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Description

FIELD OF THE INVENTION

[0001] This invention relates to the field of biotechnology or genetic engineering. Specifically, this invention relates to
the field of gene expression. More specifically, this invention relates to a novel ecdysone receptor/chimeric retinoid X
receptor-based inducible gene expression system and methods of modulating the expression of a gene within a host
cell using this inducible gene expression system.

BACKGROUND OF THE INVENTION

[0002] The citation of any reference herein should not be construed as an admission that such reference is available
as "Prior Art" to the instant application.

[0003] Inthefield of genetic engineering, precise control of gene expressionis a valuable tool for studying, manipulating,
and controlling development and other physiological processes. Gene expression is a complex biological process in-
volving a number of specific protein-protein interactions. In order for gene expression to be triggered, such that it produces
the RNA necessary as the first step in protein synthesis, a transcriptional activator must be brought into proximity of a
promoter that controls gene transcription. Typically, the transcriptional activator itself is associated with a protein that
has at least one DNA binding domain that binds to DNA binding sites present in the promoter regions of genes. Thus,
for gene expression to occur, a protein comprising a DNA binding domain and a transactivation domain located at an
appropriate distance from the DNA binding domain must be brought into the correct position in the promoter region of
the gene.

[0004] The traditional transgenic approach utilizes a cell-type specific promoter to drive the expression of a designed
transgene. A DNA construct containing the transgene is first incorporated into a host genome. When triggered by a
transcriptional activator, expression of the transgene occurs in a given cell type.

[0005] Another means to regulate expression of foreign genes in cells is through inducible promoters. Examples of
the use of such inducible promoters include the PR1-a promoter, prokaryotic repressor-operator systems, immunosup-
pressive-immunophilin systems, and higher eukaryotic transcription activation systems such as steroid hormone receptor
systems and are described below.

[0006] The PR1-a promoter from tobacco is induced during the systemic acquired resistance response following
pathogen attack. The use of PR1-a may be limited because it often responds to endogenous materials and external
factors such as pathogens, UV-B radiation, and pollutants. Gene regulation systems based on promoters induced by
heat shock, interferon and heavy metals have been described (Wurn et al., 1986, Proc. Natl. Acad. Sci. USA 83:
5414-5418; Amheiteretal., 1990, Cell 62: 51-61; Filmus et al., 1992, Nucleic Acids Research 20: 27550-27560). However,
these systems have limitations due to their effect on expression of non-target genes. These systems are also leaky.
[0007] Prokaryotic repressor-operator systems utilize bacterial repressor proteins and the unique operator DNA se-
quences to which they bind. Both the tetracycline ("Tet") and lactose ("Lac") repressor-operator systems from the bac-
terium Escherichia colihave been used in plants and animals to control gene expression. In the Tet system, tetracycline
binds to the TetR repressor protein, resulting in a conformational change which releases the repressor protein from the
operator which as a result allows transcription to occur. In the Lac system, a lac operon is activated in response to the
presence of lactose, or synthetic analogs such as isopropyl-b-D-thiogalactoside. Unfortunately, the use of such systems
is restricted by unstable chemistry of the ligands, i.e. tetracycline and lactose, their toxicity, their natural presence, or
the relatively high levels required for induction or repression. For similar reasons, utility of such systems in animals is
limited.

[0008] Immunosuppressive molecules such as FK506, rapamycin and cyclosporine A can bind to immunophilins
FKBP12, cyclophilin, etc. Using this information, a general strategy has been devised to bring together any two proteins
simply by placing FK506 on each of the two proteins or by placing FK506 on one and cyclosporine A on another one.
A synthetic homodimer of FK506 (FK1012) or a compound resulted from fusion of FK506-cyclosporine (FKCsA) can
then be used to induce dimerization of these molecules (Spencer et al., 1993, Science 262:1019-24; Belshaw et al.,
1996, Proc Natl Acad Sci USA 93:4604-7). Gal4 DNA binding domain fused to FKBP12 and VP16 activator domain
fused to cyclophilin, and FKCsA compound were used to show heterodimerization and activation of a reporter gene
under the control of a promoter containing Gal4 binding sites. Unfortunately, this system includes immunosuppressants
that can have unwanted side effects and therefore, limits its use for various mammalian gene switch applications.
[0009] Higher eukaryotic transcription activation systems such as steroid hormone receptor systems have also been
employed. Steroid hormone receptors are members of the nuclear receptor superfamily and are found in vertebrate and
invertebrate cells. Unfortunately, use of steroidal compounds that activate the receptors for the regulation of gene
expression, particularly in plants and mammals, is limited due to their involvement in many other natural biological
pathways in such organisms. In order to overcome such difficulties, an alternative system has been developed using
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insect ecdysone receptors (EcR).

[0010] Growth, molting, and developmentininsects are regulated by the ecdysone steroid hormone (molting hormone)
and the juvenile hormones (Dhadialla, et al., 1998, Annu. Rev. Entomol. 43: 545-569). The molecular target for ecdysone
in insects consists of at least ecdysone receptor (EcR) and ultraspiracle protein (USP). EcR is a member of the nuclear
steroid receptor super family that is characterized by signature DNA and ligand binding domains, and an activation
domain (Koelle et al. 1991, Cell, 67:59-77). EcR receptors are responsive to a number of steroidal compounds such as
ponasterone A and muristerone A. Recently, non-steroidal compounds with ecdysteroid agonist activity have been
described, including the commercially available insecticides tebufenozide and methoxyfenozide that are marketed world
wide by Rohm and Haas Company (see International Patent Application No. PCT/EP96/00686 and US Patent 5,530,028).
Both analogs have exceptional safety profiles to other organisms.

[0011] International Patent Applications No. PCT/US97/05330 (WO 97/38117) and PCT/US99/08381 (W099/58155)
disclose methods for modulating the expression of an exogenous gene in which a DNA construct comprising the exog-
enous gene and an ecdysone response element is activated by a second DNA construct comprising an ecdysone
receptor that, in the presence of a ligand therefor, and optionally in the presence of a receptor capable of acting as a
silent partner, binds to the ecdysone response element to induce gene expression. The ecdysone receptor of choice
was isolated from Drosophila melanogaster. Typically, such systems require the presence of the silent partner, preferably
retinoid X receptor (RXR), in order to provide optimum activation. In mammalian cells, insect ecdysone receptor (EcR)
heterodimerizes with retinoid X receptor (RXR) and regulates expression of target genes in a ligand dependent manner.
International Patent Application No. PCT/US98/14215 (WO 99/02683) discloses that the ecdysone receptor isolated
from the silk moth Bombyx moriis functional in mammalian systems without the need for an exogenous dimer partner.
[0012] U.S. Patent No. 5,880,333 discloses a Drosophila melanogaster EcR and ultraspiracle (USP) heterodimer
system used in plants in which the transactivation domain and the DNA binding domain are positioned on two different
hybrid proteins. Unfortunately, this system is not effective for inducing reporter gene expression in animal cells (for
comparison, see Example 1.2, below).

[0013] In each of these cases, the transactivation domain and the DNA binding domain (either as native EcR as in
International Patent Application No. PCT/US98/14215 or as modified EcR as in International Patent Application No.
PCT/US97/05330) were incorporated into a single molecule and the other heterodimeric partners, either USP or RXR,
were used in their native state.

[0014] Drawbacks of the above described EcR-based gene regulation systems include a considerable background
activity in the absence of ligands and non-applicability of these systems for use in both plants and animals (see U.S.
Patent No. 5,880,333). For most applications that rely on modulating gene expression, these EcR-based systems are
undesirable. Therefore, a need exists in the art for improved systems to precisely modulate the expression of exogenous
genes in both plants and animals. Such improved systems would be useful for applications such as gene therapy, large-
scale production of proteins and antibodies, cell-based high throughput screening assays, functional genomics and
regulation of traits in transgenic animals. Improved systems that are simple, compact, and dependent on ligands that
are relatively inexpensive, readily available, and of low toxicity to the host would prove useful for regulating biological
systems.

[0015] Recently, Applicants have shown that an ecdysone receptor-based inducible gene expression system in which
the transactivation and DNA binding domains are separated from each other by placing them on two different proteins
results in greatly reduced background activity in the absence of a ligand and significantly increased activity over back-
ground in the presence of a ligand (pending application PCT/US01/09050). This two-hybrid system is a significantly
improved inducible gene expression modulation system compared to the two systems disclosed in applications
PCT/US97/05330 and PCT/US98/14215.

[0016] Applicants previously demonstrated that an ecdysone receptor-based gene expression system in partnership
with a dipteran (Drosophila melanogaster) or a lepidopteran (Choristoneura fumiferana) ultraspiracle protein (USP) is
constitutively expressed in mammalian cells, while an ecdysone receptor-based gene expression system in partnership
with a vertebrate retinoid X receptor (RXR) is inducible in mammalian cells (pending application PCT/US01/09050).
Applicants have recently made the surprising discovery that a non-Dipteran and non-Lepidopteran invertebrate RXR
can function similar to vertebrate RXR in an ecdysone receptor-based inducible gene expression system (US application
filed concurrently herewith).

[0017] Applicants have now shown that a chimeric RXR ligand binding domain, comprising at least two polypeptide
fragments, wherein the first polypeptide fragment is from one species of vertebrate/invertebrate RXR and the second
polypeptide fragment is from a different species of vertebrate/invertebrate RXR, whereby a vertebrate/invertebrate chi-
meric RXR ligand binding domain, a vertebrate/vertebrate chimeric RXR ligand binding domain, or an invertebrate/
invertebrate chimeric RXR ligand binding domain is produced, can function similar to or better than either the parental
vertebrate RXR or the parental invertebrate RXR in an ecdysone receptor-based inducible gene expression system. As
described herein, Applicants’ novel ecdysone receptor/chimeric retinoid X receptor-based inducible gene expression
system provides an inducible gene expression system in bacteria, fungi, yeast, animal, and mammalian cells that is
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characterized by increased ligand sensitivity and magnitude of transactivation.

SUMMARY OF THE INVENTION

[0018] The present invention relates to a novel ecdysone receptor/chimeric retinoid X receptor-based inducible gene
expression system, novel chimeric receptor polynucleotides and polypeptides for use in the novel inducible gene ex-
pression system, and methods of modulating the expression of a gene within a host cell using this inducible gene
expression system. In particular, Applicants’ invention relates to a novel gene expression modulation system comprising
a polynucleotide encoding a chimeric RXR ligand binding domain (LBD).

[0019] Specifically, the present invention relates to a gene expression modulation system comprising: a) a first gene
expression cassette that is capable of being expressed in a host cell comprising a polynucleotide that encodes a first
hybrid polypeptide comprising: i) a DNA-binding domain that recognizes a response element associated with a gene
whose expression is to be modulated; and ii) an ecdysone receptor ligand binding domain; and b) a second gene
expression cassette that is capable of being expressed in the host cell comprising a polynuclecotide sequence that
encodes a second hybrid polypeptide comprising: i) a transactivation domain; and ii) a chimeric retinoid X receptor ligand
binding domain.

[0020] The presentinvention alsorelates to a gene expression modulation system comprising: a) afirstgene expression
cassette that is capable of being expressed in a host cell comprising a polynucleotide that encodes a first hybrid polypep-
tide comprising: i) a DNA-binding domain that recognizes a response element associated with a gene whose expression
is to be modulated; and ii) a chimeric retinoid X receptor ligand binding domain; and b) a second gene expression
cassette that is capable of being expressed in the host cell comprising a polynucleotide sequence that encodes a second
hybrid polypeptide comprising: i) a transactivation domain; and ii) an ecdysone receptor ligand binding domain.

[0021] The present invention also relates to a gene expression modulation system according to the invention further
comprising c) a third gene expression cassette comprising: i) a response element to which the DNA-binding domain of
the first hybrid polypeptide binds; ii) a promoter that is activated by the transactivation domain of the second hybrid
polypeptide; and iii) a gene whose expression is to be modulated.

[0022] The present invention also relates to a gene expression cassette that is capable of being expressed in a host
cell, wherein the gene expression cassette comprises a polynucleotide that encodes a hybrid polypeptide comprising
either i) a DNA-binding domain that recognizes a response element associated with a gene whose expression is to be
modulated, or ii) a transactivation domain; and a chimeric retinoid X receptor ligand binding domain.

[0023] The present invention also relates to an isolated polynucleotide that encodes a hybrid polypeptide comprising
either i) a DNA-binding domain that recognizes a response element associated with a gene whose expression is to be
modulated, or ii) a transactivation domain; and a chimeric vertebrate and invertebrate retinoid X receptor ligand binding
domain. The present invention also relates to a isolated hybrid polypeptide encoded by the isolated polynucleotide
according to the invention.

[0024] The present invention also relates to an isolated polynucleotide encoding a truncated chimeric RXR LBD. In a
specificembodiment, the isolated polynucleotide encodes a truncated chimeric RXR LBD, wherein the truncation mutation
affects ligand binding activity or ligand sensitivity of the chimeric RXR LBD. In another specific embodiment, the isolated
polynucleotide encodes a truncated chimeric RXR polypeptide comprising a truncation mutation that increases ligand
sensitivity of a heterodimer comprising the truncated chimeric RXR polypeptide and a dimerization partner. In a specific
embodiment, the dimerization partner is an ecdysone receptor polypeptide.

[0025] The present invention also relates to an isolated polypeptide encoded by a polynucleotide according to Appli-
cants’ invention.

[0026] The presentinvention also relates to an isolated hybrid polypeptide comprising either i) a DNA-binding domain
that recognizes a response element associated with a gene whose expression is to be modulated, or ii) a transactivation
domain; and a chimeric retinoid X receptor ligand binding domain.

[0027] The present invention relates to an isolated truncated chimeric RXR LBD comprising a truncation mutation,
wherein the truncated chimeric RXR LBD is encoded by a polynucleotide according to the invention.

[0028] Thus, the present invention also relates to an isolated truncated chimeric RXR LBD comprising a truncation
mutation that affects ligand binding activity or ligand sensitivity of said truncated chimeric RXR LBD.

[0029] The presentinvention also relates to an isolated truncated chimeric RXR LBD comprising a truncation mutation
that increases ligand sensitivity of a heterodimer comprising the truncated chimeric RXR LBD and a dimerization partner.
In a specific embodiment, the dimerization partner is an ecdysone receptor polypeptide.

[0030] Applicants’ invention also relates to methods of modulating gene expression in a host cell using a gene ex-
pression modulation system according to the invention. Specifically, Applicants’ invention provides a method of modu-
lating the expression of a gene in a host cell comprising the steps of: a) introducing into the host cell a gene expression
modulation system according to the invention; b) introducing into the host cell a gene expression cassette comprising
i) a response element comprising a domain recognized by the DNA binding domain from the first hybrid polypeptide; ii)
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a promoter that is activated by the transactivation domain of the second hybrid polypeptide; and iii) a gene whose
expression is to be modulated; and c) introducing into the host cell a ligand; whereby upon introduction of the ligand into
the host, expression of the gene of b)iii) is modulated.

[0031] Applicants’ invention also provides a method of modulating the expression of a gene in a host cell comprising
a gene expression cassette comprising a response element comprising a domain recognized by the DNA binding domain
from the first hybrid polypeptide; a promoter that is activated by the transactivation domain of the second hybrid polypep-
tide; and a gene whose expression is to be modulated; wherein the method comprises the steps of: a) introducing into
the host cell a gene expression modulation system according to the invention; and b) introducing into the host cell a
ligand; whereby upon introduction of the ligand into the host, expression of the gene is modulated.

[0032] Applicants’ invention also provides an isolated host cell comprising an inducible gene expression system ac-
cording to the invention. The presentinvention also relates to an isolated host cell comprising a gene expression cassette,
a polynucleotide, or a polypeptide according to the invention. Accordingly, Applicants’ invention also relates to a non-
human organism comprising a host cell according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

Figure 1: Expression data of VPIGBLmUSP-EF, VP16MmRXRa-EF and three independent clones of VP16MmRXRo
(1-7)-LmUSP (8-12)-EF in NIH3T3 cells along with GAL4CfEcR-CDEF and pFRLuc in the presence of non-steroid
(GSE) ligand.

Figure 2: Expression data of VP16LmUSP-EF, VP16MmRXRa-EF and two independent clones of VP16MmRXRa
(1-7)-LmUSP (8-12)-EF in NIH3T3 cells along with 1GAL4CfEcR-CDEF and pFRLuc in the presence of non-steroid
(GSE) ligand.

Figure 3: Expression data of VP16LmUSP-EF, VP16MmRXRo-EF and two independent clones of VP16MmRXRo
(1-7)-LmUSP (8-12)-EF in A549 cells along with GAL4CfEcR-CDEF and pFRLuc in the presence of non-steroid
(GSE) ligand.

Figure 4: Amino acid sequence alignments of the EF domains of six vertebrate RXRs (A) and six invertebrate RXRs
(B). B6, B8, B9, B10 and B11 denotes Bchimera junctions. A1 denotes junction for achimera. Helices 1-12 are
denoted as H1-H12 and [ pleated sheets are denoted as S1 and S2. F denotes the F domain junction.

Figure 5: Expression data of GAL4CfEcR-CDEF/VP16chimeric RXR-based gene switches 1.3-1.6 in NIH3T3 cells
along with pFRLuc in the presence of non-steroid (GSE) ligand.

Figure 6: Expression data of gene switches comprising the DEF domains ofEcRs from CfEcR, DmEcR, TmECR, or
AmakEcR fused to GAL4 DNA binding domain and the EF domains of RXR/USPs from CfUSP, DmUSP, LmUSP,
MmRXRa, a chimera between MmRXRo.and LmUSP (Chimera), AmaRXR1, or AmaRXR2 fused to a VP16 activation
domain along with pFRLuc in NIH3T3 cells in the presence of steroid (PonA) or non-steroid (GSE) ligand. The
different RXR/USP constructs were compared in partnership with GAL4CfEcR-DEF.

Figure 7: Expression data of gene switches comprising the DEF domains of EcRs from CfEcR, DmEcR, TmECcR,
or AmaEcR fused to GAL4 DNA binding domain and the EF domains of RXR/USPs from CfUSP, DmUSP, LmUSP,
MmRXRa, a chimera between MmRXRo.and LmUSP (Chimera), AmaRXR1, or AmaRXR2 fused to a VP16 activation
domain along with pFRLuc in NIH3T3 cells in the presence of steroid (PonA) or non-steroid (GSE) ligand. The
different RXR/USP constructs were compared in partnership with GAL4DmEcR-DEF.

Figure 8: Expression data of gene switches comprising the DEF domains of EcRs from CfEcR, DmEcCR, TmECR,
or AmaEcR fused to GAL4 DNA binding domain and the EF domains of RXR/USPs from CfUSP, DmUSP, LmUSP,
MmRXRa, a chimera between MmRXRo.and LmUSP (Chimera), AmaRXR1, or AmaRXR2 fused to a VP16 activation
domain along with pFRLuc in NIH3T3 cells in the presence of steroid (PonA) or non-steroid (GSE) ligand. The
different ECR constructs were compared in partnership with a chimeric RXR-EF (MmRXRa-(1-7)-LmUSP(8-12)-EF).
Figure 9: Expression data of VPI6/MmRXRa-EF (aRXR), VP16/Chimera between MmRXRa-EF and LmUSP-EF
(MmRXRo-(1-7)-LmUSP(8-12)-EF; aCh7), VP16/LmUSP-EF (LmUSP) and three independent clones from each of
five VP16/chimeras between HsRXRB-EF and LmUSP-EF (see Table 1 for chimeric RXR constructs; bRXRCh6,
bRXRCh8, bRXRCh9, bRXRCh10, and bRXRCh11) were transfected into NIH3T3 cells along with GAL4/CfEcR-
DEF and pFRLuc. The transfected cells were grown in the presence of 0, 0.2, 1 and 10 wM non-steroidal ligand
(GSE). The reporter activity was quantified 48 hours after adding ligands.

Figure 10: Expression data of VP16/MmRXRo-EF (aRXR), VP16/Chimera between MmRXRo-EF and LmUSP-EF
(MmRXRo-(1-7)-LmUSP(8-12)-EF; aCh7), VP16/LmUSP-EF (LmUSP) and three independent clones from each of
five VP16/chimeras between HsRXRB-EF and LmUSP-EF (see Table 1 for chimeric RXR constructs; bRXRCh6,
bRXRCh8, bRXRCh9, bRXRCh10, and bRXRCh11) were transfected into NIH3T3 cells along with GAL4/CfEcR-
DEF and pFRLuc. The transfected cells were grown in the presence of 0, 0.2, 1 and 10 uM steroid ligand (PonA)
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or 0, 0.04, 0.2, 1, and 10 wM non-steroidal ligand (GSE). The reporter activity was quantified 48 hours after adding
ligands.

Figure 11: Expression data of VP16/MmRXRo-EF (aRXR), VP16/Chimera between MmRXRo-EF and LmUSP-EF
(MmRXRo-(1-7)-LmUSP(8-12)-EF; aCh7), VP16/LmUSP-EF (LmUSP) and three independent clones from each of
five VP16/chimeras between HsRXRfB-EF and LmUSP-EF (see Table 1 for chimeric RXR constructs; bRXRCh®,
bRXRCh8, bRXRCh9, bRXRCh10, and bRXRCh11) were transfected into NIH3T3 cells along with GAL4/DmEcR-
DEF and pFRLuc. The transfected cells were grown in the presence of 0, 0.2, 1 and 10 uM steroid ligand (PonA)
or 0, 0.04, 0.2, 1, and 10 wM non-steroidal ligand (GSE). The reporter activity was quantified 48 hours after adding
ligands.

Figure 12: Effect of 9-cis-retinoic acid on transactivation potential of the GAL4CfEcR-DEF/VP16HsRXRp-
(1-8)-LmUSP-(9-12)-EF (Bchimera 9) gene switch along with pFRLuc in NIH 3T3 cells in the presence of non-steroid
(GSE) and 9-cis-retinoic acid (9Cis) for 48 hours.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Applicants have now shown that chimeric RXR ligand binding domains are functional within an EcR-based
inducible gene expression modulation system in mammalian cells and that these chimeric RXR LBDs exhibit advanta-
geous ligand sensitivities and transactivation abilities. Thus, Applicants’ invention provides a novel ecdysone receptor-
based inducible gene expression system comprising a chimeric retinoid X receptor ligand binding domain that is useful
for modulating expression of a gene of interestin a host cell. In a particularly desirable embodiment, Applicants’ invention
provides an inducible gene expression system that has a reduced level of background gene expression and responds
to submicromolar concentrations of non-steroidal ligand. Thus, Applicants’ novel inducible gene expression system and
its use in methods of modulating gene expression in a host cell overcome the limitations of currently available inducible
expression systems and provide the skilled artisan with an effective means to control gene expression.

[0035] The present invention is useful for applications such as gene therapy, large scale production of proteins and
antibodies, cell-based high throughput screening assays, functional genomics, proteomics, and metabolomics analyses
and regulation of traits in transgenic organisms, where control of gene expression levels is desirable. An advantage of
Applicants’ invention is that it provides a means to regulate gene expression and to tailor expression levels to suit the
user’s requirements.

DEFINITIONS

[0036] In this disclosure, a number of terms and abbreviations are used. The following definitions are provided and
should be helpful in understanding the scope and practice of the present invention.

[0037] In a specific embodiment, the term "about" or "approximately" means within 20%, preferably within 10%, more
preferably within 5%, and even more preferably within 1% of a given value or range.

[0038] The term "substantially free" means that a composition comprising "A" (where "A" is a single protein, DNA
molecule, vector, recombinant host cell, etc.) is substantially free of "B" (where "B" comprises one or more contaminating
proteins, DNA molecules, vectors, etc.) when at least about 75% by weight of the proteins, DNA, vectors (depending
on the category of species to which A and B belong) in the composition is "A". Preferably, "A" comprises at least about
90% by weight of the A + B species in the composition, most preferably at least about 99% by weight. It is also preferred
that a composition, which is substantially free of contamination, contain only a single molecular weight species having
the activity or characteristic of the species of interest.

[0039] The term "isolated" for the purposes of the present invention designates a biological material (nucleic acid or
protein) that has been removed from its original environment (the environment in which it is naturally present). For
example, a polynucleotide present in the natural state in a plant or an animal is not isolated, however the same polynu-
cleotide separated from the adjacent nucleic acids in which it is naturally present, is considered "isolated". The term
"purified" does not require the material to be present in a form exhibiting absolute purity, exclusive of the presence of
other compounds. It is rather a relative definition.

[0040] A polynucleoctide is in the "purified" state after purification of the starting material or of the natural material by
at least one order of magnitude, preferably 2 or 3 and preferably 4 or 5 orders of magnitude.

[0041] A "nucleic acid" is a polymeric compound comprised of covalently linked subunits called nucleotides. Nucleic
acid includes polyribonucleic acid (RNA) and polydeoxyribonucleic acid (DNA), both of which may be single-stranded
or double-stranded. DNA includes but is not limited to cDNA, genomic DNA, plasmids DNA, synthetic DNA, and semi-
synthetic DNA. DNA may be linear, circular, or supercoiled.

[0042] A "nucleic acid molecule" refers to the phosphate ester polymeric form of ribonucleosides (adenosine, guano-
sine, uridine or cytidine; "RNA molecules") or deoxyribonucleosides (deoxyadenosine, deoxyguanosine, deoxythymidine,
or deoxycytidine; "DNA molecules"), or any phosphoester analogs thereof, such as phosphorothioates and thioesters,
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in either single stranded form, or a double-stranded helix. Double stranded DNA-DNA, DNA-RNA and RNA-RNA helices
are possible. The term nucleic acid molecule, and in particular DNA or RNA molecule, refers only to the primary and
secondary structure of the molecule, and does not limit it to any particular tertiary forms. Thus, this term includes double-
stranded DNA found, inter alia, in linear or circular DNA molecules (e.g., restriction fragments), plasmids, and chromo-
somes. In discussing the structure of particular double-stranded DNA molecules, sequences may be described herein
according to the normal convention of giving only the sequence in the 5’ to 3’ direction along the non-transcribed strand
of DNA (i.e., the strand having a sequence homologous to the mRNA). A "recombinant DNA molecule" is a DNA molecule
that has undergone a molecular biological manipulation.

[0043] Theterm "fragment"willbe understood to mean a nucleotide sequence of reduced length relative to the reference
nucleic acid and comprising, over the common portion, a nucleotide sequence identical to the reference nucleic acid.
Such a nucleic acid fragment according to the invention may be, where appropriate, included in a larger polynucleotide
of which it is a constituent. Such fragments comprise, or alternatively consist of, oligonucleotides ranging in length from
atleast 6, 8, 9, 10, 12, 15, 18, 20, 21, 22, 23, 24, 25, 30, 39, 40, 42, 45, 48, 50, 51, 54, 57, 60, 63, 66, 70, 75, 78, 80,
90, 100, 105, 120, 135, 150, 200, 300, 500, 720, 900, 1000 or 1500 consecutive nucleotides of a nucleic acid according
to the invention.

[0044] As used herein, an "isolated nucleic acid fragment" is a polymer of RNA or DNA that is single-or double-
stranded, optionally containing synthetic, non-natural or altered nucleotide bases. An isolated nucleic acid fragment in
the form of a polymer of DNA may be comprised of one or more segments of cDNA, genomic DNA or synthetic DNA.
[0045] A "gene" refers to an assembly of nucleotides that encode a polypeptide, and includes cDNA and genomic
DNA nucleic acids. "Gene" also refers to a nucleic acid fragment that expresses a specific protein or polypeptide, including
regulatory sequences preceding (5’ non-coding sequences) and following (3’ non-coding sequences) the coding se-
quence. "Native gene" refers to a gene as found in nature with its own regulatory sequences. "Chimeric gene" refers to
any gene that is not a native gene, comprising regulatory and/or coding sequences that are not found together in nature.
Accordingly, a chimeric gene may comprise regulatory sequences and coding sequences that are derived from different
sources, or regulatory sequences and coding sequences derived from the same source, but arranged in a manner
different than that found in nature. A chimeric gene may comprise coding sequences derived from different sources
and/or regulatory sequences derived from different sources. "Endogenous gene" refers to a native gene in its natural
location in the genome of an organism. A "foreign" gene or "heterologous" gene refers to a gene not normally found in
the host organism, but that is introduced into the host organism by gene transfer. Foreign genes can comprise native
genes inserted into a non-native organism, or chimeric genes. A "transgene" is a gene that has been introduced into
the genome by a transformation procedure.

[0046] "Heterologous"DNArefersto DNA notnaturally locatedinthe cell, orin achromosomal site of the cell. Preferably,
the heterologous DNA includes a gene foreign to the cell.

[0047] The term "genome" includes chromosomal as well as mitochondrial, chloroplast and viral DNA or RNA.
[0048] A nucleic acid molecule is "hybridizable" to another nucleic acid molecule, such as a cDNA, genomic DNA, or
RNA, when a single stranded form of the nucleic acid molecule can anneal to the other nucleic acid molecule under the
appropriate conditions of temperature and solution ionic strength (see Sambrook et al., 1989 infra). Hybridization and
washing conditions are well known and exemplified in Sambrook, J., Fritsch, E. F. and Maniatis, T. Molecular Cloning:
A Laboratory Manual, Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor (1989), particularly
Chapter 11 and Table 11.1 therein. The conditions of temperature and ionic strength determine the "stringency" of the
hybridization.

[0049] Stringency conditions can be adjusted to screen for moderately similar fragments, such as homologous se-
quences from distantly related organisms, to highly similar fragments, such as genes that duplicate functional enzymes
from closely related organisms. For preliminary screening for homologous nucleic acids, low stringency hybridization
conditions, corresponding to a T,,, of 55°, can be used, e.g., 5x SSC, 0.1% SDS, 0.25% milk, and no formamide; or 30%
formamide, 5x SSC, 0.5% SDS). Moderate stringency hybridization conditions correspond to a higher T,,,, e.g., 40%
formamide, with 5x or 6x SCC. High stringency hybridization conditions correspond to the highest T,,,, e.g., 50% forma-
mide, 5x or 6x SCC. Hybridization requires that the two nucleic acids contain complementary sequences, although
depending on the stringency of the hybridization, mismatches between bases are possible.

[0050] The term "complementary" is used to describe the relationship between nucleotide bases that are capable of
hybridizing to one another. For example, with respect to DNA, adenosine is complementary to thymine and cytosine is
complementary to guanine. Accordingly, the instant invention also includes isolated nucleic acid fragments that are
complementary to the complete sequences as disclosed or used herein as well as those substantially similar nucleic
acid sequences.

[0051] In a specific embodiment, the term "standard hybridization conditions" refers to a T,, of 55°C, and utilizes
conditions as set forth above. In a preferred embodiment, the T, is 60°C; in a more preferred embodiment, the T, is 65°C.
[0052] Post-hybridization washes also determine stringency conditions. One set of preferred conditions uses a series
of washes starting with 6X SSC, 0.5% SDS at room temperature for 15 minutes (min), then repeated with 2X SSC, 0.5%
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SDS at 45°C for 30 minutes, and then repeated twice with 0.2X SSC, 0.5% SDS at 50°C for 30 minutes. A more preferred
set of stringent conditions uses higher temperatures in which the washes are identical to those above except for the
temperature of the final two 30 min washes in 0.2X SSC, 0.5% SDS was increased to 60°C. Another preferred set of
highly stringent conditions uses two final washes in 0.1X SSC, 0.1% SDS at 65°C. Hybridization requires that the two
nucleic acids comprise complementary sequences, although depending on the stringency of the hybridization, mismatch-
es between bases are possible.

[0053] The appropriate stringency for hybridizing nucleic acids depends on the length of the nucleic acids and the
degree of complementation, variables well known in the art. The greater the degree of similarity or homology between
two nucleotide sequences, the greater the value of T, for hybrids of nucleic acids having those sequences. The relative
stability (corresponding to higher T,) of nucleic acid hybridizations decreases in the following order: RNA:RNA, DNA:
RNA, DNA:DNA. For hybrids of greater than 100 nucleotides in length, equations for calculating T, have been derived
(see Sambrook et al., supra, 9.50-0.51). For hybridization with shorter nucleic acids, i.e., oligonucleotides, the position
of mismatches becomes more important, and the length of the oligonucleotide determines its specificity (see Sambrook
etal., supra, 11.7-11.8).

[0054] In one embodiment the length for a hybridizable nucleic acid is at least about 10 nucleotides. Preferable a
minimum length for a hybridizable nucleic acid is at least about 15 nucleotides; more preferably at least about 20
nucleotides; and most preferably the length is at least 30 nucleotides. Furthermore, the skilled artisan will recognize that
the temperature and wash solution salt concentration may be adjusted as necessary according to factors such as length
of the probe.

[0055] The term "probe" refers to a single-stranded nucleic acid molecule that can base pair with a complementary
single stranded target nucleic acid to form a double-stranded molecule. As used herein, the term "oligonucleotide" refers
to a nucleic acid, generally of at least 18 nucleotides, that is hybridizable to a genomic DNA molecule, a cDNA molecule,
a plasmid DNA or an mRNA molecule. Oligonucleotides can be labeled, e.g., with 32P-nucleotides or nucleotides to
which a label, such as biotin, has been covalently conjugated. A labeled oligonucleotide can be used as a probe to detect
the presence of a nucleic acid. Oligonucleotides (one or both of which may be labeled) can be used as PCR primers,
either for cloning full length or a fragment of a nucleic acid, or to detect the presence of a nucleic acid. An oligonucleotide
can also be used to form a triple helix with a DNA molecule. Generally, oligonucleotides are prepared synthetically,
preferably on a nucleic acid synthesizer. Accordingly, oligonucleotides can be prepared with non-naturally occurring
phosphoester analog bonds, such as thioester bonds, etc.

[0056] A "primer"is an oligonucleotide that hybridizes to a target nucleic acid sequence to create a double stranded
nucleic acid region that can serve as an initiation point for DNA synthesis under suitable conditions. Such primers may
be used in a polymerase chain reaction.

[0057] "Polymerase chain reaction" is abbreviated PCR and means an in vitro method for enzymatically amplifying
specific nucleic acid sequences. PCR involves a repetitive series of temperature cycles with each cycle comprising three
stages: denaturation of the template nucleic acid to separate the strands of the target molecule, annealing a single
stranded PCR oligonucleotide primer to the template nucleic acid, and extension of the annealed primer(s) by DNA
polymerase. PCR provides a means to detect the presence of the target molecule and, under quantitative or semi-
quantitative conditions, to determine the relative amount of that target molecule within the starting pool of nucleic acids.
[0058] "Reverse transcription-polymerase chain reaction" is abbreviated RT-PCR and means an in vitro method for
enzymatically producing a target cDNA molecule or molecules from an RNA molecule or molecules, followed by enzymatic
amplification of a specific nucleic acid sequence or sequences within

[0059] the target cDNA molecule or molecules as described above. RT-PCR also provides a means to detect the
presence of the target molecule and, under quantitative or semi-quantitative conditions, to determine the relative amount
of that target molecule within the starting pool of nucleic acids.

[0060] A DNA "coding sequence"is a double-stranded DNA sequence thatis transcribed and translated into a polypep-
tide in a cell in vitro or in vivo when placed under the control of appropriate regulatory sequences. "Suitable regulatory
sequences" refer to nucleotide sequences located upstream (5’ non-coding sequences), within, or downstream (3’ non-
coding sequences) of a coding sequence, and which influence the transcription, RNA processing or stability, or translation
of the associated coding sequence. Regulatory sequences may include promoters, translation leader sequences, introns,
polyadenylation recognition sequences, RNA processing site, effector binding site and stem-oop structure. The bound-
aries of the coding sequence are determined by a start codon at the 5’ (amino) terminus and a translation stop codon
at the 3’ (carboxyl) terminus. A coding sequence can include, but is not limited to, prokaryotic sequences, cDNA from
mRNA, genomic DNA sequences, and even synthetic DNA sequences. If the coding sequence is intended for expression
in a eukaryotic cell, a polyadenylation signal and transcription termination sequence will usually be located 3’ to the
coding sequence.

[0061] "Open reading frame" is abbreviated ORF and means a length of nucleic acid sequence, either DNA, cDNA or
RNA, that comprises a translation start signal or initiation codon, such as an ATG or AUG, and a termination codon and
can be potentially translated into a polypeptide sequence.
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[0062] The term "head-to-head" is used herein to describe the orientation of two polynucleotide sequences in relation
to each other. Two polynucleotides are positioned in a head-to-head orientation when the 5’ end of the coding strand of
one polynucleotide is adjacent to the 5’ end of the coding strand of the other polynucleotide, whereby the direction of
transcription of each polynucleotide proceeds away from the 5’ end of the other polynucleotide. The term "head-to-head"
may be abbreviated (5’)-to-(5’) and may also be indicated by the symbols (« —) or (3«55 —3).

[0063] The term "tail-to-tail" is used herein to describe the orientation of two polynucleotide sequences in relation to
each other. Two polynucleotides are positioned in a tail-to-tail orientation when the 3’ end of the coding strand of one
polynucleotide is adj acent to the 3’ end of the coding strand of the other polynucleotide, whereby the direction of
transcription of each polynucleotide proceeds toward the other polynucleotide. The term "tail-to-tail" may be abbreviated
(3’)-to-(3’) and may also be indicated by the symbols (—«) or (5°—>3'3'«-5’).

[0064] The term "head-to-tail" is used herein to describe the orientation of two polynucleotide sequences in relation
to each other. Two polynucleotides are positioned in a head-to-tail orientation when the 5’ end of the coding strand of
one polynucleotide is adj acent to the 3’ end of the coding strand of the other polynucleotide, whereby the direction of
transcription of each polynucleotide proceeds in the same direction as that of the other polynucleotide. The term "head-
to-tail" may be abbreviated (5°)-to-(3’) and may also be indicated by the symbols (— —) or (5 —>3'5'—>3’).

[0065] The term "downstream" refers to a nucleotide sequence that is located 3’ to reference nucleotide sequence.
In particular, downstream nucleotide sequences generally relate to sequences that follow the starting point of transcription.
For example, the translation initiation codon of a gene is located downstream of the start site of transcription.

[0066] The term "upstream" refers to a nucleotide sequence that is located 5’ to reference nucleotide sequence. In
particular, upstream nucleotide sequences generally relate to sequences that are located on the 5 side of a coding
sequence or starting point of transcription. For example, most promoters are located upstream of the start site of tran-
scription.

[0067] The terms "restriction endonuclease" and "restriction enzyme" refer to an enzyme that binds and cuts within a
specific nucleotide sequence within double stranded DNA.

[0068] "Homologous recombination" refers to the insertion of a foreign DNA sequence into another DNA molecule,
e.g., insertion of a vector in a chromosome. Preferably, the vector targets a specific chromosomal site for homologous
recombination. For specific homologous recombination, the vector will contain sufficiently long regions of homology to
sequences of the chromosome to allow complementary binding and incorporation of the vector into the chromosome.
Longer regions of homology, and greater degrees of sequence similarity, may increase the efficiency of homologous
recombination.

[0069] Several methods known in the art may be used to propagate a polynucleotide according to the invention. Once
a suitable host system and growth conditions are established, recombinant expression vectors can be propagated and
prepared in quantity. As described herein, the expression vectors which can be used include, but are not limited to, the
following vectors or their derivatives: human or animal viruses such as vaccinia virus or adenovirus; insect viruses such
as baculovirus; yeast vectors; bacteriophage vectors (e.g., lambda), and plasmid and cosmid DNA vectors, to name but
a few.

[0070] A "vector" is any means for the cloning of and/or transfer of a nucleic acid into a host cell. A vector may be a
replicon to which another DNA segment may be attached so as to bring about the replication of the attached segment.
A "replicon" is any genetic element (e.g., plasmid, phage, cosmid, chromosome, virus) that functions as an autonomous
unit of DNA replication in vivo, i.e., capable of replication under its own control. The term "vector" includes both viral and
nonviral means for introducing the nucleic acid into a cell in vitro, ex vivo or in vivo. A large number of vectors known
in the art may be used to manipulate nucleic acids, incorporate response elements and promoters into genes, etc.
Possible vectors include, for example, plasmids or modified viruses including, for example bacteriophages such as
lambda derivatives, or plasmids such as PBR322 or pUC plasmid derivatives, or the Bluescript vector. For example, the
insertion of the DNA fragments corresponding to response elements and promoters into a suitable vector can be ac-
complished by ligating the appropriate DNA fragments into a chosen vector that has complementary cohesive termini.
Alternatively, the ends of the DNA molecules may be enzymatically modified or any site may be produced by ligating
nucleotide sequences (linkers) into the DNA termini. Such vectors may be engineered to contain selectable marker
genes that provide for the selection of cells that have incorporated the marker into the cellular genome. Such markers
allow identification and/or selection of host cells that incorporate and express the proteins encoded by the marker.
[0071] Viral vectors, and particularly retroviral vectors, have been used in a wide variety of gene delivery applications
in cells, as well as living animal subjects. Viral vectors that can be used include but are not limited to retrovirus, adeno-
associated virus, pox, baculovirus, vaccinia, herpes simplex, Epstein-Barr, adenovirus, geminivirus, and caulimovirus
vectors. Non-viral vectors include plasmids, liposomes, electrically charged lipids (cytofectins), DNA-protein complexes,
and biopolymers. In addition to a nucleic acid, a vector may also comprise one or more regulatory regions, and/or
selectable markers useful in selecting, measuring, and monitoring nucleic acid transfer results (transfer to which tissues,
duration of expression, etc.).

[0072] The term "plasmid" refers to an extra chromosomal element often carrying a gene that is not part of the central
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metabolism of the cell, and usually in the form of circular double-stranded DNA molecules. Such elements may be
autonomously replicating sequences, genome integrating sequences, phage or nucleotide sequences, linear, circular,
or supercoiled, of a single- or double-stranded DNA or RNA, derived from any source, in which a number of nucleotide
sequences have been joined or recombined into a unique construction which is capable of introducing a promoter
fragment and DNA sequence for a selected gene product along with appropriate 3’ untranslated sequence into a cell.
[0073] A "cloning vector" is a "replicon”, which is a unit length of a nucleic acid, preferably DNA, that replicates
sequentially and which comprises an origin of replication, such as a plasmid, phage or cosmid, to which another nucleic
acid segment may be attached so as to bring about the replication of the attached segment. Cloning vectors may be
capable of replication in one cell type and expression in another ("shuttle vector").

[0074] Vectors may be introduced into the desired host cells by methods known in the art, e.g., transfection, electro-
poration, microinjection, transduction, cell fusion, DEAE dextran, calcium phosphate precipitation, lipofection (lysosome
fusion), use of a gene gun, or a DNA vector transporter (see, e.g., Wu et al., 1992, J. Biol. Chem. 267: 963-967; Wu
and Wu, 1988, J. Biol. Chem. 263: 14621-14624; and Hartmut et al., Canadian Patent Application No. 2,012,311, filed
March 15, 1990).

[0075] A polynucleotide according to the invention can also be introduced in vivo by lipofection. For the past decade,
there has been increasing use of liposomes for encapsulation and transfection of nucleic acids in vitro. Synthetic cationic
lipids designed to limit the difficulties and dangers encountered with liposome mediated transfection can be used to
prepare liposomes for in vivo transfection of a gene encoding a marker (Felgner et al., 1987, Proc. Natl. Acad. Sci.
U.S.A. 84: 7413; Mackey, et al., 1988, Proc. Natl. Acad. Sci. U.S.A 85: 8027-8031; and Ulmer et al., 1993, Science 259:
1745-1748). The use of cationic lipids may promote encapsulation of negatively charged nucleic acids, and also promote
fusion with negatively charged cell membranes (Felgner and Ringold, 1989, Science 337: 387-388). Particularly useful
lipid compounds and compositions for transfer of nucleic acids are described in International Patent Publications
WO095/18863 and WO96/17823, and in U.S. Patent No. 5,459,127. The use of lipofection to introduce exogenous genes
into the specific organs in vivo has certain practical advantages. Molecular targeting of liposomes to specific cells
represents one area of benefit. It is clear that directing transfection to particular cell types would be particularly preferred
in a tissue with cellular heterogeneity, such as pancreas, liver, kidney, and the brain. Lipids may be chemically coupled
to other molecules for the purpose of targeting (Mackey, et al., 1988, supra). Targeted peptides, e.g., hormones or
neurotransmitters, and proteins such as antibodies, or non-peptide molecules could be coupled to liposomes chemically.
[0076] Other molecules are also useful for facilitating transfection of a nucleic acid in vivo, such as a cationic oligopeptide
(e.g., WO95/21931), peptides derived from DNA binding proteins (e.g., W096/25508), or a cationic polymer (e.g.,
W095/21931).

[0077] Itis also possible to introduce a vector in vivo as a naked DNA plasmid (see U.S. Patents 5,693,622, 5,589,466
and 5,580,859). Receptor-mediated DNA delivery approaches can also be used (Curiel et al., 1992, Hum. Gene Ther.
3: 147-154; and Wu and Wu, 1987, J. Biol. Chem. 262: 4429-4432).

[0078] The term "transfection" means the uptake of exogenous or heterologous RNA or DNA by a cell. A cell has been
"transfected" by exogenous or heterologous RNA or DNA when such RNA or DNA has been introduced inside the cell.
A cell has been "transformed" by exogenous or heterologous RNA or DNA when the transfected RNA or DNA effects a
phenotypic change. The transforming RNA or DNA can be integrated (covalently linked) into chromosomal DNA making
up the genome of the cell.

[0079] '"Transformation" refers to the transfer of a nucleic acid fragment into the genome of a host organism, resulting
in genetically stable inheritance. Host organisms containing the transformed nucleic acid fragments are referred to as
"transgenic" or "recombinant” or "transformed" organisms.

[0080] The term "geneticregion" will referto aregion of a nucleic acid molecule or a nucleotide sequence that comprises
a gene encoding a polypeptide.

[0081] In addition, the recombinant vector comprising a polynucleotide according to the invention may include one or
more origins for replication in the cellular hosts in which their amplification or their expression is sought, markers or
selectable markers.

[0082] The term "selectable marker" means an identifying factor, usually an antibiotic or chemical resistance gene,
that is able to be selected for based upon the marker gene’s effect, i.e., resistance to an antibiotic, resistance to a
herbicide, colorimetric markers, enzymes, fluorescent markers, and the like, wherein the effect is used to track the
inheritance of a nucleic acid of interest and/or to identify a cell or organism that has inherited the nucleic acid of interest.
Examples of selectable marker genes known and used in the art include: genes providing resistance to ampicillin,
streptomycin, gentamycin, kanamycin, hygromycin, bialaphos herbicide, sulfonamide, and the like; and genes that are
used as phenotypic markers, i.e., anthocyanin regulatory genes, isopentanyl transferase gene, and the like.

[0083] The term "reporter gene" means a nucleic acid encoding an identifying factor that is able to be identified based
upon the reporter gene’s effect, wherein the effect is used to track the inheritance of a nucleic acid of interest, to identify
a cell or organism that has inherited the nucleic acid of interest, and/or to measure gene expression induction or tran-
scription. Examples of reporter genes known and used in the art include: luciferase (Luc), green fluorescent protein
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(GFP), chloramphenicol acetyltransferase (CAT), B-galactosidase (LacZ), B-glucuronidase (Gus), and the like. Selectable
marker genes may also be considered reporter genes.

[0084] "Promoter" refers to a DNA sequence capable of controlling the expression of a coding sequence or functional
RNA. In general, a coding sequence is located 3’ to a promoter sequence. Promoters may be derived in their entirety
from a native gene, or be composed of different elements derived from different promoters found in nature, or even
comprise synthetic DNA segments. It is understood by those skilled in the art that different promoters may direct the
expression of a gene in different tissues or cell types, or at different stages of development, or in response to different
environmental or physiological conditions. Promoters that cause a gene to be expressed in most cell types at most times
are commonly referred to as "constitutive promoters". Promoters that cause a gene to be expressed in a specific cell
type are commonly referred to as "cell-specific promoters" or "tissue-specific promoters". Promoters that cause a gene
to be expressed at a specific stage of development or cell differentiation are commonly referred to as "developmentally-
specific promoters" or "cell differentiation-specific promoters". Promoters that are induced and cause a gene to be
expressed following exposure or treatment of the cell with an agent, biological molecule, chemical, ligand, light, or the
like that induces the promoter are commonly referred to as "inducible promoters" or "regulatable promoters". It is further
recognized that since in most cases the exact boundaries of regulatory sequences have not been completely defined,
DNA fragments of different lengths may have identical promoter activity.

[0085] A "promoter sequence" is a DNA regulatory region capable of binding RNA polymerase in a cell and initiating
transcription of a downstream (3’ direction) coding sequence. For purposes of defining the present invention, the promoter
sequence is bounded at its 3’ terminus by the transcription initiation site and extends upstream (5’ direction) to include
the minimum number of bases or elements necessary to initiate transcription at levels detectable above background.
Within the promoter sequence will be found a transcription initiation site (conveniently defined for example, by mapping
with nuclease S1), as well as protein binding domains (consensus sequences) responsible for the binding of RNA
polymerase.

[0086] A coding sequence is "under the control" of transcriptional and translational control sequences in a cell when
RNA polymerase transcribes the coding sequence into mRNA, which is then trans-RNA spliced (if the coding sequence
contains introns) and translated into the protein encoded by the coding sequence.

[0087] "Transcriptional and translational control sequences" are DNA regulatory sequences, such as promoters, en-
hancers, terminators, and the like, that provide for the expression of a coding sequence in a host cell. In eukaryotic cells,
polyadenylation signals are control sequences.

[0088] The term "response element" means one or more cis-acting DNA elements which confer responsiveness on
a promoter mediated through interaction with the DNA-binding domains of the first chimeric gene. This DNA element
may be either palindromic (perfect or imperfect) in its sequence or composed of sequence motifs or half sites separated
by a variable number of nucleotides. The half sites can be similar or identical and arranged as either direct or inverted
repeats or as a single half site or multimers of adjacent half sites in tandem. The response element may comprise a
minimal promoter isolated from different organisms depending upon the nature of the cell or organism into which the
response element will be incorporated. The DNA binding domain of the first hybrid protein binds, in the presence or
absence of a ligand, to the DNA sequence of a response element to initiate or suppress transcription of downstream
gene(s) under the regulation of this response element. Examples of DNA sequences for response elements of the natural
ecdysone receptor include: RRGG/TTCANTGAC/ACYY (see Cherbas L., et. al., (1991), Genes Dev. 5, 120-131); AG-
GTCAN(n)AGGTCA,Where N(n) can be one or more spacer nucleotides (see D’Avino PP., et. al., (1995), Mol. Cell.
Endocrinol, 113, 1-9); and GGGTTGAATGAATTT (see Antoniewski C., et. al., (1994), Mol. Cell Biol. 14,4465-4474).
[0089] The term "operably linked" refers to the association of nucleic acid sequences on a single nucleic acid fragment
so that the function of one is affected by the other. For example, a promoter is operably linked with a coding sequence
when it is capable of affecting the expression of that coding sequence (i.e., that the coding sequence is under the
transcriptional control of the promoter). Coding sequences can be operably linked to regulatory sequences in sense or
antisense orientation.

[0090] The term "expression", as used herein, refers to the transcription and stable accumulation of sense (MRNA)
or antisense RNA derived from a nucleic acid or polynucleotide. Expression may also refer to translation of mRNA into
a protein or polypeptide.

[0091] The terms "cassette", "expression cassette" and "gene expression cassette" refer to a segment of DNA that
can be inserted into a nucleic acid or polynucleotide at specific restriction sites or by homologous recombination. The
segment of DNA comprises a polynucleotide that encodes a polypeptide of interest, and the cassette and restriction
sites are designed to ensure insertion of the cassette in the proper reading frame for transcription and translation.
"Transformation cassette" refers to a specific vector comprising a polynucleotide that encodes a polypeptide of interest
and having elements in addition to the polynucleotide that facilitate transformation of a particular host cell. Cassettes,
expression cassettes, gene expression cassettes and transformation cassettes of the invention may also comprise
elements that allow for enhanced expression of a polynucleotide encoding a polypeptide of interest in a host cell. These
elements may include, but are not limited to: a promoter, a minimal promoter, an enhancer, a response element, a
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terminator sequence, a polyadenylation sequence, and the like.

[0092] Forpurposes of thisinvention, the term "gene switch" refers to the combination of aresponse element associated
with a promoter, and an EcR based system which, in the presence of one or more ligands, modulates the expression
of a gene into which the response element and promoter are incorporated.

[0093] The terms "modulate" and "modulates" mean to induce, reduce or inhibit nucleic acid or gene expression,
resulting in the respective induction, reduction or inhibition of protein or polypeptide production.

[0094] The plasmids or vectors according to the invention may further comprise at least one promoter suitable for
driving expression of a gene in a host cell. The term "expression vector" means a vector, plasmid or vehicle designed
to enable the expression of an inserted nucleic acid sequence following transformation into the host. The cloned gene,
i.e., the inserted nucleic acid sequence, is usually placed under the control of control elements such as a promoter, a
minimal promoter, an enhancer, or the like. Initiation control regions or promoters, which are useful to drive expression
of a nucleic acid in the desired host cell are numerous and familiar to those skilled in the art. Virtually any promoter
capable of driving these genes is suitable for the present invention including but not limited to: viral promoters, bacterial
promoters, animal promoters, mammalian promoters, synthetic promoters, constitutive promoters, tissue specific pro-
moter, developmental specific promoters, inducible promoters, light regulated promoters; CYC1, HIS3, GAL1, GAL4,
GAL10, ADH1, PGK, PHO5, GAPDH, ADC1, TRP1, URA3, LEUZ2, ENO, TPI, alkaline phosphatase promoters (useful
for expression in Saccharomyces); AOX1 promoter (useful for expression in Pichia); B-lactamase, lac, ara, tet, trp, IP,
IPg, T7, tac, and trc promoters (useful for expression in Escherichia coli); light regulated-promoters; animal and mam-
malian promoters known in the art include, but are not limited to, the SV40 early (SV40e) promoter region, the promoter
contained in the 3’ long terminal repeat (LTR) of Rous sarcoma virus (RSV), the promoters of the E1A or major late
promoter (MLP) genes of adenoviruses (Ad), the cytomegalovirus (CMV) early promoter, the herpes simplex virus (HSV)
thymidine kinase (TK) promoter, an elongation factor 1 alpha (EF 1) promoter, a phosphoglycerate kinase (PGK) promoter,
a ubiquitin (Ubc) promoter, an albumin promoter, the regulatory sequences of the mouse metallothionein-L promoter
and transcriptional control regions, the ubiquitous promoters (HPRT, vimentin, c-actin, tubulin and the like), the promoters
of the intermediate filaments (desmin, neurofilaments, keratin, GFAP, and the like), the promoters of therapeutic genes
(of the MDR, CFTR or factor VIl type, and the like), pathogenesis or disease related-promoters, and promoters that
exhibit tissue specificity and have been utilized in transgenic animals, such as the elastase | gene control region which
is active in pancreatic acinar cells; insulin gene control region active in pancreatic beta cells, immunoglobulin gene
control region active in lymphoid cells, mouse mammary tumor virus control region active in testicular, breast, lymphoid
and mast cells; albumin gene, Apo Al and Apo All control regions active in liver, alpha-fetoprotein gene control region
active in liver, alpha 1-antitrypsin gene control region active in the liver, beta-globin gene control region active in myeloid
cells, myelin basic protein gene control region active in oligodendrocyte cells in the brain, myosin light chain-2 gene
control region active in skeletal muscle, and gonadotropic releasing hormone gene control region active in the hypoth-
alamus, pyruvate kinase promoter, villin promoter, promoter of the fatty acid binding intestinal protein, promoter of the
smooth muscle cell a-actin, and the like. In addition, these expression sequences may be modified by addition of enhancer
or regulatory sequences and the like.

[0095] Enhancers that may be used in embodiments of the invention include but are not limited to: an SV40 enhancer,
a cytomegalovirus (CMV) enhancer, an elongation factor 1 (EF1) enhancer, yeast enhancers, viral gene enhancers,
and the like.

[0096] Termination control regions, i.e., terminator or polyadenylation sequences, may also be derived from various
genes native to the preferred hosts. Optionally, a termination site may be unnecessary, however, it is most preferred if
included. In a preferred embodiment of the invention, the termination control region may be comprise or be derived from
a synthetic sequence, synthetic polyadenylation signal, an SV40 late polyadenylation signal, an SV40 polyadenylation
signal, a bovine growth hormone (BGH) polyadenylation signal, viral terminator sequences, or the like.

[0097] The terms "3’ non-coding sequences" or "3’ untranslated region (UTR)" refer to DNA sequences located down-
stream (3’) of a coding sequence and may comprise polyadenylation [poly(A)] recognition sequences and other se-
quences encoding regulatory signals capable of affecting mMRNA processing or gene expression. The polyadenylation
signal is usually characterized by affecting the addition of polyadenylic acid tracts to the 3’ end of the mRNA precursor.
[0098] "Regulatory region" means a nucleic acid sequence which regulates the expression of a second nucleic acid
sequence. A regulatory region may include sequences which are naturally responsible for expressing a particular nucleic
acid (a homologous region) or may include sequences of a different origin that are responsible for expressing different
proteins or even synthetic proteins (a heterologous region). In particular, the sequences can be sequences of prokaryotic,
eukaryotic, or viral genes or derived sequences that stimulate or repress transcription of a gene in a specific or non-
specific manner and in an inducible or non-inducible manner. Regulatory regions include origins of replication, RNA
splice sites, promoters, enhancers, transcriptional termination sequences, and signal sequences which direct the
polypeptide into the secretory pathways of the target cell.

[0099] A regulatory region from a "heterologous source" is a regulatory region that is not naturally associated with the
expressed nucleic acid. Included among the heterologous regulatory regions are regulatory regions from a different
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species, regulatory regions from a different gene, hybrid regulatory sequences, and regulatory sequences which do not
occur in nature, but which are designed by one having ordinary skill in the art.

[0100] "RNA transcript" refers to the product resulting from RNA polymerase-catalyzed transcription of a DNA se-
quence. When the RNA transcript is a perfect complementary copy of the DNA sequence, it is referred to as the primary
transcript or it may be a RNA sequence derived from post-transcriptional processing of the primary transcript and is
referred to as the mature RNA. "Messenger RNA (mMRNA)" refers to the RNA that is without introns and that can be
translated into protein by the cell. "cDNA" refers to a double-stranded DNA that is complementary to and derived from
MRNA. "Sense" RNA refers to RNA transcript that includes the mRNA and so can be translated into protein by the cell.
"Antisense RNA" refers to a RNA transcript that is complementary to all or part of a target primary transcript or mRNA
and that blocks the expression of a target gene. The complementarity of an

[0101] antisense RNA may be with any part of the specific gene transcript, i.e., at the 5’ non-coding sequence, 3’ non-
coding sequence, or the coding sequence. "Functional RNA" refers to antisense RNA, ribozyme RNA, or other RNA that
is not translated yet has an effect on cellular processes.

[0102] A "polypeptide" is a polymeric compound comprised of covalently linked amino acid residues. Amino acids
have the following general structure:

H

|
R-C-COOH
I

NH,

[0103] Amino acids are classified into seven groups on the basis of the side chain R: (1) aliphatic side chains, (2) side
chains containing a hydroxylic (OH) group, (3) side chains containing sulfur atoms, (4) side chains containing an acidic
or amide group, (5) side chains containing a basic group, (6) side chains containing an aromatic ring, and (7) proline,
an imino acid in which the side chain is fused to the amino group. A polypeptide of the invention preferably comprises
at least about 14 amino acids.

[0104] A "protein" is a polypeptide that performs a structural or functional role in a living cell.

[0105] An "isolated polypeptide" or "isolated protein" is a polypeptide or protein that is substantially free of those
compounds that are normally associated therewith in its natural state (e.g., other proteins or polypeptides, nucleic acids,
carbohydrates, lipids). "Isolated" is not meant to exclude artificial or synthetic mixtures with other compounds, or the
presence of impurities which do not interfere with biological activity, and which may be present, for example, due to
incomplete purification, addition of stabilizers, or compounding into a pharmaceutically acceptable preparation.

[0106] "Fragment" of a polypeptide according to the invention will be understood to mean a polypeptide whose amino
acid sequence is shorter than that of the reference polypeptide and which comprises, over the entire portion with these
reference polypeptides, an identical amino acid sequence. Such fragments may, where appropriate, be included in a
larger polypeptide of which they are a part. Such fragments of a polypeptide according to the invention may have a
length of at least 2, 3, 4, 5, 6, 8, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26, 30, 35, 40, 45, 50, 100, 200, 240, or
300 amino acids.

[0107] A "variant" of a polypeptide or protein is any analogue, fragment, derivative, or mutant which is derived from a
polypeptide or protein and which retains at least one biological property of the polypeptide or protein. Different variants
of the polypeptide or protein may exist in nature. These variants may be allelic variations characterized by differences
in the nucleotide sequences of the structural gene coding for the protein, or may involve differential splicing or post-
translational modification. The skilled artisan can produce variants having single or multiple amino acid substitutions,
deletions, additions, or replacements. These variants may include, inter alia: (a) variants in which one or more amino
acid residues are substituted with conservative or non-conservative amino acids, (b) variants in which one or more amino
acids are added to the polypeptide or protein, (c) variants in which one or more of the amino acids includes a substituent
group, and (d) variants in which the polypeptide or protein is fused with another polypeptide such as serum albumin.
The techniques for obtaining these variants, including genetic (suppressions, deletions, mutations, etc.), chemical, and
enzymatic techniques, are known to persons having ordinary skill in the art. A variant polypeptide preferably comprises
at least about 14 amino acids.

[0108] A "heterologous protein" refers to a protein not naturally produced in the cell.

[0109] A "mature protein" refers to a post-translationally processed polypeptide; i.e., one from which any pre- or
propeptides present in the primary translation product have been removed. "Precursor" protein refers to the primary
product of translation of mRNA; i.e., with pre- and propeptides still present. Pre- and propeptides may be but are not
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limited to intracellular localization signals.

[0110] The term "signal peptide" refers to an amino terminal polypeptide preceding the secreted mature protein. The
signal peptide is cleaved from and is therefore not present in the mature protein. Signal peptides have the function of
directing and translocating secreted proteins across cell membranes. Signal peptide is also referred to as signal protein.
[0111] A "signal sequence" is included at the beginning of the coding sequence of a protein to be expressed on the
surface of a cell. This sequence encodes a signal peptide, N-terminal to the mature polypeptide, that directs the host
cell to translocate the polypeptide. The term "translocation signal sequence" is used herein to refer to this sort of signal
sequence. Translocation signal sequences can be found associated with a variety of proteins native to eukaryotes and
prokaryotes, and are often functional in both types of organisms.

[0112] The term "homology" refers to the percent of identity between two polynucleotide or two polypeptide moieties.
The correspondence between the sequence from one moiety to another can be determined by techniques known to the
art. For example, homology can be determined by a direct comparison of the sequence information between two polypep-
tide molecules by aligning the sequence information and using readily available computer programs. Alternatively,
homology can be determined by hybridization of polynucleotides under conditions that form stable duplexes between
homologous regions, followed by digestion with single-stranded-specific nuclease(s) and size determination of the di-
gested fragments.

[0113] As used herein, the term "homologous" in all its grammatical forms and spelling variations refers to the rela-
tionship between proteins that possess a "common evolutionary origin," including proteins from superfamilies (e.g., the
immunoglobulin superfamily) and homologous proteins from different species (e.g., myosin light chain, etc.) (Reeck et
al., 1987, Cell 50:667.). Such proteins (and their encoding genes) have sequence homology, as reflected by their high
degree of sequence similarity. However, in common usage and in the instant application, the term "homologous," when
modified with an adverb such as "highly," may refer to sequence similarity and not a common evolutionary origin.
[0114] Accordingly, the term "sequence similarity” in all its grammatical forms refers to the degree of identity or cor-
respondence between nucleic acid or amino acid sequences of proteins that may or may not share a common evolutionary
origin (see Reeck et al., 1987, Cell 50:667).

[0115] In a specific embodiment, two DNA sequences are "substantially homologous" or "substantially similar" when
at least about 50% (preferably at least about 75%, and most preferably at least about 90 or 95%) of the nucleotides
match over the defined length of the DNA sequences. Sequences that are substantially homologous can be identified
by comparing the sequences using standard software available in sequence data banks, or in a Southern hybridization
experiment under, for example, stringent conditions as defined for that particular system. Defining appropriate hybridi-
zation conditions is within the skill of the art. See, e.g., Sambrook et al., 1989, supra.

[0116] Asusedherein,"substantially similar" refers to nucleic acid fragments wherein changes in one or more nucleotide
bases results in substitution of one or more amino acids, but do not affect the functional properties of the protein encoded
by the DNA sequence. "Substantially similar" also refers to nucleic acid fragments wherein changes in one or more
nucleotide bases does not affect the ability of the nucleic acid fragment to mediate alteration of gene expression by
antisense or co-suppression technology. "Substantially similar" also refers to modifications of the nucleic acid fragments
of the instant invention such as deletion or insertion of one or more nucleotide bases that do not substantially affect the
functional properties of the resulting transcript. It is therefore understood that the invention encompasses more than the
specific exemplary sequences. Each of the proposed modifications is well within the routine skill in the art, as is deter-
mination of retention of biological activity of the encoded products.

[0117] Moreover, the skilled artisan recognizes that substantially similar sequences encompassed by this invention
are also defined by their ability to hybridize, under stringent conditions (0.1X SSC, 0.1% SDS, 65°C and washed with
2X SSC, 0.1% SDS followed by 0.1X SSC, 0.1% SDS), with the sequences exemplified herein. Substantially similar
nucleic acid fragments of the instant invention are those nucleic acid fragments whose DNA sequences are at least 70%
identical to the DNA sequence of the nucleic acid fragments reported herein. Preferred substantially nucleic acid fragments
of the instant invention are those nucleic acid fragments whose DNA sequences are at least 80% identical to the DNA
sequence of the nucleic acid fragments reported herein. More preferred nucleic acid fragments are at least 90% identical
to the DNA sequence of the nucleic acid fragments reported herein. Even more preferred are nucleic acid fragments
that are at least 95% identical to the DNA sequence of the nucleic acid fragments reported herein.

[0118] Two amino acid sequences are "substantially homologous" or "substantially similar" when greater than about
40% of the amino acids are identical, or greater than 60% are similar (functionally identical). Preferably, the similar or
homologous sequences are identified by alignment using, for example, the GCG (Genetics Computer Group, Program
Manual for the GCG Package, Version 7, Madison, Wisconsin) pileup program.

[0119] The term "corresponding to" is used herein to refer to similar or homologous sequences, whether the exact
position is identical or different from the molecule to which the similarity or homology is measured. A nucleic acid or
amino acid sequence alignment may include spaces. Thus, the term "corresponding to" refers to the sequence similarity,
and not the numbering of the amino acid residues or nucleotide bases.

[0120] A "substantial portion" of an amino acid or nucleotide sequence comprises enough of the amino acid sequence
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of a polypeptide or the nucleotide sequence of a gene to putatively identify that polypeptide or gene, either by manual
evaluation of the sequence by one skilled in the art, or by computer-automated sequence comparison and identification
using algorithms such as BLAST (Basic Local Alignment Search Tool; Altschul, S. F., et al., (1993) J. Mol. Biol. 215:
403-410; see also www.ncbi.nim.nih.gov/BLAST/). In general, a sequence of ten or more contiguous amino acids or
thirty or more nucleotides is necessary in order to putatively identify a polypeptide or nucleic acid sequence as homologous
to a known protein or gene. Moreover, with respect to nucleotide sequences, gene specific oligonucleotide probes
comprising 20-30 contiguous nucleotides may be used in sequence-dependent methods of gene identification (e.g.,
Southern hybridization) and isolation (e.g., in situ hybridization of bacterial colonies or bacteriophage plaques). In addition,
short oligonucleotides of 12-15 bases may be used as amplification primers in PCR in order to obtain a particular nucleic
acid fragment comprising the primers. Accordingly, a "substantial portion" of a nucleotide sequence comprises enough
of the sequence to specifically identify and/or isolate a nucleic acid fragment comprising the sequence.

[0121] The term "percent identity", as known in the art, is a relationship between two or more polypeptide sequences
or two or more polynucleotide sequences, as determined by comparing the sequences. In the art, "identity" also means
the degree of sequence relatedness between polypeptide or polynucleotide sequences, as the case may be, as deter-
mined by the match between strings of such sequences. "ldentity" and "similarity" can be readily calculated by known
methods, including but not limited to those described in: Computational Molecular Biology (Lesk, A. M., ed.) Oxford
University Press, New York (1988); Biocomputing: Informatics and Genome Projects (Smith, D. W., ed.) Academic Press,
New York (1993); Computer Analysis of Sequence Data, Part | (Griffin, A. M., and Griffin, H. G., eds.) Humana Press,
New Jersey (1994); Sequence Analysis in Molecular Biology (von Heinje, G., ed.) Academic Press (1987); and Sequence
Analysis Primer (Gribskov, M. and Devereux, J., eds.) Stockton Press, New York (1991). Preferred methods to determine
identity are designed to give the best match between the sequences tested. Methods to determine identity and similarity
are codified in publicly available computer programs. Sequence alignments and percent identity calculations may be
performed using the Megalign program of the LASERGENE bioinformatics computing suite (DNASTAR Inc., Madison,
WI). Multiple alignment of the sequences may be performed using the Clustal method of alignment (Higgins and Sharp
(1989) CABIOS. 5:151-153) with the default parameters (GAP PENALTY=10, GAP LENGTH PENALTY=10). Default
parameters for pairwise alignments using the Clustal method may be selected: KTUPLE 1, GAP PENALTY=3, WIN-
DOW=5 and DIAGONALS SAVED=5.

