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ABSTRACT 

The present invention relates to compositions and fusion 
proteins containing at least tWo Mycobaclerium sp. antigens, 
and nucleic acids encoding such compositions and fusion 
proteins. The compositions of the invention increase sero 
logical sensitivity of sera from individuals infected With 
tuberculosis, and methods for their use in the diagnosis, 
treatment, and prevention of tuberculosis infection. 
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FUSION PROTEINS OF MYCOBACTERIUM 
TUBERCULOSIS 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] The present application claims priority to US. 
patent application Ser. No. 09/597,796, ?led Jun. 20, 2000, 
and US. patent application No. 60/265,737, ?led Feb. 1, 
2001, herein each incorporated by reference in their entirety. 

[0002] The present application is related to US. patent 
application Ser. No. 09/056,556, ?led Apr. 7, 1998; US. 
patent application Ser. No. 09/223,040, ?led Dec. 30, 1998; 
US. patent application Ser. No. 09/287,849, ?led Apr. 7, 
1999; published PCT application No. WO99/51748, ?led 
Apr. 7, 1999 (PCT/US99/07717), US. patent application 
No. 60/158,338, ?led Oct. 7, 1999, and US. application No. 
60/158,425, ?led Oct. 7, 1999; US. application Ser. No. 
09/688,672, ?led Oct. 10, 2000; and published PCT appli 
cation No. WO01/24820, ?led Oct. 10, 2000 (PCT/US00/ 
28095); herein each incorporated by reference in its entirety. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

[0003] Not applicable. 

FIELD OF THE INVENTION 

[0004] The present invention relates to fusion proteins 
containing at least tWo Mycobacterium sp. antigens. In 
particular, it relates to nucleic acids encoding fusion proteins 
that include tWo or more individual M tuberculosis antigens, 
Which increase serological sensitivity of sera from individu 
als infected With tuberculosis, and methods for their use in 
the diagnosis, treatment, and prevention of tuberculosis 
infection. 

BACKGROUND OF THE INVENTION 

[0005] Tuberculosis is a chronic infectious disease caused 
by infection With M tuberculosis and other Mycobacterium 
species. It is a major disease in developing countries, as Well 
as an increasing problem in developed areas of the World, 
With about 8 million neW cases and 3 million deaths each 
year. Although the infection may be asymptomatic for a 
considerable period of time, the disease is most commonly 
manifested as an acute in?ammation of the lungs, resulting 
in fever and a nonproductive cough. If untreated, serious 
complications and death typically result. 

[0006] Although tuberculosis can generally be controlled 
using extended antibiotic therapy, such treatment is not 
su?icient to prevent the spread of the disease. Infected 
individuals may be asymptomatic, but contagious, for some 
time. In addition, although compliance With the treatment 
regimen is critical, patient behavior is difficult to monitor. 
Some patients do not complete the course of treatment, 
Which can lead to ineffective treatment and the development 
of drug resistance. 

[0007] In order to control the spread of tuberculosis, 
effective vaccination and accurate early diagnosis of the 
disease are of utmost importance. Currently, vaccination 
With live bacteria is the most efficient method for inducing 
protective immunity. The most common mycobacterium 
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employed for this purpose is Bacillus Calmette-Guerin 
(BCG), an avirulent strain of M bovis. HoWever, the safety 
and ef?cacy of BCG is a source of controversy and some 
countries, such as the United States, do not vaccinate the 
general public With this agent. 

[0008] Diagnosis of tuberculosis is commonly achieved 
using a skin test, Which involves intradermal exposure to 
tuberculin PPD (protein-puri?ed derivative). Antigen-spe 
ci?c T cell responses result in measurable induration at the 
injection site by 48-72 hours after injection, Which indicates 
exposure to mycobacterial antigens. Sensitivity and speci 
?city have, hoWever, been a problem With this test, and 
individuals vaccinated With BCG cannot be distinguished 
from infected individuals. 

[0009] While macrophages have been shoWn to act as the 
principal effectors of Mycobacterium immunity, T cells are 
the predominant inducers of such immunity. The essential 
role of T cells in protection against Mycobacterium infection 
is illustrated by the frequent occurrence of Mycobacterium 
infection in AIDS patients, due to the depletion of CD4+ T 
cells associated With human immunode?ciency virus (HIV) 
infection. Mycobacterium-reactive CD4+ T cells have been 
shoWn to be potent producers of y-interferon (IFN-y), Which, 
in turn, has been shoWn to trigger the anti-mycobacterial 
effects of macrophages in mice. While the role of IFN-y in 
humans is less clear, studies have shoWn that 1,25-dihy 
droxy-vitamin D3, either alone or in combination With IFN-y 
or tumor necrosis factor-alpha, activates human macroph 
ages to inhibit M tuberculosis infection. Furthermore, it is 
knoWn that IFN-y stimulates human macrophages to make 
1,25-dihydroxy-vitamin D3. Similarly, interleukin-12 (IL 
12) has been shoWn to play a role in stimulating resistance 
to M tuberculosis infection. For a revieW of the immunol 
ogy of M tuberculosis infection, see Chan & Kaufmann, 
Tuberculosis: Pathogenesis, Protection and Control (Bloom 
ed., 1994), and Harrison ’s Principles oflnternal Medicine, 
volume 1, pp. 1004-1014 and 1019-1023 (14th ed., Fauci et 
al., eds., 1998). 
[0010] Accordingly, there is a need for improved diagnos 
tic reagents, and improved methods for diagnosis, prevent 
ing and treating tuberculosis. 

SUMMARY OF THE INVENTION 

[0011] The present invention therefore provides composi 
tions comprising at least tWo heterologous antigens, fusion 
proteins comprising the antigens, and nucleic acids encoding 
the antigens, Where the antigens are from a Mycobacterium 
species from the tuberculosis complex and other Mycobac 
terium species that cause opportunistic infections in immune 
compromised patients. The present invention also relates 
methods of using the polypeptides and polynucleotides in 
the diagnosis, treatment and prevention of Mycobacterium 
infection. 

[0012] In one aspect, the present invention provides com 
positions and fusion proteins comprising a mutated version 
of Ra35 (N-terminal portion of MTB32A) or Ra35FL (full 
length MTB32A), in Which one, tWo, or three of the three 
amino acids histidine, aspartate, or serine at the active site 
has been mutated to a different amino acid. In one embodi 
ment, in Ra35FL, the serine at position 183 has been 
mutated to an alanine residue, creating Ra35FLMutSA. In 
one embodiment, the DNA encoding Ra35FL has been 
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mutated by changing a T to a G, resulting in a serine to 
alanine mutation at amino acid 183 of SEQ ID NO:4. In 
another embodiment, the present invention provides the 
fusion protein MTB72FMutSA, in Which the Ra35 compo 
nent of the fusion protein has a serine to alanine mutation at 
amino acid position 710 of the MTB72F sequence. In 
another embodiment, the present invention provides a 
nucleic acid encoding the fusion protein MTB72F, in Which 
the nucleic acid encoding the Ra35 component has been 
mutated by changing a T to a G, resulting in a serine to 
alanine mutation at amino acid position 710 of the MTB72F 
sequence. 

[0013] The present invention is based, in part, on the 
inventors’ discovery that fusion polynucleotides, fusion 
polypeptides, or compositions that contain at least tWo 
heterologous M tuberculosis coding sequences or antigens 
are highly antigenic and upon administration to a patient 
increase the sensitivity of tuberculosis sera. In addition, the 
compositions, fusion polypeptides and polynucleotides are 
useful as diagnostic tools in patients that may have been 
infected With Mycobacterium. 

[0014] In one aspect, the compositions, fusion polypep 
tides, and nucleic acids of the invention are used in in vitro 
and in vivo assays for detecting humoral antibodies or 
cell-mediated immunity against M tuberculosis for diagno 
sis of infection or monitoring of disease progression. For 
example, the polypeptides may be used as an in vivo 
diagnostic agent in the form of an intradermal skin test. The 
polypeptides may also be used in in vitro tests such as an 
ELISA With patient serum. Alternatively, the nucleic acids, 
the compositions, and the fusion polypeptides may be used 
to raise anti-M tuberculosis antibodies in a non-human 
animal. The antibodies can be used to detect the target 
antigens in vivo and in vitro. 

