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Summary. - A temperature-sensitive (ts) mutant of bombyx mori nucleopolyhedrovirus (BmNPV), ts-S 1, 
contains a mutation in a putative RNA polymerase gene, which is involved in late viral gene expression. When 
4th-instar silkworm larvae were infected with 1.0 x 105 TCID50 of ts-S 1 per larva and reared at 33°C, the titre 
of budded virus (BV) and number of occlusion bodies (OBs) in the haemolymph of the infected larvae were 
very low in the early stage but markedly increased in the late stage of infection. In contrast, a rapid increase in 
both BV titre and OB number was detected in the haemolymph of infected larvae reared at 25°C. LD50 values 
of ts-Sl and wild type BmNPV (wtBmNPV) for 4th-instar larvae were 2.41 and 0.96 TCID50 per larva at 25°C, 
and>1.0 x 106and 1.70 TCID;oper larva at 33°C, respectively. These results indicate that the virulence of ts-
Sl for the larvae reared at 33°C was markedly reduced. To examine further the reduction of ts-Sl virulence at 
the non-permissive temperature of 33°C, silkworm larvae were infected with ts-Sl at the multiplicity of 
1.0 x 102 - 1.0 x 106 TCID50per larva, reared for various time at 33°C and then shifted to 25°C. Longer 
rearing periods at 33°C resulted in better survival rates indicating that the reduction of virulence of ts-Sl was 
proportional to cumulative rearing time at 33°C. When large virus inocula were used, a growth alteration of 
larvae was preferentially induced. However, when small virus inocula were used, the appearance of abortive 
infection due to the non-permissive temperature became more evident. 

Key words: bombyx mori nucleopolyhedrovirus; silkworm larvae; temperature-sensitive mutant; viru­
lence; abortive infection 

Introduction 

B m N P y  which belongs to  the family  Baculoviridae, has 
a closed circular double-stranded DNA genome. The entire 
nucleotide sequence of BmNPV DNA has been determined 
(Maeda, 1993), and several genes homologous to those of 

'Corresponding author. 
Abbreviations: AcMNPV = autographa californica nucleopoly-
hedroviurs; BmNPV = bombyx mori nucleopolyhedrovirus; 
BV = budded virus; EGT = ecdysteroidUDP-glucosyltransferase; 
lef = late expression factor; LTS|) = median lethal time; 
OB(s) = occlusion body(ies); p. i. = post infection; ts = temperature-
sensitive; wt = wild type; wtBmNPV = wild type BmNPV 

autographa californica nucleopolyhedrovirus (AcMNPV) 
genes encoding DNA binding protein, p35, plO, cystein 
protease, p39, CG30, late expression factors (lefs), DNA 
helicase and p95 have been investigated in terms of expres­
sion and function (Maeda et ah, 1991; Kamita  etal., 1993; 
Hu  et al, 1994; Okawa et al., 1994; Chaeychomsri et ah, 
1995; Lu and Iatrou, 1996; Gomi  et ah, 1997; Kamita and 
Maeda, 1997; Lu  etal., i 998; Mikhailov etal., 1998). Char­
acterisation o f  B m N P V  genes us ing  vi rus  ts mutan ts  
has  not  been carried out  extensively in comparison to  
AcMNPV. Recently, w e  isolated several ts mutants  o f  
BmNPV by BrdUrd mutagenesis (Shikata et ah, 1998b). 
When the silkworm cell line B m N 4  was infected with the 
well characterised  ts mutant  t s - S l ,  normal  viral  D N A  
synthesis but  defective B V  production and polyhedrin 
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rearing temperature of  33°C for  infected larvae is involved 
in the  abortion of  t s -S l  infection in a t ime-dependent 
manner. Composite but separately recognised physiological 
and pathological responses of the silkworm larvae caused 
by infection with ts-S 1 are discussed in relation to  a variety 
of experimental parameters used in bioassays. 

