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HEMIPTERAN OCTOPAMINE RECEPTOR

Field of the Invention

The present invention relates to compositions that are useful in agrochemical,
veterinary or pharmaceutical fields. In particular, the invention relates to nucleotide
sequences that encode polypeptides that are useful in the identification or
development of compounds that affect octopamine receptor activity, indicating that

such compounds may be useful as pesticides or as pharmaceuticals.

Background of the Invention

This application claims the benefit of U.S. Provisional Application No.
60/633472, filed December 6, 2004, which is incorporated herein by reference.

Octopamine, a biogenic monoamine structurally related to noradrenaline, is a
major neurotransmitter, neuromodulator and neurohormone, mediating diverse |
physiological processes in peripheral and central nervous system of invertebrates.
Together with tyramine, octopamine is the only neuroactive non-peptide transmitter
whose physiological role is restricted to invertebrates. Since its discovery in the
salivary glands of Octopus (Erspamer and Boretti, Arch. Int. Pharmacodyn. 88:296-
332, 1951), octopamine has been found in neuronal, as well as in non-neuronal
tissues of most invertebrate species studied. Octopamine acts as a neurotransmitter
for light production in firefly lantern, has excitatory modulatory functions in locust
somatic and visceral muscles, and regulates carbohydrate and fatty acid metabolism
(David and Coulon, Progress in Neurobiology 24:141-185, 1985). The octopamine-
less fruitfly females (tbh) are sterile due to an egg retention phenotype, suggesting
its modulatory role in oviductal muscle contraction (Monastirioti et al, J. Neurosci.
16:3900-3911, 1996). Octopamine is also involved in displaying submissive
postures in lobsters (Livingstone et al, Science 208:76-79, 1980), escape behavior of
crayfish (Glanzman and Krasne, J. Neurosci. 3:2263-2269, 1983), and feeding
behaviors of blowflies (Long et al, Comp. Biochem. & Physiol-C: Comp.
Pharmacol. & Toxicol. 83:201-209, 1986) and honeybees (Braun and Bicker, J.
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Neurophysiol. 67:588-598, 1992). In Drosophila, inactive mutants containing 15%
wild-type levels of octopamine display hypoactivity (O'Dell, Heredity 70:393-399,
1993). Conversely, octopamine application to decapitated flies induces strong
stimulation of locomotion and grooming behavior (Yellman et al, Proc. Natl. Acad.
Sci. USA. 94:4131-4136, 1997). Moreover, crucial roles of octopamine are
implicated in complex behaviors including conditioned courtship and olfactory
learning (O’Dell, Behav. Genet. 24:381-388, 1994; Dudai et al, J. Comp. Physiol. A
161:739-746, 1987). These observations altogether indicate octopamine's diverse
functions in reflex, motivation, motor control and associative learning. Octopamine-
containing neurons are widely spread out in optic lobes, antennal lobes, clusters of
neurons in brain cortex, and thoracic and abdominal ganglia of Drosophila
(Monastirioti et al, J. Comp. Neurol. 356:275-287, 1995.). Biochemical studies
using Drosophila head homogenates reveal high affinity octopamine binding sites
(Dudai and Zvi, Comp. Biochem. Physiol-C: Comp. Pharmacol. & Toxicol. 77:145-
151, 1984) and strong potency of octopamine to stimulate adenylyl cyclase activities
(Uzzan and Dudai, J. Neurochem. 38: 1542-1550, 1982). Indeed, it is suggested that
octopamine modulates almost every physiological process in invertebrates.

Octopamine exerts its physiological actions through the octopamine
receptors. All octopamine receptors belong to the family of G-protein coupled
receptors. Four different types of octopamine receptors can be distinguished using
pharmacological tools. They show different coupling to second messenger systems
including activation and inhibition of adenylyl cyclase, activation of phospholipase
C, and coupling to a chloride channel.

Although octopamine is a principal neuromediator in insects, its receptors
have proven to be difficult to clone. To date, only a few octopamine receptors have
been cloned. Two octopamine receptors, Lym oal (Gerhardt et al, Mol. Pharmacol.
51:293-300, 1997) and Lym oa2 (Gerhardt et al, J. Biol. Chem. 272: 6201-6207,
1997), were cloned from the pond snail Lymnaea. While Lym oa2 is coupled to
chloride channels in HEK cells, Lym o0a2 can stimulate both adenylyl cyclase and

phospholipase C. One octopamine receptor gene, Ap oal, was cloned from sea snail
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Aplysia. It couples selectively and positively to the cAMP/PKA pathway (Chang et
al, Proc. Natl. Acad. Sci. USA 97:1829-1834, 1999). Another octopamine receptor,
Am oal, was cloned from honeybee (Apis mellifera) brain. Nanomolar
concentration of octopamine induced oscillatory increases in the intracellular Ca2+
concentration (Grohman et al, J. Neurochem. 86:725-735, 2003). Still another
octopamine receptor (OAMB) was cloned from Drosophila mushroom bodies.
Human and Drosophila cell lines expressing OAMB showed increased cAMP and
intracellular Ca2+ levels after octopamine application (Han et al, J. Neurosci.
18(10):3650-3658, 1998).

Octopamine receptors are believed to be good targets for highly specific
insecticides as they are not found in vertebrates. The identification and cloning of
the adenyly! cyclase-coupled octopamine receptor from insects offers a tremendous
opportunity to use the cloned receptor to screen for new pesticides. Agonists and/or
antagonists to the receptor can be used to control insects and other pests through
their neurotoxic effects. In addition, novel pesticides developed against this target
would have a low probability of exhibiting toxicity to vertebrate species.

There is a need for identifying and isolating novel octopamine receptors,
including mutants and derivatives of them, to express such proteins in cells, to use
them to identify compounds that modulate their activity and to produce antibodies
that specifically bind to them. There is a need to identify and clone nucleic acid
molecules that encode novel octopamine receptors, including mutants and
derivatives of them and to produce recombinant vectors and host cells that comprise

such nucleic acid molecules.

Summary of the Invention

One embodiment of the invention relates to nucleotide sequences that encode
polypeptides with octopamine receptor activity. In preferred embodiments,
nucleotide sequences encode polypeptides with hemipteran octopamin'e receptor
activity. Such nucleotide sequences may be used to express amino acid sequences

that are useful in the identification or development of compounds that affect
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octopamine receptor activity. Such compounds may be useful as pesticides or as
pharmaceuticals. These nucleotide sequences that encode polypeptides with
octopamine receptor activity, preferably hemipteran octopamine receptor activity,
including mutants and fragments thereof, which will be further described below, will
also be referred to herein as “nucleotide sequences of the invention”. The
polypeptides with octopamine receptor activity, preferably hemipteran octopamine
receptor activity, including mutants and fragments thereof, which will be further
characterized below, will also be described as “proteins of the invention,” “amino
acid sequences of the invention, ” or “polypeptide of the invention”

The present invention further relates to the use of the nucleotide sequences of
the invention, preferably in the form of a suitable genetic construct as described
below, in the transformation of host cells or host organisms, for example for the
expression of the amino acid sequences of the invention and to such genetic
constructs and host cells.

Another aspect of the invention relates to methods for the identification or
development of compounds that can modulate and/or inhibit the biological activity
of the amino acid sequences of the invention, in which one or more of the above
mentioned nucleotide sequences, amino acid sequences, genetic constructs, host
cells or host organisms are used. Such methods, which will usually be in the form of
an assay or screen, will also be further described below.

A further aspect of the invention relates to compounds that can modulate the
biological activity of, or that can otherwise interact with, an amino acid sequence of
the invention, either in vitro or preferably (also) in vivo. The invention also relates
to compositions that contain such compounds, and to the use of such compounds in

the preparation of these compositions and the control of pests.

Brief Description of the Figures

Figure 1 is data showing Octopamine stimulates cAMP production in a dose
dependent manner in HEK-293 cells expressing two isoforms of aphid octopamine

receptors.
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Definitions

Collectively, the nucleic acids of the present invention will be referred to
herein as “nucleic acids of the invention”. Also, where appropriate in the context of
the further description of the invention below, the terms “nucleotide sequence of the
invention” and “nucleic acid of the invention” may be considered essentially
equivalent and essentially interchangeable.

Also, for the purposes of the present invention, a nucleic acid or amino acid
sequence is considered to be “(in) essentially isolated (form)” — for example, from
its native biological source - when it has been separated from at least one other
nucleic acid molecule and/or sequence with which it is usually associated. Similarly,
a protein or polypeptide of the invention is considered to be “(in) essentially isolated
(form)” — for example, from its native biological source - when it has been
effectively separated from other polypeptide molecules with which it is normally
associated. In particular, a nucleic acid or polypeptide of the invention is considered
“essentially isolated” when it has been purified at least 2-fold, in particular at least

10-fold, more in particular at least 100-fold, and up to 1000-fold or more.

Detailed Description of the Invention

The present invention was established from the finding that the amino acid
sequences of the invention can be used as “target(s)” in assays to identify chemical
compounds and other factors (with the term “farget” having its usual meaning in the
art, provide for example the definition given in WO 98/06737) which interact with
them in vitro or in vivo. Consequently, compounds or factors that have been
identified as interacting with the amino acid sequences of the invention (e.g. by the
methods as described herein below) may be useful as active agents in the
agrochemical, veterinary or pharmaceutical fields.

In one embodiment, a novel octopamine receptor was cloned for cotton aphid
named CA oal. This receptor is coupled to the cAMP pathway. When expressed in

HEK293 cells, it causes increase in the cAMP concentration upon application of
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utilized to screen for novel pesticides.

One embodiment provides a nucleic acid, preferably in essentially isolated
form, which nucleic acid comprises a nucleotide sequence of the invention, and in
particular the nucleotide sequence of SEQ ID NO: 1 AND SEQ ID NO: 3, and
mutants and fragments thereof. The nucleotide sequence of SEQ ID NO: 1 or SEQ
ID NO: 3, preferably SEQ NO: 1 was derived or isolated from the Aphis gossypii
organism, in the manner as further described in the Examples below. The present
invention also relates to polypeptides of the invention, and in particular those
comprising SEQ ID NO: 2 or SEQ ID NO: 4, and mutants and fragments thereof.
SEQ ID NO: 1 encodes SEQ ID NO: 2, and SEQ ID NO: 3 encodes SEQ ID NO: 4.

Generally, the nucleotide sequences of the invention, when in the form of a
nucleic acid, may be DNA or RNA, and may be single stranded or double stranded.
For example, the nucleotide sequences of the invention may be genomic DNA,
cDNA or synthetic DNA (such as DNA with a codon usage that has been
specifically adapted for expression in the intended host cell or host organism, which
may for instance be designed using suitable computer programs such as the
BackTranslate analysis tool in Vector NTI (InforMax, Inc., Bethesda, MD). Thus,
the nucleotide sequences of the invention may contain intron sequences, and also
generally comprises different splice variants.

Yet another embodiment relates to a double stranded RNA molecule directed
against a nucleotide sequence of the invention (one strand of which will usually
comprise at least part of a nucleotide sequence of the invention). Such double
stranded RNA molecules have particular utility in RNA interference studies of gene
function (Zamore et al, Cell 101:25-33 (2000)). The invention also relates to genetic
constructs that can be used to provide such double stranded RNA molecules (e.g. by
suitable expression in a host cell or host organism, or for example in a bacterial
strain such as E.coli). For such constructs, reference is made to Maniatis et al.,

Molecular Cloning, a Laboratory Manual (Cold Spring Harbor Press, 1989).
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In a broader sense, the term “nucleotide sequence of the invention” also

comprises:

parts or fragments of the nucleotide sequence of SEQ 1D NO: 1 or SEQ ID NO:
3, preferably SEQ ID NO: 1;

(natural or synthetic) mutants, variants, alleles, analogs, orthologs (herein below
collectively referred to as “mutants”) of the nucleotide sequence of SEQ ID
NO: 1 or SEQ ID NO: 3, as further described below as further described below
as well as any nucleotide sequence that encodes a polypeptide that comprises
the amino acid sequence of SEQ ID NO: 2, or SEQID NO:4 and fragments
thereof and DNA sequences that detectably hybridize to such DNA sequences
or their complementary strands under conditions of moderate or high
stringency; .

parts or fragments of such (natural or synthetic) mutants;

nucleotide fusions of the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO:
3 (or a part or fragment thereof) with at least one further nucleotide sequence;
nucleotide fusions of (natural or synthetic) mutants (or a part or fragment

thereof) with at least one further nucleotide sequence;

in which such mutants, parts, fragments or fusions are preferably as further

described below. The invention also comprises different splice variants of the above

nucleotide sequences.

