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REPORTER SYSTEM FOR CELL SURFACE
RECEPTOR-LIGAND BINDING
CROSS-REFERENCE TO RELATED APPLICATION
[001] This application relies on, and claims the benefit of, U.S. Provisional
application Serial No. 60/230,705, filed September 7, 2000, the entire disclosure of which is

incorporated herein by reference.

BACKGROUND OF THE INVENTION
Field of the Invention
[002] This invention relates to the field of recombinant nucleic acid technology. It
further relates to the field of drug discovery. More particularly, this invention relates to
recombinant nucleic acids, recombinant cells, kits, and assays for detection of substances that
interact with cell surface receptors, such as G-protein coupled receptors (GPCRs), tyrosine
kinase-type receptors, and ion channels. The recombinant nucleic acids, recombinant cells,

kits, and assays are well suited for high-throughput screening (HTS).

Description of the State of the Art

[003] Various assays for detecting substances that interact with cell surface receptors
are known in the art. Generally, these assays rely on recombinant cells that express a receptor
of interest, and link interaction of a substance and the receptor to up- or down- regulation of a
reporter gene. The goal of many of these assays is to identify substances that are

pharmaceutically active. Such pharmaceutically active substances can be used as drugs to
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counteract undesirable over- or under-expression of a given signal pathway, which may be
associated with a disease state or disorder.

[004] For example, U.S. Patent No. 5,401,629 to Harpold et al. discloses
recombinant cells and assay systems for assaying compounds for their agonist or antagonist
activity on ion channels and/or cell surface receptors. The ‘629 patent discloses a
recombinant cell having receptors on its cell surface that is transformed with a reporter gene
construct. The construct comprises 1) a transcriptional control element that is responsive to
an intracellular condition that occurs when the receptor interacts with a compound having
agonist or antagonist activity for the receptor, and 2) a reporter gene encoding a detectable
gene product, where the reporter gene is operatively associated with the transcriptional
control element. The transcriptional control element is responsive to calcium, cAMP, or
NGF. The receptor to be assayed is a G-protein coupled receptor, such as adrenergic
receptors, and muscarinic receptors. Reporters are CAT, firefly luciferase, bacterial
luciferase, and alkaline phosphatase. The cell line must be capable of transfection, and have
low or no background levels of the specific receptor of interest. Receptors are listed at
column 5, line 42 through column 6, line 12. The examples disclose recombinant
mammalian cells and assays. However, the assays of the 629 patent rely on time-consuming
and labor-intensive clonal selection methods to identify and obtain cells having high levels of
expression. In addition, the assays suffer from high levels of background signal, which
reduces the sensitivity of the assay.

[005] U.S. Patent No. 5,436,128 to Hamold et al. discloses methods for detecting

and identifying substances that act as agonists or antagonists of specific cell surface localized
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receptors and ion channels, as well as recombinant cells useful in the methods. The

’ recombinant cells of the ‘128 patent are genetically engineered to express specific ion
channels or cell surface receptors, and also contain DNA constructs that include a reporter
gene coupled to a regulatory region that is controlled by signals originating from the receptor
or ion channel. The recombinant cells can endogenously express the cell surface protein or
can express heterologous DNA that encodes the cell surface protein. The cell surface
receptor is a G-protein coupled receptor, such as a muscarinic receptor. The regulatory region
comprises regulatory sequences from the c-fos gene, the VIP gene, the somatostatin gene, the
proenkephalin gene, the carboxykinase géne, and the nerve growth factor-1 gene, as well as
cAMP responsive elements and elements responsive to intracellular calcium ion levels. The
reporter gene is CAT, firefly luciferése, bacterial luciferase, B-galactosidase, or alkaline
phosphatase. The examples disclose recombinant mammalian cell lines and assays.
However, as with the assays of the '629 patent, the assays of the ‘128 patent require clonal
selec‘;tion methods that are time consuming, and the assays suffer from high levels of
background signal.

[006] U.S. Patent No. 5,854,004 to Czernilofsky et al. discloses a process for
screening substances having modulating effects on a receptor-dependent signal transmission
pathway, and recombinant cells useful in such a process. The assay uses recombinant cells
expressing G-protein coupled receptors. The recombinant cells contain a recombinant DNA
encoding a reporter that is coupled to a regulatory sequence that responds to the change in an
intracellular concentration of a molecule associated with activity of the receptor. The

regulating molecule is inositol-1,4,5-triphosphate, diacylglycerol, cAMP, or calcium. The
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regulatory element is a TRE or CRE regulating element. Mammalian cells are disclosed as
useful. Reporter genes are alkaline phosphatasé, B-galactosidase, CAT, and luciferase.
Receptors are the G-protein coupled receptors. However, as with the '629 and '128 patents,
the clonal selection method of the ‘004 patent is time and labor intensive, and results in a high
backgrbund—to-signal ratio.

[007] Himmler et al. (Journal of Receptor Research, 13(1-4):79-94, 1993) discloses
a cellular screening system that measures the biological activity of drugs acting on receptors.
The system relies on coupling of the receptor to the cCAMP signal transduction pathway to
transcriptionally activate a reporter gene operative linked to multiple cAMP responsive
elements (CREs). A stable recombinant cell line expressing the human dopamine D, receﬁtor
and luciferase under the control of CREs showed luciferase induction upon stimulation with
apomorphine. |

[008] In addition, Weyer et al. (Receptors and Channels, 1:193-200, 1993) discloses
a cellular assay system for the detection of substances that modulate the activity of G-protein
coupled receptors by linking the expression of a reporter gene to activation of the G-protein
coupled receptor through the phospholipase C system. Recombinant cells are disclosed that
contain a luciferase gene under the control of the ICAM-1 gene regulatory region. These
recombinant cells can further contain constructs that encode the human neurokinin 2 receptor
or the human serotonin 2 receptor. Expression of the luciferase gene is controlled by
interaction of molecules with the receptors encoded by the recombinant cells.

[009] Several reporter systems have been described for receptors coupling to

adenylate cyclase (Chen, W., et al., Anal. Biochem., 22:349-54, 1995) as well as for receptors
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that act by mobilizing Ca*" (Weyer et al., supra; Stratowa, C., et al., J. Recept. Signal
Transduct. Res., 15:617-30, 1995; Sista, P., et al., Mol. Cell. Biochem., 141:129-34, 1994,
Schadlow, V., et al., Mol. Biol. Cell, 3:941-51, 1995). However, none of them has been
optimized thoroughly for efficient mass screening of chemical compounds in varying milieus.
[010] More recently, systems for detecting alterations in the activity of signal
transductic;n pathways as a result of interaction of cell surface receptors and a substance have
included dual reporter constructs. For example, Stables et al. (Journal of Receptor & Signal
Transduction Research, 19(1-4):395-410, 1999) discloses the simultaneous use of two
different luciferase reporters, each responsive to a different G-protein coupled receptor, for
the detection of substances that interact with the receptors. In the assay, recombinant Chinese
Hamster Ovary (CHO) cells expressing the human Vasopressin V, receptor and containing
the firefly luciferase reporter gene operably coupled to a cAMP responsive element, were co-
cultured with recombinanf CHO cells expressing the human f,-adrenoceptor and confaining
the Renilla luciferase reporter gene operably coupled to a cAMP responsive element.
Because the firefly luciferase and Renilla luciferase activities depend on different substrates
and reaction conditions, activation of one, for example as a result of the recombinant cells
coming in contact with a substance that interacts with a recombinant receptor, can be
differentiated from activation of the other. Thus, the assay can provide, from a single culture,
information about whether a sample contains a substance that activates a single, or even
multiple, specific G-protein coupled receptors. However, like the assays discussed above, the
assay of Stables et al. utilizes time-consuming clonal selection methods to identify those cells

that are most useful for the assay.
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[011] The superfamily of G-protein coupled receptors (GPCRs), or heptahelix
recepfors, is the most widely distributed among membrane receptors in eukaryotic cells (see,
for example, Watson, S., and Arkinstall, S., The G-Protein Linked Receptor FactsBook,
Academic Press, London, 1994). They receive signals from a large variety of substances
from many different chemical classes, resulting in diverse intracellular, tissue, and organ
responses. Among the various substances. that interact with G-protein coupled receptors, the
chemotactic substances form an extensive group. This group regulates the trafficking of
immune cells during a microbial challenge. In addition, G-protein coupled chemokiné
receptors have recently received extensive interest because several of them are necessary for
the HIV-1 virus to fuse with, and subsequently infect, CD4-positive cells (Weiss, R.A., and
Clapham, P.R., Nature, 381:647-648, 1996; Hill, C.M., and Littman, D.R., Nature, 382:668-
669, 1996; Fauci, A.S., Nature, 384:529-533, ‘1 996). Other G-protein coupled receptors
include muscarinic acetylcholine receptors, adrenergic receptors, serotonin receptors, and
opsin receptors, as well as other neurotransmitter receptors and hormone receptors.

[012] Members of the superfamily of G-protein coupled receptors constitute targets
for more than 70% of the pharmaceutical drugs in current clinical use. Because of the
multitude of physiological actions they mediate, a large proportion of drug testing is
conducted on this kind of membrane receptor. The advent of high-throughput screening
(HTS) has created a need for efficient cell-based reporter systems specially designed for

GPCRs.
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[013] While recombinant G-protein coupled receptor assays are known, many of
which are applicable to high-throughput screening, there still exists a need in the art for

improved assays that are more sensitive and not as labor and time intensive.

SUMMARY OF THE INVENTION

[014] The present invention addresses shortcomings in the art by providing a rapid,
reliable, relatively inexpensive reporter system that is amenable to high-throughput screening.
The invention provides genetically engineered reporter syéten;s that can be used to detect
substances that interact with selected cell surface receptors. Thus, the invention provides
new, optimized, cell-based reporter systems that are well suited for GPCRs that act through
Ca?* mobilization and signal through the mitogen-activated protein (MAPK) cascade.

[015] The systems of the invention use recombinant cells containing reporter
constructs in which a chimeric reporter gene is operably linked to at least one transcription
control element, such as a second messenger-responsive element, such that activation or, by
the inclusion of silencer motifs, repression of expression of the chimeric reporter gene occurs
as an ultimate result of binding of a ligand to a cell surface receptor or interaction of a ligand
with an ion channel on the surface of the recombinant cell. The reporter construct controls
the expression of a novel chimeric reporter gene. The chimeric reported gene comprises the
coding sequences from two separate genes, each of which producing a detectable gene
product. In embodiments, one of the genes encodes a gene product that has an activity that is
intrinsic (i.e., does not require the addition of substrate molecules or activator molecules),

while the other gene encodes a protein that has an activity that can be detected at very low
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levels and also provides a high signal-to-noise ratio. In certain embodiments, the chimeric

"reporter gene comprises sequences encoding a green fluorescent protein (GFP), such as the
enhanced green fluorescent protein (EGFP), or sufficient seqﬁences to encode a portion of a
GFP that can fluoresce. In certain embodiments, the chimeric reporter gene also comprises
sequences encoding a luciferase protein, such as the Photinus luciferase, or sufficient
sequences to encode a portion of a luciferase that can luminesce. The reporter construct of
the invention allows those practicing the invention to perform clonal selection by detection of
a signal due to the GFP. Fluorescence Activated Cell Sorting (FACS) or fluorescence
microscopy can be used for detecting thé signal, allowing for rapid single cell analysis and
sorting. At the same time, a highly sensitive and reliable reporter signal is achieved by
luciferase. Due to the intrinsic fluorescence of GFPs, the need to pre-load substrate
molecules in order to detect cells that express the reporter gene is not required. Cell handling
is therefore very simple, which makes the assay robust. Furthermore, cell viability after
clonal selection is very high.

[016] "Accordingly, the present invention provides recombinant cells containing the
reporter constructs of the invention. In addition to containing the reporter constructs, the
recombinant cells can express at least one exogenous receptor, which can be, among other
things, a G-protein coupled receptor, other membrane receptors, or an ion channel protein.
That is, the recombinant cells can naturally express a G-protein coupled receptor or can
contain non-homologous nucleic acids encoding G-protein coupled receptors. The
recombinant cells of the invention express the reporter gene at high levels when the cells are

exposed to substances that interact with a G-protein coupled receptor present on the cell
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surface, but do not express it to any appreciable level in the absence of a substance that
interacts with a G-protein coupled receptor present on the cell surface.