[0015] In another aspect, the compositions, fusion 
polypeptides and nucleic acids may be used as immunogens 
to generate or elicit a protective immune response in a 
patient. The isolated or puri?ed polynucleotides are used to 
produce recombinant fusion polypeptide antigens in vitro, 
Which are then administered as a vaccine. Alternatively, the 
polynucleotides may be administered directly into a subject 
as DNA vaccines to cause antigen expression in the subject, 
and the subsequent induction of an anti-M tuberculosis 
immune response. Thus, the isolated or puri?ed M tuber 
culosis polypeptides and nucleic acids of the invention may 
be formulated as pharmaceutical compositions for adminis 
tration into a subject in the prevention and/or treatment of M 
tuberculosis infection. The immunogenicity of the fusion 
protein or antigens may be enhanced by the inclusion of an 
adjuvant, as Well as additional fusion polypeptides, from 
Mycobacterium or other organisms, such as bacterial, viral, 
mammalian polypeptides. Additional polypeptides may also 
be included in the compositions, either linked or unlinked to 
the fusion polypeptide or compositions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 shoWs percent survival of Guinea pigs 
vaccinated With MTB72F polyprotein. 

[0017] FIG. 2 shoWs CFUs from spleen cells (FIG. 2A) 
and lung cells after immuniZation With MTB72F, MTB59F, 
MTB72F DNA, or a composition comprising Ra12, TbH9, 
and Ra35 antigens. 
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[0018] 
[0019] FIG. 4 shoWs the nucleotide and amino acid 
sequence of Ra35 (195 amino acids from the N-terminal 
portion of MTB32A). 

[0020] FIG. 5 shoWs an alignment of the amino acid 
sequences of MTB72F and the mutated version 
MTB72FMutSA. 

[0021] FIG. 6 shoWs an alignment of the amino acid 
sequences of mature (full length) Ra35/MTB32A and the 
mutated version Ra35FLMutSA. 

FIG. 3 shoWs a schematic diagram of MTB72F. 

[0022] FIG. 7 shoWs long term survival of guinea pigs 
vaccinated With Mtb72F formulations. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0023] The present invention relates to compositions com 
prising antigen compositions and fusion polypeptides useful 
for the diagnosis and treatment of Mycobacterium infection, 
polynucleotides encoding such antigens, and methods for 
their use. The antigens of the present invention are polypep 
tides or fusion polypeptides of Mycobacterium antigens and 
immunogenic thereof. More speci?cally, the compositions 
of the present invention comprise at least tWo heterologous 
polypeptides of a Mycobacterium species of the tuberculosis 
complex, e.g., a species such as M tuberculosis, M bovis, 
or M africanum, or a Mycobacterium species that is envi 
ronmental or opportunistic and that causes opportunistic 
infections such as lung infections in immune compromised 
hosts (e.g., patients With AIDS), e.g., BCG, M avium, M 
intracellulare, M celatum, M. genavense, M haemophilum, 
M kansasii, M simiae, M vaccae, M. fortuitum, and M 
scrofulaceum (see, e.g., Harrison ’s Principles of Internal 
Medicine, volume 1, pp. 1004-1014 and 1019-1023 (14th 
ed., Fauci et al., eds., 1998). The inventors of the present 
application surprisingly discovered that compositions and 
fusion proteins comprising at least tWo heterologous Myco 
bacterium antigens, or immunogenic fragments thereof, 
Where highly antigenic. These compositions, fusion 
polypeptides, and the nucleic acids that encode them are 
therefore useful for eliciting protective response in patients, 
and for diagnostic applications. 

[0024] The antigens of the present invention may further 
comprise other components designed to enhance the anti 
genicity of the antigens or to improve these antigens in other 
aspects, for example, the isolation of these antigens through 
addition of a stretch of histidine residues at one end of the 
antigen. The compositions, fusion polypeptides, and nucleic 
acids of the invention can comprise additional copies of 
antigens, or additional heterologous polypeptides from 
Mycobacterium sp., such as MTB8.4 antigen, MTB9.8 anti 
gen, MTB9.9 antigen, MTB40 antigen, MTB41 antigen, 
38-1, TbRa3, 38 kD, DPEP, TbH4, DPPD, ESAT-6 antigen, 
MTB85 complex antigen (e.g., MTB85b), or ot-crystalline 
antigen, and Erd14. The compositions, fusion polypeptides, 
and nucleic acids of the invention can also comprise addi 
tional heterologous polypeptides from other non-Mycobac 
terium sources. For example, the compositions and fusion 
proteins of the invention can include polypeptides or nucleic 
acids encoding polypeptides, Wherein the polypeptide 
enhances expression of the antigen, e.g., NS1, an in?uenza 
virus protein, or an immunogenic portion thereof (see, eg 
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WO99/40l88 and WO93/04l75). The nucleic acids of the 
invention can be engineered based on codon preference in a 
species of choice, e.g., humans. 

[0025] The compositions of the invention can be naked 
DNA, or the compositions, e.g., polypeptides can also 
comprise adjuvants, e.g., MPL, 3D-MPL, IFA, AS adjuvants 
such as AS2, AS2', AS2", AS4, AS6, ENHANZYN (Detox), 
QS2l, CWS, TDM, AGP, CPG, Leif, saponin, and saponin 
mimetics, and derivatives thereof. In addition, the compo 
sitions of the invention can comprise BCG or Pvac as an 
adjuvant. 
[0026] In one embodiment, the compositions and fusion 
proteins of the invention are composed of at least tWo 
antigens selected from the group consisting of a MTB39 
antigen or an immunogenic fragment thereof from a Myco 
bacterium species of the tuberculosis complex, and a 
MTB32A antigen or an immunogenic fragment thereof from 
a Mycobacterium species of the tuberculosis complex. 

[0027] In another embodiment, the antigens are selected 
from the group consisting of a MTB39 antigen or an 
immunogenic fragment thereof from a Mycobacterium spe 
cies of the tuberculosis complex, and a polypeptide com 
prising at least 205 amino acids of the N-terminus of a 
MTB32A antigen from a Mycobacterium species of the 
tuberculosis complex. 

[0028] In another embodiment, the antigens are selected 
from the group consisting of a MTB39 antigen or an 
immunogenic fragment thereof from a Mycobacterium spe 
cies of the tuberculosis complex, a polypeptide comprising 
at least about 205 amino acids of the N-terminus of a 
MTB32A antigen from a Mycobacterium species of the 
tuberculosis complex, and a polypeptide comprising at least 
about 132 amino acids from the C-terminus of MTB32A 
antigen from a Mycobacterium species of the tuberculosis 
complex. 
[0029] In the nomenclature of the application, Ra35 refers 
to the N-terminus of MTB32A (Ra35FL), comprising at 
least about 195 to 205 amino acids of MTB32A from M 
tuberculosis, or the corresponding region from another 
Mycobacterium species. Ral2 refers to the C-terminus of 
MTB32A (Ra35FL), comprising at least about the last 132 
amino acids from MTB32A from M tuberculosis, or the 
corresponding region from another Mycobacterium species. 

[0030] The folloWing provides sequences of some anti 
gens used in the compositions and fusion proteins of the 
invention: 

[0031] SEQ ID NO:l-4: MTB32A (Ra35FL or Ra35 
mature), the sequence of Which is also disclosed as SEQ ID 
NO:l7 (cDNA) and SEQ ID NO:79 (protein) in the US. 
patent application Ser. Nos. 08/523,436, 08/523,435, Ser. 
No. 08/658,800, Ser. No. 08/659,683, Ser. No. 08/8l8,ll2, 
Ser. No. 09/056,556, and Ser. No. 08/8l8,lll and in the 
WO97/09428 and WO97/09429 applications, see also 
Skeiky et al., Infection and Immunity 67:3998-4007 (1999). 
The term MTB32A also includes MTB32A amino acid 
sequences in Which any one of the three amino acids at the 
active site triad (His, Asp, Ser), e.g., the serine residue at 
amino acid position 207 in SEQ ID NO:2 or amino acid 
position 183 in SEQ ID NO:4, has been changed to another 
amino acid (e.g., alanine, Ra35FLMutSA, see, e.g., FIG. 6 
and SEQ ID NO:6). 
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[0032] SEQ ID NO:5 and 6: Ra35FLMut SA, the mature 
version of RA35FL in Which the serine residue at amino acid 
position 183 of SEQ ID NO:4 has been changed to an 
alanine residue. 

