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Introduction 

Silk fiber produced by the reeling of thread from 
cocoons of the silkworm, Bombyx mori, is composed 
of two classes of proteins, fibroin and sericin. These 
silk proteins are synthesized in the silk gland exist
ing in the inside of the larvae. Fibroin is synthesized 
specifically in the posterior silk gland, while sericin 
is synthesized in the middle si lk gland. Fibroin 
protein secreted into the gland lumen moves from 
the posterior to the middle section of the gland for 
storage, where it is coated by sericin protein, which 
acts to cement the two silk threads which are spun 
out from both sides of spinneret 1•

10
' . 

As fibroin and sericin can be obtained easily, a 
number of investigations have been conducted lo 
elucidate their molecular structure. These efforts 
have not been successful, however , due to difficulties 
in solubilizing the proteins. Recent development in 
the solubilization and separation of proteins has 
enabled observation of genetic variation in polypep· 
tides useful for the linkage analysis. 

Solubilization of silk proteins 

For the linkage analysis of genes encoding fi broin 
and sericin proteins , these proteins are dissolved in 
mild condition without cleavage of peptide bonds2·~>. 

1) Liquid silk from silk gland 
Usually, liquid silk existing in the lumen of silk 

gland is used as a material of genetic analysis. In 
this case, liquid silk taken out from the differen t 
sections of silk gland was dissolved in 8 M urea (Fig. 
1). For the analysis of polypeptides in sericin pro· 
teins existing in the anterior section of the middle 
si lk gland, protein solution dissolved in 8M urea 

Fig. l. Diagrammatic representation of si lk 
gland in the mature larvae of the 
silkworm 

S hadowed parts in the figure indicate 
the section used for the extraction of 
silk proteins, fibroin and sericin. 
A: the anterior gland, AM: the anterior 
section in the middle gland, MM: the 
middle section in the middle gland, PM: 
the posterior section in the middle 
gla nd, P: the posterior gland 

can be used directly for gel electrophoresis without 
disulfide-cleavage . SDS should be added into the 
protein solution at the concentration of 10%, if 
polyacrylamide gel electrophoresis (PAGE) contain
ing SDS will be used for the analysis of sericin 
proteins. Fibroin and one component of sericin 
synthesized in the posterior section of the middle 
silk gland are composing disulfide bond. Therefore, 
disulfide bond of these protei ns should be reduced 
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with 2-mercaptoethanol at pH 8.6 and the resulting 
residues are masked by the alkylation with iodo· 
aceloamide. 

2) Sill? proteins in cocoon thread 
Sericin proteins in cocoon thread can be dissolved 

by the incubation with 8M urea solution containing 
2-mercaptoethano1 2>. After alkylalion of the result· 
ing residues and removing the extra reagents by 
dia lysis. protein solution was applied to gel electro· 
phoresis. For the analysis of sericin proteins com· 
posing no disulfide bond, these sericins can be ex
tracted from cocoon thread by the incubation with 
8 M urea without 2-mercaptoethanol and applied to 
PAGE directly. Fibroin in cocoon thread can not be 
dissolved by lhis method. Silk fibroin can, however, 
be solubilized with 60% LiSCN and resulting poly
peptides show the same electrophoretic pattern as 
thal extracted from the silk gland61• 

Analysis of genetic variation 

PAGE containing 4M urea at acid pH or SOS· 
PAGE can be used for the detection of genetic varia· 
tion in components of fibroin and sericin proteins. 
Laemmlie's SDS-PAGE9> system gives the highest 
resolution of fibroin and sericin proteins 12>. 

Component of polypeptides in 
fibroin and sericin 

Polypeptides extracted from the lumen of the silk 
gland show the existence of different components 
among the sections of the silk gland (Plate 1)4>. 

