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TAERDRT—ILT v T, HILWEEGEFOE VAV ERROIRE. T L TEtHEMZ
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TW %, RIZSpiber (Thailand) Ltd. ICBAL T#h~R%, CCTIEEXRD/I/ Oy FTS Y
FCEBEINTOERZEILICRT—ILE 100 FEC ICETLEFERRVEEDLT
Nd, 34750 FF2021 FEHICER L. BEBRLEEICE T -HEEAKT 5N TL
Do CCTRERMBBE MV DE VRV ERRERIETEDIRNNH D, FFXZBEL T
DINVBE—ARUVEHMOEEICBULNILSHGE. FTRHE2A TV FEEFALTED
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TWd, KMRETATTMDI ) U FUICEESNTVSEMA DY —DT7—F ¥ — -
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BERREZL. AIBTEUNVBEZEET H-ODHFAXRFERIKLTLD, AR
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LAHEHORIZAFZMEERT DA EBELEZVLEZI TS,

BB RO PR T
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Pilot plant

8-1: EELDER
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201 FEICEVWTH I 7y Y3 THA4F—0 YUIMA NAKAZATO EDaSRL—2 3y
[T&Y. MEDN) T7yoaro«—) THHBHZFERAL-OLI Va3 VORERET
Tmof= (K8.1-2, ®8.1-3) . YUIMA NAKAZATO I%. KERDEILHA K YEMNGEEREZRE
THEVWIEDa DY E, FRATIEMETORELE. RCEALZLTERSESC
EERHRICLEKRBIEYZa T ML TEY ., HRFEMEDOF O—DEREIZTENT
SURTHD, HHECDESBHRAGV VIAZ—BLUPN—rF—LEEL. EH
T, 702X TLTRIAMILERILILTITEWEERZ TV, CORYMBAIZK
2T, YRATAFEUTAICHRTIEHEMNE Y DIFEVNI—A Y NICTEHARMORMNZ
EH. ESRRICEIFTOERLWL, XU T7y>aro4—I TOEREISELHBRELT
RYBATOSFETHY., FYHEBBICEVERLEDEWMERNZEZITOE T, FM
DFfMEEZSSH. EREICAEFEL TWL,

8.1-1: hEBEHRK
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8.1-2 : Paris Fashion Week Haute Couture a/w 2021

8.1-3 : Paris Fashion Week Haute Couture a/w 2021

89



FESEFTLII—IIL-EDay - NYTOERLITE =, HEaOFI9/4ILAD
FETHEIRESAGEL -2, 2HERVORAETH>fz. TILZI—)L-ED3
N FEEREXBOTFRIANILDORERTTHY., PINULILRFDO LY FERDHD
BRI THAEE>DTHBEETHEHEL, SEEIHEHELET—RAEHEL., St cTE-4&
HOAZOATRPFTNNUILEHEZELE: (B8.1-4) , F-AHESKRABERVY AT 4T
EVT4DEEETHAEN What about fashion circularity?] M/SRJLA N—& L
TEEL, 7NUVILSHTEEIREYRATAFEUTDOHY A, T L THLMHELST
NIZEDKSICEBTESLID =0 %1THo1= (B8.1-5) , T—ARU/INRIL+b—2
ELREEREL., TCICEDRRICENDEFELZHH -2 &M D. BRFRMITHT S
RELGFHRAZEOC I LN TS,

Presentation and conversation moderated by Andrée-Anne
Lemieux, Sustainability IFM-Kering chair Director, IFM,
joined by:

Kenji Higashi
Head of Business Development and Sustainability, Spiber Inc.

Hannes Schoenegger
Co-Founder / CEO Bananatex

8.1-5 - IWhat about fashion circularity?] M/NRJL A /N—
(FLEIT—)L-EParvH &V)
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Brewed Protein™
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Structural material Functional ingredient
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X 8.2-4: 3 IV ERMOERTGE
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FIODANERMZEIEHERERNE LTLETT S5E. INCI &HREEL S, INCI
ZEITIEHEREDDERMEZRETMOZETHY .. HHD2 VRV EDHEE. BEFD INCI
BIZHTIEDEZENTELGMN D212, FIRT INCI BEFEHABEL LG -, £ZT
INCI ZEZEHEFZ1TL. HNEFEIZEMNTTINCI BOREBFICHEIILEz, HHDBES. 7 /N
OBENMBDT I/ BEITH ==, INCl BBEEBICEHRZET L Lok, £
INCI 2OHIZKABEDEIITEENT . RIKMIZ Isr-Polypeptide-1] 124 o=, BH
& LTIX Brewed protein SBT3 HEEREL LG H>TLST 6. K INCI BIXEHEDHHER
A[EE%E INCl B THD EELE R S,

