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A newly established cell line was obtained from the culture of embryonic cells of the potato tuher moth Phthorinma 
operculella in low temperature conditions (19" C) using modified Grace's medium supplemented with 10% fetal bovine 
serum. The population doubling time was about 80 h when cells wele cultivated at 19" C and 38 II at 27" C. The cell line 
had a relatively homogeneous population consisting of various sized spherical cells. The cells were cultivated for more than 
35 passages. Their polypeptidic profile was different from profiles of other I? opercdella cell lines we previously described 
and from other lepidopteran cells. The new cell line was designated ORS-Pop-95. 

The complete replication of the potato tuber moth granulosis virus (PTM GV) was obtained in vitro by both viral infection 
and DNA transfection. PTM GV multiplied at a significant level during several passages of the cell line that was maintained 
at 19" C. As long as the cells were maintained at 19" C, virus multiplication could also be obtained at the same rate at 27" 
C. To compare F T M  GV multiplied both in vivo and in vitro, we used morphological identification. serological, DNA probe 
diagnosis and endonuclease digest profile analysis and confirmed the identity of the virus. 

&j words: Phthorimaea operculella; potato tuber moth; cell line; granulosis virus; viral replication. 

INTRODUCTION 

Most in vitro studies on baculoviruses have involved nucleopoly- 
hedroviruses (NPV) for which susceptible cell lines have been avail- 
able for a long time (8). In contrast, the growth of stable cell lines 
which support the replication of granulosis viruses (GV) has proved 
to be difficult and has hindered progress on investigating the molec- 
ular biology and genetic manipulation of these viruses. The first re- 
port of GV replication in a cell line was by Naser et al. (18) who 
demonstrated complete replication of Cydia pomonella GV (CpGV) 
in a cell line originating from embryonic cells. Attempts have also 
been made with other species, but with minor or no multiplication 
of the virus (7,9,16). All of the above mentioned cell lines lost their 
susceptibility to the GV after a few months in culture. The only paper 
reporting cells retaining their ability to replicate a GV was published 
in 1993 on Cydia pomonella cells and GV (29). 

Although cell lines have been established from the potato tuber 
moth (FTM) Phthorimaea operculella Zeller (Lepidoptera: Gelechi- 
idae) (by T. D. C. Grace as reported in 10, and 20), no in vitro GV 
multiplication has been reported for this insect. The F'TM, a cos- 
mopoIitan dominant pest in subtropical and tropical areas, especially 
in Egypt, is responsible for very large losses in potato production (6). 
Because the use of chemicals in PTM control is dangerous for hu- 
mans and generates potatoes unfit for consumption (27), a granulosis 
virus isolated from this insect is already applied in several countries 
(21). Establishing an in  oitro system to study, characterize, and clone 
the P T M  GV is desirable. 

Before 1991. a number of cell cultures from l? operculella <vere 
obtained in our laboratory through various methods of culturing, by .. 
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cloning, and by selection factors such as media or temperature. Ini- 
tial results were negative for GV replication (15), but more recently 
viral DNA multiplication was obtained in cloned cell lines of PTM 
derived from our first established cell line (ORS-Pop-93) which was 
maintained at 27" C (13). Because no complete vinons or granules 
were obtained from the PTM GV infections in these ce11 lines or 
clones, new cell cultures were initiated and systematically tested 
against the PTM GV. 

MATERIALS AND METHODS 

Established cell lines. The ORS-Pop-93 cell line. consisting of heteroge- 
neous cell types (15) and five other cell lines with homogeneous cell types, 
obtained by selecting (Pop2, Pop3 and Pop4) or cloning (cllA and c12B) from 
embryonic cells of FI operculella (13), were cultivated in modified Grace's 
medium (14) containing 10% fetal bovine serum (FBS) at 27' C. The cells 
were routinely subcultured every 5 to 7 d and seeded with 1 to 2 X lo6 cells 
in 25-cmZ flasks. 

