Abstract

Lignin is the second most abundant biopolymer and contains many aromatic
and phenolic structures suitable for strong polymers, solvents, fuels, and could
replace petroleum in many high-value chemicals. Lignin is also a massive
component of organic waste from both cellulosic conversions and agricultural
residues. The only natural means of converting lignin in any significant quantity
come from decay-fungi. Despite decades of study in model organism, the means
by which fungi attack whole lignin and how they handle smaller monomers
remains largely unknown. Thanks to years of careful collecting and culture
maintenance, the OSU Biodeterioration lab has a large array of living fungi with
wood degrading abilities.

In this study 110 fungi are being grown on media containing 5 compounds
that represent lignin’s primary carbon intermediates (paracoumaryl alcohol,
coniferyl alcohol, sinapyl alcohol, para-hydroxy benzoic acid (PHBA) and
catechol). Growth rates of fungi are being monitored by total biomass as well as
changes in UV absorbance of each fungal-media combination. Early results show
clear differences within the abilities of fungi generally lumped together as “lignin
degrading”. Not only do these results indicate a complex community approach to
whole lignin degradation in nature but point to many new pathways for selective
lignin modification. Results from screening will inform further genomic
comparisons and analysis of novel products from these fungi. Identification of
lignin metabolic pathways in wood decay fungi will expand the molecular toolkit
available to biologically upgrade lignin to value added chemicals. A wide screen
of decay fungi Is required to adequately describe the diversity of lignin-
metabolism. Selective lignin modification will also drive new “green chemistry”
and renewable materials beyond cellulosic biofuel, and will be essential for
lignocellulosic waste valorization

TL,DR;

* Lignin can replace petroleum.

* The only common way to modify lignin is with decay-fungi, but we don’t know
many details.

* We tested 110 fungi against 5 lignin-like compounds to identify targets for further
research.
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INTERPRETATION:

Decay fungi are usually described as “white-rot” (degrading
lignin and all other wood polymers) or “brown-rot”
(degrading all wood polymers except lignin). Our screening
supports a much finer resolution of decay categories and a
diversity of lignin attacking mechanisms. We used several
methods to characterize fungal metabolism against lignin
derivable monomers.

Sole Carbon Metabolism.

Different fungi can grow on agar amended with only one
compound. This study was cut short when we determined
that most decay fungi grow on un-amended agar even better Color changes

effect.

larger “white-rot”
Fungi showed clear preference for various substrates,
possibly explaining why specific fungi prefer certain woods.

UV analysis. Using UV-spectrometry to track substrate in
liquid media revealed that fungi can either degrade a
compound completely (see below) or create a new
compound as revealed by new UV peaks (see bottom right.)
In this example a new peak was formed at 288 nm from
syringate, which absorbs at 262 nm. Only some fungi had this of fungi against these monomers there was no metabolism of
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These do not always appear in the 200 to 400 nm range and
will be investigated further with a full spectrophotometric
scan.

paradigm more commonly described.

Screening Decay Fungi for Potential Lignin Valorization

Lignin - Where it comes from and where it goes.

Soda (P1000, herbaceous)

Kraft (Indulin AT, softwood)
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Modification observed through color
change

New peaks and chemical modifications will have to be
identified by a battery of chemical analysis, including GCMS.

For many of the fungi tested this will be the first comparison
of their metabolism for novel functions. In other experiments

vanillic acid, an essential portion of lignin modification and a
pathway already in demand. Because of the scope of our
screening this may be the first opportunity to target genes

L %

atecho[

* Color changes in protocatechuate and syringate appear to be associated,

PHBA Vanillate Syringate Protocatechuate

The ascomycete Cunninghamella after 1-week.

than on glucose (creating false positives). But results Within the sets that cause a change in UV absorbance, some specific to vanillic acid metabolism.

indicated that different metabolic groups exist within the  fungi cause color changes, while others do not. At right is an

example of OCM standards (back) and color change (fore). * Color changesin PHBA and vanillate have slightly less overlap

Metabolic utilization determined by
growth on amended media.
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Chemical modification determined by UV
spectrophotometry

OCM 31 - Parahydroxy enzoic acid, 48 days of growth.
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OCM 3, Syringate after 12 days.

Degradation of syringate by a subset of 44 fungi (out of 110)
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* New peaks (288 nm) were formed after 12 days.
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* Only some of the new peaks are associated with color changes
1.2

* Activity of syringate and PHBA overlap only partially.
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* Color change in PHA did not occur in under two weeks for any fungi

Next Steps:;
Genomics, Chemical Analysis

Next Steps

Predict range of
new compounds

ation of 23C and 2H SNIF-NMR
- ors. Flavour ond

Once metabolic guilds are characterized, in silico genomic
comparison can be performed to identify gene-targets
related to lignin decay mechanisms. These will eventually
lead to the ability to modify microbes for bio-reactors, or
quickly assess fungi for lignin modification potential.

By better matching fungi to substrates this could leverage
technologies for bioremediation and wood preservation.
One outcome of our screening will be a catalogue of fungi
with novel anti-aromatic and anti-phenolic capabilities.

Cluster analysis and genomic trait
correlations

Multi-species
GWAS
(Genome wide
association study)

Verify gene target
by
insertion/deletion

“Disequilibrium
blocks” predict gene
targets for OCM
activity phenotypes

Utilize BLAST hits

to predict metabolic
group of an
untested fungus.

Solicit new genomes
from other labs or
JGI once metabolic
groups are
established.

Integrate cutting
edge fungal
genomic
publications
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