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Agenda

 What is a «dark» environment?

 Is there cellular growth in the dark?

 What are the benefits?

 Examples for bioprocesses in the dark

 Conclusions
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What is a dark environment?

https://www.miniphysics.com/electromagnetic-spectrum_25.html

The electromagnetic spectrum:

Dark = UV and IR are not visible for the human eye!



Is there cellular growth in the dark?

Simplified sketch of the physiological function

of nutrients for the growth of microorganisms.

H2O

Adenosin triphosphate (ATP)

1 NADPH = 2 ATP  

Nicotinamide adenine dinucleotide phosphate

Glucose

(C6H12O6)

6CO2

6O2 6H2O



Typical electron acceptors

https://www.ncl.ac.uk/media/wwwnclacuk/teacherstoolkit/emilijakopustaite/Teachers%20n

otes_hydrothermal%20vents%20background%20information.pdf

https://blogs.agu.org/thefield/2019/03/04/the-discovery-of-riftia/

Growth is slower without oxygen!
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Growth of microorganisms is influenced by the 

Arrhenius equation

Optimal temperature helps!



Energy gain and energy needs

A constant energy (and carbon) flow is needed!



Wonderful, there is growth without sunlight! 

Are there even advantages?

• Less DNA damage!

https://pubs.rsc.org/image/article/2012/PP/c1pp05144j/c1pp05144j-f1.gif
A.P. Schuch, N.C. Moreno, N.J. Schuch, C.F.M. Menck, and C.C.M. Garcia, Sunlight damage to cellular DNA: Focus on 

oxidatively generated lesions. Free Radical Biology and Medicine 107 (2017) 110-124.



• Less oxidative stress!…

…but also loss of sense for day time in zebra fishes.

https://www.researchgate.net/publication/43247744_A_Common_Origin_Signaling_Similarities_in_the_Regulation_o

f_the_Circadian_Clock_and_DNA_Damage_Responses/figures?lo=1

Wonderful, there is growth without sunlight! 

Are there even advantages?



Can we even use phototrophic microorganisms and 

grow them under dark conditions?

Autotrophic
Heterotrophic

Mixotrophic

Large potential for heterotrophic growth!



Tested species as a part of an EPFL 
Master study

- Green algae

- Unicellular

- Freshwater

- No flagella

Chlorella 

Vulgaris

- Green algae

- Marine

- No flagella

Tetraselmis

species

- Green algae

- Marine

- Flagella

Tetraselmis

suecica



2 L Bioreactor fermentation under 100 % 

heterotrophic conditions:

• No glucose assimilation

• Practically no growth

• Adhesion on bioreactor wall

Medium: Walne medium + peptone + yeast extract + meat extract

Inoculum: Autotrophic culture

Heterotrophic growth – Tetraselmis 
species
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Tetrasemlis sp. needs long adaptation time!



Heterotrophic growth – Chlorella vulgaris

Growth

Glucose concentration

(A) 5 g/L (B) 10 g/L (C) 15 g/L

µCell count [h-1] 0.028 0.028 0.033

𝑷𝒔𝒑

𝑪𝒆𝒍𝒍𝒔

𝒈𝒈𝒍𝒖𝒄𝒐𝒔𝒆 ∙ 𝒉
8.02 ∙ 107 6.12 ∙ 107 3.80 ∙ 1070.0
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A: 5 g/L glucose, B: 10 g/L glucose, 

C: 15 g/L glucose

Chlorella vulgaris grows easily on 

glucose and was scaled-up to 300 L!



• Growth in the dark is biochemically possible without any negative 

aspects.

• Important: Enough energy and carbon input!

• Phototrophic organisms can be grown heterotrophically.

• Cell physiology not fully understood (e.g. influence of nutrient 

limitations).

Conclusions & Outlook



Brandnew: Innosuisse project with Alver
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