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Fig. 3: (a) Macro with light ( % ), macro without light ( ¥ ), b-axis lattice with light

(¥ ), and b-axis lattice without light ( 3% ), strain evolution of P(VDF-TYFE) subjected
to an applied voltage; (b) macro with light (@), macro without light (O), b-axis lattice
with light (@), and b-axis lattice without light (O) strain evolution of P(VDF-TiFE) /
TiOPc subjected to an applied voltage. [Reproduced from Ref. 2]

illumination. The reason is that a bulk specimen containing TiOPc has no

piezoelectric effect.

We followed the method of Huang et al”* to estimate the effective dielectric
evolution based on the lattice response; the normalized dielectric values

are shown in Fig, 4. A lattice-level decay was found during the initial stage of
charging, which differs from a linearly increased bulk strain subjected to an

applied voltage.

These experimental findings allow us to tune and to control a piezopotential-
induced strain for bio-related applications. With further improvement in the

composite fabrication, the piezo-phototronic effect can be tailored. In view
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TiOPc with light (% ) and without light (3% ). [Reproduced from Ref. 2]

of the flexible soft piezo-phototronics, the present results demonstrate the
potential of composites in this new class for photon-modulated piezoelec-

tronics. (Reported by We-Tsung Chuang)

This report features the work of E-Wen Huang, Yu-Hsiang Hsu, Wei-Tsung
Chuang, Wen-Ching Ko, Chih-Kung Lee and their co-workers published in Adv.
Mater. 27,7728 (2015).

References

1. W-C. Chang, A-B.Wang, C-K. Lee, H-L. Chen, W-C. Ko, and C-T. Lin, Fer-
roelectrics 446,9 (2013).

2. E.Huang, Y-H. Hsu, W-T. Chuang, W-C. Ko, C-K. Chang, C-K. Lee, W-C.
Chang, T-K. Liao, and H. C. Thong, Adv. Mater. 27, 7728 (2015).

3. C.Huang, Q. M. Zhang, and J. Su, Appl. Phys. Lett. 82,3502 (2003).

How Do Spinning Processes Affect Nano-Scale Silk
Properties in Nutritiously Stressed Spiders?

Spider major ampullate (MA) silk has excep- bioengineering’”.
tional strength (gram-for-gram greater than
steel), extensibility, and toughness (gram-for-
gram greater than Kevlar®). It is produced within
an aqueous solution at room temperature and is
biocompatible. Hence the commercialization of a
biomimic system to spin fibers that resemble the

natural properties of MA silk is the “holy grail of

It is known that the expressed ratio of two pro-
teins (spidroins), called Major ampullate Spidroin
1 (MaSp1) and Major ampullate Spidroin 2
(MaSp2), can influence MA silk mechanical
properties, and the spidroins expressed can vary

according to a spider’s nutritional uptake. For

instance, spiders on protein poor diets generally
downregulate their expression of MaSp2. The
reason for this is thought to be because MaSp2 is
more metabolically expensive to synthesize than
MaSp1. However, because of the complexities of
silk spinning, changes in MaSp1 and/or MaSp2
expression alone are not necessarily enough to

influence MA silk mechanical properties.1 Thus
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Fig. 1: Representative X-ray diffraction profiles of M silk of N. pilipes that was (a) fed
the protein rich (P) solution and (b) deprived of protein (NP). (c) Mean # s.e. relative
crystalline intensity ratio for the (02 0) and (2 1 0) reflection vectors for silk from
spiders fed either a protein rich (P) or protein deprived (NP) solution. [Reproduced
from Ref. 2]

the mechanisms by which MA silk mechanical properties are affected when the

nutritional intake of a spider changes has been, until recently, uncertain.

In an article recently published in Biomacromolecules Sean Blamires and
colleagues from Australia, Taiwan and the USA systematically tested the influ-
ence of spidroin expression and nano-structural variations as a consequence
of spinning processes on silk mechanics when the giant wood spiders, Nephila
pilipes were fed or denied protein.” Upon completing the feeding experiments
at Tunghai University, silk was extracted from the spider’s spinnerets using a
mechanical spool and subjected to amino acid analysis using reverse phase

liquid chromatography, native state (i.e. dry) mechanical testing at the Indus-
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Fig. 2: Three representative stress-strain curves of native state Nephila pilipes MA silk
from pre-treatment (PT), protein fed (P) and protein deprived (NP) spiders (1,2 and
3) and typical supercontracted (or “ground state”; GS) silks of protein-fed and protein
deprived spiders. [Reproduced from Ref.2]

trial Technology Research Institute, supercontraction (i.e. wet) mechanical
tests at the University of Akron (USA), and wide-angle X-ray diffraction
analyses at BLO1C2.

The shift in amino acid compositions found in the silks of spiders under

the two diets suggested there was down-regulation of MaSp2. However,
there was no correlation between proline composition, an amino acid only
present in MaSp2, and any mechanical property other than the silk's capacity
to shrink when wet. Thus, MaSp2 down-regulation does not explain any of
the variability in mechanical properties found. Figures 1(a) and 1(b) show
representative wide-angle X-ray diffraction profiles of N. pilipes silks across
the two experimental treatments. Further analysis of the wide-angle X-ray
diffraction data showed greater relative crystalline intensities (1,,,/L,,,) in the
silks of the protein fed spiders (Fig. 1(c)). There was also evidence of a greater
amorphous halo in the silks of the protein fed spiders.

Since supercontracting silks in water removes protein alignment in amor-
phous region,3 the supercontraction mechanical tests were done to test the
influence of amorphous protein chain ahgnment on the variations in native
state mechanical properties found between treatments. Since the mechani-
cal properties did not differ between the silks of spiders on the two feeding
treatments when in a supercontracted state but they did when in a native
state (Fig. 2), it was concluded that variations to protein chain alignments in
the amorphous region had a greater influence over silk mechanical property
variations than did any nano-scale variations in the crystalline region. The
study effectively showed that processes acting during spinning influence
amorphous alignment and crystalline density at nano-scales and these have
a greater influence over silk mechanical properties in nutritiously stressed

spiders.

This study significantly enhances our understanding of the mechanisms by
which MA silk mechanical properties change when a spider’s nutritional
intake changes, thus advancing knowledge about how spider silks are spun
and how they achieve their desirable properties. Such findings take us closer
to the goal of developing biomimic systems to spin fibers that resemble natu-
ral MA silk. (Reported by Sean J. Blamires, University of New South Wales,
Australia)

This report features the work of Sean Blamires, I-Min Tso and their co-workers
published in Biomacromolecules 16, 1218 (2015).
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