sywthetie biology - holds promises?
neeas drgj tech V\iques!

at a cross-road:

- tangible enthusiasm, as huge soctetal tmpact could be tn the
making, and new science needs to be done

- at the same time there are concerns

- scales?

- what wmedium?

- will bio engineering diverge from sysbio?

[new parts/models, or is it all about picking and simpLLﬁj Lng)
natural ones]

- what tools? [MD, PDEs, ... Boolean clrecuits]

- dry synbio?

- does it not need new foundations/computational tools?
[specifically of unterest to the purpose of this coursel
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who?

we seek to be useful to different profiles of undergrads, grads,
and post-docs:

- [drg] theoretica Ly nclined students who want to understand
which tools § theories from maths, ph 55105, ... itnformatics

they could contribute to bring to bear on which computational
aspects of synbio

- [wet] synthetie biologists tn the making who want to know the
extant such tools (cellular automata, maultiscale,...), how to use
them to minimise cost, time, fatlure tn wet work
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sywbio a def

emerging engineering discipline that draws tts components ano
technologies from Life

sywnbio = biology constdered as a computational medivwm

grouwnd biochemical level: sywnthesis of entire pathways,
organisms and ecosystems s now conceivable!
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e)qaectatiows/SOtA

wide range of applications

- broremediation (detection, recycling and degrading of heavy
metals, pesticides and other toxie substances)

- carbown reclaim

- cheaper or cleaner energy sources “oil 2.0”

- drug sywnthests, smart drug delivery using biosensors

- smart matter (Loosely connected independent agents)

- general computing (as in Adleman's earlier DNA computing).

- bacterin take pietures,

- blink at a given frequency

- smell of banana when the temperature goes up

- fight each other Ln a synithetic prey-predator system.
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probtems!

programmable, scaleable and modellable (all aspects of a same

cOLN) 22?2

key additional degree of freedom:
one may select the instruction sets (a different game than sysbio)

so whteh?

what are those parts one needs to build systems going to be?
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(‘PVO lR-) tra nscriptional Logic

- wnouectble/controllable transcription factors (TFs):

- Lots of small cireuits have beew realised (we’ll see the classics)

- a dozen of “nducers” to switch a few well-Rnowwn TFs -> activate
or repress the synthesis of certain genes

- more promoters (the DPNA/TF interfaces) can be derived using
combinatorial technigues

- tractable Boolean semantics but that does not alwa Ys work

- there are wwore accurate models thawn Boolean

Inducer 2 “Construction of a genetic toggle switch tn . coll” Nature 2000
Promoter 1
Repressor 2 Repressor 1 Reporter
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transcriptional Logic/blobricks/DNA
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“Construction of a genetic toggle switch tn E. coli” Nature 2000
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other Logices

- sy nthetic protein networks (most expressive medium?)
- bacterial ecosystems

- ritboswitehes

- DNA hatrpins, single-stranded DNA
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search

the desigwn space for parts s hard to search:
- made of PNA sequences of which an unfeasible number

- develop Low-level physics models of the "logie”
- combinatorial sampling (a la Elowitz)
- directed evolution methods
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