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Biological Engineered Living Materials (Bio-ELMs)

Using Organisms to Make Materials
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Hybrid Living Materials (HLMs)

Wood

e.g. cells cultured on abiotic scaffoldBiofilm



https://www.hdwallpapers.in/sand_path_between_trees_wood_logs_forest_scenery_background_4k_5k_hd_nature-wallpapers.html

Wood
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Wood: a unique type of material
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Engineered Living Wood Materials: is it all that easy?
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Bacteria

Fungi
Wood scaffold Engineered Living Wood Material?

Eukaryotic cells



Engineered Living Wood Materials: is it all that easy? Not really…
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Bacteria

Fungi
Wood scaffold Engineered Living Wood Material???

Eukaryotic cells

Timber damage caused by Wet Rot (Fibroporia vaillantii).

https://www.protectahome.co.uk/building-preservation/wood-rotting-fungi/
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Wood: radically different perspectives on the same subject
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https://www.autodesk.com/design-make/articles/mass-timber https://heritageconservancy.org/the-benefits-of-downed-wood/

Human perspective Microbe (e.g. fungi) perspective

Housing

Furniture

Paper

Materials and Chemicals

CO2 storage & more… «FOOD!»



Microbial wood
degradation
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Singh et al. Forests 2022, 13(3), 394



Complex interrelations between wood and microbes
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Why do microbes eat wood?
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Cellulose

Sabara et al. 2022



Why do microbes eat wood?
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Lignin



Scheller et al. 2007

Why do microbes eat wood?
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Pectin

Starch

Hemicellulose (xylan)



Wood-degrading fungi
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«White rot» «Brown rot»

Rate of colonization, decay, and removal of wood structural components varies greatly between rot types, fungal

species, and even strains. Variations in the morphology of decay patterns in wood and wood cell walls reflect local

variations in the microdistribution of wood chemical components.

NEVERTHELESS: 

a certain fungus causes a specific type of decay and the decay will always be the same no matter what wood type.

Fungi can cause a variety of decay types in wood: mold, blue stain (sapstain), white rot, brown rot, and soft rot. 



Can the appetite of microbes for wood be put to good use?
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YES!

Variety (of effects) + Consistency = possibility to choose the type of fungi to achieve a certain property!



Myco-Holz
=

Myco-Wood

(1964)
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Original video: 

MYKOHOLZ _ MYCOWOOD (2023, DE _ EN)

https://www.youtube.com/watch?v=afUf_6n1BAc

https://www.youtube.com/watch?v=afUf_6n1BAc
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Copyright: Spier Wine Farm

Mycowood pencil



Myco-Wood
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…so, what’s the problem?

TIME!
(AND fungi stability, biosafety, energy consumption → climate chambers…)



White rot-degraded balsa wood

10.11.2025Active and Adaptive Wood Materials 18

Ganoderma applanatum

Sun et al. Sci. Adv. 2021, 7, eabd9138

+ =



White rot-degraded balsa wood
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Native 15% mass loss

25 % mass loss

35% mass loss

45% mass loss 55% mass loss



White rot-degraded balsa wood
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Native 15% mass loss

25 % mass loss

35% mass loss

45% mass loss 55% mass loss



Piezoelectricity from white rot-degraded balsa wood
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Piezoelectricity from white rot-degraded balsa wood
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Piezoelectricity from white rot-degraded balsa wood
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Piezoelectricity from chemically-delignified balsa wood
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Native 3 h treatment

6 h treatment 12 h treatment

24 h treatment 48 h treatment

Treatment:

50:50 vol:vol glacial acetic acid and 30% H2O2, 80°C



Piezoelectricity from chemically-delignified balsa wood
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«Spalted wood»
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R. Hartig, Lehrbuch der Baumkrankheiten 1882, Springer (Berlin), p. 98: 
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Xylindein

Giesbers et al. ACS Omega 2019, 4, 13309–13318

Chlorociboria aeruginosa



«Spalted wood»
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Extracellular secretion of (eu/allo)melanin by fungi

minimises degradation of plant cells and supports

structural integrity of zone lines and fungus survivability.

The melanin appears to fill pit membranes and the lumina

of adjoining cells where it helps form a complete and

continuous almost impenetrable closely packed barrier.
100 μm 10 μm

Armillaria ostoyae in Picea abies



«Fungi Force»: a commercial engineered living wood material
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https://www.fungiforce.com

https://www.fungiforce.com/


«Fungi Force»: a commercial engineered living wood material
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From the Fungi Force website (https://www.fungiforce.com):

« Fungi Force is a 100% organic stain or bio stain. It consists of two separate

components. On the one hand a biological water-based mould solution and on

the other hand natural linseed oil.

