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A persistent infection in a Galleria mellonella cell 
line was revealed when infected with a maize stem 
borer picorna-like virus isolated on Sesamia cretica 
(MSBV). The new virus, completely different from the 
MSBV, is designated as G. mellonella cell line v i r u s  
(GmclV), induces spectacular cytopathic effects, and is 
also considered efficient i n  vivo. The GmclV is a 29-nm- 
diameter isometric virus, with single-strand RNA of 2.9 x 
106 Da molecular weight with a poly(A) tract. Its capsid is 
constituted of only two major polypeptides, of 34,500 and 
32,500 Da, and no minor bands could be detected. The 
characteristics of the GmclV do not permit us to classify it 
with assurance. Even though it has not yet been identified 
as a picornavirus, it can be classified in the small RNA 
virus group of the Picornaviridue. G. mellonella repre- 
sents a very interesting model, owing to the fact that two 
different persistent viruses belonging to the same family 
were isolated in vivo and in  vitro, to further the under- 
standing of the general phenomenon of persistency and 
induction. o 199lAcademicPress 

KEY WORDS: Galleria mellonella; Lepidoptera; cell 
line; small RNAvirus. 

INTRODUCTION 

Nonevident infections by microorganisms are cur- 
rently observed in insects (Quiot et al., 1983; Van den 
Heuvel et al., 1994). Persistent viruses, the rate of 
multiplication of which stays at a low level that is 
perfectly tolerated by the cells, are regularly cited in 
literature (Plus, 1978; Oldstone, 1989; Friesen et  al., 
1980; Jousset et al., 1993). Generally, the phenomenon 
of persistence in uitro is revealed experimentally after 
infection with pathogenic homologous viruses and selec- 
tion by successive passages of the cells, which does not 
show cytopathic effect (Dasgupta et al., 1994) or is 
revealed by electron microscopy during routine analy- 
sis. Because of the low concentration of the virus in the 
cells, it is generally difficult to  multiply it in  vitro at a 
sufficient rate to be purified and characterized and t o  
determine the mode of action with precision. Always, 

the viruses found in these studies are multiplied on 
their host to  be amplified. In 1981, Kellyet al. reported 
the activation of a persistent Baculovirus in a large 
amount, during infection with other Baculoviruses. 
‘As part of our laboratory program concerning cellular 

permissivity, we have revealed such a phenomenon in 
RNAviruses. During multiple tests of its host range in 
uitro, experimental introduction of the MSBV, a Picorna- 
like virus isolated on Sesamia cretica (Fédière et al., 
19911, in an established cell line deriving from ovari- 
oles of Galleria mellonella (Lepidoptera: Pyralidae), 
induces the massive multiplication of another virus 
which infects persistently this cell line. In this paper, 
we describe this new virus, designated G. mellonella 
cell line virus (GmclV), and discuss the possibilities 
that this new model of “1atent”virus offers. 

MATERIALS AND METHODS 

Cell Lines 

Three G. mellonella cell lines, deriving fi-om avari- 
oles, a gift from Dr. J. M. Quiot (St. Christol-lès-Alès, 
France), were cultivated in Grace’s modified medium 
(Léry and Fédière, 1990), containing 15% fetal bovine 
serum (FBS) and incubated at 27°C. The first cell line 
was cultivated for more than 120 passages before being 
used in the experiments and was designated Gm120. 
The second cell line, derived from initial frozen cells of 
the Gm120, was multiplied for fewer than 85 passages 
and was designated Gm85. The third cell line, newly 
established, was used between the 12th and the 15th 
passages and designated Gm15. The first two cell lines 
were adherent cell lines while the third one was 
nonadherent. 

Virus 

The Picorna-like virus isolated from the maize stem 
borer S. cretica (Fédière et al., 1991) was multiplied in 
larvae of the host and reared in the laboratory. Purified 
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viruses in 0.05 M Tris buffer, pH 7.5, were diluted in 
Grace's modified medium without FBS and filtered on a . ing t o  Kelly et al., (1978). 

say) using phosphatase alkaline was conducted accord- 

0.45-pm millipore filter. 
The Autographa californica multicapsid nuclear poly- 

hedrosis virus (AcMNPV), a gift from Dr. Croizier (St. 
Christol-lès-Alès, France), was multiplied in SF9 cells. 
The infectious supernatant was filtered on a 0.45-pm 
millipore filter. 

