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Fig. 1 Dried specimens (above two photos) and wet specimens (below).
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Fig. 2 SEM images of body surfaces in sharks (left) and teleost fishes (right).
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Gel/Glass Interface

= =1

M EAREEVIRREZEN T & EIC—VDOEBIERZR LBV ENSDHD LD
(CERDEE) TR TESHTHOREREL TWBHIXIFERBEEICE W T+ MPa
HOEADIDDBREFHUWRIECH DA, ZDB0ERFRHST 10°~10° 2EEIH*
BITNS WV BARETE. EHROBNIBEREZIBRIT DOC, ERERLLY
ThTOTy MFHES DI\ RO ZEFKEBOETILE U, TOREBERICD
WTHRZIT> TE. BEOMBRAICDOVWTCFHBICRETHD & B+ umiZEDE
HDHDZENMESNTHE O, INHBEBCASHDEEEEZITNDIHDEEZISN
3. AARTECOMBRADES(CERZR/ T, TILKRAC/INIY—VZERIT I ECK
DREEBRNEDLSICENMTIHNANRDZEZBHNELTVWD, FEELTITILD
REEBHOUER (T TELSBEBHAEEE(CT ) XLZHRHAD Z & TE &R
CTIEBFEREDRBZHERIDVRATAZAVW. RBICHFDY1FIORICD
WTEBENRBRERSIZEHITo.

55

VIRUVYITSTr—lC&bBEoN. BAUNGEEROMAHID/INY—VZESHD
PDMS(RUIXFILOF TV )DFHFEETTIC, sol-gel FZZHAVWTERD LS k%
ER UTco COASRIRZETIVERDBEDOHR E U, ShICBETIVEBRZRLI A
TEEIDIETRANY—VEFEEEYYTILESE. 3D L—YBEHEZRANT

15



TIVRBINY —VOERE LR, YYTIZET « AVRICYDE U, 4HHEAEEE
LAX=9ZRWTKPIEEITBTI/ASABORBEBUAEET o>, Xic. BER
RAEDRC, TUXLAEBREHZABUICFERCEIDTIV/AS ARBOBERZRAK
(CTLN TILEBFERDERL TVWBRFICOVWTHRANC, KBERFETRET I/
ASRRBCHEWT, HSRCEMLTVWBRTILOIHZERRIT B ENTRETH Do

BR-ER

3D-Laser BHIBICLDBRINERY
EZILZILI=IL(PVAVTIILORBEREG
% Fig.1 [CRY, RICRULEST I OFRAR
Bum BEOEAZRFILEILBECE ST
W2, REIC/NY—YZEMFTLWRWLWTIL
(Lig flat) & Fig.1 D& SBEECEHDBH
BN\ —V%EELIZTIL(LEE concave &
RE)CDOWT, TS DOYEREARIRREGRE
0)DREA X—I% Fig.2 [ERUI. TO

AE - BRICBVWTRTILIED I EETEZ
11kPa EHBBIKRESLTWSRZ®H, flat [
DWTEFHERETY IL/H S RERB DK
HEEasn, EELEHIASREREERHL TV
%, &2 T Fig.2 ETERAEBKROTILOLEH
BREIND, —A. concave [CDWVWTIFKRER
FEOHND > RETHERBICEET DKMEK
BMAIECRS Y TEINLETRIORETHRSN
B ENFREIN, flat (CEERTHS R E#<
BERLUTLWRBWIT TH D, 2D flat ICH
NT concave [F. FPREULTREENEZT
WBHDD., RANEFPFELSBERKRICH
2TWBHDEEZEND, ZDDTILICDLY
TEBRNHDRERFEDERZ Fig.3 [CRUE.
FEDEEL S FRESNIZES D, concave (&
flat [CEERTERREICIEVERNZRT Z &
hoTe,

Fig.1: Surface profile image of PVA gel

surface with concave shaped pattern.

Fig.2: Gel/glass interface images. Left:
flat gel. Right: concave-patterned gel.

