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By definition, electrophysiology “is the study of the electrical 
properties of biological cells and tissues”. Thereby the flow of ions in 
biological tissues (living organisms, excised tissues / organs and cells) 
is assessed. This tool has been initially developed for human health 
(e.g., electrocardiography, electroencephalography…). In the mid 20th 
century, electrophysiology started to be used in entomology.

In 1960 an electronic method was designed to monitor electrically 
the biting and feeding behaviour of piercing-sucking phytophagous and 
hematophagous insects [1,2]. This technique was first used to record 
the probing, penetration, salivation, engorgement and withdrawal of 
mosquitoes in relation to their hosts [3]. It was thereafter extensively 
used to discern hemipteran stylet activity within plant tissues [4,5]. This 
technique, now universally termed electrical penetration graph (EPG), 
is used to monitor routinely insects feeding in order to understand 
the mouthpart pathway and activity into host tissues. More than 200 
papers have been published, mostly on aphid and leafhopper feeding 
[5,6]. EPG has also been largely used to understand the mode of virus 
transmission by hemipteran in plant tissues [6]. It can also be used to 
monitor chewing insects (e.g. caterpillar [7]), and more generally to 
monitor the organ insertion of insects into hosts such as ovipositor 
insertion of parasitic wasps into the host body (Backus E., personal 
communication).

The peripheral nervous system in insects has been extensively 
examined by electrophysiology. In 1957, the German biologist 
Schneider invented the electroantennogram (EAG) [8], which ables 
to “measure the average voltage output of the insect antennae to the 
brain by an odour”. Since then, this technique has been largely used 
for a comprehensive identification of the presence of receptors in 
insect antennae to given odours. Since [9], a blend of odours can now 
be screened by coupling EAG with GC (gas chromatography) and to 
identify the compound(s) from the blend that is/are detected by the 
insect. Although these techniques have been developed initially for 
pheromone detection, they are now largely used for semiochemicals 
(kairomones and allomones) detection in general. At the end of the 
last century, single cell recording (SCR) was developed to record the 
action potential in single olfactory receptor neurons [10]. By SCR, the 
specificity in each neuron can be revealed. Simultaneously, another 
tool has been also developed to record the action potential in single 
taste receptor neurons [11,12], allowing screening the detection of 
hydrosoluble compounds of single taste receptors in insects. More 
recently, Hiroi et al. [13] adapted this technique to enable the screening 
of hydrophobic substances. The patch clamp technique, which allows 
studying single or multiple ions channels in cells, was also applied in 
entomology [14]. The patch clamp technique was initially used to study 
the effect of insecticides on insect cell membranes and it is now used to 
study the neuronal function of the insect brain [15] and, in general, the 
mode of action of molecules in the cell physiology of insects.

The patch clamp technique allowed examining the physiology of the 
central nervous system in insects. Associated to that, the development 
of a new class of voltage-sensitive dyes [16] has offered “the possibility 
to optically image the functionality of neuronal circuits at both the 
single neuron and whole brain level”. The development of calcium-
sensitive dyes [17] has provided another universal and sensitive method 
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to “study distinct information processing pathways in whole neural 
networks in particular when used in combination with two-photon 
laser scanning microscopy [18]”. In the last years, these developments 
have been increasingly used in entomology and tremendous insights 
into the insect’s olfactory system have been gained. 

The current trend of entomology is to use routinely electrophysiology. 
This trend is likely to continue and combined with other studies like 
genomics/transcriptomics can give deeper physiological insights 
into the insect’s chemosensory system, which is the crucial system 
interacting with the environment.

Acknowledgements

Thanks are given to Fritz Schulthess for revising the manuscript and his 
English corrections.

References
1.	 McLean DL, Kinsey MG (1964) A technique for electronically recording aphid 

feeding and salivation. Nature (London) 202: 1358-1359. 

2.	 Kashin P, Wakeley HG (1965) An insect ‘Biometer’. Nature (London) 208: 462-
464. 

3.	 Kashin P (1966) Electronic recording of the mosquito bite. J Insect Physiol 12: 
281-286. 

4.	 Tjallingii WF (1978) Electronic recording of penetration behaviour by aphids. 
Entomol Exp Appl 24: 721-730. 

5.	 Backus EA (1994) History, development, and applications of the AC electronic 
monitoring system for insect feeding, pp. 1-51. In: M. M. Ellsbury, E. A. Backus, 
and D. L. Ullman [eds.], History, development, and application of AC electronic 
insect feeding monitors. Thomas Say Publ. Entomol. Entomological Society of 
America, Lanham, MD. 

