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SUMMARY

Silk protein is synthesized in the silkgland of silkworm, Bombyz mori L.

1t is evident that silk productivity is one of the high heritable characters from the genetical
aspects. It is also chauged with the environmental circumstances.

With this regard, this paper dealt with the varietal patterns of silkgland development and the
factors concerning to the silk productivity of silkgland of silkworm by the synthesis of nucleic
acids, profiles of amino acids and histological basis, using the eight parent silkworm varieties
and their F, hybrids.

1. The weight of silkgland per larva incrcased proportionally in the F; hybrids which were
crossed between longer silk yielding varieties.

The silk content to the weight of the silkgland was higher in the longer silk yielding varieties
than that in the shorter silk yielding varieties.

2. It was observed that the morphological changes of nuclei took place in the posterior silkg-
land cells with the larval development of the 5th instar.

In varietal aspect, Jam 107 and Jam iC8, longer silk yielding varicties, showed more branches
in nuclei than the N, and Ce which were shorter yielding ones.

3. It was observed thai there was a high correlation between RNA content per unit weight of
silkgland on the 6th day stage of 5th instar and silk productivity both in the parents and their
F; hybrids.

4. RNA and DNA synthesis brought about thirty percent increase in the posterior silkgland of
the longer silk yielding varieties during the 2nd day to the 4th day stages of the 5th instar,
when compared with those in the posterior silkgland of the shorter silk yieiding varieties.

5. RNA/DNA ratio in the posterior silkgland on the 2nd day and 4th day stages of the Sth
instar was more increased in the longer silk yielding varieties than the shorter silk yielding
varieties.

6. It was shown that DNA content for the longer silk yielding varieties came to be 374ug per
larva in the posterior division of silkgland on the 4th day stage of 5th instar, whereas it was

199.g per larva for the shorter silk yielding varieties.
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7. Therc was 34.8% Alanine, 22.8% Glycine, 9.1% Serine and 7.3% Tyrosine in the posterior

division of silkgland as major amino acids. It is noticed that there was a little diffcrences between

the amino acids composition of posterior silkgland and silk fibroin.

8. There was some differences in the amino acids composition of posterior silkgland between

pure lines and their hybrids. Glycine, Serine and acidic amino acids, essential to silk formation,

scemed to be increased in the Fy hybrids, whereas other amino acids such as Valine, Iso-leucine,

Leucine, Lysine, Phenylalanine, Histidine and Arginine were reduced.

9. The content of Glycine, Alanine and Serine in the posterior division of silkgland was eleva-

ted in the longer silk yielding varieties than the others.

Consequently, these three amino acids in the posterior silkgland seemed to be rclated to the

sitk yielding ability in the longer silk yielding varieties.
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Fig. 1. Increasing weight curve of the silkgland
during the 5th instar.
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Fig. 2. Comparison of the whole silkgland weight
between the parents and their F| hybrids on
the 6th day stage of 5th instar.
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Fig. 3. Variation of middle silkgland weight/body
weight during the 5th instar.
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Fig. 4. Variation of posterior silkgland weight/body
weight during the 5th instar.
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Table 1. Varietal difference of silk production in relation to weight of silkgland and body weight on the
6th day of the 5th instar among the parents.

~.
~ item | wt. of whole ield of single yield of singl yield of single
\\\ silkgland gilk fila- silk fila- g./ silk fila- &

I~ (mg) wt. of | ment wt. of | ment " wt. of | ment wt. of
varieties - silkworm | (mg) silkworm | (mg) .~  whole | (mg) posterior
of silkworm ~ body (g) body(g) / silkgland(g) silkgland(g)

Jam 107 | 268 | 85 315 1,005
longer | Jam 108 270 ] 89 329 1,054
silk ¢
. Jam 111 ‘ 250 | 84 337 1,033
yielding .
group Jam 114 ‘ 254 87 342 1, 060
Mean | 261 86 331 1,038
Ny | 225 66 | 308 919
shorter N: | 189 49 260 815
s1|k !
o YR 204 59 ; 290 [ 379
yielding ‘
group Ceo ; 181 47 262 | 791
Mean ] 200 55 280 | 859

Table 2. Varietal differences of silk production in relation to weight of silkgland and body weight on the
6th day of the 5th instar among F: hybrids.

