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2) REAR—-—LXR—V

https://www.env.go.jp/policy/keizai_portal/B_industry/bb2014/report/h26engine_18S

piber.pdf

3) (HW) BILBWRITEFE—LR— http://www.riken.jp/pr/press/2017/20170119 1/
4) https://wired.jp/2015/06/22/bolt-threads-spider-silk/

5) https://wired.jp/2018/01/03/spider-silk-hat/

6) http://www.aremachi.com/2014/08/24/20140824184817/
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1) Clint A. Penick et. al., External immunity in ant societies: sociality and colony size do not
predict investment in antimicrobials, Royval Society Open Science, 7 February 2018.DOI:
10.1098/rso0s.171332

http://rsos.royalsocietypublishing.org/content/5/2/171332.article-info

2) AFP BB News 2018 4 2 H 13 H http://www.afpbb.com/articles/-/31622087?page=2
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(1) CH, CH, H C,oH3004S
2) H CH; H Cy4H;50,S
(3) CH, CH,4 OH CyoH50055
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1) Manuel Liebeke et. al., Unique metabolites protect earthworms against plant polyphenols,
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Nature Communications volume 6, Article number: 7869 (2015) d0i:10.1038/ncomms8869

https://www.nature.com/articles/ncomms8869
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1) Terence S. Crofts et.al., Shared strategies for S -lactam catabolism in the soil
microbiome, Nature Chemical Biology (2018) doi:10.1038/s41589-018-0052-1

https://www.nature.com/articles/s41589-018-0052-1
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Figure 1. (a-c) Schematic illustration of the fabrication of circle colloidal crystal templates. (d, &) Photographs of circle colloidal photanie crystal
templates assembled in molds. (f) Colloidal photonic erystal template without HF eleaning. (g) Colloidal photonic erystal template after HF cleaning.
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Nature Communications volume, 6 (2015).
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TWELHFIZCARLTHY. BLPORET. BANOKEEDTEETEUT
WS, HROREAEFBNGMEITELATVT, TOERMBIMNKES DT
(BKktt) . BOEINKZIFLLC (BRKE) . BEAIPKRWVWTL ZA@ICAM
SDTHELITFTESEERZRITHIILEIZEY ., REMICIFTER 16~203 7
AYOINSHEKBENEFRIZEFTY ., AICEA, > TR

o

ACHHEAHITHE>TLD

W Sl

HE. 7STHALVERBZBALEFRAKSRAT LA
CORBIZEBELTXEOFHERLEN, KEMASKSPERY B L THIEL.
BEMICKEZENET I KEORFEZEDTLNS, "

ZTOMCDREBIZCEB LTHBRTHKEEVRATLOHAEILEADDODH S,

ERENVFUITAV VA ZRAVEEDERBEE AT LORE
FHER (FREFRMKE) 2016 FEB K
MEODEYICESHEBEKER A TLOEE

YeHE (&£Efk) Rih (BEMBKXZFE) 2005 FEBMK

(H AR

1) 2k NBD Nanotechnologies, Inc. home page http://nbdnano.com/%
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EEWHA X :SIR\S. & : photoAC
H&. RITHOEDBEK
(547 - [REBHH - HRifTéci]
F2VHOWMRICEC/NSLRBORRREAR., NSLTRENVDEST. EX
PRSP EIICRBEINATLICERY  BIORIZHmABEAKEORE
ICERSINh, RIZEROOANLEKZRAILDE D,

CHORBZI7—CZTIRKEZOREELLEI. RADOBEDEY KO
BREFHTICECEDIZ, TROLS G, BKELBRKEZIDELGIMHED
HAEHLETHEHRLE, " BAAKMEBIICHBLLAN T Y OF BRTICES
TAHALIICKREBEZRMEL 1=,

® ©® O o HKki

® & O min
e o 0 o

CHipr ]

1)J. B. Boreyko et al., Controlling condensation and frost growth with chemical
micropatterns, Scientific Reports 6, Article number: 19131 (2016)

https://www.nature.com/articles/srep19131
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HEKOITEZDAHFT., FRICONBRAIZERSLEVSREELH - =,
(747 - [RIEBHH - HifTénif]