Fig. 1 
Symptoms in ts-Sl-infected larvae reared at 25°C and 33°C 

Fourth-instar silkworm larvae were infected with 1.0 x 10s TCID5|| of ts-
S l  or wtBmNPV per larva. (A) wtBmNPV-infccted larva reared at 25°C 
at day 5 p.i. (B) wtBmNPV-infccted larva reared at 33°C at day 4 p.i. 
(C) ts-Sl-infected larva reared at 25°C at day 5 p.i. (D) ts-Sl-infected 
larvae reared at 33°C at day 5 p.i. (E) Mock-infcctcd larva reared at 25°C 
at day 5 p.i. (F) Mock-infected larva reared at 33°C at day 5 p.i Bars 
represent 10 mm. 

synthesis were observed. ts-S 1 carries a single nucleotide 

m u t a t i o n  o f  a puta t ive  R N A  po lymerase  gene ,  lef-8 

(Passarelli et al., 1994; Todd et al., 1995). When silkworm 

l a rvae  w e r e  i n f e c t e d  w i t h  t s - S l  a t  t h e  mul t ip l i c i ty  

1.0 x 102 T C I D 5 0 p e r  larva and reared f i r s t  at a non-
permissive temperature for  7 days and then at a permissive 
temperature, most of them aborted the virus infection. This 
result showed that the non-permissive temperature defined 
not only the ts phenotype of ts-S 1 in infection of cultured 
cells but also its virulence for  the silkworm. In this study, 
we examined changes in B V  titre and O B  number in the 
haemolymph of  ts-Sl or wtBmNPV-infected larvae reared 
at the permissive temperature of 25°C or non-permissive 
temperature o f  33°C. We also examined the effects of various 
virus doses injected into silkworm larvae and various times 
o f  rearing at 33°C on the virulence of ts-S 1 by determining 
LDS0 and LTS0 values, symptoms appearing in the infected 
larvae, and alterations in their growth patterns. 

Our results indicate that the virus causes larval death and/ 
or molting alterations in dependence on dose, and that the 

Materials and Methods 

Cells, viruses and silkworm. The established silkworm cell line 
BmN4 (Maeda, 1989) was maintained at 27°C in Grace's Insect 
Culture Medium (Gibco-BRL) supplemented with 10% heat-
inactivated foetal bovine serum, 0.26% tryptose and 0.035% 
sodium bicarbonate. BmNPV strain D1 (wtBmNPV) (Hashimoto 
et al., 1994) and ts mutant, ts-Sl,  which was derived from 
wtBmNPV by BrdUrd-mediated mutagenesis (Shikata et al., 
1998b), were propagated in BmN4 cells. BV titre of a culture 
medium was expressed in TCID5(). Silkworm eggs of a commercial 
strain (Kinshu x Showa or Shunrei x Shogetsu) were purchased 
from Kanebo and maintained at 25°C for several days at high 
humidity. After hatching, the silkworm larvae were reared on an 
artificial diet (Silkmate 2S, Nihon-Nosan-Kogyo) at 25°C. Newly 
ecdysed 4th-instar larvae were used in bioassays. 

Determination ofBVtitre and OB number in larvae. Fourth-instar 
silkworm larvae were injected with 1.0 x 105 TCID50 wtBmNPV or 
ts-S 1 per larva and reared at 25°C or 33°C. In time course experiments, 
the time point 0 hr was defined as the 1st hr post infection (p.i.). The 
haemolymph was collected from three larvae every 24 hrs until 
pupation, pooled and put into a pre-chilled microtube containing 
10 mmol/1 cystein and 10 mg/ml gentamycin sulfate. Haemolymph 
samples were stored at -80°C until determination of BV titre and 
OB number. For determination of BV titre, a sample was 
centrifuged at 3,000 x g for 5 mins to precipitate blood cells and 
OBs. The supernatant was diluted tenfold and used for titration of 
BV To count OBs, the precipitate was resuspended in distilled 
water and sonicated until OBs were free from cell debris. OBs 
were counted in a Thoma haemocytometer. 

