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MODULATING CELL METABOLISM: THE EASIEST 
WAY TO IMPACT CELL GROWTH AND TITER



HOW INDIVIDUAL METABOLITES IMPACT
MAMMALIAN CELL CULTURE

Necessary nutrients

Metabolites providing biomass 
precursors
 Sugars

 Amino acids

Metabolites impacting enzyme function
 Vitamins and cofactors

 Metal ions

Additives that do other things
 Hormones

 Anti-foam

Detrimental metabolites

Substrate competition
 Imbalanced amino acids competing for transporters

 Sugar nucleotides competing for glycan substrates

Toxic molecules inhibiting growth
 Lactate

 Ammonia

 Excess salts and other osmolites

 Amino acid pathway intermediates



PUTTING ALL
METABOLITES 
IN CONTEXT

Glucose

Lactate

Cysteine
Arginine

Glutamine
Glutamate

Folate



Huang, et al., Biotech Bioeng, 2017



A METABOLIC MAP RESOURCE THAT ALLOWS YOU TO SIMULATE

Endo-metabolomics

- Metabolite changes in cell, 

may not relate to flux

- May impact regulation

Exo-metabolomics

(spent media analysis)

- Maximum metabolic fluxes in cells

Transcriptomics, Proteomics, etc.

- Expression level of pathways



Lactate Malate

SIMULATING 
METABOLIC FLUXES 
UNDER DIFFERENT 
GROWTH 
CONDITIONS



WHERE CAN YOU FIND THE CHO METABOLIC MODEL?



HTTP://BIGG.UCSD.EDU – A RESOURCE FOR 
SEARCHING THE CHO METABOLIC PATHWAYS

http://bigg.ucsd.edu/






CELL LINE SPECIFIC MODELS

Cell line specific models

Opdam, et al., Cell Systems, 2017

Richelle, et al. bioRxiv, 2018

Richelle, et al. PLoS Comp Bio, 2019

Joshi, bioRxiv, 2019

Laurent, et al. Nat Protocols, 2019

Hefzi, et al., Cell Systems, 2016



AN EXTENDED FRAMEWORK FOR MODELING 
PROTEIN SECRETION

261 machinery proteins 

Product-specific needs: Nutrients and machineryGutierrez, Feizi, et al. bioRxiv, 2018

Jahir Gutierrez

Amir Feizi



HOW DO I USED A CHO METABOLIC MODEL?



RUNNING SIMULATIONS: 
COBRA TOOLBOX (MATLAB)

COBRAPY (PYTHON)

ALSO: 
SYBIL (R)

OPTFLUX (JAVA)



GETTING 
STARTED





The toolbox of 
constraint-based 
methods for 
computational 
modeling goes far 
beyond FBA… now 
>200 methods

Lewis, et al. Nature Reviews 
Microbiology, 2012



HOW DO I VISUALIZE SIMULATIONS OR 
DATA ON A METABOLIC MODEL?











ESCHER AND 
IPYTHON



SUMMARY

Metabolic modeling elucidates the inner workings of metabolism in a cell

Genome-scale metabolic models exist for the Chinese hamster and others

 http://CHOgenome.org/

 http://bigg.ucsd.edu/

 https://www.metanetx.org/

Models can be trimmed to focus on cell lines (or even subsets of pathways)

Simulation tools exist in several languages: Matlab, Python, R, Java, Julia, etc.

Visualization tools can be deployed using web-based tools or others

http://escher.github.io/

These slides can be downloaded at http://lewislab.ucsd.edu

http://bigg.ucsd.edu/
http://bigg.ucsd.edu/
https://www.metanetx.org/
http://escher.github.io/
http://lewislab.ucsd.edu/

