Ribky EREEFER
BrR =S EREmE

(2013 &£ F-2018 £ &)

Activity Report of Research Laboratory

for External Review

April 2013 - March 2019
(FY. 2013-2018)

Research Institute of Electrical Communication

Tohoku University

T/ I FTREDFT/NA RARRE

Nano-Bio Hybrid Molecular Devices




April 2013 - March 2019 (FY. 2013-2018)

A. BAZE=E4 / Research Laboratory

T N FRESTT A ABRE
Nano-Bio Hybrid Molecular Devices

B. #8A & / Faculty and Research Staff (as of May 1, 2019)

#1415 | Professor

K4 FE ES
Name Ayumi Hirano-lwata (RIEC: October 2016-, Tohoku Univ.: October 2006-)
nEH4 T NS F AT A ARG B

Research Field | Nano-Bio Hybrid Molecular Devices

Bh# | Assistant Professor

A 5%B7 / Hideaki Yamamoto (Tohoku Univ.: April 2014-)

55 I / Teng Ma (RIEC: October 2013-March 2017, Tohoku Univ.: October 2013-)
fHK  KJr | Daisuke Tadaki (RIEC: April 2017-, Tohoku Univ.: April 2015-)
/NE AT 1 Maki Komiya (RIEC: April 2018-)

K4 /Name

b / Others

H AR B KRBT 8 2 PD: 144 (2016 - 2018)
A A SARHR B R BIAFZE B DC: 2 44 (DC1: 2015 — 2017)
(DC2: 2017 — 2018)

ZEEWFEE: 144 (2017-)

C. 12 B # / Research Purpose

AHFFRETIX, A ARTOROEEREIEL T /T 7 /aP—Lt@AiT5Z L1k Y
FLWETT A AOHBEIT>TWD, BRMIZIR, AN THICHEEE L 7= a2 -~
— AR LA 7 EDENRA T ) —= o ZiEE UTSH LIz BN T
iz AT, AE A &2 HEFE S & LMo T VR ORI A BRSTIZE 2D
TW5D, DI, A - A AMEZ AW Z 6T 57 3 AOERIC, 2 OB ER
1 DOFHM Z 38 L TR OB M B O ZITKAE L\, FERETT A ZA0AI %~ B
LT,

Our research group is working on development of novel devices based on the combination of
nanotechnology and biomaterials that have highly sophisticated functions. In particular, we are aiming
to reconstitute artificial cell membrane structures as a platform for high-throughput screening of new
drug candidates, and also aiming to construct a brain model system by utilizing living neuronal cells
as fundamental elements, using fabrication technology. In addition, we are developing bio and organic
devices with novel functions. Through the evaluation of their working principles, we are aiming to
create novel electronic devices that do not solely rely on conventional semiconductor materials.

D. £4 8% T—< / Research Topics

AN TR F-5 < 73, 2 DBA% &6 HICBI 3 2498

T REEROREE & XA A YIS I BT 2 AFge

BEFR AR AN 2 N T2 N AR [ R L B 4 B e

ARGy - R EIHEOET U o I B AF5E

TRFTENA AMBHI IS E T - A AT, RO BT DT
BN T R EZ RN T LR T IAT AL RZET ARG

Development of artificial cell membrane sensors and their medical applications

Fabrication of nanostructures and their biosensor applications

Construction of artificial neuronal networks based on cultured neurons

Modelling of biosystems and neuronal circuits

Construction of electronic and ionic devices based on biological two-dimensional materials
Development of flexible devices using organic transistors
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E. 2R XZEDHHE / The Number of Research Papers

2013 | 2014 | 2015 | 2016 | 2017 | 2018 | Total

(1) EFelHFAramC

Refereed journal papers 2 2 4 9 11 | 13 | 4

(2) FREF L & RS D
A me (T E BRI KR 3 1 2

3
Full papers in refereed conference
proceedings equivalent to journal papers
S (T [ A2

Papers in refereed conference proceedings

(4) Epile LEERESHE - Vo AR YT L%

. . 15 10 5 14 23 51 118
Papers in conference proceedings

(5) W - e

Review articles

(6) EFifTENE

Refereed proceedings in domestic conferences

(7) &7 LENHIES - SR

Proceedings in domestic conferences 3 4 28 22 36 53 146

(8) FH

Books 1 1
9) Frar

Patents 1 2 1 4
(10) AT

Invited Talks 7 9 4 13 | 10 | 43




F 535 EITREHMEME / Significant Research Achievements (FY.2013-2018)

