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Summary. - A continuous cell line, designated MbL-3, was newly established from minced neonate lar­
vae of the cabbage armyworm, Mamestra brassicae. This new cell line is heteroploid, containing triploid cells 
predominantly at the frequency of about 50%. Doubling time of the cell population is 33 hrs. The Akutsu 
isolate of a Mamestra brassicae nuclear polyhedrosis virus (MbNPV) was examined for replication in 16 
continuous cell lines, including the cell line MbL-3, from seven lepidoptera species: Mamestra brassicae, 
Pseudaletia separata, Spodoptera exigua, Spodoptera frugiperda, Spodoptera littoralis, Spodoptera litura 
and Plutella xylostella. Of  these cell lines, only the MbL-3 cells supported a high replication of the virus. Four 
other Mamestra cell lines and a P. separata cell line showed a low virus-susceptibility, while the other cell 
lines were not permissive for the virus infection. Maximum infection rate of MbL -3 cells to the Akutsu isolate 
was 23.4%. The growth kinetics of this virus isolate in MbL-3 cells showed that the virus was released from 
infected cells 24 hrs p.i. and reached a maximal titer 96 hrs p.i. The number of polyhedral inclusion bodies 
(PIBs) reached a maximum of 107-5 PIBs/ml 120 hrs p.i. 
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Introduction 

N u c l e a r  polyhedrosis  v i ruses  (NPVs)  are  t h e  representa­

t ive  o f  i n v e r t e b r a t e  v i r u s e s  w i t h  s u p e r c o i l e d  d o u b l e -

s t randed D N A  g e n o m e s  o f  80  t o  2 3 0  k b p ,  be long ing  t o  

t h e  subfami ly  Eubaculovirinae o f  t h e  f ami ly  Baculoviridae 

(Francki  et al., 1991).  N P V s  h a v e  b e e n  f o u n d  i n  m a n y  in­

s ec t  spec i e s  b e l o n g i n g  t o  t h e  o rde r s  Lepidoptera, Hy-

menoptera, Coleoptera, Diptera, Orthoptera, Trichoptera 

a n d  Crustacea (Mar t ignon i  a n d  Iwai ,  1981).  T h e y  a re  con ­

s idered  t o  b e  t h e  ecological ly  s o u n d  agents  f o r  control  o f  

insect  pe s t s  i n  agr icu l ture  a n d  fo res t ry  b e c a u s e  they  a re  

'The corresponding author 
Abbreviations: FBS = foetal bovine serum; MbNPV = Mamestra 
brassicae nuclear polyhedrosis virus; MOI = multiplicity of in­
fection; NPV = nuclear polyhedrosis virus; p.i. = post infection; 
PIB = polyhedral inclusion body; SDS = sodium dodecyl sulfate; 
SE -- standard error 

h ighly  spec i f i c  f o r  ta rget  pes t s  a n d  non-haza rdous  f o r  n o n -

t a r g e t  o r g a n i s m s  a n d  t h e  e n v i r o n m e n t  ( A d a m s  a n d  

McCl in tock ,  1991).  Moreover ,  t hey  h a v e  recen t ly  b e e n  

employed  as  express ion  vec to rs  f o r  m a n y  f o r e i g n  genes  

(Tanada a n d  Kaya ,  1993).  

Since cont inuous insect  cell  l ines we re  f i r s t  established 

b y  Grace  (1962)  f r o m  a lepidopteran insect  Antheraea eu­

calypti, m a n y  insect  cell  l ines have  b e e n  descr ibed a n d  t h e  

n u m b e r  o f  studies o n  the  in vitro replication o f  insect-patho­

genic  viruses  have dramatical ly increased (Granados  a n d  

Federici,  1986; Tanada a n d  Kaya ,  1993). 