[017] The present invention also provides a method of making a recombinant cell.
The method can include transforming, transfecting, or otherwise introducing a reporter
construct of the invention into a suitable host cell to create a recombinant cell. The method
can additioﬁally include transforming, transfecting, or otherwise introducing a heterologous
nucleic acid that expresses a cell surface receptor, such as a G-protein coupled receptor, into
the host cell. The method can include preparing a stable recombinant cell that expresses
heterologous proteins of interest from genes that are integrated into the host cell's genome.
The method can also include procedures for performing fast clonal selection, for example by
FACS or by ocular inspection of reporter activity (by changes in fluorescence, color, etc.).
The method can also include preparing a transiently transformea recombinant cell that
expresses at least one heterologous gene that is present in the recombinant as an extra-
genomic element, such as a plasmid. The recombinant cells can be cell lines, and can be
mammalian cells, insect cells, or other appropriate cells.

[018] Thus, the present invention provides reporter constructs. The reporter
constructs comprise a chimeric reporter gene that is operably linked to at least one responsive
element. The reporter constructs are optimized by the practitioner for high level and stringent
expression of the chimeric reporter gene in the chosen host cell and for the chosen cell
surface receptor. For example, the number and spacing of the responsive elements present on
the reporter construct can be optimized to provide high level expression only in the presence

of a sufficient amount of the molecule to which the element is responsive. In this way, the
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reporter construct can help to minimize background signal and aid in the reliability and
sensitivity of the overall system. In embodiments, the systems of the invention are used to
detect substances that interact with target G-protein receptors. In embodiments, the invention
uses a synthetic enhancer composed of multiple TPA (12-O-tetradecanoylphorbol-13-acetate)
responsive elements (TRE) fused to a minimal cytomegalovirus (CMV) promoter. The
reporter constructs can be, but are not necessarily, present on a vector (e.g., plasmid).

[019] In addition, the present invention provides methods of making the reporter
constructs of the invention. The methods include molecular genetic techniques known to the
skilled artisan to be useful for creating and modifying nucleic acids. The methods provide the
reporter constructs of the invention, and are used to optimize directed expression of reporter
genes in the assays of the invention.

[020] The present invention further provides assays for detection of substances that
interact with cell surface receptors. The assays can include exposing a recombinant cell of
the invention to a sample containing at least one substance, and determining whether the
sample activates expression of the recombinant reporter gene, thus indicating that at least one
substance in the sample interacted with the cell surface receptor. The method can further
include purifying, isolating, and/or identifying the substance that interacts with the cell
surface receptor.

[021] Accordingly, the present invention provides kits for performing the assay of
the invention. The kits can, but do not necessarily, include all of the cells, constructs,

reagents, and supplies necessary to detect binding of a substance to a cell surface receptor of
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interest. The kit can be used, for example, to identify drugs that modulate the activity of G-

protein coupled receptor activated metabolic pathways.

BRIEF DESCRIPTION OF THE DRAWINGS

[022] This invention will be more fully described with reference to the drawings in
which:

[023] Figure 1 depicts, generally, construction of a reporter construct of the
invention by inclusion of varying numbers of AP-1 (TRE) motifs in the promotor region.

[024] A. The first TRE was inserted, using PCR, directly in front of either the
minimal CMV or minimal c-fos promotor.

[025] B. The 9 x TRE constructs were cloned by inserting the oligonucleotides
05-08 in front of the first TRE.

[026] C. The 9 x TRE constructs were digested with Sacl, and 4 TRE were removed
to create the 5 x TRE.

[027] Figure 2 schematically depicts a reporter construct of the invention. The
plasmid pcFUSII was used to establish the stable HeLa reporter cell line, HF1. The construct
contains an EGFP - firefly luciferase chimeric reporter gene, driven by a 9 x TRE CMV,;,
promoter to ensure a sufficiently high signal to allow for detection of EGFP after stimulation
of the HeLa host cells. The backbone from the pcDNA3 vector also contains a neomycin
resistance cassette. The designation pA stands for the poly A tail. EGFP stands for the

enhanced green fluorescent protein.
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[028] Figure 3 shows the influence of the number of TRE, in combination with the
minimal c-fos promotor or the minimal CMV promotor, on the induction of luciferase
activity in two host cell lines.

[029] A. HeLa cells.
. [030] B. CHO cells.

[031] Cells electroporated for transient expression were stimulated with 100 nM
PMA for 10 hours. Amplification was calculated as the ratio between the relative
luminescence units (RLU) of stimulated and non-stimulated cells. Results are expressed as
mean values + SEM of three to four independent transfection experiments each performed in
tripiicate; n.d. =not dete@ined.

[032] Figure 4 show results from FACS analyses. HF1pBLTR cells were stimulated
with 2 x 10 M leukotriene B4 and then sorted in a Becton-Dickinson FACS Vantage. Ten
percent of the cells that expressed the highest EGFP level were gated and expanded.

[033] A. Unstimulated cells.

[034] B. Stimulated cells, where the arrow indicates the 10% portion of the cells
that were gated and expanded.

[035] Figure 5 illustrates the response of endogenous ATP receptors present in the
HelLa cells used to establish a reporter cell line, HF1, of the invention.

[036] A. Dose-response curve following stimulation with varying concentrations of
ATP for 16 hours. The calculated ECy, value is 1.07 x 10* M. Shown are mean values from

a typical experiment performed in quadruplicate. Error bars indicate SEM.

-12 -
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[057] B. Time-course of the TRE-mediated response of the HF1 reporter célls of the
" invention, grown in a 96-well format, following stimulation with 104 M ATP at the indicated
time points, to induce and report a response mediated by the endogenous ATP receptors
present on the target cells. Shown are mean values from one typical experiment performed in
quadruplicate. Error bars indicate + SEM.

[038] Figure 6 shows model experiments in which reporter ‘cells of the invention
were tested with three types of receptors activated with ligands representing three widely
different families of éhemical mediators.

[039] A. A monoamine (epine;;hrine) was the ligand.

[040] B. A lipid mediator (LTB,) was the ligand.

[041] C. A peptide (having the sequence RANTES) was the ligand.

[642] DAose-response curves are depicted for stimulation of reporter cells expressing
the alpha adrenoceptor, Ro,;, (in A), the leukotriene B4 receptor, BLTR (in B), and the
chemokine receptor, CCRS (in C). Each receptor was stably expressed in the HF1 reporter
cells of the invention and stimulated with their respective agonist. The values for the agonist
concentration giving half maximum effect (EC,) in these experiments were: for leukotriene
B4 interacting with BLTR, 4.4 x 10® M; for epinephrine interacting with Roy, 1.17 x 107 M;
and for RANTES interacting with CCRS, 1.11 x 107 M. Shown are mean values from a
typical experiment performed in quadruplicate. Error bars (mostly too small to be visible)
indicate SEM.

[043] Figure 7 shows the results of experiments designed to test whether the levels

of expression of reporter constructs of the invention can be altered with inhibitors. Reporter

-13-
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cells were treated with various compounds (indicated to the right) in a concentration of 1uM
each 30 minutes before agonist stimulation was started. A typical set of experiments
performed in quadruplicate is shown. Error bars indicate + SEM. Statistical significance
analysis was performed with Student's t-test.

[044] Figure 8 schematically and generally depicts an assay according to the
invention.

[045] Figure 9 shows the results of reporter construct expression of pcFUSII in S2

insect cells upon treatment with various drugs that influence calcium release.

DETAILED DESCRIPTION OF THE INVENTION

[046] The present invention provides reporter systems for detecting substances that
interact with cell surface receptors or ion channels. The reporter systems utilize recombinant
cells expressing a cell surface receptor or ion channel of interest and a reporter gene whose
expression is under the control of at least one molecule produced or otherwise made available
as a result of interaction of the cell surface receptor or ion channel and another molecule (é. g
a ligand). The reporter systems of the invention are rapid, reliable, and simple to use. The
reporter systems also provide a clonal selection method that for fast aﬁd efficient
establishment of the best responding receptor specific reporter cell lines. The reporter
constructs of the invention are functional in a variety of cell types and with a variety of cell
surface receptors and ion channels, which is an advantage over constructs known in the art.
The ability of the constructs to function in a variety of cell types is advantageous because

several cell lines express endogenous receptors or ion channels that will make them
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unacceptable. Endogenous receptors or channels might interfere either by interacting with
ligands shared by the recombinant test receptor or channel or, when using complex ligand
mixtures, the endogenous receptors or channels might respond in concert with the target
receptor or channel. As used hereinbelow, unless indicated otherwise, "receptor” is used
generally to indicate both receptors and ion channels, and should only be interpreted as
limited to receptors when an interpretation that includes "ion channels" would be
inconsistent with the function of ion channels or with the application in general.

[047] In a first aspect of the invention, nucleic acids comprising reporter constructs
are provided. The nucleic acids can be any nucleic acid that encodes a chimeric gene
according to the invention and that is capable of being expressed in a target cell. Thus, the
nucleic acids of the invention can be RNA or DNA, double-stranded or single-stranded, linear
or closed circular, concatameric, and/or supercoiled.

[048] In embodiments, the nucleic acids of the invention comprise constructs and
elements known to the skilled artisan. For example, the nucleic acids can be expression
vectors or shuttle vectors. Examples include, but are not limited to, plasmids; viruses and
~ viral nucleic acids, including phages and phage nucleic acids; cosmids; phagemids; and
artificial chromtl)somes, including Bacterial Artificial Chromosomes (BACs) and Yeast
Artificial Chromosomes (YACs). The nucleic acids can be provided as naked nucleic acid or
can be provided as part of a mixture or comﬁlex with other molecules that aid in targeting and
delivering nucleic acids to host cells. ' For example, the nucleic acids can be provided in a
composiﬁon that includes liposomes, cell- or tissue-specific antibodies, or cell- or tissue-

specific ligands to increase the uptake of the nucleic acids into the host cells.
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[049] The reporter constructs of the invention include a chimeﬁc reporter gene that
is operably linked to at least one transcription control element. Transcription control
elements constitute parts of promoters or enhancers where at least one protein or protein
complex can bind. Thus, in embodiments, the chimeric reporter gene is operably linked to a
promoter and/or 4t least one énhancer sequence. A promoter or enhancer, and thus a
transcriptional control element, is operably linked to a coding sequence (for example, a
chimeric reporter gene of the invention) if it participates in regulation of transcription of the
coding sequence. Various transcription control elements are known to those of skill in the
art, and all are applicable to the present invention. Examples of transcription control
elements include, but are not limited to, cAMP responsive elements (CRE) and TPA
responsive elements (TRE; AP-1), or any other transcription control element that is involved
in gene transactivation upon stimulation of surface receptors. Other transcription control
elements are disclosed in U.S. Patents 5,401,629 and 5,435,128 to Harpold et al. and U.S.
Patent 5,854,004 to Czernilofsky et al., the disclosures of which are incorporated herein in
their entireties by reference.

[050] In embodiments, the transcription control element is responsive to intracellular
signals that can be generated, either directly or ultimately, as a result of binding of a cell
surface receptor to a ligand. For example, the transcription control element can be responsive
to cyclic adenosine monophosphate (cCAMP) or phorbol-12-myristat-13-acetate (TPA).

[051] The reporter constructs include at least one chimeric reporter gene whose
expression is controlled by at least one transcription control element. Expression can be up-

regulated or down-regulated in response to an intracellular signalling molecule. Preferably, in
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the absence of the intracellular signalling molecule, there is little or no detectable expression
of the chimeric reporter gene. In embodiments, multiple transcription control elements are
operably linked to a single chimeric reporter gene. In these embodiments, the reporter
constructs are optimized for high level and stringent expression of the chimeric reporter gene
in the chosen host cell. For example, the number and spacing of the transcription control
clements present on the construct are optimized to provide high level expression only in the
presence of a sufficient amount of the molecule to which the element is responsive. By
including multiple copies of a single control element, more than one type of control element,
or a combination of the two, the reporter constructs of the present invention can be optimized
to minimize background signal and aid in the reliability and sensitivity of the overall system.
Examples of transcriptional control elements are AP-1, CRE, and NFAT.