See Ref. 1. “#” mark indicates research carried out at a former organization.
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[2013-2015]
1. A Hirano-lwata, K. Aoto, A. Oshima, T. Taira, R. Yamaguchi, Y. Kimura, and M. Niwano, "Free-standing lipid

bilayers in silicon chips—Membrane stabilization based on microfabricated apertures with a nanometer-scale
smoothness"”, Langmuir, 26, 1949-1952 (2010). #, [IF: 3.683], [Times Cited: 71]

Abstract: In the present study, we propose a method for preparing stable free-standing bilayer lipid membranes
(BLMs). The BLMs were prepared in a microfabricated aperture with a smoothly tapered edge, which was prepared
in a nanometer-thick SisN4 septum by the wet etching method. Owing to this structure, the stress on lipid bilayers
at the contact with the septum was minimized, leading to remarkable membrane stability. The BLMs were not
broken by applying a constant voltage of £1 V. The membrane lifetime was 1545 h with and without an
incorporated gramicidin channel. Gramicidin single-channel currents were recorded from the same BLM
preparation when the aqueous solutions surrounding the BLM were repeatedly exchanged, demonstrating the
tolerance of the present BLM to repetitive solution exchanges. Such stable membranes enable analysis of channel
functions under various solution conditions from the same BLM, which will open up a variety of applications
including a high throughput drug screening for ion channels.

International impact on both academic and social aspects: This work demonstrated that stable artificial cell
membranes were formed on microfabricated apertures with a smoothly tapered edge. Such membranes provide a
novel drug-screening platform for membrane proteins. This study received considerable attention and citations since
2013.

N LA OB Ch 7 Magg O I, EIE R L2 DAL OG- /TR S WO B o7 7'
—F TR L7z, 2010 FEFEEXOFR L THD3, 2013 FELIFRIZFHTIE B SNDHIDITRY, H—FH OV
2013 4 3 H#& T 0 IST-SE T HIFED T2 A T T SRR R L i A3 1 7z

2. A. Oshima, A. Hirano-lwata, H. Mozumi, Y. Ishinari, Y. Kimura, and M. Niwano, "Reconstitution of human
ether-a-go-go-related gene channels in microfabricated silicon chips", Anal. Chem., 85, 4363-4369 (2013). #,
[IF: 6.35], [Times Cited: 38]

Abstract: This paper reports on the reconstitution of human ether-a-go-go-related gene (hERG) channels in artificial
bilayer lipid membranes (BLMs) formed in microapertures fabricated in silicon chips. The hERG channel is a
cardiac potassium channel whose relation to arrhythmic side effects following drug treatment is well recognized.
The hERG channels were isolated from Chinese hamster ovary cell lines expressing the channels and incorporated
into the BLMs formed by a process in which the two lipid monolayers were folded into the apertures. The
characteristic features of hERG channels reported by the patch-clamp method, including single-channel

conductance, voltage dependence, sensitivity to typical drugs and dependence on the potassium concentration, were
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investigated in the BLM reconstitution system. The BLM with hERG channels incorporated exhibited a lifetime of
~65 h and a tolerance to repetitive solution exchanges. Such stable BLMs containing biological channels have the
potential for use in a variety of applications, including high-throughput drug screening for various ion-channel
proteins.

International impact on both academic and social aspects: This work combined the stable artificial cell
membrane system and hERG channel proteins, whose relation to arrhythmic drug side effects is well recognized.
The high stability of the membranes enabled blocker assay for the hERG channels, which demonstrates the
potentiality of the present system as a high-throughput drug screening for various ion-channel proteins.

bk 1 O TLEMLI A TR L, SEYENEH OB TR 2RO L LHOAT T v RV AR E
L, EYEIWER BV EEE L. S AT, ZOMEOREMENTHESN, ETEH OFIIL 2014
HEEED JST-CREST WFJEICERINS 4172

3. T. Ma, M. Cagnoni, D. Tadaki, A. Hirano-lwata, M. Niwano, "Annealing-induced chemical and structural
changes in tri-iodide and mixed-halide organometal perovskite layers"”, J. Mater. Chem. A, 3, 14195-14201
(2015). #, [IF: 10.733], [Times Cited: 20]