Fibroin is synthesi_zed in the posterior silk gland 
and secreted into the gland lumen. Secreled liquid 
fibroin moves to the middle gland for storage. By 
the reduction of disulfide bond, fibroin is cleaved 
into two polypeptides of high (f-1) and low (f-2) mo
lecular weight. These two polypeptides show dif
ferent molecular weight and amino acid composition 
(Tables I and 2)'u. 

A polypeptide of sericin named S·4 is synthesized 
in the posterior section of the middle gland, and 
secreted into the g land lumen. This polypeptide 
exists in the lumen of the middle gland except for the 
anterior section (Plate 1). This component shows 
higher molecular weight when disulfide bond was 
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Plate l. Electrophoresis of polypeptides in 
fibroin and sericin extracted by the 
reductive cleavage of disulphide bonds 
from different sections of the silk gland, 
on 5% polyacrylamide gel at pH 2.9 con· 
taining 4 M urea 

Fraction numbers were given for the 
major bands decided as fibroin (f) or 
scricin (s). 
Number on the abscissa. 
I: the posterior gland, 2: the posterior 
section in the middle gland, 3: the rear 
part of the middle section in the mid· 
die gland, 4: the fore part of the mid· 
die section in the middle gland, 5: the 
,interior section in the middle gland 

ft 
s 1 
s 2 
s 3 
ss 

f2 
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not cleaved. 1n the rear part of the middle section, 
two polypeptides of sericin named s·l and s-3 are 
synthesized, and these two polypeptides exist in the 
lumen of the anterior section of the middle gland. 
Furthermore, two other polypeptides named s-2 
and s-5 are synthesized in the anterior section of 
the middle gland. Molecular weight of these polypep· 
tides shows different values (Table 1). Amino acid 
composition is closely similar to each other (Table 
2). However, different composition was observed in 
some amino acids. Polypeptides in sericin also show 



Table 1. Molecular weight of polypeptides 
in fibroin and sericin proteins 

Polypeptide 

Fibroin 
f-1 (H chain) 
f-2 (L chain) 

Sericin 
s-1 
s-2 
s-3 
s-4 
s-5 

Molecular weight* 

356Kd 
27 

309 
177 
145 
80 

134 

* Molecular weight was determined from the 
mobility in different gel percentages of acid 
PAGE at pH 2.9 containing 4 M urea. 

the same pattern in SOS-PAGE. However, some 
polypeptide bands separate into more fractions by 
Laemmlie's PAGE system 12>. 

Linkage analysis of polypeptides 
in fibroin and sericin 

1) Sericin 
Variant components in sencm have first been 

observed in mutant strains, Nd and Nd-s, of the 
silkworm defecting the synthesis of fibroin 3

'. A var· 
iant sericin found in the Nd-s mutant strain was 
clarified to be encoded by the allelic gene to the one 
of the s-2 sericin (Plate 2) and the gene loci was 
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2 3 
Plate 2. SOS-PAGE of sericin proteins extracted 

from cocoon shell by thereductivecleav· 
age of disulphide bonds in 8M urea 

l : s-2Y/s-2v. 2: s,2v;+, 3: +I+. 

Table 2. Amino acid composition of polypeptides in fibroin and sericin fraction· 
ated by gel electrophoresis at acid pH in 4 M urea 

Amino acid 
f-1 f-2 f-3* 

Composition (mole %) 

