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The cocoon filament of theBombyx mori silkworm is
composed of two silk proteins: fibroin and sericin. Sericin is a
family of proteins synthesized exclusively in the middle silk
gland (MSG)1,2 and ranges in size from 65 to 400 kDa.3,4 The
sericin content is 20-30 wt % of the cocoon filament. Sericin
envelops fibroin threads to glue them together and contains
many hydrophilic amino acids including serine (ca. 35%),5,6

which lends it high hydrophilicity7 and sensitivity to chemical
modifications.8 The silk sericin plays important roles in the
spinning process of the silkworm and the construction of a robust
cocoon shell. Recently, several unique sericin properties, such
as affinity to human skin and hair,7 induction of heterogeneous
nucleation of apatite,9 and enhanced attachment of primary
cultured human skin fibroblasts,10 have been reported, which
makes sericin an attractive bioresource to develop novel
biomaterials.11 As for biocompatibility, which is a critical issue
for developing biomaterials, sericin has been previously impli-
cated in the immune response mounted against silk sutures.
However, a recent study has shown that soluble sericin as well
as native silk fibers with sericin coating does not induce
significant macrophage activation.12

Despite growing interest in sericin’s function and applications,
only limited knowledge about its characteristics has been
obtained. It is well-known that sericin is easily degraded by
heat or alkaline treatment during its separation from fibroin
threads, making it difficult to study its native characteristics.
Moreover, such degraded sericin exhibits poor mechanical
properties, which hampers its application as a material.13

Recently, a new strain ofBombyx morisilkworm named Sericin
Hope was developed, which secretes sericin almost exclusively
(98.5%).14,15 The Sericin Hope silkworm enables us to obtain
native sericin without degradation because the separation process
from fibroin is not required.

In this communication, the Sericin Hope silkworm was used
as a sericin source in order to investigate the structure of native
sericin before spinning and after spinning using13C solution
and13C solid-state NMR, respectively. Moreover, the structural
changes of sericin in solution by heat treatment were monitored
with solution NMR, which indicated that heat-sensitive se-
quences exist in sericin’s primary structure.

Native Structure of Sericin before and after Spinning.
Sericin solution stored in the MSG of the Sericin Hope silkworm
was obtained, and the13C solution NMR was observed (Figure
1a). Although the aqueous solution was highly viscous, each

carbon atom was observed as a sharp peak, indicating high
segmental motion as reported for native liquid fibroin.16 Most
of the peaks except for those in the highly overlapped carbonyl
region could be assigned on the basis of the previous assignment
of fibroin16,17and small peptides.18 The peak intensities assigned
to the carbons of Glu, Phe, and Tyr residues were much stronger
than those expected from the amino acid composition of
sericin,5,6 which indicates the presence of low molecular weight
impurities. Actually, the peaks from the impurities were
confirmed by observing13C solution NMR of the dialysate of
native sericin solution (unpublished data). The CR and Câ
chemical shifts of major amino acids in native sericin solution
were in good agreement with those of pentapeptides (Gly-Gly-
X-Gly-Gly) (Table 1), whose chemical shifts are representative
of random coil structure,18 demonstrating that native sericin
before spinning takes essentially the random coil structure.
However, when 8 M urea was added to the solution, only small
lower field shifts of the Câ peaks of Ser, Thr, and Asp residues
were observed (Table 1), indicating the formation of intra- and/
or intermolecular hydrogen bonding through the polar side
groups of these residues in the native state without urea.

Structural transition of sericin during spinning is of great
interest because it is closely related to sericin’s function in the
spinning mechanism ofBombyx morisilk. The 13C solid-state
NMR spectrum of the Sericin Hope cocoon after spinning was
observed (Figure 1c). For comparison, the spectrum of sericin
film prepared from native sericin solution was also observed
(Figure 1b). Although a detailed analysis of the CP/MAS spectra
was difficult due to peak broadening and overlapping, Ser and
Gly peaks could be obviously distinguished because of their
abundance. Sericin film exhibited Ser CR, Ser Câ, and Gly CR
peaks at 55.3, 61.3, and 42.3 ppm (Figure 1b), which were
respectively close to those of native sericin solution at 55.7,
61.1, and 42.6 ppm (Figure 1a). This observation indicated that
sericin film is a largely random coil structure. Interestingly, the
13C CP/MAS spectrum of the Sericin Hope cocoon was quite
similar to that of sericin film (Figure 1c), indicating that sericin
remains a largely random coil structure even after spinning and
undergoes no remarkable structural transition during spinning.
A similar conclusion has been previously obtained by FTIR
analyses.19 The observation that sericin exhibits no remarkable
structural changes during spinning is quite in contrast to fibroin,
which undergoes a drastic structural transition from silk I to
silk II structure.20

