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Abstract. Middle and posterior parts of the silk gland of fifth instar bivoltine and
multivoltine races of Bombyx mori and their hybrid were analysed for the concentration of
fibroin, DNA, RNA and total protein. Fibroin content of the silk gland increased rapidly from the
beginning offifth instar upto the spinning stage. Concentration of DNA in the middle silk gland
was maximum at 24 hr and decreased thereafter. In the posterior silk gland, the concentration
of DNA increased upto 72 hr and then decreased. RNA concentration was maximum at 72 hr and
120 hr, in the middle and posterior silk gland respectively.The total protein content increased
gradually upto the spinning stage in the middle silk gland whereas it increased upto 120 hr and
decreased sharply thereafter in the posterior silk gland. The difference in the concentration of
these constituents in the silk gland was correlated with the differential silk output in both the
pure races and their hybrid.

Keywords. Bombyx mori; bivoltine; multivoltine; hybrid; silk gland; fibroin; DNA; RNA; total
protein.

1. Introduction

Structural and functional aspects of the silk gland of silkworm Bombyx mori have
thoroughly been investigated (Dhavalikar 1962; Lucas 1966; Machida 1970; Tashiro
and Otsuki 1970;Sasaki and Noda 1973a, b; Prudhomme et al1973; Tashiro et alI976).
Variations in the concentration of fibroin, DNA and RNA in the silk gland of several
strains of bivoltine race and their hybrids have also been reported (Shigematsu and
Takeshita 1968;Tashiro et a11968; Shigematsu and Moriyama 1970; Moriuchi et al
1972;Shigematsu et alI974). However, no information is available on the quantitative
variations in the silk gland of multivoltine race. Bivoltinesare shown to produce more
quantity of silk compared to multivoltines (Tanaka 1964). It is therefore interesting to
undertake a comparative study on the quantitative analysis of the silk gland of both
bivoltine and multivoltine races of Bombyx mori and their hybrid to highlight the
influence of these variations on the differential silk output by the silkworm varieties.

The silk gland grows enormously during the fifth instar development of silkworm
(Sakaguchi 1978). The middle and posterior parts of the silk gland are known to
synthesize sericin and fibroin respectively (Machida 1927; Oba 1957;Shibukawa 1959).
Further it has been shown that fibroin is synthesized veryrapidly during the fifth instar
development (Shimura et a11955; Noguchi et al1974) beingassociated with an increase
in DNA, R.NA and total protein content of the posterior silk gland (Tashiro et aI1968).

The present communication deals with a comparative account of the middle and
posterior silk gland of the fifth instar bivoltine and multivoltine races of Bombyx mori
and their hybrid. A few important commercial characters are analysed in different
silkworm varieties to correlate with the variations in the silk gland.
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2. Materials and methods

2.1 Silkworms

Bivoltine (NB18 ), multivoltine (Pure Mysore) races of Bombyx mori and their hybrid
(NB 1 8 d X PM <;2) were maintained under standard laboratory conditions at a
temperature of 25-28°C and relative humidity of 75-90 %with good quality mulberry
leaves (M, variety). Fifth instar larvae of average body weight were used at different
time intervals.

2.2 Analyses of the silk gland

The silk gland was dissected and washed with 0·9%NaCl. The intraglandular fibroin
was extracted separately from the middle and posterior parts of the silk gland according
to the procedure of Tashiro et al (1968). After complete extraction of fibroin, the
extracts from both parts of the silk gland were pooled and weighed. The nucleic acid
was extracted from the middle and posterior silk gland separately and estimated
according to Schneider (1957). The concentration of DNA was determined by
diphenylamine method using calf thymus DNA as standard and the concentration of RNA

was determined by orcinol method using rat liver RNA as standard. The total protein
from the middle and posterior silk gland was extracted by the reduction of disulphide
bonds, according to the procedure of Garno et al (1977)and estimated according to
Lowry et al (1951)~ Usually 4-5 larvae were used for each determination and average
value of four independent determinations was calculated.

2.3 Analyses of cocoon characters

Four to five lots of 10 cocoons each, were taken after harvesting from bivoltine,
multivoltine and the hybrid silkworm varieties for analysis of cocoon characters.
Important characters like cocoon weight, shell weight percentage, floss weight
percentage and filament length were determined. The shell weight percentage was
calculated as the ratio between the cocoon shell and the whole cocoon, while the floss
weight percentage was the ratio between the total floss and the whole cocoon. Mean
values of the lots with standard deviation are presented in table 1.

3. Results

As shown in figure 1; total fibroin content increased significantly (P = <0'01) from 24
hr to reach the maximum levelprior to spinning in both the pure races. In hybrid male. a
significant increase (P = <O'OI)in fibroin content was observed between 72 hr and 120
hr which remained more or less at the same level upto the spinning stage. On the other
hand, the fibroin content increased significantly upto 120 hr followed by a slight
increase thereafter in hybrid female. However, the concentration of fibroin at the final
stages offifth instar was high in bivoltine and low in multivoltine, while hybrid showed
a sex difference in fibroin content being high in male and low in female.
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Table 1. Important cocoon characters of bivoltine, multivoltine and the hybrid silkworm
varieties

Av. Cocoon Shell weight Floss weight Av. filament
Silkworm weight (g) (%) (%) length (m)
variety Mean SD Mean SD Mean SD Mean SD

NB 1 8 1·28±(}06 14-35±0'80 (}79±(}08 780±55
(bivoltine)
Pure Mysore (}88 ±(}04 9'59± 1-02 2·25±(}18 350±25
(multivoltine)
Hybrid male t-08±(}06 12·02± I-OS 1·38±Co(>9 620±35
Hybrid female (}94±(}06 ll-OO±(}90 1-40± o-n 575 ± 50
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Figure 1. Increase in fibroin content of the silk gland (middle plus posterior) during fifth
instar development.