Bioassay. Tenfold dilutions of ts-Sl and wtBmNPV (1.0 x 10s 

- 1.0 x 102 TCID5(1/per ml) were used as mocula. Aliquots (10 fxl) 
of each dilution were injected into 20 newly ecdysed 4th-instar 
larvae. The larvae were individually reared in plastic dishes 
(Falcon 1058) at 25°C and 33°C. Larvae which died due to 
nucleopolyhedrosis were counted every 12 hrs and assayed for 
the presence of OBs in the silk gland. LD5() values of virus materials 
for 4th-instar larvae and LT50 values of the infected larvae were 
determined by probit analysis (Finney, 1978). Mock-infected larvae 
were reared at 33°C without physiological damage for at least 8 
days. 

Rearing temperature shift bioassay Aliquots (10 |tl) of tenfold 
dilutions of mocula of ts-Sl or wtBmNPV (1.0 x 10s - 1.0 x 
10" TCID50/ml), which induced death in 100% of larvae at 25°C, 
were injected into newly ecdysed 4th-instar larvae. The latter 
were reared at 33 °C for 1, 3, 5 or 7 days and then shifted to 
25°C. For each shift, 20 larvae were used. Each larva was 
individually reared until death or emergence. Dead larvae were 
counted every 12 hrs. 
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Fig. 2 
Time courses of BV and OB production by ts-Sl- and wtBmNPV-infected larvae reared at 25'C and 33'C 

Fourth-instar silkworm larvae were infccted with 1.0 x 105TCID50 of ts-Sl or wtBmNPV (a) BV production by wtBmNPV- and ts-Sl-infected larvae 
reared at 25°C and 33°C. (b) OB production by wtBmNPV- and ts-Sl-infected larvae reared at 25°C and 33°C. 25°C (solid line), 33°C (dotted line), 
wtBmNPV (o) and ts-Sl (•). The circlcs out of the vertical scale indicate that BV titrcs or OB numbers could not be determined by the methods used. 

Results 

Nucleopolyhedrosis symptoms in ts-Sl-infected larvae 

Fourth-instar s i lkworm larvae  w e r e  infected with  
1.0 x 105 TCIDS 0of ts-Sl per larva and reared at 25°C and 
33°C. At  25°C, the larvae infected with either virus indicated 
symptoms typical of nucleopolyhedrosis and died by day 5 
p.i. (Fig. l a  and c). A t  33°C, wtBmNPV-infected larvae 
reared at 33°C died due to nucleopolyhedrosis by day 4 p.i. 
(Fig. lb) .  However, ts-Sl-infected larvae reared at 33°C 
showed n o  symptoms of nucleopolyhedrosis until day 5 p.i. 
Half o f  these larvae molted to  the 5th-instar, and the rest 
remained at the 4th instar with glossy skin (Fig. Id). Some 
of  the non-molting 4th-instar larvae began spinning, but 
most of them died before reaching the prepupal stage. Larvae 
infected with 1.0 x 106 TCID J0  o f  ts-Sl per larva and reared 
at 33°C did not molt to  the 5th-instar. 

Replication of ts-Sl in lar\'ae 

ts-Sl is completely defective in B V  and O B  production 
at 33°C in BmN4 cells (Shikata et al., 1998b). To determine 
replication properties o f  ts-Sl in silkworm larvae at 33°C, 
newly  ecdysed  4 th - ins ta r  l a rvae  w e r e  i n f e c t e d  w i t h  
1.0 x 105 TCID50 of ts-Sl per larva and reared at 25°C and 
33°C. The haemolymph was collected f rom surviving larvae 
every day and assayed for  B V  titre and O B  number. Fig. 2a  
shows  t h e  k ine t i c s  o f  B V  p r o d u c t i o n  i n  t s - S l -  a n d  
wtBmNPV-infected larvae reared at 25°C and 33°C. In 
wtBmNPV-infected larvae reared at 33°C, the  B V  titre 
increased u p  to 10s TCIDS0/ml at day 3 p.i. and the larvae 
died at day 4 p.i. In t s -S l -  and wtBmNPV-infected larvae 
reared at 25°C, the B V  titre rapidly increased f rom day 1 
p.i. and reached 108 TCID50/ml at day 3 p.i. ts-Sl-infected 
larvae began to die at day 5 p.i. and wtBmNPV-infected 
larvae at day 4 p.i. In ts-Sl-infected larvae reared at 33°C, 
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Table 1. Bioassav of 4th-instar silkworm larvae infected with wtBmNPV at 25°C and 33°C 