INCI£ sr-Polypeptide-1

Brewed protein 95%

AL Others 5%

8.2-6 : HiG =t 7= INCI &
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TSRAFVIERBITDEIOIBA VNV ERIBORESLUVZEOT7T T r—2 a3 UK
FHEOHTWD, —fRHIIZZ DNV BITBENGE . B0 7 /X0 B B EISEH
Lz L CHIEZ1TH > TS, —ATKS. B, EAESFELI2 FO—LTENIL,
BRERICMIAgETHLIZ ENINETORETHOMN>TEY., COMIAEZFAL
T. HOBRO—D2ELTREVETA ) At ARBREELTWNS (K8.3-1) , 7A1)
AR IEBRRKBOBEAEM A —D—THY. SEIELREORZ VRAREFHTTL
518, BHA NV EZRMOBIEMI - K2 UEBEIZOWTHLEFEREZFTAL-FAR
NEBETH D, FHE—MOFEMEE TARYIDNRETHDIEDD, RZVELTOER
HHEEE-shTtsY., §E. YXATFFIIL - TS5 FEESE 2022 ##E(ZT. YUIMA
NAKAZATO D LY o3 vDHRIZTDZVNIERIVEBEHLE=T7NNLILERERLE: (K
8.3-2) .

TFANVRRIZCEDEFONVED—BTHLINEA VEFBLERZIVEHDIEDD.
BETRICHRILIY DEFERATIBRELAH D=0, TENLEAYFENEWVWSHIELAH S £
DSTHD, FNAAIRAETIODELEUZEHES. TOXRM 1005 THESZENTEDS
REUDGEHIGEMNGENTZSH, BHAUNVBEICKRECHFINTVEELSTH D, H1ts
LTHIARMYEAZEL T, BEFEMELTORT OO YILELIT. MGHAILRKTENL
EEZTWS,

8.3-1: PAVRHTHMEINE VIRV ERE Y
(74 JR4LHP & Y)
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BARIEVIPDARIZCEHBLIES ZEMNTER (H8.4-3) , M BFERELLTIE, 2
A1 RERESD Duangjai KE. 7 A BRI EEMFARETO Narong it R, TEED
Panuwat BIEHEREICZHRIETELV -, F-ABABMAEZRERKE L TEREBXEIZSSIE
Wz BHOFEIEZ A BAFHAHEET S BCG(Bio, Circular, Green) economy #58 & o5
D—MWKEL, BCG XX A DEALTIEREMZLEFICERALT S LT, SfTMNMEET
BRBEBRAELZ IO FORERUVEEITSEALTOCENSIEDTH S, BEIZEL
TIT 2%t (XBCG NDEFEL L TE KRB TN SN TINS,

THErkE. KEERZET, ERARICMYBATNS, &H, 21 0HEOF 04
IWADIKRENEBILE LT=1=8, RIENMNIHREZIEOIIEH[LENENHY . BURTD
A—ILHhEENITELTNS, LALARY Y ZEEE-TAVNIERROEEICERINT
ETHY. KEENLIFVEWSEELEEZRIIRTIFELLEH>TLS (K8.4-4) ,

B8.4-1: 31475V &R
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€9 Spiber (Thailand) Ltd.
GRAND OPENING SPIBER (THAILAND) LTD.
March 29th, 2021

8.4-2 . A—T = Gt LE—KEBEFE

NSTDA BOI Embassy of Japan MOI
President Secretary general Ambassador Deputy permanent secretary
Mr. Narong Ms. Duangijai Mr. Nashida Mr. Panuwat
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www.nature.com/scientificreports

scientific reports

W) Check for updates

Environmental biodegradability
of recombinant structural protein

Yuya Tachibana®?*, Sunita Darbe?, Senri Hayashi?, Alina Kudasheva®, Haruna Mi .,

Yuka Shibata® & Ken-ichi Kasuya®?*

Next generation polymers needs to be produced from renewable sources and to be converted into
inorganic compounds in the natural environment at the end of life. Recombinant structural protein is
a promising alternative to conventional engineering plastics due to its good thermal and mechanical
properties, its production from biomass, and its potential for biodegradability. Herein, we measured
the thermal and mechanical properties of the recombinant structural protein BP1 and evaluated
its biodegradability. Because the thermal degradation occurs above 250 °C and the glass transition
temperature is 185 °C, BP1 can be molded into sheets by a manual hot press at 150 °C and 83 MPa.
The flexural strength and modulus of BP1 were 115+ 6 MPa and 7.38+0.03 GPa. These properties
are superior to those of commercially available biodegradable polymers. The biodegradability of
BP1 was carefully evaluated. BP1 was shown to be efficiently hydrolyzed by some isolated bacterial
stralns inadispersed state Furthermore, it was readily hydrolyzed from the solid state by three
lated lization was eval d by the biochemical oxygen demand (BOD)-
biodegradation testing with soil inocula. The BOD biodegradability of BP1 was 70.2 6.0 after 33 days.