[0122] The term "sequence analysis software" refers to any computer algorithm or software program that is useful for
the analysis of nucleotide or amino acid sequences. "Sequence analysis software" may be commercially available or
independently developed. Typical sequence analysis software will include but is not limited to the GCG suite of programs
(Wisconsin Package Version 9.0, Genetics Computer Group (GCG), Madison, WI), BLASTP, BLASTN, BLASTX (Altschul
et al., J. Mol. Biol. 215:403-410 (1990), and DNASTAR (DNASTAR, Inc. 1228 S. Park St. Madison, WI 53715 USA).
Within the context of this application it will be understood that where sequence analysis software is used for analysis,
that the results of the analysis will be based on the "default values" of the program referenced, unless otherwise specified.
As used herein "default values" will mean any set of values or parameters which originally load with the software when
first initialized.

[0123] "Synthetic genes" can be assembled from oligonucleotide building blocks that are chemically synthesized using
procedures known to those skilled in the art. These building blocks are ligated and annealed to form gene segments
that are then enzymatically assembled to construct the entire gene. "Chemically synthesized", as related to a sequence
of DNA, means that the component nucleotides were assembled in vitro. Manual chemical synthesis of DNA may be
accomplished using well-established procedures, or automated chemical synthesis can be performed using one of a
number of commercially available machines. Accordingly, the genes can be tailored for optimal gene expression based
on optimization of nucleotide sequence to reflect the codon bias of the host cell. The skilled artisan appreciates the
likelihood of successful gene expression if codon usage is biased towards those codons favored by the host. Determi-
nation of preferred codons can be based on a survey of genes derived from the host cell where sequence information
is available.

GENE EXPRESSION MODULATION SYSTEM OF THE INVENTION

[0124] Applicants have previously shown that separating the transactivation and DNA binding domains by placing
them on two different proteins results in greatly reduced background activity in the absence of a ligand and significantly
increased activity over background in the presence of a ligand (pending application PCT/US01/09050). This two-hybrid
system is a significantly improved inducible gene expression modulation system compared to the two systems disclosed
in International Patent Applications PCT/US97/05330 and PCT/US98/14215. The two-hybrid system exploits the ability
of a pair of interacting proteins to bring the transcription activation domain into a more favorable position relative to the
DNA binding domain such that when the DNA binding domain binds to the DNA binding site on the gene, the transactivation
domain more effectively activates the promoter (see, for example, U.S. Patent No. 5,283,173). Briefly, the two-hybrid
gene expression system comprises two gene expression cassettes; the first encoding a DNA binding domain fused to
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a nuclear receptor polypeptide, and the second encoding a transactivation domain fused to a different nuclear receptor
polypeptide. In the presence of ligand, the interaction of the first polypeptide with the second polypeptide effectively
tethers the DNA binding domain to the transactivation domain. Since the DNA binding and transactivation domains
reside on two different molecules, the background activity in the absence of ligand is greatly reduced.

[0125] The two-hybrid ecdysone receptor-based gene expression modulation system may be either heterodimeric
and homodimeric. A functional EcCR complex generally refers to a heterodimeric protein complex consisting of two
members of the steroid receptor family, an ecdysone receptor protein obtained from various insects, and an ultraspiracle
(USP) protein or the vertebrate homolog of USP, retinoid X receptor protein (see Yao, et al. (1993) Nature 366, 476-479;
Yao, et al., (1992) Cell 71, 63-72). However, the complex may also be a homodimer as detailed below. The functional
ecdysteroid receptor complex may also include additional protein(s) such as immunophilins. Additional members of the
steroid receptor family of proteins, known as transcriptional factors (such as DHR38 or betaF TZ-1), may also be ligand
dependent or independent partners for EcR, USP, and/or RXR. Additionally, other cofactors may be required such as
proteins generally known as coactivators (also termed adapters or mediators). These proteins do not bind sequence-
specifically to DNA and are not involved in basal transcription. They may exert their effect on transcription activation
through various mechanisms, including stimulation of DNA-binding of activators, by affecting chromatin structure, or by
mediating activator-initiation complex interactions. Examples of such coactivators include RIP140, TIF1, RAP46/Bag-
1, ARA70, SRC-1/NCoA-1, TIF2/GRIP/NCoA-2, ACTR/AIB1/RAC3/pCIP as well as the promiscuous coactivator C re-
sponse element B binding protein, CBP/p300 (for review see Glass et al., Curr. Opin. Cell Biol. 9: 222-232, 1997). Also,
protein cofactors generally known as corepressors (also known as repressors, silencers, or silencing mediators) may
be required to effectively inhibit transcriptional activation in the absence of ligand. These corepressors may interact with
the unliganded ecdysone receptor to silence the activity at the response element. Current evidence suggests that the
binding of ligand changes the conformation of the receptor, which results in release of the corepressor and recruitment
of the above described coactivators, thereby abolishing their silencing activity. Examples of corepressors include N-CoR
and SMRT (for review, see Horwitz et al. Mol Endocrinol. 10: 1167-1177, 1996). These cofactors may either be endog-
enous within the cell or organism, or may be added exogenously as transgenes to be expressed in either a regulated
or unregulated fashion. Homodimer complexes of the ecdysone receptor protein, USP, or RXR may also be functional
under some circumstances.

[0126] The ecdysone receptor complex typically includes proteins which are members of the nuclear receptor super-
family wherein all members are generally characterized by the presence of an amino-terminal transactivation domain,
a DNA binding domain ("DBD"), and a ligand binding domain ("LBD") separated from the DBD by a hinge region. As
used herein, the term "DNA binding domain" comprises a minimal polypeptide sequence of a DNA binding protein, up
to the entire length of a DNA binding protein, so long as the DNA binding domain functions to associate with a particular
response element. Members of the nuclear receptor superfamily are also characterized by the presence of four or five
domains: A/B, C, D, E, and in some members F (see US patent 4,981,784 and Evans, Science 240:889-895 (1988)).
The "A/B" domain corresponds to the transactivation domain, "C" corresponds to the DNA binding domain, "D" corre-
sponds to the hinge region, and "E" corresponds to the ligand binding domain. Some members of the family may also
have another transactivation domain on the carboxy-terminal side of the LBD corresponding to "F".

[0127] The DBD is characterized by the presence of two cysteine zinc fingers between which are two amino acid
motifs, the P-box and the D-box, which confer specificity for ecdysone response elements. These domains may be either
native, modified, or chimeras of different domains of heterologous receptor proteins. This EcR receptor, like a subset of
the steroid receptor family, also possesses less well-defined regions responsible for heterodimerization properties.
Because the domains of EcR, USP, and RXR are modular in nature, the LBD, DBD, and transactivation domains may
be interchanged.

[0128] Gene switch systems are known that incorporate components from the ecdysone receptor complex. However,
in these known systems, whenever EcR is used it is associated with native or modified DNA binding domains and
transactivation domains on the same molecule. USP or RXR are typically used as silent partners. Applicants have
previously shown that when DNA binding domains and transactivation domains are on the same molecule the background
activity in the absence of ligand is high and that such activity is dramatically reduced when DNA binding domains and
transactivation domains are on different molecules, that is, on each of two partners of a heterodimeric or homodimeric
complex (see PCT/US01/09050). This two-hybrid system also provides improved sensitivity to non-steroidal ligands for
example, diacylhydrazines, when compared to steroidal ligands for example, ponasterone A ("PonA") or muristerone A
("MurA"). That is, when compared to steroids, the non-steroidal ligands provide higher activity at a lower concentration.
In addition, since transactivation based on EcR gene switches is often cell-line dependent, it is easier to tailor switching
systems to obtain maximum transactivation capability for each application. Furthermore, the two-hybrid system avoids
some side effects due to overexpression of RXR that often occur when unmodified RXR is used as a switching partner.
In a specific embodiment of the two-hybrid system, native DNA binding and transactivation domains of ECR or RXR are
eliminated and as a result, these chimeric molecules have less chance of interacting with other steroid hormone receptors
present in the cell resulting in reduced side effects.
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[0129] Applicants have previously shown that an ecdysone receptor in partnership with a dipteran (fruit fly Drosophila
melanogaster) or alepidopteran (spruce bud worm Choristoneura fumiferana) ultraspiracle protein (USP) is constitutively
expressed in mammalian cells, while an ecdysone receptor in partnership with a vertebrate retinoid X receptor (RXR)
is inducible in mammalian cells (pending application PCT/US01/09050). Recently, Applicants made the surprising dis-
covery that the ultraspiracle protein of Locusta mignatoria ("LmUSP") and the RXR homolog 1 and RXR homolog 2 of
the ixodid tick Amblyomma americanum ("AmaRXR1" and "AmaRXR2", respectively) and their non-Dipteran, non-
Lepidopteran homologs including, but not limited to: fiddler crab Celuca pugilator RXR homolog ("CpRXR"), beetle
Tenebrio molitor RXR homolog ("TmRXR"), honeybee Apis mellifera RXR homolog ("AmRXR"), and an aphid Myzus
persicae RXR homolog ("MpRXR"), all of which are referred to herein collectively as invertebrate RXRs, can function
similar to vertebrate retinoid X receptor (RXR) in an inducible ecdysone receptor-based inducible gene expression
system in mammalian cells (US application filed herewith).

[0130] As described herein, Applicants have now discovered that a chimeric RXR ligand binding domain comprising
at least two polypeptide fragments, wherein the first polypeptide fragment is from one species of vertebrate/invertebrate
RXR and the second polypeptide fragment is from a different species of vertebrate/invertebrate RXR, whereby a verte-
brate/invertebrate chimeric RXR ligand binding domain, a vertebrate/vertebrate chimeric RXR ligand binding domain,
or an invertebrate/invertebrate chimeric RXR ligand binding domain is produced, can function in an ecdysone receptor-
based inducible gene expression system. Surprisingly, Applicants’ novel EcR/chimeric RXR-based inducible gene ex-
pression system can function similar to or better than both the EcR/vertebrate RXR-based gene expression system
(PCT/US01/09050) and the EcR/invertebrate RXR-based gene expression system (US application filed herewith) in
terms of ligand sensitivity and magnitude of gene induction. Thus, the present invention provides an improved EcR-
based inducible gene expression system for use in bacterial, fungal, yeast, animal, and mammalian cells.

[0131] In particular, Applicants describe herein a novel two-hybrid system that comprises a chimeric RXR ligand
binding domain. This novel gene expression system demonstrates for the first time that a polypeptide comprising a
chimeric RXR ligand binding domain can function as a component of an inducible EcR-based inducible gene expression
system in yeast and mammalian cells. As discussed herein, this finding is both unexpected and surprising.

[0132] Specifically, Applicants’ invention relates to a gene expression modulation system comprising: a) a first gene
expression cassette thatis capable of being expressed in a host cell, wherein the first gene expression cassette comprises
a polynucleotide that encodes a first hybrid polypeptide comprising i) a DNA-binding domain that recognizes a response
element associated with a gene whose expression is to be modulated; and ii) an ecdysone receptor ligand binding
domain; and b) a second gene expression cassette that is capable of being expressed in the host cell, wherein the
second gene expression cassette comprises a polynucleotide sequence that encodes a second hybrid polypeptide
comprising i) a transactivation domain; and ii) a chimeric retinoid X receptor ligand binding domain.

[0133] The presentinvention also relates to a gene expression modulation system comprising: a) afirstgene expression
cassette that is capable of being expressed in a host cell, wherein the first gene expression cassette comprises a
polynucleotide that encodes a first hybrid polypeptide comprising i) a DNA-binding domain that recognizes a response
element associated with a gene whose expression is to be modulated; and ii) a chimeric retinoid X receptor ligand binding
domain; and b) a second gene expression cassette that is capable of being expressed in the host cell, wherein the
second gene expression cassette comprises a polynucleotide sequence that encodes a second hybrid polypeptide
comprising i) a transactivation domain; and ii) an ecdysone receptor ligand binding domain.

[0134] The presentinvention also relates to a gene expression modulation system according to the present invention
further comprising ¢) a third gene expression cassette comprising: i) a response element to which the DNA-binding
domain of the first hybrid polypeptide binds; ii) a promoter that is activated by the transactivation domain of the second
hybrid polypeptide; and iii) a gene whose expression is to be modulated.

[0135] In a specific embodiment, the gene whose expression is to be modulated is a homologous gene with respect
to the host cell. In another specific embodiment, the gene whose expression is to be modulated is a heterologous gene
with respect to the host cell.

[0136] The ligands for use in the present invention as described below, when combined with an EcR ligand binding
domain and a chimeric RXR ligand binding domain, which in turn are bound to the response element linked to a gene,
provide the means for external temporal regulation of expression of the gene. The binding mechanism or the order in
which the various components of this invention bind to each other, that is, for example, ligand to receptor, first hybrid
polypeptide to response element, second hybrid polypeptide to promoter, etc., is not critical. Binding of the ligand to the
EcR ligand binding domain and the chimeric RXR ligand binding domain enables expression or suppression of the gene.
This mechanism does not exclude the potential for ligand binding to EcR or chimeric RXR, and the resulting formation
of active homodimer complexes (e.g. ECR + EcR or chimeric RXR + chimeric RXR). Preferably, one or more of the
receptor domains is varied producing a hybrid gene switch. Typically, one or more of the three domains, DBD, LBD, and
transactivation domain, may be chosen from a source different than the source of the other domains so that the hybrid
genes and the resulting hybrid proteins are optimized in the chosen host cell or organism for transactivating activity,
complementary binding of the ligand, and recognition of a specific response element. In addition, the response element
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itself can be modified or substituted with response elements for other DNA binding protein domains such as the GAL-4
protein from yeast (see Sadowski, et al. (1988), Nature 335: 563-564) or LexA protein from Escherichia coli (see Brent
and Ptashne (1985), Cell 43: 729-736), or synthetic response elements specific for targeted interactions with proteins
designed, modified, and selected for such specific interactions (see, for example, Kim, et al. (1997), Proc. Natl. Acad.
Sci., USA 94: 3616-3620) to accommodate hybrid receptors. Another advantage of two-hybrid systems is that they allow
choice of a promoter used to drive the gene expression according to a desired end result. Such double control can be
particularly important in areas of gene therapy, especially when cytotoxic proteins are produced, because both the timing
of expression as well as the cells wherein expression occurs can be controlled. When genes, operably linked to a suitable
promoter, are introduced into the cells of the subject, expression of the exogenous genes is controlled by the presence
of the system of this invention. Promoters may be constitutively or inducibly regulated or may be tissue-specific (that is,
expressed only in a particular type of cells) or specific to certain developmental stages of the organism.

GENE EXPRESSION CASSETTES OF THE INVENTION

[0137] The novel EcR/chimeric RXR-based inducible gene expression system of the invention comprises gene ex-
pression cassettes that are capable of being expressed in a host cell, wherein the gene expression cassettes each
comprise a polynucleotide encoding a hybrid polypeptide. Thus, Applicants’ invention also provides gene expression
cassettes for use in the gene expression system of the invention.

[0138] Specifically, the present invention provides a gene expression cassette comprising a polynucleotide encoding
a hybrid polypeptide. In particular, the present invention provides a gene expression cassette that is capable of being
expressed in a host cell, wherein the gene expression cassette comprises a polynucleotide that encodes a hybrid
polypeptide comprising either i) a DNA-binding domain that recognizes a response element, or ii) a transactivation
domain; and an ecdysone receptor ligand binding domain or a chimeric retinoid X receptor ligand binding domain.
[0139] In a specific embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a DNA-
binding domain that recognizes a response element and an EcR ligand binding domain.

[0140] In another specific embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
DNA-binding domain that recognizes a response element and a chimeric RXR ligand binding domain.

[0141] In another specific embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
transactivation domain and an EcR ligand binding domain.

[0142] In another specific embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
transactivation domain and a chimeric RXR ligand binding domain.

[0143] In a preferred embodiment, the ligand binding domain (LBD) is an EcR LBD, a chimeric RXR LBD, or a related
steroid/thyroid hormone nuclear receptor family member LBD or chimeric LBD, analog, combination, or modification
thereof. In a specific embodiment, the LBD is an EcR LBD or a chimeric RXR LBD. In another specific embodiment, the
LBD is from a truncated EcR LBD or a truncated chimeric RXR LBD. A truncation mutation may be made by any method
used in the art, including but not limited to restriction endonuclease digestion/deletion, PCR-mediated/oligonucleotide-
directed deletion, chemical mutagenesis, DNA strand breakage, and the like.

[0144] The EcR may be an invertebrate EcR, preferably selected from the class Arthropod. Preferably, the EcR is
selected from the group consisting of a Lepidopteran EcR, a Dipteran EcR, an Orthopteran EcR, a Homopteran EcR
and a Hemipteran EcR. More preferably, the EcR for use is a spruce budwonn Choristoneura fumiferana EcR ("CfEcR"),
a beetle Tenebrio molitor EcR ("TmECcR"), a Manduca sexta EcR ("MsEcR"), a Heliothies virescens EcR ("HvEcCR"), a
midge Chironomus tentans EcR ("CtEcR"), a silk moth Bombyx mori EcR ("BmEcR"), a fruit fly Drosophila melanogaster
EcR ("DmEcR"), a mosquito Aedes aegypti EcR ("AaEcR"), a blowfly Lucilia capitata EcR ("LcEcR"), a blowfly Lucilia
cuprina EcR ("LucEcR"), a Mediterranean fruit fly Ceratitis capitata EcCR ("CcEcR"), a locust Locusta migratoria ECR
("LmEcR"), an aphid Myzus persicae EcR ("MpEcR"), a fiddler crab Celuca pugilator ECR ("CpEcR"), an ixodid tick
Amblyomma americanumEcR ("AmaEcR"), a whitefly Bamecia argentifoliEcR ("BaEcR", SEQ ID NO: 68) or aleafhopper
Nephotetix cincticeps EcR ("NcEcR", SEQ ID NO: 69). In a specific embodiment, the LBD is from spruce budworm
(Choristoneura fumiferana) EcR ("CfEcR") or fruit fly Drosophila melanogaster EcR ("DmECcR").

[0145] In a specific embodiment, the ECR LBD comprises full-length EF domains. In a preferred embodiment, the-full
length EF domains are encoded by a polynucleotide comprising a nucleic acid sequence of SEQID NO: 10or SEQID NO: 2.
[0146] In a specific embodiment, the LBD is from a truncated EcR LBD. The EcR LBD truncation results in a deletion
of at least 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120,
125, 130, 135, 140, 145, 150, 155, 160, 165, 170, 175, 180, 185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, or
240 amino acids. In another specific embodiment, the EcR LBD truncation result in a deletion of at least a partial
polypeptide domain. In another specific embodiment, the EcR LBD truncation results in a deletion of at least an entire
polypeptide domain. More preferably, the EcR polypeptide truncation results in a deletion of at least an A/B-domain, a
C-domain, a D-domain, an F-domain, an A/B/C-domains, an AB/1/2-C-domains, an A/B/C/D-domains, an A/B/C/D/F-
domains, an A/B/F-domains, an A/B/C/F-domains, a partial E-domain, or a partial F-domain. A combination of several
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partial and/or complete domain deletions may also be performed.

[0147] In one embodiment, the ecdysone receptor ligand binding domain is encoded by a polynucleotide comprising
a nucleic acid sequence selected from the group consisting of SEQ ID NO: 1 (CfEcR-EF), SEQ ID NO: 2 (DmECcR-EF),
SEQ ID NO: 3 (CfEcR-DE), and SEQ ID NO: 4 (DmEcR-DE).

[0148] In a preferred embodiment, the ecdysone receptor ligand binding domain is encoded by a polynucleotide
comprising a nucleic acid sequence selected from the group consisting of SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO:
59 (CfEcR-CDEF), SEQ ID NO: 67 (DmEcR-DEF), SEQ ID NO: 71 (TmEcR-DEF) and SEQ ID NO: 73 (AmaEcR-DEF).
[0149] Inone embodiment, the ecdysone receptor ligand binding domain comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 5 (CfEcR-EF), SEQ ID NO: 6 (DmEcR-EF), SEQ ID NO: 7 (CfEcR-DE), and
SEQ ID NO: 8 (DmEcR-DE).

[0150] In a preferred embodiment, the ecdysone receptor ligand binding domain comprises an amino acid sequence
selected from the group consisting of SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 70 (CfEcR-CDEF), SEQ ID NO: 58
(DmECR-DEF), SEQ ID NO: 72 (TmEcR-DEF), and SEQ ID NO: 74 (AmaEcR-DEF).

[0151] Preferably, the chimeric RXR ligand binding domain comprises at least two polypeptide fragments selected
from the group consisting of a vertebrate species RXR polypeptide fragment, an invertebrate species RXR polypeptide
fragment, and a non-Dipteran/non-Lepidopteran invertebrate species RXR homolog polypeptide fragment. A chimeric
RXR ligand binding domain according to the invention may comprise at least two different species RXR polypeptide
fragments, or when the species is the same, the two or more polypeptide fragments may be from two or more different
isoforms of the species RXR polypeptide fragment.

[0152] In a specific embodiment, the vertebrate species RXR polypeptide fragment is from a mouse Mus musculus
RXR ("MmRXR") or a human Homo sapiens RXR ("HsRXR"). The RXR polypeptide may be an RXR,,, RXRB, or RXR
isoform.

[0153] In a preferred embodiment, the vertebrate species RXR polypeptide fragment is from a vertebrate species
RXR-EF domain encoded by a polynucleotide comprising a nucleic acid sequence selected from the group consisting
of SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, and SEQ ID NO: 14. In another
preferred embodiment, the vertebrate species RXR polypeptide fragment is from a vertebrate species RXR-EF domain
comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID
NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, and SEQ ID NO: 20.

[0154] In another specific embodiment, the invertebrate species RXR polypeptide fragment is from a locust Locusta
migratoria ultraspiracle polypeptide ("LmUSP"), an ixodid tick Amblyomma americanum RXR homolog 1 ("AmaRXR1"),
a ixodid tick Amblyomma americanum RXR homolog 2 ("AmaRXR2"), a fiddler crab Celuca pugilator RXR homolog
("CpRXR"), a beetle Tenebrio molitor RXR homolog ("TmRXR"), a honeybee Apis mellifera RXR homolog ("AmMRXR"),
and an aphid Myzus persicae RXR homolog ("MpRXR").

[0155] In a preferred embodiment, the invertebrate species RXR polypeptide fragment is from a invertebrate species
RXR-EF domain encoded by a polynucleotide comprising a nucleic acid sequence selected from the group consisting
of SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, and SEQ ID NO: 26. In another
preferred embodiment, the invertebrate species RXR polypeptide fragment is from a invertebrate species RXR-EF
domain comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 27, SEQ ID NO: 28,
SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, and SEQ ID NO: 32.

[0156] Inanother specific embodiment, the invertebrate species RXR polypeptide fragment is from a non-Dipteran/non-
Lepidopteran invertebrate species RXR homolog.

[0157] In a preferred embodiment, the chimeric RXR ligand binding domain comprises at least one vertebrate species
RXR polypeptide fragment and one invertebrate species RXR polypeptide fragment.

[0158] In another preferred embodiment, the chimeric RXR ligand binding domain comprises at least one vertebrate
species RXR polypeptide fragment and one non-Dipteran/non-Lepidopteran invertebrate species RXR homolog polypep-
tide fragment.

[0159] In another preferred embodiment, the chimeric RXR ligand binding domain comprises at least one invertebrate
species RXR polypeptide fragment and one non-Dipteran/non-Lepidopteran invertebrate species RXR homolog polypep-
tide fragment.

[0160] In another preferred embodiment, the chimeric RXR ligand binding domain comprises at least one vertebrate
species RXR polypeptide fragment and one different vertebrate species RXR polypeptide fragment.

[0161] In another preferred embodiment, the chimeric RXR ligand binding domain comprises at least one invertebrate
species RXR polypeptide fragment and one different invertebrate species RXR polypeptide fragment.

[0162] In another preferred embodiment, the chimeric RXR ligand binding domain comprises at least one non-Dipter-
an/non-Lepidopteran invertebrate species RXR polypeptide fragment and one different non-Dipteran/non-Lepidopteran
invertebrate species RXR polypeptide fragment.

[0163] In a specific embodiment, the chimeric RXR LBD comprises an RXR LBD domain comprising at least one
polypeptide fragment selected from the group consisting of an EF-domain helix 1, an EF-domain helix 2, an EF-domain
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helix 3, an EF-domain helix 4, an EF-domain helix 5, an EF-domain helix 6, an EF-domain helix 7, an EF-domain helix
8, and EF-domain helix 9, an EF-domain helix 10, an EF-domain helix 11, an EF-domain helix 12, an F-domain, and an
EF-domain B-pleated sheet, wherein the polypeptide fragment is from a different species RXR, i.e., chimeric to the RXR
LBD domain, than the RXR LBD domain.

[0164] In another specific embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 1-6, helices 1-7, helices 1-8, helices 1-9, helices 1-10, helices 1-11, or helices 1-12 of a first species
RXR according to the invention, and the second polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 7-12, helices 8-12, helices 9-12, helices 10-12, helices 11-12, helix 12, or F domain of a second
species RXR according to the invention, respectively.

[0165] Ina preferred embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain comprises
helices 1-6 of a first species RXR according to the invention, and the second polypeptide fragment of the chimeric RXR
ligand binding domain comprises helices 7-12 of a second species RXR according to the invention.

[0166] In another preferred embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 1-7 of a first species RXR according to the invention, and the second polypeptide fragment of the
chimeric RXR, ligand binding domain comprises helices 8-12 of a second species RXR according to the invention.
[0167] In another preferred embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 1-8 of a first species RXR according to the invention, and the second polypeptide fragment of the
chimeric RXR ligand binding domain comprises helices 9-12 of a second species RXR according to the invention.
[0168] In another preferred embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 1-9 of a first species RXR according to the invention, and the second polypeptide fragment of the
chimeric RXR ligand binding domain comprises helices 10-12 of a second species RXR according to the invention.
[0169] In another preferred embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 1-10 of a first species RXR according to the invention, and the second polypeptide fragment of the
chimeric RXR ligand binding domain comprises helices 11-12 of a second species RXR according to the invention.
[0170] In another preferred embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 1-11 of a first species RXR according to the invention, and the second polypeptide fragment of the
chimeric RXR ligand binding domain comprises helix 12 of a second species RXR according to the invention.

[0171] In another preferred embodiment, the first polypeptide fragment of the chimeric RXR ligand binding domain
comprises helices 1-12 of a first species RXR according to the invention, and the second polypeptide fragment of the
chimeric RXR ligand binding domain comprises an F domain of a second species RXR according to the invention.
[0172] Inanother specific embodiment, the LBD is from a truncated chimeric RXR ligand binding domain. The chimeric
RXR LBD truncation results in a deletion of at least 1, 2, 3, 4, 5, 6, 8, 10, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 25, 26,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160,
165, 170, 175, 180, 185, 190, 195, 200, 205, 210, 215, 220, 225, 230, 235, or 240 amino acids. Preferably, the chimeric
RXR LBD truncation results in a deletion of at least a partial polypeptide domain. More preferably, the chimeric RXR
LBD truncation results in a deletion of at least an entire polypeptide domain. In a preferred embodiment, the chimeric
RXR LBD truncation results in a deletion of at least a partial E-domain, a complete E-domain, a partial F-domain, a
complete F-domain, an EF-domain helix 1, an EF-domain helix 2, an EF-domain helix 3, an EF-domain helix 4, an EF-
domain helix 5, an EF-domain helix 6, an EF-domain helix 7, an EF-domain helix 8, and EF-domain helix 9, an EF-
domain helix 10, an EF-domain helix 11, an EF-domain helix 12, or an EF-domain B-pleated sheet. A combination of
several partial and/or complete domain deletions may also be performed.

[0173] In a preferred embodiment, the truncated chimeric RXR ligand binding domain is encoded by a polynucleotide
comprising a nucleic acid sequence of SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO:
37, or SEQ ID NO: 38. In another preferred embodiment, the truncated chimeric RXR ligand binding domain comprises
a nucleic acid sequence of SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, or SEQ
ID NO: 44.

[0174] Ina preferred embodiment, the chimeric RXR ligand binding domain is encoded by a polynucleotide comprising
a nucleic acid sequence selected from the group consisting of a) SEQ ID NO: 45, b) nucleotides 1-348 of SEQ ID NO:
13 and nucleotides 268-630 of SEQ ID NO: 21, c) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ
ID NO: 21, d) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21, €) nucleotides 1-555 of
SEQ ID NO: 13 and nucleotides 490-630 of SEQ ID NO: 21, f) nucleotides 1-624 of SEQ ID NO: 13 and nucleotides
547-630 of SEQ ID NO: 21, g) nucleotides 1-645 of SEQ ID NO: 13 and nucleotides 601-630 of SEQ ID NO: 21, and h)
nucleotides 1-717 of SEQ ID NO: 13 and nucleotides 613-630 of SEQ ID NO: 21.

[0175] Inanother preferred embodiment, the chimeric RXR ligand binding domain comprises an amino acid sequence
selected from the group consisting of a) SEQ ID NO: 46, b) amino acids 1-116 of SEQ ID NO: 13 and amino acids 90-210
of SEQ ID NO: 21, c) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, d) amino acids
1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21, e) amino acids 1-185 of SEQ ID NO: 13 and
amino acids 164-210 of SEQ ID NO: 21, f) amino acids 1-208 of SEQ ID NO: 13 and amino acids 183-210 of SEQ ID
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NO: 21, g) amino acids 1-215 of SEQ ID NO: 13 and amino acids 201-210 of SEQ ID NO: 21, and h) amino acids 1-239
of SEQ ID NO: 13 and amino acids 205-210 of SEQ ID NO: 21.

[0176] Forpurposes of thisinvention, ECR, vertebrate RXR, invertebrate RXR, and chimeric RXR also include synthetic
and hybrid EcR, vertebrate RXR, invertebrate RXR, and chimeric RXR, and their homologs.

[0177] The DNA binding domain can be any DNA binding domain with a known response element, including synthetic
and chimeric DNA binding domains, or analogs, combinations, or modifications thereof. Preferably, the DBD is a GAL4
DBD, a LexA DBD, a transcription factor DBD, a steroid/thyroid hormone nuclear receptor superfamily member DBD, a
bacterial LacZ DBD, or a yeast put DBD. More preferably, the DBD is a GAL4 DBD [SEQ ID NO: 47 (polynucleotide) or
SEQ ID NO: 48 (polypeptide)] or a LexA DBD [(SEQ ID NO: 49 (polynucleotide) or SEQ ID NO: 50 (polypeptide)].
[0178] The transactivation domain (abbreviated "AD" or "TA") may be any steroid/thyroid hormone nuclear receptor
AD, synthetic or chimeric AD, polyglutamine AD, basic or acidic amino acid AD, a VP16 AD, a GAL4 AD, an NF-xB AD,
a BP64 AD, a B42 acidic activation domain (B42AD), or an analog, combination, or modification thereof. In a specific
embodiment, the AD is a synthetic or chimeric AD, or is obtained from a VP16, GAL4, NF-kB, or B42 acidic activation
domain AD. Preferably, the AD is a VP16 AD [SEQ ID NO: 51 (polynucleotide) or SEQ ID NO: 52 (polypeptide)] or a
B42 AD [SEQ ID NO: 53 (polynucleotide) or SEQ ID NO: 54 (polypeptide)].

[0179] In a preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a DNA-
binding domain encoded by a polynucleotide comprising a nucleic acid sequence selected from the group consisting of
a GAL4 DBD (SEQ ID NO: 47) and a LexA DBD (SEQ ID NO: 49), and an EcR ligand binding domain encoded by a
polynucleotide comprising a nucleic acid sequence selected from the group consisting of SEQ ID NO: 65 (CtEcR-DEF),
SEQ ID NO: 59 (CfEcR-CDEF), SEQ ID NO: 67 (DmEcR-DEF), SEQ ID NO: 71 (TmEcR-DEF) and SEQ ID NO: 73
(AmaEcR-DEF).

[0180] In another preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
DNA-binding domain comprising an amino acid sequence selected from the group consisting of a GAL4 DBD (SEQ ID
NO: 48) and a LexA DBD (SEQ ID NO: 50), and an EcR ligand binding domain comprising an amino acid sequence
selected from the group consisting of SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 70 (CfEcR-CDEF), SEQ ID NO: 58
(DmECcR-DEF), SEQ ID NO: 72 (TmEcR-DEF), and SEQ ID NO: 74 (AmaEcR-DEF).

[0181] In another preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
DNA-binding domain encoded by a polynucleotide comprising a nucleic acid sequence selected from the group consisting
ofa GAL4 DBD (SEQ ID NO: 47) and a LexA DBD (SEQ ID NO: 49), and a chimeric RXR ligand binding domain encoded
by a polynucleotide comprising a nucleic acid sequence selected from the group consisting of a) SEQ ID NO: 45, b)
nucleotides 1-348 of SEQ ID NO: 13 and nucleotides 268-630 of SEQ ID NO: 21, c) nucleotides 1-408 of SEQ ID NO:
13 and nucleotides 337-630 of SEQ ID NO: 21, d) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ
ID NO: 21, e) nucleotides 1-555 of SEQ ID NO: 13 and nucleotides 490-630 of SEQ ID NO: 21, f) nucleotides 1-624 of
SEQ ID NO: 13 and nucleotides 547-630 of SEQ ID NO: 21, g) nucleotides 1-645 of SEQ ID NO: 13 and nucleotides
601-630 of SEQ ID NO: 21, and h) nucleotides 1-717 of SEQ ID NO: 13 and nucleotides 613-630 of SEQ ID NO: 21.
[0182] In another preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
DNA-binding domain comprising an amino acid sequence selected from the group consisting of a GAL4 DBD (SEQ ID
NO: 48) and a LexA DBD (SEQ ID NO: 50), and a chimeric RXR ligand binding domain comprising an amino acid
sequence selected from the group consisting of a) SEQ ID NO: 46, b) amino acids 1-116 of SEQ ID NO: 13 and amino
acids 90-210 of SEQ ID NO: 21, c) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21,
d) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21, e) amino acids 1-185 of SEQ ID
NO: 13 and amino acids 164-210 of SEQ ID NO: 21, f) amino acids 1-208 of SEQ ID NO: 13 and amino acids 183-210
of SEQ ID NO: 21, g) amino acids 1-215 of SEQ ID NO: 13 and amino acids 201-210 of SEQ ID NO: 21, and h) amino
acids 1-239 of SEQ ID NO: 13 and amino acids 205-210 of SEQ ID NO: 21.

[0183] In another preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
transactivation domain encoded by a polynucleotide comprising a nucleic acid sequence of SEQ ID NO: 51 or SEQ ID
NO: 53, and an EcR ligand binding domain encoded by a polynucleotide comprising a nucleic acid sequence selected
from the group consisting of SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO: 59 (CfEcR-CDEF), SEQ ID NO: 67 (DmEcR-
DEF), SEQ ID NO: 71 (TmEcR-DEF) and SEQ ID NO: 73 (AmaEcR-DEF).

[0184] In another preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
transactivation domain comprising an amino acid sequence of SEQ ID NO: 52 or SEQ ID NO: 54, and an EcR ligand
binding domain comprising an amino acid sequence selected from the group consisting of SEQ ID NO: 57 (CfEcR-DEF),
SEQ ID NO: 70 (CfEcR-CDEF), SEQ ID NO: 58 (DmEcR-DEF), SEQ ID NO: 72 (TmEcR-DEF), and SEQ ID NO: 74
(AmaEcR-DEF).

[0185] In another preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
transactivation domain encoded by a polynucleotide comprising a nucleic acid sequence of SEQ ID NO: 51 or SEQ ID
NO: 53 and a chimeric RXR ligand binding domain encoded by a polynucleotide comprising a nucleic acid sequence
selected from the group consisting of a) SEQ ID NO: 45, b) nucleotides 1-348 of SEQ ID NO: 13 and nucleotides 268-630
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of SEQ ID NO: 21, c) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, d) nucleotides
1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21, e) nucleotides 1-555 of SEQ ID NO: 13 and
nucleotides 490-630 of SEQ ID NO: 21, f) nucleotides 1-624 of SEQ ID NO: 13 and nucleotides 547-630 of SEQ ID NO:
21, g) nucleotides 1-645 of SEQ ID NO: 13 and nucleotides 601-630 of SEQ ID NO: 21, and h) nucleotides 1-717 of
SEQ ID NO: 13 and nucleotides 613-630 of SEQ ID NO: 21.

[0186] In another preferred embodiment, the gene expression cassette encodes a hybrid polypeptide comprising a
transactivation domain comprising an amino acid sequence of SEQ ID NO: 52 or SEQ ID NO: 54 and a chimeric RXR
ligand binding domain comprising an amino acid sequence selected from the group consisting of a) SEQ ID NO: 46, b)
amino acids 1-116 of SEQ ID NO: 13 and amino acids 90-210 of SEQ ID NO: 21, ¢) amino acids 1-136 of SEQ ID NO:
13 and amino acids 113-210 of SEQ ID NO: 21, d) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of
SEQ ID NO: 21, €) amino acids 1-185 of SEQ ID NO: 13 and amino acids 164-210 of SEQ ID NO: 21, f) amino acids
1-208 of SEQ ID NO: 13 and amino acids 183-210 of SEQ ID NO: 21, g) amino acids 1-215 of SEQ ID NO: 13 and
amino acids 201-210 of SEQ ID NO: 21, and h) amino acids 1-239 of SEQ ID NO: 13 and amino acids 205-210 of SEQ
ID NO: 21.

[0187] The response element ("RE") may be any response element with a known DNA binding domain, or an analog,
combination, or modification thereof. A single RE may be employed or multiple REs, either multiple copies of the same
RE or two or more different REs, may be used in the present invention. In a specific embodiment, the RE is an RE from
GAL4 ("GAL4RE"), LexA, a steroid/thyroid hormone nuclear receptor RE, or a synthetic RE that recognizes a synthetic
DNA binding domain. Preferably, the RE is a GAL4RE comprising a polynucleotide sequence of SEQ ID NO: 55 or a
LexARE (operon "op") comprising a polynucleotide sequence of SEQ ID NO: 56 (2XLexAop). Preferably, the first hybrid
protein is substantially free of a transactivation domain and the second hybrid protein is substantially free of a DNA
binding domain. For purposes of this invention, "substantially free" means that the protein in question does not contain
a sufficient sequence of the domain in question to provide activation or binding activity.

[0188] Thus, the present invention also relates to a gene expression cassette comprising: i) a response element
comprising a domain to which a polypeptide comprising a DNA binding domain binds; ii) a promoter that is activated by
a polypeptide comprising a transactivation domain; and iii) a gene whose expression is to be modulated.

[0189] Genes of interest for use in Applicants’ gene expression cassettes may be endogenous genes or heterologous
genes. Nucleic acid or amino acid sequence information for a desired gene or protein can be located in one of many
public access databases, for example, GENBANK, EMBL, Swiss-Prot, and PIR, or in many biology related journal
publications. Thus, those skilled in the art have access to nucleic acid sequence information for virtually all known genes.
Such information can then be used to construct the desired constructs for the insertion of the gene of interest within the
gene expression cassettes used in Applicants’ methods described herein.

[0190] Examples of genes of interest for use in Applicants’ gene expression cassettes include, but are not limited to:
genes encoding therapeutically desirable polypeptides or products that may be used to treat a condition, a disease, a
disorder, a dysfunction, a genetic defect, such as monoclonal antibodies, enzymes, proteases, cytokines, interferons,
insulin, erthropoietin, clotting factors, other blood factors or components, viral vectors for gene therapy, virus for vaccines,
targets for drug discovery, functional genomics, and proteomics analyses and applications, and the like.

POLYNUCLEOTIDES OF THE INVENTION

[0191] The novel ecdysone receptor/chimeric retinoid X receptor-based inducible gene expression system of the
invention comprises a gene expression cassette comprising a polynucleotide that encodes a hybrid polypeptide com-
prising a) a DNA binding domain or a transactivation domain, and b) an EcR ligand binding domain or a chimeric RXR
ligand binding domain. These gene expression cassettes, the polynucleotides they comprise, and the hybrid polypeptides
they encode are useful as components of an EcR-based gene expression system to modulate the expression of a gene
within a host cell.

[0192] Thus, the present invention provides an isolated polynucleotide that encodes a hybrid polypeptide comprising
a) a DNA binding domain or a transactivation domain according to the invention, and b) an EcR ligand binding domain
or a chimeric RXR ligand binding domain according to the invention.

[0193] The present invention also relates to an isolated polynucleotide that encodes a chimeric RXR ligand binding
domain according to the invention.

[0194] The presentinvention alsorelatesto anisolated polynucleotide thatencodes atruncated EcRLBD oratruncated
chimeric RXR LBD comprising a truncation mutation according to the invention. Specifically, the present invention relates
to an isolated polynucleotide encoding a truncated EcR or chimeric RXR ligand binding domain comprising a truncation
mutation that affects ligand binding activity or ligand sensitivity that is useful in modulating gene expression in a host cell.
[0195] In a specific embodiment, the isolated polynucleotide encoding an EcR LBD comprises a polynucleotide se-
quence selected from the group consisting of SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO: 59 (CfEcR-CDEF), SEQ ID
NO: 67 (DmEcR-DEF), SEQ ID NO: 71 (TmEcR-DEF) and SEQ ID NO: 73 (AmaEcR-DEF).
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[0196] In another specific embodiment, the isolated polynucleotide encodes an EcR LBD comprising an amino acid
sequence selected from the group consisting of SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 70 (CfEcR-CDEF), SEQ ID
NO: 58 (DmEcR-DEF), SEQ ID NO: 72 (TmEcR-DEF), and SEQ ID NO: 74 (AmaEcR-DEF).

[0197] In another specific embodiment, the isolated polynucleotide encoding a chimeric RXR LBD comprises a poly-
nucleotide sequence selected from the group consisting of a) SEQ ID NO: 45, b) nucleotides 1-348 of SEQ ID NO: 13
and nucleotides 268-630 of SEQ ID NO: 21, c) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ
ID NO: 21, d) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21, e) nucleotides 1-555 of
SEQ ID NO: 13 and nucleotides 490-630 of SEQ ID NO: 21, f) nucleotides 1-624 of SEQ ID NO: 13 and nucleotides
547-630 of SEQ ID NO: 21, g) nucleotides 1-645 of SEQ ID NO: 13 and nucleotides 601-630 of SEQ ID NO: 21, and h)
nucleotides 1-717 of SEQ ID NO: 13 and nucleotides 613-630 of SEQ ID NO: 21.

[0198] In another specific embodiment, the isolated polynucleotide encodes a chimeric RXR LBD comprising an amino
acid sequence consisting of a) SEQ ID NO: 46, b) amino acids 1-116 of SEQ ID NO: 13 and amino acids 90-210 of SEQ
ID NO: 21, c) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, d) amino acids 1-155
of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21, e) amino acids 1-185 of SEQ ID NO: 13 and amino
acids 164-210 of SEQ ID NO: 21, f) amino acids 1-208 of SEQ ID NO: 13 and amino acids 183-210 of SEQ ID NO: 21,
g) amino acids 1-215 of SEQ ID NO: 13 and amino acids 201-210 of SEQ ID NO: 21, and h) amino acids 1-239 of SEQ
ID NO: 13 and amino acids 205-210 of SEQ ID NO: 21.

[0199] In particular, the present invention relates to an isolated polynucleotide encoding a truncated chimeric RXR
LBD comprising a truncation mutation, wherein the mutation reduces ligand binding activity or ligand sensitivity of the
truncated chimeric RXR LBD. In a specific embodiment, the present invention relates to an isolated polynucleotide
encoding a truncated chimeric RXR LBD comprising a truncation mutation that reduces steroid binding activity or steroid
sensitivity of the truncated chimeric RXR LBD.

[0200] Inanother specific embodiment, the presentinvention relates to an isolated polynucleotide encoding a truncated
chimeric RXR LBD comprising a truncation mutation that reduces non-steroid binding activity or non-steroid sensitivity
of the truncated chimeric RXR LBD.

[0201] The present invention also relates to an isolated polynucleotide encoding a truncated chimeric RXR LBD
comprising a truncation mutation, wherein the mutation enhances ligand binding activity or ligand sensitivity of the
truncated chimeric RXR LBD. In a specific embodiment, the present invention relates to an isolated polynucleotide
encoding a truncated chimeric RXR LBD comprising a truncation mutation that enhances steroid binding activity or
steroid sensitivity of the truncated chimeric RXR LBD.

[0202] Inanother specific embodiment, the presentinvention relates to anisolated polynucleotide encoding a truncated
chimeric RXR LBD comprising a truncation mutation that enhances non-steroid binding activity or non-steroid sensitivity
of the truncated chimeric RXR LBD.

[0203] The presentinventionalsorelatesto anisolated polynucleotide encoding atruncated chimericretinoid X receptor
LBD comprising a truncation mutation that increases ligand sensitivity of a heterodimer comprising the truncated chimeric
retinoid X receptor LBD and a dimerization partner. In a specific embodiment, the dimerization partner is an ecdysone
receptor polypeptide. Preferably, the dimerization partner is a truncated EcR polypeptide. More preferably, the dimeri-
zation partner is an EcR polypeptide in which domains A/B have been deleted. Even more preferably, the dimerization
partner is an EcR polypeptide comprising an amino acid sequence of SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 58
(DmEcR-DEF), SEQ ID NO: 70 (CfEcR-CDEF), SEQ ID NO: 72 (TmEcR-DEF) or SEQ ID NO: 74 (AmaEcR-DEF).

POLYPEPTIDES OF THE INVENTION

[0204] The novel ecdysone receptor/chimeric retinoid X receptor-based inducible gene expression system of the
invention comprises a gene expression cassette comprising a polynucleotide that encodes a hybrid polypeptide com-
prising a) a DNA binding domain or a transactivation domain, and b) an EcR ligand binding domain or a chimeric RXR
ligand binding domain. These gene expression cassettes, the polynucleotides they comprise, and the hybrid polypeptides
they encode are useful as components of an EcR/chimeric RXR-based gene expression system to modulate the ex-
pression of a gene within a host cell.

[0205] Thus, the present invention also relates to a hybrid polypeptide comprising a) a DNA binding domain or a
transactivation domain according to the invention, and b) an EcR ligand binding domain or a chimeric RXR ligand binding
domain according to the invention.

[0206] The presentinvention also relates to an isolated polypeptide comprising a chimeric RXR ligand binding domain
according to the invention.

[0207] The present invention also relates to an isolated truncated EcR LBD or an isolated truncated chimeric RXR
LBD comprising a truncation mutation according to the invention. Specifically, the presentinvention relates to an isolated
truncated EcR LBD or an isolated truncated chimeric RXR LBD comprising a truncation mutation that affects ligand
binding activity or ligand sensitivity.
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[0208] In a specific embodiment, the isolated EcR LBD polypeptide is encoded by a polynucleotide comprising a
polynucleotide sequence selected from the group consisting of SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO: 59 (CfEcR-
CDEF), SEQ ID NO: 67 (DmEcR-DEF), SEQ ID NO: 71 (TmEcR-DEF) and SEQ ID NO: 73 (AmaEcR-DEF).

[0209] Inanother specific embodiment, the isolated EcR LBD polypeptide comprises an amino acid sequence selected
from the group consisting of SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 70 (CfEcR-CDEF), SEQ ID NO: 58 (DmEcR-
DEF), SEQ ID NO: 72 (TmEcR-DEF), and SEQ ID NO: 74 (AmaEcR-DEF).

[0210] In another specific embodiment, the isolated truncated chimeric RXR LBD is encoded by a polynucleotide
comprising a polynucleotide sequence selected from the group consisting of a) SEQ ID NO: 45, b) nucleotides 1-348 of
SEQ ID NO: 13 and nucleotides 268-630 of SEQ ID NO: 21, ¢) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides
337-630 of SEQ ID NO: 21, d) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21, e)
nucleotides 1-555 of SEQ ID NO: 13 and nucleotides 490-630 of SEQ ID NO: 21, f) nucleotides 1-624 of SEQ ID NO:
13 and nucleotides 547-630 of SEQ ID NO: 21, g) nucleotides 1-645 of SEQ ID NO: 13 and nucleotides 601-630 of SEQ
ID NO: 21, and h) nucleotides 1-717 of SEQ ID NO: 13 and nucleotides 613-630 of SEQ ID NO: 21.

[0211] In another specific embodiment, the isolated truncated chimeric RXR LBD comprises an amino acid sequence
selected from the group consisting of a) SEQ ID NO: 46, b) amino acids 1-116 of SEQ ID NO: 13 and amino acids 90-210
of SEQ ID NO: 21, c) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, d) amino acids
1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21, e) amino acids 1-185 of SEQ ID NO: 13 and
amino acids 164-210 of SEQ ID NO: 21, f) amino acids 1-208 of SEQ ID NO: 13 and amino acids 183-210 of SEQ ID
NO: 21, g) amino acids 1-215 of SEQ ID NO: 13 and amino acids 201-210 of SEQ ID NO: 21, and h) amino acids 1-239
of SEQ ID NO: 13 and amino acids 205-210 of SEQ ID NO: 21.

[0212] The present invention relates to an isolated truncated chimeric RXR, LBD comprising a truncation mutation
that reduces ligand binding activity or ligand sensitivity of the truncated chimeric RXR LBD.

[0213] Thus, the presentinvention relates to an isolated truncated chimeric RXR LBD comprising a truncation mutation
that reduces ligand binding activity or ligand sensitivity of the truncated chimeric RXR LBD.

[0214] In a specific embodiment, the present invention relates to an isolated truncated chimeric RXR LBD comprising
a truncation mutation that reduces steroid binding activity or steroid sensitivity of the truncated chimeric RXR LBD.
[0215] In another specific embodiment, the present invention relates to an isolated truncated chimeric RXR LBD
comprising a truncation mutation that reduces non-steroid binding activity or non-steroid sensitivity of the truncated
chimeric RXR LBD.

[0216] In addition, the present invention relates to an isolated truncated chimeric RXR LBD comprising a truncation
mutation that enhances ligand binding activity or ligand sensitivity of the truncated chimeric RXR LBD.

[0217] The presentinvention relates to an isolated truncated chimeric RXR LBD comprising a truncation mutation that
enhances ligand binding activity or ligand sensitivity of the truncated chimeric RXR LBD. In a specific embodiment, the
present invention relates to an isolated truncated chimeric RXR LBD comprising a truncation mutation that enhances
steroid binding activity or steroid sensitivity of the truncated chimeric RXR LBD.

[0218] In another specific embodiment, the present invention relates to an isolated truncated chimeric RXR LBD
comprising a truncation mutation that enhances non-steroid binding activity or non-steroid sensitivity of the truncated
chimeric RXR LBD.

[0219] The presentinvention also relates to an isolated truncated chimeric RXR LBD comprising a truncation mutation
that increases ligand sensitivity of a heterodimer comprising the truncated chimeric RXR LBD and a dimerization partner.
[0220] In a specific embodiment, the dimerization partner is an ecdysone receptor polypeptide. Preferably, the dimer-
ization partner is a truncated EcR polypeptide. Preferably, the dimerization partner is an EcR polypeptide in which
domains A/B or A/B/C have been deleted. Even more preferably, the dimerization partner is an EcR polypeptide com-
prising an amino acid sequence of SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 58 (DmEcR-DEF), SEQ ID NO: 70 (CfEcR-
CDEF), SEQ ID NO: 72 (TmEcR-DEF) or SEQ ID NO: 74 (AmaEcR-DEF).

METHOD OF MODULATING GENE EXPRESSION OF THE INVENTION

[0221] Applicants’ invention also relates to methods of modulating gene expression in a host cell using a gene ex-
pression modulation system according to the invention. Specifically, Applicants’ invention provides a method of modu-
lating the expression of a gene in a host cell comprising the steps of: a) introducing into the host cell a gene expression
modulation system according to the invention; and b) introducing into the host cell a ligand; wherein the gene to be
modulated is a component of a gene expression cassette comprising: i) a response element comprising a domain
recognized by the DNA binding domain of the first hybrid polypeptide; ii) a promoter that is activated by the transactivation
domain of the second hybrid polypeptide; and iii) a gene whose expression is to be modulated, whereby upon introduction
of the ligand into the host cell, expression of the gene is modulated.

[0222] The invention also provides a method of modulating the expression of a gene in a host cell comprising the
steps of: a) introducing into the host cell a gene expression modulation system according to the invention; b) introducing
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into the host cell a gene expression cassette comprising i) a response element comprising a domain recognized by the
DNA binding domain from the first hybrid polypeptide; ii) a promoter that is activated by the transactivation domain of
the second hybrid polypeptide; and iii) a gene whose expression is to be modulated; and c) introducing into the host cell
a ligand; whereby expression of the gene is modulated in the host cell.

[0223] Genes of interest for expression in a host cell using Applicants’ methods may be endogenous genes or heter-
ologous genes. Nucleic acid or amino acid sequence information for a desired gene or protein can be located in one of
many public access databases, for example, GENBANK, EMBL, Swiss-Prot, and PIR, or in many biology related journal
publications. Thus, those skilled in the art have access to nucleic acid sequence information for virtually all known genes.
Such information can then be used to construct the desired constructs for the insertion of the gene of interest within the
gene expression cassettes used in Applicants’ methods described herein.

[0224] Examples of genes of interest for expression in a host cell using Applicants’ methods include, but are not limited
to: genes encoding therapeutically desirable polypeptides or products that may be used to treat a condition, a disease,
a disorder, a dysfunction, a genetic defect, such as monoclonal antibodies, enzymes, proteases, cytokines, interferons,
insulin, erthropoietin, clotting factors, other blood factors or components, viral vectors for gene therapy, virus for vaccines,
targets for drug discovery, functional genomics, and proteomics analyses and applications, and the like.

[0225] Acceptable ligands are any that modulate expression of the gene when binding of the DNA binding domain of
the two-hybrid system to the response element in the presence of the ligand results in activation or suppression of
expression of the genes. Preferred ligands include ponasterone, muristerone A, 9-cis-retinoic acid, synthetic analogs of
retinoic acid, N,N’-diacylhydrazines such as those disclosed in U. S. Patents No. 6,013,836; 5,117,057; 5,530,028; and
5,378,726; dibenzoylalkyl cyanohydrazines such as those disclosed in European Application No. 461,809; N-alkyl-N,
N’-diaroylhydrazines such as those disclosed in U. S. Patent No. 5,225,443; N-acyl-N-alkylcarbonylhydrazines such as
those disclosed in European Application No. 234,994 ; N-aroyl-N-alkyl-N'-aroylhydrazines such as those described in U.
S. Patent No. 4,985,461; and other similar materials including 3,5-di-tert-butyl-4-hydroxy-N-isobutyl-benzamide, 8-O-
acetylharpagide, and the like.

[0226] In a preferred embodiment, the ligand for use in Applicants’ method of modulating expression of gene is a
compound of the formula:

wherein:

E is a (C4-Cg)alkyl containing a tertiary carbon or a cyano(C5-Cs)alkyl containing a tertiary carbon;

R'is H, Me, Et, i-Pr, F, formyl, CF3, CHF,, CHCI,, CH,F, CH,CI, CH,OH, CH,OMe, CH,CN, CN, C°CH, 1-propynyl,
2-propynyl, vinyl, OH, OMe, OEt, cyclopropyl, CF,CF5, CH=CHCN, allyl, azido, SCN, or SCHF,;

R2 is H, Me, Et, n-Pr, i-Pr, formyl, CF5, CHF,, CHCI,, CH,F, CH,Cl, CH,0OH, CH,0OMe, CH,CN, CN, C°CH, 1-
propynyl, 2-propynyl, vinyl, Ac, F, CI, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF;, OCF,CF,H,
COEt, cyclopropyl, CF,CF3, CH=CHCN, allyl, azido, OCF3, OCHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN, or joined
with R3 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy, a dihydrofuryl ring with
the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl carbon;

R3 is H, Et, or joined with R2 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy, a
dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent to a
phenyl carbon;

R4, R5, and R8 are independently H, Me, Et, F, CI, Br, formyl, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,OH, CN, C°CH,
1-propynyl, 2-propynyl, vinyl, OMe, OEt, SMe, or SEt.

[0227] In another preferred embodiment, a second ligand may be used in addition to the first ligand discussed above
in Applicants’ method of modulating expression of a gene, wherein the second ligand is 9-cis-retinoic acid or a synthetic
analog of retinoic acid.

[0228] Applicants’ invention provides for modulation of gene expression in prokaryotic and eukaryotic host cells. Thus,
the present invention also relates to a method for modulating gene expression in a host cell selected from the group
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consisting of a bacterial cell, a fungal cell, a yeast cell, an animal cell, and a mammalian cell. Preferably, the host cell
is a yeast cell, a hamster cell, a mouse cell, a monkey cell, or a human cell.

[0229] Expressionintransgenic host cells may be useful for the expression of various polypeptides of interest including
but not limited to therapeutic polypeptides, pathway intermediates; for the modulation of pathways already existing in
the host for the synthesis of new products heretofore not possible using the host; cell based assays; functional genomics
assays, biotherapeutic protein production, proteomics assays, and the like. Additionally the gene products may be useful
for conferring higher growth yields of the host or for enabling an alternative growth mode to be utilized.

HOST CELLS AND NON-HUMAN ORGANISMS OF THE INVENTION

[0230] As described above, the gene expression modulation system of the present invention may be used to modulate
gene expression in a host cell. Expression in transgenic host cells may be useful for the expression of various genes of
interest. Thus, Applicants’ invention provides an isolated host cell comprising a gene expression system according to
the invention. The present invention also provides an isolated host cell comprising a gene expression cassette according
to the invention. Applicants’ invention also provides an isolated host cell comprising a polynucleotide or a polypeptide
according to the invention. The isolated host cell may be either a prokaryotic or a eukaryotic host cell.

[0231] Preferably, the host cell is selected from the group consisting of a bacterial cell, a fungal cell, a yeast cell, an
animal cell, and a mammalian cell. Examples of preferred host cells include, but are not limited to, fungal or yeast species
such as Aspergillus, Trichoderma, Saccharomyces, Pichia, Candida, Hansenula, or bacterial species such as those in
the genera Synechocystis, Synechococcus, Salmonella, Bacillus, Acinetobacter, Rhodococcus, Streptomyces, Es-
cherichia, Pseudomonas, Methylomonas, Methylobacter, Alcaligenes, Synechocystis, Anabaena, Thiobacillus, Meth-
anobacterium and Klebsiella, animal, and mammalian host cells.

[0232] In a specific embodiment, the host cell is a yeast cell selected from the group consisting of a Saccharomyces,
a Pichia, and a Candida host cell.

[0233] In another specific embodiment, the host cell is a hamster cell.

[0234] In another specific embodiment, the host cell is a murine cell.

[0235] In another specific embodiment, the host cell is a monkey cell.

[0236] In another specific embodiment, the host cell is a human cell.

[0237] Host cell transformation is well known in the art and may be achieved by a variety of methods including but not
limited to electroporation, viral infection, plasmid/vector transfection, non-viral vector mediated transfection, particle
bombardment, and the like. Expression of desired gene products involves culturing the transformed host cells under
suitable conditions and inducing expression of the transformed gene. Culture conditions and gene expression protocols
in prokaryotic and eukaryotic cells are well known in the art (see General Methods section of Examples). Cells may be
harvested and the gene products isolated according to protocols specific for the gene product.

[0238] In addition, a host cell may be chosen which modulates the expression of the inserted polynucleotide, or modifies
and processes the polypeptide product in the specific fashion desired. Different host cells have characteristic and specific
mechanisms for the translational and post-translational processing and modification [e.g., glycosylation, cleavage (e.g.,
of signal sequence)] of proteins. Appropriate cell lines or host systems can be chosen to ensure the desired modification
and processing of the foreign protein expressed. For example, expression in a bacterial system can be used to produce
a non-glycosylated core protein product. However, a polypeptide expressed in bacteria may not be properly folded.
Expression in yeast can produce a glycosylated product. Expression in eukaryotic cells can increase the likelihood of
"native" glycosylation and folding of a heterologous protein. Moreover, expression in mammalian cells can provide a
tool for reconstituting, or constituting, the polypeptide’s activity. Furthermore, different vector/host expression systems
may affect processing reactions, such as proteolytic cleavages, to a different extent.

[0239] Applicants’ invention also relates to a non-human organism comprising an isolated host cell according to the
invention. Preferably, the non-human organism is selected from the group consisting of a bacterium, a fungus, a yeast,
an animal, and a mammal. More preferably, the non-human organism is a yeast, a mouse, a rat, a rabbit, a cat, a dog,
a bovine, a goat, a pig, a horse, a sheep, a monkey, or a chimpanzee.

[0240] In a specific embodiment, the non-human organism is a yeast selected from the group consisting of Saccha-
romyces, Pichia, and Candida.

[0241] In another specific embodiment, the non-human organism is a Mus ntisculus mouse.

MEASURING GENE EXPRESSION/TRANSCRIPTION

[0242] One useful measurement of Applicants’ methods of the invention is that of the transcriptional state of the cell
including the identities and abundances of RNA, preferably mRNA species. Such measurements are conveniently con-
ducted by measuring cDNA abundances by any of several existing gene expression technologies.

[0243] Nucleic acid array technology is a useful technique for determining differential mMRNA expression. Such tech-
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nology includes, for example, oligonucleotide chips and DNA microarrays. These techniques rely on DNA fragments or
oligonucleotides which correspond to different genes or cDNAs which are immobilized on a solid support and hybridized
to probes prepared from total mMRNA pools extracted from cells, tissues, or whole organisms and converted to cDNA.
Oligonucleotide chips are arrays of oligonucleotides synthesized on a substrate using photolithographic techniques.
Chips have been produced which can analyze for up to 1700 genes. DNA microarrays are arrays of DNA samples,
typically PCR products, that are robotically printed onto a microscope slide. Each gene is analyzed by a full or partial-
length target DNA sequence. Microarrays with up to 10,000 genes are now routinely prepared commercially. The primary
difference between these two techniques is that oligonucleotide chips typically utilize 25-mer oligonucleotides which
allow fractionation of short DNA molecules whereas the larger DNA targets of microarrays, approximately 1000 base
pairs, may provide more sensitivity in fractionating complex DNA mixtures.

[0244] Another useful measurement of Applicants’ methods of the invention is that of determining the translation state
of the cell by measuring the abundances of the constituent protein species present in the cell using processes well
known in the art.

[0245] Where identification of genes associated with various physiological functions is desired, an assay may be
employed in which changes in such functions as cell growth, apoptosis, senescence, differentiation, adhesion, binding
to a specific molecules, binding to another cell, cellular organization, organogenesis, intracellular transport, transport
facilitation, energy conversion, metabolism, myogenesis, neurogenesis, and/or hematopoiesis is measured.

[0246] Inaddition, selectable marker or reporter gene expression may be used to measure gene expression modulation
using Applicants’ invention.

[0247] Other methods to detect the products of gene expression are well known in the art and include Southern blots
(DNA detection), dot or slot blots (DNA, RNA), northern blots (RNA), RT-PCR (RNA), western blots (polypeptide detec-
tion), and ELISA (polypeptide) analyses. Although less preferred, labeled proteins can be used to detect a particular
nucleic acid sequence to which it hybidizes.

[0248] In some cases it is necessary to amplify the amount of a nucleic acid sequence. This may be carried out using
one or more of a number of suitable methods including, for example, polymerase chain reaction ("PCR"), ligase chain
reaction ("LCR"), strand displacement amplification ("SDA"), transcription-based amplification, and the like. PCR is
carried out in accordance with known techniques in which, for example, a nucleic acid sample is treated in the presence
of a heat stable DNA polymerase, under hybridizing conditions, with one pair of oligonucleotide primers, with one primer
hybridizing to one strand (template) of the specific sequence to be detected. The primers are sufficiently complementary
to each template strand of the specific sequence to hybridize therewith. An extension product of each primer is synthesized
and is complementary to the nucleic acid template strand to which it hybridized. The extension product synthesized from
each primer can also serve as a template for further synthesis of extension products using the same primers. Following
a sufficient number of rounds of synthesis of extension products, the sample may be analyzed as described above to
assess whether the sequence or sequences to be detected are present.

[0249] The present invention may be better understood by reference to the following non-limiting Examples, which
are provided as exemplary of the invention.

EXAMPLES

GENERAL METHODS

[0250] Standard recombinant DNA and molecular cloning techniques used herein are well known in the art and are
described by Sambrook, J., Fritsch, E. F. and Maniatis, T. Molecular Cloning: A Laboratory Manual; Cold Spring Harbor
Laboratory Press: Cold Spring Harbor, N.Y. (1989) (Maniatis) and by T. J. Silhavy, M. L. Bennan, and L. W. Enquist,
Experiments with Gene Fusions, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1984) and by Ausubel, F.
M. et al., Current Protocols in Molecular Biology, Greene Publishing Assoc. and Wiley-Interscience (1987).

[0251] Materials and methods suitable for the maintenance and growth of bacterial cultures are well known in the art.
Techniques suitable for use in the following examples may be found as set out in Manual of Methods for General
Bacteriology (Phillipp Gerhardt, R G. E. Murray, Ralph N. Costilow, Eugene W. Nester, Willis A. Wood, Noel R. Krieg
and G. Briggs Phillips, eds), American Society for Microbiology, Washington, DC. (1994)) or by Thomas D. Brock in
Biotechnology: A Textbook of Industrial Microbiology, Second Edition, Sinauer Associates, Inc., Sunderland, MA (1989).
All reagents, restriction enzymes and materials used for the growth and maintenance of host cells were obtained from
Aldrich Chemicals (Milwaukee, WI), DIFCO Laboratories (Detroit, Mn, GIBCOBRL (Gaithersburg, MD), or Sigma Chem-
ical Company (St. Louis, MO) unless otherwise specified.

[0252] Manipulations of genetic sequences may be accomplished using the suite of programs available from the
Genetics Computer Group hic. (Wisconsin Package Version 9.0, Genetics Computer Group (GCG), Madison, WI). Where
the GCG program "Pileup” is used the gap creation default value of 12, and the gap extension default value of 4 may
be used. Where the CGC "Gap" or "Bestfit" program is used the default gap creation penalty of 50 and the default gap
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extension penalty of 3 may be used. In any case where GCG program parameters are not prompted for, in these or any
other GCG program, default values may be used.

[0253] The meaning of abbreviations is as follows: "h" means hour(s), "min" means minute(s), "sec" means second
(s), "d" means day(s), "uI" means microliter(s), "ml" means milliliter(s), "L" means liter(s), "pom" means micromolar,
"mM" means millimolar, "pg" means microgram(s), "mg" means milligram(s), "A" means adenine or adenosine, "T" means
thymine or thymidine, "G" means guanine or guanosine, "C" means cytidine or cytosine, "x g" means times gravity, "nt"

means nucleotide(s), "aa" means amino acid(s), "bp" means base pair(s), "kb" means kilobase(s), "k" means kilo, "p,
means micro, and "°C" means degrees Celsius.

EXAMPLE 1

[0254] Applicants’ EcR/chimeric RXR-based inducible gene expression modulation system is useful in various appli-
cations including gene therapy, expression of proteins of interest in host cells, production of transgenic organisms, and
cell-based assays. Applicants have made the surprising discovery that a chimeric retinoid X receptor ligand binding
domain can substitute for either parent RXR polypeptide and function inducibly in an EcR/chimeric RXR- based gene
expression modulation system upon binding of ligand. In addition, the chimeric RXR polypeptide may also function better
than either parent/donor RXR ligand binding domain. Applicants’ surprising discovery and unexpected superior results
provide a novel inducible gene expression system for bacterial, fungal, yeast, animal, and mammalian cell applications.
This Example describes the construction of several gene expression cassettes for use in the EcR/chimeric RXR-based
inducible gene expression system of the invention.

[0255] Applicants constructed several EcR-based gene expression cassettes based on the spruce budworm
ClioristoYieurafiti7iiferaiia EcR ("CfEcR"), C. fumiferana ultraspiracle ("CfUSP"), Drosophila melanogaster EcR ("Dt-
nEcR"), D. melanogasterUSP ("DmUSP"), Tenebrio molitorEcR ("TmEcR"), Amblyomma americanum EcR("AmaEcR"),
A. americanum RXR homolog 1 ("AmaRXR1"), A. americanum RXR homolog 2 ("AmaRXR2"), mouse Mus musculus
retinoid X receptor o isoform ("MmRXRa"), human Homo sapiens retinoid X receptor B isoform ("HsRXRB"), and locust
Locusta migratoria ultraspiracle ("LmUSP").

[0256] The prepared receptor constructs comprise 1) an EcR ligand binding domain (LBD), a vertebrate RXR (MmRXRa.
or HsRXRp) LBD, aninvertebrate USP (CfUSP or DmMUSP) LBD, an invertebrate RXR (LmUSP, AmaRXR1 or AmaRXR2)
LBD, or a chimeric RXR LBD comprising a vertebrate RXR LBD fragment and an invertebrate RXR LBD fragment; and
2) a GAL4 or LexA DNA binding domain (DBD) or a VP16 or B42 acidic activator transactivation domain (AD). The
reporter constructs include a reporter gene, luciferase or LacZ, operably linked to a synthetic promoter construct that
comprises either a GAL4 response element or a LexA response element to which the Gal4 DBD or LexA DBD binds,
respectively. Various combinations of these receptor and reporter constructs were cotransfected into mammalian cells
as described in Examples 2-6 infra.