In some embodiments, the nucleotide sequence of the invention is a fragment

of a nucleic acid molecule that encodes an octopamine receptor. Preferably, a

nucleotide sequence of the invention will have a length of at least 500 nucleotides,

preferably at least 1,000 nucleotides, more preferably at least 1,200 nucleotides; and

up to a length of at most 3,500 nucleotides, preferably at most 3,000 nucleotides,

more preferably at most, 2,240 nucleotides. Examples of parts or fragments of the
nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3, preferably SEQ ID NO: 1

or a part or fragment of a (natural or synthetic) mutant thereof include, but are not

limited to, 5’ or 3’ truncated nucleotide sequences, or sequences with an introduced

in frame start codon or stop codon. Also, two or more such parts or fragments of
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ligated in frame) to provide a further nucleotide sequence of the invention.

In some embodiments, such parts or fragments comprise at least one
continuous stretch of at least 100 nucleotides, preferably at least 250 nucleotides,
more preferably at least 500 nucleotides, even more preferably more than 1,000
nucleotides, of the nucleotide sequence of SEQ ID NO: 1 or SEQID NO: 3,
preferably SEQ ID NO: 1.

Also, it is expected that - based upon the disclosure herein - the skilled
person will be able to identify, derive or isolate natural “mutants” (as mentioned
above) of the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3, preferably
SEQ ID NO: 1, from (other individuals of) the same species (for example from an
individual of a different strain or line, including but not limited to mutant strains or
lines). It is also expected that - based upon the disclosure herein - the skilled person
will be able to provide or derive synthetic mutants (as defined hereinabove) of the
nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3, preferably SEQ ID NO: 1.
It is also expected that - based upon the disclosure herein - the skilled person will be
able to provide or derive polypeptide having polypeptide sequences of SEQ ID NO:
2 by means of protein expression.

" Inone specific embodiment, the mutant is such that it encodes the nucleotide
sequence of SEQ ID NO: 1 or a part or fragment thereof. In another specific
embodiment, the mutant is such that it encodes the nucleotide sequence of SEQ ID
NO: 3 or a part or fragment thereof

Preferably, any mutants as described herein will have one or more, and
preferably all, of the structural characteristics or conserved features referred to
below for the nucleotide sequences of SEQ ID NO: 1 and SEQ ID NO: 3.

In particular, any mutants, parts or fragments as described herein may be
such that they at least encode the active or catalytic site of the corresponding amino
acid sequence of the invention and a binding domain of the corresponding amino

acid sequence of the invention.
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Also, any mutants, parts or fragments as described herein will preferably
have a degree of “sequence identity”, at the nucleotide level, with the nucleotide
sequence of SEQ ID NO: 1 or SEQ ID NO: 3, preferably SEQ ID NO: 1, of at least
75%, preferably at least 80%, more preferably at least 85%, and in particular more
than 90%, and up to 95% or more.

Also, preferably, any mutants, parts or fragments of the nucleotide sequence
of the invention will be such that they encode an amino acid sequence which has a
degree of “sequence identity”, at the amino acid level, with the amino acid sequence
of SEQ ID NO: 2 or SEQ ID NO: 4, preferably SEQ ID NO: 2, of at least 55%,
preferably at least 60%, more preferably at least 70%, even more preferably at least
80%, and in particular more than 90% and up to 95% or more, in which the
percentage of “sequence identity” is calculated as described below.

For this purpose, the percentage of “sequence identity” between a given
nucleotide sequence and the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO:
3 may be calculated by dividing the number of nucleotides in the given nucleotide
sequence that are identical to the nucleotide at the ‘conesponding position in the
nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3 by the total number of
nucleotides in the given‘ nucleotide sequence and multiplying by 100%, in which
each deletion, insertion, substitution or addition of a nucleotide - compared to the
sequence of SEQ ID NO: 1 or SEQ ID NO: 3 - is considered as a difference at a
single nucleotide position.

The preferred computer program for performing global sequence alignments
and determining sequence identity is Clustal W (Higgins et al., Nucleic Acids
Research 22:4673-4680,1994), which is publicly available for a variety of computer
platforms. Preferably the parameters used with the ClustalW program for protein
sequence alignments are ktuple = 1, diagonals = 5, windows = 5, gap = 3, score =
PERCENTAGE, matrix = BLOSUM, open penalty = 10.0 and extension penalty =
0.05.

Also, in a preferred aspect, any mutants, parts or fragments as described

herein will encode proteins or polypeptides having biological activity that is
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essentially similar to the biological activity described above for the sequences of
SEQID NO: 1 and SEQ ID NO: 3, preferably SEQ ID NO: 1, i.e. to a degree of at
least 55%, preferably at least 75%, and up to 90%, as measured by standard assay
techniques as described below.

Any mutants, parts or fragments as described herein are preferably such that
they are capable of hybridizing with the nucleotide sequence of SEQ ID NO: 1 or
SEQ ID NO: 3, preferably SEQ ID NO: 1, i.e. under conditions of “moderate
stringency”, and preferably under conditions of “high stringency”. Such conditions
will be clear to the skilled person, for example from the standard handbooks, such as
Sambrook et al. and Ausubel et al., mentioned above, as well as in EP 0 967 284, EP
1 085 089 or WO 00/55318.

It is also within the scope of the invention to use a fusion of a nucleotide
sequence of the invention (as described above) with one or more further nucleotide
sequence(s), including but not limited to one or more coding sequences, non-coding
sequences or regulatory sequences. Preferably, in such fusions, the one or more
further nucleotide sequences are operably connected (as described below) to the
nucleotide sequence of the invention (for example so that, when the further
nucleotide sequence is a coding sequence, the nucleotide fusion encodes a protein
fusion as described below).

In another embodiment, the invention relates to an antisense molecule
against a nucleotide sequence of the invention.

A nucleic acid, preferably in essentially isolated form, can be used to express
an amino acid‘sequence of the invention, for example, the amino acid sequence of
SEQ ID NO: 2 or SEQ ID NO: 4. .

On the basis of the above, and although the invention is not specifically
limited to any specific explanation or mechanism, the nucleotide sequences of some
embodiments of the invention encode proteins that have biological activity or ligand
binding properties of octopamine receptor from insects of the order Hemiptera
which include aphids, leathoppers, whiteflies, scales and true bugs that have

mouthparts adapted to piercing and sucking.

-10 -
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The nucleic acids of the invention may also be in the form of a genetic
construct, again as further described below. Genetic constructs of the invention will
generally comprise at least one nucleotide sequence of the invention, optionally
linked to one or more elements of genetic constructs known per se, as described
below. Such genetic constructs may be DNA or RNA, and are preferably double-
stranded DNA. The constructs may also be in a form suitable for transformation of
the intended host cell or host organism, in a form suitable for integration into the
genomic DNA of the intended host cell or in a form suitable independent replication,
maintenance and inheritance in the intended host organism. For instance, the
genetic construct may be in the form of a vector, such as for example a plasmid,
cosmid, a yeast artificial chromosome (“YAC?”), a viral vector or transposon. In
particular, the vector may be an expression vector, i.e. a vector that can provide for
expression in vitro or in vivo (e.g. in a suitable host cell or host organism as
described below). An expression vector comprising a nucleotide sequence of the
invention is also referred to herein as a recombinant expression vector. These
constructs will also be referred to herein as “genetic constructs of the invention”.

In a preferred embodiment, such a construct a recombinant expression vector
which will comprise:

a) the nucleotide sequence of the invention; operably connected to:

b) one or more regulatory elements, such as a promoter and optionally a suitable
terminator;

and optionally also:

c) one or more further elements of genetic constructs known per se; in which the

terms “regulatory element”, “promoter”, “terminator”, “further elements” and

“operably connected’ have the meanings indicated herein below.

As the one or mor.e “further elements” referred to above, the genetic
construct(s) of the invention may generally contain one or more suitable regulatory
elements (such as a suitable promoter(s), enhancer(s), or terminator(s)), 3’- or 5°-
untranslated region(s) (‘UTR”) sequences, leader sequences, selection markers,

expression markers or reporter genes, or elements that may facilitate or increase (the

-11 -
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efficiency of) transformation or integration. These and other suitable elements for
such genetic constructs will be clear to the skilled person, and may for instance
depend upon the type of construct used, the intended host cell or host organism; the
manner in which the nucleotide sequences of the invention of interest are to be
expressed (e.g. via constitutive, transient or inducible expression); and the
transformation technique to be used.

Preferably, in the genetic constructs of the invention, the one or more further
elements are “operably linked” to the nucleotide sequence(s) of the invention or to
each other, by which is generally meant that they are in a functional relationship
with each other. For instance, a promoter is considered “operably linked” to a
coding sequence if said promoter is able to initiate or otherwise control or regulate
the transcription or the expression of a coding sequence (in which said coding
sequence should be understood as being “under the control of” said promoter)

Generally, when two nucleotide sequences are operably linked, they will be
in the same orientation and usually also in the same reading frame. They will
usually also be essentially contiguous, although this may also not be required.

Preferably, the optional further elements of the genetic construct(s) used in
the invention are such that they are capable of providing their intended biological
function in the intended host cell or host organism.

For instance, a promoter, enhancer or terminator should be “operable” in the
intended host cell or host organism, by which is meant that (for example) said
promoter should be capable of initiating or otherwise controlling or regulating the
transcription or the expression of a nucleotide sequence - €.g. a coding sequence - to
which it is operably linked (as defined above).

Such a promoter may be a constitutive promoter or an inducible promoter,
and may also be such that it (only) provides for expression in a specific stage of
development of the host cell or host organism, or such that it (only) provides for
expression in a specific cell, tissue, organ or part of a multicellular host organism.

Some particularly preferred promoters include, but are not limited to,

constitutive promoters, such as cytomegalovirus (“CMV?”), Rous sarcoma virus

-12-
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(“RSV?”), simian virus-40 (“SV40”), for example, pSVL SV40 Late Promoter
Expression Vector (Pharmacia Biotech Inc., Piscataway, NJ), or herpes simplex
virus (“HSV?) for expression in mammalian cells or insect constitutive promoters
such as the immediate early baculovirus promoter described by Jarvis et al.
(Methods in Molecular BiologyVol. 39 Baculovirus Expression Protocols, ed. C.
Richardson., Hamana Press Inc., Totowa, NJ (1995)) available in pIE vectors from
Novagen (Novagen, Inc. Madison, WI) or insect inducible promoters such as the
Drosophila metallothionein promoter described by Bunch et al. (Nucleic Acids
Research, Vol. 6, No. 3 1043-106, (1988)) available in vectors from Invitrogen
(Invitrogen Corporation, Carlsbad, CA).

A selection marker should be such that it allows - i.e. under appropriate
selection conditions - host cells or host organisms that have been (successfully)
transformed with the nucleotide sequence of the invention to be distinguished from
host cells or organisms that have not been (successfully) transformed. Some
preferred, but non-limiting examples of such markers are genes that provide
resistance against antibiotics (such as geneticin or G-418 (GIBCO- BRL, Grand
Island, NY), kanamycin or ampicillin), genes that provide for temperature
resistance, or genes that allow the host cell or host organism to be maintained in the
absence of certain factors, compounds or (food) components in the medium that are
essential for survival of the non-transformed cells or organisms.

A leader sequence should be such that - in the intended host cell or host
organism - it allows for the desired post-translational modifications or such that it
directs the transcribed mRNA to a desired part or organelle of a cell such as a signal
peptide. A leader sequence may also allow for secretion of the expression product
from said cell. As such, the leader sequence may be any pro-, pre-, or prepro-
sequence operable in the host cell or host organism, including, but not limited to,
picornavirus leaders, potyvirus leaders, a human immunoglobulin heavy-chain
binding protein (“BiP”), a tobacco mosaic virus leader (“TMV”), and a maize

chlorotic mottle virus leader (“MCMV?).
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An expression marker or reporter gene should be such that - in the host cell
or host organism - it allows for detection of the expression of (a gene or nucleotide
sequence present on) the genetic construct. An expression marker may optionally
also allow for the localization of the expressed product, e.g. in a specific part or
organelle of a cell or in (a) specific cell(s), tissue(s), organ(s) or part(s) of a
multicellular organism. Such reporter genes may also be expressed as a protein
fusion with the amino acid sequence of the invention. Some preferred, but non-
limiting examples include fluorescent proteins, such as GFP, antibody recognition
proteins, for example, V5 epitope or poly Histidine available in vectors and
antibodies supplied by Invitrogen, or purification affinity handles such as
polyhistidine which allows for purification on nickel columns or dihydrofolate
reductase which allows for purification on methotrexate column, or markers which
allow for selection of cells expressing the gene such as the E. coli beta-galactosidase
gene.