S·l s-2 s-3 s-4* s-5* 

Glycine 45.5 11.4 15.6 18.0 12.5 14.2 11.4 17.5 
Alanine 29.5 13.7 8.5 6.2 6.9 6.2 4.2 7.2 
Valine 1.8 5.5 3.1 3.7 2.8 LO 3.8 0.3 
Leucine 0.2 7.0 6.1 2.1 1.5 0.6 2.8 2.7 
Isoleucine 0.3 6.4 4.5 1.6 1.3 0.4 1.8 2.2 
Serine 10.8 10.9 9.1 29.l 30.2 38.l 32.5 16.4 
Threonine 1.5 3.4 4.8 8.5 8.0 4.1 11.l 4.0 
Aspartic acid 1.0 14.7 11.7 13.0 12.9 12.6 11.6 13.9 
Glutamic acid 1.0 8.9 6.4 5.4 5.2 10.7 6.1 10.3 
Lysine 0.4 2.2 4.1 2.2 4.8 5.3 2.2 6.3 
Arginine 0.3 4.1 3.8 4.0 3.9 3.0 3.6 3.5 
Histidine 0.7 2.2 3.3 1.6 1.5 0.8 1.9 3.1 
Tyrosine 6.2 3.1 9.5 3.3 6.8 2.1 2.8 9.0 
Phenylalanine 0.7 1.7 4.1 1.5 0.7 0.4 3.4 1.2 
Proline 0.4 3.4 2.9 Trace Trace Trace Trace Trace 
Methionine 0.2 0.3 Trace Trace Trace Trace Trace Trace 
Cystine (half)** 0.2 1.3 2.7 Trace LO 0.5 0.7 2.5 

* 20 hr hydrolysis ** S-carboxyamidomethylated cysteine 
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Fig. 2. Linkage maps of the s ilkworm, Bombyx mori, showing the localization of genes encoding fibroin and <O 
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sericin proteins 
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analysed to be located at 0.0 position on the 11th 
linkage group5>. The molecular weight of s-zv var
iant polypeptide is lower by approximately 62,500 
daltone than that of s-2 sericin. Therefore, it can be 
considered that this variant allele arose by deletion 
within the s-2 coding sequence in the Src-2 gene 
locus. 

Genetic variations were also observed in the 
other polypeptides of sericin and linkage analysis of 
genes encoding these polypeptides was carried out 12

>. 
Three other polypeptides of sericin migrate with 
different mobility. However, genes encoding these 
three polypeptides exist in a closely adjacent region 
on the same chromosome 11. Since no recombina
tion was observed among these three genes, they 
named tentatively Src(s) for these genes and the gene 
locus was determined at 0.0 point. Recombination 
value between the Src and Src-2 was 9.2%. There
fore, the location of gene locus of the Src-2 should 
be revised at 9.2 on chromosome 11 (Fig. 2). 

Most of the sericin genes, therefore, can be consi
dered to be located on a single chromosome. How· 
ever, gene loci encoding the minor components of 
sericin proteins still remain obscure. 

2) Fibroin 
Fibroin protein is composed of two polypeptides, 

heavy (H) and light (L), linked with disulphide 
bonds. Genetic variations have also been observed 
by means of SDS-PAGE in heavy chain of fibroin 6

·
13

>. 
Using these genetic variations, linkage analyses of 
the Fib-H gene were carried oul and its gene locus 
was found to be located al the adjacent region of the 
Nd (naked pupa) gene defecting the fibroin synthe
sis, on chromosome 237

•
1

1). 

Genetic variations were also observed in the light 
chain of fibroin 8'. Linkage analysis of the Fib-Lgene 
showed that this gene is not located on the 25th 
chromosome carrying the Fib-H gene, but was found 
to be linked tot he U gene on chromosome 14. A three 
point test cross was performed involving U, Nd-sand 
Fib-L genes 14

'. No crossover was observed between 
Fib-Land Nd-s. Therefore, the Fib-L gene can be con
sidered to locate at the adjacent region of the Nd-s 
on chromosome 14. The Nd-s gene is also defecting 
the fibroin synthesis. 

Both fibroin genes encoding the heavy and light 
chains are locating at the adjacent region of the 
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mutant genes defecting the fibroin synthesis. 
Therefore, it can be expected that the Nd and Nd-s 
genes are caused by the defect in the promoter region 
of the Fib-H and Fib-L genes, respectively, and 
further studies are in progress to elucidate the differ
ent DNA sequences in the 5' flanking region of the 
two fibroin genes 15

•
16>. 
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