Reference lepidopteran cell lines, Spodoptera fiugiperdu clone 9 (SB), 
Spodoptera littoralis (9) and Galleria mellonella (Gm) were gifts from Dr. J. 
M. Quiot (St-Christol-lBs-AIBs. France) and were cultivated under the same 
conditions just described. 

Derivation of new cell lines cultivated at 19" C. Eggs from several layings 
of laboratory reared insects were used for primary cultures as previously 
described (15). The fragments and cells obtained from embryos were seeded 
in Nunc tissue culture flasks (25 cm') with modified Grace's medium con- 
taining 20% FBS and incubated at 19" C. During the first 6 mo., 1 ml of 
fresh medium was added every month. After this time, the first subcultures 
were done ever). month, then every 3 wk at a ratio of 1:2. At the 71h passage, 
the quantity of FBS was decreased to 15%. From this passage, the cells were 
subcultured every 15 to 21 d arid seeded with 1 to 2 x lo6 cells per Rask. 
Over subsequent passages, the quantity of FBS was reduced to 10%. 
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Cliaracteri;ntion of cells. Cell morphology was described and photographs 
of the cultures were taken under light or with a phase-contrast microscope 
at X 100 to X 500. Growth curves were determined from daily hemocytometer, 
counts of cells from five replicate cultures stained with tnpan blue over a 
period of 20 d. Cells were cultured in petri dishes (10 X 35 mm) seeded 
with 4 X 1oj cells. The population doubling time was calculated at several 
passages with an exponential fomiula. Polypeptidic profiles vere determined 
after electrophoresis in 12% polyacrylamide gels with the method of Laemmli 
(12). Cellular extracts were prepared with a technique of freezing-thawing 
(15). Electrophoresis was performed with a Biorad Miniprotean II dual slab 
cell, and the polypeptide profile of all the established cell lines were com- 
pared. 

Virus. A granulosis virus isolated from the potato tuber moth I? operculella 
(Tunisia isolate), a gift from Dr. El-Bedew¡ (PTM GV), was used to compare 
the infectivity of the different cell lines of I! operculella. Infected larvae were 
homogenized and ultrasonicated 1 min in 2 ml serum-free modified Grace's 
medium. After being centrifuged twice at 5000 X g for 20 min, the super- 
natant. diluted in serum-free modified Grace's medium, was filtered (0.45 
". 

Infectiori and transfection. of cells. For the infections, the cell cultures 
seeded at 2 X lo6 cells into 25-cm' tissue culture flasks were infected after 
24 h with vinons prepared from infected larvae. After 4 h of contact with the 
cells, the 1.5 mi of viral suspension was removed and replaced by 4 mi of 
fresh medium containing 10% FBS and the cells \vere incubated at either 
27" C or 19" C. 

For the transfections, the cell cultures were maintained under the same 
conditions as just described. They were rinsed with modified Grace's medium 
twice, then inoculated with 2 pg viral DNA, mixed with 20 1-11 DOTAP (Boeh- 
ringer), and diluted in 1.5 ml of serum-free modified Grace's mediunl. After 
6 li contact, the DNA-DOTAP was removed, the cells were rinsed with serum- 
free medium, and 4 ml of modified Grace's medium containing 10% FBS was 
added. The cells were incubated at 27" C or 19' C. 

New cell cultures were serially infected with infectious supernatants from 
both infections and transfections to test the sufficiency of the virus to multiply 
among the passages. Each 25-cm' flask was infected with 0 . 3  nil of each 
supernatant diluted with the same volume o f  modified Grace's medium with- 
out FBS according to the procedure just described. 

After 2 wk at 27' C and 3 wk at 19" C, the flasks were s raped  with a 
rubber policeman and the cells and media centrifuged 5 min at 400 X g. The 
pellet and supematant were tested by ELISA, immunodiffusion. and DNA 
probe techniques, then purified. 