For some non-limiting examples of the promoters, selection markers, leader
sequences, expression markers and further elements that may be present or used in
the genetic constructs of the invention - such as terminators, transcriptional or
translational enhancers or integration factors - reference is made to the general
handbooks such as Sambrook et al. and Ausubel et al. mentioned above, to W.B.
Wood et al., “The nematode Caenorhabditis elegans”, Cold Spring Harbor
Laboratory Press (1988) and D.L. Riddle et al., “C. ELEGANS I, Cold Spring
Harbor Laboratory Press (1997), as well as to the examples that are given in WO
95/07463, WO 96/23810, WO 95/07463, WO 95/21191, WO 97/11094, WO
97/42320, WO 98/06737, WO 98/21355, U.S. Patent 6,207,410, U.S. Patent
5,693,492 and EP 1 085 089. Other examples will be clear to the skilled person.

Another embodiment of the invention relates to a host cell or host organism
that has been transformed or contains with a nucleotide sequence, with a nucleic
acid or with a genetic construct of the invention. The invention also relates to a host
cell or host organism that expresses, or (at least) is capable of expressing (e.g. under

suitable conditions), an amino acid sequence of the invention. Collectively, such
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host cells or host organisms will also be referred to herein as “host cells or host
organisms of the invention”.
The host cell may be any suitable (fungal, prokaryotic or eukaryotic) cell or

cell line, for example:

a bacterial strain, including but not limited to strains of E. coli, Bacillus,

Streptomyces or Pseudomonas;

- afungal cell, including but not limited to cells from species of Aspergillus or
Trichoderma;

- ayeast cell, including but not limited to cells from species of Kluyveromyces or
Saccharomyces;

- an amphibian cell or cell line, such as Xenopus oocytes.

In one specific embodiment, which may particularly useful when the
nucleotide sequences of the invention are (to be) used in the discovery and
development of insecticidal compounds, the host cell may be an insect-derived cell
or cell line, such as:

- cells or cell lines derived from Hemipteran, including, but not limited to,
Spodoptera SF9 and Sf21 cells and cells or cell lines derived from Aphis;

- cells or cell lines derived from Drosophila, such as Schneider and Kc cells; and

- cells or cell lines derived from a pest species of interest (as mentioned below),
such as from Aphis gossypii.

The host cell may also be a mammalian cell or cell line, including but not
limited to CHO- and BHK-cells and human cells or cell lines such as HEK, HeLa
and COS.

The host organism may be any suitable multicellular (vertebrate or
invertebrate) organism, including but not limited to:

- anematode, including but not limited to nematodes from the genus
Caenorhabditis, such as C. elegans,

- aninsect, including but not limited to species of Aphis, Drosophila, Heliothis,

or a specific pest species of interest (such as those mentioned above);

- other well known model organisms, such as zebrafish;
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Other suitable host cells or host organisms will be clear to the skilled person,
for example from the handbooks and patent applications mentioned above.

It should be noted that when a nucleotide sequence of the invention is
expressed in a multicellular organism, it may be expressed throughout the entire
organism, or only in one or more specific cells, tissues, organs or parts thereof, for
example by expression under the control of a promoter that is specific for said
cell(s), tissue(s), organ(s) or part(s).

The nucleotide sequence may also be expressed during only a specific stage
of development or life cycle of the host cell or host organism, again for example by
expression under the control of a promoter that is specific for said stage of
development or life cycle. Also, as already mentioned above, said expression may
be constitutive, transient or inducible.

Preferably, these host cells or host organisms are such that they express, or
are (at least) capable of expressing (e.g. under suitable conditions), an amino acid
sequence of the invention (and in case of a host organism: in at least one cell, part,
tissue or organ thereof). The invention also includes further generations, progeny
and offspring of the host cell or host organism of the invention, which may for
instance be obtained by cell division or by sexual or asexual reproduction. The
amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4, preferably SEQ ID NO: 2,
may be isolated from the species mentioned above, using any technique(s) for
protein isolation and purification known to one skilled in the art. Alternatively, the
amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4, preferably SEQ ID NO: 2,
may be obtained by suitable expression of a suitable nucleotide sequence - such as
the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3 or a suitable mutant
thereof - in an appropriate host cell or host organism, as further described below.

In another aspect, the invention relates to a protein or polypeptide, preferably
in (essentially) isolated form, said protein or polypeptide comprising an amino acid

sequence of the invention (as defined above), in particular the amino acid sequence
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of SEQ ID NO: 2 or SEQ ID NO: 4, more particularly preferred the amino acid

sequence of SEQ ID NO 2.

In a broader sense, the term “amino acid sequence of the invention” also
comprises:

- parts or fragments of the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO:
4;

- (natural or synthetic) mutants, variants, alleles, analogs, orthologs (herein below
collectively referred to as “analogs”) of the amino acid sequence of SEQ ID
NO: 2 or SEQ ID NO: 4;

- parts or fragments of such analogs;

- fusions of the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4 (or a
part or fragment thereof) with at least one further amino acid residue or
sequence;

- fusions of the amino acid sequence of an analog (or a part or fragment thereof)
with at least one further amino acid residue or sequence;

in which such mutants, parts, fragments or fusions are preferably as further

described below.

The term “amino acid sequence of the invention” also comprises “immature”
forms of the above-mentioned amino acid sequences, such as a pre-, pro- or prepro-
forms or fusions with suitable leader sequences. Also, the amino acid sequences of
the invention may have been subjected to post-translational processing or be suitably
glycosylated, depending upon the host cell or host organism used to express or
produce said amino acid sequence; or may be otherwise modified (e.g. by chemical
techniques known per se in the art).

Examples of parts or fragments of the amino acid sequence of SEQ 1D NO: 2
or SEQ ID NO: 4, or a part or fragment of a (natural or synthetic) analog thereof
mutant thereof include, but are not limited to, N- and C- truncated amino acid
sequence. Also, two or more parts or fragments of one or more amino acid
sequences of the invention may be suitably combined to provide an amino acid

sequence of the invention.
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Preferably, an amino acid sequence of the invention has a length of at least
100 amino acids, preferably at least 250 amino acids, more preferably at least 300
amino acids; and up to a length of at most 1,000 amino acids, preferably at most 750
amino acids, more preferably at most 600 amino acids.

Preferably, any such parts or fragments will be such that they comprise at
least one continuous stretch of at least 5 amino acids, preferably at least 10 amino
acids, more preferably at least 20 amino acids, even more preferably more than 30
amino acids, of the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4.

In particular, any parts or fragments as described herein are such that they (at
least) comprise the active or catalytic site of the corresponding amino acid sequence
of the invention or a binding domain of the corresponding amino acid sequence of
the invention. As will be clear to the skilled person, such parts or fragments may
find particular use in assay- and screening techniques (as generally described below)
and (when said part or fragment is provided in crystalline form) in X-ray
crystallography.

Also, it is expected that - based upon the disclosure herein - the skilled
person will be able to identify, derive or isolate natural “analogs” (as mentioned
above) of the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4. Such
mutants could be derived from (other individuals of) the same species (for example
from an individual of a different strain or line, including but not limited to mutant
strains or lines); or from (individuals of) other species. For example, such analogs
could be derived from the insect species mentioned above.

It is also expected that - based upon the disclosure herein - the skilled person
will be able to provide or derive synthetic “analogs” (as mentioned above) of the
amino sequence of SEQ ID NO: 2 or SEQ ID NO: 4, preferably SEQ ID NO: 2.

Preferably, any mutants as described herein will have one or more, and
preferably all, of the structural characteristics or conserved features referred to
below for the sequences of SEQ ID NO: 2 or SEQ ID NO: 4, preferably SEQ ID
NO: 2,
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Preferably, any analogs, parts or fragments as described herein will be such
that they have a degree of “sequence identity”, at the amino acid level, with the
amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4, preferably SEQ ID NO: 2,
of at least 5%, preferably at least 60%, more preferably at least 70%, even more
preferably at least 80%, and in particular more than 90% and up to 95 % or more.

For this purpose, the percentage of “sequence identity” between a given
amino acid sequence and the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO:
4 may be calculated by dividing the number of amino acid residues in the given
amino acid sequence that are identical to the amino acid residue at the corresponding
position in the amino acid sequence of SEQ ID NO: 2 or SEQ ID NO: 4 by the total
number of amino acid residues in the given amino acid sequence and multiplying by
100%, in which each deletion, insertion, substitution or addition of an amino acid
residue - compared to the sequence of SEQ ID NO: 2 or SEQIDNO: 4 -is
considered as a difference at a single amino acid (position). As mentioned above, the
preferred method of performing pairwise global sequence alignments fur such
calculations is with the program ClustalW.

Also, preferably, any analogs, parts or fragments as described herein will
have a biological activity that is essentially similar to the biological activity
described above for the sequences of SEQ ID NO: 2 and SEQ ID NO: 4, preferably
SEQID NO: 2, i.e. to a degree of at least 10%, preferably at least 50% more
preferably at least 75%, and up to 90%, as measured by standard assay techniques as
described below.

It is also within the scope of the invention to use a fusion of an amino acid
sequence of the invention (as described above) with one or more further amino acid
sequences, for example to provide a protein fusion. Generally, such fusions may be
obtained by suitable expression of a suitable nucleotide sequence of the invention -
such as a suitable fusion of a nucleotide sequence of the invention with one or more
further coding sequences - in an appropriate host cell or host organism, as further

described below.
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One particular embodiment, such fusions may comprise an amino acid
sequence of the invention fused with a reporter protein such as glutathione S-
transferase (“GST”), green fluorescent protein (“GFP”), luciferase or another
fluorescent protein moiety. As will be clear to the skilled person, such fusions may
find particular use in expression analysis and similar methodologies.

In another embodiment, the fusion partner may be an amino acid sequence or
residue that may be used in purification of the expressed amino acid sequence, for
example using affinity techniques directed against said sequence or residue.
Thereafter, said sequence or residue may be removed (e.g. by chemical or
enzymatical cleavage) to provide the nucleotide sequence of the invention (for this
purpose, the sequence or residue may optionally be linked to the amino acid
sequence of the invention via a cleavable linker sequence). Some preferred, but
non-limiting examples of such residues are multiple histidine residues and glutatione
residues.

In one preferred, but non-limiting aspect, any such fusion will have a
biological activity that is essentially similar to the biological activity described
above for the sequences of SEQ ID NO: 2 and SEQ ID NO: 4, preferably SEQ ID
NO: 2, i.e. to a degree of at least 10%, preferably at least 50 % more preferably at
least 75%, and up to 90%, as measured by standard assay techniques as described
below.

By analogy to other octopamine receptor, it is likely that the functional protein
is a G protein coupled receptor. In particular, a G coupled receptor.

In particular, the present invention has shown activity as an octopamine
receptor from insects of the order Hemiptera, which are aphids, leafthoppers,
whiteflies, scales and true bugs that have mouthparts adapted to piercing and
sucking.

As is known in the art, activity of Gs-coupled receptor can be determined by
measuring CAMP content. It is preferred that when performing test assays using
test compounds, the test compounds be prepared as serial dilutions such that

multiple test assays are performed with the same compound at different
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concentrations. In some embodiments, assays optionally employ positive controls
such as compounds known to have a particular biological activity. In some
embodiments, the positive control may be an antibody specific for the polypeptide of
the invention. In some embodiments, assays optionally employ negative controls
such as compounds known not to have a particular biological activity. These
positive control assays and/or negative control assays may be run side by side with
test assays to help establish and confirm that the compounds identified as having
biological activity in the test assays are in fact biologically active. In addition to
positive and negative control assays, additional control assays may be performed
using other known octopamine receptor from other species. By performing these
types of assays, it may be established that the compound found to be active in the
test assay is not active in assays using octopamine receptor from other species. This
result would indicate that the compound has some degree of specificity. Kits can be
provided to allow for such assays to be performed. Kits can include containers
containing some or all of the reagents needed to perform the assay, samples of a
polypeptide of the invention, a nucleic acid of the invention, a genetic construct of
the invention or a host cell of the invention.