Applied normal pressure: 11kPa.
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Fig.3: Relationship between friction

stress and sliding velocity.
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Development of Biologically-Inspired
Water-Lubrication surfaces
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2. £MDBCE > TZORTF FRIICEEODIRBERRB DD, LAFVIFE
—DYMETRBVND EICENDEESIRBERFRELEHEDNBEEZRLLLTWVD,
COEYFAEDKIRZ IZNBRR[ID SRA D & B TENIKEBREE RKEZ
BHERORKMEEFRTHDIEEZX D,

m branched oligosaccharide

NHAc
GlcNAc

Figure 1. Typical chemical structure of mucin (glycoprotein) on the surface of fish scale, eel,

and snail body.
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R
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OH

Figure 2. Surface-grafted copolymer containing sulfonic acid and Lactose groups prepared by
surface-initiated radical polymerization on the double network (DN) gel
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(1) Marmur, A. Langmuir, 2006, 22, 1400-1402.

(2) Genzer J.; Efimenko, K. Biofouling, 2006, 22, 339-360.
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Biomimetic microstructures for water droplet

manipulations
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ky FASY MERE (LB Fig. 1 Relationship between affinity to a water droplet
and structure sizes of biomimetic surfaces.

Weak

Strong

WHEEERIEL L THRN LTy

THFENHD . BEHEBILEICTRRENDKRE LTy THFETIE, DI GEREHEDEN
I2&Y . BLLZMMEBENTLOND, T0H. FRHEHEZFEICHEL ZTLERSNWHE
EOBREMES G5, I, BEELEELGE DERMRREOES EFITLY B0 hd MMlEE

19



FRY—1ET 2, SHRTIL—T TlE. BEEGILEEOBEHELY . BEKOASES
FLAEEBEELCHATAET. H—HOBLEAEZLOBSFNHLKRSHAEE(
—HLE) OESIZEIL TWLWA[4],
AWRIE. EDEEIEN=D LEE 5 e
4 - FHLEDETENIEINS
BELCHATAC LT, EOEIRE e
3 .t
E N3 BBKRE NS QLTS ITRE k o‘ _O_
= P
EhERERBBKETEBEL. 20 > : '
Bk RKIE  BUKIE Bk ,I . Rk

HRERE £ TORM/NMNRIKIZERITOR S mAFES—  REMF—L (B
!

ERHD, BAMIZE. NZH LEOT Y g . 8- M or i UK
NOENIEE B DRI HET 2o &

WP RRIC LYV KIS

] - N _ Fig. 2 Control of water droplet adhesive force on
T, AROFENTNSBAL FN TG superhydrophobic metal-dome and polymer-pillar

WA E FIETETAEY . BhTL e Nybrid surfaces.
NTHOHEBRDHDOZIZLY EEMHS
52 LT, KBENEDH L EERILE
EEBEKEELOENTFES —BELH
BHEL -REEBIBKkKREET FRTES,
NZALBEARNOZNEEFIHTE &
T. FEL =BBKREICH TS KER
EME g TH- f( ®2) [6], &
oo NZALEBEAADFZNOTE & ER
MICERSEBHI LT, EEBILEDOH

L . Fig. 3 Invisible gates for the sliding water droplets
HOTST—2a VEFRRTDHSENT o the tilted adhesion force gradient hybrid surface
&, REREHODEEL ORfkEEm VI slope of 20°
FERETER(E3) [6], FHL BBKREICE TS5 REREEDENE FIAL F-HBU/NEHE
BEP. BERBFEEONUREFIAL LREY —T1 VU E., FEL HEEBRKERTEE T
AL N RERIEOERTINORRKITKIIL 1=,

Invisible gat
Low N gale

Top view

SE 3

(1) Koch, K.; Barthlott, w. Phil. Trans. R. Soc. A 2009, 367, 1487.

(2) Barthlott, W.; Neinhuis, C. Planta 1997, 202, 1.

(3) Feng, L.; Zhang, Y.; Xi, J.; Zhu, Y.; Wang, N.; Xia, F.; Jiang, L. Langmuir 2008, 24, 4114.
(4) Maruyama, N.; Koito, T.; Nishida, J.; Sawadaishi, T.; Cieren, X.; ljiro, K.; Karthaus, O.;
Shimomura, M. Thin Solid Films 1998, 327-329, 854.

