Chapter 8  - An Introduction to Metabolism

8.1 An organisms metabolism transoforms matter and energy, subject to the laws of thermodynamics

Metabolism  - total of an organisms chemical reactions 

Organization of the chemistry of life into metabolic pathways

· Molecule alter in a series of defined steps

· Each step is catalyzed by a specific enzyme

· 
· Catabolic pathways – release energy to breakdown substances

· Anabolic pathways – consume energy to build substances

· Bioenergenics – study of how organisms manage their energy resources

Forms of Energy

· Energy – capacity to cause change

· Kinetic vs potential energy

· Light energy

· Heat energy

· Chemical energy

· Energy is converted from one form to another

The laws of energy transformation

· Study of energy transformation that occur in a collection of matter – thermodynamics

· The first law of thermodynamics

· Energy can be transferred and transformed, but it cannot be created or destroyed. The first law is also known as the principle of conservation of energy.
· The second law of thermodynamics
· Every energy transfer or transformation increases the entropy of the universe. Although order can increase locally, there is an unstoppable trend toward randomization of the universe as a whole.
· Entropy – measure of disorder
· For a process to occur spontaneously, it must increase the entropy of the universe.
Biological order and disorder

· Living systems increase the entropy of their surroundings
http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?8&A
8.2 the free-energy change of a reaction tells us wether the reaction occurs spontaneously

Free-energy change, ΔG

· Gibbs free energy of a a system – symbolized by the symbol G

· Free energy - measures the portion of a system′s energy that can perform work when temperature and pressure are uniform throughout the system

· ΔG = ΔH − TΔS
· ΔH symbolizes the change in the system′s enthalpy
· ΔS is the change in the system′s entropy

· T is the absolute temperature in Kelvin (K) units

· Once we know the value of ΔG for a process, we can use it to predict whether the process will be spontaneous

· only processes with a negative ΔG are spontaneous

· every spontaneous process decreases the system′s free energy

free-energy, stability, and equilibrium

· ΔG = Gfinal state − Ginitial state
· As a reaction proceeds toward equilibrium, the free energy of the mixture of reactants and products decreases

Free-energy and metabolism

Exergenic and Endergenic Reactions in Metabolism

· Exergenic – release of energy, ΔG is negative, occur spontaneously

· Endergenic – absorbs free energy, ΔG is positive, nonspontaneous

· See examples in the text

Equilibrium and Metabolism

· Reactions in a closed system eventually reach equilibrium and can then do no work  see fig 8.7

· a cell in our body is not in equilibrium

· The constant flow of materials in and out of the cell keeps the metabolic pathways from ever reaching equilibrium

8.3 ATP powers cellular work by coupling exergonic reactions to endergonic reactions
A cell does three types of work


1 – mechanical


2 – transport


3 – chemical

Energy coupling – using exergonic to drive endergonic

The structure and hydrolysis of ATP

· Structure

· Ribose sugar

· Nitrogenous base – adenine

· Chain of three phosphates

· Hydrolysis breaks the last phosphate off of the tail

· ATP + H2O → ADP + Pi
http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?8&B
How ATP Performs Work

See figure 8.11

http://media.pearsoncmg.com/bc/bc_campbell_biology_7/media/interactivemedia/activities/load.html?8&C
The Regeneration of ATP

See figure 8.12
ADP + Pi → ATP + H2O

8.4 Enzymes speed up metabolic reactions by lowering energy barriers

See figure 8.13

Caralyst – specifically an enzyme

The activation energy barrier

activation energy as the amount of energy needed to push the reactants over an energy barrier

How Enzymes Lower the EA Barrier – read

Substrates specificity of enzymes

Enzyme –substrate complex

Each enzyme is specific for that substrate

Active site –

Induced fit-

See figure 8.17

Local conditionns 

Temp and pH affect enzyme activity

See fig 8.18

Cofactors

Coenzymes-

Competative inhibitors – see fig 8.19

8.5 Regulation of enzyme activity helps control metabolism

Allosteric regulation – see fig 8.20

Feedback inhibition – see fig 8.21

