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Abstract 

Background Insect pests are a major cause for losses in agricultural systems, and it is reported that they alone cause 
up to 45% loss in annual food production. Alleviating the destructive upheaval caused by these six-legged mortals 
in the agroecosystems falls within the expansive docket of the scientific coterie. Hence, insects are a subject to many 
experiments in the laboratories and on fields to understand and evaluate their interactions with their biology, physiol-
ogy, and behavior so as to develop effective managerial strategies against them. Conventional methods include rear-
ing the insects in the laboratory for experimenting on them, which is a very tiring as well as time-consuming process. 
How convenient it would be, if there is a way to conduct experiments which are directed specifically toward the tis-
sues of insects, particularly cells.

Main body The present review presents the immense potential of insect cell cultures in screening the toxicity 
and mode of action of novel insecticides, physiological studies apart from their ability to produce recombinant 
proteins through baculovirus expression vector system (BEVS) which includes a broad range of molecules ranging 
from the antibiotics to the vaccines. Also, we bring together the concept of culturing insect cells in vitro and how rev-
olutionary they could be in changing the future of research in burgeoning strategies to tackle the menace of insect 
pests in agricultural production systems.

Conclusion A deeper grasp of biology and physiological processes will enable us to create techniques that will 
improve our arsenal in the fight against food crop insect pests. The advancement in culturing insect cells and their 
potential in entomological research aimed at developing pest control strategies and also for manufacturing vaccines.

Keywords Insect cell culture, Insect pest management, BEVS, Vaccine

Background
Science has always been a propulsive force in the estab-
lishment and development of modern human commu-
nities breaking through the obstacles and equipping us 
for the future. With the advent of microscope in the six-
teenth century, scientists began to study living organisms 
under the limelight of the microscope. Discovery of cells 
by the British scientist Robert Hooke in 1665 revolution-
ized the scientific work carried out across the globe. Cells 
of living organisms were isolated, and efforts were made 
to grow them in the laboratories in vitro under controlled 
conditions. In the late nineteenth century, Wilhelm Roux 
was the first person to culture living cells from the neu-
ral plate of chick embryo in a saline buffer. Then again 
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in 1907, an American Scientist Ross Harrison cultured 
cells from embryonic tissues of frogs in their lymph in his 
experiments, which later would be popularly known as 
‘the hanging drop technique’ (Jedrzejczak-Silicka 2017). 
The first attempt at culturing insect cells in  vitro was 
made by Goldschmidt, who in 1915 cultured follicle cells 
from the gonads of male pupae of Hyalophora cecropia 
(Saturniidae: Lepidoptera) in the hemolymph of the same 
insect (Goldshmidt and Wilhelm 1915). In 1935, Wil-
liam Trager was the first person to successfully culture 
baculovirus in primary ovarian cell cultures of Bombyx 
mori larvae (Bombycidae: Lepidoptera) and published his 
observations (Trager 1935). Following Trager’s work, Sil-
ver Wyatt tried to improve the media prepared by Trager 
and was successful in her attempts. She used inorganic 
salts, sugars, organic acids and amino acids altogether 
34 ingredients, unlike Trager who used 6 ingredients 
(Wyatt  1956). Shangyin Gaw first reported the success-
ful establishment of insect cell line in 1959 (Gaw et  al. 
1959). Thomas Grace improved the medium prepared by 
Wyatt by adding vitamins, adjusting the ionic ratios of 
Na/K and Ca/Mg, changed the osmotic pressure and pH. 
Using this medium, he was succeeded in establishing the 
cell lines from ovarian tissues of B. mori, Antheraea euca-
lypti and larval tissues of Aedes aegypti (Culicidae: Dip-
tera) (Grace 1966, 1967). The medium prepared by him 
is still widely used today for culturing insect cells (Gra-
nados et al. 2007). Following the development of Grace’s 
medium, Imogene Schneider in 1964 prepared his media 
for culturing antennal disk cells (Schneider 1964). Subse-
quently, several researchers attempted to modify existing 
media based on their requirements (Ghosh et al. 2020).

With the availability of suitable media for culturing 
insect cells, insect cell culturing progressed just from 
maintaining the cell lines to developing recombinant pro-
teins and vaccines from the cultured insect cells. Hith-
erto, cell cultures of insects were used for studying cell 
biology and physiology, understanding metabolic path-
ways in insects as well as other living organisms, studying 
the viral infections and their transmission by insect vec-
tors, toxicity assays, etc., besides this, they are also used 
for the production of recombinant proteins (Ghosh et al. 
2020). Insects are infected with baculoviruses naturally, 
and scientists started using these baculoviruses in insect 
cell cultures to study their infection in insects and uti-
lized them to express heterologous recombinant proteins 
in insect cell cultures. Ever since then, the baculovirus 
expression system (BEVS) was used to produce recom-
binant proteins in insect cells. This BEVS is now used 
for manufacturing vaccines right from the World’s first 
HIV candidate vaccine and other vaccines in develop-
ment using cultured cells (High five) from Trichoplusia ni 
(Noctuidae: Lepidoptera) (Puente-Massaguer et al. 2021) 

to the vaccine for Covid-19 disease-producing SARS-
CoV-2 virus and its variants like Omicron as well from 
the cultured cells (Sf9 cells) of Spodoptera frugiperda 
(Smith) (Noctuidae: Lepidoptera) (van Oosten et  al. 
2021). This review aims to summarize the advancements 
in culturing insect cells and their potential in entomolog-
ical research for developing pest control strategies.

Main text
Cell culture is the process of isolating cells from animal 
tissues and growing them successfully in an artificial 
culture media (Arunkarthick et  al. 2017). The two main 
techniques for developing cells in culture are anchor 
dependent on an artificial substrate (monolayer cul-
ture) and free-floating in the culture media (suspension 
culture).

Types of insect cell cultures
Monolayer cultures
Monolayer or adherent cell cultures are cell lines that 
are anchor dependent and cultivated while attached to 
a substrate (Arunkarthick et al. 2017). These are suitable 
for most cell types, including primary cultures, and allow 
for easy visual inspection under an inverted microscope. 
Enzymatic or mechanical dissociation is used to sepa-
rate cells. Surface area limits growth, which limits prod-
uct yields and necessitates tissue-culture treated vessels. 
These cultures are utilized for cytology, continuous prod-
uct harvesting, and many other research applications.

Suspension cultures
Suspension culture is an anchorage-independent culture 
where multiplication of small aggregates of cells or single 
cells takes place suspended in a liquid medium that is agi-
tated (Willems and Jorissen 2004). Appropriate for cells 
acclimated to suspension culture as well as a few other 
non-adhesive cell types (hematopoietic cells). Passage is 
easier, but daily cell counts and viability determination 
are required to track growth patterns; culture can be 
diluted to accelerate growth. No enzymatic or mechani-
cal dissociation is required. The concentration of cells 
in the medium limits their growth, allowing for efficient 
scale-up. It can be maintained in non-tissue-culture-
treated culture vessels, but enough gas exchange requires 
agitation (shaking or stirring). These cultures are utilized 
for bulk protein production, batch harvesting, and other 
research applications.

Insect cell culturing media
Insect cell culturing is being used commercially for its 
expediency, and in fact it has become an important com-
ponent of modern biotechnology. Therefore, improved 
media are needed that strongly support the cell growth. 
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Different types of insect cell culturing media are enlisted 
in Table 1.

Conventional media
In order for the insect cells to flourish in  vitro, they 
require an environment that promotes their prolifera-
tion outside of their original tissue. Consequently, early 
insect cell cultures were maintained in a basic mixture 
of vitamins, amino acids, carbohydrates, and salts sup-
plemented with a poorly defined biological fluid, such as 
serum or hemolymph (invertebrates’ circulatory fluid), 
known as conventional media (Schlaeger 1996). Moreo-
ver, for the growth of insect cell lines, serum rapidly 
became the favored supplement (Hink 1970).

Serum‑free insect cell culture media
By replacing the serum with appropriate nutritional and 
hormonal compositions, serum-free medium (SFM) 
avoids the problems associated with utilizing animal sera. 
Many primary cultures and cell lines, including recom-
binant protein generating lines, numerous hybridoma 
cell lines, the insect lines Sf9 and Sf21 of Spodoptera fru-
giperda (Noctuidae: Lepidoptera), and cell lines that act 
as viral hosts (VERO, MDCK, MDBK), and others, have 
serum-free medium formulations (Li et al. 2021). One of 
the most significant advantages of employing serum-free 
media is the flexibility to make  the medium to specific 
cell types by selecting the right mix of growth factors.

Serum has a variety of well-known drawbacks, includ-
ing high cost, mycoplasma or contamination risk, low 

batch-to-batch repeatability, poorly defined  composi-
tion, and challenges in downstream processing. These 
issues led to the creation of serum-free insect cell cul-
ture media, which has shown to be extremely useful in 
large-scale production. The low serum concentration has 
a sufficient growth-promoting effect, lowers total costs, 
protects cells from stress to some extent, and protects 
recombinant proteins from proteolytic attack. Indeed, 
several media for insect cell culture, such as Ex-Cell 401, 
Ex-Cell 405, Ex-Cell 420, Express Five, and SF900-II, are 
now commercially available and widely utilized (Rodas 
et  al. 2005). Meanwhile, biochemical companies’ inter-
vention in insect cell culture has led to an increase in the 
number of commercial serum-free media. Table  2 lists 
the most serum-free (often protein-free) insect cell cul-
ture media currently available (Chan and Reid 2016).

Establishment of insect cell cultures
Insect cell cultures were established and maintained for 
use in a variety of scientific domains including insect 
pathology, toxicology, pesticide screening, and activity 
assay (Monti et  al. 2014). To set up and maintain a cell 
culture, a small cell laboratory equipped with essential 
instruments is required. These instruments include a 
laminar flow hood for cell management and sterile rea-
gents, an inverted phase-contrast microscope with 10× 
(or 20×) and 40× phase-contrast objectives, a mechanical 
pipetting device to dispense reagents, medium, and cells, 
a refrigerated incubator to maintain cells at 24–28  °C, 
sterilizers, autoclaves, UV air purifier are established.

