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Functionalization of Silkworm Silk Materials in Optics

CAO Liwei LIN Naibo LIU Xiangyang

( Research Institute for Soft Matter and Biomimetics Xiamen University Xiamen 361005 China)

Abstract: As a kind of nature protein silkworm silk and its derivatives ( gels silk fibroin foams and films) possess the
unique mechanical properties biocompatibility and biodegradability which have been applied to textile and biomedical in—
dustry. Recently there is a growing interest in introducing optical functionalities into silk. Based on the structure of seri—
cin and fibroin functionalization of silk was summarized in optics specifically including the important species prepara—
tion and application of fluorescent silk. This paper highlighted that the fluorescent silk can be produced by genetic engi—
neering feeding and compositing etc. which can be applied in scaffold imaging drug delivery and optical devices. In
addition this paper reviewed the fabrication of silk fabrics with photonic crystals structure colors using biomimetic tech—
niques which opens up a new direction of cometic color dress various devices and biological optical devices. At last
silk materials can also be applied in nonlinear optics such as optical limiting and laser protection.
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Table 1 A comparison of the B-sheet crystallinity of spider N. pilipes dragline silk and silkworm Bombyx mori cocoon silk '

Overall content of

Content of intra-molecular

Crystallite size/nm

Inter-erystallite distance/nm

Sample name Crystallinity / %
B-sheets/% B-sheets/% a b ¢ Meridional direction Equatorial direction
Spider dragline 5\ 0000y 22 (43%) 29 (57%) 2.1 2.7 6.5 17. 8 13.5
(10 mm*s™)
Silkworm cocoon silk 49 (100%) 40 (82%) 9 (18%) 2.3 4.1 10.3 4.8 7.2
1 (a)
( h) B_ 10 -11

Fig, 1

outer covering called sericin

ments; and typical amino acid sequences of silkworm Bombyx mori silk heavy chain( b)

recognized as being involved i

The hierarchical structure illustration of silkworm silk( a)

a silk fiber is composed of numerous minute fibrils

n B-structures 10-u

silkworm thread consists of two proteins: an inner layer called fibroin and an

which are separated into crystalline and amorphous seg—

bold amino acids indicate sequence motifs that are
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Fig. 5 TPF microscope image showing a cross-scetional view of
NF silk fiber scaffold and 3T3 fibroblast cells( a) and
three-dimensional TPF images of NF silk fiber scaffold and Wang X M B
3T3 fibroblast cells( b) 7 o
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Fig. 6 Schematic image of silk fibril decoupling effect by the molecular recognition of 4NF and 8 NF molecules( a) the fluorescent spectra of
4NF in THF solution in silk fibers and in the solid powder form( b) and a two-photo fluorescent microscope image showing three-di-

mensional view of 8NF fabric scaffold( ¢)
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Fig. 7 AFM images of a silk fibroin film that has 3D diffraction micropatterning: large-scale view of diffraction patterned silk

(a) detailed 3D geometry associated with the micropatterning( b) and high-quality projected image from a 3D diffrac—
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