Lys

Arg

Asp

Arg

Lys

430

Ala

Ala

Ala

Val

Ala

510

Ala

Phe

Val

Leu

Cys

590

Lys

Val

Leu

Ala

Gly
Gly
30

Thr

Thr

Pro

His

Glu

Gly

415

Thr

Asp

Asp

Glu

Asn

495

Gln

Ser

Asp

Val

Asp

575

Val

Asp

Val

Asp

Ala
655

Ala
15
Arg

Tyr

Pro

Lys

Trp

Lys

400

Ser

Thr

Arg

Arg

Lys

480

Ala

Arg

Arg

Pro

Ala

560

Trp

Val

Leu

Met

Leu

640

Leu

Thr

Arg

Ile

2la
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-continued

20

Asp

65

Ala

Ala

Thr

Val

Val

145

Met

Ile

Arg

Tyr

Gly

225

Val

Glu

Ala

Ile

Ala

305

Val

Ser

Ser

Ile

Ala

385

Gly

Arg

Gly

Leu

Gly
465

50

Val

Arg

Gly

Glu

Leu

130

Gly

Arg

Gly

Phe

Leu

210

Val

Leu

Leu

Ala

Ala

290

Val

Asp

Glu

Ala

Gly

370

Val

Leu

Trp

Leu

Leu

450

Ser

Leu

Pro

Val

Arg

115

Asp

Ala

Ala

Ile

Tyr

195

Leu

Asn

Phe

Ala

Ala

275

Phe

Ala

Asn

Glu

Val

355

Tyr

Val

Ile

Cys

Thr

435

Ser

Met

Gly

Gly

Val

100

Glu

Ala

Trp

Leu

180

Gln

Ile

Ser

Leu

Ser

260

Phe

Gly

Arg

Glu

Thr

340

Arg

Val

Val

Thr

Ala

420

Ala

Val

Ala

Gly

Ser

85

Asp

Arg

Ser

Ile

Trp

165

Gly

Ser

Ala

Leu

Thr

245

Phe

Gly

Leu

Ile

Glu

325

Pro

Leu

Thr

Arg

Thr

405

Trp

Lys

Tyr

His

Phe

70

Pro

Gly

Pro

Pro

Pro

150

Glu

Ile

Gly

Thr

Gly

230

Leu

Ala

Tyr

Phe

Ala

310

Leu

Thr

Thr

Ser

Gly

390

Val

Ala

Leu

Leu

Val
470

55

Asp

Pro

Ser

Leu

Glu

135

Leu

Thr

Ala

His

Ala

215

Ala

Met

Val

Gly

Ile

295

Leu

Leu

Trp

Glu

Gly

375

His

Cys

Leu

Ile

Thr

455

Arg

Phe

Leu

Leu

Val

120

Phe

Leu

Gly

Val

Leu

200

Ala

Pro

Thr

Ile

Tyr

280

Val

Pro

Asp

Gln

Arg

360

Thr

Phe

Gly

Leu

Ile

440

Val

Arg

Thr

Lys

Leu

105

Glu

Asp

Thr

Arg

Leu

185

Ala

Ala

Gln

Arg

Thr

265

Gln

Thr

Pro

Pro

Ala

345

Ser

Leu

Phe

Phe

Ala

425

Trp

Ala

Val

Ala

Leu

90

Thr

Asp

Arg

Ala

Ser

170

Val

Glu

Leu

Val

Gly

250

Ala

Asp

Asn

Ile

Val

330

Ile

Lys

Ile

Val

Arg

410

Ala

Tyr

Leu

Ser

Gln

75

Asp

Leu

Val

Thr

Pro

155

Leu

Gly

Cys

Ala

Ala

235

Gly

Ile

Trp

Ala

Pro

315

Ala

Ile

Leu

Leu

His

395

Ser

Thr

Pro

Val

Pro
475

60

Gly

Gln

Val

Ile

Ala

140

Val

Trp

Ser

Leu

Val

220

Gly

Pro

Ala

Val

Ala

300

Val

Thr

Ala

Ala

Ala

380

Ser

Arg

Val

His

Ala

460

Val

Val

Ser

Ser

Asp

125

Leu

Ile

Trp

Phe

Leu

205

Pro

Ala

Arg

Val

Pro

285

Lys

Pro

Pro

Ser

Lys

365

Ala

Leu

Leu

Ala

Tyr

445

Leu

Val

Trp

Leu

Val

110

Ala

Asn

Gly

Pro

Val

190

Val

Leu

Ala

Lys

Ile

270

Ala

Leu

Gly

Glu

Val

350

Gln

Gly

Val

Tyr

Ile

430

Ala

Val

Lys

Ala

Asp

95

Ser

Ile

Arg

Met

Leu

175

Ala

Thr

Pro

Thr

Arg

255

Ala

Gly

Thr

Glu

Ala

335

Pro

Leu

Ala

Val

Ala

415

Pro

Trp

Val

Arg

Phe

80

Asp

Arg

Ala

Phe

Ala

160

Ala

Asn

Thr

Arg

Ala

240

His

Ala

Gly

Val

Thr

320

Thr

Ala

Leu

Ile

Ala

400

Glu

Thr

Leu

Val

Thr
480
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-continued

Leu Glu Leu Ile Asp Gly Ala Met Ile Ala Ala Ile Ile Pro Met Leu
485 490 495

Leu Trp Ile Thr Gly Val Tyr Asp Thr Val Arg Asn Ile Arg Phe
500 505 510

<210> SEQ ID NO 7

<211> LENGTH: 280

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 7

Met Ala Glu Pro Leu Ala Val Asp Pro Thr Gly Leu Ser Ala Ala 2Ala
1 5 10 15

Ala Lys Leu Ala Gly Leu Val Phe Pro Gln Pro Pro Ala Pro Ile Ala
20 25 30

Val Ser Gly Thr Asp Ser Val Val Ala Ala Ile Asn Glu Thr Met Pro
35 40 45

Ser Ile Glu Ser Leu Val Ser Asp Gly Leu Pro Gly Val Lys 2la 2Ala
50 55 60

Leu Thr Arg Thr Ala Ser Asn Met Asn Ala Ala Ala Asp Val Tyr Ala
65 70 75 80

Lys Thr Asp Gln Ser Leu Gly Thr Ser Leu Ser Gln Tyr Ala Phe Gly
85 90 85

Ser Ser Gly Glu Gly Leu Ala Gly Val Ala Ser Val Gly Gly Gln Pro
100 105 110

Ser Gln Ala Thr Gln Leu Leu Ser Thr Pro Val Ser Gln Val Thr Thr
115 120 125

Gln Leu Gly Glu Thr Ala Ala Glu Leu Ala Pro Aryg Val Val Ala Thr
130 135 140

Val Pro Gln Leu Val Gln Leu Ala Pro His Ala Val Gln Met Ser Gln
145 150 155 160

Asn Ala Ser Pro Ile Ala Gln Thr Ile Ser Gln Thr Ala Gln Gln Ala
165 170 175

Ala Gln Ser Ala Gln Gly Gly Ser Gly Pro Met Pro Ala Gln Leu Ala
180 185 190

Ser Ala Glu Lys Pro Ala Thr Glu Gln Ala Glu Pro Val His Glu Val
195 200 205

Thr Asn Asp Asp Gln Gly Asp Gln Gly Asp Val Gln Pro Ala Glu Val
210 215 220

Val Ala Ala Ala Arg Asp Glu Gly Ala Gly Ala Ser Pro Gly Gln Gln
225 230 235 240

Pro Gly Gly Gly Val Pro Ala Gln Ala Met Asp Thr Gly Ala Gly 2la
245 250 255

Arg Pro Ala Ala Ser Pro Leu Ala Ala Pro Val Asp Pro Ser Thr Pro
260 265 270

Ala Pro Ser Thr Thr Thr Thr Leu
275 280

<210> SEQ ID NO 8

<211> LENGTH: 729

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium tuberculosis

<400> SEQUENCE: 8

Met Ser Ile Thr Arg Pro Thr Gly Ser Tyr Ala Arg Gln Met Leu Asp
1 5 10 15



23

US 7,579,141 B2

-continued

24

Pro

Gln

Cys

Gly

65

Leu

Val

Leu

Thr

145

Leu

Leu

Pro

Thr

Val

225

Pro

Gly

Thr

Pro

Thr

305

Gly

Pro

Ala

Gly

Val

385

Ala

Lys

Gly

Glu

Arg

50

Ala

Met

Ile

Asp

Asp

130

His

Glu

Gln

Ser

Pro

210

Thr

Gly

Glu

Pro

Gln

290

Pro

Gly

Gly

His

Val

370

Gly

Gly

Ala

Gly

Tyr

35

Gln

Ala

Thr

Ala

Gly

115

Ala

Gly

Ser

Gln

Pro

195

Ile

Pro

Lys

Pro

Ala

275

Pro

Ala

Glu

Val

Ala

355

Pro

Ala

Ser

Ala

Trp

Ser

Gln

Asn

Leu

Gly

100

Ala

Asp

Ala

Lys

180

Gly

Thr

Ile

Pro

Thr

260

Thr

Ala

Thr

Pro

Pro

340

Asp

Gly

Gly

His

Ala
420

Val

Gln

Lys

Ala

Gln

85

Leu

Gln

Glu

Asn

Asn

165

Ser

Thr

Pro

Thr

Val

245

Pro

Pro

Pro

Pro

Ala

325

Gly

Glu

Ala

Ala

Ala

405

Pro

Glu

Gly

Ala

70

Asp

Ile

Arg

Arg

Val

150

Trp

Pro

Pro

Gly

Pro

230

Thr

Ile

Ala

Ala

Gly

310

Pro

Gln

Ser

Arg

Arg

390

Ala

Ser

Ala

Leu

His

55

Asn

Tyr

Glu

Glu

His

135

Ser

Lys

Pro

Gly

Thr

215

Thr

Pro

Thr

Thr

Pro

295

Pro

His

His

Ala

Ala

375

Ser

Thr

Thr

Asp

Gln

40

Val

Gly

Leu

Gln

Ile

120

Thr

Leu

Pro

Pro

Thr

200

Pro

Pro

Val

Pro

Pro

280

Ala

Ser

Val

Ala

Ala

360

Ala

Ser

Gly

Arg

Glu

25

Arg

Phe

Ala

Ala

Ala

105

Asp

Ala

Val

Pro

Pro

185

Pro

Ile

Gly

Thr

Val

265

Val

Pro

Gly

Lys

Gly

345

Ser

Ala

Val

Arg

Ala
425

Asp

Val

Glu

Leu

Thr

90

Lys

Ile

Ile

Ala

Lys

170

Asp

Gly

Thr

Thr

Pro

250

Thr

Thr

Ser

Pro

Pro

330

Gly

Val

Ala

Gly

Ala

410

Ala

Thr

Thr

Gly

Gly

75

Val

Ser

Leu

Asn

Glu

155

Asn

Val

Thr

Pro

Pro

235

Val

Pro

Pro

Pro

Ala

315

Ala

Gly

Thr

Ala

Thr

395

Pro

Ser

Phe

Asp

Gly

60

Ala

Ile

Asp

Glu

Ser

140

Thr

Ala

Pro

Pro

Ile

220

Val

Lys

Pro

Ala

Gly

300

Thr

Ala

Thr

Pro

Pro

380

Ala

Val

Ala

Tyr

Val

45

Leu

Asn

Thr

Ile

Asn

125

Leu

Ala

Leu

Thr

Ile

205

Pro

Thr

Pro

Val

Pro

285

Pro

Pro

Leu

Gln

Ala

365

Ser

Ala

Ala

Arg

Asp

30

Leu

Trp

Ile

Trp

Gly

110

Asp

Val

Glu

Glu

Leu

190

Thr

Gly

Pro

Gly

Ala

270

Ala

Gln

Gly

Ala

Ser

350

Ala

Gly

Ala

Thr

Thr
430

Arg

Asp

Ser

Asn

His

95

Asn

Pro

Thr

Arg

Asp

175

Val

Pro

Ala

Val

Thr

255

Pro

Pro

Pro

Thr

Glu

335

Gly

Ala

Thr

Ser

Ser

415

Ala

2la

Thr

Gly

Gln

80

Arg

Asn

Ser

Ala

Val

160

Leu

Val

Gly

Pro

Thr

240

Pro

Ala

His

Val

Pro

320

Gln

Pro

Ser

Ala

Gly

400

Asp

Pro
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-continued

26

Pro

Glu

Ala

465

Arg

Leu

Thr

Leu

Ala

545

Thr

Thr

Pro

Gly

Ala

625

Pro

Leu

Glu

Glu

Arg

705

Leu

Ala Arg Pro Pro
435

Ser Ala Asp Asp
450

Arg Ala Ala Arg
Gly Arg Gly Asp
485

Asn Ala Ser Asp
500

Ala Val Thr Thr
515

Ala Tyr Ile Pro
530

Ser Ala Asp His
Tyr Pro Val Leu
565

Leu Arg Ala Val
580

Gly Val Ala Lys
595

Lys Met Thr Gly
610

Ala Gln Leu Ala
Pro Ala Pro Val
645

Trp Phe Glu Leu
660

Ala Ala Hisg Leu
675

Ile Ala Leu His
690

Val Ala Val Ala

Asp Arg Ala Leu
725

<210> SEQ ID NO 9
<211> LENGTH: 1776
<212> TYPE: DNA

<213>

<220> FEATURE:
<221> NAME/KEY: CDS

<222» LOCATION: (1)...(1773)