Another embodiment of the invention relates to a nucleic acid probe that is
capable of hybridizing with a nucleotide sequence of the invention under conditions
of moderate stringency, preferably under conditions of high stringency, and in
particular under stringent conditions (all as described above). Such nucleotide
probes may for instance be used for detecting or isolating a nucleotide sequence of
the invention or as a primer for amplifying a nucleotide sequence of the invention;
all using techniques known per se, for which reference is again made to the general
handbooks such as Sambrook et al. and Ausubel et al., mentioned above.

Preferably, when to be used for detecting or isolating another nucleotide
sequence of the invention, such a nucleotide probe will usually have a length of
between 15 and 100 nucleotides, and preferably between 20 and 80 nucleotides.
When used as a primer for amplification, such a nucleotide probe will have a length

of between 25 and 75 nucleotides, and preferably between 20 and 40 nucleotides.
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Generally, such probes can be designed by the skilled person starting from a
nucleotide sequence or amino acid sequence of the invention - and in particular the
sequence of SEQ ID NO: 1 or SEQ ID NO: 2 - optionally using a suitable computer
algorithm. Also, as will be clear to the skilled person, such probes may be
degenerate probes. Probes and primers preferably have sequences that include
unique sequences. A unique sequence is a sequence that is not found on other DNA
molecules. The presence of unique sequences ensures that the probe or primer will
not cross hybridize to identical sequences found on other genes. One skilled in the
art can readily determine if a probe or primer contains unique sequences by first
designing the probe or primer and then comparing the sequences thereof with
sequences in databases of known nucleic acid sequences. Such comparisons are
routinely performed by those skilled in the art.

In a further aspect, the invention relates to methods for preparing mutants
and genetic constructs of the nucleotide sequences of the present invention.

Natural mutants of the nucleotide sequences of the present invention may be
obtained in a manner essentially analogous to the metﬁod described in the Examples,
or alternatively by:

- construction of a DNA library from the species of interest in an appropriate
expression vector system, followed by direct expression of the mutant sequence;

- construction of a DNA library from the species of interest in an appropriate
expression vector system, followed by screening of said library with a probe of
the invention (as described below) or with a nucleotide sequence of the
invention;

- isolation of mRNA that encodes the mutant sequence from the species of
interest, followed by cDNA synthesis using reverse transcriptase;

or by any other suitable method(s) or technique(s) known per se, for which reference

is for instance made to the standard handbooks, such as Sambrook et al., "Molecular

Cloning: A Laboratory Manual” (2nd.ed.), Vols. 1-3, Cold Spring Harbor

Laboratory Press (1989) and F. Ausubel et al., "Current protocols in molecular

biology", Green Publishing and Wiley Interscience, New York (1987).
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Techniques for generating such synthetic sequences of the nucleotide
sequences of the present invention will be clear to the skilled person and may for
instance include, but are not limited to, automated DNA synthesis; site-directed
mutagenesis; combining two or more parts of one or more naturally occurring
sequences, introduction of mutations that lead to the expression of a truncated
expression product; introduction of one or more restriction sites (e.g. to create
cassettes or regions that may easily be digested or ligated using suitable restriction
enzymes), and the introduction of mutations by means of a PCR reaction using one
or more “mismatched” primers, using for example a sequence of other techniques
will be clear to the skilled person.

The genetic constructs of the invention may generally be provided by
suitably linking the nucleotide sequence(s) of the invention to the one or more
further elements described above, for example using the techniques described in the
general handbooks such as Sambrook et al. and Ausubel et al., mentioned above.

Often, the genetic constructs of the invention will be obtained by inserting a
nucleotide sequence of the invention in a suitable (expression) vector known per se.
Some preferred, but non-limiting examples of suitable expression vectors include:

- vectors for expression in mammalian cells: pSVL SV40 (Pharmacia),
pMAMneo (Clontech), pcDNA3 (Invitrogen), pMClneo (Stratagene), pSGS
(Stratagene), EBO-pSV2-neo (ATCC 37593), pBPV-1 (8-2) (ATCC 37110),
pdBPV-MMThneo (342-12) (ATCC 37224), pRSVgpt (ATCC37199), pRSVneo
(ATCC37198), pSV2-dhfr (ATCC 37146), pUCTag (ATCC 37460) and 1ZD35
(ATCC 37565);

- vectors for expression in bacterial cells: pET vectors (Novagen), pGEX vectors
(Pharmacia) and pQE vectors (Qiagen);

- vectors for expression in yeast or other fungal cells: pYES2 (Invitrogen) and
Pichia expression vectors (Invitrogen);

- vectors for expression in insect cells: pBlueBacll (Invitrogen), pEI1 (Novagen),
pMT/V5His (Invitrogen).
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In a further aspect, the invention relates to methods for transforming a host
cell or a host organism with a nucleotide sequence, with a nucleic acid or with a
genetic construct of the invention. The invention also relates to the use of a
nucleotide sequence, of a nucleic acid or of a genetic construct of the invention
transforming a host cell or a host organism.

According to one specific embodiment, the expression of a nucleotide
sequence of the invention in a host cell or host organism may be reduced, compared
to the original (e.g. native) host cell or host organism. This may for instance be
achieved in a transient manner using antisense or RNA-interference techniques well
known in the art, or in a constitutive manner using random, site specific or chemical
mutagenesis of the nucleotide sequence of the invention.

Suitable transformation techniques will be clear to the skilled person and
may depend on the intended host cell or host organism and the genetic construct to
be used. Some preferred, but non-limiting examples of suitable techniques include
ballistic transformation, (micro-)injection, transfection (e.g. using suitable
transposons), electroporation and lipofection. For these and other suitable
techniques, reference is again made to the handbooks and patent applications
mentioned above.

After transformation, a step for detecting and selecting those host cells or
host organisms that have been successfully transformed with the nucleotide
sequence or genetic construct of the invention may be performed. This may for
instance be a selection step based on a selectable marker present in the genetic
construct of the invention or a step involving the detection of the amino acid
sequence of the invention, e.g. using specific antibodies.

The transformed host cell (which may be in the form or a stable cell line) or
host organisms (which may be in the form of a stable mutant line or strain) form
further aspects of the present invention.

In yet another aspect, the invention relates to methods for producing an

amino acid sequence of the invention.
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To produce or obtain expression of the amino acid sequences of the
invention, a transformed host cell or transformed host organism may generally be
kept, maintained or cultured under conditions such that the (desired) amino acid
sequence of the invention is expressed or produced. Suitable conditions will be
clear to the skilled person and will usually depend upon the host cell or host
organism used, as well as on the regulatory elements that control the expression of
the (relevant) nucleotide sequence of the invention. Again, reference is made to the
handbooks and patent applications mentioned above in the paragraphs on the genetic
constructs of the invention.

Generally, suitable conditions may include the use of a suitable medium, the
presence of a suitable source of food or suitable nutrients, the use of a suitable
temperature, and optionally the presence of a suitable inducing factor or compound
(e.g. when the nucleotide sequences of the invention are under the control of an
inducible promoter); all of which may be selected by the skilled person. Again,
under such conditions, the amino acid sequences of the invention may be expressed
in a constitutive manner, in a transient manner, or only when suitably induced.

It will also be clear to the skilled person that the amino acid sequence of the
invention may (first) be generated in an immature form (as mentioned above), which
may then be subjected to post-translational modification, depending on the host cell
or host organism used. Also, the amino acid sequence of the invention may be
glycosylated, again depending on the host cell or host organism used.

The amino acid sequences of the invention may then be isolated from the
host cell or host organism or from the medium in which said host cell or host
organism was cultivated, using protein isolation and purification techniques known
per se, such as (preparative) chromatography and electrophoresis techniques,
differential precipitation techniques, affinity techniques (e.g. using a specific,
cleavable amino acid sequence fused with the amino acid sequence of the invention)
and preparative immunological techniques (i.e. using antibodies against the amino

acid sequence to be isolated).
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In one embodiment, the amino acid sequence thus obtained may also be used
to generate antibodies specifically against said sequence or an antigenic part or
epitope thereof.

In one embodiment, the present invention relates to antibodies, for example
monoclonal and polyclonal antibodies, that are generated specifically against amino
acid sequences of the present invention, preferably SEQ ID NO: 2, or an analog,
variant, allele, ortholog, part, fragment or epitope thereof or SEQ ID NO: 4, or an
analog, variant, allele, ortholog, part, fragment or epitope thereof. In preferred
embodiments, the antibody does not cross reactive with other octopamine receptor
polypeptides.

Such antibodies, which form a further aspect of the invention, may be
generated in a manner known per se, for example as described in GB-A-2 357 768,
USA 5,693,492, WO 95/32734, WO 96/23882, WO 98/02456, WO 98/41633 and WO
98/49306. Often, but not exclusively, such methods will involve as immunizing a
immunocompetent host with the pertinent amino acid sequence of the invention or
an immungenic part thereof (such as a specific epitope), in amount(s) and according
to a regimen such that antibodies against said amino acid sequence are raised, and
than harvesting the antibodies thus generated, e.g. from blood or serum derived from
said host.

For instance, polyclonal antibodies can be obtained by immunizing a suitable
host such as a goat, rabbit, sheep, rat, pig or mouse with (an epitope of) an amino acid
sequence of the invention, optionally with the use of an immunogenic carrier (such as
bovine serum albumin or keyhole limpet hemocyanin) or an adjuvant such as Freund's,
saponin, aluminium hydroxide or a similar mineral gel, or keyhole limpet hemocyanin
or a similar surface active substance. Afier a suitable immune response has been raised
(usually within 1-7 days), the antibodies can be isolated from blood or serum taken
from the immunized animal in a manner known per se, which optionally may involve a
step of screening for an antibody with desired properties (i.e. specificity) using known
immunoassay techniques, for which reference is again made to for instance WO
96/23882.
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Monoclonal antibodies may for example be produced using continuous cell
lines in culture, including hybridoma-based and similar techniques, again essentially as
described in the above cited references. Accordingly, cells and cell lines that produce
monoclonal antibodies against an amino acid sequence of the invention form a further
aspect of the invention, as do methods for producing antibodies against amino acid
sequences of the invention, which methods may generally involve cultivating such a
cell and isolating the antibodies from the culture or medium, again using techniques
known per se.

Also, Fab-fragments against the amino acid sequences of the invention (such
as F(ab) o, Fab' and Fab fragments) may be obtained by digestion of an antibody with
pepsin or another protease, reducing disulfide-linkages and treatment with papain and a
reducing agent, respectively. Fab-expression libraries may for instance be obtained by
the method of Huse et al., 1989, Science 245:1275-1281.

In another embodiment, the amino acid sequence of the invention, or a host
cell or host organism that expresses such an amino acid sequence, may also be used
to identify or develop compounds or other factors that can modulate the (biological)
activity of, or that can otherwise interact with, the amino acid sequences of the
invention, and such uses form further aspects of the invention. As will be clear to
the skilled person, in this context, the amino acid Sequence of the invention will
serve as a target for interaction with such a compound or factor.

In this context, the terms “modulate”, “modulation, “modulator” and
“target” will have their usual meaning in the art, for which reference is inter alia
made to the definitions given in WO 98/06737. Generally, a modulator is a
compound or factor that can enhance, inhibit or reduce or otherwise alter, influence
or affect (collectively referred to as “modulation™) a functional property of a
biological activity or process (for example, the biological activity of an amino acid
sequence of the invention). As noted above, it is known in the art that octopamine
receptor activity can be measured using standard assay techniques such as cAMP
assay. Such technology, as well as other well-known technology, can be adapted to

methods of finding biologically active compounds that specifically effect the
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compositions of the present invention, particularly, the polypeptide of the invention.
In preferred embodiments, the biological activity is the stimulation of octopamine
receptor activity. It is preferred that when performing test assays using test
compounds, the test compounds be prepared as serial dilutions such that multiple
test assays are performed with the same compound at different concentrations. In
some embodiments, assays optionally employ positive controls such as compounds
known to have a particular biological activity. In some embodiments, the positive
control may be an antibody specific for the polypeptide of the invention. In some
embodiments, assays optionally employ negative controls such as compounds
known not to have a particular biological activity. These positive control assays
and/or negative control assays may be run side by side with test assays to help
establish and confirm that the compounds identified as having biological activity in
the test assays are in fact biologically active. In addition to positive and negative
control assays, additional control assays may be performed using other known
octopamine receptor from other species. By performing these types of assays, it
may be established that the compound found to be active in the test assay is not
active in assays using octopamine receptor from other species. This result would
indicate that the compound has some degree of specificity. Kits can be provided to
allow for such assays to be performed. Kits can include containers containing some
or all of the reagents needed to perform the assay, samples of a polypeptide of the
invention, a nucleic acid of the invention, a genetic construct of the invention or a
host cell of the invention.