T h e  c a b b a g e  a r m y w o r m  Mamestra brassicae i s  

a c o m m o n  pes t  o f  cole  crops,  a n d  it  at tacks a l so  rice,  pear ,  

onion a n d  tomato.  M b N P V  h a s  b e e n  repor ted  t o  b e  o n e  o f  

t he  key  fac tors  suppressing the  popula t ion  o f  this  insect  in  

t he  f i e ld  (Vlak a n d  Groner,  1980). Recently,  in vivo s tudies 

o n  the  hos t  range,  pathogenici ty a n d  b iochemica l  charac­

teristics o f  M b N P V  have  been  extensively conduc ted  (Vlak  
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and Gróner, 1980; Brown  et al., 1981; Wicgers  and Vlak,  
1984). To our knowledge,  however, there have been only 
a f e w  reports dealing with th c in vitro replication o f  MbNPV 
(Miltenburger and David, 1976; Evancc et al., 1981). 

In the present paper, the establishment o f  a cell line from 
neonate larvae o f  M. brassicae and the successful  replica­

t ion o f  M b N P V  in this  newly established cell l ine are  de­

scribed.  

Materia ls  a n d  M e t h o d s  

Insect and cell lines. A laboratory-maintained culture of M. 
brassicae was kindly provided by Dr. C. Goto, National Agricul­
ture Rcscarch Center, Tsukuba, Japan. The larvae were reared on 
artificial diet (Okada, 1990; H. Hayashi, personal communica­
tion) at 27 'C under a photopcriod of I6L-8D. The origin and 
source of 16 insect cell lines used arc listed in Table 1. The cells 
were grown in the IPL-41 medium (Dougherty et al., 1981) sup­
plemented with 10% heat-inactivated (60 'C, 30 mins) foetal bo­
vine scrum (FBS) (Whittakcr M.A. Products, Inc., Maryland) at 
27 'C, and subculturcd at 4- to 5-day intervals. 

Establishment of.MbL-3 cell tine. A method developed by Hara 
et al. (1993) was employed to establish the new cell line. Eggs of 
M. brassicae were surface-sterilized with 70% cthanol for 30 sees 
and with 0.1% HgClj for 10 mins, and then rinsed three times with 
sterile distilled water. Hatched neonate larvae were minced with 
scissors, and the fragments were transferred to 25 cm2 tissue cul­
ture flask (Falcon, 3813) and incubated at 27 "C in IPL-41 me­
dium containing 10% heat-inactivated FBS. 

Cell growth kinetics. Cells were seeded at a density o f  
2.0 x lOVml in 25 cm2 flasks and incubated at 27 "C. Cell counts 
were made every 24 hrs for 10 days. 

Karyotype analysis was conducted as described previously by 
Hara et al. (1993). 

Virus and in vitro inoculation. The Akutsu isolate of MbNPV 
was provided as infected dead larvae by Dr. M. Okada, Chugoku 
National Agricultural Experiment Station, Fukuyama, Japan. The 
dead larvae were homogenized in I mol/1 NaCI and the resulting 
suspension was filtrated through several layers ofchccsccloth. PIBs 
were washed in 1 mol/1 NaCI and ccntrifuged at 3,000 rpm for 
10 mins at 4 'C. 

Third- to fourth-instar M. brassicae larvae were fed on artifi­
cial diet surface-contaminated with 4.0 x 106 PIBs/larva. Five days 
after inoculation, hacmolymph from several living larvae was 
pooled and ccntrifuged at 8,000 rpm for 10 mins. The supernatant, 
containing extracellular virus "infected hacmolymph" was stored 
at -80 'C  until use. For virus inoculation in vitro, 0.1 ml of the 
infected hacmolymph diluted 1:100 in IPL-41 medium was incu­
bated with 0.4 ml of cells in exponential phase in a multiwcll tis­
sue culture plate (Falcon, 3047) at 27 "C with a cell density of 
6 x 1 OVml. Glu ta th ione  (0 .6  mg/ml) ,  f o r  prevention o f  
mclanization, and antibiotics (pcnicillin 100 U/ml, streptomycin 
100 ng/ml) were added. Wells were examined daily for 10 days 
for the presence of PIBs by phase-contrast microscopy. Infection 
rate was calculated 5 days p.i. in 1,000 cells on the basis of the 
polyhedral formation. 

