
In silico evidence for gluconeogenesis  
from fatty acids in humans 
 
Christoph Kaleta1, Luís F. de Figueiredo1,2, Sarah Werner1, Reinhard Guthke3, 
Michael Ristow4,5 and Stefan Schuster1 
 
1Dept. of Bioinformatics, School of Biology and Pharmaceutics, Ernst-Abbe-Platz 2, 
Friedrich Schiller University of Jena, D-07743 Jena, Germany, 
 
2Cheminformatics and Metabolism, European Bioinformatics Institute (EBI), Wellcome Trust 
Genome Campus, Hinxton, Cambridge, CB10 1SD, U.K. 
 
3Systems Biology/Bioinformatics Group, Leibniz Institute for Natural Product Research and 
Infection Biology – Hans Knöll Institute, D-07745 Jena, Germany 
 
4Dept. of Human Nutrition, Friedrich Schiller University of Jena, D-07743 Jena, Germany 
 
5Dept. of Clinical Nutrition, German Institute of Human Nutrition, Potsdam Rehbrücke, 14558 
Nuthetal, Germany 
 
e-mail: christoph.kaleta@uni-jena.de, stefan.schu@uni-jena.de 
 
 
Abstract 
The question whether even-chain fatty acids can be converted into glucose in humans at 

metabolic steady state has been a topic of intense debate in biochemistry in the early 20th 

century. With the discovery of the glyoxylate shunt in several organisms and the finding that 

the corresponding enzymes appear not to be present in humans, the conclusion had been 

that this conversion would not be possible in humans [1]. By analysing the core of central 

metabolism, this assertion has been confirmed by elementary-modes analysis [2]. Intuitively, 

this can be explained in that two carbons enter the TCA cycle from acetyl-CoA and two 

(other) carbons are lost in the form of CO2, so that no carbons are left for gluconeogenesis. 

However, several observations have not been in agreement with this biochemical dogma. 

How can hibernating animals survive mainly on their fat reserves although some tissues such 

as the brain require glucose? How could inuit and other native people of the arctic regions 

live on their traditional, practically carbohydrate-free diet? Previous works on this issue did 

not take into account the full breadth of metabolic functions in humans and higher animals. 

On an anecdotal basis, some ideas about possible gluconeogenic routes starting from fatty 

acids have been put forward earlier [3]. 

By a comprehensive, systematic in silico analysis, we investigated whether there do exist 

routes for gluconeogenesis from fatty acids in a genome-scale model of human metabolism 

[4]. We used the genome-scale model established by Duarte et al. [5] and the method of 

elementary flux patterns [6]. Despite the long-held belief in biochemistry that such a 

conversion would not be possible, we detected several routes on which gluconeogenesis 



from fatty acids is feasible in humans [4]. Analyzing experimental data from situations in 

which gluconeogenesis is particularly active, we could confirm that these routes appear to 

contribute, albeit to a limited extent. All these conversion routes run via acetone and are in 

agreement with earlier speculations [3]. Since our analysis is comprehensive, it also shows 

that there are no other feasible routes than the detected ones. 

Our study is likely to have implications for nutritional sciences and sports physiology. For 

example, in prolonged exercise such as marathon races, the depletion of glucose is an issue. 

Moreover, our results underline the usefulness of whole-cell models because such networks 

allow for a comprehensive identification of pathways on which a given substrate can be 

transformed into a given product at steady state. 
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