
 
 
General rights  
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

�x Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
�x You may not further distribute the material or use it for any profit-making activity or commercial gain 
�x You may freely distribute the URL identifying the publication in the public portal 

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: Sep 23, 2019

Better together or single by choice? Challenges and opportunities in engineering
microbial consortia for industrial biomanufacturing applications

Junicke, Helena; Falco, Francesco Cristino

Publication date:
2018

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Junicke, H. (Author), & Falco, F. C. (Author). (2018). Better together or single by choice? Challenges and
opportunities in engineering microbial consortia for industrial biomanufacturing applications. Sound/Visual
production (digital)

https://orbit.dtu.dk/en/publications/better-together-or-single-by-choice-challenges-and-opportunities-in-engineering-microbial-consortia-for-industrial-biomanufacturing-applications(8985f055-8415-4060-8ef3-26aa1328c466).html


26 October 2018 1

Better together or single by choice?

Challenges and opportunities in engineering microbial 
consortia for industrial biomanufacturing applications

Dr. Helena Junicke
Dr. Francesco Cristino Falco 

Helena Junicke & Francesco Cristino Falco



26 October 2018 Helena Junicke & Francesco Cristino Falco 2

Microbial diversity

Known species
DSMZ, one of the largest bio-resource
centers worldwide, contains some
10 000 bacterial species1.

Unknown species
DNA sequencing of environmental
samples reveals up to 100 000 bacterial
species in a single gram of soil2.

Microbial species

99%

Unexplored
Non-quantifiable

How to tap nature’s full potential?

1%

1 DSMZ self-description; https://www.dsmz.de/catalogues.html, accessed 22.10.2018
2 Roesch, Luiz FW, et al. "Pyrosequencing enumerates and contrasts soil microbial diversity." The ISME journal 1.4 (2007): 283.
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Application roadmap

Pure culture

Non-defined
culture

Isolation

• New biochemical features
• New pathways
• Single by choice?

Butanol production Keratin degradation

Mixed culture

Enrichment

•  No risk of contamination
• Non-sterile substrates
•  Better together?

Two challenges
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Need for sustainable biofuels

• In the EU, transport accounts for 24% of 
greenhouse gas (GHG) emissions3

• 95% of transport fuels are 
fossil-based4

3 Eurostat [env_air_gge], EU-28 GHG emissions by source sector 2015, data source: European Environment Agency (EEA), 08-06-2017
4 Statistical pocketbook 2017: EU transport in figures (PDF) p. 136, ISBN 978-92-79-62312-7, datasource: European Environment Agency (EEA), June 2017
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The opportunity

Butanol

• Drop-in replacement for fossil transport fuels

• Properties similar to gasoline

• 50% higher energy density than ethanol 

Mixed culture

• Use of non-sterile substrates

• Energy recovery from waste streams

• Closing the sustainability gap
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Anaerobic digestion: Degradation view

Polymers
carbohydrates,
proteins, lipids

Focus on biogas

Monomers
monosaccharides, amino 

acids, LCFA

Short-chain 
fatty acids

propionate, butyrate, …

H2 Acetate

CH4 + CO2

Hydrolysis

Acidogenesis

Acetogenesis

Methanogenesis
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Modelling results

Butanol Productivity Energy recovery

Confidential information on 
this slide has been removed.
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Conclusions

• Thermodynamics as a powerful tool for microbial community engineering 
when reactions proceed close to thermodynamic equilibrium

• Modelling of an anaerobic full-scale, continuously stirred tank reactor 
showed that 10% of influent COD can be channeled towards butanol 
formation

• Results suggest a two-stage process for butanol/methane production
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Keratinous Waste

originate from a wide range of wastes which are especially abundant in  
slaughterhouses and meat & poultry processing plants

Keratin-rich animal by-products

featherswool

hairs

horns

hooves fish scales

Keratins are highly specialized fibrous structural proteins

Adapted from:
Sharma, S., Gupta, A., 2016. Sustainable 
Management of Keratin Waste Biomass: 
Applications and Future Perspectives. 
Brazilian Arch. Biol. Technol. 59.
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Microbial Degradation of Keratin

Native keratin as only source of C, N, & Energy 

Extracellular
keratinases

Keratinolytic 
microorganism

Bacteria, Actinomycetes and Fungi

Keratin waste 
decomposition

Keratinases are enzymes belonging to the class of serine proteases or metalloproteases 

showing high levels of hydrolytic activity towards keratinous substrates

Keratinolytic 
microorganism

Keratinolytic 
proteases

Keratinous 
substrate

Amino 
acids
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a cocktail of, at least, three microbial keratinases: an endoprotease (S8), an exoprotease (M28), and an 

oligopeptidase/metalloprotease (M3)  may act synergistically to break down keratin

Keratin Degradation Mechanism

Lange, L., Huang, Y., Busk, P.K., 2016. Microbial decomposition of 
keratin in nature – a new hypothesis of industrial relevance. Appl. 
Microbial Biotechnol. 5, 2083-2096.

only source of C, N, & Energy 

Keratinolytic 
microorganism Keratinolytic 

proteases

Keratinous 
substrate

Amino 
acids
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The Keratinolytic Strain

Amycolatopsis keratiniphila 
D2 (DSM 44409)

Gram+, aerobic obligated, mesophilic, filamentous bacterium 
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Two-Stage Cultivation Strategy

CEP = 89.3 g/L

PBMLOAD 164.3 g·L-1

YExtraction 72.5 %

STY 0.427 g·L-1·h-1

Amycolatopsis keratiniphila D2 (DSM 44409)
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