
SELECTION OF ACTIVE STRAINS OF THE GYPSY MOTH 
NUCLEARPOLYHEDROSIS VIRUS 

M. Shapiro and E. Dougherty 

Shapiro-Agricul tural  Research Service-U.S. 
Department of Agr i cu l t u r e ,  O t i s  Methods 
Development Center ,  O t i s ,  ANGB, MA 02542 

Dougherty-Agricultural Research Service-U.S. 
Department of Agr i cu l t u r e ,  I n sec t  Pathology 
Laboratory,  Bldg. O l l A ,  BARC-West, B e l t s v i l l e ,  MD 
20705 

The gypsy moth Lymantria d i s p a r  ( 1  innaeus) 
has  grown i n  economic importance a s  an i n s e c t  
pe s t  over t h e  pa s t  75 yea r s .  From a  l oca l i z ed  
i n f e s t a t i o n  of a  small  geographica l  a r e a  of New 
England, t h e  gypsy moth has  spread t o  such an 
e x t en t  t h a t  i s  now found over  much of  t h e  United 
S t a t e s .  Cont ro l  measures a r e  va r i ed ,  but  
e f f e c t i v e  b i o l o g i c a l  c o n t r o l  i s  needed t o  c o n t r o l  
pe s t  popula t ions ,  e s p e c i a l l y  i n  such s e n s i t i v e  
a r e a s  a s  parks ,  r e s i d e n t i a l  a r e a s ,  and municipal  
watersheds.  

A nuclear  po lyhedros i s  v i r u s  (NPV) of  t h e  
gypsy moth has  been r e g i s t e r e d  f o r  c o n t r o l  
purposes; however, e f f i c a c y  i s  v a r i a b l e  and 
bo rde r l i ne  i n  c o n t r o l  s i t u a t i o n s .  Natural  
e p i z o o t i c s  of  t he  v i r u s  a r e  extremely e f f e c t i v e  
i n  de s t roy ing  n a t u r a l  popula t ions .  The d i s p a r i t y  
i n  e f f i c a c y  between n a t u r a l  v i r u s  outbreaks and 
a r t i f i c i a l  a p p l i c a t i o n  of  l abo ra to ry  produced 
gypsy moth v i r u s  p r e sen t s  an obvious research  
problem f o r  t h e  s e l e c t i o n  of  a  more ' po t en t '  
s t r a i n  of t h e  v i r u s .  The approaches t h a t  we have 
taken  involve:  (1)  i n  v i t r o  s t r a i n  s e l e c t i o n ;  
(2)  eva lua t i on  of n a t u r a l l y  occur r ing  
geographica l  i s o l a t e s ;  ( 3 )  i n  v ivo  passage 
through k. d i s p a r ;  and (4)  i n  v i t r o  and i n  v ivo  
mutagenesis. 

I n  v i t r o  s t r a i n  s e l e c t i o n  

C e l l  l i n e s  of  ovar ian  o r i g i n  were obtained 
by D r .  R.  H. Goodwin of  t h e  In sec t  Pathology 
Laboratory (BARc-USDA). Using t h e  IPLB-652Y c e l l  
l i n e ,  a  plaque assay  was developed ( ~ i g .  11, 
which not  only al lows f o r  q u a n t i f i c a t i o n  of 
non-occuled v i r u s  bu t  a l s o  a l lows  f o r  s tudying  
t h e  r e p l i c a t i o n  and g e n e t i c s  of LdMNPV. Using 
t h e  plaque a s say ,  13  plaque i s o l a t e s  were made 
and t h e i r  v i ru l ence  compared t o  t h e  LDP-67 s t r a i n  
(U.S. Fores t  Serv ice ,  Hamden, CT)  able 1) .  No 
one i s o l a t e  was more v i r u l e n t  than t h e  s tandard  
(LDP-67); however, a  few i s o l a t e s  ( 5 - 7 ~ , 1 4 - 4 ~ )  
were c l o s e  i n  a c t i v i t y .  There was a  wide range 
i n  a c t i v i t y  wi th  t h r e e  samples g iv ing  no a c t i v i t y  
g r e a t e r  than  4250 t imes  an LD50 f o r  t h e  
LDP-67 i s o l a t e .  

