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1  Introduction
Baculoviruses are invertebrate viruses from the family Baculoviridae, which were previ-
ously divided into two genera [1]: Nucleopolyhedrovirus (NPV) and Granulovirus (GV). 
The current classification subdivides the family into four genera: Alphabaculovirus (lep-
idopteran-specific NPVs), Betabaculovirus (lepidopteran-specific GVs), Gammabaculo-
virus (hymenopteran-specific NPVs) and Deltabaculovirus (dipteran-specific NPVs) [2]. 
They contain circular double-stranded DNA and are characterized by enveloped rod-
shaped nucleocapsids found inside a protein matrix, forming the occlusion bodies (OB). 
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Abstract
The Anticarsia gemmatalis multiple nucleopolyhedrovirus (AgMNPV) has been 
used as a biopesticide to control the “soybean caterpillar” in Brazil. Production of 
baculoviruses has been performed in vivo through the infection of larvae under 
laboratory conditions. The in vitro production has been limited by the occurrence of 
mutations and deletions in viral isolates following serial passages in cell culture. This 
study aimed to select productive and genetically stable AgMNPV isolates suitable 
for in vitro production. Initially six variants with high polyhedra production in cell 
culture (Many Polyhedra - MP) were selected through plaque assay purification. The 
molecular characterization of isolates was performed by DNA restriction analysis 
and protein synthesis analysis. The two most productive isolates after serial passages 
were further analyzed in cell suspension cultures, using IPLB-SF21 cells adapted to 
Sf900II medium. Occlusion body (OB) production was monitored daily to evaluate 
potential for in vitro biopesticide manufacturing. The MP variants did not present 
molecular alterations compared to the type-isolate AgMNPV-2D. Among the variants, 
the AgMNPV-MP5 isolate showed the highest productivity yielding 5.3 × 108 OBs/mL 
and approximately 300 OBs/cell after eight days of infection. These results indicate 
AgMNPV-MP5 as a possible candidate for biopesticide production.
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This structure has a diameter between 0.5 and 15 μm that allows the viability of infective 
particles outside their natural host. The other viral phenotype is the budded virus (BV) 
responsible for cell to cell infection inside the host [3].

The use of the baculovirus Anticarsia gemmatalis nucleopolyhedrovirus (AgMNPV), 
(Alphabaculovirus angemmatalis) in Brazil represented the largest viral biopesticide 
pest control program in the country and one of the largest in the world [4]. In 2003, more 
than two million of hectares of soybean crops were treated with AgMNPV to control the 
soybean caterpillar Anticarsia gemmatalis Hübner, 1818 (Lepidoptera: Erebidae). How-
ever, in subsequent years, the area treated exclusively with AgMNPV declined sharply to 
approximately 300,000 hectares. This reduction was primarily due to the emergence of 
other pest species affecting soybean crops, which led to an increased demand for broad-
spectrum chemical pesticides to manage multiple pests simultaneously [5].

Initially, in the eighties, the production of AgMNPV was carried out using natural 
populations of A. gemmatalis in the field. The infected caterpillars were then taken to the 
laboratory for virus purification and formulation [4]. This type of production required 
intense manual labor and depended on the natural occurrence of the caterpillar in soy-
bean plantations for a long period of time. Currently the commercial production of this 
virus is done by multiplying of the viruses in larvae (in vivo), requiring a laborious pro-
cess, using insects raised with artificial diet and demanding a specific infrastructure.

An alternative to increase the availability of an insect virus-based biopesticide is its 
large-scale production in cell cultures (in vitro). The AgMNPV production in insect cell 
culture has been studied in different laboratories [6, 7, 8, 9]. The in vitro production 
of baculoviruses offers a number of advantages: specific cell lines can be selected, pre-
served and stored in cryogenic media for future use in viral multiplication [3], and bacu-
loviruses isolates (genetic, seasonal or geographic) with better infectivity in specific cell 
lines can also be selected. However, the development of in vitro baculovirus production 
has been limited because of the accumulation of genomic alterations caused by the serial 
passage of the virus in cell cultures [10]. The generation of FP (Few Polyhedra) mutants 
and the formation of defective interfering (DI) viruses are the main genetic alterations 
resulting from the passage effect. Both become predominant compared to the parental 
virus and drastically reduce polyhedra production [11, 12, 13].