Table 1 Different types of insect cell culture media

Media Formulation References

Conventional media

Wyatt’s medium Medium consisted of high concentrations of organic acids, amino acids, inorganic salts and sugars 
supplemented with heat-treated hemolymph

Wyatt et al. (1956)

Grace medium Medium consisted of 21 amino acids, four organic acids (Krebs cycle intermediates), ten vitamins, two 
antibiotics, six salts, three sugars, and insect plasma

Grace (1962)

MM insect culture medium Medium consisted of only 6 salts, yeastolate, fetal bovine serum (FBS), lactalbumin hydrolysate, glu-
cose, and antibiotics

Mitsuhashi (1964)

Hink’s TNM-MH medium Medium consisted of lactalbumin, yeastolate as source of vitamins (B-complex), and hemolymph 
with heat-inactivated fetal bovine serum

Hink (1970)

BML-TC/10 Medium consisted of glucose (only hexose sugar), fetal bovine serum and tryptose extract Schlaeger (1996)

IPL-41 medium Medium consisted of increased concentration of amino acids, vitamins and protein hydrolysates 
(lactalbumin, tryptose phosphate broth, yeastolate)

Goodwin (1975)

Serum media

ISFM medium Prepared based on IPL-41, ultrafiltered yeastolate  (4g1−1) and a complex lipid emulsion were added Inlow et al. (1989)

Ex-Cell-400 medium It’s a semi-defined medium with a protein concentration of 15 mg/m1−1 or less Belisle et al. (1992)

ExCeU 401 medium It’s a protein-free medium that allows for higher cell density and higher yields of expressed recombi-
nant proteins

Schlaeger (1996)

Sf 900 medium It’s a medium with low protein content Weiss et al. (1992)
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Selection of the proper medium is mandatory to main-
tain an insect cell culture media which should contain 
carbohydrates, amino acids, and salts at concentrations 
adapted to insect cell metabolism (Lynn 2007). The 
media used by insects is typically more acidic (pH: 6.2 
to 6.9) and is buffered with sodium phosphate; osmotic 
pressure is also higher than mammalian cell culturing 
media. To develop new cell culture, a shotgun technique 
is used, in which every commercially available medium 
is explored (Lynn 2002). Commercial media like Ex-Cell 
405 and SF900 for lepidoptera and Schneider’s Drosoph-
ila medium for Diptera are being used.

Maintenance of insect cell cultures
Most primary cell cultures do not last longer than two 
months; yet, this short period  is sufficient for a vari-
ety of studies and research, such as viral propagation in 
cultured cells and the study of immunocytes in mediat-
ing immune responses to various immunological stimuli 
(Smagghe et al. 2009). The morphology of the cells (form 

and appearance) must be examined using an inverted 
microscope every 2–3  days, and the date, name of the 
culture, and kind, amount, and particular source of  the 
culture medium used.

Furthermore, evaluating the cells by eye with a micro-
scope each time they are handled will help to spot any 
signs of contamination early on and contain it before it 
spreads to other cultures across the laboratory, confirm-
ing their healthy state. Granularity around the nucleus, 
cell separation from the substrate, and cytoplasmic vacu-
olation represent contamination of the culture, cell line 
senescence, or the presence of hazardous compounds in 
the medium, or the necessity for a medium change. As a 
result, contemporary laminar flow hoods and good asep-
tic procedures are enough to obviate the requirement for 
various antibiotics and antimycotic reagents in the stock 
culture maintenance.

Subculture of the cells
Subculturing, also known as passaging, entails the 
removal of spent media, adding new medium, and 

Table 2 Serum-free media used for insect cell culture

Manufacturer Medium Insect cell lines

Allele Biotech SFICM (Sapphire™) Sf9, Sf21, Tn5

Applichem AC Insect Sf9, Tn5

BD Biosciences Max-XP (BD BaculoGold™) Sf9, Sf21

Biochrom AG Insectomed SF Express Sf9, Sf21, Tn5

Biological Industries BIOINSECT-1 Sf9, Tn5

Corning Insectagro Sf9™ Sf9, Sf21

Cosmo Bio COSMEDIUM 009 Sf9

Expression Systems ESF 921 Sf9, Sf21, Tn5

Expression Systems ESF AF Sf9, Sf21, Tn5

Irvine Scientific IS BAC™ Sf9, Sf21, Tn5

Kohjin Bio KBM710 Sf9

Life Technologies Sf-900™ II Sf9, Sf21, Ld, Tn368,

Life Technologies Sf-900™ III Sf9, Sf21

Life Technologies Express Five ® Tn5

Lonza Insect-XPRESS™ Sf9, Sf21

Merck Millipore Tri-Ex™ Sf9

MP Biomedicals SFPFIM Sf9, Tn5

Oxford Expression Tech baculoGROW™ Sf9, Sf21, Tn5

Sigma-Aldrich EX-CELL™ 420 Sf9, Sf21

Sigma-Aldrich EX-CELL™ 405 Tn5

Sigma-Aldrich TiterHigh™ Sf Sf9, Sf21

Thermo Scientific SFM4-Insect™ (HyClone ®) Sf9, Sf21, Tn5

Thermo Scientific SFX-Insect™ (HyClone ®) Sf9, Sf21, Tn5

GENTAUR MED-10002 Sf9, Sf21, Tn368, Tn5

GIBCO™ Invitrogen Corporation Express Five™ Tn5

Hyclone HyQ CCM3™ Sf9

MERCK Biosciences BacVector™ Sf9
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transferring cells from an older vessel to a new vessel 
containing fresh growth medium, allowing the cell line 
or cell strain to be propagated further (Goodman et  al. 
2001). When cells occupy all accessible substrates or 
when cells in suspension cultures exceed the medium’s 
capacity to sustain further growth, cell proliferation is 
significantly slowed or entirely stopped. In order to main-
tain an optimal density for prolonged cell development 
and promotion of further proliferation, fresh medium 
must be introduced into the culture.

Several insect cell lines are established and are being 
exploited for their potential in cell molecular biology and 
virological research, industrial biotechnology, and insect 
pest management. Some of the insect cell lines that are 
being used for research are listed in Table 3.

Baculovirus–cell interactions
Baculoviruses infect midgut epithelial cells initially, and 
then the infection spreads to all the other tissues. This led 
to the evolution of two different kinds of virions with a 

major difference in the virion envelope structure. To sur-
vive the harsh alkaline environmental conditions in the 
midgut, occlusion-derived virions have a complex enve-
lope that makes their penetration easier into the midgut 
(Rohramann 2019). Once the ODVs gain entry into mid-
gut cells, they become budded viruses (BVs) to sustain in 
the neutral pH. These BVs are responsible for secondary 
transmission within the midgut and attack subsequently 
and spread throughout the entire body. At the late phase 
of infection, the BV levels are reduced, nucleocapsids 
interconnect with nuclear membranes and certainly 
become enveloped leading to the formation of virions, 
typically more than 30 virions found in one nucleus of 
AcMNPV (Miller et al. 1983). After the death, the cater-
pillar putrefies and releases the virions into the surround-
ings, if any other larvae feed on the contaminated leaves 
having these virions; once again the infection cycle starts 
by the release of ODVs by the virions into the midgut 
(Szewczyk et  al. 2006). The infection cycle of baculovi-
ruses is depicted in Fig. 1.

Table 3 Insect cell lines used in entomological research

Cell line Origin Developed from Medium References

IPLB-LdEp Lepidoptera Lymantria dispar (Erebidae: Lepidoptera) embryos Ex-Cell 400 McKelvey et al. (1996)

CP-169 Lepidoptera Cydia pomonella (Tortricidae: Lepidoptera) embryos TC199-MK Hink and Ellis (1971)

ECIRL-PX2-HNU3 Lepidoptera Plutella xylostella (Plutellidae: Lepidoptera) pupae TC 199-M K Carlo et al. (1983)

MRRL-CH Lepidoptera Manduca sexta (Sphingidae: Lepidoptera) embryo Grace medium Marks (1980)

IPLB-LdFB Lepidoptera Lymantria dispar (Erebidae: Lepidoptera) larval fat bodies Ex-Cell 400 Lynn et al. (1988)

IPLB-TN-R2 Lepidoptera Trichoplusia ni (Noctuidae: Lepidoptera) embryos TNM-FH Rochford et al. (1984)

FPMI-Cf-70 Lepidoptera Choristoneura fumiferana (Tortricidae: Lepidoptera) pupal ovaries – Palli and Retnakara (1999)

IPLB-SF-21 Lepidoptera Spodoptera frugiperda (Noctuidae: Lepidoptera) pupa ovaries TNM-FH Vaughn et al. (1977)

ECIRL-HA-AM1 Lepidoptera Helicoverpa armigera (Noctuidae: Lepidoptera) pupal ovaries TC199-MK McIntosh et al. (1983)

IAL-PID2 Lepidoptera Plodia interpunctella (Pyralidae: Lepidoptera) imaginal wing disks TNM-FH Lynn and Oberlander (1983)

IPLB-HVT1 Lepidoptera Heliothis virescens (Noctuidae: Lepidoptera) testes TNM-FH Lynn et al. (1988)

ECIRL-HS-AM1 Lepidoptera Heliothis subflexa (Noctuidae: Lepidoptera) pupal ovaries TC199-MK McIntosh (1991)

IPLB-DU 182E Coleoptera Diabrotica undecimpunctata (Chrysomelidae: Coleoptera) embryos IPL-52B Lynn and Stoppleworth (1984)

DSIR-HA-1179 Coleoptera Heteronychus arator (Scarabaeidae: Coleoptera) embryos TC 1 99-M K Crawford (1982)

ERL-AG-1 Coleoptera Anthonomus grandis (Curculionidae: Coleoptera) eggs Ex-Cell 400 Stiles et al. (1992)

