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We reconstructed a model of the crenarchaeon Sulfolobus solfataricus, a
hyperthermophilic microorganism which grows in terrestrial volcanic hot springs with
optimum growth occurring at pH 2-4 and a temperature of 75-80°C. The genome of
the Sulfolobus solfataricus P2 contains 2992245 bp on a single chromosome and
encodes 2977 proteins and many RNAs [1]. S. solfataricus is of high interest for
environmental and biotechnological applications because of its thermophilic and
acidophilic properties. The established network comprised a total of about 858
reactions, 60 transport reactions and about 770 metabolites representing the overall
metabolism of this Archaeon, based on the annotated genome and available
biochemical information. Experimental data [2] was used to fit the model to
phenotypic observations. Using the model in conjunction with constraint-based
methods, it was able to identify the main characteristics such as growth yield,
network robustness, and simulate the utilization of different carbon sources
including phenol, HCOgs, and others. Altogether, it was possible to add 37 different
carbon sources from literature and simulate autotrophic growth. Comparing the
growth on these different carbon sources revealed that glycerol is the carbon source
with the highest growth yield per imported carbon atom (143% of glucose). In
addition to the commonly known heterotrophic growth of S. solfataricus, the
crenarchaeon is also able to grow autotrophically using the hydroxypropionate-
hydroxybutyrate cycle for bicarbonate fixation [3]. We successfully integrated this
pathway into our model and compared both growth conditions. Furthermore, the
ability to degrade phenol is of special interest, because phenol is a pollutant that
often arises in the industry. The thermoacidophilic properties of S. solfataricus and
its ability to degrade phenol makes this microorganism a potential candidate for
extreme environments.


mailto:t.ulas@tu-bs.de

1. She Q, Singh RK, Confalonieri F, Zivanovic Y, Allard G, Awayez MJ, Chan-Weiher CC-Y,
Clausen IG, Curtis BA, De Moors A, Erauso G, Fletcher C, Gordon PMK, Heikamp-de Jong I,
Jeffries AC, Kozera CJ, Medina N, Peng X, Thi-Ngoc HP, Redder P, Schenk ME, Theriault C,
Tolstrup N, Charlebois RL, Doolittle WF, Duguet M, Gaasterland T, Garrett RA, Ragan MA, Sensen
CW, Van der Oost J: The complete genome of the crenarchaeon Sulfolobus selfataricus P2. Proc
Natl Acad Sci U S A 2001, 98:7835-7840.

2. Zaparty M, Esser D, Gertig S, Haferkamp P, Kouril T, Manica A, Pham TK, Reimann J, Schreiber
K, Sierocinski P, Teichmann D, van Wolferen M, von Jan M, Wieloch P, Albers SV, Driessen AJM,
Klenk H-P, Schleper C, Schomburg D, van der Oost J, Wright PC, Siebers B: “Hot standards” for
the thermoacidophilic archaeon Sulfolobus solfataricus. Extremophiles 2010, 14:119-142.

3. Berg IA, Kockelkorn D, Buckel W, Fuchs G: A 3-Hydroxypropionate/4-Hydroxybutyrate
Autotrophic Carbon Dioxide Assimilation Pathway in Archaea. Science 2007, 318:1782-1786.



