
Cyclic Nucleotide-Specific Phosphodiesterases from
Leishmania and Uses Thereof FIELD OF THE INVENTION
[001] We claim priority to U.S. Provisional
Application Nos. 60/500,244 (filed September 5 2003),
60/504,070 (filed September 19, 2003), and 60/582,584
(filed June 25, 2004), which are incorporated herein
by reference. [002] The present invention relates to
novel amino acid and nucleic acid sequences of cyclic
nucleotide-specific phosphodiesterases from a parasite
in the Leishmania family, such as Leishmania major.
The invention also relates to nucleic acid constructs,
vectors, and host cells comprising the nucleic acid
sequences as well as methods for producing and using
the amino acid and nucleic acid sequences. The
invention further relates to the use of these
sequences, and of antibodies directed against these
sequences, in the diagnosis and treatment of disorders
related to the infection of Leishmania, such as
Leishmania major, including the identification of
compounds that form complexes with the polypeptides
and nucleic acids of the present invention. BACKGROUND
OF THE INVENTION [003] Leishmania major is one of
several Leishmania parasites that, when introduced
into a host organism, is the causative agent of
leishmaniasis. Leishmania major is a species of the
Leishmania tropica complex. Other complexes
(comprising species and subspecies) include Leishmania
donovani, Leishmania mexicana, and Leishmania viannia.
According to the World Health Organization,
leishmaniasis is among the most infectious diseases
worldwide and is endemic in 88 countries in Africa,
Asia, Europe, and in North and South America. t has
been estimated that over 12 million people suffer from
Leishmanial infections worldwide, where serious
publichealth problems exist particularly in countries
such as Iran, Iraq, Afghanistan, Algeria, Brazil,
India, Peru, and Syria. Leishmaniasis most commonly
manifests itself as either cutaneous (i.e. skin)
leishmaniasis (CL) or visceral (i.e. internal organs)
leishmaniasis (VL). CL is the most common form of
leishmaniasis and is the result of transmission of the
parasite Leishmania major the bite of an infected
female phlebotomine sandfly. Symptoms o CL include
large skin legions or ulcers on exposed parts of the
body, which cause serious disability and permanent
scarring. [004] Methods of treating leishmaniasis have
typically been limited to administering pentavalent
antimony (Sb ) (Sundar et al. (2002) Curr. Opin.
Infect. Dis. , 593-598). Due to the recent emergence
of large-scale resistance to Sb , however, the
effectiveness of this treatment is becoming
increasingly limited. Furthermore, Sb treatment has
several side effects including nausea, vomiting,
diarrhea, and convulsions. n addition, HIV coinfection
with Leishmania species presents further challenges
since such coinfection 



can dramatically alter the epidemiology, diagnosis,
and response of leishmaniasis to therapy (Lee et al.
(2003) Int. J. Infect. Dis. 7, 86-93). SUMMARY OF THE
INVENTION [005] The invention provides novel
Leishmania cyclic nucleotidespecific phosphodiesterase
(LmPDE) polypeptides and nucleic acid molecules
thereof that are useful in the diagnosis and treatment
of leishmaniasis. The polypeptides of the present
invention also include antibodies that recognize and
bind to LmPDE polypeptides. The nucleic acid molecules
of the invention also include peptide nucleic acids
(PNA), and antisense molecules that react with the
nucleic acid molecules of the invention. [006] n one
embodiment, the invention provides full-length, novel
phosphodiesterases (PDEs) from the parasite Leishmania
major, designated LmPDE-A, LmPDE-BI , and LmPDE-B2,
including the polypeptide molecules, corresponding
nucleic acid molecules, and fragments thereof._ _ _
[007] The present invention also encompasses various
nucleotide and amino acid sequences that represent
different forms and fragments of the LmPDE genes,
transcripts, and proteins, such as conservatively
mutated proteins, different allelic forms, polymorphic
forms, alternative precursor transcripts and mature
transcripts. Additionally, recombinant nucleic acid
molecules that are codon usage variants of the novel
LmPDE sequences are provided. The invention
encompasses LmPDE from Leishmania major, as well as
other Leishmania species and subspecies of the
complexes Leishmania tropica, Leishmania donovani,
Leishmania mexicana, and Leishmania viannia. [008] The
present invention further provides recombinant nucleic
acid molecules that encode wild type or mutant
sequences of LmPDE polypeptides that maintain PDE
biological activity. These include naturally-occurring
and synthetic mutants, as well as semi-synthetic and
recombinant polypeptides. [009] The present invention
also includes the polynucleotides encoding LhPDEs in
recombinant expression vectors and host-vector systems
that include the expression vectors. One embodiment
provides various host cells transformed with
recombinant vectors that include the LmPDE nucleotide
sequences of the invention. The invention also
provides genetically modified organisms comprising a
vector containing a recombinant LmPDE sequence wherein
at least one endogenous LmPDE gene has been disabled.
[010] The present invention further provides methods
for using substantially purified LmPDE polypeptides to
identify compounds that modulate the expression or
activity of LmPDEs. [01 ] The present invention also
provides methods for using LmPDE nucleotide sequences
as nucleic acid probes and primers, and for using 



LmPDE polypeptides as antigens for the production of
novel anti-LmPDE antibodies. The LmPDE probes and
primers, and the anti-LmPDE antibodies are useful in
diagnostic assays and kits for the detection of
naturally occurring LmPDE nucleotide and protein
sequences present in biological samples.[012]
Additional objects and advantages of the invention
will be set forth in part in the description which
follows, and in part will be obvious from the
description, or may be learned by practice of the
invention. The objects and advantages of the invention
will be realized and attained by means of the elements
and combinations particularly pointed out in the
appended claims. Moreover, advantages described in the
body of the specification, if not included in the
claims, are not per se limitations to the claimed
invention. [013] The publications discussed herein are
provided solely for their disclosure prior to the
filing date of the present application. Nothing herein
is to be construed as an admission that the present
invention is not entitled to antedate such publication
by virtue of prior invention. Further, the dates of
publication provided may be different from the actual
publication dates which may need to be independently
confirmed. BRIEF DESCRIPTION OF THE DRAWINGS [014]
Figure 1 shows the deduced amino acid sequence of a
fulllength LmPDE-A polypeptide (SEQ D NO: 1). [01 ]
Figures 2A-2S show the DNA sequence (SEQ D NO: 2) for
the full-length gene of LmPDE-A. The open reading
frame begins with adenine at position 530 and ends
with guanine at position 2425. [01 ] Figures 3A-3B
show the deduced amino acid sequence of a fulllength
LmPDE-BI polypeptide (SEQ D NO: 3). [017] Figures
4A-4L show the DNA sequence (SEQ D NO: 4) for the
full-length gene of LmPDE-BI . The open reading frame
begins with adenine at position 1267 and ends with
adenine at position 4059. [018] Figures 5A-B show the
deduced amino acid sequence of a fulllength LmPDE-B2
polypeptide (SEQ D NO: 5). [01 ] Figures 6A-6L show
the DNA sequence (SEQ D NO: 6) for the full-length
gene of LmPDE-B2. The open reading frame begins with
adenine at position 2182 and ends with adenine at
position 5004.[020] Figures 7A, 7B, and 7C show the
location of conserved domains that are found in the
LmPDE-A, LmPDE-BI , and LmPDE-B2 polypeptide
sequences, respectively. [021] Figure 8 shows the
results of a Southern blot analysis for LmPDE-BI using
a conserved region of the LmPDE-BI sequence as the
hybridization probe. [022] Figure 9 shows the results
of a Southern blot analysis for LmPDE-B2 using a
conserved region of the LmPDE-B2 sequence as the
hybridization probe. [023] Figure shows the results of
a Southern blot analysis using a 



conserved region that was specific to both LmPDE-BI
and LmPDE-B2 as the hybridization probe. [024] Figure
shows a schematic drawing of the location of the
LmPDE-BI and LmPDE-B2 loci and their approximate
relative locations on chromosome 15. [025] Figures
12A, 12B, 12C, and 12D show the heat-shock test
results of PDE-deficient Saccharomyces cerevisiae
cells that have been transfected with LmPDE-BI and
LmPDE-A. [026] Figures 13A, 13B, and 13C show the
Michaelis-Menten kinetics of recombinant LmPDE-BI
-mediated hydrolysis of cAMP. Figures 13A and 13B show
the hydrolysis of cAMP in the absence and presence of
a 100-fold excess of cGMP, respectively. Figure 13C
shows the effect of a 50-fold excess of AMP. The
figure insets depict the corresponding Eadie-Hofstee
plots. [027] Figures 14A and 14B show the effect of
various PDE inhibitors on LmPDE-BI and LmPDE-B2,
respectively, in the presence of 1 //M cAMP and 100 of
cilostamide (A), zaprinast (B), etazolate (C),
dipyridamole (D), Ro-20-1724 (E), rolipram (F),
isobutylmethylxanthine (IBMX) (G), 8-
methoxymethyl-IBMX (H), trequinsin (I), papaverine
(K), milrinone (L), petoxifylline (M), and
erythro-9-(2-hydroxy-3-nonyl)adenine (EHNA) (N).
Figures 14C and 14D show representative dose-response
profiles of trequinsin against LmPDE-BI and LmPDE-B2,
respectively.[028] Figure shows the inhibition of L
major promastigote proliferation in the presence of
increasing concentrations of dipyridamole (A),
etazolate (B), and trequinsin (C). DEFINITIONS [029]
The term "amino acid sequence" refers to amino acids
encoding an oligopeptide, peptide, polypeptide, or
protein sequence, and fragments thereof, and includes
naturally occurring or synthetic molecules. [030] The
term "antibody" refers to intact molecules as well as
fragments thereof (e.g., Fab), which can bind an
antigenic determinant on an antigen (e.g., an
antigenic determinant(s) on a LmPDE). The antibody can
be "polyclonal", "monoclonal", "chimeric",
"humanized", or human. [031] The term "antigenic
determinant" refers to that fragment of a molecule
(i.e., an epitope) that induces an antibody and which
thereafter makes contact with a particular antibody.
When a protein or fragment of a protein is used to
immunize a host animal, numerous regions of the
protein may induce the production of antibodies which
bind specifically to a given region or
three-dimensional structure on the protein; these
regions or structures are referred to as antigenic
determinants. An antigenic determinant may compete
with the intact antigen (i.e., the immunogen used to
elicit the immune response) for binding to an
antibody. 



[032] The term "antisense" refers to any composition
containing nucleotide sequences which are
complementary to a specific DNA or RNA sequence. [033]
The term "antisense strand" is used in reference to a
nucleic acid strand that is complementary to the
"sense" strand. Antisense molecules include nucleic
acids (that can include modified nucleotide base and
modified sugar moieties) and may be produced by any
method including synthesis or transcription. Once
introduced into a cell, the complementary nucleotides
combine with natural sequences produced by the cell to
form duplexes and block either transcription or
translation of the sequences.[034] The term
"biological sample" is used in its broadest sense. A
biological sample is suspected of containing LmPDE
nucleic acid molecules, or fragments thereof, or a
LmPDE polypeptide. The suitable biological sample can
be from an animal or a human. The sample can be a cell
sample or a tissue sample, including samples from
spleen, lymph node, thymus, bone marrow, liver, heart,
testis, brain, placenta, lung, skeletal muscle,
kidney, and pancreas. The sample can be a biological
fluid, including urine, blood sera, blood plasma,
phlegm, or lavage fluid. Alternatively, the sample can
be a swab from the nose, ear, or throat. [035] The
term "biologically active" refers to a polypeptide
having structural, regulatory, or biochemical
functions of a naturally occurring molecule. Likewise,
"immunologically active" refers to the capability of
the natural, recombinant, or synthetic LmPDEs of the
invention, or any fragment thereof, to induce a
specific immune response in appropriate animals or
cells and to bind with specific antibodies. For
example, the polypeptides of the invention can elicit
antibodies that specifically bind an epitope
associated with a LmPDE polypeptide of the invention.
Accordingly, a LmPDE polypeptide is capable of
inducing a specific immune response in appropriate
animals or cells, and/or binding with ligands such as
specific antibodies. [036] The term "catalytic domain"
refers to a conserved subset of amino acids within a
PDE sequence that is responsible for catalyzing the
hydrolysis reaction of the bound substrate. [037] The
term "chimeric antibody" refers to an antibody in
which the variable regions derived from one species
are combined with the constant regions of an antibody
derived from a different species. Chimeric antibodies
are useful, as they are less likely to be antigenic to
a human subject than antibodies with non-human
constant regions and variable regions. The antigen
combining region (variable region) of a chimeric
antibody can be derived from a non-human source (e.g.
murine) and the constant region of the chimeric
antibody, which confers biological effector function
to the immunoglobulin, can be derived from a human
source (Morrison et al. (1985) Proc. Natl. Acad. ScL
U.S.A. 8 , 6851 ; Takeda et al. (1985) Nature 314,
452;Cabilly et al., U.S. Pat. No. 4,816,567; Boss et
al., U.S. Pat. No. 4,816,397). 



The chimeric antibody may have the antigen binding
specificity of the nonhuman antibody molecule and the
effector function conferred by the human antibody
molecule. [038] The term "complementary" refers to
nucleic acid molecules having purine and pyrimidine
nucleotides which have the capacity to associate
through hydrogen bonding to form double stranded
nucleic acid molecules. The following base pairs are
related by complementarity: guanine and cytosine;
adenine and thymine; and adenine and uracil. The term
"complementary" applies to all base pairs comprising
two single-stranded nucleic acid molecules, or to all
base pairs comprising a single-stranded nucleic acid
molecule folded upon itself. Complementarity between
two single-stranded molecules may be partial, in which
only some of the nucleic acids bind, or it may be
complete when total complementarity exists between the
single stranded molecules. The degree of
complementarity between nucleic acid strands has
significant effects on the efficiency and strength of
hybridization between nucleic acid strands. [039] The
term "control cell" is a cell that is generally the
same, e.g., genotypically and phenotypically, as the
cell to which it is being compared (e.g., the cells
can be sister cells), but which is not exposed to a
test compound. [040] The term "expression control
sequence" or "expression control element" refers to a
regulatory polynucleotide sequence that can direct the
transcription and translation of an open reading
frame. Expression control elements are known in the
art and include, but are not limited to, inducible
promoters, constitutive promoters, splice donor and
acceptor sites, secretion signals, enhancers,
transcription terminators, and other transcriptional
regulatory elements. Other expression control elements
that are involved in translation are known in the art,
and include the Shine- Dalgarno sequence, and
initiation and termination codons. [041] The term
"fragment" of a LmPDE polypeptide refers to a portion
of a LmPDE polypeptide. For example, a LmPDE fragment
can be apolypeptide with fewer amino acids than a
full-length LmPDE, but having the biological activity
of a full-length LmPDE-A LmPDE-BI , or LmPDE-B2
polypeptide, e.g., the ability to hydrolyze cAMP. A
fragment can also be a portion of a LmPDE polypeptide
that elicits an immune response, or that possesses any
other biological or diagnostic property of the
full-length LmPDEs of the invention. [042] The term
"fragment" of a LmPDE nucleic acid molecule refers to
a portion of a full-length LmPDE nucleotide sequence.
For example, such a nucleic acid fragment can encode a
LmPDE polypeptide fragment that maintains the
biological activity of a full-length LmPDE-A, LmPDE-BI
, or LmPDE-B2 polypeptide, e.g., the ability to
hydrolyze cAMP (as determined by 



methods known in the art, e.g., Schilling et al.
(1994) Anal. Biochem. 2 154-158). [043] The term "GAF
domain" refers to a highly conserved domain that binds
small molecular weight ligands. The GAF domain in some
PDEs is known to bind cGMP. [044] The term "humanized
antibody" refers to an antibody molecule in which
amino acids have been replaced in the non-antigen
binding regions in order to more closely resemble a
human antibody, while still retaining the original
binding ability. As used herein, a humanized LmPDE
antibody is an immunoglobulin molecule that is capable
of binding to a LmPDE polypeptide and has variable
regions with substantially the same amino acid
sequence as a human immunoglobulin, and has a
hyper-variable region with substantially the same
amino acid sequence as a non-human immunoglobulin.
[045] The term "hybridization" or "hybridize" refers
to any process by which a sequence of nucleic acids
binds with a complementary strand through base
pairing. [046] The term "hydrolyze" refers to a
chemical reaction wherein a chemical bond is cleaved
via a water molecule. The catalytic function of LmPDEs
of the invention, as with all PDEs, involves the
hydrolysis of cAMP (as determined by methods known in
the art, e.g., Schilling et al. (1994) Anal. Biochem.
216, 154-158).[047] As used herein, a first amino acid
o nucleotide sequence is said to be "identical" to a
second reference amino acid or nucleotide sequence,
respectively, when a comparison of the first and the
second sequences are exactly alike. Two sequences are
said to be "X% identical" when a comparison of the
first and second sequences have X% of nucleotides or
amino acids that are exactly alike. Percent identity
can be determined electronically, e.g., by using the
MEGALIGN program (DNASTAR) which creates alignments
between two or more sequences according to methods
selected by the user, e.g., the clustal method (e.g.,
Higgins et al. (1988) Gene 73:237-244). Percent
identity between sequences can also be counted or
calculated by other methods known in the art (e.g.,
Hein (1990) Methods Enzymol. 183:626-645). Identity
between sequences can also be determined by other
methods known in the art, e.g., by varying
hybridization conditions. [048] The term "incubate"
refers to a process of contacting a cell or a cell
culture with the compound of interest, or otherwise
introducing the compound of interest into a cell.
[049] The term "inhibitor" refers to an agent which,
when bound to a LmPDE, or to some other polypeptide or
nucleic acid, decreases the amount (expression) or the
biological activity of a LmPDE. Inhibitors may include
proteins, nucleic acids, carbohydrates, antibodies or
any other molecules which decrease the amount
(expression) or biological activity of LmPDEs 



present in a sample. The preferred inhibitor will
selectively inhibit the biological activity of a
LmPDE, while not affecting any other cellular
proteins. [050] The term "isolated" or "purified"
refers to a specific nucleic acid, protein, or
polypeptide, or a fragment thereof, in which
contaminants (i.e., substances that differ from the
specific nucleic acid, protein, or polypeptide
molecule) have been separated or substantially
separated from the specific nucleic acid, protein, or
polypeptide. [051] The term "LmPDE" means any of
LmPDE-A, LmPDE-BI , or LmPDE-B2, and can refer to the
polypeptide or nucleic acid sequences. LmPDE
polypeptides can be natural, synthetic,
semi-synthetic, or recombinant. LmPDE includes
polypeptides from Leishmania major, as wellas other
Leishmania species and subspecies from the complexes
Leishmania tropica, Leishmania donovani, Leishmania
mexicana, and Leishmania viannia including Leishmania
aethiopica, Leishmania brasiliensis, Leishmania d.
donovani, Leishmania d. infantum, Leishmania d.
chagasi, Leishmania garnhami, Leishmania . mexicana,
Leishmania . amazonensis, and Leishmania pifanoi.
[052] The term "LmPDE-A nucleic acid molecule" refers
to a nucleic acid molecule that encodes a LmPDE-A
polypeptide. [053] The term "LmPDE-BI nucleic acid
molecule" refers to a nucleic acid molecule that
encodes a LmPDE-BI polypeptide. [054] The term
"LmPDE-B2 nucleic acid molecule" refers to a nucleic
acid molecule that encodes a LmPDE-B2 polypeptide.
[055] The term "LmPDE expression" refers to the
process whereby a RNA transcript or translated
polypeptide is produced from a LmPDE nucleotide
sequence. [056] The term "modulates" refers to a
change in the activity of the LmPDEs of the present
invention. For example, modulation may cause an
increase or a decrease in protein amount (expression)
or activity, binding characteristics, or any other
biological, functional or immunological properties of
the LmPDEs of the invention. [057] The term "nucleic
acid sequence" or "nucleic acid molecule" refers to an
oligonucleotide, nucleotide, or polynucleotide, and
fragments thereof; to DNA or RNA of genomic or
synthetic origin, which may be singleor
double-stranded; and represents the sense or antisense
strand. [058] The term "operably linked" refers to
functionally related nucleic acid sequences. For
example, a promoter is operably linked with a coding
sequence if the promoter controls the translation of
the encoded polypeptide. While operably linked nucleic
acid sequences can be contiguous and in the same
reading frame, certain genetic elements, e.g.,
repressor genes, are not contiguously linked to the
sequence encoding the polypeptide but still bind to
operator sequences that control expression of the
polypeptide.[059] The term "PDEase domain" refers to
the conserved catalytic 



domain of PDEs. [060] The term "stringent conditions"
refers to conditions which permit hybridization
between complementary polynucleotide sequences.
Suitably stringent conditions can be defined by, for
example, the concentrations of salt and/or formamide
in the pre-hybridization and hybridization solutions,
or by the hybridization temperature, which are well
known in the art. n particular, stringency can be
increased by reducing the concentration of salt,
increasing the concentration of formamide, or raising
the hybridization temperature. [061] The term
"substantially purified" refers to nucleic acid or
polypeptide sequences that are removed from their
natural environment and are isolated or separated, and
are at least 60% free, 65% free, 70% free, 75% free,
80% free, 85% free, 90% free, 95% free, 96% free, 97%
free, 98% free, or 99% free from other components with
which they are naturally associated. [062] The term
"variants and mutants" refers to changes in a
polypeptide or nucleic acid sequence such as amino
acid or nucleotide substitutions, insertions,
deletions, conservative amino acid changes,
polymorphic changes, allelic changes, frame shift
changes, truncations, or the like, wherein the variant
or mutant protein maintains its native function (here,
at least the hydrolysis of cAMP) and wherein the
variant or mutant nucleic acid molecule encodes a
protein that maintains its native function. [063] The
term "vector" includes, but is not limited to,
plasmids, cosmids, and phagemids. DETAILED DESCRIPTION
OF THE INVENTION [064] Second messengers such as
cyclic adenosine mono-phosphate (cAMP) and cyclic
guanosine mono-phosphate (cGMP) play important
biological roles in modulating the effects of a wide
variety of first messengers. For example, cAMP and
cGMP are involved in the propagation of a variety of
extracellular signals that originate from first
messengers such as hormones,light, and
neurotransmitters. The steady state intracellular
levels of cAMP and cGMP are controlled by their rates
of synthesis by cyclases and by their rate of
degradation by cyclic nucleotide-specific
phosphodiesterases (PDEs). [065] PDEs are typically
composed of a catalytic domain (approximately 270
amino acids), an N-terminal regulatory domain
responsible for binding cofactors, and, in some cases,
a C-terminal domain of unknown function. A conserved
motif, HDXXHXGXXN, has been found in the catalytic
domain of all PDEs. Several families of PDEs have been
identified (Beavo (1995) Physiol. Rev. 75, 725-748;
Soderling et al. (1998) J. Biol. Chem. 273,
15553-15558; and Fisher et al. (1998) J. Biol. Chem.
273, 15559- 5564). PDE families display roughly 35%
amino acid sequence identity within their catalytic
domain. Isozymes within the same family typically
display 75-95% sequence identity in this region.
Within a family, there is often 



greater than 60% sequence identity outside the
catalytic domain, whereas across different PDE
families, there is little or no sequence similarity.
[066] n eukaryotes, two distinct classes of PDEs have
been identified. Class enzymes all show significant
amino acid sequence conservation within their
catalytic domains. Class PDEs include all currently
known families of mammalian PDEs as well as several
PDEs from lower eukaryotes such as PDE2 from
Saccharomyces cerevisiae and the regA gene product
from Dictyostelium discoideum. Class Il PDEs, however,
share very little amino acid sequence identity with
class PDEs, and thus likely have a different
evolutionary origin. Furthermore, class Il PDEs are
often distinguished by their generally higher K values
(Zoraghi et al. (2001) J. Biol. Chem. 276, 559-1 566).
Class Il PDEs have been identified in yeast (Nikawa et
al. (1987) MoI. Cell Biol. 7, 3629-3636), the slime
mold Dictyostelium discoideum (Lacombe et al. (1986)
J. Biol. Chem. 261 , 16811-16817), Vibrio fisheri
(Dunlap et al. (1993) J. Bacteriol. 175, 4615-4624),
and Candida albicans (Hoyer et al. (1994) Microbiology
140, 1533-1542). [067] A variety of diseases are
thought to result from decreased levels of cyclic
nucleotides due to increased PDE activity.
Accordingly, PDEs have become highly attractive drug
targets over the last several years. A growingnumber
of family-specific and subtype-specific PDE inhibitors
are being developed as therapeutic agents for a wide
range of diseases such as autoimmune disease
(Bielekova et 'al. (2000) J. Immunol. 164, 1 17-1124),
< arthritis (Kiely et al. (1995) Eur. J. Immunol. 25,
2899-2906), asthma (Bamette (1999) Prog. Drug Res. 53,
193-229), inflammatory diseases (Barnes (2001 )
Novartis Found. Symp. 234, 255-267) impotency (Langtry
et al. (1999) Drugs 57, 967-989) and cancer (Marko et
al. (2000) Chem. Res. Toxicol. 10, 944- 948). So far,
there is limited information about PDEs in
kinetoplastids such as Leishmania major. Polypeptides
of the Invention [068] One aspect of the present
invention is directed to novel, isolated PDE
polypeptides from the parasite Leishmania major,
designated LmPDE-A (SEQ D NO: 1), LmPDE-BI (SEQ D NO:
3), and LmPDE-B2 (SEQ D NO: 5). Particular embodiments
of the LmPDE polypeptides of the invention include
full-length LmPDE-A, LmPDE-BI , and LmPDE-B2 from
Leishmania major. n another aspect, the invention
relates to fragments of LmPDEs. The invention also
provides polypeptides comprising biologically and/or
immunologically active fragments of LmPDEs. [069] The
present invention also relates to variants and mutants
of LmPDEs. Mutant alleles of LmPDEs encode mutant
forms of LmPDE polypeptides having at least one amino
acid substitution, insertion, deletion, truncation, or
frame shift. Such mutant forms of polypeptides may not
exhibit the same biological activity as wild-type
proteins (e.g., they may have less 



