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Pool of lignin degradation products

Central metabolism

BIOPRODUCTS

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

NATIONAL RENEWABLE ENERGY LABORATORY
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Our pro;ect'at "EMSL

_ _ We know that...
White-rot fungi * White-rot fungi mineralize lignin to CO, and H,O

Trametes versicolor . . R . L
Gelatoporia subvermispora « White-rot fungi secrete enzymes and metabolites to depolymerize lignin

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

—>

Isotopic labeling experiments demonstrated that white-rot fungi
utilize '3C-ring labeled 4-hydroxybenzoic acid as a carbon source...

Succinyl-CoA,
acetyl-CoA,
and/or pyruvate

s < . ¥ &
Upper' pathways
Decarboxylation,

hydroxylation,
demeth%lation...

... how? Systems biology at EMSL

e .
Ring Clzavage / 4 Proteinogenic amino acids Enzymes Proteomics
! / +CO:2 Regulation —— Transcriptomics
‘Lower’ pathways Pathways . Metabolomics

Intracellular mineralization .

— Capabilities, expertise, and instrumentation

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

How do fungi breakdown lignin?

* Proteomics in Pleurotus eryngii

*  What enzyme cocktail is secreted by this fungus?

-

o

Functional classification Oxidoreductases \
a%, %1% ® GMC oxidoreductases (8)
 Oxidoreductases (42) Laccase (6)

® Aryl-alcohol oxidases (6)
Copper radical oxidases (5)

u Other oxidases (4)

= DyP-type peroxidases (2)

“FAD/FMN oxidoreductases(4)

23% = Glyoxal oxidases (5)

m Glycoside hydrolyses (83)
Proteinases (35)

m Esterases (23)

u Other function (198)
Unknown function (29)

Reductases (2)
Salvachua, D., Katahira, R., ..., Beckham, G.T.. Lignin depolymerization by
fungal secretomes and a microbial sink. Green Chemistry, 2016.

How do bacteria breakdown lignin?

*  Proteomics in Pseudomonas putida and other bacteria

« Differential analyses (substrates) and spatial-temporal resolution

PNAS cover

300 200 100 0 O 100 200 300
Protein number Protein number

%

Salvachua, D., Werner, A., Pardo, |., ..., Beckham, G.T.. Outer membrane
vesicles catabolize lignin-derived aromatic compounds in Pseudomonas
putida KT2440. PNAS. 2020
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Proteomicsénd transcriptomics at EMSL

How do white-rot fungi

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

« Differential analyses (substrates) and spatial resolution in two white-rot fungi
« ~ 60 samples for proteomics and ~ 30 for transcriptomics

EMSL

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

Proteomics

* Metabolite, Protein, Lipid Extraction (MPLEXx) 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)

NATIONAL RENEWABLE ENERGY LABORATORY
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Metabolomics at EMSL
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NREL

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

EMSL

Metabolite, Protein, Lipid Extraction (MPLEXx) extraction and water extraction

« Targeted and untargeted // quantitative and qualitative

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

Intracellular

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

del Cerro, C., Erickson, E., .., Salvachua, D. Intracellular pathways
for lignin catabolism in white-rot fungi. In revision in PNAS.
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Why you should submlt 2 proposal to EMSL

hER AR e N

BIOLOGY EXPERTISE SCIENCE TOPICS ENVIRONMENT EXPERTISE

Molecular Protein & Metabolic Chemical Functional
B|0|mag|ng Regulation Modeling & Simulation Group Reactivity
. of Complex Systems Molecular
Functional Single Cell Subsurface Flow & Pl
Omics Characterization Transport ant
Data Analysis & Microbial Phenotyping
Visualization Community Analysls
Cell-cell Environmental
Interactions Nutrient Cycling
Genotype to Plant-Mineral-
Phenotype Microbe Interaction
Cellular In Situ Cellular Environmental Biogeochemical
Processes Predictive Modeling
Metabolic Stable Isotope
Pathways Probing Isotope and
Global (3D) Mineral Associated i
Protein Structure Organic Matter Chemical
Analysis

Dynamics Transformations

https://www.emsl|.pnnl.gov/

©

&
>

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

e\
%

* 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)...

%2 © &

» Rewarding interaction with EMSL scientists: from proposal writing to manuscript writing
NATIONAL RENEWABLE ENERGY LABORATORY
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Tips for a successful proposal

tP-‘;

Before proposal writing

 Peruse the EMSL website

Timited Scope * 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
e techniques that you did not have in mind to accomplish your work.

cxphare creative: and criginal concepts? How well conceved and arganized & the

Review Criteria Details

Criterion 1: Scientific merit and guality of the proposed
research

Criterion 2: Qualifications of the proposed research ream 1o
achieve proposal goals and contribute to high-impact science

Pesential Eanciderations: Dacs the Fraposal tzam, combined with rekcnt EMSL stalf mpertien,
of 3

Proposed reszarch deliver highimpact products

S ETETT—— Proposal writin g

The table below shows the types of proposals calls that are open throughout the year,
the windaw 1o submit your propessl, snd your araject duration

Ct.ir.e_rim:'.'p: of the prop research to EMSLs
ol DY B e « 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?)

Thés call ivvites propossts for a focused

Cn ] [ren | e |
Limited resesrch sprirt of no longer than 30 ---
[Cpal] o] Come]
[Coa ] [nav | oec |

* Include your expertise in the proposal (apart from the CV!)

seape days.

: e
i e ety e ceva e ik Hoasa s e e et
TEprESant 3 Unkque of Innovacke application or devekoament of EMSL capabilcies?

Gttt e e o0 e If you don'’t get a project, you receive good feedback!
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Thanks for your attention!
Questions?

Davinia Salvachia
National Renewable Energy Laboratory (NREL)
davinia.salvachua@nrel.gov

NREL/PR-2800-78529
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