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Replication of Syngrapha falcifera Multiple-Nuclear Polyhedrosis Virus-D
in Different Insect Cells
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Abstract: Six mnsect cell lines were tested for susceptibility to Syngrapha falcifera multiple nucleocapsid
nucleopolyhedrovirus-D (SfaMNPV-D) infection by use of a typical endpoint assay procedure. Cell lines from
Trichoplusia ni (Tn5B1-4), (1.105-clone), Spodoptera litura (SL-ZSU-1), Spodoptera frugiperda (IPLB-SF-21),
Pieris rapaeb (Pr-E-HNU9) and Helicoverpa zea (BCIRL-HZ-AM]1 ) in 96-well tissue culture plates were infected
with dilutions of extra cellular virus suspensions of (SfaMNPV-D). Each cell/virus combination was incubated
at temperatures 27°C and wells were scored for positive mfection at 2 to 4 day intervals. The resulting data were
analyzed by Reed and Muench method, providing virus titers for each combination of virus, cell line. The
results were categorized by accuracy and by rapidity of maximum titer. Virus titer of Tn5B-4 was higher than
other cell lines TCID., 8.7 <1 0", the lowest level detected in infected was in (Pr-E-HNU9) cells TCID,, 2.4x10".
No Virions or polyhedral inclusion bodies were detected in infected SL.-Z3U-1 cells.

Key words: Cell culture, Helicoverpa zea, Pieris rapaeb, STaMNPV-D, Spodoptera frugiperda, Spodoptera

litura, Trichoplusia ni

INTRODUCTION

Nuclear Polyhedrosis Viruses (NPV) are members of
the Baculovirus genus (Wildy, 1971) and have been
1solated from insects i the orders Diptera, Hymenoptera,
Lepidoptera and Orthoptera. The virion is bacilliform
(40 to 70 by 250 to 400 nm) and contains covalently
closed, supercoiled, double-stranded DNA with a
molecular weight of approximately 10° (Summers and
Anderson, 1972). The virus replicates in the nucleus of
the insect cell and as the infection proceeds, a substantial
proportion of the progeny are enveloped and
subsequently occluded by protein inte polyhedral,
crystalline matrixes (0.1 to 10, um i diameter). The
inclusions or polyhedra are readily detectable in the nuclei
of infected msect cells and present a cytopathology that
15 characteristic of mfections nitiated by viruses of this
genus (Harrap, 1972). Polyhedra represent the primary
vector by which virus infections are transmitted in nature
to  insects. When ingest foliage that is
contaminated with polyhedra, the alkaline environment
and enzymatic activity associated with the larval gut

larvae

solubilized the protein matrix of the polyhedron, releasing
mfectious virions (Harrap, 1972). Polyhedra are not

infectious for insect cell cultures (Tgnoffo et al., 1971), but
cultures do support the replication of these viruses when
alternative sources of inoculum are used. For example,
cultures have been infected with hemolymph of NPV-
infected insects (Faulkner and Henderson, 1972), with
purified NPV DNA (Vail et al., 1973), with NPV-infected
cell culture extracts and with cell-free extracts of NPV-
infected larvae. There is, however, only cne report where
the virus was purified from infected cell cultures and
1974).
Infectivity assays of polyhedra have relied primarily on a

shown to be infectious (Henderson et al,

mean lethal dose fed to larvae. An end-point dilution.
Method using a primary insect cell culture (Vaughn and
Stanley, 1970) and a quantal response method using a
continuous cell culture has also been used to assay
other than polyhedra. More
recently, the first plaque method wusing 0.6%
methylcellulose as an overlay has been reported
(Hink and Vail, 1973). In the current study six msect cell
lines were tested for susceptibility to SfaMNPV-D
infection by use of a typical endpomt assay procedure.
Infectivity assay procedures for an end-point dilution

infectious material

method described and compared with particle count data
and the particle-infectious.
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MATERIALS AND METHODS

