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Description

[0001] The invention is in the field of tuberculosis and,
specifically, reagents useful for generating immure re-
sponses to Mycobacterium tuberculosis and for diagnos-
ing infection and disease in a subject that has been ex-
posed to M. tuberculosis.

Background of the Invention

[0002] Tuberculosis infection continues to be a world-
wide health problem. This situation has recently been
greatly exacerbated by the emergence of multi-drug re-
sistant strains of M. tuberculosis and the international
AIDS epidemic. It has thus become increasingly impor-
tant that effective vaccines against and reliable diagnos-
tic reagents for M. tuberculosis be produced.

Summary of the Invention

[0003] Theinventionis based on theinventor’s discov-
ery 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. tuberculosis and
BCG and, in particular, for diagnostic methods (e.g., skin
tests and in vitro assays for M. tuberculosis-specific an-
tibodies and lymphocyte responsiveness) which discrim-
inate between exposure of a subject to M. tuberculosis
and vaccination with BCG. Thus, the present invention
relates to in vitromethods of diagnosis which discriminate
between exposure of a subject to M. tuberculosis and
exposure of a subject to BCG. In one embodiment, the
method comprises testing a population of cells from a
subject for the presence of CD4 T Lymphocytes that re-
spond to MTBN4, as depicted in Figure 1, wherein the
presence of CD4 T lymphocytes that respond to MTBN4
indicates that the subject has been exposed to M. tuber-
culosis and not to BCG without exposure to M. tubercu-
losis.

[0004] Inan alternative embodiment, the method com-
prises testing a subject for the presence of B lymphocytes
which produce antibodies that bind to MTBN4, the testing
being carried out on a bodily fluid from the subject, where-
in the presence in the subject of B lymphocytes that pro-
duce antibodies that bind to MTBN4 indicates that the
subject has been Infected by exposure to M. tuberculosis
and not to BCG without exposure to M. tuberculosis.
[0005] The invention also features vectors comprising
the DNA molecules encoding polypeptides MTBN4 and
compositions comprising these polypeptides. A variety
of diagnostic methodologies utilizing the foregoing are
also provided.
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[0006] In one embodiment, the invention features a
vector comprising: (a) the DNA molecule encoding the
polypeptide MTBN4, as depicted in Figure 1, and (b) tran-
scriptional and translational regulatory sequences oper-
ationally linked to said DNA sequence, said regulatory
sequences allowing for expression of the polypeptide en-
coded by said DNA sequence In a cell, for use as a di-
agnostic. The encoded polypeptide has Mycobacterium
tuberculosis specific antigenic and immunogenic prop-
erties. Also defined herein is an isolated portion of the
above DNA molecule. The portion of the DNA molecule
encodes a segment of the polypeptide shorter than the
full-length polypeptide, and the segment has Mycobac-
terium tuberculosis specific antigenic and immunogenic
properties. Cells which can be used to express the
polypeptide encoded within the vector include both eu-
karyotic and prokaryotic cells.

[0007] The above vectors can be incorporated into
compositions comprising a pharmaceutically acceptable
diluent or filler. Other compositions which can be used
contain at least two (eg three, four, five, six, seven, eight,
nine, ten, twelve, fifteen, or twenty) DNA sequences,
each encoding a polypeptide of the Mycobacterium tu-
berculosis 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, at least one (eg
two, three, four, five, six, seven or eight) of the DNA se-
quences is a DNA molecule encoding the polypeptide
MTBN4, as depicted in Figure 1. The encoded polypep-
tides will preferably be those not encoded by the genome
of cells of the BCG strain of M. bovis.

[0008] The specification describes a polypeptide com-
prising the MTBN4 sequence as depicted in Fig. 1. The
invention also features a composition comprising said
polypeptide and at least one other polypeptide of the My-
cobacterium tuberculosis complex, not being encoded
by the genome of the cells of the BCG strain of Myco-
bacterium bovis, for use as a diagnostic. The atleast one
other polypeptide can be selected from the group con-
sisting of MTBN1, MTBN2, MTBN3, MTBN4, MTBNS5,
MTBNG6, MTBN7 and MTBNS8 as depicted in Figure 1, or
polypeptides with amino acid sequences identical thereto
with conservative substitutions. The polypeptide has My-
cobacterium tuberculosis specific antigenic and immu-
nogenic properties. Also defined herein is an isolated
segment of the above polypeptides, the segment being
shorter than the full-length polypeptide and having My-
cobacterium tuberculosis specific antigenic and immu-
nogenic properties. The polypeptides and composition
of the invention can be used with a pharmaceutically ac-
ceptable diluent or filler. Compositions of the invention
can also contain at least two (eg three, four, five, six,
seven, eight, nine, ten, twelve, fifteen, or twenty) polypep-
tides of the Mycobacterium tuberculosis complex, or
functional segments thereof, with at least one of the at
least two (eg two, three, four, five, six, seven, or eight)
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polypeptides comprising the MTBN4 sequence, as de-
picted in figure 1. The polypeptides will preferably be
those not encoded by the genome of cells of the BCG
strain of M. bovis.

[0009] The invention also features polypeptides, com-
positions and vectors as defined above, for use as diag-
nostics. Although not part of the invention as such, meth-
ods can be employed involving (a) administration of one
of the above polypeptide compositions to a subject sus-
pected of having or being susceptible to Mycobacterium
tuberculosis infection; and (b) detecting an immune re-
sponse in the subject to 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 testin which the test substance (e.g., compositions
containing one or more of MTBN1 - MTBNS8) is injected
intradermally into the subject and in which a skin delayed-
type hypersensitivity response is tested for.

