
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
2 

08
7 

35
1

B
1

TEPZZ Z87¥5_B_T
(11) EP 2 087 351 B1

(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
21.11.2012 Bulletin 2012/47

(21) Application number: 07867222.7

(22) Date of filing: 11.10.2007

(51) Int Cl.:
G01N 33/53 (2006.01) G01N 33/566 (2006.01)

C07K 14/705 (2006.01)

(86) International application number: 
PCT/US2007/021820

(87) International publication number: 
WO 2008/091306 (31.07.2008 Gazette 2008/31)

(54) METHODS TO UTILIZE INVERTEBRATE CHEMOSENSORY PROTEINS FOR INDUSTRIAL AND 
COMMERCIAL USES

VERFAHREN ZUR VERWENDUNG CHEMOSENSORISCHER INVERTEBRATENPROTEINE FÜR 
INDUSTRIELLE UND KOMMERZIELLE ZWECKE

PROCÉDÉS POUR UTILISER DES PROTÉINES CHIMIOSENSIBLES D’INVERTÉBRÉS POUR DES 
APPLICATIONS INDUSTRIELLES ET COMMERCIALES

(84) Designated Contracting States: 
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR 
HU IE IS IT LI LT LU LV MC MT NL PL PT RO SE 
SI SK TR

(30) Priority: 16.10.2006 US 581889

(43) Date of publication of application: 
12.08.2009 Bulletin 2009/33

(73) Proprietors:  
• Woods, Daniel, F.

Irvine, CA 92614 (US)
• Dimitratos, Spiros, D.

Irvine, CA 92614 (US)
• Justice, Robin, W.

Irvine, CA 92614 (US)

(72) Inventors:  
• Woods, Daniel, F.

Irvine, CA 92614 (US)
• Dimitratos, Spiros, D.

Irvine, CA 92614 (US)
• Justice, Robin, W.

Irvine, CA 92614 (US)

(74) Representative: Novagraaf Technologies
122, rue Edouard Vaillant
92593 Levallois-Perret Cedex (FR)

(56) References cited:  
WO-A2-02/077200 US-A- 5 981 195
US-A1- 2004 003 419  

• SUNG J H ET AL: "Piezoelectric biosensor using 
olfactory receptor protein expressed in 
Escherichia coli" BIOSENSORS AND 
BIOELECTRONICS, ELSEVIER BV, NL, vol. 21, 
no. 10, 15 April 2006 (2006-04-15), pages 
1981-1986, XP024961674 ISSN: 0956-5663 
[retrieved on 2006-04-15]

• FENG ET AL.: ’Expression and Characterization 
of a Lepidopteran General Odorant Binding 
Protein’ INSECT BIOCHEMISTRY AND 
MOLECULAR BIOLOGY vol. 27, no. 5, 1997, pages 
405 - 412, XP008109146

• VOGT ET AL.: ’Odorant Binding Protein Diversity 
and Distribution among the Isect Orders, as 
Indicated by LAP, an OBP-related Protein of the 
True Bug Lygus lineolaris (Hemiptera, 
Heteroptera)’ CHEMICAL SENSES vol. 24, no. 5, 
October 1999, pages 481 - 494, XP008109173

Remarks: 
The file contains technical information submitted after 
the application was filed and not included in this 
specification



EP 2 087 351 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

Technical Field

[0001] The present invention generally relates to meth-
ods and compositions for utilizing chemosensory pro-
teins sourced from invertebrates in detectors, sensors,
biosensors, and other sensor devices. As part of this set
of applications, the invention also relates to methods for
utilizing chemosensory proteins in collections or arrays
in order to identify specific chemosensory cues or ana-
lytes to be detected. Furthermore, the invention de-
scribes the methods and means necessary to construct
purification devices capable of detecting, isolating and
purifying an analyte of interest from a complex mixture
in the atmosphere or in solution. The technologies pre-
sented are feasible in a variety of applications where de-
tection of an analyte or the absence of an analyte is de-
sirable.
[0002] This invention can be incorporated into biosen-
sors or other devices used for industrial, domestic, food
safety, pharmaceutical, military, security, purification,
and other applications.

Background

[0003] The Electronic Nose is a chemical sensor sys-
tem that detects volatile compounds or analytes. Elec-
tronic Nose technology is being utilized or developed for
a wide variety of applications, from medical diagnostics
to environmental monitoring.1-5 For example, the devel-
opment of inexpensive, reliable detectors for the pres-
ence of volatile organic compounds (VOCs) is a partic-
ularly acute issue. Volatile organic compounds are emit-
ted as gases from certain solids or liquids; VOCs include
chemicals that have short- and long-term adverse health
effects and/or are environmental risks, and their concen-
trations are consistently higher indoors (up to five times
higher) than outdoors. Potentially harmful chemicals are
emitted by a wide array of products numbering in the
thousands (paints and lacquers, paint strippers, cleaning
supplies, pesticides, building materials and furnishings,
office equipment such as copiers and printers, correction
fluids and carbonless copy paper, graphics and craft ma-
terials including glues and adhesives, permanent mark-
ers, photographic solutions, etc.). VOCs have also been
demonstrated to be reliable markers of human diseas-
es.6-13

[0004] A key limitation of the present generation of
chemical sensors is the recognition elements that bind
the compound being detected (Figure 1). The recognition
elements currently used in electronic noses are based
primarily on conducting polymer recognition elements.
Their limitations include sensor drift (no absolute calibra-
tion), limited sensitivity and selectivity, sensor poisoning
(sensitivity to a high concentration of certain analytes),
lack of relationship between odor quality and intensity,
sensitivity to water or other polar compounds (e.g.,

EtOH), useful lifespan limitations, and high cost.3 Often
the fluctuation in performance leads to difficulties repro-
ducing data. Another major limitation of current sensor
technology is the failure of available sensors in distin-
guishing between structurally related compounds.14-16

Sensors based on artificial polymer recognition elements
are also generally limited in their ability to identify specific
analytes in complex mixtures.15,17,18 Thus, sensor tech-
nology can greatly benefit from inexpensive, practical,
high sensitivity recognition elements capable of over-
coming several of the current limitations.
[0005] Biosensors are analytical tools that measure
the presence of a single molecular species in complex
mixtures by combining the exquisite molecular recogni-
tion properties of biological macromolecules with the
generation of a detectable signal. Thus, biosensors over-
come a critical drawback of the previously mentioned,
non-biological sensor technologies - lack of analyte spe-
cificity. To date biosensors have incorporated enzymes
or antibodies.19-22

[0006] Method for isolating or identifying molecules,
chemicals or reagents, that interact with isolated odorant
receptors, for example GPCRs, OBPs, or other olfactory
proteins, is disclosed in the art (International Application
WO 02/077200).
[0007] Isolated nucleic acid molecules encoding amino
acid sequences of Drosophila gustatory receptor pro-
teins for the identification of binding partners (explosives,
drugs) and for generation of fingerprints of chemicals us-
ing appropriate marker or chemical or electric signals,
are disclosed in the art. The protein may be a variant
including Diptera, Lepidoptera, Homopterera and Cole-
optera, within these orders, preferably the genus Dro-
sophila, Anopheles, Aedes, Ceratitis, Muscidae, Culici-
dae, Anagasta and Popilla (U.S. Application
2004/003419).
[0008] The expression of the olfactory receptor protein
of C. elegans, ODR-10, on the membrane of Escherichia
coli, was used to detect odorants molecules, thereby cre-
ating a characteristic profile (Sung et al., Biosensors and
Bioelectronics, Elsevier BV, NL, 21(10) : 1981-1986,
2006).
[0009] This invention provides the means and methods
necessary to overcome current sensor limitations by uti-
lizing the diversity, versatility and specificity of the bio-
molecules comprising the invertebrate chemosensory
system; this includes the olfactory and gustatory systems
that comprise similar proteins and effectors.23 The inven-
tion also relates to the selective purification, identifica-
tion, or exclusion of a desired or undesired analyte from
a mixture, solution, or the atmosphere.
[0010] The rich molecular diversity present in insect
chemosensory systems is an untapped yet valuable re-
source with applications in a wide range of areas includ-
ing pharmaceutical screening, medical diagnostics, and
chemical detection.4,5,24,25 The insect chemosensory
machinery can be adapted to construct biosensor devic-
es capable of detecting and isolating environmental con-
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taminants or impurities in industrial processes, of detect-
ing compounds or molecules in the environment or water
and of screening pharmaceutical candidates. Additional
applications for efficient compound detectors include the
detection of diagnostic breath components in patients
with cancer and other diseases.

5,6,24

Brief Description of the Figures

[0011]

Figure 1. Parts of a modern chemical sensor.
Several well-developed mechanisms exist for both
the signal transducer and reporter mechanism in-
cluding those based on metal oxide (for example,
MOSFET: metal oxide semiconductor field effect
transistor or CMOS: complementary metal oxide
semiconductor)18 and piezoelectric devic-
es,18,106,107 however the recognition elements suffer
from several limitations (Table 1).
Figure 2. Generating chemosensory proteins
with novel ligand binding domains. These hybrid
chemosensory proteins can then be used in chem-
osensory arrays to recognize novel analytes.
Figure 3. An Example of a "Fingerprint" of bind-
ing to an chemosensory array. Image of the plate
assay for two different insect OBPs tested for binding
to 20 potential ligands. Three concentrations of each
ligand was tested: 16uM, 8uM and 4uM. The trian-
gles show the relative concentrations. The control
wells are boxed in red. Indole was found to bind one
OBP but not the other. These lanes (highlighted in
blue) are shown in more detail underneath the plate
image. These results demonstrate the feasibility of
identifying a VOC by binding to specific insect OBPs.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0012] Unless otherwise stated, all scientific and tech-
nical terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art to
which this invention belongs. Generally, the nomencla-
ture used herein and the laboratory procedures in mo-
lecular biology, molecular genetics, biochemistry, phys-
ical chemistry, cell culture, protein chemistry, and nucleic
acid chemistry described below are those well known
and commonly employed in the art. Standard techniques
are used for recombinant nucleic acid methods, eukary-
otic transformation, and microbial culture and transfor-
mation. Enzymatic reactions and purification steps are
performed according to the manufacturer’s instructions
unless otherwise noted. Techniques and procedures are
generally performed according to conventional methods
in the art. General references include Sambrook et al.,
Molecular Cloning: A Laboratory Manual, 2nd Ed. (1989)
Cold Spring Harbor Laboratory Press, Cold Spring Har-

