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he Andorfer lab seeks to develop

sustainable biocatalysts for producing

value-added chemicals from inexpensive
and abundant feedstocks, namely CO, and
hydrocarbons. We will target enzymes
that allow anaerobic microbes to activate
components of crude oil (e.g. toluene,
n-alkanes, and benzene) and subsequently
use them as carbon sources for metabolism.
Because anaerobic, crude-oil-polluted
environments are recalcitrant to typical
remediation methods, these enzymes could be
useful for bioremediation efforts in anaerobic
environments as well. The challenging task of
anaerobic hydrocarbon activation is enabled
by a range of enzyme cofactors, including
both inorganic cofactors (e.g. 4Fe4S clusters)
and/or organic radical cofactors (e.g. amino
acid radicals). We aim to not only engineer
these enzymes for selective catalysis, but
also to elucidate molecular-level mechanistic
understanding.
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* Greenhouse gas as carbon source
* Benzene activation under mild conditions
* Mechanistically unexplored

We will take two major approaches to study
these crude oil degrading enzymes:

e Directed evolution of selective C-H
functionalization biocatalysts for syn-
thetically-useful transformations

 Structural and mechanistic characteriza-
tion of putative hydrocarbon-degrading
enzymes to understand basic principles
of how they work

In addition to more traditional organic and
molecular biology techniques, members of
the group will use single particle cryo-electron
microscopy (cryo-EM), EPR spectroscopy, as
well as anaerobic enzyme purifications and
biochemical assays.

Directed Evolution of Anaerobic Enzymes -
Directed evolution methodology has been
used for decades to repurpose enzymes for
synthetically useful organic transformations;
however, it has not been used for anaerobic

hydrocarbon activating enzymes due to
the complexity of these systems. We will
create tools to engineer these enzymes
to alter functionality and develop them
as synthetically useful catalysts. Some
of the reactions we will be exploring will
include olefin hydroalkylation and benzene
carboxylation.
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Single Particle Cryo-EM - We will use MSU’s
Talos Arctica electron microscope to collect
images to visualize single protein molecules.
Single particles can be sorted into 2D classes
and used to build 3D electron density maps
for the protein of interest. Using these
maps, we can build in molecular models to
ultimately solve new protein structures. We
will leverage the molecular-level mechanistic
understanding gained through structure
determination to inform protein engineering
efforts. @
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electron density map (left) of
an XSS that functionalizes

n-hexane. XSSs contain multiple

4Fe4S clusters (right).