Besides the FP phenotype, many polyhedra (MP) variants have also been isolated 
during virus serial passage in cell culture. These MP variants have been considered an 
interesting alternative for the development of in vitro production of baculoviruses. MP 
variants are morphologically similar to wild type virus, capable of forming multiple 
occlusion bodies in the cell nucleus. The selection of stable virus with a MP phenotype, 
isolated during serial passage in cell culture have been described for the baculoviruses 
Lymantria dispar multiple nucleopolyhedrovirus - LdMNPV [14, 15] and Helicoverpa 
armigera single nucleopolyhedrovirus - HaSNPV [16].

The selection of stable genetic isolates that display the best in vitro production of viral 
biopesticides is important for broadening the scale of baculovirus production. Several 
viral clones isolated by plaque assay were selected from a natural isolate of AgMNPV 
collected from infected caterpillars in Londrina, Brazil in 1979 (AgMNPV-79) [17]. 
Genomic variants of this virus showed varied virulence in cell culture and also variations 
in DNA restriction profile [18]. The AgMNPV-2D clone [19] has been considered the 
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prototype of AgMNPV and is widely used in the molecular biology studies of this virus. 
The complete genome sequence of the AgMNPV-2D virus has been determined [20].

In this work, we used six MP variants from AgMNPV-2D. The variants were assessed 
for OB production and stability after seven consecutives passages in cell culture. The 
two most productive variants (AgMNPV-MP2 and AgMNPV-MP5) were compared to 
AgMNPV-2D (wild type) in suspension cell culture aiming future scale-up for bioreactor 
production.

2  Materials and methods
2.1  Cell static culture

 Trichoplusia ni Hübner, 1802 (Lepidoptera: Noctuidae) cells, BTI-Tn-5B1-4 [21], known 
as ‘‘High five” cells and Spodoptera frugiperda Smith & Abbot, 1797 (Lepidoptera: Noc-
tuidae) IPLB-SF21, American Type Culture Collection, MD) [22] were grown as mono-
layers in TMNFH medium supplemented with 10% fetal bovine serum, at 27°C. The cells 
were seeded at a density of 1 × 106 per 60 mm2 well.

2.2  Cell suspension culture

Insect cells (IPLB-SF21, American Type Culture Collection, MD) [22] were adapted to 
culture medium SF900II SFM (Gibco, Invitrogen®) supplemented with 1% (v/v) of anti-
biotic/antimicotic (Invitrogen®) and used in all the viral replication experiments. These 
cells were kept in 125 mL Erlenmeyer flasks (Schott®, Germany) with 50 mL working 
volume using an orbital shaker (Tecnal® – TE340, Brazil) with agitation of 120 rpm and 
controlled temperature of 28 °C. Cell subcultivations were carried out every 3 days to 
maintain the cells in the exponential cell growth phase.

2.3  Virus

The AgMNPV-2D viral isolate was obtained from Dr. James Maruniak (University of 
Florida, USA). This virus is stored in the Embrapa/Cenargen Invertebrate Virus Collec-
tion under the number BRM 004998.

Fourth instar A. gemmatalis larvae were per os infected with AgMNPV-2D by plac-
ing them on a diet containing surface-applied polyhedra (106 OB per diet surface). 
The hemolymph was collected on the 4th day post-infection (d.p.i.), by larvae bleed 
and cysteine was added at 10 mM. Hemolymph was then passed through a syringe fil-
ter (0.45 μm) for sterilization. This solution was used as inoculum (passage 0) for three 
individual infections on Tn5B1-4 cells plated at a density of 2 × 106 cells/flask in T25 
cell culture flasks. At the end of the incubation period (1 h, 27 °C), the inoculums were 
removed. The cells were then rinsed with serum free TNMFH medium and maintained 
in complete medium at 27 °C. This infection constituted the first passage (P1) of virus in 
cell culture. The viral variants were purified by plaque assay. Serial dilutions of virus con-
taining solutions were used to infect insect cells for 1 h and after that, the virus solution 
was removed and an agarose overlay was added to the infected cells in order to restrict 
viral spread, preventing indiscriminate infection through the liquid growth medium. 
After 5–7 d.p.i., live cells were stained with a dye (neutral red) and dead infected cells 
appeared as non-stained group of infected cells known as a plaque. Cytopathic effects 
were observed under phase contrast microscopy at 400X. The AgMNPV MP variants 
obtained by plaque assay were selected based on the presence of various polyhedra in 
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cell nucleus and high BV titers. They were named AgMNPV MP1, MP2, MP3, MP4, 
MP5 and MP6, respectively.

