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Building a platform for biomimetics project by
biodiversity databases and natural history museums
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The Global Biodiversity Information Facilty (GBIF) was established by
governments in 2001 to encourage free and open access lo biodiversity Advanssd Matsh
data, via the Internet. Through a global network of countries and <
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Fig.1 Biodiversity databases: left, GBIF (Global Biodiverseity Information Facility); right,
FishBase.
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Fig.3 SEM images of birds feather. Left, Eudyptes chrysocome; right, Nipponia nippon.

SE XXM

(1) £EYZSHRUEBRARS, £EPEHREF -0 — FSH, PRERBERKASRH; KRR,
2002.

(2) WaE—, ZFiiF#, 2004, 57(12), 1064-1069.

(3) ¥UEE—, &fz, 2007, 61(4), 36-41.
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Preparation of Hierarchical Structures by
Self-organization
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\ Bre: . 6) Compress
T e R ]

1) Spin-coating of the 3) Spin-coating of 5) Removal of
adhesive layer the adhesive layer
. the top layer
2) Fixed PI 4) Fixed HF Py

Fig.1 Schematic preparation procedures and a laser microscope image of
the shark-skin mimetic surface
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ER—3RAREBZIEDAD Z & THAKZE
T3 UhBEDEREE X, Fig.2 [CZDMES
FiEERT . BOADBLBE LTECSEBt%E
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DEEDEARLHIETETH DI EHREREN
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FIMNBHET ZET. KDEBRANTNZDT(E
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E2 P

(a) Metal deposition

Honeycomb film

Removal of top
layer
SRR pre—
—_——
[icF———ii
| Molding by l sl

ey e

Removal of
inside polymer

Fig.2 (a) Schematic preparation procedures
of wrinkle surfaces. Laser microscope
images of a polymer network filled in

PDMS (b) before and (c) after compression

and a metal network filled in PDMS (d)
before and (e) after removal of a polymer
network. SEM images of a metal network
filled in PDMS after removal of a polymer

network. (f) Top and (g) cross-sectional
view. Bars; 30 um

(1) Yabu, H.; Hirai, Y.; Shimomura, M. Langmuir 2006, 22(23), 9760-9764.
(2) Ohzono, T.; Shimomura, M. Phys. Rev. B 2004, 69(13), 132202-132206.
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Fabrication of soft microstructures and their tribological

tests
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Fig.1 Tunable optical diffuser based
on deformable wrinkles. The optical
path of the diffused laser beam
transmitted  through  shape-tunable
wrinkles with a periodicity in the
range of hundreds of micrometers is
visualized.



M2D&SECR—ILEFZ. U7
SUX—Y-ZEDOLBHIKELE
HOU YO IBE[CBUMT. 175
B8, TOBEOERENZEE
LTW3, BRICZOERBZLT
BEHRECTHELTVS (B3) . ]
. BEBENORRBIKREN. TEKE
M. UYDIBEDRSIKEFNE. B

A EMRIEMEICDWT., ZOEIReE  Fig.2 Schematic of dry friction measurement on the
deformable microwrinkles.

BiTZ&H. REIZET> TLDIERRE
THZDM, 2REBV YD IIEE
DEE(FPESHICERREEICHET
d2EFnhofce SERIDENZ
I5&EHIC. DIy NEEBER
DHZDBREEN UTBE3}ERANRDZ
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Fig.3 Optical image of the deformed structure of
wrinkles under a dry-sliding friction test. The bright
spot at the center corresponds to the frictional interface.

SEXm
(1) Ohzono, T.; Suzuki, K.; Yamaguchi, T.; Fukuda, N. KOBUNSHI RONBUNSHU 2013, 70,

179-184.
(2) Ohzono, T.; Suzuki, K.; Yamaguchi, T.; Fukuda, N. Adv. Opt. Mater. 2013, 1, 374-380.
(3) KE#H3L, k8 2013-023033.
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On the refraction and reflection in a rough interface
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Fig.1 Positive feedback. Fig.2 Heat convection.
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Fig.3 spa™(sparkling-poliert) mutant. Fig.4 Speckle pattern®.
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Fig.1 Theoretically calculated reflectance for moth-eye model structures. Dependence of the height
of triangles on reflectance (left), the angular dependence of scattered light intensity at 510 nm for 10
structures with irregularities (center), and their reflectance spectra integrated over the angle (right).
For the calculation with irregularities, the aspect ratio of the triangle is set to be two and the
maximum position randomness is 20% of the lattice constant.

