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Abstract

Larvae of two polyvoltine and four bivoltine silkworm strains were reared at the room temperature (25+1°C), high temperature
(36x1°C), and flucturated temperature at 12hr intervals, respectively. The results showed that, besides the Ist instar, the high
temperrature treatment affected the survival rate more seriously than the others. The polyvoltine strains were more tolerant to heat
than bivoltine strains at the 4th and 5th instars, and pupal stage. Among bivoltine strains, the Chinese race "Feng” was the most
tolerant strain, followed by the Japanese races "Kuo” and "J-09” ; and the Chinese race “C-54" was the most susceptible one.
Th cocoon shell weight percentages were found to be not significant different among treatments in polyvoltine strains, but were
different in bivoltine strains. A reduction in silk yields was found in the treatments of the high and fluctuated temperatures. Newly-
hatched larvae, after heated in water bath, were placed inside of glass tubes and maintained at 44, 45, 45.5, and 46°C for 1hr,
respectively. The mortality were 0, 12, 87, and 100%, respectively. Mortality caused by severe heat-shock treatments could be
reduced by a prior exposure of larvae to a sublethal heat-shock treatment at 40°C for 30min-8hr. After heat shock treatment of
40°C for 6-8 hours, followed by a 25°C recovery period (2hr) and a subsequent 47°C/ 1hr shock treatment, all larvae were found to
survive easily. Same results were shown in the different instars, at lower lethal temperatures. Fat-body cells and hemocytes of fifth-
instar larvae were collected after a severe 40°C/1lhr shock followed by a 25°C recovery period (2hr), and their proteins were
compared with O'Farrel's two-dimensional gel electrophoresis. Three heat-shock-specific spots were found, and their molecular
weight were about 70kD. Although the normal physiological temperature of the fifth instars ranged from 22 to 25°C, they could
produce the same heat-shock-specific spots as the temperature elevated to a 7°C higher. The thermotolerant silkworm strain Nong
appeared the heat-shock-specific spots after a 32°C/1hr shock, but the nontolerant strain C-54 didn't.
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Urea 2.85¢g
NP-40 1ml
2-mercaptoethanol 250ul
Ampholine 3-10 250ul
H:O 3.5ml
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Table 1. Effects of various rearing temperatures on survival rates of each instar of six silkworm varieties.

Temperature Survival rate ( % )™
(°C) Jinhar Yeiby J-09 Kuo Feng C-54
1st instar
25 96.67%s 91.113 98.89: 98.89% 94.443p 100.003
36 96.67% 82.22% 96.67% 100.00% 94.44% 76.67%
25~ 36 81.11% 84.443 96.674 93.34%s 96.673 90.005s
2nd instar
25 90.00%s 80.00% 83.33s 92.223 94.44% 88.8%5
36 68.89%¢ 60.00% 83.88% 95.56% 73.33% 49.892
25~ 36 71.78 77.78% 96.674 95.564 96.67% 94.453%
3rd instar
25 91.11% 97.78% 98.89: 91.11%s 87.78% 97.783%
36 37.78% 17.78% 17.78% 26.67% 392.32% 0.003
25~ 36 91.113% 86.674 88.89% 91.114 87.784% 88.894
4th instar
25 89.508 97.00% 98.25% 97.50% 96.253 87.783
36 12.25% 67.00% 0.00% 19.00% 0.00% 0.00¢
26~ 36 90.00% 92.223 54.75% 83.00% 85.50% 43.003
5th instar
25 80.50% 91.504 80.25%s 71.758 93.505 38.75¢
36 78.008 81.25% 50.25% 26.25% 93.25¢ 0.00%
25~ 36 73.508 87.004 24.50p 19.505 56.50% 0.00%

1) Means within a columm in the same instar followed by the same letters are not significantly different at 1%
level according to Duncan’s new multiple range test ( DMRT ).
9) Means with the same capital letters in the same row are not significantly different at 1% level according to

DMRT.
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Table 2. Effects of various temperatures on the single cocoon weight, percentage of cocoon shell weight and
survival rates of pupae during the 5th instar and cocooning petiod.