2.4  Restriction endonuclease analysis of viral DNA

Budded viruses from passage P1 in BTI-Tn-5B1-4 cells were purified in a 25% sucrose 
cushion by ultracentrifugation in a Sorvall SW28 rotor at 24,000 rpm, for 75 min at 4 
°C [23]. For DNA extraction the pellet was suspended in 500 µL of disruption buffer (10 
mM Tris, pH 7.6; 10 mM EDTA, pH 8.0; 0.25% SDS), containing 500 µg.mL− 1 of Pro-
teinase K, and the sample was incubated overnight at 37 °C. DNA was extracted with 
phenol: chloroform and then digested with HindIII and PstI enzymes, according to the 
manufacture (Promega®) at 37 °C for 3 h. The digested DNA samples were loaded into a 
0.8% agarose gel, containing ethidium bromide (0.3 µg/mL) and electrophoresed at 40 V.

2.5  Protein synthesis analysis of infected cells

BTI-Tn-5B1-4 cells were seeded at a density of 1 × 106 per 60 mm2 dish and incubated 
overnight at 27 °C. Subsequently, the cells were inoculated with the AgMNPV-2D sin-
gle infection and MP variants (multiplicity of infection - MOI = 10); The mock-infected 
control cells received the same treatment, except that the inoculum did not contain any 
virus. After viral adsorption for 1 h, cells were washed and incubated in complete cul-
ture medium at 27 °C for 5 days. The samples were disrupted and submitted to SDS–
polyacrylamide gel electrophoresis (SDS–PAGE) (Invitrogen®). To visualize bands, the 
gel was treated with staining solution of coomassie brilliant blue R 250 (Sigma-Aldrich®), 
methanol/etanol and acetic acid according to [24].

2.6  Serial passage of BV

The two most productive AgMNPV MP variants and AgMNPV-2D were selected to 
assess the stability of virus through seven serial passages in BTI-Tn-5B1-4 seeded at a 
density of 2 × 106 cells in T25 cell culture flasks. Aliquots of supernatant from each flask 
were collected at 72 h post-infection (h.p.i.). The total number of polyhedra per cell was 
determined based on the number of cells possessing polyhedra and number of occlu-
sion bodies per mL (OB/mL). The last one (polyhedra density) was calculated after lysis 
of infected cells with 1% sodium dodecyl sulfate at room temperature for 1 h. Infected 
cells at 72  h.p.i. were pelleted by centrifugation at 3000  rpm in a microcentrifuge for 
5 min. The supernatant containing budded virus (1 mL) was used as a viral inoculum 
(P1) for a new passage, at a density of 2 × 106 cells in T25 cell culture flask. In the same 
way, subsequent passages always used 1 mL of the previous supernatant. Triplicate flasks 
of 2 × 106 infected cells were done for every passage. Typical cells of each serial passage 
were observed using a phase contrast microscope (Olympus® CX40, Japan).

2.7  Virus multiplication in cell suspension culture

The two most productive AgMNPV MP variants and the AgMNPV-2D isolate culti-
vation was performed through infection of SF21 cells. Healthy SF21 cells (95% viabil-
ity) were infected with BVs of AgMNPV isolates. These infections were performed 
with time of infection (TOI) of 5.0 × 105 viable cells/mL. The viral inoculum used in all 
the experiments had a MOI of 2.0 for all the isolates. Samples were removed daily for 
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counting infected and non-infected cells, as well as for counting the occlusion bodies 
(OBs) formed during the infection process.