PDE activity or an activity not normally found in
LmPDE polypeptides, such as, for example, not
functioning as a PDE). [070] Another variant of LmPDE
polypeptides may have amino acid sequences that differ
by one or more amino acid substitutions. The variant
may have conservative amino acid changes, where a
substituted amino acid has similar structural or
chemical properties. Amino acid residues that can be
conservatively substituted for one another include,
but are not limited to:glycine/alanine;
valine/isoleucine/leucine; asparagine/glutamine;
aspartic acid/glutamic acid; serine/threonine;
lysine/arginine; and phenylalanine/tyrosine. Other
substitutions can also be considered conservative,
depending on the environment of the particular amino
acid and its role in the three-dimensional structure
of the protein. For example, methionine, which is
relatively hydrophobic, can frequently be interchanged
with leucine and isoleucine, and sometimes with
valine. [071] Alternatively, a variant may have
nonconservative amino acid changes, such as, for
example, replacement of a glycine with a tryptophan,
or alanine with lysine. Similar minor variations may
also include amino acid deletions and insertions. Any
amino acid substitution that does not significantly
affect the biological and/or chemical properties of
LmPDE polypeptides is encompassed by the present
invention. Guidance in determining which and how many
amino acid residues may be substituted, inserted and
deleted may be found using computer programs well
known in the art such as the DNASTAR software package.
[072] The present invention also encompasses various
amino acid sequences that represent different forms
and fragments of the LmPDE polypeptides such as
polypeptides with conservative mutations and fragments
containing the PDEase domain. The LmPDE polypeptides
may be from Leishmania major, or other Leishmania
species and subspecies of the complexes Leishmania
tropica, Leishmania donovani, Leishmania mexicana, and
Leishmania viannia including Leishmania aethiopica,
Leishmania brasiliensis, Leishmania d. donovani,
Leishmania d. infantum, Leishmania d. chagasi,
Leishmania garnhami, Leishmania . mexicana, Leishmania
. amazonensis, and Leishmania pifanoi. [073] The
LmPDEs of this invention may be embodied in many
forms, such as in isolated form or in purified form. A
skilled artisan can readily employ standard isolation
and purification methods to obtain isolated LmPDE
polypeptides (see, e.g., Marchak et al. (1996)
Strategies for Protein Purification and
Characterization, Cold Spring Harbor Press, Plainview,
NY). The nature and degree of isolation and
purification will depend on theintended use. For
example, purified LmPDE protein molecules will be
substantially free of other proteins or molecules that
impair the binding of LmPDE proteins to antibodies or
other ligands: Embodiments of LmPDE polypeptides
include purified LmPDE polypeptides having the
biological 



activity f a LmPDE protein. n one form, such purified
LmPDE polypeptides retain the ability to bind antibody
or other ligand. [074] Various forms of a particular
LmPDE polypeptide of the invention may be produced as
a result of processes such as post-translational
modifications. For example, various forms of isolated
LmPDE polypeptides may include precursor forms and
different mature forms of a LmPDE protein or
polypeptide that result from posttranslational events,
such as glycosylation, phosphorylation, and
intramolecular cleavage. [075] The present invention
provides isolated and purified polypeptides having an
amino acid sequence identical to the predicted LmPDE
polypeptide sequences disclosed herein. Accordingly,
the amino acid sequences of the present invention may
be identical to LmPDE-A (SEQ D NO: 1), LmPDE-BI (SEQ D
NO: 3) or LmPDE-B2 (SEQ D NO: 5). LmPDE polypeptides
of the invention may also comprise at least one
sequence that is identical to a fragment of a
full-length LmPDE polypeptide sequence. The present
invention also provides isolated and purified
polypeptides with at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identity to
the sequences disclosed herein. Nucleic Acid Molecules
of the Invention [076] The present invention provides
LmPDE nucleic acid molecules corresponding to the full
length genes of LmPDE-A (SEQ D NO: 2), LmPDEB1 (SEQ D
NO: 4), and LmPDE-B2 (SEQ D NO: 6). The present
invention also provides nucleic acid molecules that
encode the LmPDE polypeptides discussed previously.
The present invention also encompasses various
nucleotide sequences that represent different forms
and fragments of LmPDE genes and transcripts, such as
different allelic forms, polymorphic forms,alternative
precursor transcripts, and mature transcripts.
Additionally, recombinant nucleic acid molecules that
are codon usage variants of novel LmPDE sequences are
provided. [077] n one embodiment, the present
invention provides a nucleic acid encoding a LmPDE-A
polypeptide of the present invention comprising the
nucleotide sequence shown in SEQ D NO: 2, beginning
with adenine at position 530 and ending with guanine
at position 2425 (which corresponds to amino acids
1-631 of SEQ D NO: 1). Another embodiment comprises a
nucleotide sequence found in SEQ D NO: 2, beginning
with thymine at position 1679 and ending with cytosine
at position 2356, which corresponds to the PDEase
domain of a LmPDE-A polypeptide (amino acids 384-609
of SEQ D NO:1). Due to the degeneracy of the genetic
code, the present invention also provides any nucleic
acid molecule that encodes a polypeptide comprising
the LmPDE-A polypeptide sequence set forth in SEQ D
NO: , beginning with methionine at amino acid position
1 and ending with serine at amino acid position 631.
The invention also provides nucleic acids that 



encode fragments of a LmPDE-A, for example a nucleic
acid that encodes the PDEase domain comprising amino
acids 384-609 as set forth in SEQ D NO: 1. [078] A
specific embodiment of a nucleic acid encoding a
LmPDE-BI polypeptide of the present invention
comprises the nucleotide sequence of SEQ D NO: 4,
beginning with adenine at position 1267 and ending
with adenine at position 4059 (which corresponds to
amino acids 1-930 of SEQ D NO: 3). Another embodiment
comprises a nucleotide sequence found in SEQ D NO: 4,
beginning with thymine at position 3205 and ending
with cytosine at position 3906, which corresponds to
the PDEase domain of LmPDE-BI (amino acids 647-880 of
SEQ D NO: 3). Due to the degeneracy of the genetic
code, the present invention also provides any nucleic
acid molecule that encodes a polypeptide comprising
the LmPDE-BI polypeptide sequence set forth in SEQ ID
NO: 3, beginning with methionine at amino acid
position 1 and ending with valine at amino acid
position 930. The invention also provides nucleic
acids that encode fragments of a LmPDE-BI polypeptide,
forexample a nucleic acid that encodes the PDEase
domain comprising amino acids 647-880 as set forth in
SEQ D NO: 3. [079] A specific embodiment of a nucleic
acid encoding a LmPDE-B2 polypeptide of the present
invention comprises the nucleotide sequence of SEQ D
NO: 6, beginning with adenine at position 2182 and
ending with adenine at position 5004 (which
corresponds to amino acids 1-940 of SEQ D NO: 5).
Another embodiment comprises a nucleotide sequence
found in SEQ D NO: 6 beginning with thymine at
position 4150 and ending with cytosine at position
4851 , which corresponds to the PDEase domain of
LmPDE-B2 (amino acids 657-890 of SEQ D NO: 5). Due to
the degeneracy of the genetic code, the present
invention also provides any nucleic acid molecule that
encodes a polypeptide comprising the LmPDE-B2
polypeptide sequence set forth in SEQ D NO: 5,
beginning with methionine at amino acid position 1 and
ending with valine at amino acid position 940. The
invention also provides nucleic acids that encode
fragments of a LmPDE-B2 polypeptide, for example a
npcleic acid that encodes the PDEase domain comprising
amino acids 657-890 as set forth in SEQ D NO: 5. [080]
One of skill in the art will appreciate that nucleic
acids of the present invention can encode domains or
portions of LmPDE polypeptides other than those
specifically mentioned above. [081] The present
invention contemplates alternative allelic forms of
LmPDE nucleotide sequences that are isolated from
different subjects of the same species. Typically,
isolated allelic forms of naturally-occurring gene
sequences include wild-type and mutant alleles. A
wild-type LmPDE gene sequence will encode a LmPDE
protein having normal PDE biological activity, such
as, for example, a phosphodiesterase function. A
mutant of a LmPDE 



gene sequence may encode a LmPDE polypeptide having an
activity not normally found in LmPDE polypeptides,
such as, for example, not functioning as a
phosphodiesterase. Alternatively, a mutant of a LmPDE
gene sequence may encode a LmPDE polypeptide having
normal activity. Accordingly, the present invention
provides wild-type and mutant allelic forms of LmPDE
nucleotide sequences.[082] The present invention
further contemplates polymorphic forms of LmPDE
nucleotide sequences. Typically, isolated polymorphic
forms of naturally-occurring gene sequences are
isolated from different subjects of the same species.
The polymorphic forms include sequences having one or
more nucleotide substitutions that may or may not
result in changes in the amino acid codon sequence.
These substitutions may result in a wild-type LmPDE
gene that encodes a protein having the biological
activity of wild-type LmPDE proteins, or encodes a
mutant polymorphic form of the LmPDE protein having a
different or null activity. [083] The present
invention further provides isolated codon-usage
variants (see Table ) that differ from the disclosed
LmPDE nucleotide ¡ sequences, yet do not alter the
predicted LmPDE protein sequence or biological
activity. The codon-usage variants may be generated by
recombinant DNA technology. Codons may be selected to
optimize the level of production of the LmPDE
transcript or LmPDE protein in a particular
prokaryotic or eukaryotic expression host, in
accordance with the frequency of codons utilized by
the host cell. Alternative reasons for altering the
nucleotide sequence encoding a LmPDE protein include
the production of RNA transcripts having more
desirable properties, such as an extended half-life or
increased stability.Table 1 Amino Acid Symbol One
Letter Svmbol Codons ' Alanine Ala A GCU GCC, GCA, GCG
Cysteine Cys C UGU, UGC Aspartic Acid Asp D GAU, GAC
Glutamic Acid GIu E GAA, GAG Phenylalanine Phe UUU,
UUC Glycine GIy G GGU, GGC, GGA, GGG Histidine ¡ His H
CAU, CAC lsoieucine He AUU, AUC, AUA Lysine Lys K AAA
AAG Leucine Leu L UUA, UUG, CUU, CUC, CUA, CUG
Methionine Met M AUG Asparagine Asn N AAU AAC Proline
Pro P CCU, CCC, CCA, CCG Glutamine GIn Q CAA, CAG 



Arginine Arg R CGU, CGC, CGA, CGG, AGA, AGG Serine Ser
S UCU, UCC, UCA, UCG, AGU, AGC Threonine Thr T , ACU,
ACC, ACA, ACG Valine VaI V GUU, GUC, GUA, GUG
Tryptophan Trp W UGG Tyrosine Tyr Y UAU, UAC [084] The
present invention further provides novel purified and
isolated polynucleotides (i.e. DNA sequences and
fragments thereof), which can be in isolated form,
including DNA and RNA transcripts (both sense and
complementary antisense strands) encoding LmPDEs,
DNA/RNA hybrids, and related molecules. The nucleic
acid molecules of the present invention include
nucleotide sequences substantially identical to or
complementary to the LmPDE nucleotide sequences
disclosed herein. [085] The invention encompasses
genomic, cDNA, ribozyme, and antisense molecules, as
well as nucleic acids based on alternative backbone
and including alternative bases and modified sugar
moieties, whether derived from natural sources or
wholly or partially synthesized. As used herein,
"wholly" synthesized DNA means that the DNA is
produced entirely by chemical means, and "partially"
synthesized means that only portions of theresulting
DNA are produced by chemical synthesis. Antisense
molecules can be RNAs or other molecules, including
peptide nucleic acids (PNAs) or nonnucleic acid
molecules such as phosphorothioate derivatives
(described in greater detail below) that specifically
bind DNA or RNA in a base-pair dependent manner. A
skilled artisan can readily obtain these classes of
nucleic acid molecules using the sequences described
herein. [086] The present invention further provides
nucleotide sequences that selectively hybridize to
LmPDE nucleotide sequences under high stringency
hybridization conditions. Typically, hybridization
under standard high stringency conditions will occur
between two complementary nucleic acid molecules that
differ in sequence complementarity by about 70% to
about 100%. t is readily apparent to one skilled in
the art that the high stringency hybridization between
nucleic acid molecules depends upon, for example, the
degree of identity, the stringency of hybridization,
and the length of the hybridizing strands. The methods
and formulas for conducting high stringency
hybridizations are well known in the art, and can be
found, for example, in Sambrook, et al. (2001)
Molecular Cloning:A Laboratory Manual (Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY). [087] n
general, stringent hybridization conditions are those
that: (1) employ low ionic strength and high
temperature for washing, for example, 0.015 M NaCI,
0.0015 M sodium citrate, and 0.1% SDS at 50 C; or (2)
employ 



a denaturing agent during hybridization such as
formamide, for example, 50% (vol/vol) formamide with
0.1% bovine serum albumin, 0.1% Ficoll, 0.1%
polyvinylpyrrolidone, 50 m sodium phosphate buffer at
pH 6.5 with 750 M NaCI, and 75 mM sodium citrate at
42°C. [088] Another example of stringent conditions is
the use of 50% formamide, 5x SSC (0.75 M NaCI, 0.075 M
sodium citrate), 50 mM sodium phosphate (pH 6.8), 0.1%
sodium pyrophosphate, 5x Denhardt's solution,
sonicated salmon sperm DNA (50 mg/ml), 0.1% SDS, and
10% dextran sulfate at 42 C, with washes at 42°C in
0.2x SSC and 0.1% SDS. A skilled artisan can readily
determine and vary the stringency conditions
appropriately to obtain a clear and detectable
hybridization signal. Typical ranges ofstringency
conditions include: (1) low stringency (2x SSC/0.1%
(w/v) SDS, room temperature), (2) moderate stringency
(0.2x SSC/0.1% (w/v) SDS, 42°C), and (3) high
stringency (0.1x SSC/0.1% (w/v) SDS, 68°C). 1 ¡ [089]
The present invention provides RNA molecules that
encode LmPDE polypeptides. n particular, the RNA
molecules of the invention may be isolated full-length
or partial mRNA molecules or RNA oligomers that encode
a LmPDE polypeptide. [090] The nucleic acid molecules
of the invention also include derivative nucleic acid
molecules which differ from DNA or RNA molecules, and
anti-sense molecules. Derivative molecules include
peptide nucleic acids (PNAs), and non-nucleic acid
molecules including phosphorothioate, phosphotriester,
phosphoramidate, and methylphosphonate molecules, that
bind to single-stranded DNA or RNA in a base
pair-dependent manner (Zamecnik et al. (1978) Proc.
Natl. Acad. Sci. USA 75, 280-284; Goodchild et al.
(1986) Proc. Natl. Acad. Sci. USA 83, 4143-4146).
[091] ., Peptide nucleic acid molecules comprise a
nucleic acid oligomer to which an amino acid residue,
such as lysine, and an amino group have been added.
These small molecules (also known as anti-gene agents)
stop transcript elongation by binding to their
complementary (template) strand of nucleic
acid.(Nielsen et al., (1993) Anticancer Drug Des. 8,
53-63). Reviews of methods for synthesis of DNA, RNA,
and their analogues can be found in Oligonucleotides
and Analogues (ed. . Eckstein (1991) IRL Press, New
York) and Oligonucleotide Synthesis (ed. M. J. Gait
(1984) IRL Press, Oxford, England). Additionally,
methods for antisense RNA technology are described in
U.S. patent Nos. 5,194,428 and 5,110,802. A skilled
artisan can readily obtain these classes of nucleic
acid molecules using the LmPDE nucleotide sequences
described herein (see, for example, Innovative and
Perspectives in Solid Phase Synthesis (1992) Egholm,
et al. pp. 325-328, or U.S. Patent No. 5,539,082).
[092] Embodiments of the LmPDE nucleic acid molecules
of the 



invention include DNA and RNA primers, which allow the
specific amplification of LmPDE sequences, or of any
fragments thereof, and probes thatselectively or
specifically hybridize to LmPDE sequences or to any
fragments thereof. As used herein, amplification
refers to the production of additional copies of a
nucleic acid sequence and is generally carried out
using polymerase chain reaction (PCR) technologies
that are well known in the art (Dieffenbach et al.
(1995) PCR Primer, a Laboratory Manual, Cold Spring
Harbor Press, Plainview, NY). The nucleic acid probes
can be labeled with a detectable marker. Examples of a
detectable marker include, but are not limited to, a
radioisotope, a fluorescent compound, a bioluminescent
compound, a chemiluminescent compound, a metal
chelator, or an enzyme. Technologies for generating
labeled DNA and RNA probes are well known in the art
(see, for example, Sambrook et al. (1989) in Molecular
Cloning). Recombinant Nucleic Acid Molecules Encoding
LmPDEs [093] The invention also includes recombinant
nucleic acid molecules encoding LmPDE polypeptides.
Such molecules may have regulatory sequences
operatively linked to the LmPDE nucleotide sequences
of the invention. [094] The present invention also
encompasses recombinant nucleic acid molecules, such
as recombinant DNA molecules (rDNAs) that comprise
nucleotide sequences encoding LmPDE polypeptides. As
used herein, a rDNA molecule is a DNA molecule that
has been subjected to molecular manipulation in vitro.
Methods for generating rDNA molecules are well known
in the art (see, for example, Sambrook et al. (1989)
Molecular Cloning, supra). n one embodiment of the
present invention, the rDNA sequences that encode a
LmPDE polypeptide, or fragments thereof, are operably
linked to one or more expression control sequences
and/or vector sequences. Vectors Comprising Novel
LmPDEs [095] The nucleic acid molecules of the present
invention may be recombinant molecules, each
comprising the sequence, or portion thereof, ofa LmPDE
nucleotide sequence linked to a non-LrhPDE nucleotide
sequence. For example, the LmPDE sequence may be
operatively linked to a vector to generate a
recombinant molecule. , [096] One possible vector for
expression is an autonomously replicating vector
comprising a replicon that directs the replication of
the rDNA within the appropriate host cell.
Alternatively, the vector directs integration of the
recombinant vector into a host cell. Various viral
vectors may also be used, such as a number of well
known retroviral, adenoviral, and adenoassociated
viral (AAV) vectors (Berkner (1988) Biotechniques 6,
616-629). [097] Vectors of the present invention may
permit expression of a LmPDE transcript or polypeptide
sequence in prokaryotic or eukaryotic host cells. Such
vectors include expression vectors comprising an
expression control element, described above. Vectors
used for expression of the LmPDE 



nucleotide sequences in eukaryotic host cells can
include expression control elements, such as the
baculovirus polyhedrin promoter for expression in
insect cells! , Other possible expression control
elements include promoters or enhancers derived from
the genomes of plant cells (e. g., heat shock,
RUBISCO, storage protein genes), viral promoters or
leader sequences from plant viruses, and promoters or
enhancers from the mammalian genes or from mammalian
viruses. [098] Specific initiation signals may also be
required for efficient translation of LmPDE nucleotide
sequences. These signals include the ATGinitiation
codon and adjacent sequences. n cases where a LmPDE
initiation codon and upstream sequences are inserted
into the appropriate expression vector, no additional
translation control signals may be needed. However, in
cases where only the coding sequence (or a portion
thereof) is inserted, exogenous translational control
signals including the ATG-initiation codon must be
provided. Furthermore, the initiation codon must be in
the correct reading frame to ensure translation of the
entire insert. Exogenous translational elements and
initiation codons can be of various origins, both
natural and synthetic. The efficiency of expression
may be enhanced by the inclusion of enhancers
appropriate to the cell system in use (Scharf et a(
994) Results Probl. Cell. Differ. 20, 125-162; Bittner
et al. (1987) Methods in Enzymol. 153, 516-544). [099]
One possible vector includes at least one selectable
marker gene that encodes a gene product that confers
drug resistance such as resistance to ampicillin or
tetracyline. The vector may also comprise multiple
endonuclease restriction sites that enable convenient
insertion of exogenous DNA sequences. Methods for
generating a recombinant expression vector encoding a
LmPDE protein of the invention are well known in the
art (see, for example, Sambrook et al. (2001)
Molecular Cloning, A Laboratory Manual, Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY and Ausubel
(1989) Current Protocols in Molecular Biology, John
Wiley & Sons, New York NY). [0100] Vectors of the
present invention for generating LmPDE transcripts
and/or the encoded LmPDE polypeptides can be
expression vectors that are compatible with
prokaryotic host cells. Prokaryotic cell expression
vectors are well known in the art and are available
from several commercial sources. For example, pET
vectors (e.g., pET-21 , Novagen Corp.), pQE vectors
(Qiagen, Chatsworth, CA), BLUESCRIPT phagemid
(Stratagene, LaJoIIa, CA), pSPORT (Gibco BRL), or
ptrp-lac hybrids may be used to express LmPDE
polypeptides in bacterial host cells. [0101]
Alternatively, the expression vectors of the present
invention for generating LmPDE transcripts and/or the
encoded LmPDE polypeptides can be expression vectors
which are compatible with eukaryotic host cells, such
as vertebrate cells. Eukaryotic cell expression
vectors are well known in the 