LD Coleoptera Leptinotarsa decemlineata (Chrysomelidae: Coleoptera) pupal fat 
body

EX-Cell 401TM Long et al. (2002)

IPLB-Tconl Hymenoptera Trichogramma confusum (Trichogrammatidae: Hymenoptera) 
embryos

Ex-Cell 400 Lynn and Hung (1991)

IPLB-Tex2 Hymenoptera Trichogramma exiguum (Trichogrammatidae: Hymenoptera) wasp 
embryos

Ex-Cell 400 Lynn and Hung (1991)

C7/10 Diptera Aedes albopictus (Culicidae: Diptera) mosquito egg Eagles MEM Sarver and Stollar (1977)

59 Diptera Aedes aegypti (Culicidae: Diptera) embryos Ex-Cell 400 Peleg and Shahar (1972)

Line 2 Diptera Drosophila melanogaster (Drosophilidae: Diptera) embryos and lar-
vae

TC 199-M K Schneider (1972)

UM-BGE4 Blattodea Blatella germanica (Ectobiidae: Blattodea) embryo UMN-B1 Ward et al. (1988)

AC20 Hemiptera Agallia constricta (Cicadellidae: Hemiptera) embryos TC 199-M K McIntosh et al. (1973)
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BEVS
IC-BEVS is considered a low-cost and efficient pro-
tein factory (Rao 2003). Baculoviruses are DNA viruses, 
which are one of the most prominent viruses known to 
infect arthropods (Miller and Lu 1997); most of examples 
have been found infecting 600 species of insects belong-
ing to different insect orders viz., Lepidoptera, Hymenop-
tera, Diptera, and Coleopteran, mainly on lepidopterans 
(Martignoni and Iwai 1986). These baculoviruses are 
excellent tools for recombinant protein production using 

insect cells. Baculoviruses are obligatory parasites with 
a narrow host range and are non-pathogenic to verte-
brates, thereby making the baculovirus expression system 
the best platform for vaccines and therapeutics devel-
opment (Felberbaum 2015). Using BEVS, heterologous 
proteins as well as virus-like particles (VLPs) can be 
generated in vitro. BEVS is currently being used for the 
production of VLP-based covid vaccines (Sacks 2021). A 
diagrammatic description of the mechanism in BEVS is 
depicted in Fig. 2.

Fig. 1 Infection cycle of baculoviruses

Fig. 2 A diagrammatic description of the mechanism in BEVS
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Applications of insect cell cultures in pest management
Insect cell cultures are of immense potential in both the 
field of medicine and food production. One of the promi-
nent applications is the utilization of the interaction 
between baculoviruses and insect cells for the production 
of recombinant proteins and vaccines (Mena and Kamen 
2011), and insect cells can also be utilized for studying 
and understanding metabolic pathways and signaling 
mechanisms across cells (Pinto et  al. 2019), screening 
for novel insecticidal targets in insect pests, analyzing 

the mode of action of potential insecticidal compounds 
(Mak et  al. 2021), evaluating the toxicity of Bt insecti-
cidal proteins and mass multiplication of entomopatho-
genic viruses (Wei et al. 2018), as a tool for studying virus 
transmission by insect vectors (Ghosh et  al. 2020) and 
studying the physiology of insects at a molecular level 
(Arunkarthick et al. 2017). These various applications of 
insect cell cultures make them a practical tool for ento-
mological research.

Table 4 Entomopathogenic viruses causing insect epizootics

Family Nucleic acid Target group Example References

Baculoviridae

Nuclear Polyhedro Virus (NPV) dsDNA Lepidoptera Helicoverpa armigera & Spodoptera 
litura (Noctuidae: Lepidoptera)

Prasad and Srivastava (2016)

Granulosis virus (GV) dsDNA Lepidoptera Cnaphalocrocis medinalis & Chilo 
infuscatellus (Crambidae: Lepidop-
tera)

Harish et al. (2021)

Cytoplasmic Polyhedrosis Virus (CPV) dsDNA Lepidoptera Helicoverpa armigera (Noctuidae: 
Lepidoptera)

Harish et al. (2021)

Pox Virus (PV) dsDNA Lepidoptera Amsacta moorei (Erebidae: Lepi-
doptera)

Harish et al. (2021)

Ascoviridae

Ascovirus dsDNA Lepidoptera Helicoverpa armigera, Spodoptera 
litura & Spodoptera frugiperda (Noc-
tuidae: Lepidoptera)

Harish et al. (2021)

Nudiviridae

Nudivirus dsDNA Lepidoptera, Coleoptera Helicoverpa zea (Noctuidae: Lepidop-
tera) & Oryctes rhinoceros (Scarabaei-
dae: Coleoptera)

Harish et al. (2021)

Iridoviridae

Iridovirus dsDNA Lepidoptera, Coleoptera Galleria mellonella (Pyralidae, 
Lepidoptera), Phyllophaga vandinei 
(Scarabaeidae: Coleoptera)

Jenkins et al. (2011), İnce et al. (2018)

Polydnaviridae

Bracovirus dsDNA Lepidoptera Plutella xylostella (Plutellidae: Lepi-
doptera)

Prasad and Srivastava (2016), Harish 
et al. (2021)

Parvoviridae

Densoviruses ssDNA Hymenoptera, Hemiptera, 
Lepidoptera

Galleria mellonella (Pyralidae: Lepi-
doptera), Myzus persicae (Aphididae: 
Hemiptera), Spodoptera frugiperda 
(Noctuidae: Lepidoptera)

van Munster et al. (2003), Mutuel et al. 
(2010), Harish et al. (2021)

Reoviridae

Cypovirus dsRNA Lepidoptera Helicoverpa armigera (Noctuidae: 
Lepidoptera), Bombyx mori (Bomby-
cidae: Lepidoptera) Lymantria dispar 
(Erebidae: Lepidoptera)

Li et al. (2006), Tan et al. (2008), Cao 
et al. (2012)

Rhabdoviridae

Rhabdovirus ssRNA(-) Lepidoptera, Hemiptera Spodoptera frugiperda (Noctuidae: 
Lepidoptera), Nephotettix cincticeps 
(Cicadellidae: Hemiptera)

Ma et al. (2014), Jia et al. (2021)

Dicistroviridae

Dicistrovirus ssRNA( +) Lepidoptera, Hemiptera Helicoverpa armigera (Noctuidae: 
Lepidoptera), Rhopalosiphum padi 
(Aphididae: Hemiptera)

Harish et al. (2021)
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Mass production of entomopathogenic viruses
Insect pests cause devastating yield losses, and the chem-
ical interventions are no longer effective as they were 
in the beginning; furthermore, their extensive usage led 
to many other problems rubbing salt into the wounds 
(Reddy et al. 2022). With this being said, integrated pest 
management strategies including biocontrol agents such 
as entomopathogenic viruses would be desirable for the 
pest management without causing any ecological back-
lashes. The majority of the viruses that infect insects are 
from the families Baculoviridae, Densoviridae, Entomo-
poxvirinae, and Reoviridae (Harrison et al. 2018; Harish 
et al. 2021). Different groups of viruses that cause epizo-
otics in insects are listed in Table 4.

Mass multiplication of insect viruses that can be used 
for pest management is paramount for the integrated 
management of agricultural pests (Abd-Alla et al. 2020). 
Multiplying viruses using the insects in the laboratories 
is cumbersome, and the chance of being contaminated by 
other microbes is high; therefore, using the host insects 
for rapid multiplication of entomopathogenic viruses is 
not efficient and economical. Eventually, it was demon-
strated that nuclear polyhedrosis viruses (NPVs) can rep-
licate in insect cell lines (Vaughn 1981). So, this solves the 
problem as the cultured insect cells which are grown in 
culture media under aseptic conditions and can produce 
larger viral loads in a shorter amount of time and doesn’t 
require much space (Agathos 2018). Moreover, quality 
control can be assured using this method. Cells derived 
from the Fall Armyworm, S. frugiperda (Noctuidae: Lepi-
doptera) are most widely used for the mass production of 
entomopathogenic viruses, especially the NPVs (Vaughn 
et al. 1977).

Evaluation and mass multiplication of cry toxins
For mass multiplication of Bt insecticidal proteins like 
the cry toxins, insect cell-baculovirus interactions are 
being utilized in BEVS to produce the toxins at a com-
mercial scale (Del Rincón-Castro et al. 2011). Apart from 
their mass production, insect cell cultures can also serve 
as tools for understanding the mechanism of cry toxins 
and study the resistance developed in insects against 
these toxins at a molecular level. Generally, insect midgut 
epithelial cells are known to be the primary target for the 
Bt endotoxins. So, insect midgut cells should be cultured 
for studying the cytotoxicity of cry toxins in vitro. Mid-
gut epithelial cell cultures of several lepidopterans and 
coleopterans were established and maintained in  vitro 
for periods extending up to 3–6  months while preserv-
ing their differentiated characteristics (Smagghe et  al. 
2005). These midgut cell cultures were used for studying 
Bt endotoxin binding with the microvilli of intact epithe-
lial cells from different lepidopteran species (Garcia et al. 

2001). Technological tools like the patch-clamp technique 
and fluorescent probes were used to investigate the mode 
of action of Bt toxins on insect cells derived from differ-
ent species and tissues (Gringorten 2001). The toxicity of 
Cyt2Ba, Cry4Aa, and Cry11A proteins was evaluated in 
IPLB-SF-21AE cells from S. frugiperda (Noctuidae: Lepi-
doptera), IPLB-LD-652Y cells from Lymantria dispar 
(Erebidae: Lepidoptera) BM-5 cells from B. mori (Bomby-
cidae: Lepidoptera) and C6/36 cells from Aedes albopic-
tus (Culicidae: Diptera) (Teixeira et al. 2012). Spodoptera 
litura (Noctuidae: Lepidoptera)-derived Sl-HP cells, Hi5 
cells and Sf9 cells were used for evaluating the cytotoxic-
ity of activated Cry 1Ac toxin to these different cell lines, 
and the results indicated that Sl-HP cells were most sus-
ceptible to Cry 1Ac (Chen et al. 2015).