I 

Infection of Cells 

Viral suspensions of MSBV at a concentration of 0.1 
OD/ml were used t o  infect 24-hr cultures of G. mel- 
Zonella cell lines, seeded at  2 X lo6 cells, and grown in 
25-cm2 tissue culture flasks. After 2 hr contact, 1.5 ml of 
viral suspension was removed and replaced by 4 ml of 
fresh medium containing 10% FBS and the cells were 
incubated at 27°C. The inoculum was kept for testing 
and for an eventual evaluation of the quantity of virus 
which enters the cells. After 5 to 8 days postinfection, 
the flasks were scraped with a rubber policeman and 
the cells and medium were tested by ELISAtest or used 
for purification. Three successive passages of the virus 
were performed to  evaluate its infectivity, using 0.75 ml 
of the infectious supernatant diluted with the same 
volume of Grace's modified medium without FBS, un- 
der the same conditions used for primary infection. 

Fifty microliters of AcMNPV infectious SF9 superna- 
tant at more than 105 PFU/ml(O.l m.o.i./cell) was used 
to  infect 2 X lo6 cells, grown in 25-cm2 tissue culture 
flasks. The infection was performed as described above. 

Morphological and Ultrastructural Cell Studies 

Cells experimentally infected with MSBV and nonin- 
fected cells were observed under a normal light micro- 
scope or  with a phase-contrast inverted microscope at  
magnification of 100 to 500X. The cells were observed 
for possible cytopathic effect or changes. 

For electron microscopic studies, the cells were pel- 
leted for 5 min at 400g after 5 days and resuspended in 
Grace's modified medium without FBS, containing 2.5% 
glutaraldehyde (diluted in cacodylate buffer). After a 
1-hr fixation at 4"C, the cells were pelleted for 5 min at 
400g and dispersed in 2% low melting agarose at 38°C. 
The cells were postfixed in 1% osmium tetroxide, 
dehydrated, and then embedded in pure epon. Ultra- 
thin sections were stained and contrasted according to 
the method of Reynolds (1963). 

ELISA Test 

For detecting the viral proteins, a specific rabbit 
serum was prepared by injecting purified virus as 
previously described (Fédière et al., 1991). The indirect 
method of ELISA (enzyme-linked immunosorbent as- 

Purification of the Small Virus 

When a cytopathic effect was observed and in all 
cases, between 5 to  8 days postinfection, the cells 
(approximately 5 X 106 cells/flask) were scraped from 
the boxes and centrifuged for 5 min at 4009. The pellet 
was treated in STE buffer (0.15 M NaCl; 0.02 M Tris; 

M EDTA, 0.5% Aprotinine; and 0.5% NP-40) for 5 
min at  4°C under agitation. The treated pellet and 
supernatant were homogenized with Potter and ultra- 
sonicated. After centrifugation for 30 min at 15,OOOg, 
the supernatant was ultracentrifuged for 1 hr 30 min at 
100,OOOg. The pellet resuspended in 0.05 M Tris, pH 7.5, 
overnight, was deposited on a 15 to 45% (WNV) sucrose 
gradient, and centrifuged for 2 hr 30 min at 120,OOOg. 
The viral band was collected and the viruses were 
concentrated as above and stored at -20°C. 

Characterization of the Virus 

Purified virus preparation was 
negatively stained in 2% (WNV) uranyl acetate, pH 7.4, 
and examined in an electron microscope. The viral 
particle size was calculated by measuring diameter of 
more than 10 closed particles. 

U V  absorption of puri- 
fied virus was examinedxsing a wavelength of between 
320 and 220 nm. The average ratio of optical densities 
at 260 and 280 nm (maximum absorption of nucleic acid 
and proteins, respectively) was measured. 

