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A parallel equivalent electrocircuit model of the
electroantennogram signals of male Bombyx mori
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Abstract [Objectives] To provide a technical basis for revealing the mechanism of olfactory reception, and chemoreceptive
behavior in general, in insects. [Methods] Electroantennogram (EAG) signals of male Bombyx mori were measured after a
portion of the antenna had been cut off and a parallel equivalent electrocircuit model of the resultant variations in EAG output
were constructed. Correlations between actual EAG signals and the simulated circuit elements were analyzed. [Results] As
long as 10 branches remained in the center of the antenna there was no significant difference in EAG amplitudes compared to
an intact antenna. However, removal of additional elements of the antenna significantly decreased EAG amplitudes. Noise
levels tended to increase, and SNR to decrease, as the number of antenna branches decreased. EAG amplitudes decreased in a
linear fashion, as the number of branches on the center of the antenna decreased below 10. Removal of the top portion of the
antenna trunk caused the EAG amplitude to increase and the noise level to decrease, thereby enhancing SNR. Removal of a
basal portion of the antenna trunk caused EAG amplitude to decrease and the noise level to increase, thereby reducing SNR. A
parallel equivalent electrocircuit model of EAG output, based on the impedance of the antenna trunk and branches, was
constructed, that simulated the experimental results. [Conclusion] The impedance of the antenna trunk and branches have a
great influence on the strength of the EAG signal. With some modifications, the parallel equivalent electrocircuit model
developed in this study should be applicable to the experimental analysis of the EAG output of other insects.
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Relative values

Treatments
Amplitudes  Noise levels SNRs
0.57+0.15**  1.09+0.46 0.58+0.35*
0.71+0.26* 1.47+0.86 0.60+0.30*
1.07+0.34 1.98+0.48**  0.55+0.18**
0.46+0.20**  1.87+0.78**  0.28+0.20**
0.28+0.15%*  1.9240.63**  0.15+0.08**
0.17+£0.08**  2.16+£0.51**  0.08+0.04**
0.09+0.05**  1.96+0.41**  0.05+0.04**
=+
“exEZ> P<0.01 ==*=~
P<0.05 P>0.05

-
Data in the table are mean +SD, compared with the controls
() in the same column , “**” indicates extremely
significant difference at 0.01 level (P<0.01) , “*” indicates
significant difference at 0.05 level (P<0.05), while
unmarked data indicates no significant difference (P >0.05)

by Paired-sample ¢ test.
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Table 2 Relative values of EAG amplitudes, noise
levels and SNR after some antenna branches and
flagellum segments were cut off

Relative values

Treatments
Amplitudes  Noise levels SNRs
0.90+0.41b  1.2+0.78a 1.07+0.89b
2.15+£0.69a  0.62+0.29b  4.11+2.00a
0.91+£0.75b  0.98+0.06a  0.92+0.75b
=+
P<0.05
P>0.05 t-

Data in the table are mean £SD, and followed by different
small letters in the same column indicates significant
difference at 0.05 level (P<0.05), while followed by same
letters in the same column indicates no significant
difference (P>0.05) by Paired-sample  test.

P<0.05 SNR P<0.05
2
EAG P<0.05
P<0.05 P<0.05
EAG SNR
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2.3 WLERSmEER X LS

1 4 EAG

Rb Us Ce
R R,

Ry R
R, R EAG
Ui EAG U,
Us
2 2 3 U; Ui
Uy
A 10
R, R, Uy
Ui
3 5 Ry
Ry
R R,
R, R,
Uy
Ui
R, R
U
R R,
U;
4
Us
Us=0 7
Ry C.
A
EAG
5 B
R, 2 U
Rpn Ui
6 EAG
R



- 1304 -

Chinese Journal of Applied Entomology 52

R

3 itig

EAG
SNR

SNR

EAG

SNR

SNR
SNR

1/3

EAG

Ry

ECG

EAG

EAG

EAG

SNR

1/3

EAG

4 EAG

SRk (References)

Chen HL, Tian SP, Wu X, Xu X, 2009. Basis of Circuit Analysis.

Beijing: Tsinghua University Press. 158—160. [ s
s , , 2009. :
. 158-160.]

De Kramer JJ, 1985. The electrical circuitry of an olfactory
sensillum in Antheraea polyphemus. J. Neurosci., 5(9):
2484-2493.

Howse PE, Stevens IDR, Jones OT, 1998. Insect Pheromones and
Their Use in Pest Management. London: Chapman & Hall.
109-113.

Huang CH, LI JJ, Zhou L, Yan FM, 2014. EAG and GC-EAD
techniques. Chinese Journal of Applided Entomology, 51(2):
579-585. [ , , , , 2014.

(EAG) (GC-EAD)
, 51(2): 579-585.]

Kodadova B, Kaissling KE, 1996. Effects of temperature on
silkmoth olfactory responses to pheromone can be simulated
by modulation of resting cell membrane resistances. J. Comp.
Physiol., 179 (1): 15-27.

Minor AV, Kaissling KE, 2003. Cell responses to single
pheromone molecules may reflect the activation kinetics of
olfactory receptor molecules. J. Comp. Physiol. A, 189(3):
221-230.

Schneider D, 1957. Electrophysiological investigation on the
antennal receptors of the silk moth during chemical and
mechanical stimulation. Experientia, 13(2): 89-91.

Syntech, 2004. Electroantennography-a practical introduction.
http://www.syntech.nl/manuals/EAGpract.pdf.

Tian HJ, Chen YX, Huang YQ, 2011. Advances in electroantennogram
(EAG) technique of insect. Fujian Journal of Agricultural
Science, 26(5): 907-910.[ s , , 2011.

, 26(5):
907-910.]

Vermeulen A, Rospars JP, 2001. Membrane potential and its
electrode-recorded counterpart in an electrical model of an
olfactory sensillum. Eur. Biophys. J., 29 (8): 587-896.

Vermeulen A, Rospars JP, 2004. Why are insect olfactory receptor
neurons grouped into sensilla? The teachings of a model
investigating the effects of the electrical interaction between
neurons on the transepithelial potential and the neuronal
transmembrane potential. Eur. Biophys. J., 33(7): 633—643.

Zhao XC, Yang YH, Wang R, Wang CZ, 2004. Techniques used in
insect neurobiology research: electroantennogram recording.
Entomological Knowledge, 41(3): 270-274. [ s

s s , 2004. :
,41(3): 270-274.]



