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Part AO1-1: Database Building for Biomimetics

1. AO1-1 3 2012-2014 FEDHRMR
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LU, TR 25 FERFT TICT TICHREI 12,000 4 ZzBZ 3BT — Y ZEEL. T
FRART—YDEBHHEHTND, CDEFHEBAMIE EE U AMER - ERE
FFHCHMDBATL, BHRRATRLUBHERRZEBE I Z2REWNITE, FBRER
BRRICEDISNNAAZIXT A OR-T—I9RFRER ORI RTLZEEL (K1),
REXTIC, BR - B - 88D SEM BT —YDRFRZUREE Ulco TDEKS7R,
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PITO—FlC&BDAV RO
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L7z,
Fig. 1 A sample of search by the biomimetic data platform
including SEM image of an artificial fiber mixed with SEM

images of insect microstructures.
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Fig.2 SEM photos of the
surface of compound eye
of a mosquito, Aedes
albopictus; left —photo by
nano-suits method; right —

photo by dried sample.
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Fig.1 Research strategy of B01-1 team
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Fig.2 Research highlights of BO1-1 team
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(1) *Ohzono, T.; Suzuki, K.; Yamaguchi, T.; Fukuda, N. Adv. Opt. Mater.,2013 1, 374-380.
(2) *Ohzono, T.; Hirai, Y.; Suzuki, K.; Shimomura, M.; Uchida, N. Soft Matter, 2014 10,
7165-7169.

(3) Yashima, S.; Takase, N.; *Kurokawa, T.; *Gong, J. P. Soft Matter, 2014 10, 3192-3199.
(4) *Suzuki, K.; Hirai, Y.; *Ohzono, T. ACS Appl. Mater. Interfaces, 2014 6, 10121-10131.
(5) *Ohzono, T.; Yamamoto, T.; Fukuda, J. Nat. Commun. 2014 5, 3735.
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Structural color of biomimetic jewel beetle coated with
opal crystal films
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Fig.1 A wide variety structural color of

biomimetic jewel beetles. The structural

color is tunable by the colloid sphere size

476.83nm 494.46nm 511.25nm 522.50nm 531.92nm 575.98nm 591.91nm

PR DR, and the interspacing of colloid array, dyi;.

VH69:F64 (1209.9nm)

" s wees Here PS is Polystyrene and PDMS is

‘baases pous
¥.... Polydimethylsiloxane.
A\ dA}s.‘u
620.00nm 657.42nm _» . o ba
557.08nm  583.07nm ﬁfﬁ—d—% C (\:_ tﬁt‘\g TCO 8 H J:’B__] ‘{_’_;‘/E\
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3. VALY RVIEMY % bR

SRUDKRIVAVRUBHYV LAY DRFZANRD MLOAEBKERECDWVWTHE
Al (6-20) Z1To7 (Fig.2) o AICRTI LS CHAZRZEREL. EBRICE TR
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LhY) ) THD. FLZNSDBRHNS. QIFE—DVDABEKRERZREDHILHDZED
([CRT. EFE—ODEERIE. S RUITRITAYDAD A=)l (BRI LY)
EDEW (B, C) ' WEDAEKFHRFIIS—HLTWLW: (D) .

Fig.2

Reflection spectrometric
analysis. A: Setup of
measurement, B: Original
jewel beetle, C: Opal
(Biomimetic jewel beetle)
and D: Diffraction peak as a

function of tilting angle.
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Formation of corneal nipples in insects
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Fig.1 Corneal nipples in
the compound eye of

Drosophila.

Fig.2 Microvilli and

corneal formation
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Fig.3 Various patterns of corneal

nipplesin Drosophila mutants
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Dynamics of biomimetic hierarchy structure
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Biomimetics of Insect Subcellular Systems
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Fig. 2 Vibrations generated by wind, a beetle
- landing on a leaf, a beetle walking on a leaf, and a
3. REINE - BIb beetle walking on a leaf in the presence of wind.
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(1) Mitsuno, H.; Sakurai, T. et al. Eur. J. Neurosci. 2008, 28, 893-902.
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Bioinspired Mechanical System: From Cell
Micromehcanics to Bioflight Macromechanics
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Fig.1. Rapid enhanced proliferation of iPS Fig. 2 Ultra-low speed wind tunnel & DPIV

cells on laminin-fixed gelatin gels. system at CU, high-speed recording of wing
kinematics and CFD-based flow fields around a
hummingbird, and biomimetic wings.

31



BRER S v T LARNIILOLEREBERER S DPIV FRASHAY 2T ADRKF(CHIH b?‘Z_o
INSIEXDBEP/I\FRY FBEIORBEBEICKDRREBEOZENBRERLA RN ICZE
NERETDIEZBESHNCUTe, SSICEYMFEFRBDORIFNEF ZREHB & LJTZ_%@\{EF
MBEE 7« LANIBEEYBZREE UEAAOERKEREO—Y DA ICHRINUT,