[0010] In a further aspect, the invention relates to an
in vitro method of diagnosis comprising (a) contacting
CD4 T lymphocytes with antigen presenting cells (APC)
in the presence of a polypeptide comprising the MTBN4
sequence, as depicted in Figure 1, wherein said CD4 T
lymphocytes are from a population of cells from a subject,
and wherein said APC express at least one major histo-
compatibility complex (MHC) class 1l molecule ex-
pressed by said subject; and (b) determining the ability
of said CD4 T lymphocytes to respond to said polypep-
tide, as an indication that said subject has or is suscep-
tible to Mycobacterium tuberculosis infection. Another in
vitro diagnostic method of the invention involves: (a) con-
tacting a polypeptide comprising the MTBN4 sequence,
as depicted in Figure 1 with a bodily fluid of a subject; (b)
detecting the presence of binding of antibody to said
polypeptide as indication that said subject has or is sus-
ceptible to Mycobacterium tuberculosis infection.
[0011] In the above in vitro diagnostic methods of the
invention, the polypeptide comprising MTBN4 may be
present within a composition comprising at least one oth-
er polypeptide as defined above.

[0012] Also encompassed by the invention is the use
of a polypeptide composition or vector as defined herein,
for the manufacture of a medicament for diagnosing ex-
posure of a subject to Mycobacterium tuberculosis.
[0013] As used herein, an "isolated DNA molecule" is
a DNA which is one or both of: not immediately contigu-
ous 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 fee of DNA sequence with which it occurs
in the organism from which the DNA is derived. The term
includes, for example, a recombinant DNA which incor-
porated into a vector, e.g., into an autonomously repli-
cating 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) inde-

10

15

20

25

30

35

40

45

50

55

pendent of other DNA sequences. Isolated DNA also in-
cludes a recombinant DNA which is part of a hybrid DNA
encoding additional M. tuberculosis polypeptide se-
quences.

[0014] "DNAmolecules"include cDNA, genomic DNA,
and synthetic (e.g., chemically synthesized) DNA. Where
single-stranded, the DNA molecule may be a sense
strand or an antisense strand.

[0015] An "isolated polypeptide" of the invention is a
polypeptide which either has no naturally-occurring
counterpart, or has been separated or purified from com-
ponents which naturally accompany it, e.g., in M. tuber-
culosis bacteria. Typically, the polypeptide is considered
"isolated" wheniitis at least 70%, by dry weight, free from
the proteins and naturally-occurring organic molecules
with which it is naturally associated. Preferably, a prep-
aration of a polypeptide of the invention is at least 80%,
more preferably atleast 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 na-
ture, separated from the components that naturally ac-
company it, the synthetic polypeptide is "isolated."
[0016] 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 synthesis. A polypeptide that is produced in
a cellular system different from the source from which it
naturally originates is "isolated," because it will be sep-
arated from components which naturally accompany it.
The extent of isolation or purity can be measured by any
appropriate method, e.g., column chromatography, poly-
acrylamide gel electrophoresis, or HPLC analysis.
[0017] The polypeptides may contain a primary amino
acid sequence that has been modified from those dis-
closed herein. Preferably these modifications consist of
conservative amino acid substitutions. Conservative
substitutions typically include substitutions within the fol-
lowing groups: glycine and alanine; valine, isoleucine,
and leucine; aspartic acid and glutamic acid; asparagine
and glutamine; serine and threonine; lysine and arginine;
and phenylalanine and tyrosine.

[0018] 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 “Myco-
bacterium tuberculosis polypeptide" includes full-length,
naturally occurring Mycobacterium tuberculosis protein,
as well a recombinantly or synthetically produced
polypeptide that corresponds to a full-length naturally oc-
curring Mycobacterium tuberculosis protein or to partic-
ular domains or portions of a naturally occurring protein.
The term also encompasses a mature Mycobacterium
tuberculosis polypeptide which has an added amino-ter-
minal methionine (useful for expression in prokaryotic
cells) or any short amino acid sequences useful for pro-
tein purification by affinity chromatography, e.g., polyhis-
tidine for purification by metal chelate chromatography.
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[0019] Asused herein, "immunogenic" means capable
of activating a primary or memory immune response. Im-
mune responses include responses of CD4+ and CD8+
T lymphocytes and B-lymphocytes. In the case of T lym-
phocytes, such responses can be proliferative, and/or
cytokine (e.g., interleukin(IL)-2, IL-3, IL-4, IL-5, IL-6, IL-
12, IL-13, IL-15, tumor necrosis factor-o. (TNF-a), or in-
terferon-y (IFN-v))-producing, or they can result in gen-
eration of cytotoxic T-lymphocytes (CTL). B-lymphocyte
responses can be those resulting in antibody production
by the responding B lymphocytes.

[0020] As used herein, "antigenic" means capable of
being recognized by either antibody molecules or anti-
gen-specific T cell receptors (TCR) on activated effector
T cells (e.g., cytokine-producing T cells or CTL).

[0021] Thus, polypeptides that have "Mycobacterium
tuberculosis specific antigenic properties" are polypep-
tides that: (a) can be recognized by and bind to antibodies
elicited in response to Mycobacterium tuberculosis or-
ganisms or wild-type Mycobacterium tuberculosis mole-
cules (e.g., polypeptides); or (b) contain subsequences
which, subsequent to processing of the polypeptide by
appropriate antigen presenting cells (APC) and bound to
appropriate major histocompatibility complex (MHC)
molecules, are recognized by and bind to TCR on effector
T cells elicited in response to Mycobacterium tuberculo-
sis organisms or wild-type Mycobacterium tuberculosis
molecules (e.g., polypeptides).

[0022] As used herein, polypeptides that have "Myco-
bacterium tuberculosis specific immunogenic proper-
ties" are polypeptides that: (a) can elicit the production
of antibodies that recognize and bind to Mycobacterium
tuberculosis organisms or wild-type Mycobacterium tu-
berculosis molecules (e.g., polypeptides); or (b) contain
subsequences which, subsequent to processing of the
polypeptide by appropriate antigen presenting cells
(APC) and bound to appropriate major histocompatibility
complex (MHC) molecules on the surface of the APC,
activate T cells with TCR that recognize and bind to pep-
tide fragments derived by processing by APC of Myco-
bacterium tuberculosis organisms or wild-type Mycobac-
terium tuberculosis molecules (e.g., polypeptides) and
bound to MHC molecules on the surface of the APC. The
immune responses elicited in response to the immuno-
genic polypeptides are preferably protective. As used
herein, "protective” means preventing establishment of
aninfection or onset of adisease or lessening the severity
of a disease existing in a subject. "Preventing" can in-
clude delaying onset, as well as partially or completely
blocking progress of the disease.