DZEROXKBENOFEZTFIRNREZELI-HICEZZASH>TRZEHIT S,
BEIVZOEEFHRAN S ZEDLDLEVDONZHAELTCVWEHARELBEE.VZ0DH
NEHRLGTEETHAI LT REH L,

DZOEDHRBERLTOMICIE. ABELIYVILIAVEREDELNH > 1=,
ZLT, EWmMITFANVYEY FRMFOVEZBEMBEGESTYZ=DEEL-< L. C
DEBERBIZCA>TEATND I EhDLI DT,

DFEY. DZEHoNALOED “BR” EERITTWLT, //Eklofﬁ
%wuméxot~ﬁmcm@ﬁtﬁﬁﬁt“%iéxotﬁorué
HABMGKEELTEY . VNhKOHCGo-HAEEHNICETON., Lk
FEICHAGTRENREZN S,

S EHA  photoAC
SEOXRZRIC, FEICKXXRTHRICHT IMEICENLT/ 4L

o, RHAZEBRATEEAERENFELG ST/ HERY —ILGE ENRR
TEANHBLNMGVWERREBEHFIT AN, FEAASATLEVLESD
Ly, "

(WA

1) Christopher E. Killian et al.,Self-Sharpening Mechanism of the Sea Urchin Tooth,
Advanced Functional Materials, 21 ,682-690,(2010).
https://onlinelibrary.wiley.com/doi/full/10.1002/adfm.201001546
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T—X—PANLAY FPPEHI—IILFERFICEALEBEICE., #BEIIRITS
EVWSRABH 1=,

s~

1

(5347 - [REBHME - HRifTini])
Dy JfFE. ARMORBRVER LGNV LTI HMOoNE., BEVELEBO D
CEHE->2TRADEBLLELIDON., KORDAICHEL-HEMETFEINSH, E
FORITHICUEBAUGAFZRYVE T CENTEDS, COHMNOBMEOH X
ZELADON. VFROERAREHMEE LERLTHEEZA=2—24G A1) UK

— 2 #E (herringbone structure) J I2H B, 294

BE. JYyao~ny U R—2EE

BETEWVWS Yy JEOBMMICBEZAMA1T.2012 &£ 6 BICKZEEOMEIMATH S
AFSOR (Air Force Office of Scientific Research) A, AU T IL=ZTFT KREDWH
TF—LICHLT 60F KL (#9 4,740 FF) O EREKEREF L L, V

(R
FEITAELIN . BHroDREC, BAILGEZHCEORMELTHEZED

EFWEZZEZRLTWVWS, IERERIX. ALAY FONYT—  AYyaTa—_ K

A—Y, BEHA— LY MDY ILFLGERRICERATZAILEARRAFTFATLS,
BRICAILAY FPORIERFETEATLEEEDNT LS,
KEBEALDHAREFXERAIIEIFS 0 FFLETHEARALTVWDES5TH D,
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D) AVZ7FAN=TREIN—HF L FRFE—LR—V
https://ucrtoday.ucr.edu/37532
2) AV T7AN=TREIYN—HF AL FKRF—-LX—-D

https://ucrtoday.ucr.edu/37532/prototype-helmet

3) PV MYARAR D 2014/4/26

https://www.washingtonpost.com/national/health-science/peacock-mantis-shrimps-swif

t-deadly-punch-inspires-superstrong-composite-materials/2014/04/26/ef5aa6a6-cc7f-1

1e3-95f7-7ecdde72d2ea_story.html?noredirect=on&utm_term=.75d5012eaa58

4) Nicolas Guarin-Zapata, Shear Wave Filtering in Naturally-Occurring Bouligand

Structures, Materials Science, DOI:10.1016/j.acthio.2015.04.039
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https://www.washingtonpost.com/national/health-science/peacock-mantis-shrimps-swift-deadly-punch-inspires-superstrong-composite-materials/2014/04/26/ef5aa6a6-cc7f-11e3-95f7-7ecdde72d2ea_story.html?noredirect=on&utm_term=.75d5012eaa58

