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Microbial communities, known as microbiomes, are ev-

erywhere in nature: in the environment, in our food and even

in our bodies. They play an important role in ecosystems

and also influence our health. Understanding the physical

and chemical interaction network of microbiomes under dif-

ferent conditions is therefore a key objective for academic

and medical reasons.

A perfect example is the human gut microbiome, as the in-

tricate competitive and cooperative interactions between its

microbial inhabitants play a crucial role in maintaining host

health (Fig. 1, A). Indeed, several studies have correlated

alterations of the gut microbiome (dysbiosis) with diseases

such as inflammatory bowel diseases (e.g. Crohn’s disease),

colorectal cancer or type 2 diabetes [1, 2]. However, the

causes underlying sudden changes in microbiome compo-

sition under pathological conditions still have several open

questions, such as the effect of microbial order of coopera-

tion on health.

Consequently, to better understand the intestinal coopera-

tive network in different environments and pathological con-

ditions, we reconstructed metabolic models from a longitu-

dinal study of the human intestinal microbiome in patients

with inflammatory bowel disease (HMP2, [3]), incorporat-

ing the diverse metabolic capabilities of individual species

and simulating their potential interactions. Finally, we used

flux balance analysis to compute the cooperation of recon-

structed and curated [4, 5] metabolic models of microbial

communities.

Our results indicate that there is a remarkable prevalence

of cooperative interactions of higher order than two, which

are also essential in certain environments (Fig. 1, B). These

results provide insights into the composition of the micro-

biome in different media and contribute to a deeper under-

standing between health and microbial interactions in the gut

ecosystem.
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Fig. 1. The human gut microbiome: A) Schematic view of

the microbial interaction networks under normal and dys-

biosis conditions. B) Size of the cooperative community in

different environments.
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