art and are available from several commercial sources.
Such vectors can contain convenient restriction sites
for insertion of the desired DNA segment. Typical of
such vectors are PSVL and pKSV-10 (Pharmacia),
pBPV-1/pML2d (International Biotechnologies, Inc.),
pTDT1 (ATCC, #31255), and similar eukaryotic
expression vectors.Host-Vector Systems Comprising
LmPDEs [0102] The invention further provides a
host-vector system comprising a vector, plasmid,
phagemid, or cosmid comprising a LmPDE nucleotide
sequence, or a fragment thereof, introduced into a
suitable host cell. A variety of expression
vector/host systems may be utilized to carry and
express LmPDE nucleotide sequences. The host-vector
system can be used to express (e.g., produce) LmPDE
polypeptides encoded by LmPDE nucleotide sequences.
The host cell can be either prokaryotic or eukaryotic.
Examples of suitable prokaryotic host cells include
bacterial strains from genera such as Escherichia,
Bacillus, Pseudqmonas, Streptococcus, and
Streptomyces. Examples of suitable eukaryotic host
cells include yeast cells, plant cells, or animal
cells such as mammalian cells and insect cells.
Several possible embodiments provide a host-vector
system comprising the pcDNA3 vector (Invitrogen,
Carlsbad, CA) in COS-7 mammalian cells, pGEX vector
(Promega, lyiadison, Wl) in bacterial cells, pLT1
vector (S. Kunz, unpublished) in Saccharomyces
cerevisiae cells, or pFastBac HT baculovirus vector
(Gibco/BRL) in Sf9 insect cells (ATCC, Manassas, VA).
[0103] The introduction of the recombinant DNA
molecules of the present invention into an appropriate
host cell may be accomplished by wellknown methods
that depend on the type of vector and host system
employed. For example, prokaryotic host cells are
introduced (e.g., transformed) with nucleic acid
molecules by electroporation or salt treatment methods
(see, for example, Cohen et al. (1972) Proc Natl Acad
Sci USA 69, 2 10; Sambrook et al. (1989) Molecular
Cloning supra). Vertebrate cells can be transformed
with vectors containing recombinant DNAs by various
methods, including electroporation, or cationic lipid
or salt treatment (Graham et al. (1973) Virol. 52,
456; Wigler et al. (1979) Proc. Natl. Acad. Sci. USA
76,1373-1376). [0104] Successfully transformed cells,
i.e., cells that contain a rDNA molecule of the
present invention, can be identified by techniques
well known in the art. For example, cells resulting
from the introduction of recombinant DNA of the
present invention are selected and cloned to produce
singlecolonies. Cells from those colonies are
harvested, lysed and their DNA content examined for
the presence of the rDNA using a method such as that
described by Southern (1975) J. MoI. Biol. 98, 503, or
Berent et al. (1985) Biotech. 3, 208. The proteins
produced from the cell may also be assayed via a
biochemical assay or immunological method. [0105] n
bacterial systems, a number of expression vectors may
be selected depending upon the use intended for the
LmPDE polypeptides. For 



example, when large quantities of LmPDEs are needed
for the induction of antibodies, vectors that direct
high level expression of fusion proteins that are
soluble and readily purified may be desirable. Such
vectors include, but are not limited to, the
multifunctional E. coli cloning and expression vectors
such as BLUESCRIPT (Stratagene, San Diego, CA), into
which a LmPDE nucleotide sequence may be ligated
in-frame with sequences for the aminoterminal Met and
the subsequent 7 residues of b-galactosidase so that a
hybrid protein is produced; pIN vectors (Van Heeke &
Schuster (1989) J. Biol. Chem. 264, 5503-5509); and
the like. The pGEX vectors (Promega, Madison, Wl) may
also be used to express LmPDE polypeptides as fusion
proteins with glutathione S-transferase (GST). n
general, such fusion proteins are soluble and can
easily be purified from lysed cells by adsorption to
glutathioneagarose beads followed by elution in the
presence of free glutathione. Proteins made in such
systems are designed to include heparin, thrombin, or
factor XA protease cleavage sites so that the cloned
protein of interest can be released from the GST
moiety at will. [0106] n yeast (Saccharomyces
cerevisiae) a number of vectors containing
constitutive or inducible promoters such as
beta-factor, alcohol oxidase and PGH may be used. For
reviews, see Ausubel et al. (supra) and Grant et al.
(1987) Methods in 516-544. [0107] n cases where plant
expression vectors are used, the expression of a
sequence encoding a LmPDE polypeptide can be driven by
several different promoters. For example, viral
promoters such as the 35S and 19S promoters of CaMV
(Brisson et al. (1984) Nature 310, 5 1-514) may be
used alone or in combination with the omega leader
sequence from TMV(Takamatsu et al. ( 987) EMBO J
6,307-31 ). Alternatively, plant promoters such as the
small subunit of RUBISCO (Coruzzi et al (1984) EMBO J
3 1671- 1680; Broglie et al. (1984) Science 224,
838-843), or heat shock promoters < (Winter et al.
(1991) Results Probl. Cell Differ. 17, 85-105) may be
used. These constructs can be introduced into plant
cells by direct DNA transformation or
pathogen-mediated transfection. For reviews of such
techniques, see Hobbs (1992) McGraw Yearbook of
Science and Technology, McGraw Hill New York N. Y.,
pp. 191-196; or Weissbach and Weissbach (1988) Methods
for Plant Molecular Biology, Academic Press, New York
N. Y., pp. 421-463. [0108] An alternative expression
system that can be used to express LmPDE polypeptides
is an insect system. n one such system, Autographa
californica nuclear polyhedrosis virus (AcNPV) is used
as a vector to express foreign genes in Spodoptera
frugiperda cells or in Trichoplusia larvae (Smith et
al. (1983) J. Virol. 46, 584; Engelhard et al. (1994)
Proc. Nat. Acad. ScL USA 91, 3224-3227). The sequence
encoding a LmPDE polypeptide may be cloned into a
nonessential region of the virus, such as the
polyhedrin gene, 



and placed under control of the polyhedrin promoter.
Successful insertion of a LmPDE nucleotide sequence
will render the polyhedrin gene inactive and produce
recombinant virus lacking coat protein. The
recombinant viruses are then used to infect S.
frugiperda cells or Trichoplusia larvae in which a
LmPDE polypeptide is expressed. [0109] n mammalian
host cells, a number of viral-based expression systems
are utilized. n cases where an adenovirus is used as
an expression vector, a LmPDE nucleotide sequence is
ligated into an adenovirus transcription/translation
vector consisting of the late promoter and tripartite
leader sequence. Insertion in a nonessential E1 or E3
region of the viral genome results in a viable virus
(Logan et al. (1984) Proc Natl. Acad. Sci. USA 81,
3655-3659) capable of expressing a LmPDE protein in
infected host cells. n addition, transcription
enhancers, such as the rous sarcoma virus (RSV)
enhancer, can be used to increase expression in
mammalian host cells.[0110] A host cell strain may
also be chosen for its ability to modulate the
expression of the inserted LmPDE nucleotide sequences
or to process the expressed LmPDE polypeptide in a
particular manner. Such modifications of LmPDE
polypeptides include, but are not limited to,
acetylation, carboxylation, glycosylation,
phosphorylation, lipidation and acylation.
Post-translational processing which cleaves a
precursor form of the protein may also be important
for correct insertion, folding and/or function.
Different host cells such as CHO, HeLa, MDCK, 293,
WI38, etc. have specific cellular machinery and
characteristic mechanisms for such post-translational
activities and may be chosen to ensure the correct
modification and processing of the introduced, foreign
protein. [01 ] For long-term, high-yield production of
recombinant proteins, stable expression is preferred.
For example, cell lines that stably express LmPDE
polypeptides are transformed using expression vectors
that contain viral origins of replication or
endogenous expression elements and a selectable marker
gene. Following the introduction of the vector, cells
are grown in an enriched media before they are
switched to selective media. The purpose of the
selectable marker is to confer resistance to
selection, and its presence allows growth and recovery
of cells which successfully express the introduced
sequences. Resistant clumps of stably transformed
cells can be proliferated using tissue culture
techniques appropriate for the cell type used. [0112]
Any number of selection systems may be used to recover
transformed cell lines. These include, but are not
limited to, the herpes simplex virus thymidine kinase
(tk) (Wigler et al. (1977) Ce// , 223-232) and adenine
phosphoribosyltransferase (aprt) (Lowy et al. (1980)
Cell 22, 817- 823) genes which can be employed in
tk-minus or aprt-minus cells, respectively. Also,
antimetabolite, antibiotic or herbicide resistance can
be 



used as the basis for selection. Examples include:
dhfr which confers resistance to methotrexate (Wigler
et al. (1980) Proc Natl Acad Sci USA 77, 3567-3570);
npt, which confers resistance to the aminoglycosides
neomycin and G-418 (Colbere-Garapin et al. (1981) J.
MoI. Biol. 150, 1-14) and als orpat, which confer
resistance to chlorsulfaron and phosphinotricin
acetyltransferase, respectively (Murry, supra). [0113]
Additional selectable genes have been described, for
example/ 1 UpB, which allows cells to utilize indole
in place of tryptophan, or hisD, which allows cells to
utilize histinol in place of histidine (Hartman et al.
(1988) Proc. Natl. Acad. Sci. USA 85, 8047-8051 ).
Recently, the use of visible markers has gained
popularity. Such markers include anthocyanins,
b-glucuronidase and its substrate, GUS, and luciferase
and its substrate, luciferin. These markers are widely
used not only to identify transformants, but also to
quantify the amount of transient or stable protein
expression attributable to a specific vector system
(Rhodes et al. (1995) Methods MoI. Biol. 55, 121-131).
Antibodies Reactive Against LmPDE Polypeptides [0114]
The present invention also provides antibodies that
bind to the LmPDEs of tjhe invention. These antibodies
may be used for both diagnostic and therapeutic
purposes. [0115] The invention provides antibodies,
such as polyclonal, monoclonal, chimeric, humanized,
and human antibodies, as well as fragments thereof
(e.g., Fab), that bind to LmPDE polypeptides. Such
antibodies may selectively bind to a LmPDE polypeptide
but will not bind (or will bind weakly) to a non-LmPDE
protein. These antibodies can be from any source,
e.g., rabbit, sheep, rat, dog, cat, pig, horse, mouse
and human. [0116] As will be understood by those
skilled in the art, the epitopes of a LmPDE
polypeptide to which an antibody is directed may vary
with the intended application. LmPDE polypeptides may
be targets for therapeutic methods such as targeted
antibody therapy and immunotherapy to treat conditions
associated with the presence or absence of a LmPDE of
the invention. Additionally, some of the antibodies of
the invention may be internalizing antibodies, which
internalize (e.g., enter) into the cell upon or after
binding. Internalizing antibodies are useful for
inhibiting cell growthand/or inducing cell death and
for detecting or targeting LmPDEs within damaged or
dying cells. [0117] The invention also encompasses
antibody fragments that specifically recognize a LmPDE
polypeptide. As used herein, an antibody fragment is
defined as at least a portion of the variable region
of the immunoglobulin molecule that binds to its
target, i.e., the antigen-binding region. Some of the
constant region of the immunoglobulin may be included.
Fragments of the monoclonal antibodies or the
polyclonal antisera include Fab, F(ab')2 Fv fragments,
single-chain antibodies, and fusion proteins which 



include the immunologically significant portion (i.e.,
a portion that recognizes and binds a LmPDE). [0118]
The chimeric antibodies of the invention may be
immunoglobulin molecules that comprise at least two
antibody portions from different species, for example
a human and non-human portion. The invention also
provides chimeric antibodies having different effector
functions (Neuberger et al. (1984) Nature 3 604),
immunoglobulin constant regions from another species,
and constant regions of another immunoglobulin chain
(Sharon et al. (1984) Nature 309, 364; Tan et al.
(1985) J. Immunol. 35, 3565-3567). Additional
procedures for modifying antibody molecules and for
producing chimeric antibody molecules using homologous
recombination to target gene modification have been
described (Fell et al. (1989) Proc. Natl. Acad. ScL
USA 86, 8507-851 . [0119] Humanized antibodies
directed against LmPDE polypeptides are also useful.
Humanized antibodies can be made according to several
methods known in the art (Teng et al. (1983) Proc.
Natl. Acad. Sci. USA 80, 7308-7312; Kozbor et al.
(1983) Immunology Today 4, 7279; Olsson et al. (1982)
Meth. Enzymol. 92, 3-16). [0120] Various methods for
the preparation of antibodies are well known in the
art. For example, antibodies may be prepared by
immunizing a suitable mammalian host with an immunogen
such as an isolated LmPDE polypeptide (Harlow (1989)
Antibodies, Cold Spring Harbor Press, NY). n addition,
fusion proteins of LmPDEs may also be used as
immunogens, suchas a LmPDE fused to GST, human Ig, or
His-tagged fusion proteins. Cells expressing or
over-expressing LmPDE polypeptides may also be used
for immunizations. This strategy may result in the
production of monoclonal antibodies with enhanced
capacities for recognizing endogenous LmPDE
polypeptides (Harlow et al. (1988) Antibodies: A
Laboratory Manual, Cold Spring Harbor Press). [0121]
The invention also provides for human antibodies.
There are a number of well-known strategies one of
ordinary skill in the art may use to produce human
recombinant antibodies. One is the generation of
antibodies using phage display technologies (Low et
al. ( 996). J MoI Biol 260(3):359- 368; Winter et al.
(1994). Annu Rev Immunol 12:433-455). Specifically,
human RNA is used to produce a cDNA library of
antibody heavy and light chain fragments expressed on
the surface of bacteriophage. These libraries can be
used to probe against the antigen of interest. The
phage that bind, because of the antibody expressed on
the surface, can then be isolated. The DNA encoding
the variable regions is sequenced and cloned for
antibody expression. [0122] Another method of
producing human antibodies employs "humanized" mice.
These transgenic mice have had their own antibody 



genes replaced with a portion of the human antibody
gene complex so that upon inoculation with antigen,
they produce human antibodies (Green et al. (1994)
Nat. Genet. 7:13-21 ; Low et al. (1996). J MoI Biol
260(3):359-368; Wagner et al. ( 994) Eur. J. Immunol.
24(1 ):2672-2681 ; Wagner et al. ( 994) Nuc. Acids
Res. 22(8): 1389-1393; Winter et al. (1994) Annu Rev.
Immunol. 12:433-455). The antibody producing cells
that result can then be incorporated into the standard
hybridoma technology for the establishment of specific
monoclonal antibody producing cell lines. [0123]
Recombinant human antibodies are also produced by
isolating antibody-producing B cells from human
volunteers that have a robust response against the
antigen of interest. Using fluorescence activated cell
sorting (FACS) and fluorescently labeled antigen,
cells producing the antibodies directed against the
antigen can be separated from the other cells.The RNA
can then be extracted and the sequence of the reactive
antibody variable regions determined (Kantor et al.
(1995) Ann. N.Y. Acad. Sci. 764:224-227, Wang et al.
(2000) J. Immunol. Methods 244:217-225). The DNA
sequence of the functional variable regions can be
synthesized or cloned into mammalian expression
vectors for large-scale human recombinant antibody
production. [0124] The amino acid sequence of LmPDE
polypeptides may be used to select specific regions of
a LmPDE protein for generating antibodies. For
example, hydrophobicity and hydrophilicity analyses of
a LmPDE amino acid sequence may be used to identify
hydrophilic regions in a LmPDE protein structure.
Regions of a LmPDE polypeptide that show immunogenic
structure, as well as other regions and domains, can
readily be identified using various other methods
known in the art such as Chou-Fasman, Garnier- Robson,
Kyte-Doolittle, Eisenberg, Karplus-Schultz or
Jameson-Wolf analysis (Rost et al. (1994) Protein 19,
55-72). [0125] Methods for preparing a protein for use
as an immunogen and for preparing immunogenic
conjugates of a protein with a carrier such as BSA,
KLH, or other carrier proteins are well known in the
art. Techniques for conjugating or joining therapeutic
agents to antibodies are well known (Amon et al.
(1985) "Monoclonal Antibodies For lmmunotargeting Of
Drugs n Cancer Therapy", Monoclonal Antibodies And
Cancer Therapy, Reisfeld et al. (eds.) pp. 243-56,
Alan R. Liss, Inc; Hellstrom et al. (1987) "Antibodies
For Drug Delivery", Controlled Drug Delivery (2nd
Ed.), Robinson et al. (eds.) pp. 623- 53, Marcel
Dekker, Inc.; Thorpe (1985) "Antibody Carriers Of
Cytotoxic Agents n Cancer Therapy: A Review",
Monoclonal Antibodies '84 - Biological And Clinical
Applications, Pinchera et al. (eds.) pp. 475-506;
Thorpe et al. (1982) "The Preparation And Cytotoxic
Properties Of Antibody-Toxin Conjugates", Immunol.
Rev. 62, 19-158; and Sodee et al. (1997), CHn. Nuc.
Med. 2 , 759-766). n some circumstances, for example,
direct conjugation 



using carbodiimide reagents may be used; in other
instances linking reagents such as those supplied by
Pierce Chemical Co., Rockford, IL, may be
effective.[0126] Administration of a LmPDE immunogen
is conducted generally by injection over a suitable
time period and with use of a suitable adjuvant, as is
generally understood in the art. (Harlow et al. ( 988)
Antibodies: A Laboratory Manual, Cold Spring Harbor
Press). During the immunization schedule, titers of
antibodies can be taken to determine the adequacy of
antibody formation. [0127] While the polyclonal
antisera produced in this way may be satisfactory for
some applications, monoclonal antibody preparations
are preferred for pharmaceutical compositions.
Immortalized cell lines which secrete a desired
monoclonal antibody may be prepared using the standard
method of Kohler and Milstein (Nature 256, 495-497) or
modifications which effect immortalization of
lymphocytes or spleen cells, as is generally known in
the art. The immortalized cell lines secreting the
desired antibodies are screened by immunoassay in
which the antigen is a LmPDE polypeptide. When the
appropriate immortalized cell culture secreting the
desired antibody is identified; Jhe cells can be
cultured either in vitro or by production in ascites
fluid. The desired monoclonal antibodies are then
recovered from the culture supernatant or from the
ascites supernatant. [0128] The antibodies or
fragments may also be produced by recombinant means.
The antibody regions that bind specifically to the
desired regions of a LmPDE polypeptide can also be
produced in the context of chimeric antibodies of
multiple species origin. [0129] The antibodies of the
invention can bind specifically to LmPDE polypeptides.
n one embodiment, the LmPDE antibodies may
specifically bind to the GAF domain of a LmPDE
protein. n another embodiment, the antibodies of the
invention may specifically bind to the C-terminal
domain of a LmPDE protein. n a further embodiment, the
antibodies may specifically bind to the PDE catalytic
domain of a LmPDE polypeptide. n other embodiments,
the antibodies of this invention may bind to other
domains of a LmPDE polypeptide, for example the
antibodies may bind to the N-terminal domain of a
LmPDE polypeptide.Use of Antibodies Against LmPDEs
[0130] LmPDE polypeptides can be used to elicit the
generation of antibodies, including fragments, that
specifically bind an epitope associated with a LmPDE
polypeptide, using methods described herein (Kohler et
al. supra). The antibodies which are immunoreactive
with selected domains or regions of a LmPDE
polypeptide are particularly useful. n one embodiment,
LmPDE antibodies are used to screen expression
libraries in order to obtain polypeptides related to
LmPDE polypeptides (e.g., homologues). [0131] n
another embodiment, LmPDE antibodies are used to
enrich or 



purify LmPDE polypeptides from a sample having a
heterologous population of polypeptides. The
enrichment and purifying methods include conventional
techniques, such as immuno-affinity methods. n
general, the immuno-affinity methods include the
following steps: preparing an affinity matrix by
linking a solid support matrix with a LmPDE antibody,
wherein the linked affinity matrix specifically binds
with a LmPDE polypeptide; contacting the linked
affinity matrix with the sample under conditions that
permit a LmPDE polypeptide in the sample to bind to
the linked affinity matrix; removing the non-LmPDE
polypeptides that did not bind to the linked affinity
matrix, thereby enriching for or purifying a LmPDE
polypeptide. A further step may include eluting a
LmPDE polypeptide from the affinity matrix. The
general steps and conditions for affinity enrichment
for a desired protein or protein complex can be found
in Antibodies: A Laboratory Manual (Harlow et al.
(1988) CSHL, Cold Spring, NY). [0132] Furthermore,
there are multiple diagnostic uses of the antibodies
of the invention. The invention provides methods for
diagnosing in a subject, e.g., an animal or human
subject, a disease associated with the presence or
deficiency of at least one LmPDE polypeptide. n one
embodiment, the method comprises quantitatively
determining the amount of at least one LmPDE
polypeptide in the sample (e.g., cell or biological
fluid sample) using any one or a combination of the
antibodies of the invention. The amount so determined
can then be compared with the amount in a sample from
a normalsubject. The presence of a measurably
different amount in the sample (i.e., the amount of a
LmPDE polypeptide in the test sample exceeds or is
reduced from the amount of a LmPDE polypeptide in a
normal sample) indicates the presence of the disease.
[0133] The anti-LmPDE antibodies of the invention may
also be useful in diagnostic imaging methodologies,
where the antibodies have a detectable label. The
invention provides various immunological assays useful
for the detection of LmPDE polypeptides in a suitable
biological sample. Suitable detectable markers
include, but are not limited to, a radioisotope, a
fluorescent compound, a bioluminescent compound, a
chemiluminescent compound, a chromophore, a metal
chelator, biotin, or an enzyme. Such assays generally
comprise one or more labeled LmPDE antibodies that
recognize and bind a LmPDE polypeptide, and include
various immunological assay formats well known in the
art, including but not limited to various types of
precipitation, agglutination, complement fixation,
radioimmunoassays (RIA), enzyme-linked immunosorbent
assays (ELISA), enzyme-linked immunofluorescent assays
(ELIFA) (H. Liu et al. (1998) Cancer Research 58,
4055-4060), immunohistochemical analyses, and the
like. Methods for Generating LmPDE Polypeptides [0134]
The LmPDE polypeptides of the present invention may be



generated by chemical synthesis or by recombinant
methods. f a high yield is desired, recombinant
methods may be used, as set forth above. The LmPDE
polypeptides of the invention can also be generated by
chemical synthetic methods. The principles of solid
phase chemical synthesis of polypeptides are well
known in the art and may be found in general texts
relating to this area (see, e.g., Dugas et al. (1981)
Bioorganic Chemistry, pp. 54-92, Springer-Verlag, New
York). [0135] The present invention also provides
derivative polypeptide molecules, such as chemically
modified LmPDE polypeptides. Illustrative of such
modifications is replacement of hydrogen by an alkyl,
acyl, or aminogroup. The LmPDE polypeptide derivatives
retain the biological activities of naturally
occurring LmPDEs. Screening for Compounds that
Modulate LmPDE Activity/Expression [0136] The LmPDE
polypeptides of the present invention are
phosphodiesterases from Leishmania, such as Leishmania
major, that function as key components in the
regulation of intracellular levels of cAMP by
catalyzing its hydrolysis. Together with the adenylyl
cyclases, these phosphodiesterases ultimately control
the biological responses mediated by the messenger
cAMP. Regulation of intracellular levels of cAMP is
crucial in the processes of cell transformation and
proliferation. Thus, LmPDE polypeptides are important
targets for compounds that modulate their biological
activity, or that modulate their expression. Compounds
that effectively modulate the biological functions of
LmPDEs may serve as important therapeutics for the
treatment of parasitic diseases such as leishmaniasis.
The invention also provides a method for obtaining
compounds that modulate either the activity or the
expression of LmPDEs. [0137] The present invention
relates to screening methods for identifying compounds
that bind to LmPDE polypeptides (e.g., ligands) and
modulate the biological activity of LmPDE
polypeptides. These screening methods may also
identify compounds that do not necessarily bind
directly to LmPDEs, but nevertheless modulate LmPDE
activity. Such screening methods can also be used to
identify compounds that modulate the expression of
LmPDE polypeptides. [0138] Typically, the goal of
screening methods is to identify compounds that bind
to the target LmPDEs and cause changes in the
biological activity of the target polypeptide or
nucleic acid molecule. The • compounds of interest are
identified from a population of candidate compounds.
For example, a compound that effectively binds the
target nucleic acid molecule can decrease expression
of the LmPDE polypeptide, and thereby decrease
proliferation of cells that express LmPDE
polypeptides.Decreasing the proliferation of cells
that express LmPDE polypeptides can be an effective
method of treating diseases associated with the
infection of 



