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Lignin and white-rot fungi

NATIONAL RENEWABLE ENERGY LABORATORY 3

IN NATURE
• Lignin accounts for 30% of the organic carbon on Earth 
• White-rot fungi are the most efficient organisms mineralizing lignin in Nature
• White-rot fungi play a pivotal role in Earth´s carbon cycle

IN A BIOREFINERY
• Lignin valorization is key to enhance the feasibility of lignocellulosic biorefineries
• Lignin depolymerization is a challenge
• White-rot fungi are a promising biological tool for lignin upgrading  

BIOPRODUCTS

Pool of lignin degradation products

Central metabolism

Vanholme et al.Plant physiology. 2010

By Melissa Kuo

Lignocellulose
• Cellulose
• Hemicellulose
• Lignin

White-rot fungi



Our project at EMSL
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We know that…
• White-rot fungi mineralize lignin to CO2 and H2O
• White-rot fungi secrete enzymes and metabolites to depolymerize lignin

We do not know…
• Carbon flux between lignin and CO2 or the location (extracellular, intracellular)
• If lignin degradation products are utilized as a carbon source

Systems biology at EMSL
Proteomics
Transcriptomics
Metabolomics

del Cerro, C., Erickson, E., .., Salvachua, D. Intracellular pathways for lignin catabolism in white-
rot fungi. In revision in PNAS.

Capabilities, expertise, and instrumentation

… how?
Enzymes
Regulation
Pathways

Isotopic labeling experiments demonstrated that white-rot fungi
utilize 13C-ring labeled 4-hydroxybenzoic acid as a carbon source…



Successful previous collaborations at EMSL
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Functional classification

How do fungi breakdown lignin? How do bacteria breakdown lignin?

Salvachúa, D., Katahira, R., …, Beckham, G.T.. Lignin depolymerization by
fungal secretomes and a microbial sink. Green Chemistry, 2016.

Oxidoreductases 
PNAS cover

Salvachúa, D., Werner, A., Pardo, I., …, Beckham, G.T.. Outer membrane
vesicles catabolize lignin-derived aromatic compounds in Pseudomonas
putida KT2440. PNAS. 2020

• Proteomics in Pseudomonas putida and other bacteria

• Differential analyses (substrates) and spatial-temporal resolution

• Proteomics in Pleurotus eryngii

• What enzyme cocktail is secreted by this fungus?



Proteomics and transcriptomics at EMSL
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NREL
• Differential analyses (substrates) and spatial resolution in two white-rot fungi
• ~ 60 samples for proteomics and ~ 30 for transcriptomics 

How do white-rot fungi 
catabolize lignin?

del Cerro, C., Erickson, E., .., Salvachua, D. Intracellular pathways 
for lignin catabolism in white-rot fungi. In revision in PNAS.

EMSL
High throughput analyses, state-of-the-art capabilities

Proteomics
• Metabolite, Protein, Lipid Extraction (MPLEx) extraction (proteomics)
• Advanced mass spectrometers (Q-Exactive Plus hybrid quadrupole/Orbitrap) 
• Data analyses (statistics, bioinformatics)

Transcriptomics
• Sample processing and RNA assessment 
• Next generation (NextSeq 500) Sequencing Systems 
• Data analyses (statistics, bioinformatics)



Metabolomics at EMSL
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Values in Chenomx database are quantitative
Values in CUSTOM and HMDB are qualitative

Metabolite concentrations (µM)

Values in Chenomx database are quantitative
Values in CUSTOM and HMDB are qualitative 

Metabolite concentrations (µM)

