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Valorization of lignocellulosic biomass



Agricultural by-products: composition and structure
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Cellulose
Å Most abundantorganicresourceon earth : 50-100 billions of tons /year

Å Resistantto degradation

Major component of plant cells



Cellulose Structure



Hemicelluloses

XYLANS

MANNANS

XYLOGLUCANS



Cellulose/Hemicelluloses interaction



Lignocellulosesare highly recalcitrantto degradation



Lignin (15-25 %)

Hemicellulose
(23-32 %)

Cellulose
(38-50 %)

Hypocrea jecorina

(an. Trichoderma reesei)

In nature, fungi are potent degradersof biomass

Fusarium-infected corn cob 

Fusarium-infected corn stalk 

P. chrysosporium on wood

white rot fungi 

Aspergillus sporulating

on sorghum 

Ustilago maydis

parasitizing maize 

Plant cell-walls:

Large diversity in 

composition

Fungi:

Large diversity in 

enzymes

http://microbewiki.kenyon.edu/index.php/File:Whiterot.jpg


Å Trichodermareesei: cellulase producer(100 g/l)

Trichodermareeseifor biomassdegradation

Å Rich in cellulases

Cel7A (NREL)

7 endoglucanases

2 cellobiohydrolases



Lignocellulolyticfilamentousfungi (> 3500 strains)

Trichoderma lycogaloides Xylaria sp. Trichoderma reesei
Fomitopsis pinicola Pycnoporus sanguineus Leiotrametes sp.

INRAE Fungal collection

http://www.ascofrance.com/images/bdd/1260_01.jpg


Exploringfungalbiodiversity

Å Biomass

Å Recalcitrant polysaccharides

Å Lignin

Å Dyes

Å Plastic

Å é



CIRM-CF
>3,000 fungalstrains

Developmentof high-throughput
methods

Enzyme discoveryFungal-omics

Χ
Χ

Pipeline of enzyme discovery

+ Bioinformatics
CAZyteam



Classification of Carbohydrate-active enzymes
CAZy(www.cazy.org)



Lignin

Hemicelluloses

Cellulose

Glycoside Hydrolases

Carbohydrate Esterases

Polysaccharide Lyases

AuxiliaryActivities

Fungal deconstruction of lignocellulose
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e-
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Recombinant production of Fungalenzymes

Enzyme production at different scales: up to severalgrams in bioreactors

Pichiapastoris



Fushinobu, Nature Chemical Biology (2014)

Enzymaticdegradationof cellulose (before 2010)



Fushinobu, Nature Chemical Biology (2014)

LPMO

SACCHARIFICATION
BOOST

Harris et al., Biochemistry (2010)
Vaaje-Kolstadet al., Science (2010)
Quinlan et al., PNAS (2011)

LyticPolysaccharide Monooxygenase

H2O2

Enzymaticdegradationof cellulose (after 2010)



AA14

Lyticpolysaccharide Monooxygenases(LPMOs)

AA9

Cellulose, 
Hemicelluloses

AA10

Cellulose, 
Chitin

AA11

Chitin

AA13

Starch

AA15

Chitin,
Cellulose

AA16

Cellulose

AA17

Pectin

X325

LPMO-like 
protein

Vaaje-Kolstad, Science (2010)
Couturier et al., Nat Chem Biol(2018) 

Filiatrault-Chastel et al., BiotechnolBiofuels(2019) 
Labourelet al., Nat ChemBiol(2020) 

Sabbadinet al., Science(2021)

Xylan?

22



Architecture of LPMOs

CatalyticDomain Carbohydrate Binding Modules

Å Substratebinding

UnknownC-term regions

Å Poor sequencesimilarity
Å Usuallyremoved

?
CBM

23Tamburrini et al.,Biomolecules, 2021



Tamburrini et al.,PNAS, 2024
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Can we find other novel interestingenzymes 
from microbialdiversity?



SBS, sugarcanebagasse-coveredsoil

Exploringmicrobialdiversityusingςomicapproaches

Santos et al. Nature (2025)



Identification of an enzyme that BOOST biomassdegradation

Santos et al. Nature (2025)



Unique fold and features

Santos et al. Nature (2025)



Validation of the BOOST at pilot scale

Santos et al. Nature (2025)



Filiatrault-Chastel et al. 2021, Biotech. Advances
Patents US20240254520A1; US20240043814A1; US20210171993A1

BOOST of hydrolysis

Reduction of enzyme 
loading

Bioproducts BioBasedMaterials

Action of LPMOs on cellulose :
Å Release tension in twists
Å Facilitates fibrillation

Č Ideal tools for nanocelluloseproduction

Villareset al., Scientific reports (2017)
Moreau et al., Biotech. Biofuels(2019)
Chemin et al., Biomacromolecules(2023)

Patents US2020/0157591 and US2018/0142084

Enzymes in Biorefinery



Second generation bioethanol process in France
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