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Week 3 reprise

Who are you and how are you motivated?

Analysis and design of biomolecules

Build & use your own microscope
- Foldscope
- Bioengineers make and improve tools
- The value of a technology is in large part defined 

by who can use the technology where 

CONCEPT
SKILL

Analysis and design of genetic systems

- Learn by understanding or learn by doing or other…

- DNA encodes useful molecules that can be redesigned 

- Biosystems can be designed bottom-up; profound noise?















STATED DIFFERENTLY RE: FOLDSCOPE — 
   GO FOR IT; B.E. AWESOME; DISCOVER; INVENT; TEACH



Week 4 look ahead

Abstraction as a tool for managing biocomplexity 

General system architecture for genetic engineering

I like, I wish, what if?

CONCEPT
SKILL

Team(s) rule(s)





Claude Shannon, c.1937

George Boole, c.1854

From George (logic) to Claude (electrical relays) to …



Let’s bioengineer living computers!!!



https://www.cshlpress.com/link/genswitp.htm

Hmm.  As an 
engineer I was 
expecting a 
switch I could 
use, but instead 
I got a super 
complicated 
never-ending 
story.



St-Pierre & Endy PNAS USA 2008

http://youtu.be/sLkZ9FPHJGM c/o Dinsdale Lab, SDSU

http://youtu.be/sLkZ9FPHJGM




https://en.wikipedia.org/wiki/Bacteriophage



http://bio.classes.ucsc.edu/bio105l/EXERCISES/PHAGE/dH.pdf

https://en.wikipedia.org/wiki/F%C3%A9lix_d%27Herelle

http://bio.classes.ucsc.edu/bio105l/EXERCISES/PHAGE/dH.pdf


http://bio.classes.ucsc.edu/bio105l/EXERCISES/PHAGE/dH.pdf

http://bio.classes.ucsc.edu/bio105l/EXERCISES/PHAGE/dH.pdf
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Karen Rutherford & Gregory D Van Duyne (2014) 
The ins and outs of serine integrase site-specific recombination 
http://dx.doi.org/10.1016/j.sbi.2014.01.003

“Recombinases” mediate “cut, exchange, & 
paste” among two DNA molecules
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Karen Rutherford & Gregory D Van Duyne (2014) 
The ins and outs of serine integrase site-specific recombination 
http://dx.doi.org/10.1016/j.sbi.2014.01.003

Recombinase Directionality Factors (RDFs) 
can reverse the recombination reaction 

A plausible model for recombination directionality factor (RDF)-stimulated 
excision. The RDFs (yellow) could bind to the Int CC motifs and disrupt the 
intra-molecular interactions responsible for inhibiting attL × attR 
recombination. The RDFs may also interact with additional integrase domains 
and in some systems may interact with one another. Integrase domains are 
colored as in Figure 1.



Wait…  
   Unending biological details…
       Overwhelming complexity…
            Having to do science…
                No end in sight… 



http://images2.layoutsparks.com/1/210989/beach-paradise-deault-trees.jpg



https://www.123rf.com/photo_7546464_a-tangle-of-cables-and-wires-in-shanghai-china.html

Q.  What is the magnetic field? A.  Who cares!





Systems = One or more devices encoding 
a human defined function(s).  Note that my 
system your device, and so on.

Devices = One or more parts encoding a 
human defined function(s).

Parts = Basic biological functions encoded 
via molecules.

DNA = Material encoding moleculesTAATACGACTCACTATAGGGAGA

8-bit counter
Abstraction barrier!  Do not cross!

Abstraction barrier!  Do not cross!

Abstraction barrier!  Do not cross!
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Karen Rutherford & Gregory D Van Duyne (2014) 
The ins and outs of serine integrase site-specific recombination 
http://dx.doi.org/10.1016/j.sbi.2014.01.003

If we connect the two pieces of DNA then the 
connecting fragment would be flipped!



Control Signal #1 Control Signal #2
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T TPolymerasePolymerase

Mr. Boole’s AND in DNA

Control Signal #1 Control Signal #2

Bonnet et al., Science, 2013
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Transcriptor 
Elements

Input Output

Recombination
Controller

Controls

Bonnet et al., Science, 28 March 2013

Generic device-level architecture for 
recombinase-based genetic logic gates 
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Setting up goal of 
engineering genetic “black 
box” that allows us readily 
reuse higher-level, human-
defined functions…

Inputs: generic (i.e., device 
agnostic) signals that control 
levels of gene expression

Output:  generic signals that 
control levels of gene 
expression



Dr. Jennifer Brophy



 BREAKOUT
Imagine Your Biocomputer
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Where in biology (i.e., living matter) would you
    wish to bioengineer a computation?
  

How many bits need to be handled?
  

How fast does your biocomputer need to be?