SE X
(1) stavenga, D. G.; Foletti, S.; Palasantzas, G.; Arikawa, K. Proc. R. Soc. B: Bio. Sci. 2006, 273,
661-667.
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Fig. 2. Relationship between wave number due
to the alkyl chains of the coatings and the
coating number.

Fig. 3. Relationship  between thermal
diffusivities of the coatings and wave number
due to the alkyl chains.

(1) Hozumi, A.; Cheng, D. F.; Yagihashi, M. J. Colloid Inter. Sci. 2010, 132, 582-587.
(2) Urata, C.; Cheng, D. F.; Masheder, B.; Hozumi, A. RSC Adv. 2012, 2, 9805-9808.
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Creation of functional surfaces based on
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(1) Hirai, Y.; Yabu, H.; Matsuo, Y.; ljiro, K.; Shimomura, M., “Biomimetic bi-functional silicon
nanospike-array structures prepared by using self-organized honeycomb templates and reactive ion
etching” J. Mater. Chem. 2010, 20, 10804-10808.
(2) Kumano, H.; Nakajima, H.; lijima, H.; Odashima, S.; Matsuo, Y.; ljiro, K.; Suemune,
I., "Enhanced Photon Extraction from a Quantum Dot Induced by a Silver Microcolumnar Photon
Reflector” Appl. Phys. Express 2013, 6, 062801.

(3) Mitani, A.; Sugano, N.; Hirai, S., "Micro-parts Feeding by a Saw-tooth Surface" IEEE/ASME
Transactions on Mechatronics 2006, 11, 671-681.
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Utilization and Modification of Virus Resistance in Plants
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MDA IR EERBIEERELSRET D, INSOBEZLE UTERAEPI~DIY
RUPRBREDAIARSDEEZ. BPER/NNEDIEEH D VW (IR Z DB <EBETH
BREEBEDRERENE SN, DAL REEHP DA I ZADMBRRBEBITNDESHIRE
ENTWVBRY, BYERAICH TINS5 TEILS U1 XDEE. EF%Z < DEYD
1 ADEBLFRIERDNEILSN, BROBHBEHNHASNTESLIEICE>THOHTH
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EHEFIBRALTETVBRY,

Fig. 1 Interactions between virus factors and plant factors.
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Brome mosaic virus (BMV)IZER 27 nm Q/INBEIRETIL DA ILR T, 30EDT ./
LARNA E N ARDYTY /ARNA [C4BDYVINOEZITI—KULTWB(Fig. 2), iEHF,
BMV 0% 3% (BMV-F) h', EBEYTHDETIVIBY TEHHD A RICBERT D&
NEEBINE?, HREINETIC. BMV CXTIIEMMEELRFHY v IRZ DA RICEE
U(Fig. 3). A< B —RICEFDVAMIIREBHICEZELTWDIZEZHSMNCLTE
oo WMIE. ZTOBEETEBZED TS, Tz, BMV DA DRFEN 1 RICERDESM
ZRICEZHKRB L. ZOER[CEDE, BERENLGBRERITCESIZD1ILREA
F (2a 9VINOE) ZRAFE L TWB(Fig. 4)e AARTIE. YvRZHARICHFET DIE
MEEEFHDWE 2a YVI\NVBDT7 I/ BEINDERICERDIEEEZRITENRT
DECFZEH - BAEL. DTILRRENFEE - WEIT DEPOT T IS —EEE D
BZERIET D, S5(ICEF. TRV —U 1 IBEDFES - WEMEIC K DHRRSHER
KitOBERZBEI

1a RNA1 ~_
RNA2 i
2a i F1F2F3g
3a RNA3 |
v BT —
CP RNA4 &
R K1K212K3g

Fig. 2 Genome organization of Brome mosaic
virus (BMV).