6.	 Walker GP, Backus EA [eds.] (2000) Principles and applications of electronic 
monitoring and other techniques in the study of homopteran feeding behavior. 
Thomas Say Publ Entomol Entomol Soc Am, Lanham, MD.

7.	 Saxena RC, Khan ZR (1991) Electronic recording of feeding behaviour of 
Cnaphalocrocis medinalis (Lepidoptera: Pyralidae) on resistant and susceptible 
rice cultivars. Ann Entomol Soc Am 84: 316-318.

8.	 Schneider D (1957) Elektrophysiologische untersuchungen von chemo-und 
mechanorezeptoren der antenne des seidenspinners Bombyx mori. Z Vergl 
Physiol 40: 8-41. 

9.	 Arn H, Städler E, Rausfcher S (1975) The electroantennographic detector: 
a selective and sensitive tool in the gas chromatographic analysis of insect 
pheromones. Z. Naturforsch 30C: 722-725.

10.	Masson C, Mustaparta H (1990) Chemical information processing in the 
olfactory system of insects. Physiol Rev 70: 199–245.

11.	Avenet P, Lindemann B (1991) Noninvasive recording of receptor cell action 

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Horizon / Pleins textes

https://core.ac.uk/display/39828986?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://dx.doi.org/10.4172/2161-0983.1000e108
http://www.nature.com/nature/journal/v202/n4939/abs/2021358a0.html
http://www.nature.com/nature/journal/v202/n4939/abs/2021358a0.html
http://www.sciencedirect.com/science/article/pii/0022191066901430
http://www.sciencedirect.com/science/article/pii/0022191066901430
http://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.1978.tb02836.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1570-7458.1978.tb02836.x/abstract
http://www.bioone.org/doi/abs/10.1603%2FAN13015
http://www.bioone.org/doi/abs/10.1603%2FAN13015
http://www.bioone.org/doi/abs/10.1603%2FAN13015
http://www.bioone.org/doi/abs/10.1603%2FAN13015
http://www.bioone.org/doi/abs/10.1603%2FAN13015
http://books.google.co.in/books/about/Principles_and_applications_of_electroni.html?id=hQsRAQAAMAAJ&redir_esc=y
http://books.google.co.in/books/about/Principles_and_applications_of_electroni.html?id=hQsRAQAAMAAJ&redir_esc=y
http://books.google.co.in/books/about/Principles_and_applications_of_electroni.html?id=hQsRAQAAMAAJ&redir_esc=y
http://www.ingentaconnect.com/content/esa/aesa/1991/00000084/00000003/art00014?crawler=true
http://www.ingentaconnect.com/content/esa/aesa/1991/00000084/00000003/art00014?crawler=true
http://www.ingentaconnect.com/content/esa/aesa/1991/00000084/00000003/art00014?crawler=true
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252FBF00298148&ei=baMVU_-9DYq0rAec7oGIAg&usg=AFQjCNH9eaE_n_NYAnyskVpAS7jp7PRjtQ&sig2=LCJNa2CKBhDfpRDBPiVKBA&bvm=bv.62286460,d.bmk&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252FBF00298148&ei=baMVU_-9DYq0rAec7oGIAg&usg=AFQjCNH9eaE_n_NYAnyskVpAS7jp7PRjtQ&sig2=LCJNa2CKBhDfpRDBPiVKBA&bvm=bv.62286460,d.bmk&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252FBF00298148&ei=baMVU_-9DYq0rAec7oGIAg&usg=AFQjCNH9eaE_n_NYAnyskVpAS7jp7PRjtQ&sig2=LCJNa2CKBhDfpRDBPiVKBA&bvm=bv.62286460,d.bmk&cad=rja
http://www.ncbi.nlm.nih.gov/pubmed/1766010


Citation: Calatayud PA (2014) The Contribution of Electrophysiology to Entomology. Entomol Ornithol Herpetol 3: e108. doi:10.4172/2161-
0983.1000e108

Page 2 of 2

Volume 3 • Issue 1 • 1000e108
Entomol Ornithol Herpetol
ISSN: 2161-0983 EOH an open access journal

potentials and sustained currents from single taste buds maintained in the 
tongue: the response to mucosal NaCl and amiloride. J Membr Biol 124: 33-41.

12.	Marion-Poll FC, Guillaumin D, Masson C (1992) Sexual dimorphism of tarsal 
receptors and sensory equipment of the ovipositor in the European corn borer, 
Ostrinia nubilalis. Cell Tissue Res 267: 507-518.

13.	Hiroi M, Tanimura T, Marion-Poll F (2008) Hedonic taste in Drosophila revealed 
by olfactory receptors expressed in taste neurons. PLoS One 3: e2610.