2.8  Cell concentration and viability in suspension culture

Cell concentration was estimated using a phase contrast microscope (Olympus® CX40, 
Japan) and a Neubauer hemocytometer (Bright-Line Hemocytometer, Sigma®). Counting 
in triplicate was performed in each sample, with 200 cells counted on both sides of the 
hemocytometer [25]. The concentration of viable cells and viability was determined by 
cell counting, using the exclusion technique and trypan blue staining (Sigma-Aldrich®) at 
a final concentration of 0.1% (v/v) [26].

2.9  Occlusion body (OB) concentration

To release and count the OBs produced by the infected cells, a volume of 1% (p/v) of 
sodium dodecyl sulfate (SDS) was added to 0.5 mL of infected cell suspension. The mix-
ture was incubated at 28  °C for at least one hour to dissolve the cell membranes and 
release the OBs. The solution containing OBs was diluted appropriately with water and 
counted in a hemocytometer with the aid of a light microscope (Olympus CX40, Japan) 
(800 × magnification). Each sample was counted in triplicate, and volumetric (OBs/mL) 
and specific (OB/cell) OB production was estimated.

2.10  Viral titer (TCLD50) and multiplicity of infection (MOI)

For viral titer (TCLD50 – 50% of tissue concentration lethal dose) determination, the cell 
viability MTT assay was performed [27]. Because a baculovirus is a lytic virus, that is, 
causes cell lysis during the infection process, it leads to decreased cell growth that can 
be detected by using MTT, a reagent that quantifies the viable cells present in the cul-
tivation [28]. The multiplicity of infection (MOI), therefore, was calculated by the ratio 
between viral titer and the number of infected cells.

2.11  Transmission electron microscopy (TEM)

Infected cells at 72 h.p.i. were suspended and centrifuged at 3,000 × g/3 min. The super-
natant was discarded and the cell pellet was washed with PBS buffer, pH 6.2. Initially, 
the samples were fixed in solution containing 0.1 M sodium cacodylate and 2.5% glu-
taraldehyde and kept at 4  °C. They were then treated with 0.05 M sodium cacodylate, 
followed by addition of 1% osmium tetroxide. After a new washing in sodium cacodylate, 
the samples were dehydrated in ethanol and embedded in Spurr`s resin. The samples 
were sectioned in an ultramicrotome and assembled in copper coated grids. Finally, the 
grids were contrasted with 3% uranyl acetate for 20 min and analyzed in a Transmission 
Electron Microscope Jeol® 1011 at 80 kV.

2.12  Scanning electron microscopy (SEM)

The size of AgMNPV-2D and MP variants were studied by scanning electron micros-
copy. Infected cells at 96 h.p.i. were suspended and centrifuged at 3,000 × g/3 min. The 
supernatant was discarded and the cell pellet was washed with PBS buffer, pH 6.2. Ini-
tially, the samples were fixed in solution containing 0.1 M sodium cacodylate and 2.5% 
glutaraldehyde and kept at 4 °C. They were then treated with 0.05 M sodium cacodylate, 
followed by addition of 1% osmium tetroxide. After a new washing in sodium cacodylate, 
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the samples were dehydrated in ethanol. Then the samples were dried by the critical 
point method using CO2 in a Baltec® CPD 030 device, coated with 25 nm of gold in a 
Balzers MED 010 device and observed under a Zeiss® model DSM 962 scanning elec-
tron microscope. At least 20 polyhedra per sample were measured and the data were 
submitted to statistical test ANOVA and the means compared using Tukey-Kramer test 
(p < 0.05).

