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Hemostatic material based on functional nanocarbon complexes

Miyako, Eijiro
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We describe a carbon nanotube-liposome-based supramolecular nanohybrid capable of
permeation through cells with high biocompatibility. The nanohybrid can be loaded with a variety of
functional molecules and is structurally controlled by near-infrared laser irradiation for the release of
molecules from the nanohybrids in a targeted manner via microscopy. We implemented the controlled release
of molecules from nanohybrids and demonstrated their efficacy in remote regulation of photo-induced
nanohybrid functions. As a proof of principle, nanohybrids loaded with amiloride were successfully used
in spatiotemporal blocking of targeted amiloride-sensitive mechanosensory neurons in living
Caenorhabditis elegans. Our prototype could inspire new designs with biomimetic parasitism and symbiosis
and biologically active nanorobots for higher-level manipulation of organisms.



B X C—19, F—19., Z—19 (GtaH)

1. WSO 5

M AR 1T 5 2 Ry 72 R Ik i 3% o B
FHITBHE Th 5, BIfE, HlLlo k3 2 QLE i,
MR EEE R 1% & A ORGE N ERTH
%, LU, FEMBLANC K 23 ET A XH
0 C BT R, AR DT LIV —[X
W EDTF 74 T7F v —a vy 758Nt
DL oo TS, AR EIX, ERiE
WO BT ARAMER (700~1200 nm) O L
— PRI L VEZIREAT DT B —
RN DRl OEFERE) %2, X7F K
T 7 A N—IT X o TKIEIR & 7 VAL AT RE 7R
B35 S LA AT Z & T, RO - 7=
BT COY R A v MRS AT REZR 8 LW
MKEEE M ZRET 52 & ThHhDH, AR
1. AR OERANIIC )T 2 LB 1Tk
B2« AR IR % Rl REIZ 9 2 R T
DI 5,

2. WHEOHEM

MACE L, MR EERE RO A 212 K 0 ik
OUEEBFENE X H2BEHTHY . itk
a v 72 KD EOERER NV, EEAT
2 H i AR = A ARG H i 23 o0 C L A h7e
BREIEIIESL STV, —JF, I—Ry
F ) Fa2—7 (CNT) 1%, ZDENT-WELH -
L RIS K » TR B E LT
k& RSN R P CHIFE S TV S, ARAF
FECIE, BERRSZ ENVTHIE L, ARG
R D R B [ & AR AT RE 2R 8 L WAER

7 bR 2 BR%E 5.
3. WHEDIE

ARFIE T, B AR ET L~ 7
A DI ZE LB L > TIEMAA A gE/RF
I —R A RO T T\ D, KRk
A ERT A0, TTIE. a7HEFE
2B YR —L-ONT EEKOBEZ B L
77 FTo. MLV R Y — L-CONT EEEKDOMERE
ZiMHiT 57201, ET VAR E L TRRE
R, RS L — W —IREH R S RS &
AL, E72. VAR Y —L-ONT HEKOH
HIZH 2 D8 % MRE LTz,

4. WFERRE

CNT |Z, 2O FEEARPIIHBESELD &7
B e Oy RO EERIC X0 FRSORL
WICEEE L CLE 5, FERIFCIX ONT O H
V205 U 7= 4y otk b oo 7= O RFFE B % 3T
DILTWB D, ARIFFETIL, CNT OYE3sEER:
MEERKIBICHIHA L, v, VRY—LALH
HEDE T TEAGEREE-T 272012, 7
vy, RVxF Lo/ a— (PEG)., V
UHB'E (PL) 26725451 (7 £ ~PEG-PL)
% HiJg CNT (SWONT) OFEHIZa—T 4 7 L,
KA~ sE, —F, VAR Y —AIZiE,
BERZME (42 CHhioTHEELb) &5 %
H72, KB UEE L a L AT a—/)LOR
HEEEAFEDS 2, TED U LBIFELSTE
LHEFTFUoEREICHKGSEL, LT, 7

v TFUoOAEERM LB M
FRAKIZE D, ONT & URY — LSRR 5505+
BEREER L. SR, Zonr8se
IL, MR e RV X —F 52 5 b
WELLTWA 1 GEWR L) 2L, =
DI L0 e 2 R C & 5,

(a) i e )