<400> SEQUENCE: 9

atyg
Met
1

cag

Gln

ttg
Leu

act gect gaa cceg
Thr Ala Glu Pro
5

cte gge act get
Leu Gly Thr Ala
20

ace aat ceg gte
Thr Asn Pro Val
35

Ser

Gly

Asp

470

Ala

Asn

Asp

Asp

Ala

550

Ala

Ile

Ile

Arg

Asgp

630

Asgp

Met

Arg

Gln

Asp

710

Ala

gaa
Glu

gaa
Glu

ceyg
Pro

Thr

Thr

455

Ala

Leu

Asn

Gly

Gly

535

Ile

Val

Gly

Val

Ser

615

Thr

Val

Lys

Ala

Ala

695

Trp

Ala

gta
Val

teg
Ser

cte
Leu

Asp

440

Pro

Ala

Arg

Ala

Ser

520

Met

Pro

Gln

Thr

Leu

600

Arg

Thr

Asn

Pro

Phe

680

His

Leu

Ala

¢gg
Arg

cgt
Arg

aac
Asn
40

His

Val

Thr

Leu

Gly

505

Ile

Glu

Val

Ala

Ala

585

Glu

Leu

Asp

Pro

Met

665

Arg

Thr

Tyr

Cys

acy
Thr

gcg
Ala
25

gag
Glu

Ile

Ser

Ala

Ala

490

Asp

Val

Leu

Asp

Trp

570

Glu

Pro

Glu

Gln

Pro

650

Thr

Ala

Ala

Trp

ctg
Leu
10

tac

Tyr

cte
Leu

Asp

Met

Ala

475

Arg

Tyr

Val

Pro

Glu

555

Ala

Gln

Asp

Val

Arg

635

Gly

Ser

Tyr

Thr

Gln
715

ORGANISM: Myccbacterium tuberculosis

cge
Arg

aag
Lys

atce
Ile

Lys

Ile

460

Ala

Arg

Gly

Ala

Asn

540

Ile

Ala

Leu

Asp

Val

620

Leu

Asp

Thr

Ala

Asp

700

Tyr

gag
Glu

atg
Met

gce
Ala

Pro

445

Pro

Ser

Ile

Phe

Asn

525

Lys

Ala

Phe

Ala

Ile

605

Asp

Leu

Glu

Ala

Ala

685

Ala

Val

gtt
Val

tgg
Trp

cgt
Arg
45

Asp

Val

Ala

Ala

Phe

510

Ser

Val

Arg

His

Ser

590

Pro

Pro

Asp

Arg

Thr

670

Hisg

Ala

Thr

gtg
Val

ctyg
Leu
30

gat
Asp

Arg

Ser

Arg

Ala

495

Trp

Tyr

Tyr

Cys

Asp

575

Ser

Glu

Ser

Leu

His

655

Gly

Ser

Val

Gly

ctg
Leu
15

ceyg

Pro

¢gg
Arg

Ser

2la

Gln

480

Ala

Ile

Gly

Leu

Ala

560

Met

Asp

Ser

Ala

Leu

640

Met

Arg

Gln

Gln

Leu
720

gac
Asp

ceyg
Pro

cga
Arg

48

96

144
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-continued

28

caa
Gln

cta
Leu
65

ggt
Gly

atg
Met

tat
Tyr

cca
Pro

€99
Arg
145

tte
Phe

gac
Asp

cty
Leu

gag
Glu

cac
His
225

cge
Arg

gaa
Glu

ggt
Gly

agg
Arg

gcg
Ala
305

gtg
Val

ceyg
Pro

gge
Gly

cce
Pro
50

cag
Gln

att
Ile

gty
Val

tgc
Cys

cac
His
130

gty
Val

aag
Lys

gat
Asp

ate
Ile

999
Gly
210

gte
Val

gac
Asp

ace
Thr

cgg
Arg

tte
Phe
290

999
Gly

¢gg
Arg

ceyg
Pro

ttg
Leu

ctyg
Leu

gat
Asp

999
Gly

atg
Met

atc
Ile
115

gte
Val

gte
Val

gaa
Glu

cca
Pro

ate
Ile
195

cag
Gln

ate
Ile

tac
Tyr

cag
Gln

gca
Ala
275

gac

Asp

gtg
Val

gte
Val

g9a
Gly

cge
Arg

cga
Arg

gtg
Val

gge
Gly

teg
Ser
100

gac
Asp

ggt
Gly

gca
Ala

cac
His

agt
Ser
180

gac
Asp

gtt
Val

ate
Ile

cte
Leu

ate
Ile
260

gtg
Val

gge
Gly

acy
Thr

cty
Leu

cea
Pro
340

gag
Glu

ttt
Phe

tgg
Trp

gca
Ala
85

gee
Ala

cta
Leu

999
Gly

gag
Glu

cga
Arg
165

caa
Gln

gga
Gly

caa
Gln

tee
Ser

gge
Gly
245

gac
Asp

teg
Ser

gtg
Val

cag
Gln

ceyg
Pro
325

gag
Glu

acg
Thr

gce
Ala

gge
Gly
70

cct
Pro

gce
Ala

ggt
Gly

gta
Val

atg
Met
150

gty
Val

cee
Pro

tgg
Trp

gat
Asgp

acyg
Thr
230

ace
Thr

€99
Arg

atg
Met

cac
His

ate
Ile
310

gag
Glu

tee
Ser

gac
Asp

ctyg
Leu
55

gta
Val

caa
Gln

gee
Ala

gge
Gly

gee
Ala
135

caa
Gln

gge
Gly

gtt
Val

cee
Pro

¢ty
Leu
215

cca
Pro

aag
Lys

att
Ile

gaa
Glu

age
Ser
295

gct
Ala

cgt
Arg

gac
Asp

cty
Leu

999
Gly

gac
Asp

acc
Thr

aca
Thr

gge
Gly
120

aat
Asn

gee
Ala

tey
Ser

geg
Ala

ggt
Gly
200

gee
Ala

cge
Arg

ate
Ile

ace
Thr

aag
Lys
280

gee

Ala

tee
Ser

ate
Ile

tac
Tyr

acg
Thr

atc
Ile

gtt
Val

999
Gly

cac
His
105

999
Gly

€gg
Arg

gte
Val

ate
Ile

tee
Ser
185

ttt
Phe

gee
Ala

tgg
Trp

gag
Glu

cge
Arg
265

cac
His

gat
Asp

cag
Gln

cac
His

cge
Arg
345

ceyg
Pro

atg
Met

tece
Ser

aag
Lys
90

tca
Ser

ctyg
Leu

tece
Ser

atg
Met

999
Gly
170

gat
Asp

gte
Val

cay
Gln

aca
Thr

tte
Phe
250

gag
Glu

cat
His

aac
Asn

cac
His

cty
Leu
330

act

Thr

get
Ala

gat
Asp

999
Gly
75

teg
Ser

ceg
Pro

atc
Ile

gag
Glu

cg9
Arg
155

atyg
Met

cca
Pro

gge
Gly

999
Gly

gag
Glu
235

cgg
Arg

ate
Ile

ctyg
Leu

ctyg
Leu

acce
Thr
315

cac

His

cge
Arg

cac
His

gaa
Glu
60

gee
Ala

acyg
Thr

cge
Arg

tat
Tyr

cce
Pro
140

caa
Gln

tac
Tyr

tac
Tyr

gag
Glu

cty
Leu
220

cty
Leu

ctt
Leu

ceg
Pro

atg
Met

gtg
Val
300

gaa

Glu

gaa
Glu

tgg
Trp

tge
Cys

ccg
Pro

gge
Gly

cta
Leu

aac
Asn

cte
Leu
125

gac
Asp

€99
Arg

€99
Arg

gge
Gly

tte
Phe
205

geg
Ala

aag
Lys

ggt
Gly

gcg
Ala

ate
Ile
285

gag
Glu

cag
Gln

cte
Leu

gag
Glu

cac
His

cgce
Arg

gge
Gly

ctyg
Leu

gtt
Val
110

gaa
Glu

aag
Lys

gaa
Glu

cag
Gln

gac
Asp
190

cee
Pro