(5) Ishii, D.; Yabu, H.; Shimomura, M. Chem. Mater. 2009, 21, 1799.
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Formation of Drosophila cuticular structure: corneal
nipples and footpad

BRORREHES VFITIE AEBREL CTHAORBEREGY FEXR DL LHIC,
SREHBEZ AL TCLWBBAIZX IV FI/IIEBRELEBERICLY ERLAEEZL D,
Flo. RELGBKEOHEBEREZAL TVSL DL H5, Cho OBER. 7 FI50%
HEBEICRAONTWSEEZLND, LT, BRIFEDLS LTI D&S %
MR FIOSBEZEY LFTLBDEAS ANV FIIMBEREREDR
BAND=ZZXLERASMNZFTEHI LT EYOBELITTIEELS | T OBBBENDS B
TEHEVN SEDNAFTI AT ) ADAREMNEIFE D, CC TlE, REBREN
ERMAEIREIE XA O3 93 "9/ Drosophila melanogaster % €T ILIZ. 5B
LY XDERT A BEDREE DIIKLIHD footpad MABEIZOLT., ARDEREK
REBNT D,

1. 23993 9NRIDERTA
HERE
“EXTARBER.EROL VXK
EICRO NS M/NERERBET, X
DREZEHE . TORIRMEEZFD
AHEEEBEL TLVE o x4 Fig. 1 Compound eye (A) in a wild-type fly.
WU “ERTA T4 LWL Z (A Surface of a facet (B) is formed by corneal lens
SAFAvHEHO—DEL THS which is covered with the nipple arrays (islet in B).
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Fig.2 SEM image of footpad in Drosophila
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(1) Bernhard, C.G.; Miller, W.H. Acta phyiol. scand. 1962, 56, 365-366
(2) Gorb, S. N. American Entomologist, 2005, 52, 31-35
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Towards ISOBIONIK - Experiences on Biomimetic
Standardization and VDI Guidlines in Germany

“Taking ideas from nature”, gathering new technologies for life, is closely
related to human’s evolution and done for several thousand years. In that
context, the term “bionics” was introduced first in the 60s at a conference in the
US"?. In Germany, “Bionik” and “Technical Biology” were established
predominantly by Nachtigall®'® & collegues since early 70s. Since the beginning
of 80s, world-
wide activities on bionics increased; several societies and networks were united,
up to the present globally trend in bionics since 2000/2001, entailing a
cumulative interest for technical/commercial applications. Currently, numerous
collegues and networks all over the world are working on bionics. However,
definitions of that topic and the understanding are pretty heterogeneous, which
is reflected by the variety of different terms and their significations used in the
same context®? '*"®: bionics, Bionik, biomimetics, biomimicry, bioinspiration, etc.
Since that discrepancy rather constrains the promotion of technological
transfer and implementation of bionics approaches, standardization

1922 should provide further consolidation of bionics and an orientation

guidelines
for engineers, too. The talk gives an insight into experiences collected during the
voluntary service (2008-2011) in the VDI guideline committee “VDI
6221 - Surfaces”.

Currently, Dagmar Voigt is a postdoc researcher at NIMS, joining the cross
border project of BO1-3 and BO1-4 on “the analysis of plant surfaces for the
investigation of transmission of the vibration from the plant surface to an

insect”. Comprehensive investigations are still in progress.
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Fig.2 (A)Visible images of films coated on the glass substrate. Typical top surface SEM images
of hybrid films (B) »=10 and (C) n=16. (D) Static CAs versus Cn-hybrid films with various
alkylchains length for the three probe liquids. (Insets pictures of 3 pL sized droplets) (E)
Substrate tilt angle of Cn-hybrid films for n-hexadecane and n-decane.

BEXH
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desiccation tolerant insect, The Sleeping Chironomid.
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Fig.1 Successful recovery (left) and proliferation (right) of dried Pv1l after rehydration by

pre-incubation with high concentration of trehalose.