3  Results
3.1  Selection of AgMNPV MP variants

All AgMNPV MP variants selected presented high polyhedra production in the cell 
nuclei (Fig.  1), and the infection patterns were consistent through the serial passages. 
The AgMNPV MP variants did not present deletions or the presence of submolar bands 
in the DNA restriction profile compared to AgMNPV-2D (Fig. 2). The protein synthesis 
profiles of infected cells were similar in the MP variants and AgMNPV-2D and different 
from the profile of non-infected cells (mock-infected control). The presence of 30KDa 
band in the infected cells was recognized as the viral polyhedrin, which was absent in the 
mock-infected cells (Fig. 3). The AgMNPV MP2 and MP5 presented the highest OB pro-
duction among the variants (6.8 × 107 and 6.2 × 107 OB/mL respectively), corresponding 
to approximately 200 OBs/cell and were selected for serial passages studies. They were 
assessed for seven consecutives passages. Although the number of OB had a decrease, 
especially after the fourth passage, the number of OBs/cell remained relative stable in 
the MP variants (around 80 OBs/cell) compared to the isolate-type AgMNPV-2D (30–
40 OBs/cell). The presence of few polyhedra (FP) phenotype in the MP variants infected 
cells was not observed. On the other hand, a large amount of FP cells was observed after 
the AgMNPV-2D serial passages.

Fig. 1  AgMNPV variants in BTI-Tn-5B1-4 cells cultivated in static culture. A mock-infected control cells. B AgMNPV-
2D (Passage1). C AgMNPV-MP2 (Passage2). D AgMNPV-MP5 (Passage2). The arrows indicate occlusion bodies ac-
cumulation in the cell nucleus (OB) and cell protrusion (P)
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Fig. 2  Restriction endonuclease analysis of AgMNPV-2D and MP variants (MP1 to MP6). Viral genomic DNA was 
digested with HindIII (A) and PstI (B). The fragments were separated by 0.8% agarose gel electrophoresis, and the 
gel was stained with ethidium bromide. Markers in base pairs: (mk1) DNA lambda/Pst I (mk2) 1 Kb DNA Ladder
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3.2  Cell viability during virus infection in suspension culture

The AgMNPV MP2 and MP5 variants were selected for cell suspension culture assay. 
The viability of SF21 cells non-infected and infected with the AgMNPV-2D, AgMNPV-
MP2 and AgMNPV-MP5 isolates was analyzed. Only mock-infected cells showed 
increased cell viability along the five days of the experiment. All infected cells showed 
growth similar to the non-infected cells up to the second day of infection. SF21 cells 
infected with AgMNPV-2D, AgMNPV-MP2 and AgMNPV-MP5 showed maximum cell 
concentration of 1.4 ± 0.07, 2.0 ± 0.10 and 0.52 ± 0.26 × 106 viable cells/mL, respectively 
(Fig.  4). On the 3rd day p.i. AgMNPV-2D and AgMNPV-MP2 infected cells stopped 
growing. On the other hand, AgMNPV-MP5 stopped growing on the 2nd d.p.i. indicat-
ing a faster replication of this isolate compared with the other viruses tested.

3.3  Occlusion body production in cell suspension culture

Mean OB production was (1.3 ± 0.21) × 108 OB/mL after 8 d.p.i. for the AgMNPV-2D 
isolate and (1.9 ± 0.30) × 108 OB/mL for the AgMNPV-MP2 isolate, showing similar OB 
production curves. The mean OB production for the AgMNPV-MP5 isolate was higher 
than the other to viruses, reaching 5.3 ± 0.85 × 108 OB/mL (Fig. 5).

The specific OB production for each isolate is shown in Fig. 6. The AgMNPV-MP2 iso-
late presented the OB/cell ratio similar to the AgMNPV-2D, with an average 72.37 ± 11.58 
OB/cell and 75.71 ± 12.11 OB/cell, respectively. However, the AgMNPV-MP5 isolate, 

Fig. 3  BTI-Tn-5B1-4 cell protein profile in SDS-PAGE 15%. (1) positive control: AgMNPV-2D semi-purified OBs. (2) 
Low range rainbow molecular weight marker. (3) Mock-infected control cells. (4) AgMNPV-2D infected cells. (5–10) 
AgMNVPV variants infected cells: MP1, MP2, MP3, MP4, MP5, MP6
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Fig. 5  Occlusion bodies (OB) production of different AgMNPV variants and AgMNPV-2D in SF-21 cells. Samples 
were collected for OB-counting expressed as OB × 107 /mL. Vertical bars indicate the standard error

 

Fig. 4  Growth curves of non-infected and infected SF-21 cells in suspension culture with the different AgMNPV 
variants and AgMNPV-2D. Samples were collected for cell-counting expressed as viable cells × 106 /mL. Vertical 
bars indicate the standard error
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despite undergoing the same purification process as AgMNPV-MP2, obtained the best 
OB/cell ratio, reaching 297.73 ± 47.64 OB/cell, and was considered the best isolate for 
OB production after 8 d.p.i., using the SF21 line cultivated in SF900II SFM medium, in 
suspension.