RIS 1 &

3 K1K2K3
2y 9
JAVAY — Fig. 4 Cell-to-cell movement ability

¥ ‘ of BMV-F in the leaves of indica
Fig. 3 BMV-F infects indica rice (cv. Habataki) rice (cv. IR64) is conferred by four

. L L amino acid substitutions in the C-
but not japonica rice (cv. Koshihikari). terminal region of the 2a protein,

SE
(1) Laliberté, J.-F.; Moffett, P. ; Sanfacon, H.; Wang, A.; Nelson, R. S.; Schoelz, J. E. Front.
Plant Sci. 2013, 4, 203.

(2) Ding, X. S.; Schneider, W. L.; Chaluvadi, S. R.; Rouf Mian, M. A.; Nelson, R. S. Mol.
Plant-Microbe Interact. 2006, 11, 1229-1239.
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Lipocalin, the candidate core material for the electric
nose: how it works in the biological nose

1. AUBHIC

BHEBYORIRICEIZET 2 URA Y ERABBVWVIECHEFRAL. OVWYERE
£88 (0BP)EHIF(EN D, OBP OERLBMEBDVWRBADIEMEEZISNIELSE
M Z0E. RBROMERCTFET S2HBE~1000 B0 CEBHREDIKRER S (OR)
DEFEVCIRBREOMADERFARANASHICESN, QUHNEDDLIH LB FEEDEND
BWELUTHRITED AN ZZLDKHNBESNCRE oo BADTIL—TTE. DR
BHRRERUIEILINI YO/ —XDOREZBIELTVNSD, REBEDIOHICERD
TWHHEES OR ZAWS I & XEBEITEE(T. KBMED OBP ZiTic UTRET B8R
ZEBRULTWD, ZOPT, BEXTEELESNTLRL OBP OAEENREIZHIEICT D
CEZEBEULTERBRZPLE UTHEZED TWVD,

Fig. 1 Localized expression of two type of lipocalins (OBPs), Cp-Lip1 (left) and Cp-lip2 (right)
in the newt nasal cavity visualized by the in situ hybridization technique®™ (bar: 200 pm).
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BAR(XREEKT EY ZMEH(CIRMDAZ odorant
DEVWEZBHEBOWREZT>TEL

. " (Dsolubilizer

A, BRI EICHR > T, FDIRE OBP mucus
RIC 2 D OBP HZNZNRBD  gmole

MBI TEK - =N TWD (Fig.1  giffusion

SHR) CEERBLEY, ZD& 5%
DI EDKSIBREZFDODON.
REEHFENE ZBTHD. ULH L.
OBP OZEICIZLRIK D 25DV D .
BKMEDB WY B Z RIGRICH DA iz g
HEMZEIT D EICLDNBIBEKRE Fig. 2 Possible roles of the lipocalin (OBP) in the
ERT 28 (Fig. 2, D@)&, PJLF  Olrectory mucts.
ERGESHEOBAVWVIBEZRBRNSRERET DL EHERE BRVICEBEDR
) &I B (Fig. 2, @@) EDETEREMNAFHINTWND,

BR G EEFRIRTH/LZUVIVEF VYN OBP Z/ EVRERRBICEMH L TAVGES
(REX : EOG) NDOFEZRET LD intrinsic 72 OBP DR & OHIBIN BB E AR
D, HHT. RERKRAEDFKFOMRZRI Ulc, TDIER. HKRICEK > TOBP (&R0
MOBEWYEB(ICHERESNS EOG [FIBAR L. ERIMEDBVWVIEICHT D EOG [CEKRER
ZFBVWC ENERINC, A EVICEBESHAZERZE5X CHEZE> TH%E
EBELUTUAEIT DL, OBP SFEDCBVIIBEZRWCIHBEDER(CKSD EOG DIBXI(ZE
BEEEBICRNT DI EZEHR UL, INSOBREXLEFHIVBOEDTHSIH. RE
REFED OBP (F. AANRY I v—, HDLIBVNSHELISIRIBRZTFD I ILY—&LT
BELTWBZEZREBLTWD, BE. INSDT—9ZRESEDIEEDIC, B—R
HROEAEL Y IVEFY ~ OBP OFAKBE. ZENBEIRIICK>T OBP2 BDE
RORFZRESHCTDIEZBIELTND,

®@carrier ®filter

®scavenger.
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-OR_ | |
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(1) Iwasa, T.; Mandula, G.; Urano, K.; Takahashi, T.; Sawada, K.; Okano, K.; Nakamura, T. Jpn. J.
Taste Smell Res. 2008, 15, 211-220.

