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We extracted silk produced by the larva of the hornet Vespa simillima xanthoptera Cam-
eron from its nest. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
analysis of the extracted hornet silk showed four major components with molecular weights
between 35 and 60 kDa. The main amino acid components of the hornet silk protein were
Ala (33.5%), Ser (16.9%), Asp (8.5%) and Glu (8.1%). The hornet silk could be dissolved
in hexafluoroisopropyl alcohol (HFIP) at 25 ∞C without incurring molecular degradation. A
transparent film of hornet silk was obtained readily by the formation of a cast upon drying
of the hornet silk in the HFIP solution. Residual HFIP solvent was removed from the film
by extraction with pure water. Solid-state 13C NMR and FT-IR measurements revealed that
the secondary structures of hornet silk proteins in the native state consisted of coexisting α-
helix and �-sheet conformations. The �-sheet to α-helix ratio, which was changed by process-
ing, was mainly responsible for the silk’s thermostability.
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Introduction

Our group has been investigating the properties
and molecular structures of various products se-
creted by insects, such as waxes, chitins, and silks
(Kameda, 2004a, b; Kameda et al., 2005, 1999a, b;
Inoue et al., 2005, 2004). Although silk has been
widely studied in the Lepidoptera (silkworms), be-
cause by far the largest quantity comes from the
silkworm Bombyx mori, special attention has been
given to the silk produced by the Hymenoptera
(ants, bees and hornets) (Kameda, 2004b; Flower
and Kenchington, 1967; Gomes et al., 2004; Ishay
and Kirshboim, 2000; Ishay et al., 2003; Joseph and
Ishay, 2004; Yamada et al., 2002, 2004; Silva-Zaca-
rin et al., 2003; Rudall and Kenchington, 1971).
Previous characterizations of silk from the Hy-
menoptera have indicated that its amino acid com-
position differs from that produced by silkworms
(Yamada et al., 2002, 2004; Espelie and Himmels-
bach, 1990). Moreover, the silk secreted by hy-
menopteran larvae is considered to exhibit a con-
formation that is different from those of the
fibrous structures produced by both spider and in-
sect adults and by other insect larvae (Silva-Zaca-
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rin et al., 2003). Therefore, we expected that silks
from the Hymenoptera would have intrinsic prop-
erties different from those of the silks produced
by the Lepidoptera. In the light of this expecta-
tion, we wanted to further explore the usefulness
of silk from the Hymenoptera as a new natural
material (Kameda, 2004b).

Ishay and coworkers measured the spontaneous
electric current flow in the silk of pupae of the
Oriental hornet (hornet silk) as a function of tem-
perature (Ishay et al., 2003; Kirshboim and Ishay,
2000). They detected a clear correlation between
temperature rise and the increase in electric cur-
rent forming in the hornet silk. Although some
other unique characteristics of hornet silk in the
native state were reported by Ishay and his co-
workers (Joseph and Ishay, 2004), there have been
no efforts to produce useable materials, such as
biofilms, from this potentially useful resource.
Moreover, no detailed structural studies of hornet
silk at the atomic level have been carried out.

Some kinds of hornet build large nests. Vespa
simillima xanthoptera Cameron is one of the most
common hornets in Japan. This hornet is a social


