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Background

Olfaction plays a dominant role in the mate-finding and host selection behaviors of the codling moth (Cydia pomonella), an important pest of apple, pear and walnut orchards. Antennal transcriptome analysis (Bengtsson et al. 2012, Walker et al. 2016) revealed a number of abundantly expressed genes related to the moth olfactory system, including those encoding
the olfactory receptors (ORs) CpomOR1, CpomOR3 and CpomOR6a, which belong to the putative pheromone receptor (PR) lineage, and the co-receptor (CpomOrco). Using heterologous expression, in both human embryonic kidney (HEK293T) cells and in Drosophila olfactory sensory neurons, coupled with calcium imaging and electrophysiological recording,
respectively, we characterize the basic physiological and pharmacological properties of these receptors and demonstrate that they form functional ionotropic receptor channels.

Functional expression of CoomORs in Human Embryonic Kidney (HEK293T) cells

Functional expression of homomeric CpomOrco in HEK293T cells. Functional Activation of homomeric CpomOrco and heteromeric CpomOrco+OR  Functional characterization of CpomOR3. Left: comparison of CpomOrco+OR3 amplitudes of the Calcium responses (mean of Functional characterization of CpomOR®6a. Left: comparison of CpomOrco+OR6a amplitudes of the Calcium responses (mean of the
expression of CpomOrco was verified by Calcium imaging and single-cell patch clamp  complexes by VUAA-agonists. Different OR complexes showed different the maximum response + SEM) to 500 uM ethyl-(E,Z)-2,4-decadienoate (pear ester, (E,Z)-ED, 15.07 + 9.48, dF; up) and to 500 maximum response * SEM) to 250 uM VUAA3 (69.71 £ 27.29, dF; up) and to 1500 uyM (E,E)-8,10-dodecadien-1-yl acetate [(E,E)-

recording experiments (stimulus - 250 uM VUAAL1, scale bar - 20 pm). sensitivity to VUAAl1 and VUAA3 agonists and demonstrated different uM methyl-(E,Z)-2,4-decadienoate (methyl ester, (E,Z)-MD, 10.40 = 5.91, dF; down); n = 151. Black bar: stimulus. Right: codlemone acetate, 18.91 + 10.31, dF; down]; n = 68. Black bar: stimulus. Right: normalized dose-response to (E,E)-codlemone acetate.
activation/inactivation kinetics. normalized dose-response of pear ester (white) and methyl ester (grey).
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Functional characterization of CoomORSs in Drosophila empty neuron systems

Functional expression of CoomOR3 in Drosophila ab3A OSNs. Left: spiking activity of OSNs in response to different doses of (E,Z)-ED (left) and (E,Z)-MD (right). Black bar: stimulus (500 ms). Right: mean + _
SEM response of CpomOR3-expressing OSNs stimulated with different doses of (E,Z)-ED (white, n = 13) and (E,Z)-MD (grey, n = 13). Repeated measures ANOVA determined that different doses of the |
compound elicited significant differences (F(7, 91) = 42.17, p < 0.001). Post hoc tests using the Bonferroni correction revealed that CoomOR3 needed a minimum dose of 100 ng of (E,Z)-ED to elicit a response
significantly different from the solvent (p = 0.026). On the other hand, for the dose response of (E,Z)-MD a repeated measures ANOVA determined that different doses of (E,Z)-MD also elicited significant [
differences in CpomORS3 (F(7, 84) = 41.68, p < 0.001). Post hoc tests using the Bonferroni correction revealed that OR3 needed a minimum dose of 10 ug of (E,Z)-MD to elicit a response significantly different -

Functional characterization of CpomOR®6a in Drosophila atl OSNs. Left: mean = SEM response of CpomOR6a-expressing OSNs stimulated with 10
Mg doses of different compounds. Expression in Drosophila atl OSN demonstrated activation of CoomORG6a also to (E)-10-dodecadien-1-yl acetate
® and (partially) to (E,Z2)- and (Z,Z2)-isomers of (E,E)-codlemone acetate. Asterisks indicate significant differences between the solvent and the indicated
compound (Mann-Whitney U Test, p < 0.05, n = 9). Right: spiking activity of OSNs in response to different doses of (E,E)-codlemone acetate. Asterisks
denote significant differences between the solvent and the dose indicated (One-way ANOVA with repeated measures, LSD post-doc test, p < 0.05, n = 10).

