
Introduction to Metabolism





Trophic strategies: nutritional requirements

Autotrophs
chemolithotrophs
photoautotrophs

Heterotrophs

Obligate aerobes
Anaerobes

facultative anaerobic
obligate anaerobic

Energy

Electron acceptor
(oxidizing agent)



Metabolic pathway
Catabolic & anabolic
Enzymes & metabolites

Overview of catabolism

Roles of ATP and NADP+ in metabolism

Converge to common intermediates



Mapping metabolic pathways catalyzed by enzymes



Enzyme reactions
fall into 4 major types

Oxidations and reductions (oxidoreductases)
Group-transfer reactions (transferases and hydrolases)
Eliminations, isomerizations, and rearrangements (isomerases and mutases)
Reactions that make or break C-C bonds (hydrolases, lyases, and ligases)



Compartmentation
Metabolic pathways occur in specific cellular locations

Metabolic pathways depends on tissues and organs
liver, muscle, adipocyte
isozymes: LDH (take-home work)



Thermodynamic considerations
metabolic flux (rate of flow): analogous to dam

near-equilibrium reaction (reversible): 
depends on the relative concentrations of substrates and products

far-equilibrium reaction (irreversible):
accumulation of substrate (insufficient catalytic efficiency)
controlled by allosteric effector

1. Metabolic pathways are irreversible: confers directionality
2. Every metabolic pathway has a first committed step
3. Catabolic and anabolic pathways differ

ba

dc
o

[B][A]
[D][C]RTln  G G +∆=∆



Control of metabolic flux
J = v(f) – v(r)
At equilibrium J=0, although v(f) and v(r) may be quite large
Flux is determined by the slowest step (rate-determining step) *** committed step 

Allosteric control
Covalent modification
Substrate cycles
Genetic control



High-energy compounds

High-energy intermediates: phosphorylated compounds, NADH
A sort of free energy currency

ATP and phosphoryl group transfer: 
thermodynamically favored
but kinetically disfavored



Coupled reactions
coupling of exergonic and endergonic process
Not actual process in the catalyzing enzyme
ATP coupling to conformational changes



Other phosphorylated compounds

ATP is continually being hydrolyzed and regenerated
metabolic half-life: from seconds to minutes

Substrate level phosphorylation
Oxidative phosphorylation
Photophosphorylation

Interconversion of nucleoside triphosphates
Kinases & phosphatases



Thioester: primitive compound



Oxidation-reduction reactions
One electron transfer
Two electron transfer
Reversible reaction



The Nernst equation

Oxidation-reduction reactions: electron transfer reaction
Electron donor & acceptor
Electrochemical cells: 

redox pair (analogous to acid-base pair)
a half-reactions: electron donor and its conjugate electron acceptor





Experimental approaches to the study of metabolism

Understanding the sequence, mechanism, and regulation

Approaches
tracing metabolic fates
perturbing the system

metabolic inhibitors, genetic defects, genetic manipulation
DNA microarrays (DNA chips): transcriptomics
proteomics



defective in 
phenylketonuria

13C NMR spectrum of rat liver

(a) feeding with [1-13C]glucose
(b) after 5 min 
(c) after 30 min 
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Red spots: cDNAs from the cells with glucose
Green spots: cDNAs from the cells without glucose