™~ item | wt. of whole yield of single | yield of single yield of single
silkgland silk fila- - silk fila- silk fila-

(mg) wt. of | ment ~ wt. of | ment wt. of { ment wt. of
varieties sitkworm | (mg) silkworm | (mg) whole | (mg) posterior
of silkworm body (g) / body(g) silkgland(g) _— silkgland(g)
Jam 107 xJam 108 276 99 358 1,080
Jam 111 %Jam 114 265 95 360 1,119
Jam 107 XCy2 260 88 347 1,056
Jam 111 xCeo 255 85 349 1, 047
Ny xJam 108 256 88 343 1,059
NzxJam 114 249 79 317 975
N; xCye 231 73 316 988
N2 X Cep 222 64 289 876
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Notice : C : cell layer(violet)

Fig. 5. Cross section of the posterior division of the silkgland at different hours after the fourth
moulting, x1,500.
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Fig. 6. Cross section of the posterior division of the
with various parents, X, 500. Akibana:
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7.5)
Suspended in 4ml of 10% cold Trichloroacetic acid
(T.C.A)
Centrifuged at 3,000 r.p.m. for 10min.
Precipitate
Washed with 8ml of 5% cold T.C.A.
Kept in cold water bath for 15 min.
Centrifuged at 3,000 r.p.m. for 10min.
Precipitate
Suspended in 12ml of Ethanol: Ether=1: 1
Kept in 50°C water bath for 15min.
Centrifuged at 3,000 r.p.m. for 10 min.
Precipitate
Suspended in 12ml of Ethanol: Ether=1:1
Centrifuged at 3,000 r.p.m. for 10min.
Precipitate
Suspended in 8ml of 0.3N KOH
Kept at 37°C for 18 hrs.
Suspended in 0. 4ml of 6N-HCI
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S‘upernaunt RNA fraction 1
Precipitate
Suspended in 6.8ml of 5% P.C.A. for 10min.
Centrifuged at 3,000 r.p.m. for 10min.
Supernatant ...RNA fraction 2
RNA fraction 1+RNA fraction 2
Measured O.D. at 260 my in spectrophotometer
Precipitate
Suspended in 8ml of 5% P.C.A.
Kept in boiling water for 15niin.
Centrifuged at 3,000 r.p.m. for 10min.
Supernatant ...DNA fraction 1
Precipitate '
Suspended in 8ml of 5% P.C.A.
Centrifuged at 3,000 r.p.m. for 10min.
Supernatant ...DNA fraction 2

DNA fraction 1+DNA fraction 2

Measured O.D. at 260mp in spectrophotometor

Fig. 7. Procedures of both RNA and DNA

determination of silkgland.
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Table 3. Variation of RNA and DNA contents of posterior silkgland between 2nd and 4th day of the 5th instar.

N \“\em RNA(pg/larva) DNA (g /larva)
varieties of “_larval period i ! increase
silkworm \ \p\._h 2nd 4th ln%l‘?eéa)se 2nd l 4th l ! (%)
longer silk Jam 107 2,379 4,902 206 204 334 164
yielding Jam 108 2,416 4,99 207 223 372 167
group Jam 111 2,570 5,524 215 242 415 171

Mean 2,455 5141 | 209 223 374 167
shorter sitk | N; 1,521 2,797 184 161 218 135
yielding N, 1,121 1,944 173 120 169 141
group Ciz 1,432 2,520 176 147 210 143
Mean 1,358 2,420 178 143 199 140

Table 4. The RNA/DNA ratio of various varieties
of sifkworm in the posterior silkgland on
the 2nd and 4th day of the 5th instar