In this context, the amino acid sequence of the invention may serve as a
target for modulation in vitro (e.g. as part of an assay or screen) or for modulation in
vivo (e.g. for modulation by a compound or factor that is known to modulate the
target, which compound or factor may for example be used as an active compound
for agrochemical, veterinary or pharmaceutical use).

For example, the amino acid sequences, host cells or host organisms of the
invention may be used as part of an assay or screen that may be used to identify or

develop modulators of the amino acid sequence of the invention, such as a primary
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screen (e.g. a screen used to identify modulators of the target from a set or library of

test chemicals with unknown activity with respect to the target) or a secondary assay

(e.g. an assay used for validating hits from a primary screen or used in optimizing hit

molecules, e.g. as part of hits-to-leads chemistry).

For instance, such an assay or screen may be configured as an in vitro assay
or screen. Suitable techniques for such in vitro screening will be clear to the skilled
person, and are for example described in Eldefrawi et al., (1987). FASEB J., Vol.1,
pages 262-271 and Rauh et al., (1990), Trends in Pharmacol. Sci., vol.11, pages 325-
329.

Such an assay or screen may also be configured as a cell-based assay or
screen, in which a host cell of the invention is contacted with or exposed to a test
chemical, upon which at least one biological response by the host cell is measured.

Also, such an assay or screen may also be configured as an whole animal
screen, in which a host organism of the invention is contacted with or exposed to a
test chemical, upon which at least one biological response (such as a phenotypical,
behavioral or physiological change, including but not limited to paralysis or death)
by the host organism is measured.

Thus, generally, the assays and screens described above will comprise at
least one step in which the test chemical is contacted with the target (or with a host
cell or host organism that expresses the target), and in particular in such a way that a
signal is generated that is representative for the modulation of the target by the test
chemical. In a further step, said signal may then be detected.

Accordingly, in one aspect, the invention relates to a method for generating a
signal that is representative for the interaction of an amino acid sequence of the
invention with a test chemical, said method at least comprising the steps of:

a) contacting the amino acid sequence of the invention, or a host cell or host
organism containing or expressing an amino acid sequence, with said test
chemical, in such a way that a signal may be generated that is representative for
the interaction between said test chemical and said amino acid sequence; and

optionally
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b) detecting the signal that may thus be generated.

In another aspect, the invention relates to a method for identifying
modulators and/or inhibitors of an amino acid sequence of the invention (e.g. from a
set or library of test chemicals), said method at least comprising the steps of:

a) contacting the amino acid sequence of the invention, or a host cell or host
organism containing or expressing an amino acid sequence, with a test chemical,
in such a way that a signal may be generated that is representative for the
interaction between said test chemical and said the target; and optionally

b) detecting the signal that may thus be generated, said signal identifying the
modulator and/or inhibitor of said amino acid sequence.

Accordingly, the present invention provides methods of identifying a
modulator and/or inhibitor of octopamine receptor activity. In preferred
embodiments, the octopamine receptor protein used in the methods has an amino
acid sequence selected from the group consisting of: SEQ ID NO: 2, a mutant
thereof, a fragment thereof, SEQ ID NO: 4, a mutant thereof, and a fragment thereof,
preferably SEQ ID NO: 2. In some embodiments, the nucleic acid sequence that
encodes the octopamine receptor is SEQ ID NO: 1 a fragment thereof, SEQ ID NO:
3, or a fragment thereof, preferably SEQ ID NO: 1.

A test chemical may be part of a set or library of compounds, which may be
a diverse set or library or a focused set or library, as will be clear to the skilled
person. The libraries that may be used for such screening can be prepared using
combinatorial chemical processes known in the art or conventional means for
chemical synthesis.

The assays and screens of the invention may be carried out at medium
throughput to high throughput, for example in an automated fashion using suitable
robotics. In particular, in this embodiment, the method of the invention may be
carried out by contacting the target with the test compound in a well of a multi-well
plate, such as a standard 24, 96, 384, 1536 or 3456 well plate.

Usually, in a screen or assay of the invention, for each measurement, the

target or host cell or host organism will be contacted with only a single test
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compound. However, it is also within the scope of the invention to contact the target
with two or more test compounds - either simultaneously or sequentially - for
example to determine whether said combination provides a synergistic effect.

Once a test chemical has been identified as a modulator and/or inhibitor for
an amino acid sequence of the invention (e.g. by means of a screen or assay as
described hereinabove), it may be used per se as a modulator and/or inhibitor of the
relevant amino acid sequence of the invention, preferably, an amino acid sequence
of SEQ ID NO: 2, a mutant thereof, a fragment thereof, SEQ ID NO: 4, a mutant
thereof, and a fragment thereof, more preferably SEQ ID NO: 2 (e.g. as an active
substance for agrochemical, veterinary or pharmaceutical use), or it may optionally
be further optimized for final use, e.g. to improve properties such as solubility,
adsorption, bio-availability, toxicity, stability, persistence, environmental impact,
etc.. It will be clear to the skilled person that the nucleotide sequences, preferably
SEQ ID NO: 1 or SEQ ID NO: 3, more preferably SEQ ID NO: 1, amino acid
sequences, host cells or host organisms and methods of the invention may find
further use in such optimization methodology, for example as (part of) secondary
assays.

The invention is not particularly limited to any specific manner or
mechanism in or via which the modulator and/or inhibitor (e.g. the test chemical,
compound or factor) modulates, inhibits, or interacts with, the target (in vivo or in
vitro). For example, the modulator and/or inhibitor may be an agonist, an
antagonist, an inverse agonist, a partial agonist, a competitive inhibitor, a non-
competitive inhibitor, a cofactor, an allosteric inhibitor or other allosteric factor for
the target, or may be a compound or factor that enhances or reduces binding of
target to another biological component associated with its (biological) activity, such
as another protein or polypeptide, a receptor, or a part of organelle of a cell. As
such, the modulator and/or inhibitor may bind with the target (at the active site, at an
allosteric site, at a binding domain or at another site on the target, e.g. covalently or
via hydrogen bonding), block and/or inhibit the active site of the target (ina

reversible, irreversible or competitive manner), block and/or inhibit a binding
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domain of the target (in a reversible, irreversible or competitive manner), or
influence or change the conformation of the target.

As such, the test chemical, modulator and/or inhibitor may for instance be:

an analog of a known substrate of the target;

- an oligopeptide, e.g. comprising between 2 and 20, preferably between 3 and 15
amino acid residues;

- an antisense or double stranded RNA molecule;

- aprotein, polypeptide;

- acofactor or an analog of a cofactor.

The test chemical, modulator and/or inhibitor may also be a reference
compound or factor, which may be a compound that is known to modulate, inhibit or
otherwise interact with the target (e.g. a known substrate or inhibitor for the target)
or a compound or factor that is generally known to modulate, inhibit or otherwise
interact with other members from the general class to which the target belongs (e.g.
a known substrate or inhibitor of said class).

Preferably, however, the test chemical, modulator and/or inhibitor is a small
molecule, by which is meant a molecular entity with a molecular weight of less than
1500, preferably less than 1000. This may for example be an organic, inorganic or
organometallic molecule, which may also be in the form or a suitable salt, such as a
water-soluble salt. The term “small molecule” also covers complexes, chelates and
similar molecular entities, as long as their (total) molecular weight is in the range
indicated above.

As already mentioned above, the compounds or factors that have been
identified or developed as modulators and/or inhibitors of the amino acid sequences
of the invention, preferably, an amino acid sequence of SEQ ID NO: 2, a mutant
thereof, a fragment thereof, SEQ ID NO: 4, a mutant thereof, and a fragment thereof,
more preferably SEQ ID NO: 2, (and precursors for such compounds) may be useful
as active substances in the agrochemical, veterinary or pharmaceutical fields, for

example in the preparation of agrochemical, veterinary or pharmaceutical
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compositions, and both such modulators as well as compositions containing them
further aspects of the invention.

For example, in the agrochemical field, the modulators and/or inhibitors of
the invention may be used as an insecticide, nematicide, molluscide, helminticide,
acaricide or other types of pesticides or biocides, e.g. to prevent or control
(infestations with) harmful organisms, both as contact agents and as systemic agents.
As such, the modulators and/or inhibitors may for example be used as a crop
protection agent, as a pesticide for household use, or as an agent to prevent or treat
damage caused by harmful organisms (e.g. for the protection of seed, wood or stored
crops or fruits). Preferably, the modulators and/or inhibitors of the invention are
used as insecticides.

For any such application, one or more modulators and/or inhibitors of the
invention may be suitably combined with one or more agronomically acceptable
carriers, adjuvants or diluents - and optionally also with one or more further
compounds known per se with activity as (for example) a plant protection agent (to
broaden the spectrum of action and optionally to provide a synergistic effect),
herbicide, fertilizer or plant growth regulator - to provide a formulation suitable for
the intended final use. Such a formulation may for example be in the form of a
solution, emulsion, dispersion, concentrate, aerosol, spray, powder, flowable, dust,
granule, pellet, fumigation candle, bait or other suitable solid, semi-solid or liquid
formulation, and may optionally also contain suitable solvents, emulsifiers,
stabilizers, surfactants, antifoam agents, wetting agents, spreading agents, sticking
agents, attractants or (for a bait) food components. Reference is made to the
standard manuals, such as “Pesticidal Formulation Research”, ACS-publications
(1969) and “Pesticide Formulations”, Wade van Valkenburg Ed, Marcel Dekker
publications (1973).Such compositions may generally contain one or more
modulators and/or inhibitors of the invention in a suitable amount, which generally
may be between 0.1 and 99 %, and in particular between 10 and 50 %, by weight of

the total composition.
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The modulators and/or inhibitors and compositions of the invention may be
particularly useful as insecticides, for example to combat or control undesired or
harmful insects (both adult and immature forms, such as larvae) from following
orders:

- Coleoptera, such as Pissodes strobi, Diabrotica undecimpunctata howardi, and
Leptinotarsa decemlineata;

- Diptera, such as Rhagoletis pomonella, Mayetiola destructor, and Liriomyza
huidobrensis;

- Hymenoptera, such as Neodiprion taedae tsugae, Camponotus pennsylvanicus,
and Solenopsis wagneri,

- Hemiptera, such as Pseudatomoscelis seriatus, Lygus lineolaris (Palisot de
Beauvois), Acrosternum hilare, and Aphis gossypii

- Homoptera; and

- Lepidoptera such as Heliothis virescens.

When used to control harmful or undesired organisms, the modulators,
inhibitors, or other compositions of the invention may be directly applied to and/or
contacted with these organisms or their environment in an amount suitable to control
(e.g. kill or paralyze) the organism. This amount may be readily determined by the
skilled person (e.g. by testing the compound on the species to be controlled) and will
usually be in the region of between particular between 10 and 500 g/ha, in particular
between 100 and 250 g/ha.

The modulators, inhibitors, or compositions of the invention may also be
applied systemically (e.g. to the habitat of the organism to be controlled or to the
soil), and may also be applied to the plant, seed, fruit etc. to be protected, again in
suitable amounts, which can be determined by the skilled person. The modulators
and/or inhibitors of the invention may also be incorporated - e.g. as additives - in
other compositions known per se, for example to replace other pesticidal compounds
normally used in such compositions.

In one specific embodiment, the modulators and/or inhibitors and

compositions of the invention may be used in the fields of agrochemical, veterinary
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or human health to prevent or treat infection or damage or discomfort caused by

parasitic organisms, and in particular by parasitic arthropods, nematodes and

helminths such as:

- ectoparasitic arthropods such as ticks, mites, fleas, lice, stable flies, horn flies,
blowflies and other biting or sucking ectoparasites;

- endoparasites organisms such as helminths;

and also to prevent or treat diseases that are caused or transferred by such parasites.

For such purposes, the modulators and/or inhibitors of the invention may for

example be formulated as a tablet, an oral solution or emulsion, an injectable

solution or emulsion, a lotion, an aerosol, a spray, a powder, a dip or a concentrate.