SEKISUI

HKAVTL—TFoN Y-
14. MBEBRZHM
[t kERE])
BEICOSLLVHEZIHALZ L

(747 - REMWME - Efffézit]

REDTHTHROBERLELGDIREEM LY NN/ V—TDENTEL L TH
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N —HIT 5L, ELT. CZICEBFEDOVIAVLGE NI EICEFBLEHR
El-blE, OYXOYDEEFMIIHAELE, "
ZTORE.BIVVERVINGEEEDS. BV IO FERESA R E L
THAHACE. RUVYIITDBOEBAINL FREAENA. BEA ML (FERLH
H52RBHEREELE, ?

ZLT. OO DBIODEREEF/ENAY I VNI ZRESETOY
DRICEFDRIENTERVWI EEHALMIT LIz, ¥

Tsetse fly

Grant's Zebﬂ

KF. PYIOYOERSHBEYIVINIDOERMIE

BEEHF LtAE RBAEmELUISY
https://shunan.mypl.net/mp/tokuyamazoo_shunan/?sid=33759

E%A photoAC
T http://www.bbe.co.uk/nature/16944753
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1) Fyarne 37499 2012/2/10
http://natgeo.nikkeibp.co.jp/nng/article/news/14/5610/

2) Adam Egri et.al.,Polarotactic tabanids find striped patterns with brightness and/or
polarization modulation least attractive: an advantage of zebra stripes, Journal of
Experimental Biology 2012 215: 736-745;doi: 10.1242/jeb.065540

3) Tim Caro et al., The function of zebra stripes, Nature Communications, 5, (2014).

15. a8 HH

(4 kZRRE]
BEDKPICEKTAIKICERAT S/ 00T LU TLEIT Y PR—VIC
[T, REEF T+ THEITKCERILITKCVWEWLWSKRENH o=,

(747 - [REBHE - HRiiTEai]

EBEBICETCESAIVFAIHEDEDHICEVWEFRBZLELEL., T0EHE
BAFgELMATEAVDIIH L, BLABEICEL Sy IIEEBEHELNE C#
BEEELAIEEL S LICFELEYIYFa— Ly YIHKEZOMBEEL-BIE
SyaADEEHRELE, "

ZLT, YAl EBERICAKTIBHEOREICEVNT., JvIDERNHE
MICERZRMYRAHS. MDOKFPIZEVWTHLENELALZL (=ZK0OHBAE%
HMIFT D) EORILEFBEICHE-TVWSILEHOHICL. MHEXZ/HILIL.
FLLOWD Y FR—YEMERREL =,

(HiFr)

1) Allice Nasto et.al., Air entrainment in hairy surfaces, Phys. Rev. Fluids, 1, (2016).

https://journals.aps.org/prfluids/abstract/10.1103/PhysRevFluids.1.033905
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BEOHEFIVIEI—EHEI DL . EOMAZEBETLHIEATELRY
EFOBERELRDICE D,

(47 - REHME - Kidxi]

BEMANZERESERECHK. BECEBEEOBEF I v XOHAELE
Ho TS, EoHFoaoD53A2ZEBOAIHRELTH, KIZEDLE
FxBYICHY, ETHLERAELEVS, AIEREDEIFEAEKE - 218
Bk T oaddEpEFayvxaod, EEBIIRYVADEITTEHESA
CH. PHBHEITRTEEIN, FRAKODERIZTHDL] LELTWLINES
Bifior-OFMEIBEIMIZThTULAENL, Y

KE. €% >a9
EEWHH (N 28) " Y E 2

https://www.tokvo-zoo.net/encyclopedia/species_detail?move=-1&species_code=360

(HPAr]
1) South China Morning Post July 7, 2015 Pangolin scales could be key to self-healing
bulletproof vests: scientists

http://www.scmp.com/tech/science-research/article/1833335/pangolin-scales-could-b

e-key-self-healing-bulletproof-vests
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FRAICFZMADE, KEELRBYEZETFD, E2HMN, FYa3ZF
[CEoTRCFEH#BMITDIE. REXoMKQRY., EHELDOHBERIC
FTI@MIFTI LES, COMFTrRRMAICGo T OF, HERD
DLICTEDFICEET %,