Purification ofthe uirus. PTM GV-infected or -transfected cells were col- 
lected 15 to 20 d posttreatment, scraped from the flasks, and centrifuged 5 
min at 400 X g. The pellet was treated in STE buffer (0.15 i l l NaCI, 0.02 M 
Tris. 1 rmM EDTA, 0.5% Aprotinin and 0.5% NP40) for 10 min at O" C under 
agitation. The treated pellet and supematant were homogenized with a Potter 
homogenizer and ultrasonicated. After centrifugation for 30 min at 15 O00 
X g. the pellet was resuspended in 0.01 hf Tris, pH 7.5, deposited on a 30% 
to 70% (wt/wt) sucrose gradient, and centrifuged 20 min at 30 O00 X g. The 
band containing granules was collected, concentrated as above, and stored 
at -20" C. The virus inclusion body concentrations were determined with a 
spectrophotometer with the relationship OD,,, 0.8 = 0.1 mg of granules/ 
ml and 1 mg granuleslml = 6.0 X loio granules (2). The supematant was 
ultracentrifuged for 30 min at 100 O00 X g. The pellet was resuspended in 
0.01 M Tris. pH 7.5, overnight, deposited on a 20% to 50% (wt/wt) sucrose 
gradient, and centrifuged 1 h at 100 000 X g. The band containing virions 
was collected and the particles were concentrated as above and stored at 
-20" c. 

Infection of P. operculella laroue. Third instar larvae were fed on small 
potatoes (16 g per 25 larvae). The larvae were inoculated on the head capsule 
by a suspension of 108 purified granules per ml (produced in cells or larvae) 
or the potato was dosed with 10' granules. The larvae were kept at 27" C in 
plastic rearing boxes. 

Serological studies. A specific mouse serum was prepared for detecting the 
viral proteins by injecting the total proteins of granules. The indirect ELISA 
test (enzyme linked immunosorbent assay) with alkaline phosphatase was 
conducted according to Kelly et al. (11). Using the same serum, we performed 
reciprocal comparisons between the virus produced in cells and the F T M  GV 
using a gel immunodiffusion test (19). 

Nucleic acid probe derection. Granules or virions purified frpm infected 
cells and cellular estracts prepared as follows were used in DYA probe tests. 
One nil of infected cells and supematant (1 to 2 X lo6 cells) were concen- 

trated by centrifugation for 30 min in a rnicrofuge (13 O00 Xg). The pellet 
resuspended in 100 pl 10 mM Tris, 1 mM EDTA, pH 8.0 (TE) buffer was 
incubated for 30 min at 37" C with an equal volume of 0.12 icI Na'CO,, pH 
10.9, then treated with 2% sarkosyl and 0.2 trig proteinase K per ml for 2 h 
at 50" C. The resulting suspension was tested at various dilutions. The di- 
goxygenin-labeled DNA probe was applied according to the protocol rec- 
ommended. by the supplier (Boehringer), and the same protocol was used in 
the "dot blot" hybridization technique. A DNA probe prepared from the total 
extract DNA of the P T M  GV and a specific DNA probe prepared from a 
cloned fragment of the same virus were used (unpublished data). 

DNA eztraction and analysis. Purified granules were suspended in  TE buf- 
fer and incubated for 30 min at 37" C with an equal volume of0.12 M Na,CO,, 
pH 10.9; the granules and liberated virions were treated with 2% sarkosyl 
and 0.2 mg proteinase K per ml for 2 h at 50" C. The DNA was extracted by 
a standard phenol-chloroform-isoamyl alcohol protocol, then precipitated 
with 100% ethanol (24). The DNA was resuspended in sterilized 0.01 hl Tris. 
pH 7.5, buffer for transfection, or TE buffer for restriction endonuclease 
digestion. The DNA concentration was determined from the OD,. Viral DNA 
(1-2 pg) was digested for 2 h at 37" C with HindIII. EcoRI, and BamHI 
restriction endonuclease under the conditions recommended by the suppliers 
(Boehringer). Electrophoresis of genome fragments for the comparison be- 
tween larval and cell DNA extracts was carried out on l% agarose gels in 80 
mrl.l Tris, 80 phosphoric acid, and 2 mM EDTA, pH 8.0 (TEP), run at 
60 V for 2 h. The gels were visualized and photographed on a UV illuminator. 
The sizes of the fragments were estimated by comparison with h DNA. 

