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Energy is needed for many processes, such as active transport and some metabolic reactions.

The energy s used to synthesise ATP, which is the energy currency of every cell. ATP is a nucleotide
containing adenine, the sugar ribose and a phosphate group.

The first stage of respiration is glycolysis, and this takes place in the cytoplasm of a cell. Glucose is
phosphorylated to produce hexose bisphosphate, which is then split to form two triose phosphates.
These are oxidised to form pyruvate. The oxidation of one glucose molecule to pyruvate uses two
ATP molecules and generates four, so there is @ net gain of two ATPs per glucose.

The hydrogens that are removed during oxidation are taken up by the coenzyme NAD.

If oxygen is available, the pyruvate is actively transported into the matrix of a mitochondrion where
the link reaction takes place. This produces acetyl CoA, carbon dioxide and hydrogen. The carbon
dioxide is lost from the cell and transported to the gas exchange surface, where it is excreted.

Still in the matrix of the mitochondrion, the acetyl CoA combines with the four-carbon compound
oxaloacetate to form citrate, which is gradually converted to oxaloacetate again in the Krebs cycle.
This generates some ATP directly. Hydrogens are picked up by NAD and FAD. Carbon dioxide is
given off and excreted.

The reduced NAD and reduced FAD pass on electrons to the electron transport chain in the inner
membrane of the cristac in the mitochondrion. As they pass down the chain, their energy is used to
pump hydrogen ions into the intermembranal space. The hydrogen ions then diffuse back down the
electrochemical gradient through ATPases, and ATP s produced from ADP and Pi. This is called
oxidative phosphorylation. The process is known as chemiosmosis.

The existence of a pH gradient across the membrane, the fact that thylakofds can generate

ATP in the dark so long as a pH gradient is produced across their membranes, and the way in
which hydrogen ion transfer can be decoupled from ATP production all provide evidence for the
chemiosmotic theory.

A theoretical 32 molecules of ATP can be made from each molecule of glucose respired acrobically.

When oxygen is unavailable, the electron transport chain and the Krebs cycle stop. Glycolysis
continues as usual, but the pyruvate produced is converted into cither lactate (in mammals) or
ethanol (in plants and yeast). This reaction also converts reduced NAD to NAD, so that NAD
continues to be available and glycolysis can continue to take place. This is anacrobic respiration, and
it generates only a tiny fraction of the ATP that could be generated by acrobic respiration.

The substance that is oxidised in respiration is called the respiratory substrate. About twice as much
ATP can be made from the complete oxidation of one gram of lipid compared with one gram of
cither carbohydrate or protein.




[image: image2.png]1 The diagram is an outline of the glycolytic pathway.

a With reference to the diagram, state the letter, A, Bor C, in the
glycolytic pathway where the following processes occur.
 phosphorylation using ATP
@ dehydrogenation
@ formation of ATP
@ splitting of @ hexose 2}
b State where glycolysis occurs in a cell. 1

¢ State the net gain in ATP molecules when one molecule of glucose is

broken down to pyruvate in glycolysis. 1
d Describe what would happen to the pyruvate molecules formed under

anaerobic conditions in mammalian muscle tissue. Bl
¢ Explain why, under acrobic conditions, lipids have a greater energy value

per unit mass than carbohydrates or proteins. 2

f Many chemicals will ‘uncouple’ oxidation from phosphorylation. In this

situation, the energy released by oxidation of food materials is converted

into heat instead of being used to form ATP. One such compound is

dinitrophenol, which was used in munition factories for the manufacture

of explosives during the First World War. People working in these factories

were exposed to high levels of dinitrophenol.

Suggest and explain why people working in munitions factories during

the First World War became very thin regardless of how much they ate. Bl
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