ANEH (1996) . BHEICHEIZZXEZD TE@oMH] ELToFva
D K Japanese Society for Medical and Biological Engineering 10, 58-64.

https://www.jstage.jst.go.jp/article/jsmbel987/10/11/10_11_58/_article/-char/ja/

(4 kZRRE]
HICEIYBSZAFEMNICEELSEIETFHMHEIEVEVWSRKRENH o=,

(47 - [REBHE - RATERF]
FRAICEBLAOBMYBLTAHZMADLEEZONC DN, BRIZET LR
CRABEMNIVNWSGZELEICEFELEERXREZOERAABEHRESFIS -7 Ux
YET—OO—FHARFMICEELELTVWIDTEHBLWMNEEZR =,
ZLT,. SOFYaDAA=ZRLZED)I—VHEESIZIEAL, £ THF
ATtoHEEO—WMMAUNFAFAL, XEHIT LT CICTOESICRSE R
ERFEL -,

(EM]
WRELT., BIZAKHEICHAEIEEHFINAFINDS,

(WA
1) HARGHHE 2017/9/18
https://www.nikkei.com/article/DGKKZ02123420017092017TJM000/

2) ARNEHABEICHEIZ2E2S HeMkH]l ELToF~>adik, Japanese Society for
Medical and Biological Engineering,10(11),58-64 (1996) .
https://www.jstage.jst.go.jp/article/jsmbel987/10/11/10_11 58/ pdf/-char/ja
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8. AMDHAIZFESNAIHHA HASEL

(EkDEE]
ORY b7 —LICEEOHEILEHENERINLIN . ELDE—F—ZALT
Wabfr=H, EENEC G2 THIEALWOWAAEVSRELH - =,

(o7 - REHE - BHMTER]

KOS FRERLE—RKROHMEELF., NEOHRHRIZEY FZEHF T, KK
FERDNENODHLIRMICHICAEBEDAIHFAZHAELELZ. EENMDH D
CETHAMDBRAEDPBSCZEICIYEFDHRADELSICIRME. BRI HELS i
HMAICE 2T WD, ED=H, AN —DESTENRPTVIDEDODNAATIH
SCENTEHM, BB THEICHBEMEETETIILEVLS>HERERED, VY

Elastomeric Self-healing
shell insulating liquid

B&x. AIHHA
(A

1) E. Acome et al., Hydraulically amplified self-healing electrostatic actuators with
muscle-like performance, Science 05 Jan 2018:
Vol. 359, Issue 6371, pp. 61-65,DOI: 10.1126/science.aa06139

2) Nicholas Kellaris et al., Peano-HASEL actuators: Muscle-mimetic, electrohydraulic
transducers that linearly contract on activation, Science Robotics 05 Jan 2018:Vol. 3,
Issue 14, eaar3276,DOI: 10.1126/scirobotics.aar3276

3) https://wired.jp/2018/01/23/new-robotic-muscle-hasel/

4) https://www.youtube.com/watch?v=M4qcvTeN8k0
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AIFFa1—tEyv YV IMKZORRELSFIABMORENDEEICTFUALIRE
mEMXPL (Olivo film) ZBFE L, VI —VORYIT—ZEHLIEE.
MEZzZH,. EBSELIEMTHS.