I s o l a t i o n  of DNA from t h e  plaque i s o l a t e s  
l i s t e d  i n  Table 1  and d i g e s t i o n  wi th  r e s t r i c t i o n  
endonucleases (REN) showed t h a t  t h e  twelve 
i s o l a t e s  could be s epa ra t ed  i n t o  a  l e a s t  f i v e  
groups based upon t h e  p r o f i l e  of  REN d i g e s t s .  
Di f fe rences  i n  t h e  d i g e s t i o n  p r o f i l e s  can be 
observed i n  F igure  2 ,  which shows an EcoRI d i g e s t  

of t h e  plaque i s o l a t e s .  Although many bands a r e  
common t o  t h e  plaque i s o l a t e s ,  obvious 
d i f f e r ences  do e x i s t .  A summation of 
d i f f e r e n c e s  found among t h e  twelve i s o l a t e s  
using the  r e s t r i c t i o n  enzymes SAL I ,  BGL 11, BAM 
H I ,  HInD 111, and EcoRI a r e  presented i n  Table 
2. U t i l i z a t i o n  of t he  f i v e  enzymes t e s t s  
produced f i v e  d i f f e r e n t  groupings of i s o l a t e s  
with common REN p a t t e r n s .  Use of add i t i ona l  
r e s t r i c t i o n  enzymes could p o t e n t i a l l y  show 
f u r t h e r  d i s s i m i l a r i t i e s  . 

5 
IPLB-652 c e l l s  I n i t i a l  Densi ty 10 / c e l l s / cm  

2  

4 
2 h r  at tachment  remove medium 

t 
Vi rus  D i l u t i o n s  made in KC52B medium 

0.8 m1/25cm2 f l a s k  

1 h r  incuba t ion  - g e n t l e  rocking 
t 

Remove v i r u s  innoculum + 
Add 3.0 ml KC52B medium conta in ing  0.5% agarose  

4 
Incubate  7  days @ 28°C 

t 
S t a i n  c e l l  shee t  with 0.01% n e u t r a l  r ed  

4 
Count p laques  under an  i n d i r e c t  l i g h t  

F igure  1.--A plaque assay  f o r  Lymantria d i s p a r  
MNPV us ing  t h e  IPLB-652 c e l l  l i n e .  

Thus, comparison of t he  f i v e  groupings of 
plaque i s o l a t e s  having common p a t t e r n s  (Table 2)  
and v i ru l ence   able 1 )  show t h a t  genotypic - - 

v a r i a n t s  of k. d i s p a r  NPV d i s p l a y  
d i f f e r e n t i a l  v i ru l ence .  These s t u d i e s  have 
shown t h a t  t h e r e  i s  a  d i v e r s i t y  of genomic 
m a t e r i a l  w i th in  i s o l a t e  LDP-67. 

Natural ly-occurr ing geographical  NPV i s o l a t e s  

Di f fe rence& i n  b i o l o g i c a l  a c t i v i t y  can be 
de t ec t ed  among geographical  i s o l a t e s  of t he  same 
NPV spec i e s  ( ~ s s o w s k i  1960, Smirnoff 1961, 
Chauthani e t  a l .  1968, Shapiro and Ignof fo  
1970), inc lud ing  t he  gypsy moth NPV ( ~ a g n o l e r  
1970, Roll inson and Lewis 1973, V a s i l j e v i c  and 
I n j a c  1973). Our ob j ec t i ve  was t o  i d e n t i f y  t he  
most a c t i v e  i s o l a t e s  by comparing NPV i s o l a t e s  
from North America, Europe, and Asia ( ~ h a p i r o  e t  
a l .  1984). Eighteen i s o l a t e s  of k. d i s p a r  NPV 
were harves ted  from both l abo ra to ry  and 
f i e l d - co l l e c t ed  l a rvae ,  and were compared t o  a  
Connecticut s tandard (LDP-67) i s  standard- 
ized  bio-assays (Shapiro and Bel l  1981). 
LD50s va r i ed  from 1 . 7 ~ 1 0 3  polyhedral  
i nc lu s ion  bodies ( P I B ) ~ ~  (=0.34x100 P I B / ~ ~ ~  
of d i e t  su r f ace )  t o  5000x10~ PIB/ml (=1x103 
PIB/-~) ,  a  d i f f e r e n c e  of about 2940-fold 
 able 3) .  The most a c t i v e  NPV i s o l a t e s  
gene ra l l y  o r i g ina t ed  from North America, t h e  
l e a s t  a c t i v e  i s o l a t e  o r i g ina t ed  from Asia 
( ~ a p a n )  . I n  t h e  h ighes t  a c t i v i t y  group, one 