Insect cell cultures are valuable tools for studying the 
causes of insect resistance to Cry toxins. Several theo-
ries for insect resistance against insect transgenics had 
been hypothesized, and one such is the alteration of 
toxin-binding site. Cry toxins were known to have certain 
specific receptors such as aminopeptidase-N, alkaline 
phosphatase, cadherins, ATP-binding cassette trans-
porters which facilitate their cytotoxicity. Other pos-
sible mechanisms of resistance are altered processing 
of protoxins, enhanced immunity and midgut stem cell 
proliferation for rapid regeneration and replacement of 
cells damaged by cry toxins (Jurat-Fuentes et  al. 2021). 
Using Sf9 cells, it was identified that scavenger recep-
tor class C-like protein (Sf-SR-C) acts as a receptor for 
Vip3Aa protoxin in S. frugiperda (Noctuidae: Lepidop-
tera) (Jiang et al. 2018). ABCC2 proteins were identified 
as receptors for Cry toxins in Bombyx mori (Bombycidae: 
Lepidoptera) using Sf9 cells (Tanaka et al. 2013). Further-
more, the receptors for Cry2Ab toxins were found to be 
different from those of Cry1Ac based on binding profile 
evaluations in various insect cell lines (Wei et al. 2018). 
Insect cell cultures have significant potential for screen-
ing resistance against Bt transgenics. Mode of action of 
Vip3Aa insecticidal proteins was studied in Sf9 cells, and 
it was reported that the Vip3Aa toxin arrests cell cycle at 
phase, induces apoptosis in Sf9 cells, and also reduces the 
membrane potential and leads to mitochondrial dysfunc-
tion (Jiang et al. 2016).

Insect cell culture as a virological tool
Viruses are ultramicroscopic entities and cannot be seen 
with the naked eye. Yet, they are catastrophic in the way 
invade and hijack living organisms such that the entire 
world had no other option but to shut down to pro-
tect itself from a flu-causing virus, SARS-CoV-2 which 
plunged the world into an economic crisis through the 
Covid-19 pandemic (Ahmad et  al. 2020). Plant viruses 
have a devastating effect on agricultural produce and 
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Table 5 Insect cell lines for virological research

Name of insect cell lines Source Applications References

AC20 Agallia constricta (Cicadellidae: Hemiptera) Virus infectivity tests Chiu and Black (1967)

AFKM-On-H Ostrinia nubilalis (Crambidae: Lepidoptera) Useful in virus transfection research Belloncik et al. (2007)

APE1 Antitrogus parvulus (Scarabaeidae: Coleop-
tera)

Development of engineered entomopox 
viruses as microbial control agents

Fernon et al. (1996)

AS-H 1 Agrotis segetum (Noctuidae: Lepidoptera) Research on granulosis virus Kozlov et al. (1990)

BCIRL/AMCYAgE-CLG Anticarsia gemmatalis (Erebidae: Lepidop-
tera)

Embryos production of recombinant 
proteins and viral pesticides

Goodman et al. (2001)

BCIRL/AMCYAfO (/T)V-CLG Anagrapha falcifera (Noctuidae: Lepidop-
tera)

Adult ovaries (/testes) fat body production 
of viral pesticides, mainly baculoviruses

Goodman et al. (2001)

BCIRL-Cc-AM Cactoblastis cactorum (Pyralidae: Lepidop-
tera)

Support baculovirus infection and used 
in alternative biocontrol method

Grasela et al. (2012)

BTI-EAA Estigmene acrea (Erebidae: Lepidoptera) Larval hemocytes recombinant protein 
production insect cell lines

Hink et al. (1991)

CSIRO-BCIRL-HP1 Helicoverpa punctigera (Noctuidae: Lepi-
doptera)

Embryos useful in virological studies McIntosh et al. (1999)

FPMI-CF-1 Choristoneura fumiferana (Tortricidae: 
Lepidoptera)

Midgut expression of recombinant pro-
teins using baculovirus vectors

Hink et al. (1991)

FTRS-AoL Adoxophyes orana (Tortricidae: Lepidop-
tera)

Neonate larvae research on viruses; sus-
ceptible to insect viruses

Mitsuhashi (1989)

High Five cells Trichoplusia ni (Noctuidae: Lepidoptera) 
ovarian cells

Recombinant protein expression using 
baculovirus or transfection

Hink (1970), Zhang et al. (2008)

IBL-SLO-1A Spodoptera litura (Noctuidae: Lepidoptera) Useful in studies like replication of S. litura 
nuclear polyhedrosis virus in vitro

Shih et al. (1997)

IPLB-LD-64 Lymantria dispar (Erebidae: Lepidoptera) Pupal ovaries used to quantitate infectivity Goodwin et al. (1978)

IPRI 108 Malacosoma disstria (Lasiocampidae: 
Lepidoptera)

Larval hemocytes Nuclear polyhedrosis 
virus infectivity in vitro assay

Volkman and Goldsmith (1982)

KLBIQ-Chsu-I Chilo suppressalis (Crambidae: Lepidoptera) Production of insect virus expression 
vector

Liu et al. (2015)

LPC-Aa98-19 Anacridium aegyptium (Acrididae: Orthop-
tera)

Suitable for virus multiplication 
and manipulation and also used in biope-
sticides

Hernandez-Crespo et al. (2000)

Lub Lutzomyia longipalpis (Psychodidae: 
Diptera)

Can be used in vaccines and diagnostic 
tests

Rey et al. (2000)

NIAS-LeSe-11 Leucania separata (Noctuidae: Lepidoptera) Larval fat body research on nucleopoly-
hedrovirus

Yanase et al. (1998)

NIH-SaPe-4 Sarcophaga peregrine (Sarcophagidae: 
Diptera)

Used in study of host–parasite relationship 
in insect borne pathogenic microbes

Komano et al. (1987)

NIV-HA-197 Helicoverpa armigera (Noctuidae: Lepi-
doptera)

Embryonic tissue application in the mass 
production of this baculovirus as a bioin-
secticide

Sudeep et al. (2002)

NN-1 Nephotettix nigropictus (Cicadellidae: 
Hemiptera)

Used in phytoreovirus research Duan and Zhang (2014)

PLB-Ekx4T Ephestia kuehniella (Pyralidae: Lepidoptera) Embryos useful in biocontrol research 
and susceptible to nucleopolyhedrovi-
ruses

Lynn and Ferkovich (2004)

RAE25 Rhipicephalus appendiculatus (Ixodidae: 
Ixodida)

A useful tool in defining the complex 
nature of the host vector and pathogen 
relationship

Bell-Sakyi et al. (2007)

RIRI-BR1 Blaps rhynchoptera (Tenebrionidae: 
Coleoptera)

Used as folk medicine in Yunnan province 
China

Zhang et al. (2018)

Schneider 2 (S2) Drosophila melanogaster (Drosophilidae: 
Diptera)

Useful in transfection research Benting et al. (2000), Suske (2000)

Se6FHA Spodoptera exigua (Noctuidae: Lepidop-
tera)

Useful in nuclear polyhedrosis virus 
research and the production of recombi-
nant proteins

Hara et al. (1993)
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the losses instigated by them are estimated to be 30 bil-
lion US dollars annually (Rao and Reddy 2020). Studying 
viruses and their biology would help us devise strategies 
to assuage the yield losses caused by the insect viruses.

As we know, insect vectors play a pivotal role in the 
spread of plant viral diseases. Insect cell cultures could 
be game-changers as we deploy this novel technology 
for understanding the multiplication of plant viruses in 
the plant cells and how they are transmitted by insects. 
Given the size of viruses, it would not be easy to study 
their biology in insect vectors, but then cultured insect 
cells would avail us to inoculate with the viruses and 
study their replication at the cellular level. Cell cultures 
enable us to identify the site of virus accumulation, speci-
ficity of infection and replication of plant viruses in insect 
vectors (Adam 1984). Not only this, but they also help us 
to study the virus-receptor dynamics, the entry point of 
viruses, their multiplication inside cells, and their move-
ment from one cell to the other (Wei et  al. 2009, Mao 
et  al. 2013,  Chen et  al. 2014). By identifying a suitable 
receptor that allows the virus to interact with the cells, 
insect-transmitted viral diseases could be prevented from 
spreading further using RNA interference (Kanakala and 
Ghanim 2016). Various cell lines of insect vectors used 
for studying plant viruses in vitro are listed in Table 5.

Insect cells as models for studying signaling mechanisms 
and metabolic pathways
Apart from entomological aspects, insect cell cultures 
could also be used for learning basic cell biological con-
cepts, cell-to-cell signaling mechanisms, and identify 
metabolic pathways and their products as well using 
high-throughput screening (HTS) technology which 
is used for drug discovery. Established insect cell lines 
along with HTS platforms would revolutionize bioas-
says for compositional analysis of metabolic pathways in 
insects as well as other living organisms.

Trans-membrane protein, ASGP2 associates with ErbB2 
receptor tyrosine kinase using Sf9 cells and a baculovirus 
expression system. ErbB2 receptor tyrosine kinase is piv-
otal in several developmental processes, and its overex-
pression could lead to the development of tumors. Using 
BEVS and Sf9 cells, it has been reported that ASGP2 
modulates the activity of receptor tyrosine kinase (Car-
raway et  al. 1999). Insect cells are very useful in study-
ing the mechanisms of signal transduction as some of the 
signal transduction receptor proteins like the G-protein-
coupled receptors are evolutionarily conserved across the 
various classes of living organisms (Broeck 1996). Insect 
cell lines Hi5 and Bm-5-based expression systems were 
used for expressing odorant receptors (ORs) from a mos-
quito, Anopheles gambiae (Culicidae: Diptera) which help 
identify their human hosts by responding to cues such as 
human sweat (Tsitoura et al. 2010). Studies like this could 
enable us in the near future to identify insect receptors 
that aid in identifying host plants based on odor cues. 
Sf9 cell-based expression systems are useful in analyzing 
mammalian receptors linked to  Ca+2 signaling and home-
ostasis (Hu et  al. 1994). PI3K/AKT/TOR pathway medi-
ated autophagy induced by curcumin was elucidated in 
Sf9 cells (Veeran et al. 2019). Similarly, pathways related 
to the growth and development of insects can be under-
studied in vitro with the help of insect cell lines using the 
HTS platforms (Kayukawa et al. 2020).

