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Application of microfluidic chipsin insect studies
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Abstract Entomology is one of the earliest schools of the life sciences and plays an important role in pest control, utilization
of insect resources and research on model organisms (such as Drosophila melanogaster). Microfluidic chips, also known as
“lab-on-a-chip”, are an important technological invention in the 21* century that have been widely applied in cell biology,
developmental biology and in vitro diagnosis (IVD). With the continuous development of related technology, research on
microfluidic chips suitable for application in entomology has been increasingly published, promoting the development of
research on insect cells, embryo development, insect behavior and pest control. This paper reviews progress in the application
of microfluidic chips in entomology.
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Fig. 1 Culture of insect cell linesusing microfluidic chip
A. Walker 55 (2002) HITHi5% SO MM 8 s B, Yu 58 (2005 ) HITH55% SO 4 i Sl 42 s
C. Andersson % (2001 ) i AR G A TG Fr L BRI E ;. D. Abeille 55 (2014) 4RIEH)

— TP TIN5
A. The microfluidic chip for culture of Sf9 cells reported by Walker et al.(2002); B. The microfluidic chip
for culture of S9 cells reported by Yu et al. (2005); C. Schematic of the valve-less diffuser micropump for
microfluidic chip reported by Andersson et al. (2001); D. Schematic structure of the continuous microcarrier-based
cell culture in a benchtop microfluidic bioreactor reported by Abeille et al.(2014).
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Fig. 2 Insect primary cell culture using microfluidic chip
A. Gobbels 55 (2010 ) HH A9 HI T8 37 s AU 22 S0 A0 O O 8 )5
B. Pena %5 (2019a ) $iiff 19 FH 45 7 SR W A0 o0 b 2 AL AN B 8 i 85 o
A. Schematic structure of microfluidic chip for culture of neuron from Locusta migratoria reported

by Gobbels et al.(2010); B. Microfluidic chip for culture of Retinal progenitor cells (RPCs)
from Drosophila melanogaster reported by Pena et al.(2019a).
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Fig. 3 Tissuedissociation and biosensor based on microfluidic chip

A. Jiang 5§ (2015) RIERIFE TR G AIIHLUFEL 75 B. Mitsuno 55 (2015) 18 AL T HE A i
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A. The microfluidic chip for tissue dissociation based on oscillatory flow field reported by Jiang et al.(2015)
B. The microfluidic-based biosensor using genetically modified Sf21 cells reported by Mitsuno et al.(2015);

C. The microfluidic biosensor based on insect cell reported by Termtanasombat et al.(2016).
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Fig. 4 Insect virusesresearch based on microfluidic chip

A. Walker %5 (2004 ) 238 93 T2 5 818 BT A P BOF 5T ARG 30T S19 41 iR 52 B0 R0me fa i Fr B JEE P R 454
B. Shu % (2013 ) #RIE HIIE T RO IARICFRIRIR R A 7 I ik 2 B 45 F A R A

A. Schematic structure of the microfluidic chip for investigation of multiplicity of infection to baculovirus in Sf9 cells, that
using free diffusion between laminar flows reported by Walker et al.(2004); B. Schematic structure of production and
purification of labeled baculovirus based on microfluidic chip reported by Shu et al.(2013).
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Fig. 5 Devicesfor embryo research of Drosophila melanogaster based on microfluidic chip
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A. A sorter for embryo of Drosophila melanogaster based on microfluidic chip reported by Chen et al.(2004); B. A

microfluidic chip for research on embryo of Drosophila mel

anogaster based on laminar flow in different temperature

reported by Lucchetta et al.(2005); C. A microfluidic chip based on the device designed by Lucchetta et al.(2005) enabling

drosophila embryos self-assembled
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Fig. 6 Devicesfor larva microinjection of Drosophila melanogaster based on microfluidic chip
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A. A hybrid microfluidic chip used for Drosophila orientation, immobilization, chemical exposure, and monitoring of cardiac
activities reported by Ardeshiri et al.(2016); B. A novel hybrid microfluidic device for localized microinjection and heart
monitoring of intact Drosophila melanogaster reported by Zabihihesari et al.(2020b).
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Fig. 7 Devicesfor larva fixation of Drosophila melanogaster based on microfluidic chip
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A. A microfluidic chip for fixation of Drosophila melanogaster larva using carbon dioxide and
mechanism force reported by Ghannad-Rezaie et al.(2012); B. A microfluidic chip for fixation of

Drosophila melanogaster larva by 3D trap reported by Ghaemi et al.(2017); C. A microfluidic chip for
fixation of Drosophila melanogaster larva by hydraulic control reported by Chaudhury et al. (2017).
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Fig. 8 Devicesfor behavioral research of Drosophila melanogaster based on microfluidic chip
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A. A microfluidic-based device for memory research to food resource on Drosophila melanogaster reported by

Navawongse et al.(2016); B. A microfluidic-based device for determination of oviposition of
Drosophila melanogaster in chemical screening assays reported by Leung et al.(2016).
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