Table I .  Bioassay of k. dispar Multiple Embedded Nuclear Polyhedrosis Virus 

Plaque Isolates  

Plaque 
LD50 

Relative Plaque LD50 
Relative 

4 
Isolate  (PIB/rnl X lo4) Efficiency I so la te  ( p I ~ / m l  X 10 ) Efficiency 

(Percent) (Percent) 



Figure 2 
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Table 2, LdMNPV Plaque Isolates: Summary of Grouping of Isolates According to 

REN Profiles 

Sal I Bgl I1 Barn HI Hind I11 Eco RI 

LDP-67 (WT) X Y 2 A A 

1D 5-7d X Y 2 B A 

1F 7-109 X Y Z A A 

If! 8- 12 X Y Z A B 

lh 9- 12 X Y Z - B 

1 j 11-13~ x Y 

lk 12-4b X Y 

11 13-7a X Y 

1N 14-4c X Y 

lo 15-1Oc X Y 

1 P 16-13b X Y 

lq 6-9a X Y 

li 10-13a X Y 

Plaque Isolates with Common REN Patterns 

aa ab ba 

LDP-67 h3 1 d 

If 1 .I lk 

12 11 

1 n 



Table 3.--Comparatige b i o l o g i c a l  a c t i v i t i e s  of 
L. d i s p a r  NPV i s o l a t e s  - -  

NPV ISOLATE LC5o (95% CL) 

TESTED P I B / ~ ~  x 10 
3 

QUEBEC 1 1.7(1.1-2.6) 
ABINGTON, MASS. l .e( l .0-3.3)  
QUEBEC 2 2.4(0.8-6.4) 

DIGHTON, MASS. 3.0(2.4-5.8) 
BALD EAGLE, PA. 3.7(2.9-4.7) 

LDP-67 (CT STD) 
4.8(4.0-5.8) 

HOUGHTON POND, MASS. 5.0(3.3-7.6) 
NEW HAMPSHIRE 6.8(5.3-8.8) 

MIDDLEPORT. PA. 8.0(6.3-10.6) 

ROMANIA 13.1(10.6-16.2) 

SANDWICH, MASS. 21.0(14.9-29.6) 
BRIDGEWATER, MASS. 21.4(13.4-33.7) 
ORANGE, MASS. 27.3(17.3-43.5) 
SERBIA-YUGOSLAVIA 28.8(23.3-35.6) 

USSR 31.3(26.6-36.9) 

SLOVANIA-YUGOSLAVIA 5jL1J22.3-133. 8 )  

DALMATIA-YUGOSLAVIA 59.3(48.7-72.2) 

SPAIN 78.8 

JAPAN 
Grea te r  than  5000 

(From Shapiro e t  a l .  1984). 

i s o l a t e  came from t h e  United S t a t e s  (Abington, 
MA) , and two came from Canada ( Quebec 1 and 2).  
I n  t he  next  a c t i v i t y  l e v e l ,  one i s o l a t e  came from 
Dighton, MA and one came from Bald Eagle,  PA. 
Since t h e s e  f i v e  i s o l a t e s  were s i g n i f i c a n t l y  more 
a c t i v e  than t h e  CT s tandard ,  they might be 
p o t e n t i a l  candida tes  f o r  use  a s  microbia l  con t ro l  
agents .  The European i s o l a t e s  were i n  t h e  s i x t h  
t o  e leventh  a c t i v i t y  l e v e l s .  A t  a  concent ra t ion  
of  5000x10~ PIB/ml, t h e  Japanese NPV caused 
only  16% l a r v a l  m o r t a l i t y ,  whereas lower 
concent ra t  ions  were not  l e t h a l  ( shap i ro  e t  a l .  
1984). 

