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C8 Metabolism

Metabolism – all of an organism’s chemical reactions.

Catabolic pathways – release energy by breaking down complex molecules, ex. cellular respiration

Anabolic pathways – use energy to build complex molecules from simpler ones

Energy – capacity to do work (move matter against opposing forces, such as gravity and friction)

Kinetic energy – energy of motion

Potential energy – stored energy

Closed system – isolated in terms of energy and matter

Open system – transfer of energy and matter is possible with surroundings, ex. organisms

Energy in living systems subject to the 2 laws:
• 1st law of thermodynamics – Conservation of energy: Energy can be transferred and transformed, but not created or destroyed.
• 2nd law of thermodynamics – Entropy: Every energy transfer or transformation increases the entropy of the universe.

Entropy – measure of disorder or randomness; the more random, the greater the entropy (S).  (Enthalpy is the transfer of energy (H)).
Heat is the energy of random molecular motion.  Energy flows into an ecosystem as light and leaves as heat.

Free energy – portion of a system’s energy that can perform work when temperature is uniform throughout the system, as in a living cell, ∆G

Exergonic reaction – occurs spontaneously and releases free energy, ∆G is negative

Endergonic reaction – absorbs free energy from its surroundings, ∆G is + and = quantity of energy needed to drive the reaction, ex. photosynthesis

Reaction at equilibrium, ∆G = 0. Organisms never move into equilibrium, energy is used to do work until death.

Work cells do (powered by ATP)
1. Mechanical work, ex. beating of cilia, muscle contraction
2. Transport work, ex. pumping substances across membranes against a concentration gradient
3. Chemical work, ex. pushing reactions that would not occur spontaneously, such as synthesis of polymers

Adenosine triphosphate (ATP) – made of adenine (N base), ribose, and 3 phosphate groups

Energy stored in the P bonds. Bonds easily broken by hydrolysis due to negativity of the O’s so closely together. Losing the last P releases 7.3 kcal/mol in standard conditions (∆G = -7.3 kcal/mol), (13 kcal/mol in the cellular environment). The P released temporarily bonds with another molecule, called a phosphorylated intermediate. This intermediate is unstable (energized) and will move in the direction of stability, ex. ATP powers movement of muscles by transferring P to contractile proteins
Enzymes are catalytic proteins
• speed reactions by lowering EA 
• do not change the ∆G; only speed up reactions to occur anyway
• are specific (3-D shape determines specificity)
• are reusable
• usually dependent on the substrate concentration
• environmental influences: temperature, pH, cofactors, inhibitors 

Induced fit – slight alteration of the “lock and key model” wherein enzyme shape-shifts slightly to fit the substrate (reactant); this action may stress critical bonds that must be broken during the reaction

Cofactors – non-protein helpers needed by many enzymes; may be permanent or loosely bond; ex. inorganic zinc, copper, iron. Called a coenzyme if it’s an organic molecule, ex. vitamin A.

Competitive inhibitors – mimic the substrate and compete for binding sites. Overcome by increasing amount of substrate.

Noncompetitive inhibitors – slow down or block reactions by binding to another part of the enzyme, causing it to change shape

Some poisons act by inhibiting enzymes, ex. DDT. Some antibiotics inhibit certain enzymes in bacteria, ex. penicillin blocks enzyme useful in making cell walls.

Control of metabolism: 
• Pathways controlled by switching on/off genes that encode specific enzymes, or by regulating the activity of enzymes once they’re made.
• Allosteric site – a specific receptor site on some part of the enzyme, but NOT the active site. Some enzymes have >1 active site.
• Feedback inhibition – switching off of a metabolic pathway by its end-product, which acts as an inhibitor of an enzyme within the pathway. Prevents wasting chemical resources.
• Cooperativity – the binding of one substrate molecule causes all the subunits in enzymes with >1 active site to assume active conformation.
• Cell organization aids in keeping order in metabolism, ex. enzymes for cellular respiration stay in the mitochondria. 
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