Chapter 7.1: Cellular respiration – the energy supply


Metabolic pathway: Series of chemical reactions in a cell in which products of one reaction act as substrates for next reaction; each reaction is catalyzed by a specific enzyme.

Respiration: 					
· Hydrogen is removed from glucose (or other food substrates) and passed along electron transport chain; releases energy for synthesis of ATP; finally combines with oxygen to produce water. 
· Carbon is removed from glucose (or other food substrates); combines with oxygen to produce carbon dioxide; CO2 released as waste gas.
· Volume of oxygen used and volume of carbon dioxide produced can vary - on level of activity of organism, type of food being respired and temperature.
· ATP cannot be stored in large amounts; but food and oxygen are always available, so ATP is made when required.
· Most ATP is made from oxidative phosphorylation - using energy released from oxidation and reduction of hydrogen acceptors in electron transport chain. Some ATP is made from substrate-level phosphorylation - using energy released from rearranging chemical bonds.

Glycolysis: 
· Does not need oxygen; occurs in the cytoplasm; each step is controlled by an enzyme.
· 6-carbon glucose is phosphorylated by two ATP molecules, in “pump-priming” reactions; to produce two molecules of 3-carbon glyceraldehyde-3-phospahte (GALP). This activates glucose and prevents it from being transported out of the cell (cell membrane is impermeable to GALP).
· Two hydrogen atoms are removed from each GALP molecule; hydrogen atoms are picked up by NAD+, forming reduced NAD; reduced NAD passes to electron transport chain in mitochondria.
· Enough energy is released from substrate-level phosphorylation (as GALP is converted to pyruvate, to form ten ATP molecules.

Control of rate of glycolysis: 
· Enzymes in glycolysis are sensitive to various substrates or products. 
· Enzyme phosphofructokinase, which catalyses pump-priming reactions, is sensitive to concentrations of ATP and citric acid. In high concentrations of ATP and/or citric acid, phosphofructokinase is inhibited; so glycolysis and hence Kreb’s cycle slows down. 
· Enzymes which control the rate of an entire metabolic pathway are called regulatory enzymes.

Anaerobic respiration: 
· Creatine phosphate is a phosphate-storage compound in muscles. During exercise, creatine phosphate supplies energy and phosphate group immediately, to produce ATP from ADP; while extra ATP are being produced by aerobic respiration. 
· During exercise, electron transport chain stops because oxygen is not available to accept electron/hydrogen; Krebs cycle stops because oxygen is not available to oxidize carbon to carbon dioxide and therefore oxaloacetate is not regenerated to combine with acetyl coenzyme A.
· So, pyruvate is reduced to lactate, using reduced NAD, in the cytoplasm. Lactate dissolves to form lactic acid, lowering pH (may inhibit enzymes) and causing muscle cramps. 
· After exercise, lactate is oxidized to pyruvate, using oxygen; pyruvate passes to Kreb’s cycle and is respired aerobically. Additional oxygen needed to oxidize lactate is oxygen debt.

	
Aerobic respiration:

	
Anaerobic respiration:

	a. Occurs in mitochondria.
b. Complete oxidation.
c. Waste products are carbon dioxide and water.
d. Net energy 32ATP.
	a. Occurs in the cytoplasm.
b. Incomplete oxidation.
c. Waste products are lactic acid or carbon dioxide and ethanol.
d. Net energy 2ATP



· Extra oxygen needed by the body, over calculated oxygen debt, is excess post-exercise oxygen consumption (epoc). Factors affecting epoc: 
a. Oxygen stores in myoglobin need to be replenished.
b. Some pyruvate is oxidized to glucose (instead of being aerobically respired), by gluconeogenesis, to replenish glycogen stores in muscles. 
c. More oxygen is needed for increased rate of respiration of intercostal muscles and diaphragm, to provide increased tidal volume and faster breathing.
d. More oxygen is needed for increased rate of respiration of cardiac muscle, to provide increased stroke volume and faster heart rate.
· Training develops a better blood supply (providing more oxygen at a faster rate), higher lactate tolerance and more lactate transporter molecules in mitochondrial membrane (so lactate is converted to pyruvate faster).

Kreb’s cycle: 
· Needs oxygen; occurs in mitochondrial matrix; each step is controlled by an enzyme.
· Link reaction: One hydrogen atom is removed from 3-carbon pyruvate, by dehydrogenases, and picked up by NAD and one carbon dioxide molecule is removed from pyruvate, by decarboxylases. 3-carbon pyruvate is converted to acetate. Acetate combines with coenzyme A to produce 2-carbon acetyl coenzyme A.
· 2-carbon acetyl coenzyme A combines with 4-carbon oxaloacetate to produce 6-carbon citric acid. 
· 6-carbon citric acid is converted to 4-carbon oxaloacetate. As two carbon dioxide molecules are removed, by decarboxylases; also three reduced NAD molecules, one reduced FAD molecule and one ATP molecule (by substrate-level phosphorylation) are produced. 
· Reduced NAD and FAD pass to electron transport chain. Regenerated 4-carbon oxaloacetate combines with acetyl coenzyme A.

Electron transport chain: 
· Needs oxygen; occurs in the inner mitochondrial membrane (cristae).
· Electrons of hydrogen atoms picked up by hydrogen acceptors NAD and FAD are passed along electron transport chain; resulting hydrogen ions remain in solution.
· Hydrogen atom is picked up by FAD from reduced NAD; forming reduced FAD and NAD; enough energy is released to produce one ATP molecule.
· Hydrogen atom is picked up by cytochromes (protein pigments) from reduced FAD; forming reduced cytochromes and FAD; enough energy is released to produce one ATP molecule.
· Hydrogen atom is picked up by cytochrome oxidase (enzyme) from reduced cytochrome; forming reduced cytochrome oxidase and cytochrome; enough energy is released to produce one ATP molecule.
· Hydrogen atom is picked up by oxygen from reduced cytochrome oxidase; forming water; chain ends.
· Oxidation of two reduced NAD molecules releases enough energy to produce five ATP. Oxidation of two reduced FAD molecules releases enough energy to produce three ATP. (Total yield ~ 32 ATP)

Chemiosmotic theory: 
· Hydrogen ions are transported from matrix into intermembrane space, by active transport, using energy released from electron transport chain. 
· This creates a concentration gradient (of hydrogen ions), a pH gradient (because of different concentration of hydrogen ions) and an electrochemical gradient (because more positive hydrogen ions are present in intermembrane space) as inner mitochondrial membrane is impermeable to hydrogen ions.
· Hydrogen ions tend move from intermembrane space into matrix; but can only pass through special pores in stalked particles. These pores are linked to ATPase enzyme; so energy released from the gradients is used to produce ATP.