Cell lines: Tnsect cell lines used in this study are shown
in Table 1. All the cell lines were maintained at 28°C and
routinely subcultured every 2-3 day by seeding a 25 cm’
flask with 2x1¢° cells. The cell lines were generally grown
n grace’s medium plus 10% Foetal Bovine serum (FBS)
(Cynthil et al, 2001) cell hnes were obtained from
Laboratory of Pesticide and Chemical in Huazhong Normal
University, China in 2004,

Spodoptera exigua larvae and virus: This virus was
prepared by per as infection of third mstar Spodoptera
exigua larvae on an artificial diet (Bell et al, 1981).
Infected larvae were surface disinfected by immersion
in 70% ethanol for 10 min, air dried and then bled through
a cut proleg into cold TC-100 medium (on ice)
supplemented with 50 pg ml.™"' gentamicin sulfate (Sigma)
and 80 ug mL " reduced glutathione (Sigma). One milliliter
of medium was used per larvae (infected larvae were
approximately 2.5-3 cm long). The hemolymph-contaiming
medium was centrifuged (15 min at 350 g) and the
supernatant was passed through a 0.45 pm Umiflo filter.
This filtrate was used to imitiate mfection.

Infection of cell lines: Viable cell counts were made by
using trypan blue and a hemocytometer. After counting,
cells were suspended by flushing with medium from a
transfer pipet and diluted in their respective medium to
2210 cells mL. ™. Cells (10,000 in 0.15 mL) were distributed
mto each well of a 96-well plate The titer of viral
suspension was determined by the end pomt dilution
method as 50% tissue culture infective does (TCID,,). The
virus samples were diluted through 10-fold serial dilutions
inmodified TC-100to 10~ of the original. Aliquots (50 uL)
of each dilution were inoculated onto each of 12 wells of
the respective cell lines. The plates were sealed in airtight
plastic boxes with moistened towels to maintain humidity
and placed in incubators at 27°C. Cells were examined for
cytopathic effect (the presence of occlusion bodies in the
nuclei) at 2 to 4 day intervals up to 4 weeks post infection.
The number of positive vs. negative wells for each
dilution was noted and the TCID,, was calculated
according to Reed and Muench (1938).

Table 1: Cell lines used

_ (% wells infected at dilution next above 50%) — 50%
(% wells infected at dilution next aboveS0%)—
(% wells infected at dilution next below 50%)

where, h 1s an interpolated log,; value of a dilution step.
This value 1s added to the step above the 50% value.

RESULTS AND DISCUSSION

The quantitative bioassay to express the StaMNPV-D:
The quantitative bioassay to express the SfaMNPV-D titer
as tissue culture infective dose 50% (TCIDy,) unit mL™
ten- fold dilution of cells were inoculated into 8 wells of
96 wells plates and 3 and 5 days later, the plates were
observed. The virus titer was calculated using the method
of Reed and Muench (1938). Cell lines were compared to
select the most suitable one for virus titration, the virus
titer determined with Tn5B1-4. The result was confirmed
by estimating the percentage of infected cells in each cell
line following their infection at a high multiplicity of
infection (5MOl/cell) and there wasn’t clear infection for
S. litura (SL-7ZSU-1) detected (Table 1).

Contact time between cell lines and viral inoculums:
Preliminary experiments it was noticed that the efficiency
of infection was improved by increasing the time of
contact of the virus inoculums with the cells. Tn order to
verify and quantify this observation, a series of titrations
were performed by removing inoculums at regular
intervals post-infection as shown in Fig. 1. In Tn5B1-4
line, virus titer reached only 3.5x10° TCID,, mL™" after
12 h the vius titer increased with mmcreasing time of
contact up to a plateau 8.7x10° TCID,; mL~" when the
inoculum was maintained 72 h suggested this line was one
of the most susceptible to SfaMNPV-D while the (L105)
line reach the maximum titer (6.5x10° TCID,, mL™") at
96 h post infection (Fig. 1a, d, respectively). [PLB-SF-21
cells reached to 4.7x10° mI.~" when the inoculum was
maintained 96 h. The BCIRL-HZ-AMI1 and Pr-E-HNUJ9
cells were found to have the lowest infection
with inoculum for 72 h, it reached to 3.6x10° mL ™" and
2.4x10° TCID,, mL™", respectively (Fig. 2) suggesting
these two lines were less susceptible to SfaMNPV-D than
the other cells used m this study. The comparisons of