Electron microscopy. Purified virus preparations were negatively stained in 
2% uranyl acetate. pH 7.4, and examined with a Zeiss (Labovert) electron 
microscope. Infected cells were pelleted 5 min at 400 X g after 10 to 14 d 
postinfection and resuspended in serum-free modified Grace's medium con- 
taining 2.5% glutaraldehyde (diluted in 2.14% cacodylate buffer). After 1 h 
fixation at 4" C, the cells were pelleted 5 min at 400 X g  and dispersed in 
2% low-melting agarose. The cells were postfixed in 1% osmium tetroxide, 
dehydrated, and then embedded in pure epon. Ultrathin sections were stained 
and contrasted according to the method of Reynolds (23). 

RESULTS 

Obtainment of a neu) cell line grown at 19" C. Ten to 20% of the 
primary cultures that were initiated showed positive results. Most 
tissue fragments of the embryos began to attach to the culture flask 
after incubation for 1 or 2 d at 19" C. During the first 6 mo., cells 
began to multiply from the explants. Multicellular fibers radiated 
from the aggregates and strongly attached rounded cells began to 
accumulate. At the end of this period, the flask was completely COV- 

ered with rounded cells, with some also floating in the medium. 
During the first subcultures, the cells multiplied slowly and ap- 

peared to be slightly heterogeneous, with a majority being different 
sized rounded cells and fibroblast-like cells. By the 5'" passage, the 
culture consisted of a relatively homogeneous population of rounded 
cells. The morphology of these cells did not change among the next 
passages, even when the quantity of serum was decreased. By the 
12'" passage, we considered the cells cultivated in 10% FBS were 
stabilized. When the cells established at 19" C were cultivated at 
27" C, there was no apparent difference in morphology but the growth 
rate increased. 

Characteristics ofthe ORS-Pop-95 cell line. The new cell line was 
considered to be established at the 10'" passage and had a relatively 
homogeneous population of various sized spherical cells. The cells 
attached to the bottom of the flask formed a monolayer. The cell 
population doubling time at 19" C before the 15'h passage and after 
the 20Ih passage was 105 h and 80 h, respectively, when 2 X 10' 
cells/ml were seeded (Fig. 1). If the cells were transferred after the 
20"' passage to 27" C under the same conditions, the doubling time 
was further decreased to 50 h. After several passages at 27" C, the 
cell population doubling time was decreased to 38 h. in contrast to 
the 34-h doubling time of the cell line established at 27" C (Fig. 1). 
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FIG. 1. Growth curves of P. operculelfa ORS-Pop-95 cell line. = Cells 
cultivated at 19" C for 15 passages, then transferred to 27" C. 0 = Cells 
before the 15"' passage, always cultivated at 19" C. X = Cells after the 20'" 
passage. always cultivated at 19" C. 

The polypeptide profile of the ORS-Pop-95 cell Line did not change 
over the 3 passages tested (10. 15, and 20"'), but significant cliffer- 
ences were detected between the different established cell lines of 
f? operculella. especially in the range between 14 000 and 50 OÜÜ 
daltons (data not shown). 

The cell line has been cultivated for more than 25 passages and 
can be stored for long periods in liquid nitrogen [ - 196" C) by sus- 
.pension in the culture medium containing 10% dimethyl sulfoxide 
(DMSO) and 20% FBS and progressive freezing i n  a NICOOL 200 
apparatus for 30 min. We have also stored the cells at 4" C for more 
than 1 mo. 