tte
Phe

teg
Ser

gac
Asp

aat
Asn
270

gge
Gly

geg
Ala

gea
Ala

gac
Asp

att
Ile
350

atg
Met

cgc
Arg

aac
Asn

cag
Gln
95

cag
Gln

aac
Asn

gtc
Val

acc
Thr

cty
Leu
175

gte
Val

gac
Asp

gge
Gly

cgt
Arg

gte
Val
255

cgt
Arg

gtg
Val

atc
Ile

cet
Pro

ceyg
Pro
335

ceyg
Pro

cac
His

cat
His

atc
Ile
80

acyg
Thr

tte
Phe

ctt
Leu

aac
Asn

acc
Thr
160

cgt
Arg

ttt
Phe

ctt
Leu

gte
Val

gtt
Val
240

aat
Asn

ceg
Pro

cee
Pro

ace
Thr

ceg
Pro
320

aac

Asn

ate
Ile

acg
Thr

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056

1104
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US 7,579,141 B2

-continued

30

355

aac ccg cac cta
Asn Pro His Leu
370

att gcec cac gcg
Ile Ala His Ala

385

cag gtg cgg ttc
Gln Val Arg Phe

gtg ccg gac acc
Val Pro Asp Thr

420

gcg tcg cta gac
Ala Ser Leu Asp

435

cgg ttg ccg ccg
Arg Leu Pro Pro
450

tgg tgg agc gga
Trp Trp Ser Gly

465

atc gtg ggt gce
Ile Val Gly Ala

tta ttg ccg gcg
Leu Leu Pro Ala

500

cag atyg age cag
Gln Met Ser Gln

515

gca tte ggy teg
Ala Phe Gly Ser
530

gaa tte cca tee
Glu Phe Pro Ser

545

gca ttt cte gte
Ala Phe Leu Val

ate gag cct ceca
Ile Glu Pro Pro

taa

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

580

SEQ ID NO

ctg atc
Leu Ile

atc geg
Ile Ala
390

atg ctc
Met Leu
405

cat ctg
His Leu

gag gce
Glu Ala

acc gac
Thr Asp

ttt gac
Phe Asp
470

gee g99
Ala Gly
485

geg gea
Ala Ala

get tac
Ala Tyr

gge get
Gly Ala

agt gag
Ser Glu
550

teg cea
Ser Pro

565

gaa gaa
Glu Glu

10

LENGTH: 300

TYPE: DNA

tte
Phe
375

cge
Arg

geg
Ala

ctyg
Leu

gtt
Val

ctyg
Leu
455

gtc
Val

999
Gly

gat
Asgp

aag
Lys

ceyg
Pro
535

tte

Phe

gac
Asp

gtg
Val

360

ggt
Gly

gee
Ala

gac
Asp

gge
Gly

caa
Gln
440

acyg
Thr

gtg
Val

atg
Met

atc
Ile

gca
Ala
520

aca

Thr

aag
Lys

gge
Gly

tte
Phe

gcg
Ala

att
Ile

tac
Tyr

gee
Ala
425

gca
Ala

acyg
Thr

ctt
Leu

cey
Pro

999
Gly
505

ace
Thr

aty
Met

gte
Val

aaa
Lys

gca
Ala
585

gece
Ala

tgt
Cys

cgce
Arg
410

gg¢
Gly

ctyg
Leu

gcg
Ala

ctyg
Leu

ceg
Pro
490

ttg
Leu

aty
Met

tte
Phe

aag
Lys

gag
Glu
570

gea
Ala

aaa
Lys

gee
Ala
395

teg
Ser

geg
Ala

geg
Ala

cayg
Gln

gtc
Val
475

atg
Met

cac
His

gac
Asp

ctt
Leu

cgg
Arg
555

gte
Val

cee
Pro

ORGANISM: Mycobacterium tuberculosis

FEATURE:
NAME /KEY :
LOCATION :

SEQUENCE :

atg gaa aaa atg
Met Glu Lys Met

1

gtg agc gac aac
Val Ser Asp Asn

20

CDS

(1) ...(297)

10

tca cat gat cecg atc
Ser His Asp Pro Ile

5

gct ctg cac gge gty
Ala Leu Hisg Gly Val

25

get
Ala
10

acg
Thr

gce
Ala

gce
Ala

teyg
Ser
380

cga
Arg

gge
Gly

ate
Ile

gte
Val

cta
Leu
460

gac
Asp

gca
Ala

ate
Ile

aag
Lys

teg
Ser
540

ege

Arg

ate
Ile

cca
Pro

gac
Asp

gge
Gly

365

gge
Gly

aac
Asn

ctyg
Leu

aac
Asn

aac
Asn
445

cge
Arg

gat
Asp

ceyg
Pro

att
Ile

tte
Phe
525

gge
Gly

cee
Pro

cag
Gln

age
Ser

att
Ile

teg
Ser

aag
Lys

agt
Ser

ctyg
Leu

cgce
Arg
430

ctyg
Leu

tcyg
Ser

tgg
Trp

ctyg
Leu

gtc
Val
510

gte
Val

gag
Glu

cet
Pro

gee
Ala

gee
Ala
590

ggc
Gly

acg
Thr
30

acg
Thr

cece
Pro

gac
Asp
415

aac
Asn

aag
Lys

cgt
Arg

cac
His

gee
Ala
495

acc
Thr

gge
Gly

aag
Lys

gge
Gly

cee
Pro
575

ggt
Gly

acg
Thr
15

gcg
Ala

acc
Thr

cag
Gln
400

geg
Ala

age
Ser

aag
Lys

tcyg
Ser

atg
Met
480

ceyg
Pro

tgt
Cys

gee
Ala

cag
Gln

cag
Gln
560

tac
Tyr

caa
Gln

cty
Leu

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728

1773

1776

48

96
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US 7,579,141 B2

-continued

32

acyg
Thr

caa
Gln
aat

65
gac

Asp

tte
Phe

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

tcyg
Ser

gcg
Ala
50

gca

Ala

gtc
Val

gee
Ala

gtg
Val
35

gcg
Ala

teg
Ser

gee
Ala

gaa
Glu

acc
Thr

acyg
Thr

gee
Ala

cge
Arg

tag

SEQUENCE :

atg ctg tgg cac
Met Leu Trp His

1
gee

Ala

acy
Thr

cty
Leu

ctt
Leu

65
cag
Gln

ace
Thr

cac
His

acy
Thr

aac
145

aac

gge
Gly

ggc

gge
Gly

ctt
Leu

aac
Asn
50

gcg
Ala

gee
Ala

cag
Gln

ate
Ile

ate
Ile
130

cag
Gln

acg
Thr

gcg
Ala

age

gcg
Ala

teg
Ser
35

tet

Ser

get
Ala

aag
Lys

gee
Ala

ace
Thr
115

ceg
Pro

gca
Ala

ctt
Leu

age
Ser

tca

ggt
Gly
20

geg
Ala

cty
Leu

gea
Ala

ace
Thr

atg
Met
100

cag

Gln

ate
Ile

gee
Ala

tte
Phe

cag
Gln
180

aca

g9g ctg gtt
Gly Leu Val

gcg tte aca
Ala Phe Thr
55

caa gac cag
Gln Asp Gln
70

acc tat tcg
Thr Tyr Ser
85

SEQ ID NO 11
LENGTH :
TYPE: DNA
ORGANISM: Mycobacterium tuberculosis
FEATURE:
NAME /KEY :
LOCATION :

1107

CDS

(1) ...(1104)