In the fields of animal and human health, the modulators, inhibitors, and
compositions of the invention may also be used for the prevention or treatment of
diseases or disorders in which the amino acid sequence of the invention may be
involved as a target. For this purpose, the modulators and/or inhibitors of the
invention may be formulated with one or more additives, carriers or diluents
acceptable for pharmaceutical or veterinary use, which will be clear to the skilled
person.

Thus, in a further aspect, the invention relatés to the use of a modulator
and/or inhibitor of the invention in the preparation of a composition for
agrochemical, veterinary or pharmaceutical use, as described hereinabove. The
invention relates to the use of the modulators, inhibitors and compositions of the
invention in controlling harmful organisms and in preventing infestation or damage
caused by harmful organisms, again as described above.

The invention will now be further illustrated by means of the following non-

limiting Examples.

Examples
Example 1. Cloning of Aphis gossypii octopamine receptor

1. Isolation of poly(A*) RNA.
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Cotton aphids (mixed life stage) were collected from cotton plants and
placed in ice-chilled glass centrifuge tubes which had been cleaned and baked for 6
hours at 180°C prior to use. Aliquots of approximately 0.4 gram of cotton aphids
were used for isolation of poly(A*) RNA.

Diethyl pyrocarbonate (DEPC)-treated water was made by incubating DEPC
(Aldrich Chemical Co., Inc. Milwaukee, WI) in water at concentration of 0.1% (v/v)
for 16 hours at room temperature, followed by autoclaving. The microprobe of a
Braun homogenizer (B. Brawn Biotech International, Allentown, PA) was soaked in
100% ethanol and dried prior to use.

RNA isolation was done using QuickPrep mRNA Purification kit
(Amersham Pharmacia biotech, Piscataway, NJ) according to the manufacturer’s
instruction. All the buffers and solutions mentioned here are included in the kit. An
aliquot of 0.4 gram of cotton aphid was homogenized at full speed in 1.5 ml chilled
extraction buffer until it is in a uniform suspension. After adding 3 ml of elution
buffer, the sample was homogenized again briefly and the resulting mixture was
centrifuged at approximately 12000 x g for 10 minutes at room temperature. The
supernatant was used for poly(A") RNA isolation. After application of supernatant
to the resin of oligo(dT)-cellulose spun column, washing with high salt and low salt
buffers, the bound poly(A™) RNA was eluted with three washes of 0.25 ml elution
buffer pre-warmed to 65°C. To precipitate the mRNA, 50 ul of K Acetate solution,
10 pl of Glycogen solution, and 1 ml of 95% Ethanol were added to 0.5 ml of elute.
The mixture was placed at —20°C for one hour and then centrifuged at maximal
speed at room temperature in an eppendorf microcentrifuge. Precipitated poly(A™)
RNA was then dissolved in 50 pul DEPC-treated water and stored at -80°C until use.
2. Construction of full length cDNA libraries and sequence databases

A cDNA libraries enriched for full-length clones was constructed by
Invitrogen Corporation (Carlsbad, CA) from poly(A)-containing RNA purified from
mixed life stage Aphis gossypii described above. This library was constructed in
plasmid vector pPCMV-SPORT®6.1 and transformed into E. coli strain DH10B

(TonA). The library was stored without further amplification as a glycerol culture at
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—80°C. A portion of the cDNA library was amplified, normalized and arrayed in
384 well plates by Invitrogen Corporation. The arrayed clones were subjected to
automated sequence analysis using vector primers that flanked the 5' and 3' termini
of the cloned cDNA (Genome Therapeutics, Waltham, MA). The sequence reads
were trimmed for quality and vector contamination, assembled into contigs and
installed into a BLAST-compatible database. Access to the Basic Local Alignment
Sequence Tool (BLAST) suite of search tools and instructions for the use of these
tools and the construction of BLAST-compatible databases can be obtained from the
National Center for Biotechnology Information at the National Institutes for Health
(Bethesda, MD).

3. RecA cloning of the full length octopamine receptor gene

An octopamine receptor partial cDNA sequence was identified in FMC
proprietary Aphis gossypii EST (Expressed Sequencing Tag) library through
sequence comparison. Primers for RecA cloning (table 1) were designed based on
the EST sequence information.

Full-length cDNAs corresponding to Aphis gossypii octopamine receptor
partial cDNA sequence, were isolated from the cotton aphid cDNA library by RecA-
mediated gene enrichment using the RecActive™ Gene Enrichment Kit and protocol
from Active Motif (Carlsbad, CA). Briefly, a biotinylated probe was synthesized
from the cDNA fragment by a PCR reaction containing the appropriate primers A
and D (see Table 1) and biotin-dNTP mix from RecActive™. The biotinylated probe
was then gel purified and used to clone full length Cotton Aphid cDNAs from the
non-normalized Cotton Aphid cDNA library by recA-mediated gene selection, as
implemented in the RecActive™ Gene Enrichment Kit. PCR using the appropriate
primers B and C were used to screen isolated clones. Resulting clones of the correct
size for a full-length insert for octopamine receptors were sequenced to confirm
combpleteness. Two clones were identified differing in one amino acid: SEQ ID NO1
and SEQ ID NO 3.

Table 1.
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Primer Sequence
A GGCGGAGGTGGCGGAAGT —~ SEQ ID NO:5
B AGTGCGGGTGGCGTTAG ~ SEQ ID NO:6
C GAACAAGGTGGGCTGTATGC - SEQ ID NO:7
D GCCCAGCCAGAACATGACGG- SEQ ID NO:8

Example 2. Expression of Aphis gossypii octopamine receptor

Octopamine receptor was expressed in HEK-293 celis. For optimal
mammalian expression, PCR was used to introduce the Kozak consensus sequence
to octopamine receptors (SEQ ID NO 1 and SEQ ID NO 3). The resulting Kozak-
containing full length gene was cloned into pcDNA3.1(+) vector by restriction
digestion. The recombinant vector was then transfected into HEK-293 cells with
lipofectamine. The positive cell clones were obtained through G418 selection for

receptor activity assays.

Example 3. Octopamine receptor activity functional assay

The receptor activity was determined by cAMP production in HEK-293
cells. Concentration of cAMP in HEK cells was measured using HTRF method per
manufacturer’s instruction (CIS bio international). As shown in the Figure 1, HEK-
293 cells expressing aphid octopamine receptor gene increase the production of
cAMP upon octopamine stimulation, in a concentration-dependent manner,
indicating the receptor is a Gs-coupled receptor, as expected. (note: lower
fluorescent reading indicating higher cAMP concentration). The pEC50 of the

receptor is determined to be approximately 6.3.
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CLAIMS
L. A substantially pure protein having the amino acid sequence selected from
the group consisting of: SEQ ID NO: 2, a mutant thereof, a fragment thereof, SEQ
ID NO: 4, a mutant thereof, and a fragment thereof, wherein said protein has

octopamine receptor activity.

2. The protein of claim 1 wherein said protein has the amino acid sequence
selected from the group consisting of: SEQ ID NO: 2, a mutant thereof, and a

fragment thereof.

3. The protein of claim 1 wherein said protein has the amino acid sequence
selected from the group consisting of: SEQ ID NO: 4, a mutant thereof, and a

fragment thereof.

4. An isolated nucleic acid molecule comprising a nucleic acid sequence
encoding a protein of claim 1, wherein the nucleic acid sequence is selected from the
group consisting of:

(a) a nucleic acid sequence encoding a polypeptide comprising SEQ ID NO:
2;

(b) DNA sequences that detectably hybridize to the nucleic acid sequences of
(a) or their complementary strands under conditions of moderate stringency;

(c) fragments thereof.

(d) a nucleic acid sequence encoding a polypeptide comprising SEQ ID NO:
4;

(e) DNA sequences that detectably hybridize to the nucleic acid sequences of
(d) or their complementary strands under conditions of moderate stringency; and

(f) fragments thereof.
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5. An isolated nucleic acid molecule that comprises a nucleic acid sequence that

encodes the protein of claim 1.

6. A recombinant expression vector comprising the nucleic acid molecule of
claim 5.

7. A host cell comprising the recombinant expression vector of claim 6.

8. An isolated nucleic acid molecule having a nucleic acid sequence selected

from the group consisting of: SEQ ID NO: 1, a fragment thereof having at least 10
nucleotides, SEQ ID NO: 3, and a fragment thereof having at least 10 nucleotides.

9. A recombinant expression vector comprising the nucleic acid molecule of

claim 8.

10. A host cell comprising the recombinant expression vector of claim 9.

1. A method of identifying a modulator of octopamine receptor protein activity
by performing a test assay comprising the steps of?

a) contacting the protein of claim 1, or a host cell or host organism containing
or expressing said protein, with a substrate in the presence of said test
compound;

b) detecting whether said substrate is processed at a rate less than processing
rate of said substrate in the presence of said protein and absence of said test
compound, wherein reduction in substrate processing in the presence of said
test compound indicates said test compound is an inhibitor of said protein’s
activity AND wherein an increase in substrate processing in the presence of
said test compound indicates said test compound is an enhancer of said

protein’s activity.
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OR

a) contacting the protein of claim 1, or a host cell or host organism containing
or expressing said protein, with a ligand of said protein in the presence of a test
compound; and

b) detecting the said ligand binds to said protein at a level less than the binding
level observed when said protein is contacted with said ligand in the absence of
said test compounds, wherein reduction in level of said ligand binding to said
protein in the presence of said test compound indicates said test compound is an
inhibitor of ligand/protein biding activity and wherein an increase in level of said
ligand binding to said protein in the presence of said test compound indicates
said test compound is an enhancer of ligand/protein binding activity

OR

a) contacting the protein of claim 1, or a host cell or host organism containing
or expressing said protein, with a test compound, in such a way that a signal may
be generated that is representative for the interaction between said test
compound and said target; and

b) detecting the signal that may thus be generated, said signal identifying the

modulator of said protein.

12.  The method of claim 11 wherein said octopamine receptor protein has an
amino acid sequence selected from the group consisting of: SEQ ID NO: 2, a mutant

thereof, a fragment thereof, SEQ ID NO: 4, a mutant thereof, and a fragment thereof.

13.  The method of claim 11 further comprising the performance of a positive
control assay and/or a negative control assay and/or a control assay using a non-

octopamine receptor.

14. A method of preparing an isolated protein having the amino acid sequence

selected from the group consisting of: SEQ ID NO: 2, a mutant thereof, a fragment
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thereof, SEQ ID NO: 4, a mutant thereof, and a fragment thereof comprising the step

of isolating said protein from a host cell of claim 7.

15. A method of controlling an insect, comprising contacting the insect with a

modulator of the protein of claim 1.

16. A method of controlling a hemipteran insect, comprising contacting the

hemipteran insect with a modulator of the protein of claim 1.

17. A method of controlling an insect, comprising contacting the insect with an

inhibitor of the protein of claim 1.

18. A method of controlling a hemipteran insect, comprising contacting the

hemipteran insect with an inhibitor of the protein of claim 1.

