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Building the Next Generation of Industrial Enzymes: Protein Engineering in
Support of Innovation

Welcome to the third issue of the ROBUSTOO newsletter!

In the first editorial of our Newsletter, we underlined why enzymes are key biotechnological assets
aiding the transition to a more sustainable and competitive European economy. The use of
enzymatic biocatalysts offers numerous advantages over more traditional approaches, while
addressing the growing demand for safe and sustainable industrial bioprocesses.

Enzymes are remarkable biological catalysts able to drive chemical reactions with exquisite precision,
efficiency, and selectivity. However, they have evolved over millions of years to function optimally on
specific substrates under physiological conditions typical of living cells. This usually hinders their
application in industrial settings where catalysts with unprecedented selectivity or that operate far
beyond these natural parameters are often demanded.

Protein engineering overcomes this limitation by redesigning the enzymes into tailor-made
biocatalysts adapted to the desired application. By manipulating the DNA sequence encoding an
enzyme, we can introduce mutations that alter its amino acid sequence to modulate the enzyme
properties by changes in the environment of the enzyme’s active site or other regions of the protein
structure. The complementary use of different engineering approaches enables biotechnologists to
create a new generation of enzymes, bridging the gap between natural evolution and industrial
application.

Changing the game with protein engineering

Among the main approaches for modifying enzyme properties, rational design and directed
evolution, supported by computational analyses, are the most widely used, both individually or as
combined strategies. The method of choice depends on several factors, such as the starting
knowledge of the structure and function of the protein or the possibility of implementing a reliable
high-throughput screening (HTS) system, among others.

The amino acid sequence of a given enzyme determines its structural conformation, which in turn
provides the required scaffold for a precise catalytic activity and stability. Understanding these
structure-function relationships guides the coherent selection of mutations to be introduced in
specific amino acids, which is the basis of rational design. Mutations are site-specific, meaning that
this approach yields a quite small number of mutated variants to be screened. Yet, rational design
usually works best for specific improvements to well-characterized enzymes rather than to introduce
radical functional changes.
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Directed evolution, on the other hand, does not need extensive knowledge about the enzyme
structure and related function, constituting a powerful alternative to rational approaches. This
techniqgue mimics the key steps of natural evolution (genetic diversity, survival of the fittest, and trait
inheritance) at the molecular level, reducing the timescale for enzyme evolution to months rather
than millions of years. To this end, iterations of random mutagenesis of the starting gene and
selection of the fittest mutants are conducted. By applying ad-hoc selective pressure during the
screening of the mutant libraries (for example, a certain pH or temperature), it is possible to direct the
evolution of the enzyme towards the desired property after several rounds of evolution. Given the
large number of mutated enzymes to be screened, one of the major challenges is to find a suitable
HTS method enabling the selection of the winning enzyme variants bearing the intended properties.

The current tendency is to combine directed evolution tools with computational design in semi-
rational approaches to increase the efficiency of enzyme engineering by creating smart libraries and
reducing the screening effort and the dependence on high-throughput methods. Starting from
structure-function information and supported by Al predictive algorithms, it is possible to generate
and analyse computationally thousands of possible mutants or identify hot spots to be later on
validated experimentally.
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What is going on in ROBUSTOO?

The main goal of the ROBUSTOO project is to exploit the full
industrial potential of three types of oxidative enzymes
(laccases, UPOs, and HMFQOs) to enable a novel and greener
production of bio-based chemicals and materials. One of
the objectives is to optimise the performance and
robustness of the enzymes through protein engineering to
obtain tailor-made biocatalysts for the desired applications. Fungal Laccases

Enhanced robustness through

¢ Fungal laccases have great potential to modify kraft . .
directed evolution

lignins, but this requires enzyme candidates working at
elevated pH and temperature values, far from the
natural acidic activity and medium thermal stability
typical of fungal laccases. Through several rounds of
directed evolution, we have been able to confer activity
on lignin at very alkaline pH, while at the same time
achieving remarkable thermal and pH enzyme stability.

e UPOs are considered "dream biocatalysts" for their
ability to oxyfunctionalise a wide substrate spectrum
using hydrogen peroxide as a co-substrate. In
ROBUSTOO, we are developing UPO candidates that
selectively modify fatty acids and other lipophilic

substrates in specific positions, through a semi-rational UPOs
engineering approach involving extensive ) ] '
computational simulations. More selective by rational design

¢ HMFOs have emerged as promising biocatalysts for the
conversion of HMF into the plastic building block FDCA
via three sequential oxidation steps, where the product
of each intermediate reaction becomes the substrate for
the next. Therefore, it is crucial to develop enzyme
candidates with optimum activity on all these
substrates, while at the same time overcoming observed
inhibition and stability issues, something that we are
addressing in ROBUSTOO by rational design supported
by computational predictions.

HMFOs

Activity improved by rational design
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