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What is biomimicry?

Bios = the living world

+

Mimicry = to emulate

Biomimicry is a method engineers and 

designers use for creating innovation, 

by looking to the natural world for ideas.
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• Echolocation is the use of 

sound waves and echoes to 

determine the location of 

objects. Bats and dolphins 

use echolocation to navigate 

and find food.

• Scientists studying 

echolocation in animals 

developed sonar and radar 

technologies that today are 

widely used in the ocean, on 

land and in outer space to 

navigate and find objects.
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Examples of biomimicry
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Alok Mishra 2010

• In Japan, a new commuter train 

was going so fast that it made a 

booming sound when it entered 

tunnels. 

• Engineers successfully 

re-designed the nose of the train 

by copying the Kingfisher bird’s 

beak shape and solved the 

noise problem.

Examples of biomimicry
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• Designers at Speedo 

were inspired by the 

mosaic-like layering of 

shark skin to create a 

swimsuit fabric that could 

reduce “drag” on the 

swimmer.

• Famously, these 

“Fastskin” suits were 

worn by the U.S. team at 

the 2008 Olympics and 

were later banned. 

Examples of biomimicry



Images provided by the VELCRO® Brand Companies

• After hiking with his dog, a Swiss engineer found burrs from a 

Burdock plant stuck on his dog’s coat and his pants. 

• Inspired by the tiny hooks on the burr, he designed a new 

and popular hook and loop fastener (made famous by the 

Velcro® Brand Companies). 

• In the 1960s, this new fastener was used extensively by 

NASA’s space program.

Examples of biomimicry



• Biomimicry

• Bio-inspired (design)

• Biomimetics

• Bio-design

Biomimicry tends to focus on nature-inspired 

innovation that improves the sustainability of human 

existence and supports the planet as a whole.

These all mean innovation 
inspired by nature.

Terms and definitions



• Biomorphism - looking like something in nature – is not biomimicry.

• Bioutilization – using something from nature – is not biomimicry 

either.

• Biomimicry is learning from functional design in nature and 

applying it to human innovation.

• Biomimics - people who use or practice biomimicry - get ideas from 

biological structures (forms), processes and systems.

Terms and definitions



• Biological structures are everywhere, at both microscopic 

and macroscopic scales.. 

• Biological structures are the easiest aspect of the natural 

world to recognize. 

• For example, biomimics have emulated the microscopic 

structures on leaves to create more sustainable 

hydrophobic (water repellent) surfaces, e.g. on fabric. 

Before this, the primary way hydrophobic surfaces were 

created used toxic chemicals.

Emulating biological structures

William Thielicke CC by SA 2.5



• The living world demonstrates many kinds of biological 

processes.

• Examples include photosynthesis and the process by 

which ants work together to find food.

• Humans can learn from and borrow ideas from biological 

processes. ex) Studying photosynthesis has improved 

how some types of solar cells work.

Emulating biological processes

doi: 10.1126/science.aax7477



• Ecological systems are 

characterized by having high 

and sustained diversity and 

production, despite having low 

amounts of nutrients flowing 

through them. 

• They achieve this by efficiently 

transferring nutrients through 

food chains, i.e., there is no 

waste (waste = food).

Emulating ecological systems



• Most manufacturing systems designed by people create a 

lot of waste in the process of production. These systems 

are “linear” in the sense that raw materials go into 

production and waste comes out.

• One way humans can emulate ecological systems is by 

doing things like recycling high-value materials, designing 

things to be easily recyclable, and designing things to be 

easily disassembled and biodegradable.

Emulating ecological systems



• Humans can also emulate 

ecological systems by using 

the waste from one 

manufacturing process as the 

input for another 

manufacturing process. 

Emulating ecological systems



• Utilizes biological mechanisms to create materials

– Mimicking biological self-assembly processes

– Using single biological units as a building block along 

with inorganic materials

• Mimics biology at the molecular level

– Synthesizing structures that mimic biological 

structures

• Create materials with novel properties

• Synthesize existing bio-materials in larger quantities

• Integrate biomolecules and materials with inorganic 

ones for hybrid systems

What is nano-biomimetics?
Strategy

Purpose



• Atom-precise manipulation yields 

composite materials and nano-scale 

structures with desirable properties

• Parallel self-assembly processes 

achieve precision with high speed and 

reproducibility

Utilizing biological mechanisms



• Bottom-up fabrication process

• Continuing miniaturization of devices in nanotechnology

• Nature already assembles its smallest components into 

ordered structures

Biological self-assembly



• Genetically Engineered Proteins for 

Inorganics (GEPIs)

• DNA nanotechnology

Biological self-assembly



Genetically Engineered Proteins for Inorganics 

(GEPIs)