19.  Anantibody that specifically binds to the protein of claim 1.

20.  The antibody of claim 19 wherein said antibody is a monoclonal antibody.
21.  The antibody of claim 19 wherein said antibody specifically binds to a
protein that has the amino acid sequence selected from the group consisting of: SEQ
ID NO: 2, a mutant thereof, a fragment thereof, SEQ ID NO: 4, a mutant thereof,

and a fragment thereof

22, The antibody of claim 19 which binds to an epitope on SEQ ID NO:2 or an
epitope on SEQ ID NO: 4.
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Microsoft Word

aphis gossypii

ggccgceggac
gtcgtcgtgce
aacaacaaca
gcecgetegte
tcgcggecac
gaacacccgc
ctcgcectggtg
gctcgtegtg
ccggtecgecg
ggccgtattg
cctgtgttcece
gtgcgccata
gatgaccagt
atgcctgecg

gctgatccgg

SEQUENCE LISTING

(60377-PCT)

acgtggtagt
gcggtcggceg
aaacaacacc
cacgactgcg
caccactgat
cgcecggtgge
tggagggacg
accgtcggcea
accaacacgt
ccgttcageg
gtgtggctag
tcgctggacc
ttccgggceca
ccgectggtceg

aacgagctgt

Hemipteran Octopamine Receptor

gcgtgeggcece
tcggacgcga
gaggcggcgyg
acgcgaccga
cgcgcgcgcea
cgggcccgat
cgcaggtttt
acactctcgt
tcatcgttte
ccacctggga
ccgtggacgt
ggtacctggce
aggtgctggt
gctggcgcga

accggaacgg

gttcgaccgg
caacgacaac
€ggcggcggg
cggttcgttce
caccgaccgc
gaaccggacc
gggtacgcetg
cgtggccgcece
gctggcegtg
ggtgttcaag
gtggatgtgc
cgtcacccgg
ggtgatcgtg

cacccacata

caccgggcgg
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ctcagtcgtt
gacagggcac
gggcggegge
gcgeecggecce
cccgagagca
gagtgccaga
gccggectgt
gtgttcaaca
tccgacctca
gtgtggctgt
acggccagca
ccggtgcagt
tgggtgctga
cccgccgaag
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acgcgcttcce
tgtactcggce
gcatctacaa
gcagccgcceg
gcggcecgegyg
cgggcggcegyg
gccgcagcaa
gcgeecgecgce
cgccgcecga
ccagctccag
gggcggcceac
gaagccggaa
tcctgttgcea
ccgcttectg
agtccaccgg
gcggcggact
cgtccaagat
tggagaccaa
tacccttcett
tgttctcegt
cgctgttcag
gggcgtccge
acggccgceceg
gcgcgtcgcec
acgagtgcag
agccgtgttce
cgacgttact

tctgtgcaac

gcaatcgtgc
gctcggctcg
agccgeegtt
gacgttcggce
ttecgtcgete
cgggtcgeceg
ccacgagcgg
ggcggcagceg
gacgctcagc
tccgetgtac
cgtccggtcg
ggaacaccgc
gacgacgtcg
ttcegtggceg
cggcggceggce
ggcgcgagte
ggtgggcggce
ggcggccaag
caccatgtac
catgttctgg
caaggacttc
cagcgactcg
caagggatcg
ccggaacagg
cacgcgcagce
ggacgacagg
acgaaaatat

cattgttttt

ccgtggatat
ttctacatac
cacacgacgc
aaccggttcg
aagcacgccg
gacgtgaacc
atcaagatca
gccgtggeca
caaaagtcgc
gccgtceccact
acggtcgact
cggtgcagcg
tccecegggeg
tccgtcaagg
ggtggcggaa
ggcttgctcg
ggcaagcgga
accctgggga
ctggtccggg
ctgggctact
cggttcgcegt
acggccggca
gacggttcgc
tacatagtgg
atgcgcctgce
tgatggccac
atcctgegtt

gcattattaa

gcgagctgcce
cgatgttegt
gggccatcaa
acgaacaacg
ccacccccte
ggcctccgaa
gcgtcagcta
ccgtcaccac
ggagctcgtt
acacggccaa
cttcggegtg
ccggcgacac
aacacgtcca

accaactgtc

gtgcgggtgg

gacctacgaa

acatcaaggc
taatcgtcgg
ctttctgtece
gcaacagcgc
tcaagcggat
tgggcggcegr
agctgggegt
cgggttcecegt
tccagtactc
tgagcgagcg
acgacgtggyg

ttattattat

caacaacaag
catgttgttc
ccagggattc
gctcacgttg
caccggcgcc
cagtcggcga
ccccagcecteg
ggttgacgcc
ttcgtccacce
cgagacgtac
tcagctgege
ggcctcgeceg
acaccaccag
gccgtegecg
cgttagcggce
cagcaagtcg
ccaggtgaag
cggtttcatc
gacgtgcata
catcaacccc
catatgcecgg
cggacttacc
cggtggccac
ggtcggggcee
cgacagcgaa
gcactcgcgce
tatatgacga

tattattata
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tggtacgtcg
ttctactggce
cggacgatgce
cgcatacacc
cccaacggtce
ccgteegtece
gactgcataa
aacggcaact
acgtcgccga
caacaccagc
gtggccgggg
cattcgcegte
cacggccgac
tcgtacgacg
gcgagtgacg
tccaagttcg
cggttcagga
gtgtgctgge
cagcccacct
atgatctacg
tggtgctgtt
gtcgccgact
ggcggcggca
gtcggttccg
ccgctcaacg
gcecgetgtaa
ctcctgetge

actattatat

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580
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acaaaataat ataatataca ctaatgtaag atgattatta ttattattat tattatatac 2640
gataaagtta tatgtgtttc cgttacccac tcattattat tattattatt attaatataa 2700
tacgcattgt gtaattacat attattatta tgtttactga catgttttat ccttatataa 2760

tattattatg tgttaaacat caatatgttg tattttagta tcgtttataa cttaagacga 2820

ccgt 2824
<210> 2

<211> 694

<212> PRT

<213> Aphis gossypii
<400> 2

Met Asn Arg Thr Glu Cys Gln Thr Leu Arg Asp Ser Leu Val Trp Arg
1 5 10 15

Asp Ala Gln Val Leu Gly Thr Leu Ala Gly Leu Ser Phe Ile Ala Leu
20 25 30

Val Val Thr Val Gly Asn Thr Leu Val Val Ala Ala Val Phe Asn Ser
35 40 45

Ser Lys Leu Arg Ser Pro Thr Asn Thr Phe Ile Val Ser Leu Ala Val
50 55 60 '

Ser Asp Leu Met Val Gly Vval Ala Val Leu Pro Phe Ser Ala Thr Trp
65 70 75 80

Glu Val Phe Lys Val Trp Leu Phe Gly Asp Tyr Leu Cys Ser Val Trp
85 90 95

Leu Ala Val Asp Val Trp Met Cys Thr Ala Ser Ile Leu Asn Leu Cys
100 105 110

Ala Ile Ser Leu Asp Arg Tyr Leu Ala Val Thr Arg Pro Val Gln Tyr
115 120 125

Pro Ser Leu Met Thr Ser Phe Arg Ala Lys Val Leu Val Val Ile Val
130 135 140

Trp Val Leu Ser Phe Val Ile Cys Leu Pro Pro Leu Val Gly Trp Arg
145 150 155 160



Asp

Leu

Ser

Tyr

Phe

225

Asn

Phe

Ser

Gly

Pro

305

Tyr

Ala

Leu

Ser
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Thr

Tyr

Cys

Ser

210

Tyr

Gln

Asp

Leu

Gly

290

Ser

Pro

Thr

Ser

Ser
370

His Ile Pro Ala

Arg

Pro

195

Ala

Trp

Gly

Glu

Lys

275

Gly

Val

Ser

Val

Gln

355

Ser

Asn

180

Trp

Leu

Arg

Phe

Gln

260

His

Gly

Arg

Ser

Thr

340

Lys

Pro

165

Gly

Ile

Gly

Ile

Arg

245

Arg

Ala

Ser

Arg

Asp

325

Thr

Ser

Leu

Thr

Cys

Ser

Tyr

230

Thr

Leu

Ala

Pro

Ser

310

Cys

Val

Arg

Tyr

Glu

Gly

Glu

Phe

215

Lys

Met

Thr

Thr

Asp

295

Asn

Ile

Asp

Ser

Ala
375

Ala

Arg

Leu

200

Tyr

Ala

Arg

Leu

Pro

280

Val

His

Ser

Ala

Ser

360

Val

Ser

Pro

185

Pro

Ile

Ala

Ser

Arg

265

Ser

Asn

Glu

Ala

Asn

345

Phe

His

Thr

170

Gln

Asn

Pro

Val

Arg

250

Ile

Thr

Arg

Arg

Ala

330

Gly

Ser

Tyr

Val

Gln

Asn

Met

His

235

Arg

His

Gly

Pro

Ile

315

Ala

Asn

Ser

Thr

Leu

Asp

Lys

Phe

220

Thr

‘Thr

Arg

Ala

Pro

300

Lys

Ala

Ser

Thr

Ala
380

Ile

Ala

Trp

205

Val

Thr

Phe

Gly

Pro

285

Asn

Ile

Ala

Pro

Thr

365

Asn

Arg

Leu

190

Tyr

Met

Arg

Gly

Arg

270

Asn

Ser

Ser

Ala

Pro

350

Ser

Glu

Asn

175

Pro

Val

Leu

Ala

Asn

255

Gly

Gly

Arg

Val

Ala

335

Glu

Pro

Thr
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Glu

Gln

Val

Phe

Ile

240

Arg

Ser

Pro

Arg

Ser

320

Val

Thr

Thr

Tyr



Gln

385

Cys

Ser

Thr

Ala

Ser

465

Gly

Leu

Gly

Glu

Val

545

Pro

Tyr

Asp
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His

Gln

Ala

Ser

Ser

450

Tyr

Val

Gly

Gly

Thr

530

Cys

Thr

Cys

Phe

Gln

Leu

Gly

Ser

435

Cys

Asp

Ser

Pro

Gly

515

Lys

Trp

Cys

Asn

Arg
595

Arg

Arg

Asp

420

Pro

Ser

Glu

Gly

Thr

500

Lys

Ala

Leu

Ile

Ser

580

Phe

Ala

Val

405

Thr

Gly

Val

Ser

Ala

485

Asn

Arg

Ala

Pro

Gln

565

Ala

Ala

Ala

390

Ala

Ala

Glu

Ala

Thr

470

Ser

Ser

Asn

Lys

Phe

550

Pro

Ile

Phe

Thr

Gly

Ser

His

Ser

455

Gly

Asp

Lys

Ile

Thr

535

Phe

Thr

Asn

Lys

Val

Gly

Pro

Val

440

Val

Gly

Gly

Ser

Lys

520

Leu

Thr

Leu

Pro

Arg
600

Arg

Ser

His

425

Gln

Lys

Gly

Gly

Ser

505

Ala

Gly

Met

Phe

Met

585

Ile

Ser

Arg

410

Ser

His

Asp

Gly

Gly

490

Lys

Gln

Ile

Tyr

Ser

570

Ile

Ile

Thr

395

Lys

Arg

His

Gln

Gly

475

Leu

Phe

Val

Ile

Leu

555

Val

Tyr

Cys

Val

Glu

Leu

Gln

Leu

460

Gly

Ala

Ala

Lys

Val

540

Val

Met

Ala

Arg

Asp

His

Leu

His

445

Ser

Gly

Arg

Ser

Arg

525

Gly

Arg

Phe

Leu

Trp
605

Ser

Arg

Leu

430

Gly

Pro

Ser

Val

Lys

510

Phe

Gly

Ala

Trp

Phe

590

Cys

Ser

Arg

415

Gln

Arg

Ser

Ala

Gly

495

Met

Arg

Phe

Phe

Leu

575

Ser

Cys
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Ala

400

Cys

Thr

Pro

Pro

Gly

480

Leu

Val

Met

Ile

Cys

560

Gly

Lys

Trp
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Ala Ser Ala

610

Val
625

Ala Asp

Val Gly Gly

Val Ala Gly

Met
675

Arg Ser

Pro Cys Ser

690

<210> 3

<211> 2827
<212> DNA
<213> Aphi

<400> 3
ttcegtcage

gttcagagtc
cgacgacaac
cgtctcgacg
gcttatcgceg
cgcgaccacc
cgctgcgega
cctttatcege
gctccaagcet
tggtcggcegt
tcggecgacta
tccttaacct
acccgagcect

gcttcgtcat

Ser Asp

Tyr

Ser

Arg

Thr
615

Ala

Arg Lys

630

His Gly

645

Ser Val

660

Arg Leu

Asp Asp

s gossypii

ggccgcggac
gtcgtcgtge
aacaacaaca
gcecgetegte
tcgeggcecac
gaacacccgc
ctcgectggtg
gctcgtcgtg
ccggtcgecg
ggccgtattg
cctgtgttcce
gtgcgccata
gatgaccagt

atgcctgccg

Val

Leu

Gly Gly Ser

Gly Ala

Gln Tyr

680

Arg

acgtggtagt
gcggteggeg
aaacaacacc
cacgactgcg
caccactgat
cgceggtgge
tggagggacg
accgtcggca
accaacacgt
ccgttcageg
gtgtggctag
tcgctggacc
ttcecgggceca

ccgctggteg

Gly Met Gly

Gly Ser Asp

635

Ala Ser Pro

650

Val
665

Gly Ser

Ser Asp Ser

gcgtgcggec
tcggacgcga
gaggcggcgg
acgcgaccga
cgegegegcea
cgggcccgat
cgcaggtttt
acactctcegt
tcatcgttte
ccacctggga
ccgtggacgt
ggtacctggce
aggtgctggt

