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Abstract; Bombyx mori silk and spider dragline silk have many advantages such as excellent mechanical
properties, biocompatibility and biodegradability. Compared with bombyx mori silk, spider dragline silk
has more excellent comprehensive mechanical properties. However, spiders cannot be raised and spider
silks cannot be launched into mass production. The mechanical difference between two kinds of fibers
could be caused by the multi-level structure. This article describes the primary structure, secondary
structure, S-crystal network (nanofibril) structure and the formation process of multi-level structure of the
bombyx mori silk and spider dragline silk fibers. The effects of the hydrophobic and hydrophilic domain,
molecular mass and crystal network structure on the mechanical properties of silk protein fibers are
reviewed. Among them, the strength of the crystal network is the key to the mechanical properties, which
is determined by four factors of topological structure, correlation length, degree of orientation, and

strength of the connection or interaction. The summary of these four factors provides guidance for the

:2018-04-24
(B16029) ; (51773171, U1405226) ; (2017J06019) 5
(20720160088, 20720150218)
(1992, . . . E-mail: 398772647@qq. com

,E-mail: linnaibo@ xmu. edu. cn; .E-mail: phyliuxy@nus. edu. sg



502 31

control and improvement of the mechanical properties. Super strong silk fibers can be obtained by
controlling the crystal network using regenerated silk fibroin protein or specific recombinant spider silk
protein with genetic engineering technique as raw materials. Based on the concept of multi-level structure
of bombyx mori silk and spider dragline silk, the crystal networks in particular, the new understanding
acquired will transfer the research and engineering of protein fiber to a new phase.
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Fig. 1 Sketch of multi-level structures of bombyx mori silk fibroin fiber and spider dragline silk*!
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Fig. 2 Silk gland structures of silkworm"*’ Fig. 3 Spider dragline spinneret'!"
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Fig. 4 Structure and properties of bombyx mori silk:'!
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Fig. 7 “Node-bridge” model of the three polypeptide sequences represents the

changes in the crystal network structure before and after shear rheology™®”
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Fig.8 Schematic of individual proteins (a,b) and “node-bridge” models of protein solution before (c,d) and after
(e,f) shear rheology of short-chain polypeptide H(AB), (left column) and long-chain polypeptide H(AB),
(right column) (The degree of the black solid line thickness represents the degree of overlap of the

“bridge”, that is, the magnitude of the interaction between the crystals)
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Fig. 10 Schematic of the multi-level structure of the silk fibroin fibers"*!
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Table 1  Mechanical properties of regenerated silk fibroin fibers

No. Fracture stress/MPa Elongation at break/% Reference
1 360410 7+1 [46]
2 450420 27.7+4.2 [22]
3 280416 12.7+1 [47]
4 410420 56+3 [48]
5 450430 27.3+4.6 [49]
6 435475 2149 [50]
7 470454 38.6+6.3 [51]
8 120 35 [41]
9 127438 1242 [52]
10 390450 32.1+5.8 [53]
11 314+19 37+4 [54]
,
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