Kinetics of virus growth. 0.4 ml of the cells in exponential phase 
were seeded per well in a multiwell tissue culture plate (Falcon, 
3047) at a density of 6.0 x 105 cells/ml in IPL-41 medium sup­
plemented with 10% heat-inactivated FBS, antibiotics and 
glutathione. The Akutsu isolate of MbNPV was inoculated to cells 
at a multiplicity of infection (MOI) of 0.05 TCID5(/cell. Virus ad­
sorption was allowed to proceed by centrifugation at 1,600 rpm for 
1 hr at 27 'C. Subsequently, cells were washed once with IPL-41 
medium and resuspended in fresh medium (0.5 ml/well). At vari­
ous intervals, a portion of the culture (plate) was removed and 
ccntrifuged at 3,000 rpm for 10 mins. The supernatant was stored 
at -80 ' C  until virus titration. The virus titer was determined by 
the technique described by Hara et al. (1994). TCID50 values were 
calculated in a standard way. 

For quantification ofPIBs, infected cell cultures were harvested 
at various intervals, and centrifuged at 3,000 rpm for 10 mins. 
The pellet was suspended in IPL-41 medium containing 1% SDS. 
The mixture was then incubated at 27 'C  for 30 mins, followed 
by three independent PIB counts in a haemocytometer. 

M 

Fig. 1 
ľhase-contrast microphotographs of MbL-3 cells newly established 
from neonate larvae of the cabbage armyworm  Mamestra brassicae 
(A) Normal cells (bar = 50 pm). (B) and (C) Cells 5 days p.i. with the 

Akutsu isolate o f  MbNPV (bar = 50 pm). 
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R e s u l t s  

Establishment of the MbL-3 cell line 

Eight  p r i m a r y  cultures w e r e  initially prepared f r o m  
minced neonate larvae o f  M. brassicae. A b o u t  7 days  after  
seeding the culture, spherical cells were  released f rom lar­

val t issue f r agmen t s ,  fo l lowed b y  a s low increase i n  t he  

n u m b e r  o f  cells.  Two mon ths  later, cont inuous cell  growth  

was  observed  in  on ly  o n e  culture,  whi le  o ther  cultures dete­

r iorated a t  this  t ime .  A b o u t  100 days  later, the  f lask  bo t tom 

w a s  ful ly  covered wi th  adherent  cells. A t  the  f i r s t  passage,  

cells we re  harves ted  b y  u s e  o f  cell  scraper  a n d  t ransferred 

into a n e w  f l ask  containing f r e sh  m e d i u m .  Cells  were  then 

subcultured a t  7 -  t o  10-day intervals. Approximately  2 0 0  

days later, f ibroblast- l ike cells (Fig. 1A) b e c a m e  predomi­

n a n t  and, thereafter ,  t h e  passage  o f  cells  was  pe r fo rmed  a t  

4 -  t o  5 -  day  intervals.  Th i s  established cel l  l ine w a s  desig­

nated M b L - 3 .  

Characterization of the MbL-3 cell line 

T h e  p o p u l a t i o n  o f  t h e  M b l - 3  ce l l s  w a s  f o u n d  t o  b e  

heteroploid a n d  polyploid.  Triploid cells accounted f o r  ap­

proximately 5 0 %  o f  t h e  popula t ion  (Fig. 2). T h e  growth  

curve  o f  t h e  M b L - 3  cells is  shown in  Fig.  3 .  A lag phase  o f  

2 .5  days  w a s  fol lowed b y  a n  exponential  growth  phase.  T h e  

stationary p h a s e  w a s  initiated o n  the  day 7 .  T h e  populat ion 

doubling t i m e  o f  t he  M b L - 3  cells  w a s  33.6  ± 7.8 hrs. T h e  

cell density reached a m a x i m u m  o f  2 .2  x 1 0 6 ±  0 .2  cells/ml 

o n  the  day  8. 