[052] A minimal promoter, though not in itself necessary, constitutes the smallest
fragment of a promoter that still has the capacity to direct transcription. The above-
mentioned two components (i.e., at least one transcription control element and a minimal
promoter) are, in the present context, defined as a "reporter control element”. In
embodiments, more than one type of reporter control element is operably linked to a single
chimeric reporter gene.

[053] The reporter constructs of the invention comprise at least one chimeric
reporter gene (also referred to herein as a reporter fusion gene). The chimeric reporter gene
comprises the coding sequences for at least two proteins, or functional portions (ie.,
fragments) thereof. Suitable reporter genes are those genes whose expression products can be

monitored without the need to lyse or otherwise destroy or diminish the viability of the cell in
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which they are expressed. A "function portion" is a sufficient amount of a coding sequence to

“encode a protein or polypeptide that has an activity that can be monitored without the need to
lyse or otherwise destroy or diminish the viability of the cell in which it is expressed. In
preferred embodiments, the activity of the fragment is the same activity as that of the full-
length brotein from which it is derived. Because the reporter proteins expressed from the
reporter construct are easily detectable, identification of functional portions of the proteins is
a straightforward matter that does not require undue or excessive experimentation.

[054] Suitable reporter genes are known in the art, and include luciferase, antibiotic
resistance, heavy metal resistance, and o£her genes whose expression can be detected by
luminescence, fluorescence, a chemical reaction that results in a color change of a reagent, or
some detectable phenotypic change in the cell into which the gene is introduced. Examples
of reporter genes include, but are not limited to, firefly luciferase, bacterial luciferase, Renilla
luciferase, Photinus luciferase, green fluorescent protein (GFP), the enhanced green
fluorescent protein (EGFP), chloramphenico] acetyl transferase (CAT), alkaline phosphatase,
and p-galactosidase.

[055] The choice of reporter genes used to create the chimeric reporter gene in the
reporter construct can be based on the preference of the worker skilled in the art. Standard
molecular biology techniques, well-known and widely practiced by those of skill in the art,
can be used to create the chimeric reporter gene. For examplf;, restriction endonuclease
cleavage and religation can be used to fuse the coding regions of two reporter genes to create

a chimeric reporter gene. Where necessary, oligo-directed engineering of restriction
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endonuclease cleavage sites can be used to ensure cleavage at desired points in the reporter
genes, for example to maintain the proper reading frame in the chimeric reporter gene.

[056] The reporter constructs of the invention can further comprise selection
markers, including, but not limited to, antibiotic resistance genes and heavy metal resistance
genes. Selection markers are well known to those of skill in the art and thus need not be
listed in detail here. The selection markers can be useful in preparing large quantities of the
construct for use in the assays of the invention, or can be used, for example, as a selection
marker for recombinant cells of the invention and for maintenance of pure cultures of the
recombinant cells. In addition, the reporter constructs of the invention can comprise an origin
of replication to enhance replication and maintenance of the construct in the host.

[057] The reporter constructs of the invention permit those practicing the invention
to create recombinant cells that express a desired level of a reporter gene in response to
activation (or repression) via the reporter control element(s). For example, the reporter
constructs enable the practitioner to maximize the level of expression of the chimeric reporter
gene upon induction by a pre-selected intracellular signalling molecule, such as one known to
be linked to a chosen receptor and/or signal transduction pathWay. In embodiments of the
invention, an optimized reporter construct is used in the construction of heptahelix receptor-
based reporter cell lines. In these embodiments, the promoter comprises multiple TRE motifs
fused to a minimal promoter. In embodiments, the reporter construct is pGL3-AP1x1 FOS.
In embodiments, the reporter construct is pGL3.AP1x9 FOS. In embodiments, the reporter
construct is pGL3-AP1x1 CMV. In embodiments, the construct comprises nine TRE motifs,

such as in the reporter construct pGL3.AP1x9 CMV. In embodiments, the reporter construct
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is pcFUSIL. In yet other embodiments, the reporter construct is pcFUS3. Exemplary reporter
constructs are described in more detail in the Examples that follow, and in the Figures.

[058] In another aspect, the present invention provides methods of making the
reporter constructs of the invention. The methods include molecular genetic techniques
known to the skilled artisan to be ﬁseﬁll for creating and modifying nucleic acids. The
methods provide the reporter constructs of the invention, and are used to optimize directed
expression of reporter genes in the assays of the invention. In general, commonly available
nucleic acid molecules, such as vectors, are modified by addition of at least one reporter gene
and at least one transcription control element such that production ;)f a detectable reporter
protein is either enhanced or reduced as the result of binding of a signalling molecule (e.g., a
transcription factor) to the transcription control element. Multiple copies of a single
transcription control element can be operably linked to a single reporter gene. In addition,
multiple types of reporter control elements can be operably liﬁked to a single reporter gene.
Furthermore, a mixture of different numbers and types of control elements can be operably
linked to a single reporter gene. The selection of reporter control elernent(s), as well as thc%
number of copies of each, should be optimized to provide the highest level of expression of
the reporter gene in the host cell. In addition, it is preferable that, under conditions where
expression is not desired, the level of expression is at, near, or below, the level of detection.
The reporter construct is optimal for various cell types, but the total signal and the signal-to-
noise baékground ratio may differ for the individual cell type containing the construct of the
invention. The signal-to-noise ratio may be improved by introducing into the cells one or

more recombinant genes coding for necessary components in the signal transduction pathway
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being utilized. Optimizing the number of reporter control elements for the chosen cell is a
routine, straightforward matter that can be accomplished rapidly by those of skill in the art.

[059] In another aspect, the present invention provides recombinant cells. The
recombinant cells of the invention contain the reporter constructs of the invention. The
recombinant cells can express at least one reporter gene present on the reporter construct.
Expression of the reporter gene is regulated by at least one transcription control element that
is responsive, ultimately, to interaction of a cell surface receptor and a ligand. Expression of
the reporter gene can either be up-regulated or down-regulated in response to interaction
between the cell surface receptor and the ligand. In embodiments, expression of the reporter
gene is up-regulated in response to the interaction of the cell surface receptor and the ligand.
The ligand can be any substance or microorganism that interacts with the cell surface
receptor, including, but not limited to, drugs, prodrugs, and viruses. The substance, or ligand,
c;':ln be organic or inorganic.

[060] In embodiments, the recombinant cells of the invention express the reporter
gene at high levels when the cells are exposed to a substance (e.g., a ligand) that interacts
with a cell surface receptor, but do not express it to any appreciable level in the absence of a
substance that interacts with the cell surface receptor. In these embodiments, the cell surface
receptor can be, but is not limited to, a G-protein coupled receptor, a tyrosine kinase-type
receptor, or an ion channel receptor.

[061] Thus, in addition to containing the reporter constructs, the recombinant cells
express at least one cell surface receptor. The cell surface receptor can be expressed from an

endogenous gene (i.e., a gene that was not introduced into the cell using molecular biology
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technology) or recombinantly (i.e., as a result of introduction of a gene into the host cell by
molecular biology technology): In embodiments, expression of a gene naturally present in the
genome of the host cell can be augmented by introduction, via molecular biology technology,
additional copies of the gene, resulting in a recombinant cell. Thus, the cell surface receptor
gene can be present in the recombinant cell in single, double, or multiple copies, and can exist
genomically (i.e., in the host chromosome), extrachromosomally, or both. In embodiments,
the cell surface receptor is expressed from a gene present on the reporter gene construct. In
embodiments, the cell surface receptor is expressed from a gene present on a construct that is
separate from the reporter gene construct. In embodiments, expression of the cell surface
receptor is unregulated (i.e., it is constitutively expressed), while in other embodiments,
expression of the cell surface receptor is regulated.

[062] In embodiments, the cell surface receptor is a G-protein coupled receptor. In
embodiments, the cell surface receptor is an ion channel receptor. In embodiments, the cell
surface receptor is a tyrosine kinase-type receptor. Preferably, the receptor, or a majority of
the receptor that is expressed, is localized to the cell surface. Examples of G-protein coupled
receptors include, but are not limited to, the leukotriene B4 receptor (BLTR), the chemokine
receptors CCR5 and CXCR4, the alphalb adrenoceptor, and the C5a receptor.

[063] Inembodiments, especially embodiments where a non-endogenous cell surface
receptor is expressed, the recombinant cell does not naturally transfer the signal produced by '
the cell surface receptor to the transcription control element because one or more members of
the signalling pathway are absent or function poorly. In these embodiments, the absent or

poorly functioﬁing pathway member(s) can be provided to the cell as a recombinant "helper"
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protein(s). The recombinant helper proteiﬁ(s) cé.n be expressed from the reporter construct or
from séparate expression vector(s). In addition, they can be expressed from vectors that have
integrated into the host cell genome.

[064] In a further aspect, the present invention provides a method of making a
recombinant cell. The method can include transforming, transfecting, or otherwise
introducing a reporter construct of the invention into a suitable host cell to create a
recombinant cell. Techniques for transforming, transfecting, or otherwise introducing nucleic
acids, viruses, etc. into eukaryotic cells are known to those of skill in the art. Any suitable
technique can be used so long as it does ﬁot result in unacceptable alteration of the reporter
construct, other vectors (when used to co-express other genes), or the host cell. Unacceptable
alterations include alterations that render the nucleic acids and cells unsuitable for their
intended purposes.

[065] In embodiments, the method additionally includes transforming, transfecting,
or otherwise introducing a heterologous nucleic acid that encodes a cell surface receptor, such
as a G-protein coupled receptor, into the host cell. Introduction of the heterologous nucleic
acid encoding the cell surface receptor can be accomplished before, at the same time, or
preferably after, introduction of the reporter construct into the host cell. In embodiments, the
gene encoding the cell surface receptor is present on the reporter construct. In other
embodiments, the gene encoding the cell surface receptor is present on a separate nucleic acid
construct.

[066] The method can include preparing a stable recombinant cell that expresses

heterologous proteins of interest from genes that are integrated into the host cell's genome.
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Alternatively, the method can include preparing a stable recombinant cell that expresses
heterologous proteins of interest from genes that are not integrated into the host Eell’s genome
(e.g., from genes present on an Epstein-Barr viral vector). The method can also include
preparing a transiently transformed recombinant cell that expresses at least one heterologous
gene that is present in the recombinant as an extra-genomic element, such as a plasmid. The
invention provides a method for quick selection of the best expressing recombinant clones.
Techniques for preparation of stably- and transiently-transfected cells are known to those of
skill in the art. Generally, cells constituting the system are the progeny of a single ancestral
transformant. Recombinant expression systems as defined herein will express heterologous
protein upon induction of the regulatory elements linked to the DNA sequence or synthetic
gene to be expressed.

[067] The recombinant cells can be cell lines, and can be mammalian or non-
mammalian. In embodiments, mammalian cell surface receptors are recombinantly expressed
in insect cells. In general, because many mammalian transcription control elements are active
in other eukaryotic cells, such as insect (e.g., Spodoptera frugiperda ovarian (Sf9, Sf21) cells)
and other non-mammalian (e.g., yeast, nematode) cells, it is possible to use mammalian
reporter constructs and recombinant cell receptors in such cells. For example, AP-1 elements
from mammalian cells, which are responsive to, among other things, intracellular calcium
levels, can also function in insect cells if a receptor system is in place that mobilizes calcium.

