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Or as Heraclitus (c. 535 - 475 BCE) said

"Πάντα χωρεῖ καὶ οὐδὲν μένει" καὶ "δὶς ἐς τὸν 
αὐτὸν ποταμὸν οὐκ ἂν ἐμβαίης”

"Everything changes and nothing remains still ... and ... 
you cannot step twice into the same stream”
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•Metabolism is the sum total of all of 
the reactions that take place in a 
living cell.


✦ Made up of 

‣ metabolites, connected to each other by

‣ enzyme catalzyed reactions
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lead to a release of free energy.
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• Organisms and cells interact with their environment. 
The activities of cells must be geared to the 
availability of energy. Organisms grow and reproduce 
when the supply of energy from the environment is 
plentiful. When the supply of energy from the 
environment is limited, energy demands can be 
temporarily met by using internal stores or by slowing 
metabolic rates as in hibernation, sporulation, or seed 
formation. If the shortage is prolonged, organisms die.
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✦ Enzyme specificity allows only for breakage 
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✦ Pathways allow for finer control of energy 
input and output.


✦ Reactions are thermodynamically more 
efficient if carried out near equilibrium.

�11



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Why pathways are broken down into 
little steps.


✦ Enzyme specificity allows only for breakage 
or formation of a few bonds at a time.


✦ Using pathways allows for multiple entry and 
exit points for metabolites.


✦ Pathways allow for finer control of energy 
input and output.


✦ Reactions are thermodynamically more 
efficient if carried out near equilibrium.

�11



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Why pathways are broken down into 
little steps.


✦ Enzyme specificity allows only for breakage 
or formation of a few bonds at a time.


✦ Using pathways allows for multiple entry and 
exit points for metabolites.


✦ Pathways allow for finer control of energy 
input and output.


✦ Reactions are thermodynamically more 
efficient if carried out near equilibrium.

�11



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Why pathways are broken down into 
little steps.


✦ Enzyme specificity allows only for breakage 
or formation of a few bonds at a time.


✦ Using pathways allows for multiple entry and 
exit points for metabolites.


✦ Pathways allow for finer control of energy 
input and output.


✦ Reactions are thermodynamically more 
efficient if carried out near equilibrium.

�11



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Why pathways are broken down into 
little steps.


✦ Enzyme specificity allows only for breakage 
or formation of a few bonds at a time.


✦ Using pathways allows for multiple entry and 
exit points for metabolites.


✦ Pathways allow for finer control of energy 
input and output.


✦ Reactions are thermodynamically more 
efficient if carried out near equilibrium.

�11



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
•Pathways are regulated


✦ To control the flow of metabolites through a 
pathway

�12



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
•Pathways are regulated


✦ To control the flow of metabolites through a 
pathway

�12

Feedback

Inhibition



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
•Pathways are regulated


✦ To control the flow of metabolites through a 
pathway

�12



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
•Pathways are regulated


✦ To control the flow of metabolites through a 
pathway

�12

Feed-forward

Activation



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
•Pathways are regulated


✦ To control the flow of metabolites through a 
pathway

�12



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Pathways are regulated


✦ Allosteric regulation responds to immediate 
conditions within the cell,

‣ And have short term response times.


✦ Reversible covalent modifications typically 
respond to extracellular signals,

‣ And have longer term response times.

�13



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Pathways are regulated


✦ Allosteric regulation responds to immediate 
conditions within the cell,

‣ And have short term response times.


✦ Reversible covalent modifications typically 
respond to extracellular signals,

‣ And have longer term response times.

�13



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Pathways are regulated


✦ Allosteric regulation responds to immediate 
conditions within the cell,

‣ And have short term response times.


✦ Reversible covalent modifications typically 
respond to extracellular signals,

‣ And have longer term response times.

�13



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Metabolic pathways represent the 
frontline for evolution.


✦ Genetic changes affect enzyme activities, 
which in turn, affect the flow of material 
through metabolic pathways.

�14



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Metabolic pathways represent the 
frontline for evolution.


✦ Genetic changes affect enzyme activities, 
which in turn, affect the flow of material 
through metabolic pathways.

�14

Type O

Type A Type B



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Metabolic pathways represent the 
frontline for evolution.


✦ Genetic changes affect enzyme activities, 
which in turn, affect the flow of material 
through metabolic pathways.

�14



Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Metabolic pathways represent the 
frontline for evolution.


✦ Genetic changes affect enzyme activities, 
which in turn, affect the flow of material 
through metabolic pathways.

�14

http://www.leadertelegram.com/features/health/article_acf8b1e6-9912-5855-aece-8396fc102070.html


Chem 352, Lecture 7, Introduction to Metabolism

Metabolic Pathways
Metabolic pathways represent the 
frontline for evolution.