wtBmNPV 

Rearing Virus dose Number of dead larvae Mortality l t 5 0  

temp. (TCID51)/larva) 3.5 4.0 4.5 5 0 5.5 6.0 6.5 7.0 (%) (days) 

(days p.i.) 

1.0 x 106 1 19 100 4.2 

1 18 1 100 4.3 

1.0 x 10s 2 18 100 4.2 
19 1 100 4.4 

1.0 x 104 5 13 1 1 100 4 7  

3 15 2 100 4.7 

1.0 x 101 1 16 3 100 4.8 

15 4 1 100 5.0 
25°C 1.0 x 102 8 12 100 5.0 

7 5 8 100 5 3 

1.0 x 10 13 5 90 5.3 
3 5 11 100 5.4 

1.0 7 1 35 -

3 1 20 -

1.0 x 10"' 1 5 -

1 5 -

1.0 x 10"2 0 -

0 -

LD5„ for wtBmNPV at 25°C: 0.96 ± 0 26 TCIDS(,/larva 

1.0 x 106 18 2 100 3.4 

17 1 2 100 3.4 

1.0 x 105 12 6 2 100 3.5 

16 4 100 3.4 

1.0 x 104 4 14 2 100 3.7 
1 12 7 100 3.8 

1.0 x 103 3 5 12 100 3.8 
14 6 100 3.9 

33°C 1.0 x 102 5 6 3 6 100 4.0 

13 3 4 100 4.1 

1.0 x 10 2 8 8 1 95 4.6 

13 5 2 100 4.6 

1.0 1 5 30 -

3 15 -

1.0 x 10"' 0 -

0 -

1.0 x 10"2 0 -

0 -

LD5(1 for wtBmNPV at 33°C: 1.70 ± 0.04 TCID50/larva 

LD ;o values represent averages from duplicate bioassays. 

the B V  titre was very low until day 4 p.i. Thereafter, the 
larvae molted to the 5th-instar and the B V  titre gradually 
increased u p  to  108 TCID50/ml at day 10 p.i., but n o  larvae 
showed symptoms typical of nucleopolyhedrosis within 11 
days p.i. Fig. 2 b  shows the kinetics in O B  production in ts-
S l  - or  wtBmNPV-infected larvae at 25°C and 33°C. In ts-
S1-infected larvae reared at 25°C and wtBmNPV-infected 
l a r v a e  r e a r e d  a t  2 5 ° C  o r  33°C ,  t h e  O B  n u m b e r  i n  
haemolymph increased linearly up  to 10'°/ml until they died 
due to  nucleopolyhedrosis. In ts-Sl-infected larvae reared 

at 33°C, the O B  number was very low until day 9 p.i., then 

it increased to 108/ml. 

Virulence of ts-Sl for silkworm larvae 

To examine the virulence of ts-S 1 for the larvae, LDJ0 values 
of ts-S 1 and wtBmNPV for 4th-instar larvae reared at 25°C or 
33°C and LTJ0 values of these infected larvae were determined. 
LD ;( | values of wtBmNPV for larvae reared at 25°C and 33°C 
and of ts-Sl for  larvae reared at 25°C were 0.96 ± 0.26, 
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Table 2. Bioassay of 4th-instar silkworm larvae infected with ts-Sl at 25"C and 33"C 

ts-Sl 
Rearing Virus dose Number of dead larvae Mortality l t 5 „  

temp. (TCID50/larva) 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 (%) (days) 
(days p.i.) 