[(REME]

RYF1—tyYIRKENLGRAEVYT7OMLEFAURSIKRI M) —HOE
A FRFVERXRZ208F1RTTBEEENBN.2020FF TICHARETL.,
BETHERAOERICER TS EEHERLI, "
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2-3. RADHFDET - EXDOHE

(RIEH)
REAAESREEREAGFEZRTE. 2018/4/1TEAZBRELIz, CORBEHRERK
HEOHRT, 2BRTNAFTIATAOVRICEALTERLTWS,

BARMICZIE,

OWMEMEEYOLEAERZIRALEBREEELELCEYOREBEFEEF
ALEEREAEFTEMTO. ELEMZELLEVHEMHNLGTEEYMOEDODEN
FHECEREEMTLIEN (INM T AT O9R) ZFALEZEREA
THEM. ERBERICEOGVWHMAY - EYICLLI2ERAMELEENATRGIE
REARBETOMEENEEZIERIZEATLDS,

QNAFZIAT AV RAPEEBBRICOVTORFEEAR—RIZLE=HMIF, BR
(ARBR) DADZRLIZTHV., FRRZ~NDETMEZRABRER T I HEME L
TABOBEMARICNSZALS T bEH 6L, HFRaREHICE T S HM
EFrbtfr-odEHEFEIALTLS,

(ZEEEE)

ZEBEEF208F2ABEMNXRFLUONEHBBRERTHRELGEDORNZ
WMiE Ltz MERRINA A I ATV ABEEETR LS 100EAZERET,
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2-4. FAYRUVRABEDNAFZIATAIORADOERA

NATZIATA OV ZAORARBERABETETITADE KA YTHY . 1S0 TC266 (/N A
TIAT4V9R) ODUBETERBZITELEDL FAIVYBRIAERZIRHT S
BIOKON TH AL WVWSHERMAH D FIAE. X DTIE. NAF AT XD 180
UbEITOEBZEZBIKINAEE LEZ ENRDELSITENMNTILND,
MF1EBREFEFTCORNELT ISOICHLLWEMEZEESR (T0) AFZFTohfi-ER

CIE NAF AT AV RXOARRAETHEIZERTIAFAIVDERNH - T=,
ML LEITOERBEEELZDEFEFAYBFIAESZRHEI SISV b+
Bionics Competence Network (BIOKON) T&H %, BIOKONIX., #k L2 E/NA A I A T
AV REEDTOTSLEERLTCETL-EENH D, 2011 £3 AIZ. BIOKON&
FAvEfiEHE (W) FHBET. NAMA I ATV XOEBEZEELIZHIT =
EFDA N> b TISOBIONIK] ZR# LI=.1 Vs
Fr-. X#k 2) T, BIOKON®N FAYVBFOMBEZ T T, FMAYDEFEEE

LISOICEZELREBRBEZRLZLTVWSIEABESATLD, EAMICE.TRA VIS

BITFEINAATZIATAVRADERZRERY T —0 THAHBIOKONIF . KA VERHKF

MELEOMBEZEZIT. 2001 FITHRILI Iz, XIADEE & LT, BIOKONA K1 Y
BEMERSLARMTHERLEFAYEROAA RS 0ZFH &2, 2011 HFEIZ R A

YRBEBHEMNIS0IH LT, "M A I AT A IVRIZTODVTOEMEETDHRINIR

EEITL, TC266 AFZIL SNzl ?

X#k 3) TIE. BIOKONAN KA VBN L ERHEDEEEMEZITTLEI EL/RD
KOICE#EETNL TS,

2000 FIC KA VBIROESEMICEY . 280K EHOEZENGLELI R Y b
7 — U BIOKONA R I Stz 2011 FIZIEHEHFE TH O T O International
Industrial Convention on Biomimetics% BT 5% . MizMAE. HBILE LU
MBBRETRKETLEFEZE >TSS, FAYBAIE 2000 =, 5 2004 EDOREIC
2431 —0, 2004 FEAN D5 2001 FORIZ6EI—DNDELEHE L, 2009 &F
CIEFAYBREERREND 30 Ea—0OLEDOESEBZ 27T, BIOKON

International ML &ant=.1 ¥
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Fr=. BIOKONIZIE. 1207 —F T IL—THRHYLTIZRTEY,

WGT Architecture &Design WG7 Molecular, biochemical

WG2 Bio-inspired materials WG8 Robotics

WG3 Complex biological systems WG9 Sensors & signal processing

WG4 Energy Systems WG10 Lightweight structures
WGS5 Fluid dynamics WG11 Organization & Management
WG6 Functional surfaces WG12 Education & training