[0257] Gene Expression Cassettes: Ecdysone receptor-based gene expression cassette pairs (switches) were con-
structed as followed, using standard cloning methods available in the art. The following is brief description of preparation
and composition of each switch used in the Examples described herein.

1.1 - GAL4CfEcR-CDEF/VP16MmRXRo-EF: The C, D, E, and F domains from spruce budworm Choristoneura fumif-
erana EcR ("CfEcR-CDEF"; SEQ ID NO: 59) were fused to a GAL4 DNA binding domain ("Gal4DNABD" or "Gal4DBD";
SEQ ID NO: 47) and placed under the control of an SV40e promoter (SEQ ID NO: 60). The EF domains from mouse
Mus musculus RXRo. ("MmRXRa-EF"; SEQ ID NO: 9) were fused to the transactivation domain from VP16 ("VP16AD";
SEQ ID NO: 51) and placed under the control of an SV40e promoter (SEQ ID NO: 60). Five consensus GAL4 response
element binding sites ("5XGAL4RE"; comprising 5 copies of a GAL4RE comprising SEQ ID NO: 55) were fused to a
synthetic E1b minimal promoter (SEQ ID NO: 61) and placed upstream of the luciferase gene (SEQ ID NO: 62).
1.2-Gal4CfEcR-CDEF/VP16LmUSP-EF: This construct was prepared in the same way as in switch 1.1 above except
MmRXRa-EF was replaced with the EF domains from Locusta migratoria ultraspiracle ("LmUSP-EF"; SEQ ID NO: 21).
1.3 - Gal4CfEcR-CDEF/VP16MmRXRo(1-7)-LmUSP(8-12)-EF: This construct was prepared in the same way as in
switch 1.1 above except MmRXRa-EF was replaced with helices 1 through 7 of MmRXRo-EF and helices 8 through 12
of LmUSP-EF (SEQ ID NO: 45).

1.4 - Gal4CfEcR-CDEF/VP16MmRXRa(1-7)-LmUSP(8-12)-EF-MmRXRa. -F: This construct was prepared in the same
way as in switch 1.1 above except MmRXRo-EF was replaced with helices 1 through 7 of MmMRXRa-EF and helices 8
through 12 of LmUSP-EF (SEQ ID NO: 45), and wherein the last C-terminal 18 nucleotides of SEQ ID NO: 45 (F domain)
were replaced with the F domain of MmRXRa ("MmRXRa-F", SEQ ID NO: 63).

1.5 - Gal4CfEcR-CDEF/VP16MmRXRo(1-12)-EF-LmUSP-F: This construct was prepared in the same way as in switch
1.1 above except MmMRXRo-EF was replaced with helices 1 through 12 of MmMRXRo-EF (SEQ ID NO: 9) and wherein
the last C-terminal 18 nucleotides of SEQ ID NO: 9 (F domain) were replaced with the F domain of LmUSP ("LmUSP-
F", SEQ ID NO: 64).

1.6 - Gal4CfEcR-CDEF/VP16LmUSP(1-12)-EF-MmRXRa-F: This construct was prepared in the same way as in switch
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1.1 above except MmMRXRo-EF was replaced with helices 1 through 12 of LmUSP-EF (SEQ ID NO: 21) and wherein
the last C-terminal 18 nucleotides of SEQ ID NO: 21 (F domain) were replaced with the F domain of MmRXR o ("MmRXRot-
F", SEQ ID NO: 63).

1.7 - GAL4CfECR-DEF/VP16CfUSP-EF: The D, E, and F domains from spruce budworm Choristoneura fumiferana EcR
("CfEcR-DEF"; SEQ ID NO: 65) were fused to a GAL4 DNA binding domain ("Gal4DNABD" or "Gal4DBD"; SEQ ID NO:
47) and placed under the control of an SV40e promoter (SEQ ID NO: 60). The EF domains from C. fumiferana USP
("CfUSP-EF"; SEQ ID NO: 66) were fused to the transactivation domain from VP16 ("VP16AD"; SEQ ID NO: 51) and
placed under the control of an SV40e promoter (SEQ ID NO: 60). Five consensus GAL4 response element binding sites
("5XGAL4RE"; comprising 5 copies of a GAL4RE comprising SEQ ID NO: 55) were fused to a synthetic E1b minimal
promoter (SEQ ID NO: 61) and placed upstream of the luciferase gene (SEQ ID NO: 62).

1.8 - GAL4CfEcR-DEF/VP16DmUSP-EF: This construct was prepared in the same way as in switch 1.7 above except
CfUSP-EF was replaced with the corresponding EF domains from fruit fly Drosophila melanogaster USP ("DmUSP-EF",
SEQ ID NO: 75).

1.9 - Gal4CfEcR-DEF/VP16LmUSP-EF: This construct was prepared in the same way as in switch 1.7 above except
CfUSP-EF was replaced with the EF domains from Locusta migratoria USP ("LmUSP-EF"; SEQ ID NO: 21).

1.10 - GAL4CfEcR-DEF/VP16MmRXRo-EF: This construct was prepared in the same way as in switch 1.7 above except
CfUSP-EF was replaced with the EF domains of M. musculus MmRXRa ("MmRXRa-EF", SEQ ID NO: 9).

1.11 - GAL4CfEcR-DEF/VP16AmaRXR1-EF: This construct was prepared in the same way as in switch 1.7 above
except CfUSP-EF was replaced with the EF domains of tick Amblyomma americanum RXR homolog 1 ("AmaRXR1-
EF", SEQ ID NO: 22).

1.12 - GAL4ACfECcR-DEF/VP16AmaRXR2-EF: This construct was prepared in the same way as in switch 1.7 above
except CfUSP-EF was replaced with the EF domains of tick A. americanum RXR homolog 2 ("AmaRXR2-EF", SEQ ID
NO: 23).

1.13 - Gal4CfEcR-DEF/VP16MmRXRa(1-7)-LmUSP(8-12)-EF ("oChimera#7"): This construct was prepared in the
same way as in switch 1.7 above except CfUSP-EF was replaced with helices 1 through 7 of MmMRXRo-EF and helices
8 through 12 of LmUSP-EF (SEQ ID NO: 45).

1.14 - GAL4DmECR-DEF/VP16CfUSP-EF: The D, E, and F domains from fruit fly Drosophila melanogaster EcR ("DmE-
cR-DEF"; SEQ ID NO: 67) were fused to a GAL4 DNA binding domain ("Gal4DNABD" or "Gal4DBD"; SEQ ID NO: 47)
and placed under the control of an SV40e promoter (SEQ ID NO: 60). The EF domains from C. fumiferana USP ("CfUSP-
EF"; SEQ ID NO: 66) were fused to the transactivation domain from VP16 ("VP16AD"; SEQ ID NO: 51) and placed
under the control of an SV40e promoter (SEQ ID NO: 60). Five consensus GAL4 response element binding sites
("5XGAL4RE"; comprising 5 copies of a GAL4RE comprising SEQ ID NO: 55) were fused to a synthetic E1b minimal
promoter (SEQ ID NO: 61) and placed upstream of the luciferase gene (SEQ ID NO: 62).

1.15 - GAL4DmECR-DEF/VP16DmUSP-EF: This construct was prepared in the same way as in switch 1.14 above
except CfUSP-EF was replaced with the corresponding EF domains from fruit fly Drosophila melanogaster USP
("DmUSP-EF", SEQ ID NO: 75).

1.16 - Gal4DmECcR-DEF/VP16LmUSP-EF: This construct was prepared in the same way as in switch 1.14 above except
CfUSP-EF was replaced with the EF domains from Locusta migratoria USP ("LmUSP-EF"; SEQ ID NO: 21).

1.17 - GAL4DmECR-DEF/VP16MmRXo-EF: This construct was prepared in the same way as in switch 1.14 above
except CfUSP-EF was replaced with the EF domains of Mus musculus MmRXRa ("MmRXRa-EF", SEQ ID NO: 9).
1.18 - GAL4DmECR-DEF/VP16AmaRXR1-EF: This construct was prepared in the same way as in switch 1.14 above
except CfUSP-EF was replaced with the EF domains of ixodid tick Amblyomma americanum RXR homolog 1
("AmaRXR1-EF", SEQ ID NO: 22).

1.19 - GAL4DmECR-DEF/VP16AmaRXR2-EF: This construct was prepared in the same way as in switch 1.14 above
except CfUSP-EF was replaced with the EF domains of ixodid tick A. americanum RXR homolog 2 ("AmaRXR2-EF",
SEQ ID NO: 23).

1.20 - Gal4DmEcR-DEF/VP16MmRXRa(1-7)-LmUSP(8-12)-EF: This construct was prepared in the same way as in
switch 1.14 above except CfUSP-EF was replaced with helices 1 through 7 of MmRXRa-EF and helices 8 through 12
of LmUSP-EF (SEQ ID NO: 45).

1.21 - GAL4TmECR-DEF/VP16MmRXRo(1-7)-LmUSP(8-12)-EF: This construct was prepared in the same way as in
switch 1.20 above except DmEcR-DEF was replaced with the corresponding D, E, and F domains from beetle Tenebrio
molitor EcR ("TmEcR-DEF", SEQ ID NO: 71), fused to a GAL4 DNA binding domain ("Gal4DNABD" or "Gal4DBD"; SEQ
ID NO: 47) and placed under the control of an SV40e promoter (SEQ ID NO: 60). Chimeric EF domains comprising
helices 1 through 7 of MmMRXRo-EF and helices 8 through 12 of LmUSP-EF (SEQ ID NO: 45) were fused to the
transactivation domain from VP16 ("VP16AD"; SEQ ID NO: 51) and placed under the control of an SV40e promoter
(SEQID NO: 60). Five consensus GAL4 response element binding sites ("5XGAL4RE"; comprising 5 copies of a GAL4RE
comprising SEQ ID NO: 55) were fused to a synthetic E1b minimal promoter (SEQ ID NO: 61) and placed upstream of
the luciferase gene (SEQ ID NO: 62).
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1.22 - Gal4AmaEcR-DEF/VP16MmRXRo(1-7)-LmUSP(8-12)-EF: This construct was prepared in the same way as in
switch 1.21 above except TmEcR-DEF was replaced with the corresponding DEF domains of tick Amblyomma ameri-
canum EcR ("AmaEcR-DEF", SEQ ID NO: 73).

1.23 - GAL4CfEcR-CDEF/VP16HsRXRB-EF: The C, D, E, and F domains from spruce budworm Choristoneura fumif-
erana EcR ("CfEcR-CDEF"; SEQ ID NO: 59) were fused to a GAL4 DNA binding domain ("Gal4DNABD" or "Gal4DBD";
SEQ ID NO: 47) and placed under the control of an SV40e promoter (SEQ ID NO: 60). The EF domains from human
Homo sapiens RXRf ("HsRXRB-EF"; SEQ ID NO: 13) were fused to the transactivation domain from VP16 ("VP16AD";
SEQ ID NO: 51) and placed under the control of an SV40e promoter (SEQ ID NO: 60). Five consensus GAL4 response
element binding sites ("5XGAL4RE"; comprising 5 copies of a GAL4RE comprising SEQ ID NO: 55) were fused to a
synthetic E1b minimal promoter (SEQ ID NO: 61) and placed upstream of the luciferase gene (SEQ ID NO: 62).

1.24 - GAL4CfEcR-DEF/VP16HsRXRB-EF: This construct was prepared in the same way as in switch 1.23 above except
CfEcR-CDEF was replaced with the DEF domains of C. fumiferana EcR ("CfEcR-DEF"; SEQ ID NO: 65).
1.25-GAL4CfECR-DEF/VP16HsRXRpB(1-6)-LmUSP(7-12)-EF ("BChimera#6"): This construct was prepared in the same
way as in switch 1.24 above except HsSRXRB-EF was replaced with helices 1 through 6 of HsSRXRB-EF (nucleotides
1-348 of SEQ ID NO: 13) and helices 7 through 12 of LmUSP-EF (nucleotides 268-630 of SEQ ID NO: 21).

1.26 - GALACfECR-DEF/VP16HsRXRB(1-7)-LmUSP(8-12)-EF ("BChimera#8"): This construct was prepared in the same
way as in switch 1.24 above except HsRXRB-EF was replaced with helices 1 through 7 of HsSRXRB-EF (nucleotides
1-408 of SEQ ID NO: 13) and helices 8 through 12 of LmUSP-EF (nucleotides 337-630 of SEQ ID NO: 21).

1.27 - GAL4CfECR-DEF/VP16HsRXRf(1-8)-LmUSP(9-12)-EF ("BChimera#9"): This construct was prepared in the same
way as in switch 1.24 above except HsSRXRB-EF was replaced with helices 1 through 8 of HsSRXRB-EF (nucleotides
1-465 of SEQ ID NO: 13) and helices 9 through 12 of LmUSP-EF (nucleotides 403-630 of SEQ ID NO: 21).

1.28 - GAL4CfECR-DEF/VP16HsRXRB(1-9)-LmUSP(10-12)-EF ("BChimera#10"): This construct was prepared in the
same way as in switch 1.24 above except HsSRXRB-EF was replaced with helices 1 through 9 of HSRXRB-EF (nucleotides
1-555 of SEQ ID NO: 13) and helices 10 through 12 of LmUSP-EF (nucleotides 490-630 of SEQ ID NO: 21).

1.29 - GAI4CfECR-DEF/VP16HsRXRB(1-10)-LmUSP(11-12)-EF ("BChimera#11"): This construct was prepared in the
same way as in switch 1.24 above except HsSRXRB-EF was replaced with helices 1 through 10 of HSRXRB-EF (nucleotides
1-624 of SEQ ID NO: 13) and helices 11 through 12 of LmUSP-EF (nucleotides 547-630 of SEQ ID NO: 21).

1.30 - GAL4DmECR-DEF/VP16HsRXRB(1-6)-LmUSP(7-12)-EF ("BChimera#6"): This construct was prepared in the
same way as in switch 1.25 above except CfEcR-DEF was replaced with DmEcR-DEF (SEQ ID NO: 67).

1.31 - GAL4DmECR-DEF/VP16HsRXRB(1-7)-LmUSP(8-12)-EF ("BChimera#8"): This construct was prepared in the
same way as in switch 1.26 above except CfEcR-DEF was replaced with DmEcR-DEF (SEQ ID NO: 67).

1.32 - GAL4DmMECR-DEF/VP16HsRXRB(1-8)-LmUSP(9-12)-EF ("BChimera#9"): This construct was prepared in the
same way as in switch 1.27 above except CfEcR-DEF was replaced with DmEcR-DEF (SEQ ID NO: 67).

1.33 - GAL4ADmMECR-DEF/VP16HsRXRpB(1-9)-LmUSP(10-12)-EF ("BChimera#10"): This construct was prepared in the
same way as in switch 1.28 above CfEcR-DEF was replaced with DmEcR-DEF (SEQ ID NO: 67).

1.34 - GAL4ADmECR-DEF/VP16HsRXRB(1-10)-LmUSP(11-12)-EF ("BChimera#11"): This construct was prepared in
the same way as in switch 1.29 above except CfEcR-DEF was replaced with DmEcR-DEF (SEQ ID NO: 67).

EXAMPLE 2

[0258] Applicants have recently made the surprising discovery that invertebrate RXRs and their non-Lepidopteran
and non-Dipteran RXR homologs can function similarly to or better than vertebrate RXRs in an ecdysone receptor-based
inducible gene expression modulation system in both yeast and mammalian cells (U.S. provisional application serial
No. 60/294,814). Indeed, Applicants have demonstrated that LmUSP is a better partner for CfECR than mouse RXR in
mammalian cells. Yet for most gene expression system applications, particularly those destined for mammalian cells, it
is desirable to have a vertebrate RXR as a partner. To identify a minimum region of LmUSP required for this improvement,
Applicants have constructed and analyzed vertebrate RXR/invertebrate RXR chimeras (referred to herein interchange-
ably as "chimeric RXR’s" or "RXR chimeras") in an EcR-based inducible gene expression modulation system. Briefly,
gene induction potential (magnitude of induction) and ligand specificity and sensitivity were examined using a non-
steroidal ligand in a dose-dependent induction of reporter gene expression in the transfected NIH3T3 cells and A549 cells.
[0259] In the first set of RXR chimeras, helices 8 to 12 from MmRXRa-EF were replaced with helices 8 to 12 from
LmUSP-EF (switch 1.3 as prepared in Example 1). Three independent clones (RXR chimeras Ch#1, Ch#2, and Ch#3
in Figures 1-3) were picked and compared with the parental MmRXRo-EF and LmUSP-EF switches (switches 1.1 and
1.2, respectively, as prepared in Example 1). The RXR chimera and parent DNAs were transfected into mouse NIH3T3
cells along with Gal4/CfEcR-CDEF and the reporter plasmid pFRLuc. The transfected cells were grown in the presence
of 0, 0.2,1, 5, and 10 nM non-steroidal ligand N-(2-ethyl-3-methoxybenzoyl)-N’-(3,5-dimethylbenzoyl)-N'-tert-butylhy-
drazine (GS-E™ ligand). The cells were harvested at 48 hours post treatment and the reporter activity was assayed.
The numbers on top of bars correspond to the maximum fold activation/induction for that treatment.

31



10

15

20

25

30

35

40

45

50

55

EP 1 572 862 B1

Transfections: DNAs corresponding to the various switch constructs outlined in Example 1, specifically switches 1.1
through 1.6 were transfected into mouse NIH3T3 cells (ATCC) and human A549 cells (ATCC) as follows. Cells were
harvested when they reached 50% confluency and plated in 6-, 12- or 24- well plates at 125,000, 50,000, or 25,000
cells, respectively, in 2.5, 1.0, or 0.5 ml of growth medium containing 10% fetal bovine serum (FBS), respectively. NIH3T3
cells were grown in Dulbecco’s modified Eagle medium (DMEM; LifeTechnologies) and A549 cells were grown in F12K
nutrient mixture (LifeTechnologies). The next day, the cells were rinsed with growth medium and transfected for four
hours. Superfect™ (Qiagen Inc.) was found to be the best transfection reagent for 3T3 cells and A549 cells. For 12- well
plates, 4 pl of Superfect™ was mixed with 100 wl of growth medium. 1.0 n.g of reporter construct and 0.25 pg of each
receptor construct of the receptor pair to be analyzed were added to the transfection mix. A second reporter construct
was added [pTKRL (Promega), 0.1 wg/transfection mix] that comprises a Renilla luciferase gene operably linked and
placed under the control of a thymidine kinase (TK) constitutive promoter and was used for normalization. The contents
of the transfection mix were mixed in a vortex mixer and let stand at room temperature for 30 min. At the end of incubation,
the transfection mix was added to the cells maintained in 400 wl growth medium. The cells were maintained at 37°C
and 5% CO, for four hours. At the end of incubation, 500 pl of growth medium containing 20% FBS and either dimeth-
ylsulfoxide (DMSO; control) or a DMSO solution of 0.2, 1, 5, 10, and 50 pM N-(2-ethyl-3-methoxybenzoyl)N’-(3,5-
dimethylbenzoyl)-N’-tert-butylhydrazine non-steroidal ligand was added and the cells were maintained at 37 °C and 5%
CO, for 48 hours. The cells were harvested and reporter activity was assayed. The same procedure was followed for 6
and 24 well plates as well except all the reagents were doubled for 6 well plates and reduced to half for 24-well plates.
Ligand: The non-steroidal ligand N-(2-ethyl-3-methoxybenzoyl)-N’-(3,5-dimethylbenzoyl)-N’-t-butylhydrazine (GS™-E
non-steroidal ligand) is a synthetic stable ecdysteroid ligand synthesized at Rohm and Haas Company. Ligands were
dissolved in DMSO and the final concentration of DMSO was maintained at 0.1% in both controls and treatments.
Reporter Assays: Cells were harvested 48 hours after adding ligands. 125, 250, or 500 p.l of passive lysis buffer (part
of Dual-luciferase™ reporter assay system from Promega Corporation) were added to each well of 24- or 12- or 6-well
plates respectively. The plates were placed on a rotary shaker for 15 minutes. Twenty pl of lysate were assayed.
Luciferase activity was measured using Dual-luciferase™ reporter assay system from Promega Corporation following
the manufacturer’s instructions. B-Galactosidase was measured using Galacto-Starf assay kit from TROPIX following
the manufacturer’s instructions. All luciferase and B-galactosidase activities were normalized using Renilla luciferase
as a standard. Fold activities were calculated by dividing normalized relative light units ("RLU") in ligand treated cells
with normalized RLU in DMSO treated cells (untreated control).

Results: Surprisingly, all three independent clones of the RXR chimera tested (switch 1.3) were better than either parent-
based switch, MmMRXRo-EF (switch 1.1) and LmUSP-EF (switch 1.2), see Figure 1. In particular, the chimeric RXR
demonstrated increased ligand sensitivity and increased magnitude of induction. Thus, Applicants have made the sur-
prising discovery that a chimeric RXR ligand binding domain may be used in place of a vertebrate RXR or an invertebrate
RXR in an EcR-based inducible gene expression modulation system. This novel EcR/chimeric RXR-based gene ex-
pression system provides an improved system characterized by both increased ligand sensitivity and increased magni-
tude of induction.

[0260] The best two RXR chimeras clones of switch 1.3 ("Ch#1" and "Ch#2" of Figure 2) were compared with the
parent-based switches 1.1 and 1.2 in a repeated experiment ("Chim-1" and "Chim-2" in Figure 2, respectively). In this
experiment, the chimeric RXR-based switch was again more sensitive to non-steroidal ligand than either parent-based
switch (see Figure 2). However, in this experiment, the chimeric RXR-based switch was better than the vertebrate RXR
(MmRXRo-EF)-based switch for magnitude of induction but was similar to the invertebrate RXR (LmUSP-EF)-based
switch.

[0261] The same chimeric RXR- and parent RXR-based switches were also examined in a human lung carcinoma
cell line A549 (ATCC) and similar results were observed (Figure 3).

[0262] Thus, Applicants have demonstrated for the first time that a chimeric RXR ligand binding domain can function
effectively in partnership with an ecdysone receptor in an inducible gene expression system in mammalian cells. Sur-
prisingly, the EcR/chimeric RXR-based inducible gene expression system of the present invention is an improvement
over both the EcR/vertebrate RXR- and EcR/invertebrate RXR-based gene expression modulation systems since less
ligand is required for transactivation and increased levels of transactivation can be achieved.

[0263] Based upon Applicant’s discovery described herein, one of ordinary skill in the art is able to predict that other
chimeric RXR ligand binding domain comprising at least two different species RXR polypeptide fragments from a ver-
tebrate RXR LBD, an invertebrate RXR LBD, or a non-Dipteran and non-Lepidopteran invertebrate RXR homolog will
also function in Applicants’ EcR/chimeric RXR-based inducible gene expression system. Based upon Applicants’ inven-
tion, the means to make additional chimeric RXR LBD embodiments within the scope of the present invention is within
the art and no undue experimentation is necessary. Indeed, one of skill in the art can routinely clone and sequence a
polynucleotide encoding a vertebrate or invertebrate RXR or RXR homolog LBD, and based upon sequence homology
analyses similar to that presented in Figure 4, and determine the corresponding polynucleotide and polypeptide fragments
of that particular species RXR LBD that are encompassed within the scope of the present invention.
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[0264] One of ordinary skill in the art is also able to predict that Applicants’ novel inducible gene expression system
will also work to modulate gene expression in yeast cells. Since the Dipteran RXR homolog/ and Lepidopteran RXR
homolog/EcR-based gene expression systems function constitutively in yeast cells (data not shown), similar to how they
function in mammalian cells, and non-Dipteran and non-Lepidopteran invertebrate RXRs function inducibly in partnership
with an EcRin mammalian cells, the EcR/chimeric RXR-based inducible gene expression modulation system is predicted
to function inducibly in yeast cells, similar to how it functions in mammalian cells. Thus, the EcR/chimeric RXR inducible
gene expression system of the present invention is useful in applications where modulation of gene expression levels
is desired in both yeast and mammalian cells. Furthermore, Applicants’ invention is also contemplated to work in other
cells, including but not limited to bacterial cells, fungal cells, and animal cells.

EXAMPLES 3

[0265] There are six amino acids in the C-terminal end of the LBD that are different between MmRXRo. and LmUSP
(see sequence alignments presented in Figure 4). To verify if these six amino acids contribute to the differences observed
between MmMRXRa and LmUSP transactivation abilities, Applicants constructed RXR chimeras in which the C-terminal
six amino acids, designated herein as the F domain, of one parent RXR were substituted for the F domain of the other
parent RXR Gene switches comprising LmUSP-EF fused to MmRXRo-F (VP 16/LmUSP-EF-MmRXRo-F, switch 1.6),
MmRXRa-EF fused to LmUSP-F (VP16/MmRXRaEF-LmUSP-F, switch 1.5), and MmRXRa-EF(1-7)-LmUSP-EF(8-12)
fused to MmRXRoa-F (Chimera/RXR-F, switch 1.4) were constructed as described in Example 1. These constructs were
transfected in NIH3T3 cells and transactivation potential was assayed in the presence of 0, 0.2, 1, and 10 uM N-(2-
ethyl-3-methoxybenzoyl)N’-(3,5-dimethylbenzoyl)-N'-tert-butylhydrazine non-steroidal ligand. The F-domain chimeras
(gene switches 1.4-1.6) were compared to the MmRXRao-EF(1-7)-LmUSP-EF(8-12) chimeric RXR LBD of gene switch
1.3. Plasmid pFRLUC (Stratagene) encoding a luciferase polypeptide was used as a reporter gene construct and pTKRL
(Promega) encoding a Renilla luciferase polypeptide under the control of the constitutive TK promoter was used to
normalize the transfections as described above. The cells were harvested, lysed and luciferase reporter activity was
measured in the cell lysates. Total fly luciferase relative light units are presented. The number on the top of each bar is
the maximum fold induction for that treatment. The analysis was performed in triplicate and mean luciferase counts [total
relative light units (RLU)] were determined as described above.

[0266] As shown in Figure 5, the six amino acids in the C-terminal end of the LBD (F domain) do not appear to account
for the differences observed between vertebrate RXR and invertebrate RXR transactivation abilities, suggesting that
helices 8-12 of the EF domain are most likely responsible for these differences between vertebrate and invertebrate RXRs.

EXAMPLE 4

[0267] This Example describes the construction of four ECR-DEF-based gene switches comprising the DEF domains
from Choristoneura fumiferana (Lepidoptera), Drosophila melanogaster (Diptera), Tenebrio molitor (Coleoptera), and
Amblyomma americanum (Ixodidae) fused to a GAL4 DNA binding domain. In addition, the EF domains of vertebrate
RXRs, invertebrate RXRs, or invertebrate USPs from Choristoneura fumiferana USP, Drosophila melanogaster USP,
Locusta migratoria USP (Orthoptera), Mus musculus RXRa. (Vertebrata), a chimera between MmRXRo and LmUSP
(Chimera; of switch 1.13), Amblyomma americanum RXR homolog 1 (Ixodidae), Amblyomma americanumRXR homolog
2 (Ixodidae) were fused to a VP16 activation domain. The receptor combinations were compared for their ability to
transactivate the reporter plasmid pFRLuc in mouse NIH3T3 cells in the presence of 0, 0.2, 1, or 10 wM PonA steroidal
ligand (Sigma Chemical Company) or 0,0.04, 0.2, 1, or 10 uM N-(2-ethyl-3-methoxybenzoyl)N’-(3,5-dimethylbenzoyl)-N’-
tert-butylhydrazine non-steroidal ligand as described above. The cells were harvested, lysed and luciferase reporter
activity was measured in the cell lysates. Total fly luciferase relative light units are presented. The number on the top of
each bar is the maximum fold induction for that treatment. The analysis was performed in triplicate and mean luciferase
counts [total relative light units (RLU)] were determined as described above.

[0268] Figures 6-8 show the results of these analyses. The MmMRXR-LmUSP chimera was the best partner for CfECR
(11,000 fold induction, Figure 6), DmEcR (1759 fold induction, Figure 7). For all other EcRs tested, the RXR chimera
produced higher background levels in the absence of ligand (see Figure 8). The CfEcR/chimeric RXR-based switch
(switch 1.13) was more sensitive to non-steroid than PonA whereas, the DmEcR/chimeric RXR-based switch (switch
1.20) was more sensitive to PonA than non-steroid. Since these two switch formats produce decent levels of induction
and show differential sensitivity to steroids and non-steroids, these may be exploited for applications in which two or
more gene switches are desired.

[0269] Except for CfECR, all other EcRs tested in partnership the chimeric RXR are more sensitive to steroids than to
non-steroids. The TniEcR/chimeric RXR-based switch (switch 1.21; Figure 8) is more sensitive to PonA and less sensitive
to non-steroid and works best when partnered with either MmMRXRao,, AmaRXR1, or AmaRXR2. The AmaEcR/chimeric
RXR-based switch (switch 1.22; Figure 8) is also more sensitive to PonA and less sensitive to non-steroid and works
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best when partnered with either an LmUSP, MmRXR, AmaRXR1 or AmaRXR2-based gene expression cassette. Thus,
TmEcR/ and AmaEcR/chimeric RXR-based gene switches appear to form a group of ecdysone receptors that is different
from lepidopteran and dipteran EcR/chimeric RXR-based gene switches group (CfEcR/chimeric RXR and DmEcR/
chimeric RXR, respectively). As noted above, the differential ligand sensitivities of Applicants’ EcR/chimeric RXR-based
gene switches are advantageous for use in applications in which two or more gene switches are desired.

EXAMPLE 5

[0270] This Example describes Applicants’ further analysis of gene expression cassettes encoding various chimeric
RXR polypeptides comprising a mouse RXRa. isoform polypeptide fragment or a human RXRp isoform polypeptide
fragment and an LmUSP polypeptide fragment in mouse NIH3T3 cells. These RXR chimeras were constructed in an
effort to identify the helix or helices of the EF domain that account for the observed transactivational differences between
vertebrate and invertebrate RXRs. Briefly, five different gene expression cassettes encoding a chimeric RXR ligand
binding domain were constructed as described in Example 1. The five chimeric RXR ligand binding domains encoded
by these gene expression cassettes and the respective vertebrate RXR and invertebrate RXR fragments they comprise
are depicted in Table 1.

Table 1

HsRXRB/LmUSP EF Domain Chimeric RXRs
Chimera Name | HsRXRB-EF Polypeptide Fragment(s) | LmUSP-EF Polypeptide Fragment(s)
B Chimera #6 Helices 1-6 Helices 7-12
B Chimera #8 Helices 1-7 Helices 8-12
B Chimera #9 Helices 1-8 Helices 9-12
B Chimera #10 Helices 1-9 Helices 10-12
B Chimera #11 Helices 1-10 Helices 11-12

[0271] Three individual clones of each chimeric RXR LBD of Table 1 were transfected into mouse NIH3T3 cells along
with either GAL4CfECR-DEF (switches 1.25-1.29 of Example 1; Figures 9 and 10) or GAL4ADmECR-DEF (switches
1.30-1.34 of Example 1; Figure 11) and the reporter plasmid pFRLuc as described above. The transfected cells were
cultured in the presence of either a) 0, 0.2,1, or 10 wM non-steroidal ligand (Figure 9), or b) 0, 0.2, 1, or 10 wM steroid
ligand PonA or 0, 0.4, 0.2, 1, or 10 wM non-steroid ligand (Figures 10 and 11) for 48 hours. The reporter gene activity
was measured and total RLU are shown. The number on top of each bar is the maximum fold induction for that treatment
and is the mean of three replicates.

[0272] As shown in Figure 9, the best results were obtained when an HsRXRBH1-8 and LmUSP H9-12 chimeric RXR
ligand binding domain (of switch 1.27) was used, indicating that helix 9 of LmUSP may be responsible for sensitivity and
magnitude of induction.

[0273] Using CfECR as a partner, chimera 9 demonstrated maximum induction (see Figure 10). Chimeras 6 and 8
also produced good induction and lower background, as a result the fold induction was higher for these two chimeras
when compared to chimera 9. Chimeras 10 and 11 produced lower levels of reporter activity.

[0274] Using DmECcR as a partner, chimera 8 produced the reporter activity (see Figure 11). Chimera 9 also performed
well, whereas chimeras 6, 10 and 11 demonstrated lower levels of reporter activity.

[0275] The selection of a particular chimeric RXR ligand binding domain can also influence the performance EcR in
response to a particular ligand. Specifically, CfECR in combination with chimera 11 responded well to non-steroid but
not to PonA (see Figure 10). Conversely, DmECR in combination with chimera 11 responded well to PonA but not to
non-steroid (see Figure 11).

EXAMPLE 6

[0276] This Example demonstrates the effect of introduction of a second ligand into the host cell comprising an EcR/
chimeric RXR-based inducible gene expression modulation system of the invention. In particular, Applicants have de-
termined the effect of 9-cis-retinoic acid on the transactivation potential of the GAL4CfECR-
DEF/VP16HsRXRp-(1-8)-LmUSP-(9-12)-EF (Bchimera 9; switch 1.27) gene switch along with pFRLuc in NIH 3T3 cells
in the presence of non-steroid (GSE) for 48 hours.

[0277] Briefly, GAL4ACfECR-DEF, pFRLuc and VP16HsRXR(3-(1-8)-LmUSP-(9-12)-EF (chimera #9) were transfected
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into NIH3T3 cells and the transfected cells were treated with 0, 0.04, 0.2, 1, 5 and 25 pM non-steroidal ligand (GSE)
and 0, 1, 5 and 25 M 9-cis-retinoic acid (Sigma Chemical Company). The reporter activity was measured at 48 hours
after adding ligands.

[0278] As shown in Figure 12, the presence of retinoic acid increased the sensitivity of CfECR-DEF to non-steroidal
ligand. At a non-steroid ligand concentration of 0.04 M, there is very little induction in the absence of 9-cis-retinoic acid,
but when 1 wM 9-cis-retinoic acid is added in addition to 0.04 w.M non-steroid, induction is greatly increased.

SEQUENCE LISTING

[0279]
<110> Rohm and Haas Company
Palli, Subba R.

Kapitskaya, Marianna Z.

<120> Chimeric retinoid X receptors and their use in a novel ecdysone receptor-based inducible gene expression
system

<130> A01238

<150> US 60/294,819
<151>2001-05-31

<160> 75

<170> Patentln version 3.1
<210>1

<211>735

<212>DNA

<213> Choristoneura fumiferana

<400> 1
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taccaggacg
cagcaagcgg
actatcctca
atctcgcage
cgagtecgege
tacactcgceg
ttctgeeggt
gtcgtcatet
cggtactacc
tcgtcegtea
caaaactcca
gaggagatct
cccacgaatce
<210>2

<211>1338
<212> DNA

ggtacgagca
acgatgaaaa
cggteccaact
ctgatcaaat
gacgatacga
acaactaccg
gcatgtactc
tttctgaccg
tgaatacgct
tatacggcaa
acatgtgceat
gggatgtgge

tctag

EP 1 572 862 B1

gccttctgat
cgaagagtct
tatecgtggag
tacgctgcett
tgcggcectcea
caaggctggce
tatggcgttg
gccagggttg
ccgcatctat
gatcctctca
ctecectcaag

ggacatgtcg

<213> Drosophila melanogaster

<400> 2

tatgagcagec catctgaaga ggatctcagg cgtataatga gtcaacccga tgagaacgag

agccaaacgg acgtcagctt tcggcatata accgagataa ccatactcac ggtccagttg

gaagatttga
gacactccct
ttcgecgaagg
aaggcttget
gacagtgttc
atggcctacg
gacaacatcc
gagcagccgc
atcctgaacc
atcctctcectg
ctcaagaaca

cacacccaac

36

agaggattac
tcegecagat
gattgccagg
caagtgaggt
tgttcgcgaa
tcatcgagga
attacgcget
aactggtgga
agctgagcgg
agctacgcac
gaaagctgcce

cgcegectat

gcagacgtgg
cacagagatg
gttcgccaag
aatgatgctc
caaccaagcg
tctactgcac
gctcacggcet
agaaatccag
gtecggegegt
gctecggcatg
gcctttecte

cctegagtcece

60

120

180

240

300

360

420

480

540

600

660

720

735

60

120
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attgttgagt
acgttactaa
cacagctcgg
atggccggaa
atgaaggtgg
ccgggecetgg
cgcatttata
ctgctctega
tcactaaage
gccatcecge
gagcgggctg
gactctgceccet
cagccccaac
caacctcagce
cagacgcaac
gtgccecgect
atgggcggaa
gccgttaccg
gttggggtgg
ggtgtagccc

cactcgacga

<210> 3
<211> 960
<212> DNA

ttgctaaagg
aggcctgcectce
actcaatatt
tggctgataa
acaacgtcga
agaaggccca
tactcaaccg
tcctcaccga
tcaaaaaccg
catcggtcca
agcgtatgceg
ccacttecgge
cctecteect
taccacctca
tccagccaca
ccgtaaccgce
gtgcggccat
ctagctecac
gcggcaacgt
tgcattecgca

ctgcatag

<213> Choristoneura fumiferana

<400> 3
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tctaccageg
gtcggaggtg
cttcgegaat
cattgaagac
atacgecgcectt
actagtcgaa
ccactgcggce
gctgcgtacg
caaactgccc
gtcgcacctt
ggcatcggtt
ggcggcagcec
gacccagaac
gctgcaaggt
gattcaacca
acctggttcc
aggacccate
cacatcagcg
cagcatgtat

ccaagagcag

tttacaaaga
atgatgctge
aatagatcat
ctgctgcatt
ctcactgcca
gcgatccaga
gactcaatga
ctgggcaacc
aagttcctceg

cagattaccce

gggggcgceca
gcggcccagce
gattcccage
caactgcaac
cagccacagc
ttgtececgegg
acgccggcaa
gtaccgatgg
gcgaacgccce

cttatcgggg

37

taccccagga
gtatggcacg
atacgcggga
tctgececgeca
ttgtgatctt
gctactacat
gecctegtett
agaacgccga
aggagatctg
aggaggagaa
ttaccgcegg
atcagcctca
accagacaca
cccagctcca
tecttecegt
tcagtacgag
ccaccagcag
gcaacggagt
agacggcgat

gagtggcggt

ggaccagatc
acgctatgac
ttcttacaaa
aatgttcteg
ctcggacegg
cgacacgcta
ctacgcaaag
gatgtgtttc
ggacgttcat
cgagcgtcetce
cattgattgc
gcctcageccce
gccgcagceta
accacagctt
ctcegectccee
caécgaatac
tatcacgget
tggagtcggt
ggccttgatg

taagtcggag

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1338
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cctgagtgeg
aaggagaagg
atgcagtgtg
ctctccgaca
cagcagttcce

gaagatttga

gacactccct
ttecgegaagg
aaggcttgct
gacagtgttc
atggcctacg
gacaacatcc
gagcagccgce
atcctgaacc
atcctcectetg

ctcaagaaca

<210> 4
<211> 969
<212> DNA

tagtacccga
acaaactgcc
aacctccacc
agctgttgga
ttatcgecag

agaggattac

tccgccagat
gattgccagg
caagtgaggt
tgttcgecgaa
tcatcgagga
attacgcgct
aactggtgga
agctgagcegg
agctacgcac

gaaagctgcec

<213> Drosophila melanogaster

<400> 4
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gactcagtgc
tgtcagcacg
tcctgaagea
gacaaaccgg

gctcatctgg

gcagacgtgg

cacagagatg
gttcgccaag
aatgatgctce
caaccaagcg
tctactgeac
gctcacggct
agaaatccag
gtcggegegt
gctecggcatg

gectttecte

gccatgaagc
acgacggtgg
gcaaggattc
cagaaaaaca
taccaggacg

cagcaagcgg

actatcctca
atctcgcagce
cgagtegcge
tacactcgcg
ttctgececggt
gtcgtcatct
cggtactacc
tcgtcegtceca
caaaactcca

gaggagatct

38

ggaaagagaa
acgaccacat
acgaagtggt
tcccecagtt
ggtacgagca

acgatgaaaa

cggtccaact
ctgatcaaat
gacgatacga
acaactaccg
gcatgtactc
tttctgacceg
tgaatacgct
tatacggcaa
acatgtgcat

gggatgtggce

gaaagcacag
gccgcccatt
cccaaggttt
gacagccaac
gccttetgat

cgaagagtct

tatcgtggag
tacgctgett
tgcggcectcea
caaggctggc
tatggcgttg
gccagggttg
ccgcatctat
gatcctctcea
ctccctcaag

ggacatgtcg

60

120
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240
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900
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cggccggaat
cagaaggaga
ttggecctctg
gagccgeecce
gcgcgcaata
taccaggatg
gatgagaacg
acggtccagt
gaggaccaga
cgacgctatg
gattcttaca
caaatgttct
ttcteggacce
atcgacacgce
ttctacgcaa
gagatgtgtt
tgggacgtt
<210>5

<211> 244
<212> PRT

gcgtegtece
aggacaaaat
gtggcggceca
agcatgccac
taccttectt
gctatgagca
agagccaaac
tgattgttga
tcacgttact
accacagctc
aaatggccgg
cgatgaaggt
ggccgggect
tacgcattta
agctgctctc

tctcactaaa

<213> Choristoneura fumiferana

<400> 5
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ggagaaccaa
gaccacttcg
agactttgtt
tattccgcecta
aacgtacaat
gccatctgaa
ggacgtcage
gtttgctaaa
aaaggcctgc
ggactcaata
aatggctgat
ggacaacgtc
ggagaaggcc
tatactcaac
gatcctcacce

gctcaaaaac

tgtgcgatga
ccgagcetctce
aagaaggaga
ctacctgatg
cagttggcceg
gaggatctca
tttcggcata
ggtctaccag
tcgtcggagg
ttcttegega
aacattgaag
gaatacgcgc
caactagtcg
cgccactgcg
gagctgcgta

cgcaaactgc

39

agcggegcega
agcatggcgg
ttcttgacct
aaatattgge
ttatatacaa
ggcgtataat
taaccgagat
cgtttacaaa
tgatgatgct
ataatagatc
acctgctgca
ttctcactge
aagcgatcca
gcgactcaat
cgctgggcaa

ccaagttecct

aaagaaggcc
caatggcagce
tatgacatge
caagtgtcaa
gttaatttgg
gagtcaaccc
aaccatactc
gataccccag
gegtatggea
atatacgecgg
tttetgeege
cattgtgatc
gagctactac
gagcctecgte
ccagaacgcec

cgaggagatce

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960

969
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Thr

Pro

val

Asp

65

Arg

Asn

Tyr

Ala

Ser

145

Arg

Gly

Ser

Leu

Gln

Gln

Phe

Glu

50

Gln

val

Asn

val

Leu

130

Asp

Tyr

Ser

Glu

Lys

Asp

Thr

Arg

35

Phe

Ile

Ala

Gln

Ile

115

Asp

Arg

Tyr

Ala

Leu

195

Leu

Gly

Trp

20

Gln

Ala

Thr

Arg

Ala

100

Glu

Asn

Pro

Leu

Arg

180

Axrg

Lys

Gln

Ile

Lys

Leu

Arg

85

TyY

Asp

Ile

Gly

Asn

165

Ser

Thr

Asn

Glu

Gln

Thr

Gly

Leu
70

Tyr

Thr

Leu

His

Leu

150

Thr

Ser

Leu

Arg
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Gln

Ala

Glu

Leu

55

Lys

Dsp

Arg

Leu

Tyr

135

Glu

Leu

val

Gly

Lys

Pro
Asp
Met
40

Pro
Ala
Ala
Asp
His
120
Ala
Gln
Arg
Ile
Met

200

Leu

40

Ser

Asp

25

Thr

Gly

Cys

Ala

Asn

1058

Phe

Leu

Pro

Ile

Tyr

185

Gln

Pro

Asp

10

Glu

Ile

Phe

Ser

Ser
90

Tyx

Cys

Leu

Gln

Tyr

170

Gly

Asn

Pro

Glu

Asn

Leu

Ala

Ser

75

Asp

Arg

Arg

Thr

Leu

155

Ile

Lys

Ser

Phe

Asp

Glu

Thr

Lys

60

Glu

Ser

Lys

Cys

Ala

140

val

Leu

Ile

Asn

Leu

Leu

Glu

val

45

Ile

val

Val

Ala

Met

125

val

Glu

Asn

Leu

Met

205

Glu

Lys

Ser

30

Gln

Ser

Met

Leu

Gly

110

Tyr

Val

Glu

Gln

Ser
190

Cys

Glu

Arg

15

Asp

Leu

Gln

Met

Phe

95

Met

Ser

Ile

Ile

Leu

175

Ile

Ile

Ile

Ile

Thr

Ile

Pro

Leu

80

Ala

Ala

Met

Phe

Gln

160

Ser

Leu

Ser

Trp
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215

220

Asp Val Ala Asp Met Ser His Thr Gln Pro Pro Pro Ile Leu Glu Ser

<210>6
<211>4

225

Pro Thr Asn Leu

45

<212> PRT

<213> Drosophila melanogaster

<400> 6

Tyr

1

Asp

Ile

Pro

Ala

65

His

Asp

His

Ala

Lys
145

Arg

Glu

Glu

Thr

Ala

50

Cys

Ser

Ser

Phe

Leu

130

Ala

Ile

Gln Pro

Asn Glu
20

Ile Leu
35

Phe Thr

Sexr Ser

Ser Asp

Tyr Lys

100

Cys Arg

115

Leu Thr

Gln Leu

Tyr Ile

Ser

Ser

Thr

Lys

Glu

Ser

85

Met

Gln

Ala

Val

Leu
165

230

Glu

Gln

Val

Ile

val

70

Ile

Ala

Met

Ile

Glu

150

Asn

Glu

Thr

Gln

Pro

55

Met

Phe

Gly

Phe

vVal

135

Ala

Arg

Asp

Asp

Leu

40

Gln

Met

Phe

Met

Serxr

120

Ile

Ile

41

Leu

val

25

Ile

Glu

Leu

Ala

Ala

105

Met

Phe

Gln

Cys

Arg

10

Ser

Val

Asp

Arg

Asn

90

Asp

Lys

Ser

Ser

Gly
170

235

Arg

Phe

Glu

Gln

Met

75

Asn

Asn

val

Asp

Tyx

155

Asp

Ile

Axg

Phe

Ile

60

Ala

Arg

Ile

Asp

Arg

140

Tyxr

Ser

Met

His

Ala

45

Thr

Arg

Ser

Glu

Asn

125

Pro

Ile

Met

Ser

Ile

30

Lys

Leu

Arg

Tyr

Asp

110

val

Gly

Asp

Ser

Gln

15

Thr

Gly

Leu

Tyr

Thr

95

Leu

Glu

Leu

Thr

Leu
175

240

Pro

Glu

Leu

Lys

Asp

80

Arg

Leu

Tyr

Glu

Leu

160

Val
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Phe

Asn

Leu

Ser

225

Glu

Gly

Gln

Gln

Pro

305

Gln

Val

Ala

Pro

Ser

385

Val

Tyr

Gln

Pro

210

val

Arg

Ile

His

Asn

290

Pro

Thr

Ser

Val

Ile

370

Ser

Gly

Ala

Asn

195

Lys

Gln

Ala

Asp

Gln

275

Asp

Gln

Gln

Ala

Ser

355

Thr

Thr

Vval

Lys

180

Ala

Phe

Ser

Glu

Cys

260

Pro

Ser

Leu

Leu

Pro

340

Thr

Pro

Thr

Gly

Leu

Glu

Leu

Arg

245

Asp

Gln

Gln

Gln

Gln

325

Val

Ser

Ala

Ser

Gly
405

Leu

Met

Glu

Leu

230

Met

Ser

Pro

His

Gly

310

Pro

Pro

Ser

Thr

Ala

390

Asn

EP 1 572 862 B1

Ser

cys

Glu

215

Gln

Arg

Ala

Gln

Gln

295

Gln

Gln

Ala

Glu

Thr

375

Val

Val

Ile

Phe

200

Ile

Ile

Ala

Ser

Pro

280

Thr

Leu

Ile

Ser

Tyr

360

Ser

Pro

Serxr

42

Leu
185

Ser

Trp

Thr

Ser

Thr

265

Gln

Gln

Gln

Gln

Val

345

Met

Ser

Met

Met

Thr

Leu

Asp

Gln

val

250

Ser

Pro

Pro

Pro

Pro

330

Thr

Gly

Ile

Gly

Tyr
410

Glu

Lys

Val

Glu

235

Gly

Ala

Gln

Gln

Gln

315

Gln

Ala

Gly

Thr

Asn

395

Ala

Leu

Leu

His

220

Glu

Gly

Ala

Pro

Leu

300

Leu

Pro

Pro

Ser

Ala

380

Gly

Asn

Arg

Lys

205

Ala

Asn

Ala

Ala

Ser

285

Gln

Gln

Gln

Gly

Ala

365

Ala

val

Ala

Thr

190

Asn

Ile

Glu

Ile

Ala

270

Ser

Pro

Pro

Leu

Ser

350

Ala

val

Gly

Gln

Leu

Arg

Pro

Arg

Thr

255

Ala

Leu

Gln

Gln

Leu

335

Leu

Ile

Thr

val

Thr
415

Gly

Lys

Pro

Leu

240

Ala

Ala

Thr

Leu

Leu

320

Pro

Ser

Gly

Ala

Gly

400

Ala
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435

<210>7

<211> 320

<212> PRT

<213> Choristoneura fumiferana

<400>7

440

43

445
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Pro

Lys

val

Glu

Leu

65

Gln

Gln

Ala

Glu

Leu

145

Lys

Asp

Glu

Lys

Asp

Ala

50

Leu

Gln

Pro

Asp

Met

130

Pro

Ala

Ala

Cys

Ala

Asp

35

Ala

Glu

Phe

Ser

Asp

115

Thr

Gly

Cys

Ala

vVal

Gln

20

His

Arg

Thr

Leu

Asp

100

Glu

Ile

Phe

Ser

Ser
180

val

Lys

Met

Ile

Asn

Ile

85

Glu

Asn

Leu

Ala

Ser

165

Asp

Pro

Glu

Pro

His

Arg

70

Ala

Asp

Glu

Thr

Lys

150

Glu

Ser

EP 1 572 862 B1

Glu

Lys

Pro

Glu

55

Gln

Leu

Glu

val

135

Ile

Val

val

Thr Gln Cys

Asp

Ile

40

Val

Lys

Leu

Lys

Ser

120

Gln

Ser

Met

Leu

44

Lys

Met

val

Asn

Ile

Arg

105

Asp

Leu

Gln

Met

Phe
185

10

Leu

Gln

Pro

Ile

Trp

90

Ile

Thr

Ile

Pro

Leu

170

Ala

Ala

Pro

Cys

Arg

Pro
75

Tyr

Thx

Pro

val

Asp

155

Arg

Asn

Met

val

Glu

Phe

60

Gln

Gln

Gln

Phe

Glu

140

Gln

Val

Asn

Lys Arg

Ser Thr
30

Pro Pro
45

Leu Ser

Leu Thr

Asp Gly

Thr Trp

110

Arg Gln
125

Phe Ala

Ile Thr

Ala Arg

Gln Ala
1980

Lys

15

Thr

Pro

Asp

Ala

Tyr

95

Gln

Ile

Lys

Leu

Arg

175

Tyx

Glu

Thr

Pro

Lys

Asn

80

Glu

Gln

Thr

Gly

Leu
160

Tyr

Thr
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Leu

Tyr
225

Glu

Leu

val

Gly

Lys
305

<210>8
<211> 323
<212> PRT

<213> Drosophila melanogaster

<400> 8

Arg

1

Glu

Ser

bhe

His
65

BAsp

His

210

Ala

Gln

Arg

Ile

Met

290

Leu

Pro

Lys

Gln

val

50

Ala

Asn

1985

Phe

Leu

Pro

Ile

Tyr
275

Gln

Pro

Glu

Lys

His

35

Lys

Thr

Tyr

Cys

Leu

Gln

Tyr

260

Gly

Asn

Pro

Cys

Ala

20

Gly

Lys

Ile

Arg

Arg

Thr

Leu

245

Ile

Lys

Ser

Phe

vVal

Gln

Gly

Glu

Pro

Lys

Cys

Ala

230

Val

Leu

Ile

Asn

Leu
310

val

Lys

Asn

Ile

Leu
70
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Ala

Met

215

val

Glu

Asn

Leu

Met

295

Glu

Pro

Glu

Gly

Leu

55

Leu

Gly Met Ala

200

Tyr

vVal

Glu

Gln

Ser

280

Cys

Glu

Glu

Lys

Ser

40

Asp

Pro

45

Ser

Ile

Ile

Leu

265

Ile

Tle

Ile

Asn

Asp

25

Leu

Leu

Asp

Met

Phe

Gln

250

Ser

Leu

Ser

Trp

Gln

10

Lys

Ala

Met

Glu

Tyr

Ala

Ser

235

Arg

Gly

Ser

Leu

Asp
315

Cys

Met

Ser

Thr

Ile
75

Val

Leu

220

Asp

Tyr

Ser

Glu

Lys

300

val

Ala

Thr

Gly

Cys

60

Leu

Ile
205
Asp
Arg
Tyr
Ala
Leu
285

Leu

Ala

Met
Thr
Gly
45

Glu

Ala

Glu

Asn

Pro

Leu

Arg

270

Arg

Lys

Asp

Lys

Ser

30

Gly

Pro

Lys

Asp

Ile

Gly

Asn

255

Ser

Thx

Asn

Met

Arg

15

Pro

Gln

Pro

Cys

Leu

Leu

240

Thr

Ser

Leu

Arg

Ser
320

Axrg

Ser

Asp

Gln

Gln
80
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Ala

Lys

Leu

Val

Ile

145

Glu

Leu

Ala

Ala

Met

225

Phe

Gln

Cys

Leu

Ser

305

Trp

Arg

Leu

Arg

Ser

130

Val

Asp

Arg

Asn

Asp

210

Lys

Ser

Ser

Gly

Thr

290

Leu

Asp

Asn

Ile

Arg

115

Phe

Glu

Gln

Met

Asn

195

Asn

Val

Asp

Tyr

Asp

275

Glu

Lys

Val

Ile

Trp

100

Ile

Arg

Phe

Ile

Ala

180

Arg

Ile

Asp

Tyr

260

Ser

Leu

Leu

Pro
85

TYYr

Met

Ala

Thr

165

Arg

Ser

Glu

Asn

Pro

245

Ile

Met

Arg

Lys

Ser

Gln

Ser

Ile

Lys

150

Leu

Tyr

Asp

val

230

Gly

Asp

Ser

Thr

Asn
310
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Leu

Asp

Gln

Thr

135

Gly

Leu

Tyr

Thr

Leu

215

Glu

Leu

Thr

Leu

Leu

295

Arg

Thr Tyr Asn Gln

Gly

Pro

120

Glu

Leu

Lys

Asp

Arg

200

Leu

Tyr

Glu

Leu

val

280

Gly

Lys

46

Tyr

105

Asp

Ile

Pro

Ala

His

185

Asp

His

Ala

Lys

Arg

265

Phe

Asn

Leu

90

Glu

Glu

Thr

Ala

Cys

170

Ser

Ser

Phe

Leu

Ala

250

Ile

Tyr

Gln

Pro

Gln

Asn

Ile

Phe

155

Ser

Ser

Tyr

Cys

Leu

235

Gln

Tyx

Ala

Asn

Lys
315

Leu

Pro

Glu

Leu

140

Thr

Ser

Asp

Lys

Arg

220

Thr

Leu

Ile

Lys

Ala

300

Phe

Ala

Serxr

Ser

125

Thr

Lys

Glu

Ser

Met

205

Gln

Ala

val

Leu

Leu

285

Glu

Leu

val

Glu

110

Gln

val

Ile

Val

Ile

190

Ala

Met

Ile

Glu

Asn

270

Leu

Met

Glu

Ile

95

Glu

Thr

Gln

Pro

Met

175

Phe

Gly

Phe

val

Ala

255

Arg

Ser

Cys

Glu

Tyr

Asp

Asp

Leu

Gln

160

Met

Phe

Met

Ser

Ile

240

Ile

His

Ile

Phe

Ile
320
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<210>9
<211>714
<212> DNA

<213> Mus musculus

<400> 9

gccaacgagg
actgagacat
accaacatct
atcccacact
aacgagctgce
ctggccaccg
tttgacagag
gagctggget
cctgetgagg
cacaagtacc
cgtteccateg

cccatcgaca

<210> 10
<211>720
<212> DNA

acatgcctgt
acgtggaggc
gtcaagcagc
tttctgagct
tgatcgectce
gcctgcacgt
tgctaacaga
gcctgegage
tggaggegtt
ctgagcagcce
ggctcaagtg

ccttecctecat

<213> Mus musculus

<400> 10

EP 1 572 862 B1

agagaagatt
aaacatgggg
agacaagcag
gcccctagac
cttctcccac
acaccggaac
getggtgtcet
cattgtcctg
gagggagaag
gggcaggttt

cctggagcac

ggagatgctg

ctggaagecceg
ctgaacccca
ctcttecacte
gaccaggtca
cgctccatag
agcgctcaca
aagatgecgtg
ttcaaccctg
gtgtatgcgt
gccaagctgce
ctgttcttcect

gaggcaccac

47

agcttgectgt
gctcaccaaa
ttgtggagtg
tcctgctacg
ctgtgaaaga
gtgctggggt
acatgcagat
actctaaggg
cactagaagc
tgcteccgect
tcaagctcat

atcaagccac

cgagcccaag
tgaccctgtt
ggccaagagg
ggcaggctgg
tgggattcte
gggcgcceatce
ggacaagacg
gctctcaaac
gtactgcaaa
gcctgcactg

cggggacacg

ctag

60
120
180
240
300
360
420
480
540
600
660

714
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gccecctgagg
agtgaccaag
ccagtgacta
aagaggatcc
ggctggaacg
atcctectgg
gccatctttg
aagacagagc
tccaaccctg
tgcaagcaga

gccecteeget

gacaccccceca

<210> 11
<211> 705
<212> DNA

agatgcctgt
gcgttgaggg
acatctgcca
cgcacttcte
agectcctecat
ccacgggtct
atcgggtgcet
ttggctgecet
gagaggtgga
agtaccctga

ccatcggect

ttgacacctt

<213> Mus musculus

<400> 11

agccacgaag
acagaatcct
tgccatgetg
ttctcagatc
ctcattgcet
ggccteccacg
gtccttacag
tgectacggg
gtggagactc
ccggaacagc
ggcttgaaat

agcttecctca

<210>12
<211> 850

acatgccecgt
acggtgacat
cagataagca
tcaccttgga
ccttetececa
tgcacaggag
agttggtgtc
ccategtgcet
ttcgagagaa
caggcaggtt
gcctggaaca

tggagatgtt

EP 1 572 862 B1

ggacaggatc
tcctggggece
ggcagctgac
ctcecctacct
tgcgtectte
tcatgtgcac
gacagagcta
gcgggcaatce
gatccttegg
gcagcagggce

caagtgtctg

cctecatggag

ggagaggatt
gaacgtggag
acttttcacc
ggaccaggtc
ccgecteggtt
cagcgctcac
caagatgaaa
gtttaaccca
ggtttatgcec
tgccaagett
cctettette

ggagacccca

ctggaggcag
accgggggtg
aaacagctgt
ctggacgatc
tcccateggt
agaaactcag
gtgtccaaaa
atcatgttta
gagaaggtgt
cggtttgeca

gagcacctgt

atgcttgagg

ctagaagcceg
aactcaacaa
ctcgttgagt
attctactcce
teccgtecagg
ageceggggag
gacatgcaga
gatgccaagg
accctggagg
ctgctgcecgtce
ttcaagctca

ctgcagatca

48

agcttgetgt
gtggcagcag
tcacactcgt
aggtcatact
ccattgatgt
cccattcege
tgcgtgacat
atccagacgce
acgcctcact
agctgctgtt

tcttcecttcaa

ctccccacca

aacttgctgt
atgaccctgt
gggccaaacg
gggcagggtg
atggcatcect
tcggetecat
tggataagtc
gtttatccaa
cctataccaa
tececectgetet
ttggagacac

cctga

ggagcagaag
cccaaatgac
tgagtgggca
gctgcgggea
ccgagatggce
aggcgtggga
gaggatggac
caagggccte
ggagacctat
acgtcttcct

gctcattggce

gctagcctga

ggaaccaaag
taccaacata
catcccceceac
gaatgaactg
gctggccacyg
cttcgacaga
agagctgggg
ccectetgag
gcagaagtat
gcgctccate

tcccategac

60

120

180

240

300

360

420

480

540

600

660

720

60

120

180

240

300

360

420

480

540

600

660

705
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<212> DNA

<213> Homo sapiens

<400> 12

gccaacgagg
accgagacct
accaacattt
atcccacact
aatgagctgce
ctggeccaccg
tttgacaggg
gagctgggcet
ccggecgagg

cacaagtacc

cgctccatcg
cccattgaca
gggcccatcce
cagcctgage
tgtcactgcet
<210> 13

<211>720
<212> DNA

acatgceggt
acgtggaggce
gccaagcagc
tctcagagct
tcatecgecte
ggctgcacgt
tgectgacgga
gcctgegege
tggaggcgct

cagagcagcc

ggctcaaatg
cctteccttat
tttgtgcceca

cctgtecectyg

<213> Homo sapiens

<400> 13

EP 1 572 862 B1

ggagaggatc
aaacatgggg
cgacaaacag
gcececctggac
cttecteccac
ccaccggaac
gcttgtgtcc
catcgtccte
gagggagaag

gggaaggttc

cctggaacat
ggagatgctg
ccegttetgg

ccecttetcetg

ctggaggctg
ctgaacccca
ctttteacce
gaccaggtca
cgctcecatceg
agcgcecaca
aagatgcggg
tttaaccctg
gtctatgegt

gctaagetcet

ctcttcttct
gaggcgcecgc
ccaccctgcece

cctggectgt

49

agctggcegt
gctecgecgaa
tggtggagtg
tcectgetgeg
ccgtgaagga
gcgecaggggt
acatgcagat
actccaaggg
ccttggagge

tgctcegecet

tcaagetcat
accaaatgac
tggacgccag

ttggactttg

ggagcccaag
cgaccctgtce
ggccaagcegg
ggcaggctgg
cgggatcectc
gggecgccatce

ggacaagacg
gctctcgaac

ctactgcaag

gccggctetg

cggggacaca
ttaggcctge

ctgttecttet

gggcacagcec

60

120

180

240

300

360

420

480

540

600

660

720

780

840

850
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gceccccgagg
agtgaccagg
cctgtgacta
aagaggatcc
ggctggaatg
atcctececttg
gcecatctttg
aagacagagc
tccaacccta
tgcaaacaga
gcecteceggt

gacaccccca

<210> 14
<211> 705
<212> DNA

agatgcctgt
gcgttgaggg
acatctgtca
cacacttttc
aactcctcecat
ccacaggtct
atcgggtgcet
ttggctgccet
gtgaggtgga
agtaccctga
ccattggcect

tcgacacctt

<213> Homo sapiens

<400> 14

ggtcatgaag
acagaatcct
tgtcatgctg
ttctetgace
ctgattgect
ggtttacatg

gttctaactg

tgcctgegag
gtggagactc
ccggaacagce
ggcttgaaat

accttcecctceca

<210> 15
<211> 237
<212> PRT

acatgcectgt
atggtgacat
ctgacaagca
tcaccttgga
ctttctceca
tccaccggag

agctggtttce

ccattgtact
tgecgagagaa
caggcaggtt
gcctggagca

tggagatgtt

EP 1 572 862 B1

ggacaggatc
tcctggggga
ggcagctgac
ctececttgecet
tgcctecettt
tcacgtgcac
gacagagcta
gagggcaatc
ggtcctgcgg
gcagcaggga
taagtgtcta

cctcatggag

ggagaggatt
gaatatggag
gcttttecace
ggaccaggtc
ccgctcagtt
cagtgcccac

caaaatgaaa

ctttaaccca
ggtttatgce
tgccaagcetg
cctcttette

ggagaccccg

ctggaggcag
accgggggta
aaacagctat
ctggatgatc
tcacaccgat
cgcaactcag
gtgtccaaaa
attctgttta
gagaaagtgt
cggtttgcca
gagcatctgt

atgcttgagg

ctagaagctg
aactcgacaa
ctecgttgaat
attttgcttce
tcegtgecagg
agtgctgggg

gacatgcaga

gatgccaagg
acccttgagg
ctgctgegece
ttcaagctca

ctgcagatca

50

agcttgctgt
gcggcagceag
tcacgcttgt
aggtcatatt
ccattgatgt
cccattcage
tgegtgacat
atccagatgce
atgcatcact
agctgctget
ttttcttcaa

ctceccateca

aacttgetgt
atgaccctgt
gggccaagcg

gggcagggtg

atggcatcct
tcggctceat

tggacaagtc

gcctgtccaa
cctacaccaa
tccecagetcet

tcggggacac

cctga

ggaacagaag
cccaaatgac
tgagtgggceg
gctgcgggea
tcgagatgge
aggagtagga
gaggatggac
caagggcctce
ggagacctac
acgtcttect
gctcattggt

actggcctga

tgaaccaaag
taccaacata
tattcccceac
gaatgaattg
tctggccacg
ctttgacaga

ggaactggga

ccecctcetgag
gcagaagtat
gcgttecatt

ccececattgac

60

120

180

240

300

360

420

480

540

600

660

720

60

120

180

240

300

360

420

480

540

600

660

705
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<213> Mus musculus

<400> 15

Ala

1

val

Pro

Lys

Ser

65

Asn

Asp

His

Val

Leu

145

Pro

Asn

Glu

Ser

Gln

50

Glu

Glu

Gly

Ser

Ser

130

Arg

Ala

Glu

Pro

Ser

35

Leu

Leu

Leu

Ile

Ala

115

Lys

Ala

Glu

Asp

Lys

20

Pro

Phe

Pro

Leu

Leu

100

Gly

Met

Ile

Val

Met

Thr

Asn

Thr

Leu

Ile

85

Leu

vVal

Arg

val

Glu
165

Pro

Glu

Asp

Leu

Asp

70

Ala

Ala

Gly

Asp

Leu

150

Ala

EP 1 572 862 B1

Val

Thr

Pro

Val

55

Asp

Ser

Thr

Ala

Met

135

Phe

Leu

Glu

Tyr

Val

40

Glu

Gln

Phe

Gly

Ile

120

Gln

Asn

Arg

51

Lys

val

25

Thr

Trp

val

Ser

Leu

105

Phe

Met

Pro

Glu

Ile

10

Glu

Asn

Ala

Ile

Asp

Asp

Asp

Lys
170

Leu

Ala

Ile

Lys

Leu

75

Arg

Val

Arg

Lys

Ser

155

val

Glu

Asn

Cys

Arg

60

Leu

Ser

His

val

Thr

140

Lys

Tyr

Ala

Met

Gln

45

Ile

Arg

Ile

Arg

Leu

125

Glu

Gly

Ala

Glu

Gly

30

Ala

Pro

Ala

Ala

Asn

110

Thr

Leu

Leu

Ser

Leu
15

Leu

Ala

Gly

val

95

Ser

Glu

Gly

Ser

Leu
175

Ala

Asn

Asp

Phe

Trp

80

Lys

Ala

Leu

Cys

Asn

160

Glu
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Ala Tyr

Leu Leu

Glu His
210

Phe Leu
225

<210> 16
<211> 239
<212> PRT

Cys

Leu

195

Leu

Met

<213> Mus musculus

<400> 16

Ala Pro
1

val Glu

Gly Gly

Ala Asp

50

His Phe

65

Gly Trp

Val Arg

Ser Ala

Glu Leu
130

Glu

Gln

Gly

35

Lys

Ser

Asn

Asp

His

115

vVal

Lys

180

Arg

Phe

Glu

Glu

Lys

20

Ser

Gln

Ser

Glu

Gly

100

Ser

Ser

His

Leu

Phe

Met

Met

Ser

Ser

Leu

Leu

Leu

85

Ile

Ala

Lys

Lys

Pro

Phe

Leu
230

Pro

Asp

Pro

Phe

Pro

70

Leu

Leu

Gly

Met

EP 1 572 862 B1

Tyr Pro Glu Gln
185

Ala Leu Arg Ser
200

Lys Leu Ile Gly
215

Glu Ala Pro His

Val Asp Arg Ile
10

Gln Gly Vval Glu
25

Asn Asp Pro Val
40

Thr Leu Val Glu
55

Leu Asp Asp Gln

Ile Ala Ser Phe
90

Leu Ala Thr Gly
105

Val Gly Ala Ile
120

Arg Asp Met Arg
135

52

Pro

Ile

Asp

Gln
235

Leu

Gly

Thr

Trp

val

75

Ser

Leu

Phe

Met

Gly

Gly

Thr

220

Ala

Glu

Pro

Asn

Ala

60

Ile

His

His

Asp

Asp
140

Arg

Leu

205

Pro

Thr

Ala

Gly

Ile

45

Lys

Leu

Arg

val

Arg

125

Lys

Phe Ala Lys

190

Lys Cys Leu

Ile Asp Thr

Glu

Ala

30

Cys

Arg

Leu

Ser

His

110

Val

Thr

Leu

15

Thr

Gln

Ile

Arg

Ile

95

Arg

Leu

Glu

Ala

Gly

Ala

Pro

Ala

80

Asp

Asn

Thr

Leu
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Gly
145

Ser

Leu

Ala

Cys

Asp
225

<210> 17
<211> 234
<212> PRT

Cys

Asn

Glu

Lys

Leu

210

Thr

Leu

Pro

Thr

Leu

195

Glu

Phe

<213> Mus musculus

<400> 17

Arg

Gly

Tyr

180

Leu

His

Leu

Ala

Glu

165

Cys

Leu

Leu

Met

Ile

150

Val

Lys

Arg

Phe

Glu
230

EP 1 572 862 B1

Ile

Glu

Gln

Leu

Phe

215

Met

Met Phe

Ile Leu

Lys Tyr

185

Pro Ala
200

Phe Lys

Leu Glu

53

Asn

Arg

170

Pro

Leu

Leu

Ala

Pro

155

Glu

Glu

Arg

Ile

Pro
235

Asp

Lys

Gln

Ser

Gly

220

His

Ala

Val

Gln

Ile

205

Asp

Gln

Lys

Tyr

Gly

190

Cly

Thr

Leu

Gly

Ala

175

Arg

Leu

Pro

Ala

Leu

160

Ser

Phe

Lys

Ile
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Ser

Val

Thr

Phe

Thr

65

Leu

Leu

Gly

Met

Ile

145

val

Lys

Arg

Phe

Glu
225

<210> 18

Glu

Asn

Thr

50

Leu

Ile

Leu

Val

Lys

130

val

Glu

Gln

Leu

Phe

210

Met

Glu

Pro

Asp

35

Leu

Glu

Ala

Ala

Gly
115

Asp

Leu

Thr

Lys

Pro

195

Phe

Leu

Asp

Lys

20

Pro

Val

Asp

Ser

Thr

100

Ser

Met

Phe

Leu

Tyr

180

Ala

Lys

Glu

Met

Thr

val

Glu

Gln

Phe

85

Gly

Ile

Gln

Asn

Arg

165

Pro

Leu

Leu

Thr

Pro

Glu

Thr

Trp

val

70

Ser

Leu

Phe

Met

Pro

150

Glu

Glu

Arg

Ile

Pro
230

EP 1 572 862 B1

Val

Ser

Asn

Ala

55

Ile

His

His

Asp

Asp

135

Asp

Lys

Gln

Ser

Gly

215

Leu

Glu

Tyr

Ile

40

Lys

Leu

Arg

Val

Arg
120

Lys

Ala

Val

Pro

Ile

200

Asp

Gln

54

Arg

Gly

25

Cys

Arg

Leu

Ser

His

105

Val

Ser

Lys

Tyr

Gly

185

Gly

Thr

Ile

Ile
10

Asp

Ile

Arg

val

90

Arg

Leu

Glu

Gly

Ala

170

Arg

Leu

Pro

Thr

Leu

Met

Ala

Pro

Ala

75

Ser

Ser

Thr

Leu

Leu

155

Thr

Phe

Lys

Ile

Glu
Asn
Ala
His
60

Gly
val

Ser

Glu

Gly
140
Ser
Leu
Ala

Cys

Asp
220

Ala

Val

Asp

45

Phe

Trp

Gln

Ala

Leu
125

cys

Asn

Glu

Lys

Leu

205

Ser

Glu

Glu

30

Lys

Ser

Asn

Asp

His

110

val

Leu

Pro

Ala

Leu

150

Glu

Phe

Leu

15

Asn

Gln

Asp

Glu

Gly

95

Ser

Ser

Arg

Sexr

Tyr

175

Leu

His

Leu

Ala

Ser

Leu

Leu

Leu
80

Ile

Arg

Lys

Ala

Glu

160

Thr

Leu

Leu

Met
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<211> 237
<212> PRT

<213> Homo sapiens

<400> 18

Ala
1

Val

Pro

Lys

Ser

65

Asn

Asn

Glu

Ser

Gln

50

Glu

Glu

Glu

Pro

Ser

35

Leu

Leu

Leu

Asp

Lys

20

Pro

Phe

Pro

Leu

Met

Thr

Asn

Thr

Leu

Ile
85

Pro

Glu

Asp

Leu

Asp

70

Ala

EP 1 572 862 B1

Val

Thr

Pro

val

55

Asp

Ser

Glu

Tyr

val

40

Glu

Gln

Phe

55

Arg

Val

25

Thr

Trp

Val

Ser

Ile

10

Glu

Asn

Ala

Ile

His
90

Leu

Ala

Ile

Lys

Leu

75

Arg

Glu

Asn

Cys

Arg

60

Leu

Ser

Ala Glu

Met Gly
30

Gln Ala

45

Ile Pro

Arg Ala

Ile 2la

Leu

15

Leu

Ala

His

Gly

Val
95

Ala

Asn

Asp

Phe

Trp
80

Lys
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Asp

His

Val

Leu
145

Pro

Ala

Leu

Glu

Phe
225

<210>19
<211> 239
<212> PRT

Gly

Ser

Ser

130

Arg

Ala

Tyr

Leu

His

210

Leu

Ile

Ala

115

Lys

Ala

Glu

Cys

Leu

195

Leu

Met

<213> Homo sapiens

<400> 19

Leu

100

Gly

Met

Ile

val

Lys

180

Arg

Phe

Glu

Leu

val

Arg

val

Glu

165

Leu

Phe

Met

Ala

Gly

Asp

Leu

150

Ala

Lys

Pro

Phe

Leu
230

EP 1 572 862 B1

Thr

Ala

Met

135

Phe

Leu

Tyr

Ala

Lys

215

Glu

Gly Leu His

Ile

120

Gln

Asn

Arg

Pro

Leu

200

Leu

Ala

56

105

Phe

Met

Pro

Glu

Glu

185

Arg

Ile

Pro

Asp

Asp

Asp

Lys

170

Gln

Ser

Gly

Val

Lys

Ser

155

Val

Pro

Ile

Asp

Gln
235

His

Val

Thr

140

Lys

Tyr

Gly

Gly

Thr

220

Met

Arg

Leu

125

Glu

Gly

Ala

Arg

Leu

205

Pro

Thr

Asn

110

Thr

Leu

Leu

Ser

Phe

190

Lys

Ile

Ser

Glu

Ser

Leu

175

Ala

Cys

Asp

Ala

Leu

Cys

Asn

160

Glu

Lys

Leu

Thr
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Ala

Val

Gly

Ala

His

65

Gly

Val

Ser

Glu

Gly

145

Ser

Leu

Ala

Cys

Asp
225

<210> 20

Pro

Glu

Ser

Asp

50

Phe

Trp

Arg

Ala

Leu

130

Cys

Asn

Glu

Lys

Leu

210

Thr

Glu

Gln

Gly

35

Lys

Ser

Asn

Asp

His

115

val

Leu

Pro

Thr

Leu

195

Glu

Phe

Glu

Lys

20

Ser

Gln

Ser

Glu

Gly

100

Ser

Ser

Arg

Ser

Tyxr

180

Leu

His

Leu

Met

Ser

Ser

Leu

Leu

Leu

85

Ile

Ala

Lys

Ala

Glu

165

Cys

Leu

Leu

Met

Pro

Asp

Pro

Phe

Pro
70

Leu

Leu

Gly

Met

Ile

150

val

Lys

Arg

Phe

Glu
230

EP 1 572 862 B1

Val

Gln

Asn

Thr

55

Leu

Ile

Leu

Val

Arg

135

Ile

Glu

Gln

Leu

Phe

215

Met

Asp Arg Ile

Gly

Asp

40

Leu

Asp

Ala

Ala

Gly

120

Asp

Leu

val

Lys

Pro

200

Phe

Leu

57

val

25

Pro

Val

Asp

Ser

Thr

105

Ala

Met

Phe

Leu

Tyr

185

Ala

Lys

Glu

10

Glu

val

Glu

Gln

Phe

90

Gly

Ile

Arg

Asn

Arg

170

Pro

Leu

Leu

Ala

Leu

Gly

Thr

Trp

Val
75

Serxr

Leu

Phe

Met

Pro

155

Glu

Glu

Arg

Ile

Pro
235

Glu

Pro

Asn

Ala

60

Ile

His

His

Asp

Asp

140

Asp

Lys

Gln

Ser

Gly

220

His

Ala

Gly

Ile

45

Lys

Leu

Arg

val

Arg

125

Lys

Ala

val

Gln

Ile

205

Asp

Gln

Glu

Gly

30

Cys

Arg

Leu

Ser

His

110

Val

Thr

Lys

Tyr

Gly

190

Gly

Thr

Leu

Leu
15

Thr

Gln

Ile

Arg

Ile
95

Arg

Leu

Glu

Gly

Ala

175

Arg

Leu

Pro

Ala

Ala

Gly

Ala

Pro

Ala
80

Asp

Asn

Thr

Leu

Leu

160

Serxr

Phe

Lys

Ile
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EP 1 572 862 B1
<211> 234
<212> PRT
<213> Homo sapiens

