Protein-based approaches for biosensor development
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Two different protein-based approaches for biosensor module development
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1. Detection of external stimuli

3’-NADPH

Convert enzyme specificity towards

3’-NADPH using rational design /
directed evolution

Engineering bacterial two-

component system (TCS) Cell-based biosensor

Construct orthogonal signal relay

pathway to reduce response time
Development of directed evolution

platform

Development of directed evolution platform
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Engineering metabolic pathway with non-conventional cofactor 3’-NADPH

1. Split AvrRxo1 generation

2. Engineer 3'-NADP(H) utilizing enzymes
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Split AvrRxo1 3. Complete 3'-NADP(H) cycle

Allow for faster response time, not limited by

transcriptional / translational timescale interface

Split AvrRxo1

Engineering metabolic pathway with non-conventional cofactor 3’-NADPH

AvrRxo1

2'-NADP+

3’-NADP+

. Biological information processing

Utilizing non-conventional cofactor

Ligand-binding

Can we make an in vivo cycle that uses 3'-NADP(H) ?
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Engineering bacterial two-component system (TCS) for biosensor module
Candidate TCS

« Thiosulfate-sensing thsS/thsR from S.
halifaxensis

Periplasm /

extracellular »
Sensor | perchlorate)

» Toluene-sensing todS/todT from P. putida

-> Evolve towards aromatic molecule

KX Biological (e.g. TNT)

Receiver (REC) function

DNA-binding
domain (DBD)

Binding pocket analysis for rational design

Lazar & Tabor, Curr. Opin. Syst. Biol. (2021)

+ Tetrathionate-sensing ttrS/ttrR from S. baltica
-> Evolve towards small molecule (e.g.

Negative selection:
Remove non-specific expression of genes under PphsA promoter
Lower selectivity towards original ligand (thiosulfate)

Directed evolution workflow
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Platform to engineer 3'-NADP(H) utilizing enzymes

A growth-based selection platform for 3'-NADP(H) utilizing enzymes

E. coli shuffle Agor, AtrxB

NAD+
l AvrRxo1

Once we engineer gor enzyme that solely uses 3'-NADPH,

3-NADP+ GSH NAD+,
we can use this to evolve any 3'-NADP+ reducing enzyme
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Glutathione oxidase that can only use 3'-NADP(H)
-> Growth selection based on 3'-cycle

Split AvrRxo1 generation using circular permutation
Circular permutation
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Split AvrRxo1

First we need to find where to split!

Generate permutation library
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Test AvrRxo1 activity using growth inhibition assay
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Test split enzyme using known dimerization pair (coiled coil)

random circular permuted
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