[0023] As used herein, a "functional segment of a My-
cobacterium tuberculosis polypeptide" is a segment of
the polypeptide that has Mycobacterium tuberculosis
specific antigenic and immunogenic properties.

[0024] Where a polypeptide, functional segment of a
polypeptide, or a mixture of polypeptides and/or function-
al segments have been administered (e.g., by intrader-
mal injection) to a subject for the purpose of testing for
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a M. tuberculosis infection or susceptibility to such an
infection, "detecting an immune response" means exam-
ining the subject for signs of a immunological reaction to
the administered material, e.g., reddening or swelling of
the skin at the site of an intradermal injection. 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.

[0025] As used herein, a "subject" can be a human
subject or a non-human mammal such as a non-human
primate, a horse, a bovine animal, a pig, a sheep, a goat,
a dog, a cat, a rabbit, a guinea pig, a hamster, a rat, or
a mouse.

[0026] Unless otherwise defined, all technical and sci-
entificterms used herein have the same meaning as com-
monly 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. Pre-
ferred methods and materials are described below, al-
though methods and materials similar or equivalent to
those described herein can be used in the practice or
testing of the present invention. Unless otherwise indi-
cated, these materials and methods are illustrative only
and are notintended to be limiting. All publications, patent
applications, patents and other references mentioned
herein are illustrative only and not intended to be limiting.
[0027] Otherfeatures and advantages of the invention,
e.g., methods of diagnosing M. tuberculosis infection,
will be apparent from the following description, from the
drawings and from the claims.

Brief Description of the Drawings

[0028]

Figure 1 is a depiction of the amino acid sequences
of M. tuberculosis polypeptides MTBN1-MTBNS.
Figure 2 is a depiction of the nucleotide sequences
of the coding regions (mtbnl-mtbn8) encoding
MTBN1-MTBNS.

Figure 3 is a bar graph showing the delayed-type
hypersensitivity responses induced by intradermal
injection of 3 different test reagents in female guinea
pigs that had been either infected with M. tubercu-
losis cells or sensitized with BCG or M. avium cells.

Detailed Description

[0029] 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 ORFs
are designated herein "M. tuberculosis BCG Negative"
polypeptides ("MTBN") and the ORFs are designated
"mtbn." The invention is based on the discovery that a
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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. tubercu-
losis-complex strain of mycobacteria (see Example 1 be-
low). These findings indicate that MTBN (e.g., MTBN1-
MTBNS8) 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-com-
plex and BCG. The M. tuberculosis-complex includes M.
tuberculosis, M. bovis, M. microti, and M. africanum.
Thus they can be used to discriminate subjects exposed
to M. tuberculosis, and thus potentially having or being
in danger of having tuberculosis, from subjects that have
been vaccinated with BCG, the most widely used tuber-
culosis vaccine. Diagnostic assays that are capable of
such discrimination represent a major advance that will
greatly reduce wasted effort and consequent costs re-
sulting 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
inducing a strong immune response in subjects infected
with the organisms and thus has the potential to be a
vaccine.

[0030] The MTBN polypeptides defined hereininclude,
for example, polypeptides encoded within the RD1, RD2,
and RD3 regions of the M. tuberculosis genome [Ma-
hairas et al. (1996) J. Bacteriol. 178:1274-1282]. Of par-
ticular interest are polypeptides encoded by ORFs within
the RD1 regions of the M. tuberculosis genome. The ami-
no acid sequences of MTBN1-MTBNS8 are shown in Fig.
1 and the nucleotide sequences of mtbn1-mtbn8 are
shown in Fig. 2.

[0031] Described herein are: (a) isolated DNA mole-
cules containing mtbn sequences (e.g., mtbn1-mtbn8)
encoding MTBN polypeptides (e.g., MTBN1-MTBNS)
and isolated portions of such DNA molecules thatencode
polypeptide segments having antigenic and immunogen-
ic properties (i.e., functional segments); (b) the MTBN
polypeptides themselves (e.g., MTBN1-MTBN8) 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-MTBN8) and
functional segments; (d) nucleic acid molecules (e.g.,
vectors) containing and capable of expressing one or
more of the mtbn (e.g., mtbn1-mtbn8) sequences and
portions of DNA molecules; (e) cells (e.g., bacterial,
yeast, insect, or mammalian cells) transformed by such
vectors; (f) compositions containing vectors encoding
one or more M. tuberculosis polypeptides (or functional
segments) including both the MTBN (e,g., MTBN1-
MTBNS8) polypeptides (or functional segments thereof)
and previously described M. tuberculosis polypeptides
such as ESAT-6, 14 kDa antigen, MPT63, 19 kDa anti-
gen, MPT64, MPT51, MTC28, 38 kDa antigen, 45/47 kDa
antigen, MPB70, Ag85 complex, MPT53, and KatG (see
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also U.S. application 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) com-
positions containing one or more of the antibodies de-
scribed in (c); (i) methods of diagnosis involving either
(1) administration (e.g., intradermal injection) of any of
the above polypeptide compositions to a subject suspect-
ed of having or being susceptible to M. tuberculosis in-
fection, (2) in vitro testing of lymphocytes (B-lym-
phocytes, CD4 T lymphocytes, and CD8 T lymphocytes)
from such a subject for responsiveness (e.g., by meas-
uring 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 bronchoalveolar lavage, a vaginal lavage, or lower
gastrointestinal lavage) for antibodies to the MTBN
polypeptides (e.g., MTBN1-MTBNS8) or functional seg-
ments thereof, or the above-described polypeptide com-
positions; (4) testing of a bodily fluid (e.g., as above) for
the presence of M. tuberculosis, MTBN (e.g., MTBN1-
MTBNS8) polypeptides or functional segments thereof, or
the above-described polypeptide compositions in assays
using the antibodies described in (c); 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 mole-
cules (e.g., DNA or RNA) encoding MTBN polypeptides
(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 ad-
ministration to a subject of the compositions of either (f),
(9), (h) or a combination of any two or even all 3 compo-
sitions.