<400> 20

Gly His Glu Asp Met Pro Val Glu Arg Ile Leu Glu Ala Glu Leu Ala
1 5 10 15

Val Glu Pro Lys Thr Glu Ser Tyr Gly Asp Met Asn Met Glu Asn Ser
20 25 30

Thr Asn Asp Pro Val Thr Asn Ile Cys His Ala Ala Asp Lys Gln Leu
35 40 45

58
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Phe Thr Leu
50

Thr Leu Glu
65

Leu Ile Ala

Leu Leu Ala

Gly val Gly
115

Met Lys Asp
130

Ile val Leu
145

Val Glu Thr
Lys Gln Lys

Arg Leu Pro
195

Phe Phe Phe
210

Glu Met Leu
225

<210> 21

<211> 635

<212>DNA

<213> Locusta migratoria

<400> 21

val

Asp

Ser

Thr

100

Ser

Met

Phe

Leu

Tyr

180

Ala

Lys

Glu

Glu

Gln

Phe

85

Gly

Ile

Gln

Asn

Arg

165

Pro

Leu

Leu

Thr

Trp

Val

70

Ser

Leu

Phe

Met

Pro

150

Glu

Glu

Arg

Ile

Pro
230

EP 1 572 862 B1

Ala

55

Ile

His

His

Asp

Asp

135

Asp

Lys

Gln

Ser

Gly

215

Leu

Lys Arg Ile

Leu

Arg

Val

Arg

120

Lys

Ala

Val

Pro

Ile

200

Asp

Gln

59

Leu

Ser

His

105

vVal

Ser

Lys

Tyr

Gly

185

Gly

Thr

Ile

Arg

val

90

Arg

Leu

Glu

Gly

Ala

170

Arg

Leu

Pro

Thr

Pro

Ala

75

Ser

Ser

Thr

Leu

Leu

155

Thr

Phe

Lys

Ile

His

60

Gly

val

Serxr

Glu

Gly

140

Ser

Leu

Ala

Cys

Asp
220

Phe

Trp

Gln

Ala

Leu

125

Cys

Asn

Glu

Lys

Leu

205

Thxr

Ser

Asn

Asp

His

110

val

Leu

Pro

Ala

Leu

190

Glu

Phe

Asp

Glu

Gly

95

Ser

Ser

Arg

Ser

Tyr

175

Leu

His

Leu

Leu

Leu

80

Ile

Ala

Lys

Ala

Glu

160

Thr

Leu

Leu

Met
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tgcatacaga
cagaaaacca
ccctacctet

cagcattttc

cagtgcatcg
cagaactggt
gatctgttat
ttctacgtga
aaccaggaag
agtgtttgga
tgatggagat
<210> 22

<211> 687
<212> DNA

catgcctgtt
agtggaatat

ggaggaccag

acatcgatct

aaattctgcce
égcaaagatg
tcttttcaat
aaaagtatat
atttgcaaaa
gcatttgttt

gcttgaatca

<213> Amblyomma americanum

<400> 22

cctcctgaga
gggaccctcet
gaccgacagc
ccecttgagg
ttectecccacce
cagcggcata
bctggtagcaa
gtggtacttt
ggagaaagtg
cgctttgcecca
gaacatctct

atgctggagg

<210> 23
<211> 693
<212> DNA

tgcctectgga
cggaaagcgce
tgcaccagcet
accgcatggt
gttctgttga
gtgctcatgg
agatgcgtga
ttaatcctga
tatctgceccett
agctgctgcet
ttttcttcaa

cccectetga

<213> Amblyomma americanum

EP 1 572 862 B1

gaacgcatac
gagctggtgg
gttctectcec

gtagatgtta

catcaagctg
agagaaatga
ccagaggtga
gecgetttgg
cttttgcecttce
ttetttegee

ccttetgatt

gcgcatactg
acagcagcag
agttcaatgg
gttgctcaag
cgtgcgtgat
ggctggegtt
gatgaagatg
ggccaagggg
ggaagagcac
gcggttgeca
gctcateggg

ccectaa

ttgaagctga
agtgggctaa
tcagagcagg

aagatggcat

gagtcggcac
aaatggataa
ggggtttgaa
aagaatatac
gtctgccttce
ttattggaga

cataa

gaggcagagc
gatccagtga
gccaagcaca
gctggectgga
ggcattgtgce
ggggccatat
gaccgcactg
ctgcggacct
tgceggeage
gctetgegea

gacacgccca

60

aaaacgagtg
acacatcccg
ttggaatgaa

agtacttgecc

aatatttgac
aactgaactt
atccgcecccag
tagaacaaca
tttacgttcce

tgtteccaatt

tgcgggttga
gcagcatctg
tteccacattt
acgagctgct
tcgctacagg
ttgatagggt
agcttggatyg
gcccaagtgg
agtacccaga
gtattggcct

tcgacaactt

gagtgcaaag
cacttcacat
ctgctaattg

actggtctca

agagttttga
ggctgcttge
gaagttgaac
catcccgatg
ataggcctta

gatacgttcec

gtcacagacg
ccaagctgca
tgaagagctt
cattgctgct
tcttgtggtg
tctcactgaa
cctgettgcet
aggccctgag
ccagcctggg
caagtgccte

tcttctttcee

60

120

180

240

300

360

420

480

540

600

635

60

120

180

240

300

360

420

480

540

600

660

687
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<400> 23

tctceggaca
ccgteegttt
gctgcceege

cttceccatceg

gccttttege
gtgcagcggc
gagctggtgg
geegtggtge
cteccgecgaga
ccgggteget
tgecctegage
ctcaacatgc

<210> 24
<211> 801
<212> DNA

tgccactcga
tggcgcagac
cacttcacga

aggatcgcac

accgttctgt
acagcgcaca
ccaagatgcg
tcttcaatcc
aggtgtatgc
tcggcaagcet
atctgttett

tggaggcacc

<213> Celuca pugilator

<400> 24

EP 1 572 862 B1

acgcattctce
ggccgcatcg
gctcgtacag

cgcgcectgetce

ggcggtgege
cggcgcaggce
cgacatgaag
agacgccaag
ggcgctggag
gctgctgegg
cttcaagctce

ggcagacccc

gaagccgaga
ggcegcgacc
tgggcecgge

aaagccggcet

gacggcatcg
gttggcgaca
atggacaaaa
ggtctcegaa
gagcactgcc
ctgcctgect
atcggagaca

tag

61

tgcgegtega
ccgtcaacag
gaattccgca

ggaacgaact

ttctggccac
tcttcgaccg
cggagctcgg
acgccaccag
gtcggcacca
tgecgcageat

ctccecataga

gcagccggcea
catgtgccag
cttcgaagag

gcttattgce

cgggctggtg
cgtactagcc
ctgecctgege
agtagaggcg
cccggaccaa
cgggctcaaa

cagcttectg

60

120

180

240

300

360

420

480

540

600

660

693



10

15

20

25

30

35

40

45

50

55

tcagacatgc
cagcecgetgg
tgtagcttta
gatgtggtga
gccaagcaca
gccgggtgga
ggcatcgtge
ggtgccatat
gacaagacag
ctaaactgcg
tacacacgaa
cctgcactca
ggagacactc

gtcactccecce

<210> 25
<211> 690
<212> DNA

caattgccag
accaaggggt
ctttaccttt
gcaacatatg
tceccacactt
acgagttgct
tggccacagg
ttgatcgtgt
agctgggcetg
tcaatgatgt
ccacttaccc
ggtctatagg
ccectggacag

ccaccagcta

<213> Tenebrio molitor

<400> 25

EP 1 572 862 B1

catacgggag
gaggcttcag
tcatccegte
ccaggcagcet
cacagacctt
tattgectca
gctcgtgatce
cctctetgag
ccttegetcee
ggagatcttg
tgatgaacct
cctgaagtgt
ctacttgatg

g9

gcagagctca
gttccacteg
agtgaagtat
gacagacatc
cccatagagg
ttctcacacc
cacagaagta
ctggtggcca
ategtectgt
cgtgagaagyg
ggacgctttg
cttgagtacc

aagatgctecg

gecgtggatcce
cacctcctga
cctgtgctaa
tggtgcagct
accaagtggt
gtagcatggg
gtgctcacca
agatgaagga
tcaacccaga
tgtatgctge
ccaagttgct
tcttectgtt

tagacaaccc

catagatgag
tagtgaaaag
ccectectgeag
ggtggagtgg
attactcaaa
cgtggaggat
ggctggagtg
gatgaagatt
tgccaaagga
cctggaggag
tctgecgactt
taagctgatt

aaatacaagc

gccgagatge ccctcgacag gataatcgag gcggagaaac ggatagaatg cacacccget

ggtggctctg gtggtgtegyg agagcaacac gacggggtga acaacatctg tcaagccact

62

60

120

180

240

300

360

420

480

540

600

660

720

780

801

60

120
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aacaagcagc
ccgatgtegg
ttctcgecaca
aacaaaacgt
ctggtgaaca
atcatcctct
cgtgagaaaa
ggcaggttceg
tcecgaacacce
gagatgctgg
<210> 26

<211> 681
<212> DNA

tgttccaact
accaggtgct
gatctataca
cggcgcacgce
agatgaaaga
acaaccccac
tttacggegt
ccaaactgct
tctttttett

agtctecggce

<213> Apis mellifera

<400> 26

cattcggaca
gagcaacagg
ctgttccagce
gatcaggtac
cgttccateg
tcggcgcage
aaaatgcgtg
ttcaatcceg
atctacggcg
gcgaaattac
ctgttecttct

gaatcgcgat

<210> 27
<211> 210
<212> PRT

tgccgatcga
gaaattacga
tggtagcatg
ttctgetecag
acgtgaagga
aggccggcegt
aaatgaagat
aggttcgagg
ccectggaggg
ttctacgeet
tcaaaatgat

cagatcctta

<213> Locusta migratoria

<400> 27

EP 1 572 862 B1

ggtgcaatgg
tttattgagg
ggcgcaggat
cgtgggegtg
gatgaagatg
gtgtecgecggce
gctggaagag
tctgegecte
caagctgatc

ggacgcttag

gcgtatectg
gaatgcagtg
ggcgaaacac
ggccggttgg
cggtatcecgtg
gggcacgata
ggacaggaca
actgaaatcce
ttattgcege
gcccgecatce
cggtgacgta

g9

gctaagctca
gcaggatgga
gccatcgtte
ggcaacatct
gacaagacdgg
atcaagtccg
tacaccagga
ccggecctea

ggtgatgttce

gaggccgaga
tcgcacattt
atcccgcatt
aacgagttgce
ctggcgacgg
ttcgaccgtg
gagcttggcect
atccaggaag
gtagcttgge
cgctcgateg

ccgatcgacg

63

tacctcactt
atgaattgct
tagccacggg
acgaccgcgt
agctgggctg
tgcaggaagt
ccacccacce
ggtccatcgg

caatagacac

agagagtcga
gcaacgcecac
ttacctegtt
tgatagcctc
ggatcaccgt
tcectetegga
gtctcagatc
tgaccctget
ccgacgacgce
gattaaagtg

attttctegt

tacctcgttg
catcgececgea
gttgacagtt
cctcteegag
cttgagagcc
ggagatgctg
gaacgagccc
gttgaaatgt

gttcctgatg

atgtaagatg
gaacaaacag
geccactggag
ctttteccac
gcatcggaac
gcttgtcteg
tataatacte
ccgtgagaag
tggaagattce
cctecgagtac

ggagatgtta

180

240

300

360

420

480

540

600

660

690

60

120

180

240

300

360

420

480

540

600

660

681
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Glu

Lys

Leu

Arg

65

val

Lys

Val

val
145

Pro

Ile

Asp

Asp

<210> 28

<211> 228
<212> PRT

Thr

Cys

Leu

50

Ser

His

Val

Thr

Arg

130

Tyr

Gly

Gly

Val

Ser
210

Asp

Lys

Ile

35

val

Arg

Leu

Glu

115

Gly

Ala

Arg

Leu

Pro
195

Met

Ala

20

Pro

Ala

Asp

Asn

Thr
100

Leu,

Leu

Ala

Phe

Lys

180

Ile

Pro

Gly

val

Ser

85

Glu

Gly

Lys

Leu

Ala

165

Cys

Asp

val

Asn

Phe

Trp

Lys

70

Ala

Leu

Cys

Ser

Glu

150

Lys

Leu

Thxr

EP 1 572 862 B1

Glu

Gln

Thr

Asn

55

Asp

His

Val

Leu

Ala

135

Glu

Leu

Glu

Phe

Arg

val

Ser

40

Glu

Gly

Gln

Ala

Arg

120

Gln

Tyr

Leu

Leu
200

64

Ile

Glu

25

Leu

Leu

Ile

Ala

Lys

105

Ser

Glu

Thr

Leu

Leu

185

Met

Leu

10

Tyr

Pro

Leu

Val

Gly

90

Met

vVal

Val

Arg

Arg

170

Phe

Glu

Glu

Glu

Leu

Ile

Leu

75

val

Arg

Ile

Glu

Thr

155

Leu

Phe

Met

Ala

Leu

Glu

Ala

60

Ala

Gly

Glu

Leu

Leu

140

Thr

Pro

Phe

Leu

Glu

val

Asp

45

Ala

Thr

Thr

Met

Phe

125

Leu

His

Ser

Arg

Glu
205

Lys Arg

15

Glu Trp
30

Gln Vval

Phe Ser

Gly Leu

Ile Phe
95

Lys Met
110

Asn Pro

Arg Glu

Pro Asp

Leu Arg
175

Leu Ile
190

Ser Pro

val

Ala

Leu

His

Thr

80

Asp

Asp

Glu

Lys

Glu

160

Ser

Gly

Ser
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<213> Amblyomma americanum

<400> 28

EP 1 572 862 B1

65
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Pro

Glu

Val

Gln

65

Phe

Gly

Ile

Lys

Asn

145

Gly

Asp

Ile

Pro
225

<210> 29

Pro

Ser

Ser

Trp

50

Met

Ser

Leu

Phe

Met

130

Pro

Glu

Gln

Ser

Gly

210

Ser

Glu

Gln

Ser

35

Ala

val

His

Vval

Asp

115

Asp

Glu

Ser

Pro

Ile

195

Asp

Asp

Met

Thr

20

Ile

Lys

Leu

Arg

Val

100

Arg

Arg

Ala

Val

Gly

180

Gly

Thr

Pro

Pro

Gly

Cys

His

Leu

Ser

85

Gln

Val

Thr

Lys

Ser

165

Arg

Leu

Pro

Leu

Thr

Gln

Ile

Lys

70

Val

Arg

Leu

Glu

Gly

150

Ala

Phe

Lys

Ile

EP 1 572 862 B1

Glu

Leu

Ala

Pro

55

Ala

Asp

His

Thr

Leu

135

Leu

Leu

Ala

Cys

Asp
215

Arg Ile Leu

Ser

Ala

40

His

Gly

val

Ser

Glu

120

Gly

Arg

Glu

Lys

Leu

200

Asn

66

Glu

25

Asp

Phe

Trp

Arg

Ala

105

Leu

Cys

Thr

Glu

Leu

185

Glu

Phe

10

Ser

Arg

Glu

Asn

Asp

S0

His

val

Leu

Cys

His

170

Leu

Leu

Glu

Ala

Gln

Glu

Glu

75

Gly

Gly

Ala

Leu

Pro

155

Cys

Leu

Leu

Leu

Ala

Gln

Leu

Leu

60

Leu

Ile

Ala

Lys

Ala

140

Ser

Arg

Arg

Phe

Ser
220

Glu

Gln

His

45

Pro

Leu

Val

Gly

Met

125

Val

Gly

Gln

Leu

Phe

205

Met

Leu

Gln

30

Gln

Leu

Ile

Leu

Val

110

Arg

Val

Gly

Gln

Pro

190

Phe

Leu

Arg Val
15

Asp Pro

Leu Val

Glu Asp

Ala Ala

80

Ala Thr
95

Gly Ala

Glu Met

Leu Phe

Pro Glu

160

Tyr Pro

175

Ala Leu

Lys Leu

Glu Ala
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<211> 230
<212> PRT

<213> Amblyomma americanum

<400> 29

Ser

1

Glu

Asp

val

Asp

65

Ala

Thr

Asp

Met

Phe

145

Leu

Ala

Lys

Pro

Gln

Pro

Gln

50

Arg

Phe

Gly

Ile

Lys

130

Asn

Arg

Pro

Leu

Leu
210

Asp

Pro

vVal
35

Trp

Thr

Ser

Leu

Phe

115

Met

Pro

Glu

Asp

Arg

185

Ile

Met

Ala

20

Asn

Ala

Ala

His

Val

100

Asp

Asp

Asp

Lys

Gln

180

Ser

Gly

Pro

Pro

Ser

Arg

Leu

Arg

85

val

Arg

Lys

Ala

val

165

Pro

Ile

Asp

Leu

Ser

Met

Arg

Leu

70

Ser

Gln

val

Thr

Lys

150

Tyr

Gly

Gly

Thr

EP 1 572 862 B1

Glu

val

Cys

Ile

55

Lys

val

Arg

Leu

Glu

135

Gly

Ala

Arg

Leu

Pro
215

Arg

Leu

Gln

40

Pro

Ala

Ala

Ala

120

Leu

Leu

Ala

Phe

Lys

200

Ile

67

Ile

Ala

25

Ala

His

Gly

Val

Ser

105

Glu

Gly

Arg

Leu

Gly

185

Cys

Asp

Leu

10

Gln

Ala

Phe

Trp

Arg

90

Ala

Leu

Cys

Asn

Glu

170

Lys

Leu

Ser

Glu

Thr

Pro

Glu

Asn

75

Asp

His

val

Leu

Ala

155

Glu

Leu

Glu

Phe

Ala

Ala

Pro

Glu

60

Glu

Gly

Gly

Ala

Arg

140

Thr

His

Leu

His

Leu
220

Glu

Ala

Leu

45

Leu

Leu

Ile

Ala

Lys

125

Ala

Arg

Cys

Leu

Leu

205

Leu

Met

Ser

30

Pro

Leu

Val

Gly

110

Met

Val

val

Arg

Arg

190

Phe

Asn

Arg

15

Gly

Glu

Ile

Ile

Leu

95

val

Arg

val

Glu

Arg

175

Leu

Phe

Met

Vval

Arg

Leu

Glu

Ala

80

Ala

Gly

Asp

Leu

Ala

160

Pro

Phe

Leu
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<210> 30
<211> 266
<212> PRT

<213> Celuca pugilator

<400> 30

Ser

Pro

Leu

Pro

Asn

65

Ala

val

His

val

Asp

145

Asp

Asp

Asp

Ile

Ala

val

50

Ile

Lys

Leu

Arg

Ile

130

Arg

Lys

Ala

Met

Asp

Pro

35

Ser

Cys

His

Leu

Ser

115

Val

Thr

Lys

Pro

Glu

20

Pro

Glu

Gln

Ile

Lys

100

Met

Arg

Leu

Glu

Gly
180

Ile

Gln

Asp

val

Ala

Pro

85

Ala

Gly

Ser

Ser

Leu

165

Leu

Glu Ala Pro Ala Asp Pro

225

Ala

Pro

Ser

Ser

Ala

70

Gly

val

Ser

Glu

150

Gly

Asn

EP 1 572 862 B1

Ser

Leu

Glu

Cys

55

Asp

Phe

Trp

Glu

Ala

135

Leu

Cys

Cys

Ile

Asp

Lys

40

Ala

Arg

Thr

Asn

Asp

120

His

Val

Lieu

Val

68

Arg

Gln

25

Cys

Asn

His

Asp

Glu

105

Gly

Gln

Ala

Arg

Asn
185

Glu

10

Gly

Ser

Pro

Leu

Leu

90

Leu

Ile

Ala

Lys

Ser

170

Asp

230

Ala

val

Phe

Leu

vVal

75

Pro

Leu

Val

Gly

Met

155

Ile

Val

Glu

Arg

Thr

Gln

60

Gln

Ile

Ile

Leu

Val

140

Lys

Val

Glu

Leu

Leu

Leu

45

Asp

Leu

Glu

Ala

Ala

125

Gly

Glu

Leu

Ile

Ser

Gln

30

Pro

Val

val

Asp

Ser

110

Thr

Ala

Met

Phe

Leu
190

Val

15

val

Phe

Val

Glu

Gln

95

Phe

Gly

Ile

Lys

Asn

175

Arg

Asp

Pro

Ser

Trp

80

vVal

Ser

Leu

Phe

Ile

160

Pro

Glu
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Lys Val Tyr
195

Glu Pro Gly
210

Ser Ile Gly
225

Gly Asp Thr

Pro Asn Thr

<210> 31

<211> 229

<212> PRT

<213> Tenebrio molitor

<400> 31

Ala Ala

Arg Phe

Leu Lys

Pro Leu

245

Ser Vval
260

Leu

Ala

Cys

230

Asp

Thr

EP 1 572 862 B1

Glu

Lys

215

Leu

Ser

Pro

Glu

200

Leu

Glu

Tyr

Pro

69

Tyr

Leu

Tyr

Leu

Thr
265

Thr

Leu

Leu

Met

250

Ser

Arg

Arg

Phe

235

Lys

Thr

Leu

220

Leu

Met

Thr Tyr

205

Pro Ala

Phe Lys

Leu Val

Pro

Leu

Leu

Asp
255

Asp

Arg

Ile

240

Asn
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Ala

Cys

vVal

Gln

Gln

65

Phe

Gly

Ile

Lys

Asn

145

Arg

Pro

Leu

Leu

Ser
225

<210> 32

Glu

Thr

Asn

Trp

50

val

Ser

Leu

Tyr

Met

130

Pro

Glu

Asn

Arg

Ile

210

Pro

Met

Pro

Asn

35

Ala

Leu

His

Thr

Asp

115

Asp

Thr

Lys

Glu

Ser

195

Gly

Ala

Pro

Ala

20

Ile

Lys

Leu

Arg

val

100

Arg

Lys

Cys

Ile

Pro

i80

Ile

Asp

Asp

Leu
Gly
Cys
Leu
Leu
Ser
85

Asn
val
Thr
Arg
Tyr
165
Gly
Gly

Val

Ala

Asp

Gly

Gln

Ile

Arg

70

Ile

Lys

Leu

Glu

Gly

150

Gly

Arg

Leu

Pro

EP 1 572 862 B1

Arg

Ser

Ala

Pro

55

Ala

Gln

Thr

Ser

Leu
135

Ile

val

Phe

Lys

Ile
215

Ile

Gly

Thr

40

Gly

Ala

Ser

Glu

120

Gly

Lys

Leu

Ala

Cys

200

Asp

70

Ile

Gly

25

Asn

Phe

TIp

Gln

Ala

105

Leu

Cys

Ser

Glu

Lys

185

Ser

Thr

Glu

10

val

Lys

Thr

Asn

Asp

90

His

Val

Leu

val

Glu

170

Leu

Glu

Phe

Ala

Gly

Gln

Ser

Glu

75

Ala

Ala

Asn

Arg

Gln
155

Tyr

Leu

His

Leu

Glu

Glu

Leu

Leu

60

Leu

Ile

val

Lys

Ala
140

Glu

Thr

Leu

Leu

Met
220

Lys

Gln

Phe

45

Pro

Leu

val

Gly

Met

125

Ile

val

Arg

Phe
205

Glu

Arg

His

30

Gln

Met

Ile

Leu

val

110

Lys

Ile

Glu

Thr

Leu

190

Phe

Met

Ile

15

Asp

Leu

Ser

Ala

Ala

95

Gly

Glu

Leu

Met

Thr

175

Pro

Phe

Leu

Glu

Gly

vVal

Asp

Ala

80

Thr

Asn

Met

Tyxr

Leu

160

His

Ala

Lys

Glu
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<211> 226
<212> PRT

<213> Apis mellifera

<400> 32

His

Glu

Ile

Lys

Leu

65

Val

Ser

Cys

Cys

His

50

Leu

Serxr

His

Asp

Lys

‘Asn

35

Ile

Arg

Ile

Arg

Met

Met

20

Ala

Pro

Ala

Asp

Asn
100

Pro

Glu

Thr

His

Gly

Val

85

Ser

Ile

Gln

Asn

Phe

Trp

70

Lys

Ala

EP 1 572 862 B1

Glu

Gln

Lys

Thr

55

Asn

Asp

Gln

Arg

Gly

Gln

40

Ser

Glu

Gly

Gln

71

Ile

Asn

25

Leu

Leu

Leu

Ile

Ala
105

Leu
10

Tyr

Phe

Pro

Leu

Val

90

Gly

Glu

Glu

Gln

Leu

Ile

75

Leu

Val

Ala

Asn

Leu

Glu

€0

Ala

Ala

Gly

Glu

Ala

val

45

Asp

Ser

Thr

Thr

Lys

vVal

30

Ala

Gln

Phe

Gly

Ile
110

Arg
15

Ser

Trp

val

Ser

Ile

- 95

Phe

Val

His

Ala

Leu

His

80

Thr

Asp
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Arg

Val

Thr

Leu Ser

115

Glu Leu

130

val

145

Ile

Ala

Ile

Asp

Arg

Tyr

Gly

Gly

val

Gly Leu

Gly Ala

Glu

Gly

Lys

Leu

EP 1 572 862 B1

Leu Val

Leu
135

Cys

Ser Ile

150

Glu Gly

165

Phe
180

Arg

Leu
195

Lys

Pro Ile

210

Asp
225

<210> 33
<211> 516
<212> DNA

Pro

<213> Locusta migratoria

<400> 33

atccctacct
tgcagcattt
cacagtgcat
gacagaactg
gcgatetgtt
acttctacgt
tgaaccagga
taagtgtttg

ctgatggaga

<210> 34
<211> 528
<212> DNA

ctggaggacc
tcacategat
cgaaattctg
gtagcaaaga
attcttttea
gaaaaagtat
agatttgcaa
gagcatttgt

tgcttgaatce

Ala

Cys

Asp

Lys Leu

Glu

Leu

Phe
215

Asp

aggttctcct
ctgtagatgt
cccatcaagc
tgagagaaat
atccagaggt
atgcecgettt
aacttttgct
tttetttege

accttctgat

Ser Lys Met Glu

120

Arg

Ile Ile Leu

140

Arg Ser

Gln Glu Val Thr

155

Leu

Tyr Cys Arg Val Ala

170

Leu Leu Pro

185

Leu Arg

Leu Phe Phe Phe

Tyr
200

vVal Glu Met Leu

220

Leu

cctcagagca ggttggaatg
taaagatggc atagtacttg
tggagtcggc acaatatttg
gaaaatggat aaaactgaac
gaggggtttg aaatccgccce
ggaagaatat actagaacaa
tcgtctgeet tetttacgtt
cttattggag atgttccaat

tcataa

72

Met
125

Phe

Leu

Txp

Ala

Lys

205

Glu

Lys Met Asp

Asn Pro Glu

Arg Glu Lys

160

Pro Asp

175

Asp

Ile
190

Arg Ser

Met Ile Gly

Ser Arg Ser

aactgctaat
ccactggtcet
acagagtttt
ttggctgctt
aggaagttga
cacatccega
ccataggcct

tgatacgttc

60

120

180

240

300

360

420

480

516
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<213> Amblyomma americanum

<400> 34

attccacatt
aacgagctgc
ctcgctacag
tttgataggg
gagcttggat
tgcccaagtg
cagtacccag
agtattggcce

atcgacaact

<210> 35
<211> 531
<212> DNA

ttgaagagct
tcattgctgce
gtcttgtggt
ttctcactga
gcctgettge
gaggccctga
accagcctgg
tcaagtgcct

ttcttettte

<213> Amblyomma americanum

<400> 35

attccgcact
aacgaactgc
ctggeccaccyg
ttcgaccgeg
gagctcggct
gccaccagag
cggcaccacc
cgcagcatcg

cccatagaca

<210> 36
<211> 552
<212> DNA

tcgaagagct
ttattgececge
ggctggtggt
tactagccga
gcctgecgege
tagaggeget
cggaccaacc
ggctcaaatg

gcttecctget

<213> Celuca pugilator

<400> 36

EP 1 572 862 B1

tccecttgag
tttcteccac
gcagcggcat
actggtagca
tgtggtactt
gggagaaagt
gegetttgec
cgaacatctc

catgctggag

tcccatcgag
cttttegeac
gcagcggcac
gctggtggec
cgtggtgcetce
ccgcgagaag
gggtcgctte
cctecgageat

caacatgctg

gaccgcatgg
cgttctgttg
agtgctcatg
aagatgcgtg
tttaatecctg
gtatctgect
aagctgctgc
tttttetteca

gccecectetg

gatcgcaccg
cgttctgtgg
agcgcacacg
aagatgcgeg
ttcaatccag
gtgtatgegg
ggcaagctgce
ctgttcttct

gaggcaccgg

73

tgttgctcaa
acgtgcgtga
gggctggegt
agatgaagat
aggccaaggg
tggaagagca
tgcggttgece
agctcatcegg

acccctaa

cgctgctcaa
cggtgegega
gcgcaggegt
acatgaagat
acgccaaggg
cgctggagga
tgectgegget
tcaagctcat

cagaccccta

ggctggetgg
tggcattgtg
tggggccata
ggaccgcact
gctgecggacce
ctgececggeag
agctetgege

ggacacgccc

agccggcetgg
cggcatcgtt
tggcgacate
ggacaaaacg
tctececgaaac
gcactgccgt
gcctgecttg

cggagacact

=

60

120

180

240

300

360

420

480

528

60

120

180

240

300

360

420

480

531
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atcccacact
aacgagttge
ctggccacag
tttgategtg

gagctgggct

gtcaatgatg
accacttacc
aggtctatag
cccctggaca

cccaccagct

<210> 37
<211> 531
<212> DNA

tcacagacct
ttattgecte
ggctegtgat
tcctetetga

geccttegetce

tggagatctt
ctgatgaacc
gcctgaagtg
gctacttgat

ag

<213> Tenebrio molitor

<400> 37

atacctcact
aatgaattgce
ctagccacgg
tacgaccgcg
gagctgggcet
gtgcaggaag
accacccacc
aggtccatcg

ccaatagaca

<210> 38
<211> 531
<212> DNA

ttacctegtt
tcatcgceege
ggttgacagt
tectecteega
gcttgagagc
tggagatgct
cgaacgagcce
ggttgaaatg

cgttcctgat

<213> Apis mellifera

<400> 38

EP 1 572 862 B1

tccecatagag
attctcacac
ccacagaagt
gctggtggec

catcgtcctg

gcgtgagaag
tggacgcttt
tcttgagtac

gaagatgctc

gccgatgtceg
attctcgcac
taacaaaacg
gctggtgaac
catcatcctc
gcgtgagaaa
cggcaggtte

ttcegaacac

ggagatgctg

gaccaagtgg
cgtagcatgg
agtgctcacc
aagatgaagg

ttcaacccag

gtgtatgctg
gccaagttgce
ctcttectgt

gtagacaacc

gaccaggtgc
agatctétac
tecggegecacyg
aagatgaaag
tacaacccca
atttacggcg
gccaaactgce
ctetttttet

gagtctecgg

74

tattactcaa
gcgtggagga
aggctggagt
agatgaagat

atgccaaagg

ccctggagga
ttectgegact
ttaagctgat

caaatacaag

ttttattgag
aggcgcagga
cecgtgggegt
agatgaagat
cgtgtegegg
tgctggaaga
ttctgegect
tcaagctgat

cggacgctta

agccgggtgg
tggcatcgtg
gggtgccata
tgacaagaca

actaaactgc

gtacacacga
tcectgceactc
tggagacact

cgtcactccc

ggcaggatgg

tgccategtt
gggcaacatc
ggacaagacg
catcaagtcc
gtacaccagg
cceggeccte
cggtgatgtt

g

60

120

180

240

300

360

420

480

540

552

60

120

180

240

300

360

420

480

531
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atcccgceatt
aacgagttgc
ctggcgacgg
ttcgacecgtg
gagcttggcet
atccaggaag
gtagcttggce
cgctcga;cg

ccgatcgacg

<210> 39
<211>176
<212> PRT

ttacctegtt
tgatagcctc
ggatcaccgt
tcectetegga
gtctcagatc
tgaccctgcet
ccgacgacgc
gattaaagtg

attttctegt

<213> Locusta migratoria

<400> 39

EP 1 572 862 B1

gccactggag
cttttcccac
gcatcggaac
gcttgteteg
tataatactc
ccgtgagaag
tggaagattc
cctcegagtac

ggagatgtta

gatcaggtac
cgttccateg
tcggecgcagce
aaaatgcgtg
ttcaatcceg
atctacggceg
gcgaaattac
ctgttcttct

gaatcgcgat

75

ttectgectcag
acgtgaagga
aggccggegt
aaatgaagat
aggttcgagg
ccctggaggg
ttctacgecet
tcaaaatgat

cagatcctta

ggccggttgyg
cggtatcgtg
gggcacgata
ggacaggaca
actgaaatcc
ttattgeccege
gccecgccatc
cggtgacgta

g

60

120

i80

240

300

360

420

480

531
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15

20

25

30

35

40

45

50

55

Ile

Arg

Val

Leu
65

Glu

Gly

Ala

Leu
145

Pro

<210> 40
<211> 175
<212> PRT

<213> Amblyomma americanum

<400> 40

Pro

Ala

Asp

Asn

50

Thr

Leu

Leu

Ala

Phe

130

Lys

Ile

His

Gly

vVal

35

Ser

Glu

Gly

Lys

Leu

115

Ala

Cys

Asp

Phe

Trp

20

Lys

Ala

Leu

Cys

Ser

100

Glu

Lys

Leu

Thr

Thr

Asn

Asp

His

val

Leu

85

Ala

Glu

Leu

Glu

Phe
165

Ser

Glu

Gly

Gln

Ala

70

Arg

Gln

Tyr

Leu

His

150

Leu

EP 1 572 862 B1

Leu

Leu

Ile

Ala

55

Lys

Ser

Glu

Thr

Leu

135

Leu

Met

Pro Leu Glu

Leu

val

40

Gly

Met

val

val

Arg

120

Arg

Phe

Glu

Ile

25

Leu

val

Arg

Ile

Glu

105

Thr

Leu

Phe

Met

10

Ala

Ala

Gly

Glu

Leu

90

Leu

Thr

Pro

Phe

Leu
170

Asp

Ala

Thr

Thr

Met

75

Phe

Leu

Ser

Arg
155

Glu

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Leu

140

Leu

Ser

val Leu

Ser His
30

Leu Thr
45

Phe Asp

Met Asp

Pro Glu

Glu Lys

110

Asp Glu

125

Arg Ser

Ile Gly

Pro Ser

Leu
15

Arg

val

Lys

val

95

val

Pro

Ile

Asp

Asp
175

Leu

Ser

Val

Thr

80

Arg

Tyr

Gly

Gly

val

160

Ser

Ile Pro His Phe Glu Glu Leu Pro Leu Glu Asp Arg Met Val Leu Leu

1

5

76

10

15
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15

20

25

30

35
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45
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55

Lys

Val

Leu
65

Glu

Gly

Ala

Phe

Lys
145

Ile

<210> 41
<211>176
<212> PRT

<213> Amblyomma

<400> 41

Ile
1

Lys

Val

Ala

Asp

Thr

Leu

Leu

Leu

Ala

130

Cys

Asp

Pro

Ala

Ala

Gly

Val

35

Ser

Glu

Gly

Arg

Glu

115

Lys

Leu

Asn

americanum

Trp

20

Arg

Ala

Leu

Cys

Thr

100

Glu

Leu

Glu

Phe

Asn

Asp

His

val

Leu
85

Cys

His

Leu

His

Leu
165

Glu

Gly

Gly

Ala

70

Leu

Pro

Cys

Leu

Leu

150

Leu

EP 1 572 862 B1

Leu

Ile

Ala

55

Lys

Ala

Ser

Arg

Arg

135

Phe

Ser

His Phe Glu Glu Leu

5

Gly Trp Asn Glu Leu

20

Leu Ile Ala

val

40

Gly

Met

Val

Gly

Gln

120

Leu

Phe

Met

Pro

Leu

Val Arg Asp Gly Ile Val

35

40

77

25

Leu

val

Arg

Val

Gly

105

Gln

Pro

Phe

Leu

Ile

Ile
25

Leu

Ala

Gly

Glu

Leu

90

Pro

Tyr

Ala

Lys

Glu
170

Ala

Thr

Ala

Met

75

Phe

Glu

Pro

Leu

Leu

155

Ala

Phe

Gly

Ile

60

Lys

Asn

Gly

Asp

Arg

140

Ile

Pro

Glu Asp Arg

10

Ala Ala Phe

Ser

Leu

45

Phe

Met

Pro

Glu

Gln

125

Ser

Gly

Ser

Thr

Ser

His

30

Val

Asp

Asp

Glu

Ser

110

Pro

Ile

Asp

Asp

Ala

Arg

vVal

Arg

Arg

Ala

95

Val

Gly

Gly

Thr

Pro
175

Leu
15

Ser

Gln

val

Thr

80

Lys

Ser

Arg

Leu

Pro
160

Leu

His Arg Ser

30

Ala Thr Gly Leu Val Val Gln

45



10

15

20

25
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35

40

45

50

55

Arg

Leu
65

Glu

Gly

Ala

Arg

Leu
145

Pro

<210> 42
<211> 183
<212> PRT

His

50

Ala

Leu

Leu

Ala

Phe

130

Lys

Ile

Ser

Glu

Gly

Arg

Leu

115

Gly

Cys

Asp

<213> Celuca pugilator

<400> 42

Ala

Leu

Cys

Asn

100

Glu

Lys

Leu

Ser

His

val

Leu

85

Ala

Glu

Leu

Glu

Phe
165

Gly

Ala

70

Arg

Thr

His

Leu

His

150

Leu

EP 1 572 862 B1

Ala

55

Lys

Ala

Arg

Cys

Leu

135

Leu

Leu

Gly val Gly Asp

Met

val

val

Arg

120

Arg

Phe

Asn

78

Arg

Val

Glu

105

Leu

Phe

Met

Asp

Leu

90

Ala

His

Pro

Phe

Leu
170

Met

75

Phe

Leu

His

Ala

Lys

155

Glu

Ile

60

Lys

Asn

Arg

Pro

Leu

140

Leu

Ala

Phe

Met

Pro

Glu

Asp

125

Ile

Pro

Asp

Asp

Asp

Lys

110

Gln

Ser

Gly

Ala

Arg

Lys

Ala

95

val

Pro

Ile

Asp

Asp
175

val

Thr

80

Lys

Tyr

Gly

Gly

Thr

160

Pro
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15

20

25

30

35

40

45

50

55

Ile Pro His

Lys Ala Gly

Met Gly val
35

Arg Ser Ser
50

Leu Ser Glu
65

Glu Leu Gly

Gly Leu Asn

Ala Ala Leu
115

Arg Phe Ala
130

Leu Lys Cys
145

Pro Leu Asp

Ser Val Thr

<210> 43

<211> 176

<212> PRT

<213> Tenebrio molitor

<400> 43

Phe

Trp

20

Glu

Ala

Leu

Cys

Cys

100

Glu

Lys

Leu

Ser

Pro
180

Thr

Asn

Asp

His

Val

Leu

85

val

Glu

Leu

Glu

Tyr
165

Pro

Asp

Glu

Gly

Gln

Ala

70

Arg

Asn

Tyr

Leu

Tyr

150

Leu

Thr

EP 1 572 862 B1

Leu

Leu

Ile

Ala

55

Lys

Ser

Asp

Thr

Leu

135

Leu

Met

Ser

Pro

Leu

val

40

Gly

Met

Ile

Val

Arg

120

Arg

Phe

Lys

79

Ile Glu Asp

Ile

25

Leu

Val

Lys

val

Glu

1058

Thr

Leu

Leu

Met

10

Ala

Ala

Gly

Glu

Leu

90

Ile

Thr

Pro

Phe

Leu
170

Ser

Thr

Ala

Met

75

Phe

Leu

Tyr

Ala

Lys

155

val

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Leu

140

Leu

Asp

val

Ser

Leu

45

Phe

Ile

Pro

Glu

Asp

125

Arg

Ile

Asn

val

His

30

val

Asp

Asp

Asp

Lys

110

Glu

Ser

Gly

Pro

Leu

15

Arg

Ile

Arg

Lys

Ala

95

vVal

Pro

Ile

Asp

Asn
175

Leu

Ser

Val

Thr

80

Lys

Tyr

Gly

Gly

Thr

160

Thr
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15

20

25

30

35

40

45

50

55

Ile Pro His

Arg Ala Gly

Ile Gln Ala
35

Lys Thr Ser
50

Leu Ser Glu
65

Glu Leu Gly

Gly Ile Lys

Gly Val Leu
115

Arg Phe Ala
130

Leu Lys Cys
145

Pro Ile Asp

<210> 44

<211> 176

<212> PRT

<213> Apis mellifera

<400> 44

Phe Thr

Trp Asn

20

Gln Asp

Ala His

Leu Val

Cys Leu

85

Ser Val

100

Glu Glu

Lys Leu

Ser Glu

Thr Phe
165

Ser

Glu

Ala

Ala

Asn

70

Arg

Gln

Tyr

Leu

His

150

Leu

EP 1 572 862 B1

Leu

Leu

Ile

Val

55

Lys

Ala

Glu

Thr

Leu

135

Leu

Met

Pro

Leu

val

40

Gly

Met

Ile

val

Arg

120

Arg

Phe

Glu

80

Met

Ile

25

Leu

val

Lys

Ile

Glu
105

Thr

Leu

Phe

Met

Ser

10

Ala

Ala

Gly

Glu

Leu

90

Met

Thr

Pro

Phe

Leu
170

Asp

Ala

Thr

Asn

Met
75

Tyr

Leu

Ala

Lys
155

Glu

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Leu

140

Leu

Ser

Val

Ser

Leu

45

Tyxr

Met

Pro

Glu

Asn

125

Arg

Ile

Pro

Leu

His

30

Thr

Asp

Asp

Thr

Lys

110

Glu

Ser

Gly

Ala

Leu

15

Arg

val

Arg

Lys

Cys

- 95

Ile

Pro

Ile

Asp

Asp
175

Leu

Ser

Asn

Val

Thr

80

Arg

Tyr

Gly

Gly

Val

160

Ala
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15

20

25

30

35

40

45

50

55

Ile

Arg

Ile

Arg

Leu

65

Glu

Gly

Gly

Leu
145

Pro

<210> 45
<211> 711
<212> DNA

<213> Atrtificial Sequence

<220>

Pro

Ala

Asp

Asn

50

Ser

Leu

Leu

Ala

Phe

130

Lys

Ile

His

Gly

val

35

Ser

Glu

Gly

Lys

Leu

115

Ala

Cys

Asp

Phe

Trp

20

Lys

Ala

Leu

Cys

Ser

100

Glu

Lys

Leu

Asp

Thr

Asn

Asp

Gln

vVal

Leu

85

Ile

Gly

Leu

Glu

Phe
165

Ser

Glu

Gly

Gln

Ser

70

Arg

Gln

Tyr

Leu

Tyr
150

Leu

<223> Chimeric RXR ligand binding domain

<400> 45

EP 1 572 862 B1

Leu

Leu

Ile

Ala

55

Lys

Ser

Glu

Cys

Leu

135

Leu

val

Pro

Leu

val

40

Gly

Met

Ile

val

Arg

120

Arg

Phe

Glu

81

Leu

Ile

25

Leu

val

Axrg

Ile

Thr

105

val

Leu

Phe

Met

Glu

10

Ala

Ala

Gly

Glu

Leu

90

Leu

Ala

Pro

Phe

Leu
170

Asp

Ser

Thr

Thr

Met

75

Phe

Leu

Trp

Ala

Lys
155

Glu

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Ile

140

Met

Ser

val

Ser

Ile

45

Phe

Met

Pro

Glu

Asp

125

Arg

Ile

Arg

Leu

His

30

Thr

Asp

Asp

Glu

Lys

110

Asp

Ser

Gly

Ser

Leu

15

Arg

Val

Arg

Arg

val

95

Ile

Ala

Ile

Asp

Asp
175

Leu

Ser

His

val

Thr

80

Arg

Tyr

Gly

Gly

val
160

Pro
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gccaacgagg
actgagacat
accaacatct
atcccacact
aacgagctgce
ctggccaccg
tttgacaggg
gaacttggct
gcccaggaag
acaacacatc
cgttccatag

ccaattgata

<210> 46
<211> 236
<212> PRT

acatgcctgt
acgtggaggce
gtcaagcagce
tttctgaget
tgatcgcctce
gcctgcacgt
tgctaacaga
gcttgcgatce
ttgaacttct
ccgatgaacc
gccttaagtg

cgttectgat

<213> Artificial Sequence

<220>

EP 1 572 862 B1

agagaagatt
aaacatgggg
agacaagcag
gcccctagac
cttcteccac
acaccggaac
gctggtgtcet
tgttattctt
acgtgaaaaa
aggaagattt
tttggagcat

ggagatgctt

<223> Chimeric RXR ligand binding domain

<400> 46

Ala Asn Glu Asp Met Pro Val Glu Lys Ile Leu Glu Ala Glu Leu Ala
5

1

Val Glu Pro Lys Thr Glu Thr Tyr Val Glu Ala Asn Met Gly Leu Asn

Pro Ser Ser Pro Asn Asp Pro Val Thr Asn Ile Cys Gln Ala Ala Asp

20

35

ctggaagccg
ctgaacccca
ctcttecacte
gaccaggtca
cgctcecatag
agcgctcaca
aagatgcgtg
ttcaateccag
gtatatgccg
gcaaaacttt
ttgtttttet

gaatcacctt

10

25

40

82

agcttgctgt
gctcaccaaa
ttgtggagtg
tcctgctacg
ctgtgaaaga
gtgctggggt
acatgcagat
aggtgagggg
ctttggaaga
tgcttegtcet
ttcgecttat

ctgattcata

45

cgagcccaag
tgaccctgtt
ggccaagagg
ggcaggctgg
tgggattcte
gggcgccate
ggacaagact
tttgaaatcc
atatactaga
gccttettta
tggagatgtt

a

15

30

60

120

180

240

300

360

420

480

540

600

660

711
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Lys

Ser

65

Asn

Asp

His

Val

Leu

145

Ala

Glu

Leu

Glu

Phe
225

<210> 47
<211> 441
<212> DNA

Gln

50

Glu

Glu

Gly

Ser

Ser

130

Arg

Gln

Tyr

Leu

His

210

Leu

Leu Phe

Leu Pro

Leu Leu

Ile Leu
100

Ala Gly
115

Lys Met

Ser Val

Glu val

Thr Arg

180

Leu Arg
195

Leu Phe

Met Glu

Thr

Leu

Ile

85

Leu

Val

Arg

Ile

Glu

165

Thr

Leu

Phe

Met

<213> Saccharomyces cerevisiae

<400> 47

Leu

Asp

70

Ala

Ala

Gly

Asp

Leu

150

Leu

Thr

Pro

Phe

Leu
230

EP 1 572 862 B1

Val

55

Asp

Ser

Thr

Ala

Met

135

Phe

Leu

His

Ser

Arg

215

Glu

Glu

Gln

Phe

Gly

Ile

120

Gln

Asn

Arg

Pro

Leu

200

Leu

Ser

83

Trp

Val

Ser

Leu

105

Phe

Met

Pro

Glu

Asp

185

Arg

Ile

Pro

Ala

Ile

Asp

Asp

Glu

Lys

170

Glu

Ser

Gly

Ser

Lys

Leu

75

Arg

val

Arg

Lys

val

155

Vval

Pro

Ile

Asp

Asp
235

Arg

60

Leu

Ser

His

Val

Thr

140

Arg

Tyr

Gly

Gly

Val

220

Ser

Ile

Arg

Ile

Arg

Leu

125

Glu

Gly

Ala

Arg

Leu

205

Pro

Pro

Ala

Ala

Asn

110

Thr

Leu

Leu

Ala

Phe

190

Lys

Ile

His

Gly

val

95

Ser

Glu

Gly

Lys

Leu

175

Ala

Cys

Asp

Phe

Trp
80
Lys
Ala
Leu
Cys
Ser
160
Glu
Lys

Leu

Thr
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atgaagctac
tgctccaaag

tctceccaaaa

ctagaaagac
ttgaaaatgg
aatgtgaata
acattgagac
caaagacagt

<210>48
<211> 147
<212> PRT

tgtcttctat
aaaaaccgaa

ccaaaaggte

tggaacagct
attctttaca
aagatgccgt
agcatagaat

tgactgtatc

<213> Saccharomyces cerevisiae

<400> 48

EP 1 572 862 B1

cgaacaagca
gtgcgccaag

tcegetgact

atttctactg
ggatataaaa
cacagataga
aagtgcgaca

g9

tgcgatattt
tgtctgaaga

agggcacatc

atttttectce
gcattgttaa
ttggcttcag

tcatcatecgg

84

gccgacttaa
acaactggga

tgacagaagt

gagaagacct
caggattatt
tggagactga

aagagagtag

aaagctcaag
gtgtegetac

ggaatcaagg

tgacatgatt
tgtacaagat
tatgecctcecta

taacaaaggt

60

120

180

240

300

360

420

441
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Met Lys Leu

Lys Lys Leu

Lys Asn Asn
35

Leu Thr Arg
50

Glu Gln Leu
65

Leu Lys Met

Phe val Gln

Ser val Glu
115

Ala Thr Ser
130

Thr Val Ser
145

<210> 49

<211> 606

<212> DNA

<213> Escherichia coli

<400> 49

Leu

Lys

20

Trp

Ala

Phe

Asp

Asp

100

Thr

Ser

Ser

Cys

Glu

His

Leu

Ser

85

Asn

Asp

Ser

Ser

Ser

Cys

Leu

Leu

70

Leu

Val

Met

Glu

EP 1 572 862 B1

Ile

Lys

Arg

Thr

55

Ile

Gln

Asn

Pro

Glu
135

Glu

Glu

Tyr

40

Glu

Phe

Asp

Lys

Leu

120

Ser

85

Gln

Lys

25

Ser

val

Pro

Ile

Asp

105

Thr

Ser

Ala

10

Pro

Pro

Glu

Arg

Lys

90

Ala

Leu

Asn

Cys

Lys

Lys

Ser

Glu

75

Ala

vVal

Arg

Lys

Asp

cys

Thr

Arg

60

Asp

Leu

Thr

Gln

Gly
140

Ile

Ala

Lys

45

Leu

Leu

Leu

Asp

His

125

Gln

Cys Arg
15

Lys Cys
30

Arg Ser

Glu Arg

Asp Met

Thr Gly

95

Arg Leu
110

Arg Ile

Arg Gln

Leu

Leu

Pro

Leu

Ile

80

Leu

Ala

Ser

Leu
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atgaaagcgt
cagacaggta
aacgcggetg
ggcgcatcac
cgtgtggctg
gatccttect
aaagatatcg
aacggtcagg
cagggcaata

cttegtcage

taacggccag
tgecgecgac
aagaacatct
gcgggattceg
ccggtgaace
tattcaagcc
gcattatgga
tegttgtege
aagtcgaact

agagcttcac

EP1

gcaacaagag
gcgtgcggaa
gaaggcgctg
tctgttgecag
acttctggcg
gaatgctgat
tggtgacttg
acgtattgat
gttgccagaa

cattgaaggg

572 862 B1

gtgtttgatce
atcgcgcagce
gcacgcaaag
gaagaggaag
caacagcata
ttcctgetge
ctggcagtgce
gacgaagtta
aatagcgagt

ctggecggttg

tcatccgtga
gtttggggtt
gcgttattga
aagggttgcc
ttgaaggtca
gcgtcagegg
ataaaactca
ccgttaageg
ttaaaccaat

gggttattcg

tcacatcage
ccgttcccea
aattgtttcc
gctggtaggt
ttatcaggtc
gatgtcgatg
ggatgtacgt
cctgaaaaaa
tgtcgtagat

caacggcgac

tggctg

<210> 50
<211> 202
<212> PRT

<213> Escherichia coli

<400> 50

Met

1

Asp

Gln

Ala

Gly

65

His

Lys

His

Arg

Leu

50

Ile

Val

Tyr

Ala

Ile

Leu

35

Ala

Arg

Ala

Gln

Leu

Ser

20

Gly

Arg

Leu

Ala

val
100

Thr

Gln

Phe

Lys

Leu

Gly

85

Asp

Ala

Thr

Arg

Gly

Gln

70

Glu

Pro

Arg

Gly

Ser

val

55

Glu

Pro

Ser

Gln

Met

Pro

40

Ile

Glu

Leu

Leu

86

Gln

Pro

25

Asn

Glu

Glu

Leu

Phe
105

Glu

10

Pro

Ala

Ile

Glu

Ala

90

Lys

Val

Thr

Ala

val

Gly

75

Gln

Pro

Phe

Arg

Glu

Ser

60

Leu

Gln

Asn

Asp

Ala

Glu

45

Gly

Pro

His

Ala

Leu

Glu

30

His

Ala

Leu

Ile

Asp
110

Ile

15

Ile

Leu

Ser

val

Glu

95

Phe

Arg

Ala

Lys

Arg

Gly

Gly

Leu

60

120

180

240

300

360

420

480

540

600

606
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Leu

Asp

Arg

Leu

Val
115

Ser

Leu Ala

130

Val
145

Gln

Ile

Val

<210> 51
<211> 271
<212> DNA

val

Gly Asn

Val

Gly Vval

Ala Arg

Lys

Val Asp

180

Ile
195

<213> herpes simplex virus 7

<400> 51

atgggcccta
ctccacttag
ctggacatgt
ccctacggcg

ggaattgacg

<210> 52
<211>90
<212> PRT

aaaagaagcg
acggcgagga
tgggggacgg

ctctggatat

agtacggtgg

<213> herpes simplex virus 7

<400> 52

Gly Met

val

Ile

val

165

Leu

EP 1 572 862 B1

Ser Met Lys Ile

120

Asp

His Lys Thr Gln vVal

135

Asp
140

Val Thr val

155

Asp Glu

150

Asp

Glu
170

Glu Leu Leu Pro Asn

Gln Gln Ser Phe Thr

185

Arg

Asn Gly Asp Leu

200

Trp

taaagtcgecc cceccgaccg atgtcagect
cgtggcgatg gcgcatgecg acgcgctaga
ggattcceccg gggeccgggat ttacccccca
ggccgactte gagtttgage agatgtttac

ggaattcececg g

87

Gly Ile

125

Arg Asn

Lys Arg

Ser Glu

Ile Glu

Met Asp Gly

Gly Gln Vval

Leu Lys Lys

160

Phe Lys Pro

175

Gly Leu Ala

190

gggggacgag

cgatttcgat
cgactcecgee

cgatgccctt

60

120

180

240

271
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Met

Leu

Ala

Ser

50

Leu
65

Gly

<210> 53
<211> 307
<212> DNA

Gly Pro Lys

Gly

Asp

Pro

Asp

Ile

Glu
20

Asp

Ala Leu
35

Gly Pro

Met Ala

Asp Glu

Lys

Leu

Asp

Gly

Asp

Tyr

EP 1 572 862 B1

Lys Arg

His Leu

Asp Phe

Phe Thr

55

Phe
70

Glu

Gly Gly

85

<213> Saccharomyces cerevisiae

<400> 53

atgggtgcetc
tgcaatgcca
gaaatggcgg
gecgggecge
gatgttaacg

gattatg

<210> 54
<211> 102
<212> PRT

ctccaaaaaa
tcattgagca

atcaggcgat

cgatccagee

ataccagcct

<213> Saccharomyces cerevisiae

<400> 54

gaagagaaag
gtttatcgac
taacgtggtg
tgactggctg

cttgctgagt

Lys Val Ala
10

Gly Glu

25

Asp

Asp Leu

40

Asp

Pro His Asp

Phe Glu Gln

Glu Phe Pro

S0

gtagctggta
tacctgecgceca
ccgggcatga
aaatcgaatg

ggagatgcct

88

Pro Pro

Asp Val

Met Leu

Ser Ala

60

Met Phe

75

tcaataaaga
ccggacagga
cgccgaaaac
gttttcatga

cctaccctta

Thr

Ala

Gly Asp Gly

45

Pro

Thr

Asp Val Ser

15

Met Ala His

30

Asp

Tyr Gly Ala

Asp Ala Leu

80

tatcgaggag
gatgeccgatg
cattcttcac
aattgaagcg

tgatgtgcca

60

120

180

240

300

307
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Met Gly Ala Pro Pro Lys

Asp Ile Glu Glu Cys Asn

20

Arg Thr Gly Gln Glu Met
35

Val val Pro Gly Met Thr

50

Ile Gln Pro Asp Trp Leu

65 70

Asp Val Asn Asp Thr Ser
85
Tyr
<210> 55
<211>19
<212> DNA

<213> Artificial Sequence

<220>
<223> GAL4 response element

<400> 55
ggagtactgt cctccgage 19

<210> 56

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> 2xLexAop response element

<400> 56
ctgctgtata taaaaccagt ggttatatgt acagta 36

<210> 57

<211> 334 -

<212> PRT

<213> Choristoneura fumiferana

<400> 57

EP 1 572 862 B1

Lys

Ala

Pro

Pro

55

Lys

Leu

Asp

Lys Arg Lys

Ile

Met

40

Lys

Ser

Leu

Val

89

Ile
25

Glu

Thr

Asn

Leu

Pro
100

10

Glu

Met

ITle

Gly

Ser
90

Asp

val

Gln

Ala

Leu

Phe

75

Gly

Tyr

Ala

Phe

Asp

His

60

His

Asp

Gly Ile

Ile Asp
30

Gln Ala

45

Ala Gly

Glu Ile

Ala Ser

Asn
15

Tyr

Ile

Pro

Glu

Tyr
95

Lys

Leu

Asn

Pro

Ala

80

Pro
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Pro

Lys

val

Glu

Leu

65

Gln

Gln

Glu

Lys

Asp

Ala

50

Leu

Gln

Pro

Cys

Ala

Asp

35

Ala

Glu

Phe

Ser

Val

Gln

20

His

Arg

Thr

Leu

Asp
100

Val

Lys

Met

Ile

Asn

Ile

85

Glu

Pro

Glu

Pro

His

Arg

70

Ala

Asp

EP 1 572 862 B1

Glu

Lys

Pro

Glu

55

Gln

Arg

Leu

Thr

Asp

Ile

40

val

Lys

Leu

Lys

90

Gln

Lys

Met

Val

Asn

Ile

Arg
105

Cys

10

Leu

Gln

Pro

Ile

Trp
S0

Ile

Ala

Pro

Cys

Arg

Pro
75

Tyr

Thr

Met

Val

Glu

Phe

60

Gln

Gln

Gln

Lys

Ser

Pro

45

Leu

Leu

Asp

Thx

Arg

Thr

30

Pro

Ser

Thr

Gly

Trp
110

Lys

Thr

Pro

Asp

Ala

Tyr
95

Gln

Glu

Thr

Pro

Lys

Asn

80

Glu

Gln
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Ala

Glu

Leu

145

Lys

Asp

Arg

Leu

Tyr
225

Glu

Leu

val

Gly

Lys
305

His

<210> 58
<211> 549
<212> PRT

<213> Drosophila melanogaster

Asp

Met

130

Pro

Ala

Ala

Asp

His

210

Ala

Gln

Arg

Ile

Met

290

Leu

Thr

Asp

115

Thr

Gly

Cys

Ala

Asn

195

Phe

Leu

Pro

Ile

Tyr

275

Gln

Pro

Gln

Glu

Ile

Phe

Ser

Ser

180

Tyr

Cys

Leu

Gln

Tyr

260

Gly

Asn

Pro

Pro

Asn

Leu

Ala

Ser

165

Asp

Arg

Arg

Thr

Leu

245

Ile

Lys

Ser

Phe

Pro
325

Glu

Thx

Lys

150

Glu

Ser

Lys

Cys

Ala

230

vVal

Leu

Ile

Asn

Leu

310

Pro

EP 1 572 862 B1

Glu

Val

135

Ile

val

vVal

Ala

Met

215

val

Glu

Asn

Leu

Met

295

Glu

Ile

Ser

120

Gln

Ser

Met

Leu

Gly

200

Tyr

val

Glu

Gln

Ser

280

Cys

Glu

Leu

91

Asp

Leu

Gln

Met

Phe

185

Met

Ser

Ile

Ile

Leu

265

Ile

Ile

Ile

Glu

Thr

Ile

Pro

Leu

170

Ala

Ala

Met

Phe

Gln

250

Ser

Leu

Ser

Trp

Ser
330

Pro

val

Asp

155

Arg

Asn

Tyr

Ala

Ser

235

Arg

Gly

Ser

Leu

BAsp

315

Pro

Phe

Glu

140

Gln

Val

Asn

val

Leu

220

Asp

Tyr

Ser

Glu

Lys

300

vVal

Thr

Arg

125

Phe

Ile

Ala

Gln

Ile

205

Asp

Tyr

Ala

Leu

285

Leu

Ala

Asn

Gln

Ala

Thr

Arg

Ala

190

Glu

Asn

Pro

Leu

Arg

270

Arg

Lys

Asp

Leu

Ile

Lys

Leun

Arg

175

TYyr

Asp

Ile

Gly

Asn

255

Ser

Thr

Asn

Met

Thr

Gly

Leu

160

Tyr

Thr

Leu

Leu

240

Thr

Ser

Leu

Arg

Ser
320
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<400> 58

Axrg

Glu

Ser

Phe

His

65

Ala

Lys

Leu

Val

Ile

145

Glu

Leu

Ala

Ala

Met

Pro

Lys

Gln

Val

50

Ala

Leu

Arg

Ser

130

Val

Asp

Arg

Asn

Asp

210

Lys

Glu

Lys

His

35

Lys

Thr

Asn

Ile

Arg

115

Phe

Glu

Gln

Met

Asn

195

Asn

val

Cys

Ala

20

Gly

Lys

Ile

Ile

Trp

100

Ile

Arg

Phe

Ile

Ala

180

Arg

Ile

Asp

Val

Gln

Gly

Glu

Pro

Pro
85

Tyr

Met

His

Ala

Thr

165

Arg

Ser

Glu

Asn

val

Lys

Asn

Ile

Leu

70

Ser

Gln

Ser

Ile

Lys

150

Leu

Arg

Tyr

Asp

Val

EP 1 572 862 B1

Pro

Glu

Gly

Leu

55

Leu

Leu

Asp

Gln

Thr

135

Gly

Leu

Tyr

Thr

Leu

215

Glu

Glu

Lys

Ser

40

Asp

Pro

Thr

Gly

Pro

120

Glu

Leu

Lys

Asp

Arg

200

Leu

Tyr

92

Asn

Asp

25

Leu

Leu

Asp

Tyr

Tyr

105

Asp

Ile

Pro

Ala

His

185

Asp

Ala

Gln

10

Lys

Ala

Met

Glu

Asn

90

Glu

Glu

Thr

Ala

Cys

170

Ser

Ser

Phe

Leu

Cys

Met

Ser

Thr

Ile

75

Gln

Gln

Asn

Ile

Phe

155

Ser

Ser

Tyr

Cys

Leu

Ala

Thr

Gly

Cys

60

Leu

Leu

Pro

Glu

Leu

140

Thr

Ser

Asp

Lys

Arg

220

Thr

Met

Thxy

Gly

45

Glu

Ala

Ala

Ser

Ser

125

Thr

Lys

Glu

Ser

Met

205

Gln

Ala

Lys Arg
15

Ser Pro
30

Gly Gln

Pro Pro

Lys Cys

val Ile

95

Glu Glu
110

Gln Thr

Val Gln

Ile Pro

Val Met

175

Ile Phe

190

Ala Gly

Met Phe

Ile Vval

Ser

Asp

Gln

Gln

80

Tyr

Asp

Asp

Leu

Gln

160

Met

Phe

Met

Ser

Ile
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225

Phe

Gln

Cys

Leu

Ser

305

Trp

Thr

Ser

Thr

Gln

385

Gln

Gln

Gln

Val

Met
465

Ser

Ser

Gly

Thr

290

Leu

Asp

Gln

vVal

Ser

370

Pro

Pro

Pro

Pro

Thr

450

Gly

Asp

Tyr

Asp

275

Glu

Lys

Val

Glu

Gly

355

Ala

Gln

Gln

Gln

Gln

435

Ala

Gly

Arg

Tyr

260

Ser

Leu

Leu

His

Glu

340

Gly

Ala

Pro

Leu

Leu

420

Pro

Pro

Ser

Pro

245

Ile

Met

Arg

Lys

Ala

325

Asn

Ala

Ala

Ser

Gln

405

Gln

Gln

Gly

Ala

230

Gly

Asp

Ser

Thr

Asn

310

Ile

Glu

Ile

Ala

Ser

390

Pro

Pro

Leu

Ser

Ala
470

EP 1 572 862 B1

Leu

Thr

Leu

Leu

285

Arg

Pro

Arg

Thr

Ala

375

Leu

Gln

Gln

Leu

Leu

455

Ile

Glu

Leu

Val

280

Gly

Lys

Pro

Leu

Ala

360

Ala

Thr

Leu

Leu

Pro

440

Ser

Gly

93

Lys

Arg

265

Phe

Asn

Leu

Ser

Glu

345

Gly

Gln

Gln

Pro

Gln

425

val

Ala

Pro

Ala
250

Ile

Tyr

Gln

Pro

Val

330

Arg

Ile

Asn

Pro

410

Thr

Ser

Val

Ile

235

Gln

Tyr

Ala

Asn

Lys

315

Gln

Ala

Asp

Gln

Asp

395

Gln

Gln

Ala

Ser

Thr
475

Leu

Ile

Lys

Ala

300

Phe

Serx

Glu

Cys

Pro

380

Ser

Leu

Leu

Pro

Thr

460

Pro

val

Leu

Leu

285

Glu

Leu

His

Asp

365

Gln

Gln

Gln

Gln

Val

445

Ser

Ala

Glu Ala
255

Asn Arg
270

Leu Ser

Met Cys

Glu Glu

Leu Gln

335

Met Arg
350

Ser Ala

Pro Gln

His Gln

Gly Gln

415

Pro Gln

430

Pro Ala

Ser Glu

Thr Thr

240

Ile

His

Ile

Phe

Ile

320

Ile

Ala

Ser

Pro

Thr

400

Leu

Ile

Ser

Tyr

Ser
480
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Ser

Met

Met

His

Ile

Gly

Tyr

Ser

Thr Ala

Ala

EP 1

vVal Thr

485

Asn Gly

500

Ala
515

Asn

His Gln

530

His
545

<210> 59
<211> 1288
<212> DNA

Ser

Thr Thr

<213> Choristoneura fumiferana

<400> 59

aagggccectg
ggataccact
accaaaaatg
cgacggaaat
tgcgtagtac
aaggacaaac
tgtgaacctc
gacaagctgt
ttccttateg
ttgaagagga
ccctteegece
aagggattgc
tgctecaagtg
gttetgtteg
tacgtcatcg
atccattacg

ccgcaactgg

cgccccgtea
acaatgcgct
cggtttatat
gccaggagtg
ccgagactca
tgcctgtcag
cacctcctga
tggagacaaa
ccaggctcat
ttacgcagac
agatcacaga
cagggttcgce
aggtaatgat
cgaacaacca
aggatctact
cgctgctceac

tggaagaaat

vVal

Ala

Glu

Gly Val

Gln Thr

Gln Leu
535

Ala

gcaagaggaa
cacgtgtgaa
ttgtaaatte
ccgectgaag
gtgecgeccatg
cacgacgacg
agcagcaagyg
ccggcagaaa
ctggtaccag
gtggcagcaa
gatgactatc
caagatctcg
gctcegagte

agcgtacact

‘gcacttetge

ggctgtegtce

ccagcggtac

572 862 B1

Ala
490

Gly
505

Ala
520

Ile

ctgtgtctgg
gggtgtaaag
ggtcacgctt
aagtgcttag
aagcggaaad
gtggacgacc
attcacgaag
aacatcceccce
gacgggtacg
geggacgatg
ctcacggtcecc
cagcctgate
gcgegacgat
cgecgacaact
cggtgcatgt
atcttttectg

tacctgaata

94

Ser Ser Thr Thr

val Gly Val Gly

Met Ala Leu Met

Gly Gly Val Ala

Ser Ala

Gly Asn

Gly val

vVal
495

Val
510

Ala

525

540

tatgcgggga
ggttcttcag
gcgaaatgga
ctgtaggcat
agaagaaagc
acatgecgece
tggtcccaag
agttgacagc
agcagecctte
aaaacgaaga
aacttatcgt
aaattacgct
acgatgecggce
accgcaaggc
actctatggc

accggccagg

cgctcegeat

Val Lys

Ser

cagagcctce
acggagtgtt
catgtacatg
gaggcctgag
acagaaggag
cattatgcag
gtttctctcce
caaccagcag
tgatgaagat
gtctgacact
ggagttcgeg
gcttaaggcet
ctcagacagt
tggecatggcc
gttggacaac
gttggagcag

ctatatcctg

Pro

Ser

Leu

Glu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
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aaccagctga
tctgagctac
aacagaaagc
caaccgccgce
gatgccgegt
<210> 60