gctggcgcga

Gly
620

Asp Gly

Gly Ser Gln

Arg Asn Arg

Glu Cys

670

Asp

Glu Pro Leu

685

gttcgaccgg
caacgacaac
€ggcggceggg
cggttcgttc
caccgaccgce
gaaccggacc
gggtacgctg
cgtggccgcec
gctggcecgtg
ggtgttcaag
gtggatgtgc
cgtcacccgg
ggtgatcgtg

cacccacata

PCT/US2005/044312

Leu Thr

Leu Gly

640

Tyr Ile

655

Ser Thr

Asn Glu

ctcagtegtt
gacagggcac
gggcggceggce
gcgcecggecce
cccgagagca
gagtgccaga
gccggectgt
gtgttcaaca
tcecgacctcea
gtgtggctgt
acggccagca
ccggtgcagt
tgggtgctga

cccgecgaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840
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cgtccacggt
acgcgctgcee
tgtactcggce
gcatctacaa
gcagccgcecg
gcggccgcegg
€gggcggcgg

gccgcagcaa

gcgccgecge

cgccgececga
ccagctccag
gggcggccac
gaagccggaa
tcctgttgcea
ccgcttecetg
agtccaccgg
acggcggtgg
tcgcgtccaa
ggatggagac
ggctaccctt
ccttgttctce
acgcgctgtt
gttgggegte
actacggccg
gcagcgcegte
ccgacgagtg
acgagccegtg

taacgacgtt

gctgatcecgg
gcaatcgtgc
gctcggcteg
agccgcecegtt
gacgttcggc
ttegtcgete
cgggtcgecey
ccacgagcgg
ggcggcagceg
gacgctcagc
tccgetgtac
cgtccggteg
ggaacaccgc
gacgacgtcg
ttcecgtggeg
cggcggegge
actggcgcga
gatggtggge
caaggcggcec
cttcaccatg
cgtcatgtte
cagcaaggac
cgccagcgac
ccgcaaggga

gcccececggaac

cagcacgcgce

ttcggacgac

actacgaaaa

aacgagctgt
ccgtggatat
ttctacatac
cacacgacgc
aaccggttcg'
aagcacgccg
gacgtgaacc
atcaagatca
gccgtggcca
caaaagtcgc
gccgtccact
acggtcgact
cggtgcagceg
tcceegggceg
tccgtcaagg
ggaggtggceg
gtcggectge
ggcggcaagce
aagaccctgg
tacctggtce
tggctggget
ttccggttceg
tcgacggecg
tcggacggtt
aggtacatag
agcatgcgcc
aggtgatggce

tatatcctgt

accggaacgg
gcgagctgcece
cgatgttcgt
gggccatcaa
acgaacaacg
ccacccccte
ggcctccgaa
gcgtcagceta
ccgtcaccac
ggagctcgtt
acacggccaa
cttcggegtg
ccggcgacac
aacacgtcca
accaactgtc
gaagtgcggg
tcggacctac
ggaacatcaa
ggataatcgt
gggctttctg
actgcaacag
cgttcaagcg
gcatgggcgg
cgcagctggg
tggcgggtte
tgctccagta
cactgcgcga

gttacgatgt

caccgggcgg

caacaacaag
catgttgttc
ccagggattc
gctcacgttg
caccggcgcec
cagtcggegg
ccccagctceg
ggtggacgce
ttcgtccacce
cgagacgtac
tcagctgcge
ggcctggeceg
acaccaccag
gccgtcgecg
tggcgttage
gaacagcaag
ggcccaggtg
cggcggttte
cccgacgtge
cgccatcaac
gatcatatgc
cgacggactt
cgtcggegge
cgtggtcggg
ctcggacagce
gcggcactcg

gggtatatga
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ccgcagcagg
tggtacgtceg
ttctactgge
cggacgatgc
cgcatacacc
cccaacggte
ccgteggtece
gactgcataa
aacggcaact

acgtcgccga

caacaccagc -

gttgeeggeg
cattcgcgtc
cacggccgac
tcgtacgacg
ggcgcgagtyg
tcgtecaagt
aagcggttcc
atcgtgtgcet
atacagccca
cccatgatct
cggtggtget
accgtcgecg
cacggcggceg
gcecgteggtt
gaaccgctca
cgcgecgetg

cgactcctgce

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520
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tgctctgtge
tatacaaaat
gataaagtta
taatacgcat

taatattatt

aaccattgtt
aatataatat
tatgtgtttc
tgtgtaatta

atgtgttaaa

tttgcattat
acactaatgt
cgttacccac
catattatta

catcaatatg

taattattat
aagatgatta
tcattattat
ttatgtttac

ttgtatttta

tattattatt
ttattattat
tattattatt
tgacatgttt

gtatcgttta
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ataactatta
tattatatac
attattaata
tatccttata

taacttaaga

2580

2640

2700

2760

2820

cgaccgg 2827

<210> 4

<211> 695

<212> PRT

<213> Aphis gossypii

<400> 4

Met Asn Arg Thr Glu Gln Thr Leu Ser Leu-Val

1 5

Arg
10

Asp Trp

15

Cys Arg

Phe Ile

30

Thr Ala Ser Ala Leu

25

Ala Gln Val Leu Leu

20

Asp Leu Gly Gly

Val Val

45

Val Val Thr Thr Val Ala Ala Phe Asn Ser

35

Val Gly Leu

40

Asn

Ile vVal

60

Thr Ala Val

55

Ser Lys Leu Ser Pro Asn Thr Phe Ser Leu

50

Arg

Val Ala Val Pro Phe Ser Ala Thr

75

Ser Leu Met Val Leu

65

Gly
70

Trp
80

Asp

Val
95

Val Phe Leu Ser

85

Glu Val Phe Leu Gly Asp Cys Trp

90

Lys Trp Tyr

Thr
105

Ala Ile Asn Leu

110

Leu Ala Val Asp Val Met Cys Ser Leu Cys

100

Trp

Val Thr Pro Val Gln

125

Leu Ala Tyr

120

Ala Ile Ser Leu Arg

115

Asp Arg Tyr

Val Leu Val Val Ile Val

140

Phe Ala

135

Ser Leu Met Thr Ser Arg Lys

130

Pro



Trp

145

Asp

Leu

Ser

Tyr

Phe

225

Asn

Phe

Ser

Gly

Pro

305

Tyr

Ala

Leu
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Val Leu Ser Phe

Thr

Tyr

Cys

Ser

210

Tyr

Gln

Asp

Leu

Gly

290

Ser

Pro

Thr

Ser

His

Arg

Pro

195

Ala

Trp

Gly

Glu

Lys

275

Gly

Val

Ser

Val

Gln
355

Ile

Asn

180

Trp

Leu

Arg

Phe

Gln

260

His

Gly

Arg

Ser

Thr

340

Lys

Pro

165

Gly

Ile

Gly

Ile

Arg

245

Arg

Ala

Ser

Arg

Asp

325

Thr

Ser

Val

150

Ala

Thr

Cys

Ser

Tyr

230

Thr

Leu

Ala

Pro

Ser

310

Cys

Val

Arg

Ile

Glu

Gly

Glu

Phe

215

Lys

Met

Thr

Thr

Asp

295

Asn

Ile

Asp

Ser

Cys

Ala

Arg

Leu

200

Tyr

Ala

Arg

Leu

Pro

280

Val

His

Ser

Ala

Ser
360

Leu

Ser

Pro

185

Pro

Ile

Ala

Ser

Arg

265

Ser

Asn

Glu

Ala

Asn

345

Phe

Pro

Thr

170

Gln

Asn

Pro

Val

Arg

250

Ile

Thr

Arg

Arg

Ala

330

Gly

Ser

Pro

155

Val

Gln

Asn

Met

His

235

Arg

His

Gly

Pro

Ile

315

Ala

Asn

Ser

Leu

Leu

Asp

Lys

Phe

220

Thr

Thr

Arg

Ala

Pro

300

Lys

Ala

Ser

Thr

Val

Ile

Ala

Trp

205

Val

Thr

Phe

Gly

Pro

285

Asn

Ile

Ala

Pro

Thr
365

Gly

Arg

Leu

190

Tyr

Met

Arg

Gly

Arg

270

Asn

Ser

Ser

Ala

Pro

350

Ser

Trp

Asn

175

Pro

Val

Leu

Ala

Asn

255

Gly

Gly

Arg

Val

Ala

335

Glu

Pro
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Arg

160

Glu

Gln

Val

Phe

Ile

240

Arg

Ser

Pro

Arg

Ser

320

Val

Thr

Thr



Ser

Gln

385

Cys

Ser

Thr

Ala

Ser

465

Gly

Leu

Val

Met

Ile

545

Cys

Gly

WO 2006/063075

Ser Ser Krro Leu

370

His

Gln

Ala

Ser

Ser

450

Tyr

Gly

Leu

Gly

Glu

530

Val

Pro

Tyr

Gln

Leu

Gly

Ser

435

Cys

Asp

Val

Gly

Gly

515

Thr

Cys

Thr

Cys

Arg

Arg

Asp

420

Pro

Ser

Glu

Ser

Pro

500

Lys

Trp

Cys

Asn
580

Ala

Val

405

Thr

Gly

Val

Ser

Gly

485

Thr

Lys

Ala

Leu

Ile

565

Ser

Tyr
Ala
390
Ala
Ala
Glu
Ala
Thr
470
Ala
Asn
Arg
Ala
Pro
550
Gln

Ala

Ala

375

Thr

Gly

Trp

His

Ser

455

Gly

Ser

Ser

Asn

Lys

535

Phe

Pro

Ile

val

Val

Gly

Pro

Val

440

Val

Gly

Asp

Lys

Ile

520

Thr

Phe

Thr

Asn

His

Ser

His

425

Gln

Lys

Gly

Gly

Ser

505

Lys

Leu

Thr

Leu

Pro
585

Tyr

Ser

Thr

Thr

395

Arg

410

Ser

His

Asp

Gly

Gly

490

Ser

Ala

Gly

Met

Phe

570

Met

- 10 -

Lys

Arg

His

Gln

Gly

475

Gly

Lys

Gln

Ile

Tyr

555

Ser

Ile

Ala

380

Val

Glu

Leu

Gln

Leu

460

Gly

Leu

Phe

Val

Ile

540

Leu

Val

Tyr

Asn

Asp

His

Leu

His

445

Ser

Gly

Ala

Ala

Lys

525

Val

Val

Met

Ala

Glu

Ser

Arg

Leu

430

Gly

Pro

Gly

Arg

Ser

510

Arg

Gly

Arg

Phe

Leu
590

Thr

Ser

Arg

415

Gln

Arg

Ser

Ser

Val

495

Lys

Phe

Gly

Ala

Trp

575

Phe
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Tyr

Ala

400

Cys

Thr

Pro

Pro

Ala

480

Gly

Met

Arg

Phe

Phe

560

Leu

Ser
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Lys Asp rhe Arg pPhe Ala Phe Lys Arg Ile Ile Cys Arg Trp Cys Cys
595 600 605

Trp Ala Ser Ala Ser Asp Ser Thr Ala Gly Met Gly Gly Asp Gly Leu
610 615 620

Thr Val Ala Asp Tyr Gly Arg Arg Lys Gly Ser Asp Gly Ser Gln Leu
625 630 635 640

Gly Val Gly Gly His Gly Gly Gly Ser Ala Ser Pro Arg Asn Arg Tyr
645 650 655

Ile Val Ala Gly Ser Val Val Gly Ala Val Gly Ser Asp Glu Cys Ser
660 665 670

Thr Arg Ser Met Arg Leu Leu Gln Tyr Ser Asp Ser Glu Pro Leu Asn
675 680 685

Glu Pro Cys Ser Asp Asp Arg

690 695
<210> 5
<211> 18
<212> DNA

<213> Aphis gossypii

<400> 5

ggcggaggtg gcggaagt 18
<210> 6

<211> 17

<212> DNA

<213> Aphis gossypii

<400> o6

agtgcgggtg gcgttag 17
<210> 7

<211> 20

<212> DNA

<213> Aphis gossypii

<400> 7
gaacaaggtg ggctgtatgce 20
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<210>
<211>
<212>
<213>

<400>

8

20

DNA

Aphis gossypii

8

gcccagccag aacatgacgg

- 12 -

PCT/US2005/044312

20
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