
 

Abstract 

Fungi are well-known for their role as material recyclers in the natural carbon cycles and, as such, are intriguing for consideration 
in application to humanity’s transition to a circular industrial economy.  Here, fungi were employed in the upgrading of biomass 
and biomass-derived residues into commodity fuels, chemicals, and materials.  First, the products of the solid-state conversion of 
unprocessed biomass waste-residues were explored using non-targeted LC-MS coupled with multivariate statistical 
analysis.  Valuable chemicals, such as those described in two recent US DOE surveys, were identified as statistically significant 
fermentation products of each biomass feedstock investigated.  In addition to these platform chemicals, substantial production of 
bio-pigment was also observed.  Of the feedstocks investigated, a simulated food-waste was associated with the highest pigment 
production and was thus further explored for enhanced pigment production.  It was found that co-culturing of the pigment-
producing fungus with another species elicited significantly more pigment production vis-à-vis the pigment-producing species 
alone.  Turning from solid-state reactions to aqueous reactions, the final component of the project involved use of fungal whole-
cells as catalysts in the oxidation of biomass-derived compounds (e.g. 5-hydroxymethylfurfural; HMF).  It was found that several 
strains of fungi readily performed one oxidation on HMF (i.e. converted HMF into its acid counterpart).  To enable additional 
oxidation steps, a chemo-biocatalytic cascade involving fungal whole-cells coupled with an enzyme/mediator system was devised 
which was able to convert HMF into 2,5-furandicarboxylic acid, a compound of industrial interest for use as a replacement for 
terephthalic acid in polymer production.  Lastly, encapsulation of fungal biocatalyst in Ca-alginate beads was employed to enable 
recycling of the catalysts.  This strategy resulted in biocatalysts which could be reliably recycled for up to nine reaction cycles. 
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