bor, N.Y., USA, and Ashburner, M., Drosophila: A Lab-
oratory Manual (1989) Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y., USA. The laboratory
procedures described in combinatorial chemistry, syn-
thetic chemistry, and electrophysiology, and the nomen-
clature used are those well known and commonly em-
ployed in the art. As employed throughout the disclosure,
the following terms, unless otherwise indicated, shall be
understood to have the following meanings
[0013] "Allomone" refers to a chemical signal sent from
a member of one species to a member of another, with
the intent to alter the latter’s behavior in favor of the
former. Allomones are commonly produced by plant spe-
cies to affect insect species’ behavior.
[0014] "Analyte" refers to a substance, molecule, com-
pound, chemical constituent, or other form of matter that
is undergoing analysis or detection. An analyte may con-
sist of a single compound or a mixture of compounds.
[0015] "Bioinformatics" refers to the discipline that in-
tegrates biotechnology and modem computational, sta-
tistical, and analytical or mathematical methods.
[0016] "cDNA" refers to complementary DNA, which is
a DNA copy of the mRNA or messenger RNA expressed
in the cell. The term "cDNA" therefore represents gene
products or transcripts.
[0017] "Chemosensome" refers to the collection of pro-
teins and effectors that enable an insect species to detect
chemosensory cues such as scents and/or tastes.
[0018] "Chemosensory protein" refers to a protein
component of the chemosensory system including the
olfactory and gustatory system. Chemosensory proteins
can be soluble, insoluble, membrane-bound, extracellu-
lar, secreted, or intracellular.
[0019] "Domain" refers to an area of a protein with a
specific function or exhibiting a specific structural motif.
[0020] "Effectors" refers to naturally occurring or syn-
thetic molecules, or compounds capable of interacting
with a chemosensory protein under study. Effectors can
be agonists, antagonists, or neither.
[0021] "Genomics" refers to the cloning and molecular
characterization of entire genomes.
[0022] "Genetically Modified Organism (GMO)" refers
to an organism that has been genetically engineered us-
ing gene splicing or molecular biology techniques (vs. a
traditional breeding approach) to exhibit specific genetic
traits.
[0023] "G-protein coupled receptors (GPCRs)" refers
to pheromone or odorant serpentine receptors that bind
trimeric G-proteins within the cell. Also called odorant
receptors (ORs).
[0024] "Gustatory receptor" or "GR" refers to the sub-
cellular structures located in the plasma membrane of
insect neuronal cells that are responsible for initiating the
organism’s perception of a specific taste - that is, they
allow the organism to taste various flavors or tastes. Also
called a GPCR.
[0025] ’Homologs" refers to genes that have a com-
mon ancestry. Homologs are divided into orthologs,
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which are homologs with the same function as the an-
cestral gene, and paralogs, that are homologs with a dif-
ferent function from the ancestral gene.
[0026] "Homology" refers to the extent of similarity be-
tween the DNA sequences encoding two or more genes,
or the amino acid sequences comprising two or more
proteins, as in a gene or protein family.
[0027] "Hydrophobicity" refers to the solubility of a par-
ticular protein or molecule in water.
[0028] "IPM" refers to integrated pest management, a
modem approach to controlling undesirable species by
combining natural enemy species such as predators and
parasites with other natural control methods and bal-
anced chemical insecticide use.
[0029] "Mating disruption" refers to a method of pest
control most commonly found in agriculture; it involves
saturating the crop environment with a sex pheromone
in order to confuse the males and prevent them from
locating females.
[0030] "Odorant Binding Proteins" or "OBPs" refers to
proteins in sensory tissues believed to bind odors, that
are typically hydrophobic, and escort them across the
hydrophilic extracellular matrix to the cell surface, where
odorant receptors are located.
[0031] "Odorant Degrading Enzymes" or "ODEs" re-
fers to enzymes that degrade semiochemicals, odors,
scents, tastes, or other chemical stimuli in order to re-
potentiate the invertebrate chemosensory system.
[0032] "Odorant Receptor" or OR refers to the subcel-
lular structures located in the plasma membrane of insect
neuronal cells that are responsible for initiating the or-
ganism’s perception of a specific odor - that is, they allow
the organism to smell various scents and odors. Also
called a GPCR.
[0033] "Odorant" refers to smell, scent, or odor.
[0034] "Ortholog" refers to a gene or gene product
sharing sequence elements and function with a related
gene from another organism. See also "homolog" above.
[0035] "PCR" refers to the Polymerase Chain Reac-
tion, a method of amplifying nucleic acid sequences in
vitro in order to obtain larger amounts of DNA.
[0036] "Pheromone" refers to an odorant chemical re-
leased by an insect that causes a specific interaction with
another insect of the same species.
[0037] "Reagents" refers to chemicals and compounds
(either naturally occurring or synthetic) or enzymes used
in a chemical reaction to measure or yield other substanc-
es.
[0038] "Reporter Gene" refers to a gene used in bio-
logical or biochemical experiments in order to monitor an
interaction. Reported genes respond to protein-protein
interactions by triggering an effect that is easily detecta-
ble, e.g., the emission of fluorescent light or the produc-
tion of an assayable product.
[0039] "RFID" refers to Radio Frequency Identification,
a radio-frequency-based, remote data collection technol-
ogy that uses electronic tags to store data. The tags and
the data they contain can be administered (altered) and

observed remotely.
[0040] "Semiochemicals" refers to chemicals (scents,
odors, tastes, pheromones, pheromone-like com-
pounds, or other chemosensory compounds) that medi-
ate interactions between organisms.
[0041] "Sensory appendage proteins" or SAPs refers
to soluble proteins in sensory tissues believed to bind
odors, which are typically hydrophobic, and escort them
across the hydrophilic extracellular matrix to the cell sur-
face, where odorant receptors are located.
[0042] "Serpentine receptors" refers to GPCRs includ-
ing GRs or ORs; this term is based on the actual structure
of the protein in the cell membrane (seven transmem-
brane passes in a serpentine shape).
[0043] "Signal transduction cascade" refers to a series
of molecules in a cell that transduces or converts an ex-
ternal signal (e.g. a pheromone) into a downstream re-
sponse within the cell (e.g. a change in gene activity).
[0044] "Takeout-Like" or "TOL" refers to orthologs of
protein encoded by the Drosophila melanogaster gene,
takeout. These proteins may be involved in the regulation
of circadian rhythms, in mating, and in feeding behaviors.
[0045] "Trans-gene" refers to a gene that has been in-
troduced into the genome of a cell or organism by trans-
formation.
[0046] "Transmembrane Domains" refers to hydropho-
bic domains of a protein that penetrate the cell mem-
brane.

Introduction

[0047] The present invention recognizes the need to
construct novel biosensors, novel filtration devices, and
novel purification devices, and provides the methods and
means to do so by utilizing insect or invertebrate chem-
osensory proteins in arrays of multiple proteins, smaller
arrays or groups of several proteins, or individually. Since
insect chemosensory proteins are known to bind a wide
array of ligands, the invention describes for the use of
numerous proteins sourced from many different insect
species in order to maximize the total number of ligands
or analytes an array of these proteins is capable of rec-
ognizing. The invention also recognizes that despite the
tremendous diversity of ligand binding possibilities af-
forded by insect chemosensory protein arrays, some an-
alytes may not be recognizable by these arrays; further-
more, the characteristics of binding between chemosen-
sory proteins and certain analytes may need to be ma-
nipulated. Thus, the invention provides the means and
methods necessary to construct chemosensory proteins
in vitro that feature novel binding characteristics or the
ability to bind novel analytes, or to bind known analytes
in novel ways with respect to the affinity and/or the kinet-
ics of the interaction. The invention provides distinct ad-
vantages over existing methods to identify, concentrate,
or purify analytes, since it takes advantage of the diverse
ligand binding capabilities and high sensitivity of insect
chemosensory proteins.
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[0048] What follows is a non-limiting introduction to the
breadth of the invention, including several general and
useful aspects:

1) The invention describes a method to assemble
large collections of chemosensory proteins from a
variety of insect species into a chemosensory array.
The proteins from different species can be identified
using bioinformatic analysis and sequence data
comparison with known examples that are con-
served across species boundaries, or can be discov-
ered by constructing cDNA libraries from sensory
tissues of the various species, and expressing the
clones in vitro. Once available, the chemosensory
proteins are assembled into a protein array that has
numerous uses in the construction of biosensors,
filtration devices, and purification devices. For ex-
ample, the array or protein components from the ar-
ray can be incorporated into devices to selectively
remove a product or by-product of chemical synthe-
sis, to concentrate a desirable product in chemical
synthesis, or to detect a desirable or undesirable an-
alyte in the atmosphere or a solution or liquid.

2) The invention describes a method to construct
biosensors based on chemosensory proteins de-
rived from the chemosensory array, or chemosen-
sory proteins capable of binding to a specific analyte
or analytes. The chemosensory protein(s) are linked
to the reporter system and interaction between them
and the analyte(s) can be noted. The sensor appa-
ratus is thus capable of detecting the presence of
that analyte.

3) The invention describes the methods and means
necessary to use fragments, peptide derivatives, or
de novo synthesized portions of chemosensory pro-
teins in unique or novel combinations in order to alter
the characteristics of binding between the protein
and the analyte or ligand. These methods extend the
functionality of chemosensory proteins by modifying
their binding domains to the point of allowing these
domains, and thus the proteins, to bind a given ligand
with greater or less affinity or avidity, or of binding
altogether novel ligands.

4) The invention provides a method to use a chem-
osensory protein array in order to generate a chem-
osensory profile or "fingerprint" for an unknown an-
alyte(s). The protein array is exposed to the unknown
analyte, and a reporter system linked to the array is
used to note which chemosensory proteins in the
array are capable of binding the unknown analyte.
This pattern is characteristic of that analyte, and con-
stitutes that analyte’s chemosensory profile. Thus,
an array can be used to construct a biosensor capa-
ble of detecting any analyte the array has been ex-
posed to in the past, regardless of whether the iden-

tify or chemical composition of the analyte are
known. The invention can be used in a similar man-
ner to generate a chemosensory profile for a known
analyte; in either case, a biosensor device can be
constructed to detect the presence of the analyte.

5) The invention describes the methods and means
necessary to utilize the high selectivity of insect
chemosensory proteins in the construction of effi-
cient filtration or purification devices for industrial and
chemical uses. For example, the invention recogniz-
es the need to isolate compounds that are chemically
identical but arranged in a spatially distinct manner,
such as stereoisomers of the same chemical or mo-
lecular formula, and provides the means and con-
structs necessary to do so by utilizing insect chem-
osensory proteins. Also, the invention recognizes
the need to remove pollutants or other undesirable
compounds from liquids such as water (e.g., for wa-
ter purification purposes), and provides the means
and constructs necessary to do so by utilizing insect
chemosensory proteins.