<211> 309
<212> DNA

gcgggtegge
gcacgctecgg
tgcecgecttrt

ctatccetcga

ccggcegege

<213> Simian virus 40

<400> 60

ggtgtggaaa
agtcagcaac
tgcatctcaa
cteceogeceag
aggccgaggce
gectaggcet

<210> 61
<211>24
<212> DNA

gteccececagge
caggtgtgga
ttagtcagca
ttccgeceat

cgeccecteggece

<213> Atrtificial Sequence

<220>

EP 1 572 862 B1

gcgttegtcec
catgcaaaac
cctcgaggag
gteccecccacg

tgctctga

tcceccageag
aagtccceag
accatagtcce
tcteegecece

tctgagctat

<223> synthetic E1b minimal promoter

<400> 61

tatataatgg atccccgggt accg

<210> 62
<211> 1653
<212> DNA

<213> Atrtificial Sequence

<220>

<223> |uciferase gene

<400> 62

24

gtcatatacg
tccaacatgt
atctgggatg

aatctctagce

gcagaagtat
gctceccage
cgeccectaac
atggctgact

tccagaagta

95

gcaagatcct
gecatcteccct
tggcggacat

cectgegege

gcaaagcatyg
aggcagaagt
tcegeccatce

aattttttet

gtgaggaggc

ctcaatccte
caagctcaag
gtcgcacacc

acgcatcgce

catctcaatt
atgcaaagca
ccgccectaa
atttatgcag

ttttttggag

1080

1140

1200

1260

1288

60

120

180

240

300

309
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atggaagacg
accgctggag
gcttttacag

gttcggttgg

tgcagtgaaa

gcagttgcgc
tcgcagecta
aaaaaattac
tttcagtcga
tttgtaccag
tctactgggt
catgccagag
gttccattec
cgagtcgtct
aaaattcaaa
attgacaaat
aaagaagtcg
gggctcactg
gcggteggta
acgctgggeg
tatgtaaaca
ggagacatag
ttaattaaat
caccccaaca
ccecgeegecg
tacgtecgeca
gaagtaccga

aaggccaaga

<210> 63
<211>18
<212> DNA

ccaaaaacat
agcaactgca
atgcacatat
cagaagctat

actctcettcea

ccgcgaacga
ccgtagtgtt
caataatcca
tgtacacgtt
agtcctttga
tacctaaggg
atcctatttt
atcacggttt
taatgtatag
gtgcgttgcet
acgatttatc
gggaagcggt
agactacatc
aagttgttcc
ttaatcagag
atccggaagce
cttactggga
acaaaggata
tettegacge
ttgttgtttt
gtcaagtaac

aaggtcttac

agggcggaaa

EP 1 572 862 B1

aaagaaaggc
taaggctatg
cgaggtgaac
gaaacgatat

attctttatg

catttataat
tgtttccaaa
gaaaattatt
cgtcacatct
tcgtgacaaa
tgtggccectt
tggcaatcaa
tggaatgttt
atttgaagaa
agtaccaacc
taatttacac
tgcaaaacgc
agctattctg
attttttgaa
aggcgaatta
gaccaacgcce
cgaagacgaa
tcaggtggcce
gggcgtggca
ggagcacgga
aaccgcgaaa
cggaaaactc

gtccaaattg

ccggegecat
aagagatacg
atcacgtacg
gggctgaata

ccggtgttgg

gaacgtgaat
aaggggttgce
atcatggatt
catctaccte
acaattgcac
ccgcatagaa
atcattccgg
actacacteg
gagctgtttt
ctattttcat
gaaattgctt
ttececatctte
attacacccg
gcgaaggttg
tgtgtcagag
ttgattgaca
cacttcttca
ccecgcetgaat
ggtcttececeg
aagacgatga
aagttgcgeg
gacgcaagaa

taa

96

tctatectet
cecetggttee
cggaatactt
caaatcacag

gcgegttatt

tgctcaacag
aaaaaatttt
ctaaaacgga
ccggttttaa
tgataatgaa
ctgcectgegt
atactgcgat
gatatttgat
tacgatccct
tcttegecaa

ctgggggcgce

cagggatacyg
agggggatga
tggatctgga
gacctatgat
aggatggatg
tagttgaccg
tggaatcgat
acgatgacgc
cggaaaaaga
gaggagttgt

aaatcagaga

agaggatgga
tggaacaatt
cgaaatgtce
aatcgtegta

tatecggagtt

tatgaacatt
gaacgtgcaa
ttaccaggga
tgaatacgat
ttcctctgga
cagattctcg
tttaagtgtt
atgtggattt
tcaggattac
aagcactctg
acctcttteg
acaaggatat
taaaccgggce
taccgggaaa
tatgtccggt
gctacattet
cttgaagtct
attgttacaa
cggtgaactt
gatcgtggat
gtttgtggac

gatcctcata

60

120

180

240

300

360

420

480

540

600

660
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900

960
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1080
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<213> Mus musculus

<400> 63

ccacatcaag ccacctag 18

<210> 64
<211>18
<212> DNA

<213> Locusta migratoria

<400> 64

tcaccttctg attcataa

<210> 65
<211> 1054
<212> DNA

18

<213> Choristoneura fumiferana

<400> 65

cctgagtgeg
aaggagaagg
atgcagtgtg
ctctccgaca
cagcagttcc
gaagatttga
gacactccct
ttecgcgaagg
aaggcttget
gacagtgttc
atggcctacg
gacaacatcc
gagcagccgce
atcctgaacc
atcctctectg
ctcaagaaca
cacacccaac
atcgccgatg
<210> 66

<211> 798
<212> DNA

tagtacccga
acaaactgcc
aacctccacc
agctgttgga
ttatcgccag
agaggattac
tccgecagat
gattgccagg
caagtgaggt
tgttcgcecgaa
tcatcgagga
attacgcgct
aactggtgga
agctgagcgg
agctacgcac
gaaagctgcc
cgcecgcecetat

ccgegtecgg

EP 1 572 862 B1

gactcagtgc
tgtcagcacg
tcectgaagea
gacaaaccgg
gctcatctgg
gcagacgtgg
cacagagatg
gttegccaag
aatgatgctc
caaccaagcg
tctactgecac
gctcacgget
agaaatccag
gtcggegegt
gctcggcecatg
gectttecte
cctcgagtcecce

ccgegetget

gccatgaagce
acgacggtgg
gcaaggatte
cagaaaaaca
taccaggacg
cagcaagcgg
actatcctca
atctcgcecage
cgagtcgege
tacactcgeg
ttetgceggt
gtcgtcatct
cggtactacc
tegtecgtea
caaaactcca
gaggagatct
cccacgaatc

ctga

97

ggaaagagaa
acgaccacat
acgaagtggt
tceccccagtt
ggtacgagca
acgatgaaaa
cggtccaact
ctgatcaaat
gacgatacga
acaactaccg
gcatgtactc
tttectgaceg
tgaatacgct
tatacggcaa
acatgtgcat
gggatgtggc

tctagcccect

gaaagcacag
gcecgeccatt
cccaaggttt
gacagccaac
gccttcetgat
cgaagagtct
tatcgtggag
tacgctgcett
tgcggcctca
caaggctggce
tatggegttg
gccagggttg
ccgcatctat
gatcctcteca
ctccctecaag
ggacatgtcg

gcgecgeacgce

€0

120

180
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<213> Choristoneura fumiferana

<400> 66
tcggtgcagg
gcagatccca
cgttaccgcg

gtggtatggg

ctcatcaagg
tatttggaag
atgtgtctca
gccatctteg
caggccgagt
aagaatcggce
tgccggeggt
gctcteceget
gaaggctcca

gtcaatgcca

<210> 67
<211> 1650
<212> DNA

taagcgatga
gcgaggagtt
cgccegtete

cgecgcgacat

cctcctggaa
atgagaggga
tgcctggcat
accgcgtget
acgtcgcgcect
aagaagttga
cgcgaagcaa
ccatctcgcet
tcagcggata

tgatgtaa

<213> Drosophila melanogaster

<400> 67

EP 1 572 862 B1

gctgtcaatc
ccagttecte
ctcectetge

cccteattte

tgagctgcta
gaacggggac
gacgttgcac
gtccgagcetce
caaagccatc
cgttttgega
cgaggaaggc
caagagctte

catacgagag

gagcgcctaa
cgcgtgggge
caaataggca

gggcagctgg

ctcttegeca
ggaacgcgga
cgcaactcgg
agtctgaaga
gtgctgctca
gaaaaaatgt
cggtttgegt
gaacacctct

gcgctcecegaa

98

cggagatgga
ctgacagcaa
acaagcaaat

agctggacga

tcgecetggeg
gcaccactca
cgcagcaggc
tgecgcecacctt
accctgatgt
tctecttgect
ccttgetgcet
acttcttcecea

accacgcgcecce

gtctttggtg
cgtgectcecea
agcggegttg

tcaagtggta

ctctatggag
gccacaactg
gggcgtgggc
gcgcatggac
gaaaggactg
ggacgactac
gcggctgcecca
cctecgtggece

tcecgatcecgac

60

120

180

240

300
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420

480

540
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cggccggaat
cagaaggaga
ttggectcetg
gagccgccece
gcgcgcaata
taccaggatg
gatgagaacg
acggtccagt
gaggaccaga
cgacgctatg
gattcttaca
caaatgttct
ttctecggacce
atcgacacgce
ttctacgecaa
gagatgtgtt

tgggacgtte

aacgagcgtce
ggcattgatt
cagcctcagce
cagcecgcage
caaccacagc
gtctecegetce
agcagcgaat
agtatcacgg
gttggagtcg
atggccttga

gttaagtcgg

<210> 68
<211> 1586
<212> DNA

gcgtegtecc
aggacaaaat
gtggcggceca
agcatgccac
tacctteccett
gctatgagca
agagccaaac
tgattgttga
tcacgttact
accacagctc
aaatggccgg
cgatgaaggt
ggcecgggect
tacgcattta
agctgetcte
tctcactaaa

atgccatccce

tcgagecgggce
gcgactctge
cccagcccca
tacaacctca
ttcagacgca
ccgtgcecge
acatgggcgg
ctgecegttac
gtgttggggt
tgggtgtagc

agcactcgac

EP 1 572 862 B1

ggagaaccaa
gaccacttcg
agactttgtt
tattccgeta
aacgtacaat
gccatctgaa
ggacgtcagc
gtttgctaaa
aaaggcctgce
ggactcaata
aatggctgat
ggacaacgtc
ggagaaggcc
tatactcaac
gatcctcacce
gctcaaaaac

gccatecggte

tgagcgtatg
ctccacttecg
accctectcec
gctaccacct
actccagcca
ctccgtaacc
aagtgcggec
cgctagcetcce
gggcggcaac
cctgcattcecg

gactgcatag

tgtgecgatga
ccgagctctce
aagaaggaga
ctacctgatg
cagttggecyg
gaggatctca
tttecggecata
ggtctaccag
tcgteggagg
ttcttegega
aacattgaag
gaatacgecge
caactagtcg
cgccactgeg
gagctgcgta
cgcaaactgce

cagtcgcacc

cgggcatcgg
gcggcggceag
ctgacccaga
cagctgcaag
cagattcaac
gcacctggtt
ataggaccca
accacatcag
gtcagcatgt

caccaagagc

99

agcggcgega
agcatggcgg
ttettgaccet
aaatattggc
ttatatacaa
ggcgtataat
taaccgagat
cgtttacaaa
tgatgatgct
ataatagatc
acctgctgca
ttectecactgce
aagcgatcca
gcgactcaat
cgctgggcaa
ccaagttcct

ttcagattac

ttgggggcgce
ccgecggcecca
acgattccca
gtcaactgca
cacagccaca
ccttgtecege
tcacgccggce
cggtaccgat
atgcgaacgc

agcttatcgg

aaagaaggcc
caatggcagc
tatgacatgc
caagtgtcaa
gttaatttgg
gagtcaaccce
aaccatactc
gataccccag
gcgtatggea
atatacgegg
tttctgecge
cattgtgatc
gagctactac
gagcctegtce
ccagaacgcc
cgaggagatc

ccaggaggag

cattaccgcce
gcatcagect
gcaccagaca
acccecagetce
gctcctteece
ggtcagtacg
aaccaccagc
gggcaacgga
ccagacggcg

gggagtggeg

60

120

180

240

300

360

420

480

540

600

660

720

780
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200

960
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1080
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<213> Bamecia argentifoli

<400> 68

gaattcgecgg
accagttcac
acccttatag
tgaacgggta
ggcagcagga
ccctecacctg
accagtgtaa
agtgtegtct
tccagtgtge
caacgacgag
cagattcgca
tcatccatag
aaaggatagt
ttacagaaat
gttttgacaa

taatgatgtt

ctaaccagcc
atctgctceg
ttctecactge
agaagattca
catatgcaac
ggaatatgaa
tcctcgagga
ttcatatttg
ggtatgctca
attectttgtt

gcaaaaaaaa

<210> 69

ccgctcgcaa
cgtcatctcec
tcccaccaat
caacgtggat
ggagctgtgt
cgaaggctgce
atatggaaat
caagaagtgt
tgtgaagcga
ttgttctceca
gctattgtcet
gctagtttat
taatgctgcea
tacaattctc
actaattcgt

tagaatggca

gtatacgaga
attttgtcga
cattgtaatt
agaaatttac
aaccattttt
ttcagaaaca
gatttgggat
atttatctca
tacaattata
accttaacac

aagcggccegce

EP 1 572 862 B1

acttccgtac
tccaatggat
ggaagaatag
agctgcgatg
ctcgtctgeg
aagggcttct
aattgtgaaa
ctcagecgttg
aaagagaaaa
gatggaatca
gtaaatggag
tttcaaaatg
ccagaagaag
actgtacagt

gaagatcaaa

aggaggtatg

gaatcataca
catatgtgtg
ttttcagaac
atagaagcat
gctaagttac
tgcttcteat
gttgtttcat
gcaggtggct
acttgtaata
aatgttgatc

gaattc

ctectcacccce
actcatcccce
ggaaagaaga
cgtcgcggaa
gggaccgcegce
tccgtecggag
ttgacatgta
gcatgaggcec
aagcgcaaaa
aacaagagat
ttaaacccat
aatatgaaca
aaaatgtagc
taattgtgga
tagctttatt

atgctgaaac

ctgtagctgg
ccatgaaagt
gaccatctct
taaaagcata
tatctgtttt
tgaagctgaa
aaacagtctt
cagtacttat
tcatatcggt

tcataatgat

100

ctcgeccagga
catgtcttcg
gctttecgecg
gaagaaggga
cteccggectac
catcaccaag
catgaggcga
agaatgtgta
ggacaaagat
agatcctcaa
tactccagag
tccatececca
tgaagaaagg
attttctaag
aaaggcatgt

agattcgata

catgggtgat
cgataacgca
aagtgaaggc
tgttgaaaat
aactgaacta
gaatagaaag
acctcaattc
cctcacatta
gatgacaaat

gtatgaattt

cceccegeca
ggcagctacg
gcgaatagtce
ggaacgggtc
cactacaacg
aatgcecgtct
aaatgccaag
gttcccgaat
aaacctaact
aggctggata
caagaagagc
gaggatatca
tttaggcata
cgattacctg
agtagtgaag

ttgtttgcaa

actgtggagg
gaatatgctc
tggaaggttg
cgaaggaaac
cgaacattag
gtgccatcct
catgttactt
ctgagctcac
ttgttacaat

ttetgttttt

60

120

180

240

300

360

420

480

540
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800
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1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1586



10

15

20

25

30

35

40

45

50

55

<211>1109
<212> DNA

<213> Nephotetix cincticeps

<400> 69
caggaggagc
acctgcgaag
tccaaatacg
cgactcaaga
tgtgccgtaa
accaatggct
gaagacaaca
caagaggagc
gaggatctca
tacaaacaca
aaactgcctg
tcgagcgagg
ctgttcgecea
gtcatcgaag
gagtatgcte

tggaaggttg

cgagtgaaac
cgaacacteg

atgccaccgt

<210>70
<211> 401
<212> PRT

tctgecectgtt
gatgcaaggg
gcaccaattg
agtgcctcag
aaaggaaaga
cgcctgaaat
ggtacaactc
tcatccacag
agcggatcga
ttacggagat
gtttcgacaa
tgatgatgct
acaaccagcc
atctgctgeg
tgctcacgge

agaagatcca

ctcgcagtcc
gcaaccagaa

tcctcgaaga

<213> Choristoneura fumiferana

<400> 70

EP 1 572 862 B1

gtgcggagac
cttetttegg
tgaaatagac
tgtagggatg
gaaaaaagct
gagaatagac
gagtacgcce
gctecgtctac
gaacctcccce
cacaatactc
actactgaga
gcggatggeg
gtacacgcga
gttcggecga
catcgtcatce

ggagatctac

gaccatcttc
ctccgagatg

aatctggga

cgagcgtcgg
aggagtatca
atgtatatgc
aggccagaat
caaaaggaca
caggacaacc
agtttcggag
ttccagaacg
tgtgacgacg
acagtccagc
gaggaccaga
cggaggtacg
gagtcgtaca
ctcatgtgct

ttctececgage

ctggaggcgce

gccaaactge

tgcttetegt

101

gataccac;a
ccaaaaacgc
ggcgcaagtg
gtgtagtacc
aagataaacc
gttgtgtggt
tcaaacccct
agtacgaaca
atgaccegtg
tcategtgga
tecgtgttget
acgtccagac
cgatggcagg
ccatgaaggt
ggccgaacct

tcaagtccta

tcteegttect

taaactacgc

caacgctctce
agtgtaccag
ccaggagtgc
tgagtatcaa
tgtctcetteca
gttgcagagt
cagtccagaa
ccctgecgag
tgatgttege
gtttgcgaaa
caaggcgtgt
agactcgatc
cgtgggggaa
ggacaatgcc
ggcggaagga

cgtggacaac

caccgagctg

aaccgcaaac

60

120

180

240

300
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Cys

Thr

Ala

Met

Gly

65

Arg

Thr

Pro

Ser

Thr

145

Gly

Trp

Leu

Cys

val

Arg

50

Met

Lys

Thr

Pro

Asp

130

Ala

Tyr

Gln

val

Glu

Tyr

35

Arg

Arg

Glu

Thr

Pro

115

Lys

Asn

Glu

Gln

Cys

Gly

20

Ile

Lys

Pro

Lys

Val

100

Glu

Leu

Gln

Gln

Ala
180

Gly

Cys

Cys

Cys

Glu

Lys

85

Asp

Ala

Leu

Gln

Pro

165

Asp

Asp

Lys

Lys

Gln

Cys

70

Ala

Asp

Ala

Glu

Phe

150

Ser

Asp

EP 1 572 862 B1

Arg

Gly

Phe

Glu

55

vVal

Gln

His

Arg

Thr

135

Leu

Asp

Glu

Ala Ser Gly

Phe

Gly

Cys

val

Lys

Met

Ile

120

Asn

Ile

Glu

Asn

102

Phe

25

His

Arg

Pro

Glu

Pro

105

His

Arg

Ala

Asp

Glu
185

10

Arg

Ala

Leu

Glu

Lys

S0

Pro

Glu

Gln

Leu
170

Glu

Tyr

Arg

Cys

Lys

Thr

75

Asp

Ile

Val

Lys

Leu

155

Lys

Ser

His

Ser

Glu

Lys

Gln

Lys

Met

val

Asn

140

Ile

Arg

Asp

Tyr

val

Met

45

Cys

Cys

Leu

Gln

Pro

125

Ile

Trp

Ile

Thr

Asn

Thr

30

Asp

Leu

Ala

Pro

Cys

110

Arg

Pro

Tyr

Thr

Pro
190

Ala

15

Lys

Met

Ala

Met

val

95

Glu

Phe

Gln

Gln

Gln

175

Phe

Leu

Asn

Tyx

Val

Lys

80

Ser

Pro

Leu

Leu

Asp

160

Thr

Arg
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Gln

Ala

Thr

225

Arg

Ala

Glu

Asn

Pro

305

Leu

Arg

Lys

Asp
385

Leu

<210> 71
<211> 894
<212> DNA

Ile

Lys

210

Leu

Arg

Tyr

Asp

Ile

290

Gly

Asn

Ser

Thr

Asn

370

Met

Thr

195

Gly

Leu

Tyr

Thr

Leu

275

His

Leu

Thr

Ser

Leu

355

Arg

Ser

<213> Tenebrio molitor

<400> 71

Glu

Leu

Lys

Asp

Arg

260

Leu

Tyx

Glu

Leu

val

340

Gly

Lys

His

Met

Pro

Ala

Ala

245

Asp

His

Ala

Gln

Arg

325

Ile

Met

Leu

Thr

Thr

Gly

Cys

230

Ala

Asn

Phe

Leu

Pro

310

Ile

Tyr

Gln

Pro

Gln
390

EP 1 572 862 B1

Ile

Phe

215

Ser

Ser

Tyr

Cys

Leu

285

Gln

Tyr

Gly

Asn

Pro

375

Pro

Leu

200

Ala

Ser

Asp

Arg

Arg

280

Thr

Leu

Ile

Lys

Ser

360

Phe

Pro

103

Thr

Lys

Glu

Sex

Lys

265

cys

Ala

val

Leu

Ile

345

Asn

Leu

Pro

val

Ile

val

val

250

Ala

Met

Val

Glu

Asn

330

Leu

Met

Glu

Ile

Gln

Ser

Met

235

Leu

Gly

Tyr

val

Glu

315

Gln

Ser

Cys

Glu

Leu
395

Leu

Gln

220

Met

Phe

Met

Ser

Ile

300

Ile

Leu

Ile

Ile

Ile

380

Glu

Ile

205

Pro

Leu

Ala

Ala

Met

285

Phe

Gln

Ser

Leu

Ser
365

Trp

Ser

Val Glu

Asp Gln

Arg Val

Asn Asn
255

Tyr Val
270

Ala Leu

Ser Asp

Arg Tyr

Gly Ser

335

Ser Glu

350

Leu Lys

Asp Val

Pro Thr

Phe

Ile

Ala

240

Gln

Ile

Asp

Arg

Tyr

320

Ala

Leu

Leu

Ala

Asn
400



10

15

20

25

30

35

40

45

50

55

aggccggaat
caaaaggaaa
gaaccagaat
gagcaagagg
ccgtectgaag
gagatacggt
tttgccaagce
aaggcatgtt
gattccatcce
atgggggaaa
gataatgccg
atagaaggct
gtcgacaacc
actgaattgc

aacaaaaagt

<210>72
<211> 298
<212> PRT

gtgtggtacc
aagataaacc
tgtcagatte
agctcatact
aagacgttaa
ttaggcatac
ggttaccagg
caagcgaagt
tcttcgtaaa
ccatcgaaga
aatatgcttt
ggaaggtgga
gaagaagccc
ggacgttagg

taccgcegtt

<213> Tenebrio molitor

<400> 72

Arg

1

Glu

Gly

Lys

Leu
65

Pro

Lys

Ser

Thr

50

Ile

Glu Cys

Ala
20

Lys

Pro
35

Asp
Thr

Leu

Leu Ile

Val

Gln

vVal

Asn

His

EP 1 572 862 B1

ggaagtacag
aaacagcact
agaaaaaaca
catacatcga
acggattatc
cacggaaatt
cttcgataag
gatgatgttce
caaccagcct
tectettgeat
actaacagcc
gaagatccaa
aagcecggggce
caaccaaaat

cctggacgaa

val Pro

Lys Glu

Ile Lys

Gly Arg

55

Arg Leu

70

tgtgctgtta
actaacggct
ttgactaacg
ttggtttatt
aatcagccga
acgatcctga
ctcectgecagg
aggatggccce
tatccgaggg
ttttgcagaa
atecgttattt
gaaatctatt
acaatattcg
tcagagatgt

atctgggacg

Glu Val Gln

10

Lys Asp

25

Lys

Ile
40

Glu Pro

Asn Arg Ile

val Phe

Tyr

104

agagaaaaga
caccagacgt
gacgcaatag
tccaaaacga
tagatggtga
ctgtgcagct
aagatcaaat
gacgttacga
acagttacaa
ctatgtactc
tctcagageg
tagaggcatt
cgaaactecct
gcatctecgtt

tcgacttaaa

Cys Ala

Pro Asn

Glu

Leu

Pro
60

Ser

Gln
75

Asn

val

Ser

Ser

45

Glu

Glu

gaagaaagcc
catcaaaatt
gatatcacca
atatgaacat
agatcagtgt
gatcgtggag
tgctctettg
cgteccagteg
tttggceggt
catgaaggtg
accgtegttg
gcgggegtac
gtcagtacta
gaaattgaaa

agca

Lys Arg

15

Lys

Thr
30

Thr Asn

Asp Ser Glu

Gln Glu Glu

His
80

Tyr Glu

60

120

180

240

300

360

420

480

540

600

660

720

780

840

894
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Pro

Glu

Leu

Asp

Ser

145

Asp

Asn

Thr

Lys
225

Val

Leu

Met

Asp

<210>73

<211> 948
<212> DNA

<213> Amblyomma americanum

Ser

Asp

Thr

Lys

130

Glu

Ser

Leu

Thr

Ala

210

val

Asp

Ser

Cys

Glu
290

Glu

Gln

val

115

Leu

Val

Ile

Ala

Met

195

Ile

Glu

Asn

Val

Ile

275

Ile

Glu

Cys

100

Gln

Leu

Met

Leu

Gly

180

Tyr

val

Lys

Arg

Leu

260

Ser

Trp

Asp

85

Glu

Leu

Gln

Met

Phe

165

Met

Ser

Ile

Ile

Arg

245

Thr

Leu

Asp

val

Ile

Ile

Glu

Phe

150

val

Gly

Met

Phe

Gln

230

Ser

Glu

Lys

val

EP 1 572 862 B1

Lys Arg Ile

Arg

Val

Asp

135

Arg

Asn

Glu

Lys

Ser

215

Glu

Pro

Leu

Leu

Asp
295

Phe

Glu

120

Gln

Met

Asn

Thr

val

200

Glu

Ile

Ser

Arg

Lys

280

Leu

105

Arg

105

Phe

Ile

Ala

Gln

Ile

185

Asp

Arg

TYyT

Arg

Thr

265

Asn

Lys

Ile

90

His

Ala

Ala

Arg

Pro

170

Glu

Asn

Pro

Leu

Gly

250

Leu

Lys

Ala

Asn

Thr

Lys

Leu

Arg

155

Tyr

Asp

Ala

Ser

Glu

235

Thr

Gly

Lys

Gln

Thr

Arg

Leu

140

Tyr

Pro

Leu

Glu

Leu

220

Ala

Ile

Asn

Leu

Pro

Glu

Leu

125

Lys

Asp

Arg

Leu

Tyr

205

Ile

Leu

Phe

Gln

Pro
285

Ile

Ile

110

Pro

Ala

Val

Asp

His

190

Ala

Glu

Arg

Ala

Asn

270

Pro

Asp

85

Thr

Gly

Cys

Gln

Ser

175

Phe

Leu

Gly

Ala

Lys

255

Ser

Phe

Gly

Ile

Phe

Ser

Ser
160

Tyr

Cys

Leu

Trp

Tyr

240

Leu

Glu

Leu
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<400> 73

cggccggaat
cagaaggacc
tectgtgggtg
agcagcaatc
tcttecatcte
ccttctgagg
aaccagcggc
gagttctceca
ctgaaggcct
acagattcta
agtgtagggg
gtagacaacg
ctggtggacc
tactccgaga
acagagctgc
aacaagaagc
<210> 74

<211> 316
<212> PRT

gtgtggtgcecc
ggccaaacag
gecgtgagece
acgaggagga
aggaggacct
aagacatgaa
gattccagca
agcgggtccce
gctccagtga
tagtgtttgce
actctgcaga
ctgaatacgc
cgcacaaggt
accaccggcc
gcaccttggg

tgccacecgtt

<213> Amblyomma americanum

<400> 74

Arg

1

Ser

Pro

Ser

Glu
65

Pro

Lys

Ser

Gln

50

Glu

Glu Cys

His
20

Lys

Ala
35

Leu
Met

Pro

Asp Lys

Val

Gln

Met

Gly

Lys

EP1

ggagtaccag
cacaacgcgyg
caccagccag
taagaagcca
catcaacaag
gaaaaccacg
cattactgag
tagctttgac
agtgatgatg
caataaccag
tgccctgttce
actcctgacg
ggagcgcatc
cccaggcaag
caacatgaac

cctggectgag

Val Pro

Lys Asp

Ala Pro

Gly Gly

55

Pro Vval

70

572 862 B1

tgtgccatca
gaaagtccct
cccatgggtg
gtggtgctca
ctagtctact
ccecttececce
atcaccatcce
acgctggcac
ctgagaggtg
ccgtacacga
cgcttctgece
gccattgtaa
caggagtact
aactactttyg
gccgaaatgt

atttgggaca

Glu Tyr

10

Pro
25

Arg

Ser Ser Val

40

Gly Ser

val Leu

106

Gln

Asn

Ser

Ser

agcgggagtce
cggcgctgat
gcggaggcag
gcccaggagt
accagcagga
tgggagacag
tgacagtgca
gagaagacca
cccggaaata
gggacaacta
gcaagatgtg
ttttetctga
acattgagac
cceggetget
gcttcteget

tccaagag

Cys Ala

Ser Thr

Gly Gly

Leu Gly

60

Pro
75

Gly

Ile

Thr

val

45

Ser

vVal

taagaagcac
ggcgccatct
cteceectggge
caagccccte
gtttgagtcg
tgaggaagac
gctcattgtg
gattactttg
tgatgtgaag
ccgcagtgee
tcagctgaga
acggccatca
cctgcgcatg
gtccatcttg

caaggtgcag

Lys Arg Glu

15

Arg Glu Ser

30

Ser Pro Thr

Ser Asn His

Leu
80

Lys Pro

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

948
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Serx

Glu

Pro

Thr

Arg

145

Leu

Tyxr

Thr

Leu

Glu

225

Leu

Thr

Phe

Met

Pro
305

<210>75

Ser

Phe

Leu

Glu

130

val

Lys

Asp

Arg

Phe

210

Tyr

Val

Leu

Ala

Asn

290

Pro

Ser
Glu
Gly
115
Ile
Pro
Ala
Val
Asp
195
Arg
Ala
Asp
Arg
Arg
275

Ala

Phe

Gln

Ser

100

Asp

Thr

Gly

Cys

Lys

180

Asn

Phe

Leu

Pro

Met

260

Leu

Glu

Leu

Glu

85

Pro

Ser

Ile

Phe

Ser

165

Thr

Tyr

Cys

Leu

His

245

Tyr

Leu

Met

Ala

Asp

Ser

Glu

Leu

Asp

150

Ser

Asp

Arg

Arg

Thr

230

Lys

Ser

Ser

Cys

Glu
310

EP 1 572 862 B1

Leu

Glu

Glu

Thr

135

Thr

Glu

Ser

Ser

Lys

215

Ala

Val

Glu

Ile

Phe

295

Ile

Ile

Glu

Asp

120

val

Leu

val

Ile

Ala

200

Met

Ile

Glu

Asn

Leu

280

Ser

Trp

107

Asn

Asp

105

Asn

Gln

Ala

Met

val

185

Ser

Cys

Val

Arg

His

265

Thr

Leu

Asp

Lys

90

Met

Gln

Leu

Arg

Met

170

Phe

val

Gln

Ile

Ile

250

Arg

Glu

Lys

Ile

Leu

Lys

Arg

Ile

Glu

155

Leu

Gly

Leu

Phe

235

Gln

Pro

Leu

val

Gln
315

val

Lys

Arg

val

140

Asp

Arg

Asn

Asp

Arg

220

Ser

Glu

Pro

Arg

Gln

300

Glu

Thr

Phe

125

Glu

Gln

Gly

Asn

Ser

205

val

Glu

TYyY

Gly

Thr

285

Asn

Tyr

Thr

110

Gln

Phe

Ile

Ala

Gln

190

Ala

Asp

Arg

Tyr

Lys

270

Leu

Lys

Gln

95

Pro

His

Ser

Thx

Arg

175

Pro

Asp

Asn

Pro

Ile

255

Asn

Gly

Lys

Gln

Phe

Ile

Lys

Leu

160

Lys

Tyr

Ala

Ala

Ser

240

Glu

Tyr

Asn

Leu
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<211> 825
<212> DNA

<213> Drosophila melanogaster

<400> 75

gtgtccaggg
tgcggcgatce
tacaagggtg
gaatacgecgce
ctgaaagccg
ctggatgacg
cgacgatcac
cgcaacagtg
agtgtaaaga
atactgtaca
gagaaggtgt
cgctttgege
gatcacctgt

cagctggagg

SEQUENCE LISTING

[0280]

atttctecgat
gtgcactgac
ccgtgtegge
gcatgatgce
cttggatcga
gcggtgeegg
cgggccttca
cgatcaaagce
tgaagcggcet
acccggacat
acgcttgect
aactgctget
tecctetteeg

cgccgeecgcec

EP 1 572 862 B1

cgagcgcatc
gttcctgege
cctgtgccaa
gcactttgcee
gctgctcatt
c€ggcegggdggce
gccccagecag
cggtgtgtca
gaatctcgac
acgcgggatc
ggacgagcac
gecgtctgcecce
cattaccagce

acccggcectg

atagaggccg
gttggtccct
gtggtcaaca
caggtgccgce
gcgaacgtgg
ggtggactag
ctgttcctea
gccatetteg
cgacgcgagce
aagagccggg
tgcegectgg
gctttgegat
gaccggccgce

gcgatgaaac

agcagcgagc
attccacagt
aacagctctt
tggacgacca
cctggtgcag
gccacgatgg
accagagctt
accgcatatt
tgtcctgett
cggagatcga
aacatcecggg
cgatcagcct
tggaggagct

tggag

<110> Rohm and Haas Company Palli, Subba R. Kapitskaya, Marianna Z.

ggagacccaa
ccagccggac
ccagatggtc
ggtgattctg
catcgttteg
ctecectttgag
ctcgtaccat
gtcggagctg
gaaggccatc
gatgtgcegce
cgacgatgga
gaagtgccag

ctttctecgag

60

120

180

240

300

360

420

480

540

600

660

720

780

825

<120> Chimeric retinoid X receptors and their use in a novel ecdysone receptor-based ind ucible gene expression

system

<130> A01238

<140> EP02714990.5
<141> 2002-02-20

<150> US 60/294,819
<151>2001-05-31

<160> 75

<170> Patentln version 3.1

<210>1
<211> 735
<212> DNA

108
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<213> Choristoneura fumiferana

<400> 1

taccaggacg
cagcaagcgg
actatcctca
atctcgecage
cgagtcgegce
tacactcgceg
ttctgeeggt
gtecgtcatet
cggtactacc
tegtecegtea
caaaactcca
gaggagatct
ccecacgaatce
<210> 2

<211>1338
<212> DNA

ggtacgagca
acgatgaaaa
cggtccaact
ctgatcaaat
gacgatacga
acaactaccyg
gcatgtactc
tttctgaccy
tgaatacgcet
tatacggcaa
acatgtgcat
gggatgtgge

tctag

<213> Drosophila melanogaster

<400> 2

tatgagcagc
agccaaacyg
attgttgagt
acgttactaa

cacagctegg

catctgaaga
acgtcagett
ttgctaaagy
aggcctgete

actcaatatt

EP 1 572 862 B1

gccttotgat
cgaagagtct
tatcgtggag
tacgectgett
tgcggéctca
caaggctggc
tatggegttg
gccagggttg
ccegeatcectat
gatcctetea
ctcectecaag

ggacatgtecy

ggatctcagyg

tcggcatata
tctaccagceg
gtcggaggtg

cttcgegaat

gaagatttga
gacactccecet
ttecgcgaagg
aaggcttgcet
gacagtgttc
atggcctacg
gacaacatcc
gagcagcege
atcctgaacce
atcctetetg
ctcaagaaca

cacacccaac

cgtataatga
accgagataa
tttacaaaga
atgatgctge

aatagatcat

109

agaggattac
tcecgecagat
gattgccagg
caagtgaggt
tgttcgecgaa
tcatcgagga
attacgcgcet
aactggtgga
agctgagcegg
agctacgcac
gaaagctgec

cgcegectat

gtcaacccga
ccatactcac
taccccagga
gtatggcacg

atacgcggga

gcagacgtgg
cacagagatg
gttcgecaag
aatgatgctc
caaccaagcyg
tctactgcac
gctcacggcet
agaaatccag
gteggegegt
gctcggcatg
gcctttecte

cetegagtoc

tgagaacgag
ggtccagttg
ggaccagatc
acgctatgac

ttcttacaaa

60

120

180

240

300

360

420

480

540

600

660

720

735

60

120

180

240

300
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atggcecggaa tggctgataa cattgaagac ctgetgcatt tctgecgeca aatgttcteg 360
atgaaggtgg acaacgtcga atacgegett ctcactgcca ttgtgatctt ctcggaccgg 420
cegggeetgg agaaggcocca actagtcgaa gegatccaga gctactacat cgacacgeta 480
cgcatttata tactcaaccg ccactgcgge gactcaatga gcoctegtctt ctacgcaaag 540
ctgetctega tectcaccga gectgegtacg ctgggcaacce agaacgccga gatgtgtitte 600
tcactaaage tcaaaaaccg caaactgcecc aagttcoctceg aggagatctg ggacgttcat 660
gecatcceege catcggtcecca gtcgeacctt cagattacce aggaggagaa cgagcgtetce 720
gagcgggetg agegtatgeg ggcateggtt gggggcgeca ttaccgeegg cattgattge 780
gactctgect ccacttcgge ggoggcagec geggcccagce atcagectca gectcagecce 840
cagceccaac cctccteoect gacccagaac gattcccage accagacaca gccgcagcta 900
caacctcage taccacctca gctgcaaggt caactgcaac cccagctcca accacagcett 960
cagacgcaac tccagccaca gattcaacca cagccacagc tccttcecgt cteocgctece 1020
gtgccecgeet cecgtaaccge acctggttec ttgtecgecgg tcagtacgag cagcgaatac 1080
atgggcggaa gtgcggccat aggacccatc acgccggcaa ccaccagcag tatcacggcet 1140
gccgttaccg ctagctecac cacatcageg gtaccgatgg gcaacggagt tggagtceggt 1200
gttggggtgyg gcggcaacgt cagcatgtat gegaacgceccce agacggcgat ggcecttgatg 1260
ggtgtagccece tgcattcgea ccaagagcag cttatcgggg gagtggeggt taagteggag 1320
cactcgacga ctgcatag 1338

<210> 3

<211> 960

<212> DNA

<213> Choristoneura fumiferana

<400> 3

40

45

50

55
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cctgagtgcg tagtacccga gactcagtgce gccatgaagc ggaaagagaa gaaagcacag 60
aaggagaagg acaaactgcc tgtcagcacqg acgacggtgg acgaccacat gccgceccatt 120
atgcagtgtg aacctccacc tcectgaagca gcaaggattc acgaagtggt cccaaggttt 180
ctcteegaca agctgttgga gacaaaccgg cagaaaaaca tceccccagtt gacagccaac 240
cagcagttcc ttatcgccag gctcatetgg taccaggacg ggtacgagca gecttctgat 300
gaagatttga agaggattac gcagacgtgg cagcaagcgg acgatgaaaa cgaagagtct 360
gacactccet tccgeoecagat cacagagatg actatcctca cggtcecaact tategtggag 420
ttcgegaagg gattgccagg gttcgccaag atctcgcagce ctgatcaaat tacgcetgett 480
aaggcttgcet caagtgaggt aatgatgctce cgagtcegcge gacgatacga tgcggectca 540
gacagtgttc tgttcgcecgaa caaccaagcg tacactcgceg acaactaccg caaggctgge 600
atggcctacg tcatcgagga tctactgcac ttcectgeeggt geatgtactce tatggegttg 660
gacaacatcce attacgeget getcacggcet gtcegtceatet tttctgaceg geccagggttg 720
gagcagccge aactggtgga agaaatccag cggtactacce tgaatacgcet ccgcatctat 780
atcctgaacce agctgagegg gteggegegt tegtecgtca tatacggecaa gatcctctea 840
atcctetetg agetacgecac gctecggeatg caaaactcca acatgtgcat ctcectcaag 300
ctcaagaaca gaaagctgcc gectttecte gaggagatcet gggatgtggce ggacatgteg 960

<210> 4

<211> 969

<212> DNA

<213> Drosophila melanogaster

<400> 4

35

40

45

50

55
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cggccoggaat
cagaaggaga
ttggectetg
gagccgcceec
gcegegeaata
taccaggatg
gatgagaacg
acggtccagt
gaggaccaga
cgacgctatg
gattcttaca
caaatgttct
ttctcggacce
atcgacacgc
ttctacgcaa
gagatgtgtt

tgggacgtt

gcgtegtecee
aggacaaaat
gtggcggcecea
agcatgccac
tacctteett
gctatgagca
agagccaaac
tgattgttga
tcacgttact
accacagctce
aaatggccgyg
cgatgaaggt
ggcegggcct
tacgcattta
agctgetete

tctcactaaa

EP 1 572 862 B1

ggagaaccaa
gaccacttcg
agactttgtt
tattccegceta
aacgtacaat
gccatctgaa
ggacgtcagce
gtttgctaaa
aaaggceccetgce
ggactcaata
aatggctgat
ggacaacgtc
ggagaaggcc
tatactcaac
gatcectecace

gctcaaaaac

<210>5

<211> 244

<212> PRT

<213> Choristoneura fumiferana

<400> 5

Tyr Gln Asp Gly Tyr Glu Gln Pro Ser Asp

1 5

Thr Gln Thr Trp Gln Gln Ala Asp Asp Glu

20

Pro Phe Arg Gln Ile Thr Glu Met Thr Ile

35

Val Glu Phe Ala Lys Gly Leu Pro Gly Phe

50 55

tgtgcgatga
ccgagcetete
aagaaggaga
ctacctgatg
cagttggeeg
gaggatctca
tttcggcata
ggtctaccag
tegtcggagg
ttcttegega
aacattgaag
gaatacgcgce
caactagtcg
cgecactgeg
gagctgcgta

cgcaaactgce

10

25

40

112

agcggcegcega
agcatggcog
ttcttgacct
aaatattggc
ttatatacaa
ggcgtataat
taaccgagat
cgtttacaaa
tgatgatgct
ataatagatc
acctgetgea
ttetcactge
aagcgatcca
gcgactcaat
cgctgggcaa

ccaagttect

aaagaaggcc
caatggcagc
tatgacatgc
caagtgtcaa
gttaatttgg
gagtcaaccce
aaccatactc
gataccccag
gcgtatggcea
atatacgcgg
tttctgeege
cattgtgatc
gagctactac
gagcctcgte
ccagaacgcce

cgaggagatc

Glu Asp Leu

Asn Glu Glu

Leu Thr val
45

Ala Lys Ile
60

Lys

Ser

30

Gln

Ser

Arg Ile

15

Asp Thr

Leu Ile

Gln Pro

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

969
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Asp

Arg

Asn

Tyr

Ala

Ser

145

Arg

Gly

Ser

Leu

Asp

225

Pro

<210>6

<211> 445
<212> PRT
<213> Drosophila

<400> 6

Tyr

Asp

Ile

Pro

Gln

Val

Asn

val

Leu

130

Asp

Tyx

Sexr

Glu

Lys

210

Val

Thr

Ile

Ala

Gln

Ile

115

Asp

Arg

Tyr

Ala

Leu

195

Leu

Ala

Asn

Thr

Arg

Ala

100

Glu

Asn

Pro

Leu

Arg

180

Arg

Lys

Asp

Leu

melanogaster

Glu

Glu

Thr

Ala
50

Gln

Asn

Ile

35

Phe

Pro

Glu

20

Leu

Thr

Leu

Arg

85

TyY

Asp

Ile

Gly

Asn

165

Ser

Thr

Asn

Met

Ser

Ser

Thr

Lys

Leu

70

Tyx

Thr

Leu

His

Leu

150

Thr

Ser

Leu

Arg

Ser
230

Glu

Gln

Val

Ile

EP 1 572 862 B1

Lys

Asp

Arg

Leu

Tyr

135

Glu

Leu

Val

Gly

Lys

215

His

Glu

Thr

Gln

Pro
55

Ala

Ala

Asp

His

120

Ala

Gln

Arg

Ile

Met

200

Leu

Thr

Asp

Asp

Leu

40

Gln

113

Cys

Ala

Asn

105

Phe

Leu

Pro

Ile

Tyr

185

Gln

Pro

Gln

Leu

Val

25

Ile

Glu

Ser

Ser

90

Tyr

Cys

Leu

Gln

Tyr

170

Gly

Asn

Pro

Pro

Arg

10

Ser

Val

Asp

ser

75

Asp

Arg

Axg

Thr

Leu

155

Ile

Lys

Ser

Phe

Pro
235

Arg

Phe

Glu

Gln

Glu

Ser

Lys

Cys

Ala

140

val

Leu

Ile

Asn

Leu

220

Pro

Ile

Arg

Phe

Ile
60

Val

Val

Ala

Met

125

Val

Glu

Asn

Leu

Met

205

Glu

Ile

Met

His

Ala

45

Thr

Met

Leu

Gly

110

Tyr

Val

Glu

Gln

Ser

190

Cys

Glu

Leu

Ser

Ile

30

Lys

Leu

Met

Phe

95

Met

Sexr

Ile

Ile

Leu

175

Ile

Ile

Ile

Glu

Gln

15

Thr

Gly

Leu

Leu

80

Ala

Ala

Met

Phe

Gln

160

Ser

Leu

Sex

Trp

Ser
240

Pro

Glu

Leu

Lys
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Ala

His

Asp

His

Ala

Lys

145

Arg

Phe

Asn

Leu

Ser

225

Glu

Gly

Gln

Gln

Pro

305

Gln

Val

Cys

Ser

Ser

Phe

Leu

130

Ala

Ile

Tyr

Gln

Pro

210

Val

Arg

Ile

His

Asn

290

Pro

Thr

Ser

Ser

Ser

Tyr

Cys

115

Leu

Gln

Tyxr

Ala

Asn

195

Lys

Gln

Ala

Asp

Gln

275

Asp

Gln

Gln

Ala

Ser

Asp

Lys

100

Arg

Thr

Leu

Ile

Lys

180

Ala

Phe

Ser

Glu

Cys

260

Pro

Ser

Leu

Leu

Pro

Glu

Ser

85

Met

Gln

Ala

val

Leu

165

Leu

Glu

Leu

His

Arg

245

Asp

Gln

Gln

Gln

Gln

325

Val

Val

70

Ile

Ala

Met

Ile

Glu

150

Asn

Leu

Met

Glu

Leu

230

Met

Ser

Pro

His

Gly

310

Pro

Pro

EP 1 572 862 B1

Met

Phe

Gly

Phe

val

135

Ala

Arg

Ser

Cys

Glu

215

Gln

Arg

Ala

Gln

Gln

295

Gln

Gln

Ala

Met Leu Arg

Phe

Met

Ser

120

Ile

Ile

His

Ile

Phe

200

Ile

Ile

Ala

Ser

Pro

280

Thr

Leu

Ile

Ser

114

Ala

Ala

105

Met

Phe

Gln

Cys

Leu

185

Ser

Trp

Thr

Ser

Thr

265

Gln

Gln

Gln

Gln

Val

Asn

90

Asp

Lys

Ser

Ser

Gly

170

Thr

Leu

Asp

Gln

Val

250

Sex

Pro

Pro

Pro

Pro

330

Thr

Met

75

Asn

Asn

Val

Asp

Tyr

155

Asp

Glu

Lys

Val

Glu

235

Gly

Ala

Gln

Gln

Gln

315

Gln

Ala

Ala

Arg

Ile

Asp

Arg

140

Tyr

Ser

Leu

Leu

His

220

Glu

Gly

Ala

Pro

Leu

300

Leu

Pro

Pro

Arg

Ser

Glu

Asn

125

Pro

Ile

Met

Arg

Lys

205

Ala

Asn

Ala

Ala

Ser

285

Gln

Gln

Gln

Gly

Arg

Tyr

Asp

110

vVal

Gly

Asp

Ser

Thr

190

Asn

Ile

Glu

Ile

Ala

270

Ser

Pro

Pro

Leu

Ser

Tyr

Thr

95

Leu

Glu

Leu

Thr

Leu

175

Leu

Arg

Pro

Arg

Thr

255

Ala

Leu

Gln

Gln

Leu

335

Leu

Asp

80

Arg

Leu

Tyr

Glu

Leu

160

Val

Gly

Lys

Pro

Leu

240

Ala

Ala

Thr

Leu

Leu

320

Pro

Ser
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Ala

Pro

Ser
385

Val

Met

Gly

<210>7
<211> 320
<212> PRT

Val

Ile

370

Ser

Gly

Ala

Gly

Ser

355

Thr

Thr

Val

Leu

val
435

340

Thr

Pro

Thr

Gly

Met

420

Ala

<213> Choristoneura fumiferana

<400>7

Pro

Lys

Val

Glu

Leu

65

Gln

Gln

Ala

Glu

Glu

Lys

Asp

Ala

50

Leu

Gln

Pro

Asp

Met
130

Cys

Ala

Asp

Ala

Glu

Phe

Ser

Asp

115

Thr

val

Gln

20

His

Arg

Thr

Leu

Asp

100

Glu

Ile

Ser

Ala

Ser

Gly

405

Gly

Val

Val

Lys

Met

Ile

Asn

Ile

85

Glu

Asn

Leu

Ser

Thr

Ala

390

Asn

Val

Lys

Pro

Glu

Pro

His

Arg

70

Ala

Asp

Glu

Thr

EP 1 572 862 B1

Glu

Thr

375

val

Val

Ala

Ser

Glu

Lys

Pro

Glu

55

Gln

Arg

Leu

Glu

Val
135

Tyr

360

Ser

Pro

Ser

Leu

Glu
440

Thr

Asp

Ile

40

val

Lys

Leu

Lys

Ser

120

Gln

115

345

Met

Ser

Met

Met

His

425

Hig

Gln

Lys

25

Met

Val

Asn

Ile

Arg

105

Asp

Leu

Gly

Ile

Gly

Tyr

410

Ser

Ser

Cys

10

Leu

Gln

Pro

Ile

Trp

90

Ile

Thr

Ile

Gly

Thr

Asn

395

Ala

His

Thr

Ala

Pro

Cys

Arg

Pro

75

Tyr

Thr

Pro

Val

Ser

Ala

380

Gly

Asn

Gln

Thr

Met

Val

Glu

Phe

60

Gln

Gln

Gln

Phe

Glu
140

Ala

365

Ala

val

Ala

Glu

Ala
445

Lys

Ser

Pro

45

Leu

Leu

Asp

Thr

Arg

125

Phe

350

Ala

Val

Gly

Gln

Gln
430

Arg

Thr

30

Pro

Ser

Thr

Gly

Trp

110

Gln

Ala

Ile

Thr

vVal

Thr

415

Leu

Lys

15

Thr

Pro

Asp

‘Ala

Tyr

95

Gln

Ile

Lys

Gly

Ala

Gly

400

Ala

Ile

Glu

Thr

Pro

Lys

Asn

80

Glu

Gln

Thr

Gly
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Leu

145

Lys

Asp

Arg

Leu

Tyxr
225

Glu

Leu

val

Gly

Lys

305

<210>8

<211> 323
<212> PRT
<213> Drosophila

<400> 8

Arg

Glu

Ser

Phe

His
65

Pro

Ala

Ala

Asp

His

210

Ala

Gln

Arg

Ile

Met

290

Leu

Gly

Cys

Ala

Asn

195

Phe

Leu

Pro

Ile

Tyr

275

Gln

Pro

Phe

Ser

Ser

180

Tyr

Cys

Leu

Gln

Tyr

260

Gly

Asn

Pro

melanogaster

Pro

Lys

Gln

Val

50

Ala

Glu

Lys

His

35

Lys

Thr

Cys

Ala

20

Gly

Lys

Ile

Ala

Ser

165

Asp

Arg

Arg

Thr

Leu

245

Ile

Lys

Ser

Phe

Val

Gln

Gly

Glu

Pro

Lys

150

Glu

Ser

Lys

Cys

Ala

230

val

Leu

Ile

Asn

Leu
310

Val

Lys

Asn

Ile

Leu
70

EP 1 572 862 B1

Ile

Val

Val

Ala

Met

215

Val

Glu

Asn

Leu

Met

295

Glu

Pro

Glu

Gly

Leu

55

Leu

Ser

Met

Leu

Gly

200

Tyxr

val

Glu

Gln

Ser

280

Cys

Glu

Glu

Lys

Ser

40

Asp

Pro

116

Gln

Met

Phe

185

Met

Sexr

Ile

Ile

Leu

265

Ile

Ile

Ile

Asn

Asp

25

Leu

Leu

Asp

Pro

Leu

170

Ala

Ala

Met

Phe

Gln

250

Ser

Leu

Ser

Trp

Gln

10

Lys

Ala

Met

Glu

Asp

155

Arg

Asn

Tyr

Ala

Ser

235

Arg

Gly

Ser

Leu

Asp
315

Cys

Met

Ser

Thr

Ile
75

Gln

Val

Asn

val

Leu

220

Asp

Tyr

Ser

Glu

Lys

300

val

Ala

Thr

Gly

Cys

60

Leu

Ile

Ala

Gln

Ile

205

Asp

Arg

Tyr

Ala

Leu

285

Leu

Ala

Met

Thr

Gly

45

Glu

Ala

Thr

Arg

Ala

190

Glu

Asn

Pro

Leu

Arg

270

Arg

Lys

Asp

Lys

Ser

30

Gly

Pro

Lys

Leu

Arg

175

Tyxr

Asp

Ile

Gly

Asn

255

ser

Thr

Asn

Met

Arg

15

Pro

Gln

Pro

Cys

Leu

160

Tyx

Thr

Leu

His

Leu

240

Thrx

Ser

Leu

Arg

Sexr
320

Arg

Ser

Asp

Gln

Gln
80
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<210>9
<211>714
<212> DNA

Ala

Lys

Leu

val

Ile

145

Glu

Leu

Ala

Ala

Met

225

Phe

Gln

Cys

Leu

Ser

305

Trp

Arg

Leu

Arg

Ser

130

Val

Asp

Arg

Asn

Asp

210

Lys

Ser

Ser

Gly

Thr

290

Leu

Asp

<213> Mus musculus

<400>9

Asn

Ile

Arg

115

Phe

Glu

Gln

Met

Asn

195

Asn

Val

Asp

Tyx

Asp

275

Glu

Lys

Val

Ile

Trp

100

Ile

Arg

Phe

Ile

Ala

180

Arg

Ile

Asp

Arg

Tyr

260

Ser

Leu

Leu

Pro

85

Tyr

Met

His

Ala

Thr

165

Arg

Ser

Glu

Asn

Pro

245

Ile

Met

Arg

Lys

Ser

Gln

Ser

Ile

Lys

150

Leu

Arg

Tyr

Asp

Val

230

Gly

Asp

Ser

Thr

Asn
310
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Leu

Asp

Gln

Thr

135

Gly

Leu

Tyr

Thr

Leu

215

Glu

Leu’

Thr

Leu

Leu

295

Arg

Thr

Gly

Pro

120

Glu

Leu

Lys

Asp

Arg

200

Leu

Tyr

Glu

Leu

Val

280

Gly

Lys

117

Tyr

TyY

105

Asp

Ile

Pro

Ala

His

185

Asp

His

Ala

Lys

Arg

265

Phe

Asn

Leu

Asn

90

Glu

Glu

Thr

Ala

Cys

170

Ser

Sex

Phe

Leu

Ala

250

Ile

TyY

Gln

Pro

Gln

Gln

Asn

Ile

Phe

155

Ser

Ser

Tyr

Cys

Leu

235

Gln

Tyr

Ala

Asn

Lys
315

Leu

Pro

Glu

Leu

140

Thr

Ser

ASp

Lys

Arg

220

Thr

Leu

Ile

Lys

Ala

300

Phe

Ala

Ser

Ser

125

Thr

Lys

Glu

Ser

Met

205

Gln

Ala

Val

Leu

Leu

285

Glu

Leu

val

Glu

110

Gln

val

Ile

val

Ile

190

Ala

Met

Ile

Glu

Asn

270

Leu

Met

Glu

Ile

95

Glu

Thr

Gln

Pro

Met

175

Phe

Gly

Phe

Val

Ala

255

Arg

Ser

Cys

Glu

Tyr

Asp

Asp

Leu

Gln

160

Met

Phe

Met

Ser

Ile

240

Ile

His

Ile

Phe

Ile
320
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gccaacgagg
actgagacat
accaacatct
atececcacact
aacgagctgc
ctggccaceyg
tttgacaggg
gagctgggcet
cctgetgagg
cacaagtacc
cgttceecatcg

cececatcgaca

<210> 10
<211>720

<212> DNA
<213> Mus musculus

<400> 10

gecectgagyg
agtgaccaag
ccagtgacta
aagaggatcc
ggctggaacg
atcctectgg
gccatctttg
aagacagagc
tccaaccetg
tgcaagcaga
gecccteeget
gacaccceca
<210> 11
<211>705

<212> DNA
<213> Mus musculus

<400> 11

acatgectgt
acgtggaggc
gtcaagcagc
tttctgaget
tgategcctce
gcctgecacgt
tgctaacaga
gcctgcgagce
tggaggcgtt
ctgagcagcc
ggctcaagtg

ccttectecat

agatgecctgt
gcgttgaggg
acatctgceca
cgcacttctce
agctcectcat
ccacgggtet
atcgggtgcet
ttggectgcect
gagaggtgga
agtaccctga
ccatcggect

ttgacacctt

EP 1 572 862 B1

agagaagatt
aaacatgggg
agacaagcag
gcecectagac
ctteteccac
acaccggaac
gctggtgtcet
cattgtcctg
gagggagaag
gggecaggttt
cctggagcac

ggagatgctg

ggacaggatc
teetggggcece
ggcagctgac
ctcectacct
tgegtectte
tcatgtgcac
gacagagcta
gogggcaatce
gatccttegg
gcagcagggce
caagtgtctg

cctecatggag

ctggaagcceyg
ctgaacccca
ctctteactce
gaccaggtca
cgetecatag
agcgctcaca
aagatgcgtg
ttcaaccctg
gtgtatgegt
gccaagcetge
ctgttettet

gaggcaccac

ctggaggcag
accgggggtg
aaacagctgt
ctggacgatc
tcccateggt
agaaactcag
gtgtccaaaa
atcatgttta
gagaaggtgt
cggtttgcca
gagcacctgt

atgcttgagg

118

agcttgetgt
gctcaccaaa
ttgtggagtg
tcectgectacg
ctgtgaaaga
gtgctggggt
acatgcagat
actctaaggg
cactagaagc
tgctcecgect
tcaagctcat

atcaagccac

agcttgectgt
gtggcagcag
tcacactcgt
aggtcatact
ccattgatgt
cceattccge
tgcgtgacat
atccagacgce
acgcectcact
agctgctgtt
tcttctteaa

ctccccacca

cgagcccaag
tgaccctgtt
ggccaagagg
ggcaggctgyg
tgggattcte
gggcgeceatce
ggacaagacg
gctctcaaac
gtactgcaaa
gecectgecactyg
cggggacacdg

ctag

ggagcagaag
cccaaatgac
tgagtgggca
gctgcgggcea
ccgagatggce
aggcgtggga
gaggatggac
caagggcctc
ggagacctat
acgtcttcct
gctecattgge

gctagcctga

60

120

180

240

300

360

420

480

540

600

660

714

60

120

180

240

300

360

420

480

540

600

660

720
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agccacgaag
acagaatcct
tgccatgetg

ttctcagatce

ctcattgcct
ggcctecacyg
gtccttacag
tgcctacggg
gtggagactc
ccggaacage
ggcttgaaat
agcttcectea

<210> 12

<211> 850

<212>DNA
<213> Homo sapiens

<400> 12

gccaacgagg
accgagacct
accaacattt
atcccacact
aatgagctgce
ctggccaccg
tttgacaggyg
gagctgggcet
ccggecgagy
cacaagtacc
cgetecateg
cccattgaca
gggcccatce
cagcctgagc

tgtcactget

<210> 13

<211>720

<212> DNA
<213> Homo sapiens

acatgcecegt
acggtgacat
cagataagca

tcaccttgga

ccttetecca
tgcacaggag
agttggtgtc
ccategtget
ttcgagagaa
caggcaggtt
gcctggaaca

tggagatgtt

acatgccggt
acgtggaggc
gccaageage
tctcagaget
tcatcgecte
ggctgcacgt
tgctgacgga
gcctgegege
tggaggcgct
cagagcagcc
ggctcaaatg
ccttecttat
tttgtgecca

cctgteectg

EP 1 572 862 B1

ggagaggatt
gaacgtggag
acttttcacc

ggaccaggtc

ccgeteggtt
cagcgetcac
caagatgaaa
gtttaaccca
ggtttatgcc
tgccaagcett
cctettette

ggagacccca

ggagaggatc
aaacatgggg
cgacaaacag
gceectggac
cttctecccac
ccaccggaac
gcttgtgtec
catcgtecte
gagggagaag
gggaaggttce
cctggaacat
ggagatgctg
ccegttetgg

ceecttetetg

ctagaagccg
aactcaacaa
ctcgttgagt

attctactcc

tecgtecagg
agccggggag
gacatgcaga
gatgccaagg
accctggagg
ctgetgegte
ttcaagctca

ctgcagatca

ctggaggctyg
ctgaacccca
cttttecacce
gaccaggtca
cgctecateg
agcgeccaca
aagatgcggg
tttaacccetg
gtctatgegt
gctaagctcet
ctettettet
gaggcgecege
ccacccetgee

cctggectgt

119

aacttgetgt
atgacccetgt
gggccaaacy

gggcagggtg

atggcatect
tcggctecat
tggataagtc
gtttatccaa
cctataccaa
tcectgetcet
ttggagacac

cctga

agctggeccgt
gctegccgaa
tggtggagtg
tecectgetgeg
ccgtgaagga
gcgcaggggt
acatgcagat
actccaaggg
ccttggagge
tgcteegecet
tcaagctcat
accaaatgac
tggacgccag

ttggactttg

ggaaccaaag
taccaacata
catcccccac

gaatgaactg

gctggccacy
cttecgacaga
agagetgggg
ccectetgag
gcagaagtat
gcgctccatce

tceccategac

ggagcccaag
cgaccctgtce
ggccaagcgg

ggcaggctgg
cgggatcetce
gggcgcececatce
ggacaagacg
gctctcgaac
ctactgcaag
gceggetetg
cggggacaca
ttaggectge
ctgttettet

gggcacagee

60

120

180

240

300

360

420

480

540

600

660

705

60

120

180

240

300

360

420

480

540

600

660

720

780

840

850
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<400> 13
gccccegagg agatgectgt
agtgaccagg gcgttgaggg
cctgtgacta acatctgtca
aagaggatcce cacacttttce
ggctggaatg aactcctcat
atcctecttg ccacaggtcet
gccatctttg atcgggtget
aagacagagc ttggctgcect
tccaacccta gtgaggtgga
tgcaaacaga agtaccctga
gcectecggt ccattggect
gacacccecca tcgacacctt

