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Metabolism is a fascinating natural production and distribution pro-
cess. Metabolic systems need to show high performance under typ-
ical environmental conditions and, at the same time, maintain some
function under a broad range of perturbations and modified condi-
tions. It is precisely this robustness with respect to large environmental
changes that makes metabolic networks a potentially very interesting
role model for technical production and distribution systems.

First, we summarize some fundamental design principles of
metabolic systems from the perspective of production logistics: just-

in-time production of enzymes in metabolic pathways, categories of
enzyme essentiality, topological properties of metabolic networks, and
the coexistence of different control types.

On this basis we then perform a detailed comparison of industrial
production systems and metabolic systems. While many characteris-
tics of network architecture are similar between the two types of pro-
duction systems (metabolic and industrial), we find striking differences
on the level of dynamical quantities: material flow sizes and paths, ro-
bustness against changing environmental conditions and scaling laws
relating material flow and regulation.

Guided by simulated evolution studies, we argue that these obser-
vations can serve as templates for the design of robust production
systems.