I. METHODS TO GENERATE A CHEMOSENSORY 
ARRAY COMPOSED OF CHEMOSENSORY PRO-
TEINS FROM A VARIETY OF INVERTEBRATE SPE-
CIES

[0049] Insects use a variety of specialized chemosen-
sory organs or tissues, in which chemosensory proteins
are expressed and function. These tissues include the
antennae, bristles and other sensory organs throughout
the body (including appendages such as the legs or
wings), and structures in the head such as the labial and
maxillary palps.23,26 Since chemosensory proteins are
enriched in these tissues, dissecting the tissues and us-
ing them to generate cDNA libraries will result in libraries
that are enriched for genes expressing chemosensory
proteins. Furthermore, gender-specific libraries can be
generated from the chemosensory tissues of a particular
species, allowing for the rapid identification of gender-
specific chemosensory genes such as those genes in-
volved in the mating response. These approaches can
be used to rapidly isolate sequences encoding chemo-
sensory proteins from a particular species.23,26,27 Chem-
osensory proteins also can be identified using a variety
of other means. One method relies on bioinformatic anal-
ysis. For example, OBPs and SAPs have characteristic
domains, motifs, and sequence features that are con-
served across species boundaries.23,26,28 Thus, novel
members of these protein families can be identified on
the basis of these characteristics by using bioinformatics
to compare the sequences of known members expressed
in one species to sequences from another species.23,26

[0050] Combined, the above approaches can rapidly
identify and isolate a wide variety of chemosensory
genes from any number of insect species. Given the large
number of insect species extant,29 the number of poten-
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tial chemosensory genes can exceed thousands. These
genes can be expressed in vitro using a variety of meth-
ods common in the art 30-34 to generate large collections
of chemosensory proteins capable of interacting with a
wide variety of analytes. These collections are chemo-
sensory arrays and have a variety of applications. The
present invention recognizes the need for such chemo-
sensory arrays, and provides means and procedures
necessary to incorporate these arrays in devices or bio-
sensors capable of distinguishing or detecting known or
unknown analytes or mixtures of analytes; the array can
be combined with any number of reporter mechanisms
common in the art (enzymatic, electronic, optical, etc.)
depending on the goals of the specific application.

II. METHODS TO USE A CHEMOSENSORY ARRAY 
COMPRISING A VARIETY OF INVERTEBRATE 
CHEMOSENSORY PROTEINS IN ORDER TO GENER-
ATE CHEMOSENSORY PROFILES FOR UNKNOWN 
STIMULI

[0051] As described above, a chemosensory array can
be constructed by expressing a large number of chem-
osensory proteins expressed in vitro using methods com-
mon in the art.30-34 When coupled to a reporter system
(enzymatic, fluorescent, optical, electrical, and so on)
such an array is potentially capable of recognizing a wide
variety of analytes or chemosensory stimuli. The specific
response generated by the array in the presence of a
particular analyte is the chemosensory profile for that par-
ticular analyte; for example, a pheromone such as
codlemone35 would be recognized by an array containing
chemosensory proteins derived from Cydia pomonella,
the codling moth, since this organism recognizes the phe-
romone in vivo. In addition to the chemosensory proteins
from the codling moth in the chemosensory array, chem-
osensory proteins derived from other species may also
recognize codlemone. By observing the response pat-
tern (yes/no binding for each protein in the array) gener-
ated by the reporter system employed in the array, a
chemosensory profile specific for codlemone can be gen-
erated. This profile is characteristic of the presence of
codlemone in any given analyte, and can be used to iden-
tify codlemone as a result. (Figure 3)
[0052] In order to identify which protein(s) in the chem-
osensory protein array can bind to a given substance or
molecule, several methods can be used. For example, a
dye, such as N-phenyl-1-naphthylamine (1-NPN)36,37 or
(+/-)-12-(9-anthroyloxy)stearic acid (ASA)34 will fluo-
resce when captured by the ligand-binding pocket of a
chemosensory protein and this fluorescence is quenched
when the dye is displaced by another molecule. There-
fore, spectroscopy or flow cytometry can be used to de-
tect fluorescence quenching and thus identify which
chemosensory protein(s) in the array interact with the
chemicals of interest.
[0053] The same method can be used to identify un-
known analytes by generating a characteristic chemo-

sensory profile for them. The array is exposed to the un-
known analyte, and the resulting profile recorded for fu-
ture comparison with other samples potentially contain-
ing that same unknown analyte. If the analyte is present,
the characteristic chemosensory profile will be generated
by the array. This method does not require knowing the
identity of the analyte detected.

III. METHODS TO DEVELOP DEVICES CAPABLE OF 
DETECTING ENVIRONMENTAL COMPOUNDS EI-
THER IN THE ATMOSPHERE OR IN AQUEOUS SO-
LUTION

[0054] As described previously in this document, a
chemosensory array can be constructed by expressing
a large number of chemosensory proteins expressed in
vitro using methods common in the art.30-34 When cou-
pled to a reporter system (enzymatic, fluorescent, optical,
electrical, and so on) such an array is potentially capable
of recognizing a wide variety of analytes or chemosen-
sory stimuli. The specific response generated by the ar-
ray in the presence of a particular analyte is the chemo-
sensory profile for that particular analyte. The proteins
involved in the chemosensory profile for any given ana-
lyte can be incorporated into a detection device that relies
on chemosensory proteins for analyte "recognition" and
is coupled to a reporter mechanism (electrical, mechan-
ical, enzymatic, or other). In this manner, the invention
provides the means necessary to construct a biosensor
to detect a given analyte in the atmosphere or in an aque-
ous solution.

IV. METHODS TO INCREASE THE DIVERSITY OF 
CHEMOSENSORY PROTEIN RECOGNITION BY UTI-
LIZING PEPTIDES OR DERIVATIVES IN ORDER TO 
CONSTRUCT HYBRID CHEMOSENSORY PROTEINS 
IN VITRO AND EMPLOY THESE HYBRID PROTEINS 
IN A CHEMOSENSORY ARRAY

[0055] Chemosensory proteins and their potential lig-
ands have been studied extensively, and in several cases
structural studies have been performed or crystal struc-
tures have been determined.31-33,38-43 To date, chemo-
sensory proteins such as OBPs have been associated
with a specific binding partner44 or a range of potential
binding partners that share structural motifs37 and the
specificity of the chemosensory protein:ligand associa-
tion is conferred by the ligand binding pocket on the
chemosensory protein.32,38,45,46 Manipulating the bind-
ing pocket:ligand interaction can confer novel function-
ality to the chemosensory protein; this approach has po-
tential uses in biosensors, purification devices, and signal
transduction cascades.47,48 OBP structure is character-
ized by conserved domains separated by variable re-
gions, and this overall structure is maintained across spe-
cies boundaries.41 Despite the potentially enormous di-
versity afforded by the large number of chemosensory
proteins from the millions of insect species29 there are
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potentially analytes that are not recognized by any avail-
able chemosensory proteins. Furthermore, it may be de-
sirable to manipulate the specificity, strength of ligand
binding, or other characteristics of ligand binding be-
tween chemosensory protein(s) and an analyte. The
present invention provides the means to do so by utilizing
peptides or derivatives of chemosensory proteins in order
to construct novel, hybrid chemosensory proteins in vitro.
[0056] DNA sequences encoding fragments of known
chemosensory proteins can be cloned from sensory-tis-
sue-specific cDNA libraries23,26 or synthesized chemi-
cally using a variety of methods, including PCR-based
DNA synthesis.49 By utilizing linker sequences at the end
of each fragment, longer DNA fragments can be assem-
bled into novel sequences encoding proteins with motifs
or domains from a variety of sources; this novel motif
combination can include complex structures.49 The
present invention utilizes these methods to generate
chemosensory proteins with novel ligand binding do-
mains; these hybrid chemosensory proteins can then be
used in chemosensory arrays to recognize novel ana-
lytes (Figure 2). The novel binding domains may recog-
nize new ligands, or have altered characteristics with re-
spect to their binding of a given ligand; for example, they
would bind a given ligand with an increased or decreased
affinity than the wild-type (unaltered) binding domain.

V. METHODS FOR DEVELOPING DEVICES TO ISO-
LATE OR DETECT BY-PRODUCTS OF CHEMICAL 
SYNTHESIS, OR TO ISOLATE OR DETECT DESIRED 
PRODUCTSOF CHEMICAL SYNTHESIS; ALSO, 
METHODS FOR DEVELOPING DEVICES FOR PURI-
FICATION OR CONCENTRATION OF AN ANALYTE 
FROM A MIXTURE OR SOLUTION

[0057] Invertebrate chemosensory proteins are very
diverse and are capable of detecting millions of scents,
odors, tastes, semiochemicals, or molecules based on
their ability to interact with these targets.23 Chemosen-
sory proteins can be identified and expressed in vitro
using methods common in the art;23,26-28 the expression
of numerous such proteins results in a chemosensory
protein array as described above. This array can be used
to examine a given substance - an odor, scent, or chem-
ical, for example - and identify which available insect
chemosensory proteins are capable of binding the sub-
stance in question.
[0058] Thus, chemosensory proteins can be used in
the construction of selective filtering devices that are ca-
pable of distinguishing a specific component or interme-
diate compound in biochemical or industrial processes.
Depending on the desired level of selectivity and specif-
icity, a filtering device can be designed to identify classes
of related chemicals or it can be designed to be much
more selective, to the point of distinguishing stereoi-
somers of molecules that have identical chemical struc-
tures. Or, chemosensory proteins capable of selectively
binding to a specific compounds such as a water pollutant

compound can be expressed in bacterial cells (e.g., E.
coli cells) and linked to the bacterial cell membranes such
that the chemosensory proteins are present on the outer
surface of the bacterial cell membrane. These bacteria
can then be used in applications requiring the selective
removal of a pollutant compound from water, such as in
water purification facilities. The high level of selectivity
of insect chemosensory proteins toward analytes has
been documented in the Gypsy Moth, Lemantria dis-
par;44 this moth’s chemosensory system can reliably dis-
tinguish stereoisomers of a pheromone.

VI. METHODS TO DEVELOP PORTABLE DEVICES 
CAPABLE OF DETECTING EXPLOSIVE SUBSTANC-
ES

[0059] The invention recognizes the need to develop
devices capable of detecting specific analytes, present
in small quantities in the atmosphere or in solution, that
are associated with explosives. To accomplish this, a
chemosensory array is used to generate a chemosenso-
ry profile for each analyte or for commonly used combi-
nations of analytes as described previously, and the por-
tions of the chemosensory array (the chemosensory pro-
teins) that participate in this chemosensory profile are
incorporated into a detecting device while coupled to a
reporter mechanism.
[0060] Analytes of particular interest to this application
of the invention include but are not limited to ammonium
nitrate (NH4NO3); black powder (a mixture of charcoal,
sulfur, and saltpeter - nitrates of potassium or sodium);
smokeless powder (primarily composed of nitrocellu-
lose); RDX (cyclotrimethylenetrinitramine; also known as
cyclonite); C4 (Composition C-4, comprising the explo-
sive, typically RDX or cyclonite; the plasticizer, di(2-ethyl-
hexyl) or dioctyl sebacate; the plastic binder, polyisobuty-
lene; and a tag or marker such as 2,3-dimethyl-2,3-din-
itrobutane or DMDNB); other nitroamines such as HMX
(cyclotetramethylene-tetranitramine); PETN (Penthrite
or Pentaerythritol Tetranitrat); dynamite; TNT (CH3C6H2
(NO2)3 or trinitrotoluene; a common substance present
in military-grade TNT is 2,4-DNT or 2,4-dinitrotoluene);
Semtex (a mixture of PETN, RDX, N-phenyl-2-naphthyl-
amine as an antioxidant, a plasticizer such as di-n-octyl
phthalate, and a styrene-butadiene rubber binder; later
stocks have an ethylene glycol dinitrate tag); TATP (ac-
etone peroxide or triacetone triperoxide); and others.
[0061] Insects are known to recognize several of these
substances from behavioral assays and from attempts
to train honeybees to detect landmines and/or unexplod-
ed ordinance (UXO), and for general environmental mon-
itoring.50-52 The present invention provides the methods
to develop detection devices based on the chemosenso-
ry proteins that enable honeybees and other insects to
detect explosives; the invention is novel in that it does
not require live insects and merely relies on in vitro ex-
pression of recombinant chemosensory proteins as de-
scribed previously in this document. The chemosensory
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proteins from honeybees and other insects capable of
detecting analytes of interest are used to construct an
explosives-specific chemosensory array that is coupled
to an enzymatic, electric, mechanical, or other form of
reporter mechanism to comprise a biosensor for detect-
ing explosives.
[0062] The invention can also be used to generate a
detector mechanism specifically designed to detect a
known marker compound that is incorporated into explo-
sive formulations by manufacturers. This arrangement is
intended to aid in the rapid identification of the source of
a tested explosive sample.