[068] An additional aspect of the invention is an assay for detection of substances
that interact Wiﬂf; cell surface receptors. Broadly, the principle of the assay of the invention is

depicted in Figure 8. In general, the assay includes exposing a recombinant cell of the
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invention (including a culture of the cell) to a sample and determining whether expression of
a reporter gene present on the reporter construct is altered. Alteration (i.e., up- or down-
regulation) indicates that the sample contains at least one substance that can interact with a
receptor present on the surface of the recombinant cell. Alteration in reporter gene expression
is easily assayed using reagents, protocols, and equipment widely known and available to
those in the art. For example, many commercial vendors sell systems for expression and
detection of a signal from luciferase, CAT, B-galactosidase, and alkaline phosphatase. ther
systems, though not commercially available, are known to the skilled artisan, and can be used
in accordance with the present invention.

[069] The assay can be performed with intact or lysed eells in any suitable volume of
culture media. In preferred embodiments, the assay is performed in microtiter plates, such as
a 96 well or 384 well plate. In these embodiments, some or all of the wells of the microtiter
plate contain a culture of the recombinant cell of the invention. Each culture can be exposed
to a sample containing the same or different substances. Thus, the same microtiter plate can
be used to assay multiple substances for their ability to interact with a selected cell surface
receptor. In addition, a sample can be assayed multiple times using multiple wells in a single
microtiter plate to verify its activity or lack thereof. In all instances, the signal is related to
that obtained in control cells lacking a recombinant test receptor. |

[070] The assay of the invention can be a high-throughput assay that can be used to
screen large numbers of substances or mixtures of substances that interact with a chosen cell
surface receptor. For example, in embodiments of the invention, a recombinant cell

expressing a cell surface receptor of the superfamily of G-protein coupled receptors interacts
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with a substance, which causes the receptor to generate a sigﬁal that subsequently activates
the reporter gene on the reporter construct. The level of expression of the reporter gene
product is monitored by the appropriate techniques (fluorescence, luminescence, color
change).

[071] In embodiments, the method of assaying for substances that interact with cell
surface receptors further includes purifying, isolating, and/or identifying the substance that
interacts with the cell surface receptor. In these embodiments, techniques known to the
skilled artisan can be used to purify and/or isolate the substance(s). Such techniques include,
but are not necessarily limited to, precipitation, filtration (including size-exclusion
chromatography), liquid chromatography, paper chromatography, centrifugation, affinity
chromatography, and solvent extraction.

[072] The reporter system of the invention can include clonal selection of the
recombinant cells. Thus, in embodiments, the method of making a cell according to the
invention includes clonal selection of the cells. Accordingly, in embodiments, the assay of
the invention includes, prior to screening for molecules that affect the activity of a cell surface
receptor, clonal selection to obtain efficiently expressing cells. Clonal selection can be
carried out using any techniques known to those of skill in the art. For example, it can be
carried out using fluorescent analytical cell sorting (FACS), during illumination (activation)
with UV light in a low-power operation microscope. Thus, the present assay avoids much of
the time and labor required in the assays known in the art. The present system permits

identification of well-responding cells in a fraction of the time that is necessary in other
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assays. As a consequence, the signal-to-noise ratio of the present assay is higher than other
assays.

[073] Clonal selection can be used advantageously in the construction of reporter
cell lines and in practice of the assay of the invention. Often, the sensitivity of the final cell
line can be substantially increased. The presence of a chimeric reporter gene in the construct
according to the invention also allows for clonal selection by FACS or by ocular
identification of the colonies with fluorescence microscopy. Thus, in an embodiment, a
construct having a chimeric reporter gene that comprises EGFP fused in frame to Photinus
luciferase is provided.

[074] In another aspect of the invention, kits are provided. In embodiments, the kits
are used to perform the assay of the invention (i.e., to identify samples that contain substances
that interact with a specific cell surface receptor, or to detect such substances). The kit can,
but does not necessarily, include all of the cells, constructs, reagents, and supplies necessary
to detect binding of a substance to a cell surface receptor of interest. The kit can be used, for
example, to identify drugs that modulate the activity of G-protein coupled receptor activated
metabolic pathways. It can also be used, for example, to detect proteins or small molecules

that interact with ion channels.
EXAMPLES

[075] The invention will now be further described with reference to examples of

embodiments of the invention. The following examples are meant to more fully illustrate
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certain embodiments of the invention and are not to be construed as limiting the scope of the

" invention.

[076] Example 1: Construction of a Reporter Plasmid

[077] Construction of a reporter plasmid according to the invention is depicted

generally in Figure 1. In particular, the plasmid, pGL3basic (Promega), was used as a

backbone for the reporter construct according to the invention. Primers and oligonucleotides

used in the invention are shown in Table 1, in which consensus TRE motifs are shown in bold

type, and restriction endonuclease sites are underlined.

Table 1
Name of Sequence (5' to 3")
oligonucleotide
P1 Apxl CMV GCAGATCTTCATGAGTCAGACAGGCGTGTACGG
upper (SEQ ID NO:1)

P2 CMV lower
P3 Apx1 FOS upper

P4 FOS lower
05 3xAP sense

06 3xAp antisense
07 APx1 sense
08 APx1 antisense

P5 EGFP upper
P6 EGFP lower

AGGAAGCTTCGGTCCCGGTG (SEQ ID NO:2)
TCGAGCTCCATGAGTCAGACACTCATTCAT (SEQ ID
NO:3)

ACATAAGCTTGGCGGTTAGGCAAAGCC (SEQ ID NO:4)
ATGAGTCAGAGCTCAATGAGTCAGATGAGTCAGCT
(SEQ ID NO:5)
GACTCATCTGACTCATTGAGCTCTGACTCATGGCT
(SEQ ID NO:6)
CTTGACGTCAAGCATGAGTCAGACAGAGCTCGTAGCC
(SEQ ID NO:7)
ACGAGCTCTGTCTGACTCATGCTTGACGTCAAGGGCC
(SEQ ID NO:8)

TCCAAGCTTCGCCACCATGGTGAG (SEQ ID NO:9)
GCGCCATGGTCATGAACTTGTACAGCTCGTCC

(SEQ ID NO:10)
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[078] The minimal CMV promoter was amplified with primers P1 and P2, while the

c-fos promoter was amplified by PCR using primers P3 and P4 and pc-FOS (ATCC 41042)
as a template. The upper prifner sequences contained one TRE each. This TRE was inserted
at -54 position relative to the transcription start (minimal c-fos promoter) and at —51 position
(minimal CMV promoter). The PCR fragments were digested with BglIL HindlIll (minimal
CMV promoter), and Sacl, Hindl1I (minimal c-fos promoter), respectively. The fragments
were inserted in the appropriately digested vector. This resulted in the plasmids, pGL3-APx1
FOS and pGL3-APx1CMV, respectively. The plasmids were linearized with Sacl and the 8 x
TRE box (corresponding to oligonucleotides O5- O8) was inserted. This resulted in the
plasmids pGL3-APx9 FOS and pGL3-APx9 CMV. By inserting the 8 x TRE box into the
vector, the Sacl site of the vector was destroyed and new Sacl sites were introduced with
oligonucleotides O5 and O6. In order to obtain the 5 x TRE constructs, the Sacl fragment

| containing 4 x TRE was removed and the plasmids re-ligated (Figure 1). The primers and

oligonucleotides were designed by the inventors and custom-synthesized at Gibco BRL.

[079] Example 2: Construction of a Chimeric Reporter Gene

[080] The plasmid, pEGFP-1 (Clontech), was used as template in a PCR reaction
with the primers P5 and P6 to amplify the enhanced green fluorescent protein (EGFP). The
product was cut with Ncol and BspHI and inserted in front of the luciferase gene into the Ncol
site of pGL3-APx9 CMYV to get the plasmid pFUSII. The stop codon at the end of EGFP was r’
thereby removed, giving rise to a fusion protein between EGFP and firefly luciferase. The

plasmid, pFUSII, was digested with BamHI and Kpnl, and the fragment containing the

-29.



WO 02/20749 PCT/IB01/01938

complete reporter construct was ligated into the backbone of the pcDNA3 plasmid between
the Bg/Il/Kpnl sites, thereby replacing the CMV promoter in pcDNA3. The resulting
plasmid, pcFUSII, contains the reporter construct and a neomycin resistance cassette (Figure

2; SEQ ID NO:11).

[081] Example 3: Construction of Receptor Plasmids

[082] Three prototypic receptors were tested in the reporter system. All receptor
ORFs were inserted into the pIRESpuro vector (Clontech) by standard techniques. The alpha
adrenergic receptor, Ra, cDNA was a kind gift from Dr. Robert Letkowitz (see Lomasney et
al., Journal of Biological Chemistry, 266:6365-6369, 1991), the chemokine receptor, CCRS,
was cloned by the inventors from a human monocyte cDNA by PCR and sequenced, and the
cDNA encoding the human leukotriene B4 receptor, BLTR, had earlier been cloned in our
laboratory (Owman et al., Genomics, 37:187-194, 1996; Owman et al., Biochemical and

Biophysical Research Communications, 240:162-166, 1997).

[083] Example 4: Selection of Reporter Cell Lines

[084] Cell Culture

[085] HeLa and CHO cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM) with Glutamax I, supplemented with 10% fetal bovine serum, 0.5% streptomycip

and penicillin at 37°C and 7% CO,.
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[086] Transfection

[087] HeLa and CHO cells were electroporated essentially as described by methods
known to the art (see Rols et al., Nucleic Acids Research, 22:540, 1994). Briefly, by using a
ElectroSquarePorator T820 (Genetronics; BTX), 5x10° cells were pulsed in electroporation
buffer (10mM phosphate buffer, 250mM sucrose, 1 mM MgCl,, pH 7.2) in a 4-mm gap
cuvette 15 times for 3 msec with 150 V. Before pulsing, cells were mixed with 6-10
micrograms of plasmid and incubated 10 min on ice. The cells were kept for 10 min at 37°C
after electroporation. In stimulation experiments following transient expression, cells from
one transfection were split into 6 wells of a 24-well plate. -

[088] Cells grown in 15 cm diameter dishes were electroporated with 9 micrograms
of linearized plasmid to establish stable HeLa cell lines. After 2 days, the medium was
supplemented with 1pg/ml G418 or 1ug/ml puromycin, respectively. The medium was

renewed every second day for two weeks.

[089] Oculqr Selection Procedure

[090] After approximately 2 weeks, 50 to 200 colonies per plate had grown up. For
the selection of HF reporter cell lines, the medium was supplemented with 100 nM PMA for
about 16 h. Colonies were checked under UV light using an Olympus inverted microscope
with appropriate fluorescence filters. Green colonies were picked with a pipette, expanded,
and tested as reporter cell lines. The different receptors were stably transfected by
electroporation and selected for puromycin (1pg/ml) resistant clones. Clones were picked,

expanded, and analyzed for their capability to activate the reporter gene after receptor
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stimulation with the appropriate agonist. This procedure gave rise to HF 1pBLTR cells,

HF1pRa,, cells, and HF1pCCRS cells.

[091] FACS Selection Procedure

[092] A FACS Vantage machine from Becton-Dickinson was used. HF1 cells and
HF1pBLTR cells were grown in 6-well plates. Cells were stimulated with 3x10* M ATP or
2x10° M LTB;, respectively, 16 h prior FACS. The cells were trypsinized, washed three
times with 10 ml PBS without magnesium and calcium, and suspended in PBS containing
ImM EDTA at 500,000 cells per ml 1h before FACS. From HF1 cells two pools were then
sorted out: 100,006 cells representing 20% of the population and 40,000 cells representing
5% of the best responding cells, respectively. HF1pBLTR cells (100,000 cells representing
10% of the best cells) were sorted out. The best responding cells are defined as cells
containing most EGFP. These pools were grown up, cultured for 2 weeks in parallel with the

mother cell lines, and then used in ligand stimulation experiments as described.