Virus was p u r i f i e d  from pooled cadavers  from 
the se  experiments and t h e  respec tove  v i r a l  
genomes were p u r i f i e d  and d ige s t ed  with a  v a r i e t y  
of  r e s t r i c t i o n  enzymes. As i n  t he  previous 
i n s t a nce ,  t h e r e  i s  a v a r i a t i o n  i n  bands of  
~ e s t r i c t i o n  fragments among t he  va r i ous  
geographical  i s o l a t e s ,  showing a g r ea t  
he t e rogene i t y  both i n t r a - s t r a i n  and i n t e r - s t r a i n  
among 4. d i s p a r  NPVs. Using a n ick  t r a n s l a t e d  
$robe of  t he  genome of  LDP-67 t o  hyb r id i ze  
a ga in s t  a  Southern b l o t  of F igure  3,  it was found 
Chat t h e  g r e a t e s t  homology between LDP-67 and 
fo r e ign  i s o l a t e s  occurred among North American 

i s o l a t e s ,  in te rmedia te  homology occurred with 
European i s o l a t e s ,  and no homology occurred with 
t h e  Asian i s o l a t e .  Thus, r e p o r t s  s t a t i n g  the  
gypsy moth i s  an evolving spec ies  whose North 
American members now have d i f f e r e n t  physiology, 
behavior ,  e t c .  could a l s o  p e r t a i n  t o  t he  gypsy 
moth NPVs. 

I n  v ivo  passage through Lymantria d i s p a r  

Eight v i r u s  i s o l a t e s  (USA-LDP-67; ROMANIA, 
SPAIN, USSR, YUGOSLAVIA-DALMATIA, SERBIA, 
SLOVENIA) were s e l ec t ed  s e r i a l  passage through 
second-stage k. d i s p a r  la rvae .  While t he  
a c t i v i t y  of t h e  American i s o l a t e  d id  not  change 
dur ing  t he  four  passages,  a c t i v i t i e s  of a l l  
o t he r  i s o l a t e s  increased  s i g n i f i c a n t l y  dur ing  
t h e  second passage (Table 4 )  . Moreover, t he  
a c t i v i t y  of t h e  Japanese i s o l a t e  increased ca .  
1000-fold during t he  passages. I n  genera l ,  
a c t i v i t i e s  became s t a b i l i z e d  from the  second t o  
t h e  four th  passage and were q u i t e  s i m i l a r  t o  
t h a t  o f  LDP-67. The experiment was terminated 
a f t e r  the  four th  passage,  s i nce  i t  was assumed, 
based upon the  behavior  o f  LDP-67, t h a t  f u r t h e r  
i nc r ea se  i n  a c t i v i t y  would be minimal. While 
s e r i a l  passage r e s u l t e d  i n  g r e a t e r  a c t i v i t y  ( s ee  
a l s o  Veber 1972, Shapiro and Ignof fo  1970), 
t he se  i s o l a t e s  were s t i l l  s i g n i f i c a n t l y  l e s s  
(P<.05) than t h e  most a c t i v e  North American 
i s o l a t e s  (Quebec 1, Quebec 2 ,  and Abington, MA) 
(Shapiro e t  a1 . 1984). 

Since t he  NPV i s o l a t e  from Abington, MA had 
g r e a t e r  b i o l o g i c a l  a c t i v i t y  (P< .05) than the  
LDP-67 s tandard ,  a  concentrated e f f o r t  was made 
t o  c h a r a c t e r i z e  t h i s  i s o l a t e ,  i n  terms of 
a c t i v i t y .  The Abington i s o l a t e  was s e r i a l l y  
passed,  along with t h e  LDP-67 i s o l a t e ,  a t  
LD50 va lues .  As was seen prev ious ly ,  s e r i a l  
passage of  LDP-67 d id  not r e s u l t  i n  any change 
i n  a c t i v i t y ,  which ind ica ted  the  s t a b i l i t y  of 
t h e  i s o l a t e .  Su rp r i s i ng ly ,  t he  a c t i v i t y  of AB 
decreased dur ing  e a r l y  passage through 
second-stage L. d i s p a  l a rvae ,  but  t he  NPV was 
s t i l l  more a c t i v x n  t h e  LDP-67 standard (F ig .  
4) .  During subsequent passage of AB, however, 
a c t i v i t y  increased t o  the  o r i g i n a l  va lue ,  and 
remained s t a b l e  during t he  l a s t  t h r ee  passages.  
A sample of AB was then forwarded t o  t h e  U.S. 
Fores t  Serv ice  Laboratory,  Hamden, CT f o r  
t e s t i n g .  The high a c t i v i t y  of t h i s  i s o l a t e  was 
confirmed (w. Roll inson,  personal  
communication) and l a r g e  amounts of t h i s  i s o l a t e  
w i l l  be produced fo r  subsequent f i e l d - t e s t i n g .  