[0032] With respect to diagnosis, purified MTBN pro-
teins, functional 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. Further-
more, compositions containing the proteins, functional
segments of the proteins, or mixtures of the proteins
and/or the functional segments allows for improved qual-
ity control since "batch-to-batch" variability is greatly re-
duced in comparison to complex mixtures such as puri-
fied protein derivative (PPD) of tuberculin.

[0033] 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. tuberculosis polypeptides encoded by genes
absent from avirulent BCG are likely to be mediators of
virulence, immunity directed to them can be especially
potentin terms of protective capacity. Where vaccination
is performed with nucleic acids both in vivo and ex vivo
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methods can be used. /n vivo methods involve adminis-
tration of the nucleic acids themselves to the subject and
ex vivo methods involve obtaining cells (e.g., bone mar-
row cells or fibroblasts) from the subject, transducing the
cells with the nucleic acids, preferably selecting or en-
riching for successfully transduced cells, and administer-
ing 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 vacci-
nation and diagnosis are described in greater detail in
U.S. application no. 08/796,792.

[0034] The following example is meant to illustrate, not
limit the invention.

Example 1. MPBN4 Elicits a Specific skin Reaction
in Guinea Pigs Infected with M. tuberculosis

[0035] Four groups of outbred female guinea pigs (18
per group) were used to test the usefulness of the MTBN4
polypeptide as a M. tuberculosis-specific diagnostic re-
agents. The four groups were treated as follows.

Group 1 animals were infected by aerosol with approxi-
mately 100 M. tuberculosis strain H37Ryv cells.

Group 2 animals were sensitized intradermally with 108
live M. bovis BCG Japanese cells.

Group 3 animals were sensitized intradermally with 108
live M. avium cells.

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

[0036] Sevenweeks afterinfection or sensitization, the
animals were injected intradermally with 1 g of PPD (6
animals from each group), 2 p.g of purified recombinant
MPT64 (6 animals from each group), or 2 ug of MTBN4
(6 animals from each group). The diameter of the result-
ing erythema was measured 24 hours later. Data are
expressed as mean diameter of erythema (in mm) and
standard deviations are indicated (Fig. 3).

[0037] No erythema was detected in the group 4 ani-
mals with any test substance and thus no data are shown
for this group. On the other hand, group 1 animals (solid
bars) showed a significant response with all three test
substance. Group 2 animals (open bars) showed a sig-
nificant response to PPD and MPT64 but not MTBN4.
Group 3 animals showed a significant response to PPD
only (hatched bars).

[0038] Thus, PPD which contains antigenic/immuno-
genic molecules common to the M. tuberculosis-complex
as well as other mycobacterial strains, gave the least
discriminatory results in that it induced responses in an-
imals infected with or sensitized to mycobacteria of the
M. tuberculosis-complex (M. tuberculosis and BCG) as
well as another non-pathogenic mycobacterium (M. avi-
um). 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 sensi-
tized animals. Finally, MTBN4 elicited a response in only
the M. tuberculosis animals. Thus it induced the most
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specific response and, most importantly, allowed for dis-
crimination between animals infected with M. tuberculo-
sis and those sensitized to BCG.

[0039] Althoughthe invention has been described with
reference to the presently preferred embodiment, it
should be understood that various modifications can be
made. Accordingly, the invention is limited only by the
following claims.

Claims

1. An in vitro method of diagnosis which discriminates
between exposure of a subject to Mycobacterium
tuberculosis (M. tuberculosis) and exposure of a
subject to the Bacille Calmette Guerin strain of My-
cobacterium bovis (BCG), the method comprising
testing a population of cells from a subject for the
presence of CD4 T lymphocytes that respond to
MTBN4, as depicted in Figure 1, wherein the pres-
ence of CD4 T lymphocytes that respond to MTBN4
indicates that the subject has been exposed to M.
tuberculosis and not to BCG without exposure to M.
tuberculosis.

2. Anin vitro method of diagnosis which discriminates
between exposure of a subject to M. tuberculosis
and exposure of a subject to BCG, the method com-
prising: testing a subject for the presence of B lym-
phocytes which produce antibodies that bind to
MTBN4, the testing being carried out on a bodily fluid
from the subject, wherein the presence in the subject
of B lymphocytes that produce antibodies that bind
to MTBN4 indicates that the subject has been infect-
ed by exposed to M. tuberculosis and not to BCG
without exposure to M. tuberculosis.

3. A method as claimed in claim 1 or claim 2, wherein
said polypeptide is present within a composition
comprising at least one other polypeptide of the M.
tuberculosis complex, said at least one other
polypeptide not being encoded by the genome of the
cells of the BCG strain of Mycobacterium bovis.

4. The method of claim 1, wherein the testing of the
population of cells from the subject for the presence
in the subject of CD4 T lymphocytes that respond to
MTBN4 comprises contacting CD4 T lymphocytes
from the subject with antigen presenting cells (APC)
and MTBN4 or one or more antigenic fragments
thereof.

5. The method of claim 1, wherein the testing of the
population of cells from the subject for the presence
in the subject of CD4 T lymphocytes that respond to
MTBN4 comprises testing for cytokine production.

6. The method of claim 5, wherein the cytokine meas-



8.

10.

11.

12.

13.

11 EP 1214 088 B1 12

ured is IFNy.

The method of claim 1, wherein testing a population
of cells from a subject for the presence of CD4 T
lymphocytes that respond to MTBN4 comprises:

(a) contacting CD4 T lymphocytes with antigen
presenting cells (APC) in the presence of
MTBN4 or one or more antigenic fragments
thereof, wherein said CD4 T lymphocytes are
from a population of cells from a subject, and
wherein said APC express at least one major
histocompatability complex (MHC) class Il mol-
ecule expressed by said subject; and

(b) determining the ability of said CD4 T lym-
phocytes to respond to MTBN4 or one or more
antigenic fragments thereof.

The method of claim 2, wherein testing for the pres-
ence in the subject of B lymphocytes that produce
antibodies that bind to MTBN4, comprises:

(a) contacting the bodily fluid from the subject
with MTBN4 or one or more antigenic fragments
thereof; and

(b) testing for binding of antibody in the body
fluid to MTBN4, or the one or more antigenic
fragments thereof.