11

gca atg cca
Ala Met Pro
5

ccg get cca
Pro Ala Pro

get ctyg gac
Ala Leu Asp

gga gaa gcc
Gly Glu Ala
55

acg ccg atyg
Thr Pro Met
70

cgt geg atg
Arg Ala Met
85

gee acg acg
Ala Thr Thr

gee gte ctt
Ala Val Leu

geg ttg acce
Ala Leu Thr
135

ctg gea atg
Leu Ala Met
150

gag aag ctc
Glu Lys Leu
165

age acg acg

Ser Thr Thr

ceg gtt gge

cce
Pro
40

teg
Ser

cte
Leu

caa
Gln

ceg
Pro

atg
Met

get
Ala
40

tgg
Trp

gty
Val

cag
Gln

ceg
Pro

acyg
Thr
120

gag
Glu

gag
Glu

gag
Glu

aac
Asn

cag

gcg
Ala

gag
Glu

cac
His

atc
Ile

gag
Glu

ctt
Leu
25

cag
Gln

act
Thr

gte
Val

gcg
Ala

teg
Ser
105

gee

Ala

atyg
Met

gte
Val

ceyg
Pro

ceyg
Pro
185

ttg

999
Gly

gg¢
Gly

cgt
Arg

gac
Asp
90

cta
Leu
10

gcg
Ala

gee
Ala

gga
Gly

tgg
Trp

acyg
Thr
90

ctg

Leu

acce
Thr

gat
Asp

tac
Tyr

atg
Met
170

atc
Ile

ccyg

gee
Ala

atc
Ile

geg
Ala
75

gac
Asp

aat
Asn

geg
Ala

gte
Val

ggt
Gly

cta
Leu
75

geg
Ala

ceyg
Pro

aac
Asn

tat
Tyr

cag
Gln
155

gcg
Ala

tte
Phe

ceyg

gat
Asp

caa
Gln
60

gge
Gly

gge
Gly

acc
Thr

gce
Ala

gag
Glu

gge
Gly
60

caa

Gln

caa
Gln

gag
Glu

tte
Phe

tte
Phe
140

gce
Ala

teg
Ser

gga
Gly

gcg

gag
Glu
45

ttyg
Leu

gaa
Glu

gee
Ala

gca
Ala

geg
Ala

ttg
Leu
45

age

Ser

ace
Thr

gece
Ala

ate
Ile

tte
Phe
125

ate
Ile

gag
Glu

ate
Ile

atg
Met

gct

gtc
Val

ctyg
Leu

geg
Ala

gee
Ala

g9
Arg

gga
Gly
30

ace
Thr

gac
Asp

geg
Ala

geg
Ala

gee
Ala
110

ggt
Gly

cgt
Arg

acce
Thr

ctt
Leu

cce
Pro
190

acc

tce
Ser

gct
2Ala

gtc
Val

ggc¢
Gly
95

ctyg
Leu
15

tgg
Trp

geg
Ala

aag
Lys

tea
Ser

gea
Ala
95

gee

Ala

atc
Ile

atg
Met

gcg
Ala

gat
Asp
175

tee
Ser

cag

gee
2la

tce
Ser

cag
Gln
80

gtc
Val

atg
Met

cag
Gln

cge
Arg

geg
Ala

aca
Thr
80

tac

Tyr

aac
Asn

aac
Asn

tgg
Trp

gtt
Val
160

cee
Pro

cet
Pro

acce

144

192

240

288

300

48

96

144

192

240

288

336

384

432

480

528

576

624



33

US 7,579,141 B2

-continued

34

Gly

cte
Leu

ceg
Pro
225

gge
Gly

acc
Thr

gcg
Ala

teg
Ser

gee
Ala
305

gge
Gly

gge
Gly

gag
Glu

tga

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

atyg
Met

gag
Glu

acy
Thr

cag
Gln
65

gte
Val

Ser

gge
Gly
210

ctyg
Leu

gge
Gly

agt
Ser

gge
Gly

ttyg
Leu
290

cce
Pro

gcc
Ala

gge
Gly

cgt
Arg

Ser
195

caa
Gln

cag
Gln

aac
Asn

ceg
Pro

gcg
Ala
275

acc
Thr

teg
Ser

gct
Ala

tee
Ser

gaa
Glu
355

Thr

ctyg
Leu

cag
Gln

cca
Pro

ctyg
Leu
260

gge
Gly

cge
Arg

gtg
Val

ceyg
Pro

ace
Thr
340

gaa
Glu

SEQUENCE :

gca gag atg

Ala

tte
Phe

teg
Ser

gece
Ala
50

aag

Lys

caa
Gln

Glu

gag
Glu

acg
Thr
35

gee

Ala

cag
Gln

tac
Tyr

Met

¢gg
Arg
20

gea

Ala

cag
Gln

gaa
Glu

teg
Ser

Pro

ggt
Gly

gtg
Val

gee
Ala
245

teg
Ser

ctyg
Leu

acyg
Thr

atg
Met

gtg
Val
325

agg
Arg

gac
Asgp

SEQ ID NO 12
LENGTH :
TYPE: DNA
ORGANISM: Mycobacterium tuberculosis
FEATURE:
NAME /KEY :
LOCATION :

303

CDS

Val

gag
Glu

acg
Thr
230

gac
Asp

aac
Asn

ctyg
Leu

ccg
Pro

ccyg
Pro
310

ggt
Gly

cey
Pro

gac
Asgp

Gly

atg
Met
215

tcg

Ser

gag
Glu

cat
His

cge

ctyg
Leu
295

geg
Ala

geg
Ala

ggt
Gly

gag
Glu

(1) ...(300)

12

aag
Lys
5

ate
Ile

ggt
Gly

gee
Ala

cte
Leu

agg
Arg
85

ace
Thr

tee
Ser

teg
Ser

gcg
Ala

gac
Asp
70

gee
Ala

gat
Asp

gge
Gly

ttg
Leu

gtg
Val
55

gag
Glu

gac
Asp

Gln
200

age
Ser

ttyg
Leu

gaa
Glu

ceg
Pro

gcg
Ala
280

atg
Met

gct
Ala

gga
Gly

cty
Leu

gac
Asp
360

gee
Ala

gac
Asp

cag
Gln
40

gtg
Val

ate
Ile

gag
Glu

Leu

gge
Gly

tte
Phe

gee
Ala

ctyg
Leu
265

gag
Glu

tet
Ser

gct
Ala

gcg
Ala

gte
Val
345

gac
Asp

get
Ala

cty
Leu
25

ggc
Gly

cge
Arg

teg
Ser

gag
Glu

Pro

ceg
Pro

age
Ser

gcg
Ala
250

gect
Ala

tcg
Ser

cag
Gln

gece
Ala

atg
Met
330

geg
Ala

tgg
Trp

acc
Thr
10

aaa
Lys

cag
Gln

tte
Phe

acg
Thr

cag
Gln
90

Pro

atg
Met

cayg
Gln
235

cayg
Gln

ggt
Gly

cta
Leu

ctg
Leu

gga
Gly
315

gge
Gly

cey
Pro

gac
Asp

cte
Leu

acce
Thr

tgg
Trp

caa
Gln

aat
Asn
75

cag
Gln

Ala

cag
Gln
220

gty
Val

atyg
Met

gga
Gly

cct
Pro

ate
Ile
300

teyg
Ser

cag
Gln

gca
Ala

gaa
Glu

gcg
Ala

cag
Gln

cge
Arg

gaa
Glu
60

att

Ile

cag
Gln

Ala
205

cag
Gln

gge
Gly

gge
Gly

tca
Ser

gge
Gly
285

gaa
Glu

teyg
Ser

ggt
Gly

ceg
Pro

gag
Glu
365

cag
Gln

ate
Ile

ggc¢
Gly
45

gca

Ala

cgt
Arg

gcg
Ala

Thr

ctyg
Leu

gge
Gly

ctyg
Leu

gge
Gly
270

gea
Ala

aag
Lys

geg
Ala

geg
Ala

cte
Leu
350

gac
Asp

gag
Glu

gac
Asp
30

gcg
Ala

gee
Ala

cag
Gln

ctyg
Leu

Gln

acc
Thr

acc
Thr

cte
Leu
255

cece
Pro

ggt
Gly

ceg
Pro

acg
Thr

caa
Gln
335

geg
Ala

gac
Asp

gea
Ala
15

cag
Gln

gcg
Ala

aat
Asn

gee
Ala

tee
Ser
95

Thr

cag
Gln

gge
Gly
240

gge
Gly

age
Ser

999
Gly

gtt
Val

ggt
Gly
320

tce
Ser

cag
Gln

tgg
Trp

ggt
Gly

gtg
Val

999
Gly

aag
Lys

ggc¢
Gly
80

teg
Ser

672

720

768

816

864

912

960

1008

1056

1104

1107

48

96

144

192

240

288



US 7,579,141 B2
35

-continued

caa atg ggc ttc tga 303
Gln Met Gly Phe
100

<210> SEQ ID NO 13

<211> LENGTH: 2001

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(1998)

<400> SEQUENCE: 13

atg gcg gec gac tac gac aag ctc tte cgg ccg cac gaa ggt atg gaa 48
Met Ala Ala Asp Tyr Asp Lys Leu Phe Arg Pro His Glu Gly Met Glu
1 5 10 15

gct ccg gac gat atg gca gcg cag ccg tte tte gac cce agt get teg 96
Ala Pro Asp Asp Met Ala Ala Gln Pro Phe Phe Asp Pro Ser Ala Ser
20 25 30

ttt ccg ccg geg cee gca teg geca aac cta ccg aag ccc aac ggc cag 144
Phe Pro Pro Ala Pro Ala Ser Ala Asn Leu Pro Lys Pro Asn Gly Gln
35 40 45

act ccg cecc ccg acg tece gac gac ctg teg gag c¢gg tte gtg tecg gece 192
Thr Pro Pro Pro Thr Ser Asp Asp Leu Ser Glu Arg Phe Val Ser Ala
50 55 60

cog ey ceg cea cee ¢ca ¢oe cca et ceg et ceg ¢ca act ceg atg 240
Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Pro Thr Pro Met
65 70 75 80

ceg ate gee gea gga gag ceg cece teg ceg gaa ceg gee gea tet aaa 288
Pro Ile Ala Ala Gly Glu Pro Pro Ser Pro Glu Pro Ala Ala Ser Lys
85 90 95

cca coce aca cee cee atg ccee ate gee gga cee gaa cceg gee cca cec 336
Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Glu Pro Ala Pro Pro
100 105 110

aaa cca ccc aca ccc cce atg cece ate gec gga ccc gaa ccg gec cca 384
Lys Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Glu Pro 2Ala Pro
115 120 125

cce aaa cca cec aca cct ceg atg cee ate gee gga cct gea cee ace 432
Pro Lys Pro Pro Thr Pro Pro Met Pro Ile Ala Gly Pro Ala Pro Thr
130 135 140

