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Biochemical constituents of silk gland of silkworm, Bombyx mori L. after feeding on leaves of selected mulberry genotypes



Abstract
The silkworm, Bombyx mori is a beneficial silk producing insect which exclusively feeds on mulberry plant. It belongs to phylum Phylum arthopodaArthopoda, class Class insecta Insecta and order Order lepidoptera Lepidoptera and undergoes complete metamorphosis (Holometabolous).  In the current research study, the leaves of mulberry genotypes namely Kokuso-21, SKM-33 and Goshoerami were fed to the silkworm, B.mori during spring seasons of 2019 and 2020. The ANOVA table revealed significant variations among these genotypes with regard to different biochemical constituents in the silk gland of silkworm fed on these genotypesafter their leaves were fed to silkworms. The significantly highest total protein (12.537 %), total free amino acids (2.072 %), total carbohydrate (1.124 %) and total lipid (0.029 %) content in the silk gland was recorded in Goshoerami fed silkworm batch with respect to control. 
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Introduction
The silkworm, Bombyx mori is an important economical insect extensively used for silk production. Silk gland is a tubular structure and consists of three parts viz., anterior, middle and posterior regions. The anterior region which measures 2 cm contains 250 secretory cells, middle region which measures 7 cm contains 300 secretory cells and posterior region which measures 15 cm contains about 500 secretory cells (Valluzzi et al., 1999). The fibroin protein which is rich in amino acids like glycine, alanine, serine and tyrosine (Kirimura and Suzuki, 1962) is produced in the posterior silk gland (PSG) and is made up of three protein types: H-chain, 350 KDa (Shimura et al., 1982, Zhou et al., 2000), L-chain, 26 KDa (Yamaguchi et al., 1989) and Glycoprotein P25, 30 KDa (Chevillard et al., 1986a, 1986b). The middle silk gland (MSG) region is responsible for the production of sericin protein. The silk protein synthesized from silk gland gets stored in the lumen of silk gland. After this it changes into liquid silk fibre and passes out through the spinneret of silkworm (Shimizu, 2000). The Qquality and quantity of sericin are instrumentalplay a crucial role in determining key cocoon characteristics in determining the key traits of the cocoons (Sadov et al., 1987). Sericin can be divided into sericin I, II, III and IV on the basis of solubility in hot water measured by UV absorption method. Maximum sericin content is present on the outer surface of cocoons and vice versa (Robson, 1985, Rui, 1998). Sericin being insoluble in cold water gets hydrolyzed and breaks into smaller fractions and is soluble in hot water (Gulrajani, 1988). Sericin is important because it is resists resistant to oxidation, and UV radiation,resistant, exibits anti bacterial properties and readily absorbs and gives outreleases moisture easily. After the degumming process the leftover is called as fibroin protein and it consists of two brins. It is widely used in textile, industrial and medical fields. It is long, soft, light and is regarded precious as it shows water absorbency, affinity for dyes, thermo tolerance, insulating properties and great lusture. It also provides raw materials for producing precious fabrics, tyre lining materials, parachutes, artificial blood vessels and surgical sutures. Wound healing properties of silk fibroin has been found by Wu et al. (1996). Silk gland has the potential to produce large quantity of silk proteins. Foreign proteins namely procollegen III were synthesized by using several promoters by using piggyBac vectors to express the transgenes in the silk gland of B. mori (Chavancy, 2005). The silkworm nutrition acquires great importance for the smooth growth of larva and overall success of sericulture industry. The impact of mulberry genotypes (Islam et al., 2023, Islam et al., 2022a, 2022b) and other nutritional supplements (Islam et al., 2020a, 2020b) for healthy growth and development of larvae and formation of good quality cocoons has been extensively studied worldwide.
Material and methods