2. FREBOHRZRAT DMMEESHDHEE
EROERATIIHR L BIES - B8 a2
BOBEESNEBOEEZRIZLLTVDH, 2N
5D - BBIEVWS VWS LRHhREF I IEEH S
BRENTEDEKENC ECEFNSOHRICIE
ELUTERDMRENEAD TDEEER SN D,
ZZTAMRTIE., MRZEEICH (T DHZDXRINE
MDRBZFANDIOHIC, BRD2HIR¥ERZEITD
WHIBRAEWEIAVONY—ZVIREIMICTSR
TR L, BREX N/ 9D RDHE M %R
L7z, EiZR44R 50~1000 um DERRBHROME
SUONDOBEIERINY—ZVIT7 )L =R L (818
15 : 250~300kPa, #4781 : 10kPa), B3N EED
MM DREITZIT o /c. ZTDHRR. MBIREXH/ 5OV
R(F. BIRABECDRIEZETODOHSMADEHERRER(C
BRUTEZCREINDCE. ZLTAEKLTMD
EHEREE 50 H KV 100 um DEEFEICEWTIE
OIERTERED, MBERTEEBDXH /YOI AN
FEINDZEERKB UL (Fig.3)e 2DKSR5H
MEERFIREE CIKE L BREESFIEDZEL(IC
XU, Do FEBEBRICE T DT ILREDIE DD
HEBTLIEEC D, INSDEHOERZ LR
BAg D EMNTE L, MLEEDHIERIEC (. B

RNZOY T IS —RT—ILTOBERFEDS 5.

BOBMEREVNSIISX—IHLEERMREFIT D
Ehbmho 7=,

SE B
(1) REFK 15, %5E8 2014-039524
(2) 8 %5, 45BE 2013-112137.

a) Convex

b) Concave
FR:50

S ;,(/ H

Y-position / um
NS =N
808
T aaas
SR> U
_ =
E R
=

c) Control »

b < E .
) Sl =

W aw SIS

X- -position / um

Fig.3. The starting
position-superimposed cell
trajectories around the elasticity
boundaries with different
curvatures Rs (um) for convex (a),
concave (b), and linear control (c).
H and S indicate hard and soft
region, respectively.
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Fig.1 Results of noise measurements for the Au/
P3DT/Au element. The time course of current
density under a constant applied voltage is

presented for various applied voltages.
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Fig. 1. 3D laser image of a pit Fig. 2. Change of a Fig. 3. Change of the

formed on the surface of cellulose cross-sectional profile of volume of the pit formed

hydrogel in 31 min after depositing the pit as a function of after depositing various
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The flow in a plant from an engineering point of view

Abstract: We try to explain mechanisms of a vessel flow of a plant from a fluid
dynamical point of view. The necessary pressure to pump up water from roots to
stomata is estimated by using the continuity and Bernoulli’s equations.  The limitation
of 10m related to the atmospheric pressure is nonsense because of a fault of boundary
condition, so that we should be released from the spell. We consider that the pressure
given indirectly by the osmotic pressure at roots is a major source of the work of
pumping up and the capillary action is also possible to pump up water to a height of 20
m, if the diameter of the capillary tube is 1.5 um. We show my latest researches on the
flow in platnt cells and the function of leaf vein that exerts on supplying water to the
whole leaf.

Key Words : Physiology, Sap flow, Vessel, Sieve, Xylem, Vein, Cytoplasmic streaming, Transpiration,

Osmotic Pressure, Water potential
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Fig. 1 Simple model of vessel
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1, 1,
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SEICHRDEE n=1x10°K (10 AFK) £1B3. CNHAK[ALOELEEINERBAL
B<IRENTE RN ?
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a) without treatment b) only vein system c) whole surface covered with wax d) a half surface

covered with wax

Fig. 2 Tested treatment leaves

Q,=Q.,+Q, +Q,

Q,, =Q. =0.35Q,

Qy =Q, +kQ, + Q, =0.20Q, @
Q= Q, =0.08Q,,
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Fig. 1. (A, B) Nipple array on the tunic surface of a botryllid ascidian (Scale bar = 0.5 um). (C)

Nanopillar sheet fabricated by nanoimprint technology (Scale bar = 1 um).
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Fig. 2. (A) Attachment of bubbles on the hydrophilized pillared sheet and flat sheet. (B)
Simulation of adhesion energy per unit area of a bubble on flat (black line) and pillared surface

(red line) at various wettability of the surface. 05, contact angle of the bubble.
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Fig. 3. (A) An individual of Thalia rhomboides. (B) TEM image of the tunic surface.
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Diverse structures and multiple functions of sponge

morphology
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Fig. 2 Schematic image of sponge

aquiferous system.
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Fig. 3 A. Sponge host and sponge-endosymbiotic bivalves. The sponge inhale water exhaled
from bivalves. B. Fluorescent dye dropped into the inhalant area of the bivalves. C. Dropped
fluorescent dye first inhaled into the bivalve’s body, and then exhaled from specific sponge
oscula. The volume of water circulating in the sponge body was dramatically increased by the

water exhaled from bivalves.
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Cute appearance but great scientific and application
potential of scaly foot gastropods
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Fig.1 Location of various deep-sea

hydrothermal vent systems in global ocean.
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Red line shows mid-oceanic ridge and blue

line shows subduction arc-backarc systems.
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Various variations of settlement selectivity of
barnacles
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Fig.1 Lifecycle of barnacles.
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Fig.2 External shapes of test barnacle species (adult and cypris larvae).

A: Balanus amphitrite, B: Acasta dofleini, C: Coronula diadema
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Fabrications of biomimetic hierarchical structures and
surface friction measurements
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Figure 2. Laser microscope images of (a) honeycomb-patterned films,

(b) PDMS microlens arrays, and (c) dimple structures. (bars; 80 um)
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Figure 4. Graphs of friction measurements of (a) wrinkle structures and (b) biomimetic

hierarchical structures.
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