0 25 3,900

0 10,000 59,300

Cellobiose 4- HBA Syringic acid Lignin Poplar

TV GS C TV GS C TV GS C TV GS C TV GS C
Compound Database 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45
1,1-ethanediol CUSTOM
1,2,4-benzenetriol CUSTOM
2,6-dimethoxy-1,4-benzoquinone CUSTOM
3,4,5-trimethoxybenzoic acid CUSTOM
3,4,5-trimethoxybenzyl alcohol CUSTOM
4-Hydroxybenzaldehyde CUSTOM
4-Hydroxybenzyl alcohol CUSTOM
4-Methoxybenzoic acid CUSTOM
Acetaldehyde CUSTOM
Alpha-ketoisovaleric acid HMDB
Hydroquinone HMDB
Syringol CUSTOM
3-Hydroxyisobutyrate Chenomx
3-Methyl-2-oxovalerate Chenomx
4-Aminobutyrate Chenomx
4-Hydroxybenzoate Chenomx
4-Hydroxybutyrate Chenomx
AMP Chenomx
Acetate Chenomx
Acetoacetate Chenomx
Acetoin Chenomx
Acetone Chenomx
Adenosine Chenomx
Alanine Chenomx
Ascorbate Chenomx
Asparagine Chenomx
Aspartate Chenomx
Betaine Chenomx
Butyrate Chenomx
Choline Chenomx
Dimethylamine Chenomx
Formate Chenomx
Glutamate Chenomx
Glutamine Chenomx
Glycerol Chenomx
Guanosine Chenomx
Isoleucine Chenomx
Lactate Chenomx
Leucine Chenomx
Lysine Chenomx
Methanol Chenomx
Methylamine Chenomx
Phenylalanine Chenomx
Proline Chenomx
Pyroglutamate Chenomx
Pyruvate Chenomx
sn-Glycero-3-phosphocholine Chenomx
Syringate Chenomx
Threonine Chenomx
trans-4-Hydroxy-L-proline Chenomx
Tyrosine Chenomx
UDP-glucose Chenomx
Uridine Chenomx
Valine Chenomx

Dehydroascorbic acid HMDB
Cellobiose Chenomx
Ethanol Chenomx
Glucose Chenomx
Tartrate Chenomx

del Cerro, C., Erickson, E., .., Salvachua, D. Intracellular pathways 
for lignin catabolism in white-rot fungi. In revision in PNAS.

NREL
• Differential (substrate) and spatial resolution in two white-rot fungi
• ~ 60 samples for metabolomics

EMSL

• Metabolite, Protein, Lipid Extraction (MPLEx) extraction and water extraction

• Targeted and untargeted  //  quantitative and qualitative

• Greater metabolome coverage: combined NMR spectroscopy and liquid 
chromatography-MS, gas chromatography-MS, and ion mobility spectrometry-MS

• NMR libraries: Chenomx, Human Metabolome Database, and custom in-house (we built 
a library to target and cover our hypothetical catabolic pathways)



Why you should submit a proposal to EMSL

• Very diverse capabilities, expertise, and state-of-the-art instrumentation  high quality data

• Study a broad spectrum of organisms and environments: fungi, bacteria, plants, microbial communities, soils…

• Constantly developing new tools: Lipidomics, MS imaging (spatial, qualitative, and quantitative molecular information)…

• Rewarding interaction with EMSL scientists: from proposal writing to manuscript writing
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https://www.emsl.pnnl.gov/



Tips for a successful proposal

Before proposal writing

• Peruse the EMSL website
• Identify the appropriate call for your proposal (EMSL website)
• Carefully read the four review criteria (every section has its own score!)
• Contact EMSL researchers once you know what you want to propose. They will

recommend specific instruments and hours needed for your work and/or even different
techniques that you did not have in mind to accomplish your work.
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If you don’t get a project, you receive good feedback!  

Proposal writing

• Clear hypothesis and aims in the first paragraph
• Preliminary experiments and figures that support your hypothesis/experimental design
• Clear methodology (detailed)
• Data organization/integration (what will you do with the data?)
• Include your expertise in the proposal (apart from the CV!)



Thanks for your attention!
Questions?

Davinia Salvachúa
National Renewable Energy Laboratory (NREL)

davinia.salvachua@nrel.gov
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