Medical Devices and Sensors 2020, 3 (3) e10065



DNA metallization for nanoscale device fabrication

J. Mater. Chem., 2011, 21, 12126–12131 

Langmuir, 2013, 29, 11176−11184 
Langmuir, 2010, 26(3), 2068–2075 



DNA nanostructures

C. Mao et al., Nature, 2008, 452, 198

10 nm

25 nm

50 nm

• It is possible to make 1D, 

2D and 3D structured 

nanoscale materials using 

DNA

• Still very difficult to design 

structures we want (elegant 

work)

A. J. Turberfield et al. JACS 2004, 126, 16342

H. Yan et al., Science, 2003, 301, 1882



P WK Rothemund, Nature, 2006

165 nm

Nature 464, 11, 158, 2010

DNA origami



DNA nanostructures for NP patterning
Patterning NPs on DNA nanostructures

H. Yan et al., Angew Chem., 2006, 45, 730



DNA nanostructures for NP patterning

Patterning NPs on DNA nanostructures

Nano Lett., 2006, 6, 7, 1502  



NP patterning on DNA origami

Angew Chem., 2015, 54, 2966



Self assembly of NPs using DNA origami

Nano Lett. 2015, 15, 1368



Lattice structures formed using DNA origami

Science, 2016, 351 (6273), 582



Lattice structures formed using DNA origami

Science, 2016, 351 (6273), 582



Bone Research (2017) 5, 17059

Hierarchical inorganic-organic hybrid structures



Electrospun mineralized 

collagen/PLGA

Nano-HA / Collagen / PLA 

Hierarchical Composite

Journal of Biomedical Materials Research Part B
DOI: 10.1002/jbm.b.20035

Medical Engineering & Physics 20(2):92-102

Journal of the Mechanical Behavior of Biomedical Materials
Volume 1, Issue 3, July 2008, Pages 252–260

Collagen

PLGA
(TYPE 2)

PLGA
(TYPE 1)

Mineralize
d

Electrospun
→

Biomimetic hierarchical hybrid structures
Bone structure
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• Nacre mimicking

High-Toughness 

& Self-Healing 

Material

Nacre Structure – Inorganic Bricks + Organic Mortar

Organic-Inorganic

Bricks & Mortar 

Structure

•Scientific Reports 6, Article number: 25059 (2016)

poly(borosiloxane)

- PBS Mortar layers
Glass Bricks

Self-recovery progression

Hierarchical inorganic-organic hybrid structures



Focus incident light on the 

photoreceptor nerve contributing to the 

photoresponse of echinoderms

Single Crystal Calcite Micro-Lenses (Echinoderm,棘皮动物)

C-axis

Single crystal 

microlens array 

aligned along c-

axis in the 

photoreceptor 

direction

Optical performance 

improvement through 

birefringence removal

Large-area single crystal 

micropatterning using 

functional surface treatment 

and oriented nucleation seeds

Functional inorganic-organic hybrid structures



Cell membrane-derived nanomaterials

Biomaterials 128 (2017) 69e83

• Cellular membranes play essential roles in biointerfacing, selfidentification, signal

transduction, and compartmentalization. 

• Researchers have directly leveraged cell membrane-derived biomaterials for the

fabrication of novel nanotherapeutics and nanodiagnostics. 

• Such emerging technologies have the potential to significantly advance the field of 

nanomedicine, helping to improve upon traditional modalities while also enabling

novel applications.



Bioactive Materials 4 (2019) 271–292

Biomaterials for 3D scaffolds



Biomaterials for 3D scaffolds

Chem. Rev. 2017, 117, 12764-12850



Mussel-powered proteins stick to Teflon, even under water

Mussel Protein inspired Bioadhesive Materials

J. Polym. Sci. A: Polym. Chem 2017, 55, 9–33



4 substituents bound to a carbon: amino group, carboxyl group, H, and R

Most of the amino acids are chiral (19 out of 20)

… what would be the exception? When R is H

• All 19 chiral amino acids are all 

L configuration.

• There are a few D-amino acids in 

nature

Mirror image pairs of amino acids



Chembites.org

Nature, 2018, 556, 360

Synthesis of chiral AuNPs using AA/peptides

Use chiral amino acids or 

peptide to guide 

synthesis of chiral 

materials



DNA base directed AuNP morphologies changes

Angew. Chem. Int. Ed. 2012, 51, 9078



• Genetically engineered 

virus attaches to molecule 

of building material

• Viruses orient themselves 

in solution, producing well-

ordered liquid crystal

Viral assembly: biomimetic



• Procedure can easily scale up

• Multiple applications

• Better materials

Viral assembly: applications



Viral assembly: applications