1.0 x 10' 16 4 100 4.4 
1 14 4 1 100 4.4 

1.0 x 105 9 1 1 100 4.5 
7 1 1 2 100 4.7 

1.0 x 10" 19 1 100 4.9 
4 14 2 100 4.7 

1.0 x 10' 18 2 100 4.9 
2 12 6 100 4.8 

25°C 1.0 x 102 6 13 1 100 5.2 
2 13 5 100 5.3 

1.0 x 10 1 17 90 5.3 
1 9 9 1 100 5.5 

1.0 5 2 35 -

3 15 -

1.0 X 10-' 1 5 -

0 -

1.0 x 10-2 0 -

0 -

LDW for ts-Sl at 25"C: 2.41 ± 0.39 TCID50/hrva 

1.0 x 10" 1 3 2 1 1 40 -

5 2 2 45 -

1.0 x 10s 1 1 3 25 -

1 1 3 25 -

1.0 x 104 1 5 -

1 2 15 -

1.0 x 10' 0 -

0 -

33°C 1.0 x 102 0 -

0 -

1.0 x 10 0 -

0 -

1.0 0 -

0 -

1.0 X 10-' 0 -

0 -

1.0 x 10~2 0 -

0 -

LDS0 for ts-Sl at 33°C: > 1.0 x 106 TCID5(J/larva 

LD50 values represent averages from duplicate bioassays. 

1.70 ± 0.04 and  2.41 ± 0.39 TCID 5 0 per  larva, respectively 

(Tables 1 and 2). The  LD50 value of ts-S 1 for  larvae reared at 

33°C could not  b e  determined, since the larval mortalities 

obtained by  injection o f  the largest virus dose (1.0 x 106TCID5(| 

/larva) did not exceed 50%. The  highest mortality rate in ts-

Sl- infected larvae reared at 33°C was 4 5 %  for  the dose o f  

1.0 x 106 TCID 5 0per  larva. Therefore, the LD50 value o f  ts-Sl 

for  the larvae reared at 33°C was higher at least by 5 orders 

than those for  the larvae reared at 25  °C and wtBmNP V-infected 

larvae reared at  25°C or  33°C. This result indicated that the 

virulence o f  ts-Sl  for larvae reared at 33°C was markedly re­

duced. LT50 values increased slightly when less virus was  in­

jected into larvae. This tendency was observed fo r  ts-Sl-in­

fected larvae reared at 25°C or  33°C. The  LTJ0 value for  ts-S 1 -

infected larvae reared at 33°C could not b e  determined in the 

same reason described for  calculation o f  LD50 value for ts-S 1 -

infected larvae reared at  33°C. However, the  speed at which ts-

S1 killed larvae reared at 33°C was similar to  that observed at 

25°C. This was in contrast to  the case o f  w t B m N P V  which 

killed larvae faster at 33°C in comparison to  25°C. 
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Fig. 3 
Effect of rearing at 33°C on 4th-instar silkworm larvae infected with ts-Sl at different multiplicity 

Open and shaded areas in the bars represent rearing at 33°C and 25°C, respectively. Numbers in the open bars represent rearing term in days. The 
height of each box represents number of living larvae, the height at day 0 p.i. indicates 20 of larvae. Horizontal direction from left to right represents 
cumulative days p.i. Numbers with and without parentheses on the right of the bars represent percentages of living pupae in which virus infection was 
aborted and percentages of emerged larvae, respectively. In the control experiment, mock-infcctcd larvae reared at 25°C molted to the 5th-instar at day 
5 p.i. and pupated at day 16 p.i. 