parasites such as Leishmania major. [0139] Several
assays and screens can be used to identify compounds
that modulate LmPDE activity and/or expression. The
compounds identified in the assays and screens may
modulate the activity of LmPDEs in a variety of ways.
For example, the compounds may bind directly to a
LmPDE polypeptide or it may bind to intracellular
proteins that bind to a LmPDE. The compounds may also
modulate the activity of a LmPDE gene, or modulate the
expression of a LmPDE gene or a LmPDE polypeptide. For
example, such compounds may bind to a LmPDE regulatory
sequence and thus modulate gene expression (see, e.g.
Platt (1994) J. Biol. Chem. 269, 28558-28562). [0140]
Compounds that can be screened by the methods
described in the present invention include, but are
not limited to, peptides and derivatives thereof (e.g.
peptidomimetics) that bind to a LmPDE polypeptide or
otherwise modulate its activity in any way. Such
compounds may include peptides, such as soluble
peptides, including members of random peptide
libraries (Lam et al. (1991) Nature 354, 82-84;
Houghten et al. (1991 ) Nature 354, 84-86), and
combinatorial chemistry-derived molecular libraries
made of D-and/or Lamino acids, phosphopeptides
(including, but not limited to, members of random or
partially degenerate, directed phosphopeptide
libraries; see, e.g., Songyang et al. (1993) Cell 72,
767-778), carbohydrates, and small organic or
inorganic molecules. Compounds that can be screened
include, but are not limited to, natural and synthetic
products. A skilled artisan can readily recognize that
there is no limit as to the structural nature of the
compounds tested for binding to LmPDE polypeptides.
[0141] Candidate compounds that are tested for binding
with LmPDE polypeptides and/or modulating the activity
of LmPDE polypeptides can be randomly selected or
rationally selected. As used herein, a compound is
said to be randomly selected when the compound is
chosen randomly without considering the specific
sequences of the LmPDE polypeptide or nucleic
acid.Examples of randomly selected agents are members
of a chemical library, a peptide combinatorial
library, a growth broth of an organism, or plant
extract. [0142] As used herein, a compound is said to
be rationally selected when the compound is chosen on
a nonrandom basis that is based on the sequence of the
target site and/or its conformation in connection with
the compound's action. Compounds can be rationally
selected by utilizing the peptide sequences that make
up the LmPDE polypeptide or by analyzing the
nucleotide sequence that encodes a LmPDE polypeptide.
[0143] Methods for rationally selecting a compound
that modulates the activity and/or expression of a
LmPDE polypeptide include computer modeling or
searching techniques. For example, compounds likely to
interact with the active site of a LmPDE polypeptide
are identified. The active site of a LmPDE polypeptide
can be identified using methods known in the art
including, for 



example, analysis of the amino acid sequence of a
molecule, and from a study of complexes formed by a
LmPDE polypeptide and a native substrate (e.g. CAMP)
Methods such as X-ray crystallography and NMR can be
used to solve the three-dimensional structure of a
protein in order to identify possible binding sites,
including the active site of the natural substrate.
[0144] Computer-based modeling can be used to complete
an incomplete or insufficiently accurate structure.
Modeling methods that can be used are, for example,
parameterized models specific to particular
biopolymers such as proteins or nucleic acids,
molecular dynamics modeling based on computing
molecular motions, statistical mechanics models based
on thermal ensembles, or combined models. For most
types of models, standard molecular force fields,
representing the forces between constituent atoms and
groups are necessary, and can be selected from force
fields known in the art. Information on incomplete or
less accurate structures determined as above can be
incorporated as constraints on the structures computed
by these modeling methods. [0145] Once the structure
of the active site of a LmPDE polypeptide has been
determined, candidate modulating compounds can be
identified by searching databases containing compounds
along with information on theirmolecular structure.
The compounds identified in such a search are those
that have structures that match the active site
structure, fit into the active site, or interact with
groups defining the active site. The compounds
identified by the search are potential LmPDE
modulating compounds. [0146] These methods may be used
to identify improved modulating compounds based on
compounds that are known to modulate other PDEs. The
structure of the known compound is modified and
modulating effects are determined using experimental
and computational methods as described herein. The
altered structure is compared to the active site
structure of a LmPDE polypeptide to determine or
predict how a particular modification to the compound
will effect its interaction with that protein.
Systematic variations in composition, such as by
varying side groups, can be evaluated to obtain
modified modulating compounds of preferred specificity
or activity. [0147] Examples of molecular modeling
systems are the QUANTA programs, e.g., CHARMm,
MCSS/HOOK, and X-LIGAND (Molecular Simulations, Inc.,
San Diego, Ca.). QUANTA provides a modeling
environment for simulation and analysis of
macromolecules and small organic molecules. [0148] The
process of using experimental or predicted structural
information in a computer simulation to predict the
interactions of potential modulating compounds is well
known in the art. For example, see Rotivinen et al.
(1988) Acta Pharm. Fenn. 97, 159-166; and McKinaly et
al. (1989) Ann. Rev. Pharmacol. Toxicol. 29, 1-122.
Computer programs designed to 



screen and depict chemicals are available from
companies such as MSI, Allelix, Inc., and Hypercube,
Inc. These applications are largely designed for drugs
specific to particular proteins; however, they may be
adapted to the design of drugs specific to identified
regions of DNA or RNA. Commercial sources of chemical
libraries can be used as sources of candidate
compounds. Such chemical libraries can be obtained
from, for example, ArQuIe, Inc. [0149] Compounds that
modulate the activity and/or expression of a LmPDE
polypeptide may also be based on antisense constructs.
Therapeutictechniques based on an antisense approach
involve the design of oligonucleotides that are
complementary to LmPDE mRNAs. These oligonucleotides
bind the complementary transcripts and prevent
translation.' Absolute (or total) complementarity is
not required. An oligonucleotide may function as an
effective antisense construct as long as its sequence
is sufficiently complementary to be able to hybridize
with RNA and form a stable duplex. n the case of a
double-stranded antisense nucleic acid molecule, a
single strand of the duplex may be tested, or triplex
formation may be assayed. The ability to hybridize
will depend on both the degree of complementarity and
the length of the antisense nucleic acid. n general,
the longer the hybridizing nucleic acid, the more base
mismatches with an RNA it may contain and still form a
stable duplex (or triplex, as the case may be). One
skilled in the art can determine a tolerable degree of
mismatch by use of standard procedures to determine
the melting point of the hybridized complex. [0150]
Furthermore, several in vitro assays can be used to
identify compounds Jhat modulate the expression and/or
the activity of a LmPDE polypeptide. Such assays
typically involve preparation of a reaction mixture
comprising a LmPDE polypeptide and a test compound
under conditions sufficient to allow the two
components to interact and bind, thus forming a
complex that can be detected and/or isolated. The
binding of a compound with a LmPDE polypeptide can be
assayed using a shift in the molecular weight or a
change in biological activity of the unbound LmPDE
polypeptide, or the expression of a reporter gene in a
yeast two-hybrid system (Fields et al. (1989) Nature
340, 245-246). The method used to identify whether a
compound binds to a LmPDE polypeptide will be based
primarily on the nature of the LmPDE polypeptide used.
For example, a gel retardation assay can be used to
determine whether a compound binds to a LmPDE
polypeptide. Alternatively, immunodetection and
biochip (e.g., U.S. Patent No. 4,777,019) technologies
can be adopted for use with a LmPDE polypeptide. An
alternative method for identifying compounds that bind
with a LmPDE polypeptide employs TLC overlay assays
using glycolipid extracts from immune-type cells
(Abdullah et al. (1992) Infect. Immunol. 60,
56-62).Furthermore, a decrease in LmPDE cAMP
hydrolytic activity can be measured to determine
whether or not a particular compound is inhibiting a
LmPDE. A 



skilled artisan can readily employ numerous techniques
known in the art for determining whether a particular
compound binds to a LmPDE polypeptide of the
invention. Such assays will typically make use of a
control cell. [0151] t is also possible to use
cell-based assays to identify compounds that interact
with LmPDE polypeptides. Cell lines that naturally
express LmPDEs or that have been genetically
engineered to express LmPDEs can be used. For example,
test compounds may be added to cell cultures after
which the hydrolysis of cAMP can be measured using
standard techniques known in the art. A decrease in
the amount of hydrolysis in the presence of a test
compound compared to control cells that do not contain
the test compound indicates that the test compound is
an inhibitor of LmPDE activity. [0152] Inhibitors of
LmPDE expression may be identified by using a chimeric
gene in which a LmPDE nucleotide sequence is fused
with a reporter, such as firefly luciferase. Cultured
cells that have been transformed with the chimeric
gene can be screened for the expression of luciferase
activity in the presence of test compounds. Compounds
that inhibit luciferase activity in this high
throughput assay can also be confirmed by direct
measurement for the presence of the endogenous LmPDE
polypeptide (e.g. by Western blotting) and LmPDE mRNA
(e.g. by Northern blotting) using methods that are
well known in the art (see, e.g., Ausubel et al.
(1994) Current Protocols in Molecular Biology, John
Wiley & Sons). Candidate compounds can be further
tested in cell or tissue cultures as well as in animal
models. Cells expressing a LmPDE polypeptide, for
example, can be incubated with a test compound, after
which cell lysates are prepared and probed for the
presence of the LmPDE polypeptide (e.g. using Western
blotting techniques). A decrease in the amount of
LmPDE expression in cultures treated with the test
compound compared to control cultures without the test
compound indicates that the test compound is an
inhibitor of LmPDE expression.[0153] n vivo assays can
also be used to test these compounds in animal models
of Leishmaniaa infection. Test compounds predicted to
inhibit LmPDE activity and/or expression are
administered to the animals. The treated animals can
then be assayed for inhibition of LmPDE activity. Such
assays may be indirect or inferential. Improved
health, for example, may indicate the efficacy of a
test compound. Direct assays may also be performed
where a decrease in LmPDE expression can be measured
by a Northern blotting analysis. A decrease in the
amount of LmPDE mRNA present in the sample from
treated animals compared to untreated control animals
indicates that the test compound inhibits LmPDE
expression. A direct assay may also be performed that
measures the hydrolytic activity of a LmPDE on cAMP. A
decrease in hydrolysis of cAMP in the sample from 



treated animals compared to the untreated control
animals indicates that the test compound inhibits
LmPDE activity. [0154] LmPDE polypeptides which are
used in the screening assays described herein include,
but are not limited to, an isolated LmPDE polypeptide,
a host cell that expresses a LmPDE polypeptide, or a
fraction of a host cell that expresses a LmPDE
polypeptide. [0155] The cellular extracts to be tested
for binding with LmPDE polypeptides and or modulating
the activity of LmPDE polypeptides can be, as
examples, aqueous extracts of cells or tissues,
organic extracts of cells or tissues or partially
purified cellular fractions. A skilled artisan can
readily recognize that there is no limit as to the
source of the cellular extracts used in the screening
methods of the present invention. [0156] Compounds
that are identified as candidates for inhibiting the
activity and/or expression of a LmPDE polypeptide,
when administered in a therapeutically effective
amount, may be useful for treating diseases and
reducing symptoms associated with the infection of
Leishmania, such as leishmaniasis. Toxicity and
therapeutic efficacy of identified compounds that
modulate the activity and/or expression of a LmPDE
polypeptide can be determined by standard
pharmaceutical procedures. For example, using either
cells in culture or experimental animals, the dose
lethal to 50% of thepopulation (LD ) can be
determined. The dose ratio between toxic and
therapeutic effects is the therapeutic index and can
be expressed as the ratio LD /ED o Compounds with a
large therapeutic index are preferred. While compounds
that have toxic side effects may be used, care should
be taken to design a delivery system that targets such
compounds to the site of affected tissue to minimize
potential damage to uninfected cells and thus reduce
side effects. [0157] The data obtained from cell
culture assays and animal studies can be used in
formulating a range of dosage for use in humans. The
dosage of such compounds lies preferably within a
range of circulating concentrations that include the
ED with little or no toxicity. The dosage may vary
within this range depending upon the dosage form
employed and the route of administrations used. For
any compound used in the method of the present
invention, the therapeutically effective dose can be
estimated initially from cell culture assays. A dose
may be formulated in animal models to achieve a
circulating plasma concentration range that includes
the. IC as determined in cell culture. Such
information can be used to more accurately determine
useful doses in humans. Levels in plasma can be
measured, for example, by high performance liquid
chromatography. Generation of Transgenic Organisms
[0158] Another aspect of the invention provides
transgenic organisms comprising LmPDE nucleic acids.
As used herein, a genetically modified 



organism refers to an organism that has been altered
from its natural state by manipulation of the native
nucleic acid sequences. For example, in one
application, PDE-deficient organisms can be generated
using standard knock¬ out procedures to inactivate an
endogenous PDE. Alternatively, inducible PDE
anti-sense molecules can be used to regulate the
activity and/or expression of the endogenous PDE. An
organism can also be produced so as to contain a
LmPDE-encoding nucleic acid molecule or an antisense-
LmPDE expression unit that directs the expression of a
LmPDE polypeptideor the antisense molecule. n such
cases, an organism is generated in which the
expression of the endogenous PDE gene is altered by
inactivation and/or replaced by a LmPDE gene. This can
be accomplished using a variety of ¡ procedures known
in the art such as targeted recombination. Once
generated, the endogenous PDE-deficient organism that
expresses a LmPDE polypeptide can be used to (1)
identify biological and pathological processes
mediated by LmPDE polypeptides, (2) identify proteins
and other genes that interact with LmPDE polypeptides,
(3) identify compounds that can be exogenously
supplied to inhibit a LmPDE polypeptide, and (4) serve
as an appropriate screen for identifying mutations
within LmPDE genes that increase or decrease activity.
[0159] For example, in one embodiment, the endogenous
PDE genes in S. cerevisiae can be deleted, which
results in intracellular accumulation of cAMP.
Organisms that accumulate high levels of intracellular
cAMP cease to grow when exposed to a heat shock. LmPDE
nucleic acid molecules can then be cloned into a yeast
expression vector and transfected into the
PDEdeficient strain of S. cerevisiae. Restoration of
heat-insensitive growth is thus a marker for LmPDE
activity. Observing whether or not heat-insensitive
growth is restored to the transfected strain under
various conditions can indicate the effects these
conditions have on LmPDE activity. Uses of LmPDE
Polypeptides [0160] As discussed previously, the
present invention provides cAMPspecific PDEs from
Leishmania, such as Leishmania major, including
LmPDEA, LmPDE-BI , and LmPDE-B2 and fragments,
variants, and mutants thereof. t is known that cAMP
plays a key role in cell growth and differentiation in
this parasite and that PDEs are responsible for the
hydrolysis of this messenger. Therefore, as discussed
above, LmPDEs are targets for drug screening assays
and are useful in accomplishing selective drug design.
[0161] Additionally, the invention provides methods
for monitoring the course of disease or disorders
associated with the presence of LmPDEs in atest
subject by measuring the amount of a LmPDE polypeptide
in a sample from the test subject at various points in
time. This is done for purposes of determining a
change in the amount of a LmPDE in the sample over
time. Monitoring the course of a disease or disorder
over time may optimize the timing, dosage, and type of
treatment. n one embodiment, the method 



comprises quantitatively determining in a first sample
from the subject the presence of a LmPDE polypeptide
and comparing the amount so determined with the amount
present in a second sample from the same subject taken
at a different point in time, a difference in the
amounts determined being indicative of the course of
the disease. Measuring the amount of LmPDE polypeptide
present in a sample can be performed using a variety
of techniques well . known in the art, for example by
using immunoassays as discussed below. [0162] The
present invention further provides methods for using
isolated and substantially purified LmPDE polypeptides
as antigens for the production of novel anti-LmPDE
antibodies, and for using LmPDE polypeptides for
obtaining and detecting novel LmPDE ligands. The anti-
LmPDE antibodies are useful in diagnostic assays and
kits for the detection of naturally occurring LmPDE
protein sequences present in biological samples. Uses
Of Nucleic Acid Molecules Encoding LmPDEs [0163] The
nucleic acid molecules encoding LmPDE polypeptides of
the invention are useful for a variety of purposes,
including their use in diagnosis and/or prognostic
methods. The nucleic acid molecules and polypeptides
of the invention may be used to test for the presence
and/or amount of LmPDE nucleotide sequences and LmPDE
polypeptides in a suitable biological sample. [0164]
The nucleic acid molecules of this invention can be
used in various hybridization methods to identify
and/or isolate nucleotide sequences related to LmPDE
nucleotide sequences, such as different polymorphic
forms and genomic sequences. Sequences related to a
LmPDE nucleotide sequence are useful for developing
additional ligands and antibodies. Thehybridization
methods are used to identify/isolate DNA and RNA
sequences that are at least about 60%, 65%, 70%, 75%,
80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to
LmPDE nucleotide sequences, such as novel' LmPDE
homologues, allelic variants, and mutant forms. [0165]
Nucleotide sequences that encode LmPDE polypeptides
described herein can be used as nucleic acid probes to
retrieve nucleic acid molecules having sequences
related to LmPDEs. [0166] n one embodiment, a LmPDE
nucleic acid probe is used to screen genomic
libraries, such as libraries constructed in lambda
phage or BACs (bacterial artificial chromosomes) or
YACs (yeast artificial chromosomes), to isolate a
genomic clone of a LmPDE gene. The LmPDE nucleotide
sequences from genomic libraries are useful for
isolating upstream or downstream non-coding sequences,
such as promoter, enhancer, and transcription
termination sequences. The upstream sequences from a
LmPDE gene may be joined to non-LmPDE sequences in
order to construct a recombinant,DNA molecule that
expresses the non-LmPDE sequence upon introduction
into an appropriate host cell. n another embodiment, a
LmPDE 



probe is used to screen cDNA libraries to isolate cDNA
clones expressed in certain tissues or cell types.
[0167] Additionally, pairs of oligonucleotide primers
can be prepared for use in a polymerase chain reaction
(PCR) to selectively amplify or clone nucleic acid
molecules encoding LmPDE proteins, or fragments
thereof. PCR methods (U.S. Patent No. 4,965,188) that
include numerous cycles of denature/anneal/polymerize
steps are well known in the art and can be readily
adapted for use in isolating LmPDE-encoding nucleic
acid molecules. [0168] n addition, the nucleic acid
molecules of the invention may also be employed in
diagnostic embodiments, using LmPDE nucleic acid
probes to determine the presence and/or the amount of
LmPDE sequences present in a biological sample. One
embodiment encompasses determining the amount of LmPDE
nucleotide sequences present within the suitable
biological sample such as in specific cell types,
tissues, or body fluids, using a LmPDE probe in a
hybridization procedure. The amount of LmPDE nucleic
acid molecules inthe test sample can be compared with
the amount of LmPDE nucleic acid molecules in a
reference sample from a normal subject. The presence
of a measurably different amount of LmPDE nucleic acid
molecules between the test and reference samples may
correlate with the presence or with the severity of a
disease associated with abnormal levels (high or low)
of LmPDE nucleic acid molecules as compared to normal
levels. [0169] n another embodiment, monitoring the
amount of LmPDE RNA transcripts over time is effected
by quantitatively determining the amount of LmPDE RNA
transcripts in test samples taken at different points
in time. A difference in the amounts of LmPDE RNA
transcripts in the various samples is indicative of
the course of the disease associated with expression
of a LmPDE transcript. [0170] To conduct such
diagnostic methods, a suitable biological sample from
a test subject is contacted with a labeled LmPDE
probe, under conditions effective to allow
hybridization between the sample nucleic acid
molecules and the probe. n a similar manner, a
biological sample from a normal subject is contacted
with a LmPDE probe and hybridized under similar
conditions. The presence of the nucleic acid molecules
hybridized to the probe is detected. The relative
and/or quantified amount of the hybridized molecules
may be compared between the test and reference
samples. The LmPDE probes can be labeled with any of
several known detectable labels, including
radioactive, enzymatic, fluorescent, or
chemiluminescent labels. [0171] Many suitable
variations of hybridization technology are available
for use in the detection of nucleic acids that encode
LmPDE polypeptides. These include, for example,
Southern and Northern procedures. Other hybridization
techniques and systems are known that can be used in
connection with the detection aspects of the
invention, including 



diagnostic assays such as those described in Falkow et
al. (U.S. Pat. No. 4,358,535). Another hybridization
procedure includes in situ hybridization, where the
target nucleic acids are located within one or more
cells and are contacted with the LmPDE probes. As is
well known in the art, the cells are prepared for
hybridization by fixation, e.g. chemical fixation, and
placed inconditions that permit hybridization of a
LmPDE probe with nucleic acids located within the
fixed cell. [0172] The nucleic acid molecules of this
invention further provide antisense molecules that
recognize and hybridize to a LmPDE nucleic acid.
Antisense polynucleotides are particularly useful in
regulating the expression of a LmPDE protein in those
cells expressing a LmPDE mRNA. One embodiment useful
for this approach is an anti-sense molecule
corresponding to the N-terminal sequence of the gene.
The present invention includes such full length and
fragment anti-sense polynucleotides. [0173] The
polynucleotides of this invention further provide
reagents to develop animal models using "knock-out"
strategies through homologous recombination. Methods
for generating knock-out animals that fail to express
a functional protein molecule are well known in the
art (Capecchi (1989) Science 244, 1288-1292), and may
be used in studying the in vivo functions of LmPDEs.
[0174] t is to be understood that both the foregoing
general description and the following examples are
exemplary and explanatory only and are not restrictive
of the invention, as claimed. Moreover, it must be
understood that the invention is not limited to the
particular embodiments described. Further, the
terminology used to describe particular embodiments is
not intended to be limiting, since the scope of the
present invention will be limited only by its claims.
[0175] The following examples are presented to
illustrate the present invention and to assist one of
ordinary skill in making and using the same. The
methodology and results may vary depending on the
intended goal of treatment and the procedures
employed. The examples are not intended in any way to
otherwise limit the scope of the invention.EXAMPLES
Example 1 [0176] The following example provides the
methods used to identify three cyclic
nucleotide-specific phosphodiesterases from Leishmania
major. [0177] Two families of cAMP-specific PDEs from
the protozoal parasite Trypanosoma brucei had been
previously characterized and identified (Zoraghi et
al. (2001) J. Biol. Chem. 276, 1559-11566; Zoraghi et
al. (2002) Proc. Natl. Acad. ScL USA 99, 4343-4348;
Gong et al. (2001 ) MoI. Biochem. Parasitol. 16,
229-232); and Rascon et al. (2002) Proc. Natl. Acad.
ScL U.S.A. 99, 4714-4719. Sequences representing each
family were then used to screen the Leishmania genome
database 