[0033] SEQ ID NO:7 and 8: Ra35, the N-terminus of 
MTB32A (Ra35FL), comprising at least about 195 amino 
acids from the N-terminus of MTB32A from M tuberculo 
sis, the nucleotide and amino acid sequence of Which is 
disclosed in FIG. 4 (see also amino acids 33-227 of SEQ ID 
NO:2 and amino acids 8 to 202 of SEQ ID NO:4). The term 
Ra35 (N -term) also includes Ra35 amino acid sequences in 
Which any one of the three amino acids at the active site triad 
(i.e., His, Asp, or Ser) has been changed as described above. 

[0034] SEQ ID NO:9 and 10: MTBRal2, the C-terminus 
of MTB32A (Ra35FL), comprising at least about 132 amino 
acids from the C-terminus of MTB32A from M tuberculosis 
(see, e.g., amino acids 224 to 355 of SEQ ID NO:2 and 
amino acids 199 to 330 of SEQ ID NO:4), the sequence of 
Which is disclosed as SEQ ID NO:4 (DNA) and SEQ ID 
NO:66 (predicted amino acid sequence) in the US. patent 
application Ser. No. 09/072,967. 

[0035] SEQ ID NO:ll, l2, l3, and 14: MTB39 (TbH9), 
the sequence of Which is disclosed as SEQ ID NO:l06 
(cDNA full length) and SEQ ID NO:l07 (protein full length) 
in the US. patent application Ser. No. 08/658,800, Ser. No. 
08/659,683, Ser. No. 08/8l8,ll2, and Ser. No. 08/8l8,1ll 
and in the WO97/ 09428 and WO97/09429 applications. The 
sequence is also disclosed as SEQ ID NO:33 (DNA) and 
SEQ ID NO:9l (amino acid) in US. patent application Ser. 
No. 09/056,559. 

[0036] The folloWing provides sequences of some fusion 
proteins of the invention 

[0037] SEQ ID NO:l5 and 16: MTB72F (Ral2-TbH9 
Ra35), the sequence of Which is disclosed as SEQ ID NO:1 
(DNA) and SEQ ID NO:2 (protein) in the US. patent 
application Ser. No. 09/223,040, Ser. No. 09/223,040, and in 
the PCT/US99/077l7 application. The term MTB372F also 
includes MTB72F amino acid sequences in Which any one 
of the three amino acids at the active site triad in Ra35FL 
(i.e., His, Asp, or Ser), has been changed as described above 
(see, e.g., MTB72FMutSA, FIG. 5). 

[0038] SEQ ID NO:l7 and 18: MTB72FMutSA (Ral2 
TbH9-Ra35MutSA), Wherein, in the Ra35 component of the 
fusion protein, the serine at position 710 has been changed 
to an alanine. 

[0039] SEQ ID NO:l9 and 20: TbH9-Ra35 (MTB59F), 
the sequence of Which is disclosed as SEQ ID NO:23 
(cDNA) and SEQ ID NO:24 (protein) in the US. patent 
application Ser. No. 09/287,849 and in the PCT/US99/077l7 
application. 

[0040] The folloWing provides sequences of some addi 
tional antigens used in the compositions and fusion proteins 
of the invention: 

[0041] SEQ ID NO: 21 and 22: MTB8.4 (DPV), the 
sequence of Which is disclosed as SEQ ID NO:l0l (cDNA) 
and SEQ ID NO:l02 (protein) in the US. patent application 
Ser. No. 08/658,800, Ser. No. 08/659,683, Ser. No. 08/818, 
112 and Ser. No. 08/8l8,lll and in the WO97/09428 and 
WO97/09429 applications. 
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[0042] SEQ ID NO:23 and 24: MTB9.8 (MSL), the 
sequence of Which is disclosed as SEQ ID NO:12 (DNA), 
SEQ ID NO:109 (predicted amino acid sequence) and SEQ 
ID NO:110 to 124 (peptides) in the US. patent application 
Ser. No. 08/859,381, Ser. No. 08/858,998, Ser. No. 09/073, 
009 and Ser. No. 09/073,010 and in the PCT/US98/10407 
and PCT/US98/10514 applications. 

[0043] SEQ ID NO:25, 26, and 27: MTB9.9A (MTI, also 
knoWn as MTI-A), the sequence of Which is disclosed as 
SEQ ID NO:3 and SEQ ID NO:4 (DNA) and SEQ ID NO:29 
and SEQ ID NO:51 to 66 (ORE peptide for MTI) in the US. 
patent application Ser. No. 08/859,381, Ser. No. 08/858,998, 
Ser. No. 09/073,009 and v09/073,010 and in the PCT/US98/ 
10407 and PCT/US98/10514 applications. TWo other MTI 
variants also exist, called MTI-B and MTI-C. 

[0044] SEQ ID NO:28 and 29: MTB40 (HTCC#1), the 
sequence of Which is disclosed as SEQ ID NO: 137 (cDNA) 
and 138 (predicted amino acid sequence) in the US. patent 
application Ser. No. 09/073,009 and Ser. No. 09/073,010 and 
in the PCT/US98/10407 and PCT/US98/10514 applications. 

[0045] SEQ ID NO:30 and 31: MTB41 (MTCC#2), the 
sequence of Which is disclosed as SEQ ID NO: 140 (cDNA) 
and SEQ ID NO: 142 (predicted amino acid sequence) in the 
US. patent application Ser. No. 09/073,009 and Ser. No. 
09/073,010 and in the PCT/US98/10407 and PCT/US98/ 
10514 applications. 

[0046] SEQ ID NO:32 and 33: ESAT-6, the sequence of 
Which is disclosed as SEQ ID NO:103 (DNA) and SEQ ID 
NO: 104 (predicted amino acid sequence) in the US. patent 
application Ser. No. 09/072,967. The sequence of ESAT-6 is 
also disclosed in US. Pat. No. 5,955,077. 

[0047] SEQ ID NO:34 and 35: Tb38-1 or 38-1 (MTb11), 
the sequence of Which is disclosed in SEQ ID NO:46 (DNA) 
and SEQ ID NO:88 (predicted amino acid) in the US. patent 
application Ser. Nos. 09/072,96; 08/523,436; 08/523,435; 
08/818,112; and 08/818,111; and in the WO97/09428 and 
WO97/09429 applications. 

[0048] SEQ ID NO:36 and 37: TbRa3, the sequence of 
Which is disclosed in SEQ ID NO:15 (DNA) and SEQ ID 
NO:77 (predicted amino acid sequence) of WO 97/09428 
and WO97/09429 applications. 

[0049] SEQ ID NO:38 and 39: 38 kD, the sequence of 
Which is disclosed in SEQ ID NO:154 (DNA) and SEQ ID 
NO: 155 (predicted amino acid sequence) in the US. patent 
application Ser. No. 09/072,967. 38 kD has tWo alternative 
forms, With and Without the N-terminal cysteine residue. 

[0050] SEQ ID NO:40 and 41: DPEP, the sequence of 
Which is disclosed in SEQ ID NO:52 (DNA) and SEQ ID 
NO:53 (predicted amino acid sequence) in the W097/ 09428 
and WO97/09429 publications. 

[0051] SEQ ID NO:42 and 43: TbH4, the sequence of 
Which is disclosed as SEQ ID NO:43 (DNA) and SEQ ID 
NO:81 (predicted amino acid sequence) in WO97/09428 and 
WO97/09429 publications. 

[0052] SEQ ID NO:44 and 45: DPPD, the sequence of 
Which is disclosed in SEQ ID NO:240 (DNA) and SEQ ID 
NO:241 (predicted amino acid sequence) in US. Ser. No. 
09/072,967 and in the PCT/US99/03268 and PCT/US99/ 
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03265 applications. The secreted form of DPPD is shoWn 
herein in FIG. 12 of PCT/US00/28095. 

[0053] MTb82 (MTb867), the sequence of Which is dis 
closed in FIGS. 8 (DNA) and 9 (amino acid) of PCT/USOO/ 
2809. 

[0054] Erd14 (MTb16), the cDNA and amino acids 
sequences of Which are disclosed in Verbon et al., J. Bac 
teriology 174:1352-1359 (1992). 

[0055] ot-crystalline antigen, the sequence of Which is 
disclosed in Verbon et al., J. Bacl. 174:1352-1359 (1992); 

[0056] 85 complex antigen, e.g., 85b antigen, the sequence 
of Which is disclosed in Content et al., Infect. & Immunol. 
59:3205-3212 (1991). 