=" Tarval period
varietios of o PM9% | 20d day | 4th day
silkworm of 5th instarjof 5th instar
longer silk | Jam 107 11.66 14.68
yielding Jam 108 10.83 13.43
group Jam 111 10. 62 13.31
Mean [ 11.04 13.81
shorter silk | N 9.45 12.83
yielding N, 9.34 11.50
group Cis 9.74 12.00
Mean { 9.51 12.11
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Table 5. Varietal differences in the RNA content of posterior silkgland on the 6th day of the 5th instar
and silk production among the parents.

item RNA content wt. of single silk percentage of cocoon

varieties mg/g ng/larva filament (mg) shell (%)
longer silk | Jam 107 18.4 7,544 412 22.7
yielding Jam 108 19.0 7,714 428 | 23.8
group Jam 111 18.0 7,596 436 ! 23.0
Jam 114 19.2 8,275 457 23.4
mean 18.7 7,782 433 ] 23.2
N, 16.4 4,789 277 17.6
shorter silk | Np 15.0 3,330 181 13.9
yielding Ciz 15.2 4,514 261 ! 15.0
group Ceo 14.4 3,312 182 | 13.5
mean 5.2 | 398 | 225 ] 15.0

Table 6. Varietal differences in the RNA content of posterior silkgland on the 6th day of the 5th instar
and silk production in the Fy hybrids

item RNA content wt. of single silk percentage of cocoon
F; hybrids mg/g pg/larva filament (mg) i shell (%)
Jam 107 XJam 108 18.6 8,277 481 . 22.9
Jam 111 %Jam 114 19.0 8,284 488 22.4
Jam 107 %xC; 16.7 6, 446 408 19.4
Jam 111%Ceo 17.3 6,228 377 18.7
N; % Jam 108 17.1 6,635 411 20.3
N;xJam 114 16.5 5,940 351 18.2
N; XCy2 15.7 5,024 316 17.4
N2 xCgo 15.3 4,437 254 14.5

Table 7. Difference in the RNA content of posterior silkgland and silk production according to the mode:
of crossing

\ item RNA content wt. of singie percentage of
e - silk Slament cocoon shell
mode of crossing \\\ mg/g ‘ zg/larva (mg) (%)
normal Jam 107 XCyo 16.7 6, 446 408 19.4
crossing Jam 108xN; 18.0 6, 264 402 19.7
Jam 111 XCeo 17.3 6, 228 377 18.7
Jam 114 xN; 16.6 5,910 : 383 19.3
back Cizx Jam 107 16.8 . 5,947 398 18.8
crossing NiXJam 108 17.1 6,635 411 20.3
Ceo X Jam 111 16.7 5,778 379 18.3
Ny Jam 114 17.8 ' 6,194 410 20.2
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Fig. 11. Correlation between the RNA content of
posterior silkgland and weight of single
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Table 8. Amino acid composition of silk protein and silkgland, Bombyz mori L. (unit: gram per 100g)

Amino acids gﬁtgféﬁﬁ :ﬁ'ﬁgﬁﬁ d *fiibroin *sericin | *cocoon shell
Glycine 22.8 31.4 42.8 8.8 33.6
Alanine 34.8 25.9 32.4 4.0 25.0
Leucine 3.0 1.4 0.7 0.9 1.0
Isoleucins 2.4 1.9 0.9 0.6 1.5
Valine 4.2 3.1 3.0 3.1 3.2
Arginine 1.2 2.7 0.9 4.2 1.7
Histidine 1.0 L2 0.3 1.4 0.7
Lysine 1.3 1.6 0.5 5.5 1.2
Aspartic acid 3.6 7.5 1.6 16.8 5.5

Glutamic acid 6.7 3.9 ’ 1.4 10.1 2.1
Serine 9.1 21.1 14.7 30.1 16.0
Threonine 1.8 4.6 1.2 8.5 3.0
Phenylalanine 3.2 2.9 1.2 0.6 1.1
Tyrosine 7.3 12.1 11.8 4.9 12.4
Proline 3.5 0.5 0.6 0.5 0.5

* Cited from Kirimura (1957)

Table 9. Amino acid composition of the posterior silkgland of the parents, Bombyz mori L.
(unit:gram per 100g)

