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Abstract
Storage protein (SP-2) variation was investigated among selected silkworm germplasm stocks representing two
major potential sericulture areas of India. The expression levels of storage protein varied among them, as seen in
Sodium Dodecylsulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE), which correlated with their
geographical origin. The storage protein variation is an inter origin variability and this differential expression of
the protein is helpful to tag the robustness of the breed/race associated with parentage and their origin. Present
study revealed that silkworm races/breeds viz., LMO, Kolar Gold and A4e possess higher protein content
among the races studied. This may be correlated with their robustness reflecting higher survival rate in the
varied environments prevailing in the tropical zone. Such identified races can be conserved as storage protein
rich genetic stocks for their maximal genetic potentials and high-grade silk productivity.
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conclusion of the feeding period, they are selectively
taken up by the fat body cells and stored in the form
of protein granules that are required for the
development of the adult tissues [19, 29, 34]. SP1 is
characterized by molecular weight of approximately
82 kDa and SP2 is characterized by molecular range
of 72-76 kDa. SP1 consists of an exceptionally high
content of methionine, while the amino acid
composition of SP2 is analogous to the dipterous
storage proteins, being rich in phenylalanine and
tyrosine [38, 24, 23]. The mode of synthesis of storage
protein in the larva varies in different insects. In
Manduca sexta it was detected in the haemolymph of
second instar larvae [23]. In silkworms, an enormous
accumulation of the storage proteins occurs in the
haemolymph at the final instar of the larvae [36]. The
accumulated protein is estimated by an electrophoretic
method, to detect the molecular weight and their
staining intensities [5]. This procedure permits rapid
and reliable identification of protein variations
reflecting any genetic differences [32, 11].
Electrophoresis of proteins is a powerful tool
for identification of genetic diversity and the Sodium
Dodecylsulfate Polyacrylamide Gel Electrophoresis
(SDS-PAGE) is particularly considered a reliable
technology, as the storage proteins are highly
independent of environmental fluctuations. Various
methods have been employed to estimate the amount
of storage protein like ultra centrifugation data for

1. Introduction
The mulberry silkworm, Bombyx mori, is a major
economic resource in many parts of India and has
been raised for more than 5000 years in Asian
countries. The silkworm has an open circulatory
system containing haemolymph, which is the
important depository of nutrition and energy [10]. The
main haemolymph proteins, lipophorin (LP), storage
protein (SP) and vitellogennin (Vg) are common in
insects and have special functions for development,
metamorphosis and reproduction [33]. Insect storage
proteins are a class of proteins, which play an
important role during the metamorphosis of insects
[35, 39]. Storage proteins are the major reservoirs for
amino acids that are utilized for cuticular proteins and
tissue formation for adult development [19]. Lauffer
[18] first reported the haemolymph proteins in the
silkworm larvae, B. mori, as early as 1943. Storage
proteins are known to occur in two forms in the
silkworm, referred to as SP1 and SP2 [38]. SP1
storage protein is female specific protein and consists
of a high proportion of methionine. SP2 is an
arylphorin-type storage protein and is not female
specific [4, 38, 22]. These storage proteins contribute
to the growth of insects during their metamorphosis.
The storage proteins are mainly synthesized in
large quantities by the fat body of actively feeding
larvae and released into the haemolymph. At the
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multivoltine
race
was
analyzed
through
spectrophotometer (Shimadzu, Japan) at 660 nm wave
length. Total protein content was determined with
folin reagent using Lowry method [21]. The quantity
of protein was expressed as µg/ml.
Silkworm haemolymph was analysed by SDSPAGE. The haemolymph extracts equivalent to 50 μg
of protein were mixed with equal volume of Sodium
Dodecyl Sulphate (SDS) sample buffer mixture
(100% Glycerol, 10% SDS, 0.1% Bromophenol Blue,
1 ml of β-Mercapthoethanol and 2.5 ml of stacking
buffer) and boiled for one minute. SDS-PAGE was
performed using 6% stacking gel (Acrylamide, Bis
acrylamide in the ratio of 30:0.8, Tris Buffer pH 6.8,
0.01% of Temed, 1.5% of Ammonium per sulphate
and 0.05% of SDS) and 7.5% separating gel
(Acrylamide, Bis acrylamide in the ratio of 30:0.8,
Tris Buffer pH 8.8, 0.25% of Temed, 0.1% of SDS
and 0.1% of Ammonium per sulphate). It was stained
in Coomassive Brilliant Blue [17] (Coomassive
Brilliant Blue 0.125%, Methanol 50% and Acetic acid
10%). The sample was run in tank buffer (0.025M
Tris pH 8.3, 0.192 M Glycine, and 0.1% SDS) at 30V
up to stacking and at 60V till the blue reached the
bottom. The gel was stained with coomassive blue for
45 mins and washed with distilled water. Destained
with 50% Methanol, 10% Acetic acid and 40 ml
distilled water. The gel was stored in 7.5% Acetic
acid. The Gel was observed under Gel Scanner
(Syngene, USA). Storage protein band, SP-2 was
identified by its position in the gel. Different density
levels of the storage protein observed per unit area
was interpolated against each accession. This data was
subjected to ‘Hierarchical Clustering’ using Ward’s
Minimum Variance Clustering analysis from SPSS
package, 11.5 version, which is a standard method to
study relatedness and genetic diversity among breeds
Clustering of the silkworm breeds thus obtained was
analyzed.