. ”,
NN,
=5 SN EAFUEREEHLL
10\ ) EEmEEURU—L
) o MY |

<
FE UU-PEG-PLE R
a—F4oJLt
h—RoF/Fa—7

(a) CNT & VIR Y — A b2 5T ) EAEKRORES
F B ROETEREETE
AWRENLY AR Y — A FROKHENL ONT Z7R7§

BEZE 1000 EOMEI S 72 D 2 v
T, SEIBAFE LIZONT & VR Y — L2 0EES
FAROEEIHIZN R 2 HRAE L7 (K 1(a)),
BERBSZMHEY R —212, TR AT v X
LILEATHDL T In T4 ReNaIE-
T+ uaRy B EKERIZOBESE, BREOK
Nicv A 7uaAf 7 Z—HWTHEA
L7, RS —%—k (K 808 nm) %7
T4 FEZEOF R U AT v RN
FETHREICBH LzE 2 A, FERLIE
TWRRR OB & DR 2 (ZIELS 20 | &
WITEh = 22l (K 10h)), Z ik,
AR L — P —HE B2 & ONT D%
BT Lo T ONT 35 < DIRENAMIZ F
HLUCIEERZMY RY — o ENEAL
L. NEDOT I 074 FAKH S, #RE0
T3In g4 REZHT ¥ R Z o RTEN
RS- EELXOND, B, 7IeJ1
FENG LERERSZMEY RY -7 0%
HEALZSGAIE, TR ——Z2 MRS LT
b, T I8 T A ROKHOM RO EB)fEE )
' BRnoT,

WIZ, b M ESEEE ERSAMIE (HeLa
MR EMmAERWT, SR L)/ 1
Ay O & A A AP & R L 72,
FF. FOBEESE, NI, URY—LDFN
FNaSH ST 3 MO %4 HeLa #i
WCHE L WST-1 3BT L 0 4 BRI & 24 FERY
BIAEE TV D HeLa MIOES 2 HIE L7
(K 2(a)), ZOFER, WTFhoLaE LS
WX AMlaAEEREROK FIZR oo Tz,
Flo, IO OWEERBAENICES L, #
BDOTA T A I NMTHI-5H5 BEICHTE-
THEREGIEREMN (BFEHE, PEIN ) HIE)
Tl A, WIROBRETH T/ HE
REVRY —ABHFHRITE 2 5 BT
Th7ehote (K 2(0b)), 7o, ONT % HiE
TS S L2881k, BbAEsR
2560 %& o=, ZHITBBANB LT
CNT R & BRI SINDEHE OEMRISE LS
Z 6, CNT OREIZFHEES LIz R Y —L0
AREAMEEZ I BICH ESEDZ ERHAL
MmElpoT,



(a) BEEh=-7I054F

FIOSAFEHALE  ERML—F—T
FT/EEK TIASARERELT:
F/Eat [/

\ ERAL— +f/

ﬁﬂﬂ@%ﬁ'l ' . o

\
HE@VW'I

TIOSAREZHED
FR)D LFvRIL

(b)

F/EBEROERIZEY,

L—H—RAR DR R

(TRICHEES) EBHATLEITIEFo1-4RR
L 7 mRy MK MIasRE R OB (a) & #j
O TEFINFIZ)R (b)
A —)L3— 50 um
(a) [=: aemee (b)
120 | et duk=i 120 120
G 100 . a2 100, =
o 80 il 2 [l W % 8 =
¥ eo ¥ 60 60 &
¥ b &
| & 40 40
® 2 ® 2 20 ¥
0 ‘ o 0
i i Wiooivoovoovi il i il il
F/HROER
URY— L OER i |
o ol K
i (] 0 (i) CNT
ii 10 60
] 25 150
v 10 0
v 25 0
vi 0 60
il 150

B 27 %’EAMSWI’-EIHEE; Pk (a) & AR A (b)

5. EARFEER
(WFZER I, WFoE o8 B ORI 9E 8 1
=Y

CEsEams) (B9 fh)

1) Svetlana A. Chechetka, Eijiro Miyakox,
“Optical regulation of carbon nanodots by
chemical functionalization” Chem. Lett.
in press (2016).

2) Svetlana A. Chechetka, Eijiro Miyako*,
Bioinspired polyaniline—functional

natural hairs for pollen protection”

ChemistrySelect 1, 1061-1065 (2016).

3) Svetlana A. Chechetka, Eiji Yuba, Kenji
Kono, Masako Yudasaka, Alberto Bianco,
Eijiro Miyako*, “Magnetically- and near
infrared light-powered supramolecular
nanotransporters for the remote control of

enzymatic reactions”
in press (2016).

4) Svetlana A. Chechetka, Eijiro Miyako*,

Angew. Chem. Int. Ed.

“ Light—active carbon nanodots from
autoclaved bioresources”
ChemistrySelect 3, 608-611 (2016).

5) Wuxiao Ding#*, Svetlana A. Chechetka,
Mitsutoshi Masuda, Toshimi  Shimizu,
Masaru Aoyagi, Hiroyuki Minamikawa,
Eijiro Miyako*, “Lipid nanotube tailored
fabrication of unique shaped polydopamine
nanofibers as photothermal converters”
Chem. Eur. J. 22, 4345-4350 (2016).