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

The method of claim 8, wherein the bodily fluid is
plasma or serum.

A composition comprising at least two polypeptides
of the M. tuberculosis complex, said at least two
polypeptides consisting of the MTBN4 sequence, as
depicted in Figure 1, and

at least one other polypeptide of the M. tuberculosis
complex, which is not encoded by the genome of the
cells of BCG strain of M. bovis.

A vector comprising:

(a) the DNA molecule encoding the polypeptide
MTBN4, as depicted in Figure 1; and

(b) transcriptional and translational regulatory
sequences linked to said DNA sequence, said
regulatory sequences allowing for expression of
the polypeptide encoded by said DNA sequence
in a cell,

for use as a diagnostic.
The use of a polypeptide comprising the MTBN4 se-

quence, as depicted in Figure 1, a composition as
defined in claim 11, or a vector as defined in claim

6]
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12, for the manufacture of a medicament for diag-
nosing exposure of a subject to M. tuberculosis.

Patentanspriiche

1.

Ein in vitro-Vertahren zur Diagnose, welches zwi-
schen der Exposition eines Subjekts an Mycobacte-
rium tuberculosis (M. tuberculosis) und der Exposi-
tion eines Subjekts an den Bacille Calmette Guerin-
Stamm von Mycobacterium bovis (BCG) unterschei-
det, wobei das Verfahren das Testen einer Popula-
tion von Zellen aus einem Subjekt auf das Vorliegen
von CD4 T-Lymphozyten, die auf MTBN4, wie es in
Figur 1 dargestellt ist, ansprechen, umfasst, wobei
das Vorliegen von CD4 T-Lymphozyten, die auf
MTBN4 ansprechen, anzeigt, dass das Subjekt an
M. tuberculosis und nicht an BCG ohne Exposition
an M. tuberculosis exportiert wurde.

Ein in vitro-Verfahren zur Diagnose, welches zwi-
schen der Exposition eines Subjekts an M. tubercu-
losis und der Exposition eines Subjekts an BCG un-
terscheidet, wobei das Verfahren umfasst: das Te-
sten eines Subjekts auf das Vorliegen von B-Lym-
phozyten, die Antikdrper produzieren, diean MTBN4
binden, wobei das Testen mit einer Kérperflissigkeit
aus dem Subjekt durchgefiihrt wird, wobei das Vor-
liegen in dem Subjekt von B-Lymphozyten, die An-
tikérper produzieren, die an MTBN4 binden, anzeigt,
dass das Subjekt durch Exposition an M. tuberculo-
sis und nicht an BCG ohne Exposition an M. tuber-
culosis infiziert wurde.

Ein Verfahren wie in Anspruch 1 oder Anspruch 2
beansprucht, wobei das Polypeptid in einer Zusam-
mensetzung vorliegt, die wenigstens ein anderes
Polypeptid des M. tuberculosis-Komplexes umfasst,
wobei das wenigstens eine andere Polypeptid nicht
von dem Genom der Zellen des BCG-Stamms von
Mycobacterium bovis codiert wird.

Das Verfahren nach Anspruch 1, wobei das Testen
der Population von Zellen aus dem Subjekt auf das
Vorliegen in dem Subjekt von CD4 T-Lymphozyten,
die auf MTBN4 ansprechen, das Inkontaktbringen
von CD4 T-Lymphozyten aus dem Subjekt mit Anti-
gen prasentierenden Zellen (APC) und MTBN4 oder
einem oder mehreren antigenen Fragmenten davon
umfasst.

Das Verfahren nach Anspruch 1, wobei das Testen
der Population von Zellen aus dem Subjekt auf das
Vorliegen in dem Subjekt von CD4 T-Lymphozyten,
die auf MTBN4 ansprechen, das Testen auf eine Cy-
tokinproduktion umfasst.

Das Verfahren nach Anspruch 5, wobei das gemes-
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sene Cytokin IFNy ist.

Das Verfahren nach Anspruch 1, wobei das Testen
einer Population von Zellen aus einem Subjekt auf
das Vorliegen von CD4 T-Lymphozyten, die auf
MTBN4 ansprechen, umfasst:

(a) das Inkontaktbringen von CD4 T-Lymphozy-
ten mit Antigen présentierenden Zellen (APC)
in der Gegenwart von MTBN4 oder einem oder
mehreren antigenen Fragmenten davon, wobei
die CD4 T-Lymphozyten aus einer Population
von Zellen aus einem Subjekt stammen und wo-
bei die APC wenigstens ein Haupthistokompa-
tibilitatskomplex (MHC) Klasse II-Molekul expri-
mieren, das von dem Subjekt exprimiert wird;
und

(b) das Bestimmen der Fahigkeit der CD4 T-
Lymphozyten, auf MTBN4 oder eines oder meh-
rere antigene Fragmente davon anzusprechen.

Das Verfahren nach Anspruch 2, wobei das Testen
auf das Vorliegen in dem Subjekt von B-Lymphozy-
ten, die Antikérper produzieren, die an MTBN4 bin-
den, umfasst:

(a) das Inkontaktbringen der Koérperflissigkeit
aus dem Subjekt mit MTBN4 oder einem oder
mehreren antigenen Fragmenten davon; und
(b) das Testen auf eine Bindung von Antikdrpern
in der Korperflissigkeitan MTBN4 oder das eine
oder die mehreren Fragmente davon.

Das Verfahren nach Anspruch 8, wobei die Korper-
flissigkeit Blut ist.

Das Verfahren nach Anspruch 8, wobei die Korper-
flissigkeit Plasma oder Serum ist.

Eine Zusammensetzung, welche wenigstens zwei
Polypeptide des M. tuberculosis-Kompexes um-
fasst, wobei die wenigstens zwei Polypeptide aus
der MTBN4-Sequenz, wie sie in Figur 1 dargestellt
ist, und

wenigstens einem anderen Polypeptid des M. tuber-
culosis-Komplexes, welches nicht von dem Genom
der Zellen des BCG-Stamms von M. bovis codiert
wird, bestehen.