VII. METHODS FOR DEVELOPING A BIOSENSOR 
WITH INDUSTRIAL FOOD PREPARATION APPLICA-
TIONS

[0063] The invention recognizes the need to detect by-
products of food decomposition in order to ensure safe
food processing in applications such as meat packaging
and other food preparation applications. Thus, the inven-
tion provides the methods necessary to identify analytes
commonly associated with food decay or food quality
problems. To accomplish this, a chemosensory array is
used to generate a chemosensory profile for each analyte
or for commonly occurring combinations of analytes as
described previously in this document, and the portions
of the chemosensory array (the chemosensory proteins)
that participate in this chemosensory profile are incorpo-
rated into a detecting device while coupled to a reporter
mechanism. These devices can be used in packaging
plants, other industrial food preparation plants, food prep-
aration applications (restaurants, mess halls, etc.), or, in
a portable format, by health inspectors or other food serv-
ice professionals.
[0064] This aspect of the invention can be incorporated
directly into packaging materials and coupled to a report-
er mechanism such as an enzymatically triggered color
change or other mechanism, to allow end users or con-
sumers to quickly determine if a particular food article is
spoiled. If this aspect of the invention is coupled to a
Radio Frequency Identification (RFID) mechanism, it will
enable shipments of food or other perishable items to be
monitored remotely for spoilage.
[0065] Analytes of particular interest to this application
of the invention include but are not limited to fermentation
products such as alcohol(s) produced by microorgan-
isms, byproducts such as lactic acid, and ptomaines (ni-
trogenous organics resulting from bacterial putrefaction
of protein) including putrescine, cadaverine, parvolin,
and sepsin. The invention also provides the methods
necessary to detect common invertebrate infestations in
food products, again using a chemosensory array profile
approach to determine which chemosensory proteins
can detect compounds for a particular species.
[0066] The devices described in this method could also
include functionality from the following method, "Methods
to develop a portable device capable of detecting the

presence of insect pests" in order to extent their applica-
tion to the detection of pest-infested fruits and vegeta-
bles. This application is of interest to food packers, food
exporters, agricultural inspectors, and customs agen-
cies.
[0067] The invention also recognizes the need to mon-
itor food quality to ensure product consistency while pro-
ducing foodstuffs such as coffee and wine, where the
aroma of the final product is critical to commercial suc-
cess and trained humans capable of detecting specific
odors or odor combinations have traditionally been
charged with the task of monitoring the quality of produc-
tion based on aroma. The method described here can
also be used in this instance; the invention provides the
means necessary to identify the key volatile components
of a coffee or wine that contribute toward a desirable
aroma by using a chemosensory protein array to develop
a scent fingerprint for that coffee or wine. Production qual-
ity is monitored by checking samples of the coffee or wine
using a biosensor with insect chemosensory proteins that
recognize the volatiles emitted by a control or reference
coffee or wine sample to ensure the aroma emitted by
tested samples corresponds to the fingerprint of the ref-
erence.

VIII. METHODS TO DEVELOP A PORTABLE DEVICE 
CAPABLE OF DETECTING HUMAN CORPSES WITH-
IN RUBBLE OR IN DISASTER AREAS; ALSO, METH-
ODS TO DEVELOP A PORTABLE DEVICE CAPABLE 
OF DETECTING SURVIVING HUMANS WITHIN RUB-
BLE OR IN DISASTER AREAS

[0068] The invention recognizes the need to detect by-
products of corpse decomposition in order to locate hu-
man remains. Thus, the invention provides the methods
necessary to identify analytes commonly associated with
tissue decay or tissue decomposition. To accomplish
this, a chemosensory array is used to generate a chem-
osensory profile for each analyte or for commonly occur-
ring combinations of analytes as described previously in
this document, and the portions of the chemosensory
array (the chemosensory proteins) that participate in this
chemosensory profile are incorporated into a detecting
device while coupled to a reporter mechanism. These
devices can be used in portable detection mechanisms
that can be transported to the site of an accident, attack,
bombing, natural disaster, or other incident with multiple
casualties, and used in lieu of or in addition to canine
search units.
[0069] Analytes of particular interest to this application
of the invention include but are not limited to fermentation
products such as alcohol(s) produced by microorgan-
isms, byproducts such as lactic acid, and ptomaines (ni-
trogenous organics resulting from bacterial putrefaction
of protein) including putrescine, cadaverine, parvolin,
and sepsin.
[0070] Similar methodology can be used to develop a
chemosensory profile for living humans; analytes that are
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of interest in this application are the volatiles in the breath
and those emitted from the skin of living humans.53 This
chemosensory array can be coupled to a reporter mech-
anism in order to generate a device to detect survivors
in disaster areas.

IX. METHODS TO DEVELOP A PORTABLE DEVICE 
CAPABLE OF DETECTING THE PRESENCE OF IN-
SECT PESTS

[0071] Many insect species employ chemical commu-
nication and emit scents or odors in order to communicate
with other individuals of their species, or as signals that
can be recognized by other species for a variety of rea-
sons.29,37,53-57 Plants also interact with insects using
chemical signaling; plant species are known to emit al-
lomones or other chemical signals to attract beneficial
insects.58 These chemical signals regulate critical as-
pects of insect behavior, such as feeding, foraging; ovi-
position, or mating.23 Due to the importance of chemical
communication, insects have developed highly sensitive
chemosensory systems; insect chemosensory proteins
are thus ideally suited to recognize these chemical sig-
nals.
[0072] The present invention provides the means nec-
essary to develop a detector device capable of identifying
a particular species of insect based on detecting the
chemical signals characteristic of that particular insect
species. The applications of this aspect of the invention
are mainly in pest control, whether agricultural, domestic,
Homeland Security, or public health related. To accom-
plish this, a chemosensory array is used to generate a
chemosensory profile for each analyte or for commonly
occurring combinations of analytes as described previ-
ously, and the portions of the chemosensory array (the
chemosensory proteins) that participate in this chemo-
sensory profile are incorporated into a detecting device
coupled to a reporter mechanism. The chemosensory
array may be presented with a pheromone or other sem-
iochemicals characteristic of a species of interest, or sim-
ply with extracts from ground specimens of the species
of interest. This aspect of the invention can also be cou-
pled to a Radio Frequency Identification (RFID) mecha-
nism to allow remote monitoring of infestations.
[0073] One group of insects that potentially represent
a promising source of chemosensory proteins is parasi-
toids such as parasitic wasps. These insects specialize
in locating host organisms such as moths, and are thus
often used in integrated pest management (IPM)
schemes as a means of controlling insect pest popula-
tions.59,60 The invention provides for isolating chemo-
sensory proteins from parasitoid wasp species, and other
species that specialize in the chemical identification of
pests; the chemosensory proteins can be expressed in
vitro and used to assemble a chemosensory array capa-
ble of detecting the pest species in question when cou-
pled to a reporter mechanism. Such a construct can be
incorporated into a detection device to be used commer-

cially.

X. METHODS TO DEVELOP A DEVICE CAPABLE OF 
DETECTING DISEASE IN HUMANS

[0074] Sensors to detect disease in humans have been
the topic of numerous investigations, with recent empha-
sis on the development of the "electronic nose".5,10 The
presence of specific volatiles has been associated with
numerous diseases in humans. For example, cancerous
cells on the skin or inside the body emit volatile com-
pounds into the blood, the atmosphere or body fluids that
are then expelled; the volatiles can be detected in order
to speed the identification or diagnosis of disease. This
is the case with a diverse set of human diseases such
as prostate cancer,61-63 bladder cancer,64 pulmonary tu-
berculosis,65 breast cancer,6 lung cancer,66,67 melano-
ma,68 angina,67 and diabetes.9,69-71 In addition, anecdo-
tal evidence suggests the emission of volatiles from the
human body that are detectable by animal chemosensory
systems in the case of imminent epileptic seizures; epi-
leptic owners of service dogs often report their canines
have developed the ability to sense an imminent seizure
event before the patients can detect physiological chang-
es themselves.
The invention recognizes the need to enhance the sen-
sitivity and versatility of electronic nose-type biosensor
devices, and provides the means necessary to do so. To
accomplish this, the volatiles associated with a particular
disease in humans are introduced as analytes into the
insect chemosensory protein array described elsewhere
in this document. The chemosensory array is used to
generate a chemosensory profile for each analyte or for
commonly occurring combinations of analytes as de-
scribed previously in this document. As a control, the
volatiles associated with healthy humans are used; the
chemosensory fingerprint or profile generated by the an-
alytes emitted by healthy humans is compared to that
from diseased humans in order to identify those analytes
positively associated with a particular disease. The por-
tions of the chemosensory array (the chemosensory pro-
teins) that participate in the chemosensory profile of a
disease are incorporated into a detecting device while
coupled to a reporter mechanism. These devices can be
used in clinics, hospitals, portable health care labs, field
hospitals, humanitarian relief efforts, and other health
care or diagnostic applications.

XI. METHODS TO DEVELOP A DEVICE CAPABLE OF 
DETECTING VOLATILES SUCH AS FUMES

[0075] Some insect species rely on their ability to de-
tect the byproducts of combustion. For example, jewel
beetles (Melanophila spp.) must locate freshly burned
forest areas in order to oviposit, as the larvae of this spe-
cies can only develop in the wood of freshly burned
trees.72 Thus, these insects may be able to locate burned
or burning wood from distances of several km by detect-
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ing volatiles such as phenolic compounds typical of burnt
forest areas; one example of such a compound is
guaiacol72 (C7H8O2).
[0076] The invention provides the means to generate
a chemosensory array comprising chemosensory pro-
teins from numerous insect species, including species
with a known sensitivity to phenolic compounds and/or
combustion byproducts. This array can be used to isolate
the specific chemosensory proteins responsible for in-
sect sensitivity to burning wood, and these chemosen-
sory proteins can be used in novel fire detection devices
when coupled with an electric or electronic reporter sys-
tem or alarm. The invention thus provides the means to
replace or augment existing smoke detectors (based
usually on the radioactive compound, americium oxide,
AmO2). Other applications of the invention include forest
fire detection systems, and commercial or industrial fire
detection systems for use in warehouses, airports,
schools, auditoria, sporting venues, public transport sta-
tions, convention centers, public gathering places, etc.