Mutanenesis 

I n  add i t  ion  t o  i den t i f y ing  and monitoring 
n a t u r a l  gene t i c  v a r i a t i o n ,  a r t i f i c i a l l y  induced 
gene t i c  v a r i a t i o n  i s  a l s o  being i nves t i ga t ed .  
Over t e n  years  ago, Reiche lder fe r  and Benton 
(1973) repor ted  t h a t  four  t reatments  of an NPV 
 podop opt era f r ug ipe rda )  with 
3anethylcholanthrene r e s u l t e d  i n  a  nine-fold 
i nc r ea se  i n  v i ru l ence .  A s i g n i f i c a n t  decrease  
i n  t h e  Lt50 was observed dur ing  b ioassays  
comparing t r e a t e d  and un t r ea t ed  v i r u s .  
Moreover, s i m i l a r  r e s u l t s  were observed with 
1,2,3,4-dibenzanthracene, 5-bromodeoxyuridine, 
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Table 4 .- BIOLOGICAL ACTIVITIES OF NPV ISOLATES SERIALLY PASSED 

THROUGH C. dispar LARVAE 

N W  ISOLATES 3 LC~~(~~ZCL)(PIB/~~ x 10 ) 

TESTED AT PASSAGE 
1 4 

LDP-67 (STD) 6.26(3.98-9.58) 6.06(4.61-7/97) 

SPAIN 94.6(41.2-200) 5.60(3.36-9.16) 

ROMANIA 14.1(9.05-21.7) 5.82(2.42-13.2) 

SLOVANIA- W G O  57.6(25.9-120) 8.00(6.09-10.5) 

USSR 29.8(18.8-44.8) 5.87(4.47-7.67) 

JAPAN 500W 9.53(5.98-15.4) 

(From Shapiro et al. 1984). 

Fig. 4 SERIAL PASSAGE OF ABINGTON, MA NPV ISOLATE 

LDP-67 (STD) 

AB 

J 
ORIG 1 2 3 4 5 

PASSAGES 

N.B. ORIGINIIl, AB NW ISOLATE WAS ALSO BlOASSAYED AT EACH 
PASSAGE, AND THE LC VALUES WERE 8.0,8,3, 7.2, 9.6, AND 
9.1 (m V ~ U E  - 3 4  x lo2 PIB/MEE - 



and 5-iododeoxyuridine. In the case of the 
alfalfa looper (Autographa californica) NPV, 
however, no significant effects were noted with 
5-bromodeoxyuridine or 
n-methyl-n'-nitro-n-nitrosoguanidine (~cclintock 
1980) in the cabbage looper, bollworm, tobacco 
budworm, or fall armyworm. A mutant of the 
alfalfa looper NPV (=HOB) was obtained in vitro 
after treatment with 2-aminopurine, which 
possessed increased virulence (Wood et al. 1981). 
In our investigations, in vitro experiments are -- 
now in progress uisng the mutagen 2-aminopurine. 
These experiments, along with co-infection 
studies with homologous and heterologous virions 
and genomes (co-transfection) to generate 
non-genetically engineered recombinant viruses 
should produce genomes having artificially or 
non-naturally occurring genetic variation. In 
addition, in vivo studies are now in progress -- 
using such m~it agens as bromodeoxyuridine, 
bromodeoxycytidine, 2-sminopurine, ethyl methyl 
sulfonate, hydroxylamine, acriflavin, proflavin, 
and hydrogen peroxide, among others. More 
virulent strains are hoped for from these 
studies. 

The empirical search for an array of genes 
which will produce a more virulent strain of 
LdMNPV has been or is now undergoing all 
classical and standard methods used to produce 
virulent strains of virus both in animal virology 
and in insect virology. Failure to produce such 
a strain does not imply that these methods be 
abandoned; however, the use of new strategies 
developed from the Biology revolution of the last 
decade should be considered. If lessons are to 
be learned from other viruses which have been 
manipulated by these methods, then a large amount 
of fundamental work such as described is 
necessary to intelligently modify current 
Lymantria dispa nuclear polyhedrosis viruses. 
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