Insect cell cultures for toxicity studies
Currently, pesticide formulations that target insect nerv-
ous system, muscular system, respiratory system and 
endocrine system are being used for pest control pur-
poses. So, ascertaining physiological processes of insects 
at cellular level using insect cell lines not only helps us 
in understanding the cell biology and physiology but also 
enables us to devise novel pesticide molecules which will 
affect the life-sustaining processes of insects.

Table 5 (continued)

Name of insect cell lines Source Applications References

Sf9 cells Spodoptera frugiperda (Noctuidae: Lepi-
doptera)

Pupal ovarian tissue recombinant protein 
production using baculovirus and in the 
evaluation of host–virus interaction

Davis et al. (1993), Ma et al. 
(2014), Wilde et al. (2014)

Sf21 cells Spodoptera frugiperda (Noctuidae: Lepi-
doptera)

Pupal ovarian tissue research on bacu-
loviruses and their use for producing 
recombinant proteins

Chen et al. (2005), Lynn (2003)

TI-1 Thysanoplusia intermixta (Noctuidae: 
Lepidoptera)

Studies of insect pathogenic viruses 
and baculovirus expression vector system

Hashiyama et al. (2011)

WIV-BS-02 Biston suppressaria (Geometridae: Lepi-
doptera)

Infection studies of homoceros tubulosa 
nuclear polyhedrosis virus

Mitsuhashi (1989)

WIV-BS-481 Biston suppressaria (Geometridae: Lepi-
doptera)

Larval hemocytes research on baculovirus 
studies

Grasela et al. (2012)
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Insect cell cultures are also useful in ascertaining the 
mode of action of novel insecticidal compounds and also 
compare the toxicities of different compounds in both the 
target organisms and non-target organisms using their 
cell cultures (Salehzadeh et al. 2002). Insect cell lines are 
also used for high-throughput screening for novel insec-
ticide targets in insects viz., endocrine targets, metabolic 
targets, neurological and muscular targets, ascertain the 
insecticide resistance mechanisms in insects, and evalu-
ate insecticidal proteins from B. thuringiensi (Bacillaceae: 
Bacillales) (Mak et  al. 2021). Toxicity of the insecti-
cide bendiocarb was evaluated in both mammalian and 
insect cell cultures. Cytotoxicity was measured in terms 
of proliferation of cells and cytopathology in liver cells 
(WBF344) and kidney cells (RK13) of mammals, and Sf21 
cells from S. frugiperda (Noctuidae: Lepidoptera). Prolif-
eration in Sf21 cells was affected the most, while it was 
significantly reduced in both WBF344 and RK13 cells. 
Cytopathology was measured in terms of lactate dehy-
drogenase (LDH) concentration in the culture medium. 
Mammalian cells had relatively high leakage of LDH from 
the cells into the medium indicating cellular damage (Pol-
láková et al. 2012). Insect cell cultures also have immense 
potential in the drug discovery and development of novel 
insecticidal formulations targeting novel sites in insect 
pests for pest management (Choi and Vander 2021).

Insect cell lines have additional applications as senti-
nels for testing environmental contaminants and their 
toxicity. Several industrial chemicals along with other 
pharmaceuticals are known to disrupt endocrine system 
of mammals. These pollutants are known to impair the 
health of humans (Darbre 2019). Insects are used as sen-
tinels to observe the malefic effects of these pollutants 
on physiological processes that occur in humans as well 
as other higher animals (Wilson 2005). Insect cell lines 
are also used for testing the damage caused by environ-
mental contaminants and evaluating the malign effects 
of these chemicals on endocrine system of vertebrates 
(Dinan et al. 2001).

Future prospects
Insect cell cultures might have a predominant role in 
entomological research in the near future. They are the 
cheapest protein factories for mass production of recom-
binant proteins and manufacturing of viruses (Ikonomou 
et al. 2003). Insect cell cultures can also be used to study 
the immune reactions of insects to biotic and abiotic 
stresses in  vivo (Zhang and Turnbull 2018). They offer 
efficient model systems to interrogate drug delivery and 
metabolism. They can be used for evaluating the mode 
of action of insecticides and analyze novel target sites for 
chemical control (Wing 2021). They form the model sys-
tems for ascertaining insecticidal proteins and evaluating 

Bt-resistance mechanisms in insect pests (Teixeira et al. 
2012). Apart from entomological research, insect cell 
lines could also be used for understanding basic cell biol-
ogy, metabolic pathways, and effects of toxic and carcino-
genic compounds like polycyclic aromatic hydrocarbons, 
tobacco-specific nitrosamines, Benzo [a] pyrenes, etc.

Conclusion
In the present review, an attempt was made to highlight 
the significant role of insect cell cultures in expediting 
entomological research and advancing the development 
of pest management strategies. The type of cells in an 
organism will determine its capabilities, and insect cell 
cultures will provide an insight into the mechanisms and 
machinery that made insects the most successful group 
of animals. A better understanding of the biology and 
the physiological processes will help us to devise tactics 
that could upgrade our arsenal in the fight against insect 
pests of food crops. Henceforward, insect cell cultures 
are likely to revolutionize the research in both the agri-
cultural and medicinal sectors.
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ABCC2  ATP-binding cassette subfamily C member 2
AC20  Agallia constricta-derived cell lines
ATP  Adenosine triphosphate
BEVS  Baculovirus expression vector system
Bt  Bacillu thuriengiensis
BV  Budded viruses
CP-169  Cydia pomonella-derived cell line
CPV  Cytoplasmic polyhedrosis virus
DNA  Deoxyribonucleic acid
dsDNA  Double-stranded deoxyribonucleic acid
dsRNA  Double-stranded ribonucleic acid
ESF 921  Expression systems
ESF AF  Insect cell culture medium, animal-free
GV  Granulosis virus
HIV  Human immunodeficiency viruses
HTS  High-throughput screening
LD  Leptinotarsa decemlineata-derived cell line
LDH  Lactate dehydrogenase
MDBK  Madin-darby bovine kidney
MDCK  Madin-darby canine kidney
NN-1  Nephotettix nigropictus-derived cell lines
ODVs  Occlusion-derived virus
ORs  Odorant receptors
PI3K  Phosphatidylinositol-3-kinase
PV  Pox virus
RNA  Ribonucleic acid
SARS-CoV-2  Severe acute respiratory syndrome coronavirus 2
Sf-SR-C  Spodoptera frugiperda scavenger receptor class C-like protein
Sf9, Sf21  Spodoptera frugiperda-derived cell lines
SFM  Serum-free medium
ssDNA  Single-stranded deoxyribonucleic acid
ssRNA  Single-stranded ribonucleic acid
TI-1  Thysanoplusia intermixta-derived cell lines
Tn5, Tn368  Trichoplusia ni-derived cell lines
TOR  Target of rapamycine
VLP  Virus-like particles
VERO  Verda reno
Vip3Aa  Vegetative insecticidal proteins



Page 12 of 15Battu et al. Egyptian Journal of Biological Pest Control           (2023) 33:80 

Acknowledgements
Not applicable

Author contributions
JRB designed the project. JRB, KS, YG, KR, AG, and NN prepared the first draft 
text. SSRM guided and proof reading. All authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 31 May 2023   Accepted: 7 August 2023

References
Abd-Alla AM, Meki IK, Demirbas-Uzel G (2020) Insect viruses as biocontrol 

agents: challenges and opportunities. In: Cottage industry of biocontrol 
agents and their applications. Springer, pp 277–295

Adam G (1984) Plant virus studies in insect vector cell culture. In: Mayo MA, 
Harrap KA (eds) Vectors in virus biology. Academic Press, London, pp 
37–62

Agathos SN (2018) Mass production of viral insecticides. In: Biotechnology for 
biological control of pests and vectors, CRC Press, pp 217–232

Ahmad T, Haroon MB, Hui J (2020) Coronavirus disease 2019 (COVID-19) pan-
demic and economic impact. Pak J Med Sci 36(COVID19):S73–S78

Arunkarthick S, Asokan R, Aravintharaj R, Niveditha M, Kumar NK (2017) A 
review of insect cell culture: establishment, maintenance and applica-
tions in entomological research. J Entomol Sci 52(3):261–273

Belisle BW, Celeri C, Tang K, Montgomery T, Gong T (1992) From shake flask to 
large scale: cell and virus production in serum-free media. In: Vlak JM, 
Schlaeger EJ, AR Bernard (eds) Baculovirus and Recombinant Protein 
Production Processes. Editiones Roche, Basel, Switzerland, pp 226–233

Belloncik S, Petcharawan O, Couillard M, Charpentier G, Larue B, Guardado H, 
Chareonsak S, Imanishi S (2007) Development and characterization of 
a continuous cell line, AFKM-On-H, from hemocytes of the European 
corn borer Ostrinia nubilalis (Hübner)(Lepidoptera, Pyralidae). In Vitro 
Cell Dev Biol Anim 43:245–254

Bell-Sakyi L, Zweygarth E, Blouin EF, Gould EA, Jongejan F (2007) Tick cell 
lines: tools for tick and tick-borne disease research. Trends Parasitol 
23(9):450–457

Benting J, Lecat S, Zacchetti D, Simons K 2000. Protein expression in Dros-
ophila Schneider cells. Anal Biochem 278:59–68

Cao G, Meng X, Xue R, Zhu Y, Zhang X, Pan Z, Zheng X, Gong C (2012) Charac-
terization of the complete genome segments from BmCPV-SZ, a novel 
Bombyx mori cypovirus 1 isolate. Can J Microbiol 58(7):872–883