Susceptibility of 16 lepidopteran cell lines to MbNPV 

T a b l e  1 s h o w s  t h e  r e s u l t s  o f  e x p e r i m e n t s  w i t h  16 

lepidopteran  ce l l  l ines,  inc lud ing  t h e  n e w l y  es tab l i shed  

M b L - 3  ce l l  l ine,  inocu la ted  w i t h  t h e  A k u t s u  i so la te  o f  

M b N P V  O f  these, only  the  M b L - 3  cell  l ine w a s  highly sus­

ceptible t o  this v i rus  (Fig. IB ,  1C) w i th  cell  infect ion rate 

o f  23 .4  ± 1.7%. Two homologous  cell  lines, N I A S - M B - 2 5  

and  NIAS-MB-32 ,  a n d  the  Pseudaletia separata cell l ine 

NIAS-LeSe-11  showed a lower susceptibil i ty t o  t h e  Akutsu  

isolate; t he  infect ion ra te  in  these  cel l  l ines w a s  be low 10%. 

I n  two  other  Mamestra cell  l ines, SE-MaBr-1  a n d  N I A S -

MaBr-92 ,  only a f e w  cells f o r m e d  PIBs ,  showing  v e r y  low 

s u s c e p t i b i l i t y  t o  t h e  v i r u s .  O t h e r  c e l l  l i n e s  o f  f i v e  

lepidopteran species we re  n o t  susceptible a t  all. 

Growth kinetics of MbPNV in MbL-3 cells 

T h e  resul t  o f  a g rowth  kinetics s tudy o f  t h e  A k u t s u  iso­

l a t e  i n  t h e  M b L - 3  c e l l  l i n e  i s  s h o w n  i n  F i g .  4 .  T h e  

extracellular v i rus  began  t o  increase slowly 4 8  h r s  p.i . ,  f o l ­

lowed by  a logari thmic growth  phase.  A t  9 6  hrs  p.i . ,  t h e  

ti ter reached a m a x i m u m  o f  103 9 TCID J 0 /ml.  T h e  n u m b e r  

o f  P IBs  began  t o  increase rapidly a t  2 4  hrs  p.i. Th i s  w a s  

f o l l o w e d  b y  a s t a t i o n a r y  p h a s e  a n d  a m a x i m u m  

(107-5 PIBs/ml)  w a s  reached 120 h r s  p.i. 

n R n r_3Ln_1|>10n 
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Fig.  2 

His togram of t h e  n u m b e r  of chromosomes of t h e  Mamestra 

brassicae cell line M b L - 3  a t  t he  passage 3 9  

3 4 5 6 7 

DAYS IN CULTURE 

10 1 1 

Fig. 3 

Growth curve of t h e  Mamestra brassicae cell line M b L - 3  a t  t h e  

passage 46 

Vertical lines represent SE. 
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Tabic 1. Susceptibility of insect cell lines to the Akutsu isolate of Mamestra brussicae NPV 

Insect species Cell line Primary explant Source Susceptibility to MbNPV r  

Mamestra brassicae MbL-3 Neonate larvae This study ++~ 

SES-MaBr-1 Fat body J.Mitsuhashi",1991 + 

NIAS-MB-25 Pupal ovary J.Mitsuhashi,1991 ++ 

NIAS-MB-32 Pupal ovary J.Mitsuhashi,1983 ++ 

NIAS-MaBr-92 Hemocyte J.Mitsuhashi,1991 + 

Pseudaletia separata NIAS-LeSE-11 Fat body J.Mitsuhashi,1991 ++ 

Spodoptera exigua Se3FH Neonate larvae K.Harab,1993 -

Sc4FH Neonate larvae K.Hara,1993 -

Se5FH Neonate larvae K.Hara,1993 -

Sc6FHA Neonate larvae K.Hara,1993 -

Se6FHB Neonate larvae K.Hara,1993 -

Spodoptera Jrugiperda SF9 Pupal ovary T.Hara', 1991 -

SF2IAEII Pupal ovary J.Vaughnd, 1979 -

Spodoptera littoralis CLS79 Pupal ovary J.Vaughn, 1979 -

Spodoptera litura TUAT-SpLi-221 Pupal ovary J.Mitsuhashi,1990 -

Plutella xylostella PXL/C Neonate larvae T,Satoc, 1990 -

•Faculty of Agriculture, Tokyo University of Agriculture and Technology, Tokyo, Japan. 