The ultrastructural analysis of the two many polyhedra variants (MP2 and MP5) and 
AgMNPV-2D by Transmission Electron Microscopy (TEM), is shown in Fig. 7. No mor-
phological differences were observed among the AgMNPV MP variants and the paren-
tal virus (AgMNPV-2D). The cells showed the same baculovirus typical effects infection 
such as cell rounding, nuclear hypertrophy, virogenic stroma formation, virus assembly 
and polyhedra production. Likewise, no significant difference was found in the poly-
hedral size among AgMNPV-2D (2.09  μm), AgMNPV-MP2 (2.03  μm) and AgMNPV-
MP5 (2.18 μm) isolates (F = 5.46, p < 0.0001) after Scanning Electron Microscope (SEM) 
examination.

Fig. 7  Transmission electron micrographs of SF21 cells infected with AgMNPV- 2D A AgMNPV-MP2 B and AgM-
NPV-MP5 C, at 72 h.p.i

 

Fig. 6  Specific OB production of different AgMNPV variants and AgMNPV-2D in SF-21 cells. Samples were col-
lected for OB-counting expressed as OB/cell. Vertical bars indicate the standard error
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4  Discussion
The selection of stable genetic isolates is important for the in vitro cultivation of bac-
uloviruses, mainly in relation to occlusion body production, which is the insect infec-
tive form of the virus. In this work we did not find molecular alterations by viral DNA 
restriction analysis, in the MP variants compared to AgMNPV-2D; more importantly, 
FP phenotypes in AgMNPV-MP2 and MP5 infected cells were not observed after seven 
consecutive passages in suspension cell culture, whereas many AgMNPV-2D infected 
cells with FP mutants were observed. The baculovirus AgMNPV, represented by their 
different genetic isolates (AgMNPV-2D, AgMNPV-MP2 and AgMNPV-MP5), was also 
analyzed for its OB production capacity, using suspension cultivation of S. frugiperda 
cells (SF21). Of the isolates studied, AgMNPV-MP5 demonstrated the best capacity to 
produce occlusion bodies.

Accumulation of Few polyhedra mutants (FP) after AgMNPV 2D passages in static 
cell culture was previously reported by our group [13]. Ultrastructural analysis showed 
typical signs of FP mutant formation such as decrease in the number of polyhedral per 
cell, polyhedra aberrant morphology and low numbers of virions occluded in the pro-
tein matrix. Restriction endonuclease analysis of the viral DNA revealed that lower and 
higher passages had similar profiles demonstrating that there were no large insertions or 
deletions in their genomes and indicating the generation of FP mutants instead of defec-
tive interfering viruses.

Slavicek et al. [14] showed that isolates of the baculovirus LdMNPV produced dif-
ferent concentrations of virus OB when used in the Lymantria dispar Linnaeus, 1758 
(Lepidoptera: Erebidae) 652Y cell line. Pedrini et al. [16] analyzed genetic isolates of 
the Helicoverpa armigera single nucleopolyhedrovirus (HaSNPV) multiplied during 
serial passage in Helicoverpa zea (Boddie, 1850) (Lepidoptera: Noctuidae) cells, select-
ing mutants (ppC19) that produced five times more occlusion bodies than typical FP 
mutants (FP8AS), which normally produce fewer occlusion bodies than the wild-type 
HaSNPV virus. Ferreira et al. [29] observed genetic differences between two AgMNPV 
clones (Ag79-01 and AgL-16) obtained from the same wild-isolate, a Brazilian field iso-
late (AgMNPV-79). They were cultivated in static culture and no cytopathic difference 
was noted; these clones also presented differences of virulence in larvae infection com-
pared to AgMNPV-2D.