Table 1. Expression of hemoglobin genes upon
., desiccation in 2 chironomid species
LAl . BKIMEZOD Py IEEMMOERE
DO : before desiccation

[£5% &IES \EEEHEOHBORIMNES L Polypedilum vanderplanki D24 : 24 h after desiccation
TWB, ST HBREETORSO®IEEZE B s o
YA . &Y BENGEIERUBEKMELD Polypeditum nubifer
BREERDHTOC , BEMEFEE L T, & e ™
1BA R L RZBRONEIZHEN G AESDOEY
HLTHEY .. RLY AR BIZTBWLNTE EE
AbLRBEMIIERTZAESOE Y AL
COMEBENFC LD (F1) . T OHE
(LRI E T OMALAEH ( BB - L R (ST 5
2E) £EDHTUC ,

Pvatb-3 e

B& XM
(1) Sakurai, M. et al. PNAS. 2008, /05, 5093-5098
(2) Gusev, O. etal. PLoS ONE. 2010, 5, e14008
(3) Nakahara,Y. et al.Cryobiology.2010, 60, 138-146
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Development of odorant biosensors using cells
expressing insect odorant receptors
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RELGZAVOBREN  ATRRTIRRIVFEGREZBRICEI > THL RIFo T
WBIEMNBELMZEhTE( Fig.l) ¥ 22T, BRIIEROREZEAEDOHAE
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v Or83b family = Odorant receptor

HOREZBEREHRETET7IU AN | T |
lonotropic receptor

VAR T LMBAME LY Y ETFE ’

LEg0ntEr Y5 BERL =Y. -0+ Fig.1 Model of insect olfactory signal

transduction.
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L0 RENES Nz, BRI NS BERZTRRT S0, #HlRG< M HNE &
YRIFEEL DI~ VABRINBERKROEEMME( Sf21 #iE) ICTEBL. ERORE
REREDIWND Y LBRZHENZ VNI E( GCaMP3) ZEEMICHKIRT S Sf21 #
RFEEBIL =Y A2 HDOHET T OEY ZEAERTHS BmOR1 ¥ BmOR3 &
WS sf21 HBARMTIE. TAETNOZREANEE TSI O0FEUYETHD
Bombykol & Bombykal IZ 2 # BRIIhHzU HEMNM OEREICHILEEE KL 1=
(Fig.2) . COTENL BROREZBEREZREICKES €12 Sf21 HlARKITR
MiIchiz>TEOLVYEEZ SRENDOBIRMICKRETEZ S HRFELTHATED
ZENRho T,

+) Fig.2 Florescence responses of Sf21
5

Bombykol (10pM) Bombykal (10uM)  AF/F(

cell lines expressing insect odorant
receptors, BmOR1 or BmORS,
Or83b family, and GCaMP3.
Constructed cell lines selectively
and sensitively detect the odorants
in accordance to the ligand
specificities of the expressed
odorant receptors.
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(1) Brattoli, M.; Gennaro, G.; Pinto, V.; Loiotile A. D.; Lovascio, S.; Penza, M. Sensors 2011,
11, 5290-5322. (2) Sato, K.; Pellegrino, M.; Nakagawa, T.; Nakagawa, T.; Vosshall, L. B.;
Touhara, K. Nature 2008, 452, 1002-1006.

(3) Misawa, N.; Mitsuno, H.; Kanzaki, R.; Takeuchi, S. Proc. Natl. Acad. Sci. USA 2010, 107,
15340-15344. (4) ## BE XH FX #F ZTF, JLAUTH/ =21 —X, 2011,

147, 23-29.
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Cellular Active Touch Sensing of Substrate Rigidity
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h/BxDR) "V, F-, MERBMREZE. HA. HD0E. KEBOBESZHOH
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- &
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Fig.1 Active touch sensing (a) We can detect the stiffness of an object by pushing or

picking it with fingers. (b) Cells could use a similar strategy to detect substrate rigidity.

