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Fig. 1 Morphologies of the different silks used in this study. First row, representative photographs of cocoons (not to
scale); second row, representative photomicrographs showing cross—sections of silk fibres embedded in
cyanoacrylate glue; third row, representative SEM images of fibre surfaces; fourth row, WAXS reflection patterns
of the different silks. (a) B. mori Japan; (b) B. mori China; (¢) B. mori Thailand; (d) B. moriIndia; (e) A. per-
nyi Japan; (f) A. pernyi China; (g) A. yamamai; (h) A. assama; (i) S. c. ricini Japan; (j) S. c. ricini India; (k)
S. c. pryeri; (1) A. aliena; (m) R. fugax; (n) S. jonasii.?)
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Fig.2 (Color online) The anatomy and SAXS analyses of the
spider gland and dragline silks. (A) The anatomy of the
storage sac, tapering duct and dragline and the samples used
for the X-ray scattering measurements. The samples were at-
tached immediately after they were removed from N. clava-
ta. (B) One—-dimensional (1D) SAXS profiles of the storage
silk (red), tapering duct silk (blue), dragline silk (green)
and gland skin (black). Each arrow indicates the size of the
structure assigned to the peak.”
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(Color online) Antiparallel f—pleated sheet structure with an
orthogonal unit cell with dimensions = 10.72 A, b=9.73 A,
¢ (fiber axis) =6.80+0.05 A.10)
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Fig. 4 One-dimensional WAXS profiles derived from the 2D WAXS patterns of spider dragline silk (a), spider capture
silk (b) and silkworm cocoon silk (c) before and during stretching deformation. The bottom profiles are original
profiles before the stretching deformation. Moving from the bottom to top profiles represents the samples as they
were stretched until breakage. The profiles were assigned Gaussian functions for a broad peak due to a halo and
the Bragg reflections (020)/(210)/(040) in dragline silk (a) and (020)/(210)/(030)/(040) in silkworm silk
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Fig. 5 (Color online) Amorphous silk fiber spinning system and
the resultant taken—up silk fiber.4)
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Fig. 6 (Color online) Structural analyses of silk fibers by WAXS.
(a) One dimensional radial integration profiles and (b)
azimuthal intensity profiles of the radially integrated (020)
peak of postdrawn silk fibers with different draw—down ra-
tios: (i) 1, (ii) 3 and (iii) 4.5, compared with profiles of (iv)
native B. mori fiber. Broken lines in (a) represent the posi-
tions of WAXS peaks from crystal regions. Broken-line cir-
cles in (b) indicate the profiles used to obtain the azimuthal
intensity profiles.!4
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Fig. 7 (Color online) WAXS data of B. mori silk films incubated at (a) RH 6%, (b) RH 58%, and (c) RH 75% during
the heating process. Each WAXS profile was measured at 20°C intervals from 40 to 260°C.!S
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Fig. 8 (Color online) Stress—strain curves with 2D WAXS profiles collected at specific time points for the silk composite
film containing T-polyA with pre-stretching ratios of (a) 75% and (b) 100%.!7)
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Fig. 9 (Color online) WAXS profiles of (a) polyAla, (b) poly
(Gly-r-Leu), and polyAla—b—poly (Gly-r-Leu) with polyA-
la content of (c) 26 wt% and (d) 21 wt% .19
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Fig. 10 (Color online) Crystal structures of proteinase K. (A)
Overall structure of Pr—derivatized proteinase K, depicted
as a ribbon diagram. Nitrate molecules, glycerol molecules,
and active residues are depicted as licorice models. Bound
Pr ions are depicted as pink spheres. (B, C) Close—up view
of Prand (D, E) Caion binding sites. Pr ions, Ca ions, and

water molecules are depicted as pink, gray, and red spheres,
respectively.26)
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SPring—8 mediated structural analysis of silk
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Abstract

chrotron facility.

Silk protein (fibroin) is one of the structural proteins and composes spider dragline and web in
nature. The primary structure such as amino acid sequence and hierarchical structures of silk
materials are key factors to determine their physical and biological properties. In this review, we
introduce our recent updates on the structural analyses of silk materials by using SPring—8 syn-

W May 2019 Vol.32 No.3 @ 18]