In vitro viral multiplication. During the 10 first subcultures. in- 
oculations with PTM GV revealed no cytopalhic effect and the re- 
sponse by the ELISA test was not significant. Only the DNA probe 
prepared from total'PTM GV DNA gave a detectable response. At 
[his stage of the cultures, complete gran'ules were identified after 
purification, but only at a low concentration. A similar level of viral 
production was obtained after three passages of the virus in the same 
culture. 

After the Illh passage of the cells cultivated at 19" C, the same 
viral inoculum gave a cytopathic effect 10 d following transformation. 
Compared to the noninfected cells (Fig. 2 A ) ,  the rounded cells be- 
came fibroblast-like, strongly attached with some dark spots at the 
tapered ends of the cells, and vacuoles of varied sizes (Fig. 2 B). 
During the next 10 d the size of the vacuoles increased and the cells 
with a small nucleus zone at their extremity detached from the flask 
walls and floated in the medium (Fig. 2 C). If we attempted viral 
multiplication at 27" C after a 4-h infection at 19" C, the same phe- 
nomenon occurred but more rapidly, with a maximum cytopathic ef- 
fect after 2 wk. At the end of the infection more than 50% of the 
cells showed this typical cytopathic effect. 

Electron microscopic examinations of infected cells confirmed that 
the cytopathic effect observed was due to virus. Granules were de- 
tected in the cytoplasm associated with active zones, probably viral 
material in formation, but no preoccluded vinons were apparent (Fig. 
3 A ) .  Later the number of granules increased regularly in the cyto- 
plasni ancl tio transformation in the nucleus could be detected (Fig. 
3 B). At the end of the infection both cytoplasm and nucleus were 
degenerating. the number and the size or vacuoles were increaked. 
ancl many complete granules were observed (Fig. 3 C). The same 

FIG. 2. Cell cultures of I'. opercufelln observed in phase contrast at the 
15Ih passage. ß a r  represenk 25 Dni; botli panels are at same magnification. 
,-l. Noninfecletl cells after i tl.  B. Celle inrected with PTM Gl-. 8 d postili- 
rection. C. Cells infected ivith I T M  GV, 15 d postinfection. 
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FIG. 3. Electron micrographs of P. operculella cells infected with PTM GV. A ,  Granules in an active zone of the cytoplasm near a 
varude. 10 d postinfection (6ar represents 200 nm). 8, Granules synthesized in the cytoplasm without disruption of the nuclear membrane, 
16 il postlinfeclioii (bur represents 400 nm). C, I’resence of many granules late in infection: near a vacuole (bur represents 400 nm). c. 
granules: V. vacuole: N; nucleus; M, mitochondria. 
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Multiplication of granules in vivo. With different batches of 25 
third instar larvae fed on small potatoes, the infections with granules 
purified from infected cell cultures and infected larvae both produced 
100% mortality in 10 d. In the controls, all the larvae became pupae 
and then adults. The number of granules produced in larvae infected 
with either virus source was the same, 2.4 to 2.7 X 1 O ' O  granules/ 
larva. 

FIG. 4. Comparison of the electrophoretic profiles i n j %  agarose gel of 
restricted genomic DNA from F'TM GV multiplied in larvae (1) and the ORS- 
Pop-95 cell line (2), by three restriction endonucleases. M represents DNA 
molecular weights. 

results were obtained in infections with virions originating from ei- 
ther infected larvae or transfection with purified DNA. 

The ELISA response was not significant when infectious super- 
natant and infected cells were used. because of a nonspecific reaction 
in the control. The DNA probe prepared with total DNA gave a posi- 
tive reaction with infected cells, but a small nonspecific response 
was also observed in the control. This false positive response was 
eliminated when a specific probe prepared with a cloned fragment 
of the PTM GV DNA (unpublished data) was used. 

