
While laccases are unlocking the potential of
lignin, another group of oxidative enzymes
targeted by ROBUSTOO is opening up
entirely new pathways for sugar-derived
compounds. 
In this fifth edition of the Newsletter, we shift
our focus from forestry by-products to plant
biomass-derived sugars, introducing the
remarkable potential of
Hydroxymethylfurfural Oxidases (HMFOs).
Just as we are optimizing laccases to
withstand highly alkaline conditions, our
consortium is also working to optimize
robust HMFO variants that can thrive in
challenging industrial biorefineries, moving
them from a laboratory discovery to a large-
scale biocatalyst.
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Sugar's hidden potential: engineering robust HMFOs for next-generation
biorefineries

Welcome to the fifth issue of the ROBUSTOO newsletter!  

into FDCA (2,5-furandicarboxylic acid)
through a multi-step oxidation process.
Unlike traditional chemical
manufacturing, it doesn't require harsh,
toxic chemicals or heavy metals, just
oxygen. Since HMFO can perform all
three oxidation steps from HMF to FDCA,
it also bypasses the need for a "cocktail"
of different enzymes, which can only
handle one step of the reaction. This
capacity makes HMFO an ideal, all-in-
one, green alternative to traditional
chemical manufacturing. The only
byproduct of this whole chain reaction is
hydrogen peroxide.

From Lignin to Sugars: Introducing HMFOs 

5-hydroxymethylfurfural oxidase (HMFO) is
unloking the next generation of eco-
friendly plastics and materials

Originally discovered in the soil bacterium
Methylovorus, this enzyme has shown
that it can further valorise compounds
obtained from sugars. It uses oxygen to
convert HMF (5-hydroxymethylfurfural) 
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Toward PEF: FDCA as a Sustainable Plastics
Monomer

The petroleum-based chemicals currently
used to make billions of plastic bottles and
potentially toxic epoxy resins are
unsustainable and harmful to the
environment.
The FDCA produced by HMFOs can directly
replace petroleum-based terephthalic acid
(PTA), one of the monomers of polyethylene
terephthalate (PET). Manufacturers can create
polyethylene furanoate (PEF) by polymerising
FDCA with bio-based mono-ethylene glycol
(MEG), making 100% plant-based, fully
recyclable PEF plastics with a lower carbon
footprint and superior qualities to PET.
Furthermore, FDCA's rigid aromatic furan ring
makes it a highly effective, safer, non-toxic
replacement for Bisphenol A (BPA), a harmful
endocrine disruptor that is increasingly being
phased out of consumer packaging and food
can linings.
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Producing these essential bio-based
building blocks not only greens the
plastics sector but also strongly supports
the competitiveness of European
chemical companies, directly aligning
with strategic EU frameworks.

In ROBUSTOO, we are addressing the key
challenges of moving HMFO from a
laboratory discovery to a large-scale
industrial biocatalyst. In real-world
biorefineries, enzymes face crude
impurities, shear and thermal stress from
industrial reactors, and inactivation
caused by reaction byproducts. Our goal
is to develop new robust HMFO variants
that thrive in these demanding
conditions, optimize their efficiency, and
scale up their production so they can
successfully compete with the fossil-fuel
industry. This optimization is particularly
challenging because the conversion of
HMF into the plastic building block FDCA
occurs via three sequential oxidation
steps

HMFOs have the power to turn sugar-
based compounds into valuable bio-
based chemical building blocks, bringing
us one step closer to a truly circular
economy!
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