(c) Mesenchymal stem cells exert force on a silicon rubber substrate, causing wrinkles.
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Fig.2 Substrate rigidity-dependent [Ca®'] signaling in cultured cells during active touch
sensing.
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(1) Lo, C. M.; Wang, H. B.; Dembo, M.; Wang, Y. L. Biophys. J. 2000, 79, 144-152.
(2) Engler, A.J.; Sen, S.; Sweeney, H. L.; Discher, D. E. Cell 2006, 126, 677-689.
(3) Kobayashi, T.; Sokabe, M. Curr. Opin. Cell Biol. 2010, 22, 669-676.
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HEEA AP JL: Antifouling properties of self-assembled

surface microstructures against barnacles
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DU BOREMHEMTENEI AN AEC . FEEMGERTO LR ELEET S,

EEEMRECK. . BREEFHTICEVTHKESS FLABRESEES FOREERR
FERERLEICFY RN TRHEFTHREL T VGRS :
foKENEHABIEMICENL . ThsE HR
EL-BEHBIEN=h LRSI EEE F
BMTEBHIEERELTWVD Y, ThITAE
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Fig.1 SEM image of self-assembled

honeycomb-structured porous film
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Fig.2 Barnacle’s cyprid larva
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Fig.3 Antifouling effect of surface microstructures

and sizes
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Development of lifestyle design method and evaluation
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Fig.1 Nature technology innovation system
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Table 1. Relationship between social acceptability
and structure of lifestyles.
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sign method with solution guidline.
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Shape-tunable wrinkles for a switchable optical diffuser
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Wrinkled
hard film

He-Ne Laser: A = 633 nm
¢~ 2mm
Fig.1 Schematic of experimental setup (left) and optical images of tunable wrinkles with the

shapes of the transmitted laser spots.
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Hot embossing process on opal films
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Fig.1 Hot embossed specimens of opal composite films, A: A set up layout of the specimen and
metal mold in hot press, B: Polystyrene colloid array infilling with silicone elastomer on a
plastic sheet, C: A convex and concave shaped deformation by selecting surface facing on mold.
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Fig.2 Al mold and hot embossed specimens. A: Tetragonal array holes with 0.5 mm diameter,
B: A convex shaped dome made by hot embossing at 10MPa, 70°C for 60 S. C: A concave
shaped and D: A convex shaped deformation. Scale bars are 100 nm.

& &M

(1) a) KFE—, “E¥F+/ 7+~ =V X—HBEBAM", BEEE, EERE (2010); b) S.
Berthier, “Iridescences: The Physical Colors of Insects”, Springer-Verlag, New York (2006)

(2) a) Fudouzi, H. Sci. Tech. Adv. Mat., 2011, 12, 064704-1.; b) Saito, A. Sci. Tech. Adv. Mat.,
2011, 72, 064709-1.

(3) FENFE #HLEFE, LBEHE FHEMEH, AHXE ARE— AREX THK
B, BEER, Ry b ToRRTOERICKEF —LRBEDOA N—ILR", B85 FH
&, 2013 accepted for publication.

W AMIEEBO1-2 YA U N—RPERERKZOIEREEL, Z£EL (3200
ARTNELTLE OHRPROBETY,

41



FT /& BE: BO1-03

FTEHEE: RAXKEZSTMEREHARER

K & I\ @@=

FTEMRAEERT: T980-8577 IETHEERFF2-1-1
e—mail: hiko@tagen.tohoku.ac.jp

HEF—T—F - "SRR RL - AR R 8. S ER R BUS B 1
/HECHEE BEER AR MRH

AFESEMGL VICECHEE - BHEREET I ERL =
NEBRIBISEEFTRAIZBRREEICE - B
Reversible Control of Complexation Behavior of DNA
Based Functional Material by External Factors
— Toward the Creation of Reversible Junction Technologys and

Self-Duplication and Amplification Systems —

BAGERAT . BIZRL /5 HOMBOETS SHLME, &5 TN TREGRERS.
BISEEL . ©hi Ol MESIEEE BT S HL L SAROBE, MEAEAIRIZRY 84T
B, HERBOSC OATHIMEIZ, BELEETTLHE BEATIEL HUOREAHEEINE
SERL . EICHEASEE T EETRE T 4 LE B BHL . REEMAE TS H TR
ESC L AMBHAREE fL. MAEHEE U TRORRBIARES NTE L 2R 50 &6 %D, —
. AT, BIS8 D EORE. BRERESY (1. GL 5 EREREE FAL . BUEE
EROBRMHRIC & Y BOATFICHT 5 BETHO BB RS SHAMEE AL | &5 (255
B & (TS MBTILE R U H—E $52 & (2hY . TiaTHomIT DREEHEE ERL TL
B. Thbh. Ehl-SBLME. &5
RS AL . Ao BA- EEEN \} 2 K\} % J7e.