XII. METHODS TO DEVELOP COMPOUNDS OR CON-
STRUCTS THAT MASK ODORS, SCENTS, OR OTH-
ER SEMIOCHEMICALS

[0077] The present invention recognizes the need to
develop compounds, devices, or constructs capable of
masking semiochemicals in industrial, agricultural, and
domestic environments. The invention therefore de-
scribes methods and means to incorporate chemosen-
sory protein-based odor-masking technologies into a va-
riety of commercial products or devices. Chemosensory
proteins that can be used include OBPs, odorant degrad-
ing enzymes, sensory appendage proteins, or chemo-
sensory receptors.
[0078] DNA sequences encoding OBPs or other chem-
osensory proteins can be expressed in vitro using tools
common in the art. Devices incorporating these chemo-
sensory proteins in a solid form, particulate form in sus-
pension, or aqueous form in a gel have numerous com-
mercial, agricultural, and domestic applications that in-
clude but are not limited to the following:

a. Deodorizing products deployed in public or do-
mestic lavatories found anywhere from airports to
homes.
b. Deodorizing products used in the home, inside
refuse containers. Furthermore, chemosensory pro-
tein-based compounds be incorporated into the
composition of refuse containers themselves to gen-
erate odor-resistant containers.
c. Particulate or liquid products based on chemosen-
sory proteins can be introduced in commercially
available natural fertilizer to mask the fertilizer’s odor
in applications requiring an odor-free environment.
d. Products be incorporated into domestic and in-
dustrial cleanser products, and deployed in diverse
environments ranging from school cafeterias to

slaughterhouses, food processing plants, and res-
taurants.

[0079] Products incorporating chemosensory proteins
can mask the unpleasant odors associated with cigarette,
cigar, and pipe smoke. The products can be introduced
as an aerosol spray or can be incorporated directly into
cigarettes, cigars, or smoking tobacco.
[0080] These methods can also be employed to target
chemosensory proteins including sensory appendage
proteins (SAPs), odorant binding proteins (OBPs), odor-
ant degrading enzymes (ODEs), and other proteins in-
volved in olfaction, gustation, chemosensation, or the
regulation of chemosensory-mediated behavior.
[0081] Furthermore, products to mask or trap odors
need not incorporate the entire chemosensory protein;
they can instead incorporate peptide derivatives or frag-
ments.

EXAMPLES

EXAMPLE 1: GENERATING A CHEMOSENSORY AR-
RAY COMPOSED OF CHEMOSENSORY PROTEINS 
FROM A VARIETY OF INVERTEBRATE SPECIES.

[0082] Many important aspects of insect behavior rely
on chemosensory cues.23,73,74 Since chemosensation
profoundly influences insect behavior, the molecules and
processes involved in the chemosensory pathway have
developed extreme sensitivity toward chemosensory
stimuli or analytes. Insects are capable of recognizing a
tremendously diverse number of analytes at very low
concentrations. The molecular mechanism of analyte de-
tection in insects has been extensively studied in various
species.23,26,27,75-89 The chemosensory signal trans-
duction cascade is facilitated by extracellular, transmem-
brane, and intracellular proteins.90-92 The major molec-
ular participants are odorant binding proteins (OBPs), G-
protein coupled receptors (GPCRs), sensory appendage
proteins (SAPs), odorant degrading enzymes (ODEs),
circadian rhythm proteins (such as TOLs), gustatory
binding proteins, and gustatory receptors (GRs).
[0083] These proteins can be expressed in vitro using
methods common in the art.23,26,27 Numerous methods
are available to identify and isolate chemosensory pro-
teins from a wide array of species, including bioinformatic
analysis to search for orthologs of known proteins across
species boundaries, and the construction of chemosen-
sory-specific cDNA libraries from the species of interest
from which clones encoding chemosensory proteins can
be expressed. By combining numerous chemosensory
proteins from a number of species, an array of chemo-
sensory proteins can be constructed. Since the array
contains chemosensory proteins from numerous spe-
cies, it is capable of recognizing more analytes than any
one insect species alone. The array is linked to a reporter
system common in the art, such as a mechanical, elec-
trical, piezoelectric, enzymatic, or electronic system, and
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can report the presence of an analyte in a mixture of
gases or in a liquid solution by exposing each protein in
the array to the specimen and noting whether the reporter
system registers an interaction (binding event) between
any protein in the array and the analyte of interest.
[0084] Numerous insect chemosensory proteins have
a list of known natural ligands, that is, analytes they in-
teract with in vivo.31,75,93-96 Arrays can be constructed
with constituent proteins that emphasize recognition of
analytes for a given purpose; for example, arrays that
specialize in the recognition of alcohol analytes can be
constructed using known chemosensory proteins that
bind alcohols and their orthologs or structurally similar
proteins from a wide variety of insect species. Further-
more, the known ligand binding partners serve as positive
controls to test array and reporter system functionality.

EXAMPLE 2: USING A CHEMOSENSORY ARRAY 
COMPRISING A VARIETY OF INVERTEBRATE 
CHEMOSENSORY PROTEINS IN ORDER TO GENER-
ATE CHEMOSENSORY PROFILES OR FINGER-
PRINTS FOR UNKNOWN STIMULI.

[0085] As shown in Example 1, a chemosensory array
comprising chemosensory proteins from a wide variety
of insect species expressed in vivo and linked to a re-
porter system common in the art can be constructed.
Such an array is capable of recognizing a wide variety
of analytes either in solution or in the atmosphere, and
array function can be tested using analytes known to in-
teract with chemosensory proteins present in the array.
[0086] The location and identity of each chemosensory
protein in the array is known. Since chemosensory pro-
teins individually recognize (bind to) one or a small
number of analytes, that is, since chemosensory proteins
tend to have specific ligands,23 the reporter system used
will generate a distinct pattern of recognition when the
array is presented with an analyte of interest, and this
pattern of recognition will be unique to that analyte (Fig-
ure 3). Thus, the array can be used to generate chemo-
sensory profiles or chemosensory fingerprints for tested
analytes.
[0087] These chemosensory fingerprints have numer-
ous applications. For example, an analyte of interest can
be recognized easily if the chemosensory array’s reporter
system generates a chemosensory fingerprint known to
arise when that analyte is present. This is an efficient
way of constructing diverse biosensors, and the under-
lying chemosensory array can be common (mass pro-
duced) yet used in devices that detect a wide array of
analytes (from natural gas leaks to explosives to spoiled
food to the presence of insect pests on the basis of re-
leased odors).
[0088] Chemosensory fingerprints are also useful in
the efficient construction of detector devices that can re-
veal the presence of an analyte or mixture of analytes
without necessarily knowing the source of those ana-
lytes. For example, if a novel mycobacterium or other

species capable of causing disease in humans by infect-
ing the lungs is introduced into the United States by an
infected traveler from the developing world, the bacterial
infection generates volatiles in the patient’s breath5,65

that may be detectable by a chemosensory array like the
ones described here. A chemosensory array with a re-
porter mechanism can be exposed to the patient’s breath
to generate a chemosensory fingerprint of the volatile
present from that particular individual. Comparison to a
fingerprint from uninfected individuals will reveal the
chemosensory proteins that are responding to the vola-
tiles in the patient’s breath that are the product of the
unknown pathogen. This chemosensory profile can then
be used to design novel biosensors to rapidly diagnose
the new disease; these biosensors may use an enzymat-
ic, electric, mechanical, or other reporter system to alert
the user to the presence of an infected individual that
breaths into a mouthpiece. Knowledge of the identity of
the pathogen is not necessary, nor is knowledge of the
identify of the specific volatiles in the breath created by
the pathogen in the lungs. Such a biosensor can be de-
ployed at airports, ports of entry, health car clinics, hos-
pitals, or other areas where infected individuals may be
identified.

EXAMPLE 3: DEVELOPING A DEVICE TO DETECT 
ENVIRONMENTAL COMPOUNDS IN THE ATMOS-
PHERE.

[0089] The concept of a chemosensory fingerprint as
described in Example 2 has numerous applications, in-
cluding the construction of a biosensor for detecting the
presence of compounds in the environment or atmos-
phere. For example, a biosensor based on insect chem-
osensory proteins in an array that is linked to a reporter
system such as an audible beeper or alarm can be con-
structed to detect molecules that are colorless and odor-
less to humans, thus making these compounds difficult
for humans to detect.
[0090] Such a detector is particularly useful in the de-
tection of toxic compounds in the atmosphere that pose
a health risk to humans, as humans are often unable to
sense them using their own chemosensory systems, or
the chemicals are so toxic that they must be detected
before they are smelt by humans. Examples of such
chemicals are the nerve gases, tabun (GA), soman (GD),
sarin (GB), cyclosarin (GF) and VX. These agents are
used in chemical weapons and are extremely toxic to
humans, making their detection important to security, mil-
itary, and anti-terrorist applications.
[0091] In this example, the invention provides the
means and methods necessary to detect the nerve gas,
soman (1,2,2-Trimethylpropyl methylphosphonofluori-
date). Soman is a volatile, colorless liquid classified as
a weapon of mass destruction by United Nations Reso-
lution 687. The stockpiling and production of soman has
been banned by the Chemical Weapons Convention of
1993. A chemosensory array comprising chemosensory
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proteins from numerous insect species can be used to
identify insect chemosensory proteins capable of detect-
ing soman; these proteins are then incorporated into a
specialized array that is linked to a reporter system such
as a piezoelectric buzzer with a power source, and in-
corporated into portable devices. These devices are bi-
osensors capable of detecting soman and can be used
in military, homeland security, and government installa-
tions. Portable devices can be used in the field by armed
forces personnel and weapons treaty compliance inspec-
tors.

EXAMPLE 4: DEVELOPING DEVICES TO ISOLATE 
OR DETECT BY-PRODUCTS OF CHEMICAL SYN-
THESIS, OR TO ISOLATE OR DETECT DESIRED 
PRODUCTS OF CHEMICAL SYNTHESIS OR FOR 
PURIFICAT10N OR CONCENTRATION OF AN ANA-
LYTE FROM A MIXTURE OR SOLUTION.

[0092] Insect chemosensory proteins have been
shown to selectively bind to a particular stereoisomer of
a ligand and not the another stereoisomer of the same
ligand; for example, the moth, Lemantria dispar, can use
its chemosensory system to select a specific stereoi-
somer of a pheromone.44 This extremely selective, highly
specific binding activity of chemosensory proteins can
be utilized to select for, concentrate, select against, or
purify a specific analyte from a complex mixture, and has
numerous applications in industry. For example, chem-
osensory proteins from a wide variety of insect species
in an array linked to a reporter system can be exposed
to diastereomers of ephedrine, a drug used in a variety
of applications and sold over the counter as well as in
prescription medications. Each diastereomer will gener-
ate a unique chemosensory profile, and those chemo-
sensory proteins capable of binding one diastereomer
but not the other(s) can be selected for inclusion into
purification devices. These devices are then incorporat-
ed into synthesis pathways by pharmaceutical compa-
nies in order to efficiently isolate or purify desired prod-
ucts from mixtures containing their stereoisomers and/or
by-products of chemical synthesis. Thus, a chemosen-
sory protein with highly selective specificity of binding for
the (1S,2S)-diastereomer of ephedrine, (called "pseu-
doephedrine" and available over the counter as a decon-
gestant) is used to isolate and purify this stereoismoer
from a mixture of compounds including (1R,2S)-ephe-
drine (banned for over the counter use in diet aids; used
for asthma) and/or other structurally related amines. Like-
wise, selecting any dextrorotatory isomer from its levo-
rotatory isomer, or vice versa, can be accomplished by
using a highly; selective chemosensory protein identified
from the array and incorporated into a filtering mecha-
nism in a pharmaceutical production line. For example,
all molecules containing a characteristic structure such
as the 17 carbon atoms arranged in four rings (hallmark
of steroid molecules) can be rapidly identified, isolated,
or concentrated by using chemosensory proteins capa-

ble of selectively binding them.
[0093] This aspect of the invention is also useful in ap-
plications such as environmental cleanup or any appli-
cation requiring the selective removal of a class of com-
pounds or a single compound.