[0057] The folloWing provides sequences of some addi 
tional fusion proteins used in the compositions and fusion 
proteins of the invention: 

[0058] SEQ ID NO:46 and 47: DPV-MTI-MSL-MTCC#2 
(MTb71F), the sequence of Which is disclosed as SEQ ID 
NO:15 (nucleic acid) and in SEQ ID NO: 16: (protein) in the 
US. patent application Ser. No. 09/287,849 and in the 
PCT/US99/07717 application. 

[0059] SEQ ID NO:48 and 49: DPV-MTI-MSL 
(MTb31F), the sequence of Which is disclosed in SEQ ID 
NO:18 (cDNA) and SEQ ID NO:19 (protein) in the US. 
patent application Ser. No. 09/287,849 and in the PCT/ 
US99/07717 application. 

[0060] Each of the above sequences is also disclosed in 
Cole et al. Nature 393:537 (1998) and can be found at, e.g., 
http://WWW.sanger.ac.uk and http:/WWW.pasteur.fr/mycdb/. 

[0061] The above sequences are disclosed in US. patent 
applications Ser. Nos. 08/523,435, 08/523,436, 08/658,800, 
08/659,683, 08/818,111, 08/818,112, 08/942,341, 08/942, 
578, 08/858,998, 08/859,381, 09/056,556, 09/072,596, 
09/072,967, 09/073,009, 09/073,010, 09/223,040, 09/287, 
849 09/ 5 97,796; and in PCT patent applications PCT/USOO/ 
28095; PCT/US98/10407, PCT/US98/10514, PCT/US99/ 
03265, PCT/US99/03268, PCT/US99/07717, WO97/09428 
and WO97/09429, WO98/16645, WO98/16646, each of 
Which is herein incorporated by reference. 

[0062] The antigens described herein include polymorphic 
variants and conservatively modi?ed variations, as Well as 
inter-strain and interspecies Mycobaclerium homologs. In 
addition, the antigens described herein include subsequences 
or truncated sequences. The fusion proteins may also contain 
additional polypeptides, optionally heterologous peptides 
from Mycobaclerium or other sources. These antigens may 
be modi?ed, for example, by adding linker peptide 
sequences as described beloW. These linker peptides may be 
inserted betWeen one or more polypeptides Which make up 
each of the fusion proteins. 

DEFINITIONS 

[0063] “Fusion polypeptide” or “fusion protein” refers to 
a protein having at least tWo heterologous Mycobaclerium 
sp. polypeptides covalently linked, either directly or via an 
amino acid linker. The polypeptides forming the fusion 
protein are typically linked Ci terminus to N-terminus, 
although they can also be linked C-terminus to C-terminus, 
Ni terminus to N-terminus, or N-terminus to C-terminus. 
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The polypeptides of the fusion protein can be in any order. 
This term also refers to conservatively modi?ed variants, 
polymorphic variants, alleles, mutants, subsequences, inter 
species homologs, and immunogenic fragments of the anti 
gens that make up the fusion protein. Mycobacterium tuber 
culosis antigens are described in Cole et al., Nature 393:537 
(1998), Which discloses the entire Mycobacterium tubercu 
losis genome. The complete sequence of Mycobacterium 
tuberculosis can also be found at http://WWW.sanger.ac.uk 
and at http://WWW.pasteur.fr/mycdb/(MycDB). Antigens 
from other Mycobacterium species that correspond to M 
tuberculosis antigens can be identi?ed, e.g., using sequence 
comparison algorithms, as described herein, or other meth 
ods knoWn to those of skill in the art, e.g., hybridization 
assays and antibody binding assays. Fusion proteins of the 
invention can also comprise additional copies of a compo 
nent antigen or immunogenic fragment thereof. 

[0064] A polynucleotide sequence comprising a fusion 
protein of the invention hybridiZes under stringent condi 
tions to at least tWo nucleotide sequences, each encoding an 
antigen polypeptide selected from the group consisting of 
MTB39 or an immunogenic fragment thereof and MTB32A 
or an immunogenic fragment thereof. The polynucleotide 
sequences encoding the individual antigens of the fusion 
polypeptide therefore include conservatively modi?ed vari 
ants, polymorphic variants, alleles, mutants, subsequences, 
immunogenic fragments, and interspecies homologs of 
MTB39 and MTB32A. The polynucleotide sequence encod 
ing the individual polypeptides of the fusion protein can be 
in any order. 

[0065] In some embodiments, the individual polypeptides 
of the fusion protein are in order (Ni to Ci terminus) from 
large to small. Large antigens are approximately 30 to 150 
kD in siZe, medium antigens are approximately 10 to 30 kD 
in siZe, and small antigens are approximately less than 10 kD 
in siZe. The sequence encoding the individual polypeptide 
may be as small as, e.g., an immunogenic fragment such as 
an individual CTL epitope encoding about 8 to 9 amino 
acids, or, e.g., an HTL or B cell epitope. The fragment may 
also include multiple epitopes. The immunogenic fragment 
may also represent a larger part of the antigen sequence, e.g., 
about 50% or more of MTB39 and MTB32A, e.g., the Ni 
and C-terminal portions of MTB32A. Preferred immuno 
genic fragments of MTB32A include Ra12, Ra35, and Ra35 
MutSA. 

[0066] A fusion polypeptide of the invention speci?cally 
binds to antibodies raised against at least tWo antigen 
polypeptides, Wherein each antigen polypeptide is selected 
from the group consisting of MTB39 or an immunogenic 
portion or fragment thereof and MTB32A or an immuno 
genic portion thereof. The antibodies can be polyclonal or 
monoclonal. Optionally, the fusion polypeptide speci?cally 
binds to antibodies raised against the fusion junction of the 
antigens, Which antibodies do not bind to the antigens 
individually, i.e., When they are not part of a fusion protein. 
The fusion polypeptides optionally comprise additional 
polypeptides, e.g., three, four, ?ve, six, or more polypep 
tides, up to about 25 polypeptides, optionally heterologous 
polypeptides or repeated homologous polypeptides, fused to 
the at least tWo heterologous antigens. The additional 
polypeptides of the fusion protein are optionally derived 
from Mycobacterium as Well as other sources, such as other 

bacterial, viral, or invertebrate, vertebrate, or mammalian 
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sources. The individual polypeptides of the fusion protein 
can be in any order. As described herein, the fusion protein 
can also be linked to other molecules, including additional 
polypeptides. The compositions of the invention can also 
comprise additional polypeptides that are unlinked to the 
fusion proteins of the invention. These additional polypep 
tides may be heterologous or homologous polypeptides. 

[0067] The term “fused” refers to the covalent linkage 
betWeen tWo polypeptides in a fusion protein. The polypep 
tides are typically joined via a peptide bond, either directly 
to each other or via an amino acid linker. Optionally, the 
peptides can be joined via non-peptide covalent linkages 
knoWn to those of skill in the art. 

[0068] “FL” refers to full-length, i.e., a polypeptide that is 
the same length as the Wild-type polypeptide. 

[0069] The term “immunogenic fragment thereof’ refers 
to a polypeptide comprising an epitope that is recogniZed by 
cytotoxic T lymphocytes, helper T lymphocytes or B cells. 
Preferred immunogenic fragments of, e.g., MTB32A, are 
RA35, Ra35MutSA, or Ra12. 

[0070] The term “Mycobacterium species of the tubercu 
losis complex” includes those species traditionally consid 
ered as causing the disease tuberculosis, as Well as Myco 
bacterium environmental and opportunistic species that 
cause tuberculosis and lung disease in immune compro 
mised patients, such as patients With AIDS, e.g., M tuber 
culosis, M bovis, or M africanum, BCG, M avium, M 
intracellulare, M celatum, M. genavense, M haemophilum, 
M kansasii, M simiae, M vaccae, M. fortuitum, and M 
scrofulaceum (see, e.g., Harrison ’s Principles of Internal 
Medicine, volume 1, pp. 1004-1014 and 1019-1023 (14th 
ed., Fauci et al., eds., 1998). 

[0071] An adjuvant refers to the components in a vaccine 
or therapeutic composition that increase the speci?c immune 
response to the antigen (see, e.g., Edelman, AIDS Res. Hum 
Retroviruses 8: 1409-1411 (1992)). Adjuvants induce 
immune responses of the Th1-type and Th-2 type response. 
Th1-type cytokines (e.g., lFN-y, lL-2, and lL-12) tend to 
favor the induction of cell-mediated immune response to an 
administered antigen, While Th-2 type cytokines (e.g., lL-4, 
lL-5, 11-6, lL-10 and TNF-B) tend to favor the induction of 
humoral immune responses. 