[093] Example 5: Luciferase Assay and Stimulation Experiments

[094] Luciferase Assay

[095] Cells transiently transfected with the various promoter constructs were
stimulated 24 h after transfection with 100 nM PMA for 10 h in 24-well plates. The medium
was then removed, cells were washed once with PBS, and 100 microliters reporter lysis
buffer (Promega) were added per well. The plates were sto¥ed until analysis, usually

overnight at -20°C. Luciferase assays were performed with Luciferase Assay Kit (Biothema,
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Sweden) according to the manufacturer's instruction. Transiently transfected cells were
analyzed in a Turner TD-20e luminometer. Luciferase assay for stably transfected clones was
carried out with a BMG Lumistar luminometer in 96-well plate format. White, clear-bottom
plates of tissue culture quality (Costar) were used. Approximately 10,000- 20,000 cells were
grown per well in 90 pl medium. After 3 days, ligands were added in 10 pl PBS and
incubated for further 16 h. The medium was removed and cell lysis buffer added. Plates
were stored at -70°C until further analysis. All experiments were performed two to four

times in quadruplicate.

[096] Fluorescence Analysis in 96-Well Plate Reader

[097] The fluorescence meésurements were performed in a BMG Fluostar
fluorometer in black plates with clear bottom (Costar). Cells cultured and stimulated as
above were assayed in 100 pul PBS. After fluorescence measurement, the PBS was removed

and the luciferase activity determined as described above.

[098] Inhibitors
[099] HF1, HF1pBLTR, and HF1pRalb cells were grown in 96-well plates as
described. The respective inhibitor was added to the cells at 1 pM concentration 30 min

before stimulation with the respective agonist. Luciferase assay was performed after 16 h.

[100] Calculations

[101] All calculations were performed in the GraphPad prism computer program.
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[102] Example 6: Modification of pcFUSII for optimization in Insect Cell Lines

[103] Plasmid pcFUSII was modified for use in insect cells by replacing the SV40
promoter of the neomycin resistance gene with the baculovirus IE-1 promoter from the
plasmid pIE1-3 (Novagen). This was done by digesting pcFUSII with EcoRI/AfIII and
blunting the AfIII site. An EcoRI/Smal fragment from pIE1-3, containing the IE1 promoter,

was then ligated into this site, thus resulting in the plasmid pcFUSII-IE (SEQ ID NO:12).

[104] Example 7: G-Protein Chimeric Construction

[105] Because not all of the native insect G-proteins are able to efficiently transduce
the signal from a mammalian receptor, some of the reporter systems that are based on insect
cells were also made to contain a G-protein expression unit. This unit is composed of a
constitutive, i.e., unregulated, promoter that controls the Hmscﬁption of either a mammalian
G, or a chimeric G, subunit. This expression unit is then inserted into the basic reporter
construction (Figure 2). The chimeric G-protein is based on the gene of an insect G, subunit
(dG,g3), where the last five amino acids have been replaced with the last five amino acids of
either the human G,i2 or G,16 subunit. This was accomplished by the polymerase chain
reaction (PCR) using the primers described in Table 2 and the gene for dGq-3 (Talluri S., ez

al., PNAS, 92:11475-11479, 1995) as a template.
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Table 2
Name Sequence
dGqU TAT GCG GCC GCT TAG CAT GGA GTG CTG (SEQ ID NO:13)
dGg-i2L CTA GAT CTC AGA AGA GGC CGC AGT CCT TAA GGT TCG ATT

G
(SEQ ID NO:14)

dGq-16L | CTA GAT CTC ACA GCA GGT TGA TCT CCT TAA GGT TCG ATT
G
(SEQ ID NO:15)

[106] The template was amplified for 10 cycles (20 sec at 95°C, 30 sec at 55°C and
2 min at 72°C) with Pwo polymerase and 2mM MgSO,. The product was digested vﬁth
Bglll/NotI and was subsequently ligated into pIE1-3. The resulting plasmid was digested
with EcoRI and Hindlll and blunted. The expression cassette, containing the IE1 promoter
and the chimeric G-protein, was purified and ligated into a filled-in Bsml site of the pcFUSII-

IE reporter vector.

[107] Example 8: Inhibition of reporter constructs

[108] The ability of the reporter constructs of the invention to be inhibited by chosen
inhibitors was tested. Figure 7 shows the results of these experiments. The graphs show a
reporter cell line of the invention, HF1, expressing no recombinant receptor, HF1pRa,,
reporter cells expressing the alpha-adrenergic test receptor, and HF1pBLTR reporter cells
expressing the leukotriene B4 test receptor. Each cell was exposed to a) agonist only
(control), b) UO126, ¢) DHBP, or d) GF109203X, as described below.

[109] The HF1 cells were first stimulated with ATP (at the maximum concentration

illustrated in Figure 3) to activate the endogenous ATP receptors, then the cells expressing
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recombinant receptors (HF1pBLTR and HF1pRalb) were stimulated with their respective
agonist (at the maximum concentration illustrated in Figure 4A and 4B, respectively). The
reporter cells were treated with theé compounds (indicated to the right) in a concentration of
1uM each at 30 min before the agonist stimulation was started, in order to inhibit different
signal transduction pathways. Luciferase activity in cells treated with agonist only (control)
was taken as 100%. A typical set of experiments performed in quadruplicate is shown. Error
bars indicate = SEM. Statistical significance analysis was perfoﬁed with Student's t-test.
[110] The results indicate that various compounds can be used to inhibit the
expression of reporter constructs of the invention. This result further indicates that the
systems of the invention can not only be used to identify compounds or molecules that
positively affect the level of signal generated by the reporter constructs and reporter cells of
the invention, but that the system can be used to identify compounds or molecules that
negatively affect the level of signal. Furthermore, this result shows that compounds can be
added to the system to regulate the intensity of signals generated by the reporter constructs
and cells. That is, inhibitor compounds or molecules can be added to the assay of the
invention, in amounts chosen by the artisan practicing the invention, to adjust the intensity of

the signal, such that a desired level of signal is produced by the assay.

[111] Example 9: Reporter systems based on insect cell lines
[112] Test of the reporter construct pcFUSII in insect cells
[113] In order to test if the reporter construct pcFUSII is activated in insect cells

upon calcium mobilization, the construct was transfected transiently into S2 cells. The
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transfected cells were then treated with drugs that influence calcium release. It was found
that treatment with Thapsigargin (500 nM) or Staurosporine (500 nM) activated the reporter
gene by a 5 - 10 fold increase (Figure 9). Considering previous experience with mammalian
reporter systems, these results indicate that the pcFUSII construct can be used as a reporter

vector in insect cells.

[114] Test of the aequorin based reporter system in insect cell lines

[115] In order to test the usefulness of this reporter system in insect cells, the pIE1-
aequorin expression plasmid was co-transfected with expression vectors for the rat a.1b and
the CCRS5 receptors into Sf9 cells. It was found that the rat a1b receptor was able to
transduce calcium mobilization in S cells using the endogenous G-proteins of the insect
cells. CCRS, on the other hand, was able to mobilize calcium only if it was co-transfected
with an expression vector that expresses the gene for the human G, 16 subunit. Thus, because
the present invention provides recombinant cells comprising not only a chimeric reporter
construct linked to a human cell surface receptor, but a heterologous human signal
transduction pathway as well, the system can be used in a variety of cells using a variety of

cell surface receptors.

[116] Example 10: Construction of a promoter containing a mixture of different
types of control elements.
[117] Construction of the plasmid pcFUS2-6xSTAT/NF«B was achieved by ligation

of the oligonucleotides 09 (5' TTTCCGGGAAATTCCCTTTCCGGGAAATTCCCTTTC

-37-



WO 02/20749 PCT/IB01/01938

CGGGAAATTCCCGGATCC 3'; SEQ ID NO:16) and O10 (5' GGGAATTTCCCGGAAAG
" GGAATTTCCCGGAAAGGGAATTTCCCGGAAA 3'; SEQ ID NO:17), in two copies each,
into the EcoRV digested pcFUS2 vector. The Kpnl/Xhol fragment containing the
6xSTAT/NF«B-cassette was excised and ligated to the XAol restricted pGL3-basic plasmid
(PROMEGA) to get pGL3-12xSTAT/NF«B. The reporter plasmid pcFUS3 was constructed
by replacing the Kpnl/HindIll promoter fragment of pcFUS2-6xSTAT/NF«B with the
Kpnl/HindIll promoter fragment of pGL3-9xAP-1 FOS instead. The sequence of the
promoter of pcFUS3, containing the XAol/Hindlll fragment containing the 6xSTAT/NFB

and the 9xAP-1 cassette is disclosed herein as SEQ ID NO:18.

[118] Example 11: Characterization of mammalian reporter cell lines transfected
with pcFUS3

[119] The reporter vector pcFUS3 was stably electroporated into HeLa cells by
standard techniques known in the art. Three hundred twenty stable cell clones were screened
by the Ocular Selection Procedure and twenty clones reconfirmed twice with the luciferase
assay procedure after PMA or ATP stimulation (as described in Examples 4 and 5). Five of
the clones performed superior to HF1 cells in all tests performed. The cell clone most
suitable for the purpose was named HFF11 and was used as an exemplary clone for further
study.

[120] Endogenously expressed receptors in the HFF11 cells were stimulated with the

respective ligands known to the art. The results obtained by stimulating the endogenously
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expressed receptor CXCR4, with SDF-1 or endogenously expressed ATP-receptors with ATP
showed an increased signal-to-noise ratio in respect to HF1 cells by a factor of two to three.
[121] HFF11 cells were used to establish cell lines stably expressing the human
CCRS or the human receptor for C5a (C5aR). After maximal agonist stimulation luciferase
activity increased about 80 times in cells transfected with CCRS and about 30 times in cells

transfected with the C5aR stimulated with a C5a C-terminal peptide (BACHEM H-3462).

[122] Example 12: Characterization of mammalian cell lines transiently
transfected with reporter constructs
[123] The prototypic reporter plasmids (pcFUS2; pcFUS2-6xSTAT/NF«B; pcFUS3
and pGL3-12xSTAT/NF«B) were used to transfect HeLa cells transiently by electroporation.
Cells were stimulated 24 h post transfection with 100nM PMA or 100nM PMA and 10° M
thapsigargin or treated as controls. After 10 h of incubation, the cells were lysed and assayed.

The Amplification values are shown in Table 3.

TABLE 3
Plasmid name (elements) Stimulation with Amplification value
pcFUS2 (9 x AP-1) PMA 2.53£2.00
pcFUS2 (9xAP-1) PMA and thapsigargin 3.30+1.83
pcFUS2-6xSTAT/NF«B PMA 3.78 + 1.44
pcFUS2-6xSTAT/NFxB PMA and thapsigargin 5.34£0.78
pcFUS3 (6xSTAT/NF«B; | PMA 7.37 £3.29
9xAP-1)
pcFUS3  (6xSTAT/NF«B; | PMA and thapsigargin 8.85+4.21
9xAP-1)
pGL3-12xSTAT/NF«B PMA 4.16 £2.00
pGL3-12xSTAT/NF«xB PMA and thapsigargin 046+4.42 -
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[124] The invention has been described in detail above with reference to preferred
embodiments. However, it will be understood by the ordiﬁary artisan that various
modifications and variations can be made in the practice of the present invention without
departing from the scope or spirit of the invention. All references cited herein are hereby

incorporated by reference in their entirety.
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‘What is claimed is:

1. A reporter construct comprising a chimeric reporter gene operably linked to at
least one transcription control element, wherein said chimeric reporter gene comprises coding
sequences from two different genes fused in frame such that each of said coding sequences
produces a gene product that is detectable without the need to lyse or otherwise destroy or

diminish the viability of the cell in which they are expressed.

2. The reporter construct of claim 1, wherein the chimeric reporter gene
comprises coding sequences from a gene encoding a fluorescent protein and coding sequences

from a gene encoding a protein that luminesces.

3. The reporter construct of claim 1, wherein the chimeric reporter gene
comprises coding sequences from a luciferase gene, an antibiotic resistance gene, a heavy

metal resistance gene, or coding sequences from two of these genes.

4. The reporter construct of claim 1, wherein the chimeric reporter gene
comprises coding sequences from the firefly luciferase gene, the bacterial luciferase gene, the
Renilla luciferase gene, the Photinus luciferase gene, the green fluorescent protein (GFP)
gene, the enhanced green fluorescent protein (EGFP) gene, the chloramphenicol acetyl
transferase (CAT) gene, the alkaline phosphatase gene, the p-galactosidase gene, or coding

sequences from two of these genes.
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5. The reporter construct of claim 1, wherein the construct is a plasmid, a virus, a

viral nucleic acid, a cosmid, a phagemid, or an artificial chromosome.