Sericin has been considered to act as a kind of lubricant in
the fiber formation process. Kataoka and Uematsu investigated
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Table 1. Cr and Câ Chemical Shifts (ppm from External TMS) of
Major Amino Acids in Native Sericin Solution, 8 M Urea-Denatured

Sericin Solution, and Pentapeptides (Gly-Gly-X-Gly-Gly)a

native
sericin

8 M
urea-denatured GGXGGb

Ser CR 55.69 55.68 55.9-55.8
Câ 61.07 61.24 61.5-61.3

Gly CR 42.62 42.53 42.8-42.4
Thr CR 59.31 59.25 59.4-59.2

Câ 66.93 67.11 67.5-67.1
Asn CR 50.68 50.66 51.0-50.5

Câ 36.15 36.22 37.0-36.4
Asp CR 51.71 51.68 51.9-51.7

Câ 38.44 38.67 39.0-38.7

a X ) Ser, Gly, Thr, Asn, and Asp.b Chemical shift data were taken
from ref 18.
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the critical shear rates to transform sericin and fibroin intoâ
structure and showed that sericin is difficult to undergo structural
transition by shear stress compared to fibroin.21 Although the
present results obtained by using Sericin Hope silkworm cannot
be directly correlated with general silk spinning process, the
observed characteristic behavior of sericin must reflect its
lubricating action.

Degradation Pattern of Sericin.Sericin solution regenerated
from the Sericin Hope cocoon under mild conditions exhibited
distinct protein bands by electrophoresis (Figure 2, lane 1),
demonstrating that no thermal degradation occurred during
preparation. Heat treatment of the regenerated sericin solution

in an autoclave at 120°C for 20 min turned its electrophoresis
pattern into a smear pattern (Figure 2, lane 2), which demon-
strated that sericin molecules were degraded. The pH of the
solution before and after autoclaving was 7.9 and 7.6, showing
that the degradation occurred at around neutral pH. A similar
smear electrophoresis pattern is observed for sericin separated
from fibroin threads with water at high temperature and
pressure.22

The 13C solution NMR spectra of the regenerated sericin
solution before and after heat treatment are shown in parts a
and b of Figure 3, respectively.23 Although the chemical shifts
were almost unchanged by heat treatment, splitting of Asp peaks
was clearly observed (Figure 3; expanded spectra in the insets).

Figure 1. (a) 13C solution NMR spectrum of native sericin solution derived from the MSG of the Sericin Hope silkworm (/: 1,4-dioxane as an
internal standard) and13C CP/MAS NMR spectra of (b) sericin film prepared by drying native sericin solution and (c) Sericin Hope cocoon.

Figure 2. SDS-PAGE pattern of the regenerated sericin solution from
the Sericin Hope cocoon before (lane 1) and after (lane 2) autoclaving
at 120°C for 20 min.

Figure 3. 13C solution NMR spectra of the regenerated sericin solution
prepared from the Sericin Hope cocoon (a) before and (b) after
autoclaving at 120°C for 20 min. Enlarged views around Asp Cγ,
CR, and Câ peaks are represented in the insets.
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Asp Cγ, CR, and Câ peaks were detected at 177.4, 51.7, and
38.4 ppm in both spectra (Figure 3a,b), whereas the spectrum
after heat treatment exhibited new peaks marked by arrows at
176.5, 52.1, and 38.1 ppm near the original Asp peaks,
respectively. The observed splitting of Asp peaks is due to
hydrolysis of peptide bonds at N and/or C termini of Asp
residues. It has been reported that Asp residue is prone to
hydrolysis compared with others.24-26 Since sericin contains
many Asp residues (∼6%),5,27 they might be hydrolyzed
preferentially by heat treatment, which causes a remarkable
degradation of sericin molecules.

The 38-amino acid repetitive motifs in sericin contribute
largely to the mechanical strength of sericin materials because
it is known that the repetitive motifs exhibit strong interchain
interaction.5,28 Asp residues are periodically contained in the
repetitive region5,27and are weak points against heat treatment.
We infer that the collapse of the repetitive region at Asp residues
by heat treatment is the main cause for poor mechanical
properties of hitherto known sericin materials.

In conclusion, we could successfully utilize the Sericin Hope
silkworm to investigate sericin’s characteristics in the native
state using13C NMR spectroscopy. As a consequence, two major
conclusions could be drawn: (1) Sericin forms a largely random
coil structure in the native state in MSG and undergoes no
remarkable structural changes during the spinning of silkworm.
(2) Asp residues periodically contained in the repeated region
of sericin might be a weak point toward hydrolysis by heat
treatment. The sericin materials prepared from the Sericin Hope
cocoon, such as film or gel, do not show thermal degradation
and have excellent mechanical properties.13,29
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