Species Designation Medium Reference

Trichoplusia ni Tn5B14 Grace + 10% FBS Hink (1970}
Trichoplusia ni L105-clone Grace + 10% FBS

Spodoptera litura S1.-Z81U-1 Grace + 10%6 FBS MiaThe et af. (1984)
Spodoptera frugiperda IPLB-SF-21 Grace + 10% FBS Vaughn et al. (1977)
Pieris rapae Pr-E-HNU9 Grace + 10% FBS Mitsuhash et al. (2003)
Helicoverpa zea BCIRL-HZ-AM1 Grace + 109 FBS Mclntosh (1981)
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Fig 1. Mictographs of cellsinfected with SfalMPV-D. (a) ToSBl1-4 cells, () IPLE-3F-21 cells, (¢) P+-E-HHNU9 cells(d)
L105-clone cells (&) BOIRL-HZ-AW1 cells and(f) 5 Bhea (SL-Z30-1) wdnfected cells

SfalM PV -D inthe siv cell lines revealed the wirs showed
the b ghest iter in eachline when incubated 96 howith the
exception of 3L-Z30U-1 cell line no vwirions of polyhedra
itwclus onvwrere detected doring this tithe.

The growth cycle data demonstrates that infections
thaterial was released from infected cells 12 h post
infection, reacking a mavimal titer 96 h post infection,
Crtolyaiz did ocow to a limited extert 2 to 3 days post
infection and perhaps the adsorption of winie to newly
expozed receptor sites accournts for the drop in the
interwal titer. It iz interesting to note that laterd
tranamissl on of infectivity occurred 1 1o 2 days before any
lysiz was observed Virns, however, has been detected in
the rmiclel of infected cells 12 h post infection and has
heenn observed in the process of tudding from the cell
surfaces. Several conditions were established for the
optittial replication of SfalINFV-D in a continous cells

cultire. The temperatire optitmum for the growth of the
cells of 27°C wasg also the optimal temperature for the
teplication of the winas.

Therefore, the differences infection  hetween
differenices cell lines must be due to differences in the
eatly stages of the infection processto the cell membe ate,
petetration and transport to the nucdeus. The wiras
etrvelope fuzes with the resulting (Hefferon of &, 19997
acidified endocytic vesicle, releasing the rucleocapaid
it the cell eytoplasm followed by its transportation to
the rmicleat membrane. This cell lines appear to have a
good potential for studying baculovritises atd, with some
further optitrization of the growth condition they may also
be useful in production scheme for this vime and this
reqilts indicate that TndB1-4 andL105-clone cells display
cytopathic responise foll owing infe ction with 2fab PV -D
(Fig 1. Tk TnSB1-4 and L105-clone cells provade an
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Fig. 2: Dynamic curves of SfaMNPV-D propagation in different cell lines. (a) TnSB1-4 cells, (b) TPLB-SF-21 cells, (¢) Pr-E-
HNU9 cells, (d) L105-clon cells and (e) BCIRL-HZ-AM1 cells

excellent system for understanding the molecular Cynthil, T.., Goodman, CN. El Saved, A.H. Tames,

mechanisms of NPV-cell interactions. No virions or T. Grasela and Brad Stiles, 2001. Establishment and

polyhedral mclusion bodies were detected in mfected characterization of insect cell lines from 10

SL-ZSU-1 cells. Lepidopteran species. {n vitro cell. Dev. Boil. Amim.,
37 (6) 367-373.
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