The disease free layings (DFL’S) of silkworm race viz., PAM-117 was collected from College of Temperate Sericulture, Mirgund, SKUAST-K. The rearing of said race was carried out on the leaves of three different mulberry genotypes namely Kokuso-21, SKM-33 and Goshoerami, from immediately after brushing up tountil spinning, following as per the standard rearing protocol. and fFour replications per treatment, each consisting of 100 larvae, were kept andmaintained, along one control was also maintained for comparison purpose. In case of control, silkworms were given Ichinose leaves up to fourth instar and afterwards in fifth instar upto spinning were fed on Goshoerami leaves. The silk gland was dissected out (Plate 1) from the fifth instar mature silkworm larvae and biochemical analysis done by following the standard methods.
Total Protein (%)
Total protein content was estimated by Lowry et al. (1951) using Bovine serum albumin (BSA) as the standard. A known weight of sample was taken and 5 ml of alkaline copper solution was added to it and kept for 10 minutes. 0.5 ml of Folin ciocalteu reagent (FCR) was added to it, mixed well and kept in dark at room temperature for 30 minutes and the optical density was measured at 660 nm against blank after the appearance of blue colour. Protein content was then calculated by plotting a graph of absorbance values and expressed in percentage.
Total free amino acid (%) 
Total free amino acid content was estimated by Moore and Stein (1968) method using leucine as the working standard solution. A known weight of sample was taken and 1ml of ninhydrin reagent was added to it and the volume was made upto 2ml by adding distilled water. The solution was placed in boiling water bath for 20 minutes and 5ml of diluent was added while still in the water bath and mixed and cooled under running tap water. The absorbance of purple colour was estimated at 570nm.
Total carbohydrate (%)
Total carbohydrate content was estimated by Hedge and Hofreiter (1962) using glucose as the working standard solution. Known weight of sample was taken to which 4ml of anthrone was added and heated for 8 minutes in hot water bath and optical density was taken at 630nm for the appearance of green colour.
Total lipid (%)
The total lipid was estimated by the standard method of Folch et al. (1957). The known amount of sample was homogenized with 2 ml of chloroform and methanol (2:1) and centrifuged at 10,000 rpm for 15 minutes. After this the supernatant was mixed with 0.6 % saline solution and then the weight was taken. The samples were separated using separating funnel and placed in dark conditions overnight and the lower organic part was separated by using vacuum evaporator. The residues of samples were weighted for total lipids and expressed in percentage.
Results
The total protein content of the silk gland varied significantly among treatments, with the highest value (12.537%) recorded in silkworms fed on Goshoerami leaves and the lowest (12.338%) in those fed on SKM-33 (Table 1; Fig. 1). Similarly, the total free amino acid content of the silk gland also showed significant differences, being highest in the Goshoerami-fed batch (2.072%) and lowest in the SKM-33-fed batch (1.745%) (Table 1; Fig. 1). The total carbohydrate content in the silk gland differed significantly as well, with the highest value (1.124%) recorded in the Goshoerami-fed silkworms and the lowest (0.927%) in SKM-33-fed silkworms (Table 1; Fig. 1). Likewise, the total lipid content of the silk gland was significantly higher in silkworms reared on Goshoerami leaves (0.029%) and lowest in those reared on SKM-33 (0.020%) (Table 1; Fig. 1).The total protein content of silk gland differed significantly, highest (12.537 %) and lowest (12.338 %) was recorded in Goshoerami and SKM-33 fed silkworm batches respectively (Table 1) (Fig. 1). Similarly the total free amino acid content of silk gland differed significantly and highest was recorded in Goshoerami (2.072 %) and lowest in SKM-33 (1.745 %) fed silkworm batches respectively (Table 1) (Fig. 1). The total carbohydrate content in silk gland also differed significantly and highest total carbohydrate content (1.124 %) was recorded in Goshoerami fed silkworm batch and lowest was recorded in SKM-33 (0.927 %) (Table 1) (Fig. 1). The significantly highest total lipid content was recorded in silk gland of silkworm batch fed with Goshoerami (0.029 %) leaves and lowest was recorded in SKM-33 (0.020 %) (Table 1) (Fig. 1). 
Table 1: Effect of mulberry genotypes on selected biochemical constituents of silk gland (Pooled data of 2019 and 2020 spring seasons)
	Genotypes
	Total protein (%)
	Total free amino acids (%)
	Total carbohydrate (%)
	Total lipid (%)