The infectivity of the virus prototype AgMNPV-2D in seven different cell lines was 
investigated using static cultures [9]. The cells lines BTI-Tn-5B1-4, from T. ni, and UFL-
AG-286, from A. gemmatalis, were highly productive in terms of production of polyhe-
dra and budded virus. Almost 100% of Tn-5B1-4 and AG-286 cells showed formation 
of polyhedra by 96 h p.i. At this same period, 70% of the IPLB SF21 cells, from S. frugi-
perda, produced polyhedra particles. However, TN-368 cells, from T. ni, and Sf9 cells, 
derived from IPLB-Sf21 cell line, presented low infection rates. Moreover, a cell line of 
L. dispar (Ld652Y) showed no susceptibility to the virus while a cell line of Bombyx mori 
Linnaeus, 1758 (Lepidoptera: Bombycidae) (BM 5) resulted in apoptosis.

The in vitro production of AgMNPV using S. frugiperda cells (Sf9 cell line) in a stirred 
tank bioreactor was analyzed by Rodas et al. [8]. OBs production in infected cultures 
performed in bioreactor with SF900II medium (MOI 1), was lower in terms of OBs/cell 
as compared to that observed in shaker bottles. At higher passages the loss of virulence 
was accompanied by a loss in budded virus titer, a decreased number of PIBs produced 
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and an altered DNA restriction pattern, indicating the synthesis of defective interference 
particles (DIPs).

In the present study we used SF21 cells in suspension cultivation and obtained a mean 
of 73.48 OB/cell for the AgMNPV-MP2 isolate and 297.73 OB/cell for the AgMNPV-
MP5 isolate, demonstrating better capacity to produce this genetic isolate. Besides, no 
morphological difference was found between the two many polyhedra variants and the 
parental virus (AgMNPV-2D).

 In vitro production of the isolate AgMNPV-MP5 was very significant because it pres-
ents a high specific production of OBs, only seen in few in vitro production systems. For 
example, the baculovirus Helicoverpa armigera SNPV cultured on H. zea cells produced 
222 OB/Cell [30] and S. frugiperda MNPV cultivated in S. frugiperda cells produced an 
average of 400 OB/cell in lab scale [31] and 300 OB/cell in bioreactor [32], respectively.

Although the in vitro baculovirus production is still economically less viable than in 
vivo production [33], the advances achieved in this and other recent studies [32] can 
contribute to change this perspective, especially in a possible scenario with intensive and 
skilled labor required for larvae rearing and problems with microbial contamination. It 
was necessary 40 tons of AgMNPV infected A. gemmatalis larvae to treat one million ha 
of crops, when this biopesticide was widely sprayed in Brazil [34] highlighting the chal-
lenges for in vivo production.

The genetic stability of OB is a problem for baculovirus in vitro production that our 
strategy helped to overcome. Another problem regarding baculovirus in vitro produc-
tion is the loss of pathogenicty and virulence of produced OB. Some studies with bio-
assays reported the low mortality of larvae treated with cell culture derived AgMNPV, 
especially after serial passages [8, 35], while in other studies, the AgMNPV OB obtained 
from cell culture presented high pathogenicity and virulence [29, 36]. Therefore, is 
essential to test the efficiency of AgMNPV MPs for larvae control prior to large-scale in 
vitro production.

5  Conclusions
An important strategy to optimize the baculovirus in vitro production is the selection 
of many polyhedra (MP) variants. These variants are more stable and form many poly-
hedra in the cell nucleus even after consecutive passages in cell culture. Comparison of 
two MP variants, with the same morphology as the type virus, showed that AgMNPV-
MP5 genetic isolate had the best occlusion body (OB) production capacity in suspen-
sion culture of SF21 cells, reaching a mean productivity of 297 OB/cell and 5.3 × 108 OB/
mL. These results indicate that many polyhedra variants derived from the same virus 
can have different capacities to produce occlusion bodies when subjected to the same 
infection process. Besides, these MP viruses could be used in vitro for the production of 
baculoviruses as an alternative for the in vivo production.
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