(http://www.genedb.org/genedb/leish). A BLAST search
was performed using the nucleotide sequence
corresponding to the trypanosomal enzyme TbPDEI ,
which identified a nucleotide sequence in Leishmania
major that shares 45.1% amino acid sequence identity
(determined using the BESTFIT utility of the GCG
program suite with default parameters). This novel
sequence was labeled LmPDE-A. The gene for LmPDE-A is
located within a sequence cluster consisting of
chromosomes 18, 20, and 22. A BLAST search was also
performed using the nucleotide sequence corresponding
to the trypanosomal enzyme TbPDE2C, which identified
two closely related sequences that were subsequently
labeled LmPDE-BI and LmPDE-B2. LmPDE-BI shares 70.2%
amino acid identity with the query sequence TbPDE2C,
while LmPDE-B2 shares 69.8% overall sequence identity
with TbPDE2C. Overall amino acid sequence identity
between LmPDE-BI and LmPDE-B2 is 84.5%. According to
the Leishmania genome database, the identified
LmPDE-BI and LmPDE-B2 loci are located on chromosome
15.Example [0178] The following example provides the
methods used to clone and sequence the novel sequences
identified in the Leishmania genome database. [0179]
Based on the sequences identified in the Leishmania
genome database (as discussed in Example 1), PCR
primers were designed to amplify all three full-length
genes from the genomic DNA of Leishmania major. PCR
primers were also designed to amplify only the open
reading frame portion of the three full-length genes.
The primers were designed to contain a Sail site for
in-frame cloning into the pl_T1 vector (where the
ATG-initiation codon is provided by the vector) and to
code for a C-terminal hemagglutinin tag. For LmPDE-A,
the forward and reverse primers were designed as
follows: forward - 5'-gtggtcgactcgactttcttgagcag-3'
(nucleotides 4-21 of the open reading frame, which
correspond to nucleotides 533-550 in Figure 2);
reverse -
'-ptgggaatcctaagcataatctggaacatcatatggatacgagtcgtcgtgg
ttgg-S (nucleotides 1896-1877 of the open reading
frame - which correspond to nucleotides 2425-2406 in
Figure 2 - and HA-tag). For LmPDE-BI , the forward and
reverse primers were designed as follows: forward -
5'-gatgtcga ctggcatatttcacggcca-3 (nucleotides 2-19 of
the open reading frame, which correspond to
nucleotides 1268-1286 in Figure 4); reverse -
'-ctgggaatccta
agcataatctggaacatcatatggataaacaatcgagggtcggatg-3
(nucleotides 2792-2772 of the open reading frame -
which correspond to nucleotides 4058-4038 in Figure 4
- and HA-tag). For LmPDE-B2 the forward and reverse
primers were designed as follows: forward -
5'-gatgtcgacattcagcggtcttttcc-3' (nucleotides 3-21 of
the open reading frame, which correspond to
nucleotides 2184-2202 in Figure 6); reverse -
5'-ctgggaatcctaagcataatctggaacatcatatggat
aaacaatcgaggatcggatg-3 (nucleotides 2822-2803 of the
open reading frame - 



which correspond to nucleotides 5003-4984 in Figure 6
- and HA tag). The genes of Leishmania major, as with
other kinetoplastids, do not contain introns.
Accordingly, amplification of open reading frames
directly from genomic DNA is routinely performed
(Beverley (2003) Nat. Rev. Genet. 4, -19). Both
strands of all three PCR fragments (LmPDE-A, LmPDE-BI
, and LmPDE-B2) were then cloned via the TA-overhang
into the vector pCR2.1- TOPO following the
instructions of the kit supplied by Invitrogen. The
clones were then sequenced using the ABI PRISM Big Dye
Terminator v3.0 Cycle Sequencing Ready Reaction Kit
(Applied Biosystems). Both strands of each clone were
sequenced at least two times for verification. [0180]
The full-length LmPDE-A nucleotide sequence, with a
length of 10,966 nucleotides, is shown in Figure 2
where the open reading frame begins with adenine at
position 530 and ends with guanine at position 2425.
The corresponding amino acid sequence is set forth in
Figure . The fulllength nucleotide sequence of
LmPDE-BI , which is 7,095 nucleotides in length, is
shown in Figure 4, where the open reading frame begins
with adenine at position 1267 and ends with adenine at
position 4059, and the corresponding amino acid
sequence is set forth in Figure 3. The full-length
nucleotide sequence of LmPDE-B2, which is 6,945
nucleotides in length, is shown in Figure 6, where the
open reading frame begins with adenine at position
2182 and ends with adenine at position 5004. The amino
acid sequence that corresponds to this sequence is set
forth in Figure 5. [0181] The sequence of the cloned
LmPDE-A coincided 100% with the sequence present in
the Leishmania database. The predicted amino acid
sequence of LmPDE-A (Figure 1) shares 45.1% overall
sequence identity with the amino acid sequence of
trypanosomal TbPDEL The predicted amino acid sequence
of LmPDE-BI (Figure 3) shares 70.2% overall sequence
identity with the trypanosomal TbPDE2C amino acid
sequence, while the predicted amino acid sequence of
LmPDE-B2 (Figure 5) shares 69.8% overall sequence
identity with TbPDE2C. Using the Conserved Domain
Search Service provided by NCBI (see
http://www.ncbi.nlm.nih.gov/Structure/ccd/ cdd.shtml)
several conserved domains were identified in the LmPDE
amino acid sequences. As indicated in Figure 7,
LmPDE-A contains a highly conserved catalytic domain
(PDEase) beginning with tyrosine at amino acid
position 384, and ending with proline at amino acid
position 609. LmPDE-BI and LmPDE-B2 also each contain
a highly conserved PDEase domain,beginning with
phenylalanine at amino acid position 647, and ending
with phenylalanine at amino acid position 880
(LmPDE-BI ) and beginning with phenylalanine at amino
acid position 657, and ending with phenylalanine at <
amino acid position 890 (LmPDE-B2). n addition to the
PDEase domain, LmPDE^BI and LmPDE-B2 both have two GAF
domains as shown in Figures 7B and 7C. Example 



[0182] The following example describes the methods
used to evaluate the genomic organization of LmPDE-Bt
and LmPDE-B2. [0183] When the nucleotide sequences of
the cloned LmPDE-BI and LmPDE-B2 genes were compared
to the sequences present in the Leishmania genome
database, it was evident that the sequences in the
database had been assembled incorrectly. The
3'-untranslated regions of the two genes had
inadvertently been swapped. The correct organization
of these two genes was then established by Southern
blot analysis of a series of restriction digests of L.
major genomic DNA (as shown in Figures 8 and 9). Lane
8 of each hybridization (Notl/Scal double digest)
shall be used as an example for the analytical
reasoning. f the sequence assembly in the database
were correct, a Notl/Scal double digest should yield a
fragment of at least 8 kb when hybridized with a
LmPDE-B2-specific probe (since no Seal restriction
site is present in the immediate 3'-region of LmPDE-B2
gene). n contrast to this prediction, the data show a
4 kb fragment is generated, demonstrating the presence
of a Seal restriction site close to the 3'-end of the
LmPDE-B2 gene. All additional digests shown in Figures
8 and 9 support, or are compatible with this
conclusion. n addition to establishing the genomic
organization of the LmPDE-BI and LmPDE-B2 genes, these
experiments demonstrated that each is a single-copy
gene. The hybridization probes used in the Southern
blotting analysis were as follows: LmPDE-A-specific:
nucleotides 462-910 of the open reading frame
(corresponding to nucleotides 991-1439 in Figure 2);
LmPDE-BI -specific: nucleotides 96-489 of the
openreading frame (corresponding to nucleotides
1362-1755 in Figure 4); LmPDEB2- specific: 106-417 of
the open reading frame (corresponding to 2287-3936 in
Figure 6). This analysis also confirmed that LmPDE-BI
and LmPDE-B2 are tandemly arranged and separated by
about 5 kb on chromosome as shown in Figure . Example
4 [0184] The following example provides the methods
used to produce a transgenic yeast strain, containing
a LmPDE-A and a LmPDE-BI , wherein the endogenous PDE
activity was deleted. [0185] The verified open reading
frames of LmPDE-A and LmPDE-BI were cloned into a
yeast expression vector (pLT1 , S. Kunz, unpublished)
and transfected into a Saccharomyces cerevisiae strain
wherein both endogenous PDE genes had previously been
deleted (strain PP5: MATa leu2-3 Ieu2-1 ura3-52
his3-532 his4 cam pde1::URA3 pde2::HIS3; Colicelli et
al. (1993) Proc. Natl. Acad. Sci. U.S.A. 90,
1970-11974). The pLT1 expression vector is a 2 -based
yeast vector carrying a LEU2 selector gene. The
cloning site is flanked by a strong TEF2 promotor
followed by an optimized Kozak box, and by a Cyd
terminator. PDE-deficient S. cerevisiae accumulate
intracellular cAMP, which results in a heat-sensitive
phenotype. n particular, no growth is 



observed after a 15 minute heat shock at 55 C. As
shown in Figure 12, both LmPDE-A and LmPDE-BI fully
complemented this phenotype and restored heat-shock
insensitive growth. For a heat-shock assay, patches
were streaked onto SC-met-ura plates and grown for 2
days at 3O C. The patches were then replicated onto a
plate pre-warmed to 55 C. The plate was incubated for
an additional min at 55°C, let cool to room
temperature and was then incubated for 1-2 days at 30
C. These findings demonstrate that both LmPDE-A and
LmPDE-BI constructs produce active enzymes and that
both enzymes are capable of hydrolyzing cAMP.
Subsequent experiments demonstrated that LmPDE-B2 also
fully complemented the heat-sensitivephenotype and
restored heat-shock resistance (Johner et al.
(submitted) J. Biol. Chem.). [0186] The open reading
frames of LmPDE-A, LmPDE-BI -and: LmPDE-B2 were cloned
independently into a yeast expression vector (pLT1 S.
Kunz, unpublished) and transfected into a
Saccharomyces cerevisiae strain wherein the endogenous
PDE genes had previously been deleted (strain PP5:
MATa leu2-3 Ieu2-1 ura3-52 his3-532 his4 cam
pde1::URA3 pde2::HIS3; Colicelli et al. (1993) Proc.
Natl. Acad. ScL U.S.A. 90, 1970-11974). These strains
were deposited at the American Type Culture Collection
(ATCC) on August 25, 2004, and have been assigned
numbers PTA-6167, , and , respectively. Example 5
[0187] The following example provides the methods used
to characterize the catalytic activities of
recombinant LmPDE-A, LmPDE-BI , and LmPDE-B2. The
example also provides the methods used to evaluate the
sensitivity of recombinant LmPDE-BI and LmPDE-B2 to
commercially available PDE inhibitors. Example 5.1:
Preparation of Yeast Lysates [0188] PP5 yeast cells
expressing LmPDE-A, LmPDE-BI , and LmPDEB2, were lysed
as described previously (Zoraghi et al. (2001) J.
Biol. Chem. 276, 1559-1 566). The cells were grown to
mid-log to end-log phase in SCleu medium, collected,
resuspended in the original volume of prewarmed YPD
medium, and incubated for an additional 3.5 hours at
30 C to maximize protein expression. The cells were
then harvested, washed twice in H , pelleted by
centrifugation, and stored overnight at -70 C. The
cell pellet was thawed on ice and resuspended in
ice-cold extraction buffer (50 M Hepes pH 7.5, 100 mM
NaCI, Complete (r) protease inhibitor cocktail without
EDTA (Roche)). Cells were lysed by grinding with glass
beads (0.45-0.50 mm) in 2ml Sarstedt tubes using a
FastPrep FP120 cell disrupter (3 x 45 seconds at
setting 4). The lysed cells were centrifuged and
glycerol was added to the resulting supernatant to a
final concentration of 15% (v/v). Aliquots were
snap-frozen in liquid nitrogen and were stored at -70
C. Example 5.2: Assay of PDE Activity in Yeast Lysates



[0189] PDE activity was determined in 50 m HEPES, p
7.5, 0.5 M EDTA, mM MgCI , and 50 mg/ml BSA in a final
assay volume of 100 //I. Each assay contained 50,000
cpm O H- labeled cAMP, with unlabeled cAMP added to
adjust the desired total substrate concentration.
Reactions were performed at 30 C and were linear for
at least 60 minutes. The standard reaction time was
set to minutes, and the amount of enzyme was always
chosen so that no more than 15% of the substrate was
hydrolyzed. Inhibitor studies were done at a cAMP
concentration of 1m . Inhibitors were dissolved in
DMSO, but the final DMSO concentration in the assays
never exceeded 1%. Control reactions with DMSO alone
were always included. Reactions were stopped by the
addition of 25 m\ of 0.5 N HCI. For the subsequent
dephosphorylation of the AMP, the stopped reactions
were neutralized with 20 m\ of 1 M Tris base, followed
by the addition of m\ of alkaline phosphatase (Roche
Diagnostics; 1 unit/10 m\). The dephosphorylation
reactions were incubated for minutes at 37 C and were
then applied to 1 ml columns of QAE-Sephadex A25 in 30
mM ammonium formiate, pH 6.0. The H-adenosine formed
as a reaction product was eluted with 1.6 ml of 30 mM
ammonium formiate, pH 6.0 and was collected into 3.5
ml of water-soluble scintillation fluid (Packard
Ultima Flo). Assays were performed in triplicate, and
data were analyzed using the Graph Pad Prism software
package.Example 5.3: Activity and Specificity of
LmPDEs [0190] Lysates prepared from yeast expressing
LmPDE-A consistently showed no measurable PDE
activity. This observation is consistent with the
finding that LmPDE-A is less efficient than LmPDE-BI
and LmPDE-B2 at complementing the PDE deficiency of
the host strain PP5. n addition, these findings are
very similar to the observations made with the
trypanosomal homologue TbPDEI . For example, TbPDEI
complemented the PDE deficiency of PP5 cells but its
effect was less than that of other trypanosomal or
human PDEs, and no enzymatic activity was detectable
in the corresponding yeast cell lysates (Kunz et al.
(2004) Eur. J. Biochem. 271, 637-647). [0191] n
contrast to lysates from LmPDE-A expressing cells,
lysates from yeast strains expressing LmPDE-BI and
LmPDE-B2 showed strong PDE activities. Both enzymes
exhibited very similar K values for cAMP that were
within the range of other class PDEs (Zoraghi et al.
(2001) J. Biol. Chem. 276, 1559-11566; Rascon et al.
(2002) Proc. Natl. Acad. ScL USA 99, Zoraghi et al.
(2002) Proc. Natl. Acad. ScL USA 99, 4343- 4348;
Francis et al. (2001) Prog. Nucleic Acid Res. MoI.
Biol. 65, 1-52; Mou and Cote (2001) J. Biol. Chem.
276, 27527-27534). n addition, the presence of a
100-fold excess of cGMP did not affect the rate of
hydrolysis of cAMP by LmPDE-BI (compare Figure 13B
with Figure 13A). A 50-fold excess of the 



reaction product 5'-AMP also had no effect on (nor
Kcat) (Figure 13C). Similar results were obtained with
LmPDE-B2 (data not shown). Therefore, LmPDE-BI and
LmPDE-B2 are cAMP-specific PDEs. [0192] These data are
in good agreement with the finding that no
cGMP-hydrolyzing activity is detectable in whole cell
extracts from Leishmania major (data not shown).
Because PDE-catalyzed hydrolysis is the only mechanism
by which a cell can dispose of its cyclic nucleotides
(except for possible export mechanisms; Guo et al.
(2003) J. Biol. Chem. 278, 29509- 29514), the absence
of a cGMP-hydrolyzing PDE activity from Leishmanial
cells suggests that cGMP signaling may not exist in
Leishmania major.Example 5.4: Activity of LmPDEs in
the Presence of PDE Inhibitors [0193] Figure 14 shows
the effects of several commercially-available PDE
inhibitors ( //M) on LmPDE-BI and LmPDE-B2 activity in
the presence of 1m cAMP. Both enzymes were insensitive
to the broad spectrum PDE inhibitor IBMX but were
partly sensitive to trequinsin, dipyridamole, and
etazolate. Trequinsin and dipyridamole inhibited
LmPDEB1 activity with IC O values of 96.6 and 22.6 mM,
respectively. [0194] The observed inhibitor profile,
including the fact that dipyridamole and trequinsin
were the most potent compounds, closely corresponds to
that reported previously for trypanosomal PDEs
(Zoraghi et al. (2001) J. Biol. Chem. 276, 1559-11566;
Zoraghi et al. (2002) Proc. Natl. Acad. Sci. USA 99,
4343-4348; Rascon et al. (2002) Proc. Natl. Acad. ScL
USA 99, 4714-4719). The fact that several potent and
specific inhibitors of different human PDEs had no
effect on the Leishmanial PDEs strongly suggests that
the development of Leishmania-spectilc PDE inhibitors
is feasible. Example 6 [0195] The following example
describes the methods used to determine the effect of
the PDE inhibitors dipyridamole, etazolate, and
trequinsin on the -proliferation of L. major
promastigotes in vitro. [0196] L major MHRO/IR/75/ER
or LV39 promastigote forms were cultured at 27°C in
SDM medium containing 5% heat-inactivated fetal bovine
serum (R. Brun and M. Schonenberger (1979) Acta Trop.
36, 289-292). Cell proliferation was assayed in 5 ml
cultures containing various concentrations of
dipyridamole, etazolate, or trequinsin dissolved in
DMSO (final concentration of 1% v/v)or 1% v/v DMSOas a
control. At various times, 0 m aliquots were withdrawn
and absorbance was measured at 600 n in a microtiter
plate reader. The correlation between D oo and cell
number was strictly linear over at least the range of
3 x 5 to 4 x 7 cells/ml.[0197] As shown in Figure 15,
all three PDE inhibitors strongly inhibited
promastigote proliferation with IC values of about 50
m . The extent of inhibition was independent of cell
density, and the effect of the inhibitors was not
reduced by prolonged incubation of the cultures. 



[0198] These results are consistent with the ability
of dipyridamole, etazolate, and trequinsin to inhibit
the activity of recombinant LmPDE-BI (see, e.g.,
Figure 14). n addition, the data strongly suggest that
LmPDE-BI and LmPDE-B2 are involved in the growth of L.
major, and they further support the development of
Leishmania-spectflc PDE inhibitors for the therapy of
leishmaniasis. [0199] With respect to ranges of
values, the invention encompasses each intervening
value between the upper and lower limits of the range
to at least a tenth of the lower limit's unit, unless
the context clearly indicates otherwise. Further, the
invention encompasses any other stated intervening
values. Moreover, the invention also encompasses
ranges excluding either or both of the upper and lower
limits of the range, unless specifically included in
the stated range. [0200] Unless defined otherwise, the
meanings of all technical and scientific terms used
herein are those commonly understood by one of
ordinary skill in the art to which this invention
belongs.. One of ordinary skill in the art will also
appreciate that any methods and materials similar or
equivalent to those described herein can also be used
to practice or test the invention. Further, all
publications mentioned herein are incorporated by
reference. [0201] t must be noted that, as used herein
and in the appended claims, the singular forms "a,"
"or," and "the" include plural referents unless the
context clearly dictates otherwise. Thus, for example,
reference to "a subject polypeptide" includes a
plurality of such polypeptides and reference to "the
agent" includes reference to one or more agents and
equivalents thereof known to those skilled in the art,
and so forth.[0202] Further, all numbers expressing
quantities of ingredients, reaction conditions, %
purity, polypeptide and polynucleotide lengths, and so
forth, used in the specification and claims, are
modified by the term "about," unless otherwise
indicated. Accordingly, the numerical parameters-set
forth in the specification and claims are
approximations that may vary depending upon the
desired properties of the present invention. At the
very least, and not as an attempt to limit the
application of the doctrine of equivalents to the
scope of the claims, each numerical parameter should
at least be construed in light of the number of
reported significant digits, applying ordinary
rounding techniques. Nonetheless, the numerical values
set forth in the specific examples are reported as
precisely as possible. Any numerical value, however,
inherently contains certain errors from the standard
deviation of its experimental measurement. [0203]
Although the foregoing invention has been described in
some detail by way of illustrations and examples for
purposes of clarity of understanding, it will be
apparent to those skilled in the art that certain 



changes and modification may be practiced. Therefore,
the description and examples of the disclosure should
not be considered as limiting the scope of the
invention, which is defined by the scope of the
appended claims. Other aspects, advantages, and
modifications are within the scope of the following
claims.WHAT S CLAIMED IS: . A substantially purified
protein comprising the amino acid sequence set forth
in SEQ ID NO: 1 or variants and mutants thereof that
are at least 80% identical to SEQ ID NO: 1 and that
hydrolyze cAMP. 2. A substantially purified nucleic
acid molecule comprising a nucleic acid sequence that
encodes a protein of claim . 3. A nucleic acid
molecule according to claim 2 wherein the nucleic acid
molecule comprises the nucleotide sequence set forth
in SEQ D NO: 2 beginning with adenine at position 530
and ending with guanine at position 2425. 4. A
substantially purified protein comprising the amino
acid sequence set forth in SEQ D NO: 3 or variants and
mutants thereof that are at least 80% identical to SEQ
D NO: 3 and that hydrolyze cAMP. 5. A substantially
purified nucleic acid molecule comprising a nucleic
acid sequence that encodes a protein of claim 4. 6. A
nucleic acid molecule according to claim 5 wherein the
nucleic acid molecule comprises the nucleotide
sequence set forth in SEQ ID NO: 4 beginning with
adenine at position 1267 and ending with adenine at
position 4059. 7. A substantially purified protein
comprising the amino acid sequence set forth in SEQ D
NO: 5 or variants and mutants thereof that are at
least 80% identical to SEQ D NO: 5 and that hydrolyze
cAMP. 8. A substantially purified nucleic acid
molecule comprising a nucleic acid sequence that
encodes a protein of claim 7.9. A nucleic acid
molecule according to claim 8 wherein the nucleic acid
molecule comprises the nucleotide sequence set forth
in SEQ D NO: 6 beginning with adenine at position 2182
and ending with adenine at position 5004. 10. The
nucleic acid molecule of claim 2, 5, or 8, wherein the
nucleic acid molecule is a DNA molecule. A nucleic
acid molecule that hybridizes to the nucleic acid
molecule of claim 2, 5 or 8, or to any fragments
thereof. 12. A nucleic acid molecule according to
claim wherein the nucleic acid hybridizes under
stringent conditions. 13. A substantially purified
protein comprising a PDE catalytic domain of LmPDE-A
comprising amino acids 384-609 as set forth in SEQ D
NO: 1 or variants and mutants of the catalytic domain
that are at least 80% identical to amino acids 384-609
of SEQ D NO: 1 and that hydrolyze cAMP. 



14. A substantially purified nucleic acid molecule
comprising a nucleic acid sequence that encodes a
protein of claim 13. 15. A substantially purified
protein comprising a PDE catalytic domain of LmPDE-BI
comprising amino acids 647-880 as set forth in SEQ D
NO: 3 or variants and mutants of the catalytic domain
that are at least 80% identical to amino acids 647-880
of SEQ D NO: 3 and that hydrolyze cAMP. 16. A
substantially purified nucleic acid molecule
comprising a nucleic acid sequence that encodes a
protein of claim . 17. A substantially purified
protein comprising a PDE catalytic domain of LmPDE-B2
comprising amino acids 657-890 as set forth in SEQ
DNO: 5 or variants and mutants of the catalytic domain
that are at least 80% identical to amino acids 657-890
of SEQ D NO: 5 and that hydrolyze cAMP. 18. A
substantially purified nucleic acid molecule
comprising a nucleic acid sequence that encodes a
protein of claim 17. 19. A vector comprising the
nucleic acid molecule of claim 2, 5, or 8. 20. The
vector of claim wherein the nucleic acid molecule is
operably linked to at least one expression control
sequence. 2 . A host vector system comprising the
vector of claim in a suitable host cell. 22. The host
vector system of claim 21 wherein the suitable host
cell is a bacterial cell. 23. The host vector system
of claim 21 wherein the suitable host cell is a
eukaryotic cell. 24. The host vector system of claim
23 wherein the eukaryotic cell is Saccharomyces
cerevisiae. 25. An antibody, or antibody fragment
comprising an antigenbinding site that recognizes and
binds a protein of claim , 4, 7, , , or . 26. An
antibody of claim 25, wherein the antibody is a
monoclonal antibody or a polyclonal antibody. 27. An
antibody of claim 26, wherein the antibody is
chimeric, humanized, or human.28. A method of
producing a LmPDE protein comprising culturing the
host vector system of claim 21 under suitable
conditions so as to produce the LmPDE protein in the
host and recovering the LmPDE protein so produced. 29.
A method for identifying a compound that modulates
LmPDE expression, the method comprising: a) incubating
a cell that can express a LmPDE protein with a
compound under conditions and for a time sufficient
for the cell to express a LmPDE protein absent the
compound; b) incubating a control cell under the same
conditions and for the same time absent the compound;
c) measuring LmPDE expression in the cell in the
presence of the 



compound; d) measuring LmPDE expression in the control
cell; and e) comparing the amount of LmPDE expression
in the presence and absence of the compound, wherein a
difference in the level of expression indicates that
the compound modulates LmPDE expression. 30. The
method of claim 29 wherein the compound decreases the
expression of LmPDE. 3 . A method of identifying a
compound that modulates LmPDE activity, the method
comprising: a) contacting a sample that has LmPDE
activity with a compound under conditions and for a
time sufficient for the sample to express LmPDE
activity absent the compound; b) incubating a control
sample under the same conditions and for the same time
absent the compound; c) measuring LmPDE activity in
the cell in the presence of the compound; d) measuring
LmPDE activity in the control sample; ande) comparing
the amount of LmPDE activity in the presence and
absence of the compound, wherein a difference in the
level of activity indicates that the compound
modulates LmPDE activity. 32. The method of claim 3 ,
wherein the compound decreases LmPDE activity. 33. A
method of treating at least one disease associated
with infection of the Leishmania major parasite
comprising administering to a subject in need thereof
a therapeutically effective amount of a compound that
modulates the activity and/or expression of a protein
of claim , 4, or 7. 34. A method of treating at least
one disease associated with infection of the
Leishmania parasite comprising administering to a
subject in need thereof a therapeutically effective
amount of a compound that modulates the activity
and/or expression of a protein of claim , 4, or 7. 35.
A genetically modified organism comprising the vector
of claim and wherein at least one endogenous LmPDE
gene has been disabled. 36. A method of detecting
infection by the Leishmania major parasite comprising
determining the amount present in a subject of at
least one protein chosen from the sequences set forth
in SEQ D NO: 1, SEQ D NO: 3, and SEQ D NO: 5, and
variants, mutants, and fragments thereof. 37. A method
of detecting infection by the Leishmania parasite
comprising determining the amount present in a subject
of at least one protein chosen from the sequences set
forth in SEQ D NO: 1, SEQ D NO: 3, and SEQ D NO: 5,
and variants, mutants, and fragments thereof. 38. A
method of detecting infection by the Leishmania major
parasite comprising determining the amount present in
a subject of at leastone nucleic acid molecule chosen
from the sequences set forth in SEQ D 