'Institute of Biological Control, Kyushu University, Fukuoka, Japan. 

'Institute o f  Genetic Resources, Kyushu University, Fukuoka, Japan. 

•'Department of Agriculture, Bcltsville, Maryland, USA. 

"National Institute of Scricultural and Entomological Science, Ibaraki, Japan. 

'Infection rate: more than 20% (+++), less than 10% (++), less than 1% (+); PIBs not formed ( - ) .  

virus.  A s  yet, however, there  have  been  n o  reports  about  t he  

e x i s t e n c e  o f  ce l l  l i ne s  h i g h l y  s u s c e p t i b l e  t o  M b N P V  

( M i l t e n b u r g e r  a n d  D a v i d ,  1 9 7 6 ;  M i t s u h a s h i ,  1 9 7 7 ;  

Mi t suhash i  a n d  Shozawa,  1985;  I n o u e  a n d  Mi t suhash i ,  

1985). In the  present  study, a M b N P V  isolate showed low 

infectivity fo r  t he  f o u r  exis t ing  Mamestra cell  lines, includ­

ing NIAS-MB-25  and  N I A S - M B - 3 2  cells, and  a P. separata 

cell line, b u t  high infectivity f o r  o u r  newly  established cell  

line MbL-3.  O u r  results differ  f r o m  those previously reported 

by M itsuhashi (1977)  w h o  c la imed that  t he  cell  l ines N I A S -

M B - 2 5  and N I A S - M B - 3 2  were  not  permiss ive  fo r  MbNPV. 

Such disagreement  m a y  b e  caused by  d i f ferences  in the  v i ­

rus strains used and/or  b y  changes  in  v i rus  susceptibility o f  

the  cell lines dur ing  subcultivation. 

T h e  previously established  M. brassicae cell l ines were  

mainly derived f r o m  selected t issues such  a s  ovaries, f a t  

bodies  a n d  hacmocytcs  (Mi l tenburger  a n d  David,  1976; 

Mitsuhashi ,  1977; Mitsuhashi  a n d  Shozawa,  1985; Inoue  

and  Mitsuhashi,  1985). Recently, Hara  et al. (1993)  have 

successful ly  obtained  Spodoptera exigua ce l l  l ines  f r o m  

minced neonate  larvae, highly susceptible t o S .  ex/gt/aNPV. 

In this study, w e  also used minced  neonate  larvae a s  the  

source  o f  p r imary  cul tures o f  M. brassicae cells, s ince it is 

very likely that  the  u se  o f  highly heterogeneous t issue mix­

tures may lead t o  a higher  chance  o f  establishing NPV-sus-

ccptible cell lines. In fact ,  this me thod  successful ly  gener­

ated such a cell l ine in t he  present  study, a l though the  ori­

gin o f  these  cells is uncertain.  Earlier, Mitsuhashi  (1977)  

2 4  4 8  7 2  9 6  1 2 0  

H O U R S  P O S T  I N F E C T I O N  

Fig. 4 
Replication of (lie Akutsu Isolate of Mamestra brussicae NPV in the 

MbL-3 cell line 
Cells were infectcd at a MOI of 0.05 TCID /cell. The extracellular 

virus ( • )  was monitored by TCID J0  assay, and the total number of PIBs 

( •  ) was assayed after SDS treatment of the cells. 