Nucleic acid was extracted 
from purified virus by a simplified procedure as follows. 
One milliliter of 3.5 OD virions was treated twice by 
saturated phenol in Tris (lob2 M)-EDTA(~O-~M), pH 7.8, 
for 10 min and was centrifuged at 12,OOOg for 5 min, 
then treated twice with chlorofomxisoamyl (24:l). Fi- 
nally, RNAwas precipitated by cold ethanol (2 volumes) 
and 10% ammonium acetate overnight at -20°C. The 
type and strandedness of the nucleic acid were estab- 
lished by treatment with DNase (Sigma) and RNase A 
(Sigma) and then electrophorized. The RNA size was 
estimated by electrophoresis in formaldehyde denatur- 
ating agarose gels (1%) and the retention of the RNA by 
an oligo(dt) cellulose column was used to detect the 
presence of poly(A), according to the methods recom- 
mended by Maniatis et al. (1989). 

Protein analysis. Polypeptidic profiles were ana- 
lyzed by SDS-PAGE on 15, 12, and 9% gels by the 
method of Laemmli (1970). Ten different gels were 
analyzed to determine the molecular weight of the 
polypeptides. 

Electron microscopy. 

. 
Spectrophotometric analysis. 

Nucleic acid analysis. 



3rd- 

'all 
ells 
rom 
Illet 

IS; 

5 
id 
a- 
% 
It 
5, 
;e 
3 
*e 

S 
! 

.1 
f 

1 

3 

I 

I 

RNA VIRUS FROM G. mellonella CELL LINI? 9 

Serological test. Reciprocal comparison was per- 
formed between the MSBV and GmclV, using the gel 
immunodiffusion test (Ouchterlony, 1948). 

Infection in  Vivo 

Twenty-five larvae of G. mellonella were infected by 
injection of8 X low3 ODllarve of purified GmclV diluted 
in Tris, pH 7.5, buffer. The dead larvae were collected 
from the third day postinfection, when symptoms were 
observed. 

RESULTS 

Morphological and Serological Studies 

Three days after the infection of the Gm120 cell line 
by MSBV, modifications occurred in the cells. The cells 
began to  enlarge and detach from the flask walls, and 
then they burst one by one and floated in the superna- 
tant, representative of the typical cytopathic effect of 
this infection, compared with noninfected cells (Fig. 1). 
Six t o  7 days postinfection, more than 75% of the cells 
were affected. Morphological changes could be observed 
in these cells, e.g., a condensation of the chromatin, 
suggesting nuclear disintegration and cytoplasm trans- 
formations. Electron micrographs of virus-infected cells 
are shown in Fig. 2. First, the virus accumulated in 
bags in the cytoplasm (Fig. 2a); at the end of the 
infection, the bags burst to liberate the virus into the 
cytoplasm (Fig. 2b). Finally, the cells became full of 
vacuoles, corresponding to the cytopathic effect ob- 
served under the light microscope. 

Examination of infected cells or infectious superna- 
tant by the ELISA test, using the MSBV-specific serum, 
revealed negative results. After purification of the 
multiplied virus, the same test was always negative and a 
serological study showed no relationship between the virus 
produced by the G. mellonalla cell line and MSBV. 

Since this virus was consistently inducible, it was 
probable that the virus existed in the cells in a latent or 
persistent state. Careful examination of noninfected 
cells of the same cell line processed for electron micros- 
copy showed that cells containing the virus could be 
detected (Fig. 2c). The percentage of cells showing the 
presence of the virus was relatively low. 

Using the two other cell lines, Gm85 and Gm15, no 
induction of latent virus was observed using the MSBV 
and no virus was multiplied. 

The same results were obtained for the three cell 
lines, using AcMNPV. The multiplication of the latent 
virus was induced in the Gm120, but no viral multipli- 
cation in Gm85 and Gm15 was revealed. 