✦ Genetic changes affect enzyme activities, 
which in turn, affect the flow of material 
through metabolic pathways.

�14



Chem 352, Lecture 7, Introduction to Metabolism

Major Metabolic Pathways

�15

Catabolic

Pathways



Chem 352, Lecture 7, Introduction to Metabolism

Major Metabolic Pathways

�16

Anabolic

Pathways



Chem 352, Lecture 7, Introduction to Metabolism

Major Metabolic Pathways
✦ In many organisms, the various pathways are 

regulated through compartmentalization. 
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•The spontaneity (favorability) of a 
chemical reaction can be determined 
from its Gibbs Free Energy (ΔG)

ΔG = ΔG0' +RT ln products[ ]
reactants[ ]

⎛
⎝⎜

⎞
⎠⎟
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Clicker Question:

A chemical reaction is spontaneous when the the ΔG is


A. Equal to 0

B. Greater than 0

C. Less than 0

D. None of the above
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temperature and pressure there are two 
contributions to the free energy change


✦ Enthalpy, H

✦ Entropy, S

�20

ΔG = ΔH −T ΔS

Change in heat content

for the system

Change in disorder

for the system
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•The actual conditions within the cell 
must be considered when determining 
a ΔG value.

ΔG = ΔGo ' +RT ln C[ ] D[ ]
A[ ] B[ ]

⎛
⎝⎜

⎞
⎠⎟

Q =
C[ ] D[ ]
A[ ] B[ ]

⎛

⎝⎜
⎞

⎠⎟
 is the mass action ratio

A  +  B  ⎯ →⎯   C  +  D
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�22

•When Q ≈ Keq a reaction is 
reversible.


•When Q < Keq a reaction is 
spontaneous and irreversible.


•When Q > Keq a reaction is non-
spontaneous and irreversible
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•The hydrolysis of ATP can be used 
to drive unfavorable reactions
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Reduced Coenzymes
Reduced coenzymes (NAD+, NADP, FAD, 
FMN, ubiquinone) provide another way 
to store chemical energy.


✦ They can be used to store the free energy 
that is released in oxidation reactions.


✦ The electrons released in these reactions are 
transferred to the coenzyme, usually in the 
form of a hydride (H:-) ion.
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Reduced Coenzymes
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Reduction potentials can be used to 
measure the ability of a molecule to 
serve as a reducing agent in an 
oxidation/reduction reaction

Aoxidized +  Breduced → Areduced + Boxidized

(B is the reducing agent in this reaction)
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Reduced Coenzymes
Reduction potentials can be measured 
with an electrochemical cell.


✦ The oxidation and reduction are separated by 
a wire.

�31

The reduction of Cu2+ by Zn

Zn   +   Cu2+ ↔  Zn2+   +   Cu
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Reduced Coenzymes
The change in the reduction potential 
for an oxidation/reduction reaction 
(ΔEo’) can be used to determine the 
change in Free energy for the 
reaction.

�32

ΔEo ' = Eo '
 electron acceptor −Eo '

 electron donor

ΔGo ' = −nF ΔEo '

n = number of electrons transferred
F  = Faraday's constant (96,586 JV −1mol −1)



Chem 352, Lecture 7, Introduction to Metabolism

Reduced Coenzymes
Standard reduction potentials, Eo’, are usually 
measured with respect to the reduction 
potential for of 2 H+(aq) → H2(g)

�33



Chem 352, Lecture 7, Introduction to Metabolism

Reduced Coenzymes
Standard reduction potentials, Eo’, are usually 
measured with respect to the reduction 
potential for of 2 H+(aq) → H2(g)

�33



Chem 352, Lecture 7, Introduction to Metabolism

Reduced Coenzymes
Standard reduction potentials, Eo’, are usually 
measured with respect to the reduction 
potential for of 2 H+(aq) → H2(g)

�33

-2.37  V



Chem 352, Lecture 7, Introduction to Metabolism

Reduced Coenzymes
Standard reduction potentials, Eo’, are usually 
measured with respect to the reduction 
potential for of 2 H+(aq) → H2(g)

�33



Chem 352, Lecture 7, Introduction to Metabolism

Reduced Coenzymes

�34

Like ΔG, the observed change in the 
reduction potential for a reaction, 
(ΔE), can be determined relative to 
the change in the standard reduction 
potential, (ΔΕo’):

 
ΔE = ΔEo ' −
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of NADH + H+ by O2.


1/2 O2   +   NADH   +   H+    →   H2O   +   NAD+
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Problem:

Determine the standard free energy change for the oxidation 
of succinate to fumarate by O2.


Succinate +  1/2 O2  →   Fumarate  +  H2O
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ADP   +   Pi  →   ATP   +   H2O

1/2 O2   +   NADH   +   H+    →   H2O   +   NAD+
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