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ABSTRACT:

Herein, we present that insect odorant receptors reconstituted into the lipid bilayers of liposomes
can be successfully immobilized onto a gold surface and selectively and sensitively detect
odorant molecules. The odorant receptors (OrXs) Orl0a, Or22a, and Or71a from the common
fruit fly, Drosophila melanogaster, were recombinantly expressed, purified and integrated into
nano-liposomes (100200 nm). These liposomes were covalently attached to the self-assembled
monolayers (SAMs) of a 6-mercaptohexanoic acid (MHA)-modified gold surface. X-ray Photo
Electron Spectroscopy (XPS) and Quartz Crystal Microbalance with Dissipation (QCM-D)
measurements confirmed the successful modification of the gold surface and immobilization of
liposomes. Atomic Force Microscopy (AFM) revealed that the liposomes were covalently
attached to the surface without any disruption of vesicles. The liposomes tethered to the gold
sensor surface were then treated with a range of known ligands of various concentrations. We
demonstrated by Electrochemical Impedance Spectroscopy (EIS) that an OrX/liposome EIS
sensor can sensitively and selectively detect its known ligand to femtomolar concentrations by
detecting a change in electrical signal upon binding. Our study is the first step towards using
purified insect odorant receptors alone in biosensors to enable the development of novel
ultrasensitive volatile sensors for medical diagnostic, air quality, food safety and border security

applications.
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spectroscopy, quartz crystal microbalance



1. Introduction

Insects exhibit an unmatched sense of smell (Angioy et al., 2003) that is critical to how mates
are attracted, food sources identified and hosts located (Ihara et al., 2013). Their unique odorant
receptors (Kaupp, 2010) are the key to their extreme sensitivity and rapid detection of volatile
chemical signals. These receptors are membrane proteins expressed within the olfactory sensory
neurons present in the sensilla found on the surface of their antennae. In contrast to mammals
that use G-protein coupled receptors (GPCRs) to smell (Kaupp, 2010), insects use a novel class
of ligand-gated cation channel (Carraher, 2013) which are complexes (German et al., 2013) of
an ion channel-forming subunit, Orco, and one of a family of highly divergent odorant “tuning”
receptors, OrX. Studies on fly and mosquito OrX specificities suggest that insect OrXs respond
to odorants in a combinatorial manner, with a specific odorant activating multiple OrXs, and
each OrX being activated by multiple ligands (Carey et al., 2010; Hallem and Carlson, 2006;
Wang et al., 2010).

These receptors are prime candidates as sensing elements for biosensors as they can
distinguish diverse natural and synthetic volatile organic chemicals (VOCs) (Boyle et al., 2013;
Marshall et al., 2010; Nowotny et al., 2014). However, their utility for biosensing is only just
starting to be demonstrated. Insect OrXs have been expressed in cell lines to characterize their
compound specificity and sensitivity (Montagné et al., 2015). These studies have used either
intracellular fluorescent dyes or voltage clamp electrophysiology to detect changes in OrX/Orco
ion channel activity in response to odorant binding to the OrX subunit. Cells expressing an
OrX/Orco ion channel have been placed in devices and odorant binding detected by voltage

clamp electrophysiological measurements (Misawa et al., 2010; Sato and Takeuchi, 2014), or by



measuring calcium influx-induced fluorescence (Mitsuno et al., 2015). This latter approach has
been further extended to create a cell-based sensor array (Termtanasombat et al., 2016).
However, the drawback of these approaches is that they rely on the creation and maintenance of
living cells that express an OrX/Orco ion channel.

In the case of mammalian odorant receptors (which are not ion channels), there are examples
of purified receptors that have been coupled to different sensor platforms to detect odorant
binding, such as electrochemical impedance spectroscopy (EIS) (Alfinito et al., 2013; Benilova
et al., 2008b; Guo et al., 2015; Hou et al., 2007), surface plasmon resonance (SPR) (Benilova et
al., 2008a; Cook et al., 2009; Kaiser et al., 2008), piezoelectric quartz crystal microbalance with
dissipation (QCM-D)(Du et al., 2013; Sung et al., 2006), and carbon nanotube (CNT) and
graphene field effect transistors (FETs) (Goldsmith et al., 2011; Park et al., 2012; Yang et al.,
2017). To date there have been no papers published concerning the coupling of purified insect
odorant receptors to any kind of sensor platform.