Purification of the virus from cells following infection or transfec- 
tion yielded both granules and virions. Measuring the OD at 420 nm 
gave amounts of lo8 to 2 x 108 granules/ml, corresponding to 100 
to 200 granuIes/cell. The number of free vinons obtained was rela- 
tively low. The number of granules produced in the cells during the 
first two passages of the virus when using infectious supernatant 
inoculum was used was increased to 109 granules/ml (approximately 
1000 granuleshfected cell). On the basis of electron microscopic 
examination, 1% of the infected cells yield lo4 granules each 
whereas the remaining cells produce fewer than 100 granules each. 
The number of free virions also increased in the same proportion 
among the first passages and 106 infected cells gave purified virion 
suspensions at 0.2 OD,,. After several passages of the virus, the 
quantity of both granules and virions produced did not change. The 
same results were obtained where cells were maintained at 19" C or 
27" C during the viral infection. 

IdentiJcation ofprogeny virus. The purified virus from cell cultures 
gave a positive reaction in a gel immunodiffusion test with serum 
prepared with PTM GV. The EcoRI, BamHI, and Hind111 restriction 
fragment profiles of viral DNA from P. opercuklla cells and larvae 
showed that there was normal replication of PTM GV. The DNA 
profile of the virus used to obtain the initial infectious inoculum was 
identical to that of the virus produced after passaging in cell culture 
(Fig. 4).  

DISCUSSION AND CONCLUSION 

The new cell line ORS-Pop-95 derived from embryos of the potato 
tuber moth is the first cell line of Phthorimaea operculella established 
at a low temperature (19" C). The cultures were composed of various 
cell types, principally rounded and fibroblast-like cells during the 
first subcultures as commonly described for insect cells (7,1720). 
After the 5th passage, only rounded cells of varied sizes were ob- 
served. The morphology of the ORS-Pop-95 cell line is similar to the 
cell lines previously established at 27" C (13,15,20). Increasing the 
temperature to 27" C does not affect the morphology of the cells 
established at 19" C. Winstanley and Crook (29) obseived that a cell 
line established from embryos of Cyd~a pomonella at 19" C changed 
morphology when cultivated at 27" C. Thus, they decided to select 
different cultures to obtain more homogeneous cell lines. We consider 
our cell line to be homogeneous and stable without further selection. 

perature, growth rate is. The doubling time of the cells established 
at 19" C is 80 h when maintained at 19" C, but decreases to 38 h 
when transferred to 27" C during several passages. This wa 
parable to the growth rates of cell lines established at 27" C 
had a doubling time of 34 h. This result corresponds to those gen- 
erally obtained when one tests the effect of temperature on the mul- 
tiplication of cells (22). Even though similar cell morphology is ob- 
served in different established cell lines, this does not reflect their: 
homology because differences can be identified in their polypeptide 
profiles and growth curves. 

in vitro. All the controls used-morphological identification, sero- 
logical test, DNA probe, and digestion with DNA restriction endo- 
nucleases-indicate that the granulosis virus grown in the ORS-Pop- 
95 cell line is identical to the wild virus introduced. Over the initial 
passages of the virus, use of infected supematants increases both 
granules and free virion production. This may be due to cellular 
adaptation of the virus. No change occurred in the amount of granules 
and in the number of free virions produced during the subsequent 
passages of the virus, indicating that there was stability in the viral 
process. Virus produced in vitro is infectious because 100% mortality 
is observed in the third and fourth instar larvae inoculated with virus 
produced in vitro. 

Observations of infected cells by electron microscopy revealed an 
atypical process in the replication of the PTM GV in vitro. Generally, 
GV replication begins in the nucleus and then, after disruption of 
the nuclear membrane, continues in the mixed nuclear and cyto- 
plasmic components (25,29). In our study, no apparent cytopathol- 
ogical changes could be detected in the nucleus in the early and 
medium phase, and replication took place only in the cytoplasm as 
rarely observed (5). Only in the very late phase, corresponding to the 
cytopathological effect observed under phase-contrast light micros- 
copy, was destruction of the cells visible. Differences can be noticed 
between the Cydia pomonella system described by Winstanley and 
Crook (29) and our system after electron microscopic studies because 
of the absence of the nucleic phase of the GV replication. However, 

Even though morphology of the cell line 1s not affected by 

For the first time, complete replication of PTM GV was obtained . 
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the cytopathic effects observed under light microscopy look similar 
in the two cases, indicating that the cytopathic effect reflects pri- 
marily cytoplasmic changes. 