from the solvent (p = 0.020). 80.00 - N
ab3A (ORx) (E,2)-ED (E,Z)-MD 100 — —]EZ-ED % 70.00 - T
[ EZ-MD T AT 4ORA)
ab3B (ORESH) | o HHWW %0 |— BC 60.00 - %
"“""‘"4"" N | BC = m—— ) 50.00 -
0.1 Hg £ 1 ¢ 40.00 -
i Q.
me AT o 5 B n
’i‘ M ‘ ‘ ‘ 1.0 Mg | n»40 — + 30.00 -
Wi [ THTRTID . A b 20.00 -
‘g"“u‘l‘w L Ol o B
\m u\ \ i 10K a4 % A @b ab 2 . 10.00
100Hg 4 — == = U 0.00 . : . . .
£ — s ® 5 £ 5 5 3 § 3 3 3 37 1.0 ng 10 ng 100 ng 1.0 ug 10 ug
0 L— Solvent 0.7 ng 1.0 ng 10 ng 100 ng 1.0 ug 10 ug 100 ug E E 5 — ; = ; § 5 § 5 §
3 N & ¥ @ 9 9 9 % (E,E)-8,10:12Ac
U = b NN W
. N Ll N w
Conclusions References N o« N
- We characterized recombinant Codling Moth ORs transiently expressed in HEK293T cells. Bengtsson, J. M., Gonzalez, F.,, Cattaneo, A. M., Montagné, N., Walker Ill, W. B., Bengtsson, M., Anfora, G., Ignell, R., Jacquin-Joly, E. and Witzgall, P. (2014). A predicted sex pheromone receptor of codling moth Cydia pomonella detects the plant

- Using Calcium imaging and whole-cell/outside-out patch clamp recordings, we demonstrated that both the homomeric CpomOrco channel forming-subunit and 368 volatile pear ester. Front. Ecol. Evol. 2, Article 33. Doi: 10.3389/fevo.2014.00033.
heteromeric CoomOR complexes have different kinetics of activation by the Orco agonists VUAAL and VUAA3 and they are also susceptible to inhibition by amiloride  Bengtsson, J. M., Trona, F.,, Montagné, N., Anfora, G., Ignell, R., Witzgall, P., Jacquin-Joly, E. (2012). Putative chemosensory receptors of the codling moth, Cydia pomonella, identified by antennal transcriptome 372 analysis. PLoS One. 7, e31620.

derivatives. Doi: 10.1371/journal.pone.0031620.
- Whole cell and outside-out patch clamp recordings demonstrated CpomOR complexes forming functional ionotropic receptor channels. Cattaneo A. M. (2018) Current status on the functional characterization of chemosensory receptors of Cydia pomonella (Lepidoptera: Tortricidae). Front. Behav. Neurosci. 12, Article 189, Doi: 10.3389/fnbeh.2018.00189.
- Functional expression of CpomOR3 confirmed sensitivity to pear ester (Bengtsson et al. 2014) and to the analogous methyl ester. Cattaneo, A. M., Gonzalez, F., Bengtsson, J. M., Corey, E. A., Jacquin-Joly, E., Montagné, N., Salvagnin, U., Walker Ill, W. B., Witzgall, P., Anfora, G. and Bobkov, Y. V. (2017) Candidate pheromone receptors
- Functional expression of CpomORG6a demonstrated sensitivity to (E,E)-codlemone acetate. of codling moth Cydia pomonella respond to pheromones and kairomones. Sci. Rep. 7:41105. Doi: 10.1038/srep41105.
- Heterologous methods in Drosophila empty neuron systems demonstrated activation to the same ligands and identified partial agonists for CoomOR®6a. Pask, G. M., Jones, P. L., Riitzler, M., Rinker, D. C. and Zwiebel, L. J. (2011) Heteromeric anopheline odorant receptors exhibit distinct channel properties. PLoS ONE 6(12), e28774. Doi: 10.1371/journal.pone.0028774.

Turner, R. M., Derryberry, S. L., Kumar, B. N., Brittain, T., Zwiebel, L. J., Newcomb, R. D., Christie, D. L. (2014) Mutational analysis of cysteine residues of the insect odorant co-receptor (Orco) from Drosophila melanogaster reveals differential effects
Functional expression of CpomORs therefore represents a valuable tool that can be utilized to further investigate mechanisms of insect OR function and on agonist- and odorant-tuning receptor-dependent activation. J. Biol. Chem. 289(46), 31837—31845. Doi: 10.1074/jbc.M114.603993.

develop novel means to intervene and control the pest’s behavior (Cattaneo 2018). Walker Ill, W. B., Gonzalez, F., Garczynski, S. F., Witzgall, P. (2016). The chemosensory receptors of codling moth Cydia pomonella - expression in larvae and adults. Scientific Reports 6, 23518, Doi: 10.1038/srep23518. :
albertomaria.cattaneo@slu.se



