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Ultrastructure changes and function of the midgut and salivary glands in

Bombyx mori during the pupal-adult metamorphism
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Abstract In order to further understand the biological activity of digestive system and the origin of cocoonase
of Bombyx mort during the pupal-adult metamorphosis the ultrastructure of the midgut and salivary glands was
observed and the hydrolase activity was assayed. The results showed that active secretory characteristics such as
a mass of secretory vacuoles secretory granules and microvilli were observed in the midgut from the 7th day
after pupation to one day before emergence and in salivary glands of newly emerged adults. High hydrolase
activity existed in the midgut and salivary glands of pharate adults. The activities of protease esterase and
fibrinolytic enzyme were 726 U/mg 751 U/mg and 263 U/mg in the midgut and 603 U/mg 523 U/mg and
147 U/mg in salivary glands respectively. This suggests that the midgut and salivary glands were the possible
origin of cocoonase. Weight and content analysis of ingredients in the pupal midgut during the pupal-adult
metamorphosis showed that protein carbohydrate and fat are major components accounting for over 95% of
the total weight of which the proteins accounted for 78.8% — 80.2% . The dry weight of the contents in the
midgut was 20.1 —21.9 mg/head in the early stage of pupation without obvious change during the 7 days after
pupation but reduced by 63.01% — 66.17% on the 9th day after pupation and was extremely low in the
newly emerged adult. The possible reason is that the contents were gradually assimilated and absorbed during
the pupal-adult metamorphism. It was so inferred that during the pupal-adult metamorphism the midgut still

keep the function of storaging and releasing nutrients and cocoonase probably has another function of
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decomposing and digesting contents of the midgut.
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Table 1 Activity of three enzymes in the midgut and
salivary glands of Bombyx mori pharate adults
GB/T5511-1985 | prame sy L
3 Tissue Protease  Esterase  Fibrinolytic enzyme
Midgut 726 +3.0 751+9.8 263+7.0
Salivary gland 603 +5.3  523+3.6 147+5.3
2 Notes S The data in the table are mean
+SD.
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Fig. 1 Ultastructure of the midgut of Bombyx mori during the pupal-adult metamorphosis

Al ~ A3 5 The midgut of pupa on the 5th day after pupation under TEM Al Scale bar = 2 pm A2

Scale bar = 500 nm A3 Scale bar =1 pm . Bl ~ B3 7 The midgut of
pupa on the 7th day after pupation under TEM Bl Scale bar = 1 um B2 Scale bar = 2 um B3 Scale bar = 500 nm . Cl
~C3 1 The midgut of pupa one day before emergence under TEM  C1 Scale bar = 2 pm C2 Scale
bar = 1 pm C3 Scale bar = 2 pm . SV Secretory vacuole N Nucleolus SG Secretory granule MV

Microvilli.
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Fig. 2 Ultrastructure of the salivary glands of the newly emerged adults of Bombyx mori

Al Ultrastructure of the salivary glands under TEM Scale bar = 2 um A2

The amplified secretory granule SG in the lumen under TEM Scale bar = 500 nm A3

The nucleolus N and SG of the cell under TEM Scale bar = 2 pm A4 The amplified
SG in the cell under TEM Scale bar = 500 nm A5 The rough endoplasmic reticulum rRE in the cell
under TEM Scale bar = 200 nm A6 The variety of the SG cell under TEM Scale bar = 500 nm .
SG Secretory granule SV Secretory vacuole N Nucleolus rER Rough endoplasmic reticulum.

2 .

Table 2 Changes of weight and content of ingredients in the pupal midgut during the pupal-adult metamorphosis
Ingredient and content %

Dry weight of content mg/head Protein Carbohydrate Fat
Developmental i
— % 7 9 7 B 7 2 7
Pupa $ Pupa d' Pupa 3 Pupa & Pupa ¥ Pupa Pupa 3 Pupa &
1 Ist day after pupation 21.9+0.17 A 20.1+0.20 B  80.2+0.55a 78.7+0.43b 13.5+0.35a 12.7+0.17b 2.70+0.02a 2.68+0.04 a
3 3rd day after pupation 21.8+0.45 A 199+0.20B 78.4+0.62a 76.2+0.26b 12.4+0.30a 11.6+0.20b 2.23+0.03a 2.13+0.04 b
5 5th day after pupation 21.7+0.26 A 19.6+0.25B 76.7+0.20 A 75.3+0.26 B 11.6+0.30 A 10.2+0.30 B 2.12+0.03a 2.02+0.03 b
7 Tth day after pupation 21.7+0.20 A 19.7+0.20B  72.7+0.17 A 70.5+0.36 B 10.8+0.17 A 9.80+0.17 B 1.84+0.03 A 1.70+0.03 B
9  9th day after pupation 8.1+0.26 A 6.8+0.10B 69.8+0.17 A 68.8+0.26B 9.76+0.02 A 8.76+0.02 B 1.76+0.02 A 1.64+0.03 B

1 1 day before emergence 7.0+0.26 A 59+0.20B 68.0+0.26 A 67.1+0.12B 9.65+0.03 A 8.65+0.01 B 1.63+0.03 A 1.53+0.02 B

1 1 day after emergence 1.0+0.10 a 0.7£0.17a  50.7+0.44 A 47.8+0.26 B 8.61+0.02 A 7.61+0.2 B 1.54+0.02 A 1.492+0.02 B

Notes + P<
0.01 P<0.05 ¢ The data in the table are mean+ SD. Data of the same ingredient in the same row followed

by different letters are significantly different the different capital letters indicate extremely significant difference at P < 0.01 by ¢ test while the different
lowercase letters indicate significantly difference P <0.05 by ¢ test.
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