[0072] “Nucleic acid” refers to deoxyribonucleotides or 
ribonucleotides and polymers thereof in either single- or 
double-stranded form. The term encompasses nucleic acids 
containing knoWn nucleotide analogs or modi?ed backbone 
residues or linkages, Which are synthetic, naturally occur 
ring, and non-naturally occurring, Which have similar bind 
ing properties as the reference nucleic acid, and Which are 
metaboliZed in a manner similar to the reference nucleotides. 
Examples of such analogs include, Without limitation, phos 
phorothioates, phosphoramidates, methyl phosphonates, 
chiral-methyl phosphonates, 2-O-methyl ribonucleotides, 
peptide-nucleic acids (PNAs). 

[0073] Unless otherWise indicated, a particular nucleic 
acid sequence also implicitly encompasses conservatively 
modi?ed variants thereof (e.g., degenerate codon substitu 
tions) and complementary sequences, as Well as the 
sequence explicitly indicated. Speci?cally, degenerate 
codon substitutions may be achieved by generating 
sequences in Which the third position of one or more selected 
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(or all) codons is substituted With mixed-base and/or deoxyi 
nosine residues (Batzer et al., Nucleic Acid Res. 19:5081 
(1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608 
(1985); Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)). 
The term nucleic acid is used interchangeably With gene, 
cDNA, mRNA, oligonucleotide, and polynucleotide. 

[0074] The terms "polypeptide,”“peptide” and “protein” 
are used interchangeably herein to refer to a polymer of 
amino acid residues. The terms apply to amino acid poly 
mers in Which one or more amino acid residue is an arti?cial 
chemical mimetic of a corresponding naturally occurring 
amino acid, as Well as to naturally occurring amino acid 
polymers and non-naturally occurring amino acid polymer. 

[0075] The term “amino acid” refers to naturally occurring 
and synthetic amino acids, as Well as amino acid analogs and 
amino acid mimetics that function in a manner similar to the 
naturally occurring amino acids. Naturally occurring amino 
acids are those encoded by the genetic code, as Well as those 
amino acids that are later modi?ed, e.g., hydroxyproline, 
y-carboxyglutamate, and O-phosphoserine. Amino acid ana 
logs refers to compounds that have the same basic chemical 
structure as a naturally occurring amino acid, i.e., an a 
carbon that is bound to a hydrogen, a carboxyl group, an 
amino group, and an R group, e.g., homoserine, norleucine, 
methionine sulfoxide, methionine methyl sulfonium. Such 
analogs have modi?ed R groups (e.g., norleucine) or modi 
?ed peptide backbones, but retain the same basic chemical 
structure as a naturally occurring amino acid. Amino acid 
mimetics refers to chemical compounds that have a structure 
that is different from the general chemical structure of an 
amino acid, but that functions in a manner similar to a 
naturally occurring amino acid. 

[0076] Amino acids may be referred to herein by either 
their commonly knoWn three letter symbols or by the 
one-letter symbols recommended by the lUPAC-IUB Bio 
chemical Nomenclature Commission. Nucleotides, likeWise, 
may be referred to by their commonly accepted single-letter 
codes. 

[0077] “Conservatively modi?ed variants” applies to both 
amino acid and nucleic acid sequences. With respect to 
particular nucleic acid sequences, conservatively modi?ed 
variants refers to those nucleic acids Which encode identical 
or essentially identical amino acid sequences, or Where the 
nucleic acid does not encode an amino acid sequence, to 
essentially identical sequences. Because of the degeneracy 
of the genetic code, a large number of functionally identical 
nucleic acids encode any given protein. For instance, the 
codons GCA, GCC, GCG and GCU all encode the amino 
acid alanine. Thus, at every position Where an alanine is 
speci?ed by a codon, the codon can be altered to any of the 
corresponding codons described Without altering the 
encoded polypeptide. Such nucleic acid variations are 
“silent variations,” Which are one species of conservatively 
modi?ed variations. Every nucleic acid sequence herein 
Which encodes a polypeptide also describes every possible 
silent variation of the nucleic acid. One of skill Will recog 
nize that each codon in a nucleic acid (except AUG, Which 
is ordinarily the only codon for methionine, and TGG, Which 
is ordinarily the only codon for tryptophan) can be modi?ed 
to yield a functionally identical molecule. Accordingly, each 
silent variation of a nucleic acid Which encodes a polypep 
tide is implicit in each described sequence. 
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[0078] As to amino acid sequences, one of skill Will 
recognize that individual substitutions, deletions or addi 
tions to a nucleic acid, peptide, polypeptide, or protein 
sequence Which alters, adds or deletes a single amino acid or 
a small percentage of amino acids in the encoded sequence 
is a “conservatively modi?ed variant” Where the alteration 
results in the substitution of an amino acid With a chemically 
similar amino acid. Conservative substitution tables provid 
ing functionally similar amino acids are Well knoWn in the 
art. Such conservatively modi?ed variants are in addition to 
and do not exclude polymorphic variants, interspecies 
homologs, and alleles of the invention. 

[0079] The folloWing eight groups each contain amino 
acids that are conservative substitutions for one another: 

[0080] 1) Alanine (A), Glycine (G); 

[0081] 2) Aspartic acid (D), Glutamic acid (E); 

[0082] 3) Asparagine (N), Glutamine (Q); 

[0083] 4) Arginine (R), Lysine (K); 
[0084] 5) lsoleucine (l), Leucine (L), Methionine (M), 

Valine (V); 

[0085] 6) Phenylalanine (F), Tyrosine (Y), Tryptophan 
(W); 

[0086] 7) Serine (S), Threonine (T); and 

[0087] 8) Cysteine (C), Methionine (M) 

[0088] 
[0089] The term “heterologous” When used With reference 
to portions of a nucleic acid indicates that the nucleic acid 
comprises tWo or more subsequences that are not found in 
the same relationship to each other in nature. For instance, 
the nucleic acid is typically recombinantly produced, having 
tWo or more sequences from unrelated genes arranged to 
make a neW functional nucleic acid, e.g., a promoter from 
one source and a coding region from another source. Simi 
larly, a heterologous protein indicates that the protein com 
prises tWo or more subsequences that are not found in the 
same relationship to each other in nature (e.g., a fusion 
protein). 

(see, e.g., Creighton, Proteins (1984)). 

[0090] The phrase “selectively (or speci?cally) hybridizes 
to” refers to the binding, duplexing, or hybridizing of a 
molecule only to a particular nucleotide sequence under 
stringent hybridization conditions When that sequence is 
present in a complex mixture (e.g., total cellular or library 
DNA or RNA). 

[0091] The phrase “stringent hybridization conditions” 
refers to conditions under Which a probe Will hybridize to its 
target subsequence, typically in a complex mixture of 
nucleic acid, but to no other sequences. Stringent conditions 
are sequence-dependent and Will be different in different 
circumstances. Longer sequences hybridize speci?cally at 
higher temperatures. An extensive guide to the hybridization 
of nucleic acids is found in Tijssen, Techniques in Biochem 
islry and Molecular BiologyiHybridizalion with Nucleic 
Probes, “Overview of principles of hybridization and the 
strategy of nucleic acid assays” (1993). Generally, stringent 
conditions are selected to be about 5-100 C. loWer than the 
thermal melting point (Tm) for the speci?c sequence at a 
de?ned ionic strength pH. The Tm is the temperature (under 
de?ned ionic strength, pH, and nucleic concentration) at 
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Which 50% of the probes complementary to the target 
hybridize to the target sequence at equilibrium (as the target 
sequences are present in excess, at Tm, 50% of the probes are 
occupied at equilibrium). Stringent conditions Will be those 
in Which the salt concentration is less than about 1.0 M 
sodium ion, typically about 0.01 to 1.0 M sodium ion 
concentration (or other salts) at pH 7.0 to 8.3 and the 
temperature is at least about 30° C. for short probes (e.g., 10 
to 50 nucleotides) and at least about 60° C. for long probes 
(e. g., greater than 50 nucleotides). Stringent conditions may 
also be achieved With the addition of destabilizing agents 
such as forrnamide. For selective or speci?c hybridization, a 
positive signal is at least tWo times background, optionally 
10 times background hybridization. Exemplary stringent 
hybridization conditions can be as folloWing: 50% forma 
mide, 5><SSC, and 1% SDS, incubating at 42° C., or, 5><SSC, 
1% SDS, incubating at 65° C., With Wash in 0.2><SSC, and 
0.1% SDS at 65° C. 