Effect of rearing temperature shift 

Long- te rm rear ing at  3 3 ° C  generally causes  physiologi­

cal  dysfunct ion  i n  s i lkworm larvae such as  incomplete mo l ­

ting, spinning o r  o ther  homeostasis  problems;  this  prevents 

clear  examinat ion o f  vi rulence o f  ts mutants  fo r  larvae. To 

de termine  the  e f fec t  o f  rearing at  33°C,  larvae were  reared 

f o r  various t ime  at  33°C  and  then  shif ted t o  25°C.  Larvae 

infected  wi th  1.0 x 10 6 TCID 5 0 of  t s -S l  p e r  larva died a f te r  

rearing a t  33°C within 3 days.  They did no t  mol t  t o  5th instar 

s tage a n d  h a d  glossy skin. Larvae infected wi th  1.0 x 105 

TCID5 0  o f  ts-S 1 pe r  larva and  reared at  33°C fo r  1.0 - 7 days 

d i e d  a f t e r  s h i f t  t o  2 5 ° C .  L a r v a e  i n f e c t e d  w i t h  

1.0 x 1 0 4 T C I D s o o f  t s -S l  p e r  larva a n d  reared at  33°C  fo r  

1 - 3 days  d ied  a f te r  shi f t  t o  25°C.  However, 2 0  - 3 5 %  o f  

the larvae reared at 33  ° C  for  5 - 7 days survived, and 5 - 10 % 

e m e r g e d ,  r e s p e c t i v e l y .  L a r v a e  i n f e c t e d  w i t h  

1.0 x 10 3 TCID 5 0  o f  t s -S l  p e r  larva a n d  reared at  3 3  ° C  f o r  1 

day died af ter  shif t  t o  25°C,  bu t  10 - 4 0 %  o f  t he  larvae 

reared at 33°C fo r  3 - 7 days survived and  1 0 - 1 5 %  emerged, 

respectively. Larvae  infected wi th  1.0 x 1 0 2 T C I D 5 0 o f t s - S l  

pe r  larva and  reared at  33°C  f o r  1 day d ied  a f te r  shi f t  t o  

25°C,  bu t  50  - 80%) o f  the  larvae reared a t  3 3 ° C  f o r  3 - 7 

days  survived and 4 5  - 7 0 %  emerged, respectively. These  

results  showed that  in  s i lkworm larvae, a temperature  shi f t  

f r o m  33°C to  25°C during rearing af ter  infection with  various 

doses  o f  t s - S l ,  which  would  cause  100% infect ion o f  the  

larvae at  25°C,  a longer per iod o f  rearing at  33°C  resulted 

in better survival. This  tendency w a s  enhanced in  proport ion 

to  decreasing virus dose  injected.  
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Discussion 

Half of the surviving larvae infected with 1.0 x 105 TCID50 

per larva showed growth alterations at the rearing temperature 
of 33°C, such as prolongation of 4th instar and glossy skin. 

