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Lecture 1 

Introduction 

What is (cellular) metabolism?  Greek μεταβολή (metabole), "change” 

Nutrients 

Metabolism 

Energy 

Waste products 

Maintenance 

energy needs 

Cell work 
Desired products 

New cells (biomass) 

Metabolic networks 

Many enzyme, reactions and metabolites connected together 
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Metabolic networks 

Many enzyme, reactions and metabolites connected together 

Pathway: a series of steps from one metabolite to another 

Metabolic networks 

Many enzyme, reactions and metabolites connected together 

Pathway: a series of steps from one metabolite to another 

BUT a given enzyme can have more than one role 

Principles of metabolism: coping with complexity 

Only a few classes of enzymes and metabolites 

Metabolism must follow physical laws 

Many enzyme, reactions and pathways, but: 

Quantitative reasoning & modeling 
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“Building blocks” of metabolism: functional groups 

Hydroxyl (alcohol) Carboxyl Carbonyl (ketone) 

Alkyl 

Methyl 

Phenyl 

Aldehyde 

Amine 

phosphate 

Guanidino Indole 

Thiol 

Amide 

(et al ... ) 

Pathways as stepwise alterations to groups The bow tie model 

Many 

possible 

nutrients 

Many 

possible 

products 
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metabolism 

Catabolism Anabolism 

Biosynthesis Breakdown 

Peripheral metabolism Peripheral metabolism 

Csete and Doyle, Trends Biotech 22:446-450, 2004. 

Ma et al, Mol Sys Bio 3:135, 2007. 
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The bow tie model 

Example pathway through the metabolic network 
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Starch 

Sucrose 

Glucose 
Acetyl-CoA 

Fatty acid 
Triglyceride 

Csete and Doyle, Trends Biotech 22:446-450, 2004. 

Ma et al, Mol Sys Bio 3:135, 2007. 

The bow tie model 

Many 

possible 

nutrients 

Many 

possible 

products 
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Central 

metabolism 

Catabolism Anabolism 

Biosynthesis Breakdown 

Csete and Doyle, Trends Biotech 22:446-450, 2004. 

Peripheral metabolism Peripheral metabolism 

Few, large fluxes Many,  small fluxes 

Ma et al, Mol Sys Bio 3:135, 2007. 

Many,  small fluxes 

The bow tie model 

Many 

possible 

nutrients 

Many 

possible 

products 
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Central 

metabolism 

Catabolism Anabolism 

Biosynthesis Breakdown 

Peripheral metabolism Peripheral metabolism 

Highly conserved 

Required by most cell types 

Variable between species 

and cell types 

Variable between species 

and cell types 

Csete and Doyle, Trends Biotech 22:446-450, 2004. 

Ma et al, Mol Sys Bio 3:135, 2007. 
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Metabolism 

Chemical properties are irrelevant 

”Run!” 

Chemical properties are important 

= 

nutrients 

waste 

new 

biomass 

energy 

Signaling / regulation 

Strong physical constraints 

Information 

(signals) 

decision 

making 

Logical constraints only 
Quantitative data 

Qualitative data 