Abstract: The annealing process is crucial for obtaining high-quality perovskite layers used in highly efficient
planar perovskite solar cells. In this study, we have investigated the annealing-induced chemical and structural
changes of tri-iodide (TI) and mixed-halide (MH) organometal perovskite layers using infrared absorption
spectroscopy, scanning electron microscopy and X-ray diffraction measurements. For TI layers, the solvent
molecules, dimethylformamide (DMF), remained in the form of the Pbl,/DMF compound after drying at room
temperature. During annealing, the DMF evaporated to form Pbl, crystals. When the MH perovskite film was
annealed, both CH3NH3PbCl; and CH3sNH3Pbls crystals were initially formed from an amorphous phase. With
further annealing, the CH3sNH3Pbl3 crystals gradually grew through the incorporation of source materials supplied
from the CH3NH3PbCls crystals and the amorphous phase and the slow evaporation of methylammonium (MA) and
chloride ions. The resultant MH perovskite layer after annealing was mainly composed of large CH3NH3Pbls grains
with a trace of chloride ions. We suggest that the difference in composition and structure leads to different charge
transport properties of the T1 and MH perovskite layers.
International impact on both academic and social aspects: This work unveiled structural and chemical changes
during the annealing process of perovskite crystals. It provided valuable insights into the crystal formation process
and clear guidelines for further research on high-performance perovskite devices. This paper was selected as a 2015
hot paper in J. Mater. Chem. A.
A LTI, @b EDOXa 7 AA M a7 =—V 7 TROEEZONCL, @R ~a7 A ARK
By A ER S D7D DFEH R . TR SO RIEE N DEVE H 2480, J. Mater. Chem. A 550 2015 4
Hot paper {Zi#H &7,

[2016-2018]
1. H.Yamamoto, S. Kubota, Y. Chida, M. Morita, S. Moriya, H. Akima, S. Sato, A. Hirano-lwata, T. Tanii, M.
Niwano, "Size-dependent regulation of synchronized activity in living neuronal networks", Physical Review E
94, 012407 (2016). #, [IF: 2.284], [Times Cited: 10]



Abstract: This paper studied the effect of network size on synchronized activity in living neuronal networks. Using
micropatterned surfaces to extrinsically control the size of neuronal networks, the paper showed that synchronized
activity can emerge in a network as small as 12 cells. Furthermore, a detailed comparison of small (~20 cells),
medium (~100 cells), and large (~400 cells) networks revealed that synchronized activity becomes destabilized in
the small networks.

International impact on both academic and social aspects: Spontaneous neural activity plays a critical role in
cortical information processing. Present work constructively clarified a fundamental aspect of the structural basis
behind this phenomenon.

Jibd PN D1 R ALER I F\ N C B B H R AR RIE BN DWW T, RIS ORI A2 N THNHIE - S kamn0 7
T a—FIZIEDWTHRA, BIREAEESIEE) S Z— LOBEME A O LTz, 2O a5 Teis 2 rhirt i
FRO—IHEORH ARSI, 5 —F A O LA Z 2018 4R D IST SEBFICHRIRS .

2. D. Tadaki, D. Yamaura, S. Araki, M. Yoshida, K. Arata, T. Ohori, K. Ishibashi, M. Kato, T. Ma, R. Miyata, Y.
Tozawa, H. Yamamoto, M. Niwano, A. Hirano-lwata, "Mechanically stable solvent-free lipid bilayers in nano-
and micro-tapered apertures for reconstruction of cell-free synthesized hERG channels", Sci. Rep., Vol. 7, pp.
17736, 2017. [IF: 4.122], [Times Cited: 10]

Abstract: The self-assembled bilayer lipid membrane (BLM) is the basic component of the cell membrane. The
reconstitution of ion channel proteins in artificially formed BLMs represents a well-defined system for the
functional analysis of ion channels and screening the effects of drugs that act on them. However, because BLMs are
unstable, this limits the experimental throughput of BLM reconstitution systems. Here we report on the formation
of mechanically stable solvent-free BLMs in microfabricated apertures with defined nano- and micro-tapered edge
structures. The role of such nano- and micro-tapered structures on the stability of the BLMs was also investigated.
Finally, this BLM system was combined with a cell-free synthesized human ether-a-go-go-related gene channel, a
cardiac potassium channel whose relation to arrhythmic side effects following drug treatment is well recognized.
Such stable BLMs as these, when combined with a cell-free system, represent a potential platform for screening the
effects of drugs that act on various ion-channel genotypes.