quantification of storage protein-1 [23], visual
inspection of stained PAGE bands [14], densitometry
of SDS-PAGE gels [31] and quantitative
immunodiffusion
to
estimate
the
relative
concentration of storage protein of Hyalophora
cecropia and Bombyx mori [36, 38].
Estimation of storage proteins by SDS-PAGE
gels is one of the easiest methods to quantify this
protein [36, 38]. Earlier studies indicate a significant
relation between storage proteins and metamorphic
features viz., larval weight and pupation rate and also
it has a special function on metamorphosis, which
facilitates maximal growth after every moult in insects
[19]. This specific functional utility of the storage
protein as an index to measure the growth increment
of different silkworm breeds and their better
survivability as an indicator of silkworm breed
robustness was reported by Somasundaram [33]
The present study focuses on the genetic
variations in the expression level of storage proteins in
various multivoltine silkworm breeds of Germplasm
bank. Accumulation of storage protein in insects is
greatly influenced by genetic factors [6]. The study
highlights the storage protein identified in different
silkworm races/breeds as a possible biochemical index
to tag the silkworm traits, especially breed robustness,
comprising of growth and survival factors. These two
economic factors of B. mori are the important traits to
select parental breed for their higher survival in any
agro climatic zones.
2. Material and methods
Multivoltine silkworm stocks belonging to two
different agro climatic regions of India viz., Karnataka
and West Bengal were selected for the study. In
Karnataka the climate is cold and warm whereas in
West Bengal hot and humid conditions prevail. The
multivoltine races selected for this study were reared
in the Germplasm Centre at Hosur (latitude 12°45’N
and longitude 77°5’E, altitude 942 M), Tamil Nadu
India, following the standard rearing practices [16].
Ten races/breeds were selected for the study (Table
1). Ten larvae were randomly collected on the fourth
day of fifth age and their haemolymph samples were
drawn from the distal region of the prothoracic leg
into prechilled eppendorf tubes containing
phenylthiourea. The samples were centrifuged in
RC5C Ultra centrifuge (Sorval Instruments) for five
minutes at 12000 rpm for removing haemocytes and
other tissue debris. 10 µl haemolymph from each

3. Results
Among the ten multivoltine races studied, four
races are from the state of Karnataka and six races
from the state of West Bengal. The details of selected
silkworm accessions, their parentage and origin are
given in Table 1. The total protein content varied from
39 µg/ml to 17.0 µg/ml among the races studied.
AP12 (BMI-0034) and CB5 (BMI 0021) showed the
highest protein concentration and A4e (BMI-0032)
showed the lowest protein concentration (Table-2).
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The SDS-PAGE profile of these accessions showed
remarkable variations in the staining intensity of SP2
proteins (Figure 1a & 1b), reflecting their origin and
parentage. Total storage protein estimated among the

ten races registered a highest staining intensity in
LMO (BMI-0055) followed by Kolar Gold (BMI0008).

Table 1. Details on Origin and Parentage of selected multivoltine races of B. mori
Sl. No.

Multivoltine accessions

Name of Breed

Parentage

Origin*

(PM,
NN6 KAR
(Hosho.Shungetsu)
2
BMI-0009
Kollegal Jawan
(PM,
NN6 KAR
(Hosho.Shungetsu)
3
BMI-0014
OS-616
Oval, S-15
WBL
4
BMI-0016
G
N (X-ray), M2, KPG-B,C WBL
1
5
BMI-0021
CB5
N (M) M2, KB, N12 WBL
C110, C124, J124
6
BMI-0029
B
Nistari, KPG-B
WBL
7
BMI-0032
A4e
(MYS1.BW)
{MYWBL
(N122.C110} (N124.C124
8
BMI-0034
AP12
A4e.PM
KAR
9
BMI-0043
MW13
(PM.MP) NB7
KAR
10
BMI-0055
LMO
Nistari.NistariM
WBL
Note: * Geographic area of the breed. KAR: Karnataka; WBL: West Bengal
** Female specific protein (units/area)
1

BMI-0008

Kolar Gold

Table 2: Total Protein content in the haemolymph extracts of multivoltine races, B. mori
Sl. No