NO: 2, SEQ D NO: 4, and SEQ D NO: 6, and variants,
mutants, and fragments thereof. 39. A method of
detecting infection by the Leishmania parasite
comprising determining the amount present in a subject
of at least one nucleic acid molecule chosen from the
sequences set forth in SEQ D NO: 2, SEQ D NO: 4, and
SEQ D NO: 6, and variants, mutants, and fragments
thereof. 40. The protein of claim 4 or 7, wherein the
protein has a value of about 1 to 2 mM for cAMP. 4 .
The protein of claim 4 or 7, wherein the protein does
not hydrolyze c 42. The protein of claim 4 or 7,
wherein the protein substantially hydrolyzes cAMP in
the presence of up to about 0 of a phosphodiesterase
inhibitor chosen from cilostamide, zaprinast,
etazolate, Ro-20-1724, rolipram,
isobutylmethylxanthine (IBMX), 8-methoxymethyl- IBMX,
papaverine, milrinone, petoxifylline, and
erythro-9-(2-hydroxy-3- nonyl)adenine. 43. The nucleic
acid of claim 5 or 8, wherein the protein has a value
from 1 to 2 mM for cAMP. 44. The nucleic acid of claim
5 or 8, wherein the protein does not hydrolyze cGMP.
45. The nucleic acid of claim 5 or 8, wherein the
protein substantially hydrolyzes cAMP in the presence
of up to about 100 mM of a phosphodiesterase inhibitor
chosen from cilostamide, zaprinast, etazolate,
Ro-20-1724, rolipram, isobutylmethylxanthine (IBMX),
8-methoxymethylIBMX, papaverine, milrinone,
petoxifylline, and erythro-9-(2-hydroxy-3-
nonyl)adenine.SEQUENCE LISTING <110> UNIVERSITY OF
BERN OTSUKA PHARMACEUTICAL CO., LTD. <120> CYCLIC
NUCLEOTIDE-SPECIFIC PHOSPHODIESTERASES FROM LEISHMANIA
AND USES THEREOF <130> 3459.40 <140> <141> \ <150>
60/500,244 <151> 2003-09-05 <150> 60/504,070 <151>
2003-09-19 <150> 60/582,584 <151> 2004-06-25 <160> 6
<170> Patentln Ver. 3.2 



<210> 1 <211> 631 <212> PRT <213> Leishmania major
<400> 1 Met Leu Asp Phe Leu GIu GIn Leu GIn Gin Leu
Ala Ser VaI Tyr Ala 10 15 e Cys GIy Asn Ala VaI Ser
VaI Met Ala GIy Met Ser Asp Thr Ala 20 25 30 GIu GIu
Leu Thr Phe Arg Ser Tyr Asp Ser Leu GIu GIy Ala Ser
Tyr 35 40 45 H e Cys Asn Leu Asn GIu Lys Ala Leu His
Thr Ala Lys Ala Ser Leu 50 55 60 Cys Asp Asn Ala Asp
Trp Ser Ser Phe Phe Arg GIu VaI GIn Leu Ala 65 70 75
80 Phe Asn Ser GIy Arg VaI Thr VaI Gin Pro GIy Asn Ala
His Arg VaI 85 90 95 Ala VaI Asn Ala Ala Ala Pro VaI
Ser Ala Asp Ser Lys GIy Leu Ala 100 105 110 Cys Ser
Met GIu VaI His Cys Leu Ser GIy Ser GIy GIu Lys Cys
Ala 115 120 125 Thr Phe VaI Leu GIu Arg Thr Thr GIu
Asp GIn GIn Lys Tyr e Leu 130 135 140GIu Ser Met Leu
GIn Ala His His Met Tyr Asn His Pro Lys GIu Tyr 145
150 155 160 GIu Gin Lys Leu Leu His lie Met GIu Ala
Lys GIu lie Ala Cys Thr 165 170 175 Lys Arg GIu Ala
Leu Asp Arg GIu Leu VaI Ala Leu Asn Asp Asn Leu 180
185 190 Thr Arg Asn Lys His Lys Gin Lys lie Asn Asn
GIu Arg Lys GIu GIu 195 200 205 Leu Leu Lys Lys Leu
GIy GIy Tyr Ser Thr GIu Asn Thr GIy Asn Pro 210 215
220 Trp GIn Ala lie GIn GIu GIn GIn GIn Arg Thr Ala
GIy GIu Asn Thr 225 230 235 240 Lys Ser Arg Leu Pro
Ser Pro Leu GIy Asn Arg Thr Cys Lys Asp Phe 245 250
255 Asp Leu VaI Leu Phe Arg Met lie Lys Ser Arg Trp
Leu Ser Pro GIu 260 265 270 GIn Cys Asp Ala Ser Ser
Pro Ala Asn Arg VaI VaI GIn Pro Tyr Ser 275 280 285
Lys GIu Asp Leu Ala lie GIn VaI Ser GIn Leu Ser GIy
Ser Arg Ala 



290 295 300 Ala lie Trp Lys Ala Leu Asp Ser lie Asp
Ser Trp Ser Tyr Arg VaI 305 310 315 320 Phe Asp VaI
GIn Ala Ala Met Ser GIy Asp Asp Tyr Leu Ser Leu Ser
325 330 335 Thr GIn Thr His GIy GIy Ser Leu Leu lie
Thr Met Tyr Ala Leu Leu 340 345 350 Cys Met His Asp
Phe Leu Gin Lys Phe Lys lie Asp GIu GIn lie Ala 355
360 365 Leu Asn Trp lie Ser Ala VaI GIu Ala Ser Tyr
His GIy Asn Pro Tyr 370 375 380 His Asn Ser Met His
Ala Ala Asp VaI Leu GIn lie Thr Asp Phe lie 385 390
395 400 lie Thr GIn GIy GIy Leu Ala Lys Arg Cys Asp
Leu Ser Asp lie GIn 405 410 415 VaI Phe Ser Ala Leu
Leu Ala Ala Ser lie His Asp Phe Asp His Pro 420 425
430 GIy e Asn Asn Asn Phe HisH e Lys Thr GIy Ser Tyr
Leu Ala Thr 435 440 445Leu Tyr Asn Asp Arg Ser VaI Leu
GIu Asn Leu His VaI Ser Ser VaI 450 455 460 Phe GIu
Leu Met Lys Asn Pro Ala Phe Asn lie Leu Ala Ser Phe
Ser 465 470 475 480 Asp GIu GIn His His GIu VaI Arg
GIu Thr Met lie GIu Met VaI Leu 485 490 495 Ala Thr
Asp Met GIy Ser His GIy Lys Tyr VaI Ala Ser Leu Lys
GIy 500 505 510 Lys Met GIn GIu His Ser Ser Phe Thr
GIn Thr Ala GIu GIn Asn Leu 515 520 525 Cys Leu Ala
lie Ala Leu Lys Met Ala Asp lie Ser Asn Cys GIy Arg
530 535 540 Pro Leu Asp lie Tyr Leu Arg Trp GIy Ala
Lys VaI Ser Asp GIu Phe 545 550 555 560 Tyr GIn GIn
GIy Asp Arg GIu Arg Asn Leu GIy Leu GIu Cys Ser Pro
565 570 575 Phe Met Asp Arg Leu GIn Pro Ser Leu Ala
Lys Ser GIn lie Ala Phe 580 585 590 Met Asn Tyr lie
lie Thr Pro Phe Phe GIu GIn VaI Ala GIu Leu Leu 595
600 605 Pro Asp Met Arg Phe Ala VaI Ala Leu VaI GIu
GIu Asn Lys Ala Tyr 610 615 620 Trp Ala Asn His Asp
Asp Ser 



625 630 <210> 2 <211> 10966 <212> DNA <213> Leishmania
major <220> <221> modified_base <222> (414) <223> a ,
t , c , g , other or unknown <220> <221> modified_base
<222> (423) <223> a , t , c g other or unknown <400> 2
tggctaccgc cctgccagca agtaccggag gcgccggctc gttttctttt
tgttgccttt 60 tccaagcaac tgacgggaca cgtttcagtg
catgcgcatt accacgatgc ttacggtgaa 120 gcacgaccgt
gcacattcac tcaaggtatt gtgagcgcga acaagcaaat cccaaaacaa
180 gccgcctgcg tatgtctctg cagtttccca tgtgcaaatc
tacctgtctt cgactctgcc 240 gccatccttc tctctttcct
aactctgttt ctctttctct gcaacagagc tgaagtctga
300cgcgcttctc gttctttcgt tttttttcct cttccccctt
ttttttgcag cttctcccca 360 acacggttgg tcgaccgctc
cagaaaataa cagcaagagg cgaaacagta acgnaaacac 420
ccnacccacc cacccactca ccaaacaggc ggccgaaaaa aaagactccc
ctctgaactt 480 ttgcttttcg ttgctcttcc tgcggtgccg
cgctctagca gcggcagcga tgctcgactt 540 tcttgagcag
ctgcagcagc tggcaagtgt gtacgccatc tgcggcaatg ctgtctccgt
600 gatggcgggg atgagcgaca cggcagagga gctgacgttc
cgttcctacg acagtttaga 660 aggcgcctcc tacatctgca
acttgaacga gaaggctctt cacacagcga aggcctcgct 720
ctgcgacaat gccgattgga gcagcttctt tcgcgaggtt cagctggcat
tcaactcggg 780 tagagtaacc gtgcagcctg gaaatgctca
tcgagtcgcc gttaacgccg ccgcgccagt 840 ttccgccgac
tctaaaggcc tagcatgctc gatggaggtg cattgcctgt cggggtcagg
900 ggagaagtgt gcaacctttg tgcttgagcg aaccacggag
gaccagcaga agtatattct 960 cgagagcatg ctgcaggcac
atcacatgta taaccacccg aaggagtacg agcagaagct 1020
gctccacatc atggaagcca aggagatagc gtgcacgaag cgcgaggcac
ttgatcgtga 1080 gctggtcgcg ctgaacgata atttgacacg
caacaagcac aagcagaaga taaacaacga 1140 gcgcaaagag
gagcttctaa agaagctcgg cggttacagc acagagaaca cgggaaatcc
1200 gtggcaggcg attcaggagc agcagcagag gacagctggc
gagaacacga agtctcggct 1260 gccgagcccg ctcgggaacc
gcacctgcaa ggattttgat cttgtcctgt ttcgcatgat 1320
caagagtcgg tggctgtcac cggagcagtg cgacgcatcc tcgcccgcga
atcgcgtcgt 1380 gcagccgtac tccaaggagg acctcgcgat
ccaggtgagc caactctcag gtagccgagc 1440 tgcgatatgg
aaggcactgg attccatcga ctcatggagc taccgcgtgt ttgatgtcca
1500 ggcggctatg agcggtgacg actacctctc gctctcgacg
cagacgcacg gcgggtctct 1560 cctgataacc atgtacgcac
tgctgtgcat gcacgacttt ctgcaaaaat tcaagattga 1620
cgagcaaatt gcgctcaact ggatcagcgc agtggaggcg agttaccatg
gcaacccgta 1680 



tcacaactcg atgcacgccg cggatgtgct gcagattacg gacttcatca
tcacacaggg 1740 agggttggcg aagaggtgcg acctaagcga
catccaggtc ttctctgcct tgctggctgc 1800 ctcgatccat
gacttcgacc accctggcat caacaataac ttccacatca agacaggcag
1860 ctaccttgct acgctgtaca acgatcgcag tgtcctggaa
aatctgcacg tgagcagcgt 1920 tttcgagctc atgaagaacc
cagccttcaa catcctagcc agcttcagtg atgagcagca 1980
tcatgaggtc cgcgagacga tgatagagat ggtgctggcg acggacatgg
gctctcacgg 2040 aaagtacgtg gcgagtctga agggcaagat
gcaggagcac tctagtttca ctcagaccgc 2100 cgagcagaat
ctctgcctcg cgattgctct gaaaatggcc gacatttcaa actgcgggcg
2160 cccgcttgac atttacctgc gctggggagc gaaggtgtcg
gatgagttct accagcaggg 2220 cgaccgtgag cgcaacctgg
gcctcgaatg cagtcccttc atggatcgcc ttcagccgag 2280
ccttgcgaag agccagattg ccttcatgaa ctacatcatc actcccttct
ttgagcaggt 2340 ggccgagctt ctgcccgata tgcgcttcgc
ggtggctttg gtggaggaaa acaaagcgta 2400 ctgggccaac
cacgacgact cgtagagaca tcccactcac cgcctttcgt ggcgcacctg
2460 tttcctcacc gccccctttt tttcgtggtg acgcgctctt
tgtggataca cacacacaca 2520 cacacacaca cacacacaga
cacagtcttc gttctaccta gtgtcacgtc ggttttcttc 2580
accggaagcg gggcaaggat gtatatatct atttctctct cttgttgcag
ctcccacctt 2640 cactgcctcc ctcgttgcct ctccttgcga
tgtattatta ttatttttgt tgttctcgcc 2700 gattatttct
tccacgctga tgggaaggtg taaaaggcgg aggagaaggg ggagaggagt
2760 tgaaggaaaa aggagtaaca ccaactggaa ccctcactcg
ttttcttttt cgcctttttg 2820 ttccgtatcc gctcagtctc
cttaattttt ttttgtggta tgaatttgct gagttgtcct 2880
cttgaagtgc gaacacttgt aatccctctg gtggcttttg acacgtgtgt
gatgagctcc 2940 acacttctct tcttgcttcc ttcccacttt
ctcgtcttct caccctccat tcttcacctc 3000 acatgtgcat
ctggcgtgtg tgcacgtatg cgtaacgagc ctgtcgcaca cgcttcttcg
3060 cctctctcat gcttttgttt gtgcatttcc ttcatgccaa
cctccgtgtt tttatgttct 3120 atttttacgc ttgctttcaa
ccctgtgtgt gtgcttccgc cgccgttttt atttttccct 3180
cctcagtggt tgtttgtggt ggtacccgaa ttgccgtttc gcacatacgc
gggcttcgcc 3240 ttgacgaggt ttacctctct cttcccttcc
ctgggtttgt cgcagaccgc cctagctccc 3300 tcccttcccc
acatccctcc cgatcctttg gccccccttg tgcaaaacaa gaaagagaga
3360 gggcaccgtc cacctccttc ggttctctct gttttcttcg
cctcttcgat gatgcgctta 3420 gtttgactga cgcggtgcag
cgggtagcgt ttacatgctg ttgccttttt ttttgtattt 3480
ccttttgacg attatggttc tacgcggctt gcgtttggcg gcgacaagcc
actactctgt 3540 gaagaaaaac aaacaagaaa aggcgttgtc
aatgcgaaag ggtgcgctac tggagatgga 3600 gatgagcgtt
ggtgtcatct tcgttggtgc ttcccatcgc tgagttcatg cattgcgact
3660 ttaggcctta tccaaggtct ggccggcact tctccacaag
gattttgtca ctgccgtatg 3720 aactcggtag ccaggctatg
attcccatct cttgcttctg gagcacagcg caaccccccc 37805/17
tttgcatcct tctcttctcg agtccaacgg ctcttctccc tttctctcct
cttctcttcc 3840 gctgcccgcc ttcgtcgacg tttctgggtt
tcatgccact ccccctttcc ctgcacggag 3900 gaaaagcaga
agtacagttt ctcaaaatct tgtctctaca cggcttgcca gtgtccgcac
3960 tcgtcccgtt actttcacac ggcgcacacg acgacactta
cccccccccc tacacacaca 4020 cacacacaca cacacacaca
cacacacaca cactgcacag tgtcacggtg catcatctga 4080
aacatttttc cttttttcct tttcgcggaa cacattcttt cttcctatta
ctattttgct 4140 



tacccttgtt ggcagcctgc taccattttt ttgtttccgt ttccttgtgt
tggcgattat 4200 atacatatat acatatatgt atatatatat
atatatgtgt atatgcttcg atcatcgtgg 4260 gtctttgcat
ccgtgtgcac ctctcgcaac acacttctgt cagcgcaatt gtctttttga
4320 aaagtagatt gttggccaca cactctgcga tagcgcgttt
tccagggacg agctgcagtc 4380 tgcacacttc accgcctcat
caccttgacg ttattattat tattttaagc ttcccgcaga 4440
gtttgtctgc aagttgaccc agagtctttt actcgagcgc acaccatcaa
acatcagcca 4500 tgcatctttc tgagctttgc cgggactcca
acatcgacgt gatcatcgct cgccttcgcc 4560 aggtagcacc
cctagagcct gcgccggctt tctctttgtc cgaaggagca gcagatgacg
4620 acacaactcc cgcaactgga cactcggact ttcatgggct
gtggagctat caggacaatg 4680 acgggcgtac agccttccat
tgggccatag cgctcaagaa cttcgacctg gctcgcaagt 4740
tgatgcaggc accgtacaat tcgcctgtgc tgaccgaaga tgaggagtgg
agcacaccgt 4800 ttgccactgc ctgtagcgtt ggggca cgc
tagacctgct gagagagatt ctggaccgga 4860 gtgtggttga
gttagccgcg cacatgaagc agaaggagac tcagcaaaac cccacttccg
4920 aggagcagaa cagcagcagt gccgccgtga ccgagcctgc
cgaggggagc agcgacggaa 4980 agccgacaaa gttcttgtca
gacatgccgg gaattttgca gcccgtcgac ggcactcctg 5040
cttctattag cgccgtgctt gttgacgccg aggatgcgac gggacaaacg
cctctgcttc 5100 tagctgtggg acgtgggcac ctgagcattg
tgcgcttctt gctggagaac ggtgcaaatt 5160 tgatgcatca
aaaccgcagg ggccagtcgt gcctgcatcg cgccgtgaac cgcggaaaca
5220 tggagctcgt tgagtttctt gtttcgacaa gtgagaacaa
cgcgaagagc aaggcagtgc 5280 atcgggtgtg gatggacctg
cgggacaaac acggcgactc cgcgctcttc tacgcttcca 5340
tggataacaa tgaggagatt ggccggtacc tgctgcgcca cggcgccgat
cgcgagctgc 5400 gcaatgcaga cggcaaagca ttctgggaag
tgtagacatc gaagaagaca acaagggaca 5460 ttgagcgcaa
ccgaaaaatc gtcgacttca gctcttgttt agcatatgtc gagaaggcca
5520 tcgctgttct tgagggcagg gacttatgcg gctgtgcatg
gctactgtgc gacaagaggg 5580 catcaattca ggaccaccta
gcgcgtgtac ttcttgcttc ttaccacccc ctcccccaca 5640
tgtcgccgct tccccatcaa agtgtgtgcg taactttgaa aacgcagtga
tcatctcggc 5700 ttgtatcgca tttttttctc catttttttt
tttgcttgga cctcccccaa acaaaaggaa 5760 aagggttgag
gtgtggtggt cgtgacccac tcgtcaccat gcgcgtcgtg ggaaggaagg
5820 ggcgggggtg tacggtaaca ctgcacatgc acacatacgg
tatgccactt tggggctctt 5880 ttgaaaagct aaagaacaac
aaaaaagaga cagcactcat ctgcaagtat ggtctttgtc 5940
attgtttctt cttgagctgc accgcaggag cccttgcgcc acttcgacgc
cgctgcgcat 6000 agttcggtgt ctctgtcgca cgctgcggca
cgttgcgcca cggggcaaca cccaagctcg 6060 accaagcctc
gtgcttcccc cacttggctc gtgtttgttt tgctctcgtg cgccccctct
6120 tttctggtcg tttttccatt tcgtgccaat cagctctctg
tgcccccccc ccttcccctc 6180 tctctcactt cagtcccttt
tgtacaacgt accgcacgtt ttacgttgga aagtggccgt 6240
catgaagcgt cgtgagcagc gccgacagcg cgagcgcgag cagctgccaa
ctgccttgac 6300 gaagctggtc cagctcattc catccgacga
ggatgcgcgc cgctaccttg caagggagtt 6360 cgccgacatc
acgcaggacg aagcagggtc gaatgcaccg tgctccgcgg agggaagtgg
6420 gcacgatgct ggcgcaggcg acgcgtggat ctacggcagc
gggctcgaga agctgctgtc 6480 ggttctagga gaggaggcgt
gtcctgatgg ggctttcgat attgttcgta tcactcgccg 6540
cgtgccgcgc agccaatcca cgattgacag gatcaatgtg gcggagttgt
gctttgcggt 6600 



ttcccaggcg tcgggcccgg tggatgtcca cgagcgacgt cgcactgctg
gtgccacgtc 6660 cggaccgctg gacgagacga tacctcttct
gcagtactac cgggggagtc gatttgacgc 6720 cattgtgcgt
ggcgaggacc catcttctcc tgcagctcga catgccgccg ccgacgcagc
6780 actattggag gaaaatagca gccatcttga gatcgcctct
gcaggcaacg gcagcagaaa 6840 gaacgttgac tcggaatggc
cggcgttcgt gcagagcatg tctacgccgc ttcctatgac 6900
gcttcgcctg caccacagtg agcgtgcttt ggaggccatc gcaacccgca
tgctcaccac 6960 acccgacatt gccgccgtag tgcgtcctgt
gaccgccttt ccgtccagcg ctggtctcta 7020 ctcctgcagc
aatagcgact accacagcca caagcgcgtg gagtacgtct gccgcaccct
7080 gcacgctgct agcgccgtgt catttcagga ggtggtgtcg
gcgataccgg tgtttgtgct 7140 ggatgtgcag ccgcaacaca
ctgtcgtgga tctctgcgcg gcacctggca gcaaaacagt 7200
gcaggccttg gacaccatgc tgagcggtgg gtggtctgca gacgtctgtc
gaggggtgct 7260catcgccaac gaaaaggaca gagtgaaggc
gacgcagaca cttccggcgc ggctgaagcg 7320 ctaccacgcc
ccaaacgtga tgactacccg atgcgacggt gtgcagtggc ctcgtttgta
7380 ctttaacgat cctacgaacc caagcagcga gccgcaagaa
cggcggtttg accgcatcat 7440 ctgcgacgtc ccgtgcagcg
gcgacggcac catccgcaag gagtgttcca tcgccacaac 7500
atggtcggca agctacgtga agtccctcgt gccaacccaa cgtgcgttgc
tgtgccgcgg 7560 ccttgacctc ttggccacag ggggcattct
ggtttacagc acgtgcagca tgaatccgaa 7620 ggaggacgag
gaggtggttt gcgtcgggtt ggaggctttc ggcgacagtg tcgagctcat
7680 cgacgtgaat gcggttctac aggagaaggg atttcacctg
cactcggcag gagggattct 7740 ctccccgaat gtggagggga
tgcagcaccc ggtgctgccg ccgacgtacg acggcaacaa 7800
ggtcctgcgc attttgccgc atcgtgatga caccggcggg ttctttgtgg
cggctttccg 7860 caaagcaaag cagccagacc ggacggcgcc
cacagtgatt cgacacaagc tgaaccactg 7920 gacgaaaggc
aagctgtggg cgccagttgg cgtcgaggac gaggcgtggg ccaacatatc
7980 aaccttctac ggctttgacc gccgcgacga agcgaacttc
gtctactatg acgccactag 8040 ctcttcgtcc gggaaaggcc
tcgtgcctct gtatcacctc aatccaaatg gtgggcctat 8100
acgccgcatc gtgctctcga ctccggcgct ggcggatatg gtgctgcgca
cacgtccgta 8160 caagggccct ggcgtggagg tggtgtccgt
cggtatgcgc gcgttcgagg catacgacgg 8220 aaggtttttg
ccaactgcgg cctgccggtg gcgcgccgtc gttgagtccg cctctttttt
8280 ggcaccgcgc tttactgccc gaaggctgca cttccacgtt
tcgaagcaca agcagctact 8340 cgaggatctg ctccgaaacg
gccacgttta cacgcgagat cactggagga cagtgttggg 8400
tggagatcct gctgttgtag ccgctaacgc gaatccgaag gcgctggtca
agcctggcag 8460 ccgactcgag gcgttgctga cgcagggcag
tagtgaatct accatctctg acgaggaggt 8520 ggcggtgctg
ctgacaagcc acgtggaggt agggtgcgtt ttggtgggca tcctcttcga
8580 cgagccgacc gatgcagccg ctggtccgtg gtacatgagc
gcgacgctga gcgggcacaa 8640 gctggagctc gccatcgatg
gctctctgcg tgcgttcggg ttgatgacgt tttttggcat 8700
tcacgacgtt gagcgtggct cgctggccgg caacaacatc ggcagtgcgg
tcgcagacga 8760 agagcctgag gagcaggcaa aggaggtgta
gcaccggaag cttcacacgg cgtggtgtcg 8820 cataactcct
gtgctttcac tgcagtggct tatcgagact acagttacat tcgatttcaa
8880 tcgaagaggc catggagcct gtctgcactg ttgatccttc
tccttttttt gcgtatgcgt 8940 actattctaa gcgagtaacc
gcatcttcac tgactaaacc gccaaacttc atgagtcgca 9000
ggagcagtat aattgtcgcc gagcccctca tcacgtgtat gaggggcgaa
acgaaaaatg 9060 atgagaggcg atgcatggct tttcaatagc
cgtgacgcgt ccgtgtgtgc gctggattcg 9120 



