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“natural definition




“Water is sometimes sharp and sometimes strong, sometimes acid and sometimes bitter,
sometimes sweet and sometimes thick or thin, sometimes it is seen bringing hurt or pestilence,
sometimes health-giving, sometimes poisonous. It suffers change into as many natures as are the
different places through which it passes. And as the mirror changes with the colour of its subject,
so it alters with the nature of the place, becoming noisome, laxative, astringent, sulfurous, salty,
incarnadined, mournful, raging, angry, red, yellow, green, black, blue, greasy, fat or slim....”

da Vinci, 1513
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f there is no natural definition
is the definition a matter of taste?
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Four different platforms for studying cellular processes

Cell-free Encapsulated  Synthetic Natural

system cell-free cell cell
system




Three ditterent approaches

Bottom up T0p down Middle out
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aeronautics: green aviation
/- - biofuels, novel materials

. |
T /
Ll N Y

-
-
_— .

National Aeronautics and
Space Administration




aeronautics: green aviation
/- - biofuels, novel materials

i iy 5

’\4 .*

hing . - " »
e a PR N e s D -

National Aeronautics and
Space Administration

Exploration issues:
- Upmass, reliability in
extreme environments




aeronautics

Science issues:
Exploration issues




Life is @ micro

machine that does
and

aturally evolved lite

So our lab uses

The solution?@




Chemistry: plastics to toxic ® Material production (ex.
chemicals Fungal biocomposites)

® Drugs: production and ® Biomining

delivery (ex. Astropharmac e Detoxifying lunar and

® Nanotechnology (ex. martian water

Biowires) ® Food/flavor/scent

ty production
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‘The Ultimate Massless Exploration:

d Piqif




allows us to answer
the ‘What ife’

Questions
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map extremophiles
to other habitahle
hodies
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|If there are tempting locations|

beyond the capability of | .+
| extant, naturally evolved |
| extremophiles, why not make |
synthetic cells?
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.The only successful -
origin of cells so far .
.was the handiwork
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.+ * Are there alternative components, £
", functions? Hint: look at the raw “J
~materials that were available.  § -

« * This should help us find life

| elsewhere : "
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2011: Synbio Enabled Mars Colony

2012: The transit of synthetic
astrobiology
2013: BioCommunication

2014: Towards a biodegradable
UAS (drone)
2015: BiOrigami

* %

T

b0 r|gam|

Stanfor 1 wn IGEM 2 <1"”“

2016 28
2016: BioBalloon
2017: Mars: Getting there & staying

there
2018: Mycotecture off planet

*most of have won major awards,
press attention, Maker Faire
awards, etc.