(2) Noumi, Y.; Takahashi, T.; Sawada, K.; Iwasa, T.; Nakamura, T. Jpn. J. Taste Smell Res. 2009,
16, 545-548.
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Make the Natural Historical Museum in Tohoku
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Feeder-free disociated culture of iPS cells on the
laminin-fixed elasticity-tunable geletinous gels

iPS #BA2 (Z4A4BA2\ Oct3/4, Sox2, KIf4, c-Myc D 4 B-FEEA L., Bia=E#EtT
BCELE>TEOENDAIDZHMEMIRTH S(1]. ES Mi2ERFD=FENtEE
BLU. SS5CHBEATOMBZLETED LS. EELANDHFFFERICKEL,
ZOIGAICERLTE, RMEREZEMIFULLTESR- KECIBBES DI ENEETHD
M IREDECBEISNTVWD _EDIBEAE (T« —F—MREMNR. 8&LTT71—
=2V rUTIAAR) FEES5BEYMBRORMZTICRBROICTRESNILEZGT
DIBEETHD. BEEMOILEDN - HENRFEORELGERDBEINTVDIERFEAR
L\, IBRIZEEMDILZE - NEFHERSEMBIEOMEFEZITV. MEORFTREZT DE
BRIFPOHI—THDIEMIMENTED([2]. INSZODRFUZIERICERUZEMD
FEMKROHSNTWND, ZZ TARAREEMORELFE & BEROMBRFTEHZHSHI(C
922 ETIPS MIEDRME - MEBRIED = DBIEEM DIERZTTLN, iPS HIF2D X 1
JNAADQY—ZRIET DI EHEBNET D, BBEM DK ZETS2OHICE, iPS 2D
BENRIZETAUIRESIND D« —F —illazRAW\T. N DRI ZDIZEEM D W
BLaINd, ZORFEHICHUTERARTIE, ABEERF L VLS FV(StG)TILEK
Blc. BEOEERPICHEEINTVBRIVINOTHD S ZV(LAM) (3] ZLZ2EET
BZET. 74— =2 —BURIZEMOERZERST Uz, 50, StG 7 )L EAD LAM
BIERHDORE(EZITL. RFTEM L TOMIZE. S 5ICHRETEM LIZERORDEME
HRICOWTRAEZT O,

B U 1= LERTEICAEM A LR YA = R(EDC)BTR( 0.5 mg/ml, pH 4.8)ERiSE
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et LAM SBRERETU 4 CT—EBmME L\, PBS THDE LAM (L LaEhes
TV, FILREORKERET o2, ZORBR. LAM ORISEEDEAICH LT, EER
BB R EDENBEDBAN D SN, RISEEOHNCEOBEOEERTHZT
NUZILEBERSED LAM 2EBRT 32 ENTE, &5 (CEZELE LAM OREHECD
WTREFH 7 BRRE TP P ETRBORKEHS NN, 14 Bt —ER8PBEESNT
W3 Z ERERENT,

LT, 50 kPa D#MEERZHFI D StG o
FILEECEFZ LAM BERECKEL
TSRS DBROBRE. LAMRS w0
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LEHBWT BEFEOY UYL EIBERE S ™ =025 mg/mi
B LEBREEERRTE L, LAM & ~romum
DERERHEBRERHCSNTER £ B
RRDIBTEEFBERENBN o7/(Fig.1). 0.5 © LAM ()
mg/ml £4EM ETESET o Mlie% 2 T .
BHIBRAECHDMEF LICHEBLE o Hf—mﬁmf% 8

EZAIPSHBIEOIDZ—FEELHSN. _ Day _
Fig.1 Density of cell cultured on LAM fixed StG gel

SOOKRFEM L TOBERDRIREUN

HWIBEINTWBZ ENTEINE. 7 O St TRA-1-60 TRA-1-81 SSEA-1
BEToEZNSD iPS W%, 71— a8 ™
ST H 37D R T B -
(MEF).L ([C &8 LISB &[T o -18. 4 18 b Spfn

. _ Fig.2 Immunostaining of undifferentiated markers
DRMER—D—ICDVWTREREETT
ST fER. 3 ORI T 1 IV —H—(SSEA-4,TRA-1-60,TRA-1-81)[F2TKHIE. XA
T4 TN —HN—(SSEA-1)[FERMERL. RMELEHIL TWVWBZ &EhRENTZ(Fig.2).
M EDHRHMNS LAMBEEIESF VT ILA IPS flaDERIBIEICEM THDEEDIC,
ZOSRIBEDZHD LAM BEEDEBEZERME KUOEM OEEEMERZHOFED
mEENT.
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(1) Asashima, M.; Ueno, N. et al. Cell Differ. Dev. 1989, 27, 53.