In 2013, we developed a protocol for the recombinant expression of insect OrX and Orco
subunits using baculovirus-mediated expression in insect Sf9 cells, purified these subunits and
reconstituted them into artificial liposomes (Carraher et al., 2013). Now we show that
OrX/liposomes in the absence of Orco can be coupled to an EIS sensor platform to enable the
selective and ultrasensitive (femtomolar or parts per quadrillion) detection of odorants.

Three odorant receptors from Drosophila melanogaster, namely Or10a, Or22a and Or71a, were
integrated into the lipid bilayers of artificial liposomes and these OrX/liposomes were
immobilized onto gold electrodes. Atomic Force Microscopy (AFM), Transmission Electron
Microscopy (TEM), X-ray Photo Electron Spectroscopy (XPS), and QCM-D were applied to

understand the various properties of the OrX/liposomes before and after binding the target



compounds. QCM-D and EIS studies were then performed to characterize the sensitivity and
selectivity of the OrX/liposomes for their target odorants. We show that an insect OrX EIS
biosensor can detect target odorants ultrasensitively and selectively, and surprisingly does not

require the presence of the Orco subunit to function.

2. Material and methods
2.1. Materials

6-Mercaptohexanoic  acid (MHA), N-hydroxysuccinimide (NHS), 1-ethyl-3-(3-
dimethylaminopropyl)-carbodiimide) (EDC), phosphate buffer saline (PBS) tablets, methyl
salicylate, methyl hexanoate, ethyl hexanoate, E2-hexenal and 4-ethylguaiacol were obtained
from Sigma-Aldrich. 1.6-mm diameter gold (Au) disk electrode, coiled platinum (Pt) wire
electrode and leakless silver/silver chloride (Ag/AgCl) electrode were purchased from BASi for
electrochemical measurements. Titanium/Gold (Ti/Au)-coated (~40 nm / 50 nm) microscope
slides 25.4x76.2x1.1 mm were purchased from Deposition Research Lab, Inc. (DRLI) for AFM
and XPS studies. 100 nm gold sensor crystals were purchased from ATA Scientific for

conducting QCM-D measurements.

2.2. Methods

Detailed description for the preparation of purified OrX subunits and preparation of liposome
associated OrX subunits are shown in Khadka et al., 2018 (Data in Brief, page 12-13).
2.2.1. Electrode preparation

Gold disk electrodes (1.6-mm diameter) were polished on a diamond pad with polishing

alumina slurry for 1 min for each electrode. The polished electrodes were rinsed with deionized



water (Milli-Q, 18.2 MQ cm) followed by ultrasonication in ethanol (LR grade) and deionized
water until the residual alumina slurry was completely removed from the electrodes.
Chronoamperometry at —1.4 V was applied to the electrodes to desorb the SAMs of the thiol
present on the surface of the electrodes. This was performed for 30 sec using a 0.1 M sodium
hydroxide (NaOH) electrolyte solution in a 3-terminal electrochemical cell, Ag/AgCl (3 M NaCl,
0.209 V vs. SHE) reference electrode, coiled platinum wire as a counter electrode and gold disk
as a working electrode, using a PalmSens3 potentiostat. Then, the electrodes were again rinsed
with deionized water and ultrasonicated in ethanol and deionized water consecutively. Finally,
cyclic voltammetry was performed for ten cycles between —0.2 and 1.6 V, at a scan rate of 50
mV/s in 0.5 M sulphuric acid (H,SOy) solution to remove any other impurities (a 3-electrode
cell, Ag/AgCl (in 3 M NaCl, 0.209 V vs. SHE) reference electrode, coiled platinum wire as a
counter electrode and gold disk as a working electrode).
2.2.2. SAMs and EDC:NHS activation