Ein Vektor, welcher umfasst:

(a) das DNA-Molekiil, welches das Polypeptid
MTBN4, wie es in Figur 1 dargestelltist, codiert;
und

(b) transkriptionale und translationale regulato-
rische Sequenzen, die mit der DNA-Sequenz
verknupft sind, wobei die regulatorischen Se-
quenzen eine Expression des Polypeptids, das
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13.

von der DNA-Sequenz codiert wird, in einer Zel-
le erlauben,

zur Verwendung als ein Diagnostikum.

Die Verwendung eines Polypeptids, welches die
MTBN4-Sequenz, wie sie in Figur 1 dargestellt wird,
umfasst, einer Zusammensetzung, wie sie in An-
spruch 11 definiert wird, oder eines Vektors, wie er
in Anspruch 12 definiert wird, zur Herstellung eines
Medikaments zum Diagnostizieren der Exposition
eines Subjekts an M. tuberculosis.

Revendications

Procédé de diagnostic in vitro qui fait une distinction
entre I'exposition d’un sujet a Mycobacterium tuber-
culosis (M. tuberculosis) et 'exposition d’un sujet a
la souche du Bacille de Calmette Guérin de Myco-
bacterium bovis (BCG), le procédé comprenant
'analyse d’une population de cellules provenant
d’un sujet en ce qui concerne la présence de lym-
phocytes T CD4 répondant a MTBN4, comme décrit
dans la Figure 1, analyse selon laquelle la présence
de lymphocytes T CD4 répondant a MTBN4 indique
que le sujet a été exposé a M. tuberculosis et pas
au BCG sans exposition a M. tuberculosis.

Procédé de diagnostic in vitro qui fait une distinctioj
entre I'exposition d’'un sujet a M. tuberculosis et I'ex-
position d’un sujet au BCG, le procédé comprenant :
I'analyse d’'un sujet en ce qui concerne la présence
de lymphocytes B qui produisent des anticorps se
lianta MTBN4, I'analyse étant effectuée sur un fluide
corporel provenant du sujet, analyse selon laquelle
la présence chez le sujet de lymphocytes B qui pro-
duisent des anticorps se liant a MTBN4 indiquent
que le sujet a été infecté par une exposition a M.
tuberculosis et pas au BCG sans exposition a M.
tuberculosis.

Procédé selon la revendication 1 ou la revendication
2, dans lequel ledit polypeptide est présent dans une
composition comprenant au moins un autre polypep-
tide du complexe de M. tuberculosis, ledit au moins
un autre polypeptide n’étant pas codé par le génome
des cellules de la souche du BCG de Mycobacterium
bovis.

Procédé selon la revendication 1, dans lequel I'ana-
lyse de la population de cellules provenant du sujet
en ce qui concerne la présence chez le sujet de lym-
phocytes T CD4 répondant a MTBN4 comprend la
mise en contact de lymphocytes T CD4 provenant
du sujet avec des cellules présentatrices d’antigéne
(APC) et MTBN4 ou un ou plusieurs fragments an-
tigéniques de celui-ci.
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Procédé selon la revendication 1, dans lequel 'ana-
lyse de la population de cellules provenant du sujet
en ce qui concerne la présence chez le sujet de lym-
phocytes T CD4 répondant a MTBN4 comprend une
analyse de la production de cytokine.

Procédé selon la revendication 5, dans lequel la cy-
tokine mesurée est IFN-y.

Procédé selon la revendication 1, dans lequel une
analyse d’une population de cellules provenant d’un
sujet en ce qui concerne la présence de lymphocytes
T CD4 répondant a MTBN4 comprend :

(a) la mise en contact de lymphocytes T CD4
avec des cellules présentatrices d’antigéne
(APC) en présence de MTBN4 ou un ou plu-
sieurs fragments antigéniques de celui-ci, dans
laquelle lesdits lymphocytes T CD4 proviennent
d’une population de cellules provenant d’'un su-
jet, et dans laquelle lesdites APC expriment au
moins une molécule de classe Il du complexe
majeur d’histocompatibilité (MHC) exprimé par
ledit sujet ; et

(b) la détermination de la capacité desdits lym-
phocytes T CD4 a répondre au MTBN4 ou a un
ou plusieurs fragments antigeniques de celui-ci.

Procédé selon la revendication 2, dans lequel 'ana-
lyse en ce qui concerne la présence chez le sujet de
lymphocytes B qui produisent des anticorps se liant
a MTBN4, comprend :

(a) la mise en contact du fluide corporel prove-
nant du sujet avec MTBN4 ou un ou plusieurs
fragments antigéniques de celui-ci ; et

(b) 'analyse de la liaison de I'anticorps du fluide
corporel a MTBN4, ou a un ou plusieurs frag-
ments antigéniques de celui-ci.

Procédé selon la revendication 8, dans lequel le flui-
de corporel est du sang.

Procédé selon la revendication 8, dans lequel le flui-
de corporel est du plasma ou du sérum.

Composition comprenant au moins deux polypepti-
des du complexe de M. tuberculosis, lesdits au
moins deux polypeptides consistant en la séquence
de MTBN4, comme décrit dans la Figure 1, et

au moins un autre polypeptide du complexe de M.
tuberculosis, qui n’est pas codé par le génome des
cellules de la souche du BCG de M. bovis.

Vecteur comprenant ;

(a) la molécule d’ADN codant pour le polypep-
tide MTBN4, comme décrit dans la Figure 1 ; et
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(b) les séquences de régulation de transcription
et de traduction liées a ladite séquence d’ADN,
lesdites séquences de régulation permettant
I'expression du polypeptide codé par ladite sé-
quence d’ADN dans une cellule,

pour une utilisation en tant que diagnostic.