<210> 14

<211> 705

<212> DNA

<213> Homo sapiens

<400> 14
ggtcatgaag acatgcctgt
acagaatcct atggtgacat
tgtcatgetg ctgacaagca
ttctectgacc tcaccttgga
ctgattgcecet ctttcectecca
ggtttacatg tccaccggag
gttctaactg agectggttte
tgcctgegag ccattgtact
gtggagactce tgcgagagaa
ccggaacage caggcaggtt
ggcttgaaat gcctggagea
accttccteca tggagatgtt

<210> 15

<211> 237

<212> PRT

<213> Mus musculus

<400> 15

EP 1 572 862 B1

ggacaggatc
tcctggggga
ggcagctgac
ctecttgect

tgcctecttt

tcacgtgcac
gacagagcta
gagggcaatc
ggtcetgegyg
gcagcaggga
taagtgtcta

ccteatggag

ggagaggatt
gaatatggag
gcttttcace
ggaccaggtc
ccgcetcagtt
cagtgcccac
caaaatgaaa
ctttaaccca
ggtttatgcec
tgccaagetg
cctettette

ggagaccecg

ctggaggcag
accgggggta
aaacagctat
ctggatgatc

tcacacecgat

cgcaactcag
gtgtccaaaa
attctgttta
gagaaagtgt
cggtttgeeca
gagcatctgt

atgcttgagg

ctagaagctg
aactcgacaa
ctegttgaat
attttgette
tcegtgeagg
agtgctgggg
gacatgcaga
gatgccaagyg
acccttgagg
ctgetgegee
ttcaagctca

ctgcagatca

120

agcttgetgt
gcggcagcag
tcacgettgt
aggtcatatt

ccattgatgt

cccattcage
tgegtgacat
atccagatgc
atgcatcact
agctgctget
ttttcttcaa

ctcccecatceca

aacttgetgt
atgaccctgt
gggccaageg

gggcagggty

atggeatcct
tcggcteeat
tggacaagtc
gcctgtecaa
cctacaccaa
tcececagetet
tcggggacac

cctga

ggaacagaag
cccaaatgac
tgagtgggcy
gctgegggca

tcgagatgge

aggagtagga
gaggatggac
caagggcctc
ggagacctac
acgtcttect
gotcattggt

actggcctga

tgaaccaaag
taccaacata
tattcecccac
gaatgaattg
tectggecacg
ctttgacaga
ggaactggga
ccecetetgag
gcagaagtat
gcgttecatt

ccecattgace

60
120
180
240

300

360
420
480
540
600
660

720

60
120
180
240
300
360
420
480
540
600
660

705
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<210> 16
<211> 239
<212> PRT

Ala

val

Pro

Lys

Ser

65

Asn

Asp

His

val

Leu

145

Pro

Ala

Leu

Glu

Phe
225

Asn

Glu

Ser

Gln

50

Glu

Glu

Gly

Ser

Ser

130

Arg

Ala

Tyr

Leu

His

210

Leu

<213> Mus musculus

<400> 16

Glu
Pro
Ser
35

Leu
Leu
Leu
Ile
Ala
115
Lys
Ala
Glu
Cys
Leu
195
Leu

Met

Asp

Lys

20

Pro

Phe

Pro

Leu

Leu

100

Gly

Met

Ile

Val

Lys

180

Arg

Phe

Glu

Met

Thr

Asn

Thr

Leu

Ile

85

Leu

Val

Arg

Val

Glu

165

His

Leu

Phe

Met

Pro

Glu

Asp

Leu

Asp

70

Ala

Ala

Gly

Asp

Leu

150

Ala

Lys

Pro

Phe

Leu
230

EP 1 572 862 B1

Val

Thr

Pro

Val
55

Asp

Ser

Thr

Ala

Met

135

Phe

Leu

Tyr

Ala

Lys

215

Glu

Glu

Tyr

val

40

Glu

Gln

Phe

Gly

Ile

120

Gln

Asn

Arg

Pro

Leu

200

Leu

Ala

121

Lys

Val

25

Thr

Trp

Val

Ser

Leu

105

Phe

Met

Pro

Glu

Glu

185

Arg

Ile

Pro

Ile

10

Glu

Asn

Ala

Ile

His

90

His

Asp

Asp

Asp

Lys

170

Gln

Ser

Gly

His

Leu

Ala

Ile

Lys

Leu

75

Arg

Val

Arg

Lys

Ser

155

val

Pro

Ile

Asp

Gln
235

Glu

Asn

Cys

Arg

Leu

Ser

His

Val

Thr

140

Lys

Tyr

Gly

Gly

Thr

220

Ala

Ala

Met

Gln

45

Ile

Arg

Ile

Arg

Leu

125

Glu

Gly

Ala

Arg

Leu

205

Pro

Thr

Glu

Gly

30

Ala

Pro

Ala

Ala

Asn

110

Thr

Leu

Leu

Ser

Phe

190

Lys

Ile

Leu

Leu

Ala

His

Gly

Val

95

Ser

Glu

Gly

Ser

Leu

175

Ala

Cys

ASp

Ala

Asn

Asp

Phe

Trp

80

Lys

Ala

Leu

Cys

Asn

160

Glu

Lys

Leu

Thr
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<210> 17
<211> 234
<212> PRT

Ala

Val

Gly

Ala

His

65

Gly

Val

Ser

Glu

Gly

145

Ser

Leu

Ala

Cys

Asp
225

Pro

Glu

Gly

Asp

50

Phe

Trp

Arg

Ala

Leu

130

Cys

Asn

Glu

Lys

Leu

210

Thr

<213> Mus musculus

<400> 17

Glu

Gln

Gly

35

Lys

Ser

Asn

Asp

His

115

val

Leu

Pro

Thr

Leu

195

Glu

Phe

Glu

Lys

20

Ser

Gln

Sexr

Glu

Gly

100

Ser

Ser

Arg

Gly

Tyxr

180

Leu

His

Leu

Met

Ser

Sex

Leu

Leu

Leu

85

Ile

Ala

Lys

Ala

Glu

165

Cys

Leu

Leu

Met

Pro

Asp

Pro

Phe

Pro
70

Leu

Leu

Gly

Met

Ile

150

Val

Lys

Arg

Phe

Glu
230

EP 1 572 862 B1

Val Asp Arg Ile

Gln

Asn

Thr

55

Leu

Ile

Leu

Val

Arg

135

Ile

Giu

Gln

Leu

Phe

215

Met

Gly

Asp

40

Leu

Asp

Ala

Ala

Gly

120

Asp

Met

Ile

Lys

Pro

200

Phe

Leu

122

val

25

Pro

Val

Asp

Ser

Thr

105

Ala

Met

Phe

Leu

Tyr

185

Ala

Lys

Glu

10

Glu

Val

Glu

Gln

Phe

90

Gly

Ile

Arg

Asn

Arg

170

Pro

Leu

Leu

Ala

Leu

Gly

Thr

Trp

Val

75

Ser

Leu

Phe

Met

Pro

155

Glu

Glu

Arg

Ile

Pro
235

Glu

Pro

Asn

Ala

60

Ile

His

Hisg

Asp

Asp

140

Asp

Lys

Gln

Ser

Gly

220

His

Ala

Gly

Ile

45

Lys

Leu

Arg

val

Arg

125

Lys

Ala

Val

Gln

Ile

205

Asp

Gln

Glu

Ala

30

Cys

Arg

Leu

Ser

His

110

Val

Thr

Lys

Tyr

Gly

190

Gly

Thr

Leu

Leu

15

Thr

Gln

Ile

Arg

Ile

95

Arg

Leu

Glu

Gly

Ala

175

Arg

Leu

Pro

Ala

Ala

Gly

Ala

Pro

Ala

80

Asp

Asn

Thr

Leu

Leu

160

Ser

Phe

Lys

Ile
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<210> 18
<211> 237
<212> PRT

Ser

Val

Thr

Phe

Thr

65

Leu

Leu

Gly

Met

Ile

145

val

Lys

Arg

Phe

Glu
225

His

Glu

Asn

Thr

50

Leu

Ile

Leu

val

Lys

130

Val

Glu

Gln

Leu

Phe

210

Met

<213> Homo sapiens

<400> 18

Glu

Pro

Asp

35

Leu

Glu

Ala

Ala

Gly

115

Asp

Leu

Thr

Lys

Pro

195

Phe

Leu

Asp

Lys

20

Pro

Val

Asp

Ser

Thr

100

Ser

Met

Phe

Leu

Tyr

180

Ala

Lys

Glu

Met

Thr

Val

Glu

Gln

Phe

85

Gly

Ile

Gln

Asn

Arg

165

Pro

Leu

Leu

Thr

Pro

Glu

Thr

Txrp

Val

70

Ser

Leu

Phe

Met

Pro

150

Glu

Glu

Arg

Ile

Pro
230

EP 1 572 862 B1

Val

Ser

Agn

Ala

55

Ile

His

His

Asp

Asp

135

Asp

Lys

Gln

Ser

Gly

215

Leu

Glu

Tyr

Ile

40

Lys

Leu

Arg

Val

Arg

120

Lys

Ala

val

Pro

Ile

200

Asp

Gln

123

Arg

Gly

25

Cys

Arg

Leu

Ser

His

105

Val

Ser

Lys

Tyr

Gly

185

Gly

Thr

Ile

Ile

10

Asp

His

Ile

Arg

Val

90

Arg

Leu

Glu

Gly

Ala

170

Arg

Leu

Pro

Thr

Leu

Met

Ala

Pro

Ala

75

Ser

Ser

Thr

Leu

Leu

158

Thr

Phe

Lys

Ile

Glu

Asn

Ala

His

60

Gly

Val

Ser

Glu

Gly

140

Ser

Leu

Ala

Cys

Asp
220

Ala

val

Asp

45

Phe

Trp

Gln

Ala

Leu

125

Cys

Asn

Glu

Lys

Leu

205

Ser

Glu

Glu

30

Lys

Sexr

Asn

Asp

His

110

Val

Leu

Pro

Ala

Leu

190

Glu

Phe

Leu

15

Asn

Gln

Asp

Glu

Gly

95

Ser

Ser

Arg

Ser

Tyr

175

Leu

His

Leu

Ala

Ser

Leu

Leu

Leu

80

Ile

Arg

Lys

Ala

Glu

160

Thr

Leu

Leu

Met
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<210> 19
<211> 239
<212> PRT

Ala

Val

Pro

Lys

Ser

65

Asn

Asp

His

Val

Leu

145

Pro

Ala

Leu

Glu

Phe
225

Asn

Glu

Ser

Gln

50

Glu

Glu

Gly

Ser

Ser

130

Arg

Ala

Tyr

Leu

His

210

Leu

<213> Homo sapiens

<400> 19

Glu

Pro

Ser

35

Leu

Leu

Leu

Ile

Ala

115

Lys

Ala

Glu

Cys

Leu

195

Leu

Met

Asp

Lys

20

Pro

Phe

Pro

Leu

Leu

100

Gly

Met

Ile

Val

Lys

180

Arg

Phe

Glu

Met

Thr

Asn

Thr

Leu

Ile

85

Leu

Val

Arg

Val

Glu

165

His

Leu

Phe

Met

EP 1 572 862 B1

Pro Val Glu

Glu

Asp

Leu

Asp

70

Ala

Ala

Gly

Asp

Leu

150

Ala

Lys

Pro

Phe

Leu
230

Thr

Pro

val

55

Asp

Sexr

Thr

Ala

Met

135

Phe

Leu

Tyr

Ala

Lys

215

Glu

Tyr

val

40

Glu

Gln

Phe

Gly

Ile

120

Gln

Asn

Arg

Pro

Leu

200

Leu

Ala

124

Arg

Val

25

Thr

Trp

val

Ser

Leu

105

Phe

Met

Pro

Glu

Glu

185

Arg

Ile

Pro

lle

10

Glu

Asn

Ala

Ile

His

90

His

Asp

Asp

Asp

Lys

170

Gln

Ser

Gly

His

Leu

Ala

Ile

Lys

Leu

75

Arg

Val

Arg

Lys

Ser

155

Val

Pro

Ile

Asp

Gln
235

Glu

Asn

Cys

Arg

60

Leu

Ser

His

Val

Thr

140

Lys

Tyr

Gly

Gly

Thr

220

Met

Ala

Met

Gln

45

Ile

Arg

Ile

Arg

Leu

125

Glu

Gly

Ala

Arg

Leu

205

Pro

Thr

Glu

Gly

Ala

Pro

Ala

Ala

Asn

110

Thr

Leu

Leu

Ser

Phe

190

Lys

Ile

Leu

15

Leu

Ala

His

Gly

Val

95

Ser

Glu

Gly

Ser

Leu

175

Ala

Cys

Asp

Ala

Asn

Asp

Phe

Trp

80

Lys

Ala

Leu

Cys

Asn

160

Glu

Lys

Leu

Thr
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<210> 20
<211> 234
<212> PRT

Ala

Val

Gly

Ala

His

65

Gly

Val

Ser

Glu

Gly

145

Ser

Leu

Ala

Cys

Asp
225

Pro

Glu

Ser

Asp

Phe

Trp

Arg

Ala

Leu

130

Cys

Asn

Glu

Lys

Leu

210

Thr

<213> Homo sapiens

<400> 20

Glu

Gln

Gly

35

Lys

Ser

Asn

Asp

His

115

Val

Leu

Pro

Thr

Leu

195

Glu

Phe

Glu

Lys

20

Ser

Gln

Ser

Glu

Gly

100

Ser

Ser

Axg

Ser

Tyr

180

Leu

His

Leu

Met

Ser

Ser

Leu

Leu

Leu

85

Ile

Ala

Lys

Ala

Glu

165

Cys

Leu

Leu

Met

Pro

Asp

Pro

Phe

Pro

70

Leu

Leu

Gly

Met

Ile

150

Val

Lys

Arg

Phe

Glu
230

EP 1 572 862 B1

Val Asp Arg Ile

Gln

Agsn

Thr

55

Leu

Ile

Leu

val

Arg

135

Ile

Glu

Gln

Leu

Phe

2158

Met

Gly

Asp

40

Leu

Asp

Ala

Ala

Gly

120

Asp

Leu

val

Lys

Pro

200

Phe

Leu

125

Val

25

Pro

val

Asp

Ser

Thr
105

Ala

Met

Phe

Leu

Tyr

185

Ala

Lys

Glu

10

Glu

Val

Glu

Gln

Phe

90

Gly

Ile

Arg

Asn

Arg

170

Pro

Leu

Leu

Ala

Leu

Gly

Thr

Trp

Val

75

Ser

Leu

Phe

Met

Pro

155

Glu

Glu

Arg

Ile

Pro
235

Glu
Pro
Asn
Ala
60

Ile
His
His
Asp
Asp
140
Asp
Lys
Gln
Ser
Gly

220

His

Ala

Gly

Ile

45

Lys

Leu

Arg

Val

Arg

125

Lys

Ala

val

Gln

Ile

205

Asp

Gln

Glu

Gly

30

Cys

Arg

Leu

Ser

His

110

val

Thr

Lys

Tyr

Gly

190

Gly

Thr

Leu

Leu

15

Thr

Gln

Ile

Arg

Ile

95

Arg

Leu

Glu

Gly

Ala

175

Arg

Leu

Pro

Ala

Ala

Gly

Ala

Pro

Ala

80

Asp

Asn

Thr

Leu

Leu

160

Ser

Phe

Lys

Ile
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<210> 21
<211> 635
<212> DNA

Gly

Val

Thr

Phe

Thr

65

Leu

Leu

Gly

Met

Ile

145

val

Lys

Arg

Phe

Glu
225

His

Glu

Asn

Thr

50

Leu

Ile

Leu

Val

Lys

130

Val

Glu

Gln

Leu

Phe

210

Met

Glu

Pro

Asp

Leu

Glu

Ala

Ala

Gly

115

Asp

Leu

Thr

Lys

Pro

195

Phe

Leu

<213> Locusta migratoria

<400> 21

Asp

Lys

20

Pro

Val

Asp

Sexr

Thr

100

Ser

Met

Phe

Leu

Tyr

180

Ala

Lys

Glu

Met

Thr

Val

Glu

Gln

Phe

85

Gly

Ile

Gln

Asn

Arg

165

Pro

Leu

Leu

Thr

EP 1 572 862 B1

Pro Val Glu Arg Ile

Glu

Thr

Trp

Val

70

Ser

Leu

Phe

Met

Pro

150

Glu

Glu

Arg

Ile

Pro
230

Ser Tyr

Asn Ile
40

Ala Lys
55

Ile Leu

His Arg

His Val

Asp Arg
120

Asp Lys
135

Asp Ala

Lys Val

Gln Pro

Ser Ile

200

Gly Asp
215

Leu Gln

126

Gly
25

Cys
Arg
Leu
Ser
His
105
val
Ser
Lys
Tyf
Gly
185
Gly

Thr

Ile

10

Asp

His

Ile

Arg

Val

90

Arg

Leu

Glu

Gly

Ala

170

Arg

Leu

Pro

Thr

Leu

Met

Ala

Pro

Ala

75

Ser

ser

Thr

Leu

Leu

155

Thr

Phe

Lys

Ile

Glu

Asn

Ala

His

60

Gly

Val

Ser

Glu

Gly

140

Ser

Leu

Ala

Cys

Asp
220

Ala

Met

Asp

45

Phe

Trp

Gln

Ala

Leu

125

Cys

Asn

Glu

Lys

Leu

205

Thr

Glu

Glu

30

Lys

Ser

Asn

Asp

His

110

Val

Leu

Pro

Ala

Leu

190

Glu

Phe

Leu

i5

Asn

Gln

Asp

Glu

Gly

95

Ser

Ser

Arg

Ser

Tyr

175

Leu

Hisg

Leu

Ala

Ser

Leu

Leu

Leu

80

Ile

Ala

Lys

Ala

Glu

160

Thr

Leu

Leu

Met
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tgcatacaga
cagaaaacca
ccectacctet
cagcatttte
cagtgcatcg
cagaactggt
gatctgttat
ttctacgtga
aaccaggaag
agtgtttgga
tgatggagat
<210> 22

<211> 687
<212> DNA

catgcetgtt
agtggaatat
ggaggaccag
acatcgatct
aaattctgce
agcaaagatyg
tcttttecaat
aaaagtatat
atttgcaaaa
gcatttgttt

gcttgaatca

<213> Amblyomma americanum

<400> 22

cctectgaga
gggaccctet

gaccgacagc

cccettgagg
ttcteccace
cagcggcata
ctggtagcaa
gtggtacttt
ggagaaagtg
cgctttgeca

gaacatctcet
atgctggagg
<210> 23

<211> 693
<212> DNA

tgecctectgga
cggaaagege

tgcaccagct

accgcatggt
gttctgttga
gtgctecatgg
agatgcgtga
ttaatcctga
tatctgeett
agctgetget
ttttcttecaa

cceectetga

<213> Amblyomma americanum

<400> 23

EP 1 572 862 B1

gaacgcatac
gagctggtgg
gttctectece
gtagatgtta
catcaagcetg
agagaaatga
ccagaggtga
gccgetttgg
cttttgctte
ttectttcgec

ccttetgatt

gcgcecatactg
acagcagcag

agttcaatgg

gttgctcaag
cgtgegtgat
ggctggcgtt
gatgaagatg
ggccaagggg
ggaagagcac
geggttgeca
gctcatcggy

cccctaa

ttgaagctga
agtgggctaa
tcagagcagg
aagatggcecat
gagtcggcac
aaatggataa
ggggtttgaa
aagaatatac
gtectgeccette
ttattggaga

cataa

gaggcagage
gatccagtga

gccaagcaca

gctggctgga
ggcattgtgce
ggggccatat
gaccgcactg
ctgecggacct
tgecggeage
gctetgegcea

gacacgeeca

127

aaaacgagtg
acacatcceg
ttggaatgaa
agtacttgcece
aatatttgac
aactgaactt
atcecgececag
tagaacaaca
tttacgttce

tgttccaatt

tgcgggttga
gcagcatctg

ttccacattt

acgagctget
tcgetacagg
ttgatagggt
agcttggatg
gcccaagtgg
agtacccaga
gtattggect

tcgacaactt

gagtgcaaag
cacttcacat
ctgctaattg
actggtctca
agagttttga
ggctgetctge
gaagttgaac
catcccgatg
ataggcctta

gatacgttcc

gtcacagacg
ccaagctgea

tgaagagctt

cattgctgcet
tettgtggtg
tctcactgaa
cctgettget
aggccctygag
ccagectgag
caagtgectce

tettectttec

60

120

180

240

300

360

420

480

540

600

635

60

120

180

240

300

360

420

480

540

600

660

687
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tctececggaca
cegteegttt
gctgeccecge
cttcececateg
gccttttege
gtgcagcggce
gagctggtgg
gcegtggtge
ctecegegaga
ccgggteget
tgcctegage

ctcaacatge

tgccactcga
tggcgcagac
cacttcacga
aggatcgcac
accgttetgt
acagcgcaca
ccaagatgceg
tcttcaatee
aggtgtatge
tcggecaaget
atctgttett

tggaggcacc

<210> 24

<211> 801
<212>DNA

<213> Celuca pugilator

<400> 24

tcagacatgc
cagcegetgg
tgtagcttta
gatgtggtga
gccaagcaca
gcegggtgga

ggcategtge

ggtgccatat
gacaagacag
ctaaactgcg
tacacacgaa
cctgeactcea
ggagacactc

gtcactccec

caattgccag
accaaggggt
ctttaccttt
gcaacatatg
tcccacactt
acgagttgct

tggccacagg

ttgatcgtgt
agctgggcetyg
tcaatgatgt
ccacttacce
ggtctatagg
ccctggacag

ccaccagcta

<210> 25

<211> 690

<212> DNA

<213> Tenebrio molitor

<400> 25

EP 1 572 862 B1

acgcattctc
ggccgcatcg
gctcgtacag
cgegetgetce
ggeggtgege
cggcgcagge
cgacatgaag
agacgccaag
ggcgetggag
gctgetgegg
cttcaagetce

ggcagacgcec

catacgggag
gaggcttcag
tcatcecgte
ccaggcagct
cacagacctt
tattgcctca

gctegtgate

cctetcectgag
cettegetece
ggagatcttg
tgatgaacct
cctgaagtgt
ctacttgatg

g

gaagccgaga
ggccgegace
tgggcccggce
aaagccggct
gacggcatcg
gttggcgaca
atggacaaaa
ggtctccgaa
gagcactgcc
ctgccectgect
atcggagaca

tag

gcagagctca
gttccacteg
agtgaagtat
gacagacatc
cccatagagg
ttcteacacc

cacagaagta

ctggtggcca
atcgtcctgt
cgtgagaagyg
ggacgctttyg
cttgagtacc

aagatgcetcg

128

tgegegtega
ccgtcaacag
gaattccgca
ggaacgaact
ttctggccac
tcttcgaceyg
cggagctegg
acgccaccag
gtcggeacca
tgcgecageat

ctceccataga

gcgtggatcc
cacctecetga
cctgtgetaa
tggtgcagct
accaagtggt
gtagcatggg

gtgctcacca

agatgaagga
tcaacccaga
tgtatgctge
ccaagttgct
tcttectgtt

tagacaaccc

gcagccggea
catgtgccag
cttcgaagag
gcttattgece
cgggctggtyg
cgtactagee
ctgectgege
agtagaggcg
cceggaccaa
cgggetcaaa

cagctteetg

catagatgag
tagtgaaaag
ceetotgeag
ggtggagtyg
attactcaaa
cgtggaggat

ggctggagtyg

gatgaagatt
tgccaaagga
cectggaggag
tectgegactt
taagctgatt

aaatacaagc

60

120

180

240

300

360

420

480

540

600

660

693

60

120

180

240

300

360

420

480

540

600

660

720

780

801
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gccgagatgce
ggtggctctg
aacaagcagce
ccgatgtegg
ttctcgeaca
aacaaaacgt
ctggtgaaca
atcatcctct
cgtgagaaaa
ggcaggttcg
tcecgaacace
gagatgctgg

<210> 26

<211> 681
<212>DNA
<213> Apis mellifera

<400> 26

cattecggaca
gagcaacagg
ctgttccage
gatcaggtac
cgttcecatecg
tcggegeage
aaaatgegtg
ttcaatceceg

atctacggeg

gcgaaattac

ctgttettet

gaatcgcgat
<210> 27

<211> 210
<212> PRT

cectcgacag
gtggtgtcgy
tgttccaact
accaggtgcect
gatctataca
cggcgcacgce
agatgaaaga
acaaccecac
tttacggcgt
ccaaactgcet
tctttttett

agtctcegge

tgccgatcga
gaaattacga
tggtagcatyg
ttctgctcag
acgtgaagga
aggccggegt
aaatgaagat
aggttcgagg

ccetggagygyg

ttctacgect
tcaaaatgat

cagatcctta

<213> Locusta migratoria

<400> 27

EP 1 572 862 B1

gataatcgag
agagcaacac
ggtgcaatgg
tttattgagg
ggcgcaggat
cgtgggegtyg
gatgaagatg
gtgtegegge
gctggaagag
tctgegecte
caagctgatce

ggacgcttag

gcgtateccectg
gaatgcagtg
ggcgaaacac
ggccggttag
cggtatcgtg
gggcacgata
ggacaggaca
actgaaatcc

ttattgccge

gceeegeceatce
cggtgacgta

g

gcggagaaac
gacggggtga
gctaagctca
gcaggatgga
gccatcgttc
ggcaacatct
gacaagacgg
atcaagtccg
tacaccagga
ccggecctea

ggtgatgttc

gaggccgaga
tcgeacattt
atcccgeatt
aacgagttgce
ctggcgacgg
ttegacegtg
gagcttgget
atccaggaag

gtagcttggce

cgctcgateg

cegategacyg

129

ggatagaatg
acaacatctyg
tacctcactt
atgaattgct
tagccacggg
acgaccgegt
agctgggcty
tgcaggaagt
ccacccaccc
ggtccategg

caatagacac

agagagtcga
gcaacgccac
ttacctcgtt
tgatagccte
ggatcaccgt
tcctetegga
gtctcagatc
tgaccctget

ccgacgacge

gattaaagty

attttctegt

cacaccegcet
tcaagccact
tacctcgttg
catcgcegea
gttgacagtt
cctctecegag
cttgagagcec
ggagatgctg
gaacgagccc
gttgaaatgt

gttcctgatg

atgtaagatg
gaacaaacag
gccactggag
ctttteccac
gcatcggaac
gettgtetcg
tataatactc
ccgtgagaag

tggaagattc

cctegagtac

ggagatgtta

60

120

180

240

300

360

4290

480

540

600

660

690

60

120

180

240

300

360

420

480

540

600

660

681
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His

Glu

Lys

Leu

Arg

Val

Arg

Lys

Val

val

145

Pro

Ile

Asp

Asp

<210> 28
<211> 228
<212> PRT

Thr

Cys

His

Leu

50

Ser

His

Val

Thr

Arg

130

Tyr

Gly

Gly

val

Ser
210

Asp

Lys

Ile

35

Arg

val

Arg

Leu

Glu

115

Gly

Ala

Arg

Leu

Pro
195

Met

Ala

20

Pro

Ala

Asp

Asn

Thr

100

Leu

Leu

Ala

Phe

Lys

180

Ile

<213> Amblyomma americanum

<400> 28

Pro

Glu

His

Gly

Val

Ser

85

Glu

Gly

Lys

Leu

Ala

165

Cys

Asp

Val

Asn

Phe

Trp

Lys

70

Ala

Leu

Cys

Ser

Glu

150

Lys

Leu

Thr

EP 1 572 862 B1

Glu

Gln

Thr

Asn

55

Asp

His

val

Leu

Ala

135

Glu

Leu

Glu

Phe

Arg Ile Leu

Val

Ser

40

Glu

Gly

Gln

Ala

Arg

120

Gln

Tyr

Leu

His

Leu
200

130

Glu

25

Leu

Leu

Ile

Ala

Lys

105

Ser

Glu

Thr

Leu

Leu

185

Met

10

Tyr

Pro

Leu

Val

Gly

S0

Met

Val

val

Arg

Arg

170

Phe

Glu

Glu

Glu

Leu

Ile

Leu

75

Val

Arg

Ile

Glu

Thr

155

Leu

Phe

Met

Ala

Leu

Glu

Ala

60

Ala

Gly

Glu

Leu

Leu

140

Thr

Pro

Phe

Leu

Glu

Val

Asp

Ala

Thr

Thr

Met

Phe

125

Leu

His

Ser

Arg

Glu
205

Lys

Glu

30

Gln

Phe

Gly

Ile

Lys

110

Asn

Arg

Pro

Leu

Leu

190

Ser

Arg

Trp

Val

Ser

Leu

Phe

95

Met

Pro

Glu

Asp

Arg

175

Ile

Pro

Val

Ala

Leu

His

Thr

80

Asp

Asp

Glu

Lys

Glu

160

Ser

Gly

Ser
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<210> 29
<211> 230
<212> PRT

Pro

Glu

Val

Gln

Arg

65

Phe

Gly

Ile

Lys

Asn

145

Gly

Asp

Arg

Ile

Pro
225

Pro

Ser

Ser

Trp

50

Met

Ser

Leu

Phe

Met

130

Pro

Glu

Gln

Ser

Gly

210

Ser

Glu

Gln

Ser

35

Ala

Val

Hig

Val

Asp

115

Asp

Glu

Ser

Pro

Ile

195

Asp

Asp

Met

Thr

20

Ile

Lys

Leu

Arg

Val

100

Arg

Arg

Ala

Val

Gly

180

Gly

Thr

Pro

<213> Amblyomma americanum

<400> 29

Pro

Gly

Cys

His

Leu

Ser

85

Gln

Val

Thr

Lys

Ser

165

Arg

Leu

Pro

Leu

Thr

Gln

Ile

Lys

70

val

Arg

Leu

Glu

Gly

150

Ala

Phe

Lys

Ile

EP 1 572 862 B1

Glu

Leu

Ala

Pro

55

Ala

Asp

His

Thr

Leu

135

Leu

Leu

Ala

Cys

Asp
215

Arg

Ser

Ala

40

His

Gly

Val

Ser

Glu

120

Gly

Arg

Glu

Lys

Leu

200

Asn

131

Ile Leun
10

Glu Ser

25

Asp Arg

Phe Glu

Trp Asn

Arg Asp

Ala His

105

Leu Val

Cys Leu

Thr Cys

Glu His

170

Leu Leu
185

Glu His

Phe Leu

Glu

Ala

Gln

Glu

Glu

75

Gly

Gly

Ala

Leu

Pro

155

Cys

Leu

Leu

Leu

Ala

Gln

Leu

Leu

60

Leu

Ile

Ala

Lys

Ala

140

Ser

Arg

Arg

Phe

Ser
220

Glu

Gln

His

45

Pro

Leu

Val

Gly

Met

125

Val

Gly

Gln

Leu

Phe

205

Met

Leu

Gln

30

Gln

Leu

Ile

Leu

Val

110

Arg

Val

Gly

Gln

Pro

190

Phe

Leu

Arg

is

Asp

Leu

Glu

Ala

Ala

95

Gly

Glu

Leu

Pro

Tyxr

175

Ala

Lys

Glu

Val

Pro

Val

Asp

Ala

80

Thr

Ala

Met

Phe

Glu

160

Pro

Leu

Leu

Ala
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Ser

Glu

Asp

Val

Asp

Ala

Thr

Asp

Met

Phe

145

Leu

His

Ala

Lys

Glu
225

<210> 30
<211> 266
<212> PRT

Pro

Gin

Pro

Gln

50

Arg

Phe

Gly

Ile

Lys

130

Asn

Arg

Pro

Leu

Leu

210

Ala

<213> Celuca pugilator

<400> 30

Asp

Pro

val

35

Trp

Thr

Sexr

Leu

Phe

115

Met

Pro

Glu

Asp

Arg

195

Ile

Pro

Met

Ala

20

Asn

Ala

Ala

His

Val

100

Asp

Asp

Asp

Lys

Gln

180

ser

Gly

Ala

Pro

Pro

Ser

Arg

Leu

Arg

85

vVal

Arg

Lys

Ala

Val

165

Pro

Ile

Asp

Asp

Leu

Ser

Met

Arg

Leu

70

Ser

Gln

val

Thr

Lys

150

Tyr

Gly

Gly

Thr

Pro
230

EP 1 572 862 B1

Glu

Val

Cys

Ile

55

Lys

Val

Arg

Leu

Glu

135

Gly

Ala

Arg

Leu

Pro
215

Arg Ile

Leu Ala
25

Gln Ala
40

Pro His

Ala Gly

Ala Val

His Ser
105

Ala Glu
120

Leu Gly

Leu Arg

Ala Leu

Phe Gly

185

Lys Cys
200

Ile Asp

132

Leu

10

Gln

Ala

Phe

Trp

Arg

920

Ala

Leu

Cys

Asn

Glu

170

Lys

Leu

Ser

Glu

Thr

Pro

Glu

Asn

75

Asp

His

Val

Leu

Ala

155

Glu

Leu

Glu

Phe

Ala

Ala

Pro

Glu

60

Glu

Gly

Gly

Ala

Arg

140

Thr

His

Leu

His

Leu
220

Glu

Ala

Leu

45

Leu

Leu

Ile

Ala

Lys

125

Ala

Arg

Cys

Leu

Leu

205

Leu

Met

Ser

30

His

Pro

Leu

val

Gly

110

Met

Val

Val

Arg

Arg

190

Phe

Asn

Arg

15

Gly

Glu

Ile

Ile

Leu

95

Val

Arg

val

Glu

Arg

175

Leu

Phe

Met

Val

Arg

Leu

Glu

Ala

80

Ala

Gly

Asp

Leu

Ala

160

His

Pro

Phe

Leu
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<210> 31
<211> 229
<212> PRT

Ser

Pro

Leu

Pro

Asn

65

Ala

Val

His

Val

Asp

145

Asp

Asp

Lys

Glu

Ser

225

Gly

Pro

Asp

Ile

Ala

val

50

Ile

Lys

Leu

Arg

Ile

130

Arg

Lys

Ala

Val

Pro

210

Ile

Asp

Asn

Met

Asp

Pro

35

Ser

Cys

His

Leu

Ser

115

His

Val

Thr

Lys

Tyr

195

Gly

Gly

Thr

Thr

Pro

Glu

20

Pro

Glu

Gln

Ile

Lys

100

Met

Arg

Leu

Glu

Gly

180

Ala

Arg

Leu

Pro

Ser
260

Ile

Gln

Asp

Val

Ala

Pro

85

Ala

Gly

Ser

Ser

Leu

165

Leu

Ala

Phe

Lys

Leu

245

Val

Ala

Pro

Ser

Ser

Ala

70

His

Gly

val

Ser

Glu

150

Gly

Asn

Leu

Ala

Cys

230

Asp

Thr

EP 1 572 862 B1

Ser

Leu

Glu

Cys

55

Asp

Phe

Trp

Glu

Ala

135

Leu

Cys

Cys

Glu

Lys

215

Leu

Ser

Pro

Ile Arg Glu

Asp

Lys

40

Ala

Arg

Thr

Asn

Asp

120

His

val

Leu

Val

Glu

200

Leu

Glu

Tyr

Pro

133

Gln

25

Cys

Asn

His

Asp

Glu

105

Gly

Gln

Ala

Arg

Asn

185

Tyr

Leu

Tyr

Leu

Thr
265

10

Gly

Ser

Pro

Leu

Leu

90

Leu

Ile

Ala

Lys

Ser

170

Asp

Thr

Leu

Leu

Met

250

Ser

Ala

Val

Phe

Leu

val

75

Pro

Leu

Val

Gly

Met

155

Ile

val

Arg

Arg

Phe

235

Lys

Glu

Arg

Thr

Gln

60

Gln

Ile

Ile

Leu

Val

140

Lys

val

Glu

Thr

Leu

220

Leu

Met

Leu

Leu

Leu

45

Asp

Leu

Glu

Ala

Ala

125

Gly

Glu

Leu

Ile

Thr

205

Pro

Phe

Leu

Ser

Gln

30

Pro

val

Val

Asp

Ser

110

Thr

Ala

Met

Phe

Leu

190

Tyr

Ala

Lys

Val

Val

15

Val

Phe

Val

Glu

Gln

95

Phe

Gly

Ile

Lys

Asn

175

Arg

Pro

Leu

Leu

Asp
255

Asp

Pro

His

Ser

Trp

80

val

Ser

Leu

Phe

Ile

160

Pro

Glu

Asp

Arg

Ile

240

Asn
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<213> Tenebrio molitor

<400> 31

Ala

Cys

Val

Gln

Gln

65

Phe

Gly

Ile

Lys

Asn

145

Arg

Pro

Leu

Leu

Ser
225

<210> 32
<211> 226
<212> PRT

Glu

Thr

Asn

Trp

50

val

Ser

Leu

Tyr

Met

130

Pro

Glu

Asn

Arg

Ile

210

Pro

<213> Apis mellifera

Met

Pro

Asn

35

Ala

Leu

His

Thr

Asp

115

Asp

Thr

Lys

Glu

Ser

195

Gly

Ala

Pro

Ala

20

Ile

Lys

Leu

Arg

Val

100

Arg

Lys

Cys

Ile

Pro

180

Ile

Asp

Asp

Leu

Gly

Cys

Leu

Leu

Ser

85

Asn

Val

Thr

Arg

Tyr

165

Gly

Gly

Val

Ala

Asp

Gly

Gln

Ile

Arg

Ile

Lys

Leu

Glu

Gly

150

Gly

Axg

Leu

Pro

EP 1 572 862 B1

Arg

Ser

Ala

Pro

55

Ala

Gln

Thr

Ser

Leu

135

Ile

Val

Phe

Lys

Ile
215

Ile

Gly

Thr

40

His

Gly

Ala

Ser

Glu

120

Gly

Lys

Leu

Ala

Cys

200

Asp

134

Ile

Gly

Asn

Phe

Trp

Gln

Ala

105

Leu

Cys

Ser

Glu

Lys

185

Ser

Thr

Glu

10

Val

Lys

Thr

Asn

Asp

90

His

Val

Leu

Val

Glu

170

Leu

Glu

Phe

Ala

Gly

Gln

Ser

Glu

75

Ala

Ala

Asn

Arg

Gln

155

Tyxr

Leu

His

Leu

Glu

Glu

Leu

Leu

60

Leu

Ile

Val

Lys

Ala

140

Glu

Thr

Leu

Leu

Met
220

Lys

Gln

Phe

45

Pro

Leu

val

Gly

Met

125

Ile

Val

Arg

Arg

Phe

205

Glu

Arg
Hisg
30

Gln
Met
Ile
Leu
Val
110
Lys
Ile
Glu
Thr
Leu
190

Phe

Met

Ile

15

Asp

Leu

Ser

Ala

Ala

95

Gly

Glu

Leu

Met

Thr

175

Pro

Phe

Leu

Glu

Gly

Val

Asp

Ala

80

Thr

Asgn

Met

Tyr

Leu

160

His

Ala

Lys

Glu
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<400> 32

His

Glu

Ile

Lys

Leu

65

Arg

Val

Arg

Arg

Val

145

Ile

Ala

Ile

Asp

Asp
225

<210> 33
<211>516
<212> DNA

Ser

Cys

Cys

His

50

Leu

Ser

His

Val

Thr

130

Arg

Tyr

Gly

Gly

Val

210

Pro

Asp

Lys

Asn

35

Ile

Arg

Ile

Arg

Leu

115

Glu

Gly

Gly

Arg

Leu

195

Pro

<213> Locusta migratoria

<400> 33

Met

Met

20

Ala

Pro

Ala

Asp

Asn

100

Ser

Leu

Leu

Ala

Phe

180

Lys

Ile

Pro

Glu

Thr

His

Gly

Val

85

Ser

Glu

Gly

Lys

Leu

165

Ala

Cys

Asp

Ile

Gln

Asn

Phe

Trp

70

Lys

Ala

Leu

Cys

Ser

150

Glu

Lys

Leu

Asp

EP 1 572 862 B1

Glu

Gln

Lys

Thr

55

Asn

Asp

Gln

Val

Leu

135

Ile

Gly

Leu

Glu

Phe
215

Arg

Gly

Gln

40

Ser

Glu

Gly

Gln

Ser

120

Arg

Gln

Tyr

Leu

Tyx

200

Leu

135

Ile

Asn

25

Leu

Leu

Leu

Ile

Ala

105

Lys

Ser

Glu

Cys

Leu

185

Leu

Val

Leu

10

Tyr

Phe

Pro

Leu

Val

90

Gly

Met

Ile

vVal

Arg

170

Arg

Phe

Glu

Glu

Glu

Gln

Leu

Ile

75

Leu

val

Arg

Ile

Thr

155

Val

Leu

Phe

Met

Ala

Asn

Leu

Glu

60

Ala

Ala

Gly

Glu

Leu

140

Leu

Ala

Pro

Phe

Leu
220

Glu

Ala

Val

45

Asp

Ser

Thy

Thr

Met

125

Phe

Leu

Trp

Ala

Lys

205

Glu

Lys

Val

30

Ala

Gln

Phe

Gly

Ile

110

Lys

Asn

Arg

Pro

Ile

190

Met

Ser

Arg
15

Ser
Trp
Val
Ser
Ile
95

Phe
Met
Pro
Glu
Asp
175
Arg

Ile

Arg

Val

His

Ala

Leu

His

80

Thr

Asp

Asp

Glu

Lys

160

Asp

Ser

Gly

Ser
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atccctacct

tgcagcattt
cacagtgcat
gacagaactg
gcgatctgtt
acttctacgt
tgaaccagga
taagtgtttg

ctgatggaga

ctggaggace

tcacatcgat
cgaaattctg
gtagcaaaga
attcttttca
gaaaaagtat
agatttgcaa
gagcatttgt

tgcttgaatce

<210> 34

<211> 528

<212>DNA

<213> Amblyomma americanum

<400> 34

attccacatt
aacgagctge
ctcgetacag
tttgataggg
gagcttggat
tgeccaagtg
cagtacccag
agtattggcece

atcgacaact

ttgaagagct
tcattgctge
gtettgtggt
ttctcactga
gectgettge
gaggccctga
accagcctgg
tcaagtgcecet

ttettettte

<210> 35

<211> 531

<212> DNA

<213> Amblyomma americanum

<400> 35

EP 1 572 862 B1

aggttctect

ctgtagatgt
cccatcaagce
tgagagaaat
atccagaggt
atgccgettt
aacttttget
tttetttege

accttectgat

tceceeottgag
tttcteecac
gcagcggeat
actggtagca
tgtggtactt
gggagaaagt
gecgcetttgee
cgaacatctce

catgctggag

cctcagagca

taaagatggc
tggagtcgge
gaaaatggat
gaggggtttg
ggaagaatat
tecgtetgoect
cttattggag

tcataa

gaccgcatgg
cgttctgttg
agtgctcatg
aagatgcgtg
tttaatcectg
gtatctgect
aagctgetge
tttttettea

gcececectetg

136

ggttggaatg

atagtacttg
acaatatttg
aaaactgaac
aaatcegece
actagaacaa
tctttacgtt

atgttccaat

tgttgctcaa
acgtgegtga
gggctggegt
agatgaagat
aggccaaggyg
tggaagagca
tgcggttgcece
agctcatcgy

acccctaa

aactgctaat

ccactggtet
acagagtttt
ttggetgett
aggaagttga
cacatccega
ccataggect

tgatacgttc

ggctggectgg
tggecattgtg
tggggccata
ggaccgcact
gctgcggace
ctgceggeag
agctctgege

ggacacgccec

60

120

180

240

300

360

420

480

516
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480
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attcegecact
aacgaactgc
ctggccacceyg
ttcgaccgeg
gagetegget
gccaccagag
cggcaccace
cgcagcateg
cccatagaca
<210> 36

<211> 552
<212> DNA

tcgaagagcet
ttattgccge
ggctggtggt
tactagccga
gcectgegegce
tagaggcgct
cggaccaacc
ggctcaaatg

gotteetget

<213> Celuca pugilator

<400> 36

atcccacact
aacgagttgce
ctggecacag
tttgatcgtg
gagctgggct
gtcaatgatg
accacttacc
aggtctatag
cceetggaca

cccaccaget

<210> 37
<211> 531
<212> DNA

tcacagacct
ttattgecte
ggctcgtgat
tecetectetga
gcettegete
tggagatctt
ctgatgaacc
gcctgaagty
gctacttgat

ag

<213> Tenebrio molitor

<400> 37

EP 1 572 862 B1

tcecatcgag
cttttcgeac
gcagcggcac
gctggtggee
cgtggtgetce
ccgegagaag
gggtcegcttce
cctegageat

caacatgctg

tcccatagay
attctcacac
ccacagaagt
gctggtggcee
catcgtectyg
gcgtgagaag
tggacgcttt
tcttgagtac

gaagatgcte

gatcgcaccg
cgttetgtgg
agcgcacacg
aagatgegeg
ttcaatccag
gtgtatgcgyg
ggcaagctgce
ctgttecttct

gaggcaccgg

gaccaagtgg
cgtageatgg
agtgctcacc
aagatgaagg
ttcaacccag
gtgtatgctg
gccaagttge
ctetteetgt

gtagacaacc

137

cgetgetcaa
cggtgegega
gcgcaggegt
acatgaagat
acgccaaggyg
cgetggagga
tgctgeggcet
tcaagctcat

cagaccecta

tattactcaa
gcgtggagga
aggctggagt
agatgaagat
atgccaaagg
cactggagga
ttectgegact
ttaagctgat

caaatacaag

agccggcetgg
cggcatcgtt
tggcgacatc
ggacaaaacyg
tcteecgaaac
gcactgcegt
gecetgecttg

cggagacact

g

agcegggtgyg
tggcategtg
gggtgccata
tgacaagaca
actaaactgce
gtacacacga
tcctgeactce
tggagacact

cgteactecce

60

120

180

240

300

360

420

480

531

60
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180

240
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360

420

480

540

552
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atacctcact
aatgaattgc
ctagccacgg
tacgaccgcg
gagctgggcet
gtgcaggaag
accacccace
aggtccatceg
ccaatagaca

<210> 38

<211> 531

<212> DNA
<213> Apis mellifera

<400> 38

atccegeatt
aacgagttgc
ctggcgacgg
ttcgaccgtyg
gagcttggcet
atccaggaag

gtagettggce

cgctcgateg
ccgatcegacyg
<210> 39

<211>176
<212> PRT

ttacctcgtt
tecatcgeege
ggttgacagt
tcctetecga
gcttgagagce
tggagatgct
cgaacgagcc
ggttgaaatyg

cgttectgat

ttacctegtt
tgatagccte
ggatcaccgt
tcctetegga
gtctcagatc
tgaccctgcet

ccgacgacgce

gattaaagtg

attttetegt

<213> Locusta migratoria

<400> 39

EP 1 572 862 B1

gcecgatgteg
attotcgeac
taacaaaacg
gctggtgaac
catcatecte
gcgtgagaaa
cggcaggtte
ttccgaacac

ggagatgctyg

gercactggag

cttttceceac
gcatcggaac
gcttgtceteg
tataatactc
ccgtgagaag

tggaagattc

cctecgagtac

ggagatgtta

gaccaggtgce
agatctatac
tcggegcacy
aagatgaaag
tacaacccca
atttacggcg
gccaaactgce
ctctttttet

gagtctcegg

gatcaggtac
cgttccateg
tcggcgcagce
aaaatgcgtyg
ttcaatceeg
atctacggcg

gcgaaattac

ctgttcttet

gaatcgegat

138

ttttattgag
aggcgcagga
cegtgggegt
agatgaagat
cgtgtegegg
tgctggaaga
ttctgegect
tcaagctgat

cggacgctta

ttetgeteag
acgtgaagga
aggccggegt
aaatgaagat
aggttcgagg
ccetggaggg

ttctacgecet

tcaaaatgat

cagatcctta

ggcaggatgg
tgccatcgtt
gggcaacatc
ggacaagacg
catcaagtcc
gtacaccagg
ccecggeccte
cggtgatgtt

g

ggceggttygg
cggtatcgtg
gggcacgata
ggacaggaca
actgaaatcc
ttattgcege

gecegeeate

cggtgacgta

g

60

120

180

240

300

360

420

480

531

60

120

180

240

300
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Ile

Arg

Val

Arg

Leu

65

Glu

Gly

Ala

Arg

Leu

145

Pro

<210> 40
<211> 175
<212> PRT

Pro

Ala

Asp

Asn

50

Thr

Leu

Leu

Ala

Phe

130

Lys

Ile

His

Gly

Val

35

Ser

Glu

Gly

Lys

Leu

115

Ala

Cys

Asp

Phe

Trp

20

Lys

Ala

Leu

Cys

Ser

100

Glu

Lys

Leu

Thr

<213> Amblyomma americanum

<400> 40

Thr

Asn

Asp

His

val

Leu

85

Ala

Glu

Leu

Glu

Phe
165

EP 1 572 862 B1

Ser Leu Pro Leu Glu

Glu

Gly

Gln

Ala

70

Arg

Gln

TyY

Leu

His

150

Leu

Leu

Ile

Ala

55

Lys

Ser

Glu

Thr

Leu

135

Leu

Met

Leu

val

40

Gly

Met

Val

vVal

Arg

120

Arg

Phe

Glu

Ile

25

Leu

Val

Arg

Ile

Glu

105

Thr

Leu

Phe

Met

10

Ala

Ala

Gly

Glu

Leu

920

Leu

Thr

Pro

Phe

Leu
170

Asp

Ala

Thr

Thr

Met

75

Phe

Leu

Hisg

Ser

Arg

155

Glu

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Leu

140

Leu

Ser

val

Ser

Leu

45

Phe

Met

Pro

Glu

Asp

125

Arg

Ile

Pro

Leu

His

30

Thr

Asp

Asp

Glu

Lys

110

Glu

Ser

Gly

Ser

Leu

15

Arg

Val

Arg

Lys

Val

95

Val

Pro

Ile

Asp

Asp
175

Leu

Ser

His

val

Thr

80

Arg

Tyr

Gly

Gly

Val

160

Ser

Ile Pro His Phe Glu Glu Leu Pro Leu Glu Asp Arg Met Val Leu Leu

1

5

10

15

Lys Ala Gly Trp Asn Glu Leu Leu Ile Ala Ala Phe Ser His Arg Ser

20

139

25

30
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55

Val

Arg

Leu
65

Glu

Gly

Ala

Phe

Lys
145

Ile

<210> 41
<211> 176
<212> PRT

Asp

His

50

Thr

Leu

Leu

Leu

Ala

i30

Cys

Asp

Val

35

Ser

Glu

Gly

Arg

Glu

115

Lys

Leu

Asn

Arg

Ala

Leu

Cys

Thr

100

Glu

Leu

Glu

Phe

<213> Amblyomma americanum

<400> 41

Ile

Lys

val

Arg

Leu

65

Glu

Gly

Pro

Ala

Ala

His

50

Ala

Leu

Leu

His

Gly

Val

35

Ser

Glu

Gly

Arg

Phe

Trp

20

Arg

Ala

Leu

Cys

Asn
100

Asp

His

Val

Leu

85

Cys

His

Leu

His

Leu
165

Glu

Asn

Asp

Val

Leu
85

Ala

Gly

Gly

Ala

70

Leu

Pro

Cys

Leu

Leu

150

Leu

Glu

Glu

Gly

Gly

Ala

70

Arg

Thr

EP 1 572 862 B1

Ile
Ala
55

Lys
Ala
Ser
Arg
Arg
135

Phe

Ser

Leu
Leu
Ile
Ala
55

Lys

Ala

Arg

Val Leu Ala

40

Gly

Met

val

Gly

Gln

120

Leu

Phe

Met

Pro

Leu

Val

40

Gly

Met

Val

Val

140

val

Arg

val

Gly

105

Gln

Pro

Phe

Leu

Ile

Ile

25

Leu

val

Arg

Val

Glu
105

Gly

Glu

Leu

90

Pro

Tyr

Ala

Lys

Glu
170

Glu

10

Ala

Ala

Gly

Asp

Leu

90

Ala

Thr

Ala

Met

75

Phe

Glu

Pro

Leu

Leu

155

Ala

Asp

Ala

Thr

Asp

Met

75

Phe

Leu

Gly

Ile

60

Lys

Asn

Gly

Asp

Arg

140

Ile

Pro

Arg

Phe

Gly

Ile

60

Lys

Asn

Arg

Leu
45

Phe
Met
Pro
Glu
Gln
125
Ser

Gly

Ser

Thr
Ser
Leu
45

Phe
Met

Pro

Glu

Val

Asp

Asp

Glu

Ser

110

Pro

Ile

Asp

Asp

Ala

His

30

Val

Asp

Asp

Asp

Lys
110

Val

Arg

Arg

Ala

95

Val

Gly

Gly

Thr

Pro
175

Leu

15

Arg

Val

Arg

Lys

Ala

95

Val

Gln

Val

Thr

80

Lys

Ser

Arg

Leu

Pro
160

Leu

Ser

Gln

Val

Thr

80

Lys

Tyr
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Ala

Arg

Leu
145

Pro

<210> 42
<211> 183
<212> PRT

Ala

Phe

130

Lys

Ile

<213> Celuca pugilator

<400> 42

Ile

Lys

Met

Arg

Leu

65

Glu

Gly

Ala

Arg

Leu

145

Pro

Ser

Pro

Ala

Gly

Ser

50

Ser

Leu

Leu

Ala

Phe

130

Lys

Leu

val

Leu

115

Gly

Cys

Asp

His

Gly

Val

35

Ser

Glu

Gly

Asn

Leu

115

Ala

Cys

Asp

Thr

Glu

Lys

Leu

Ser

Phe
Trp
20

Glu
Ala
Leu
Cys
Cys
100
Glu
Lys
Leu

Ser

Pro

Glu

Leu

Glu

Phe
165

Thr

Asn

Asp

His

Val

Leu

85

Val

Glu

Leu

Glu

Tyr

165

Pro

His

Leu

His

150

Leu

Asp

Glu

Gly

Gln

Ala

70

Arg

Asn

Tyr

Leu

Tyr

150

Leu

Thr

EP 1 572 862 B1

Cys

Leu

135

Leu

Leu

Leu

Leu

Ile

Ala

55

Lys

Ser

Asp

Thr

Leu

135

Leu

Met

Ser

Arg

120

Arg

Phe

Asn

Pro

Leu

Val

40

Gly

Met

Ile

Val

Arg

120

Arg

Phe

Lys

141

Arg

Leu

Phe

Met

Ile

Ile

25

Leu

Val

Lys

Val

Glu

105

Thr

Leu

Leu

Met

His

Pro

Phe

Leu
170

Glu

10

Ala

Ala

Gly

Glu

Leu

90

Ile

Thx

Pro

Phe

Leu
170

His

Ala

Lys

155

Glu

Asp

Ser

Thr

Ala

Met

75

Phe

Leu

Tyr

aAla

Lys

155

val

Pro

Leu

140

Leu

Ala

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Leu

140

Leu

Asp

Asp

125

Arg

Ile

Pro

Val

Ser

Leu

45

Phe

Ile

Pro

Glu

Asp

125

Arg

Ile

Asn

Gln

Ser

Gly

Ala

Val

His

30

Val

Asp

Asp

Asp

Lys

110

Glu

Ser

Gly

Pro

Pro

Ile

Asp

Asp
175

Leu

15

Arg

Ile

Arg

Lys

Ala

95

val

Pro

Ile

Asp

Asn
175

Gly

Gly

Thr

160

Pro

Leu

Ser

His

Val

Thr

80

Lys

TyY

Gly

Gly

Thr

160

Thr
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<210> 43
<211> 176
<212> PRT

<213> Tenebrio molitor

<400> 43

Ile

Arg

Ile

Lys

Leu

65

Glu

Gly

Gly

Arg

Leu

145

Pro

<210> 44
<211>176
<212> PRT

Pro

Ala

Gln

Thr

50

Ser

Leu

Ile

Val

Phe

130

Lys

Ile

<213> Apis mellifera

<400> 44

His

Gly

Ala

35

Ser

Glu

Gly

Lys

Leu

115

Ala

Cys

Asp

Phe

Trp

20

Gln

Ala

Leu

Cys

Ser

100

Glu

Lys

Ser

Thr

Thr

Asn

Asp

His

Val

Leu

85

Val

Glu

Leu

Glu

Phe
165

Ser

Glu

Ala

Ala

Asn

70

Arg

Gln

Tyr

Leu

His

150

Leu

EP 1 572 862 B1

Leu

Leu

Ile

Val

Lys

Ala

Glu

Thr

Leu

135

Leu

Met

180

Pro

Leu

Val

40

Gly

Met

Ile

Val

Arg

120

Arg

Phe

Glu

142

Met

Ile

25

Leu

vVal

Lys

Ile

Glu

105

Thr

Leu

Phe

Met

Ser

10

Ala

Ala

Gly

Glu

Leu

90

Met

Thr

Pro

Phe

Leu
170

Asp

Ala

Thr

Asn

Met

75

Tyr

Leu

His

Ala

Lys

155

Glu

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Leu

140

Leu

Ser

Val

Ser

Leu

45

Tyr

Met

Pro

Glu

Asn

125

Arg

Ile

Pro

Leu

His

30

Thr

Asp

Asp

Thr

Lys

110

Glu

Ser

Gly

Ala

Leu

15

Arg

Val

Arg

Lys

Cys

95

Ile

Pro

Ile

Asp

Asp
175

Leu

Ser

Asn

val

Thr

80

Arg

Tyr

Gly

Gly

Val

160

Ala
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Ile

Arg

Ile

Arg

Leu
65

Glu

Gly

Gly

Arg

Leu
145

Pro

<210> 45
<211> 711
<212> DNA

Pro

Ala

Asp

Asn

50

Ser

Leu

Leu

Ala

Phe

130

Lys

Ile

Hig

Gly

Val

35

Ser

Glu

Gly

Lys

Leu

115

Ala

Cys

Asp

<213> Artificial Sequence

<220>

Phe

Trp

20

Lys

Ala

Leu

Cys

Ser

100

Glu

Lys

Leu

Asp

Thr

Asn

Asp

Gln

val

Leu

85

Ile

Gly

Leu

Glu

Phe
165

EP 1 572 862 B1

Ser Leu Pro Leu Glu

Glu

Gly

Gln

Ser

70

Arg

Gln

Tyr

Leu

Tyr

150

Leu

<223> Chimeric RXR ligand binding domain

<400> 45

Leu

Ile

Ala

55

Lys

Ser

Glu

Cys

Leu

135

Leu

Val

Leu

Val

40

Gly

Met

Ile

Val

Arg

120

Arg

Phe

Glu

143

Ile
25

Leu

Val

Arg

Ile

Thr

105

vVal

Leu

Phe

Met

10

Ala

Ala

Gly

Glu

Leu

90

Leu

Ala

Pro

Phe

Leu
170

Asp

Ser

Thr

Thr

Met

75

Phe

Leu

Trp

Ala

Lys

155

Glu

Gln

Phe

Gly

Ile

60

Lys

Asn

Arg

Pro

Ile

140

Met

Ser

Val

Ser

Ile

45

Phe

Met

Pro

Glu

Asp

125

Arg

Ile

Arg

Leu

His

30

Thr

Asp

Asp

Glu

Lys

110

Asp

Ser

Gly

Ser

Leu

Arg

Val

Arg

Arg

Val

95

Ile

Ala

Ile

Asp

Asp
175

Leu

Ser

His

Val

Thr

80

Arg

Tyr

Gly

Gly

Val

160

Pro
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gccaacgagg
actgagacat
accaacatct
atcccacact
aacgagctgce
ctggccaceg
tttgacaggg
gaacttggcet
gcccaggaag
acaacacatc
cgttccatag

ccaattgata

acatgecctgt
acgtggaggc
gtcaagcagce
tttetgaget
tgatcgecectc
gcetgeacgt
tgctaacaga
gcttgegate
ttgaacttct
ccgatgaacc
gccettaagtg

cgttcetgat

EP 1 572 862 B1

agagaagatt
aaacatgggyg
agacaagcag
gccectagac
cttectcccac
acaccggaac
gctggtgtet
tgttattett
acgtgaaaaa
aggaagattt
tttggagcat

ggagatgett

<210> 46

<211> 236

<212>PRT

<213> Atrtificial Sequence

<220>
<223> Chimeric RXR ligand binding domain

<400> 46

ctggaagcceg
ctgaacccca
ctctteacte
gaccaggtca
cgctececatag
agcgctceaca
aagatgcegtg
ttcaatccag
gtatatgceg
gcaaaacttt
ttgtttttet

gaatcacctt

144

agcttgetgt
gctcaccaaa
ttgtggagtg
tcetgetacy
ctgtgaaaga
gtgctggggt
acatgcagat
aggtgaggygg
ctttggaaga
tgcttegtet
ttcgecttat

ctgattcata

cgagcccaag
tgacecctgtt
ggccaagadgg

ggcaggctgg

tgggattcte
gggcgcecate
ggacaagact
tttgaaatcc
atatactaga
gecettettta
tggagatgtt

a

60

120

180

240

300

360

420

480

540

600

660

711
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Ala

val

Pro

Lys

Ser

65

Asn

Asp

His

val

Leu

145

Ala

Glu

Leu

Glu

Phe
225

<210> 47
<211> 441
<212> DNA

Asn

Glu

Ser

Gln

50

Glu

Glu

Gly

Ser

Ser

130

Arg

Gln

Tyr

Leu

His

210

Leu

Glu

Pro

Ser

35

Leu

Leu

Leu

Ile

Ala

115

Lys

Ser

Glu

Thr

Leu

195

Leu

Met

Asp

Lys

20

Pro

Phe

Pro

Leu

Leu

100

Gly

Met

Val

vVal

Arg

180

Arg

Phe

Glu

<213> Saccharomyces cerevisiae

<400> 47

Met

Thr

Asn

Thr

Leu

Ile

85

Leu

Val

Arg

Ile

Glu

165

Thr

Leu

Phe

Met

Pro

Glu

Asp

Leu

Asp

70

Ala

Ala

Gly

ASp

Leu

150

Leu

Thr

Pro

Phe

Leu
230

EP 1 572 862 B1

val

Thr

Pro

Val

55

Asp

Ser

Thr

Ala

Met

135

Phe

Leu

His

sSer

Arg

215

Glu

Glu

Tyr

Val

40

Glu

Gln

Phe

Gly

Ile

120

Gln

Asn

Arg

Pro

Leu

200

Leu

Ser

145

Lys

Val

25

Thr

Trp

Val

Ser

Leu

105

Phe

Met

Pro

Glu

Asp

185

Arg

Ile

Pro

Ile

10

Glu

Asn

Ala

Ile

His

90

His

Asp

Asp

Glu

Lys

170

Glu

Ser

Gly

Ser

Leu

Ala

Ile

Lys

Leu

75

Arg

Val

Arg

Lys

Val

155

Val

Pro

Ile

Asp

Asp
235

Glu

Asn

Cys

Arg

60

Leu

Ser

His

Val

Thx

140

Arg

Tyr

Gly

Gly

Val

220

Ser

Ala

Met

Gln

45

Ile

Arg

Ile

Arg

Leu

125

Glu

Gly

Ala

Arg

Leu

205

Pro

Glu

Gly

30

Ala

Pro

Ala

Ala

Asn

110

Thr

Leu

Leu

Ala

Phe

190

Lys

Ile

Leu

i5

Leu

Ala

His

Gly

vVal

95

Ser

Glu

Gly

Lys

Leu

175

Ala

Cys

Asp

Ala

Agn

Asp

Phe

Trp

80

Lys

Ala

Leu

Cys

Ser

160

Glu

Lys

Leu

Thr
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atgaagctac
tgctccaaag
tcteccaaaa
ctagaaagac
ttgaaaatgg
aatgtgaata
acattgagac

caaagacagt

tgtcttctat
aaaaaccgaa
ccaaaaggtc
tggaacagct
attctttaca
aagatgccgt
agcatagaat

tgactgtatc

<210> 48

<211> 147

<212>PRT

<213> Saccharomyces cerevisiae

<400> 48

Met Lys

Leu Leu Ser

Lys

Lys

Lys

Leu Lys
20

Asn Asn Trp Glu

35

Cys

His

Leu Thr Arg Ala
50

Glu Gln Leu
65

Phe

Leu Lys Met Asp

Leu

Ser Leu

EP 1 572 862 B1

cgaacaagca
gtgegccaag
tcegetgact
atttctactg
ggatataaaa
cacagataga
aagtgcgaca

g

Ile

Ser

Ser Lys

Cys Arg

Thr
55

Leu

Leu Ile

70

Gln

85

Phe Val
100

Ser Val Glu

115

Ala
130

Thr Val
145

Ser

<210> 49

<211> 606

<212> DNA

<213> Escherichia coli

Gln Asp Asn Val

Thr Asp Met

Asn

Pro

Thr Ser Ser Ser Glu Glu

135

tgcgatattct
tgtctgaaga
agggcacatc
atttttectce
gcattgttaa
ttggcttecag

tcatcatcgg

Glu Gln Ala
10

Glu Lys Pro

25

Tyr Ser Pro
40

Glu Val Glu

Phe Pro Arg

Asp Ile Lys

90

Lys Asp Ala

105

Leu Thr Leu
120

Ser Ser Asn

146

gccgacttaa
acaactggga
tgacagaagt
gagaagacct
caggattatt
tggagactga

aagagagtag

Cys Asp

Ile

aaagctcaag
gtgtcgetac
ggaatcaagg
tgacatgatt
tgtacaagat
tatgcetcta

taacaaaggt

Cys Arg
15

Leu

Lys Cys Ala

Thr Lys
45

Lys

Leu

Lys
30

Arg

Cys

Ser

Leu

Pro

Leu

Ser Arg
60

Glu Asp Leu Asp Met

75

Ala Leu Leu Thr Gly Leu

Val

Arg Gln His Arg

Thr Asp Arg

Glu Arg

80

95

110

Ile

125

Lys
140

Gly Gln Arg

Gln

Ile

Leu Ala

Ser

Leu

60

120

180

240

300

360

420

441
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<400> 49

atgaaagcgt
cagacaggta
aacgcggctg
ggcgcatcac
cgtgtggetg
gateccttect
aaagatatcg
aacggtcagg
cagggcaata

cttecgtcage

taacggccag
tgccgecgac
aagaacatct
gcgggattcg
ccggtgaacce
tattcaagce
gcattatgga
tcgttgtege
aagtcgaact

agagcttcac

EP 1 572 862 B1

gcaacaagag
gcgtgeggaa
gaaggcgctyg
tctgttgecag
acttctggeg
gaatgctgat
tggtgacttg
acgtattgat
gttgccagaa

cattgaaggg

tggctyg

<210> 50
<211> 202
<212> PRT

<213> Escherichia coli

<400> 50

Met

Asp

Gln

Ala

Gly

65

Arg

His

Leu

Asp

Lys

His

Arg

Leu

50

Ile

val

Tyr

Arg

Leu
130

Ala

Ile

Leu

35

Ala

Arg

Ala

Gln

Vval

115

Leu

Leu

Ser

20

Gly

Arg

Leu

Ala

Val

100

Ser

Ala

Thr

Gln

Phe

Lys

Leu

Gly

85

Asp

Gly

val

Ala

Thr

Arg

Gly

Gln

70

Glu

Pro

Met

His

Arg

Gly

Ser

Val

55

Glu

Pro

Ser

Ser

Lys
135

gtgtttgatc
atcgcgeagc
gcacgcaaagd
gaagaggaag
caacagcata
ttecetgetge
ctggcagtgce
gacgaagtta
aatagcgagt

ctggeggtrg

Gln Gln Glu

10

Met Pro Pro

25

Pro Agn Ala

40

Ile Glu Ile

Glu Glu Glu

Ala
90

Leu Leu

Phe
105

Leu Lys

Met
120

Lys Asp

Thr Gln Asp

147

tcatccgtga
gtttggggtt
gcgttattga
aagggttgcec
ttgaaggtca
gcgtcagcgyg
ataaaactca
cecgttaageg
ttaaaccaat

gggttatteg

tcacatcagce
ccgtteccea
aattgtttcc
gctggtaggt
ttatcaggtc
gatgtcgatg
ggatgtacgt
cctgaaaaaa
tgtcgtagat

caacggcgac

Val Phe

Thr Arg

Ala Glu

Val Ser

60

Gly Leu

75

Gln Gln

Pro Asn

Ile Gly

Val Arg

140

Asp

Ala

Glu

45

Gly

Pro

His

Ala

Ile

125

Asn

Leu

Glu

30

His

Ala

Leu

Ile

Asp

110

Met

Gly

Ile

15

Ile

Leu

Ser

Val

Glu

95

Phe

Asp

Gln

Arg

Ala

Lys

Arg

Gly

Gly

Leu

Gly

Val

60

120

180

240

300

360

420

480

540

600

606



EP 1 572 862 B1

Val
145

Val Ala Arg Ile Asp Asp Glu Val Thr Val Lys Arg Leu Lys Lys

150 155 160

Gln Gly Asn Lys Val

165

Glu Leu Leu Pro Glu Asn Ser Glu Phe Lys Pro
170 175

Ile Val Val Asp Leu

180

Arg Gln Gln Ser Phe Thr Ile Glu Gly Leu Ala
185 190

Val Gly Val Ile Arg

195

Asn Gly Asp Trp Leu
200

<210> 51

<211> 271

<212> DNA

<213> herpes simplex virus 7

<400> 51

20

25

30

35

40

45

50

55

atgggcccta
cteccacttag
ctggacatgt
ccctacggeg

ggaattgacg

aaaagaagcg
acggcgagga
tgggggacgg

ctctggatat

agtacggtgg

taaagtcgcece
cgtggcgatg
ggattccecg
ggccgactte

ggaattcecg

<210> 52
<211>90
<212> PRT

<213> herpes simplex virus 7

<400> 52

Met

Leu

Ala

Ser

Leu

65

Gly

<210> 53
<211> 307

Gly

Gly

Asp

Pro

50

Asp

Ile

Pro

Asp

Ala

35

Gly

Met

Asp

Lys

Glu

20

Leu

Pro

Ala

Glu

Lys

Leu

Asp

Gly

Asp

Tyr
85

Lys

His

Asp

Phe

Phe

70

Gly

Arg

Leu

Phe

Thr

55

Glu

Gly

cceccgaccg atgtcagect
gcgcatgecg acgecgcetaga
gggcegggat ttaccccceca

gagtttgagc agatgtttac

g

Lys

Asp

Asp

40

Pro

Phe

Glu

148

val

Gly

Leu

His

Glu

Phe

Ala
10

Pro

Glu Asp

Asp Met

Asp Serx

Gln Met

Pro
90

75

Pro

Val

Leu

Ala

60

Phe

gggggacgag
cgatttcgat
cgacteccgec

cgatgcecectt

Thr

Ala

Gly

45

Pro

Thr

Asp

Met

30

Asp

Tyr

Asp

Val

15

Ala

Gly

Gly

Ala

Ser

His

Asp

Ala

Leu
80

60

120

180

240

271
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<212> DNA

<213> Saccharomyces cerevisiae

<400> 53

EP 1 572 862 B1

atgggtgctc
tgcaatgcca
gaaatggcgg
gcecgggecge

gatgttaacg

ctccaaaaaa
tcattgagca
atcaggcgat
cgatccagee

ataccagcct

gaagagaaag
gtttatcgac
taacgtggtg
tgactggctyg

cttgetgagt

gattatg

<210> 54
<211>102
<212>PRT

<213> Saccharomyces cerevisiae

<400> 54

Met

Asp

Arg

Val

Ile

65

Asp

Tyr

<210> 55
<211>19
<212> DNA

Gly

Ile

Thr

Val

50

Gln

Val

Asp

Ala

Glu

Gly

35

Pro

Pro

Asn

val

<213> Atrtificial Sequence

<220>

Pro

Glu

20

Gln

Gly

Asp

Asp

Pro
100

<223> GAL4 response element

<400> 55

ggagtactgt cctccgage 19

<210> 56

bPro

Cys

Glu

Met

Trp

Thr

85

Asp

Lys

Asn

Met

Thr

Leu

70

Ser

Tyr

Lys

Ala

Pro

Pro

55

Lys

Leu

gtagctggta
tacctgegca
cegggeatga
aaatcgaatg

ggagatgect

Lys Arg Lys

10

Ile Ile

25

Glu

Met Glu

40

Met

Lys Thr Ile

Ser Asn Gly

tcaataaaga
ccggacagga
cgccgaaaac
gttttcatga

cctacccetta

tatcgaggag
gatgccgatg
cattctteac
aattgaagcg

tgatgtgcca

Val

Gln

Ala

Leu

Phe

- 15

Ser
90

Leu Leu

149

Gly

Ala

Phe

Asp

His

60

His

Asp

Gly

Ile

Gln

45

Ala

Glu

Ala

Ile

Asp

30

Ala

Gly

Ile

Serxr

Asn

15

Tyr

Ile

Pro

Glu

Tyr
95

Lys

Leu

Asn

Pro

Ala

80

Pro

60

120

180

240

300

307
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<211> 36
<212> DNA
<213> Atrtificial Sequence