2 mM MHA was prepared by dissolving 1.36 pL of MHA in 5 mL ethanol (AR grade). The
cleaned electrodes were immersed into MHA solution and incubated overnight at room
temperature. The next day, the electrodes were washed with ethanol and deionized water
thoroughly in order to remove the unreacted acid. A 2:1 mol:mol ratio of EDC:NHS (100 mM
EDC, 50 mM NHS) was prepared in 2 mL PBS (pH=6.5) solution. Then, the electrode surfaces
were covered with 100 pL of this solution at 28°C for 1 h to activate the carboxylic (COOH)
groups of the MHA.
2.2.3. Immobilization of OrX/liposomes on gold surfaces

All bufter solutions were filtered and degassed by flushing with N, for 30 min prior to use.

PBS solution was prepared by immersing one tablet of PBS in 200 mL of milli-Q water and



filtered using a 0.2-um syringe filter. The pH of the prepared buffer solution was measured with
a pH meter and adjusted to pH 7.4. Each liposome stock solution was diluted 100-fold for EIS,
QCM-D, and XPS study and 10-fold for AFM and TEM study in PBS buffer solution (pH 7.4),
and the -COOH-activated electrodes were incubated in that buffer solution at room temperature
for 1 h. 100 pl of this dilution was incubated on a gold electrode which means there is a
maximum of 0.1 ug or ~2 pmol of OrX molecules on the electrode. Then, the electrodes were
washed extensively with PBS buffer solution to wash out any free liposomes.
2.2.4. Electrolyte and odorant preparation

PBS (pH 7.4) was used as an electrolyte to conduct electrochemical measurements. PBS was
degassed for 15 min prior to electrochemical measurements. Odorant solutions of concentration
ranging from 1 aM to 1 uM were prepared by sequential dilution in PBS containing 1 % DMSO.
OrX-immobilized electrodes were incubated in the relevant odorant solution for ~30 min each
and washed gently with PBS before EIS measurements.
2.2.5. AFM, TEM and XPS measurements

Ti/Au coated ~40/50-nm microscope slides were cleaned using acid piranha solution (3:1
mixture of concentrated sulphuric acid (H,SO4) and hydrogen peroxide (H,O;)). The clean gold
slides were air-dried and liposomes were immobilized on the surface using the procedure as
described above. AFM images were taken after SAM, NHS/EDC coupling and liposome
attachment using the AFM instrument, Cypher ES. Likewise, XPS study of bare, MHA-
modified, NHS/EDC treated, liposomes immobilized and target odorant hybridized gold slides
were carried out using the Kratos Axis DLD XPS system. For the TEM study, OrX/liposomes
were sprayed on a Quantafoil TEM carbon grid followed by snap freezing in liquid ethane. A

120 kV Technai 12 TEM optimized for cryo-electron microscopy was used for imaging.



2.2.6. QCM-D measurements

Gold (100-nm thick) sensor crystals were sonicated in ethanol and milli-Q water for 15 min
each. A 5:1:1 volume ratio of milli-Q water, ammonia (25%), and hydrogen peroxide (30%) was
heated to 75°C for 5 min and the sonicated crystals were placed in the heated solution for 5 min.
Then the crystals were removed from the solution and rinsed thoroughly with milli-Q water
before drying with nitrogen gas. The clean gold crystals were thiol functionalized by exposing
them to a 2-mM ethanolic solution of MHA overnight followed by washing with ethanol solution
in order to remove excess or loosely bound molecules. The SAM functionalized crystals were
then placed into the Q-sense analyzer instrument (Biolin Scientific) chamber and the NHS/EDC,
OrX/liposomes and odorants in PBS buffer solution were flowed over in that order. The changes
in frequency (Af) and dissipation (AD) values were measured before and after modification with
OrX/liposomes.
2.2.7. EIS measurements

EIS measurements were done in a 3-electrode cell containing Ag/AgCl (3 M NacCl, 0.209 V vs.
SHE) reference electrode, coiled platinum wire as a counter electrode and the gold disk as a
working electrode at a fixed voltage of —0.7 using a PalmSens potentiostat. Degassed PBS was

used as an electrolyte.