Carlo CQAHM, Ignoffo M (1983) Establishment of a new cell line from the 
pupae of Diamond-back moth, Plutella xylostella. (Lepidoptera: Plutel-
lidae). Central China Normal Univ Natur Sci (Natural Sciences)

Carraway KL, Rossi EA, Komatsu M, Price-Schiavi SA, Huang D, Guy PM, Carvajal 
ME, Fregien N, Carraway CAC (1999) An intramembrane modulator of 
the ErbB2 receptor tyrosine kinase that potentiates neuregulin signal-
ing. J Biol Chem 274(9):5263–5266

Chan LC, Reid S (2016) Development of serum-free media for lepidopteran 
insect cell lines. Baculovirus and insect cell expression protocols. 
Humana Press, New York, pp 161–196

Chen CH, Ho ML, Chang JK, Hung SH, Wang GJ (2005) Green tea catechin 
enhances osteogenesis in a bone marrow mesenchymal stem cell line. 
Osteoporos Int 16:2039–2045

Chen H, Zheng H, Mao Q, Liu Q, Jia D, Wei T (2014) Development of continu-
ous cell culture of brown planthopper to trace the early infection 
process of oryza viruses in insect vector. Virol J 88(8):4265–4274

Chen Z, He F, Xiao Y, Liu C, Li J, Yang Y, Ai H, Peng J, Hong H, Liu K (2015) 
Endogenous expression of a Bt toxin receptor in the Cry1Ac-sus-
ceptible insect cell line and its synergistic effect with cadherin on 
cytotoxicity of activated Cry1Ac. Insect Biochem Mol Biol 59:1–17

Chiu RJ, Black LM (1967) Monolayer cultures of insect cell lines and their 
inoculation with a plant virus. Nature 215(5105):1076–1078

Choi MY, Vander MRK (2021) GPCR-based bioactive peptide screening using 
phage-displayed peptides and an insect cell system for insecticide 
discovery. Biomolecules 11(4):583

Crawford AM (1982) A coleopteran cell line derived from Heteronychus ara-
tor (Coleoptera: Scarabaeidae). Vitro-Plant 18(10):813–816

Darbre PD (2019) The history of endocrine-disrupting chemicals. Curr Opin 
Endocr Metab Res 7:26–33

Davis TR, Wickham TJ, McKenna KA, Granados RR, Shuler ML, Wood HA (1993) 
Comparative recombinant protein production of eight insect cell lines. 
In Vitro Cell Develop Biol-Anim 29:388-390

De Wilde AH, Jochmans D, Posthuma CC, Zevenhoven-Dobbe JC, Van 
Nieuwkoop S, Bestebroer TM, Van Den HBG, Neyts J, Snijder EJ 
(2014) Screening of an FDA-approved compound library identifies 
four small-molecule inhibitors of middle east respiratory syndrome 
coronavirus replication in cell culture. Antimicrob Agents Chemother 
58(8):4875–4884

Del Rincón-Castro MC, Ibarra JE (2011) Entomopathogenic viruses. Biologi-
cal control of insect pests, 1st edn. Studium Press, India, pp 29–64

Dinan L, Bourne P, Whiting P, Dhadialla TS, Hutchinson TH (2001) Screening 
of environmental contaminants for ecdysteroid agonist and antago-
nist activity using the Drosophila melanogaster BII cell in vitro assay. 
Environ Toxicol Chem 20(9):2038–2046

Duan Y, Zhang Y (2014) Review of the grassland leafhopper genus Nephotet-
tix matsumura (Hemiptera: Cicadellidae: Deltocephalinae: Chiasmini) 
from the Chinese mainland. Zootaxa 3755(3):201–229

Felberbaum RS (2015) The baculovirus expression vector system: a com-
mercial manufacturing platform for viral vaccines and gene therapy 
vectors. Biotechnol J 10(5):702–714

Fernon CA, Osborne RJ, Dall DJ (1996) Cell lines from the melolonthine 
scarab Antitrogus parvulus. Vitro Cell Dev Biol Anim 32:85–89

Garcia JJ, Li G, Wang P, Zhong J, Granados RR (2001) Primary and continu-
ous midgut cell cultures from Pseudaletia unipuncta (Lepidoptera: 
Noctuidae). Vitro Cell Dev Biol Anim 37:353–359

Gaw ZY, Liu NT, Zia TU (1959) Tissue culture methods for cultivation of virus 
grasserie. Acta Virol 3:55

Ghosh A, Dhall H, Dietzgen RG, Jain RK (2020) Insect cell culture as a 
tool in plant virus research: a historical overview. Phytoparasitica 
48(2):287–303

Goldschmidt R, Wilhelm K (1915) Some experiments on spermatogenesis 
in vitro. Proc Natl Acad Sci USA 1(4):220

Goodman CL, El Sayed GN, Mcintosh AH, Grasela JJ, Stiles B (2001) Establish-
ment and characterization of insect cell lines from 10 lepidopteran 
species. Vitro Cell Dev Biol 37(6):367–373

Goodwin RH (1975) Insect cell culture: improved media and methods 
for initiating attached cell lines from the Lepidoptera. In Vitro 
11(6):369–378

Goodwin RH, Tompkins GJ, McCawley P (1978) Gypsy moth cell lines divergent 
in viral susceptibility: I. Culture and Identification. In Vitro 14(6):485–494

Grace TDC (1962) Establishment of four strains of cells from insect tissues 
grown in vitro. Nature 195:788–789

Grace TDC (1966) Establishment of a line of mosquito (Aedes aegypti L.) cells 
grown in vitro. Nature 211:366–367

Grace TDC (1967) Establishment of a line of cells from the silkworm Bombyx 
mori. Nature 216(5115):613–613



Page 13 of 15Battu et al. Egyptian Journal of Biological Pest Control           (2023) 33:80  

Granados RR, Li G, Blissard GW (2007) Insect cell culture and biotechnology. 
Virol Sin 22(2):83–93

Grasela JJ, Pomponi SA, Rinkevich B, Grima J (2012) Efforts to develop a 
cultured sponge cell line: revisiting an intractable problem. In Vitro Cell 
Dev Biol Anim 48:12–20

Gringorten JL (2001) Ion balance in the lepidopteran midgut and insecticidal 
action of Bacillus thuringiensis. Biochemical sites of insecticide action 
and resistance. Springer, Berlin, Heidelberg, pp 167–207

Hara K, Funakoshi M, Tsuda K, Kawarabata T (1993) New Spodoptera exigua 
cell lines susceptible to Spodoptera exigua nuclear polyhedrosis virus. 
In Vitro Cell Dev Biol Anim 29:904–907

Harish S, Murugan M, Kannan M, Parthasarathy S, Prabhukarthikeyan SR, 
Elango K (2021) Entomopathogenic Viruses. In: Microbial approaches 
for insect pest management. Springer, Singapore, pp 57

Harrison RL, Herniou EA, Jehle JA, Theilmann DA, Burand JP, Becnel JJ, Krell 
PJ, van Oers MM, Mowery JD, Bauchan GR (2018) ICTV virus taxonomy 
profile: Baculoviridae. J Gen Virol 99(9):1185–1186

Hashiyama K, Hayashi Y, Kobayashi S (2011) Drosophila sex lethal gene 
initiates female development in germline progenitors. Science 
333(6044):885–888

Hernandez-Crespo P, Veyrunes JC, Cousserans F, Bergoin M (2000) The 
spheroidin of an entomopoxvirus isolated from the grasshopper 
Anacridium aegyptium (AaEPV) shares low homology with spheroi-
dins from lepidopteran or coleopteran EPVs. Virus Res 67(2):203–213

Hink WF (1970) Established insect cell line from the cabbage looper. 
Trichoplusia Ni Nature 226(5244):466–467

Hink WF, Ellis BJ (1971) Establishment and characterization of two new 
cell lines (CP-1268 and CP-169) from the codling moth, Carpocapsa 
pomonella (with a review of culture of cells and tissues from Lepidop-
tera). Curr Top Microbiol Immunol 55:19–28

Hink WF, Thomsen DR, Davidson DJ, Meyer AL, Castellino FJ (1991) Expres-
sion of three recombinant proteins using baculovirus vectors in 23 
insect cell lines. Biotechnol Prog 7(1):9–14

Hu Y, Rajan L, Schilling WP (1994) Ca2+ signaling in Sf9 insect cells and the 
functional expression of a rat brain M5 muscarinic receptor. Am J 
Physiol Cell Physiol 266(6):1736–1743

İnce İA, Özcan O, Ilter-Akulke AZ, Scully ED, Özgen A (2018) Invertebrate 
iridoviruses: a glance over the last decade. Viruses 10(4):161

Inlow D, Shauger A, Maiorella B (1989) Insect cell culture and baculovirus 
propagation in protein-free medium. Plant Tissue Cult Biotechnol 
12(1):13–16

Ikonomou L, Schneider YJ, Agathos SN (2003) Insect cell culture for industrial 
production of recombinant proteins. Appl Microbiol Biotechnol 
62(1):1–20

Jedrzejczak-Silicka M (2017) History of cell culture. In: New insights into cell 
culture technology. IntechOpen, pp 1–41

Jenkins DA, Hunter WB, Goenaga R (2011) Effects of Invertebrate Iridescent 
Virus in Phyllophaga vandinei and its potential as a biocontrol deliv-
ery system. J Insect Sci 11(1):44

Jia W, Wang F, Xiao S, Yang Y, Chen L, Li J, Bao Y, Song Q, Ye G (2021) Iden-
tification and characterization of a novel rhabdovirus in green rice 
leafhopper, Nephotettix cincticeps. Virus Res 296:198281

Jiang K, Mei SQ, Wang TT, Pan JH, Chen YH, Cai J (2016) Vip3Aa induces 
apoptosis in cultured Spodoptera frugiperda (Sf9) cells. Toxicon 
120:49–56

