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• Decoupling & fractionation of wood polymers
• Remove/add side chains
• Depolymerise polymers



How do we discover enzymes? 

Analysis of transcriptome or proteome

Sequence/structure comparison

Isolating enzymatic activity from culture broth

Screening of microorganisms with substrates or model compounds

Searching in different habitats



1) Isolating enzymatic activity from culture broth:
Glucuronoyl esterases (GEs; CE15 family)

Spanikova et al., 2006
Schizophyllum commune

Thierry Ollivain, https://www.flickr.com/photos/82113722@N05/



next step: discovery through homology search in different published genomes

2) Sequence comparison: 
Glucuronoyl esterases (GEs; CE15 family)

Hüttner, S., S. Klaubauf, R. de Vries, L. Olsson (2017) 
Appl Microbiol Biotechnol



2) Sequence comparison: 
Glucuronoyl esterases (GEs; CE15 family)

Exploring diversity

Arnling Bååth, J., S. Mazurkewich, R. Meland 
Knudsen, J.-C. Navarro Poulsen, L. Olsson, L. 
Lo Leggio, J. Larsbrink, submitted



2) Sequence comparison: 
Glucuronoyl esterases (GEs; CE15 family)

Exploring diversity

Arnling Bååth, J., S. Mazurkewich, R. Meland 
Knudsen, J.-C. Navarro Poulsen, L. Olsson, L. 
Lo Leggio, J. Larsbrink, submitted

3D model of a fungal GE



Hüttner, S., S. Klaubauf, R. de Vries, 
L. Olsson (2017) Appl Microbiol 
Biotechnol
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3) Characterising enzyme activity on (model) substrates: 
Glucuronoyl esterases (GEs; CE15 family)

Arnling Bååth, J., S. Mazurkewich, 
R. Meland Knudsen, J.-C. Navarro Poulsen, 
L. Olsson, L. Lo Leggio, J. Larsbrink, submitted



3) Characterising enzyme activity on (model) substrates: 
Glucuronoyl esterases (GEs; CE15 family)

GE treated LCC

Spruce LCC
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Arnling Bååth, J., N. Giummarella, S. 

Klaubauf, M. Lawoko and L. Olsson 
(2016) FEBS Letters, 590:2611-2618

LCC… lignin carbohydrate complex



• 106 fungal strains 

isolated at 50°C on 

rice straw, pH 2-3. 

• Collaboration with 

Food Industries 

Research Institute, 

Hanoi

4) Searching in different habitats: 
Thermostable and acid-tolerant enzymes



Higher 
activity 
at pH 3

Higher 
activity 
at pH 5

4) Searching in different habitats: 
Thermostable and acid-tolerant enzymes

Vu Nguyen T., T.T. Nguyen, T.H. Han Thi, H. Dinh Duc,
M.H. Dinh Thi, K.A. Dang Thi, S. Hüttner, J. Larsbrink, L.
Olsson, unpublished



Xyn10C from Bispora sp.

• Optimal temp: 90�C ; 
maintained 86% activity after 
treatment at 80�C for 20 min

• Active in pH 2-6, optimum 
pH 4.0, stable at pH 1-9.

• Retained >90% activity after 
being spray-dried at 115�C.

4) Searching in different habitats: 
Thermostable and acid-tolerant enzymes

Vu Nguyen.T. et al., unpublished



DNA

protein
mRNA

transcriptome proteome

5) Transcriptome (mRNA) analysis: 



Source: compost, Cau Dien waste treatment facility, Hanoi, Vietnam 

• Can grow at 50°C and most of the characterised 

enzymes had temperature optima between 45 and 

80°C .

• Several biomass-degrading enzymes have been 

studied (e.g. amylase, glucosidase, cutinase, 

mannanase, xylanases). 

Malbranchea cinnamomea FCH 10.5

5) Transcriptome (mRNA) analysis: 

Hüttner S., T.T. Nguyen, Z. Granchi, T. Chin-A-Woeng, D. Ahrén, J. 
Larsbrink, T. Vu Nguyen, L. Olsson (2017) Biotechnology for Biofuels



Growth condition 1 

(glucose) 

Growth condition 2 

(complex polymer) 

RNA extraction

sequencing

transcriptome analysis

5) Transcriptome (mRNA) analysis: 

Hüttner S., T.T. Nguyen, Z. Granchi, T. Chin-A-Woeng, D. Ahrén, J. 
Larsbrink, T. Vu Nguyen, L. Olsson (2017) Biotechnology for Biofuels



Number of upregulated genes compared to glucose: 
(at least 2-fold, p<0.05)

438 on wheat bran
150 on xylan

Putative function
- Xylanases
- Feruloyl esterases
- Lytic polysaccharide 

monooxygenases (LPMOs)
- ….

• Role in biomass degradation
• Regulation of enzyme production in the 

organism
• Characterise activity

Unknown function
- Several of the most 

highly upregulated genes 
could not be annotated

- Identify function

5) Transcriptome (mRNA) analysis: 

LPMO products



• Use (new) enzymes for cell wall fractionation, polymer extraction/degradation/modification, 

as analytical tools to investigate biopolymer structures, … 

• Development/refinement of analytical assays to characterise enzyme activities

• Understand function of enzymes in host organism

• Manipulating enzymatic activity with protein engineering

Summary & Future outlook 
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