3. Results and discussion
Three Drosophila melanogaster OrX subunits (Orl10a, Or22a and Or71a) (Dweck et al., 2015;
Hallem and Carlson, 2006) were recombinantly overexpressed, purified and reconstituted into

the lipid bilayers of artificial liposomes, and then immobilized onto sensor substrates. The



experimental procedure for covalent attachment of OrXs/liposomes and binding of the target

odorant molecules as monitored by EIS, is presented in Scheme 1.
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electrode

Counter
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Electrolyte

Working
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, EIS measurement F Odorant

Scheme 1. Procedure to covalently link OrX/liposomes to gold electrodes, showing NHS-EDC
coupled MHA incubation, OrX/liposomes immobilization, hybridization of target odorant ligand

and EIS measurements in a three terminal electrochemical cell.

3.1. Characterization of OrX/liposomes coupled to gold surfaces

TEM and AFM techniques were applied to investigate the size, shape and state of liposomes
when they were bound to a surface. TEM images of the liposomes were taken on a carbon grid
surface. Figure 2(a) shows that the liposomes were well dispersed and still maintained their
round vesicular shape. The average size of the liposomes was 128443 nm. AFM images in
Figure 1 (b-f) show the change in surface morphology and roughness profile when the bare gold

surface was modified with the OrX/liposomes. The bare gold surface consists of densely packed



flat gold nano-crystals of various sizes with an average surface roughness value of around 2 nm.
After deposition of the SAM and NHS/EDC activation, minor changes in the roughness were
observed (see Supporting Information page S5, Figure S2). When liposomes were introduced, a
change in surface morphology was observed, showing circular shaped liposomes of 119+65 nm
size on the surface and no rupture or lipid bilayer formation was observed (Jung et al., 2006).
The increase in surface roughness relating to the height of liposomes (> 30 nm) (Figure 1(d))
also demonstrates that liposomes were successfully attached to the gold surface. The difference
in the liposomes height from AFM (30 nm) and TEM (>100 nm) is likely due to flattening of the
vesicles under the AFM imaging conditions. XPS analysis, showing the confirmation of covalent
attachment of OrX/liposomes to gold surfaces, is presented in Supporting Information (page S2-

S4).
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Figure 1. Physical properties (size, shape and state) of Orl10a/liposomes when attached to a solid
substrate as investigated by TEM and AFM studies. (a) TEM image of the liposomes on a carbon
grid, (b, ¢c) AFM height and 3D image of bare gold surface (d) roughness profile of the bare and
Or10a/liposome immobilized gold surface indicated by the marked line on AFM height images,

(e-f) AFM height and 3D image of the Or10a/liposome immobilized gold surface, respectively.
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3.3. OrX-based biosensor for odorant detection using QCM-D

QCM-D has been previously used to monitor binding of ligands to mammalian odorant
receptors and ion channels (Du et al., 2013; Ko and Park, 2005; Sung et al., 2006). The kinetics
of surface functionalization with SAM, NHS-EDC, OrX/liposomes and their interactions with
the target ligands were investigated by QCM-D. The SAM-modified gold crystals were placed
into the QCM-D chamber, followed by flowing of slightly acidic NHS/EDC in PBS buffer (pH:
6.5) solution (Figure 2). Due to the formation of N-hydroxysuccinimidyl ester between -COOH
end groups of MHA and NHS/EDC coupling agents, a decrease in frequency (-16 Hz ) was
observed, corresponding to an increase in the mass of the surface (Orelma et al., 2012). This
reaction was allowed to occur for some time until the signal became stable before PBS was used
to remove unbound reagents, causing an increase in frequency to —3 Hz (7.5 ng/cm?).

