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Evolutionary Scenario of Molecular Robots
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o Oth Generation Molecular Robots:
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1st Generation Molecular Robots:
Unicellular Amoeba Robots
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2nd Generation Molecular Robots:
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Evolutionary Scenario of Molecular Robots

Hyb

3rd Gen.
Multi=cellular. Robots

3rd Generation Molecular Robots:
Multi-cellular Robots
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4th Gen.
Hybrid Molecular Robots

4th Generation Molecular Robots:
Hybrid Molecular Robots between
Organic and Electromagnetic Devices o8

New Gen. Comput. 2013, 31, 27-45.
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DNA-assisted swa.rééh'tgrvol in a biomolecular motor
system
Nature Commun. 2018, 9, 453.
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Evolutionary Scenario of Molecular Robots
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DNA-assisted swarm control in a biomolecular motor
system
Nature Commun. 2018, 9, 453.
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Evolutionaw Scenario of Molecular Robots

DNA-assisted swarm control in a biomolecular motor
system
Nature Commun. 2018, 9, 453.

Movie S4
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othlGen! Switching on/off control of swarming of
MoleculaSpider, MTs by photoirrdiation
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Cooperative cargo.‘ tur"ipclirtation by a swarm of
molecular machines
Science Robot. 2022, 7, eabm0677.
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Cooperative cargo transportatlon by a swarm of

molecular machines
Science Robot. 2022, 7, eabm0677.
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Cooperative cargo transportatlon by a swarm of
molecular machines
Science Robot. 2022, 7, eabm0677.

alin A
I
OthlGen!
MoleculagSpidern

Cargo accumulation
by groups of MTs

Scale bar: 20 ym




Evolutionary Scenario of Molecular Robots
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Nonequilibrium SélfASse?hbly of Microtubules Through
Stepwise Sequential Interactions of DNA
Small 2024, 2408364.
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Micrometer-sized molecular robot changes
its shape in response to signal molecules
Science Robot. 2017, 2, eaal3735.
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Micrometer-sized molecular robot changes
" {\ its shape in response to signal molecules
N oy ; Science Robot. 2017, 2, eaal3735.
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Micrometer-sized molecular robot changes
its shape in response to signal molecules
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Artificial Smooth Muscle Model Composed of
Hierarchically Ordered Microtubule Asters

Mediated by DNA Origami Nanostructures
Nano Left. 2019, 19, 3933.
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Slime]Robots

Artificial Smooth Muscle Model Composed of
Hierarchically Ordered Microtubule Asters

Mediated by DNA Origami Nanostructures
Nano Left. 2019, 19, 3933.
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A printable active network
actuator built from an engineered
biomolecular motor

Nature Mater. 2022, 21, 703-709.
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actuator built from an engineered
biomolecular motor

Nature Mater. 2022, 21, 703-709.



Evolutionary Scenario of Molecular Robots

Slime]Robots

A printable active network
actuator built from an engineered
biomolecular motor
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actuator built from an engineered
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In situ integrated microrobots
driven by artificial muscles built
from biomolecular motors
Science Robot. 2022, 7, eaba8212.
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In situ integrated microrobots EEcDAprepolymeintiodhced
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Science Robot. 2022, 7, eaba8212.
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In situ integrated microrobots
driven by artificial muscles built
from biomolecular motors
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In situ integrated microrobots
driven by artificial muscles built
from biomolecular motors
Science Robot. 2022, 7, eaba8212.
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In situ integrated microrobots
driven by artificial muscles built
from biomolecular motors
Science Robot. 2022, 7, eaba8212.
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Supplementary Movie S6
Locomotion Behavior

Dynamic DNA material with emergent Suppementany Mo '
locomotion behavior powered by artificial Generation of DASH Patterns

metabolism
Science Robot. 2019, 4, eaaw3512.
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Supplementary Movie S7
Racing Behavior

Dynamic DNA material with emergent
locomotion behavior powered by artificial

metabolism
Science Robot. 2019, 4, eaaw3512.
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Molecular Robots Market Segmentation by Application (Drug Discovel Key Compames Dommatmg the Market

(COEUERE N IEEEEIGI SN EEED RIG TS RCRIEIEERRUEIER  Our report has covered detailed company profiling comprising company overview, business strategies, key product
offerings, financial performance, key performance indicators, risk analysis, recent developments, regional presence,
Report ID: 10352284 Published Date: 2 and SWOT analysis among other notable indicators for competitive positioning. Some of the prominent industry
Delivery Timeline: 48-72 Business Hours . . . . .
leaders in the global molecular robots market that are included in our report are Zymergen Inc., Imina Technologies
SA, Ginkgo Bioworks, JEOL Ltd., Nanorobotics Ltd., Klocke Nanotechnik GmbH, and others. Besides this, some of the
research organizations which are working towards the development of molecular robots are The President and
Global Molecular Robots Market Highlights Over 2031- 203 Fellows of H-arvard College (Harvard Univérsity), New Energy and Industrial Technology Development Organization
The global molecular robots market is estimated to garner a revenue of UsD 18§ (NEDO), Tokyo Institute of Technology, The University of Manchester, Hokkaido University, Tohoku University,

growing at a CAGR of 18.5% over the forecast period, i.e., 2031 - 2036. Moreoy Kansai University, Molecular Robotics, and others
I I .
expected to register a revenue of USD 806.0 Million. The growth of the marke
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1 8 8 = U S D <2 7 O O = ) e Increasing Use of Molecular Robots in Drug Development

by a team from the Umversnty of Manchester, England andis ata very nascent stage at the moment.

e Growing Support of the Government for R&D in Healthcare

7

Challenges

Glohal Koleelar Hobots Maxketivenviow ' e * High Designing and Development Cost of Molecular Robots
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