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Glycolysis

Glycolysis is the first step in the breakdown of glucose to extract energy for cellular metabolism. Glycolysis consists of an energy-requiring phase followed by an energy-releasing phase.

Glycolysis is the sequence of 10 enzyme catalyzed reactions that converts glucose into pyruvate with the simultaneous production of ATP.

C6H12O6 + 2 NAD+ + 2 ADP + 2 P —> 2 pyruvic acid, (CH3(C=O)COOH + 2 ATP + 2 NADH + 2 H+

Steps of Glycolysis

Glycolysis is an extramitochondrial pathway and is carried by a group of eleven enzymes. Glucose is converted to pyruvate in 10 steps by glycolysis. The glycolytic patway can be divided into two phases:

Preparatory Phase:It is Phase I which comprises of “preparatory” reactions : These are not redox reactions and do not release energy but instead form a key intermediate of the pathway

This phase is also called glucose activation phase. In the preparatory phase of glycolysis, two molecules of ATP are invested and the hexose chain is cleaved into two triose phosphates. During this, phosphorylation of glucose and it’s conversion to glyceraldehyde-3-phosphate take place. The steps 1, 2, 3, 4 and 5 together are called as the preparatory phase.

Payoff Phase: This is the Stage II, redox reactions where energy is conserved, and two molecules of pyruvate are formed.

This phase is also called energy extraction phase. During this phase, conversion of glyceraldehyde-3-phophate to pyruvate and the coupled formation of ATP take place. Because Glucose is split to yield two molecules of D-Glyceraldehyde-3-phosphate, each step in the payoff phase occurs twice per molecule of glucose. The steps after 5 constitute payoff phase.

The overall reaction of glycolysis which occurs in the cytoplasm is represented simply as:

Steps Involved in Glycolysis

In glycolysis, a molecule of glucose is degraded in a series of enzyme catalyzed reactions to yield two molecules of the carbon compound – pyruvate.

Phase I:  Energy investment phase (Preparatory phase)
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Involved reactions

· Glucose is phosphorylated with the use of ATP by hexokinase, yielding glucose 6-phosphate.

· Glucose 6-phosphate is then isomerized to fructose 6-phosphate by phosphoglucoseisomerase.

· Second phosphorylation leads to the production of fructose1,6-bisphosphate by phosphofructokinase 1 (PFK-1), which is the rate-limiting enzyme of glycolysis. The reaction uses 1 ATP.

· The enzyme aldolase then splits fructose 1,6-bisphosphate into two 3-carbon molecules, glyceraldehyde 3-phosphate and its isomer, dihydroxyacetone phosphate, which is ultimately converted into glyceraldehyde 3-phosphate.

Phase II:  Energy production phase (Pay-off phase)

· Converts two G3P to two pyruvate.

· Produces four ATP and two NADH.
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Involved reactions

· The first redox reaction is the oxidation of glyceraldehyde 3-phosphate to 1,3bisphosphoglyceric acid by glyceraldehyde 3-phosphate dehydrogenase using NAD + as a cofactor.

· 1, 3-bisphosphoglyceric acid is converted to 3-phosphoglyceric acid by phosphoglycerate kinase. This reaction generates 2 ATP per glucose molecule.

· Reversible conversion of 3-phosphoglyceric acid to 2-phosphoglyceric acid by phosphoglyceratemutase.

· Reversible conversion of 2-phosphoglycerate to phosphoenolpyruvate (PEP) by enolase.

· Regulated, irreversible reaction involving the conversion of PEP to pyruvate by pyruvate kinase. There is a net gain of 2 ATP per glucose molecule in this reaction

Although 2 ATP molecules are used in steps 1-3, 2 ATP molecules are generated in step 7 and 2 more in step 10. This gives a total of 4 ATP molecules produced. If we subtract the 2 ATP molecules used in steps 1-3 from the 4 generated at the end of step 10, we end up with a net total of 2 ATP molecules produced.Thus, the net energy yield in glycolysis is two molecules of ATP per molecule of glucose fermented.
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