(2) Shibuya, M. Cancer Sci. 2003, 94, 751.

(3) Lo, C-M.; Wang, H-B.; Dembo, M.; Wang, Y-L. Biophys. J. 2000, 79, 144.
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Mechanism for compensation of wing damage in insect
flaping flight
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Tethered flight

Tethered flight
| == £ S e
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Visual stimulus e

High-speed camera

=

Fig.1 Experimental setup Fig.2 Flight behavior

Wd, O, @EQMEWE, BIZBRFRITEI EEPNEZVWTLWNEECBRRTHD, &
BERITUTWBZENRIRER D, Z2C T, BRZEE L THEHOEIIRE (IRR
17) L BBRITTORE-EEESERAMOTHZHRRL, BEOHRZTOI I & LT,
HRMITORREE TIF, PEIEEBZSRENASTHREL, RAHODTEIE, L—
YEMUFCKDABBOEMERAMEL TEHAILR (Fig. 1) EREMLTLTT — R
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(1) Nakata, T. ; Liu, H. Proc. R. Soc. B 2012, 279, 722-731.

(2) Snodgrass, R. E. In Principle of Insect Morphology; McGraw-Hill; New York, 1935,
pp 228-248.
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[GHARDENTWND, BB DRRE(d 7z & Z (£ "Rotus Effect"E W 2R ECH UL THE
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Lifestyle based needs and technology matching method
-Possibility for the introduction of SECI model and

Ontology-
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Fig.1 Flow of lifestyle
and technology matching.
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AKICERT (Fig2k) CET. SATRIAIDSHELIET I/ OI-DHBETFY—
VIEFTRL, ZORMEDEEY —VETRI ZENTE, ENICKOFHERTI/0Y
—BRTHEI D IENTEDUREDRE L, AYFOY—-FETE, @HINESA
TRIAINWETREARCHED DL TITRNBEARZERT D (Fig.2H) Z&T, BR
NESTESA DRI DBEZPSHICL. TO/OY-—BRMNMMESNZ <27,
SATRIAMIDEERLUKS LT HIREFNWPHIREZTRADBARICHLNLED, OO
ENSDODWBRBERT DI EICKD SATRIAIPDED K SBRITARADEIKIPIRE
DFERICDBHDDH. oo DDEDSICDBHDDN. EVWSZEZBARTED LD
CHBoTce INSDFEICED, TO/O0V-BFRZEMKLELL, RODDEBRARZERT
370/ 0Y-EXTIETET IR RSN,

Fig.2 Enbodying of a lifestyle “Resources of electricity in household is bio-fuel made from garbage”.
Left: an illustration through conceptualization. Right: a functional decomposition tree based on
ontology.
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Toward understanding of design principles of an insect
auditory organ

IR EICEHRADEEERRBRIEMCTENLLE THS50EDDE) HFET D, TNHE
ROETHD. 1 BFa (BRLL) ONYHYBDIBIICFT TICHKEZHFODBESZINE W
EEnsd, Te92EERBZEOPT. RULKEREZHN T TEL LU TESREBRSEE 1. B,
2. BRE. 3. SBARLBEDHEHZERD, —A. Y30 Y3 VNIORENELTR
DU—ZVIHh 53 BREREMIRTHRIRT DEETV/INOED 7% H B TH D &L
S5MHMCHED>TWLSD (Senthilian et al., 2012) ,
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and Robert, 2006) . ZE(F5Z ENTED,
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DORFZ B (BHIRER) EBEDY VO ZFD/NS BB E ¥ AREO IR 1
CEFS5TDEBONDIARELZFHROZEEDN SERSNTVWDIENRASHER DT
(X 1B), MEBDFIR (LIRS MEZ (fibroblast) (ClZ, IRE. ML) = RITILIFBESE
ZEDHTND,