Fungi Force is based on a naturally occurring harmless fungus (Aureobasidium

pullulans). This adheres to the wood and thus forms a matte black solid protective

layer against harmful UV-light from the sun. This protective layer also prevents

the colonization of wood by other harmful fungi.

Nutrition for the fungus is natural linseed oil, which is also applied to the wood

after the fungus has been applied. This oil is moisturizing and protects the wood

against the effects of moisture.

Fungi Force is applied to untreated wood. About a week after application of the

fungus layer and the natural linseed oil Fungi Force has attached itself to the

wood and the protective layer is dry and does not give off.

Fungi Force requires hardly any maintenance. Annual post-treatment with the oil

finish. natural linseed oil to feed the fungus and keep it nice and black is

sufficient. After a few years, this maintenance can even take place every other

year.

Fungi Force is self-healing. This means that minor damage such as cracks and

scratches are repaired by the living mould layer itself. »

https://www.fungiforce.com/
https://www.fungiforce.com/
https://www.fungiforce.com/
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Fireflies and Foxfire
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https://www.foxweather.com/earth-space/true-form-of-magic-glowing-fungus-makes-for-surreal-neon-scene-along-dark-washington-beacheshttps://fungi.com/blogs/articles/fungal-luminescence

https://www.xerces.org/endangered-species-conservation/firefly-conservation
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Kaskova et al. Sci. Adv. 2017, 3(4), e1602847



Bioluminescent Wood: a naturally-occurring Hybrid Living Material
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https://www.foxweather.com/earth-space/true-form-of-magic-glowing-fungus-makes-for-surreal-neon-scene-along-dark-washington-beaches



Artificial Bioluminescent wood
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« The chemical reaction [responsible for light emission] has not [yet] been artificially induced in wood

through manipulation of the conditions for fungi to glow.

The hybrid material with the highest bioluminescence is produced by soaking the wood blocks before

co-cultivating them with the fungus for 3 months.

Regardless of the incubation period, the strongest bioluminescence is evident from balsa wood blocks

with a moisture content of 700–1200%, highlighting the fundamental role of moisture content for

bioluminescence production. »

The main reason for this is that the balance between the choice of fungal species, wood species, its

moisture content and the environmental conditions required to produce bioluminescent wood is very

challenging.

Investigating the production of bioluminescent wood, we hypothesized that using the white rot fungus

Desarmillaria tabescens will lead to bioluminescence, because of its ability to colonize and degrade

lignin in wood with a very high moisture content.

Schwarze et al. Adv. Sci. 2024, 2403215



Artificial Bioluminescent Wood
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Desarmillaria tabescens

Schwarze et al. Adv. Sci. 2024, 2403215

Balsa



Artificial Bioluminescent Wood
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Incubation of wood blocks in 3% MFC with D. tabescens for producing bioluminescent wood. a) Non‐melanized rhizomorphs

(arrow) colonize MFC and the submerged wood blocks. Scale bar = 1 cm. b) Illustration showing wood blocks submerged in

MFC and the connection of rhizomorphs and air pores (arrows). At the substrate‐air interface, MFC is covered by a melanized

rind (arrow). i) Balsa wood blocks incubated for 3 months with D. tabescens and exposed to light. Note abundant rhizomorphs

(arrows) of D. tabescens have strongly colonized balsa wood blocks (scale bar = 1.5 cm). j) Wood blocks in i) exposed to air in

the dark showing strong bioluminescence induced by D. tabescens. Note dark melanin rind (arrow) absorbing bioluminescence

emitted from wood (scale bar = 1.0 cm).

Schwarze et al. Adv. Sci. 2024, 2403215



Artificial Bioluminescent Wood
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Relationship between bioluminescence and moisture content of wood blocks (incubated for 1, 2, 3, and 4 months) 

over 96 h in a dark room at RT ([M+] = with malt, [M‐] = without malt). 

Schwarze et al. Adv. Sci. 2024, 2403215



Artificial Bioluminescent Wood
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Artificial Bioluminescent Wood: expanding the color palette
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Ritter et al. Carbohydrate Polymers, 2024, 339, 122166 10.11.2025 39

Chemiluminescent Wood



Wood as an abiotic scaffold for Hybrid Living Materials
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Wood 

cell wall

(S2 layer)

Fibril bundle

Elementary fibril
Cellulose

Tropocollagen
Microfibril

Fibril

Fascicle

Tendon
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Murine NIH3T3 fibroblasts cultivated on gelatin-impregnated, delignified wood

Wood as an abiotic scaffold for Hybrid Living Materials

Koch et al. Mater. Today Bio 2023, 22, 100772



THANK YOU!
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