cca acc gaa tec cag ttg geg cece cee aga cca ccg aca cca caa acg 480
Pro Thr Glu Ser Gln Leu Ala Pro Pro Arg Pro Pro Thr Pro Gln Thr
145 150 155 160

cca acc gga geg ccg cag caa ccg gaa tca ccg geg cce cac gta cee 528
Pro Thr Gly Ala Pro Gln Gln Pro Glu Ser Pro Ala Pro His Val Pro
165 170 175

tcg cac ggg cca cat caa cce gy ¢ge acc gea cca gea ceg cec tgg 576
Ser His Gly Pro His Gln Pro Arg Arg Thr Ala Pro Ala Pro Pro Trp
180 185 190

gca aag atg cca atc gge gaa ccc ccg ccc get ceg tee aga ceg tet 624
Ala Lys Met Pro Ile Gly Glu Pro Pro Pro Ala Pro Ser Arg Pro Ser
195 200 205

gcg toe ceg gec gaa cca ccg ace ¢gg cct gee cce caa cac tec cga 672
Ala Ser Pro Ala Glu Pro Pro Thr Arg Pro Ala Pro Gln His Ser Arg
210 215 220

cgt geg cge cgg ggt cac cge tat cge aca gac ace gaa cga aac gte 720
Arg Ala Arg Arg Gly His Arg Tyr Arg Thr Asp Thr Glu Arg Asn Val
225 230 235 240

ggg aag gta gca act ggt cca tee ate cag geg ¢gg ctg cgg gca gag 768
Gly Lys Val Ala Thr Gly Pro Ser Ile Gln Ala Arg Leu Arg Ala Glu
245 250 255
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-continued

38

gaa
Glu

ceg
Pro

ceg
Pro

cgt
Arg
305

gcg
Ala

aag
Lys

gcg
Ala

gee
Ala

gty
Val
385

tac
Tyr

tat
Tyr

cty
Leu

ate
Ile

gta
Val
465

gag
Glu

gte
Val

gcg
Ala

ttt
Phe

cty
Leu
545

agt
Ser

gca
Ala

ttyg
Leu

aca
Thr
290

gee
Ala

caa
Gln

cgt
Arg

gee
Ala

acyg
Thr
370

cat
His

gag
Glu

cag
Gln

aca
Thr

cty
Leu
450

999
Gly

ctyg
Leu

aat
Asn

cte
Leu

tac
Tyr
530

acce

Thr

gte
Val

tece
Ser

gge
Gly
275

gaa
Glu

gag
Glu

cect
Pro

gca
Ala

aag
Lys
355

aag
Lys

geg
Ala

cty
Leu

ate
Ile

gea
Ala
435

get
Ala

cga
Arg

teg
Ser

ctyg
Leu

age
Ser
515

aac

Asn

cge
Arg

teca
Ser

gge
Gly
260

caa
Gln

cet
Pro

cga
Arg

gat
Asp

gcg
Ala
340

999
Gly

cey
Pro

ttg
Leu

gac
Asp

gee
Ala
420

geg
Ala

cta
Leu

caa

cac
His

gaa
Glu
500

gac

Asp

cte
Leu

ggc
Gly

atc
Ile

geg
Ala

ceg
Pro

cee
Pro

cge
Arg

tca
Ser
325

ceg
Pro

ceg
Pro

cee
Pro

acyg
Thr

¢ty
Leu
405

gte
Val

ttg
Leu

gac
Asp

teg
Ser

tac
Tyr
485

gtg
Val

gee
Ala

gte
Val

gtg
Val

gac
Asp

cag
Gln

aga
Arg

cece
Pro

gtc
Val
310

att
Ile

gat
Asp

aag
Lys

aaa
Lys

cga
Arg
390

cac
His

gte
Val

gg9
Gly

geg
Ala

gge
Gly
470

aac
Asn

ctyg
Leu

gac
Asp

ttg
Leu

cty
Leu
550

gge
Gly

cte
Leu

tcg
Ser

age
Ser
295

cac
His

acyg
Thr

cte
Leu

gtg
Val

gty
Val
375

ate
Ile

get
Ala

ggt
Gly

teg
Ser

gat
Asp
455

geg
Ala

gac
Asp

ceg
Pro

tgg
Trp

gect
Ala
535

tece

Ser

gca
Ala

gee
Ala

tat
Tyr
280

cce
Pro

cce
Pro

gee
Ala

gac
Asp

aag
Lys
360

gty
Val

aac
Asn

cga
Arg

cte
Leu

acy
Thr
440

cca
Pro

ace
Thr

ate
Ile

gca
Ala

cat
His
520
gat

Asp

acg
Thr

caa
Gln

cce
Pro
265

ctyg
Leu

teg
Ser

gat
Asp

gca
Ala

gcg
Ala
345

aag
Lys

tey
Ser

¢ty
Leu

gte
Val

aaa
Lys
425

ttg
Leu

gge
Gly

ate
Ile

cge
Arg

ceg
Pro
505

tte

Phe

tgt
Cys

gtg
Val

cag
Gln

gga
Gly

gect
Ala

ceg
Pro

tta
Leu

acc
Thr
330

aca
Thr

gtg
Val

cay
Gln

gge
Gly

cge
Arg
410

ggt
Gly

get
Ala

gee
Ala

get
Ala

gea
Ala
490

gaa

Glu

atc
Ile

999
Gly

tee
Ser

gcg
Ala

acy
Thr

ceg
Pro

cayg
Gln

gee
Ala
315

act
Thr

cayg
Gln

aag
Lys

cge
Arg

ety
Leu
395

cge
Arg

999
Gly

cay
Gln

gga
Gly

gat
Asp
475

cac
His

tac
Tyr

gee
Ala

gee
Ala

ggt
Gly
555

teg
Ser

gag
Glu

cce
Pro

cge
Arg
300

gee
Ala

gge
Gly

aaa
Lys

cce
Pro

gge
Gly
380

tca
Ser

aat
Asn

get
Ala

gty
Val

aac
Asn
460

gtg
Val

act
Thr

age
Ser

gat
Asp

gge
Gly
540

gte
Val

gte
Val

cce
Pro

acc
Thr
285

aac
Asn

caa
Gln

ggt
Gly

tce
Ser

cag
Gln
365

tgg
Trp

cee
Pro

cee
Pro

gge
Gly

€99
Arg
445

cte
Leu

ctt
Leu

age
Ser

teg
Ser

cet
Pro
525

tte

Phe

gtg
Val

gcg
Ala

tcyg
Ser
270

cgce
Arg

tce
Ser

cat
His

cgt
Arg

tta
Leu
350

aaa
Lys

cga
Arg

gac
Asp

cge
Arg

aaa
Lys
430

gee
Ala

gee
Ala

gea
Ala

gte
Val

geg
Ala
510

gcg
Ala

tte
Phe

gte
Val

ttyg
Leu

cca
Pro

cece
Pro

ggt
Gly

gee
Ala

cgc
Arg
335

agg
Arg

ceg
Pro

cat
His

gag
Glu

999
Gly
415

acc
Thr

gac
Asp

gat
Asp

gaa
Glu

aat
Asn
495

cag

Gln

teg
Ser

gac
Asp

gtg
Val

gac
Asp

geg
Ala

geg
Ala

€99
Arg

geg
Ala
320

cge
Arg

ceyg
Pro

aag
Lys

tgg
Trp

aag
Lys
400

teg
Ser

acy
Thr

g9
Arg

g9
Arg

aaa
Lys
480

gcg
Ala

cge
Arg

agg
Arg

ceg
Pro

gca
2la
560

tgg
Trp

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632

1680

1728
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-continued

40

ttyg
Leu

atc
Ile

gtg
Val

ceg
Pro
625

cte
Leu

tece
Ser

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

ttg
Leu
1

get
Ala

atyg
Met

gac
Asp

gat
Asp
65

get
Ala

gece
Ala

ace
Thr

gtg
Val

gtg
Val
145

atg
Met

cge
Arg

aat
Asn

€99
Arg
610

tgg
Trp

gac
Asp

gac
Asp

aac
Asn

cac
His
595
cat

His

gac
Asp

cect
Pro

gat
Asp

aac
Asn
580

atc
Ile

tte
Phe

agg
Arg

atc
Ile

tte
Phe
660

SEQUENCE :

age gea cet

Ser

geg
Ala

ace
Thr

gac
Asp
50

gta
Val

cgt
Arg

999
Gly

gag
Glu

ctt
Leu
130

999
Gly

c¢gg
Arg

Ala

g9
Arg

gat
Asgp
35

ace
Thr

cte
Leu

cee
Pro

gtg
Val

cge
Arg
115

gac

Asp

gcg
Ala

gcg
Ala

Pro

cet
Pro
20

ttg
Leu

gte
Val

gge
Gly

gga
Gly

gte
Val
100

tac

Tyr

gag
Glu

gcg
Ala

tgg
Trp

565

ggt
Gly

atg
Met

gaa
Glu

cac
His

tac
Tyr
645

gag
Glu

SEQ ID NO 14
LENGTH :
TYPE: DNA
ORGANISM: Mycobacterium tuberculosis
FEATURE:
NAME /KEY :
LOCATION :

1536

CDs
(1)