ctgctctggc ttttccacga aggggatgga tcgcgcaata cacgcgcgtt
ggaatgcacg 9180 gccattctcg ctctgtgctc cggcgtcctc
ttgagggtgc ggctggtgtt ggagtggggt 9240 tgagggtcgc
cgagaagacg cgtgctttct gaacagctca cgagcagagc ctctgctact
9300 tgaaccaact ctcttccact acgaacgctc tttcggtatc
ttcaatccat cttctctgtc 9360 ttgctattcg gtcttcgtcc
accttggctt cacgaagaag ggaagccaag cctcagcaca 9420
cagcaacatc cgcacaagcc gtacccttta ccacctctgt ggttccactc
catctccttc 9480 actggtgtac acgatataat cggcgttttt
cttctctgtt gttgccctcc tttctctctc 9540 gtgctcctgt
tgggccattt cgatacgcgc aagcgtcgct atttcgtgct ttacatcttg
9600 cgttggtctc gccccgattg ctcgtggcat tttctcgtca
tcgtttttcc gtctccgtac 9660 gttgccgtgt ttctctttac
ttctatggag gcacgttgtg catcttcgcc cctctccgct 9720
tctttgtcag acagcgcggc caaggcgagg ttggtcgggt gcgcgggcgg
tctcatttct 9780 ccatagctcc gtgcttttaa tacaccctcc
ttcctcctcc cttgtttcca taactcgtta 9840 ttttcttgtt
tctggggggg gttcgacccc tttttgtgta atcagcacca tgcaggtcgg
9900 tgtatatgac agagatgatc agatgtgcca gtatgagggc
tgcacggaga tcgatctgct 9960 gcctgcccgg tgctccaact
gcgacaagcg attctgcacc caccatctct cccacagcgc 10020
acatcgctgt ccggccgtga cggatgtgcg ggtcgggacg tgccccatat
gctatcgcgt 10080 tgtaccgttg gagtacccgc gccaatgcat
ggacgaggcg gtgtcccggc acattgaccg 10140 aggatgtcgc
gatgtaccgc agggcagctt attttacggc ggcgcctctg cgaaggggcg
10200 gcccggccag gcgagaggtc gccgcttggg cggctcggca
cggccgtgca gcattcaagg 10260 ctgccacgag gcctccgaga
cgcgcgtgga agtgtgacca atgcggccag acattctgcc 10320
ttcagcaccg cggacctctg cagcaccact gccgcgccgc cgccgccacg
cgcagcgccg 10380 tcgcgccctc cccttcagag cgggatgctg
gcatgctggt gtctctgccg ggtgacaagg 10440 cggtttccgt
ggcatgtctg ctcactcatc ccgccaacac tcccgaaaag gcggtgggca
10500 aggcgacaga gctgccctcg gacatggtga catgcctcgt
gtgcttcctc atacccactt 10560 gtgtgtccaa aaaggacggc
aacgctggct gcgaagagtt cgagccggtg cccccgttct 10620
tcatgttcat gcccaagaat acagcactag gccgtctcct ggacacggcg
gtggatcgtg 10680 ccgccatgaa ctcaccggcc gtgcgcaccg
gaaaaccctg gaacttgttc gccgtcacac 10740tgcccatcca
cgccgaggcc gaggcagcct actattctcc tcttacactc tcgacggtgg
10800 tgaaaaagag tgctgtcggc atggcggagc gcactattgt
gtttctctcg ccgctccaag 10860 ccttgcccga aggcgtgatc
aaggcggtga aggacttgga taggaaaggg tcgtggccgt 10920
caacgtcatc gtcctccagt caagggtgtc aagtgatgtg atgagg
10966 <210> 3 <211> 930 <212> PRT <213> Leishmania
major <400> 3 Met Ala Tyr Phe Thr Ala Lys Arg Ala Ser
Ser Met GIy Ala Ser Thr 10 15 VaI Pro Ser GIy Asn Asp
His Leu Leu GIu Ala Leu Thr Leu Asp 20 25 30 Cys lie
Leu Ser Arg Tyr Lys Arg Cys GIy VaI GIn Leu Asn Asp
Ala 35 40 45 



GIu Ala Ala Ala Phe Ala Asn Leu GIn GIn Arg lie Ser
Ser e Ser 50 55 60 GIy His Ala Ala Asp Ala Ala Cys Pro
Ala GIy Ala Thr Arg Lys GIn 65 70 75 80 Ser GIn GIu
Leu GIy Leu His GIu Tyr Ala GIn Leu Ala GIn Arg Cys 85
90 95 Leu lie Phe GIn Asn Pro Leu Ala GIn lie VaI Ala
Thr H e Asn GIu 100 105 110 GIu Phe Ser Lys Leu VaI
Ser Cys Ser VaI Arg Thr His Tyr Ala Asn 115 120 125
Thr Asn Asp Ala VaI Leu Cys Asp Pro VaI His Asp Thr
VaI Ala Thr 130 135 140 H e Asp Thr Ser Thr Pro H e
GIy Arg Cys Ala Lys Thr Lys Thr Thr 145 150 155 160
VaI Thr H e Ser Asp Thr VaI Tyr H e Pro Leu Cys Tyr
Asn Ser His 165 170 175 VaI VaI Gly Cys Leu GIu VaI
GIu Ser Thr Ala H e Asp Thr Ser Thr 180 185 190 Pro
Phe Phe GIy Tyr Leu Leu GIn VaI Ala Ala Leu Thr Leu
GIn Asn 195 200 205 Ala Thr Ser H e Asp Thr Leu Arg
Trp GIu Thr Arg Lys Ala GIu Ala 210 215 220 Met VaI
Gly Met Ala Thr Arg Leu Ala Arg Asp Thr Leu GIu GIu
Ser 225 230 235 240VaI Leu VaI Gin Ser lie lie Asn Thr
Ala Lys Thr Leu Thr GIu Ser 245 250 255 Asp Arg Cys
Ser lie Phe Leu VaI Lys Ala Asp GIy Ser Leu Glu Ala
2SO 265 270 His Phe GIu Asp GIy Asn VaI VaI VaI Leu
Pro Ala GIy Thr GIy lie 275 280 285 Ala GIy His VaI
Ala GIu Ser Gly Ala VaI VaI Asn lie Pro Asn Ala 290
295 300 Tyr GIu Asp Asp Arg Phe His Arg Ser VaI Asp
Lys VaI Thr Gly Tyr 305 310 315 320 His Thr Arg Thr
lie Leu Cys Leu Pro e Ala Phe GIu Gly Thr lie 325 330
335 VaI Ala VaI Ala GIn Leu lie Asn Lys Leu Asp Met
VaI Thr Gin Ser 340 345 350 Gly Gin Arg Leu Pro Arg
VaI Phe Gly Arg Arg Asp GIu Glu Leu Phe 355 360 365
Glu Thr Phe Ser Met Phe Ala Ala Ala Ser Leu Arg Asn
Cys Arg H e 370 375 380 



Asn Glu Thr Leu Leu Lys Glu Lys Lys Lys Ser Asp Ala H
e Leu Asp 385 390 395 400 VaI VaI Ala Leu Leu Ser Asn
Thr Asp e Arg Asp VaI Asp Ser H e 405 410 415 VaI Arg
His VaI Leu His Gly Ala Lys Lys Leu Leu Asn Ala Asp
Arg 420 425 430 Ser Ser Met Phe Leu Leu Asp Lys Glu
Arg Asn Glu Leu Tyr Ser Lys 435 440 445 Met Ala Asp
Ser Ala Asn Glu H e Arg Phe Pro Cys Gly GIn Gly H e
450 455 460 Ala Gly Thr VaI Ala Glu Ser Gly VaI Gly
Glu Asn H e Met Asp Ala 465 470 475 480 Tyr Ala Asp
Ser Arg Phe Asn Ser Ala VaI Asp Arg GIn Leu Gly Tyr
485 490 495 Arg Thr GIn Ser H e Leu Cys Glu Pro e Thr
Leu Asn Gly Glu VaI 500 505 510 Leu Ala VaI VaI GIn
Leu VaI Asn Lys Leu Gly Asp Asp Gly Ser VaI 515 520
525 Thr Cys Phe Thr Pro Thr Asp Gin Glu Thr Phe Lys
VaI Phe Ser Leu 530 535 540Phe Ala GIy lie Ser lie Asn
Asn Ser His Leu Leu GIu Phe Ala VaI 545 550 555 560
Asn Ala GIy Arg GIu Ala Met T r Leu Asn Leu GIn Arg
Asn Ser H e 565 570 575 Thr Ala GIn Arg Ala Pro Lys
Ser VaI Lys VaI lie Ala VaI Thr Pro 580 585 590 GIu
GIu Arg GIu Ala VaI Met Ser lie Asp Phe GIy GIy Ala
Tyr Asp 595 600 605 Phe Thr Ser Pro GIy Phe Asn Leu
Phe GIu VaI Arg GIu Lys Tyr Ser 610 615 620 GIu Pro
Met Asp Ala Ala Ala GIy VaI VaI Tyr Asn Leu Leu Trp
Asn 625 630 635 640 Ser GIy Leu Pro GIu Lys Phe GIy
Cys Arg GIu GIn Thr Leu Leu Asn 645 650 655 Phe H e
Leu Gin Cys Arg Arg Arg Tyr Arg Arg VaI Pro Tyr His
Asn 660 665 670 Phe Tyr His VaI VaI Asp VaI Cys GIn
Thr Leu His Thr Tyr Leu Tyr 675 680 685 Thr GIy Lys
Ala Ser GIu Leu Leu Thr GIu Leu Glu Cys Tyr VaI Leu
690 695 700 Leu VaI Thr Ala Leu VaI His Asp Leu Asp
His Met GIy VaI Asn Asn 705 710 715 720 



Ser Phe Tyr Leu Lys Thr Asp Ser Pro Leu GIy H e Leu
Ser Ser Ala 725 730 735 Ser GIy Asn Asn Ser VaI Leu
Glu VaI His His Cys Ser Leu Ala H e 740 745 750 Glu e
Leu Ser Asp Pro Ala Ala Asp VaI Phe Glu GIy Leu Ser
GIy 755 760 765 GIn Asp VaI Ala Tyr Ala Tyr Arg Ala
Leu e Asp Cys VaI Leu Ala 770 775 780 Thr Asp Met Ala
Arg His GIy Asp Leu Ser Arg VaI Phe Asp Asp Met 785
790 795 800 Ala Lys Ala GIy Tyr Asp Ser Asn Asp GIn
Glu Ser Arg Arg Leu VaI 805 810 815 Met Glu Thr Leu H
e Lys Ala GIy Asp VaI Ser Asn VaI Thr Lys Pro 820 825
830 Phe Glu Thr Ser Arg Met Trp Ala Met Ala VaI Thr
Glu Glu Phe Tyr 835 840 845Arg Gin GIy Asp Met GIu Lys
GIu Lys GIy VaI GIu VaI Leu Pro Met 850 855 860 Phe
Asp Arg Ser Lys Asn Asn GIu Leu Ala Arg GIy GIn e GIy
Phe 865 870 875 880 H e Asp Phe VaI Ala GIy Lys Phe
Phe Arg Asp H e VaI GIy Asn Leu 885 890 895 Phe His
GIy Met GIn Trp Cys VaI Asp Thr VaI Asn Ser Asn Arg
Ala 900 905 910 Lys Trp GIn GIu e Leu Asp GIy Arg Arg
Asp Ser H e Arg Pro Ser 915 920 925 H e VaI 930 <210>
4 <211> 7095 <212> DNA <213> Leishmania major <400> 4
ctgcgagcgg gaggacaggg cgaggcaacg tgtgcgagat aaggtcgtgg
cacagagagg 60 atacggctat gagagggatg tgtgctgttg
gtgtgtcctc aacgttcgtg ctaaaggtcc 120 gtccaaaggt
gaggaagttg ggacgaggaa gcatgcatgg acggtctcgt ggcctcatca
180 cctcctttcg gtgccatcat taccacccct cgctcctgct
ttttcgccgc catgcccagc 240 gggacttttt ttcgtcttgt
tcgctttcct cctcctcctc ctcctcctcc tgtggttgct 300
ttcatgcatg taatctatgc gcggtgtgcg gactacaccg tcgcccaccg
ccctcccctc 360 tccccgtctt ttcctccttg tttagcgttc
tctttttctt ggcaccccct ctttttcccg 420 agcaacgcaa tgcct
cgcc tccccacccc gtatgtcgca cccctgtgtc ccttgcgcac 480
gcctcttacc gtactgtaac ccttttcgcg tacacgggca ccatctcggt
tttacttgta 540 



tattagtctg gcctgccaaa atcatgaagt ccaccacacc tgcctagtcc
atgccgccta 600 tctgttgccg cgattctgca ccgctcctta
tccagcgcgt cgttggagta gaatctcccg 660 ctggcccgtc
ccgttgccct tgtatggaga ccgccaagag ttgtggcaca ttcaaagttg
720 ccccatgtgc gacccggcga ttaggcaact gtaaaaaaag
gagcggcgtc attcacagga 780 gtagacggtg cgttctgccg
tggcctcttt cgtgctgctc tctctctatg catctctctc 840
cttctcacgg attactctcc gtggccactg cgtgccctcc tggctgtttc
ccggctcttt 900 tccccatttg tgcgctcttc catccatgca
cccaatcaaa aaatcggatg cggtcatgtc 960 tgtcgtgcgt
gcatctctgc atccgtctgc cagtgcgtgc gtgcgtgtgt gtgtgtgtgt
1020 gtgcgcacgt cagaaccgtc tcaagtccct cacctcagcg
tcaatctacc ctcattgtcg 1080 tcgtcggcct tgacgtgttt
tcggtcatcg tttcaccatt gtctcggctc aacgaccaca 1140
atagaaaaaa gcatagggat cggaaagctg tggcctatac acgttcacgg
gtgcccgctc 1200 agcgctggac acgtgcgcac gtccaccgca
tcacagtgag agacggagag aaaccagcgt 1260 agcgccatgg
catatttcac ggccaagagg gcgtcctcga tgggtgcaag caccgttccg
1320 agcggcaacg accatctcct cgaggcactc acgctgtgcg
actgcattct gagccgttac 1380 aagcgctgcg gggttcagct
caacgacgcg gaggccgccg ccttcgccaa tttgcagcag 1440
cgcatatcta gcatctccgg ccacgcagca gacgccgcat gcccagcagg
cgccactcga 1500 aagcagtcgc aggaactggg actgcacgag
tacgctcaac tggcgcagcg gtgcctgatc 1560 ttccagaacc
ccctcgccca aattgtcgcc accatcaatg aagagttctc caaacttgtg
1620 agctgttcag tgcgcacgca ctacgccaac acaaacgacg
cggtgctatg cgacccagtg 1680 cacgacactg ttgcaaccat
cgatacatcg acccccatcg gcaggtgtgc gaagacgaag 1740
acgaccgtta ccatttccga cacggtgtac atccccctat gttacaacag
ccacgtcgtc 1800 ggctgcctgg aggtggagag caccgcaatc
gacacgagca cgccgttttt cgggtacctg 1860 cttcaagtgg
cggcactaac actgcagaac gctacctcca tcgatacact gcggtgggag
1920 actcggaagg cagaggccat ggtgggcatg gcgacacggc
ttgctcgaga cacgttggag 1980gagtcggtgc tggtgcagtc
catcatcaac acggcaaaga cgctgacgga gagcgaccgg 2040
tgtagcatct tcctggtgaa agcggacggc agcctggagg cgcacttcga
ggacggcaac 2100 gttgtggtgc tgcctgcggg gacgggcatc
gcaggtcacg ttgcggaatc tggcgccgtg 2160 gtgaacatcc
cgaacgcgta cgaggacgac cggttccacc ggtccgtgga caaggtgact
2220 ggctaccaca cgcgcacgat cttgtgtctg ccgatcgcgt
tcgagggcac gatcgttgcc 2280 gttgcgcagc tgatcaacaa
gctggacatg gtgacacaga gcgggcagcg gcttccgcgc 2340
gtgtttggac ggcgcgacga ggagctgttc gagacgttct cgatgttcgc
tgcggcgtcg 2400 ctgcgcaact gccgcatcaa cgagacgctg
ctgaaggaga agaagaagag cgacgcgatc 2460 ctggacgttg
tggcgctgct gtcgaatacg gacatccgcg atgtggacag cattgtgcgg
2520 cacgtgctgc acggcgcgaa gaagctgctg aacgcggaca
ggtcatcgat gtttctgctg 2580 gataaggagc gcaatgagct
gtacagtaag atggcggaca gcgcgaacga gatccggttt 2640
ccctgcgggc aaggcattgc cggcactgtt gccgagtccg gcgttggcga
gaatatcatg 2700 gacgcgtacg ctgactcgcg cttcaacagc
gctgtggacc ggcagctggg ctaccgcaca 2760 cagtccatcc
tgtgcgagcc gattacgctg aatggcgagg tgcttgccgt ggtgcagctc
2820 gtcaacaagc tcggcgacga cggtagcgtg acctgcttta
cacccactga tcaagagacg 2880 tttaaagtgt tctcgctgtt
tgcgggcatc tcgatcaaca acagccatct gctggagttc 2940
gcggtgaacg caggtcgtga ggcgatgacc ttgaacctgc agcgtaacag
cattacagcg 3000 cagcgtgctc cgaagagtgt gaaggtgatc
gcggtgacgc cggaggagcg tgaggcagtg 3060 



atgtcgatcg acttcggggg cgcatatgac ttcacttcac cgggcttcaa
cctgtttgaa 3120 gtgcgcgaga agtacagcga gccgatggat
gcggctgccg gtgttgtgta taacctgcta 3180 tggaacagtg
gtctacccga gaagtttggc tgccgtgagc agacactgct gaacttcatc
3240 ttgcagtgcc gccgcaggta ccgccgagtg ccgtaccaca
acttctacca cgtcgtggac 3300 gtgtgccaga cgctgcacac
gtacttgtac acaggcaagg cgtcggagct cctgacagag 3360
ctggagtgct acgtgctgct cgtgacggca ctggtgcacg atcttgacca
catgggcgtg 3420 aacaacagct tctacctgaa gacggactcg
ccgctaggca tcctctccag cgcgagcggg 3480 aacaactccg
tgctggaggt gcaccactgc agcctcgcca tcgagattct gtccgacccc
3540 gccgcggacg tgttcgaggg gctgagcggg caggacgttg
cgtatgcgta ccgcgcgctg 3600 atcgattgcg tgctggccac
tgatatggct cgccacgggg acttgtcgag ggttttcgat 3660
gatatggcga aggccggcta cgactctaac gatcaggaat ctcgtcgcct
ggtgatggaa 3720 acgctgatca aggccggtga cgtgtcgaat
gtgacgaaac cgttcgagac gtcgcgcatg 3780 tgggcgatgg
ctgtgacgga ggagttctac cgtcagggtg acatggagaa ggagaagggc
3840 gtggaggtgc tgccgatgtt tgaccggtcg aagaacaacg
agctggcgcg tgggcagatt 3900 ggcttcatcg acttcgtagc
tggcaagttc ttccgggata ttgtgggcaa cctatttcat 3960
ggaatgcagt ggtgtgtgga cacggtaaac tccaaccgcg caaagtggca
agagatcctg 4020 gatggccgcc gcgactccat ccgaccctcg
attgtttaag gcgtcggtcc cgtggtatcg 4080 ttgatgccgt
aatagcgcgc ggtggtgccg ttgctcctgg tgcggaaagt gtctggtaag
4140 tgcaggcgct gtgttgacgt tggcggctgt gcttatctag
gcgaacgctt gtgtcatgga 4200 tgagcagcag gtttcgagca
gcggtgcaat gcgggcgctg gaagggggaa tgttgcagtg 4260
ttgttggggt gtgtggctac aatgctaagc gtctgtgcgt tggagcttgt
tctcatgtgt 4320 tgcttctatg ctacccattg gatgttcaat
cgcaaaggtt aagagactgc tgtctgtttt 4380 ttttttgtct
gtacaactct tctgcttctt ctctctgtgt tgctgctgct gtcgcctcgc
4440 tgcaccgcca ctcggccccc ttcttccgtg gccccatgct
cgtgcgtacg tgtgcgtgaa 4500 gaggcactgg cggtgtcggc
gtccggccca ccccaccccc cggcaggcca cacgcattcg 4560
gagactaccc cctctcgcct ctctcgtttt cgtttcgttt ttggttggtt
ctcttgtcgc 4620 tttggttggt cctctgcact gtgcgcttgc
tcgtatttat cccttgcctc tgtttcctgt 4680 cggtgtaatc
ggatgcacca gccacgtgtg tatgccggtg tctgtaagtg aagaagtcag
4740 agattggtac gcttgtgcac agactcagat acccatatat
atgccaataa aatcgattat 4800 tgtatctcgg ccattcacca
agccctccct ccccctcgcc cactcccatt ccgagtgtgc 4860
tgtactttgt ttcttcctcc ttcttcaatt tctcttcccc cccctcttct
cttgatttcg 4920 tccccctccc gcttctcgca cgaaacgaca
ggagggcggt gcgatgtggc tgaggccgat 4980 gctggaacac
tgggaaaacg ccgcagaaac gtcttggatt tagatctgtc tcaccctccc
5040 ctatacctat ctctcccgcc accagtgtag gcgatggagt
gtctattgtg tggtggacgg 5100 tg tcctgtt gggtaaatgg
cctgtaggat gttcgaagta cgtgttcttc tcagcacaac 5160
gctggatgtc ctgcgcttgc caccgcgtct gtctcccaca ttctctgtat
gtttcacctt 5220 ctctctcccg ttggcacaag gcaggcatcg
agcgtgtgcg ttcttttctc ttggcgatgg 5280 cgcacgctct
gtgcttcttt tcgtctctgc tcgctgttac cctcccgctg tcagtgcgcc
5340 tctcttgttc tacgacttcg cggctctgtt ccactccccc
ccccctatct cccccccccc 5400 cacacacaca ccactcccat
ctgttcgcgt actatatgct caatgctgag cctgggttcc
5460aagtggttct cttgctcttc gtcgtccccg tctcgcgctc
ttgtctctct tttcccgtta 5520 cggtttcctg tctgtcgcca
ctttctcggc atccccgacc cgatgtacaa ctcaagcccc 5580 



cccctagggc tcacctccgt cttcctcctc cccgaacccc atgtgacgtc
gcttctcttc 5640 tctctcccga tttttgtctt cctttttctc
ttttacgatt ggattgcact tcttcgtgct 5700 tccgcgtatg
ataggacgcc ggcgtggccc cccccccttc cacctcccgc accttctctc
5760 cgtccctctt cccacgtgta gctgtccgtg cttttgtgcg
aagtcgatgc aatccaaacc 5820 aagctgtgtg cgcggaagga
gagcgacaga gagagagaga gcgagcgagc ggaactggag 5880
aaggtgccgc tcaccaacag aagaggaaag aggcgggtac gttacaccac
gagccaaagc 5940 gaaagaaaag taggacggta ccgcacacac
tgcggtacgc ccggagactc gttccctcgc 6000 catgaccgcc
gccaaagaag ccgtgttaga gtgaaccaga ttgtttctga gttgctcccc
6060 ggtgtgcttg gctgcggcag cacctctccc ccttcacgtc
tgcggcgggc cacgcgcggt 6120 gagagggcgt agacacacca
cgcatgggag aagacaaaac atgagatgac gaacacctcg 6180
tgcggtgctg aaagcagtgc taagtagcgt ctttaaggca ccccacagga
cgactgctct 6240 gtcggcgact tctatccaga tgtgttcatc
ctcgtgtacc tctcccttga ttcgcctgtg 6300 ttccacgcac
gtgctccacc tcatcatact ttactgatcc tccccctcct cttcccctgc
6360 tctgcgacac cttctcttcg acacttgcca cgacctgtcg
gtgcgccctt ctccctcctc 6420 tcgccacgtc ctgccccact
tcgacaccct gggaaacttg cacgtgctcg tgcacgcggc 6480
cgtttggcac ctcacccatc tcccacacgc cgacatacat atgccccgct
cctcgcttca 6540 gcaataacag gttaggcata cacacgtaca
caagtgcact tccatcacta caactctttt 6600 gacaggacta
ccaccctttt acaaccctcc cccaacacga gaaatgactg gagaaatcag
6660 cgagaaggcc ttccctcttt cgacggaccg cctcagccag
accatcctcg atctcgtgca 6720 ggaggcgagc aatgccaaga
tggtgaagaa aggtgccaac gaggccacca aggccttgaa 6780
ccgcggtatt gcggacctga tagtgttggc gggtgacacg aacccgattg
agattctcct 6840 gcacctcccc ctcttgtgcg aagacaagaa
cgtcccgtac gt ttcgtgc cgtccaagac 6900 ggcgcttggc
cgcgcgtcgc aggtgtctcg caatgtcgtg gcgctagcca tccttcaggg
6960 cgagaacagc cctgttgcgg cgaaggtgca ggcagtgaag
ctcgagatcg agcgcttgct 7020 ctgaggtgtt tttccttgct
ttctgtttgt aatttttttt tgtatttgcg tgttccctgt 7080
gtttctgttc tcttt 7095 <210> 5 <211> 940 <212> PRT
<213> Leishmania major <400> 5 Met His Ser Ala VaI Phe
Ser Pro Asp Ala Pro Tyr Cys GIy Ala Ala 10 15 GIy Ser
Asn His Leu Cys GIu Ala VaI Ala Leu Cys GIn Ser lie
Leu 20 25 30 Ala Arg Tyr Arg Arg Thr GIy Thr Ser Phe
Ser Ser Thr GIu Leu Lys 35 40 45 Ala lie Gin Ala Leu
Arg Thr GIu Phe Pro Asp Thr Ala GIn GIu Pro 50 55 60
Ala Ala Asn Ser Ala Ala Ser Pro Asp GIn Thr Thr Lys
Asp Phe Leu 65 70 75 80 