<220>
<223> 2xLexAop response element

<400> 56
ctgctgtata taaaaccagt ggttatatgt acagta

<210> 57

<211> 334

<212> PRT

<213> Choristoneura fumiferana

<400> 57

EP 1 572 862 B1

36

150
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Pro

Lys

Val

Glu

Leu

65

Gln

Gln

Ala

Glu

Leu

145

Lys

Asp

Arg

Leu

Tyr
225

Glu

Lys

Asp

Ala

50

Leu

Gln

Pro

Asp

Met

130

Pro

Ala

Ala

Asp

His

210

Ala

Cys

Ala

Asp

35

Ala

Glu

Phe

Ser

Asp

115

Thr

Gly

Cys

Ala

Asn

195

Phe

Leu

Val

Gln

His

Arg

Thr

Leu

Asp

100

Glu

Ile

Phe

Ser

ser

180

Tyr

Cys

Leu

Val

Lys

Met

Ile

Asn

Ile

85

Glu

Asn

Leu

Ala

Ser

165

Asp

Arg

Arg

Thr

Pro

Glu

Pro

His

Arg

70

Ala

Asp

Glu

Thr

Lys

150

Glu

Ser

Lys

Cys

Ala
230

EP 1 572 862 B1

Glu

Lys

Pro

Glu

55

Gln

Arg

Leu

Glu

Val

135

Ile

Val

val

Ala

Met

215

vVal

Thr

Asp

Ile

40

val

Lys

Leu

Lys

Ser

120

Gln

Ser

Met

Leu

Gly

200

Tyr

Val

151

Gln

Lys

25

Met

Val

Asn

Ile

Arg

105

Asp

Leu

Gln

Met

Phe

185

Met

Ser

Ile

Cys

10

Leu

Gln

Pro

Ile

Trp

90

Ile

Thr

Ile

Pro

Leu

170

Ala

Ala

Met

Phe

Ala

Pro

Cys

Arg

Pro

75

Tyr

Thr

Pro

val

Asp

155

Arg

Asn

Tyr

Ala

Ser
235

Met

vVal

Glu

Phe

60

Gln

Gln

Gln

Phe

Glu

140

Gln

Val

Asn

Val

Leu

220

Asp

Lys

Sexr

Pro

45

Leu

Leu

Asp

Thr

Arg

125

Phe

Ile

Ala

Gln

Ile

205

Asp

Arg

Arg

Thr

30

Pro

Ser

Thr

Gly

Trp

110

Gln

Ala

Thr

Arg

Ala

1%0

Glu

Asn

Pro

Lys

15

Thr

Pro

Asp

Ala

Tyr

95

Gln

Ile

Lys

Leu

Arg

175

Tyr

Asp

Ile

Gly

Glu

Thr

Pro

Lys

Asn

80

Glu

Gln

Thr

Gly

Leu

160

Tyr

Thr

Leu

His

Leu
240
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<210> 58
<211> 549
<212> PRT

Glu

Leu

val

Gly

Lys

305

His

Gln

Arg

Ile

Met

290

Leu

Thr

Pro

Ile

Tyr

275

Gln

Pro

Gln

Gln

Tyr

260

Gly

Asn

Pro

Pro

<213> Drosophila melanogaster

<400> 58

Leu

245

Tle

Lys

Ser

Phe

Pro
325

Val

Leu

Ile

Asn

Leu

310

Pro

EP 1 572 862 B1

Glu

Asn

Leu

Met

295

Glu

Ile

Glu

Gln

Ser

280

Cys

Glu

Leu

152

Ile

Leu

265

Ile

Ile

Ile

Glu

Gln

250

Ser

Leu

Ser

Trp

Ser
330

Arg

Gly

Sexr

Leu

Asp

315

Pro

Tyr

Ser

Glu

Lys

300

Val

Thr

TYyY

Ala

Leu

285

Leu

Ala

Asn

Leu

Arg

270

Arg

Lys

Asp

Leu

Asn

255

Ser

Thr

Asn

Met

Thr

Ser

Leu

Arg

Ser
320
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Arg

Glu

Ser

Phe

His

65

Ala

Lys

Leu

Val

Ile
145

Pro

Lys

Gln

val

50

Ala

Arg

Leu

Arg

Ser

130

val

Glu

Lys

His

35

Lys

Thr

Asn

Ile

Arg

115

Phe

Glu

Cys

Ala

20

Gly

Lys

Ile

Ile

Trp

100

Ile

Arg

Phe

Val

Gln

Gly

Glu

Pro

Pro

85

Tyr

Met

His

Ala

Val

Lys

Asn

Ile

Leu

70

Ser

Gln

Ser

Ile

Lys
150

EP 1 572 862 B1

Pro

Glu

Gly

Leu

55

Leu

Leu

Asp

Gln

Thr

135

Gly

Glu

Lys

Ser

40

Asp

Pro

Thr

Gly

Pro

120

Glu

Leu

153

Asn

Asp

25

Leu

Leu

Asp

Tyr

Tyr

105

Asp

Ile

Pro

Gln

10

Lys

Ala

Met

Glu

Asn

90

Glu

Glu

Thr

Ala

Cys

Met

Ser

Thr

Ile

75

Gln

Gln

Asn

Ile

Phe
155

Ala

Thr

Gly

Cys

60

Leu

Leu

Pro

Glu

Leu

140

Thr

Met

Thr

Gly

45

Glu

Ala

Ala

Ser

Ser

125

Thr

Lys

Lys

Ser

30

Gly

Pro

Lys

Val

Glu

110

Gln

val

Ile

Arg

15

Pro

Gln

Pro

Cys

Ile

95

Glu

Thr

Gln

Pro

Arg

Ser

Asp

Gln

Gln

80

Tyxr

Asp

Asp

Leu

Gln
160
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Glu

Leu

Ala

Ala

Met

225

Phe

Gln

Cys

Leu

Ser

305

Trp

Thr

Ser

Thr

Gln

385

Gln

Gln

Gln

Asp

Arg

Asn

Asp

210

Lys

Ser

Ser

Gly

Thr

290

Leu

Asp

Gln

Val

Ser

370

Pro

Pro

Pro

Pro

Gln

Met

Asn

195

Asn

val

Asp

Tyr

Asp

275

Glu

Lys

val

Glu

Gly

355

Ala

Gln

Gln

Gln

Gln

Ile

Ala

180

Arg

Ile

Asp

Arg

Tyr

260

Ser

Leu

Leu

His

Glu

340

Gly

Ala

Pro

Leu

Leu

420

Pro

Thr

165

Arg

Ser

Glu

Asn

Pro

245

Ile

Met

Arg

Lys

Ala

325

Asn

Ala

Ala

Ser

Gln

405

Gln

Gln

Leu

Arg

Tyr

Asp

val

230

Gly

Asp

Ser

Thr

Asn

310

Tle

Glu

Ile

Ala

Ser

390

Pro

Pro

Leu

EP 1 572 862 B1

Leu

Tyr

Thr

Leu

215

Glu

Leu

Thr

Leu

Leu

295

Arg

Pro

Arg

Thr

Ala

375

Leu

Gln

Gln

Leu

Lys

Asp

Arg

200

Leu

Tyr

Glu

Leu

Val

280

Gly

Lys

Pro

Leu

Ala

360

Ala

Thr

Leu

Leu

Pro

Ala

His

185

Asp

His

Ala

Lys

Arg

265

Phe

Asn

Leu

Ser

Glu

345

Gly

Gln

Gln

Pro

Gln

425

val

154

Cys

170

Ser

Ser

Phe

Leu

Ala

250

Ile

Tyr

Gln

Pro

Val

330

Arg

Ile

His

Asn

Pro

410

Thr

Ser

Sexr

Serxr

Tyr

Cys

Leu

235

Gln

Tyr

Ala

Asn

Lys

315

Gln

Ala

Asp

Gln

Asp

395

Gln

Gln

Ala

Ser

Asp

Lys

Arg

220

Thr

Leu

Ile

Lys

Ala

300

Phe

Ser

Glu

Cys

Pro

380

Ser

Leu

Leu

Pro

Glu

Ser

Met

205

Gln

Ala

val

Leu

Leu

285

Glu

Leu

His

Arg

Asp

365

Gln

Gln

Gln

Gln

val

Val

Ile

190

Ala

Met

Ile

Glu

Asn

270

Leu

Met

Glu

Leu

Met

350

Ser

Pro

His

Gly

Pro

430

Pro

Met

175

Phe

Gly

Phe

val

Ala

255

Arg

Ser

Cys

Glu

Gln

335

Arg

Ala

Gln

Gln

Gln

415

Gln

Ala

Met

Phe

Met

sSer

Ile

240

Ile

His

Ile

Phe

Ile

320

Ile

Ala

Ser

Pro

Thr

400

Leu

Tle

Ser
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<210> 59
<211> 1288
<212> DNA

Val

Met

465

Sex

Met

Met

His

His
545

Thr

450

Gly

Ile

Gly

Tyr

Ser

530

Ser

435

Ala

Gly

Thr

Asgn

Ala

515

His

Thr

Pro

Ser

Ala

Gly

500

Asn

Gln

Thr

<213> Choristoneura fumiferana

<400> 59

Gly

Ala

Ala

485

val

Ala

Glu

Ala

Ser

Ala

470

Val

Gly

Gln

Gln

EP 1 572 862 B1

Leu

455

Ile

Thr

Val

Thr

Leu
535

440

Ser

Gly

Ala

Gly

Ala

520

Ile

155

Ala

Pro

Ser

val

505

Met

Gly

Val

Ile

Serx

490

Gly

Ala

Gly

Ser

Thr

475

Thr

Val

Leu

Val

Thr

460

Pro

Thr

Gly

Met

Ala
540

445

Sexr

Ala

Ser

Gly

Gly

525

Val

Ser

Thr

Ala

Asn

510

val

Lys

Glu

Thr

Val

495

val

Ala

Ser

Tyx

Ser

480

Pro

Ser

Leu

Glu
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aagggccectg

ggataccact
accaaaaatg
cgacggaaat
tgcgtagtac
aaggacaaac
tgtgaacctc
gacaagctgt
ttecttateg
ttgaagagga
ccettecgec
aagggattgce
tgctcaagtg
gttctgttcg
tacgtcatcg
atccattacg

ccgeaactgg

aaccagctga
tctgagcetac
aacagaaagc
caaccgccgc

gatgcegegt

cgececgtcea
acaatgcgct
cggtttatat
gccaggagtyg
ccgagactca
tgcctgtceag
cacctcctga
tggagacaaa
ccaggctcat
ttacgcagac
agatcacaga
cagggttcge
aggtaatgat
cgaacaacca
aggatctact
cgctgeteac

tggaagaaat

gcgggtegge
gcacgetegg
tgcegecettt

ctatcectega

ccggecgege

<210> 60

<211> 309

<212> DNA

<213> Simian virus 40

<400> 60

ggtgtggaaa
agtcagcaac
tgcatctcaa

ctccgeacag

aggccegaggce

gtccecagge
caggtgtgga
ttagtcagca
ttcecgeccat

cgecteggece

gcctagget

<210> 61
<211> 24

EP 1 572 862 B1

gcaagaggaa
cacgtgtgaa
ttgtaaattc
ccgectgaag
gtgcgceatyg
cacgacgacg
agcagcaagg
ccggcagaaa
ctggtaccag
gtggcagcaa
gatgactatc
caagatctcg
gctecgagtce
agcgtacact
gcacttctge
ggctgtegte

ccagcggtac

gegttegtec
catgcaaaac
cctecgaggag
gtceccccacg

tgctectga

tccccageag
aagtccccag
accatagtcc
tectecegecce

tectgagetat

ctgtgtctgg
gggtgtaaag
ggtcacgcett
aagtgcttag
aagcggaaag
gtggacgacc
attcacgaag
aacatcccece
gacgggtacg
gcggacgatg
ctecacggtce
cagecctgatce
gcgegacgat
cgcgacaact
cggtgcatgt
atcttttetg

tacctgaata

gtcatatacyg
tccaacatgt
atctgggatg

aatctctage

gcagaagtat
gcteceecage
cgcecectaac
atggctgact

tccagaagta

156

tatgcgggga
ggttetteag
gcgaaatgga
ctgtaggcat
agaagaaagc
acatgecegece
tggtcccaag
agttgacagc
agcagccttc
aaaacgaaga
aacttatcgt
aaattacgct
acgatgcggce
accgcaagge
actctatggce
accggccagy

cgectecgceat

gcaagatcct
gcatctcect
tggcggacat

cecetgegege

gcaaagcatg
aggcagaagt
tcegeceeate

aatttttttt

gtgaggaggce

cagagcctece
acggagtgtt
catgtacatg
gaggcctgag
acagaaggag
cattatgcag
gtttctctee
caaccagcag
tgatgaagat
gtctgacact
ggagttcgeg
gcttaaggct
ctcagacagt
tggcatggcec
gttggacaac
gttggagcag

ctatatcetg

ctcaatcctce
caagctcaag
gtcgeacacc

acgcatcgec

catctcaatt
atgcaaagca
ccgeoecctaa
atttatgcag

ttrtttggag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1288

60

120

180

240

300

309
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<212>DNA
<213> Atrtificial Sequence

<220>
<223> synthetic E1b minimal promoter

<400> 61
tatataatgg atccccgggt accg 24

<210> 62

<211> 1653

<212>DNA

<213> Artificial Sequence

<220>
<223> |uciferase gene

<400> 62

atggaagacg
accgotggag
gcttttacag
gttcggttgg
tgcagtgaaa
gcagttgcgce
tecgcagecta
aaaaaattac

tttecagtcga

ccaaaaacat
agcaactgca
atgcacatat
cagaagctat
actctcttea
ccgcgaacga
ccgtagtgtt
caataatcca

tgtacacgtt

aaagaaaggce
taaggctatg
cgaggtgaac
gaaacgatat
attctttatg
catttataat
tgtttccaaa
gaaaattatt

cgtcacatcet

ccggegecat
aagagatacqg
atcacgtacg
gggctgaata
ccggtgttgg
gaacgtgaat
aaggggttgce
atcatggatt

catctacctce

157

tctatcctet
ceectggttece
cggaatactt
caaatcacag
gcgegttatt
tgctcaacag
aaaaaatttt
ctaaaacgga

ccggttttaa

agaggatgga
tggaacaatt
cgaaatgtcc
aatcgtecgta
tatcggagtt
tatgaacatt
gaacgtgcaa
ttaccaggga

tgaatacgat

60

120

180

240

300

360

420

480

540
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tttgtaccag
tctactgggt
catgccagag
gttccattec
cgagtegtet
aaaattcaaa
attgacaaat
aaagaagtcg
gggctcactg
gcggtceggta
acgctgggeg
tatgtaaaca
ggagacatag
ttaattaaat
caccccaaca
ceceogeegecyg
tacgtcgcea
gaagtaccga

aaggccaaga

agtcctttga
tacctaaggg
atcctatttt
atcacggttt
taatgtatag
gtgcgttget
acgatttatc
gggaageggt
agactacatce
aagttgttcce
ttaatcagag
atccggaage
cttactggga
acaaaggata
tettcgacge
ttgttgtttt
gtcaagtaac
aaggtcttac

agggcggaaa

<210> 63

<211> 18

<212> DNA
<213> Mus musculus

<400> 63
ccacatcaag ccacctag 18

<210> 64

<211>18

<212> DNA

<213> Locusta migratoria

<400> 64
tcaccttctg attcataa 18

<210> 65

<211> 1054

<212> DNA

<213> Choristoneura fumiferana

<400> 65

EP 1 572 862 B1

tcgtgacaaa
tgtggccctt
tggcaatcaa
tggaatgttt
atttgaagaa
agtaccaacc
taatttacac
tgcaaaacgc
agctattetg
attttttgaa
aggcgaatta
gaccaacgcec
cgaagacgaa
tecaggtggcece
gggcgtggca
ggagcacgga
aaccgcgaaa
cggaaaactce

gtccaaatty

acaattgeac
ccgcatagaa
atcatteegg
actacactcyg
gagctgtttt
ctattttcat
gaaattgcett
tteccatette
attacacccyg
gcgaaggttyg
tgtgtcagag
ttgattgaca
cacttcttea
ccegetgaat
ggtcttcecy
aagacgatga
aagttgegcyg
gacgcaagaa

taa

158

tgataatgaa
ctgectgegt
atactgcecgat
gatatttgat
tacgatccecet
tettegecaa
€tgggggcgce
cagggatacg
agggggatga
tggatctgga
gacctatgat
aggatggatg
tagttgaccg
tggaatcgat
acgatgacgc
cggaaaaaga
gaggagttgt

aaatcagaga

ttcectetgga
cagattctcg
tttaagtgtt
atgtggattt
tcaggattac
aagcactctg
acctcttteg
acaaggatat
taaaccgggce
taccgggaaa
tatgtccggt
gctacattet
cttgaagtct
attgttacaa
cggtgaactt
gatcgtggat
gtttgtggac

gatccteata

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1653



10

15

20

25

30

EP 1 572 862 B1

cctgagtgeg tagtacccga gactcagtge gccatgaage ggaaagagaa gaaagcacag 60
aaggagaagyg acaaactgcece tgtcagcacg acgacggtgg acgaccacat gccgccecatt 120
atgcagtgtg aacctccace tcctgaagca gcaaggattc acgaagtggt cccaaggttt 180
ctcteccgaca agctgttgga gacaaaccgg cagaaaaaca tcccccagtt gacagccaac 240
cagcagttce ttatcgccag gctcatectgg taccaggacg ggtacgagea gecttctgat 300
gaagatttga agaggattac gcagacgtgg cagcaagcgg acgatgaaaa cgaagagtct 360
gacactccet tccgccagat cacagagatg actatcctca cggtccaact tatcgtggag 420
ttcgegaagg gattgecagg gttegecaag atctegeage ctgatcaaat tacgetgett 480
aaggcttgct caagtgaggt aatgatgctc cgagtcgege gacgatacga tgeggcectcea 540
gacagtgttc tgttcgecgaa caaccaagceg tacactcgeg acaactacceg caaggcetggce 600
atggcctacg tcatcgagga tctactgcac ttctgceggt geatgtactce tatggegttg 660
gacaacatcc attacgcget gctcacggct gtcecgtcatcet tttectgaceg gecagggttg 720
gagcagccgce aactggtgga agaaatccag cggtactacc tgaatacgcet cegcatctat 780
atcctgaace agctgagcgg gtceggegegt tegtcoegtca tatacggeaa gatcctcetcea 840
atcctctetg agectacgcac getcggcatg caaaactcca acatgtgceat ctecctcaag 900
ctcaagaaca gaaagctgec gectttceccte gaggagatet gggatgtgge ggacatgtcg 960
cacacccaac cgccgectat cctcecgagtee cccacgaatce tctagecccect gecgegcacge 1020
atcgececgatg cegegteegg cegegetget ctga 1054

<210> 66

<211>798

<212> DNA

<213> Choristoneura fumiferana

<400> 66

40

45

50

55

159
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tcggtgecagg taagcgatga gcetgtcaatce gagcgectaa cggagatgga gtetttggtyg 60
gcagatccca gcgaggagtt ccagttccte cgegtgggge ctgacagcaa cgtgectcca 120
cgttaccgeg cgeccgtete ctecoctetge caaataggea acaagcaaat agcggcgttg 180
gtggtatggg cgcgegacat ccoctcatttce gggcagcetgg agectggacga tcaagtggta 240
ctcatcaagg cctectggaa tgagcectgcta ctcttegcca tegectggeg ctcetatggag 300
tatttggaag atgagaggga gaacggggac ggaacgcgga gcaccactca gccacaactg 360
atgtgtctca tgeectggeat gacgttgcac cgecaactcgg cgcagcagge gggcegtggge 420
gecatctteg accgegtget gtcecgagete agtcectgaaga tgegcacctt gegcatggac 480
caggccgagt acgtcgoget caaagccatce gtgetgcetca accctgatgt gaaaggactg 540
aagaatcggc aagaagttga cgttttgcga gaaaaaatgt tctettgect ggacgactac 600
tgceggeggt cgcgaagcaa cgaggaaggce cggtttgegt ccttgetget geggetgeca 660
gcteteceget ccatcteget caagagettce gaacacctet acttcttceca cctegtggec 720
gaaggctcca tcagcggata catacgagag gegctccgaa accacgcgece tcocgatcgac 780
gtcaatgcca tgatgtaa 798

<210> 67

<211> 1650

<212> DNA

<213> Drosophila melanogaster

<400> 67

35

40

45

50

55
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cggcecggaat
cagaaggaga
ttggcetctg
gagccgecee
gcgcgcaata
taccaggatg
gatgagaacg
acggtccagt
gaggaccaga
cgacgctatg
gattcttaca
caaatgttct
ttecteggacc
atcgacacgce
ttctacgcaa
gagatgtgtt
tgggacgttc
aacgagegtc
ggcattgatt
cagcctcagce
cagccgcagce
caaccacagc
gtcteocgere
agcagcgaat
agtatcacgg
gttggagtcg
atggccttga

gttaagtcgg

gcgtegtece
aggacaaaat
gtggcggceca
agcatgccac
tacctteett
gctatgagca
agagccaaac
tgattgttga
tcacgttact
accacagctc
aaatggccgyg
cgatgaaggt
ggccgggect
tacgcattta
agctgetcetce
tctcactaaa
atgccatcce
tcgageggge
gcgactectge
cceagececa
tacaacctca
ttcagacgca
cegtgeecge
acatgggcgg
ctgceegttac
gtgttggggt
tgggtgtagc

agcactcgac

EP 1 572 862 B1

ggagaaccaa
gaccactteg
agactttgtt
tattcecgeta
aacgtacaat
gcecatctgaa
ggacgtcagce
gtttgctaaa
aaaggcctgce
ggactcaata
aatggctgat
ggacaacgtc
dggagaaggcce
tatactcaac
gatecctcacce
gctcaaaaac
gccatcggtc
tgagcgtatg
ctccactteg
accctectec
gctaccacct
acteccageca
ctcegtaacce
aagtgcggcce
cgctagctec
gggcggceaac
cetgecatteg

gactgcatag

tgtgcgatga
ccgagetete
aagaaggaga
ctacctgatg
cagttggcecg
gaggatctca
ttteggeata
ggtctaccag
tcgteggagg
ttcttegega
aacattgaag
gaatacgcgce
caactagtcg
cgccactgeg
gagctgcgta
cgcaaactgce
cagtcgcacc
cgggcatcgg
gcggcggceag
ctgacccaga
cagctgcaag
cagattcaac
gcacctggtt
ataggaccca
accacatcag
gtcagcatgt

caccaagagc

<210> 68

<211> 1586

<212>DNA

<213> Bamecia argentifoli

<400> 68

161

agcggegega
agcatggcgg
ttettgacct
aaatattgge
ttatatacaa
ggcgtataat
taaccgagat
cgtttacaaa
tgatgatgct
ataatagatc
acctgctgea
ttctcactgce
aagcgatcca
gcgactcaat
cgetgggcaa
ccaagttect
ttcagattac
ttgggggcgce
ccgeggecca
acgattccca
gtcaactgca
cacagccaca
ccttgteege
tcacgeeggce
cggtaccgat
atgcgaacgce

agcttategg

aaagaaggcc
caatggcagce
tatgacatgc
caagtgtcaa
gttaatttgg
gagtcaaccc
aaccatactc
gataccccag
gcgtatggca
atatacgcgg
tttctgecge
cattgtgatc
gagctactac
gagcctegte
ccagaacgoc
cgaggagatc
ccaggaggag
cattaccgece
gcatcagect
gcaccagaca
accccagctc
gctecettece
ggtcagtacg
aaccaccagc
gggcaacgga
ccagacggceyg

gggagtggcy

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1650
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gaattcgcgg
accagttcac

acccttatag

tgaacgggta
ggcagcagga
cecteacctyg
accagtgtaa
agtgtegtet
tccagtgtge
caacgacgag
cagattcgcea
tcatccatag
aaaggatagt
ttacagaaat
gttttgacaa
taatgatgtt
ctaaccagcec
atctgcteceg
ttctcactgce
agaagattca
catatgcaac
ggaatatgaa
tcctecgagga
ttcatatttg
ggtatgctca
attctttgtt

gcaaaaaaaa

ccgetegceaa
cgteatctcece

tcecaccaat

caacgtggat
ggagctgtgt
cgaaggetge
atatggaaat
caagaagtgt
tgtgaagcga
ttgttcteccea
gctattgtet
gctagtttat
taatgctgca
tacaattctce
actaattegt
tagaatggca
gtatacgaga
attttgtcga
cattgtaatt
agaaatttac
aaccattttt
ttcagaaaca
gatttgggat
atttatctca
tacaattata

accttaacac

aagcggeege

EP 1 572 862 B1

actteccgtac
tccaatggat

ggaagaatag

agetgcecgatg
ctcgtetgeg
aagggcttct
aattgtgaaa
ctcagegttyg
aaagagaaaa
gatggaatca
gtaaatggag
tttcaaaatg
ccagaagaag
actgtacagt
gaagatcaaa
aggaggtatg
gaatcataca
catatgtgtg
ttttcagaac
atagaagcat
gctaagttac
tgcttecteat
gttgttteat
gcaggtgget
acttgtaata
aatgttgatc

gaatte

ctetcaccece
actcatccce

ggaaagaaga

cgtcgeggaa
gggacecgege
tcegteggag
ttgacatgta
gcatgaggcece
aagcgcaaaa
aacaagagat
ttaaacccat
aatatgaaca
aaaatgtagce
taattgtgga
tagctttatt
atgctgaaac
ctgtagetgyg
ccatgaaagt
gaccatcetct
taaaagcata
tatctgtttt
tgaagctgaa
aaacagtctt
cagtacttat
tcatatcggt

tcataatgat

<210> 69

<211> 1109

<212> DNA

<213> Nephotetix cincticeps

<400> 69

162

ctegecagga
catgtctteg

gctttcgeeg

gaagaaggga
ctecggetac
catcaccaag
catgaggcga
agaatgtgta
ggacaaagat
agatcctcaa
tactccagag
tccatcececa
tgaagaaagg
attttctaag
aaaggcatgt
agattcgata
catgggtgat
cgataacgca
aagtgaaggc
tgttgaaaat
aactgaacta
gaatagaaag
acctcaattc
cctecacatta
gatgacaaat

gtatgaattt

ccceceecgeca

ggcagctacg

gcgaatagtc

ggaacgggte
cactacaacg
aatgccgtcet
aaatgccaag
gttececegaat
aaacctaact
aggctggata
caagaagagc
gaggatatca
tttaggcata
cgattacctg
agtagtgaag
ttgtttgcaa
actgtggagg
gaatatgctc
tggaaggttg
cgaaggaaac
cgaacattag
gtgecatect
catgttactt
ctgagctcac
ttgttacaat

ttctgttttt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1586
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caggaggagc tctgecetgtt gtgeggagac cgagcgtcegg gataccacta caacgetctce 60
acctgecgaag gatgcaaggg cttctttegg aggagtatca ccaaaaacge agtgtaccag 120
tccaaatacg gcaccaattg tgaaatagac atgtatatgc ggcgcaagtyg ccaggagtgce 180
cgactcaaga agtgcctcag tgtagggatg aggccagaat gtgtagtacc tgagtatcaa 240
tgtgccgtaa aaaggaaaga gaaaaaagct caaaaggaca aagataaacc tgtctcttea 300
accaatgget cgcctgaaat gagaatagac caggacaacc gttgtgtggt gttgcagagt 360
gaagacaaca ggtacaactc gagtacgccce agtttceggag tcaaaccect cagtccagaa 420
caagaggagc tcatccacag gectcgtctac tteccagaacg agtacgaaca ccctgecgag 480
gaggatctca ageggatcga gaacctecceccce tgtgacgacg atgacccgtg tgatgttcge 540
tacaaacaca ttacggagat cacaatactc acagtccage tcatcegtgga gtttgcgaaa 600
aaactgectg gtttcgacaa actactgaga gaggaccaga tegtgttget caaggegtgt 660
tecgagegagg tgatgatget gecggatggceg cggaggtacg acgtcecagac agactcgate 720
ctgttcgcca acaaccagec gtacacgedga gagtcgtaca cgatggcagg cgtgggggaa 780
gtcatcgaag atctgetgeg gttcggcecga ctcatgtget ccatgaaggt ggacaatgec 840
gagtatgcte tgctcacgge catcgtcate ttetccgage ggecgaacct ggcggaagga 900
tggaaggttg agaagatcca ggagatctac ctggaggege tcaagtccta cgtggacaac 960
cgagtgaaac ctecgcagtce gaccatcttc gecaaactge totcegttet caccgagetg 1020
cgaacactecg gcaaccagaa ctccgagatg tgcttetcgt taaactacge aaccgcaaac 1080
atgccaccgt tcctcgaaga aatctggga 1109

<210>70

<211> 401

<212> PRT

<213> Choristoneura fumiferana

<400> 70

40

45

50

55

163



10

15

20

25

30

35

40

45

50

55

Cys

Thr

Ala

Met

Gly

65

Arg

Thr

Pro

Ser

Thr
145

Leu

Cys

val

Arg

Met

Lys

Thr

Pro

Asp

130

Ala

Val

Glu

Tyr

35

Arg

Arg

Glu

Thr

Pro

115

Lys

Asn

Cys

Gly

20

Ile

Lys

Pro

Lys

Val

100

Glu

Leu

Gln

Gly

Cys

Cys

Cys

Glu

Lys

85

Asp

Ala

Leu

Gln

EP 1 572 862 B1

Asp Arg Ala Ser Gly

Lys

Lys

Gln

Cys

70

Ala

Asp

Ala

Glu

Phe
150

Gly

Phe

Glu

55

Val

Gln

His

Arg

Thr

135

Leu

Phe

Gly

40

Cys

Val

Lys

Met

Ile

120

Asn

Ile

164

Phe

25

His

Arg

Pro

Glu

Pro

105

His

Arg

Ala

10

Arg

Ala

Leu

Glu

Lys

90

Pro

Glu

Gln

Arg

Tyr

Arg

Cys

Lys

Thr

75

Asp

Ile

Val

Lys

Leu
155

His

Ser

Glu

Lys

60

Gln

Lys

Met

Val

Asn

140

Ile

Tyr

Val

Met

45

Cys

Cys

Leu

Gln

Pro

125

Ile

Trp

Asn

Thr

30

Asp

Leu

Ala

Pro

Cys

110

Arg

Pro

Tyr

Ala

15

Lys

Met

Ala

Met

Val

95

Glu

Phe

Gln

Gln

Leu

Asn

Tyr

Val

Lys

80

Ser

Pro

Leu

Leu

Asp
160
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<210> 71
<211> 894
<212> DNA

Gly

Trp

Gln

Ala

Thr

225

Arg

Ala

Glu

Asn

Pro

305

Leu

Arg

Arg

Lys

Asp

385

Leu

Tyr

Gln

Ile

Lys

210

Leu

Arg

Tyr

Asp

Ile

290

Gly

Asn

Ser

Thr

Asn

370

Met

<213> Tenebrio molitor

<400> 71

Glu

Gln

Thr

195

Gly

Leu

Tyr

Thr

Leu

275

His

Leu

Thr

Ser

Gln

Ala

180

Glu

Leu

Lys

Asp

Arg

260

Leu

Tyr

Glu

Leu

Val

340

Leu
355

Arg

Ser

Gly

Lys

His

Pro

165

Asp

Met

Pro

Ala

Ala

245

Asp

His

Ala

Gln

Arg

325

Ile

Met

Leu

Thr

Ser

Asp

Thr

Gly

Cys

230

Ala

Asn

Phe

Leu

Pro

310

Ile

Tyx

Gln

Pro

Gln
390
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Asp

Glu

Ile

Phe

215

Ser

Ser

Tyr

Cys

Leu

295

Gln

Tyr

Gly

Asn

Pro

375

Pro

Glu
Asn
Leu
200
Ala
Ser
Asp
Arg
Axg
280
Thr
Leu
Ile
Lys
Ser
360

Phe

Pro

165

Asp

Glu

185

Thr

Lys

Glu

Ser

Lys

265

Cys

Ala

Val

Leu

Ile

345

Asn

Leu

Pro

Leu

170

Glu

Val

Ile

Val

Val

250

Ala

Met

Val

Glu

Asn

330

Leu

Met

Glu

Ile

Lys

Ser

Gln

Ser

Met

235

Leu

Gly

Tyr

Val

Glu

315

Gln

Ser

Cys

Glu

Leu
395

Arg

Asp

Leu

Gln

220

Met

Phe

Met

Ser

Ile

300

Ile

Leu

Ile

Ile

Ile

380

Glu

Ile

Thr

Ile

205

Pro

Leu

Ala

Ala

Met

285

Phe

Gln

Ser

Leu

Ser

365

Trp

Ser

Thr

Pro

190

Val

Asp

Arg

Asn

Tyr

270

Ala

Ser

Arg

Gly

Ser

350

Leu

Asp

Pro

Gln

175

Phe

Glu

Gln

Val

Asn

255

Val

Leu

Asp

Tyr

Sexr

335

Glu

Lys

Val

Thr

Thr

Arg

Phe

Ile

Ala

240

Gln

Ile

Asp

Arg

Tyr

320

Ala

Leu

Leu

Ala

Asn
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aggcceggaat
caaaaggaaa
gaaccagaat
gagcaagagg
ccgtetgaag
gagatacggt
tttgccaage
aaggcatgtt
gattccatcce
atgggggaaa
gataatgceg
atagaaggct
gtcgacaacc
actgaattgc

aacaaaaagt

gtgtggtacc
aagataaacc
tgtcagattce
agctcatact
aagacgttaa
ttaggcatac
ggttaccagg
caagcgaagt
tcttegtaaa
ccatcgaaga
aatatgcttt
ggaaggtgga
gaagaagccc
ggacgttagg

taccgeegtt

<210>72

<211> 298

<212> PRT

<213> Tenebrio molitor

<400> 72

Arg Pro Glu Cys Val Val

Glu Lys Lys Ala Gln Lys

Gly Ser Pro Asp Val

20

35
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ggaagtacag
aaacagcact
agaaaaaaca
catacatcga
acggattatc
cacggaaatt
cttcgataag
gatgatgttc
caaccagcct
tctecttgeat
actaacagcce
gaagatccaa
aagccgggge
caaccaaaat

cctggacgaa

Pro

Glu

Ile Lys

Lys Thr Leu Thr Asn Gly Arg

50

Leu
65

Pro Ser Glu Glu Asp Val

Glu Asp Gln Cys Glu

Leu Thr Val Gln Leu

Ile Leu

55

Ile His Arg Leu

70

Lys

85

100

115

Ile Axg

Ile Val

tgtgetgtta
actaacggcet
ttgactaacg
ttggtttatt
aatcagccga
acgatcctga
ctectgcagg
aggatggccec
tatccgaggg
ttttgcagaa
atcgttattt
gaaatctatt
acaatattcg
tcagagatgt

atctgggacg

Glu Val Gln
10

Lys Asp Lys

Ile Glu Pro
40

Asn Arg Ile

Val

Tyr Phe

Ile
90

Arg Ile

Phe Arg His
105

Glu Phe Ala

120

166

agagaaaaga
caccagacgt
gacgcaatag
tccaaaacga
tagatggtga
ctgtgcagct
aagatcaaat
gacgttacga
acagttacaa
ctatgtactc
tctcagageg
tagaggcatt
cgaaactcct
gcatctcgtt

tcgacttaaa

gaagaaagcc
catcaaaatt
gatatcacca
atatgaacat
agatcagtgt
gatcgtggag
tgctctettg
cgtccagteg
tttggeecggt
catgaaggtg
accgtegttg
gcgggcgtac
gtcagtacta
gaaattgaaa

agca

Cys Ala Val

Pro Asn Ser

Glu Leu Ser
45

Ser Pro Glu
60

Gln Asn Glu
75

Asn Gln Pro

Thr Thr Glu

Lys Arg Leu
125

Lys

Thr

30

Asp

Gln

Tyr

Ile

Ile

110

Pro

Arg

15

Thr

Ser

Glu

Glu

Asp

Thr

Gly

Lys

Asn

Glu

Glu

Hisg

80

Gly

Ile

Phe

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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<210>73
<211> 948
<212> DNA

Asp

Ser

145

Asp

Asn

Arg

Thr

Lys

225

val

Leu

Met

Asp

Lys

130

Glu

Ser

Leu

Thr

Ala

210

Val

Asp

Ser

Cys

Glu
290

Leu

val

Ile

Ala

Met

195

Ile

Glu

Asn

Val

Ile

275

Ile

Leu

Met

Leu

Gly

180

Tyr

Val

Lys

Arg

Leu

260

Ser

Trp

<213> Amblyomma americanum

<400> 73

Gln

Met

Phe

165

Met

Ser

Ile

Ile

Arg

245

Thx

Leu

Asp

Glu

Phe

150

Val

Gly

Met

Phe

Gln

230

Ser

Glu

Lys

val
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Asp Gln Ile Ala

135

Arg

Asn

Glu

Lys

Ser

215

Glu

Pro

Leu

Leu

Asp
295

Met

Asn

Thr

Val

200

Glu

Ile

Ser

Arg

Lys

280

Leu

167

Ala

Gln

Ile

185

Asp

Arg

Tyr

Arg

Thr

265

Asn

Lys

Arg

Pro

170

Glu

Asn

Pro

Leu

Gly

250

Leu

Lys

Ala

Leu

Arg

155

Tyr

Asp

Ala

Ser

Glu

235

Thx

Gly

Lys

Leu

140

Tyr

Pro

Leu

Glu

Leu

220

Ala

Ile

Asn

Leu

Lys

Asp

Arg

Leu

Tyr

205

Ile

Leu

Phe

Gln

Pro
285

Ala

Val

Asp

His

190

Ala

Glu

Arg

Ala

Asn

270

Pro

Cys

Gin

Ser

175

Phe

Leu

Gly

Ala

Lys

255

Ser

Phe

Ser

Ser

160

Tyr

Cys

Leu

Trp

Tyr

240

Leu

Glu

Leu
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cggeceggaat gtgtggtgece ggagtaccag tgtgccatca agecgggagtce taagaagceac 60
cagaaggacc ggccaaacag cacaacgcgg gaaagtccct cggegctgat ggegcecatct 120
tctgtgggtyg gecgtgagece caccagccag cecatgggtyg geggaggceag ctcecctggge 180
agcagcaatc acgaggagga taagaagcca gtggtgctca gcccaggagt caagcececte 240
tcttcatcte aggaggacct catcaacaag ctagtctact accagcagga gtttgagteg 300
cettctgagg aagacatgaa gaaaaccacg cocttcecce tgggagacag tgaggaagac 360
aaccagcggce gattccagca cattactgag atcaccatce tgacagtgca gcteattgtg 420
gagttcteca agcgggtecce tggetttgac acgcectggcac gagaagacca gattactttg 480
ctgaaggcct gctccagtga agtgatgatg ctgagaggtg cccggaaata tgatgtgaag 540
acagattcta tagtgtttgc caataaccag ccgtacacga gggacaacta ccgcagtgec 600
agtgtggggg actctgcaga tgccctgttc cgettctgec gecaagatgtg tcagctgaga 660
gtagacaacg ctgaatacgc actccectgacg gceccattgtaa ttttctcetga acggccatca 720
ctggtggacce cgcacaaggt ggagcgcatc caggagtact acattgagac cctgcgcatg 780
tactccgaga accaccggec cccaggcaag aactactttg ccoggcetgcet gtecatcettg 840
acagagctge gcaccttggg caacatgaac geccgaaatgt gotteteget caaggtgcag 900
aacaagaagc tgccaccgtt cctggcetgag atttgggaca tccaagag 248

<210>74

<211> 316

<212> PRT

<213> Amblyomma americanum

<400> 74
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Arg

Ser

Pro

Ser

Glu

65

Ser

Glu

Pro

Thr

Arg

145

Leu

Tyr

Thr

Pro

Lys

Ser

Gln

50

Glu

Ser

Phe

Leu

Glu

130

Val

Lys

Asp

Arg

Glu

Lys

Ala

35

Pro

Asp

Ser

Glu

Gly

i1s

Ile

Pro

Ala

Val

Asp

Cys

His

20

Leu

Met

Lys

Gln

Ser

100

Asp

Thr

Gly

Cys

Lys

180

Asn

Val

Gln

Met

Gly

Lys

Glu

85

Pro

Ser

Ile

Phe

Ser

165

Thr

Tyr

Val

Lys

Ala

Gly

Pro

70

Asp

Ser

Glu

Leu

Asp

150

Ser

Asp

Arg
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Pro

Asp

Pro

Gly

55

Val

Leu

Glu

Glu

Thr

135

Thr

Glu

sSer

Ser

Glu

Arg

Ser

40

Gly

Val

Ile

Glu

Asp

120

Val

Leu

Val

Ile

Ala

169

Tyr

Pro

25

Ser

Ser

Leu

Asn

Asp

105

Asn

Gln

Ala

Met

Val

185

Ser

Gln

10

Asn

val

Ser

Ser

Lys

90

Met

Gln

Leu

Arg

Met

170

Phe

vVal

Cys

Ser

Gly

Leu

Pro

75

Leu

Lys

Arg

Ile

Glu

155

Leu

Ala

Gly

Ala

Thr

Gly

Gly

60

Gly

Val

Lys

Arg

Val

140

Asp

Arg

Asn

Asp

Ile

Thr

Val

45

Ser

Val

Tyr

Thr

Phe

125

Glu

Gln

Gly

Asn

Ser

Lys

Arg

30

Ser

Ser

Lys

Tyr

Thr

110

Gln

Phe

Ile

Ala

Gln

190

Ala

Arg

15

Glu

Pro

Asn

Pro

Gln

95

Pro

His

Ser

Thr

Arg

175

Pro

Asp

Glu

Ser

Thr

His

Leu

80

Gln

Phe

Ile

Lys

Leu

160

Lys

Tyr

Ala
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Leu

Glu
225

Leu

Thr

Phe

Met

Pro
305

<210> 75
<211> 825
<212> DNA

Phe

210

Tyr

val

Leu

Ala

Asn

290

Pro

195

Arg

Ala

Asp

Arg

Arg

275

Ala

Phe

Phe

Leu

Pro

Met

260

Leu

Glu

Leu

<213> Drosophila melanogaster

<400> 75

Cys

Leu

His

245

Tyx

Leu

Met

Ala

Arg

Thr

230

Lys

Ser

Ser

Cys

Glu
310
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Lys

215

Ala

Val

Glu

Ile

Phe

295

Ile

gtgtccaggg
tgcggegatce
tacaagggtg
gaatacgcgc
ctgaaagecyg
ctggatgacyg
cgacgatcac
cgcaacagty
agtgtaaaga
atactgtaca
gagaaggtgt
cgctttgege
gatcacctgt

cagctggagyg

atttctegat
gtgcactgac
ccgtgtegge
gcatgatgce
cttggatcga
gcggtgcegyg
cgggecttca
cgatcaaagc
tgaagcggcet
accecggacat
acgcttgect
aactgctgct
tocetettecg

cgcecgeegee

cgagegeatce
gttecctgegce
cetgtgecaa
gcactttgec
gctgetecatt
cggcggggagce
gccccagcag
cggtgtgtca
gaatctcgac
acgcgggatc
ggacgagcac
gcgtcetgecce
cattaccagc

acccggectg

200

Met Cys Gln

Ile Val Ile

Glu Ile

250

Arg

His
265

Asn Arg

Leu Thr Glu

280

Ser Leu Lys

Trp Asp Ile

atagaggccyg
gttggtccct
gtggtcaaca
caggtgccge
gcgaacgtgg
ggtggactag
ctgttectca
gccatctteg
cgacgcgagce
aagagccggg
tgccgeetgg
gctttgegat
gaccggecege

gcgatgaaac

170

Leu Arg

220

Phe
235

Ser

Gln Glu

Pro Pro

Leu Arg

Val Gln

300

Gln
315

Glu

205

Val

Glu

Tyr

Gly

Thr

285

Asn

Asp

Arg

Tyr

Lys

270

Leu

Lys

Asn

Pro

Ile

255

Asn

Gly

Lys

Ala

Ser

240

Glu

Tyr

Asn

Leu

agcagcgagce
attccacagt
aacagctcett
tggacgacca
cctggtgcag
gccacgatgg
accagagett
accgcatatt
tgtectgett
cggagatega
aacatccggyg
cgatcagcect
tggaggagcet

tggag

ggagacccaa
ccagccggac
ccagatggte
ggtgattctg
catcgttteg
ctectttgag
ctcgtaccat
gtcggagetg
gaaggccatce
gatgtgccge
cgacgatgga
gaagtgccag

ctttectegag

60

120

180

240

300

360

420

480

540

600

660

720

780

825
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Claims

1.

A gene expression modulation system comprising:

a) a first gene expression cassette that is capable of being expressed in a host cell comprising a polynucleotide
sequence that encodes a first hybrid polypeptide comprising:

i) a DNA-binding domain that recognizes a response element associated with a gene whose expression is
to be modulated; and
ii) an ecdysone receptor ligand binding domain; and

b) a second gene expression cassette that is capable of being expressed in the host cell comprising a polynu-
cleotide sequence that encodes a second hybrid polypeptide comprising:

i) a transactivation domain; and

i) a chimeric retinoid X receptor ligand binding domain comprising either

(A) helices 1-7 of a vertebrate retinoid X receptor and helices 8-12 of an invertebrate RXR, or
(B) helices 1-8 of a vertebrate retinoid X receptor and helices 9-12 of an invertebrate RXR,
wherein the invertebrate is a non-dipteran/non-lepidopteran species.

The gene expression modulation system according to claim 1, further comprising a third gene expression cassette
comprising:

i) a response element recognized by the DNA-binding domain of the first hybrid polypeptide;
ii) a promoter that is activated by the transactivation domain of the second hybrid polypeptide; and
iil) a gene whose expression is to be modulated.

The gene expression modulation system according to claim 1, wherein the ecdysone receptor ligand binding domain
(LBD) of the first hybrid polypeptide is either a spruce budworm Choristoneura fumiferana EcR ("CfEcR") LBD or
a fruit fly Drosophila melanogaster EcR ("DmEcR") LBD.

The gene expression modulation system according to claim 1, wherein the ecdysone receptor ligand binding domain
of the first hybrid polypeptide is encoded by a polynucleotide comprising a nucleic acid sequence selected from the
group consisting of SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO: 59 (CfEcR-CDEF) and SEQ ID NO: 67 (DmEcR-DEF).

The gene expression modulation system according to claim 1, wherein the ecdysone receptor ligand binding domain
of the first hybrid polypeptide comprises an amino acid sequence selected from the group consisting of SEQ ID NO:
57 (CfEcR-DEF), SEQ ID NO: 58 (DmEcR-DEF) and SEQ ID NO: 70 (CfEcR-CDEF).

The gene expression modulation system according to claim 1, wherein the chimeric retinoid X receptor ligand binding
domain of the second hybrid polypeptide is encoded by a polynucleotide comprising a nucleic acid sequence selected
from the group consisting of

a) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, and
b) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21.

The gene expression modulation system according to claim 1, wherein the chimeric retinoid X receptor ligand binding
domain of the second hybrid polypeptide comprises an amino acid sequence selected from the group consisting of

a) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, and
b) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21.

The gene expression modulation system according to claim 1, wherein the first gene expression cassette comprises
a polynucleotide sequence that encodes the first hybrid polypeptide comprising a DNA-binding domain selected
from the group consisting of a GAL4 DNA-binding domain and a LexA DNA-binding domain, and an ecdysone
receptor ligand binding domain.

The gene expression modulation system according to claim 1, wherein the second gene expression cassette com-
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prises a polynucleotide that encodes the second hybrid polypeptide comprising a transactivation domain selected
from the group consisting of a VP16 transactivation domain and a B42 acidic activator transactivation domain, and
a chimeric retinoid X receptor ligand binding domain.

10. The gene expression modulation system according to claim 1, wherein the second gene expression cassette com-
prises a polynucleotide that encodes the second hybrid polypeptide comprising a transactivation domain encoded
by a polynucleotide comprising a nucleic acid sequence selected from the group consisting of a VP16 AD (SEQ ID
NO: 51) and a B42 AD (SEQ ID NO: 53), and a chimeric retinoid X receptor ligand binding domain encoded by a
polynucleotide comprising a nucleic acid sequence selected from the group consisting of

a) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, and
b) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21.

11. The gene expression modulation system according to claim 1, wherein the second gene expression cassette com-
prises a polynucleotide that encodes the second hybrid polypeptide comprising a transactivation domain comprising
an amino acid sequence selected from the group consisting of a VP16 AD (SEQ ID NO: 52) and a B42 AD (SEQ
ID NO: 54) , and a chimeric retinoid X receptor ligand binding domain comprising an amino acid sequence selected
from the group consisting of

a) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, and
b) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21.

12. A gene expression modulation system comprising:

a) a first gene expression cassette that is capable of being expressed in a host cell comprising a polynucleotide
sequence that encodes a first hybrid polypeptide comprising:

i) a DNA-binding domain that recognizes a response element associated with a gene whose expression is
to be modulated; and

ii) a chimeric retinoid X receptor ligand binding domain comprising either (A) helices 1-7 of a vertebrate
retinoid X receptor and helices 8-12 of an invertebrate RXR, or (B) helices 1-8 of a vertebrate retinoid X
receptor and helices 9-12 of an invertebrate RXR,

wherein the invertebrate is a non-dipteran/non-lepidopteran species; and

b) a second gene expression cassette that is capable of being expressed in the host cell comprising a polynu-
cleotide sequence that encodes a second hybrid polypeptide comprising:

i) a transactivation domain; and
ii) an ecdysone receptor ligand binding domain.

13. The gene expression modulation system according to claim 12, further comprising a third gene expression cassette
comprising:

i) a response element that recognizes the DNA-binding domain of the first hybrid polypeptide;
ii) a promoter that is activated by the transactivation domain of the second hybrid polypeptide; and
iii) a gene whose expression is to be modulated.
14. The gene expression modulation system according to claim 12, wherein the chimeric retinoid X receptor ligand
binding domain of the first hybrid polypeptide is encoded by a polynucleotide comprising a nucleic acid sequence

selected from the group consisting of

a) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, and
b) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21.

15. The gene expression modulation system according to claim 12, wherein the chimeric retinoid X receptor ligand
binding domain of the first hybrid polypeptide comprises an amino acid sequence selected from the group consisting of

a) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, and
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b) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21.

The gene expression modulation system according to claim 12, wherein the ecdysone receptor ligand binding domain
of the second hybrid polypeptide is encoded by a polynucleotide comprising a nucleic acid sequence selected from
the group consisting of SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO: 59 (CfEcR-CDEF) and SEQ ID NO: 67 (DmEcR-
DEF).

The gene expression modulation system according to claim 12, wherein the ecdysone receptor ligand binding domain
of the second hybrid polypeptide comprises an amino acid sequence selected from the group consisting of SEQ ID
NO: 57 (CfEcR-DEF), SEQ ID NO: 58 (DmEcR-DEF) and SEQ ID NO: 70 (CfEcR-CDEF).

The gene expression modulation system according to claim 12, wherein the first gene expression cassette comprises
a polynucleotide that encodes the first hybrid polypeptide comprising a DNA-binding domain selected from the group
consisting of a GAL4 DNA-binding domain and a LexA DNA-binding domain, and a chimeric retinoid X receptor
ligand binding domain.

The gene expression modulation system according to claim 12, wherein the first gene expression cassette comprises
a polynucleotide that encodes the first hybrid polypeptide comprising a DNA-binding domain encoded by a polynu-
cleotide comprising a nucleic acid sequence selected from the group consisting of a GAL4 DBD (SEQ ID NO: 47)
and a LexA DBD (SEQ ID NO: 49), and a chimeric retinoid X receptor ligand binding domain encoded by a polynu-
cleotide comprising a nucleic acid sequence selected from the group consisting of

a) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, and
b) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21.

The gene expression modulation system according to claim 12, wherein the first gene expression cassette comprises
a polynucleotide that encodes the first hybrid polypeptide comprising a DNA-binding domain comprising an amino
acid sequence selected from the group consisting of a GAL4 DBD (SEQ ID NO: 48) and a LexA DBD (SEQ ID NO:
50), and a chimeric retinoid X receptor ligand binding domain comprising an amino acid sequence selected from
the group consisting of

a) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, and
b) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21.

The gene expression modulation system according to claim 12, wherein the second gene expression cassette
comprises a polynucleotide that encodes the second hybrid polypeptide comprising a transactivation domain selected
from the group consisting of a VP 16 transactivation domain and a B42 acidic activator transactivation domain, and
an ecdysone receptor ligand binding domain.

A gene expression cassette comprising a polynucleotide encoding a hybrid polypeptide comprising

a) a DNA-binding domain and
b) a chimeric retinoid X receptor ligand binding domain comprising either

(i) helices 1-7 of a vertebrate retinoid X receptor and helices 8-12 of an invertebrate RXR, or
(ii) helices 1-8 of a vertebrate retinoid X receptor and helices 9-12 of an invertebrate RXR,
wherein the invertebrate is a non-dipteran/non-lepidopteran species.

The gene expression cassette according to claim 22, wherein the DNA-binding domain is a GAL4 DNA-binding
domain or a LexA DNA-binding domain.

The gene expression cassette according to claim 22, wherein the gene expression cassette comprises a polynu-
cleotide encoding a hybrid polypeptide comprising a DNA-binding domain encoded by a polynucleotide comprising
a nucleic acid sequence selected from the group consisting of a GAL4 DBD (SEQ ID NO: 47) and a LexA DBD
(SEQ ID NO: 49), and a chimeric retinoid X receptor ligand binding domain encoded by a polynucleotide comprising
a nucleic acid sequence selected from the group consisting of

a) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, and
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b) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21.

The gene expression cassette according to claim 22, wherein the gene expression cassette comprises a polynu-
cleotide encoding a hybrid polypeptide comprising a DNA-binding domain comprising an amino acid sequence
selected from the group consisting of a GAL4 DBD (SEQ ID NO: 48) and a LexA DBD (SEQ ID NO: 50), and a
chimeric retinoid X receptor ligand binding domain comprising an amino acid sequence selected from the group
consisting of

a) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, and
b) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21.

A gene expression cassette comprising

a) a polynucleotide encoding a hybrid polypeptide comprising a transactivation domain and
b) a chimeric retinoid X receptor ligand binding domain comprising either

(i) helices 1-7 of a vertebrate retinoid X receptor and helices 8-12 of an invertebrate RXR, or
(i) helices 1-8 of a vertebrate retinoid X receptor and helices 9-12 of an invertebrate RXR,
wherein the invertebrate is a non-dipteran/non-lepidopteran species.

The gene expression cassette according to claim 26, wherein the transactivation domain is a VP16 transactivation
domain or a B42 acidic activator transactivation domain.

The gene expression cassette according to claim 26, wherein the gene expression cassette comprises a polynu-
cleotide encoding a hybrid polypeptide comprising a transactivation domain encoded by a polynucleotide comprising
a nucleic acid sequence selected from the group consisting of a VP16 AD (SEQ ID NO: 51) and a B42 AD (SEQ
ID NO: 53), and a chimeric retinoid X receptor ligand binding domain encoded by a polynucleotide comprising a
nucleic acid sequence selected from the group consisting of

a) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, and
b) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21.

The gene expression cassette according to claim 28, wherein the gene expression cassette comprises a polynu-
cleotide encoding a hybrid polypeptide comprising a transactivation domain comprising an amino acid sequence

selected from the group consisting of a VP16 AD (SEQ ID NO: 52) and a B42 AD (SEQ ID NO: 54), and a chimeric
retinoid X receptor ligand binding domain comprising an amino acid sequence selected from the group consisting of

a) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, and
b) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21.

Anisolated polynucleotide encoding a chimeric retinoid X receptor ligand binding domain, wherein the polynucleotide
comprises a nucleic acid sequence selected from the group consisting of

a) nucleotides 1-408 of SEQ ID NO: 13 and nucleotides 337-630 of SEQ ID NO: 21, and
b) nucleotides 1-465 of SEQ ID NO: 13 and nucleotides 403-630 of SEQ ID NO: 21.

An isolated polypeptide encoded by the isolated polynucleotide according to claim 30.

An isolated chimeric retinoid X receptor polypeptide comprising an amino acid sequence selected from the group
consisting of

a) amino acids 1-136 of SEQ ID NO: 13 and amino acids 113-210 of SEQ ID NO: 21, and
b) amino acids 1-155 of SEQ ID NO: 13 and amino acids 135-210 of SEQ ID NO: 21.

An in vitro method of modulating the expression of a gene in a host cell comprising the gene to be modulated
comprising the steps of:

a) introducing into the host cell the gene expression modulation system according to claim 1; and
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b) introducing into the host cell a ligand; wherein the gene to be modulated is a component of a gene expression
cassette comprising:

i) a response element recognized by the DNA binding domain from the first hybrid polypeptide;

i) a promoter that is activated by the transactivation domain of the second hybrid polypeptide; and

iii) a gene whose expression is to be modulated;

whereby upon introduction of the ligand into the host cell, expression of the gene of b)iii) is modulated.

34. The method according to claim 33, wherein the ligand is a compound of the formula:

R4

3 it H_ 0/ =F
R A s
RZ R! E

E is a (C4-Cg) alkyl containing a tertiary carbon or a cyano (C5-Cs) alkyl containing a tertiary carbon;

R'is H, Me, Et, i-Pr, F, formyl, CF3, CHF,, CHCI,, CH,F, CH,CI, CH,OH, CH,OMe, CH,CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, OH, OMe, OEt, cyclopropyl, CF,CF3, CH=CHCN, allyl, azido, SCN, or SCHF;
R2is H, Me, Et, n-Pr, i-Pr, formyl, CF3, CHF,, CHCI,, CH,F, CH,CI, CH,0H CH,0Me, CH,CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, Ac, F, Cl, OH, OMe, OEt, On-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF; OCF,CF2H,
COEt, cyclopropyl, CF,CF5; CH=CHCN, allyl, azido, OCF3 OCHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN, or
joined with R3 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy, a dihydrofuryl
ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl
carbon;

R3is H, Et, or joined with R2 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy,
a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent
to a phenyl carbon;

R4 R5 and R6are independently H, Me, Et, F, Cl, Br, formyl, CF5, CHF2 CHCI, CH,F, CH,CI, CH,0, CN, C=CH,
CH, 1-propynyl, 2-propynyl, vinyl, OMe, OEt, SMe, or SEt.

wherein:

35. The method according to claim 33, further comprising introducing into the host cell a second ligand, wherein the

second ligand is 9-cis-retinoic acid or a synthetic analog of a retinoic acid.

36. An in vitro method of modulating the expression of a gene in a host cell comprising the gene to be modulated

comprising the steps of:

a) introducing into the host cell the gene expression modulation system of claim 12;

and b) introducing into the host cell a ligand; wherein the gene to be modulated is a component of a gene

expression cassette comprising:

i) a response element recognized by the DNA binding domain from the first hybrid polypeptide;
i) a promoter that is activated by the transactivation domain of the second hybrid polypeptide; and

iii) a gene whose expression is to be modulated; whereby upon introduction of the ligand into the host cell,

expression of the gene of b) iii) is modulated.

37. The method according to claim 36, wherein the ligand is a compound of the formula:

R4

(o]} H () _‘-__\/R5
R® N—N )
‘ \ ,\Re
R? R E
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wherein:

E is a (C4-C6) alkyl containing a tertiary carbon or a cyano (C3-Cs) alkyl containing a tertiary carbon;

R'is H, Me, Et, i-Pr, F, formyl, CF3, CHF,, CHCI,, CH,F, CH,CI, CH,OH, CH,OMe, CH,CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, OH, OMe, OEt, cyclopropyl, CF,CF3, CH=CHCN, allyl, azido, SCN, or SCHF;
R2is H, Me, Et, n-Pr, i-Pr, formyl, CF5, CHF,, CHCl,, CH,F, CH,Cl, CH,0OH, CH,OMe, CH,CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, Ac, F, Cl, OH, OMe, OEt, On-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF5, OCF,CF2H,
COEt, cyclopropyl, CF,CF3, CH=CHCN, allyl, azido, OCF5, OCHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN, or
joined with R3 and the phenyl- carbons to which R2 and R3 are attached to form an ethylenedioxy, a dihydrofuryl
ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacentto a phenyl
carbon;

R3is H, Et, or joined with R2 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy,
a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent
to a phenyl carbon;

R4, R3, and R® are independently H, Me, Et, F, CI, Br, formyl, CF5, CHF,, CHCl,, CH,F, CH,CI, CH,0H, CN,
C=CH; 1-propynyl, 2-propynyl, vinyl, OMe, OEt, SMe, or SEt.

The method according to claim 36, further comprising introducing into the host cell a second ligand, wherein the
second ligand is 9-cis-retinoic acid or a synthetic analog of a retinoic acid.

An isolated host cell comprising the gene expression modulation system according to claim 1.

The isolated host cell according to claim 39, wherein the host cell is selected from the group consisting of a bacterial
cell, a fungal cell, a yeast cell, an animal cell, and a mammalian cell.

The isolated host cell according to claim 40, wherein the mammalian cell is a murine cell or a human cell.
An isolated host cell comprising the gene expression modulation system according to claim 12.

The isolated host cell according to claim 42, wherein the host cell is selected from the group consisting of a bacterial
cell, a fungal cell, a yeast cell, an animal cell, and a mammalian cell.

The isolated host cell according to claim 43, wherein the mammalian cell is a murine cell or a human cell.
A non-human organism comprising the host cell of claim 39.

The non-human organism according to claim 45, wherein the non-human organism is selected from the group
consisting of a bacterium, a fungus, a yeast, an animal, and a mammal.

The non-human organism according to claim 46, wherein the mammal is selected from the group consisting of a
mouse, a rat, a rabbit, a cat, a dog, a bovine, a goat, a pig, a horse, a sheep, a monkey, and a chimpanzee.

A non-human organism comprising the host cell of claim 42.

The non-human organism according to claim 48, wherein the non-human organism is selected from the group
consisting of a bacterium, a fungus, a yeast, an animal, and a mammal.

The non-human organism according to claim 49, wherein the mammal is selected from the group consisting of a
mouse, a rat, a rabbit, a cat, a dog, a bovine, a goat, a pig, a horse, a sheep, a monkey, and a chimpanzee.

The gene expression modulation system of claim 1 or 12, wherein the gene expression modulation system exhibits
increased sensitivity to a non-steroid ligand than a gene expression modulation system that contains a vertebrate

retinoid X receptor ligand binding domain.

The gene expression cassette of claim 22 or 26, wherein the polypeptide exhibits increased sensitivity to a non-
steroid ligand than a polypeptide that contains a vertebrate retinoid X receptor ligand binding domain.

The gene expression modulation system of any one of claims 1, 12, or 51 wherein the system exhibits increased
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magnitude of gene induction, compared to a gene expression modulation system that contains a vertebrate retinoid
X receptor ligand binding domain.

The gene expression cassettes of any one of claims 22, 26 or 52, wherein the polypeptide exhibits increased
magnitude of gene induction, compared to a polypeptide that contains a vertebrate retinoid X receptor ligand binding
domain.

Use of a ligand in the manufacture of a medicament for modulating the expression of a gene in a host cell comprising
the gene to be modulated; wherein the host cell comprises the gene expression modulation system according to
claim 1, and wherein the gene to be modulated is a component of a gene expression cassette comprising:

i) a response element recognized by the DNA binding domain from the first hybrid polypeptide;
ii) a promoter that is activated by the transactivation domain of the second hybrid polypeptide; and
i) a gene whose expression is to be modulated.

Use according to claim 55, wherein the ligand is a compound of the formula:

Q—LH L{‘“ )

E is a (C4-Cg) alkyl containing a tertiary carbon or a cyano (C5-Cs) alkyl containing a tertiary carbon;

R'is H, Me, Et, i-Pr, F, formyl, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,OH, CH,OMe, CH2CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, OH, OMe, OEt, cyclopropyl, CF,CF3, CH=CHCN, allyl, azido, SCN, or SCHF;
R2is H, Me, Et, n-Pr, i-Pr, formyl, CF5, CHF,, CHCI,, CH,F, CH,Cl, CH,OH CH,OMe, CH,CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, Ac, F, Cl, OH, OMe, OEt, On-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF3; OCF,CF2H,
COEt, cyclopropyl, CF,CF5 CH=CHCN, allyl, azido, OCF3 OCHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN, or
joined with R3 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy, a dihydrofuryl
ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl
carbon;

R3is H, Et, or joined with R2 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy,
a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent
to a phenyl carbon;

R4 R% and R® are independently H, Me, Et, F, Cl, Br, formyl, CF5, CHF, CHCI, CH,F, CH,CI, CH,0, CN, C=CH,
CH, 1-propynyl, 2-propynyl, vinyl, OMe, OEt, SMe, or SEt.

wherein:

Use according to claim 55, wherein said medicament further comprises a second ligand, wherein the second ligand
is 9-cis-retinoic acid or a synthetic analog of a retinoic acid.