Multivoltine accession Races/Breeds

1
2
3
4
5
6
7
8
9
10

BMI-0008
BMI-0009
BMI-0014
BMI-0016
BMI-0021
BMI-0029
BMI-0032
BMI-0034
BMI-0043
BMI-0055

Protein Conc.
(µg/ml)
35.2
38.0
22.0
34.0
39.0
36.9
17.0
39.0
35.8
26.7

Kolar Gold
Kollegal Jawan
OS-616
G
CB5
B
A4e
AP12
MW13
LMO

Figure 1: SDS-PAGE profile of SP2 in multivoltine accessions, B. mori
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SP2 expression
(Units/area)**
1615030
766623
749166
741025
1012183
723040
1600857
838625
599549
2112616
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parentage of Pure Mysore and Nistari, which are the
hardy races of tropical climate. 75% similarity in
sharing common origin has been found in this group.
The second cluster comprises of two races viz.,
Kollegal Jawan (BMI-0009) and AP12 (BMI-0034)
and the protein ranking are closely placed. Both of
them share a common origin, Karnataka. Both are
having Pure Mysore as one of the component in their
parentage. Third cluster group comprises of two races
viz., OS616 (BMI-0014) and CB5 (BMI-0021), which
are having a common origin West Bengal. 80%
similarity in sharing common origin has been found in
this group. The fourth cluster group comprises of
three races Viz., G (BMI-0016), MW13 (BMI-0043)
and B (BMI-0029). Of these races two are from West
Bengal and one from Karnataka, duly sharing 80% of
common parentage (Table 4). Their SP2 ranking are
very closely placed.

Lowest expression was found in MW13 (BMI-0043)
followed by B (BMI-0029) (Table 3). The races were
ranked 1 to 10, based on the differential expression of
storage protein. The density of the protein expression
was correlated with the pupation rate of the races. It
was observed that the races with ranking 1-7, had
pupation rate above 80% and the races that were
ranked 8 to 10 had pupation rate below 80%.
A dendrogram generated by hierarchical
clustering technique is shown in Figure 2. The
resultant dendrogram showed four distinct cluster
groups. First group comprises of three races viz.,
Kolar gold (BMI-0008), A4e (BMI-0032) and LMO
(BMI-0055) (Table 4). These are possessing highest
storage protein and further they are found in first
cluster group. They share maximum percentage of
geographical origin and parentage. This cluster group
has its maximum origin from West Bengal and share

Table 3. Differential Expression of SP2, their ranking and pupation rate in the multivoltine races of B. mori
Multivoltine
accessions
BMI-0008
BMI-0009
BMI-0014
BMI-0016
BMI-0021
BMI-0029
BMI-0032
BMI-0034
BMI-0043
BMI-0055

Name of Breed
Kolar Gold
Kollegal Jawan
OS-616
G
CB5
B
A4e
AP12
MW13
LMO

SP2 expression level
(units/area)
1615030
766623
749166
741025
1012183
723040
1600857
838625
599549
2112616

Ranking of
SP2
2
6
7
8
4
9
3
5
10
1

Pupation Ra
(%)
80.24
87.28
84.69
78.67
80.81
71.20
83.24
86.52
79.54
84.36

Table 4: Grouping of B. mori races, based on Cluster analysis
Cluste Accession Races
I
BMI-0008 Kolar Gold
BMI-0032 A4e
BMI-0055 LMO

Origin
KAR
WBL
WBL

Parentage
(PM, NN6D)(Hosho.Shungetsu)
(MYS1.BW){MYS (N122.C110} (N124.C124
Nistari.Nistari M

II

BMI-0009 Kollegal jawan
BMI-0034 AP12
OS616
OS616
CB5
CB5

KAR
KAR
WBL
WBL

(PM, NN6D)(Hosho.Shungetsu)
A4e.PM
Oval, S-15
N (M)M2,KB, N122, C110, C124, J124

G
MW13
B

WBL
KAR
WBL

N (X-ray), M2, KPG-B, CB-1
(PM.MP) NB7
Nistari, KPG-B

III

IV

G
MW13
B
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Figure 2: Cluster groups based on Wards Minimum Variance Clustering analysis

. Since proteins are the chief organic constituents
of the cell, their macromolecules are concerned with
the regulation of all the biochemical events in the
organism [7]. Storage proteins are produced from the
fat body during final instar of insect development [2].
The role of haemolymph and fat body in synthesis and
storage of proteins in B. mori towards silk spinning is
documented [37].
The total storage protein expression as seen from
their staining intensity differed among the races
studied. The races with similar geographical origin are
placed in same group indicating the environmental
impacts on the role of storage proteins. Higher
pupation rate (>80%) was found in races exhibiting
high staining intensity. This is in accordance with the
observations on the changes in the concentration of
primary metabolites especially total proteins
corresponding to the changes noticed in the weights of
larval body, silk gland, cocoon weight as well as the
cocoon shell weight [30].
Densitometry scanning of bands relating to
storage proteins exhibited wide variations in the
staining intensity and this may be related to
differential regulatory pattern of juvenile hormone
(JH) in these accessions. Apart from this, the staining
intensity of SP2 bands also differed much among
origin and parentage. West Bengal origin and
Karnataka origin accessions established a close
relationship indicating close affinity in pattern of
protein expression in spite of their different and varied
climatic conditions.