CDEIC, FAYDNTEZHITTOXEI LEASZENBHESEMICLY
NAFTZIAT AV ADISORBIELZED TVEIERICE.FAIYDBNAF I AT o
VDAEEERTOERBOBESEFHNDEILZEZER->T IS0 HEDETBEZES S EL
TWAAEEMENH S,

) "AAIATF 4 7 ZAEEB#EL=2 -1 ¥ —,1,2012
http://main.spsj.or.jp/pdf/TC266NL1.pdf

2) RPN, PR 2 6 AR EREIF VBN B MG AW EE (BB XM FIATF 47 R
https://www.jpo.go.jp/shirvou/pdf/gidou-houkoku/26_15.pdf

3) W LB, ARBREN - ¥ R T AT K B BB H A PR 38 HE A B G Rk R

https://www.env.go.jp/policy/report/h27-01/report_ H25.pdf

FAYVELUVRALENEMIZOVWT.BERELUVBNAHIRICESIERET Y VY
DFET., BIOKONDEBIKR Z IS0 FE S BEEMFTTHEL 1=,
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(R )
K4 Y TBIOKON® ISODHEEHLITIZA VA E2A—LTLEHEMWLERAEICLG D
EEFERLGV, FAYBFIAEHEDEEZRHELTVLWSIDLGL, TORETO M

HEL. RTANEOLAHEBEEL, MBI ELTOELMLIZCKCWLWALTHDS. £

CC.BHMTELVWEHRIMBZIT5EHIC. NSUVROBRMEERMETEHEST
XA ELELE D,

(5 %)

FAYDEEZEDTRZE<CDREERELT, RADIAUZZEDIILDDEIRSE.
RIADIBZOLDONEREZEL, T, HHET. BRALEOLERTHE., COHHTH
REFAYDOUEBRNTELIEDERZHECLSIICMMEZERT S L L LT,

E&. I#EODRE

i 15 BIOKON, ISOIZDULVT M AYD N AFIFTIIADNE A TS H?
wEE | BIOKON S, KA \ ,

— —— FAYVEBXRDEADINAF T A
==V o504 a ..
_ N N TARICHELLVHESE
AN |4 F1) R

FAYDSTANLELTOBRMELELTAXTIRZERLE. B39 HTEH
N RAYVEAF)VRAETANILOBERTHEIN  NAFT AT 2 XEFI5TIE
BW, FMXEELTEAST U EER L. A5 A FABHNICESENICE HE
BICH FAYVICHEWDA, BEOEETHNBREMNSHABRVWEFEZA LWL, —A. 41 F
JRAERFEDRALETHABICHESIZELHAN. OMVIL - Ty F -2 zLdP1Z
J)—NO&SNITHEICELZNADIEDRRAELZLTWVWE . CO&KSICH T U HFTE(ICH
BRHICKRAYEAFT)VAOPREICHSEZFTTHLS EBEICEICZEBELTWAETH
YU, MONAFTIAT A VRIBATHDIZENLERL =,

H&x. WMIEH
BIOKON DB ERIFEZ TWLWEIN? FRAYDNAF I AT RHAR
[CEMLTWLWSEMN?
2 |1SO TC266 NA A AT A4V RGEZFTBITEHBLTLEIN?
S| NAFZIATaVRICEHAL, HOBEEHERLTEFAIVITFEATLEMN?

AEHRICOVTIE., LLTO ISOTC266 DAERRLEHLETHET 5,

86



SEKISUI

BARAOTIV-ToN -7

2-5. 130 TGC266 0 Eh ]

[(HREDOEEMIZCOLT]

ERZEREOBENIEREOERENE—TEHEIN. FO—NILIEOTTE
X0EBRBEHAOBIELEVSATBIERIATETLS, XHEIZH, HIZIEX, T
HEIELOBWMELT. Bt - A V24— D1 —ADBAMOER. EEDEROELE
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