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Maximum theoretical yield of protein production1

A metabolic network model for a proprietary microbial strain is available in the form of a stoichio-
metric matrix S. The network model includes glucose and oxygen uptake, ATP turnover, as well as
production pathways for all amino acids. The strain is used to produce a target protein with known
amino acid composition. The reactor is provided with oxygen supply, and cell growth has been
arrested. The following biochemical constraints are known:

• Oxygen uptake is limited by mO2 moles oxygen / moles glucose consumed.
• There is a given required maintenance flux vATP in moles / hour / gram biomass, with the

reaction equation
ATP → ADP + Pi

1. Formulate and characterize an optimization problem that determines the maximum theoreti-
cally achievable protein yield (gram protein produced per mole glucose consumed and gram
biomass) under the given constraints. The amino acid sequence of the protein is assumed to
be known. The molecular weight of a protein can be approximated by the sum of the molec-
ular weights of the amino acids that the protein is made from. You can work with a base limit
of 1 mole / h glucose uptake to determine the yield. Assume that 4 molecules of ATP will be
consumed (converted to ADP + Pi) per amino acid unit that is added to the protein.

2. For economic efficiency, the producer is investigating different carbon sources to use as a
substrate in this process. Given the price per gram and the molecular weight for a list of
candidate carbon sources, construct an optimization problem to find the cheapest carbon
source per unit of protein produced. Can the cheapest solution include a mixture of carbon
sources?

3. Discuss limitations of the optimization approach based on the proposed metabolic network
model, and what would be potential strategies to overcome these.

1Adapted from Maranas & Zomorrodi, 2015.
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