6. The reporter construct of claim 1, wherein the chimeric reporter gene
comprises sequences from the gene encoding the enhanced green fluorescent protein (EGFP)

and the gene encoding the Photinus luciferase.

7. The reporter construct of claim 1, wherein said at least one transcription

control element comprises a second messenger-responsive element.

8. The reporter construct of claim 1, wherein said at least one transcription
control element is a cAMP responsive element (CRE), a TPA responsive element (TRE; AP-

1), an NFAT responsive element, or a mixture of these three elements.

9. The reporter construct of claim 1, wherein said at least one transcription
control element is responsive to intracellular signals that can be generated, either directly or

ultimately, as a result of binding of a cell surface receptor to a ligand.
10.  The reporter construct of claim 9, wherein said at least one transcription

control element is responsive to cyclic adenosine monophosphate (cAMP) or phorbol-12-

myristate-13-acetate (TPA).
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11.  Thereporter construct of claim 1, wherein said at least one transcriptional

" control element comprises multiple TRE motifs fused to a minimal promoter.

12. A recombinant cell comprising

a) areporter construct comprising a chimeric reporter gene operably linked to at least
one transcription control element, wherein said chimeric reporter gene comprises coding
sequences from two different genes fused in frame such that each of said coding sequences
produces a gene product that is detectable without the need té lyse or otherwise destroy or
diminish the viability of the cell in whicﬁ they are expressed, and

b) a cell surface receptor or ion channel,

wherein interaction of the cell surface receptor or ioﬁ channel with a substance that
specifically interacts with the receptor or channel modifies the level of expression of the

reporter gene.

13. The recombinant cell of claim 12, wherein the cell is a mammalian cell or an

insect cell.

14.  The recombinant cell of claim 12, wherein the cell comprises a cell surface

receptor that is a heptahelix receptor.

15.  The recombinant cell of claim 12, wherein the cell is present as a component

of a kit.
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16. A process for detecting a substance that specifically interacts with a cell-
surface receptor protein or ion channel, said process comprising:

a) providing a recombinant cell comprising

i) areporter construct comprising a chimeric reporter gene operably linked to
at least one transcription control element, wherein 4said chimeric reporter gene comprises
coding sequences from two different genes fused in frame such that each of said coding
sequences produces a gene product that is detectable without the need to lyse or otherwise
destroy or diminish the viability of the cell in which they are expressed, and

ii) a cell surface receptor or ion channel, wherein said cell surface receptor or
ion channel is expressed on the surface of the recombinant cell

wherein specific interaction of the cell surface receptor or ion channel with a
substance modifies the level of expression of the reporter gene,

b) exposing the recombinant cell to a sample containing at least one substance
suspected of being capable of specifically interacting with said cell surface receptor or ion
channel, and

¢) determining whether expression of the chimeric reporter gene is altered,

wherein alteration of reporter gene expression indicates interaction of a
substance in the sample with the cell surface receptor or ion channel, and thus the presence of
a substance in the sample that specifically interacts with said cell-surface receptor or ion

channel.
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17.  The process of claim 16, wherein the cell surface receptor is a heptahelix

receptor.

18. ' The process of claim 16, wherein alteration of gene expression is an increase

in gene expression.
19.  The process of claim 16, wherein said chimeric reporter gene comprises
sequences from the gene encoding the enhanced green fluorescent protein (EGFP) and the

gene encoding the Photinus luciferase.

20.  The process of claim 19, wherein providing a recombinant cell comprises

clonal selection by detection of a signal due to the EGFP.

21.  The process of claim 20, wherein Fluorescence Activated Cell Sorting (FACS)

or fluorescence microscopy is used to detect the signal.
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SEQUENCE LISTING

<110> OWMAN, CHRISTER
OLDE, BJORN
KOTARSKY, KNUT

<120> REPORTER SYSTEM FOR CELL SURFACE RECEPTOR-LIGAND
BINDING

<130> 07675.0006 SEQUENCE LISTING

<140> Not Yet Assigned
<141> 2001-09-06

<150> 60/230,705
<151> 2000-09-07

<160> 18
<170> PatentIn Ver. 2.0

<210> 1

<211> 33

<212> DNA

<213> CYTOMEGALOVIRUS

<400> 1
gcagatcttc atgagtcaga caggcgtgta cgg 33

<210> 2

<211> 20

<212> DNA

<213> CYTOMEGALOVIRUS

<400> 2
aggaagcttc ggtcccggtg 20

<210> 3

<211> 30

<212> DNA —
<213> Homo sapiens

<400> 3
tcgagctcca tgagtcagac actcattcat 30

<210> 4
<211> 27
<212> DNA
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<213> Homo sapiens

<400> 4
acataagctt ggcggttagg caaagcc 27

<210> 5

<211> 35

<212> DNA

<213> Homo sapiens

<400> 5
atgagtcaga gctcaatgag tcagatgagt cagct 35

<210> 6

<211> 35

<212> DNA

<213> Homo sapiens

<400> 6
gactcatctg actcattgag ctctgactca tggcet 35

<210> 7

<211> 37

<212> DNA

<213> Homo sapiens

<400> 7
cttgacgtca agcatgagtc agacagagct cgtagcc ’ 37

<210> 8

<211> 37

<212> DNA

<213> Homo sapiens

<400> 8
acgagctctg tctgactcat gcttgacgtc aagggcec 37

<210> 9

<211> 24

<212> DNA —

<213> Aequorea victoria

<400> 9
tccaagctte gccaccatgg tgag 24

<210> 10
<211> 32
<212> DNA
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<213> Aequorea victoria

<400> 10

gcgccatggt catgaacttg tacagctcgt cc

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

11
7788
DNA

<220>
223>

pcFUSII PLASMID

<400> 11

gacggatcgg
cagcaggcag
ccecaggcetce
tagtcccgece
cgctccateg
aaaaacctcc
aacttgttta
aataaagcat
tatcatgtct
gcecttettg
accttteggt
ttgactggcg
aacaacggcg
gaagatgttg
tttgtactta
gtaagctatg
cggattgttt
attaacgccce
aactttaccg
agtctcagtg
ttcceegact
atcgtatttg
cgcactttga
cattaagacg
gtgatggaat
aggatctctg
aggcagacca
ggactctggce
gtacatcgac
gattgggagce
cacggtaggce
cgegggcegcea
agagttttca

gacgctgtgg
aagtatgcaa
cccagcaggce
cctaactceg
ttcagatcct
cacacctcce
ttgcagctta
ttttttcact
gctcgaagcg
gcctttatga
acttcgtcca
acgtaatcca
gcgggaagtt
gggtgttgga
atcagagact
tctccagaat
acataaccgg
agcgttttee
accgegcececg
agcccatatc
tccttagaga
tcaatcagag
atcttgtaat
actcgaaatc
ggaacaacac
gcatgcgaga

gtagatccag

acaaaatcgt
tgaaatccct
tttttttgea
tgcgaaatgce
actgcaactc
ctgcatacga

Artificial Sequence

aatgtgtgtc
agcatgcatc
agaagtatge
cccatccege
tatcgatttt
cctgaacctg
taatggttac
gcattctagt
gccggcecgec
ggatctctct
caaacacaac
cgatctcttt
caccggcgtc
gcaagatgga
tcaggcggtc
gtagccatcc
acataatcat
cggtatccag
gtttatcatc
cttgcctgat
ggggagcgcece
tgcttttgge
cctgaaggct
cacatatcaa
ttaaaatcgc
atctcacgca
aggagttcat
attcattaaa
ggtaatccgt
cgttcaaaat
ccatactgtt
cgataaataa
cgattctgtg

3

Description of Artificial Sequence:

agttagggtg
tcaattagte
aaagcatgca
ccctaactcee
accacatttg
aaacataaaa
aaataaagca
tgtggtttgt
ccgactctag
gatttttctt
tccteegege
ttcegtceatc
atcgtcggga
ttccaattca
aacgatgaag
atccttgtca
aggacctcte
atccacaacc
cccectegggt
acctggcaga
accagaagca
gaagaaggag
cctcagaaac
atatccgagt
agtatccgga
ggcagttcta
gatcagtgca
accgggaggt
tttagaatcc
tttttgcaac
gagcaattca
cgcgcccaac
atttgtattc

SEQUENCE OF

tggaaagtcc
agcaaccagg
tctcaattag
gcecagttcee
tagaggtttt
tgaatgcaat
atagcatcac
ccaaactcat
aattacacgg
gcgtcgagtt
aactttttcg
gtctttccgt
agacctgcga
gcgggageca
aagtgttcgt
atcaaggcgt
acacacagtt
ttcgcttcaa
gtaatcagaa
tggaacctct
atttcgtgta
aatagggttg
agctcttett
gtagtaaaca
atgatttgat
tgaggcagag
attgtcttgt
agatgagatg
atgataataa
ccctttttgg
cgttcattat
accggcataa
agcccatatc

PCT/IB01/01938

ccaggctccce
tgtggaaagt
tcagcaacca
gcccattcte
acttgcttta
tgttgttgtt
aaatttcaca
caatgtatct
cgatctttce
ttccggtaag
cggttgttac
gctccaaaac
cacctgegtc
cctgatagec
cttcgtccca
tggtcgcette
cgcctctttg
aaaatggaac
tagctgatgt
tggcaaccge
aattagataa
gcaccagcag
caaatctata
ttccaaaacc
tgccaaaaat
cgacaccttt
ccctatcgaa
tgacgaacgt
ttttttggat
aaacgaacac
aaatgtcgtt
agaattgaag
gtttcatagce

32

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
1680
1740
1800
1860
1920
1980
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ttctgccaac
tgcatctgta
ttgctctcca
tttggcgtct
ggcggtcacg
ggcggactgg
ggtgttctge
cttgaagttc
gttgtagttg
cttcagctcg
gtagttgccg
ggacttgaag
gtaggtcagg
gaacttcagg
cttgtggecg
ctecectegece
cceggtgtcet
cactaaacga
atctcgagec
catggctacg
agtcagacag
accgagcteg
acactggcgg
ctagagctcg
cctcceeegt
atgaggaaat
ggcaggacag
gctctatgge
cctgtagcgg
ttgccagege
ccggcetttee
tacggcacct
cctgatagac
tgttccaaac
ttttggggat
attaattctg
gcagaagtat
gctcecccage
cgcccectaac
atggctgact
tccagaagta
cttgtatatc
aacaagatgg
actgggcaca
ggcgeceggt
aggcagcgeg
ttgtcactga
tgtcatctca

cgaacggaca
aaagcaattg
gcggttccat
tccatggtea
aactccagca
gtgctcaggt
tggtagtggt
accttgatgce
tactccagcet
atgcggttca
tcgtecttga
aagtcgtgcet
gtggtcacga
gtcagcttge
tttacgtcge
ttgctcacca
tctatggagg
gctctgcetta
cgggctagca
agctctgtct
agctcgtagce
gatccactag
ccgctegage
ctgatcagcce
gccttecttg
tgcétcgcat
caagggggag
ttctgaggeg
cgcattaagce
cctagegecce
ccgtcaagcet
cgaccccaaa
ggtttttcge
tggaacaaca
ttcggectat
tggaatgtgt
gcaaagcatg
aggcagaagt
teccgececatce
aatttttttt
gtgaggaggc
cattttcgga
attgcacgca
acagacaatc
tetttttgte
gctatcgtgg
agcgggaagg
ccttgctect