d i 1 probl

Many iall ilable poly have some !2, The increase in the
production and subsequent dlsposal of synthetic polymers causes serious environmental pollution because
Lhese polymers do not degrade in the natural environment. Accordingly, researchers have begun to focus on the
of b dabl as lly benign materials that can be degraded by micro-
orgamsms into carbon dioxide. Furthermore, the production of synthetic polymers contributes to the depletion
of fossil resources. To reduce the usage of fossil resources, researchers have also begun to develop bio-based
polymer derived from biomass resources.
Bmsymheuc poly((R) -3-] hyd.mxyl butyrate) (P3HB), which many mlcroorgamsms can use as an energy source,

has been d pedasap dable polymer**. Ch hetic polyesters®, i.e. poly(lactic acid)
(PLA), Polycaprolaclone (PCL), poly(butylene succmale) (PBSu), and poly(butylene adipate-co-butylene tere-
phthalate) (PBAT) have also been devel since the latter part of the twentieth

century, and some of them are manufactured from biomass and 1 used commercially. Natural polymers are also
used as biodegradable polymers with or without the modification. For instance, starch modified by glycerol or
chemosyntheuc polymers, i.e. PCL’%, and cellulose partially esterified with fatty acid’ are thermoplastic and
dable. The poor mechanical and thermal properties of commercially available biodegradable polymers
limit their adoption. Therefore, these biodegradable polymers have only been used as alternatives to general-
purpose polymers. PLA, which has a relatively high glass transition temperature (Ty), flexural strength, and
flexural modulus i.e. 60 °C, 80-100 MPa, and 3 GPa, is used for apphcauons requiring ugld material'®!!, How-
ever, the biodegradation of PLA is limited to high-temp compost and PLA does not show
dability in the natural envi

Natural protein materials, such as silk, have been used for fiber material since ancient times. They are bio-
based and degrade in the natural environment'2. Although soybean isolate is an abundant protein resource, it
is impossible to use it industrially due to poor processability. Therefore, chemical modification and polymer
blending procedures were studied to endow the material with moldability and improved mechanical properties
while maintaining biodegradability*.

Natural structural proteins, such as elastin, resilin, mussel byssus thread, squid suckerin, silks produced by
various insects, and others are gaining attention due to their remarkable mechanical properties""“’. For instance,
some spider species produce silk fiber with tensile strength of 1.1 GPa and toughness of 160 M] m*, stronger and
tougher than any commercially available fiber’. Additionally, biodegradability of naturally occurring structural

*Division of Molecular Science, Faculty of Science and Technology, Gunma University, 1-5-1 Tenjin, Kiryu,
Gunma 376-8515, Japan. 2Gunma University Center for Food Science and Wellness, 4-2 Aramaki, Maebashi,
Gunma 371-8510, Japan. *Spiber Inc., 234-1 Mizukami Kakuganji, Tsuruoka, Yamagata 997-0052, Japan. *‘email:
tachib gl .ac.jp; kkasuya@gqunma-u.ac.jp

Scientific Reports |

(2021) 12:242. | https://doi.org/10.1038/s41598-020-80114-6 natureresearch
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Multicomponent nature underlies the extraordinary
mechanical properties of spider dragline silk
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Dragline silk of golden orb-weaver splders (Nephlllnae) is noted for
its

To pinpoint the protein constituents of dragline silk through
quantitative proteomics, a high-quality reference genome and full-

¥
and tenslle gth, sugges(mg Justri ication as a sustail length coding sequence annotation are essential to allow the
able biop I. To pinp the molecular composition of  correct and comprehensive identification of the proteins corre-
dragline silk and the roles of its consti in achieving its mect sponding to the detected peptide fragments. Since spider fibroin
ical properties, we report a approach, combining high-  genes are extremely long (~10 kbp) and consist almost entirely of
quality ing and bly, silk gland transcriptomi repeat sequences (29, 30), genome sequencing using PCR-free

and dragline silk proteomics of four Nephilinae spiders. We observed
the consistent presence of the MaSp3B spidroin unique to this sub-
family as well as several nonspidroin SpiCE proteins. Artificial syn-
thesis and the bination of these in vitro sh d
that the multi nature of dragline silk, including MaSp3B
and SpiCE, along with MaSp1 and MaSp2, is essential to realize the
mechanical properties of spider dragline silk.

