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The design and production of materials, structures, and systems that are modeled on
biological entities and processes
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Biomimicry — Design by Nature
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Color Changing Starts Inside of a Cell

Cytoskeletal molecular motors work collectively to disperse and aggregate pigment-
containing organelles
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Cytoskeleton & Intracellular Transport

Cytoskeleton — actin filaments, microtubules, and intermediate filaments

Microtubule:

of tubulin dimer MT filament

e Assembly of tubulin proteins; ends are
different

e Consume guanosine triphosphate (GTP)
during growth

e 25 nm diameter; 10s of micron long

e Transportation network (“railways”)

protofilament
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Cytoskeletal Locomotives

Molecular Motors (locomotives) — dynein & kinesin “walk” along microtubules
carrying cargo (organelles)

Kinesin:

Fuel = adenosine triphosphate (ATP)

“Walk” hand-over-hand toward -end of
microtubule (8 nm step size)

Transport speed = 0.5 - 12 um per sec (up
to 1500 steps per sec)

40 pNenm work; 50% efficiency

motor domains

Dy nactin

Cytoplasmic
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Microtubule
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Cargo

Duncan & Goldstein, 2006, Plos Genet., 29, e124

Cargo not to scale; organelles *100x

larger than motors
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© Inner Life of the Cell animation conception and scientific content by Alain Viel and Robert A. Lue. @ Sandia

Animation by John Liebler/XVIVO. National .
¢ |L°S N‘?m° S Laboratories



Kinesin Transport Outside of a Cell

Molecular shuttles in gliding geometry enable “long distance” transport at the
nanoscale.

Kinesin motor proteins Microtubule filaments
“molecular shuttles”

motor
domain

light
chains
neck & tail
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Visualizing Kinesin Transport
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Hybrid Optical Materials Inspired by Fish

Hybrid Materials Systems

Haimo & Thaler, 1994, BioEssays 16, 727.
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Soldati & Schliwa, 2006, Nat. Rev. Mol. Cell Biol., 7, 897
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Hybrid Optical Materials
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o ° ° ' Quantum dots —

semiconductor nanocrystal
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that emit light

Quantum Dot Size and Color
Blue light % % % %
Quantum Dots 2nm 25mm Som Snm 6nm
Size dependent % ?
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Fluorescence

Quantum dots on
microtubules
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Hybrid Optical Rings

Microtubule carrying quantum dots:

* Become “sticky” while gliding across a
surface

e Spontaneously assemble into rings and
spool (condensation/aggregation)

e Continue to grow and rotate
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Hybrid Optical Rings

Aggregation & dispersion of hybrid optical rings

Color change in melanophore cells

Adapted from: http://wilkes-fs1.wilkes.edu/~terzaghi/BIO-226/lectures/24.html
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Molecular Motors and Organelles

mitochondrion
Structure of the endoplasmic reticulum (ER) |ysosome—7§>
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Phospholipids:

* Major component of plasma and
organelle membranes

e Self-assemble in water to create
liposomes (lipid vesicles)

http://phys.org/
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“Living” tubules
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Large-Scale Networks of Lipid Tubes

“Large” (10-20 um) lipid vesicles = Large (10 mm) networks of lipid nanotubes

Lipid tubule network Network of neurons

https://www.extremetech.com/

Structure mimics that of neural networks

, ) ﬁan_dia |
m ationa
- LOS Alamos Bouxsein et al., 2013 Langmuir 29, 2992; Paxton et al., 2015, Nanoscale 7, 10998. Laboratories




Membrane Organelles Inspired by ER

Work done by motors:
e Growth of lipid nanotubes
* Induce bifurcation of nanotubes
* Remove lipids when tension too high

* Impart self-healing architecture to the overall network
structure
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ER & Golgi — critical to transport

Can we use nanotube networks as @
transportation highways?

Lipid nanotube

100 »

10

Transport = typical 1D diffusion

Dqp = 2.3 pm?sec’?

(D =9.32 um?s1)
DOPC M
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Transport on Nanotube Networks
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At high densities: Q
* Quantum dots experience traffic
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 Single file 1D diffusion

Model for understanding traffic patterns
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Conclusions & Future

Motor proteins:

e Convert chemical energy into useful work such as color changing in fish and
intracellular reorganization

» Applied outside of living cells to create materials/systems that mimic Nature

Hybrid optical materials:

* Increase optical complexity

e Study role of defects

Lipid tubules:

e Transport inside of nanotubes

* Multi-network connection and
communication
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