Temperature(°C)  Jinhar Yeiby J-09 Kuo Feng C-54
Cocoon weight ( g)
25 0.72 0.65 1.38 1.49 1.25 1.30
36 0.66 0.62 D * 1.17 *
25~ 36 0.69 0.65 1.25 0.86 1.04 *
Cocoon shell weight ( % )
25 11.90 13.39 20.36 21.22 20.72 20.91
36 11.14 14.66 * * 7.1 *
25~ 36 12.83 13.32 11.26 13.86 18.73 *
Survival rates of pupae ( % ) ?
25 73.50a 77.50a 65.50a 59.50a 55.26a 13.13a
36 21.76¢ 35.50b 0.00b 0.00c 0.00c 0.00b
25~ 36 53.50b 78.50a 0.00b 2.75b 12.75b 0.00b

1) No cocoon was completed.

2) Means with the same letter of the same column are not significantly different at 1% level according to

DMRT.
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Table 3. The survival rate of larvae of Bombyx mori at various heat shock for 1hr

Temperature Survival rate ( %) "
(°C) 1st instar 2nd 3th 4th 5th
43 100.00£0.00 100.00£0.00 100.00+0.00 100.00£0.00 63.33+24.21
44 100.0010.00 100.00£0.00 81.67+£9.83 41.67£9.83 0.00+0.00
45 88.33+11.67 71.67+15.60 40.00£8.94 21.67+14.24 0.00£0.00
46 0.00£0.00 0.00£0.00 0.00+0.00 0.00£0.00 0.00+0.00

1) Survival rates were investigated at the 15th hour after heat shock.
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Table 4. Effect of preincubation at non-lethal high temperatures on the survival rate of Bombyx mori neonates at

47°C
Preincubation Survival rate ( %)
temperature Duration of preincubation ( min)
(S(oD] 30 60 120 240
38 0.00+0.00 0.00£0.00 0.00£0.00 0.00+0.00
40 0.00£0.00 0.00+0.00 83.33+15.05 95.00+ 8.36
42 40.00+16.73 13.33+8.16 31.66+11.69 45.00+13.78

Each preincubation treatment was followed by a 2hrs chase at 25°C and then transferred to heat shock at 47°C
for 1hr. The survival rates were investigated at the 15th hour after heat shock. Sixty larvae were examined in
each treatment.
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Table 5. Effect of various durations of preincubation at 40°C following a 2hrs chase at 25°C
and then transferred to heat shock at 46, 46.5, or 47°C for 1hr on the survival rate
of Bombyx mori neonates.
Duration of 40°C

Survival rate ( % )"

incubation(min) 46.0 46.5 47.0

0(ck) 0.00+0.00 0.00+0.00 0.00£0.00

30 100.00+0.00 100.00£0.00 0.00£0.00

60 100.00£0.00 100.00+0.00 0.00x0.00

120 100.00+0.00 100.00+0.00 83.33£15.05

240 —_— — 95.00£8.36

360 — — 96.67+8.16

480 —— —— 100.00+0.00

1) The survival rates were investigated at the 15th hour after heat shock, and 60 larvae

were examined in each treatment.
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Table 6. Effect of preincubation at 39°C for 1hr following a 2hrs chase at 25°C and then
transferred to heat shock at 44°C for 1hr on the survival rate of different Bombyx

mori strains at 5th instar.

Survival rate ( % )

Strain Treatment”

5th instar 3rd days

matured larvae

Nong t 66.67+£5.16 90.00+12.64
ck 0.00+0.00 16.671 8.68

Kuo t 0.00£0.00 56.67+40.28
ck 0.000.00 6.67+ 6.14

1) t=rearing at 25°C—*39°C for 1hr—*25°C for 2hr—44°C for thr—25°C for 15hr
ck=rearing at 25°C—*44°C for thr—*25°C for 15hr. Sixty larvae were examined in each

treatment.
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Table 7. Heat-shock proteins synthesis in Bombyx
mori fat body in different heat—shock
treatments."

Rearing Treatment
temperature temperature

&%) &)

HSPs synthesis

25 43
40
35
32
28
25
22 37
29
28
22

[+ + + +

I+ + + |

1) Fifth—instar of bivoltine silkworm were exposed
to a 1hr heat-shock treatment followed by a Zhr
recovery at rearing temperature.