Jiang K, Hou XY, Tan TT, Cao ZL, Mei SQ, Yan B, Chang J, Han L, Zhao D, Cai J 
(2018) Scavenger receptor-C acts as a receptor for Bacillus thuringiensis 
vegetative insecticidal protein Vip3Aa and mediates the internalization 
of Vip3Aa via endocytosis. PLoS Pathog 14(10):e1007347

Jurat-Fuentes JL, Heckel DG, Ferré J (2021) Mechanisms of resistance to 
insecticidal proteins from Bacillus thuringiensis. Annu Rev Entomol 
66:121–140

Kanakala S, Ghanim M (2016) RNA interference in insect vectors for plant 
viruses. Viruses 8(12):329

Kayukawa T, Furuta K, Nagamine K, Shinoda T, Yonesu K, Okabe T (2020) Identi-
fication of a juvenile-hormone signaling inhibitor via high-throughput 
screening of a chemical library. Sci Rep 10(1):1–9

Komano H, Kasama E, Nagasawa Y, Nakanishi Y, Matsuyama K, Ando K, Natori 
S (1987) Purification of Sarcophaga (fleshfly) lectin and detection of 
sarcotoxins in the culture medium of NIH-Sape-4, an embryonic cell 
line of Sarcophaga peregrina. Biochem J 248(1):217-222

Kozlov ĖA, Rodnin NV, Levitina TL, Gusak NM, Atepalikhina SA (1990) The 
primary structure of the granulosis virus granulin of the winter moth 
Agrotis segetum. Bioorganicheskaya Khimiya 16(12):1675–1677

Li Y, Tan L, Li Y, Chen W, Zhang J, Hu Y (2006) Identification and genome char-
acterization of Heliothis armigera cypovirus types 5 and 14 and Heliothis 
assulta cypovirus type 14. J Gen Virol 87(2):387–394

Li W, Fan Z, Lin Y, Wang TY (2021) Serum-free medium for recombinant protein 
expression in Chinese hamster ovary cells. Front Bioeng Biotechnol 
9:646363

Liu G, Xu Y, Yu X (2015) Establishment and characterization of a new cell line of 
Chilo suppressalis Walker (Lepidoptera: Pyralididae). In Vitro Cell Dev Biol 
Anim 51:218–221

Long SH, McIntosh AH, Grasela JJ, Goodman CL (2002) The establishment of 
a Colorado potato beetle (Coleoptera: Chrysomelidae) pupal cell line. 
Appl Entomol Zool 37(3):447–450

Lynn DE, Dougherty EM, McClintock JT, Loeb M (1988) Development of cell 
lines from various tissues of Lepidoptera. In: Kuroda Y, Kurstak E, Mara-
morosch K (eds) Invertebrate and Fish Tissue Culture. Japan Sci Soc, 
Tokyo, pp 239–242

Lynn DE, Oberlander H (1983) The establishment of cell lines from imaginal 
wing discs of Spodoptera frugiperda and Plodia interpunctella. J Insect 
Physiol 29(7):591–596

Lynn DE, Stoppleworth A (1984) Established cell lines from the beetle 
Diabrotica undecimpunctata (Coleoptera: Chrysomelidae). In Vitro 
20(5):365–368

Lynn DE, Hung AC (1991) Development of continuous cell lines from the 
egg parasitoids Trichogramma confusum and T. exiguum. Arch Insect 
Biochem Physiol 18(2):99–104

Lynn DE (2002) Methods for maintaining insect cell cultures. J Insect Sci 2(1)
Lynn DE (2003) Comparative susceptibilities of twelve insect cell lines to infec-

tion by three baculoviruses
Lynn DE, Ferkovich SM (2004) New cell lines from Ephestia kuehniella: charac-

terization and susceptibility to baculoviruses. J Insect Sci 4(1):9
Lynn DE (2007) Available lepidopteran insect cell lines. In: Baculovirus and 

insect cell expression protocols. Humana Press, pp 117–137
Ma H, Galvin TA, Glasner DR, Shaheduzzaman S, Khan AS (2014) Identifica-

tion of a novel rhabdovirus in Spodoptera frugiperda cell lines. Virol J 
88(12):6576–6585

Mak M, Beattie KD, Basta A, Randall D, Chen ZH, Spooner-Hart R (2021) Trian-
gulation of methods using insect cell lines to investigate insecticidal 
mode-of-action. Pest Manag Sci 77(1):92–501

Mao Q, Zheng S, Han Q, Chen H, Ma Y, Jia D, Chen Q, Wei T (2013) New model 
for the genesis and maturation of viroplasms induced by fijiviruses in 
insect vector cells. Virol J 87:6819–6828

Marks EP (1980) Insect tissue culture: an overview, 1971–1978. Annu Rev 
Entomol 25(1):73–101

Martignoni ME, Iwai PJ (1986) Propagation of multicapsid nuclear polyhedrosis 
virus of Orgyia pseudotsugata in larvae of Trichoplusia ni. J Invertebr 
Pathol 47(1):32–41

McIntosh AH (1991) In vitro infectivity of a clonal isolate of Syngrapha falcifera 
(Celery looper) multiple nuclear polyhedrosis virus. J Invertebr Pathol 
(USA) 57:441–442

McIntosh AH, Maramorosch K, Rechtoris C (1973) Adaptation of an insect cell 
line (Agallia constricta) in a mammalian cell culture medium. In Vitro 
8(5):375–378

McIntosh AH, Ignoffo CM, Quhou C, Pappas M (1983) Establishment of a cell 
line from Heliothis armigera (Hbn.) (Lepidoptera: Noctuidae). In Vitro 
19(8): 589–590

McIntosh AH, Christian PD, Grasela JJ (1999) The establishment of heliothine 
cell lines and their susceptibility to two baculoviruses. In Vitro Cell 
Develop Biol-Anim 35:94–97

McKelvey TA, Lynn DE, Gundersen-Rindal D, Guzo D, Stoltz DA, Guthrie KP, Tay-
lor PB, Dougherty EM (1996) Transformation of gypsy moth (Lymantria 
dispar) cell lines by infection with Glyptapanteles indiensis polydnavirus. 
Biochem Biophys Res Commun 225(3):764–770

Mena JA, Kamen AA (2011) Insect cell technology is a versatile and robust vac-
cine manufacturing platform. Expert Rev Vaccines 10(7):1063–1081

Miller LK, Lingg AJ, JrLA B (1983) Bacterial, viral, and fungal insecticides. Sci 
219(4585):715–721



Page 14 of 15Battu et al. Egyptian Journal of Biological Pest Control           (2023) 33:80 

Miller LK, Lu A (1997) The molecular basis of baculovirus host range. In: The 
Baculoviruses. Springer, Boston 217–235

Mitsuhashi J (1964) Leafhopper tissue culture: embryonic, nymphal, and 
imaginal tissues from aseptic insects. Contrib Boyce Thompson Inst 
22:435–460

Mitsuhashi J (1989) Simplified medium (MTCM-1601) for insect cell lines. J 
Tissue Cul Methods 12:21–22

Monti M, Mandrioli M, Bextine B, Hunter WB, Alma A, Tedeschi R (2014) Main-
tenance of primary cell cultures of immunocytes from Cacopsylla spp. 
psyllids: a new in vitro tool for the study of crop pest insects. In Vitro 
Cell Dev Biol-Anim 50(9):797–801

Mutuel D, Ravallec M, Chabi B, Multeau C, Salmon JM, Fournier P, Ogliastro M 
(2010) Pathogenesis of Junonia coenia densovirus in Spodoptera fru-
giperda: a route of infection that leads to hypoxia. Virol J 403(2):137–144

Palli SR, Retnakaran A (1999) Molecular and biochemical aspects of chitin 
synthesis inhibition. EXS 87:85–98

Peleg J, Shahar A (1972) Morphology and behaviour of cultured Aedes aegypti 
mosquito cells. Tissue Cell 4(1):55–61

Pinto CPG, Rickes LN, Zotti MJ, Grutzmacher AD (2019) Compared activity 
of agonist molecules towards ecdysone receptor in insect cell-based 
screening system. Arquivos do Instituto Biológico 86

Polláková J, Kovalkovičová N, Csank T, Pistl J, Kočišová A, Legáth J (2012) Evalu-
ation of bendiocarb cytotoxicity in mammalian and insect cell cultures. 
J Environ Sci HealthPart B, 47(6):538-543.

Prasad V, Srivastava S (2016) Insect viruses. In ecofriendly pest management for 
food security. Academic Press, pp 411–442

Puente-Massaguer E, Grau-Garcia P, Strobl F, Grabherr R, Striedner G, Lecina M, 
Gòdia F (2021) Accelerating HIV-1 VLP production using stable high five 
insect cell pools. J Biotechnol 16(4):2000391

Rao GP, Reddy MG (2020) Overview of yield losses due to plant viruses. In: 
Applied plant virology. Academic Press, pp 531–562

Rao US (2003) Expression of Oligomeric Amiloride-Sensitive Epithelial Sodium 
Channel in Sf9 Insect Cells. In: Selinsky B.S. (eds) Membrane Protein Pro-
tocols. Methods in Molecular Biology, vol 228. Humana Press. https:// 
doi. org/ 10. 1385/1- 59259- 400-X: 65

Reddy MSS, Karthik S, Raju BJ, Yashaswini G (2022) Multi-omics Approaches 
in Insect-Plant Interactions. In: Tanda, A.S. (eds) Molecular Advances 
in Insect Resistance of Field Crops. Springer, Cham. https:// doi. org/ 10. 
1007/ 978-3- 030- 92152-1_ 13

Rey GJ, Ferro C, Bello FJ (2000) Establishment and characterization of a new 
continuous cell line from Lutzomyia longipalpis (Diptera: Psychodidae) 
and its susceptibility to infections with arboviruses and Leishmania 
chagasi. Mem Inst Oswaldo Cruz 95:103–110

Rochford R, Dougherty EM, Lynn DE (1984) Establishment of a cell line from 
embryos of the cabbage looper, Trichoplusia ni (Hubner). In Vitro 
20(11):823–825