[0092] Nucleic acids that do not hybridize to each other 
under stringent conditions are still substantially identical if 
the polypeptides Which they encode are substantially iden 
tical. This occurs, for example, When a copy of a nucleic acid 
is created using the maximum codon degeneracy permitted 
by the genetic code. In such cases, the nucleic acids typically 
hybridize under moderately stringent hybridization condi 
tions. Exemplary “moderately stringent hybridization con 
ditions” include a hybridization in a buffer of 40% forma 
mide, 1 M NaCl, 1% SDS at 37° C., and a Wash in 1><SSC 
at 45° C. A positive hybridization is at least tWice back 
ground. Those of ordinary skill Will readily recognize that 
alternative hybridization and Wash conditions can be utilized 
to provide conditions of similar stringency. 

[0093] “Antibody” refers to a polypeptide comprising a 
frameWork region from an immunoglobulin gene or frag 
ments thereof that speci?cally binds and recognizes an 
antigen. The recognized immunoglobulin genes include the 
kappa, lambda, alpha, gamma, delta, epsilon, and mu con 
stant region genes, as Well as the myriad immunoglobulin 
variable region genes. Light chains are classi?ed as either 
kappa or lambda. Heavy chains are classi?ed as gamma, mu, 
alpha, delta, or epsilon, Which in turn de?ne the immuno 
globulin classes, lgG, lgM, lgA, lgD and lgE, respectively. 

[0094] An exemplary immunoglobulin (antibody) struc 
tural unit comprises a tetramer. Each tetramer is composed 
of tWo identical pairs of polypeptide chains, each pair having 
one “light” (about 25 kDa) and one “heavy” chain (about 
50-70 kDa). The Ni terminus of each chain de?nes a 
variable region of about 100 to 110 or more amino acids 
primarily responsible for antigen recognition. The terms 
variable light chain (V L) and variable heavy chain (V H) refer 
to these light and heavy chains respectively. 

[0095] Antibodies exist, e.g., as intact immunoglobulins 
or as a number of Well-characterized fragments produced by 
digestion With various peptidases. Thus, for example, pepsin 
digests an antibody beloW the disul?de linkages in the hinge 
region to produce F(ab)'2, a dimer of Fab Which itself is a 
light chain joined to VHiCHl by a disul?de bond. The 
F(ab)'2 may be reduced under mild conditions to break the 
disul?de linkage in the hinge region, thereby converting the 
F(ab)'2 dimer into an Fab' monomer. The Fab' monomer is 
essentially Fab With part of the hinge region (see Funda 
mental Immunology (Paul ed., 3d ed. 1993). While various 
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antibody fragments are de?ned in terms of the digestion of 
an intact antibody, one of skill Will appreciate that such 
fragments may be synthesized de novo either chemically or 
by using recombinant DNA methodology. Thus, the term 
antibody, as used herein, also includes antibody fragments 
either produced by the modi?cation of Whole antibodies, or 
those synthesized de novo using recombinant DNA meth 
odologies (e.g., single chain Fv) or those identi?ed using 
phage display libraries (see, e.g., McCalferty et al., Nature 
348:552-554 (1990)). 

[0096] For preparation of monoclonal or polyclonal anti 
bodies, any technique knoWn in the art can be used (see, e. g., 
Kohler & Milstein, Nature 256:495-497 (1975); Kozbor et 
al., Immunology Today 4: 72 (1983); Cole et al., pp. 77-96 
in Monoclonal Antibodies and Cancer Therapy (1985)). 
Techniques for the production of single chain antibodies 
(US. Pat. No. 4,946,778) can be adapted to produce anti 
bodies to polypeptides of this invention. Also, transgenic 
mice, or other organisms such as other mammals, may be 
used to express humanized antibodies. Alternatively, phage 
display technology can be used to identify antibodies and 
heteromeric Fab fragments that speci?cally bind to selected 
antigens (see, e.g., McCalferty et al., Nature 348:552-554 
(1990); Marks et al., Biotechnology 101779-783 (1992)). 

[0097] The phrase “speci?cally (or selectively) binds” to 
an antibody or “speci?cally (or selectively) immunoreactive 
With,” When referring to a protein or peptide, refers to a 
binding reaction that is determinative of the presence of the 
protein in a heterogeneous population of proteins and other 
biologics. Thus, under designated immunoassay conditions, 
the speci?ed antibodies bind to a particular protein at least 
tWo times the background and do not substantially bind in a 
signi?cant amount to other proteins present in the sample. 
Speci?c binding to an antibody under such conditions may 
require an antibody that is selected for its speci?city for a 
particular protein. For example, polyclonal antibodies raised 
to fusion proteins can be selected to obtain only those 
polyclonal antibodies that are speci?cally immunoreactive 
With fusion protein and not With individual components of 
the fusion proteins. This selection may be achieved by 
subtracting out antibodies that cross-react With the indi 
vidual antigens. A variety of immunoassay formats may be 
used to select antibodies speci?cally immunoreactive With a 
particular protein. For example, solid-phase ELISA immu 
noassays are routinely used to select antibodies speci?cally 
immunoreactive With a protein (see, e.g., HarloW & Lane, 
Antibodies, A Laboratory Manual (1988), for a description 
of immunoassay formats and conditions that can be used to 
determine speci?c immunoreactivity). Typically a speci?c 
or selective reaction Will be at least tWice background signal 
or noise and more typically more than 10 to 100 times 
background. 

[0098] Polynucleotides may comprise a native sequence 
(i.e., an endogenous sequence that encodes an individual 
antigen or a portion thereof) or may comprise a variant of 
such a sequence. Polynucleotide variants may contain one or 
more substitutions, additions, deletions and/or insertions 
such that the biological activity of the encoded fusion 
polypeptide is not diminished, relative to a fusion polypep 
tide comprising native antigens. Variants preferably exhibit 
at least about 70% identity, more preferably at least about 



US 2006/0193876 A1 

80% identity and most preferably at least about 90% identity 
to a polynucleotide sequence that encodes a native polypep 
tide or a portion thereof. 

[0099] The terms “identical” or percent “identity,” in the 
context of tWo or more nucleic acids or polypeptide 
sequences, refer to tWo or more sequences or subsequences 
that are the same or have a speci?ed percentage of amino 
acid residues or nucleotides that are the same (i.e., 70% 
identity, optionally 75%, 80%, 85%, 90%, er 95% identity 
over a speci?ed region), When compared and aligned for 
maximum correspondence over a comparison WindoW, or 
designated region as measured using one of the folloWing 
sequence comparison algorithms or by manual alignment 
and visual inspection. Such sequences are then said to be 
“substantially identical.” This de?nition also refers to the 
compliment of a test sequence. Optionally, the identity exists 
over a region that is at least about 25 to about 50 amino acids 
or nucleotides in length, or optionally over a region that is 
75-100 amino acids or nucleotides in length. 

[0100] For sequence comparison, typically one sequence 
acts as a reference sequence, to Which test sequences are 

compared. When using a sequence comparison algorithm, 
test and reference sequences are entered into a computer, 
subsequence coordinates are designated, if necessary, and 
sequence algorithm program parameters are designated. 
Default program parameters can be used, or alternative 
parameters can be designated. The sequence comparison 
algorithm then calculates the percent sequence identities for 
the test sequences relative to the reference sequence, based 
on the program parameters. 

[0101] A “comparison WindoW”, as used herein, includes 
reference to a segment of any one of the number of con 
tiguous positions selected from the group consisting of from 
25 to 500, usually about 50 to about 200, more usually about 
100 to about 150 in Which a sequence may be compared to 
a reference sequence of the same number of contiguous 
positions after the tWo sequences are optimally aligned. 
Methods of alignment of sequences for comparison are 
Well-known in the art. Optimal alignment of sequences for 
comparison can be conducted, e.g., by the local homology 
algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 
(1981), by the homology alignment algorithm of Needleman 
& Wunsch, J. Mol. Biol. 48:443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc. Natl. Acad. 
Sci. USA 85:2444 (1988), by computeriZed implementations 
of these algorithms (GAP, BESTFIT, FASTA, and TFASTA 
in the Wisconsin Genetics SoftWare Package, Genetics 
Computer Group, 575 Science Dr., Madison, Wis.), or by 
manual alignment and visual inspection (see, e.g., Current 
Protocols in Molecular Biology (Ausubel et al., eds. 1995 
supplement)). 