Characterization of GmclV 

Examination of purified viral suspension by electron 
microscope revealed a large number of isometric par- 

ticles, 29 nm in diameter (Fig. 3). W extinction spectra 
of the virus showed a maximum absorption at 260 nm 
Snd a minimum at 240 nm, which characterize the viral 
nucleoproteins. The average ratio of extinction a t  260 
nm to that at 280 nm was 1.5. The electrophoresis of the 
extracted nucleic acid after treatment with DNase and 
RNase indicated its RNA nature. Under denaturating 
conditions, the RNA consisted of a single band, with an 
estimated molecular weight of 2.9 X l o 6  Da. The 
presence of a poly(A) tract was revealed after RNA 
fragments were bound to  an oligo(dt) column and then 
eluted and precipitated. Electrophoresis of the viral 
proteins in 9 and 12% polyacrylamide gels revealed the 
presence of two major bands, 34,500 and 32,500 Da 
(Fig. 4). No minor bands could be detected. The electro- 
phoretic profiles of MSBV and GmclV were completely 
different. 

Pathogenicity of GmclV 

The pathogenicity of the GmclV was tested against 
G. mellonella cells and larvae. The superinfection of the 
cells with the homologous persistent virus resulted in 
the multiplication of the virus in the same proportion 
as when it was induced by the S. cretica virus, 1 
ODMask. The same cytopathic effects were observed. 
After three successive passages of the infected superna- 
tant, no significant decrease in the production of the 
virus was noted. Five days postinfection, all the larvae 
of G. mellonella, injected with GmclV a t  a concentra- 
tion of 8 X ODGarve, were dead. After purification 
of the virus multiplied on these larvae, production of 0.45 
ODharve occurred, and all the methods used to character- 
ize the GmclV indicated that it was the same virus. 

DISCUSSION AND CONCLUSION 

Our results show that a v i rus  which apparently 
infects a G. mellonella cell line in a persistent manner 
(GmclV) can be efficiently induced to  replicate by the 
MSBV and also by the AcMNPV. During this process, 
no trace of MSBV or AcMNPV could be detected, 
indicating that they were not multiplied.' The GmclV 
appears to  be completely different than the inducing 
viruses and does not reflect a selection of a minor 
component of the viral inoculum. When it was induced, 
the GmclV appears to be pathogenic. The cells were 
completely destroyed 7 days postinfection. Many 
changes occurred in the cells during the viral multipli- 
cation: modifications in the cytoplasm where the virus 
multiplied and disintegration of the nucleus. GmclV is 
also pathogenic for the homologous larvae. 

The characteristics of the GmclV are Picornavirus- 
like (Francki et al., 1991). The two principal members 
of this group are represented by the cricket paralysis 
virus (CrPV) and the Drosophila C virus (DCV) (Scotti 
et al., 1981). Like the two reference viruses, GmclV 
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FIG. 1. 
at the same 

Cell cull 
1 magnifi 

contains a single RNAspecies with a poly(A) tract and a 
molecular weight of 2.9 X lo6 Da. Only the number of 
polypeptides differs. CrPV and DCV are considered to 
be constituted of three major bands, VPl, VP2, and 
VP3, of molecular weight around 30,000 Da and a WO 
band near 39,000 Da, the precursor of VP2 and VP4, 
which was not always found (Scotti et al., 1981). We 

I 25 pm i (both panels 

found only two major bands, near 30,000 Da. In Picorna- 
viruses, the capsid assembly is via pentameric interme- 
diates composed of copies of VP1, VP3, and a precursor 
protein. W O ,  which gives VP2 and VP4 upon cleavage, 
in one of the final steps of capsid assembly, may be 
related to the encapsidation of the nucleic acid and to 
stabilization of the mature particle (Stanway, 1990). 



FIG. 2. 
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Electron micrographs of G. mellonella cells. (a) Cells infected by the MSBV 3 days postinfection. Bar represents 2( 
the MSBV 6 days postinfection. Bar represents 350 nm. (c) Nonexperimentally infected cells aRer 5 days of culture. 

30 nm. Cg) Cells 
Bar represents 
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FIG. 3. Electron micrograph of GmclV purified as described under Materials and Methods, negatively stained in uranyl acetate. Bar 
represents 200 nm. 