14
get

Ala

gee
Ala

gta
Val

geg
Ala

gge
Gly

teg
Ser
85

gac

Asp

cga
Arg

teca
Ser

ate
Ile

tag
Trp

tac
Tyr

ccg
Pro

cag
Gln

att
Ile
630

aag

Lys

agg
Arg

... (1533)

gtt
Val

ace
Thr

¢ty
Leu

gty
Val

tte
Phe
70

ceg
Pro

999
Gly

ccg
Pro

cct
Pro

ceyg
Pro
150

gaa
Glu

caa
Gln

gga
Gly

caa
Gln
615

geg
Ala

cge
Arg

gct
Ala

get
Ala

ace
Thr

cca
Pro

ctt
Leu
55

gac
Asp

ceg
Pro

teca
Ser

ttg
Leu

gag
Glu
135

ctt

Leu

act
Thr

gat
Asp

gaa
Glu
600

gtt
Val

gee
Ala

aag
Lys

gga
Gly

get
Ala

g9
Arg

geg
Ala
40

tee
Ser

ttt
Phe

ctyg
Leu

ctyg
Leu

gte
Val
120

tte

Phe

ttg
Leu

999
Gly

ttyg
Leu
585

cce
Pro

caa
Gln

gga
Gly

gtec
Val

cgt
Arg
665

ggt
Gly

gty
Val
25

gcg
Ala

gag
Glu

ace
Thr

aag
Lys

ctyg
Leu
105

gag
Glu

gac
Asp

ace
Thr

cgt
Arg

570

gcg
Ala

aat
Asn

cce
Pro

acc
Thr

cte
Leu
650

cgt
Arg

cet
Pro
10

acy
Thr

gty
Val

gty
Val

geg
Ala

cte
Leu
90

act

Thr

gat
Asp

cge
Arg

gcg
Ala

age
Ser

age
Ser

gtc
Val

gge
Gly

gag
Glu
635

gaa
Glu

tga

ace
Thr

ate
Ile

cey
Pro

tty
Leu

caa
Gln
75

gac
Asp

ctyg
Leu

gte
Val

acg
Thr

cece
Pro
155

ttg
Leu

cge
Arg

gca
Ala

€99
Arg
620

att
Ile

ttyg
Leu

gae
Ala

cty
Leu

aty
Met

gaa
Glu
60

gge
Gly

cag
Gln

gtg
Val

ate
Ile

gca
Ala
140

gte
Val

tgg
Trp

gca
Ala

gtt
Val
605

gte
Val

tca
Ser

gee
Ala

geg
Ala

ace
Thr

gaa
Glu
45

gac
Asp

gtg
Val

tca
Ser

tca
Ser

gac
Asp
125

ttg

Leu

ate
Ile

tgg
Trp

tgc
Cys
590

aaa
Lys

gtg
Val

cte
Leu

gea
Ala

999
Gly

gge
Gly
30

act
Thr

acyg
Thr

tgg
Trp

cte
Leu

gte
Val
110

gcg
Ala

aat
Asn

999
Gly

ceyg
Pro

575

gtg
Val

gac
Asp

gtc
Val

gac
Asp

geg
Ala
655

gea
Ala
15

aga
Arg

tat
Tyr

ceyg
Pro

geg
Ala

gat
Asp
95

agt

Ser

atc
Ile

cgce
Arg

atg
Met

ttyg
Leu

gtc
Val

ctyg
Leu

atg
Met

ttg
Leu
640

cta
Leu

ace
Thr

g9
Arg

att
Ile

get
Ala

tte
Phe
80

gac
Asp

cge
Arg

gee
Ala

ttt
Phe

gcg
2la
160

gcg
2la

1776

1824

1872

1920

1968

2001

48

96

144

192

240

288

336

384

432

480

528
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42

-continued
165 170 175
att ggc atc ctg ggg atc gct gtg ctg gta ggc agc ttc gtec gcg aac 576
Ile Gly Ile Leu Gly Ile Ala Val Leu Val Gly Ser Phe Val Ala Asn
180 185 190
agg ttc tac cag agc ggc cac ctg gce gag tge cta ctg gtc acg acg 624
Arg Phe Tyr Gln Ser Gly His Leu Ala Glu Cys Leu Leu Val Thr Thr
195 200 205
tat ctg ctg atc geca acc gee geca geg ctg gee gtg ccg ttg ccg cge 672
Tyr Leu Leu Ile Ala Thr Ala Ala Ala Leu Ala Val Pro Leu Pro Arg
210 215 220
ggg gtc aac teg ttg ggg gcg cca caa gtt gee gge gee get acg gece 720
Gly Val Asn Ser Leu Gly Ala Pro Gln Val Ala Gly Ala Ala Thr 2Ala
225 230 235 240
gtg ctg ttt ttg acc ttg atg acg cgg ggc ggc cct cgg aag cgt cat 768
Val Leu Phe Leu Thr Leu Met Thr Arg Gly Gly Pro Arg Lys Arg His
245 250 255
gag ttg gcg teg ttt gcc gtg atc acc gct atc geg gte atc geg gece 816
Glu Leu Ala Ser Phe Ala Val Ile Thr Ala Ile Ala Val Ile Zla 2la
260 265 270
gce get gee tte gge tat gga tac cag gac tgg gte ccc gcog ggg 999 864
Ala Ala Ala Phe Gly Tyr Gly Tyr Gln Asp Trp Val Pro Ala Gly Gly
275 280 285
atc gca ttc ggg ctg ttc att gtg acg aat gecg gcc aag ctg acc gtc 912
Ile Ala Phe Gly Leu Phe Ile Val Thr Asn Ala Ala Lys Leu Thr Val
290 295 300
gcg gtc geg cgg atc geg ctg ccg ceg att ceg gta cece gge gaa acc 960
Ala Val Ala Arg Ile Ala Leu Pro Pro Ile Pro Val Pro Gly Glu Thr
305 310 315 320
gty gac aac gag gag ttg cte gat cee gte geg ace ceg gag get ace 1008
Val Asp Asn Glu Glu Leu Leu Asp Pro Val Ala Thr Pro Glu Ala Thr
325 330 335
age gaa gaa acce ccg ace tgg cag gee ate ate geg teg gtg cec geg 1056
Ser Glu Glu Thr Pro Thr Trp Gln Ala Ile Ile Ala Ser Val Pro Ala
340 345 350
tee gog gte egg cte ace gag cge age aaa ¢tg gee aag caa ctt ctg 1104
Ser Ala Val Arg Leu Thr Glu Arg Ser Lys Leu Ala Lys Gln Leu Leu
355 360 365
atc gga tac gtec acg tecg gge acc ctg att ctg get gee ggt gec ate 1152
Ile Gly Tyr Val Thr Ser Gly Thr Leu Ile Leu Ala Ala Gly Ala Ile
370 375 380
geg gte gtg gtg cge ggg cac tte ttt gta cac age ctg gtg gte geg 1200
Ala Val Val Val Arg Gly His Phe Phe Val His Ser Leu Val Val Ala
385 390 395 400
ggt ttg atc acg acc gtc tgec gga ttt cge teg c¢gg ctt tac gee gag 1248
Gly Leu Ile Thr Thr Val Cys Gly Phe Arg Ser Arg Leu Tyr Ala Glu
405 410 415
cge tgg tgt geg tgg geg ttg ctg geg geg acg gte geg att cecg acg 1296
Arg Trp Cys Ala Trp Ala Leu Leu Ala Ala Thr Val Ala Ile Pro Thr
420 425 430
ggt ctg acg gecc aaa cte atc ate tgg tac cecg cac tat gee tgg ctg 1344
Gly Leu Thr Ala Lys Leu Ile Ile Trp Tyr Pro His Tyr Ala Trp Leu
435 440 445
ttg ttg agc gtc tac ctc acg gta gee ctg gtt geg cte gty gtg gte 1392
Leu Leu Ser Val Tyr Leu Thr Val Ala Leu Val Ala Leu Val Val Val
450 455 460
ggg tcg atg get cac gte cgg cge gtt tca cecg gte gta aaa cga act 1440
Gly Ser Met Ala His Val Arg Arg Val Ser Pro Val Val Lys Arg Thr
465 470 475 480
ctg gaa ttg atc gac ggc gce atg ate get gee ate att cce atg ctg 1488
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-continued

Leu

ctyg
Leu

tga

<210>
<211>
<212>
<213>
<220>
<221>
<222>

<400>

atg
Met
1

gcg
Ala

gte
Val

age
Ser

cty
Leu
65

aag
Lys

teg
Ser

agt
Ser

cag
Gln

gtg
Val
145

aac
Asn

gee
Ala

age
Ser

aca
Thr

gtt
Val
225

Glu

tgg
Trp

Leu

atc
Ile

Ile Asp Gly Ala Met

485

acc ggg gtg tac gac
Thr Gly Val Tyr Asp

500

SEQUENCE :

gct gaa ccg

Ala

aaa
Lys

agc
Ser

ate
Ile
50

act
Thr

ace
Thr

teg
Ser

cag
Gln

cte
Leu
130

ceg
Pro

gca
Ala

cag
Gln

get
Ala

aac
Asn
210

gce
Ala

Glu

ttg
Leu

gga
Gly
35

gaa
Glu

cga
Arg

gat
Asgp

gge
Gly

get
Ala
115

gge
Gly

caa
Gln

tee
Ser

age
Ser

gaa
Glu
195

gac

Asp

gcg
Ala

Pro

gee
Ala
20

acg
Thr

teg
Ser

aca
Thr

cag
Gln

gaa
Glu
100

ace
Thr

gag
Glu

cte
Leu

cee
Pro

gcg
Ala
180

aaa

Lys

gat
Asp

gca
Ala

SEQ ID NO 15
LENGTH :
TYPE: DNA
ORGANISM: Mycocbacterium tuberculosis
FEATURE:
NAME /KEY :
LOCATION :

843

CDS

(1) ...(840)