EXAMPLE 5: USING CHEMOSENSORY A CHEMO-
SENSORY PROTEIN ARRAY TO DEVELOP PORTA-
BLE DEVICES CAPABLE OF DETECTING EXPLO-
SIVE SUBSTANCES.

[0094] Live insects are already in use to detect unex-
ploded ordinance (UXO). Insects are known to recognize
several explosive substances, 50-52 and honeybees are
being trained to detect land mines or other UXO. How-
ever, there are several serious drawbacks to using live
insects for detecting UXO. Firstly, although insects have
very sensitive chemosensory systems as a group, the
variety of compounds any individual species can detect
is less than the variety of compounds numerous species
can detect. Secondly, insects must be available in large
numbers, as most species have a short life span; this
implies domesticated species such as the honey bee are
easier to use in detection than other species that may
have equally sensitive chemosensory systems, such as
wasps. Thirdly, insects like honeybees must be trained
to detect explosives, and must be observed detecting
these explosives in order to identify the location of the
UXO.
[0095] The present invention overcomes these difficul-
ties and describes the methods to develop detection de-
vices based on the chemosensory proteins to detect ex-
plosives without requiring live insects. The chemosenso-
ry proteins from honeybees and other insects capable of
detecting analytes of interest are used to construct an
explosives-specific chemosensory array that is coupled
to an enzymatic, electric, mechanical, or other form of
reporter mechanism to comprise a biosensor for detect-
ing explosives. For example, a chemosensory array con-
taining chemosensory proteins from several hundred in-
sect species is used to develop a chemosensory profile
for the commonly available explosive, Semtex. This sub-
stance is a commercially produced mixture of PETN,
RDX, N-phenyl-2-naphthylamine, di-n-octyl phthalate,
and a styrene-butadiene rubber binder. The array will
provide chemosensory proteins capable of binding to
each of these substances individually, or to mixtures of
the component substances. These chemosensory pro-
teins can be incorporated into a portable device and
linked to a piezoelectric buzzer for use as an explosives
alarm system in battlefields, airports, or other military or
security applications.
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EXAMPLE 6: HIGH-THROUGHPUT SCREENING TO 
ISOLATE A MODIFIED OBP(S) WITH HIGHER BIND-
ING AFFINITY TO 2,4-DINITROTOLUENE (2,4-DNT) 
FOR USE IN A BIOSENSOR TO DETECT EXPLO-
SIVES.

[0096] Although insect chemosensory proteins repre-
sent a highly diverse group with a wide variety of binding
properties there are potential analytes that may be un-
recognized by existing expressed proteins. Furthermore,
it may be desirable to manipulate the specificity, strength
of ligand binding, or other characteristics of ligand binding
between chemosensory protein(s) and analyte. This ex-
ample shows how a modified OBP with a higher binding
affinity to a given analyte can be can be isolated so that
it can be used in a biosensor device to detect explosives.
[0097] The compound 2,4-DNT is a chemical degra-
dation by-product of trinitrotoluene, a common compo-
nent of many high explosives. Several groups have fo-
cused on detection of 2,4-DNT as a method to locate
explosives, including underwater mines and land mines.
At least one such study successfully used honeybees
(Apis mellifera) trained to smell 2,4-DNT to locate land
mines,50,97 indicating insects have chemosensory pro-
teins that recognize this compound. The Apis genome
has been sequenced and many of the genes encoding
chemosensory proteins have been identified.
[0098] 2,4-DNT would be screened using the chemo-
sensory array described above. A variety of chemosen-
sory proteins from the array would be identified that bind
2,4-DNT with a range of affinities. In order to isolate pro-
teins with improved affinity, DNA sequences represent-
ing the individual functional domains of chemosensory
proteins that bind 2,4-DNT are used to generate oligom-
ers of approximately 60bp. Since these genes are on
average 300bp long this means generating about 5 oli-
gomers from each gene. In addition, linking oligomers of
30bp are generated representing the reverse strand,
these contain 15bp from the end of two adjacent 60bp
oligomers. Both sets of oligomers are mixed together,
allowed to anneal and a DNA polymerase is used to fill
in the gap. This method is a novel and substantial im-
provement of the method detailed by Xiong et al. ("A sim-
ple, rapid high-fidelity and cost-effective PCR-based two-
step DNA synthesis method for long gene sequences").49

By mixing oligomers from the 2,4-DNT-binding chemo-
sensory proteins with specific linking oligomers we can
create novel gene chimeras containing functional do-
mains from the different proteins. These novel genes are
expressed and the resulting proteins screened for im-
proved binding affinity to 2,4-DNT using an assay that
has been previously-described above.
[0099] The improved protein can then be produced and
incorporated into a detecting device while coupled to a
reporter mechanism.

EXAMPLE 7: DEVELOPING A BIOSENSOR TO RE-
MOTELY TRACK FOOD SHIPMENTS AND DETECT 
FOOD SPOILING OR DEGRADATION.

[0100] The food and shipping industries require a reli-
able method to detect byproducts of food decomposition
in order to ensure safe food processing in applications
such as meat packaging and other food preparation ap-
plications. Meats and vegetables are often prepared in
a central location such as a packing plant and shipped
across country or even abroad as perishable cargo, and
care must be taken that this cargo arrives at the destina-
tion still fit for human consumption.
[0101] Decomposing meat typically harbors bacteria
and other microorganisms that produce characteristic
substances such as alcohol(s), lactic acid, and nitroge-
nous organics resulting from bacterial putrefaction of pro-
tein including ptomaines, putrescine, cadaverine, parvo-
lin, and sepsin. The invention can use insect chemosen-
sory proteins to detect these substances. A chemosen-
sory array composed of numerous chemosensory pro-
teins from different insect pest species, particularly spe-
cies known to be attracted to cadavers and carcasses,
is used to generate a chemosensory profile for each an-
alyte or for commonly occurring combinations. Those
proteins from the chemosensory array that do recognize
the analytes of interest are then incorporated into a de-
tecting device while coupled to a reporter mechanism.
Thus, the invention can be incorporated directly into
packaging materials and coupled to a reporter mecha-
nism such as an enzymatically triggered color change or
other mechanism, to allow end users or consumers to
quickly determine if a particular food article is spoiled. A
Radio Frequency Identification (RFID) mechanism can
also be linked to the biosensor, so as to enable shipments
of food or other perishable items to be monitored remotely
for spoilage while in transit on ships, trucks, trains, air-
planes, or other means of transport. The RFID-linked
spoilage biosensor can also monitor foodstuffs in storage
in warehouses etc.

EXAMPLE 8: DEVELOPING A BIOSENSOR TO 
CHECK QUALITY OF FOODS OR BEVERAGES 
(SUCH AS COFFEE) BASED ON SCENT.

[0102] The invention recognizes the need to detect a
specific aroma or combination of aromas or scents as an
indicator of quality in certain foods or beverages. For ex-
ample, the coffee and wine industries rely on humans
that are trained to detect specific odors or aromas in these
products; the quality of coffee or wine is directly associ-
ated to its aroma by consumers and producers alike. The
invention provides the means necessary to identify the
key volatile components of a coffee or wine that contrib-
ute toward a desirable aroma; once these volatiles are
identified they are incorporated into a chemosensory fin-
gerprint and the interested industry can then monitor cof-
fee production to ensure current batches also emit the
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same volatile scents or odors in order to obtain a con-
sistent aroma.
[0103] A sample of coffee with a highly desirable aroma
(a reference coffee) is used to establish the chemosen-
sory fingerprint of the "correct" or desirable aroma for
subsequent production. A chemosensory protein array
consisting of numerous insect chemosensory proteins
linked to a reporter mechanism (see Figure 3) is exposed
to the volatiles aromas and scents produced by the ref-
erence coffee in order to identify those chemosensory
proteins that are capable of binding to the molecules emit-
ted. The recognition pattern generated by the protein ar-
ray is representative of the reference coffee; it is the ref-
erence coffee’s chemosensory fingerprint (see Figure 3).
Production quality is then be monitored by checking sub-
sequent samples of the coffee ensure the scent emitted
by those samples corresponds to the fingerprint. Thus,
the invention can be used to replace or supplement
trained humans in scent testing coffee, wine, or other
products.

EXAMPLE 9: A BIOSENSOR TO DETECT SURVI-
VORS TRAPPED IN RUBBLE, MINESHAFTS, OR 
OTHER AREAS WHERE THEY CANNOT BE SEEN.

[0104] The invention recognizes the need to detect by-
products of human respiration, scents or odors such as
oils and sweat emitted from the skin, and other odors
characteristics of living humans in order to construct a
biosensor for the discovery of survivors of natural or war-
time disasters that may be trapped under wreckage, rub-
ble, mines, etc.
[0105] Numerous insect species have chemosensory
proteins specialized for the detection of humans; for ex-
ample, the malaria carrying mosquito, Anopheles gam-
biae, is anthropophilic and can locate humans in the dark
by sensing volatiles in the human breath and emitted
from the skin.23,98-100 The invention recognizes the ap-
plication of chemosensory proteins from insects that can
detect human-emitted volatiles in the construction of bi-
osensor devices to detect humans. Thus, the invention
provides the methods necessary to identify analytes
commonly associated with the presence of living hu-
mans. To accomplish this, a chemosensory array is used
to generate a chemosensory profile for each analyte or
for commonly occurring combinations of analytes typi-
cally remitted by humans, such as carbon dioxide and
lactic acid.23,98-100 As described previously in this docu-
ment, the portions of the chemosensory array (the chem-
osensory proteins) that participate in this chemosensory
profile are incorporated into a detecting device while cou-
pled to a reporter mechanism. These devices can be
used in portable detection mechanisms that can be trans-
ported to the site of an accident, attack, bombing, natural
disaster, and used in lieu of or in addition to canine search
units.

EXAMPLE 10: A BIOSENSOR TO DETECT THE PRES-
ENCE OF THE CODLING MOTH, CYDIA POMONEL-
LA, AN INSECT PEST SPECIES.