tttcgaagta
ttccaggaac
cttccagcgg
tgaacttgta
ggaccatgtg
agtggttgtce
cggcgagcetg
cgttcttcetg
tgtgccccag
ccagggtgte
agaagatggt
gcttcatgtg
gggtgggcca
cgtaggtggce
cgtccagctce
tggtggcttt
tcagacagég
tataggcctc
cgcgtaagag
gactcatgct
catgagtcag
taacggccgce
atgcatctag
tcgactgtgce
accctggaag
tgtctgagta
gattgggaag
gaaagaacca
gcggegggtg
gctecttteg
ctaaatcggg
aaacttgatt
cctttgacgt
ctcaacccta
tggttaaaaa
gtcagttagg
catctcaatt
atgcaaagca
ccgeccectaa
atttatgcag
ttttttggag
tctgatcaag
ggttctccgg
ggctgctcetg
aagaccgacc
ctggccacga
gactggctge
gccgagaaag

ctcagcgtaa
cagggcgtat
atagaatggc
cagctcgtcc
atcgegettce
gggcagcagce
cacgctgccg
cttgtcggec
gatgttgccg
gccctcgaac
gcgctectgg
gtcggggtag

gggcacgggce
atcgcecteg

gaccaggatg
accaacagta
tggatggcgt
ccaccgtaca
ctgactcatc
tgacgtcaag
agctcaatga
cagtgtgctg
agggccctat
cttctagttg
gtgccactcc
ggtgtcattc
acaatagcag
gctggggcte
tggtggttac
ctttcttece
gcatcccttt
agggtgatgg
tggagtccac
tcteggtcta
atgagctgat
gtgtggaaag
agtcagcaac
tgcatctcaa
ctcegcecceag
aggccgaggce
gcctaggett
agacaggatg
ccgcttgggt
atgccgcecegt
tgtccggtge
cgggecgttcce
tattgggcga
tatccatcat

gtgatgtcca
ctcttcatag
gccgggectt
atgccgagag
tegttggggt
acggggcegt
tcctcgatgt
atgatataga
tcctecttga
ttcacctegg
acgtagcctt
cggctgaage
agcttgecgg
ccctecgeegg
ggcaccaccce
ccggaatgece
ctccaggcga
cgcctgtcectg
tgactcattg
ggcccttgac
gtcagatgag
gaattctgca
tctatagtgt
ccagccatct
cactgtcctt
tattctgggg
gcatgctggg
tagggggtat
gcgcagegtg
ttcctttcte
agggttccga
ttcacgtagt
gttctttaat
ttcttttgat
ttaacaaaaa
tceccagget
caggtgtgga
ttagtcagca
ttccgececat
cgcctetgec
ttgcaaaaag
aggatcgttt
ggagaggcta
gttccggetg
cctgaatgaa
ttgcgcagcet
agtgccgggg
ggctgatgca
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cctcgatatg
ccttatgcag
tctttatgtt
tgatcccggce
ctttgctcag
cgecgatggg
tgtggcggat
cgttgtggcet
agtcgatgcc
cgcgggtett
cgggcatgge
actgcacgcc
tggtgcagat
acacgctgaa
cggtgaacag
aagcttcggt
tctgacggtt
actcatgaag
agctctgact
gtcaagcatg
tcagctcggt
gatatccatc
cacctaaatg
gttgtttgce
tcctaataaa
ggtggggtgg
gatgcggtgg
cccecacgcege
accgctacac
gccacgttcg
tttagtgett
gggccatcge
agtggactct
ttataaggga
tttaacgcga
ccccaggcag
aagtccccag
accatagtcc
tctecegecce
tctgagctat
ctcecegggag
cgcatgattg
ttcggctatg
tcagcgcagg
ctgcaggacg
gtgctcgacg
caggatctcc
atgcggecggc

2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060

3120

3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
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tgcatacgct
gagcacgtac
aggggctcge
atctcgtcgt
tttctggatt
tggctacccg
tttacggtat
tcttctgage
acgagattte
ggacgccgge
caacttgttt
aaataaagca
ttatcatgtc
gtttcectgtg
aaagtgtaaa
actgcceggt
cgcggggaga
gcgcectcggtce
atccacagaa
caggaaccgt
gcatcacaaa
ccaggcgttt
cggatacctg
taggtatctc
cgttcagecce
acacgactta
aggcggtgct
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tcgttcatcec
accatctggce
atcagcaata
cgccteecate
tagtttgege
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcecttt
gcgaccgagt
ttaaaagtgc
ctgttgagat
actttcacca
ataagggcga
atttatcagg

tgatccggct
tcggatggaa
gccagccgaa
gacccatgge
catcgactgt
tgatattgct
cgcecgetcec
gggactctgg
gattccaccg
tggatgatcc
attgcagctt
tttttttcac
tgtataccgt
tgaaattgtt
gcctggggtyg
ttccagtcgg
ggcggtttge
gttcggctge
tcaggggata
aaaaaggccg
aatcgacgcet
cccectggaa
tccgecttte
agttcggtgt
gaccgctgeg
tcgecactgg
acagagttct
tgcgctctge
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgcetg
aaccagccag
cagtctatta
aacgttgttg
ttcagcteccg
geggttagcet
ctcatggtta
tctgtgactg
tgctcttgee
tcatcattgg
ccagttcgat
gcgtttctgg
cacggaaatg
gttattgtct

acctgcccat
gccggtettg
ctgttcgceca
gatgcctgcect
ggceggcetgg
gaagagcttg
gattcgcage
ggttcgaaat
ccgecttcta
tccagecgegg
ataatggtta
tgcattctag
cgacctctag
atccgetcac
cctaatgagt
gaaacctgte
gtattgggcg
ggcgageggt
acgcaggaaa
cgttgctggc
caagtcagag
gctcectegt
tcecectteggg
aggtcgttcg
ccttatccgg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactccccgt
caatgatacc
ccggaagggce
attgttgccg
ccattgctac
gttcccaacg
cctteggtce
tggcagcact
gtgagtactc
ggcgtcaata
aaaacgttcet
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga

tcgaccacca
tcgatcagga
ggctcaaggc
tgccgaatat
gtgtggcgga
gcggcgaatg
gcatcgectt
gaccgaccaa
tgaaaggttg
ggatctcatg
caaataaagc
ttgtggtttg
ctagagcttg
aattccacac
gagctaactc
gtgccagctg
ctctteceget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gcgctctect
aagcgtggceg
ctccaagctg
taactatcgt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcatcgtg

atcaaggcga

tcecgatcgtt
gcataattct
aaccaagtca
cgggataata
tcggggcgaa
cgtgcaccca
acaggaaggc
atactcttcc
tacatatttg

agcgaaacat
tgatctggac
gcgecatgccce
catggtggaa
ccgctatcag
ggctgaccgc
ctatcgectt
gcgacgccca
ggcttcggaa
ctggagttct
aatagcatca
tccaaactca
gcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcctegetea
tcaaaggcgg
gcaaaaggcc
aggctcegece
ccgacaggac
gtteccgaccce
ctttctcaat
ggctgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagce
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcaccgg
agtggtcctg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
ccgegecaca
aactctcaag
actgatcttce
aaaatgccge
tttttcaata
aatgtattta

PCT/IB01/01938

cgcatcgagce
gaagagcatc
gacggcgagg
aatggccgct
gacatagcgt
ttectcgtge
cttgacgagt
acctgccatc
tegttttecg
tcgcecccacce
caaatttcac
tcaatgtatc
ggtcatagct
ccggaagcat
cgttgegetce
tcggccaacg
ctgactcgcet
taatacggtt
agcaaaaggc
cccctgacga
tataaagata
tgccgcettac
gctcacgcetg
acgaaccccce
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tctgtctatt
gggagggctt
ctccagattt
caactttatc
cgccagttaa
cgtecgtttagg
cccecatgtt
agttggccgce
tgccatcecgt
agtgtatgcg
tagcagaact
gatcttaccg
agcatctttt
aaaaaaggga
ttattgaagc
gaaaaataaa

4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7320
7380
7440
7500
7560
7620
7680
7740
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caaatagggg ttccgcgcac atttccccga aaagtgccac ctgacgte

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

12
7312
DNA

<220>
<223>

Artificial Seguence

pcFUSII-IE PLASMID

<400> 12

gacggatcgg
cagcaggcag
ccccaggcetce
tagtccegece
cgctccatceyg
aaaaacctcc
aacttgttta
aataaagcat
tatcatgtct
gcccttcecttg
acctttcggt
ttgactggcg
aacaacggcg
gaagatgttg
tttgtactta
gtaagctatg
cggattgttt
attaacgccce
caactttacc
tagtctcagt
cttceceegac
aatcgtattt
gcgcactttg
acattaagac
cgtgatggaa
taggatctct
taggcagacc
aggactctgg
tgtacatcga
tgattgggag
ccacggtagg
tcgegggege
gagagttttc
cttctgccaa
gtgcatctgt
gttgctctce

gacgctgtgg
aagtatgcaa
cccagcaggc
ccfaactccg
ttcagatcct
cacacctccc
ttgcagctta
ttttttcact
gctcgaagcg
gectttatga
acttcgtcca
acgtaatcca
gcgggaagtt
gggtgttgga
atcagagact
tctccagaat
acataaccgg
agcgttttecc
gaccgcgcecce
gagcccatat
ttccttagag
gtcaatcaga
aatcttgtaa
gactcgaaat
tggaacaaca
ggcatgcgag
agtagatcca
eacaaaatcg
ctgaaatccc
ctttttttge
ctgcgaaatg
aactgcaact
actgcatacg
ccgaacggac
aaaagcaatt
agcggttcca

aatgtgtgtc
agcatgcatc
agaagtatgc
cccatcecege
tatcgatttt
cctgaacctg
taatggttac
gcattctagt
gceggecgece
ggatctctct
caaacacaac
cgatctettt
caccggcgtce
gcaagatgga
tcaggcggte
gtagccatce
acataatcat
cggtatccag
ggtttatcat
ccttgcctga
aggggagcgce
gtgcttttgg
tcctgaagge
ccacatatca
cttaaaatcg
aatctcacgce
gaggagttca
tattcattaa
tggtaatccg
acgttcaaaa
cccatactgt
ccgataaata
acgattctgt
atttcgaagt
gttccaggaa
tcttcecageg

Description of Artificial Segquence:

agttagggtg
tcaattagtc
aaagcatgca
ccctaactcce
accacatttg
aaacataaaa
aaataaagca
tgtggtttgt
ccgactctag
gatttttctt
tccteegege
ttccgteate
atcgtcggga
ttccaattca
aacgatgaag
atccttgtca
aggacctctc
atccacaacc
cccecteggg
tacctggcag
caccagaagc
cgaagaagga
tcctcagaaa
aatatccgag
cagtatccgg
aggcagttct
tgatcagtgce
aaccgggagg
ttttagaatc
ttttttgcaa
tgagcaattc
acgcgeccaa
gatttgtatt
actcagcgta
ccagggcgta
gatagaatgg

SEQUENCE OF

tggaaagtcc
agcaaccagg
tctcaattag
gcccagttec
tagaggtttt
tgaatgcaat
atagcatcac
ccaaactcat
aattacacgg
gcgtcgagtt
aactttttcg
gtcttteegt
agacctgcga
gcgggagceca
aagtgttcgt
atcaaggcgt
acacacagtt
cttegettea
tgtaatcaga
atggaacctc
aatttcgtgt
gaatagggtt
cagctcttct
tgtagtaaac
aatgatttga
atgaggcaga
aattgtcttg
tagatgagat
catgataata
cccetttttg
acgttcatta
caccggcata
cagcccatat
agtgatgtcc
tctcttcata
cgccgggcect

PCT/IB01/01938

ccaggctcce
tgtggaaagt
tcagcaacca
gcccattcte
acttgcttta
tgttgttgtt
aaatttcaca
caatgtatct
cgatctttce
ttcecggtaag
cggttgttac
gctccaaaac
cacctgcgtce
cctgatagcec
cttcgtcecca
tggtcgcttc
cgectetttg
aaaaatggaa
atagctgatg
ttggcaaccg
aaattagata
ggcaccagca
tcaaatctat
attccaaaac
ttgccaaaaa
gcgacacctt
tcectatega
gtgacgaacg
attttttgga
gaaacgaaca
taaatgtcgt
aagaattgaa
cgtttcatag
acctcgatat
gccttatgcea
ttctttatgt