The flow of Orl0a/liposomes solution into the system caused a large change in frequency
corresponding to mass change caused by successful attachment of Orl0a/liposomes. Also, the
very high dissipation detected (AD = (48 + 1.0) x 10°°) clearly shows that the liposomes are still
intact without any rupture (Cho et al., 2010). Different concentrations of the odorant target,
methyl salicylate in 1 % DMSO in PBS buffer solution were then introduced into the QCM-D
flow cell containing the Orl0Oa/liposomes modified crystals. Note that the initial decrease in
frequency, when buffer containing only 1 % DMSO was introduced, is attributed to the bulk shift
due to the addition of the co-solvent DMSO (Figure 2(b)). Concentrations of methyl salicylate
(8 to 1000 uM) resulted in an increase in frequency values corresponding to a decrease in mass,
and a decrease in dissipation corresponding to increase in rigidity of the layer. We hypothesize
these changes are related to the Orl10a receptor acting like a channel even without the presence of

Orco, causing release of water and ions from inside the vesicles. Furthermore, similar changes in

12



frequency and dissipation were observed with two other receptors, Or22a and Or71a (see Khadka
et al., 2018 Data in Brief article). The normalized dose response curves (Figure 3) show target
odorant detection from 8 uM which is on par with one study on Caenorhabditis elegans ODR-10
receptor (Du et al., 2013), but less sensitive than another ODR-10 study (pM) (Sung et al., 2006)

and the rat I7 receptor in HEK293 cells (nM) (Ko and Park, 2005).
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Figure 2. Orl0a/liposomes immobilized QCM-D biosensor showing the detection of methyl

salicylate. (a) The change in frequency and dissipation of SAM-modified gold surface after

NHS/EDC coupling, followed by OrlOa/liposomes immobilization on the quartz crystal
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microbalance (QCM) and then binding of the target ligand methyl salicylate. (b) A close up view
of the change in frequency and dissipation with increasing concentrations of methyl salicylate

(1.6, 8, 20,40, 100, 200, 500 and 1000 uM) for the Or10a/liposomes immobilized QCM sensor.
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Figure 3. Dose response curves showing specific detection of different ligands by each
OrX/liposome immobilized QCM-D sensor. (a) Orl0a/liposomes show selective detection of
methyl salicylate (b) Or22a/liposomes show selective detection of methyl hexanoate with a

reduced response to methyl salicylate (c¢) Or71a/liposomes show selective detection of 4-

ethylguaiacol. Error bars; standard deviation (SD) were generated using two repeats.
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3.4. OrX-based biosensor for odorant detection using EIS

Detection of target odorants by the OrX/liposomes was further investigated by means of EIS
which has been used to study ligand binding to mammalian odorant receptors and other
membrane proteins (Benilova et al., 2008b; Hou et al., 2006; Hou et al., 2007; Khan et al., 2017;

Silin et al., 2016).

Non-Faradaic EIS in the absence of any redox species was used to characterize our system. A
polarization potential of —0.7 V was applied as that was found to be a potential where the gold
electrode gave stable impedance signals. All of the EIS spectra were modeled by a Randles
equivalent circuit, (see Khadka et al., 2018 Data in Brief article) where constant phase element
(CPE) instead of ideal double layer capacitance (Cy) was used to obtain the best fit. However,
deviations from ideal capacitor were less than 10% and all CPE exponents (n) were greater than
0.9 in all cases. The fitted parameters, solution resistance (Rs), capacitance (Q) and polarization
resistance (R,), of Orl0a, Or22a and Or7la sensors for all target ligand concentrations are
tabulated and presented in Supporting Information (page S6-S11, Table S3-S14). Figure 4(a)
presents the EIS response in terms of Nyquist plot for the Or71a/liposome functionalized sensors
when exposed to a solution containing the target ligand 4-ethylguaiacol, at various
concentrations. The Nyquist plot showed a decrease in EIS response after the addition of
increasing concentration of 4-ethylguaiacol. A calibration curve (Figure 4(b)) was obtained by
plotting the change in polarization resistance -(AR,/R°,) versus log [conc (Ligand)], as the sensor
response. Here, R, is the polarization resistance after Or71a/liposome-odorant interaction and R°,
is the polarization resistance before OR71a/liposome-odorant interaction. The sigmoidal fit for

the Or71a dose response curve is shown in Figure 4(b) and can be described by the sigmoidal

16



equation, y=0.537/(1+exp(-0.520x(x+14.83))), from which an Ecs, of 5.56 (+0.62) x 10 M and

a detection range of 10" to 10 M can be calculated.