VP4, linked to  myristic acid, and VP2 may play a role in the W O ,  and the products of its cleavage, VP2 and VP4. 
the uncoating of the nucleic acid (Ratka et al., 1989). Then, the two major bands of the GmclV could be 
One possibility, if we consider that the virus persis- considered VP1 and VP3. This will be in contradiction 
tently infects the cell line, is to consider a repression of with the great infectivity of the purified GmclV in uiuo, 

which is a prerequisite for the cleavage of W,O. But it 
must be considered that the larvae of G. mellonella are 
also known t o  contain another latent virus, different 
from the virus isolated from our cell cultures (unpub- 
lished data). Another possibility is, considering Moore 
and Eley (1991), that two bands of the virus were so 
close, that they could not be separated by the tech- 
niques used or that the two bands represent in reality 
(VPO + VP1) and (VP2 + VP3). Finally, we can also 
consider the GmclV as a new member of the small RNA 
viruses, nonclassified. Unfortunately, sera from the 
CrPV and DCV were unavailable, so a serological 
community could not be performed t o  begin to answer 
this question. 

Even if the placing of GmclV in the classification of 
viruses cannot be achieved with assurance, the ques- 
tion of the latency phenomenon observed arises. On G. 
mellonella larvae, another virus is known to be chroni- 
cally persistent (Zeddam, personal communication; Du- 
randel, 1994). The virus described as persistently infect- 

~ ~ d u c e d  in the cell line. In rearings of G. mellonella 
obtained from Egypt, we have revealed the same persis- 

-9 

FIG. 4. Comparison o f  the electrophoretic profiles of GmclV and 
MSBV in a 12% polyacrylamide gel. Lane 1: GmclV; lane 2: marker 
(reference proteins: 94,000; 67,000; 43,000; 30,000, and 20,100 dal- 
tons); lane 3: MSBV. 

ing the larvae is different from the G ~ ~ ~ v  that we 
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by these authors using a 
hed data). These results 
f these two viruses. Is the 

cation of the virus, a 
reaction, or adaptation? Some authors have 
answer this question. Dasgupta et al. (1994), 
20 cell lines experimentally persistently in- 

results we have obtained after several pas- 
the infectious supernatant in vitro, which 

that once the virus was induced, it keeps its 
y to  replicate. We can imagine that when the 

eterologous virus induced the multiplication of the 
sistent virus, probably due to a derepression of the 
ular system, too much virus is present in the cells to 

it. The inoculum used for the passage contained 
amount of viruses (0.2 OD/flask), and the repres- 

general phenomenon of induction of a persistent 

mimics in part the situation found in some insects, in 
which infection of a particular insect species by a virus 
from a heterologous insect species results in the test 
insect succumbing to a disease caused by a virus typical 
of the homologous species (McKinley et al., 1981). The 
model we have described represents a new model of a 
complex of RNA viruses that persistently infected the 
host and a homologous cell line. As the activation of 
latent virus in vivo represents a focus of interest 
regarding the biological controls (Kelly et al., 19811, the 
in vitro and in vivo models on G. mellonella, with two 
different viruses belonging to  the same insect group, 
could contribute to the study of the replication of the 
induced virus and their possibilities. 

ACKNOWLEDGMENT 
We are grateful for the technical assistance of M. Ravallec. 

REFERENCES 
Dasgupta, R., Selling, B., and Rueckert, R. 1994. Flock house virus:A 

simple model for studying persistent infection in cultured Dro- 
sophila cells. Arch. virol. 9,121-132. 

Durandel, R. 1994. Régulation de l’expression des gènes chez le 
Bacdovirus Ac MNFY Etude de I’ORF 86. Master, Montpellier, pp. 

Fédière, G., Taha, A., Léry, X., Giannotti, J., Zeddam, J. L., Monsar- 
rat, A., and Abol-Ela, S. 1991. Asmall RNAvirus isolated from the 

13-14. 

maize stem borer Sesamia cretica Led (Lepidoptera Noctuidae) in 
Egypt. Egypt. J. Biol. P. Cont. 1,115-119. 

