A\

National
Institute of Chemistry
Slovenia

Designable modularity in
synthetic biology

from engineering logic functions into cells
to the design of new protein folds

Roman Jerala

Department of biotechnology
National institute of chemistry
Ljubljana, Slovenia



Structuraland functional modularity of proteins

Modularity of proteins Advantages:
A Lower number of required de

novo domains

A Combinations of modules
Increases the set of
functionalities T accelerated
evolution

Modularity of the transcriptional
regulatory elements

DNA binding + effector domain




Instructionsfor the molecularassembly

X DNA sequence + protein X Protein-protein

binding domains Interactions
cellular program code with large complexity  Engineering of polypeptide interactions
and can be easily designed (DNA based on well-understood rules
synthesis). (designed coiled-coil assemblies)

Designable DNA binding
domains/complexes

(e.g. zinc fingers, TALE domains,
CRISPR/Cas) ]
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Information transfer In
electronic vs. cellular circuits

Electronic circuits Cells

Conductive wires control Free diffusion: transcription
the flow of information factors act on all binding
sites within each cell

ORTHOGONALITY




Limitations of designed circuits
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An ideal toolbox of designed TF




Transcriptional activatoflike (TAL) effectors
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DesignedTl ALrepressorsand activators
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Finetuning of designedrepressors

TAL binding site TAL binding site
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Orthogonality of NORgate
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Layered NOR gates for complex functio
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~ XORunction

Input Processing logic

Reporter Control
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Logic functions

Implementation of all
16 two-input

logic functions based
on genetic NOR gate

Gaber et al., Nature Chem Biol 2013