Ser lie Leu Asp Asp Ala Thr Asp VaI Pro His Asn Pro
GIn Asn Asp 85 90 95 lie VaI Ala Phe VaI GIu GIu Cys
Cys Asp Asn Thr Lys GIu Pro Thr 100 105 110VaI Leu Phe
Ala Ala lie Asn GIu Arg lie Ser Ala VaI Thr Cys Ser
115 120 125 Arg Asn VaI Arg Thr Tyr Met VaI lie Ala
Asn Asp Asn Leu Leu Trp 130 135 140 Asp Pro VaI Asn
GIy VaI Ala Ala Leu lie Asp Asp VaI Thr Pro Leu 145
150 155 160 GIy Lys Cys Ala GIn Ala Arg Asn Met Leu
Thr lie Ala Asn Thr Leu 165 170 175 Tyr e Pro Leu Trp
Phe Arg Ser GIu Leu VaI GIy Cys VaI Glu VaI 180 185
190 Pro GIy Ala Cys H e Pro Arg Asp Lys Ala Thr Cys
Ala GIn Leu Leu 195 200 205 Leu Arg Cys VaI Thr VaI
Ala VaI Arg Asn Ser H e Asn H e Ser H e 210 215 220
Arg Lys Arg Glu Ala Asn Lys H e GIu Ala Met VaI GIy
Met Ala Thr 225 230 235 240 Arg Leu Ala Arg Asp Thr
Leu Glu Glu Ser VaI Leu VaI GIn Ser H e 245 250 255 H
e Asn Thr Ala Lys Thr Leu Thr Glu Ser Asp Arg Cys Ser
H e Phe 260 265 270 Leu VaI Lys Ala Asp GIy Ser Leu
Glu Ala His Phe Glu Asp GIy Asn 275 280 285 VaI VaI
VaI Leu Pro Ala GIy Thr GIy H e Ala GIy His VaI Ala
Glu 290 295 300 Ser GIy Ala VaI VaI Asn H e Pro Asn
Ala Tyr Glu Asp Asp Arg Phe 305 310 315 320 His Arg
Ser VaI Asp Lys VaI Thr GIy Tyr His Thr Arg Thr e Leu
325 330 335 Cys Leu Pro e Ala Phe Glu GIy Thr e VaI
Ala VaI Ala Gin Leu 340 345 350 H e Asn Lys Leu Asp
Met VaI Thr GIn Ser GIy GIn Arg Leu Pro Arg 355 360
365 VaI Phe GIy Arg Arg Asp Glu Glu Leu Phe Glu Thr
Phe Ser Met Phe 370 375 380 Ala Ala Ala Ser Leu Arg
Asn Cys Arg H e Asn Glu Thr Leu Leu Lys 385 390 395
400 Glu Lys Lys Lys Ser Asp Ala H e Leu Asp VaI VaI
Ala Leu Leu Ser 405 410 415Asn Thr Asp lie Arg Asp VaI
Asp Ser lie VaI Arg His VaI Leu His 



420 425 430 GIy Ala Lys Lys Leu Leu Asn Ala Asp Arg
Ser Ser Met Phe Leu Leu 435 440 445 Asp Lys GIu Arg
Asn GIu Leu Tyr Ser Lys Met Ala Asp Ser Ala Asn 450
455 460 GIu lie Arg Phe Pro Cys GIy Gin GIy lie Ala
GIy Thr VaI Ala GIu 465 470 475 480 Ser GIy VaI GIy
GIu Asn lie Met Asp Ala Tyr Ala Asp Ser Arg Phe 485
490 495 Asn Ser Ala VaI Asp Arg Gin Leu GIy Tyr Arg
Thr Gin Ser lie Leu 500 505 510 Cys GIu Pro lie Thr
Leu Asn GIy GIu VaI Leu Ala VaI VaI Gin Leu 515 520
525 VaI Asn Lys Leu GIy Asp Asp GIy Ser VaI Thr Cys
Phe Thr Pro Met 530 535 540 Asp Arg GIu Thr Phe GIn
VaI Phe Ser Leu Phe Ala GIy lie Ser lie 545 550 555
560 Asn Asn Ser His Leu Leu GIu Phe Ala VaI Asn Ala
GIy Arg GIu Ala 565 570 575 Met Thr Leu Ser Leu GIn
Arg Asn Ser lie Thr Ala GIn Arg Ala Pro 580 585 590
Lys Ser VaI Lys VaI lie Ala VaI Thr Pro GIu GIu Arg
GIu Ala VaI 595 600 605 Met Ser lie Asp Phe GIy GIy
Ala Tyr Asp Phe Thr Ser Pro GIy Phe 610 615 620 Asn
Leu Phe GIu VaI Arg GIu Lys Tyr Ser GIu Pro Met Asp
Ala Ala 625 630 635 640 Ala GIy VaI VaI Tyr Asn Leu
Leu Trp Asn Ser GIy Leu Pro GIu Lys 645 650 655 Phe
GIy Cys Arg GIu GIn Thr Leu Leu Asn Phe lie Leu Gin
Cys Arg 660 665 670 Arg Arg Tyr Arg Arg VaI Pro Tyr
His Asn Phe Tyr His VaI VaI Asp 675 680 685 VaI Cys
Gin Thr Leu His Thr Tyr Leu Tyr Thr GIy Lys Ala Ser
GIu 690 695 700 Leu Leu Thr GIu Leu GIu Cys Tyr VaI
Leu Leu VaI Thr Ala Leu VaI 705 710 715 720His Asp Leu
Asp His Met GIy VaI Asn Asn Ser Phe Tyr Leu Lys Thr
725 730 735 Asp Ser Pro Leu GIy e Leu Ser Ser Ala Ser
GIy Asn Asn Ser VaI 740 745 750 Leu GIu VaI His His
Cys Ser Leu Ala H e GIu H e Leu Ser Asp Pro 



755 760 765 Ala Ala Asp VaI Phe GIu GIy Leu Ser GIy
GIn Asp VaI Ala Tyr Ala 770 775 780 Tyr Arg Ala Leu H
e Asp Cys VaI Leu Ala Thr Asp Met Ala Lys His 785 790
795 800 Ala Asp Ala Leu Ser Arg Phe Thr GIu Leu Ala
Thr Ser GIy Phe GIu 805 810 815 Lys Asp Asn Asp Thr
His Arg Arg Leu VaI Met GIu Thr Leu H e Lys 820 825
830 Ala GIy Asp VaI Ser Asn VaI Thr Lys Pro Phe GIu
Thr Ser Arg Met 835 840 845 Trp Ala Met Ala VaI Thr
GIu GIu Phe Tyr Arg GIn GIy Asp Met GIu 850 855 860
Lys GIu Lys GIy VaI GIu VaI Leu Pro Met Phe Asp Arg
Ser Lys Asn 865 870 875 880 Asn GIu Leu Ala Arg GIy
GIn H e GIy Phe H e Asp Phe VaI Ala GIy 885 890 895
Lys Phe Phe Arg Asp H e VaI GIy Asn Leu Phe His GIy
Met GIn Trp 900 905 910 Cys VaI Asp Thr VaI Asn Ser
Asn Arg Ala Lys Trp GIn GIu H e Leu 915 920 925 Asp
GIy Arg Arg Asp Ser H e Arg Ser Ser H e VaI 930 935
940 <210> 6 <211> 6945 <212> DNA <213> Leishmania
major <400> acaggcaggt gcgtgtggag aggttgaagg
acaaggttca tccacagctc agtgccgcca 60 agccggtgct
caagttgaat gcggctcccg cgccgttgtg caagaagaat ccactgtcag
120 ccccagtgcc tttgaagaag gtgccagcaa tggtaaagcc
gcaacggaag cggacgctgc 180 cgatcgtcac caagacaact
gcgagaaagg ccgcaccggt ggcgtctcct gatagaaatg 240
ccccgccggc agtgacgctt cagctggtca ccaagcgagc tgccggcgtt
tcccgcactg 300 aaacgaaggg tgtgcccgcc tcctgccgag
cccgcgtgaa ggtcagcgcg gcccaaaagg 360 tagccgcggc
cgctaccaag aaggcgctca agaagggtac atccacctca caggcgacaa
420 ccgccacaga cgagggtggg gacttcttcg ccgaggattt
catggcggaa ggtgaaggag 480 acgacgtcgg gctcgaggtt
gccgacaagt ccgctggtga cacgaacgcg caagtagcag
540cgcccacggc gccagtgaag cagaagcgta agtccgccgg
gcgtcgtgca gctcgcagtc 600 acctccttgc acccgagtcg
atgctccctg cgacggcacg gtcacagaag gtgattgtgg 660
cgcacacccc cacgtgtaga aaggcaccgc ggccggtgtg cacctcccca
tcatccccct 720 ttactcctgc acgacgcaag gtgagccttg
ccgacaacat ccgcgctcag ctggccagtt 780 ttttgtagtc
actgggtcgc gtgcgtggtg ccgaacgcgg ggaacggctt gacctacctc
840 



ttcacgcgcg ctgaacaaca tatagagaaa acactagatg ccaccctttc
ctctcctctc 900 ccagctgccc ttcccctgct ccccatcgac
catgcgtgaa ggttgtcccc accacctcgt 960 atctgtccag
cggtggcatg ataatggcgg cagatttgag ctgacttgga gaatggcaag
1020 acaggaaagc gggggggggg gggcaaaaga agagatagag
gggagagcgt atgagggggg 1080 ggggcggcgg acgcgcacac
actcatctgc tcgtgagggc acgtaacgcc ctagcaaatg 1140
ttttgcatag acaagggaag gacaaagcgc catcgatacc ggagagcaat
acagactcac 1200 atacatacat acatgcgaac gcctacgcgc
gtcccgcaca tgaggacagc cgaataagtc 1260 tgcggtgtta
cctcaaagaa aaaggcacag gaggcacaat cgagacagca gctgtgctgt
1320 ctcggfctgcg gtacgaggtg ttccgcccac gtcgttttct
gcacatccct tcacgattgt 1380 gctgcgggtg cgctcgtgtg
actcattgtc gaaacacgtc agagcagctg ccggccacaa 1440
cagtaccccg ctggcgcggc tggcgagacg cggggacatc acgtgtcagt
atggtgccac 1500 caagcgaaga gggagggaga ggcgaagggc
tgagatgacg gatctgctac tgaatgcgcg 1560 aagagcgggc
gtgtggtacg tggaggatag ccgcccaagt tgaacgttac ggctcgatct
1620 tctccgtgaa gaaacggtgc gcgttctcct tttccgctgc
cgtttctttc tctccctgta 1680 tgcctcgcca tcatgtatca
ttacggatgt cctgtcctgc cccacttctt cctgcctttc 1740
tcgcctacca actactgaac gctgtcagtg cgcctctcgc ttctccagct
ccacacgcgc 1800 tcactggcca tcatcaaagg gaagccacca
tcggcaccca aggagcttaa ccagcatttg 1860 aggttcttca
aaaggcggtg tgaggtgcag ctgcactgga tcattcgggg gacacaaacg
1920 cgcatgcgtg cacggctgca cacgggaccc gtcattgtct
cttccgctct gttgctcctg 1980 tcgccgctct ccacagcgac
acacatacac acacagtcag acacacacac acacacacac 2040
acacacacac acacacaagc gagccccata cacgcaaacg ccacgcggcc
tctttgttgt 2100 tcgtttgttc actcttgttt ttcggctcgt
attggccgct gtcttcgatt tgttatcaac 2160 tggcagtgac
gccgtacagc gatgcattca gcggtctttt cccccgatgc gccgtattgc
2220 ggcgcagccg gctccaatca cctatgtgag gcggttgcac
tctgccagtc gattctggcg 2280 cgctaccgtc ggactggtac
atccttctcc tccacagagc tgaaggcgat tcaagccctg 2340
cgcaccgagt tccctgatac cgcgcaagag ccggctgcga atagcgcggc
ttcacccgac 2400 cagaccacga aggacttcct gagcattctt
gacgatgcaa ccgacgtgcc gcacaaccca 2460 cagaacgaca
ttgtcgcgtt tgtggaggag tgctgcgaca acaccaagga gccaacagta
2520 ttgtttgcgg cgattaatga gcgcatttca gccgtgactt
gctcgcgtaa tgtccgcacg 2580 tacatggtga tcgcaaacga
caatctccta tgggaccctg tcaacggtgt tgccgccctt 2640
atcgacgacg tcacgccctt gggcaagtgc gcgcaagcgc gcaacatgct
gacgattgcc 2700 aacaccctat acatccccct ctggtttcgg
tccgagctcg ttggctgcgt ggaggtgccg 2760 ggtgcctgca
tcccaaggga caaggctacc tgtgctcagc ttctgctccg gtgcgtcacc
2820 gttgccgttc gaaacagcat caacatctcc atcagaaaga
gggaagcaaa taagatcgag 2880 gccatggtgg gcatggcgac
acggcttgct cgagacacgt tggaggagtc ggtgctggtg 2940
cagtccatca tcaacacggc aaagacgctg acggagagcg accggtgtag
catcttcctg 3000 gtgaaagcgg acggcagcct ggaggcgcac
ttcgaggacg gcaacgttgt ggtgctgcct 3060 gcggggacgg
gcatcgcagg tcacgttgcg gaatctggcg ccgtggtgaa catcccgaac
3120 gcgtacgagg acgaccggtt ccaccggtcc gtggacaagg
tgactggcta ccacacgcgc 3180 acgatcttgt gtctgccgat
cgcgttcgag ggcacgatcg ttgccgttgc gcagctgatc 3240
aacaagctgg acatggtgac acagagcggg cagcggcttc cgcgcgtgtt
tggacggcgc 3300 



gacgaggagc tgttcgagac gttctcgatg ttcgctgcgg cgtcgctgcg
caactgccgc 3360 atcaacgaga cgctgctgaa ggagaagaag
aagagcgacg cgatcctgga cgttgtggcg 3420 ctgctgtcga
atacggacat ccgcgatgtg gacagcattg tgcggcacgt gctgcacggc
3480 gcgaagaagc tgctgaacgc ggacaggtca tcgatgtttc
tgctggataa ggagcgcaat 3540 gagctgtaca gtaagatggc
ggacagcgcg aacgagatcc ggtttccctg cgggcaaggc 3600
attgccggca ctgttgccga gtccggcgtt ggcgagaata tcatggacgc
gtacgctgac 3660 tcgcgcttca acagcgctgt ggaccggcag
ctgggctacc gcacacagtc catcctgtgc 3720 gagccgatta
cgctgaatgg cgaggtgctt gccgtggtgc agctcgtcaa caagctcggc
3780 gacgacggta gcgtgacctg ctttacaccc atggaccggg
aaacgttcca agtgttctcg 3840 ctgtttgcgg gcatctcgat
caacaacagc catctgctgg agttcgcggt gaacgcaggt 3900
cgtgaggcga tgaccttgag cctgcagcgc aacagcatta cagcgcagcg
tgctccgaag 3960 agtgtgaagg tgatcgcggt gacgccggag
gagcgtgagg cagtgatgtc gatcgacttc 4020gggggcgcat
atgacttcac ttcaccgggc ttcaacctgt ttgaagtgcg cgagaagtac
4080 agcgagccga tggatgcggc tgccggtgtt gtgtataacc
tgctatggaa cagtggt 'Qta 4140 cccgagaagt ttggctgccg
tgagcagaca ctgctgaact tcatcttgca gtgccgccgfc42
aggtaccgcc gagtgccgta ccacaacttc taccacgtcg tggacgtgtg
ccagacgctg 4260 cacacgtact tgtacacagg caaggcgtcg
gagctcctga cagagctgga gtgctacgtg 4320 ctgctcgtga
cggcactggt gcacgatctt gaccacatgg gcgtgaacaa cagcttctac
4380 ctgaagacgg actcgccgct aggcatcctc tccagcgcga
gcgggaacaa ctccgtgctg 4440 gaggtgcacc actgcagcct
cgccatcgag attctgtccg accccgccgc ggacgtgttc 4500
gaggggctga gcgggcagga cgttgcgtat gcgtaccgcg cgctgatcga
ttgcgtgctg 4560 gccactgata tggcgaagca cgctgacgcg
ctaagtcgct tcacagagtt ggcgacaagc 4620 gggtttgaga
aagacaacga cacccaccgt cgcctggtga tggaaacgct gatcaaggcc
4680 ggtgacgtgt cgaatgtgac gaaaccgttc gagacgtcgc
gcatgtgggc gatggctgtg 4740 acggaggagt tctaccgtca
gggtgacatg gagaaggaga agggcgtgga ggtgctgccg 4800
atgtttgacc ggtcgaagaa caacgagctg gcgcgtgggc agattggctt
catcgacttc 4860 gtagctggca agttcttccg ggatattgtg
ggcaacctat ttcatggaat gcagtggtgt 4920 gtggacacgg
taaactccaa ccgcgcaaag tggcaagaga tcctggatgg ccgccgcgac
4980 tccatccgat cctcgattgt ttaaggcatc ggtcccgcgg
tatcgttgat gccgtaatag 5040 cgcgcggaag tactcacggc
gaatgtcttt cgagaagtga aagcggtgag ctcacttgtc 5100
actatggacg gatgagtgcc gttggtcgcc gctctgctgt gcgtgtctac
gcgtcttatc 5160 cccacctcag tatgtgcacc gggccgtcat
ttccctttgt acccgtcgct gtatccgcga 5220 cgcgggatgg
tttgtgtgtt ggtgagtctc cctctctctg caccagggcc tgttctggtt
5280 gatgggcgcc tctcgcactg ctgaggacaa ggtgtggcac
atgtgggcgt gtgagtcgtg 5340 tttttttttt ttggctctcg
tcttgtctcc tctctcctcg ctattagccc ttttctgaac 5400
agacctctct ctctctctct gctcgtcttt cggaggagtg gtttgccgtt
gaaggctgaa 5460 cggtacgaag ggggaggagt gagcagtgca
ggtgcacaca cacgcaccac acctaattct 5520 ctcttcatcc
gcctttcctt tttttccggt gtgtgtcccg aagatggttt cctgtctttg
5580 catccgtttc tctccccctt ttttcgtgtg tctgtctttt
gttgttcgtc acgaatctca 5640 cccgcctccc tcccccctct
cccatttttt ctctcgtagg tgtgtgcatc tgtgctcctg 5700
gtgagacgga gtggagtggg ggcaccccgc agcgcgtggc atctctcccc
ccccccaggt 5760 ggggggtcat tcgtgcaccc aaactctgtc
tctggggagg aagctcagcg gcgcaccccc 5820 



acccccaccc ccaccctctc cctcctatat ccctgccagt gcggaaccgc
ttctcctggc 5880 gacagggtca agcacctata acgcagggag
gacagagcaa gatgtcgctg cggatgtcgg 5940 ccgtcaggtg
ccggatggcg tggcgccgga gcgacctgcg acagcgcaca cgcacgattc
6000 atgtgatggg cagagtgccg gcgtgactcg aacgcatccc
acccccggcc ctcacactgt 6060 cctgctgctg tggggagcct
gtgccatcgc gatggaatcg caccgtgtgg cgaccggcac 6120
aacgtgagcg gctgtggggc gacctgtgag gcggggtggg tgggtgggtg
gcgggtagag 6180 ttcgaggctg aggctgtgcc ctcagatggc
cgagttggcg cgttgcggtc acgtgtgtct 6240 ctgcagctgc
ttcgcaccag gcgatagagg cctgtgacag ggccggtgca agagtggggc
6300 tcgacctcat gttgcatgac agagaaatga acatgctgta
actcccctct ccttgactca 6360 tttccatctc ttgtgtcacc
tactacctgt ccttctcagt gtcttggtgc acttgtgacg 6420
ttctcgcgtg tctcctcttt tcttttcttc tcgaagtttt ttgggtctgc
agagagaggc 6480 gatgggagga ggagcagcca ggcttgcgtt
gtgtgatgtc gagaagaaca atgtaacagc 6540 tcttctctcg
ttgtcctcct tcctcccgct tctgttcggc gaggaaaaca gcagacttgt
6600 gtagcacaag atgctgctgg cgcctgctgt gtgacatgtg
cgaggaagcc tcgcgcaaac 6660 cgtttgtggt ctctggaggg
ggtactgcga gcgggaggac agggcgaggc aacgtgtgcg 6720
agataaggtc gtggcacaga gaggatacgg ctatgagagg gctgtgtgct
gttggtgttt 6780 cctcaacgtt cgtgctaaag gtccgtccaa
aggtgaggaa gttgggacga ggaagcatgc 6840 atggacggtc
tcgtggcctc atcacctcct ttcggtgcca tcattaccac ccctcgctcc
6900 tgctttttcg ccgccatgcc cagcgggact ttttttcgtc tgttc
6945 