4. Discussion
Proteins have always been an interesting
biochemical tool for insect biochemists because of
their prominent role in development, morphogenesis
and the intermediary metabolic pathways in insects.
The proteins that are specifically synthesized in large
amounts by fat body during last larval instar are
designated as storage proteins [20]. Storage proteins
are a major reservoir for growth and metamorphosis in
insects in general and specifically in silkworms. The
storage proteins are involved in moulting,
metamorphosis, and cyclic reproduction. The
transformation from larval caterpillar to non-feeding
pupa and adult moth involves a complete remodeling
and restructuring of the insect, and its organs [13, 9].
The maximum storage protein synthesis as measured
from the staining intensity was observed in the
haemolymph during larval life and subsequently
declined during adult development has several
postulates regarding their function. They act as a
reservoir of amino acids to be utilized for the
production of adult storage protein [26]. The storage
proteins (SP1 and SP2) are synthesized abundantly in
the peripheral fat body tissue and subsequently
released into the haemolymph during the active
feeding larval period of the silkworm. During the
larval-pupal transformation, these proteins are
sequestered by the perivisceral fat body and stored in
crystalline form until they are utilized during pupal
and adult development [8].
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develop a breed that can synthesize higher storage
protein, for higher survival rate.

In lepidopteron insects, synthesis of the storage
protein is regulated by juvenile hormone suggesting
that the regulation of storage protein synthesis by JH
differs between races/breeds [3]. Exogenous juvenile
hormone application in rice moth Corcyra
cephalonica decreased the haemolymph storage
protein levels suggesting that JH level alters the
expression of storage protein [12]. Further, in insects,
hormones control most of the developmental process
directly or indirectly [1]. The observed variability in
the synthesis of storage protein in the present study
may be attributed to the difference in JH regulation in
the silkworm breeds studied. This particular event of
sequestration was characterized by a probable decline
in the titer of Juvenile Hormone (JH) and an elevate
titer of ecdysone [28]. These storage proteins are few
in number and occur only in the larval stages where
they accumulate in the haemolymph. Second, they are
synthesized predominantly by the larval fat body and
third, their concentration increases enormously in later
larval instars especially in the last larval instar [19].
Synthesis of storage protein in the larval fat body is
related with feeding activity [27] and the increase in
amount of the storage proteins is evident during the
mid feeding period of an instar. Further the quantity of
storage protein does not increase during the larval
moult or during starvation [25]. These observations
suggest that the accumulation of storage protein is not
only influenced by nutrional conditions but also by the
ingrained genetic character of the races/breeds. The
rate of development of an insect is dependent on the
efficiency to feed, which is breed or race specific [6].
These observations suggest that storage protein
accumulation in different races may be attributed to
race specificity or genetic characteristics because of
their different adaptability gained from their parental
stocks.
For any directional breeding by breeders, to
select the parents possessing high growth increment
and higher survival rate, the storage protein index can
be applied on a parental stock for choosing robust
breed or race for commercial exploitation in silk
industry.
Storage protein index, pupation rate index,
were correlated and found that higher the SP2 storage
protein higher the robustness as evidenced in the race
LMO having pupation rate of above 80%. Hence
storage protein can be used as a dependable
Biochemical index to screen Germplasm stocks for
robustness and for better utilization by breeders to

5. Conclusions
Storage proteins are found in the fat body at
varied quantity specific to the requirement of each
race adapted to different geographical regions. Such
levels have been identified through SDS PAGE
technique and scanning. Varied storage protein
quantities observed in each race reflected on their
genetic robustness, which is judged from certain
quantitative traits like pupal growth. This study on
storage protein measurement is a useful index to relate
the robustness of race/breed for selecting genetically
hardy parental stock for higher silk production. The
study provides a clue to the role of storage protein in
the geographical pattern of environmental impacts on
metamorphosis and growth behavior. Further study in
this line towards protein sequencing of this specific
storage protein, which is underway, would amply
indicate its intricate role on channelization of energy
for growth variability and genetic diversity among
germplasm stocks. Studies on storage proteins may be
a dependable index for selecting the breeds for further
multiplication of new breeds/lines in various silkworm
breeds.
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