Francki, R. I. B., Fauquet, C. M., Knudson, D. L., and Brown, F. 1991. 
Classification and nomenclature of viruses. Arch. virol. 2(Suppl.), 

Friesen, P., Scotti, P., Longworth, J., and Rueckert, R. 1980. Black 
beetle virus: Propagation in Drosophila line 1 cells and infection- 
resistant subline carrying endogenous black beetle virus-related 
particles. J. virol. 35,741-747. 

Jousset, F. X., Barreau, C., Boublik, Y., and Cornet, M. 1993. A 
parvo-like persistently infecting a C6/36 clone of Aedes aegypti 
mosquito cell line and pathogenic for Aedes aegypti larvae. Virus 
Res. 29,99-114. 

Kelly, D. C., Edwards, M. L., Evans, H. F., and Robertson, J. S. 1978. 
The use of the enzyme linked immunosorbent assay to detect a 
nuclear polyhedrosis virus in Heliothis armigera larvae. J. Gen. 
Virol. 40,465-469. 

Kelly, D. C., Lescott, T., Ayres, M. D., Carey, D., Coutts, A., and 
Harrap, K. A. 1981. Induction of a nonoccluded baculovirus persis- 
tently infecting Heliothis zea cells by Heliothis armigera and 
I).idzoplusia ni nuclear polyhedrosis viruses. virology 112, 174- 
189. 

Laemmli, U. K. 1970. Cleavage of structural proteins during assem- 
bly of the head of bacteriophage T4. Nature (London) 227,680-685. 

Léry, X., and Fédière, G. 1990. Effect of different amino acids and 
vitamins on lepidopteran cell cultures. J. Inuerteb,: Pathol. 55, 

Maniatis, T., Fritsch, E. F., and Sambrook, J. 1989. “Molecular 
Cloning: A Laboratory Manual.” Cold Spring Harbor, Cold Spring 
Harbor, NY. 

McKinley, D. J., Brown, D. A., Payne, C. C., and Harrap, K. A. 1981. 
Cross-infectivity and activation studies with four baculoviruses. 
Entomophaga 26,79-90. 

Moore, N. F., and Eley, S. M. 1991. Picornaviridae: Picornaviruses of 
invertebrates. In  “Atlas of Invertebrate Viruses” (J. R. Adams and 
J. R. Bonami, Eds.), pp. 371-386. CRC Press, Boca Raton, FL. 

320-326. 

47-51. 

Oldstone, M. B.A. 1989. Viral persistance. Cell 56,517-520. 
Ouchterlony, O. 1958. Diffusion in gel. Method for immunological 

analysis. Prog. Allergy 5,1-78. 
Plus, N. 1978. Endogenous viruses of Drosophila melanogaster cell 

lines: Their frequency, identification and origin. In  Vitro 14, 

Quiot, J. M., Vassal, J. M., and Vago, C. 1983. Infection porochlamidi- 
enne intra-embryonnaire révélée par l’embryoculture in vitro 
d‘orthoptères. C. R. Acad. Sci. Paris 296,793-795. 

Ratka, M., Lackmann, M., Veckermann, C., Karling, U., and Koch, G. 
1989. Poliovirus-associated protein kinase: Destabilization of the 
virus capsid and stimulation of the phosphorylation by Zn2+. J. 
virol. 63,3954-3960. 

Reynolds, E. S. 1963. The use oflead citrate at  light pH as an electron 
opaque stain in electron microscopy. J. Cell Biol. 17,208-212. 

Scotti, P. D., Longworth, J. F., Plus, N., Croizier, G., and Reinganum, 
C. 1981. The biology and ecology of strains of an insect small RNA 
virus complex. Adv. Virus Res. 26,117-143. 

Stanway, G. 1990. Structure, function and evolution of Picornavi- 
ruses. J. Gen. Virol. 71,2483-2501. 

Van den Heuvel, J. F. J. M., Verbeek, M., and Van der Wilk, F. 1994. 
Endosymbiotic bacteria associated with circulative transmission of 
potato leafroll virus by Myzus persicae. J. Gen. virol.  75, 2559- 
2565. 

1015-1021. 