If we compare the results obtained before and after the lofh pas- 
sage of the ORS-Pop-95 cell line at 19" C, we can consider that the 
low multiplicatton of the PTM GV during the first passages is pos- 
sibly related to incomplete stabilization of the cell population. In this 
case, the increase in viral multiplication and the presence of a cy- 
topathic effect after the loth passage may indicate the selection of 
specific cell types more susceptible to the PTM GV. This result is in 
relative contradiction with the ideas generally accepted for the mul- 
tiplication of the GVs in vitro. Many authors have considered that 
the unsuccessful multiplication of the GV in vitro was related to 
selection among the passages of a cell population that became un- 
susceptible to the GV, even though multiplication occurred in the 
early passages (7,lO). The differences obtained by these authors and 
our results are probably due to the culture conditions we used. The 
low temperature used during the establishment of the cell line has 
probably led to selection of a specific cell population different from 
that selected at 27" C as previously described (29). This is also 
consistent with the differences obtained in our system between the 
nonpermissive cell lines established at 27" C (13.15) and the per- 
missive cell line established at 19" C under otherwise similar con- 
ditions. 

Temperature is not the only factor in the success of GV multipli- 
cation. Some authors have already obtained interesting results using 
27" C established cell lines, even when multiplication was low or 
stopped after a few passages (3). We have also demonstrated that 
incomplete multiplication could be obtained on a cloned cell line 
always multiplied at 27" C (13). This suggests that the selection of 
a specific cell type could considerably increase the potential of a 
cell line for growing virus. In our study, 60% of the cell population 
of the ORS-Pop-95 cell line could be infected by the PTM GV and 
the number of granules per cell obtained (500 to 1000) was relatively 
low, when electron microscopic observations have shown some cells 
with thousands of granules (approximately 1% cells with lo4 gran- 
ules). We believe that cloning the cell line could considerably in- 
crease the multiplication rate of the virus. Cloning might be imprac- 
tical because only cells with a rapid doubling time, impossible to 
obtain with cells cultivated at 19" C, are easily cloned. In 1994, 
Winstanley (28) reported the possibility of conserving susceptibility 
to the CpGV obtained at 19" C when transferred to 27" C using 
medium supplemented with dimethyl sulfoxide or retinoic acid. This 
could also be a way to adapt our cell line to 27" C and then to clone 
the viral susceptible cell population. 

We have obtained significant and complete replication of the PTM 
GV with a significant cytopathic effect. The complete in vitro mul- 
tiplication of this important virus could permit us to clone the PTM 
GV and complete its characterization. This would provide investi- 
gators a completely known pathogen for use as a biological agent. 
This will also allow comparison of this GV with other baculoviruses 
and perhaps to allow us to manipulate them to increase their potential 
as biocontrol agents. In previous studies, we h a w  shown that the 
Autographa calijornica multicapsid nucleopolyhedrovirus (Ac- 
MNPV) can be multiplied in R operculella cell lines (15). This NPV 
represents the most characterized virus of this group (4). The pos- 
sibility of transfecting GV DNA (1) and obtaining compleFe repli- 
cation of the virus permits us to consider that some biotechnological 
studies could be carried out between these two baculoviruses. In fact, 

recent results indicate that the AcMNPV also multiplies on the ORS- 
Pop-95 cell line even when cultivated at 19" C. 

In this study, we have tested only the Tunisia isolate of PTM GV, 
but different strains have been described (26). When ORS-Pop-95 
was available, its Susceptibility could he tested against these isalates 
to compare their pathogenicity in vitro. The study of possible recom- 
binations between the different strains of F'TM GV and/or between 
AcMNPV and PTM GVs to obtain recombinant viruses is now pos- 
sible. 
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