DLBEVHHBIRERRT AR, B | i el Y0
KOHHBSEIRS Fitikns 0XE 51 S é\' SN 3
SHALSTH MBETT EMBHE = N A Vv
2U. SHLMEL TOBERRIERNE L, o
EWT B LRI T L ORI HNBERTR T ey Lo/

-_—'\/ Borax x
ThHd. Free 2. 040M ' (' 3
SEEC D> BREND . BLDYT — w1, Pyrimkine Fbomucisceiden 2"

T THRY #ATE TOSHEEMEBAR. € Figure 1. Reversible complexation behavior control
L T HeEE SIS ARIR— 4 2 1= ORI R = of artificial nucleic acid based functional materials.
Y #HATWD ERE. SRENHEESR

TH5AZRMCD)RAEEERREICDOLTRNL =LY,

42



/Q-Q.r:m/ [/ /63@1@3/ =

A ggg B W= i e
EEET | S GOt

Figure 2. Novel junction technology based on complementally DNA-DNA duplex formation.
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Fig.1 A hummingbird in hovering (a) and time-variation of its wing area (b).
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Fig. 3 A hummingbird-inspired wing & robot and its time-varying feathering angles in flight.
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Does biomimetics become a key to rehabilitation of

manyfacturing in Japan?
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Fig.1 Prediction of the added value ranking of the manufacturing industry
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Fig.1 Conceptual description on the paradigm-shift of manufacturing
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Consideration on the Mystery of Life & Light
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Fig.1 Principle and Reproduction of the Morpho-blue.
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Fig. 2 Advantages of Structural Color & Morpho-Color, and Potential Applications.

F-HECEEL . RORBCE ADEHE . BESIZES TRKRENEAS &
3.0 EWE K] TOWTIE. BIZbAbhABOEEIZEL . FH( 53 ARR)
BECSAEEOMEICL 20— HAEMR X 2 FREESETHXOITICN S 26
HXCEEBO IS BEZOCRN T, —FT. HER. SHEERASSKON
BEETHo1-( ©M3) Y. BamAD FEIS

ST 2 WELTOREOFMET B E (FVZ ;ﬁ?ﬂﬁﬁﬁgaﬁgﬁﬁmﬁﬂm;
BOZ LM, BPROETRBE AN, O et g s oy e el

Nusorescent seroen, il we use a sulliciently large penal

*L:E) jﬁ:’,i':*ﬁ@ L 1': E%Eﬁo)ﬁ E é ’é ﬁ(j‘—{ﬁu :I)'un:z;:;di‘:: :):‘ erystals are sufficiently transparent to
The Xecay tube used wan o Miller-tube of 20 om.

—6&55 o ﬁ'ﬁl:?b‘f@%%li\ ?‘ZQG)E’{ZK diameter, with wotercooling ; the current was sup-

plied by a Toepler influcnce machine with sixty plates.
EECHBETHENS Y. BEXHEL S gy 0 G e e o
AT hd, Fig. 3 A partofa T. Terada’s Nature paper .*
&% X #k
(1) Saito, A.; Yoshioka, S.; Kinoshita, S. Proc.SPIE 2004, 5526 B, 188-194. i1 & ik &
[ZH, %5FE 2001-241496, #5FE 2003-391572, % &.
(2) Saito, A. Sci. Technol. Adv. Mater. 2011, 12, 064709, and references therein.
(3) Yasuzumi, G.; Tezuka, O.; Ikeda, T. J. Ultrastructure Res. 1958, 1, 295-306.

(4) Terada, T. Nature 1913, 9/, 135-136.