Use of a ligand in the manufacture of a medicament for modulating the expression of a gene in a host cell comprising
the gene to be modulated; wherein the host cell comprises the gene expression modulation system of claim 12; and
wherein the gene to be modulated is a component of a gene expression cassette comprising:

i) a response element recognized by the DNA binding domain from the first hybrid polypeptide;

ii) a promoter that is activated by the transactivation domain of the second hybrid polypeptide; and

iil) a gene whose expression is to be modulated.

Use according to claim 58, wherein the ligand is a compound of the formula:
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wherein:

E is a (C4-C6) alkyl containing a tertiary carbon or a cyano (C3-Cs) alkyl containing a tertiary carbon;

R'is H, Me, Et, i-Pr, F, formyl, CF5, CHF,, CHCl,, CH,F, CH,CI, CH,OH, CH,0OMe, CH,CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, OH, OMe, OEt, cyclopropyl, CF,CF3, CH=CHCN, allyl, azido, SCN, or SCHF;
R2is H, Me, Et, n-Pr, i-Pr, formyl, CF5, CHF,, CHCl,, CH,F, CH,CI, CH,OH, CH,0OMe, CH,CN, CN, C=CH, 1-
propynyl, 2-propynyl, vinyl, Ac, F, CI, OH, OMe, OEt, On-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF5, OCF,CF2H,
COEt, cyclopropyl; CF,CF3, CH=CHCN, allyl, azido, OCF5, OCHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN, or
joined with R3 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy, a dihydrofuryl
ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent to a phenyl
carbon;

R3is H, Et, or joined with R2 and the phenyl carbons to which R2 and R3 are attached to form an ethylenedioxy,
a dihydrofuryl ring with the oxygen adjacent to a phenyl carbon, or a dihydropyryl ring with the oxygen adjacent
to a phenyl carbon;

R4, R3, and R® are independently H, Me, Et, F, Cl, Br, formyl, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,OH, CN,
C=CH, 1-propynyl, 2-propynyl, vinyl, OMe, OEt, SMe, or SEt.

60. Use according to claim 58, wherein said medicament further comprises a second ligand, wherein the second ligand
is 9-cis-retinoic acid or a synthetic analog of a retinoic acid.

Patentanspriiche

1. Genexpressionsmodulationssystem, umfassend:

a) eine erste Genexpressionskassette, die dazu geeignet ist, in einer Wirtszelle exprimiert zu werden, umfassend
eine Polynukleotidsequenz, die ein erstes Hybrid-Polypeptid kodiert, umfassend:

i) eine DNA-Bindungsdomane, die ein Antwortelement erkennt, welches mit einem Gen assoziiert ist, dessen
Expression moduliert werden soll, und
ii) eine Ecdyson-Rezeptor-Liganden-Bindungsdoméne und

b) eine zweite Genexpressionskassette, die dazu geeignet ist, in der Wirtszelle exprimiert zu werden, umfassend
eine Polynukleotidsequenz, die ein zweites Hybrid-Polypeptid kodiert, umfassend:

i) eine Transaktivierungsdoméane und
ii) eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdoméane, umfassend entweder

(A) Helices 1-7 eines Vertebraten-Retinoid-X-Rezeptors und Helices 8-12 eines Invertebraten-RXR
oder

(B) Helices 1-8 eines Vertebraten-Retinoid-X-Rezeptors und Helices 9-12 eines Invertebraten-RXR,
wobei der Invertebrate eine nicht-Diptera-/nicht-Lepidoptera-Art ist.

2. Genexpressionsmodulationssystem nach Anspruch 1, welches weiterhin eine dritte Genexpressionskassette um-
fasst, umfassend:

i) ein Antwortelement, das durch die DNA-Bindungsdomane des ersten Hybrid-Polypeptids erkannt wird,
ii) einen Promotor, der durch die Transaktivierungsdomane des zweiten Hybrid-Polypeptids aktiviert wird und
iii) ein Gen, dessen Expression moduliert werden soll.

3. Genexpressionsmodulationssystem nach Anspruch 1, wobei die Ecdyson-Rezeptor-Liganden-Bindungsdoméne
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(LBD) des ersten Hybrid-Polypeptids entweder eine LBD des Fichtenwicklers Choristoneura fumiferana EcR ("CfE-
cR") oder eine LBD einer Fruchtfliege Drosophila melanogaster EcR ("DmEcR") ist.

Genexpressionsmodulationssystem nach Anspruch 1, wobei die Ecdyson-Rezeptor-Liganden-Bindungsdoméane
des ersten Hybrid-Polypeptids von einem Polynukleotid kodiert wird, das eine Nukleinsduresequenz umfasst, die
ausgewahlt ist aus der Gruppe, bestehend aus SEQ ID Nr.: 65 (CfEcR-DEF), SEQ ID Nr.: 59 (CfEcR-CDEF) und
SEQ ID Nr.: 67 (DmEcR-DEF)

Genexpressionsmodulationssystem nach Anspruch 1, wobei die Ecdyson-Rezeptor-Liganden-Bindungsdoméne
des ersten Hybrid-Polypeptids eine Aminosauresequenz umfasst, der aus der Gruppe ausgewahlt ist, die aus SEQ
ID Nr.: 57 (CfEcR-DEF), SEQ ID Nr.: 58 (DmEcR-DEF) und SEQ ID Nr.: 70 (CfEcR-CDEF) besteht.

Genexpressionsmodulationssystem nach Anspruch 1, wobei die chimare Retinoid-X-Rezeptor-Liganden-Bindungs-
domane des zweiten Hybrid-Polypeptids kodiert wird durch ein Polynukleotid, das eine Nukleinsauresequenz um-
fasst, welche ausgewahlt ist aus der Gruppe, bestehend aus

a) Nukleotiden 1-408 der SEQ ID Nr.: 13 und Nukleotiden 337-630 der SEQ ID Nr.: 21 und
b) Nukleotiden 1-465 der SEQ ID Nr.: 13 und Nukleotiden 403-630 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem nach Anspruch 1, wobei die chimare Retinoid-X-Rezeptor-Liganden-Bindungs-
domane des zweiten Hybrid-Polypeptids eine Aminosduresequenz umfasst, die ausgewahlt ist aus der Gruppe,
bestehend aus

a) Aminosauren 1-136 der SEQ ID Nr. 13 und Aminosauren 113-210 der SEQ ID Nr.: 21 und
b) Aminosauren 1-155 der SEQ ID Nr.: 13 und Aminosauren 135-210 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem nach Anspruch 1, wobei die erste Genexpressionskassette eine Polynukleo-
tidsequenz umfasst, die das erste Hybrid-Polypeptid, das eine DNA-Bindungsdomane umfasst, die aus der Gruppe
ausgewahlt ist, bestehend aus einer GAL4-DNA-Bindungsdomane und einer LexA-DNA-Bindungsdomane und eine
Ecdyson-Rezeptor-Liganden-Bindungsdomane, kodiert.

Genexpressionsmodulationssystem nach Anspruch 1, wobei die zweite Genexpressionskassette ein Polynukleotid
umfasst, die das zweite Hybrid-Polypeptid kodiert, das eine Transaktivierungsdomane umfasst, welche ausgewahlt
ist aus der Gruppe, bestehend aus einer VP16-Transaktivierungsdomane und einer B42-Saure-Aktivator-Transak-
tivierungsdomane und einer chimaren Retinoid-X-Rezeptor-Liganden-Bindungsdomane.

Genexpressionsmodulationssystem nach Anspruch 1, wobei die zweite Genexpressionskassette ein Polynukleotid
umfasst, das das zweite Hybrid-Polypeptid kodiert, umfassend eine Transaktivierungsdomane, die von einem Po-
lynukleotid kodiert wird, das eine Nukleinsauresequenz umfasst, die aus der Gruppe ausgewahlt ist, bestehend aus
einer VP16 AD (SEQID Nr.: 51) und einer B42 AD (SEQ ID Nr.: 53), und eine chiméare Retinoid-X-Rezeptor-Liganden-
Bindungsdomane, die von einem Polynukleotid kodiert wird, welches eine Nukleinsduresequenz umfasst, die aus
der Gruppe ausgewahlt ist, bestehend aus

a) Nukleotiden 1-408 der SEQ ID Nr.: 13 und Nukleotiden 337-630 der SEQ ID Nr.: 21 und
b) Nukleotiden 1-465 der SEQ ID Nr. 13 und Nukleotiden 403-630 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem nach Anspruch 1, wobei die zweite Genexpressionskassette ein Polynukleotid
umfasst, das das zweite Hybrid-Polypeptid kodiert, umfassend eine Transaktivierungsdomane mit einer Aminosau-
resequenz, die aus der Gruppe ausgewahlt ist, bestehend aus einer VP16 AD (SEQ ID Nr.: 52) und einer B42 AD
(SEQ ID Nr.: 54), und eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdoméane, umfassend eine Aminosau-
resequenz, die aus der Gruppe ausgewahlt ist, bestehend aus

a) Aminosauren 1-136 der SEQ ID Nr.: 13 und Aminoséuren 113-210 der SEQ ID Nr.: 21 und
b) Aminosauren 1-155 der SEQ ID Nr.: 13 und Aminoséuren 135-210 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem umfassend:

a) eine erste Genexpressionskassette, die dazu geeignet ist, in einer Wirtszelle exprimiert zu werden, umfassend
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eine Polynukleotidsequenz, die ein erstes Hybrid-Polypeptid kodiert, umfassend:

i) eine DNA-Bindungsdomane, die ein Antwortelement erkennt, das mit einem Gen assoziiert ist, dessen
Expression moduliert werden soll, und

i) eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdomane, die entweder (A) Helices 1-7 eines Ver-
tebraten-Retinoid-X-Rezeptors und Helices 8-12 eines Invertebraten-RXR umfasst oder (B) Helices 1-8
eines Vertebraten-Retinoid-X-Rezeptors und Helices 9-12 eines Invertebraten-RXR,

wobei der Invertebrate eine nicht-Diptera-/nicht-Lepidoptera-Art ist, und

b) eine zweite Genexpressionskassette, die dazu geeignet ist, in einer Wirtszelle exprimiert zu werden, umfas-
send eine Polynukleotidsequenz, die ein zweites Hybrid-Polypeptid kodiert, umfassend:

i) eine Transaktivierungsdomane und
ii) eine Ecdyson-Rezeptor-Liganden-Bindungsdoméne.

Genexpressionsmodulationssystem nach Anspruch 12, welches weiterhin eine dritte Genexpressionskassette um-
fasst mit:

i) einem Antwortelement, das die DNA-Bindungsdomane des ersten Hybrid-Polypeptids erkennt,
ii) einem Promotor, der durch die Transaktivierungsdomane des zweiten Hybrid-Polypeptids aktiviert wird und
iii) einem Gen, dessen Expression moduliert werden soll.

Genexpressionsmodulationssystem nach Anspruch 12, wobei die chiméare Retinoid-X-Rezeptor-Liganden-Bin-
dungsdomane des ersten Hybrid-Polypeptids kodiert wird durch ein Polynukleotid, umfassend eine Nukleinséure-
sequenz, die aus der Gruppe ausgewahlt ist, bestehend aus

a) Nukleotiden 1-408 der SEQ ID Nr.: 13 und Nukleotiden 337-630 der SEQ ID Nr.: 21 und
b) Nukleotid 1-465 der SEQ ID Nr.: 13 und Nukleotiden 403-630 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem nach Anspruch 12, wobei die chiméare Retinoid-X-Rezeptor-Liganden-Bin-
dungsdomane des ersten Hybrid-Polypeptids eine Aminosduresequenz umfasst, die aus der Gruppe ausgewahlt
ist, bestehend aus

a) Aminosauren 1-136 der SEQ ID Nr.: 13 und Aminosauren 113-210 der SEQ ID Nr.: 21 und
b) Aminosauren 1-155 der SEQ ID Nr.: 13 und Aminosauren 135-210 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem nach Anspruch 12, wobei die Ecdyson-Rezeptor-Liganden-Bindungsdoméane
des zweiten Hybrid-Polypeptids kodiert wird durch ein Polynukleotid, umfassend eine Nukleinsduresequenz, die
aus der Gruppe ausgewahlt ist, bestehend aus SEQ ID Nr.: 65 (CfEcR-DEF), SEQ ID Nr.: 59 (CfEcR-CDEF) und
SEQ ID Nr.: 67 (DmEcR-DEF)

Genexpressionsmodulationssystem nach Anspruch 12, wobei die Ecdyson-Rezeptor-Liganden-Bindungsdoméane
des zweiten Hybrid-Polypeptids eine Aminosauresequenz umfasst, die aus der Gruppe ausgewahlt ist, bestehend
aus SEQ ID Nr.: 57 (CfEcR-DEF), SEQ ID Nr.: 58 (DmEcR-DEF) und SEQ ID Nr.: 70 (CfEcR-CDEF).

Genexpressionsmodulationssystem nach Anspruch 12, wobei die erste Genexpressionskassette ein Polynukleotid
umfasst, welches das erste Hybrid-Polypeptid kodiert, umfassend eine DNA-Bindungsdomane, die aus der Gruppe
ausgewahlt ist, bestehend aus einer GAL4-DNA-Bindungsdoméne und einer LexA-DNA-Bindungsdoméne, und
eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdomane.

Genexpressionsmodulationssystem nach Anspruch 12, wobei die erste Genexpressionskassette ein Polynukleotid
umfasst, welches das erste Hybrid-Polypeptid kodiert, umfassend eine DNA-Bindungsdoméane, die von einem Po-
lynukleotid kodiert wird, umfassend eine Nukleinsduresequenz die aus der Gruppe ausgewahlt ist, bestehend aus
einer GAL4-DBD (SEQ ID Nr.: 47) und einer LexA-DBD (SEQ ID Nr. 49), und eine chimére Retinoid-X-Rezeptor-
Liganden-Bindungsdomane, die von einem Polynukleotid kodiert wird, umfassend eine Nukleinsauresequenz, die
aus der Gruppe ausgewabhlt ist, bestehend aus

a) Nukleotiden 1-408 der SEQ ID Nr.: 13 und Nukleotiden 337-630 der SEQ ID Nr. 21 und
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b) Nukleotiden 1-465 der SEQ ID Nr.: 13 und Nukleotiden 403-630 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem nach Anspruch 12, wobei die erste Genexpressionskassette ein Polynukleotid
umfasst, das das erste Hybrid-Polypeptid kodiert, umfassend eine DNA-Bindungsdoméne, umfassend eine Amino-
sduresequenz, die aus der Gruppe ausgewahlt ist, bestehend aus GAL4 DBD (SEQ ID Nr.: 48) und einer LexA
DBD (SEQ ID Nr.: 50), und eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdoméne, umfassend eine Ami-
nosauresequenz, die aus der Gruppe ausgewahlt ist, bestehend aus

a) Aminosauren 1-136 der SEQ ID Nr.: 13 und Aminosauren 113-210 der SEQ ID Nr.: 21 und
b) Aminosauren 1-155 der SEQ ID Nr.: 13 und Aminosauren 135-210 der SEQ ID Nr.: 21.

Genexpressionsmodulationssystem nach Anspruch 12, wobei die zweite Genexpressionskassette ein Polynukleotid
umfasst, welches das zweite Hybrid-Polypeptid kodiert, umfassend eine Transaktivierungsdomane, die aus der
Gruppe ausgewabhltist, bestehend aus einer VP16-Transaktivierungsdoméane und einer B42-Saure-Aktivator-Trans-
aktivierungsdoméne, und eine Ecdyson-Rezeptor-Liganden-Bindungsdomane.

Genexpressionskassette, umfassend ein Polynukleotid, welches ein Hybrid-Polypeptid kodiert, umfassend

a) eine DNA-Bindungsdomane und
b) eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdoméane, die entweder

i) Helices 1-7 eines Vertebraten-Retinoid-X-Rezeptors und Helices 8-12 eines Invertebraten-RXR oder
i) Helices 1-8 eines Vertebraten-Retinoid-X-Rezeptors und Helices 9-12 eines Invertebraten-RXR
umfasst, wobei der Invertebrate eine nicht-Diptera/nicht-Lepidoptera-Art ist.

Genexpressionskassette nach Anspruch 22, wobei die DNA-Bindungsdoméane eine GAL4-DNA-Bindungsdoméane
oder eine LexA-DNA-Bindungsdomane ist.

Genexpressionskassette nach Anspruch 22, wobei die Genexpressionskassette ein Polynukleotid umfasst, welches
ein Hybrid-Polypeptid kodiert, umfassend eine DNA-Bindungsdoméne, die von einem Polynukleotid kodiert wird,
umfassend eine Nukleinsauresequenz, die aus der Gruppe ausgewahlt ist, bestehend aus einer GAL4-DBD (SEQ
ID Nr.: 47) und einer LexA-DBD (SEQ ID Nr.: 49), und eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdo-
mane, die durch ein Polynukleotid kodiert wird, umfassend eine Nukleinsduresequenz, die aus der Gruppe ausge-
wahlt ist, bestehend aus

a) Nukleotiden 1-408 der SEQ ID Nr.: 13 und Nukleotiden 337-630 der SEQ ID Nr.: 21 und
b) Nukleotiden 1-465 der SEQ ID Nr.: 13 und Nukleotiden 403-630 der SEQ ID Nr. 21.

Genexpressionskassette nach Anspruch 22, wobei die Genexpressionskassette ein Polynukleotid umfasst, das ein
Hybrid-Polypeptid kodiert, umfassend eine DNA-Bindungsdoméane mit einer Aminosauresequenz die aus der Gruppe
ausgewahlt ist, bestehend aus einer GAL4-DBD (SEQ ID Nr.: 48) und einer LexA-DBD (SEQ ID Nr.: 50), und mit
einer chimaren Retinoid-X-Rezeptor-Liganden-Bindungsdoméane, umfassend eine Aminosauresequenz, die aus
der Gruppe ausgewahlt ist, bestehend aus

a) Aminosauren 1-136 der SEQ ID Nr.: 13 und Aminosauren 113-210 der SEQ ID Nr.: 21 und
b) Aminosauren 1-155 der SEQ ID Nr.: 13 und Aminoséuren 135-210 der SEQ ID Nr.: 21.

Genexpressionskassette, umfassend

a) ein Polynukleotid, das ein Hybrid-Polypeptid kodiert, umfassend eine Transaktivierungsdomane und
b) eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdoméane, umfassend entweder

(i) Helices 1-7 eines Vertebraten-Retinoid-X-Rezeptor und Helices 8-12 eines Invertebraten-RXR oder
(i) Helices 1-8 eines Vertebraten-Retinoid-X-Rezeptor und Helices 9-12 eines Invertebraten-RXR,

wobei der Invertebrate eine nicht-Diptera-/nicht-Lepidoptera-Art ist.

Genexpressionskassette nach Anspruch 26, wobei die Transaktivierungsdomane eine VP16-Transaktivierungsdo-
mane oder eine B42-Saure-Aktivator-Transaktivierungsdomane ist.
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28. Genexpressionskassette nach Anspruch 26, wobei die Genexpressionskassette ein Polynukleotid umfasst, welches
ein Hybrid-Polypeptid kodiert, umfassend eine Transaktivierungsdomane, die durch ein Polynukleotid kodiert wird,
umfassend eine Nukleinsauresequenz, die aus der Gruppe ausgewahlt ist, bestehend aus einer VP16-AD (SEQ ID
Nr.: 51) und einer B42-AD (SEQ ID Nr.: 53), und eine chimére Retinoid-X-Rezeptor-Liganden-Bindungsdomane,
die durch ein Polynukleotid kodiert wird, welches eine Nukleinsduresequenz umfasst, die aus der Gruppe ausgewahlt
ist, bestehend aus

a) Nukleotiden 1-408 der SEQ ID Nr. 13 und Nukleotiden 337-630 der SEQ ID Nr.: 21 und
b) Nukleotiden 1-465 der SEQ ID Nr.: 13 und Nukleotiden 403-630 der SEQ ID Nr. 21.

29. Genexpressionskassette nach Anspruch 28, wobei die Genexpressionskassette ein Polynukleotid umfasst, welches
ein Hybrid-Polypeptid kodiert, umfassend eine Transaktivierungsdomane mit einer Aminoséauresequenz, die aus
der Gruppe ausgewahlt ist, bestehend aus einer VP16-AD (SEQ ID Nr.: 52) und einer B42-AD (SEQ ID Nr.: 54),
und eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdoméne, umfassend eine Aminosduresequenz, die aus
der Gruppe ausgewahlt ist, bestehend aus

a) Aminosauren 1-136 der SEQ ID Nr.: 13 und Aminosauren 113-210 der SEQ ID Nr.: 21 und
b) Aminosauren 1-155 der SEQ ID Nr.: 13 und Aminosauren 135-210 der SEQ ID Nr.: 21.

30. Isoliertes Polynukleotid, welches eine chimare Retinoid-X-Rezeptor-Liganden-Bindungsdomane kodiert, wobei das
Polynukleotid eine Nukleinsduresequenz umfasst, die aus der Gruppe ausgewahlt ist, bestehend aus

a) Nukleotiden 1-408 der SEQ ID Nr.: 13 und Nukleotiden 337-630 der SEQ ID Nr.: 21 und
b) Nukleotiden 1-465 der SEQ ID Nr.: 13 und Nukleotiden 403-630 der SEQ ID Nr.: 21.

31. Isoliertes Polypeptid, welches durch das isolierte Polynukleotid nach Anspruch 30 kodiert wird.

32. Isoliertes chimares Retinoid-X-Rezeptor-Polypeptid, umfassend eine Aminosauresequenz, die aus der Gruppe aus-
gewahlt ist, bestehend aus

a) Aminosauren 1-136 der SEQ ID Nr.: 13 und Aminosauren 113-210 der SEQ ID Nr.: 21 und
b) Aminosauren 1-155 der SEQ ID Nr.: 13 und Aminosauren 135-210 der SEQ ID Nr.: 21.

33. In vitro-Verfahren zum Modulieren der Expression eines Genes in einer Wirtszelle, die das zu modulierende Gen
umfasst, mit den Stufen:

a) Einbringen des Genexpressionsmodulationssystems nach Anspruch 1 in die Wirtszelle und
b) Einbringen eines Liganden in die Wirtszelle, wobei das zu modulierende Gen eine Komponente einer Gen-
expressionskassette ist, umfassend:

i) ein Antwortelement, das durch die DNA-Bindungsdomane aus dem ersten Hybrid-Polypeptid erkannt wird,
i) einen Promotor, der durch die Transaktivierungsdomane des zweiten Hybrid-Polypeptids aktiviert wird
und

i) ein Gen, dessen Expression moduliert werden soll,

wobei beim Einbringen des Liganden in die Wirtszelle die Expression des Gens von b) iii) moduliert wird.

34. Verfahren nach Anspruch 33, wobei der Ligand eine Verbindung mit der folgenden Formel ist:

Fqé
O Qe RE
N 7 H /=
E " 1 junttnadll =
R2 Rf E.

wobei:
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E ein (C4-Cg)-Alkyl mit einem tertiéren Kohlenstoff oder ein Cyano-(C4-Csg)-Alkyl mit ienem tertidren Kohlenstoff
ist,

R' H, Me, Et, i-Pr, F, Formyl, CF5, CHF,, CHCl,, CH,F, CH,CI, CH,OH, CH,0OMe, CH,CN, CN, C=CH, 1-
Propynyl, 2-Propylyl, Vinyl, OH, OMe, OEt, Cyclopropyl, CF,CF5, CH=CHCN, Allyl, Azido, SCN oder SCHF, ist,
R2 H, Me, Et, n-Pr, i-Pr, Formyl, CF3, CHF, CHCl,, CH,F, CH,CI, CH,OH, CH,OMe, CH,CN, CN, C=CH, 1-
Propynyl, 2-Propynyl, Vinyl, Ac, F, Cl, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF; OCF,CF2H,
COEt, Cyclopropyl, CF,CF3 CH=CHCN, Allyl, Azido, OCF;0CHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN ist
oder mit R3 und den Phenylkohlenstoffen, an denen R2 und R3 hangen, verbunden ist unter Ausbildung eines
Ethylendioxy, eines Dihydrofurylrings, mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder eines
Dihydropyrylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R3 H, Et oder mit R2 und den Phenylkohlenstoffen, an denen R2 und R3 hangen, verbunden ist unter Ausbildung
eines Ethylendioxy, eines Dihydrofurylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder
eines Dihydropyrylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R4 R% und R® unabhéngig voneinander H, Me, Et, F, Cl, Br, Formyl, CF3, CHF, CHCI, CH,F, CH,Cl, CH,0,
CN, C=CH, CH, 1-Propynyl, 2-Propynyl, Vinyl, OMe, OEt, SMe oder SEt ist.

35. Verfahren nach Anspruch 33, welches weiterhin umfasst, dass man in die Wirtszelle einen zweiten Liganden ein-
bringt, wobei der zweite Ligand 9-cis-Retinsdure oder ein synthetisches Analogon einer Retinsdure ist.

36. In vitro-Verfahren zum Modulieren der Expression eines Genes in einer Wirtszelle, die das zu modulierende Gen
umfasst, mit den Stufen:

25

30

35

40

45

50

55

a) Einbringen des Genexpressionsmodulationssystems nach Anspruch 12 in die Wirtszelle und
b) Einbringen eines Liganden in die Wirtszelle, wobei das zu modulierende Gen eine Komponente einer Gen-
expressionskassette ist, umfassend:

i) ein Antwortelement, das durch die DNA-Bindungsdoméne aus dem ersten Hybrid-Polypeptid erkannt wird,
i) einen Promotor, der durch die Transaktivierungsdomane des zweiten Hybrid-Polypeptids aktiviert wird,
und

iii) ein Gen, dessen Expression moduliert werden soll, wobei beim Einbringen des Liganden in die Wirtszelle
die Expression des Gens von b) iii) moduliert wird.

37. Verfahren nach Anspruch 36, wobei der Ligand eine Verbindung mit der folgenden Formel ist:

— y Ffﬁ RE
7N H S
Ré—~ el A v,

wobei:

E ein (C4-Cg)-Alkyl mit einem tertidren Kohlenstoff oder ein Cyano-(C3-Cs)-Alkyl mit ienem tertidren Kohlenstoff
ist,

R' H, Me, Et, i-Pr, F, Formyl, CF3, CHF,, CHCl,, CH,F, CH,CI, CH,OH, CH,0OMe, CH,CN, CN, C=CH, 1-
Propynyl, 2-Propylyl, Vinyl, OH, OMe, OEt, Cyclopropyl, CF,CF5, CH=CHCN, Allyl, Azido, SCN oder SCHF, ist,
R2 H, Me, Et, n-Pr, i-Pr, Formyl, CF3, CHF, CHCl,, CH,F, CH,CI, CH,OH, CH,OMe, CH,CN, CN, C=CH, 1-
Propynyl, 2-Propynyl, Vinyl, Ac, F, Cl, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF; OCF,CF2H,
COEt, Cyclopropyl, CF,CF3 CH=CHCN, Allyl, Azido, OCF;0CHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN ist
oder mit R3 und den Phenylkohlenstoffen, an denen R2 und R3 hangen, verbunden ist unter Ausbildung eines
Ethylendioxy, eines Dihydrofurylrings, mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder eines
Dihydropyrylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R3 H, Et oder mit R2 und den Phenylkohlenstoffen, an denen R2 und R3 hangen, verbunden ist unter Ausbildung
eines Ethylendioxis, eines Dihydrofurylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder
eines Dihydropyrylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R4 R5 und R® unabhéngig voneinander H, Me, Et, F, Cl, Br, Formyl, CF3, CHF, CHCI, CH,F, CH,Cl, CH,0,
CN, C=CH, CH, 1-Propynyl, 2-Propynyl, Vinyl, OMe, OEt, SMe oder SEt ist.
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Verfahren nach Anspruch 36, welches weiterhin umfasst, dass man in die Wirtszelle einen zweiten Liganden ein-
bringt, wobei der zweite Ligand 9-cis-Retinsdure oder ein synthetisches Analogon einer Retinsaure ist.

Isolierte Wirtszelle, umfassend das Genexpressionsmodulationssystem nach Anspruch 1.

Isolierte Wirtszelle nach Anspruch 39, wobei die Wirtszelle ausgewahlt ist aus der Gruppe bestehend aus einer
Bakterienzelle, einer Pilzzelle, einer Hefezelle, einer Tierzelle und einer Saugetierzelle.

Isolierte Wirtszelle nach Anspruch 40, wobei die Saugetierzelle eine Mauszelle oder eine Menschenzelle ist.
Isolierte Wirtszelle, umfassend das Genexpressionsmodulationssytem nach Anspruch 12.

Isolierte Wirtszelle nach Anspruch 42, wobei die Wirtszelle ausgewahlt ist aus der Gruppe, bestehend aus einer
Bakterienzelle, einer Pilzzelle, einer Hefezelle, einer Tierzelle und einer Sdugetierzelle.

Isolierte Wirtszelle nach Anspruch 43, wobei die Saugetierzelle eine Mauszelle oder eine Menschenzelle ist.
Nicht-menschlicher Organismus, umfassend die Wirtszelle nach Anspruch 39.

Nicht-menschlicher Organismus nach Anspruch 45, wobei der nicht-menschliche Organismus aus der Gruppe aus-
gewabhlt ist, bestehend aus einem Bakterium, einem Pilz, einer Hefe, einem Tier und einem Saugetier.

Nicht-menschlicher Organismus nach Anspruch 46, wobei das Sadugetier ausgewahlt ist aus der Gruppe, bestehend
aus einer Maus, einer Ratte, einem Hasen, einer Katze, einem Hund, einem Rind, einer Ziege, einem Schwein,
einem Pferd, einem Schaf, einem Affen und einem Schimpansen.

Nicht-menschlicher Organismus, umfassend die Wirtszelle nach Anspruch 42.

Nicht-menschlicher Organismus nach Anspruch 48, wobei der nicht-menschliche Organismus aus der Gruppe aus-
gewahlt ist, bestehend aus einem Bakterium, einem Pilz, einer Hefe, einem Tier und einem S&ugetier.

Nicht-menschlicher Organismus nach Anspruch 49, wobei das Saugetier ausgewabhlt ist aus der Gruppe bestehend
aus einer Maus, einer Ratte, einem Hasen, einer Katze, einem Hund, einem Rind, einer Ziege, einem Schwein,
einem Pferd, einem Schaf, einem Affen und einem Schimpansen.

Genexpressionsmodulationssystem nach Anspruch 1 oder 12, wobei das Genexpressionsmodulationssystem eine
gesteigerte Empfindlichkeit gegenliber einem Nicht-Steroid-Liganden im Vergleich zu einem Genexpressionsmo-
dulationssystem aufweist, welches eine Vertebraten-Retinoid-X-Rezeptor-Liganden-Bindungsdoméane aufweist.

Genexpressionskassette nach Anspruch 22 oder 26, wobei das Polypeptid gegeniiber einem Nicht-Steroid-Liganden
eine gesteigerte Empfindlichkeit aufweist im Vergleich zu einem Polypeptid, welches eine Vertebraten-Retinoid-X-
Rezeptor-Liganden-Bindungsdoméane enthalt.

Genexpressionsmodulationssystem nach einem der Anspriiche 1, 12 oder 51, wobei das System eine hdhere
GroéRenordnung der Geninduktion aufzeigt im Vergleich zu einem Genexpressionsmodulationssystem, welches
eine Vertebraten-Retinoid-X-Rezeptor-Liganden-Bindungsdoméane enthait.

Genexpressionskassette nach einem der Anspriiche 22, 26 oder 52, wobei das Polypeptid eine hdhere GréRen-
ordnung der Geninduktion aufweist im Vergleich zu einem Polypeptid, welches eine Vertebraten-Retinoid-X-Re-
zeptor-Liganden-Bindungsdoméane enthalt.

Verwendung eines Liganden bei der Herstellung eines Arzneimittels zum Modulieren der Expression eines Genes
in eine Wirtszelle mit dem zu modulierenden Gen, wobei die Wirtszelle das Genexpressionsmodulationssystem
nach Anspruch 1 umfasst, und wobei das zu modulierende Gen eine Komponente einer Genexpressionskassette
ist, welche folgendes umfasst:

i) ein Antwortelement, welches durch die DNA-Bindungsdomane aus dem ersten Hybrid-Polypeptid erkannt wird,
ii) einen Promotor, der durch die Transaktivierungsdoméne des zweiten Hybrid-Polypeptids aktiviert wird, und
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iii) ein Gen, dessen Expression moduliert werden soll.

Verwendung nach Anspruch 55, wobei der Ligand eine Verbindung der folgenden Formeln ist:

o) R RS

. m?« Bt “‘tm R

= P\ e
R Rt E

wobei:

E ein (C4-Cg)-Alkyl mit einem tertiaren Kohlenstoff oder ein Cyano-(C3-Cs)-Alkyl mit einem tertiaren Kohlenstoff
ist,

R' H, Me, Et, i-Pr, F, Formyl, CF5, CHF,, CHCl,, CH,F, CH,CI, CH,OH, CH,0OMe, CH,CN, CN, C=CH, 1-
Propynyl, 2-Propylyl, Vinyl, OH, OMe, OEt, Cyclopropyl, CF,CF5, CH=CHCN, Allyl, Azido, SCN oder SCHF, ist,
R2 H, Me, Et, n-Pr, i-Pr, Formyl, CF3, CHF, CHCl,, CH,F, CH,CI, CH,OH, CH,OMe, CH,CN, CN, C=CH, 1-
Propynyl, 2-Propynyl, Vinyl, Ac, F, Cl, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF; OCF,CF2H,
COEt, Cyclopropyl, CF,CF3 CH=CHCN, Allyl, Azido, OCF;0CHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN ist
oder mit R3 und den Phenylkohlenstoffen, an denen R2 und R3 hangen, verbunden ist unter Ausbildung eines
Ethylendioxy, eines Dihydrofurylrings, mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder eines
Dihydropyrylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R3 H, Et oder mit R2 und den Phenylkohlenstoffen, an denen R2 und R3 hangen, verbunden ist unter Ausbildung
eines Ethylendioxy, eines Dihydrofurylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder
eines Dihydropyrylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R4 R5 und R® unabhéngig voneinander H, Me, Et, F, Cl, Br, Formyl, CF3, CHF, CHCI, CH,F, CH,CI, CH,0,
CN, C=CH, CH, 1-Propynyl, 2-Propynyl, Vinyl, OMe, OEt, SMe oder SEt ist.

Verwendung nach Anspruch 55, wobei das Arzneimittel auBerdem einen zweiten Liganden umfasst, wobei der
zweite Ligand 9-cis-Retinsaure oder ein synthetisches Analogon von einer Retinsaure ist.

Verwendung eines Liganden bei der Herstellung eines Arzneimittels zum Modulieren der Expression eines Genes
in einer Wirtszelle, welche das zu modulierende Gen umfasst, wobei die Wirtszelle das Genexpressionsmodulati-
onssystem nach Anspruch 12 umfasst, und wobei das zu modulierende Gen eine Komponente einer Genexpres-
sionskassette ist, welche folgendes umfasst:

i) ein Antwortelement, welches durch die DNA-Bindungsdomane aus dem ersten Hybrid-Polypeptid erkannt wird,
ii) einen Promotor, der durch die Transaktivierungsdoméane des zweiten Hybrid-Polypeptids aktiviert wird, und

i) ein Gen, dessen Expression moduliert werden soll.

Verwendung nach Anspruch 58, wobei der Ligand eine Verbindung der folgenden Formel ist:

4
\ O L @b
IV W N e o
O e G
SRTEE
R R

wobei

E ein (C4-Cg)-Alkyl mit einem tertidren Kohlenstoff oder ein Cyano-(C5-Cs)-Alkyl mit ienem tertidren Kohlenstoff ist,
R'H, Me; Et, i-Pr, F, Formyl, CF3, CHF,, CHCI,, CH,F, CH,CI, CH,0OH, CH,0OMe, CH,CN, CN, C=CH, 1-Propynyl,
2-Propylyl, Vinyl, OH, OMe, OEt, Cyclopropyl, CF,CF3, CH=CHCN, Allyl, Azido, SCN oder SCHF, ist,

R2H, Me, Et, n-Pr, i-Pr, Formyl, CF5, CHF, CHCI,, CH,F, CH,Cl, CH,OH, CH,OMe, CH,CN, CN, C=CH, 1-Propynyl,
2-Propynyl, Vinyl, Ac, F, Cl, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF; OCF,CF2H, COEt,
Cyclopropyl, CF,CF3 CH=CHCN, Allyl, Azido, OCF;OCHF,, O-i-Pr, SCN, SCHF,, SOMe, NH-CN ist oder mit R3
und den Phenylkohlenstoffen, an denen R2 und R3 hangen, verbunden ist unter Ausbildung eines Ethylendioxy,
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eines Dihydrofurylrings, mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder eines Dihydropyrylrings
mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R3 H, Et oder mit R2 und den Phenylkohlenstoffen, an denen R2 und R3 héngen, verbunden ist unter Ausbildung
eines Ethylendioxy, eines Dihydrofurylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff oder
eines Dihydropyrylrings mit dem zu einem Phenylkohlenstoff benachbarten Sauerstoff,

R4 R5 und R® unabhangig voneinander H, Me, Et, F, Cl, Br, Formyl, CF3, CHF, CHCI, CH,F, CH,CI, CH,0, CN,
C=CH, CH, 1-Propynyl, 2-Propynyl, Vinyl, OMe, OEt, SMe oder SEt ist.

60. Verwendung nach Anspruch 58, wobei das Arzneimittel weiterhin einen zweiten Liganden umfasst, wobei der zweite

Ligand 9-cis-Retinsdure oder ein synthetisches Analogon einer Retinsaure ist.

Revendications

Systéme de modulation de I'expression d’'un géne, comprenant:

a) une premiére cassette d’expression d’'un géne pouvant étre exprimée dans une cellule héte, comprenant
une séquence de polynucléotide qui code pour un premier polypeptide hybride comprenant:

i) un domaine de liaison a ’ADN qui reconnait un élément de réponse associé a un géne dont I'expression
est a moduler; et
ii) un domaine de liaison a un ligand de récepteur de I'ecdysone; et

b) une deuxiéme cassette d’expression d’un géne pouvant étre exprimée dans la cellule héte, comprenant une
séquence de polynucléotide qui code pour un deuxiéme polypeptide hybride comprenant:

i) un domaine de transactivation; et
ii) un domaine de liaison a un ligand de récepteur X des rétinoides chimére comprenant soit

(A) les hélices 1-7 d’un récepteur X des rétinoides d'un vertébré et les hélices 8-12 d’'un RXR d’'un
invertébré, soit

(B) les hélices 1-8 d’'un récepteur X des rétinoides d'un vertébré et les hélices 9-12 d’'un RXR d’'un
invertébre

linvertébré étant une espéce non diptere/non Iépidoptére.

Systéme de modulation de I'expression d’un géne selon la revendication 1, comprenant en outre une troisi€me
cassette d’expression d’'un géne comprenant:

i) un élément de réponse reconnu par le domaine de liaison a '’ADN du premier polypeptide hybride;
ii) un promoteur qui est activé par le domaine de transactivation du deuxiéme polypeptide hybride; et
iii) un géne dont I'expression est a moduler.

Systéme de modulation de I'expression d’'un gene selon la revendication 1, dans lequel le domaine de liaison a un
ligand (LBD) de récepteur de I'ecdysone du premier polypeptide hybride est soit un LBD de 'EcR de la chenille de
I'épicéa Choristoneura fumiferana ("CfEcR), soitun LBD de I'EcR de la mouche du vinaigre Drosophila melanogaster
("DmECR").

Systéme de modulation de I'expression d’un géne selon la revendication 1, dans lequel le domaine de liaison a un
ligand de récepteur de I'ecdysone du premier polypeptide hybride est codé par un polynucléotide comprenant une
séquence d’acide nucléique choisie dans le groupe constitué par SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO: 59
(CfECR-CDEF) et SEQ ID NO: 67 (DmEcR-DEF).

Systéeme de modulation de I'expression d’un géne selon la revendication 1, dans lequel le domaine de liaison a un
ligand de récepteur de I'ecdysone du premier polypeptide hybride comprend une séquence d’aminoacides choisie
dans le groupe constitué par SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 58 (DmEcR-DEF) et SEQ ID NO: 70
(CfEcR-CDEF).

Systéme de modulation de I'expression d’un géne selon la revendication 1, dans lequel le domaine de liaison a un
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ligand de récepteur X des rétinoides chimere du deuxiéme polypeptide hybride est codé par un polynucléotide
comprenant une séquence d’acide nucléique choisie dans le groupe constitué par:

a) les nucléotides 1-408 de SEQ ID NO: 13 et les nucléotides 337-630 de SEQ ID NO:21, et
b) les nucléotides 1-465 de SEQ ID NO: 13 et les nucléotides 403-630 de SEQ ID NO: 21.

Systéme de modulation de I'expression d’un gene selon la revendication 1, dans lequel le domaine de liaison a un
ligand de récepteur X des rétinoides chimére du deuxieéme polypeptide hybride comprend une séquence d’aminoa-
cides choisie dans le groupe constitué par:

a) les aminoacides 1-136 de SEQ ID NO: 13 et les aminoacides 113-210 de SEQ ID NO:21. et
b) les aminoacides 1-155 de SEQ ID NO: 13 et les aminoacides 135-210 de SEQ ID NO: 21.

Systéme de modulation de I'expression d’un géne selon la revendication 1, dans lequel la premiére cassette d’ex-
pression d’'un géne comprend une séquence de polynucléotide qui code pour le premier polypeptide hybride com-
prenant un domaine de liaison a 'ADN choisi dans le groupe constitué par un domaine de liaison a 'ADN de GAL4
et un domaine de liaison a 'ADN de LexA. et un domaine de liaison a un ligand de récepteur de I'ecdysone.

Systéme de modulation de I'expression d’'un géne selon la revendication 1, dans lequel la deuxieme cassette
d’expression d’'un gene comprend un polynucléotide qui code pour le deuxieme polypeptide hybride comprenant
un domaine de transactivation choisi dans le groupe constitué par un domaine de transactivation de VP16 et un
domaine de transactivation de I'activateur acide B42, et un domaine de liaison a un ligand de récepteur X des
rétinoides chimere.

Systéme de modulation de I'expression d’'un géne selon la revendication 1, dans lequel la deuxiéme cassette
d’expression d’'un gene comprend un polynucléotide qui code pour le deuxieme polypeptide hybride comprenant
un domaine de transactivation codé par un polynucléotide comprenant une séquence d’acide nucléique choisie
dans le groupe constitué par un AD de VP 16 (SEQ ID NO: 51) et un AD de B42 (SEQ ID NO: 53), et un domaine
de liaison a un ligand de récepteur X des rétinoides chimére codé par un polynucléotide comprenant une séquence
d’acide nucléique choisie dans le groupe constitué par:

a) les nucléotides 1-408 de SEQ ID NO: 13 et les nucléotides 337-630 de SEQ ID NO:21, et
b) les nucléotides 1-465 de SEQ ID NO: 13 et les nucléotides 403-630 de SEQ ID NO: 21.

Systéme de modulation de I'expression d’un géne selon la revendication 1, dans lequel la deuxiéme cassette
d’expression d’'un géne comprend un polynucléotide qui code pour le deuxiéme polypeptide hybride comprenant
un domaine de transactivation comprenant une séquence d’aminoacides choisie dans le groupe constitué par un
AD de VP16 (SEQ ID NO: 52) et un AD de B42 (SEQ ID NO: 54), et un domaine de liaison a un ligand de récepteur
X des rétinoides chimére comprenant une séquence d’aminoacides choisie dans le groupe constitué par:

a) les aminoacides 1-136 de SEQ ID NO: 13 et les aminoacides 113-210 de SEQ ID NO: 21, et
b) les aminoacides 1-155 de SEQ ID NO: 13 et les aminoacides 135-210 de SEQ ID NO: 21.

Systéme de modulation de I'expression d’'un géne, comprenant:

a) une premiére cassette d’expression d’'un gene pouvant étre exprimée dans une cellule hote, comprenant
une séquence de polynucléotide qui code pour un premier polypeptide hybride comprenant:

i) un domaine de liaison a ’ADN qui reconnait un élément de réponse associé a un géne dont I'expression
est a moduler; et
ii) un domaine de liaison a un ligand de récepteur X des rétinoides chimére comprenant soit

(A) les hélices 1-7 d’un récepteur X des rétinoides d'un vertébré et les hélices 8-12 d’'un RXR d’'un
invertébré, soit

(B) les hélices 1-8 d'un récepteur X des rétinoides d’un vertébré et les hélices 9-12 d’'un RXR d’'un
invertébre

linvertébré étant une espéce non diptere/non Iépidoptére,
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b) une deuxiéme cassette d’expression d’un géne pouvant étre exprimée dans la cellule héte, comprenant une
séquence de polynucléotide qui code pour un deuxiéme polypeptide hybride, comprenant:

i) un domaine de transactivation; et
ii) un domaine de liaison a un ligand de récepteur de I'ecdysone.

Systeme de modulation de I'expression d’un géne selon la revendication 12, comprenant en outre une troisi€me
cassette d’expression d’'un géne comprenant:

i) un élément de réponse reconnu par le domaine de liaison a 'ADN du premier polypeptide hybride;
ii) un promoteur qui est activé par le domaine de transactivation du deuxiéme polypeptide hybride; et
iii) un géne dont I'expression est a moduler.

Systéme de modulation de I'expression d’un geéne selon la revendication 12, dans lequel le domaine de liaison a
un ligand de récepteur X des rétinoides chimére du premier polypeptide hybride est codé par un polynucléotide
comprenant une séquence d’acide nucléique choisie dans le groupe constitué par:

a) les nucléotides 1-408 de SEQ ID NO: 13 et les nucléotides 337-630 de SEQ ID NO:21, et
b) les nucléotides 1-465 de SEQ ID NO: 13 et les nucléotides 403-630 de SEQ ID NO: 21.

Systéme de modulation de I'expression d’un géne selon la revendication 12, dans lequel le domaine de liaison a
un ligand de récepteur X des rétinoides chimere du premier polypeptide hybride comprend une séquence d’ami-
noacides choisie dans le groupe constitué par:

a) les aminoacides 1-136 de SEQ ID NO: 13 et les aminoacides 113-210 de SEQ ID NO:21, et
b) les aminoacides 1-155 de SEQ ID NO: 13 et les aminoacides 135-210 de SEQ ID NO: 21.

Systéme de modulation de I'expression d’'un géne selon la revendication 12, dans lequel le domaine de liaison a
un ligand de récepteur de I'ecdysone du deuxiéme polypeptide hybride est codé par un polynucléotide comprenant
une séquence d’acide nucléique choisie dans le groupe constitué par SEQ ID NO: 65 (CfEcR-DEF), SEQ ID NO:
59 (CfEcR-CDEF) et SEQ ID NO: 67 (DmEcR-DEF).

Systéme de modulation de I'expression d’un géne selon la revendication 12, dans lequel le domaine de liaison a
un ligand de récepteur de I'ecdysone du deuxieme polypeptide hybride comprend une séquence d’aminoacides
choisie dans le groupe constitué par SEQ ID NO: 57 (CfEcR-DEF), SEQ ID NO: 58 (DmEcR-DEF) et SEQ ID NO:
70 (CfEcR-CDEF).

Systeme de modulation de I'expression d’'un géne selon la revendication 12, dans lequel la premiére cassette
d’expression d’'un géne comprend un polynucléotide qui code pour le premier polypeptide hybride comprenant un
domaine de liaison a I'ADN choisi dans le groupe constitué par un domaine de liaison a 'ADN de GAL4 et un
domaine de liaison a 'ADN de LexA, et un domaine de liaison a un ligand de récepteur X des rétinoides chimeére.

Systéeme de modulation de I'expression d’'un géne selon la revendication 12, dans lequel la premiére cassette
d’expression d’'un géne comprend un polynucléotide qui code pour le premier polypeptide hybride comprenant un
domaine de liaison a 'ADN codé par un polynucléotide comprenant une séquence d’acide nucléique choisie dans
le groupe constitué par un DBD de GAL4 (SEQ ID NO: 47) et un DBD de LexA (SEQ ID NO: 49), et un domaine
de liaison a un ligand de récepteur X des rétinoides chimére codé par un polynucléotide comprenant une séquence
d’acide nucléique choisie dans le groupe constitué par:

a) les nucléotides 1-408 de SEQ ID NO: 13 et les nucléotides 337-630 de SEQ ID NO:21, et
b) les nucléotides 1-465 de SEQ ID NO: 13 et les nucléotides 403-630 de SEQ ID NO: 21.

Systeme de modulation de I'expression d’'un géne selon la revendication 12, dans lequel la premiére cassette
d’expression d’'un géne comprend un polynucléotide qui code pour le premier polypeptide hybride comprenant un
domaine de liaison a ’ADN comprenant une séquence d’aminoacides choisie dans le groupe constitué par un DBD
de GAL4 (SEQ ID NO: 48) et un DBD de LexA (SEQ ID NO: 50), et un domaine de liaison a un ligand de récepteur
X des rétinoides chimére comprenant une séquence d’aminoacides choisie dans le groupe constitué par:
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a) les aminoacides 1-136 de SEQ ID NO: 13 et les aminoacides 113-210 de SEQ ID NO:21. et
b) les aminoacides 1-155 de SEQ ID NO: 13 et les aminoacides 135-210 de SEQ ID NO: 21.

Systéme de modulation de I'expression d’'un gene selon la revendication 12, dans lequel la deuxieme cassette
d’expression d’un gene comprend un polynucléotide qui code pour le deuxiéme polypeptide hybride comprenant
un domaine de transactivation choisi dans le groupe constitué par un domaine de transactivation de VP16 et un
domaine de transactivation de I'activateur acide B42, et un domaine de liaison a un ligand de récepteur de 'ecdysone.

Cassette d’expression d’'un géne comprenant un polynucléotide codant pour un polypeptide hybride comprenant

a) un domaine de liaison a 'ADN et
b) un domaine de liaison a un ligand de récepteur X des rétinoides chimére comprenant soit

(i) les hélices 1-7 d'un récepteur X des rétinoides d’un vertébré etles hélices 8-12 d’'un RXR d’uninvertébré,
soit
(ii) les hélices 1-8 d’un récepteur X des rétinoides d’un vertébré et les hélices 9-12 d'un RXR d’un invertébre,

l'invertébré étant une espéce non diptére/non lépidoptere.

Cassette d’expression d’un géne selon la revendication 22, dans laquelle le domaine de liaison a 'ADN est un
domaine de liaison a '’ADN de GAL4 ou un domaine de liaison a 'ADN de LexA.

Cassette d’expression d’'un géne selon la revendication 22, ou la cassette d’expression d’'un géne comprend un
polynucléotide qui code pour un polypeptide hybride comprenant un domaine de liaison a ’ADN codé par un poly-
nucléotide comprenant une séquence d’acide nucléique choisie dans le groupe constitué par un DBD de GAL4
(SEQ ID NO: 47) et un DBD de LexA (SEQ ID NO: 49), et un domaine de liaison a un ligand de récepteur X des
rétinoides chimére codé par un polynucléotide comprenant une séquence d’acide nucléique choisie dans le groupe
constitué par:

a) les nucléotides 1-408 de SEQ ID NO: 13 et les nucléotides 337-630 de SEQ ID NO:21, et
b) les nucléotides 1-465 de SEQ ID NO: 13 et les nucléotides 403-630 de SEQ ID NO:21.

Cassette d’expression d’'un géne selon la revendication 22, ou la cassette d’expression d’'un gene comprend un
polynucléotide qui code pour un polypeptide hybride comprenant un domaine de liaison a TADN comprenant une
séquence d’aminoacides choisie dans le groupe constitué par un DBD de GAL4 (SEQ ID NO: 48) et un DBD de
LexA (SEQ ID NO: 50), et un domaine de liaison a un ligand de récepteur X des rétinoides chimére comprenant
une séquence d’aminoacides choisie dans le groupe constitué par:

a) les aminoacides 1-136 de SEQ ID NO: 13 et les aminoacides 113-210 de SEQ ID NO:21, et
b) les aminoacides 1-155 de SEQ ID NO: 13 et les aminoacides 135-210 de SEQ ID NO:21.

Cassette d’expression d’'un géne comprenant

a) un polynucléotide codant pour un polypeptide hybride comprenant un domaine de transactivation et
b) un domaine de liaison a un ligand de récepteur X des rétinoides chimére comprenant soit

(i) les hélices 1-7 d’'un récepteur X des rétinoides d’un vertébré et les hélices 8-12 d’'un RXR d’'uninvertébré,
soit

(ii) les héelices 1-8 d’'un récepteur X des rétinoides d’un vertébré et les hélices 9-12 d'un RXR d’un invertébreé
linvertébré étant une espece non diptere/non Iépidoptere.

Cassette d’expression d’'un géne selon la revendication 26, dans laquelle le domaine de transactivation est un
domaine de transactivation de VP16 et un domaine de transactivation de I'activateur acide B42.

Cassette d’expression d’'un gene selon la revendication 26, ou la cassette d’expression d’'un géne comprend un
polynucléotide codant pour un polypeptide hybride comprenant un domaine de transactivation codé par un polynu-
cléotide comprenant une séquence d’acide nucléique choisie dans le groupe constitué par un AD de VP16 (SEQ
ID NO: 51) et un AD de B42 (SEQ ID NO: 53), et un domaine de liaison a un ligand de récepteur X des rétinoides
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chimére codé par un polynucléotide comprenant une séquence d’acide nucléique choisie dans le groupe constitué
par:

a) les nucléotides 1-408 de SEQ ID NO: 13 et les nucléotides 337-630 de SEQ ID NO:21, et
b) les nucléotides 1-465 de SEQ ID NO: 13 et les nucléotides 403-630 de SEQ ID NO: 21.

Cassette d’expression d’'un géne selon la revendication 28, ou la cassette d’expression d’'un géne comprend un
polynucléotide qui code pour un polypeptide hybride comprenant un domaine de transactivation comprenant une
séquence d’aminoacides choisie dans le groupe constitué par un AD de VP16 (SEQ ID NO: 52) et un AD de B42
(SEQ ID NO: 54), et un domaine de liaison a un ligand de récepteur X des rétinoides chimére comprenant une
séquence d’'aminoacides choisie dans le groupe constitué par:

a) les aminoacides 1-136 de SEQ ID NO: 13 et les aminoacides 113-210 de SEQ ID NO:21, et
b) les aminoacides 1-155 de SEQ ID NO: 13 et les aminoacides 135-210 de SEQ ID NO: 21.

Polynucléotide isolé codant pour un domaine de liaison a un ligand de récepteur X des rétinoides chimeére, le
polynucléotide comprenant une séquence d’acide nucléique choisie dans le groupe constitué par:

a) les nucléotides 1-408 de SEQ ID NO: 13 et les nucléotides 337-630 de SEQ ID NO:21. et
b) les nucléotides 1-465 de SEQ ID NO: 13 et les nucléotides 403-630 de SEQ ID NO: 21.

Polypeptide isolé codé par le polynucléotide isolé selon la revendication 30.

Polypeptide récepteur X des rétinoides chimere isolé, comprenant une séquence d’aminoacides choisie dans le
groupe constitué par:

a) les aminoacides 1-136 de SEQ ID NO: 13 et les aminoacides 113-210 de SEQ ID NO: 21, et
b) les aminoacides 1-155 de SEQ ID NO: 13 et les aminoacides 135-210 de SEQ ID NO: 21.

Procédé in vitro de modulation de I'expression d’un gene dans une cellule hote comprenant le géne a moduler,
comprenant les étapes suivantes:

a) I'introduction dans la cellule héte du systéme de modulation de I'expression d’'un géne selon la revendication
1; et

b) I'introduction d’un ligand dans la cellule héte;

le géne a moduler étant une composante d’'une cassette d’expression d’'un géne comprenant:

i) un élément de réponse reconnu par le domaine de liaison a ’ADN du premier polypeptide hybride;

ii) un promoteur qui est activé par le domaine de transactivation du deuxieme polypeptide hybride; et

iii) un géne dont I'expression est a moduler;

grace a quoi, aprés l'introduction du ligand dans la cellule hbte, I'expression du géne de b)iii) est modulée.

Procédé selon la revendication 33, dans lequel le ligand est un composé de formule:

R4

3 i ’r:xi N—‘U—<O ~|=\,>R5
R - /
l \ ‘\QRG
E

RZ R

dans laquelle:

E est un alkyle en C,4-Cg contenant un carbone tertiaire ou un cyano-(alkyle en C3-C5) contenant un carbone
tertiaire.

R' est H, Me, Et, i-Pr, F, formyle, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,0OH, CH,OMe, CH,CN, CN, C=CH, 1-
propynyle, 2-propynyle, vinyle, OH, OMe, OEt, cyclopropyle, CF,CF5, CH=CHCN, allyle, azido, SCN ou SCHF;
R2 est H, Me, Et, n-Pr, i-Pr, formyle, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,0OH, CH,OMe, CH,CN, CN, C=CH,
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1-propynyle, 2-propynyle, vinyle, Ac, F, Cl, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF;,
OCF,CF,H, COEt, cyclopropyle, CF,CF3, CH=CHCN, allyle, azido, OCF5, OCHF,, O-i-Pr, SCN, SCHF,, SOMe,
NH-CN, ou est relié¢ & R3 et aux carbones du phényle auxquels R2 et R3 sont liés pour former un éthylénedioxy,
un cycle dihydrofuryle avec I'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;

R3estH, Et, ou estrelié 4 R2 et aux carbones du phényle auxquels R2 et R3 sont liés pour former un éthylénedioxy,
un cycle dihydrofuryle avec I'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;

R4, R% et R® sont indépendamment H, Me, Et, F, Cl, Br, formyle, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,O, CN,
C=CH, CH, 1-propynyle, 2-propynyle, vinyle, OMe, OEt, SMe ou SEt.

35. Procédeé selon la revendication 33, comprenant en outre I'introduction d’un deuxiéme ligand dans la cellule héte, le
deuxiéme ligand étant I'acide 9-cis-rétinoique ou un analogue synthétique d’un acide rétinoique.

36. Procédé in vitro de modulation de I'expression d’'un géne dans une cellule héte comprenant le géne a moduler,
comprenant les étapes suivantes:
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a) I'introduction dans la cellule héte du systéme de modulation de I'expression d’'un géne selon la revendication
12; et

b) I'introduction d’un ligand dans la cellule héte;

le géne a moduler étant une composante d’une cassette d’expression d’un géne comprenant:

i) un élément de réponse reconnu par le domaine de liaison a I’ADN du premier polypeptide hybride;

i) un promoteur qui est activé par le domaine de transactivation du deuxiéme polypeptide hybride; et

ii) un géne dont I'expression est a moduler;

grace a quoi, apres l'introduction du ligand dans la cellule hote, I'expression du géne de biii) est modulée.

37. Procédeé selon la revendication 36, dans lequel le ligand est un composé de formule:

4

R
\ O H 0 =[5, RS
R MR Lo

dans laquelle:

E est un alkyle en C4-Cg4 contenant un carbone tertiaire ou un cyano-(alkyle en C5-C5) contenant un carbone
tertiaire.

R'est H, Me, Et, i-Pr, F, formyle, CF3, CHF,, CHCI,, CH,F, CH,Cl, CH,OH, CH,0OMe, CH,CN, CN, C=CH, 1-
propynyle, 2-propynyle, vinyle, OH, OMe, OEt, cyclopropyle, CF,CF3, CH=CHCN, allyle, azido, SCN ou SCHF,;
R2 est H, Me, Et, n-Pr, i-Pr, formyle, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,OH, CH,0OMe, CH,CN, CN, C=CH,
1-propynyle, 2-propynyle, vinyle, Ac, F, Cl, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF;,
OCF,CF,H, COEt, cyclopropyle, CF,CF3, CH=CHCN, allyle, azido, OCF5, OCHF,, O-i-Pr, SCN, SCHF,, SOMe,
NH-CN, ou est relié & R3 et aux carbones du phényle auxquels R2 et R3 sont liés pour former un éthylénedioxy,
un cycle dihydrofuryle avec 'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;

R3estH, Et, ou estrelié 4 R2 et aux carbones du phényle auxquels R2 et R3 sontliés pour former un éthylénedioxy,
un cycle dihydrofuryle avec I'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;

R4, R5 et R® sont indépendamment H, Me, Et, F, Cl, Br, formyle, CF3, CHF,, CHCl,, CH,F, CH,CI, CH,0H,
CN, C=CH, 1-propynyle, 2-propynyle, vinyle, OMe, OEt, SMe ou SEt.

38. Procéde selon la revendication 36, comprenant en outre 'introduction d’un deuxiéme ligand dans la cellule héte, le

deuxieme ligand étant 'acide 9-cis-rétinoique ou un analogue synthétique d’un acide rétinoique.

39. Cellule héte isolée comprenant le systeme de modulation de I'expression d’'un géne selon la revendication 1.
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Cellule hote isolée selon la revendication 39, la cellule hote étant choisie dans le groupe constitué par une cellule
bactérienne, une cellule fongique, une cellule de levure, une cellule animale et une cellule de mammifeére.

Cellule hoéte isolée selon la revendication 40, ou la cellule de mammifére est une cellule murine ou une cellule
humaine.

Cellule hbte isolée comprenant le systéeme de modulation de I'expression d’un géne selon la revendication 12.

Cellule hote isolée selon la revendication 42, la cellule héte étant choisie dans le groupe constitué par une cellule
bactérienne, une cellule fongique, une cellule de levure, une cellule animale et une cellule de mammifeére.

Cellule hote isolée selon la revendication 43, ou la cellule de mammifére est une cellule murine ou une cellule
humaine.

Organisme non humain comprenant la cellule hote de la revendication 39.

Organisme non humain selon la revendication 45, ou I'organisme non humain est choisi dans le groupe constitué
par une bactérie, un champignon, une levure. un animal et un mammifére.

Organisme non humain selon la revendication 46, ou le mammifére est choisi dans le groupe constitué par la souris,
le rat, le lapin, le chat, le chien, les bovins, la chévre, le porc, le cheval, les ovins, le singe et le chimpanzé.

Organisme non humain comprenant la cellule héte de la revendication 42.

Organisme non humain selon la revendication 48, ou I'organisme non humain est choisi dans le groupe constitué
par une bactérie, un champignon, une levure, un animal et un mammifére.

Organisme non humain selon la revendication 49. ou le mammifére est choisi dans le groupe constitué par la souris,
le rat, le lapin, le chat, le chien, les bovins, la chévre, le porc, le cheval, les ovins, le singe et le chimpanzé.

Systéme de modulation de I'expression d’'un géne selon la revendication 1 ou 12, le systéme de modulation de
I'expression d’un géne présentant une sensibilité accrue a un ligand non stéroidien par comparaison a un systéme
de modulation de I'expression d’un gene qui contient un domaine de liaison a un ligand de récepteur X des rétinoides
d’un vertébré.

Cassette d’expression d’'un géne selon la revendication 22 ou 26, ou le polypeptide présente une sensibilité accrue
a un ligand non stéroidien par comparaison a un polypeptide qui contient un domaine de liaison a un ligand de
récepteur X des rétinoides d’un vertébré.

Systéme de modulation de I'expression d’un géne selon 'une quelconque des revendications 1, 12 ou 51, le systéeme
présentant une ampleur de 'induction du géne accrue par comparaison a un systéme de modulation de I'expression
d’'un géne qui contient un domaine de liaison a un ligand de récepteur X des rétinoides d’un vertébré.

Cassettes d’expression d’'un géne selon I'une quelconque des revendications 22, 26 ou 52, dans lesquelles le
polypeptide présente une ampleur de I'induction du géne accrue par comparaison a un polypeptide qui contient un
domaine de liaison a un ligand de récepteur X des rétinoides d’un vertébré.

Utilisation d’'un ligand dans la fabrication d’'un médicament destiné a moduler I'expression d’'un gene dans une cellule
héte comprenant le géne a moduler, ou la cellule héte comprend le systeme de modulation de I'expression d’'un
gene selon la revendication 1, et ou le géne a moduler est une composante d’une cassette d’expression d’un géne
comprenant:

i) un élément de réponse reconnu par le domaine de liaison a 'ADN du premier polypeptide hybride;
i) un promoteur qui est activé par le domaine de transactivation du deuxieme polypeptide hybride; et

ii) un géne dont I'expression est a moduler.

Utilisation selon la revendication 55, dans laquelle le ligand est un composé de formule:
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dans laquelle:

E est un alkyle en C4-Cg4 contenant un carbone tertiaire ou un cyano-(alkyle en C5-Cs) contenant un carbone
tertiaire.

R'est H, Me, Et, i-Pr, F, formyle, CF3, CHF,, CHCI,. CH,F, CH,Cl, CH,OH, CH,0OMe, CH,CN, CN, C=CH, 1-
propynyle, 2-propynyle, vinyle, OH, OMe, OEt, cyclopropyle, CF,CF3, CH=CHCN, allyle, azido, SCN ou SCHF,;
R2 est H, Me, Et, n-Pr, i-Pr, formyle, CF5, CHF,, CHCI,, CH,F, CH,Cl, CH,OH, CH,0OMe, CH,CN, CN, C=CH,
1-propynyle, 2-propynyle, vinyle, Ac, F, Cl, OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF;,
OCF,CF,H, COEt, cyclopropyle, CF,CF3, CH=CHCN, allyle, azido, OCF5, OCHF, O-i-Pr, SCN, SCHF,, SOMe,
NH-CN, ou est relié & R3 et aux carbones du phényle auxquels R? et R3 sont liés pour former un éthylénedioxy,
un cycle dihydrofuryle avec 'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;

R3estH, Et, ou estrelié 4 R2 et aux carbones du phényle auxquels R2 et R3 sontliés pour former un éthylénedioxy,
un cycle dihydrofuryle avec I'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;

R4, RS et R sont indépendamment H, Me, Et, F, Cl, Br, formyle, CF5, CHF,, CHCI,, CH,F, CH,CI, CH,0O, CN,
C=CH, CH, 1-propynyle, 2-propynyle, vinyle, OMe, OEt, SMe ou SEt.

57. Utilisation selon la revendication 55, dans laquelle ledit médicament comprend en outre un deuxiéme ligand, le
deuxieme ligand étant 'acide 9--cis-rétinoique ou un analogue synthétique d’'un acide rétinoique.

58. Utilisation d’'un ligand dans la fabrication d'un médicament destiné a moduler I'expression d’'un géne dans une cellule
héte comprenant le géne a moduler ou la cellule héte comprend le systéme de modulation de I'expression d’un
gene selon la revendication 12, et ol le géne a moduler est une composante d’une cassette d’expression d’'un géne
comprenant:

i) un élément de réponse reconnu par le domaine de liaison a ’'ADN du premier polypeptide hybride;
ii) un promoteur qui est activé par le domaine de transactivation du deuxi€éme polypeptide hybride; et
iii) un géne dont I'expression est a moduler.

59. Utilisation selon la revendication 58, dans laquelle le ligand est un composé de formule:

0 o R o
R3 o N—“—CjﬁR
l \ ;\/Rs

dans laquelle:

E est un alkyle en C4-Cg contenant un carbone tertiaire ou un cyano-(alkyle en C5-C5) contenant un carbone
tertiaire.

R' est H, Me, Et, i-Pr, F, formyle, CF5, CHF,, CHCI,, CH,F, CH,Cl, CH,0H, CH,OMe, CH,CN, CN, C=CH, 1-
propynyle, 2-propynyle, vinyle, OH, OMe, OEt, cyclopropyle, CF,CF3, CH=CHCN, allyle, azido, SCN ou SCHF,;
R2 est H, Me, Et, n-Pr, i-Pr, formyle, CF3, CHF,, CHCI,, CH,F, CH,CI, CH,0OH, CH,0OMe, CH,CN, CN, C=CH,
1-propynyle, 2-propynyle, vinyle, Ac, F, Cl. OH, OMe, OEt, O-n-Pr, OAc, NMe,, NEt,, SMe, SEt, SOCF;,
OCF,CF,H, COEt, cyclopropyle, CF,CF3, CH=CHCN, allyle, azido, OCF3, OCHF,. O-i-Pr, SCN, SCHF,, SOMe,
NH-CN, ou est reli¢ & R3 et aux carbones du phényle auxquels R2 et R3 sont liés pour former un éthylénedioxy,
un cycle dihydrofuryle avec I'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;
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R3estH, Et, ou estrelié 4 R2 etaux carbones du phényle auxquels R2 et R3 sontliés pour former un éthylénedioxy,
un cycle dihydrofuryle avec I'oxygéne adjacent a un carbone du phényle, ou un cycle dihydropyryle avec I'oxy-
géne adjacent a un carbone du phényle;

R4, R5 et R® sont indépendamment H, Me, Et, F, Cl, Br, formyle, CF3, CHF,, CHCl,, CH,F, CH,CI, CH,OH,
CN, C=CH, 1-propynyle, 2-propynyle, vinyle, OMe, OEt, SMe ou SEt.

60. Utilisation selon la revendication 58, dans laquelle ledit médicament comprend en outre un deuxiéme ligand, le
deuxiéme ligand étant 'acide 9--cis-rétinoique ou un analogue synthétique d’un acide rétinoique.
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