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6-Oxidation of Glyceraldehyde 3-Phosphate to 1,3 

Bisphosphoglycerate 

 The first step in the payoff phase is the oxidation of 

glyceraldehyde 3-phosphate to 1,3-bisphosphoglycerate, catalyzed by 

glyceraldehyde 3- phosphate dehydrogenase: 

 

This is the first of the two energy-conserving reactions of 

glycolysis that eventually lead to the formation of ATP. The aldehyde 

group of glyceraldehyde 3-phosphate is oxidized, not to a free carboxyl 

group but to a carboxylic acid anhydride with phosphoric acid.  

7-Phosphoryl Transfer from 1,3-Bisphosphoglycerate to ADP  

The enzyme phosphoglycerate kinase transfers the high-energy 

phosphoryl group from the carboxyl group of 1,3-bisphosphoglycerate to 

ADP, forming ATP and 3- phosphoglycerate: 



 

Notice that phosphoglycerate kinase is named for the reverse reaction. 

Like all enzymes, it catalyzes the reaction in both directions. 

 

8-Conversion of 3-Phosphoglycerate to 2-Phosphoglycerate 

 The enzyme phosphoglycerate mutase catalyzes a reversible shift 

of the phosphoryl group between C-2 and C-3 of glycerate; Mg+2 is 

essential for this reaction: 



 

9-Dehydration of 2-Phosphoglycerate to Phosphoenolpyruvate 

In the second glycolytic reaction that generates a compound with 

high phosphoryl group transfer potential, enolase promotes reversible 

removal of a molecule of water from 2-phosphoglycerate to yield 

phosphoenolpyruvate (PEP): 

 

10 -Transfer of the Phosphoryl Group from Phosphoenolpyruvate to 

ADP 

 The last step in glycolysis   is the transfer of the phosphoryl group 

from phosphoenolpyruvate to ADP, catalyzed by pyruvate kinase, which 

requires K+1 and Mn+2: 



 

Feeder Pathways for Glycolysis  

Many carbohydrates besides glucose meet their catabolic fate in 

glycolysis, after being transformed into one of the glycolytic 

intermediates. The most significant are the storage polysaccharides 

glycogen and starch; the disaccharides maltose, lactose, trehalose, and 

sucrose; and the monosaccharides fructose, mannose, and galactose. 

Glycogen and Starch Are Degraded by Phosphorolysis  

Glycogen in animal tissues and in microorganisms (and starch in 

plants) can be mobilized for use within the same cell by a phosphorolytic 

reaction catalyzed by glycogen phosphorylase (starch phosphorylase in 

plants). These enzymes catalyze an attack by Pi on the (1-4) glycosidic 

linkage that joins the last two glucose residues at a nonreducing end, 

generating  glucose 1-phosphate and a polymer one glucose unit shorter 

(Fig. 5). 

 



 

(Figure 5): Glycogen breakdown by glycogen phosphorylase. 

 

Glucose 1-phosphate produced by glycogen phosphorylase is converted 

to glucose 6 phosphate by phosphoglucomutase, which catalyzes the 

reversible reaction   

Glucose 1-phosphate                                    glucose 6-phosphate  

The glucose 6-phosphate thus formed can enter glycolysis or 

another pathway such as the pentose phosphate pathway. 

Dietary Polysaccharides and Disaccharides Undergo 

Hydrolysis to Monosaccharides  

For most humans, starch is the major source of carbohydrates in 

the diet. Digestion begins in the mouth, where salivary -amylase (Fig. 6) 

hydrolyzes the internal glycosidic linkages of starch, producing short 

polysaccharide fragments or oligosaccharides. (Note that in this 

hydrolysis reaction, water, not Pi, is the attacking species.) In the 

stomach, salivary -amylase is inactivated by the low pH, but a second 

form of -amylase, secreted by the pancreas into the small intestine, 

continues the breakdown process. Pancreatic –amylase yields mainly 

maltose and maltotriose (the di- and trisaccharides of (1-4) glucose) and 

oligosaccharides called limit dextrins, fragments of amylopectin  

containing (1n6) branch points. Maltose and dextrins are degraded by 

enzymes of the intestinal brush border (the fingerlike microvilli of 



intestinal epithelial cells, which greatly increase the area of the intestinal 

surface). Dietary glycogen has essentially the same structure as starch, 

and its digestion proceeds by the same pathway 

 

 

Gluconeogenesis  

The central role of glucose in metabolism arose early in evolution, 

and this sugar remains the nearly universal fuel and building block in 

modern organisms, from microbes to humans. In mammals, some tissues 

depend almost completely on glucose for their metabolic energy. For the 

human brain and nervous system, as well as the erythrocytes, testes, renal 

medulla, and embryonic tissues, glucose from the blood is the sole or 

major fuel source. The brain alone requires about 120 g of glucose each 

day—more than half of all the glucose stored as glycogen in muscle and 

liver. However, the supply of glucose from these stores is not always 

sufficient; between meals and during longer fasts, or after vigorous 

exercise, glycogen is depleted. For these times, organisms need a method 

for synthesizing glucose from noncarbohydrate precursors. This is 

(Figure 6): Entry of glycogen, starch, disaccharides, and 

hexoses into the preparatory stage of glycolysis   



accomplished by a pathway called gluconeogenesis (“formation of new 

sugar”), which converts pyruvate and related three- and four-carbon 

compounds to glucose. Gluconeogenesis occurs in all animals, plants, 

fungi, and microorganisms. The reactions are essentially the same in all 

tissues and all species. The important precursors of glucose in animals are 

three-carbon compounds such as lactate, pyruvate, and glycerol, as well 

as certain amino acids (Fig. 7). In mammals, gluconeogenesis takes place 

mainly in the liver, and to a lesser extent in renal cortex. The glucose 

produced passes into the blood to supply other tissues. After vigorous 

exercise, lactate produced by anaerobic glycolysis in skeletal muscle 

returns to the liver and is converted to glucose, which moves back to 

muscle and is 

converted to glycogen—a circuit called the Cori cycle. 

 

(Fig. 7) Carbohydrate synthesis from simple precursors 

 

 

 



 

 

(Fig. 8) Opposing pathways of glycolysis and gluconeogenesis in rat liver 

 