spider silk | orb-weaving spider | mechanical property | genome

pider silk is a typical natural high-performance structural

protein and has potential for numerous applications as a
protein biopolymer with biodegradability and biocompatibility
(1). Spider silk has a tensile strength superior to that of steel, yet
it is highly elastic, showing greater toughness than aramid fibers
such as Kevlar (2); thus, it has received interest for use in in-
dustrial applications (1, 3). Orb-weaver spiders, especially those
belonging to the family Araneidae, are often used as models in
natural spider silk research. The average mechanical properties
of their dragline silks reach ~1 GPa for breaking strength, 30%
for breaking strain, and 130 MJ/m? for toughness (4). Numerous
works have reported the use of recombinant protein and artificial
fiber spinning to produce artificial spider silk in genetically op-
timized organisms (5-10), but it remains challenging to fully
reproduce and rival the mechanical properties of natural silks (6,
11-13). The difficulties are multifactorial; the unusually large
protein size and the repetitive nature of its sequence are mhcrcnt

long reads is critical, and in order to eliminate false-positive an-
notations, predicted coding sequences need to be confirmed on
the bases of conservation in closely related species and actual
mRNA expression in the silk gland. Hence, we took a multiomics
approach to quantitatively identify the dragline protein constitu-
ents and the genomes of four golden silk orb-weavers (subfamily
Nephilinae): Trichonephila clavata, Trichonephila clavipes, Tricho-
nephila inaurata madagascariensis, and Nephila pilipes. These spi-
ders are reported to produce high-performance dragline silk with
average toughness values of 169, 131, 285, and 292 MJ/m?, re-
spectively (SI Appendix, Fig. S1). T. clavipes genome data have
already been reported (27), but we chose to construct ab initio
assemblies, including for this species, since the existing genome is
based on PCR-amplified sequencing for fibroins, and some fibroin
gene sequences remain incomplete. Moreover, the existing 7.
clavipes assembly is suspected to be substantially contaminated, as
the entirety of the longest scaffold has been identified as bacterial
in origin (31).

Significance

Artificial synthesis of spider silk has been actively pursued.
However, until now, the natural mechanical properties of spider
silk have been largely producible. We tt ghly investi-
gated the genomes and transcripts of four related species of orb-
weaver spiders as well as the proteins in their silk threads. Then,
in addition to spidroin, we found several Iow-molecular welght

challenges for synthesis, and the natural conditions of
are only beginning to be fully uncovered (13-15). Howcvcr, one
primary reason that full reproduction has not been successful is
that the previous recombinant approaches employed only MaSp1,
only MaSp2, or at most a combination of the two (11, 16-18). In
fact, it is often suggested that dragline silk is composed primarily
of two components, MaSp1 and MaSp2 (5, 19-23). However, re-
cent proteome analyses suggest the existence of additional com-
ponents in spider silks, such as a cysteine-rich protein (CRP) in
black widows (24-26). Genome and transcriptome analyses have
identified many MaSp families (27, 28), and in the genus Araneus,
it is known that dragline silk contains nearly equal amounts of
MaSp3 and MaSp1/2 (28). Furthermore, low-molecular-weight
(LMW) nonspidroin proteins, such as spider-silk constituting el-
ement (SpiCE), have been found by transcriptomic and proteomic
analyses. SpiCE is a protein of unknown function that is com-
monly highly expressed in the silk gland and in spider silk. It is
becoming apparent that dragline silk is a complex multicomponent
material containing much more than MaSp1 and MaSp2.

PNAS 2021 Vol. 118 No. 31 2107065118

proteins in ¢ Interestingly, the I

protein ¢ of spider dragline silk doubled the tensﬂe
strength of artificial silk-based material. This discovery will
greatly advance the industry and research on the use of protein-
based materials.
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Textiles — Man-made fibres — Generic names

ABSTRACT | preview

This document defines the generic names used to designate the different categories
of man-made fibres, based on a main polymer, currently manufactured on an
industrial scale for textile and other purposes, together with the distinguishing
attributes that characterize them. The term “man-made fibres” has been adopted
for those fibres obtained by a manufacturing process, as distinct from materials
which occur naturally in fibrous form.

This document gives recommendations of rules for the creation of the generic name
(see Annex A).

NOTE These rules have been introduced in the sixth edition of ISO 2076, and
thus, they are not applicable to the existing generic names of the previous editions.

GENERAL INFORMATION °©

Status : @ Published Publication date : 2021-11
Edition: 7 Number of pages : 25
Technical Committee : ISO/TC 38 Textiles

ICS: 01.040.59 Textile and leather technology (Vocabularies) | 59.060.20 Man-
made fibres
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