Utilisation d’un polypeptide comprenant la séquence
MTBN4, comme décrit dans la Figure 1, une com-
position telle que définie dans la revendication 11,
ou un vecteur tel que défini dans la revendication
12, pour la préparation d’'un médicament pour dia-
gnostiquer I'exposition d’un sujet a M. tuberculosis.
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FIG. 1

MTBN1
MTAEPEVRTLREVVLDQLGTAESRAYKMWLPPLTNPVPLNELIARDRRQPLRFALGIMDE

PRRHLQDVWGVDVSGAGGNIGIGGAPQTGKSTLLQTMVMSAAATHSPRNVQFYCIDLGGG
GLIYLENLPHVGGVANRSEPDKVNRVVAEMQAVMRQRETTFKEHRVGSIGMYRQLRDDPS
QPVASDPYGDVFLIIDGWPGFVGEFPDLEGQVQDLAAQGLAFGVHVIISTPRWTELKSRV
RDYLGTKIEFRLGDVNETQIDRITREIPANRPGRAVSMEKHHLMIGVPRFDGVHSADNLV
EAITAGVTQIASQHTEQAPPVRVLPERIHLHELDPNPPGPESDYRTRWEIPIGLRETDLT
PAHCHMHTNPHLLIFGAAKSGKTTIAHAIARAICARNSPQQVRFMLADYRSGLLDAVPDT
HLLGAGAINRNSASLDEAVQALAVNLKKRLPPTDLTTAQLRSRSWWSGFDVVLLVDDWHM
IVGAAGGMPPMAPLAPLLPAAADIGLHIIVTCOMSQAYKATMDKFVGAAFGSGAPTMFLS
GEKQEFPSSEFKVKRRPPGQAFLVSPDGKEVIQAPYIEPPEEVFAAPPSAG*

MTBN2
MEKMSHDPIAADIGTQVSDNALHGVTAGSTALTSVTGLVPAGADEVSAQAATAFTSEGIQ
LLASNASAQDQLHRAGEAVQODVARTYSQIDDGAAGVFAE*

MTBN3
MLWHAMPPELNTARLMAGAGPAPMLAAAAGWQTLSAALDAQAVELTARLNSLGEAWTGGG
SDKALAAATPMVVWLQTASTQAKTRAMQATAQAAAYTQAMATTPSLPEIAANHITQAVLT
ATNFFGINTIPIALTEMDYFIRMWNQAALAMEVYQAETAVNTLFEKLEPMASILDPGASQ
STTNPIFGMPSPGSSTPVGQLPPAATQTLGQLGEMSGPMQQLTQPLQQOVTSLFSQVGGTG
GGNPADEEAAQMGLLGTSPLSNHPLAGGSGPSAGAGLLRAESLPGAGGSLTRTPLMSQLI
EKPVAPSVMPAAAAGSSATGGAAPVGAGAMGOGAQSGGSTRPGLVAPAPLAQEREEDDED
DWDEEDDW*

MTBN4
MAEMKTDAATLAQEAGNFERISGDLKTQIDQVESTAGSLQGQWRGAAGTAAQAAVVRFQE
AANKQKQELDEISTNIRQAGVQYSRADEEQQQALSSQMGF*

MTBNS .
MAADYDKLFRPHEGMEAPDDMAAQPFFDPSASFPPAPASANLPKPNGQTPPPTSDDLSER
FVSAPPPPPPPPPPPPPTPMPIAAGEPPSPEPAASKPPTPPMPIAGPEPAPPKPPTPPMP
IAGPEPAPPKPPTPPMPIAGPAPTPTESQLAPPRPPTPQTPTGAPQQPESPAPHVPSHGP
HQPRRTAPAPPWAKMPIGEPPPAPSRPSASPAEPPTRPAPQHSRRARRGHRYRTDTERNV
GKVATGPSIQARLRAEEASGAQLAPGTEPSPAPLGQPRSYLAPPTRPAPTEPPPSPSPQR
NSGRRAERRVHPDLAAQHAAAQPDSITAATTGGRRRKRAAPDLDATQKSLRPAAKGPKVK
KVKPQKPKATKPPKVVSQRGWRHWVHALTRINLGLSPDEKYELDLHARVRRNPRGSYQIA
VVGLKGGAGKTTLTAALGSTLAQVRADRILALDADPGAGNLADRVGRQSGATIADVLAEK
ELSHYNDIRAHTSVNAVNLEVLPAPEYSSAQRALSDADWHFIADPASRFYNLVLADCGAG
FFDPLTRGVLSTVSGVVVVASVSIDGAQQASVALDWLRNNGYQDLASRACVVINHIMPGE
PNVAVKDLVRHFEQQVQPGRVVVMPWDRHIAAGTEISLDLLDPIYKRKVLELAAALSDDF
ERAGRR*

11
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FIG. 1 {(continued)

MTBN6
LSAPAVAAGPTAAGATAARPATTRVTILTGRRMTDLVLPAAVPMETYIDDTVAVLSEVLE
DTPADVLGGFDFTAQGVWAFARPGSPPLKLDQSLDDAGVVDGSLLTLVSVSRTERYRPLV
EDVIDAIAVLDESPEFDRTALNRFVGAAIPLLTAPVIGMAMRAWWETGRSLWWPLAIGIL
GIAVLVGSFVANRFYQSGHLAECLLVTTYLLIATAAALAVPLPRGVNSLGAPQVAGAATA
" VLFLTLMTRGGPRKRHELASFAVITAIAVIAAAAAFGYGYQDWVPAGGIAFGLFIVTNAA
KLTVAVARIALPPIPVPGETVDNEELLDPVATPEATSEETPTWQAIIASVPASAVRLTER
SKLAKQLLIGYVTSGTLILAAGAIAVVVRGHFFVHSLVVAGLITTVCGFRSRLYAERWCA
WALLAATVAIPTGLTAKLIIWYPHYAWLLLSVYLTVALVALVVVGSMAHVRRVSPVVKRT
LELIDGAMIAAIIPMLLWITGVYDTVRNIRF*

MTBN7
MAEPLAVDPTGLSAAAAKLAGLVFPQPPAPIAVSGTDSVVAAINETMPSIESLVSDGLPG
VKAALTRTASNMNAAADVYAKTDQSLGTSLSQYAFGSSGEGLAGVASVGGQPSQATQLLS
TPVSQVTTQLGETAAELAPRVVATVPQLVQLAPHAVOMSONASPIAQTISQTAQQAAQSA
QGGSGPMPAQLASAEKPATEQAEPVHEVTNDDQGDQGDVQPAEVVAAARDEGAGASPGQQ
PGGGVPAQAMDTGAGARPAASBPAAPVDPSTPAPSTTTTL*