[0106] Insects are economically detrimental to many
industries, such as the agriculture, food shipment, and
housing industries. These industries invest large sums
of money to control insect pests, primarily with insecti-
cides and/or other forms of pest management such as
IPM. This invention provides the means to construct a
biosensor capable of detecting the presence of a partic-
ular insect pest species; such a device is useful in the
field, in packaging plants, as well as in inspection stations
such as those run by the government agriculture depart-
ments of many nations to control import/export of infected
foods.
[0107] Numerous insect species employ chemical
communication and emit scents or odors in order to com-
municate with other individuals of their species, or as
signals that can be recognized by other species for a
variety of reasons.29,37-53-57 Plants also interact with in-
sects using chemical signaling; plant species are known
to emit allomones or other chemical signals to attract
beneficial insects.58 These chemical signals regulate crit-
ical aspects of insect behavior, such as feeding, foraging,
oviposition, or mating.23 Due to the importance of chem-
ical communication, insects have developed highly sen-
sitive chemosensory systems; insect chemosensory pro-
teins are thus ideally suited to recognize these chemical
signals.
[0108] The codling moth, Cydia pomonella, is a pest
of pome fruit in the United States. The codling moth uti-
lizes a pheromone, codlemone, to allow individuals to
locate one another for mating; the structure and function
of codlemone are well characterized, and it is known that
male moths respond to it.101-104 Currently, levels of co-
dling moth infestation in apple orchards are monitored
using traps combining a glue to hold male moths with
artificial codlemone to attract them, and require human
intervention. This invention provides the means to devel-
op a codling moth biosensor that detects moths by iden-
tifying codlemone in the atmosphere. A chemosensory
array containing chemosensory proteins from the codling
moth is generated by expressing these proteins in vitro.
The array can contain chemosensory proteins from other
insect species, as it is likely several other species express
proteins that can identify codlemone. For example, pred-
ators such as wasps that feed on codling moth are likely
to express chemosensory proteins that can detect vola-
tile scents or odors emitted by the moths; the protein
array can thus include chemosensory proteins from wasp
species. The array is used to generate a chemosensory
profile for codlemone. The chemosensory proteins that
participate in this chemosensory profile are incorporated
into a detecting device while coupled to a reporter mech-
anism. This biosensor device can also be coupled to a
Radio Frequency Identification (RFID) mechanism to al-
low remote monitoring of infestations.
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[0109] Apples infested with codling moths are banned
in several countries that import fruit from the United
States. Thus, this aspect of the invention coupled to an
RFID mechanism can be used to monitor fruit shipments
for possible codling moth infestation during transit, en-
suring no infested shipments are allowed to arrive.

EXAMPLE 11: A BIOSENSOR TO DETECT TUBER-
CULOSIS IN HUMANS.

[0110] Several human diseases cause the patient to
emit detectable volatiles either through the skin, breath,
or body fluids. One such disease is pulmonary tubercu-
losis,65 a contagious disease in humans that is caused
by mycobacteria. Tuberculosis (TB) infection among hu-
mans in the developed world resurged in the 1990s as a
result of immigration, relaxed TB control in countries
where the disease had previously been eradicated, and
an increase in the number of immunosuppressed pa-
tients as a result of AIDS.
[0111] The established method to test a human for ex-
posure to the organism that causes TB was developed
in the early 20th century and named after French physi-
cian, Charles Mantoux. The Mantoux test involves an
intradermal injection of 10 Tuberculin units, usually per-
formed on the inner forearm of the test subject. The sub-
ject is observed for visible reaction to the Tuberculin at
the site of injection up to 72 hours later. One drawback
to the Mantoux test is the lag period between injection
and analysis. Another drawback is that the test does not
confirm active tuberculosis; rather, it merely confirms the
subject was at one point exposed to the microorganism.
Furthermore, the results must be interpreted, essentially
in a subjective manner, depending on the history of the
subject. For example, induration (measured in millime-
ters) of 5 mm is positive in an HIV patient but negative
in lab personnel, drug users, or diabetics; these latter
persons are considered positive at 10 mm.
[0112] The invention describes the means to construct
a biosensor for rapid diagnosis of active TB in humans
based on detecting the volatiles associated with pulmo-
nary TB in the breath of tested individuals. This device
can be used at ports of entry, airports, health clinics, and
other areas where high population densities dictate the
need for careful public health screening (dorms, military
bases, etc.). To accomplish this, the volatiles associated
with pulmonary TB in humans tested using an insect
chemosensory protein array containing insect chemo-
sensory proteins expressed in vitro and sourced from
numerous insect species. The chemosensory array is
used to generate a chemosensory profile for active TB
infection in humans as described previously in this doc-
ument, and the portions of the chemosensory array (the
chemosensory proteins) that participate in this chemo-
sensory profile are incorporated into a detecting device
while coupled to a reporter mechanism. The breath of
non-infected humans is used as a control, to exclude
chemosensory proteins that recognize normal analytes

in human breath from the array in the TB biosensor.
These devices can be used in clinics, hospitals, portable
health care labs, field hospitals, humanitarian relief ef-
forts, and other health care or diagnostic applications.
The devices can also be coupled to a RFID mechanism
to allow rapid data collection by public health agencies.

EXAMPLE 12: DEVELOPING A BIOSENSOR TO DE-
TECT A FOREST FIRE REMOTELY.

[0113] Jewel beetles (Melanophila spp.) must locate
freshly burned forest areas in order to oviposit; thus, this
species relies on its chemosensory system to detect for-
est fires.72 These beetles can detect burning wood from
distances of several km by identifying phenolic com-
pounds such as guaiacol72 (C7H8O2).
[0114] The invention describes the means to construct
a biosensor based on insect chemosensory proteins that
can be used to detect forest fires remotely and signal the
appropriate authorities. A chemosensory array compris-
ing chemosensory proteins from numerous insect spe-
cies, including species with a known sensitivity to phe-
nolic compounds and/or combustion byproducts, is used
to identify the proteins responsive to the smoke gener-
ated from tree fires. These chemosensory proteins can
be used in novel fire detection devices when coupled with
an electric or electronic reporter system or alarm. For
example, the array proteins are incorporated into a small
device with a power supply and an electric reporter mech-
anism that activates an RFID transmitter when the array
proteins detect smoke. The transmitter can be monitored
by fire control agencies remotely. Other applications of
this device include airports, warehouses or storage facil-
ities, shipping, ports of entry, fuel storage facilities, and
places of public gathering.

EXAMPLE 13: DETERMINING THE AMOUNT OF AR-
TIFICIALLY APPLIED CODLEMONE IN ORDER TO 
CONTROL CYDIA POMONELLA LINNAEUS POPU-
LATIONS.

[0115] The present invention describes methods to
quantify the amount of artificially applied pheromone in
the field. This is particularly useful when attempting to
control insect pest populations using mating disruption
based on pheromone application. After an initial pherom-
one application, the present invention can indicate when
another application is desirable. In this example, the
present invention is used to monitor the application of
codling moth codlemone.
[0116] The gene(s) encoding GPCR(s) responsible for
codlemone102 detection in the codling moth is trans-
formed into Drosophila, mammalian, yeast, or other eu-
karyotic cells incorporating a reporter gene cascade cou-
pled to an ion channel. These cells are then embedded
into silica gel capable of transmitting detectable current
across two electrodes. If codling moth codlemone is
present in the atmosphere, the GPCRs in the cells em-
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bedded in the silica gel bind to it, initiating the signaling
cascade that results in ion flux (for example, calcium ions)
across the plasma membrane. This ion flux causes a
change in electrical current or potential that can be meas-
ured. In this manner, the present invention can be used
to indicate whether further codlemone application is de-
sirable.
[0117] Alternatively, an enzymatic reaction resulting in
a color change on a strip can be used instead of ion flux
for detecting codlemone. In this method, the chemosen-
sory protein is coupled to an enzymatic reporter cascade
which, when evoked, releases a colored product (for ex-
ample, beta.-galactosidase105). The appearance of this
product on the device indicates the presence of codlem-
one.

EXAMPLE 14: USING CHEMOSENSORY PROTEINS 
OR THEIR PEPTIDE DERIVATIVES TO DEVELOP 
GELS THAT CAN SELECTIVELY REMOVE ODORS 
FROM THE ENVIRONMENT.

[0118] The present invention describes the composi-
tions and methods desirable to develop highly effective
products to inhibit odors. These products can be used in
any environment where unpleasant odors need to be
contained. To develop these products, odorant-binding
proteins can be purified, enriched or identified using the
methods provided by the present invention.
[0119] For example, DNA sequences encoding OBPs
or peptide derivatives are expressed in vitro using tools
common in the art. The OBPs or peptide derivatives are
then incorporated into aqueous gels that can be deployed
in environments where odor control is desirable. Odors,
scents, or semiochemicals emanating from those envi-
ronments will be bound by the OBP, or peptide deriva-
tives of the OBP, that essentially act as odor traps. De-
tectable odors will thus be greatly reduced. These odor
control gels incorporating OBPs or OBP peptide deriva-
tives are useful in locations including but not limited to
private or public lavatories, garages, kitchens, storage
areas, or refuse containers.

EXAMPLE 15: USING CHEMOSENSORY PROTEINS 
EXPRESSED IN BACTERIAL CELLS TO PURITY WA-
TER.

[0120] Water purification or treatment plants focus on
removing pollutants, waste, and other undesirable com-
pounds from water collected in drain systems in order to
make the water useable for a variety of applications, or
simply to make the water safe enough to dispose of into
rivers, lakes, or seas without contaminating the environ-
ment. For example, volatile organic compounds are high-
ly undesirable in water, and treatment plants must purify
the water of these compounds.
[0121] Undesirable volatile organic compounds
(VOCs) are screened using an insect chemosensory pro-
tein array in order to identify those chemosensory pro-

teins that are capable of recognizing the VOCs as de-
scribed previously. DNA sequences encoding those
chemosensory proteins are then cloned into bacterial ex-
pression and transformation vectors common in the art
in order to transform E. coli bacteria. The bacterial cells
will express the recombinant insect chemosensory pro-
teins and incorporate the proteins into the cell membrane
such that the proteins are present on the external cell
surfaces. Cultures of these bacteria can be grown in wa-
ter to be treated; the chemosensory proteins on the bac-
terial cell surfaces will bind to the undesirable VOCs and
remove them from the solution. Thus, this aspect of the
invention is suitable for use in water treatment plants.
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Claims

1. A method of identifying chemicals in the atmosphere
or in solution using a biosensor, comprising:

a) providing isolated chemosensory proteins or
fragments thereof, capable of binding said
chemicals of interest, said proteins or fragments
being sourced from different insect species ;
b) incorporating said proteins or fragments into
a reporter system; and
c) detecting activation of said reporter system,
whereby the presence of said chemicals is de-
tected,

wherein said proteins or fragments comprise odor-
ant-binding protein, sensory appendage protein, or-
tholog of Drosophila melanogaster Takeout protein,
and odorant degrading enzymes.