Discussion 

Cell  l ines wi th  high susceptibility t o  M b N P V  are  essen­

tial fo r  biological a n d  biochemical  characterization o f  this 
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reported that the  t w o  previous ly  established  M. brassicae 
cell  l ines (NIAS-MB-25 and -32) consisted mainly o f  dip­

lo id  cel ls  b u t  tr iploid,  te t raploid  a n d  h igh ly  po lyp lo id  cel ls  

a l so  coexis ted .  I n  o u r  n e w  M. brassicae cell  l ine  M b L - 3 ,  

t h e  r a t e  o f  he te rop lo id  cel ls  w a s  above  9 0 %  a s  ear ly  a s  8 

m o n t h s  a f t e r  ini t iat ion o f  t h e  ce l l  cul ture ;  t r iploid ce l ls  w e r e  

p redominan t  a n d  m o r e  highly polyploid  cells w e r e  a lso  c o m ­

m o n l y  present .  T h i s  resu l t  sugges t s  tha t  t h e  he teroplo idy  

a n d  po lyp lo idy  ocu r r ed  a t  t h e  early s t age  o f  es tab l i shment  

o f  th i s  ce l l  l ine.  T h e  g r o w t h  c u r v e  o f  M b L - 3  cel ls  w a s  s imi­

lar  t o  tha t  o f  N I A S - M B - 3 2  repor ted  b y  Mi t suhash i  (1977) ;  

however,  t h e  ce l l  popu la t ion  doub l ing  t i m e  ( 3 4  h rs )  w a s  f a r  

shor ter  t h a n  tha t  ( 4 8  h rs )  o f  N I A S - M B - 3 2  cel ls .  

O n e  o f  t h e  m o s t  s t r iking aspec ts  o f  o u r  resul ts  is t h a t  t h e  

M b L - 3  cel ls  a r e  h igh ly  suscept ib le  t o  N P V s  f r o m  t h e  h o ­

m o l o g o u s  insec t  species ,  w h e n  c o m p a r e d  t o  t he  exis t ing 

lep idopteran  ce l l  l ines  inc lud ing  M brassicae cells .  T h i s  i s  

t h e  f i r s t  r e p o r t  o n  t h e  g r o w t h  kinet ics  o f  t h e  M b N P V  i n  

cel ls  f r o m  t h e  h o m o l o g o u s  hos t .  T h e  repl ica t ion o f  M b N P V  

i n  t he  M b l - 3  ce l l  l ine  s h o w e d  th ree  phases :  a latent  phase ,  

a n  exponent ia l  p h a s e ,  a n d  a s ta t ionary  p h a s e  similarly t o  

o the r  N P V s  ( H a r a  et al., 1994). 

I n  c o n t r a s t  t o  t h e  o t h e r  c a s e s ,  howeve r ,  t h e  l eve l  o f  

extracel lular  v i ru s  w a s  relatively low, a l though  the  d e g r e e  

o f  P I B  p roduc t ion  w a s  v e r y  h igh .  A s imi la r  resul t  w a s  o b ­

ta ined  in t h e  in vivo exper iments :  t h e  extracellular  v i rus  t i ter  

i n  infect ious  larval h a e m o l y m p h  w a s  substantially low whi l e  

n u m e r o u s  P I B s  w e r e  p r o d u c e d  i n  t h e  s a m e  in fec ted  larvae  

(unpubl i shed  resul ts) .  T h u s ,  t he  A k u t s u  isolate  o f  M b N P V  

is a u n i q u e  i n  t h a t  t h e  m a j o r  po r t i on  o f  v i ru s  popula t ion  

p r o d u c e d  is o c c l u d e d  o n  P IBs ,  w h i l e  t h e  m i n o r  po r t ion  r e p ­

resents  t h e  extracel lular  v i rus .  

C l o n i n g  o f  t h e  M. brassicae ce l l  l ines h igh ly  suscept ible  

t o  M b N P V  a s  wel l  a s  t h e  c lon ing  o f  h ighly  pa thogen ic  v i ­

r u s  strains m a y  lead  t o  t h e  be t te r  unders tand ing  o f  biologi­

ca l  p roper t ies  o f  M b N P V  in vitro. 
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