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Tools
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. Control & dyn. systems
. Reverse engineering

. Fab, CAD & EDA

. Standards & abstraction
. Languages & grammars

. Device design
. Info. theory & signal proc.




Information processing, computation, and control
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Plan for developing a programmable input/output tool

RNA parts . RNA devices ’ Engineered systems

experimental frameworks that - ©In silico design frameworks for
support reliable and rapid assembly ‘programming quantitative device
of RNA devices . performance
technologies for generation : technologies for generation of parts -
of refined part libraries o within device platforms

----------------------------------------------------------------
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A platform for programming device function
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A platform for programming device function
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A platform for programming device function e
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A platform for programming device inputs
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A platform for programming response properties
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Win MN, Smolke CD. 2008. Science. 322: 456-60

Logic gate devices

input A input B 6
AND gate P P < o
S u
de do 4
A_ r--—-=—=""=""~"="=""="=""="""="|"-"-"--"--"-- | I ___________l Q— '2-
B—output ! 1 ¥ 1 ! x
B— i i : =
| i [ c 101
| 1 : 5
: r ! <
| ¥ | o 87
: ¥ ! 2
| i | o 6-
: . . | %ﬁ M :
|- - : AAAAA S 4
0 1 0 | Vet ol oo e g 20
1 0 0 ‘ ‘ '5 24
1 1 1 SIS B
GFP low low low high
& theo — + — +
output protein (high when AB) tc — — + +

NOR gate input A input B 10

c
o
=9 8.1
de do 2 T
A output :F ______________________ i:_ _______________________ i é’ ° L
B | ¥ : S 79
| I | S 6-
A B  output : ¥ | £ 5
theo tc GFP | VN liom/\ i z 4
i """ b 1 c -
0 0 1 : H l 2
- s : 2 3 20
0 1 0 II e T _________'AAAAA o ) 11
5 i .
1 0 0 . l b S g 0
1 1 0 8 -

GFP high low low low
& —_— theo — + — +
output protein (high when A+B) e — — + +



Single gain device — programmed cooperativity
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Ribozyme Cleavage miRNA-Mediated Silencing

RNA devices ' Drosha | MiRNA

< E 1 silencing

gene OFF

Win MN, Smolke CD. 2007. PNAS. 104: 14283-8
Win MN, Smolke CD. 2008. Science. 322: 456-60

Beisel CL, at al. 2010. In review

shRNA-Mediated Silencing

Alternative Splicing

protein
O input low output
(OFF state)

| e

v
3’ss :_8
device | ].= high output

(ON state)

e h
nucleus ~—— |_’ — Target gene

Culler SJ, Hoff KG, Smolke CD. 2010. In review Beisel CL, et al. 2008. Mol Sys Biol. 4: 224




Ribozyme Cleavage

RNA devices

. .
. .
.

Win MN, Smolke CD. 2007. PNAS. 104: 14283-8
Win MN, Smolke CD. 2008. Science. 322: 456-60

actuator

Alternative Splicing

protein
O input low output
(OFF state)

| e

v
3’ss :_8
device | ]-= high output
\ (ON state)

nucleus T Teol]

Culler SJ, Hoff KG, Smolke CD. 2010. In review

miRNA-Mediated Silencing

Drosha | MiRNA
< : | silencing

Beisel CL, at al. 2010. In review

| h
|_e’ 4' Target gene

Beisel CL, et al. 2008. Mol Sys Biol. 4: 224




Computational models can predict parameter effects
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Models predict transmitter tuning strategies
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System restrictions lead to optimization in RNA device

design strategies
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A framework for forward engineering device response
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Irreversible rates can play an important role in RNA
device performance
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Quantitative tuning of device response
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Advancing cell-
based therapies




T-cell proliferation pathway
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A synthetic T-cell regulatory network
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A synthetic T-cell regulatory network
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Rapid prototyping and optimization of a T-cell
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Stable cell lines show dynamic response to input
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RNA devices regulate T-cell proliferation in vivo
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Choice of drug-sensor pair affects device performance
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Moving between exogenous and embedded control
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Microbial factories

genetic materials

n 8
microbial ew chemicals
materials

products

raw materials

genetic manipulation and control



Benzylisoquinoline Alkaloids (BIAs) are an important

class of natural products
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Molecular tools for optimizing metabolite production
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Integrating RNA devices as noninvasive sensors of
metabolite concentration
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RNA devices enable noninvasive sensing of metabolite
concentration
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RNA sensors generated to key BlAs
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Future directions: addressing the scalability challenge
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