15

ttg
Leu
5

gge
Gly

gat
Asgp

¢ty
Leu

gea
Ala

tea
Ser
85

gge
Gly

cag
Gln

acyg
Thr

gtt
Val

ate
Ile
165

cag

Gln

ceg
Pro

cag
Gln

cgt
Arg

gce
Ala

cte
Leu

tecg
Ser

gte
Val

tee
Ser
70

¢ty
Leu

ctyg
Leu

ctyg
Leu

gee
Ala

cag
Gln
150

gct
Ala

ggc
Gly

gee
Ala

gge
Gly

gac
Asp
230

gtc
Val

gtt
Val

gtg
Val

agt
Ser
55

aac
Asn

gga
Gly

gect
Ala

ctyg
Leu

get
Ala
135

ctyg
Leu

cag
Gln

gge
Gly

ace
Thr

gac
Asp
215

gaa
Glu

gat
Asp

ttt
Phe

gta
Val
40

gac
Asp

atyg
Met

ace
Thr

gge
Gly

age
Ser
120

gag
Glu

get
Ala

acg
Thr

age
Ser

gag
Glu
200

cag

Gln

gge
Gly

Ile

acyg
Thr
505

cce
Pro

cey
Pro
25

gca
Ala

999
Gly

aac
Asn

agt
Ser

gte
Val
105

aca
Thr

ctyg
Leu

ceg
Pro

ate
Ile

ggc
Gly
185

caa

Gln

gge
Gly

gee
Ala

Ala
490

gtc
Val

acc
Thr

10

cag
Gln

gca
Ala

ctyg
Leu

geg
Ala

tty
Leu
90

gee
Ala

cee
Pro

gea
Ala

cac
His

agt
Ser
170

cca

Pro

gc¢g
Ala

gac
Asp

gg9¢
Gly

Ala

cgce
Arg

gge
Gly

cct
Pro

atc
Ile

cee
Pro

geg
Ala
75

age
Ser

teg
Ser

gtg
Val

cee
Pro

gee
Ala
155

caa
Gln

atg
Met

gag
Glu

gtg
Val

gca
Ala
235

Ile Ile Pro Met Leu

495

aat atc cgg ttc
Asn Ile Arg Phe

ttyg
Leu

ceyg
Pro

aac
Asn

gge
Gly
60

geg
Ala

cay
Gln

gte
Val

tca
Ser

cgt
Arg
140

gtt
Val

acce
Thr

cee
Pro

ceg
Pro

cag
Gln
220

teca
Ser

age
Ser

geg
Ala

gag
Glu
45

gty
Val

gac
Asp

tat
Tyr

ggt
Gly

cag
Gln
125

gtt
Val

cag
Gln

gce
Ala

gca
Ala

gte
Val
205

ceg

Pro

ceyg
Pro

510

gea
Ala

ceg
Pro
30

acce
Thr

aaa
Lys

gte
Val

gea
Ala

ggt
Gly
110

gte
Val

gtt
Val

atg
Met

caa
Gln

cag
Gln
190

cac

Hisg

gce
Ala

ggc
Gly

geg
Ala

15

atc
Ile

atg
Met

gee
Ala

tat
Tyr

tte
Phe
95

cag
Gln

acyg
Thr

geg
Ala

teg
Ser

cag
Gln
175

ctt

Leu

gaa
Glu

gag
Glu

cag
Gln

gee
Ala

gcg
Ala

cca
Pro

gee
Ala

geg
Ala
80

gge
Gly

cca
Pro

ace
Thr

acg
Thr

caa
Gln
160

gce
Ala

gce
Ala

gtg
Val

gte
Val

cag
Gln
240

1533

1536

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720
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45

-continued

cece gge ggg ggc gtt ccc geg caa gee atg gat acc gga gcc ggt gec 768
Pro Gly Gly Gly Val Pro Ala Gln Ala Met Asp Thr Gly Ala Gly 2la
245 250 255

cge cca geg gceg agt ccg ctg geg gee cec gte gat ccg teg act ccg 816
Arg Pro Ala Ala Ser Pro Leu Ala Ala Pro Val Asp Pro Ser Thr Pro
260 265 270

gca ccc tca aca acc aca acg ttg tag 843
Ala Pro Ser Thr Thr Thr Thr Leu
275 280

<210> SEQ ID NO 16

<211> LENGTH: 2190

<212> TYPE: DNA

<213> ORGANISM: Mycobacterium tuberculosis
<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (1)...(2187)

<400> SEQUENCE: 16

atg agt att acc agg ccg acg ggc age tat gce aga cag atg ctg gat 48
Met Ser Ile Thr Arg Pro Thr Gly Ser Tyr Ala Arg Gln Met Leu Asp
1 5 10 15

ccg ggce ggc tgg gtg gaa gee gat gaa gac act tte tat gac cgg gec 96
Pro Gly Gly Trp Val Glu Ala Asp Glu Asp Thr Phe Tyr Asp Arg Ala
20 25 30

cag gaa tat age cag gtt ttg caa agg gte ace gat gta ttg gac acc 144
Gln Glu Tyr Ser Gln Val Leu Gln Arg Val Thr Asp Val Leu ZAsp Thr
35 40 45

tge cge cag cag aaa ggce cac gte tte gaa gge gge cta tgg tec gge 192
Cys Arg Gln Gln Lys Gly His Val Phe Glu Gly Gly Leu Trp Ser Gly
50 55 60

gge gee gee aat get gee aac gge gee ctg ggt gea aac ate aat caa 240
Gly Ala Ala Asn Ala Ala Asn Gly Ala Leu Gly Ala Asn Ile ZAsn Gln
65 70 75 80

ttg atg acg ctg cag gat tat ctec gece acg gtg att ace tgg cac agg 288
Leu Met Thr Leu Gln Asp Tyr Leu Ala Thr Val Ile Thr Trp His Arg
85 90 95

cat att gec ggg ttg att gag caa gect aaa tee gat ate gge aat aat 336
His Ile Ala Gly Leu Ile Glu Gln Ala Lys Ser Asp Ile Gly Asn Asn
100 105 110

gtg gat ggc get caa cgg gag atc gat atc ctg gag aat gac cct age 384
Val Asp Gly Ala Gln Arg Glu Ile Asp Ile Leu Glu Asn Asp Pro Ser
115 120 125

ctg gat get gat gag cge cat acc gece ate aat tca ttg gte acg geg 432
Leu Asp Ala Asp Glu Arg His Thr Ala Ile Asn Ser Leu Val Thr Ala
130 135 140

acg cat ggg gec aat gtc agt ctg gtc gec gag ace get gag cgg gty 480
Thr His Gly Ala Asn Val Ser Leu Val Ala Glu Thr Ala Glu Arg Val
145 150 155 160

ctg gaa tcc aag aat tgg aaa cct ccg aag aac gca cte gag gat ttg 528
Leu Glu Ser Lys Asn Trp Lys Pro Pro Lys Asn Ala Leu Glu Asp Leu
165 170 175

ctt cag cag aag tecg ccg cca cee cca gac gtg cct ace ctg gte gty 576
Leu Gln Gln Lys Ser Pro Pro Pro Pro Asp Val Pro Thr Leu Val Val
180 185 190

cca tece ccg gge aca ccg gge aca ccg gga acce ccg ate acce ceg gga 624
Pro Ser Pro Gly Thr Pro Gly Thr Pro Gly Thr Pro Ile Thr Pro Gly
195 200 205

acc ccg atc ace ceg gga acce cca ate aca cee ate ccg gga geg ccg 672
Thr Pro Ile Thr Pro Gly Thr Pro Ile Thr Pro Ile Pro Gly Ala Pro
210 215 220
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48