14.	Amar M, Pichon Y (1989) Effects of two sodium channel ‘agonists’: veratridine 
and deltamethrin on single channel activity in inexcitable embryonic cockroach 
neurones. Biophys J 55: 315a.

15.	Palmer M, Connolly C (2013) Patch-clamp recording from Kenyon 
cells in acutely-isolated bee brain. Protocol Exchange doi:10.1038/
protex.2013.038. 

16.	Salzberg BM, Davila HV, Cohen LB (1973) Optical recording of impulses in 
individual neurones of an invertebrate central nervous system. Nature 246: 
508-509.

17.	Grynkiewicz G, Poenie M, Tsien RY (1985) A new generation of Ca2+ indicators 
with greatly improved fluorescence properties. J. Biol. Chem 260: 3440-3450. 

18.	Denk W1, Strickler JH, Webb WW (1990) Two-photon laser scanning 
fluorescence microscopy. Science 248: 73-76.

Submit your next manuscript and get advantages of OMICS 
Group submissions
Unique features:

•	 User friendly/feasible website-translation of your paper to 50 world’s leading languages
•	 Audio Version of published paper
•	 Digital articles to share and explore

Special features:

•	 300 Open Access Journals
•	 25,000 editorial team
•	 21 days rapid review process
•	 Quality and quick editorial, review and publication processing
•	 Indexing at PubMed (partial), Scopus, EBSCO, Index Copernicus and Google Scholar etc
•	 Sharing Option: Social Networking Enabled
•	 Authors, Reviewers and Editors rewarded with online Scientific Credits
•	 Better discount for your subsequent articles

Submit your manuscript at: www.omicsonline.org/submission/

Citation: Calatayud PA (2014) The Contribution of Electrophysiology 
to Entomology. Entomol Ornithol Herpetol 3: e108. doi:10.4172/2161-
0983.1000e108

http://dx.doi.org/10.4172/2161-0983.1000e108
http://dx.doi.org/10.4172/2161-0983.1000e108
http://www.ncbi.nlm.nih.gov/pubmed/1766010
http://www.ncbi.nlm.nih.gov/pubmed/1766010
http://www.ncbi.nlm.nih.gov/pubmed/1571964
http://www.ncbi.nlm.nih.gov/pubmed/1571964
http://www.ncbi.nlm.nih.gov/pubmed/1571964
http://www.ncbi.nlm.nih.gov/pubmed/18612414
http://www.ncbi.nlm.nih.gov/pubmed/18612414
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fjeb.biologists.org%2Fcontent%2F163%2F1%2F65.full.pdf&ei=gaUVU41IzoauB_W8gZgL&usg=AFQjCNGB7Kg3VK8Jl0aQn9IxOUiCw_wy1w&sig2=XCF60uwB8kLotHKVcQUo5g&bvm=bv.62286460,d.bmk&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fjeb.biologists.org%2Fcontent%2F163%2F1%2F65.full.pdf&ei=gaUVU41IzoauB_W8gZgL&usg=AFQjCNGB7Kg3VK8Jl0aQn9IxOUiCw_wy1w&sig2=XCF60uwB8kLotHKVcQUo5g&bvm=bv.62286460,d.bmk&cad=rja
http://www.google.co.in/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CCgQFjAA&url=http%3A%2F%2Fjeb.biologists.org%2Fcontent%2F163%2F1%2F65.full.pdf&ei=gaUVU41IzoauB_W8gZgL&usg=AFQjCNGB7Kg3VK8Jl0aQn9IxOUiCw_wy1w&sig2=XCF60uwB8kLotHKVcQUo5g&bvm=bv.62286460,d.bmk&cad=rja
http://www.nature.com/protocolexchange/protocols/2664
http://www.nature.com/protocolexchange/protocols/2664
http://www.nature.com/protocolexchange/protocols/2664
http://www.ncbi.nlm.nih.gov/pubmed/4357630
http://www.ncbi.nlm.nih.gov/pubmed/4357630
http://www.ncbi.nlm.nih.gov/pubmed/4357630
http://www.ncbi.nlm.nih.gov/pubmed/3838314
http://www.ncbi.nlm.nih.gov/pubmed/3838314
http://www.ncbi.nlm.nih.gov/pubmed/2321027
http://www.ncbi.nlm.nih.gov/pubmed/2321027
http://dx.doi.org/10.4172/2161-0983.1000e108
http://dx.doi.org/10.4172/2161-0983.1000e108

	Title
	Corresponding author
	Acknowledgements
	References