International impact on both academic and social aspects: This paper demonstrated a successful combination
of the stable cell membranes with a cell-free protein synthesis system. Extending this approach to various channel
genotypes has the potential to serve as a new screening platform for assessing the potential risks of drug side effects
acting on ion channels of patients.

LEAL N LA 2 D & o R 7 B AR EMATDED Z LIZR Y, RROMERUCER DT D D3
WRER o OEREARE Lz, Z O & N LMD —EOEF DN S, BIEFEE O VI
2018 4= 1 v Scientific Reports 5t Editorial Board (Zgk{T: L 7=.

3. H. Yamamoto, S. Moriya, K. Ide, T. Hayakawa, H. Akima, S. Sato, S. Kubota, T. Tanii, M. Niwano, S. Teller, J.
Soriano, and A. Hirano-lwata, “Impact of modular organization on dynamical richness in cortical networks,”
Science Advances 4, eaau4914 (2018). [IF: 12.804], [Times Cited: 3]

Abstract: As in many naturally formed networks, the brain exhibits an inherent modular architecture that is the

basis of its rich operability, robustness, and integration-segregation capacity. However, the mechanisms that allow

spatially segregated neuronal assemblies to swiftly change from localized to global activity remain unclear. Here,
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we integrated microfabrication technology with in vitro cortical networks to investigate the dynamical repertoire
and functional traits of four interconnected neuronal modules. We showed that the coupling among modules is
central. The highest dynamical richness of the network emerges at a critical connectivity at the verge of physical
disconnection. Stronger coupling leads to a persistently coherent activity among the modules, while weaker coupling
precipitates the activity to be localized solely within the modules.

International impact on both academic and social aspects: The work revealed that the advent of coherence is
mediated by a trade-off between connectivity and subquorum firing, a mechanism flexible enough to allow for the
coexistence of both segregated and integrated activities. Our results unveil a new functional advantage of modular
organization in complex networks of nonlinear units.

AFICTIE, MO IO Ry NI — 7 RICBIT DY 27— HEEOMREREN A B D LT, 2018 4
11 H 14 RREROFHLTHLH, B HIZASA OFFEMICIB VTR SNDRE R EE DEVVE R ZHE
, 2019 4F 8 J1 1 HBMETREIZ 5 mI5 s Ta.



G. BHEIRE;EF / Significant Activities (FY.2013-2018)
See Ref. 2-9.  “#” mark indicates research carried out at a former organization.

WA FHMZ E R D 2 DIFEEZ SR LR 5, 2013-2018 fFE D72 EDOIFHI O R LRET XL 02 L, @i (2018-
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[2013-2015] (Hirano-lwata)
Activities in academic societies
+ The Surface Science Society of Japan, Division of Soft-Nanotechnology, Vice President (FY. 2013-2016).

2014 ISSS-7 (The 7th International Symposium on Surface Science), Vice chair of Program committee. #

+The Japan Society for Analytical Chemistry, Tohoku Branch, Committee (Since 2007).

CAARRERFRY TN T /a5 BERE (2013-2016 ).

- AARR IR 2014 4F [EFRSE 1SSS-7, 7/ I LB BRIZER. #

* ARG L 2R AL SR EAL AT (2007 2 LLRE).

Contributions to society

+Research Area Advisor for JST-PRESTO and JST-CREST “Hyper-nano-space design” (Since 2013).

«Visiting lectures to high school: Aizu Hakuho High School (2013) #, Joshigakuin Senior High School (2013) #.

+ Tohoku University, Science Cafe. “Microfabricated Si chips for detecting drug side effects” (2016). #

-JST S&7A3F, CREST fHI T R/ 34, [ 22 il & Fo8r BB RE A i) s (2013 4R D).

< AR 2E AR B RSP E R (2013 4R #, RN 7Pt m & 7R (2013 4R #.

SRR AT 2D 7= [HEORIWEZ AT 548K T~ 7| (2016 4F). #

Research Funding

- The Asahi Glass Foundation, Continuation Grants for Outstanding Projects, granted FY. 2013-2015, total
¥14,000,000. (Principal Investigator). #
BRI AT 77 7B AT N THEE — 5 EIZH-5< hERG Fv /LT LA DHEEEL high throughput
BIVE RN TF > 7 ~D 1 1, 2013-2015 4EFE, 14,000 T1 (WFFE{0E#H) .

