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Using accelerated evolution to create new enzymes with
Improved properties
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Using accelerated evolution to create new enzymes with
Improved properties
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Enzyme-mediated cell-gel encapsulation technology for
ultrahigh throughput library screening
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European priority patent application EP18184204
Chemistry of Materials, DOI: 10.1021/acs.chemmater.8b04348, 2019.
Biotechnology and Bioengineering, DOI: 10.1002/bit.27002, 2019.



Enzyme-mediated cell-gel encapsulation technology for
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Enzyme-mediated cell-gel encapsulation technology for
ultrahigh throughput library screening
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Peroxidase enzymes can initiate radical
polymerization

 Heme-enzyme that catalyzes the reactions of H,O,

« Oxidizes a wide range of organic and inorganic substrates (promiscuous)

accordingto: H,0, + AH, - 2H,0+ A
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Peroxidase-mediated cell encapsulation using
bio-specific recognition

« Biospecific cell labelling followed by /1 situ hydrogel polymerization

Confocal

ACS Macro Lett., 3(10): 972975, 2014.
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Evolving GOX activity and stability using gel-
encapsulation system
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Evolving GOX activity and stability using gel-
encapsulation system

Alginate backbone
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alginate phenoxyl radicals in fluorescent hydrogel



Confocal microscopy shows singe cells encapsulated in
conformal hydrogel

Bright Field Fluorescence
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SEM Imaging confirms single encapsulated yeast cells or
budding yeasts




Optimization of expression, encapsulation, and
screening conditions
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Optimization of expression, encapsulation, and
screening conditions
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Methods for isolating/enriching encapsulated cells

B
Size-based
. separation
« Cell sorting/flow cytometry
« Cell survival under selective pressure :\ ?
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Alginate shells do not inhibit cell growth
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Cells easily divide after being encapsulated in the alginate
capsules




Normalized activity

GOx mutant library screening

WT-GOx is inactive under
selection pressure of 5M GdnCl
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Evolved GOx mutants have up to 4-fold faster k., and are

>

Residual activity

Released H,0, (umol/L/s)
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Thermostability by differential scanning fluorescence
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Higher temperature denaturation peak is more prominent for evolved
mutants. Attributed to dimer form.




Conclusions & outlook

Conclusions

 Enzyme screening is a major bottleneck in the
development of biocatalysts.

* A new high throughput screening method based on
genetically encoded localized hydrogel formation is
under development which is faster, cheaper, and
relevant for industry.

« Valid for screening of enzymes that produce H,0O,

Outlook

« Other enzymes to evolve: catalase, dehydrogenase,
other oxidoreductases,

« Applications of cell-gel encapsulation for mammalian
cells (top down)

Chemistry of Materials, DOI: 10.1021/acs.chemmater.8b04348, 2019.
Biotechnology and Bioengineering, DOI: 10.1002/bit.27002, 2019.
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