Rodas VM, Marques FH, Honda MT, Soares DM, Jorge SA, Antoniazzi MM, 
Pereira CA (2005) Cell culture derived AgMNPV bioinsecticide: biologi-
cal constraints and bioprocess issues. Cytotechnology 48(1):27–39

Rohrmann GF (2019) The baculovirus replication cycle: Effects on cells and 
insects. In Baculovirus Molecular Biology [Internet]. 4th edition. National 
Center for Biotechnology Information (US). https:// www. ncbi. nlm. nih. 
gov/ books/ NBK54 3465/

Sacks HS (2021) The Novavax vaccine had 90% efficacy against COVID-19≥ 7 d 
after the second dose. Ann Inter Medic 174(11):124

Salehzadeh A, Jabbar A, Jennens L, Ley SV, Annadurai RS, Adams R, Strang RHC 
(2002) The effects of phytochemical pesticides on the growth of cul-
tured invertebrate and vertebrate cells. Pest Manag Sci 58(3):268–276

Sarver N, Stollar V (1977) Sindbis virus-induced cytopathic effect in clones of 
Aedes albopictus (Singh) cells. Virol J 80(2):390–400

Schlaeger EJ (1996) Medium design for insect cell culture. Cytotechnology 
20(1):57–70

Schneider I (1964) Differentiation of larval drosophila eye-antennal discs 
in vitro. J Exp Zool 156:91–104

Schneider I (1972) Cell lines derived from late embryonic stages of Drosophila 
melanogaster. J Embryol Exp Morph 27:353–365

Shih C, Chen VJ, Gossett LS, Gates SB, MacKellar WC, Habeck LL, Shackelford 
KA, Mendelsohn LG, Soose DJ, Patel VF, Andis SL (1997) LY231514, a 
pyrrolo [2, 3-d] pyrimidine-based antifolate that inhibits multiple folate-
requiring enzymes. Cancer Res 57(6):1116–1123

Smagghe G, Vanhassel W, Moeremans C, De Wilde D, Goto S, Loeb MJ, Black-
burn MB, Hakim RS (2005) Stimulation of midgut stem cell proliferation 
and differentiation by insect hormones and peptides. Ann NY Acad Sci 
1040(1):472–475

Smagghe G, Goodman CL, Stanley D (2009) Insect cell culture and applica-
tions to research and pest management. In Vitro Cell Dev Biol Anim 
45(3):93–105

Stiles B, McDonald IC, Gerst JW, Adams TS, Newman SM (1992) Initiation and 
characterization of five embryonic cell lines from the cotton boll weevil 
Anthonomus grandis in a commercial serum-free medium. In Vitro Cell 
Dev Biol Anim 28(5):355–363

Sudeep AB, Mourya DT, Shouche YS, Pidiyar V, Pant U (2002) A new cell line 
from the embryonic tissue of Helicoverpa armigera HBN. (Lepidoptera: 
Noctuidae). In Vitro Cell Dev Biol Anim 38(5):262–264

Suske G (2000) Transient transfection of Schneider cells in the study of 
transcription factors. In: Tymms MJ (eds) Transcription factor protocols. 
Methods in molecular biology™, vol 130. Humana Press

Szewczyk B, Hoyos-Carvajal L, Paluszek M, Skrzecz I, De Souza ML (2006) Bacu-
loviruses—re-emerging biopesticides. Biotechnol Adv 24(2):143–160

Tan L, Zhang J, Li Y, Li Y, Jiang H, Cao X, Hu Y (2008) The complete nucleotide 
sequence of the type 5 Helicoverpa armigera cytoplasmic polyhedrosis 
virus genome. Virus Genes 36(3):587–593

Tanaka S, Miyamoto K, Noda H, Jurat-Fuentes JL, Yoshizawa Y, Endo H, Sato R 
(2013) The ATP-binding cassette transporter subfamily C member 2 in 
Bombyx mori larvae is a functional receptor for Cry toxins from Bacillus 
thuringiensis. FEBS J 280(8):1782–1794

Teixeira CRF, Ardisson-Araújo DMP, Monnerat RG, Ribeiro BM (2012) Cytotoxic-
ity analysis of three Bacillus thuringiensis subsp israelensis δ-endotoxins 
towards insect and mammalian cells. PLoS One 7(9):e46121. https:// doi. 
org/ 10. 1371/ journ al. pone. 00461 21

Trager W (1935) Cultivation of the virus of grasserie in silkworm tissue cultures. 
J Exp Medic 61(4):501

Tsitoura P, Andronopoulou E, Tsikou D, Agalou A, Papakonstantinou MP, Kotzia 
GA, Labropoulou V, Swevers L, Georgoussi Z, Iatrou K (2010) Expression 
and membrane topology of Anopheles gambiae odorant receptors in 
lepidopteran insect cells. PLoS ONE 5(11):e15428

van Munster M, Dullemans AM, Verbeek M, Van Den HJFJM, Reinbold C, Brault 
V, Clérivet A, Van Der Wilk F (2003) Characterization of a new denso-
virus infecting the green peach aphid Myzus persicae. J Inver Pathol 
84(1):6–14

van Oosten L, Altenburg JJ, Fougeroux C, Geertsema C, van den End F, Evers 
WA, Westphal AH, Lindhoud S, van den Berg W, Swarts DC, Deurhof L 
(2021) Two-component nanoparticle vaccine displaying glycosylated 
spike S1 domain induces neutralizing antibody response against SARS-
CoV-2 variants. Mbio 12(5):e01813-e1821

Vaughn JL, Goodwin RH, Tompkins GJ, McCawley PJIV (1977) The establish-
ment of two cell lines from the insect Spodoptera frugiperda (Lepidop-
tera; Noctuidae). In Vitro 13(4):213–217

Vaughn JL (1981) Insect cells for insect virus production. In: Advances in cell 
culture (Vol. 1). Elsevier, pp 281–295

Veeran S, Cui G, Shu B, Yi X, Zhong G (2019) Curcumin-induced autophagy and 
nucleophagy in Spodoptera frugiperda Sf9 insect cells occur via PI3K/
AKT/TOR pathways. J Cell Biochem 120(2):2119–2137

Volkman LE, Goldsmith PA (1982) Generalized immunoassay for Autographa 
californica nuclear polyhedrosis virus infectivity in vitro. Appl Environ 
Microbiol 44(1):227–233

Ward GB, Newman SM, Klosterman HJ, Marks EP (1988) Effect of 20-hydroxy-
ecdysone and diflubenzuron on chitin production by a cockroach cell 
line. In Vitro Cell Dev Biol 24(4):326–332

Wei T, Uehara T, Miyazaki N, Hibino H, Iwasaki K, Omura T (2009) Association of 
rice gall dwarf virus with microtubules is necessary for viral release from 
cultured insect vector cells. Virol J 83(20):10830–10835

Wei J, Liang G, Wu K, Gu S, Guo Y, Ni X, Li X (2018) Cytotoxicity and binding 
profiles of activated Cry1Ac and Cry2Ab to three insect cell lines. Insect 
Sci 25(4):655–666

Weiss SA, Whitford WG, Godwin GP, Reid S (1992) Media design: optimizing of 
recombinant proteins in serum free culture. In: Workshop on baculovi-
rus and recombinant protein production processes. pp 306–315

Willems T, Jorissen M (2004) Sequential monolayer-suspension culture of 
human airway epithelial cells. J Cystic Fibrosis 3:53–54

https://doi.org/10.1385/1-59259-400-X:65
https://doi.org/10.1385/1-59259-400-X:65
https://doi.org/10.1007/978-3-030-92152-1_13
https://doi.org/10.1007/978-3-030-92152-1_13
https://www.ncbi.nlm.nih.gov/books/NBK543465/
https://www.ncbi.nlm.nih.gov/books/NBK543465/
https://doi.org/10.1371/journal.pone.0046121
https://doi.org/10.1371/journal.pone.0046121


Page 15 of 15Battu et al. Egyptian Journal of Biological Pest Control           (2023) 33:80  

Wilson TG (2005) Drosophila: sentinels of environmental toxicants. Integr 
Comp Biol 45(1):127–136

Wing KD (2021) Pharmaceutical technologies with potential application to 
insecticide discovery. Pest Manag Sci 77(8):3617–3625

Wyatt SS (1956) Culture in vitro of tissue from the silkworm, Bombyx mori L. 
The J Gen Physiol 39(6):841

Wyatt G, Loughheed T, Wyatt SS (1956) The chemistry of insect hemolymph; 
Organic components of the hemolymph of the silkworm, Bombyx mori, 
and two other species. The J Gen Physiol 39:853–868

Yanase M, Shinkai M, Honda H, Wakabayashi T, Yoshida J, Kobayashi T (1998) 
Antitumor immunity induction by intracellular hyperthermia using 
magnetite cationic liposomes. Jpn J Cancer Res 89(7):775–782

Zhang P, Turnbull MW (2018) Virus innexin expression in insect cells disrupts 
cell membrane potential and pH. J Gen Virol 99(10):1444–1452

Zhang L, Gu FX, Chan JM, Wang AZ, Langer RS, Farokhzad OC (2008) Nano-
particles in medicine: therapeutic applications and developments. Clin 
Pharmacol Ther 83(5):761–769

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Insect cell culture vis-à-vis insect pest control
	Abstract 
	Background 
	Main body 
	Conclusion 

	Background
	Main text
	Types of insect cell cultures
	Monolayer cultures
	Suspension cultures

	Insect cell culturing media
	Conventional media
	Serum-free insect cell culture media

	Establishment of insect cell cultures
	Maintenance of insect cell cultures
	Subculture of the cells
	Baculovirus–cell interactions
	BEVS
	Applications of insect cell cultures in pest management
	Mass production of entomopathogenic viruses
	Evaluation and mass multiplication of cry toxins
	Insect cell culture as a virological tool
	Insect cells as models for studying signaling mechanisms and metabolic pathways
	Insect cell cultures for toxicity studies

	Future prospects

	Conclusion
	Acknowledgements
	References