[0102] One example of a useful algorithm is PILEUP. 
PILEUP creates a multiple sequence alignment from a group 
of related sequences using progressive, pairWise alignments 
to shoW relationship and percent sequence identity. It also 
plots a tree or dendogram shoWing the clustering relation 
ships used to create the alignment. PILEUP uses a simpli 
?cation of the progressive alignment method of Feng & 
Doolittle, J. Mol. Evol. 35:351-360 (1987). The method used 
is similar to the method described by Higgins & Sharp, 
CABIOS 5:151-153 (1989). The program can align up to 300 
sequences, each of a maximum length of 5,000 nucleotides 
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or amino acids. The multiple alignment procedure begins 
With the pairWise alignment of the tWo most similar 
sequences, producing a cluster of tWo aligned sequences. 
This cluster is then aligned to the next most related sequence 
or cluster of aligned sequences. TWo clusters of sequences 
are aligned by a simple extension of the pairWise alignment 
of tWo individual sequences. The ?nal alignment is achieved 
by a series of progressive, pairWise alignments. The program 
is run by designating speci?c sequences and their amino acid 
or nucleotide coordinates for regions of sequence compari 
son and by designating the program parameters. Using 
PILEUP, a reference sequence is compared to other test 
sequences to determine the percent sequence identity rela 
tionship using the folloWing parameters: default gap Weight 
(3.00), default gap length Weight (0.10), and Weighted end 
gaps. PILEUP can be obtained from the GCG sequence 
analysis softWare package, e.g., version 7.0 (Devereaux et 
al., Nuc. Acids Res. 121387-395 (1984). 

[0103] Another example of algorithm that is suitable for 
determining percent sequence identity and sequence simi 
larity are the BLAST and BLAST 2.0 algorithms, Which are 
described in Altschul et al., Nuc. Acids Res. 25:3389-3402 
(1977) andAltschul et al., J. Mol. Biol. 215:403-410 (1990), 
respectively. SoftWare for performing BLAST analyses is 
publicly available through the National Center for Biotech 
nology lnforrnation (http://WWW.ncbi.nlm.nih.gov/). This 
algorithm involves ?rst identifying high scoring sequence 
pairs (HSPs) by identifying short Words of length W in the 
query sequence, Which either match or satisfy some posi 
tive-valued threshold score T When aligned With a Word of 
the same length in a database sequence. T is referred to as 
the neighborhood Word score threshold (Altschul et al., 
supra). These initial neighborhood Word hits act as seeds for 
initiating searches to ?nd longer HSPs containing them. The 
Word hits are extended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, for nucle 
otide sequences, the parameters M (reWard score for a pair 
of matching residues; alWays>0) and N (penalty score for 
mismatching residues; alWays<0). For amino acid 
sequences, a scoring matrix is used to calculate the cumu 
lative score. Extension of the Word hits in each direction are 
halted When: the cumulative alignment score falls off by the 
quantity X from its maximum achieved value; the cumula 
tive score goes to Zero or beloW, due to the accumulation of 
one or more negative-scoring residue alignments; or the end 
of either sequence is reached. The BLAST algorithm param 
eters W, T, and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
sequences) uses as defaults a Wordlength (W) of 11, an 
expectation (E) or 10, M=5, N=—4 and a comparison of both 
strands. For amino acid sequences, the BLASTP program 
uses as defaults a Wordlength of 3, and expectation (E) of 10, 
and the BLOSUM62 scoring matrix (see Henikolf & Heni 
kolf, Proc. Natl. Acad. Sci. USA 89110915 (1989)) align 
ments (B) of 50, expectation (E) of 10, M=5, N=—4, and a 
comparison of both strands. 

[0104] The BLAST algorithm also performs a statistical 
analysis of the similarity betWeen tWo sequences (see, e.g., 
Karlin & Altschul, Proc. Natl. Acad. Sci. USA 90:5873 
5787 (1993)). One measure of similarity provided by the 
BLAST algorithm is the smallest sum probability (P(N)), 
Which provides an indication of the probability by Which a 
match betWeen tWo nucleotide or amino acid sequences 
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Would occur by chance. For example, a nucleic acid is 
considered similar to a reference sequence if the smallest 
sum probability in a comparison of the test nucleic acid to 
the reference nucleic acid is less than about 0.2, more 
preferably less than about 0.01, and most preferably less 
than about 0.001. 

Polynucleotide Compositions 

[0105] As used herein, the terms “DNA segment” and 
“polynucleotide” refer to a DNA molecule that has been 
isolated free of total genomic DNA of a particular species. 
Therefore, a DNA segment encoding a polypeptide refers to 
a DNA segment that contains one or more coding sequences 
yet is substantially isolated aWay from, or puri?ed free from, 
total genomic DNA of the species from Which the DNA 
segment is obtained. Included Within the terms “DNA seg 
ment” and “polynucleotide” are DNA segments and smaller 
fragments of such segments, and also recombinant vectors, 
including, for example, plasmids, cosmids, phagemids, 
phage, viruses, and the like. 

[0106] As Will be understood by those skilled in the art, 
the DNA segments of this invention can include genomic 
sequences, extra-genomic and plasmid-encoded sequences 
and smaller engineered gene segments that express, or may 
be adapted to express, proteins, polypeptides, peptides and 
the like. Such segments may be naturally isolated, or modi 
?ed synthetically by the hand of man. 

[0107] The terms “isolated,”“puri?ed,” or “biologically 
pure” therefore refer to material that is substantially or 
essentially free from components that normally accompany 
it as found in its native state. Of course, this refers to the 
DNA segment as originally isolated, and does not exclude 
other isolated proteins, genes, or coding regions later added 
to the composition by the hand of man. Purity and homo 
geneity are typically determined using analytical chemistry 
techniques such as polyacrylamide gel electrophoresis or 
high performance liquid chromatography. A protein that is 
the predominant species present in a preparation is substan 
tially puri?ed. An isolated nucleic acid is separated from 
other open reading frames that ?ank the gene and encode 
proteins other than the gene. 

[0108] As Will be recogniZed by the skilled artisan, poly 
nucleotides may be single-stranded (coding or antisense) or 
double-stranded, and may be DNA (genomic, cDNA or 
synthetic) or RNA molecules. RNA molecules include 
HnRNA molecules, Which contain introns and correspond to 
a DNA molecule in a one-to-one manner, and mRNA 
molecules, Which do not contain introns. Additional coding 
or non-coding sequences may, but need not, be present 
Within a polynucleotide of the present invention, and a 
polynucleotide may, but need not, be linked to other mol 
ecules and/or support materials. 

[0109] Polynucleotides may comprise a native sequence 
(i.e., an endogenous sequence that encodes a Mycobacle 
rium antigen or a portion thereof) or may comprise a variant, 
or a biological or antigenic functional equivalent of such a 
sequence. Polynucleotide variants may contain one or more 
substitutions, additions, deletions and/or insertions, as fur 
ther described beloW, preferably such that the immunoge 
nicity of the encoded polypeptide is not diminished, relative 
to a native tumor protein. The effect on the immunogenicity 
of the encoded polypeptide may generally be assessed as 
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described herein. The term “variants” also encompasses 
homologous genes of xenogenic origin. 

[0110] In additional embodiments, the present invention 
provides isolated polynucleotides and polypeptides compris 
ing various lengths of contiguous stretches of sequence 
identical to or complementary to one or more of the 

sequences disclosed herein. For example, polynucleotides 
are provided by this invention that comprise at least about 
15, 20, 30, 40, 50, 75, 100, 150, 200, 300, 400, 500 or 1000 
or more contiguous nucleotides of one or more of the 
sequences disclosed herein as Well as all intermediate 
lengths there betWeen. It Will be readily understood that 
“intermediate lengths”, in this context, means any length 
betWeen the quoted values, such as 16, 17, 18, 19, etc.; 21, 
22, 23, etc.; 30, 31, 32, etc.; 50, 51, 52, 53, etc.; 100, 101, 
102, 103, etc.;150, 151, 152, 153, etc.; including all integers 
through 200-500; 500-1,000, and the like. 