MTBNS
MSITRPTGSYARQMLDPGGWVEADEDTFYDRAQEYSQVLQRVTDVLDTCRQQKGHVFEGG
LWSGGAANAANGALGANINQLMTLOQDYLATVITWHRHIAGLIEQAKSDIGNNVDGAQREI
DILENDPSLDADERHTAINSLVTATHGANVSLVAETAERVLESKNWKPPKNALEDLLQQK
SPPPPDVPTLVVPSPGTPGTPGTPITPGTPITPGTPITPIPGAPVTPITPTPGTPVTPVT
PGKPVTPVTPVKPGTPGEPTPITPVTPPVAPATPATPATPVTPAPAPHPQPAPAPAPSPG
PQPVTPATPGPSGPATPGTPGGEPAPHVKPAALAEQPGVPGQHAGGGTQSGPAHADESAA
SVTPAAASGVPGARAAAAAPSGTAVGAGARSSVGTAAASGAGSHAATGRAPVATSDKAAA
PSTRAASARTAPPARPPSTDHIDKPDRSESADDGTPVSMIPVSAARAARDAATAAASARQ
RGRGDALRLARRIAAALNASDNNAGDYGFFWITAVTTDGSIVVANSYGLAYIPDGMELPN
KVYLASADHAIPVDEIARCATYPVLAVOAWAAFHDMTLRAVIGTAEQLASSDPGVAKIVL
EPDDIPESGKMTGRSRLEVVDPSAAAQLADTTDQRLLDLLPPAPVDVNPPGDERHMLWFE
LMKPMTSTATGREAAHLRAFRAYAAHSQEIALHQAHTATDAAVQRVAVADWLYWQYVTGL
LDRALAAAC*

12



mtbnl

1 atgactgctg
51 gctcggcact
101 ccaatccggt
~151 ctgcgatttg
201 tgtgtggggc
251 gcgcacctca
301 gccgccgceca
351 aggtggcggc
401 tagccaatcg
451 caagccgtca
501 ctcgatcggg
551 cgtccgatcc
601 tttgtcggcg
651 ccaggggctg
701 cagagctgaa
751 cggcttggtg
801 cccggcgaat
851 tgatcggcgt
901 gaggcgatca
951 ggcacctccg
1001 acccgaaccc
1051 ccgatcggcet
1101 cacgaacccg
1151 ccattgccca
1201 caggtgcggt
1251 gccggacacc
1301 cgctagacga
1351 ccgccgaccg
1401 cggatttgac
1451 ccgccggggg
1501 gcggcagata
1551 ttacaaggca
1601 ctccgacaat
1651 ttcaaggtca
1701 cggcaaagag
1751 tcgcagcacc
mtbn2

1 atggaaaaaa
51 gagcgacaac
101 cggtgaccgg
151 gcgacggcgt
201 ggcccaagac
251 gcacctattc
mtbn3

11 atgctgtggc
51 cggcgcgggt
101 tttcggcggc

EP 1214 088 B1

aaccggaagt
gctgaatcgce
cccgctcaac
ccctggggat
gtagacgttt
aaccgggaag
cacactcacc
gggctgatct
gtccgageccce
tgcggcaacg
atgtaccggce
atacggcgac
agttccccga
gcgttcggceg
gtcgcgtgtt
acgtcaatga
cgtccgggtc
gcccaggttce

ccgcgggggt
gtgcgggtcc
gccgggacca
tgcgcgagac
cacctactga
cgcgatcgceg
tcatgctcgce
catctgctgg
ggccgttcaa
acctgacgac
gtecgtgcettce
gatgccgccg
tcgggttgca
accatggaca
gttcctttcg
agcggegcecc
gtcatccagg
cccaagcgcc

tgtcacatga
gctctgcacg
gctggttccc
tcacatcgga
cagctccacc
gcaaatcgac

acgcaatgcc
ccggctccaa
tctggacgct

FIG. 2

acggacgctg
gtgcgtacaa
gagctcatcg
catggatgaa
ccggggccgg
tcgacgctac
gcgcaacgtt
atctcgaaaa
gacaaggtca
ggaaaccacc
agctgcgtga
gtctttctga
ccttgagggg
tccacgtcat
cgcgactacc
aacccagatc
gggcagtgtc
gacggcgtgc
gacgcagatc
tgccggageg
gagtccgact
ggacctgacg
tcttcggtgce
cgcgeccattt
ggactaccgc
gcgccggegce
gcactggcgg
ggcgcagcta
tggtcgacga
atggcaccgc
catcattgtc
agttcgtcgg
ggcgagaagc
ccctggcecag
cccectacat
ggttaa

tccgatcgcet
gcgtgacggc
gcgggggccyg
gggcatccaa
gtgcgggcga
gacggcgcecg

accggagcta
tgcttgcggce
caggccgtcg

13

cgcgaggttg
gatgtggctg
cccgtgatcg
ccgecgecgece
cggcaacatc
tgcagacgat
cagttctatt
ccttceccacac
accgggtggt
ttcaaggaac
cgatccaagt
tcatcgacgg
caggttcaag
catctccacg
tcggcaccaa
gaccggatta
gatggaaaag
acagcgccga
gcttcccagce
tatccacctg
accgcactcg
ccggctcact
ggccaaatcg
gtgcccgaaa
tcgggcecctgce
gatcaaccgc
tcaacctgaa
cgctcgegtt
ttggcacatg
tggcceccgtt
acctgtcaga
cgccgcattce
aggaattccc
gcatttctcg
cgagcctcca

gccgacattg
cggctcgacg
atgaggtctc
ttgctggcectt
agcggtccag
ccggcgtcett

aataccgcac

ggccgeggga
agttgaccgc

tgctggacca
ccgccgttga
gcgacaaccc
atctacagga
ggtattgggg
ggtgatgtcg
gcatcgacct
gtcggtgggg
cgcagagatg
accgagtggg
caacccgttg
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FIG. 2 (continued)
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