The use of thermophilic bacterial
models to obtain thermostable
enzymes



Thermostable enzymes

Easier transport and conservation
ncreased diffusion of substrates and products
Longer operational half-lives

L esser contamination

L esser requirement for cooling

Associated resistances to detergents and
organic solvents



Getting thermostable enzymes

e |solation of thermophiles with new activities

e |solation of the genes encoding new enzymes
from metagenomes of thermal environments

e Selection of thermostable variants from
known enzymes of industrial interest (directed

evolution)



But..

e Most thermophiles are difficult to grow under lab
conditions.... >> very low success

 Only a fraction of the genes of a given thermophile can
be expressed in an enzyme active form in mesophilic
hosts like E. coli.... >> low success



But..

e Most thermophiles are difficult to grow under lab
conditions.... >> very low success

 Only a fraction of the genes of a given thermophile can
be expressed in an enzyme active form in mesophilic
hosts like E. coli.... >> low success

 laboratory-adapted thermophiles can be used instead

— To detect and overexpressed thermozymes

— To select for thermostable variants of non-thermostable
enzymes



Current extreme thermophilic models as putative cell factories






 Natural competence

* Complete genetic toolbox available
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APPLICATIONS OF T. thermophilus IN
ENZYME PRODUCTION AND THERMO-SELECTION

)

» (Meta)genomic libraries Up to 40% of the genes
from a thermophile

cannot be expressed in

» Protein cell factory | ! .
an active form in E. coli

» Selection of thermostable protein variants



Functional screening for thermostable enzymes

In (meta) genomic libraries

» Fosmid libraries constructed in E. coli

A\

Transferred on 96 well to Tth

» Integration by homologous
recombination on pyrE

» Many xylanolytic activitiers only

detected in T. thermophilus

Spirochaeta thermophila DSM 6192
2009

» T. th strain with no esterases as host

» Greater number of esterase-positive
clones (6) than with E. coli (2)

» Four novel esterases, two of new

families

Metagenomic libraries
2015



Host to over-express thermostable enzymes that cannot
be expressed In E. coli



Cell factories to over-express thermostable enzymes with greater
vield than inin E. coli



Thermostabilization by directed evolution in
thermophiles

* Functional:
- Strain growth dependent on the activity

e Activity independent:

- dependent on the functionality of a reporter






In vivo thermoselection (THR)
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Example of selection at 702C

Folding interference primary selection Secondary selection for activity on
thermostable clones
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Cheap high-throughput screening low throughput screening



P. fluorescens Esterase |

Selected mutants

65 °C- Kn 60 mg/L

Time at 65 °C (hours)
Rivera 2012. Ph.D. Thesis



Fluorescent proteins as thermostability
reporters in T. thermophilus
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In vitro screening through folding interference
with fluorescent reporters

PsipA AAAGSSGSI
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sGFP folded incorrectly sGFP folded correctly
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Conclussions

 Natural thermostable enzymes can be isolated from thermal
environments

e Thermus thermophilus is more efficient for the detection and
expression of thermozymes than conventional mesophilic
hosts

e The use of folding interference vectors allow the
thermostabilization of proteins in an activity independent
way, reducing time and costs



BERENGUER’S LAB

CBMSO> Microbiology & Virology> Biotechnology & Genetics of extreme thermophilic bacteria

BASIC RESEARCH APPLIED RESEARCH

 Anaerobic metabolism
« HGT
o Defense systems

Enzyme thermostabilization
IVT

C-C bond enzymatic synthesis
Metagenomics






Thermostabilization of proteins without
enzymatic activity: Human interferons

Alpha Beta Gamma

Chautard et al 2007



PFEI: Folding calibration set

Variant Tm (°C)

PFEI-34 78.8
PFEI-16 74.6
PFEI-wt 74.5
PFEI-46 4.4
PFEI-41 69.6
PFEI-60 67.9
PFEI-80 o7
PFEI-45 o6l
PFEI-29 56
PFEI-12 49




THERMOSTABLE FLUORESCENT REPORTERS

e Superfolder GFP (sGFP)

e Chromophore formed at
702C
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Melting 65 °C post-IVTTEco in bulk
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Folding interference is also selectable after
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IVTT with E. coli PURE-systems

Aurelio Hidalgo
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