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v Bioinspired Fabrication of Polyurethane/Regenerated Silk Fibroin
Composite Fibres with Tubuliform Silk-Like Flat Stress—Strain Behaviour3
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Figure 1. Schematic for synthesis of polyurethane.
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Figure 2. Schematic for PU/RSF polymer composite preparation procedure. Stages involved from cocoons to PU/RSF
composite spinning dope
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Figure 3. (@) Thermogravimetric Analysis (TGA) of PU/RSF blended fibres with different blend ratios; and (b) differential
thermogravimetric (DTG) curves of PU/RSF blended fibres with different blend ratios.

Figure 6. SEM images of PU and PU/RSF composite fibres: (a) longitudinal view of PU fibres; (b) fractured section of PU fibres;
(c) longitudinal view PU/RSF (75/25) composite fibres; and (d) fractured section view PU/RSF (75/25) composite fibres.
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Figure 8. (a) Schematic for different stages of
deformation in dragline silk and tubuliform silk
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v" The Silk Textile Embedded in Silk Fibroin Composite: Preparation and
Properties*
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Fig. 1 Photograph of ST/RSF composite (a), SEM images of the Composite-0° (b1, b2) and Composite-
45° (c) for the fracture surface after tensile test. In the inserted schemes the arrow points
out the stretching direction and crossed grid represents silk textile.
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v' Engineering of Fluorescent Emission of Silk Fibroin Composite Materials
by Material Assembly °
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M molecular recognition

Figure 1. Scheme to illustrate “device materials”:
functional nanoparticles/molecules are incorporated into
the “substrate” materials. Two key technical elements in the
materials assembly are molecular recognition and nano-
incorporation.
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Figure 2. a) The chromophore structures of NM and

CM . b) The proposed model for the molecular recognition
between the NM molecules and the silk fi broin in terms
of hydrogen bonds, molecular recognition between the
CM molecules and the silk fi broin is not possible.



0 P
Functionalization %

. O

; Negatively charged
Nanoparticle CdTe QDs
(b) Silk fibroin encapsulated
CdTe QDs dispersed in

water solvent

CdTe QDs in aqueous
solution

Assembly and
Natural drying

CdTe/silk fibroin
composite film

Figure 4. llustration of the fabrication process and the
structural model of the TPF CdTe QDs/silk fibroin
nanocomposite fi Im. Evaporation-induced enrichment
of the silk fibroin leads to agglutination and fusion of
the protein (with the adsorbed CdTe QDs), and
promotes cooperative assembly of silk fibroin and
CdTe QDs by hydrogen bonds.
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Figure 5. ( a, b) High-resolution transmission electron microscopy (HRTEM)

images obtained from (a) Q4 and (b) ultrathin sections (50-70 nm) of the
transparent sample of QF4. Inset: Magnified image of the QDs. Scale bar
corresponds to 10 nm. c) Field-emission scanning electron microscopy
(FSEM) images of QF4. Inset: cross-sectional image of QF4. (d) FTIR
spectra of pure silk fibroin films and QF4 composite films. (e) 13 C
CP/MAS NMR spectra of silk fibroin fibers from pure silk fibroin films and
QF4 composite films. (f, g) Photographs of Q1 — Q5 (f) under ambient
light and under UV light (g). (h, i) Photographs of QF1 — QF5 under
ambient light (h) and under UV light (i).
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Figure 6. (a,b) Normalized photoluminescence spectra of Q1 — Q5 (a) and QF1 — QF5
(b). (c) TPF microscopic image of QF1 and d) its magnified image. e) Normalized TPF
spectra of QF1 — QF5. (f) TPF spectra of QF1 at different excitation intensities. The
insets show the log-log plots of the detected TPF intensity versus the excitation intensity.

Figure 7. A TPF microscope image showing a three-
dimensional view of (a) the NM silk scaffold, (b) the QF5
silk fi Im scaffold and 3T3 fibroblast cells stained with Alexa
Fluor® 488 phalloidin after culturing for ten days. Scale bar:
15 um.




v' Regenerated silk matrix composite materials reinforced by silk fibres:
Relationship between processing and mechanical properties ©
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Table 3. Mechanical properties of mono-reinforced composite materials.

Mono.reinforced Straight Relaxed Dipping

composites ClBm ClBmd ClBm ClBmd ClBm ClBmd

n 4 9 4 9 20 9

Young's modulus (GPa) a ER:] 3 4.1 2.1 48 12.9
k 27 1.8 1.04 7.6 - -
o 1.5 1.8 4 0.3 0.4 1.1

Strength (MPa) a 24.4 17.9 222 10.3 131 384
k 5 1.7 0.94 32 - -
o 5.6 10.9 358 35 21 36

Ultimate strain (%) a 0.78 0.79 0.87 0.59 17.6 15.8
k 4.2 2.1 12.8 25 - -
(o] 0.2 0.4 0.08 0.25 3.1 2

n: number of tests; a: average; k: Weibull's parameter; o standard deviation.

Table 4. Multi-reinforced composite materials manufacturing settings and mechanical properties.

Multi-reinforced composite materials (Coc) | 2 3 4 5 6 7
Bombyx mori fibres Bmpd Bmpd  Bmd Bmd Bmd Bmd Bmd
Porosity (%) Joté 45L13 40L 15 2016 404123 50413 40417
Evaporating temperature ("C) RT RT RT RT &0 60 60
Mumber of tests 3 [ [ 7 [ a8 6
Youngs modulus (GPa) a 3 25 2.4 1.9 1.9 3.1 3.3
k 25 1.8 32 52 55 4.7 4.2
E 1.3 1.4 0.8 0.4 0.4 0.75 09
Swrength (MPa) a 89 35 349 375 258 729 74
k 1.4 27 22 42 232 is 21
X 66 13.9 16.6 10.2 12.4 232 37
Ultimate strain (%) a 13.4 4.8 29 9.2 4.7 7.7 7.1
ke 2 38 2.1 2.1 .4 34 1.8
= 7.1 1.4 1.4 4.6 33 25 4.1

RT: room temperature; a: average; ko VWeibull’s parameter; o: standard deviation.
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