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Why ELSI?
Because No Signpost betore Emerging Technology!
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Consensus Conference including journalists and citizens
about “Future Prospects and Issues of Molecular Robotics”
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Molecular Robot is a self-propelling
artifact made of bio-molecules with

sense and intelligence as like life things.
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Amoeba-Type Molecular Robot @ Tohoku University
)7 A
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— /BT OoRy b EEILRE, 2017)
' o The amoeba-type robot

consists of a bacteria-size

artificial membrane

containing biological and
chemical components.
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(Fdt k. BETK) (%jtgi) environment. The motion
can be turned on and off
Science Robotics, 2, with DNA signals
eaal3735 (2017) responding to light.
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Amoeba-type Molecular Robot @Nagoya University
TA—=NEIATFORY b (ZEEKRT2018)

M. Hayashi  S. Takiguchi
(Nagoya Univ.) (Nagoya Univ.)

The amoeba-type
molecular robot
changes its shape by
light irradiation,
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K. Matsuura
(Tottori Univ.)
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Amoeba-type Molecular Robot @ Tottori University
TA—NBISFORY b (BERKF, 2018)

e T Peptide nanofibre (BERAS)

T S . A, “-:.J; Light G The amoeba-type molecular robot

Mg u.mI s SR : f s achieved pure chemical molecular

i orin e i " A actuator of giant liposomes driven
DMA unit - L : :J.:.E ; by light-induced peptide

nanofibre growth on their
surface similar to actin comet
tails of Listeria.
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Molecular Robotics for Real Problem Solving
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Molecular Artificial Pancreatic Islet: szirmaas

1 . . . (RlafFE2016-2019)
“Smart drug’ with sensors and intelligence
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Molecular Artificial Muscle:
Chemical Energy Actuators for Clean World
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« Propelled by Renewable Chemical
Energy (adenosine triphosphate;
ATP) as like as Life Things
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(Hokkaido Konagaya (Kansai
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Symbiotic Ecosystem
Agriculture and Industry

- Sustainable agriculture enhancing carbon cycles

From “efficiency-oriented” to “sustainability-oriented”
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N. Yamamoto Y. Muromachi M. Yoshimoto M. Sanpei

M. Takinoue M. Wachi

The Innovative Research Project for Symbiotic
Ecosystems of Agriculture and Industry (TITECH)

https://symbiotic-ecosystems.info/
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ELSI Practices of Molecular Robotics
3z

Research Collaboration with an Ethics Group

Organization of International Symposium and Workshops with
regards to “Molecular Robot Ethics”

Formulation of Molecular Robot Principle and Guideline
Real-time Technology Assessment for Emerging Technology
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Molecular Robot Ethics Project
SFOFRy MEEJST 2017-2020)

Co-creation of Molecular Robot ELSI 3 (-}
and Real-time Technology Assessment & iy

Resea rc h PI Akihiko Satoshi Murata
Konagaya (Tohoku Univ.)

DF ARy FELSIEERET 7/ 0 —FH i & o HE] (TITECH)

Points:

’ﬁ“

« Molecular Robotics is one of emerging technologies which may
affect to real world.

SFORY FIHACEEL 5 2TREO B RO —>ThH 3 PI Ryuma pikito Tanaka
(Sgij(I)nS:iav) (Waseda Univ.)

!

« No one has ever applied “Technology Assessment” to “Emerging
Technology” in real-time (not retrospectively) in Japan.
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Caution for self-duplicated nano robots
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/Molecular robots™

may Increase
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duplication
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(Rathenau University, Dutch)
The 1st Int. Conf. on

Molecular Robot Ethics
(13 Mar. 2017, Tokyo)
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Comments about “Technology Assessment of Molecular Robot”
( [2FaxRy ~OBAEHE] ICBET2B@MEIA V)

Importance of "\

not to lock in Adaptive approach g
the specific would be better than
issues for conventional rule
various futures approach to deal with
s (R2E % EE1L risk governance -'
Erika Szymanski\ LEWT) / GERRRIG T ENR W) (I\/IH}'((I?’n?gth lOSyt_e
(Univ. of Edinburgh, UK) / OUIEZE; cience,

T

/
Importance of interdisciplinary

technology assessment

(RE IS T Y 7 BT ST A AV R 22)

. The 2nd Int. Conf. on Molecular
8§ o, Robot Ethics
DA ‘ (9 Oct. 2018, Tokyo)

Stephan Lingner (EATIA, Germany)
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Molecular Robot Principles and Guidelines
AFORY FORAEHA RTA4 VEE

The 2nd Int. Conf. on Molecular
Robot Ethics
(9 Oct. 2018, Tokyo)

W IR .
jjf Pj;4 S Basic Research

Guideline

R SIE \ Medical Research
A4 RrZ74> Guideline
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Ethical Principles of Molecular Robotics (ver. 1.1) #>FORy ~RE|

First Edition: Mar. 5, 2018 / Second Edition: Aug. 8, 2018

Preamble

Nowadays, it is an issue of extreme importance to establish an ethical framework with a new view of material, information and life
according to a technological development. With ever-increasing progress in creativity and ingenuity of technology, new devices and
systems appear continuously. However, there are concerns about the ethical scope of molecular robotics. In Japan, research and
development of molecular robotics has been promoted, taking advantage of an important elemental technology concerning senses,
motions and intelligence. More complicated configurations of systems in molecular robotics are conceivable, which will be applied to

informatics, engineering, chemistry, biology and medicine in the near future. In this context, we formulate the following ethical principles.

We also request any person who engages in molecular robotics to comply with these principles.

Ethical Principles

1. Comprehensive assessment of risks and benefits

» Any person who engages in molecular robotics shall make a comprehensive assessment of potential harm for human beings or the
environment as well as predicted risks and benefits. Then they shall also take measures to minimize those burdens and risks.

2. Consideration for safety and environment
» Any person who engages in molecular robotics shall take containment and safety measures for the environment. This includes ethical
responsibility and consideration for future generations.

3. Paying attention to security and dual-use issues
D Any person who engages in molecular robotics shall investigate security measures in consideration of physical, personnel, transport,
material, and information aspects. They shall also pay attention to dual-use issues.

4. Ensuring accountability and transparency
P Any person who engages in molecular robotics shall ensure accountability and transparency for the public good, making progress of the
research and development rooted in social justice. The above principles will continue to be revised as needed.

Naoto Kawahara
(ARO Center,
Kyushu Univ.)
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Responsible Research and Innovation
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The importance of SDGs can be explained

from the viewpoint of RRI
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Consensus Conference including journalists and citizens

about “Future Prospects and Issues of Molecular Robotics”
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Summary

« ELS| plays a very important role to promote emerging technology to
brilliant future.

e« Research collaboration between a research group and a ethical group
produce fruitful results if the leaders are committed to ELSI.

« Ethical frameworks such as Technological Assessment,
Principle and Guideline Formulation, RRlI and Consensus
Conference are worth practicing, although it takes more than

years for researchers to understand the true meaning of such

activities.
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