Parents longer silk yielding varieties shorter silk yielding varieties
Amino acids Jam 107 Jam 108 mean N; Crz mean
Aspartic acid 2.35 2.83 | 2.59 3.16 2.08 2.98
Threonine 0.91 1.40 1.16 1.28 1.45 1.37
- Serine 6.92 6. 81 6.87 8.04 6.28 7.16
Glutamic acid 5.39 6.80 6.10 5.88 5.63 5.76
Proline 3.01 3.62 3.32 2.13 3.01 2.57
Glycine 21.99 20. 40 21.20 21.65 19.22 20. 44
Alanine 33.88 32.33 33.11 32.44 30.67 31.56
"Valine 4.79 5.38 £.09 4.56 5.33 4.95
Jsoleucine Z2.53 3.09 2.81 2.11 2.65 2.38
Leucine 4,02 4.66 4.34 3.19 4.34 3.77
Tyrosine 7.27 6.69 6.98 7.17 7.18 7.18
Phenylalanine 3.59 1.19 3.89 3.24 3.99 3.62
Lysine 2.65 2.56 2.61 1.64 2.86 2.25
Histidine 1.26 1.20 1.23 0.62 1.40 1.01
Arginine 4.42 4.23 4.33 2.37 4.91 3.64
Ammonia 1.54 1. 40 1.47 1.25 2.42 l 1.84
total ( 106.52 107.59 ‘ 107.10 100.73 103.42 102.48
i EE 2~30 RESE2A @EE T23 BB 2. BB % E%E
HEYd. 523 LEY RE= pHZ 29 EREN 7t. KBBHERS oivlf K
B2 Smlvt HEF HHEAAD. o BEHE 2mld KB B4 5k 684 S#TEKE ¥ hBERR
B 3}e] Column Chromatography® WSR2+ Hit- ob=] >k MR ERE HBSd 1a % 8 A9 o
<achi KLA-3Bf) BEjolv| B ol E RS9 fibroino] EARE £ Hre B\ A = Alanine



Table 10. Amino acid composition of the posterior silkgland of the Fy hybrids, Bombyz mori L.

(unit:gram per 100 g)

- Jam107 X Jam108 Jam107 xCy, N; X Jam108 N1 xCyq

Amino acids
Aspartic acid 3.63 6.29 2.87 4.33
Threonine 1.83 2.19 1.28 1.87
Serine 9.12 8.97 7.59 8.52
Glutamic acid 6.71 6.62 7.04 6.28
Proline 3.45 2.64 3.16 3.23
Glycine 22.84 19.74 12.17 23.67
Alanine 34.83 31.66 32.46 26.74
Valine 4.16 3.87 4.97 4.55
Isoleucine 2.42 2.21 2.57 2.00
Leucine 2.96 3.79 4.17 3.41
Tyrosine 7.26 5.90 7.40 6.77
Phenylalanine 3.21 2.81 2.98 3.49
Lysine 1.27 3.02 2.82 2.53
Histidine 1.01 1.16 0.92 0.87
Arginine 1.24 1.98 3.26 3.4
Ammonia 1.25 .1 1.56 2.76

total | 107.19 105. 36 106. 22 104. 46

Table 11. Comparison of amino acid composition in the posterior silkgland between parents and the Fy

hybrids.

Jam107 &
Jam 108

Jam 107 & Cys

N, &

Jam 108 N &

Ciz Remark

Combiners
Amino acids

MP: F; hybrid

MP: Fy hybrid

MP: F; hybrid

MP: Fy hybrid

MP: F; hybrid

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Valine
Isoleucine
Leucine
Tyrosine
Phenylalanine
Lysine
Histidine
Arginine
Ammonia
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MP: mid parent value
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Table 12. Variation of GAS profile in Fy hybrids.

tem | congnt.fperentagdl el i
varieties *GAS(%) | shell (%) | filament
(mg)
Jam107 x Jam108 66.79 22.9 481
Ni xJam108 61.22 | 20.3 411
Jam107 X Ci2 59.77 19.4 408
N1 xCjp 58.93 17.4 316

* GAS : Glycine+ AlanineSerine
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