
In the first three issues of our newsletter, we explored the fundamental role of enzymes as catalysts
for Europe’s green transition and their strategic importance in building a robust bio-based market to
replace fossil-based feedstocks. Most recently, we delved into how protein engineering, especially
directed evolution combined with computational design, are bridging the gap between natural
evolution and industrial application, enabling biocatalysts to withstand non-natural manufacturing
conditions. We specifically highlighted ROBUSTOO’s work in optimizing fungal laccases to operate on
lignin at elevated temperatures and highly alkaline pH values.

In this fourth edition, we discuss about how the engineered laccases developed within our project are
being deployed to tackle one of the greatest challenges, and most promising opportunities, in the
biorefinery sector: the valorisation of lignin.
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More value from lignin with enzyme-based technologies

Welcome to the fourth issue of the ROBUSTOO newsletter!  

Lignin is a major component of wood, comprising over 30% of its dry weight. It’s a complex cross-
linked phenolic polymer providing rigidity and strength, and giving the brown colour to the wood. In
the biorefinery context, lignin has often been regarded as a recalcitrance factor, fermentation
inhibitor, sugar stream contaminant, etc... The frustrating experience of lignocellulosic bioethanol
hype of the past years triggered the formation of a broader view of the biorefinery concept and
understanding that valorisation of lignin is a vital component of the economics of the entire
biorefinery business.

Main hurdles of lignin valorisation are its diverse chemical composition, recalcitrance, and poor
solubility due to high molecular weight and branched structure. Controlled fragmentation of lignin
and its activation (increasing the number of hydroxyl groups) could lead to its use in higher-value
products such as binders, coatings, fillers, and others. This could be achieved by controlled oxidation,
causing spontaneous cleavage of the polymer chains as well as demethylation of methoxy groups,
resulting in additional hydroxyl moieties. 

No matter the question, lignin is the answer

Biocatalysts – a keystone in the foundation of bioeconomy



In order to demonstrate the relevance of this enzyme for industrial lignin valorisation, MetGen
developed a continuous process of lignin oxidation and separation to fractions of various molecular
sizes. This process is currently running at a pilot scale with industrial ultrafiltration membranes. The
properties of the outgoing lignin fractions can be modulated by tuning process parameters and
reaction conditions. Thus, MetGen was able to build a lignin refining technology based on the
enzymatic oxidation process.

For the industrialization of this technology, it is critical to demonstrate the full industrial potential of
modified lignin fractions at a relevant scale. The ROBUSTOO project will demonstrate the conversion
of industrial lignin modified by laccase into 100% bio-based resins as adhesives for wood panels and
3D printing additives, increasing the commercial value of existing lignin products, helping to attract
off-takers and investors to this technology. This lignin refining technology will also be tested with new
alkaliphilic laccase variants of fungal origin developed and produced by other consortium members,
in order to compare the performance of the released fractions in the aforementioned applications.

It is important to understand that lignin preparations of different (defined) molecular weights can be
further valorised and utilized in various industrial applications. Thus, the target of lignin
depolymerisation is to create lignin fractions that are bioequivalent, for example, to oil-based
compounds used as resins, adhesives, composites, and foams. In this view, it is not necessarily
desirable to depolymerize lignin to monomers in its entirety. We believe that it is beneficial from the
economic and environmental point of view to pursue a less energy-intensive transformation of the
starting material, followed by efficient separation, which will provide valuable fractions for various
applications. With this strategy in mind, the enzymatic approach seems very attractive. 

To address these issues, MetGen set out to develop an enzyme that could oxidise lignin in its most
water-soluble state – in highly alkaline conditions. Such an enzyme (a laccase MetZyme® PURECO)
was developed and scaled to an industrial multi-ton production scale. This is the first laccase on the
market that works in alkaline conditions, moreover it is fully functional and stable at pH as high as ten
to eleven. The enzyme was able to decrease the molecular size of raw lignin and substantially
increase the number of free hydroxyl groups.

Path forward to industrialization a collective effort
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Lignin fractions serve as sustainable resins
for wood panels, replacing oil-based

compounds

Modified lignin increases the commercial
value and performance of bio-based 3D

materials

Advanced 3D printing additives100% bio-based wood adhesives