6) Eijiro Miyako*, Benoit P. Pichon,
Cécilia Meénard-Moyon, Isabella Anna
Vacchi, Christophe Lefeéevre, Sylvie
Bégin—Colin, Alberto Bianco%, “Design,
synthesis, characterization and
properties of maghetic
nanoparticle—nanocarbon hybrids” Carbon

96, 49-56 (2016).

7) Eijiro Miyako*, Svetlana A. Chechetka,
Motomichi Doi, Eiji Yuba, Kenji Kono, “In

vivo remote control of reactions in
Caenorhabditis elegans by using
supramolecular nanohybrids of carbon

nanotubes and liposomes” Angew. Chem. Int.

Ed. 54, 9903-9906 (2015).

8) Svetlana A. Chechetka, Minfang Zhang,
Masako Yudasaka, Eijiro Miyako#*,
“  Physicochemically functionalized
carbon nanohorns for multi-dimensional
cancer elimination”  Carbon 97, 45-53
(2016).

9) Svetlana A. Chechetka, Benoit Pichon,

Minfang Zhang, Masako Yudasaka, Sylvie
Bégin—Colin, Alberto Bianco, Eijiro
Miyako, “  Multifunctional  carbon

nanohorn complexes for cancer treatment”
Chem. Asian J. 10, 160-165 (2015).

(FaxR) Gt
(IR FE - IREGER 7 - ERE]
1) Eijiro Miyako, Photothermal conversion

of functional nanocarbons for
biotechnological applications, NT15, %
R, 2015/06/28
(PR EHE]
2)  Eijiro Miyako, Photofunctional
nanomodulators  for  bioexcitation |,

Pacifichem 2015, Honolulu., 2015/12/16

[REAsER [EN]

1) #B PEREE, b — 'ﬁ/ﬂ“/?‘l_‘j—UTﬁ
Y — N5 %%’E/\m DFIREY AT
I, T A 13 Eth =, ﬂul*\ 2015/05/11



2) # BRER, A AL T DIEDDH
— R F ) Fa—T LT+ BEGHED
Al 8 3| F =R TR Y
v A, AETUNEFR &Y. 2015/09/06

3) #l FERHER, Chechetka Svetlana, I
HoE, =i J&w], W {5, Control of
bioreactions in living organisms by carbon
nanotube supramolecular nanohybrids, &
49 Bl 77—V e ) Fa—T - TTT7x
VAV URY T A, ALIUVUNEBRESES.
2015/09/07

4) # FEIWREB, Chechetka Svetlana, & K
%, % HE ¥ M+, Functional carbon
nanohorn complexes for multi-dimensional
cancer elimination, & 4 [|A] -/ h—AKR
NAF R T A, W, 2016/02/19

5) # FWBR, Chechetka Svetlana, & E
¥, GHEIK M, 2RI ARED DD
REREME D — R T ) R—r DBRA%E, & 50 [A]
TI—L e ) Fa—T T T A
URT T A, K, 2016/02/20

() GFofh)

(PEEIA PEHE]
OiRdL Gt o 1)

HFR
I
HEFIZ -
T -
&
HEEAEH B -
EPS DR

OBAHRIL (B0 )

A TR
I
HEFIF -
PSR
&
BASHA A
ENA DR

(Z Dfth)
R Bl

MESRERSC 2 ICEA LT

* Very Important Paper |Zi%7E

( http://onlinelibrary. wiley. com/doi/10
.1002/anie. 201602453/abstract)

MESERR L4 WZBAL T

- Hot Paper |Z1%/E

( http://onlinelibrary.wiley. com/doi/10
. 1002/chem. 201504958/abstract)

s A YA RAONR—ITRE
( http://onlinelibrary.wiley. com/doi/10
. 1002/chem. 201600559/full)

MEREER ST 6 1B LT

- FEEHMRESEHT LAY Y — R

( http://www. aist. go. jp/aist_j/press_re
lease/pr2015/pr20150708/pr20150708. html
)

s O FEY 4 = A =2 — % (WEB)
2015.07. 08

s JNet2l [F/ME¥EE VR AZHEY A ] (W
EB)  2015.07.09

s AR - R (WEB) 2015. 07. 10
« 947 R7=2—A(WEB) 2015.07. 10
«F 7T %X (Web) 2015.07. 17

- HPI T2 2015.07.21 #1F 14 M
(WEB H FI T2 (2015. 07.21))

AbF T EHH 2015.07.30  ®iF] 5@

- Blefri T 6 i 2015. 07. 31

- PR SR T (WEB) 2015. 08. 04

6. WFITHEA

(1) wFgefzs

# FEYRER (MIYAKO EIJIRO)

geE %5 70443231

ESRVAGIE HEER M APN X5 Z oy e 5 [ A
MPEMIFZEERRY - FAERFSE S

(2) WH7Esr 3