The calibration curve obtained by plotting the change in capacitance -(AQ/Q,) versus log [conc
(Ligand)] where O, and Q are the capacitance before and after Or7la/liposome-odorant
interaction respectively, is shown in Khadka et al., 2018 Data in Brief article. A systematic
decrease in the polarization resistance with the increase in the concentration of target ligand is
caused by the change in dielectric or conductive properties of the electrode surface after the
interaction of Or7la receptor with 4-ethylguaiacol molecules.  Or7la/liposomes sensor
responded to its ligand 4-ethyl guaiacol (Dweck et al., 2015) with the limit of detection (LOD) of
0.1 fM and did not respond significantly to the control ligand E2-hexenal. The sensor
functionalized with the empty liposomes did not respond to either the positive and negative

ligands.

17



250

0.7
(a) | ® or71ani vs 4-ethyl (b)
0.6 ® ORT1aflip vs E2
4 Empty liposomes vs 4-ethylguaiacol
200 4 0 A Empty liposomes vs E2-hexenal
* OR71a 5
«1laM 1
* 10aM 0.4 -
150 + + 100 aM
g «1fM T ]
X = 10fM T 034
N 100 fM e ]
100 - 1pM & o2l B
...... + 10 pM g . r T
""" = 100 pM 1 : 4 4 -
*1nM 0.14 T 5
50 10nM ,—.g!fs ?!
100 nM 1 Q!‘E;Q‘!?'
o 1uM 0.0 4 P e =
* 10 uM
100 uM
[ T T T T = 4 -0.1 T T T T T T " T T T |
0 100 200 300 400 500 -20 -18 -16 -14 -12 -10 -6 -4 2
Z/xa Loglconc(M)]

Figure 4. Odorant detection using an Or71/liposome immobilized EIS sensor. (a) The Nyquist
plot of an Or71a/liposomes coupled gold surface and binding of different concentrations of 4-
ethylguaiacol (1 aM, 10 aM, 100 aM, 1 fM, 10 fM, 100 fM, 1 pM, 10 pM, 100 pM, 1 nM, 10
nM, 100 nM, 1 uM, 10 uM, and 100 uM) showing a decrease in impedance with increase in
concentration of 4-ethylguaiacol; and (b) dose response curve for the Or71/liposome EIS sensor
showing the change in normalized polarization resistance with increasing concentration of the
positive ligand, 4-ethylguaiacol, as well as response to the negative ligand E2-hexenal. The
response of an empty liposome EIS sensor to 4-ethylguaiacol and E2 hexenal is shown for

comparison. Error bars; standard deviation (SD) were generated using four repeats.
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We investigated the response of two other receptors, Orl0a and Or22a, towards their
respective target odorants (Hallem and Carlson, 2006). The sigmoidal fit for the Orl0a dose
responses curve is shown in Figure 5 (a) and can be described by the sigmoidal equation,
y=0.312/(1+exp(-0.806x(x+10.89))), from which Ecso of 2.29 (+0.96) x 10> M and a detection
range of 103 to 107 M can be calculated”. Likewise, the Or22a dose response curve can be
described by the sigmoidal equation, y=0.465/(1+exp(-0.532x(x+12.08))), with an Ecso of 1.12
(+2.10) x 10™ M and a detection range of 10™ to 107 M.

