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What makes living matter unique?

1. Physics of living matter
2. Opportunities & challenges
3. The here & now



The living bridges of Cherrapunji, India are made from the roots of the Ficus elastica tree. (http://rootbridges.blogspot.com/)

Planetary-Scale Natural Nanotechnology

Reproducing, 
growing, & 

healing materials

~90 terawatts via 
photosynthesis*

Massively functional 

Living ramifications

Biology is already  
many places

*electrobiosynthesis will remove this cap

Take infectious & other 
diseases off the table

Enable humanity to 
provide for itself

Stabilize & recover 
natural biodiversity

Enable a culture  
of citizenship

Understand life 
via building

http://rootbridges.blogspot.com


Organized over 10 orders of magnitude - 0.1 nanometers to meters 

Take a microscope and keep zooming in





Cars are global products



MATERIALS USED TO MAKE A TREE 
(light/air/carbon/nitrogen/water) 

MATERIALS & INPUTS ARE LOCAL



Lots and lots of parts; 
Computation is ultra energy efficient and 

massively parallel

Self-replicatingLight/air/carbon/nitrogen/water 
precursors

Each component can  
reproduce the whole

Self-healing

Self-organizing

Intricately organized on multiple time  
and spatial scales

What’s physically special re: “living matter”?

Self-mixing



Breakout #1

- how many unique physical aspects? 
- most interesting / important microscopic?
- most interesting / important macroscopic?
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You are what you eat!

We eat what we are...
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Living cells make cells (& other things)



19

We don’t fully understand any cell.



What don’t 
biologists 
understand 
about biology?

20



Breakout #2

- most important opportunity? 
- most important challenge?
- most frightening opportunity/challenge?
- most exciting opportunity/challenge?
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Sputnik COVID-19

“Surprise!”

1957 2019



http://www.wired.com/2013/04/how-pixar-used-moores-law-to-predict-the-future/

“When the group moved to California to become part of Lucasfilm, 
we got close to making a computer-animated movie again in 
the mid-1980s — this time about a monkey with godlike powers 
but a missing prefrontal cortex. We had a sponsor, a story 
treatment, and a marketing survey. We were prepared to make a 
screen test: Our hot young animator John Lasseter had sketched 
numerous studies of the hero monkey and had the sponsor 
salivating over a glass-dragon protagonist. 

But when it came time to harden the deal and run the numbers for 
the contracts, I discovered to my dismay that computers were 
still too slow: The projected production cost was too high and the 
computation time way too long. We had to back out of the deal. 
This time, we [knew enough] to correctly apply Moore’s Law — [] we 
had to wait another five years to start making the first movie.  
And sure enough, five years later Disney approached us to make 
Toy Story.” — Alvy Ray Smith



http://en.wikipedia.org/wiki/Moore%27s_law

Pace of change…



Breakout #3

- what about the “here & now” do you 
think will matter most for 
bioengineering or bioengineers for 
the next ten years?



Before Friday’s class


