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Metabolism – What is it?

Websters – ‘the sum of the processes in the buildup and destruction of protoplasm; 
specifically : the chemical changes in living cells by which energy is provided for vital 
processes and activities and new material is assimilated b: the sum of the processes 
by which a particular substance is handled in the living body c: the sum of the 
metabolic activities taking place in a particular environment <the metabolism of a 
lake>’

Websters Etimology - International Scientific Vocabulary, from Greek metabolē 
change, from metaballein to change, from meta- + ballein to throw — more at devil

?

Wikipedia – Metabolism is the set of chemical reactions that occur in living 
organisms in order to maintain life

Metabolism Allows:

- Collection/Storage of Energy

- Maintenance of pH, temperature, salt conditions

- Fabrication of big, low entropy molecules



Metabolsim – Why?

Big Questions

How did metabolism appear? What was the earliest metabolism?

Metabolic networks – where are the weak points and why are they there?

Can metabolic control be reduced to a small number of archetypes?

Applications

- Higher/faster/stronger

- Metabolic diseases / disorders / syndromes: Diabetes, Wilson’s disease, many, many others

- Metabolic poisons : Cyanide, 2,4-Dinitrophenol, Oligomycin, many, many others

- Drug metabolism

- Nutrition



Metabolsim – Why Part Deux



Course Outline

Who started thinking about metabolism first?

Paris

Washington

Kyoto



Metabolism, Chemically

The Challenge: Most of the Processes Required to Sustain Life are Endergonic
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Gibb’s Free Energy and Equilibrium
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What this means is that if all the big, complex molecules of life were 
sitting there, they would ultimately just fall apart…

For example, the reaction ATP → ADP has a G˚ of -30.5 kJ/mol. So, 
if I make up a batch of ATP and shake it around, after a gazillion 
years the equilibrium constant (ADP / ATP) will look like…
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In other words, all but 1/220000th of the ATP has spontaniously 
decomposed to ADP. Since we need ATP for energy, that is bad.

We need a way to get around this problem…



A Solution to the Equilibrium Problem: Metabolic Pathways

- Metabolism is a network of chemical reactions which are almost always 
mediated by enzymes

- A linked set of reactions within the 
network is a metabolic pathway or 
cycle.

- This allows for ‘linked reactions’ where we sortof ‘grab’ unfavorable products 
and put them through a highly favorable reaction before they can decompose…



Metabolic Pathways

- In sum, pathways are almost always exergonic, and very often largely so.

- This does not mean that all reactions in the pathway are exergonic

e.g. from Glucose to Pyruvate is ≈ -130 kcal/mol

e.g. from Glucose to Glyceraldehyde-3-Phosphate is ≈ +20 kcal/mol 

- Metabolic pathways can be Catabolic (break stuff down - degradation) or Anabolic 
(build stuff up - synthesis)

- Catabolic pathways start from a range of 
molecules (carbohydrates, proteins, lipids), 
converging on a relatively small number of 
intermediates.

- Anabolic pathways start from a small 
number of molecules (i.e. pyruvate, 
Acetyl CoA, citrate) and make a huge 
variety of products



Regulating Metabolic Pathways

- Control of metabolic pathways is by regulating the expression or activity of enzymes 
that catalyze ‘committed steps’

- Regulation of enzyme activity = FAST

- Regulation of expression = SLOW

- Metabolic processes are compartmentalized in every organism higher than a Eukaryote
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Metabolic Research: The ‘Pee’ Years

Friedrich Wöehler

Scientists in the early 1800’s were aware that differences existed 
between the chemical reactions of life and plain old boring chemical 
reactions 

Their explanation for this difference?: The ‘vital force’ a.k.a the 
‘internal flame’

The Science of metabolism really started when Wöehler (accidentally) 
synthesized Urea from Ammonium Cyanate

Many of Woehler’s experiments were carried out on himself or, 
if that was too dangerous – his dog!

1841 – First productive human metabolism experiment: Alexander Ure observes 
conversion of Benzoic Acid to hippuric acid and proposes Benzoic Acid as a treatment for 
Gout

http://www.issx.org/i4a/pages/index.cfm?pageID=3306

http://www.issx.org/i4a/pages/index.cfm?pageID=3306


More on Understanding Pee

The first strategy of metabolic chemists: ‘Feed ‘em some phenyl derivative and we’ll 
see what comes out in the urine’. Mid to late 1800’s.

Most of these chemistries are very hard. The products are very stable, but if you 
throw in the reactants nothing happens… Hunh?

Oxidation
Sulfate Conjugation

Reduction

Methylation

Acetylation



The Trouble With Making Pee:
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The reaction is favorable, but it’ll never happen. We 
need Catalysts!

This is the basis for the connection between 
Metabolism and Enzymes.

Note that in this case, even unstable 
products will hang around for quite a while 
once they are formed, so there’s no need to 
‘grab’ them quickly. This is called ‘kinetic 
trapping’ and it’s in large part why we are 
able to hang on to ATP once we’ve made it…



Same Bat-time, Different Bat-channel

Fortunately, at the same time as our metabolic chemists were busy 
examining pee, Eduard Buchner was hard at killing yeast.

Interestingly, he found that yeast extract could 
still ferment sugar!

1907

This was actually about 40 years after Payen and Persoz first isolated an enzyme (1833) 
that could break down starch. We now know and love this enzyme as amylase 

The difference was that Buchner knew he was dealing with proteins, 
mainly because of the work of this man:

Gerardus Mulder

1802-1880

Egg albumin:



What Are These Things Called Enzymes?

OK, so something non-living and associated with proteins in Yeast ferments sugar. 
But what is this thing?

The protein itself? Surely not!

James B. Sumner
1887-1955

Then, along comes this guy:

He starts trying to isolate an enzyme in it’s pure form

In 1926 he gets crystals of Urease

He is then generally ignored for the next 10 years or so

In 1929, Northrop and Stanley do the same with Pepsin and 
now people start to believe (slowly)

John H. 
Northrop

Wendell M. 
Stanley

1946

http://nobelprize.org/

http://nobelprize.org/


Pioneers of Enzyme Function

Lord David Chilton 
Phillips (1924 – 

1999)

Got X-ray crystal structure for Lysozyme in 1965

The beginning of Structural Biology

We now know the structure of lysozyme down to 1.04 Å 
(1.04 x 10-10 m, C-H bond ~1.1 Å).

Pioneered enzyme kinetics

“I think that enzymes are molecules that are complementary in structure 
to the activated complexes of the reactions that they catalyse, that is, to 
the molecular configuration that is intermediate between the reacting 
substances and the products of reaction for these catalysed processes. 
The attraction of the enzyme molecule for the activated complex would 
thus lead to a decrease in its energy, and hence to a decrease in the energy 
of activation of the reaction, and to an increase in the rate of the reaction” 
- 1948

Chemistry 
(1954)

Peace (1962)



Metabolism Overview – Organic Chemistry

- All metabolic chemistry falls under one of the following 4 categories:

1. Group transfer

2. Oxidations and Reductions

3. Elimination / Isomerization

4. Carbon bond making/breaking

- Group transfer: 

- Oxidation/reduction: 



More Organic Chemistry

- Elimination / Isomerization:

- Carbon bond making/breaking:
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