Figure 5(a) showing the dose response curve for the Orl0a/liposome based sensor towards
methyl salicylate had a limit of detection (LOD) of 1 pM and no response towards the control
ligand, methyl hexanoate. Figure 5(b) shows that Or22a/liposomes based sensor responded
sensitively to methyl hexanoate with a LOD of 1 fM, and no response towards methyl salicylate
as a control ligand. The dose response curves in terms of capacitance change for both
Orl10a/liposome and Or22a/liposome EIS sensors are presented in Khadka et al., 2018. The EIS
dose response plot of each OrX was generated from data acquired on four different electrodes
and over an eight hour period (30 min incubation for each analyte concentration) at room
temperature. This demonstrates that our OrX based EIS sensor is both reproducible and stable.

The Or71a/liposome and Or22a/liposome EIS sensors both exhibit fM LODs which are
extremely sensitive when compared to insect OrX/Orco cell-based sensor approaches (LODs of
10 nM — 1uM) (Misawa et al., 2010; Mitsuno et al., 2015; Termtanasombat et al., 2016) and
mammalian odorant receptor EIS sensors (LODs of 10 pM) (Benilova et al., 2008b; Hou et al.,
2007). This is a surprising finding as our sensor does not require the presence of the Orco
subunit. It can be speculated that the OrX possibly acts as channel itself on its own, thus the

binding with odorant molecules triggers the opening of an OrX channel, enabling the flow of
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ions and water out of the liposomes causing the impedance to decrease. In each of the presented

graphs, empty liposomes do not respond to any of the target ligands demonstrating that the

presence of each OrX is the key to the detection of their respective target ligand.
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Figure 5. Odorant detection using OrlOa/liposome and Or22a/liposome immobilized EIS

sensors (a) Dose response curve for the Orl0a/liposome EIS sensor as a change in normalized

polarization resistance with increasing concentration of the positive ligand, methyl salicylate, as

well as response to the negative ligand methyl hexanoate. (b) Dose response curve for the

Or22a/liposome EIS sensor as a change in normalized polarization resistance with increasing

concentration of the positive ligand, methyl hexanoate, as well as response to the negative ligand

methyl salicylate. Error bars; standard deviation (SD) were generated using four repeats. The

response of an empty liposome immobilized EIS sensor to positive and negative ligands for both

receptors

1S

shown

for comparison.
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5. Conclusion

Insect odorant receptors (Orl0a, Or22a and Or71a) from the common fruit fly, Drosophila
melanogaster, were integrated into artificial liposomes and characterized by means of TEM and
AFM analysis. The OrX/liposomes were not ruptured when they were immobilized onto gold
surface and retained their vesicular form being round-shaped and uniformly dispersed. The
successful modification of the gold surface with covalently attached OrX/liposomes was also
confirmed by XPS and QCM-D studies.

From the odorant binding study using EIS, it was observed that these biosensor devices could
sensitively and selectively detect odorants down to femtomolar levels. This work demonstrates,
for the first time, that purified insect OrXs when reconstituted into artificial liposomes can still
function when immobilized on a sensor surface. These results set a precedent for the use of
insect odorant receptors in biosensors to exploit their ultrasensitivity and broad specificity range.
The resulting sensors could form the core of smart real-time/point-of-use management tools for
medical, food, agricultural and environmental applications. Moreover, the robustness of our OrX
based biosensors also motivates to carry out future studies to detect mixed odorants and real

samples, as well as understanding the mechanism of odorant binding in detail.
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Highlights

e A novel biosensor was fabricated by immobilizing purified insect odorant receptors
reconstituted into artificial liposomes on to a gold surface.

e X-ray Photoelectron Spectroscopy and Quartz Crystal Microbalance with Dissipation
monitoring confirmed the successful modification of the gold surface and immobilization
of the odorant receptor/liposomes.

e Transmission Electron Microscopy and Atomic Force Microscopy revealed the covalent
attachment of the odorant receptor/liposomes (100-200 nm) onto the gold surface without
any disruption of vesicles.

e Electrochemical Impedance Spectroscopy measurements showed that these insect odorant
receptor based biosensors could detect their respective odorants down to femtomolar

level.
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