[0111] The polynucleotides of the present invention, or 
fragments thereof, regardless of the length of the coding 
sequence itself, may be combined With other DNA 
sequences, such as promoters, polyadenylation signals, addi 
tional restriction enZyme sites, multiple cloning sites, other 
coding segments, and the like, such that their overall length 
may vary considerably. It is therefore contemplated that a 
nucleic acid fragment of almost any length may be 
employed, With the total length preferably being limited by 
the ease of preparation and use in the intended recombinant 
DNA protocol. For example, illustrative DNA segments With 
total lengths of about 10,000, about 5000, about 3000, about 
2,000, about 1,000, about 500, about 200, about 100, about 
50 base pairs in length, and the like, (including all interme 
diate lengths) are contemplated to be useful in many imple 
mentations of this invention. 

[0112] Moreover, it Will be appreciated by those of ordi 
nary skill in the art that, as a result of the degeneracy of the 
genetic code, there are many nucleotide sequences that 
encode a polypeptide as described herein. Some of these 
polynucleotides bear minimal homology to the nucleotide 
sequence of any native gene. Nonetheless, polynucleotides 
that vary due to differences in codon usage are speci?cally 
contemplated by the present invention, for example poly 
nucleotides that are optimiZed for human and/or primate 
codon selection. Further, alleles of the genes comprising the 
polynucleotide sequences provided herein are Within the 
scope of the present invention. Alleles are endogenous genes 
that are altered as a result of one or more mutations, such as 

deletions, additions and/or substitutions of nucleotides. The 
resulting mRNA and protein may, but need not, have an 
altered structure or function. Alleles may be identi?ed using 
standard techniques (such as hybridiZation, ampli?cation 
and/or database sequence comparison). 

Polynucleotide Identi?cation and Characterization 

[0113] Polynucleotides may be identi?ed, prepared and/or 
manipulated using any of a variety of Well established 
techniques. For example, a polynucleotide may be identi 
?ed, as described in more detail beloW, by screening a 
microarray of cDNAs for tumor-associated expression (i.e., 
expression that is at least tWo fold greater in a tumor than in 
normal tissue, as determined using a representative assay 
provided herein). Such screens may be performed, for 
example, using a Synteni microarray (Palo Alto, Calif.) 
according to the manufacturer’s instructions (and essentially 
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as described by Schena et al., Proc. Natl. Acad. Sci. USA 
93:10614-10619 (1996) and Heller et al., Proc. Natl. Acad. 
Sci. USA 94:2150-2155 (1997)). Alternatively, polynucle 
otides may be ampli?ed from cDNA prepared from cells 
expressing the proteins described herein, such as M tuber 
culosis cells. Such polynucleotides may be ampli?ed via 
polymerase chain reaction (PCR). For this approach, 
sequence-speci?c primers may be designed based on the 
sequences provided herein, and may be purchased or syn 
thesiZed. 

[0114] An ampli?ed portion of a polynucleotide of the 
present invention may be used to isolate a full length gene 
from a suitable library (e.g., a M tuberculosis cDNA library) 
using Well knoWn techniques. Within such techniques, a 
library (cDNA or genomic) is screened using one or more 
polynucleotide probes or primers suitable for ampli?cation. 
Preferably, a library is siZe-selected to include larger mol 
ecules. Random primed libraries may also be preferred for 
identifying 5' and upstream regions of genes. Genomic 
libraries are preferred for obtaining introns and extending 5' 
sequences. 

[0115] For hybridiZation techniques, a partial sequence 
may be labeled (e.g., by nick-translation or end-labeling 
With 32p) using Well knoWn techniques. A bacterial or 
bacteriophage library is then generally screened by hybrid 
iZing ?lters containing denatured bacterial colonies (or 
laWns containing phage plaques) With the labeled probe (see 
Sambrook et al., Molecular Cloning: A Laboratory Manual 
(1989)). HybridiZing colonies or plaques are selected and 
expanded, and the DNA is isolated for further analysis. 
cDNA clones may be analyZed to determine the amount of 
additional sequence by, for example, PCR using a primer 
from the partial sequence and a primer from the vector. 
Restriction maps and partial sequences may be generated to 
identify one or more overlapping clones. The complete 
sequence may then be determined using standard tech 
niques, Which may involve generating a series of deletion 
clones. The resulting overlapping sequences can then 
assembled into a single contiguous sequence. A full length 
cDNA molecule can be generated by ligating suitable frag 
ments, using Well knoWn techniques. 

[0116] Alternatively, there are numerous ampli?cation 
techniques for obtaining a full length coding sequence from 
a partial cDNA sequence. Within such techniques, ampli? 
cation is generally performed via PCR. Any of a variety of 
commercially available kits may be used to perform the 
ampli?cation step. Primers may be designed using, for 
example, software Well knoWn in the art. Primers are pref 
erably 22-30 nucleotides in length, have a GC content of at 
least 50% and anneal to the target sequence at temperatures 
of about 680 C. to 720 C. The ampli?ed region may be 
sequenced as described above, and overlapping sequences 
assembled into a contiguous sequence. 

[0117] One such ampli?cation technique is inverse PCR 
(see Triglia et al., Nucl. Acids Res. 16:8186 (1988)), Which 
uses restriction enzymes to generate a fragment in the 
knoWn region of the gene. The fragment is then circulariZed 
by intramolecular ligation and used as a template for PCR 
With divergent primers derived from the knoWn region. 
Within an alternative approach, sequences adjacent to a 
partial sequence may be retrieved by ampli?cation With a 
primer to a linker sequence and a primer speci?c to a knoWn 
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region. The ampli?ed sequences are typically subjected to a 
second round of ampli?cation With the same linker primer 
and a second primer speci?c to the knoWn region. A varia 
tion on this procedure, Which employs tWo primers that 
initiate extension in opposite directions from the knoWn 
sequence, is described in WO 96/38591. Another such 
technique is knoWn as “rapid ampli?cation of cDNA ends” 
or RACE. This technique involves the use of an internal 
primer and an external primer, Which hybridiZes to a polyA 
region or vector sequence, to identify sequences that are 5' 
and 3' of a knoWn sequence. Additional techniques include 
capture PCR (Lagerstrom et al., PCR Methods Applic. 1:11 
1-19 (1991)) and Walking PCR (Parker et al., Nucl. Acids. 
Res. 19:3055-60 (1991)). Other methods employing ampli 
?cation may also be employed to obtain a full length cDNA 
sequence. 

[0118] In certain instances, it is possible to obtain a full 
length cDNA sequence by analysis of sequences provided in 
an expressed sequence tag (EST) database, such as that 
available from GenBank. Searches for overlapping ESTs 
may generally be performed using Well knoWn programs 
(e.g., NCBl BLAST searches), and such ESTs may be used 
to generate a contiguous full length sequence. Full length 
DNA sequences may also be obtained by analysis of 
genomic fragments. 

Polynucleotide Expression in Host Cells 

[0119] In other embodiments of the invention, polynucle 
otide sequences or fragments thereof Which encode polypep 
tides of the invention, or fusion proteins or functional 
equivalents thereof, may be used in recombinant DNA 
molecules to direct expression of a polypeptide in appropri 
ate host cells. Due to the inherent degeneracy of the genetic 
code, other DNA sequences that encode substantially the 
same or a functionally equivalent amino acid sequence may 
be produced and these sequences may be used to clone and 
express a given polypeptide. 

[0120] As Will be understood by those of skill in the art, 
it may be advantageous in some instances to produce 
polypeptide-encoding nucleotide sequences possessing non 
naturally occurring codons. For example, codons preferred 
by a particular prokaryotic or eukaryotic host can be selected 
to increase the rate of protein expression or to produce a 
recombinant RNA transcript having desirable properties, 
such as a half-life Which is longer than that of a transcript 
generated from the naturally occurring sequence. 

[0121] Moreover, the polynucleotide sequences of the 
present invention can be engineered using methods gener 
ally knoWn in the art in order to alter polypeptide encoding 
sequences for a variety of reasons, including but not limited 
to, alterations Which modify the cloning, processing, and/or 
expression of the gene product. For example, DNA shuf?ing 
by random fragmentation and PCR reassembly of gene 
fragments and synthetic oligonucleotides may be used to 
engineer the nucleotide sequences. In addition, site-directed 
mutagenesis may be used to insert neW restriction sites, alter 
glycosylation patterns, change codon preference, produce 
splice variants, or introduce mutations, and so forth. 

[0122] In another embodiment of the invention, natural, 
modi?ed, or recombinant nucleic acid sequences may be 
ligated to a heterologous sequence to encode a fusion 
protein. For example, to screen peptide libraries for inhibi 


































































































