Awards

2014 Award for Tohoku Researchers in Analytical Chemistry (March, 2015). #

2015 RIEC Award for Tohoku University Researchers (November, 2015) . #

+2015 Minoru Ishida Award (November, 2015) . #

-2014 FEFERAL AL FHZH (2015 423 H). #

SERK 27 4R RIEC Award HUIL R P70 B2 B (2015 42 11 H) . #

ERK 27 AR B RC M BT RS B2 B (2015 4R 11 ) . #

[2016-2018]
Activities in academic societies (Hirano-Iwata)
- Editorial Board of Scientific Reports (Since 2018).
+ The Japan Society of Vacuum and Surface Science, Division of Soft-Nanotechnology, President (Since FY. 2017).
»The Japan Society of Applied Physics, Division of Molecular Electronics and Bioelectronics (JSAP-M&BE),
executive committee (FY. 2017-2018).
- Scientific Reports & Editorial Board (2018 4£J.0).
cAARREEELRY TN )77 /00— e ek (2017 FEXD).
OSFAERS HH T AL 7= 25 RS (M&BE) FATEE (2017-2018 4RJE).
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Contributions to society (Hirano-Iwata)
+Ministry of Internal Affairs and Communications, JAPAN
Information and Communications Council Committee, and Information and Communication Technology
Committee (Since 2017).
+Visiting lectures to high school, Yamagata Nishi High School (2016), #, Utsunomiya Girl’s High School (2019).
+Organizing Public Lecture of JSAP-M&BE, “The Future Brought by Al X Advanced Sensors” (2018).
BB ERBEFESZE BLY RFREEHEITIFSER (2017 440).
SRR PP AL (2016 4R1) #, T80 E K m 55 (2018 AR |
i RS M&BE M w3 e LT BB LD BRME T AL X B et — 03 723 Rk (2018 4F).
Research Funding (Hirano-lwata and Yamamoto)
+Hirano-lwata: JST-CREST, granted FY. 2014-2019, total ¥293,730,000. (Principal Investigator).
“Construction of ion and electron nano-channels in super-resistive lipid bilayers”
+Hirano-lwata: Scientific Research (B), granted FY. 2015-2017, total ¥13,400,000. (Principal Investigator).
“Expression of an artifical action potential and its application to biosensors for drug side effects”
+Yamamoto: JST-PRESTO, granted FY. 2018-2021, total ¥39,500,000. (Principal Investigator).
“Artificial reconstruction of a bionic information processing system”
+ Tadaki: JST-A-STEP, granted FY. 2018-2019, total ¥2,308,000. (Principal Investigator).
“Array chips containing microapertures as a high-throughput screening for drug side effects”
- F-#f: JST-CREST, 2014-2019 4F %, 293,730 T-FJ (WFFEZEH).
“ ZIRTCREREMEIR T« 0 T IEIEO R BRI N 95 HAEHa o A
SPEP BHFE BT (B), 2015-2017 4R, 13,400 T-1 (BFFEAREH).
“Fr el IR E o PRI EE SN TIHEN B O R B LD RIVE I FHE T > 7 ~ DI
“ LA JST-S&E 7317, 2018-2021 4R £, 39,500 T-H (WFFEAFE).
“OSNAF =y I TERILBL AT LD N T AR
-{HAR: JST-A-STEP, 2018-2019 4%, 2,308 T-HI. (BWFFEiH).
“Eh I EIE RO 720 OBHIALT L ATLTF 7 DRR%E”
Awards (Yamamoto)
+ Tokin Foundation, Research Award for Young Scientist (March, 2017).
+ Aoba Foundation for the Promotion of Engineering, 23rd Research Award for Young Scientist (December, 2017).
LA MR M ISR E S E (2017 23 A) .
-l B 23 [RITF BE TP se g B e . (2017 4R 12 H) .
International Joint Research
«Prof. Jordi Soriano, Universitat de Barcelona, Spain (Since 2015)
«Prof. Theoden I. Netoff, Universidad of Minnesota, USA (Since 2016)
«Prof. Bernhard Wolfrum, Technische Universitat Minchen, Germany (Since 2017)
Research Supervision (Hirano-Iwata)

-*“Advanced Graduate Program for Al Electronics” was adopted as a WISE Program (Doctoral Program for World-
leading Innovative & Smart Education), MEXT, Japan. Hirano-lwata joins as a core-member of this program.
SRR R 7 T AT N DAL 7 e = A | 7y T LRS-, L, 2o ms

TINZAT A R—=L L THEL TN,
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