gta
Val
225

ceg
Pro

gge
Gly

aca
Thr

ceg
Pro

aca
Thr
305

999
Gly

cet
Pro

geae
Ala

ggt
Gly

gty
Val
385

geg
Ala

aag
Lys

cet
Pro

gag
Glu

get
Ala
465

cgt

Arg

cte
Leu

ace
Thr

ctyg
Leu

act
Thr

gge
Gly

gag
Glu

ceg
Pro

cag
Gln
290

ceg
Pro

gge
Gly

ggt
Gly

cat
His

gte
Val
370

gga
Gly

g99
Gly

gcg
Ala

gee
Ala

tect
Ser
450

cgg
Arg

gge
Gly

aac
Asn

gcg
Ala

gce
Ala

ceg
Pro

aag
Lys

cca
Pro

gca
Ala
275

ceg
Pro

gee
Ala

gag
Glu

gty
Val

geg
Ala
355

ceyg
Pro

geg
Ala

teg
Ser

geg
Ala

cge
Arg
435

gca
Ala

geg
Ala

cge
Arg

gcg
Ala

gtg
Val
515

tac
Tyr

atc
Ile

ceg
Pro

acc
Thr
260

acc
Thr

gct
Ala

act
Thr

ceg
Pro

cey
Pro
340

gac
Asp

gge
Gly

gge
Gly

cat
His

gea
Ala
420

ceg
Pro

gat
Asp

gca
Ala

ggt
Gly

tee
Ser
500

acce

Thr

ata
Ile

aca
Thr

gtc
Val
245

ceg
Pro

ceg
Pro

ceg
Pro

cee
Pro

geg
Ala
325

gge
Gly

gaa
Glu

gea
Ala

geg
Ala

get
Ala
405

ceg
Pro

ceg
Pro

gac
Asp

cge
Arg

gat
Asp
485

gac
Asp

ace
Thr

cee
Pro

cca
Pro
230

acc
Thr

atc
Ile

gce
Ala

gca
Ala

ggt
Gly
310

ccyg
Pro

cag
Gln

tee
Ser

€99
Arg

cgt
Arg
390

gee
Ala

age
Ser

teg
Ser

ggt
Gly

gac
Asp
470

gcg
Ala

aac
Asn

gac
Asp

gac
Asp

acyg
Thr

ceg
Pro

acyg
Thr

acyg
Thr

ceg
Pro
295

ceyg
Pro

cac
His

cat
His

gee
Ala

geg
Ala
375

teg
Ser

act
Thr

acy
Thr

ace
Thr

acyg
Thr
455

gac

Ala

ctyg
Leu

aac
Asn

ggt
Gly

999
Gly

cce
Pro

gtg
Val

ceg
Pro

cce
Pro
280

gcg
Ala

tet
Ser

gte
Val

geg
Ala

geg
Ala
360

geg
Ala

age
Ser

g99
Gly

g9
Arg

gat
Asp
440

ceg
Pro

gece
Ala

¢gg
Arg

gcg
Ala

tee
Ser
520

atg
Met

gge
Gly

acc
Thr

gtec
Val
265

gtt
Val

cca
Pro

ggt
Gly

aaa
Lys

gge
Gly
345

tey
Ser

geae
Ala

gty
Val

g9
Arg

gcg
Ala
425

cac
His

gtg
Val

act
Thr

ttg
Leu

gge
Gly
505

ate

Ile

gaa
Glu

act
Thr

ceg
Pro
250

acc
Thr

acc
Thr

tcg
Ser

cca
Pro

cce
Pro
330

999
Gly

gty
Val

gee
Ala

ggt
Gly

geg
Ala
410

gee
Ala

ate
Ile

teg
Ser

gea
Ala

gc¢g
Ala
490

gac

Asp

gte
Val

ttg
Leu

cce
Pro
235

gtc
Val

cce
Pro

cca
Pro

cct
Pro

gea
Ala
315

geg
Ala

999
Gly

acy
Thr

geg
Ala

acy
Thr
395

cey
Pro

teyg
Ser

gac
Asp

atg
Met

get
Ala
475

cga

Arg

tac
Tyr

gtg
Val

ceg
Pro

gte
Val

aaa
Lys

ceyg
Pro

gct
Ala

999
Gly
300

aca
Thr

geg
Ala

acy
Thr

¢ey
Pro

ceg
Pro
380

gae
Ala

gty
Val

geg
Ala

aaa
Lys

ate
Ile
460

gee

Ala

cge
Arg

999
Gly

gce
Ala

aat
Asn

acg
Thr

ccg
Pro

gte
Val

cce
Pro
285

cce
Pro

ceyg
Pro

ttyg
Leu

cag
Gln

get
Ala
365

age
Ser

geg
Ala

get
Ala

€99
Arg

cee
Pro
445

ceg
Pro

age
Ser

ate
Ile

tte
Phe

aac
Asn
525

aag
Lys

ceg
Pro

gge
Gly

gee
Ala
270

gct
Ala

cag
Gln

gge
Gly

geg
Ala

tey
Ser
350

geg
Ala

ggt
Gly

gee
Ala

ace
Thr

acyg
Thr
430

gat
Asp

gtg
Val

gee
Ala

gcg
Ala

tte
Phe
510

age

Ser

gtg
Val

gtg
Val

aca
Thr
255

ceg
Pro

cca
Pro

ceg
Pro

acc
Thr

gag
Glu
335

999
Gly

geg
Ala

acc
Thr

teg
Ser

teg
Ser
415

gea
Ala

cge
Arg

teg
Ser

cge
Arg

gcg
Ala
495

tgg
Trp

tat
Tyr

tac
Tyr

acc
Thr
240

cca
Pro

gee
Ala

cac
His

gtt
Val

cca
Pro
320

caa
Gln

cet
Pro

tee
Ser

gee
Ala

gge
Gly
400

gac
Asp

cet
Pro

age
Ser

gcg
Ala

cag
Gln
480

gcg
Ala

ate
Ile

999
Gly

ttg
Leu

720

768

816

864

912

960

1008

1056

1104

1152

1200

1248

1296

1344

1392

1440

1488

1536

1584

1632
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-continued

530 535 540
att

Ile

atc
Ile

gee cac
Ala

545

age
Ser

gat
Asp

gtt
Val

gcg
Ala

gca
Ala
550

ceg
Pro

gac
Asp

gaa
Glu
555

gca
Ala

cge

His Arg

tte
Phe

tac
Tyr

acc
Thr

ceg
Pro

gtt
Val

ttg
Leu
565

gce
Ala

caa
Gln

gct
Ala

tgg cac
Trp

570

gtg
Val

gee
Ala

9gcg

Ala His

atc
Ile

acc
Thr

acyg
Thr

ctyg
Leu

ttyg
Leu

agt
Ser
590

ggt
Gly

gtg
Val

€99
Arg

gcg
Ala
580

gcg
Ala
585

gag
Glu

cayg
Gln

gee
Ala

att
Ile

att
Ile
605

cce
Pro

ctyg
Leu
600

cca
Pro

gat
Asp

gtg
Val

gtg
Val
595

ggt
Gly

gee
Ala

aag
Lys

gag
Glu

gac
Asp

ceg
Pro

aaa
Lys
610

atg
Met

tcg
Ser
615

ctyg
Leu

gtc
Val

gte
Val
620

cce
Pro

gge
Gly

acyg
Thr

gge
Gly

€99
Arg

€99
Arg

gag
Glu

gac
Asp

cte
Leu

act
Thr

gct
Ala

ctyg
Leu

acc
Thr

gat
Asp

cgt
Arg
635

ttyg
Leu

gcg
Ala
625

cag
Gln

gee
Ala

gac
Asp
630

cag
Gln

gac
Asp

aat
Asn

ceg
Pro

ceg
Pro

gat
Asp

gtc
Val

cca
Pro

gat
Asp

gtg
Val
645

gcg
Ala

ceg
Pro

ceg
Pro
650

gge
Gly

gag
Glu

€99
Arg

tte
Phe

cce
Pro

acc
Thr

acc
Thr

acc
Thr
670

ctyg
Leu

ctyg
Leu

atg
Met

atg
Met
665

gct
Ala

tgg
Trp

gag
Glu
660

aag
Lys

age
Ser

tte
Phe
680

tac
Tyr

cat
His

gct
Ala
675

ctyg
Leu

gct
Ala

cac
Hisg

gag
Glu

gcc
Ala

€99
Arg

geg
Ala

g9
Arg

gcc
Ala

gce
Ala
685

att
Ile
690

cac
His

caa
Gln

cac
His

act
Thr

act
Thr

cty
Leu

gag
Glu

gee
Ala

geg
Ala
695

geg
Ala

gac
Asp
700

geg
Ala

gee
Ala

tac
Tyr

tac
Tyr

cgt
Arg
705

gte
Val

cty
Leu

caa
Gln
715

gte
Val

ace
Thr

tgg
Trp

tgg
Trp

gty
Val

gee
Ala

geg
Ala

gac
Asgp
710

cte
Leu

gac
Asp

¢ty
Leu
725

tge
Cys

cgyg tga

Arg

gee
Ala

gee
Ala

gee
Ala

gca
Ala

tgt 1680

Cys

gcc
2la
560
atg 1728
Met

gac
Asp
575
tcg 1776
Ser

gat
Asp

gag 1824

Glu

age
Ser

tcg 1872

Ser

geg
Ala

ttg 1920

Leu

ttg
Leu
640
cac 1968
His
655

atg
Met

ggc 2016

Gly

cge
Arg

tca 2064

Ser

cag
Gln

gte 2112

Val

cag
Gln

ttyg 2160
Leu

720

999
Gly

2190

What is claimed is: 45

1. A method of in vitro diagnosis which discriminates
between exposure of a subject to Mycobacterium tuberculosis
and vaccination with the Bacille Calmette Guerin strain of
Mycobacterium bovis, the method comprising testing for the
presence of CD4 T lymphocytes that respond to MTBNA4,
wherein the presence of the CD4 T lymphocytes that respond
to MTBN4 indicates that the subject has been exposed to
Mycobacterium tuberculosis, and wherein CD4 T lympho-
cytes from a subject vaccinated with the Bacille Calmette
Guerin strain of Mycobacterium bovis but not exposed to
Mycobacterium tuberculosis do not respond.

2. The method of claim 1, wherein the testing for the
presence of CD4 T lymphocytes that respond to MTBN4
comprises contacting CD4 T lymphocytes from the subject
with antigen presenting cells (APC) from the subject and
MTBN4.

3. The method of claim 1, wherein the testing for the
presence of CD4 T lymphocytes that respond to MTBN4
comprises testing for cytokine production.

50
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60

65
4. The method of claim 3, wherein the cytokine measured
is IFNy.

5. The method of claim 1, further comprising testing for the
presence of CD4 T lymphocytes that respond to MTBNS.

6. A method of in vitro diagnosis which discriminates
between exposure of a subject to Mycobacterium tuberculosis
and vaccination with the Bacille Calmette Guerin strain of
Mycobacterium bovis, the method comprising testing for the
presence of B lymphocytes which produce an antibody that
binds to MTBN4, wherein the presence of the B lymphocytes
that produce an antibody that binds to MTBN4; indicates that
the subject has been exposed to Mycobacterium tuberculosis,
and wherein B lymphocytes from a subject vaccinated with
the Bacille Calmette Guerin strain of Mycobacterium bovis
but not exposed to Mycobacterium tuberculosis do not pro-
duce said antibody.

7. The method of claim 6, wherein the testing for the
presence of B lymphocytes that produce an antibody that
binds to MTBN4 comprises:

(a) contacting a bodily fluid from the subject with a com-

position comprising MTBN4; and

(b) testing for binding of the antibody in the bodily fluid to

MTBN4.
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8. The method of claim 7, wherein the bodily fluid is blood.

9. The method of claim 7, wherein the bodily fluid is
plasma or serum.

10. The method of claim 6, further comprising testing for
the presence of B lymphocytes which produce an antibody
that binds to MTBNS.

11. A method of in vitro diagnosis which discriminates
between exposure of a subject to Mycobacterium tuberculosis
and vaccination with the Bacille Calmette Guerin strain of
Mycobacterium bovis, the method comprising testing for the
presence of lymphocytes that respond to MTBN4, wherein
the presence of the lymphocytes that respond to MTBN4
indicates that the subject has been exposed to Mycobacterium
tuberculosis, and wherein lymphocytes from a subject vacci-
nated with the Bacille Calmette Guerin strain of Mycobacte-
rium bovis but not exposed to Mycobacterium tuberculosis do
not respond.

15
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12. The method of claim 11, further comprising testing for
the presence of lymphocytes that respond to MTBNS.

13. A method of in vitro diagnosis which discriminates
between exposure of a subject to Mycobacterium tuberculosis
and vaccination with the Bacille Calmette Guerin strain of
Mycobacterium bovis, the method comprising testing for the
presence of a cytokine produced by CD4 T lymphocytes that
respond to MTBN4, wherein the presence of the cytokines
produced by CD4 T lymphocytes that respond to MTBN4
indicates that the subject has been exposed to Mycobacterium
tuberculosis, and wherein CD4 T lymphocytes from a subject
vaccinated with the Bacille Calmette Guerin strain of Myco-
bacterium bovis but not exposed to Mycobacterium tubercu-
losis do not respond.
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