	Kokuso-21
	12.370c
	1.769b
	0.953c
	0.022c

	SKM-33
	12.338c
	1.745b
	0.927c
	0.020d

	Goshoerami
	12.537a
	2.072a
	1.124a
	0.029a

	Control (Ichinose + Goshoerami)
	12.459b
	1.861b
	1.015b
	0.025b

	CD (p≤ 0.05)
	0.710
	1.660
	0.406
	0.001
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 Fig. 1: Effect of mulberry genotypes on total protein, total free amino acids, total carbohydrate and total lipid

Discussion
The protein is an important macromolecule required for the growth and development of silk gland of silkworm, as it is needed for the silk synthesis of silk gland. The nutrients viz., proteins have great impact on physiological and biochemical activities of silkworm body (Ohmura et al., 1989). Significant variations with regard to total proteins in haemolymph and silk gland of silkworm was recorded and highest total protein was recorded on last day of fifth instar larva, whereas lowest was recorded on first day (Murthy, 2014). The mulberry leaves supply around 70% of proteins which are directly utilized for the silk synthesis in silk gland of silkworm (Kawase, 1975). The significantly highest total protein content in silk gland was recorded in Goshoerami fed silkworm batch. The current results are in agreement with the findings of Ruth et al. (2019) who found considerable variations among mulberry varieties with regard to total protein and recorded highest total protein content in silkworms fed with TR-10 variety followed by Jorhat. The free amino acids which are building blocks of protein formation are derived from protein source through histolysis and also from non protein sources and transamination reactions determine the synthesis of amino acids in silk gland. Certain enzymes viz., Glutamate oxaloacetate transaminase and Glutamate pyruvate transaminase help in the active transportation of these amino acids (Saravanan et al., 2011), which are needed for the silk synthesis. In current research study the significantly high total free amino acids was recorded in silkworm batch fed with Goshoerami which may be due to high total free amino acids present in the leaves of the genotype. The present research findings are in conformity with Shamitha and Rao (2008) who recorded highest total free amino acids (1033.0 ± 134.3 mg/100ml) in haemolymph of Antheraea mylitta when reared indoors as compared to outdoor rearing. The carbohydrate content in silkworm is an important biochemical constituent as it supplies energy to the silkworm for carrying out different physiological and metabolic activities and is directly related to the health of silkworm (Manjula and Vijaya Kumari, 2015). In our results the significantly highest total carbohydrate content was recorded in silkworm batch fed with Goshoerami which may be due to optimum carbohydrate content in the leaves. The current results are in agreement with research findings of Mahmoud (2017) who after studying mulberry varieties recorded highest total carbohydrate content in M. laevigata fed silkworm batch. The lipid is yet another important macromolecule for maintaining the cell structure and are the main source of energy for carrying out several physiological processes like embryogenesis, reproduction and metamorphosis in the insect body (Gilbert, 1967). In the current research study the highest total lipid content was recorded in Goshoerami fed silkworm batch which may be due to optimum lipid level present in the leaves of this genotype. The similar findings were reported by Monoroma et al. (2010) who recorded lipid content of 0.1430-0.1436 mg/mg in silkgland of Antheraea proylei after feeding on Quercus serrata leaves.
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Plate 1: Dissection of silk gland
Conclusion
The silkworms reacted differently after feeding on leaves of different mulberry genotypes and the biochemical constituents in silk gland of silkworm also differed significantly. The parameters with regard to total protein, total free amino acids, total carbohydrate and total lipid content was recorded significantly highest in Goshoerami fed silkworm batch which may be due to the superiority of this genotype with reference to optimum level of nutrients present in this genotype. From the above results it can be concluded that Goshoerami genotype can be exploited by the silkworm rearers for rearing of silkworms for harvesting good quality cocoon crop. The silkworms exhibited distinct responses when fed on leaves of different mulberry genotypes, and the biochemical constituents of their silk glands also varied significantly. The parameters related to total protein, total free amino acids, total carbohydrate, and total lipid content were recorded as significantly highest in the Goshoerami-fed silkworm batch. This may be attributed to the superior nutritional composition of the Goshoerami genotype. Based on the present findings, it can be concluded that the Goshoerami mulberry genotype holds great potential for silkworm rearing and can be effectively utilized by rearers to obtain a high-quality cocoon crop.
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