The concentration of DNA in the middle silk gland was maximum at 24 hr which
decreased gradually upto 120 hr and remained at a more or less constant level (figure
2A).The DNA concentration was high in bivoltine and both sexes of the hybrid while in
multivoltine it was significantly low (P = <0-005). As shown in figure 2B, the
concentration of DNA in the posterior silk gland increased to reach the maximum levelat
72 hr and decreased thereafter. However, DNA concentration was different in different
races being high in bivoltine and low in multivoltine. Further, at the final stages of fifth
instar the DNA content remained constant between 0·4 and 0·5 mg/g wet wt in both the
pure races and the hybrid.

RNA concentration increased upto 72 hr and then decreased to a more or less constant
level by 120 hr in the middle silk gland of bivoltine and hybrid male, whereas it was
maximum at the beginning of fifth instar (24 hr) and decreased thereafter in
multivoltine and hybrid female (figure 3A). The level of RNA in the middle silk gland
of bivoltine and both sexes of the hybrid was high compared to a significantly low
(P = <0·001) level in multivoltine. The concentration of RNA in the posterior silk
gland increased gradually to reach the maximum at 120 hr and decreased significantly
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Figure 2. Change in DNA content of the middle (A)and posterior (B) silk gland during the
fifth instar.

(P = <(tOOl) thereafter in bivoltine and hybrid male (figure 3B). But in multivoltine
and hybrid female, the RNA content was maximum at 72 hr and then decreased
gradually. The concentration of RNA in the posterior silk. gland was significantly high
(P = <(tOl) in bivoltine and hybrid male as compared to multivoltine and hybrid
female.

There was a significant increase (P = < 0'(01) in the amount of total protein in the
middle silk gland from the beginning to the end of fifth instar (figure 4A). The final
concentration was about five times that at the beginning of the fifth instar. Further, a
significant difference in the concentration of total protein was observed in different
races, beiag high in bivoltine (160 mg/g wet wt) and low in multivoltine (112 mg/g wet
wt) prior to spinning. As shown in figure 4B, the concentration of total protein in the
posterior silk gland increased upto 120 hr, reached the maximum level and then
decreased significantly (P = <0'(05), unlike in the middle silk. gland. Further, the
concentration of total protein in the posterior silk gland at 120 hr was significantly
different in the silkworm varieties studied being high in bivoltine and low in hybrid
female.

Table 1 shows the difference in a few important commercial characters of the cocoon
from different silkworm varieties. The average cocoon weight, shell weight percentage
and the average filament length were significantly high in case ofbivoltine as compared
to multivoltine. But the hybrid showed an improvement ofall these characters over the
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Figure 3. Change in RNA content of the middle (A)and posterior (B) silk gland during the
fifth instar.

multivoltine parent. Further, a difference, though not significant,was observed between
both sexes of the hybrid.

4. Discussion

The amount offibroin in the silk gland increases significantlyfrom the beginning to the
end of fifth instar. This can be correlated with the high rate of fibroin synthesis in the
silk gland during fifth instar development (Shigematsu and Takeshita 1968;Tashiro et
al 1968; Noguchi et al 1974). A higher concentration of fibroin in the silk gland of
bivoltine might account for more quantity of silk produced as compared to
multivoltine. The concentration of fibroin in the silk gland of hybrid male is more
concomitant with larger quantity ofsilk produced as compared to the female.However,
no significant sex difference in the concentration of fibroin is observed in pure races.

High level of DNA at the beginning of fifth instar shows that the synthetic activity
starts early in the middle silk gland. In contrast, there is a time-lag for the increase in
DNA content of the posterior silk gland suggesting that the fibroin synthesis starts a little
late during the fifth instar. Incorporation studies have also shown that the synthesis of
fibroin is significant only from 96 hr of the fifth instar development (Fukuda and
Florkin 1959). This result, however, contradicts the earlier reports ofTashiro et a/ (1968)
who reported no time-lag for the increase in DNA content of the posterior silk gland. The
difference in the DNA content of both middle and posterior silk gland accounts for the
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Figure 4. Change in total protein content of the middle (A) and posterior (B) silk gland
during the fifth instar,

difference in the degree of their synthetic activity. Further, the DNA content of the silk
gland of both the races is different showing that it is probably specific to the race.

The concentration of RNA in the middle silk gland ofmultivoltine is low concomitant
with a low DNA concentration. This reflects the lower rate of synthetic activity in the
middle silk gland of multivoltine compared to bivoltine and both sexes of the hybrid.
Maximum levelof RNA at 72 hr and 120hr in the posterior silk gland ofmultivoltine and
bivoltine respectively, suggests that the synthetic activity in the posterior silk gland
starts later than in the middle silk gland.

The initial increase in the total protein content of the middle silk gland might be due
to the synthesis and accumulation ofsericin as suggested by an early increase in its DNA

and RNA contents. The rapid increase in the amount of protein after 72 hr, supports the
view that there is an inflow of fibroin to the middle silk gland for storage (Fukuda and
Florkin 1959; Garno et al 1977; Sakaguchi 1978). The significant decrease in total
protein content of the posterior silk gland after 120 hr is in accordance with earlier
reports (Tashiro et al1968). This suggests that the outflow offibroin from posterior silk
gland is more rapid during the later part of the fifth instar.

Thus it is evident that the concentration of fibroin, DNA, RNA and total protein in the
middle and posterior silk gland is different in both the pure races and that the hybrid
shows an increase in the concentration of these constituents over the multivoltine
parent. The final silk output, however, is directly correlated with the concentration of
these constituents in the silk gland of the silkworm varieties studied.
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