Ffc. IAOFHEORBREBEORHME LT, "FEHIRBOFIEEZRSZ(C2DHD, &
Efond, SOSBCHRBEDEEZ LTV ESADSECT L. BIAIOSEEIEL .
BOANCE>TEEAERHIRULBW O, ZOHKEEFRVERMESNTEL, FAFRERRE
DIOFUVSEZDEICKRDFVWTWVWDFEEHDER (hypodermis) ZH BT D847 (& UL
STHFERTHIN) ZAVT. pilIOBROZRE ZIRENICRRI DI & LRI LT,
ZDHER. RETICEEAZF>IBWERENHD (RI1C) . INHADIVITDELD
BIBROZEBERT CEEBRB LU, TNEEHIIBERLICH 2 EET. [IBEOHEBEZEL
C&X2THIESEIND, FAEZDEBNVRENR, B UL E—HBORIRE—RICELLZD
5L, REREMBICEELGHEZMNSIDDOTEBLHNEREKELTNS,

BlE. MDARGBIR7ZEND TH DN, BLHTRWEREH O, IFEDFTEZ
+FBOBIR—RATEATWND, JAOFORERBEF LHE. BE. BREBIEF>TTEL
BRI AT LD, BEBMIORE(ICER, POLRREEDNCESTHD. S&. &
BB RO, FRENEMEHE. TETIVERECEVNT, DHEMAEIET &
ZHARFLTEWN,

2 small

supporting cell

/sensory

dendrite

large supporting

Fig. 1 A The tympanal organ. Sensory neurons (magenta) and supporting cells (green) are
differentially stained. B Subcellular attachment site between a sensory dendrite and a supporting
cells. C Anterior tympanum of the cricket prothoracic leg.
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Omni-Directional Propulsion Robot in Fluid Modeled on
Bending Movement of Polychaete Worm
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M EBSHRBEPERBZR OEMETERD, KRRADTKBADIEIRT RIS & IEIRTT0)
RO DRK/NERDETHIEHTHD(E 1) TI T, BRDERA @RS & BRI @D
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[CRT 71 VAEZIUERE LiceARBBRORFRIEERDORY bZRAELREY o Rif
RCERBFERACREZHODINA EMERDBSEPEIESZEHE, BL /I IHRIBICE
(33 3RTTEAMICHBET DEYRBEUHEONY FERFKIT D, ZITERIACDL
(FRDEBHEFBHEDR Y REREHCDWVWTHENR S,

(a) Nematode worm  (b) Polychaete worm

Fig. 1 Movement of worm. Fig. 2 The angle of projecting protrusions.

Fig. 3 Photograph of the omni-directional multi-link propulsion robots.
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Fig.4 Motion analysis of parapodium. 8: Angle of
a parapodium, W: Body width, L: Lateral position
of basal portion of a parapodium.
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Fig.5 Angle and lateral position of a parapodium.

Fig.6 Image of new propulsion robot.

(1) Kobayashi, S.; Fujii, K.; Yamaura, T.; Morikawa, H. J. Robotics Mechatronics 2011, 23(6),

1073-1079.
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Structural color materials for optical control and their
device applications
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Fig.3 Pitch-variable structural color filters.
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Fig.4 Intensity controllable filters using
movable photonic crystal filters.

Fig.5 An example of SEM pictures of
structural color filters we have developed.
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Economic Valuation of Biomimicry Technology
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Bz & 52 %, RIRICEWTE BMARTOY 0 MADKRERILE L THWS NS,
UPINATYIVPRETARNOVRF vy Y1 70—RIT0OmMAZ. DITORHEHE

. Terrftw species richness
1-5 (<0.004)
6-10(0.004 - 0.007)
11-20(0.007 - 0.014)
I 21-25(0.014-0.017)
B >25 (>0.017)
Marine species richness
s, 1 (<0,08)
2-3 (0.08-0.15)
N < s-6 (0.15-03)
% B /-8 (0.3-038)
Bl >8 (>0.33)

Fig.1 Global Species Richness Distribution of Reptile Assessment (Bohm et al., 2013).
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