2. A method according to claim 1, wherein said chem-
icals are semiochemicals.

3. A method of generating a chemosensory "profile" or
"fingerprint" for a given analyte comprising:

a) generating a collection of isolated inverte-
brate chemosensory proteins or fragments
thereof, said proteins or fragments being
sourced from different insect species ;
b) linking said collection to a reporter mecha-
nism, such as an enzymatic or fluorescence
based reporter mechanism, to generate a chem-
osensory protein array; and
c) exposing the analyte to the chemosensory
array and recording the identities of the chem-
osensory proteins or fragments thereof in the
array capable of binding the analyte, whereupon
a chemosensory fingerprint of the analyte is gen-
erated,

wherein said proteins or fragments comprise odor-
ant-binding protein, sensory appendage protein, or-
tholog of Drosophila melanogaster Takeout protein,
and odorant degrading enzymes.

4. The method of claim 1 or 3, wherein subsets of the
chemosensory array containing chemosensory pro-
teins or fragments thereof, capable of binding a spe-
cific analyte or a complex mixture of analytes, are
used to generate a detection or purification device
for the particular analyte or the complex mixture of
analytes.

5. The method of claim 1 or 3, wherein said reporter
system causes an electrical change that can be
measured, is activated enzymatically, is activated
chemically, is activated electrically, is based on sur-
face plasmon resonance, uses a cell-based assay,
or uses a fluorescence-based assay.

6. The method of claim 3, wherein said protein com-
prises hybrid domains or motifs generated from frag-
ments of recombinant chemosensory proteins com-
bined in a novel manner, or in vitro using directed
mutagenesis or recombinant DNA technology.

7. A method of purifying natural or synthetic chemicals
or analytes in the atmosphere or in solution, com-
prising:

a) providing isolated chemosensory proteins or
fragments thereof, capable of recognizing said
analyte of interest, said proteins or fragments
being sourced from different insect species ;
and
b) incorporating said chemosensory protein or
fragment into a selective filtration device, where-
in said proteins or fragments comprise odorant-
binding protein, sensory appendage protein, or-
tholog of Drosophila melanogaster Takeout pro-
tein, and odorant degrading enzymes.

Patentansprüche

1. Ein Verfahren zur Identifizierung von Chemikalien in
Atmosphäre oder Lösung unter Verwendung eines
Biosensors umfassend :

a) Bereitstellung von isolierten chemosensori-
schen Proteinen oder Fragmenten davon, die
fähig sind, die Chemikalien von Interesse zu bin-
den, wobei die Proteine oder Fragmente von
verschiedenen Insektenspezies stammen;
b) Einbringen der Proteine oder Fragmente in
ein Reporter-System; und
c) Nachweis der Aktivierung des Reporter-Sy-
stems, wobei das Vorhandensein der Chemika-
lien nachgewiesen wird,

wobei die Proteine oder Fragmente Geruchsstoff-
bindendes Protein, sensorisches Anhängselprotein,
Orthologe des Drosophila melanogaster Takeout-
Proteins, und Geruchsstoff-abbauende Enzyme um-
fassen.

2. Ein Verfahren nach Anspruch 1, wobei die Chemi-
kalien Semiochemikalien sind.

3. Ein Verfahren zur Erstellung eines chemosensori-
schen "Profils" oder "Fingerabdrucks" für ein gege-
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benes Analyt umfassend:

a) Erstellung einer Bibliothek von isolierten, che-
mosensorischen Invertebratenproteinen oder
Fragmenten davon, wobei die Proteine von ver-
schiedenen Insektenspezies stammen;
b) Verbindung der Bibliothek mit einem Repor-
ter-Mechanismus, wie zum Beispiel einem Re-
porter-Mechanismus auf enzymatischer oder
Fluoreszenz-Basis zur Erzeugung eines che-
mosensorischen Protein-Arrays; und
c) Exposition des Analyten in dem chemosen-
sorischen Array und Aufzeichnen der Identitäten
der chemosensorischen Proteine oder Frag-
mente davon in dem Array, das den Analyten
binden kann, worauf ein chemosensorischer
Fingerabdruck des Analyten erzeugt wird,

wobei besagte Proteine oder Fragmente Geruchs-
stoff-bindendes Protein, sensorisches Anhängsel-
protein, Orthologe des Drosophila melanogaster Ta-
keout-Proteins, und Geruchsstoff-abbauende Enzy-
me umfassen.

4. Verfahren nach Anspruch 1 oder 3, wobei Unterein-
heiten des chemosensorischen Arrays, die chemo-
sensorische Proteine oder Fragmente davon enthal-
ten, die fähig sind, einen spezifischen Analyten oder
eine komplexe Mischung von Analyten zu binden,
zur Herstellung einer Nachweis- oder Reinigungs-
vorrichtung für den bestimmten Analyten oder die
komplexe Mischung von Analyten verwendet wer-
den.

5. Verfahren nach Anspruch 1 oder 3, wobei das eine
messbare elektrische Veränderung hervorrufende
Reporter-System enzymatisch aktiviert wird, chemi-
kalisch aktiviert wird, elektrisch aktiviert wird, auf ei-
ner Oberflächenplasmon-Resonanz basiert ist, ei-
nen Zell-basierten Assay verwendet oder einen
Fluoreszenzbasierten Assay verwendet.

6. Verfahren nach Anspruch 3, wobei das Protein Hy-
briddomänen oder Motive umfasst, die von neuartig
kombinierten Fragmenten rekombinanter chemo-
sensorischer Proteine oder in vitro unter Verwen-
dung der Technologie der rekombinanten DNA oder
der gesteuerten Mutagenese erzeugt werden.

7. Ein Verfahren zur Reinigung natürlicher oder syn-
thetischer Chemikalien oder Analyten in Atmosphä-
re oder in Lösung, umfassend:

a) Bereitstellung von isolierten chemosensori-
schen Proteinen oder Fragmenten davon, die
fähig sind, Analyten von Interesse zu erkennen,
wobei die Proteine oder Fragmente von ver-
schiedenen Insektenspezies stammen; und

b) Einbringen der chemosensorischen Proteine
oder Fragmente in eine selektive Filtriervorrich-
tung, wobei die Proteine oder Fragmente Ge-
ruchsstoff-bindendes Protein, sensorisches An-
hängselprotein, Orthologe des Drosophila me-
lanogaster Takeout-Proteins, und Geruchsstoff-
abbauende Enzyme umfassen.

Revendications

1. Procédé d’identification de produits chimiques dans
l’atmoshère ou en solution utilisant un biocapteur,
comprenant :

a) la fourniture de protéines chimiosensorielles
isolées ou de fragments de celles-ci, capables
de lier lesdits produits chimiques d’intérêt, les-
dites protéines ou fragments provenant de dif-
férentes espèces d’insectes ;
b) l’incorporation desdites protéines ou frag-
ments dans un système rapporteur ; et
c) la détection de l’activation dudit système rap-
porteur, de sorte que la présence desdits pro-
duits chimiques est détectée,

dans lequel lesdites protéines ou fragments com-
prennent des protéines liant les odeurs, des protéi-
nes d’appendices sensoriels, des orthologues de la
protéine Takeout de Drosophila melanogaster, et
des enzymes dégradant les odeurs.

2. Procédé selon la revendication 1, dans lequel lesdits
produits chimiques sont des sémiochimiques.

3. Procédé de génération d’un « profil » ou d’une
« empreinte » chimiosensoriel pour un analyte don-
né comprenant :

a) la génération d’une collection de protéines
chimiosensorielles d’invertébrés isolées ou
fragments de celles-ci, lesdites protéines ou
fragments provenant de différentes espèces
d’insectes ;
b) la liaison de ladite collection à un mécanisme
rapporteur, tel qu’un mécanisme rapporteur à
base enzymatique ou de fluorescence, afin de
générer un ensemble de protéines
chimiosensorielles ; et
c) l’exposition de l’analyte à l’ensemble chimio-
sensoriel et l’enregistrement des identités des
protéines chimiosensorielles ou fragments de
celles-ci dans l’ensemble capables de lier l’ana-
lyte, après quoi une empreinte chimiosensoriel-
le de l’analyte est générée,

dans lequel lesdites protéines ou fragments com-
prennent des protéines liant les odeurs, des protéi-
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nes d’appendices sensoriels, des orthologues de la
protéine Takeout de Drosophila melanogaster, et
des enzymes dégradant les odeurs.

4. Procédé selon la revendication 1 ou 3, dans lequel
des sous-ensembles de l’ensemble chimiosensoriel
contenant des protéines chimiosensorielles ou des
fragments de celles-ci, capables de lier un analyte
spécifique ou un mélange complexe d’analytes, sont
utilisés afin de générer un dispositif de détection ou
de purification pour l’analyte particulier ou le mélan-
ge complexe d’analytes.

5. Procédé selon la revendication 1 ou 3, dans lequel
ledit système rapporteur provoque un changement
électrique qui peut être mesuré, est activé de ma-
nière enzymatique, est activé de manière chimique,
est activé de manière électrique, est basé sur la ré-
sonance plasmonique de surface, utilise un réseau
à base de cellules, ou utilise un réseau basé sur la
fluorescence.

6. Procédé selon la revendication 3, dans lequel ladite
protéine comprend des motifs ou domaines hybrides
générés à partir de fragments de protéines chimio-
sensorielles recombinantes combinés d’une nouvel-
le manière, ou utilisant in vitro la mutagenèse dirigée
ou la technologie de l’ADN recombinant.

7. Procédé de purification de produits chimiques ou
d’analytes naturels ou synthétiques dans l’atmos-
phère ou en solution, comprenant :

a) la fourniture de protéines chimiosensorielles
isolées ou fragments de celles-ci, capables de
reconnaitre ledit analyte d’intérêt, lesdites pro-
téines ou fragments provenant de différentes
espèces d’insectes ; et
b) l’incorporation desdites protéines chimiosen-
sorielles ou fragments dans un dispositif de fil-
tration sélectif, dans lequel lesdites protéines ou
fragments comprennent des protéines liant les
odeurs, des protéines d’appendices sensoriels,
des orthologues de la protéine Takeout de Dro-
sophila melanogaster, et des enzymes dégra-
dant les odeurs.
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摘要(译)

本发明提供了使用衍生自无脊椎动物的化学感应蛋白质来结合或检测特
定化合物的方法和组合物。应用包括用作生物传感器或其他传感装置和
净化或浓缩装置中的检测器元件。化学感应途径中涉及的蛋白质的实例
包括气味结合蛋白（OBP），感觉附属蛋白（SAP），黑腹果蝇外向蛋
白（TOL）的直向同源物，气味或味觉受体（OR，GR或共同
GPCR），其他蛇纹石。受体和气味降解酶（ODEs）。这些类别的蛋白
质参与无脊椎动物的嗅觉和味觉感觉系统。本发明提供了用于鉴定分析
物的方法和组合物，所述分析物例如效应子，结合配偶体或与化学感应
途径中涉及的蛋白质相互作用的其他分子。用于传感器应用的方法包括
将检测机制与一种或多种无脊椎动物化学感应蛋白连接，使得当存在诸
如配体或化学感应蛋白的结合配偶体的分析物时产生可测量的信号。纯
化应用的方法涉及利用能够分离复杂混合物中特定分析物的化学感应蛋
白。因此，本发明提供了鉴定特定分析物的存在的方法，并且还排除或
包括来自过程或混合物的特定分析物。
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