These features of ts-Sl-infected larvae are very similar to the 

phenotype of the non-molting glossy (nm-g) mutant of the 

silkworm, which shows abnormal secretion of the molting 

hormones, ecdysteroids (Tanaka, 1998). Baculoviruses have 

an early gene encoding the ecdysteroid UDP-glucosyltranferase 

(EGT), which inactivates ecdysteroids in haemolymph by EGT-

mediated sugar conjugation reaction to extend larval instar 

stages (O'Reilly and Miller, 1989). EGT is necessary as a 

growth regulator in the infection of the target insects. When 

reared at 33°C, ts-Sl-infected larvae did not show symptoms 

typical for nucleopolyhedrosis, but showed growth alterations 

similar to those caused by  egt expression associated with 

baculovirus infection (O'Reilly and Miller, 1989; O'Reilly and 

Miller, 1991; Shikata e/a/. ,  1998a). As  ts-Sl has a mutation of 

the lef-8 gene (Shikata et al., 1998b) which regulates the late 

gene expression, it is possible that early genes of ts-S 1 including 

the egt gene were expressed and that the EGT induced growth 

alterations in some larvae at 33°C. Since ts-Sl is a non-BV-

producing mutant, secondary and further infection cycles 

should not occur in infected larvae (Shikata et al., 1998b). If 

the infection dose of ts-Sl is closely related to the amount of 

E G T  secre ted  f r o m  the  pr imar i ly  in fec ted  cel ls  into 

haemolymph, EGT, even in small amounts, may have very 

powerful effects on  the growth of silkworm larvae. Following the ts-Sl  injection into silkworm larvae at 
33°C,  phys io log ica l  d a m a g e  caused  b y  h igh  rear ing  
temperature may partially obscure the appearance of growth 
alterations. W h e n  si lkworm larvae were  infected with 
1.0 x 105 TCID5Qof virus per larva and reared at 33°C, the 
production o f  B V and OBs  was markedly delayed and 
reduced in haemolymph. Eventually, the production of BV 
and OBs in haemolymph of  ts-Sl-infected larvae reared at 
33°C occurred only in those larvae which had molted to  5th 
instar. This suggested that the injected ts-S 1 could be  retained 
in larvae during larval-larval molting and became virulent 
in 5th-instar  larvae and/or  that physiological changes 
occurring in larvae during molting also facilitated the virus 
propagation. The delayed ts-Sl replication may b e  a leaky 
p r o p e r t y  a t  t h e  o r g a n i s m  level  a t  n o n - p e r m i s s i v e  
temperature. 

LT50 values fo r  wtBmNPV- and ts-Sl- infected larvae 
reared at 25°C for  different virus doses were similar to each 
other. The LT50 value for  ts-S 1-infected larvae reared at 33°C 
could not  b e  determined as  the highest  mortali ty rate 
observed was less than 50%. The distribution peak of dead 
ts-Sl-infected larvae reared at 33°C did not coincide with 
the LTS0 value of wtBmNPV-infected larvae reared at 33°C 

and occurred slightly later than that of ts-S 1-infected larvae 
reared at 25°C. The killing speed of ts-Sl  for  the larvae at 
33°C coincided with the slow accumulation of  B V  and OBs 
in haemolymph of ts-Sl-infected larvae reared at 33°C. 
These  results indicate that the  virulence o f  t s - S l  was  
markedly reduced in infected larvae reared at 33°C. 

In  ts -Sl- infected larvae, longer rearing t imes at 33°C 
increased the  survival t ime af ter  the  temperature shif t  to  
25°C. When  the infected larvae were reared continuously 
at 33°C, higher virus doses caused their lower viability. 
The highest virus dose (1.0 x 106 TCID 5 0 / larva)  fai led 
to decrease the viability below 50%. In  contrast, n o  larvae 
survived the  rearing at 25  °C regardless o f  the  virus dose 
used.  Longer  rear ing  a t  33°C seemed  t o  shor ten  the  
surv iva l  t i m e  a t  2 5 ° C .  T h i s  s u g g e s t s  t ha t  t h e  n o n -
p e r m i s s i v e  t e m p e r a t u r e  o f  3 3 ° C  c a u s e s  n o t  o n l y  a 
restriction o f  v i rus  replicat ion bu t  a lso physiological  
stress leading to  a reduction o f  the  larval l i fespan after  
the shift to  25°C. These phenomena were clearly observed 
in the case o f  large virus doses, e.g. 1.0 x 1 0 5 - 1 . 0  x 106 

TCID J 0 / larva.  The  incidence of  survivors which aborted 
the virus infection became marked when lower virus doses 
were used. The  dates o f  death o f  larvae that  died soon 
after  the shift  to  25°C tended to  b e  scattered in  proportion 
t o  t h e  dura t ion  of  rear ing  a t  33°C;  th is  w a s  c lear ly  
observed in bioassays with virus doses o f  1.0 x 104 -
1.0 x 106 TCID5 0 / larva.  The scattering of dates o f  death 
m a y  have  b e e n  due  to  t he  var ia t ion in  physiological  
conditions o f  individual larvae in response t o  the rearing 
temperature o f  33°C and the  virus dose used. 

We have demonstrated here that the virulence o f  ts-Sl 
for silkworm larvae was markedly reduced by  rearing them 
at 33°C  in  p r o p o r t i o n  t o  t h e  l eng th  o f  t i m e  a t  t h i s  
temperature, although the rearing at 33°C disturbed their 
normal growth. In the case of large doses o f  ts-S 1 w e  assume 
that single infection of  systemic cells by the injected virus 
and resulting expression of the  egt gene were responsible 
for  the death and growth alterations. 
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