£\ TRREESBZREREAELHEY
Table 8. Heat—shock proteins synthesis in Bombyx
mori tissues"

Tissue HSPs synthesis
Fat body +++
Hemocytes +
Head tissues +

1) Fifth-instar were treated with 40°C / 1hr shock
followed by a 2hr recovery at 25°C.
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Table 9. Heat-shock proteins synthesis in different Bombyx mori Strains in different

heat—shock treatment.

Variety Treatment Duration of HSPs Synthesis
Temperatme(°C) incubation(min)
Nang 40 60 +
32 60 +
32 20 —
C-54 40 60 +
32 60 —
32 20 —

1) Fifth-instar were exposed to a heat-shock treatment followed by a 2hr recovery at

rearing temperature.
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Fig. 1. The exuviation of 4th instar after molt when
reared at 36°C. a. Normal exuviate b. Semi-
exuviate c. No exuviate
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Fig. 2. Discharged soft feces and shrink in posterior
body of fifth instar when reared at 36°C.
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Fig. 3. The dead b5th instar after spinning silk
irregulately when reared at 36°C.

Bm 36°CERAEE  FREMHZERNS IBHIR
TRAREST

Fig. 4. Narrowed in partial of the middle silk gland
and failed in spinning of 5th mature instar
when reared at 36°C.
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Fig. 5. Two-dimensional gel analysis of proteins
synthesized in normal fat-body cells of
Bombyx silkworm reared at 25°C.
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Fig. 6. Two—dimensional gel analysis of heat-shock
proteins synthesized in heat-shock treated
(40°C 1hr) fat-body cells of Bombyx silkwo-
rm reared at 25°C. The arrow indicates the
heat-shock proteins.
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Studies on the Thermotolerance of the Silkworm, Bombyx mori

Feng-Kuo Hsieh* Taiwan Agricultural Chemicals and Toxic Substances Research Institute, 11, Kuang-Ming Road, Wufeng, Taichung
Hsien, Taiwan, R.0.C.
Shi-Jin Yu, Shin-Yuan Su and Shu-Jen Peng Taiwan Apicultural and Sericultural Experiment Station, 261 Kuannan, Kungkuan,
Miaoli, Taiwan, R.0.C.

ABSTRACT

Larvae of two polyvoltine and four bivoltine silkworm strains were reared
at the room temperature (25+1°C), high temperature (36+£1°C), and fluctuated
temperature at 12hr intervals, respectively. The results showed that, besides the
Ist instar, the high temperature treatment affected the survival rate more
seriously than the others. The polyvoltine strains were more tolerant to heat
than bivoltine strains at the 4th and 5th instars, and pupal stage. Among
bivoltine strains, the Chinese race “Feng” was the most tolerant strain,
followed by the Japanese races “Kuo” and “J-09"”; and the Chinese race Y C
54" was the most susceptible one. Th cocoon shell weight percentages were
found to be not significant different among treatments in polyvoltine strains,
but were different in bivoltine strains. A reduction in silk yields was found in
the treatments of the high and fluctuated temperatures. Newly-hatched larvae,
after heated in water bath, were placed inside of glass tubes and maintained at
44, 45, 45.5, and 46°C for 1hr, respectively. The mortality were 0, 12, 87, and
1009%, respectively. Mortality caused by severe heat—shock treatments could be
reduced by a prior exposure of larvae to a sublethal heat-shock treatment at
40°C for 30min—8hr. After heat shock treatment of 40°C for 6-8 hours, followed
by a 25°C recovery period (2hr) and a subsequent 47°C / 1hr shock treatment, all
larvae were found to survive easily. Same results were shown in the different
instars, at lower lethal temperatures. Fat-body cells and hemocytes of
fifth—instar larvae were collected after a severe 40°C / 1hr shock followed by a
25°C recovery period (2hr), and their proteins were compared with O’Farrel’s
two—dimensional gel electrophoresis. Three heat-shock—specific spots were
found, and their molecular weight were about 70kD. Although the normal
physiological temperature of the fifth instars ranged from 22 to 25°C, they could
produce the same heat-shock—specific spots as the temperature elevated to a 7 C
higher. The thermotolerant silkworm strain Nong appeared the
heat-shock-specific spots after a 32°C / 1hr shock, but the nontolerant strain C—
54 didn't.
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