7788

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
1680
1740
1800
1860
1920
1980
2040
2100
2160
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ttttggegtce
cggcggtcac
gggcggactg
gggtgttctg
tcttgaagtt
tgttgtagtt
ccttcagcetce
tgtagttgecce
cggacttgaa
cgtaggtcag
tgaacttcag
acttgtggcece
gctectegee
tceceggtgte
tcactaaacg
gatctcgagce
tcatggctac
gagtcagaca
gagctcggat
ttgtgatgeg
attatcatta
cccgtaacgg
acttgcagct
tatgcaaata
cgtgttcegt
tecgtatecge
tctaatttga
ttgttategt
gttgcaagtt
tctgecggecg
gagcttgtat
ttgaacaaga
atgactgggce
aggggcgcecce
acgaggcagce
acgttgtcac
tcctgtcatce
ggctgcatac
agcgagcacg
atcaggggct
aggatctcgt
gcttttctgg
cgttggctac
tgctttacgg
agttcttctg
atcacgagat
ccgggacgcece
ccccaacttg

ttccatggtce
gaactccage
ggtgctcagg
ctggtagtygg
caccttgatg
gtactccagce
gatgcggttc
gtcgtccttg
gaagtcgtgce
ggtggtcacg
ggtcagcttg
gtttacgtcg
cttgctcacc
ttctatggag
agctctgcett
ccgggctage
gagctctgtce
gagctcgtag
ccactagtaa
cgcgacattt
aatccttgge
acctcgtact
ctgcatgtgt
aatctcgata
tcaaggacgg
tcaccaaacg
ataaataaac
gttcgccatt
gacactggcg
caggcctcgce
atccattttc
tggattgcac
acaacagaca
ggttcttttt
gcggctatceg
tgaagcggga
tcaccttget
gcttgatccg
tactcggatg
sgcgccagcece
cgtgacccat
attcatcgac
ccgtgatatt
tatcgecget
agcgggacte
ttcgattcca
ggctggatga
tttattgcag

atgaacttgt
aggaccatgt
tagtggttgt
tcggcgaget
ccgttettet
ttgtgcccca
accagggtgt
aagaagatgg
tgcttcatgt
agggtgggcec
ccgtaggtgg
ccgteccagcet
atggtggcett
gtcagacagc
atataggcct
acgcgtaaga
tgactcatgce
ccatgagtca
cggccgeecag
ttgtaggtta
gtagaatttg
tttggcttca
gcgegttace
aaggcgcggce
tgttatcgac
cgtttttgea
gataaccgcg
agggcagtat
gcgacaagat
gactagttta
ggatctgatc
gcaggttctc
atcggctget
gtcaagaccg
tggctggceca
agggactggce
cctgccgaga
gctacctgee
gaagccggtce
gaactgttcg
ggcgatgect
tgtggccgge
gctgaagagc
cccgattege
tggggttcga
ccgecgecett
tecctceageg
cttataatgg

acagctcgtc
gatcgcgett
cgggcagcag
gcacgctgec
gcttgtcggce
ggatgttgcc
cgcecctcgaa
tgcgetectg
ggtcggggta

agggcacggg
catcgcectce

cgaccaggat
taccaacagt
gtggatggcg
cccaccgtac
gctgactcat
ttgacgtcaa
gagctcaatg
tgtgctggaa
ttgataaaat
tcgggtceccat
aaggttttgc
acaaatccca
gcgcgaatgce
ctcagattaa
ttaacattgt
ttggttttag
aaattgacgt
cgtgaacaac
aacccctagg
aagagacagg
cggccgettg
ctgatgccge
acctgtcecgg
cgacgggcgt
tgctattggg
aagtatccat
cattcgacca
ttgtcgatca
ccaggctcaa
gcttgccgaa
tgggtgtgge
ttggcggcga
agcgcategce
aatgaccgac
ctatgaaagg
cggggatctce
ttacaaataa

catgccgaga
ctcgttgggg
cacggggcceg

gtcctcgatg

catgatatag
gtcctecttyg
cttcacctecg
gacgtagcct
gcggctgaag
cagcttgecg
gcectecgecg
gggcaccacc
accggaatgce
tctccaggeg
acgcctgtct
ctgactcatt
gggcccttga
agtcagatga
ttctacgege
gaacggatac
tgteccgtgtg
gcacagacaa
acggcgcagt
agctgatcac
tgtttatcgg
atgtcggegg
agggcataat
tcatgttgga
caagtgaccg
cttttgcaaa
atgaggatcg
ggtggagagg
cgtgttccgg
tgccctgaat
tccttgegea
cgaagtgccg
catggctgat
ccaagcgaaa
ggatgatctg
ggcgcgceatg
tatcatggtg
ggaccgctat
atgggctgac
cttctatcge
caagcgacgc
ttgggctteg
atgctggagt
agcaatagca

PCT/IB01/01938

gtgatccegg
tctttgctca
tcgecgatgg
ttgtggcgga
acgttgtggc
aagtcgatgce
gcgegggtct
tcgggcatgg
cactgcacgc
gtggtgcaga
gacacgctga
ccggtgaaca
caagcttcgg
atctgacggt
gactcatgaa
gagctctgac
cgtcaagcat
gtcagctcge
gtcgatgtct
gttgccecgac
cgctagcatg
aatgtgccac
gtacttgttg
gtacgctcect
ccgactgttt
atgttctata
aaaagaaata
tattgtttca
cggatctaga
aagctccecgg
tttegecatga
ctattcggcet
ctgtcagcge
gaactgcagg
gctgtgctceg
gggcaggatc
gcaatgcggce
catcgcatcg
gacgaagagc
ccecgacggceg
gaaaatggcc
caggacatag
cgcttecteg
cttcttgacg
ccaacctgcece
gaatcgtttt
tcttecgecca
tcacaaattt

2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020

4080

4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
4980
5040
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cacaaataaa
atcttatcat
gctgtttcct
cataaagtgt
ctcactgceccc
acgcgegggg
gctgcgetceg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
cccegtteag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccgge
tacgcgcaga
tcagtggaac
cacctagatc
aacttggtct
atttcgttca
cttaccatct
tttatcagea
atccgectcce
taatagtttg
tggtatggct
gttgtgcaaa
cgcagtgtta
cgtaagatgc
gcggcgaccg
aactttaaaa
accgctgttg
ttttacttte
gggaataagg
aagcatttat
taaacaaata

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

13
27
DNA

<220>
<223>

gcattttttt
gtctgtatac
gtgtgaaatt
aaagcctggg
gctttccagt
agaggcggtt
gtcgttcgge
gaatcagggdg
cgtaaaaagg
aaaaatcgac
tttcceceetg
ctgtccgect
ctcagttcgg
cccgaccegcet
ttatcgccac
gctacagagt
atctgcgcetce
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
gacagttacc
tccatagttg
ggccccagtg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcagct
aaagcggtta
tcactcatgg
ttttctgtga
agttgctctt
gtgctcatca
agatccagtt
accagcgttt
gcgacacgga
cagggttatt
ggggttcege

cactgcattc
cgtcgacctce
gttatccget
gtgcctaatg
cgggaaacct
tgegtattgg
tgcggecgage
ataacgcagg
ccgegttget
gctcaagtca
gaagctccct
ttctcectte
tgtaggtecgt
gcgeccttate
tggcagcagc
tcttgaagtg
tgctgaagcecc
ccgctggtag
ctcaagaaga
gttaagggat
aaaaatgaag
aatgcttaat
cctgactccece
ctgcaatgat
cagccggaag
ttaattgttg
ttgccattge
ccggttececa
gctccttegg
ttatggcagce
ctggtgagta
gcecggegte
ttggaaaacg
cgatgtaacc
ctgggtgagc
aatgttgaat
gtctcatgag
gcacatttcc

Artificial Sequence

tagttgtggt
tagctagagc
cacaattcca
agtgagctaa
gtcgtgccag
gcgctcttce
ggtatcagct
aaagaacatg
ggcgtttttce
gaggtggcga
cgtgegetcet
gggaagcgtg
tcgetcecaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttec
cggtggtttt
tcctttgate
tttggtcatg
ttttaaatca
cagtgaggca
cgtcgtgtag
accgcgagac
ggcecgagcge
ccgggaagcet
tacaggcatc
acgatcaagg
tccteegate
actgcataat
ctcaaccaag
aatacgggat
ttecttegggg
cactcgtgceca
aaaaacagga
actcatactc
cggatacata
ccgaaaagtg

Description of Artificial Sequence:

ttgtccaaac
ttggcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gcttectege
cactcaaagg
tgagcaaaag
cataggctcce
aacccgacag
cctgttecga
gcgctttcte
ctgggctgtg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgca
ttttctacgg
agattatcaa
atctaaagta
cctatctcag
ataactacga
ccacgctcac
agaagtggtc
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctcttactg
tcattctgag
aataccgcegce
cgaaaactct
cccaactgat
aggcaaaatg
ttcettttte
tttgaatgta
ccacctgacg

PRIMER FOR

PCR AMPLIFICATION OF INSECT GENE FOR DGQ-3

PCT/IB01/01938

tcatcaatgt
catggtcata
gagccggaag
ttgcgttgceg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gcccecctga
gactataaag
ccctgecget
aatgctcacg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaaggac
ttggtagctc
agcagcagat
ggtctgacgc
aaaggatctt
tatatgagta
cgatctgtct
tacgggaggg
cggctccaga
ctgcaacttt
gttcgccagt
gctegtegtt
gatccccceat
gtaagttggce
tcatgccate
aatagtgtat
cacatagcag
caaggatctt
cttcagcatc
ccgcaaaaaa
aatattattg
tttagaaaaa
tc

5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
6840
6900
6960
7020
7080
7140
7200
7260
7312
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<400> 13 .
tatgcggccg,cttagcatgg agtgctg

<210> 14

<211> 40

<212> DNA .

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: PRIMER FOR
PCR AMPLIFICATION OF INSECT GENE FOR DGQ-3

<400> 14
ctagatctca gaagaggccg cagtccttaa ggttcgattg

<210> 15

<211> 40

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: PRIMER FOR
PCR AMPLIFICATION OF INSECT GENE FOR DGQ-3

<400> 15
ctagatctca cagcaggttg atctccttaa ggttcgattg

<210> 16

<211> 54

<212> DNA

<213> Artificial Sequence

<220> . :
<223> Description of Artificial Sequence: OLIGO FOR
CONSTRUCTION OF pcFUS2-6xSTAT/NFKB

<400> 16
tttccgggaa attcccttte cgggaaattc cctttcecggg aaattcccgg atce

<210> 17 -

<211> 48

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: OLIGO FOR
CONSTRUCTION OF chUSZ—6xSTAT/NFKB
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<400> 17

gggaatttcc cggaaaggga atttcccggé aagggaattt cccggaaa

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

18
552
DNA

<220>
<223>

Artificial Sequence

SEQUENCE OF pcFUS3

<400> 18

gcggecgceca
gaaattccceg
aaaatctgca
agctgactca
cttgacgtca
agagctcaat
gttataaaag
gaagccaaga
cagctctgcet
aaccgccaag

gtgtgatgga
gatccgggaa
gaattccage
tctgactcat
agggcccttg
gagtcagatg
cagtggctge
ctgagcegge
tcacagcgcce
ct

ttttcecggga
tttcceggaa
acactggcgg
tgagctctga
acgtcaagca
agtcagctce
ggcgcctcegt
ggccgeggeg
cacctgtctc

10

Description of Artificial Sequence:

aattcccttt
agggaatttc
ccgttactag
ctcatggcta
tgagtcagac
atgagtcaga
actccaaccg
cagcgaacga
cgcccetegg

PROMOTER

ccgggaaatt
ccggaaaggg
tggatccgag
cgagctctgt
agagctcgta
cactcattca
catctgcagce
gcagtgaccg
cccctegece

PCT/IB01/01938

ccctttecgg
aatttcccgg
ctcggtaccg
ctgactcatg
gccatgagtc
taaaacgctt
gagcaactga
tgctcctacc
ggctttgect

48

60

120
180
240
300
360
420
480
540
552
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