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Enzyme Pathway(s) Bond cleaved Bond formed
o
1 " /0 1 /0
Pyruvate decarboxylase Ethanol fermentation R —C—C\ R —C\
O H
0 (0]
Pyruvate dehydrogenase Synthesis of acetyl-CoA R2 — ll:_ C/ R2 —C/
a-Ketoglutarate dehydrogenase Citric acid cycle N o- \S-Co A
i jie
Transketolase Carbon-assimilation reactions R3 —C—C—R* R® —C—C—RS
Pentose phosphate pathway | |
H H
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Glycolytic reaction step AG'°(kJ/mol)  AG (kJ/mol)
1 Glucose + ATP —— glucose 6-phosphate + ADP —-16.7 —334
2 Glucose 6-phosphate — fructose 6-phosphate 1.7 0 to 25
3 Fructose 6-phosphate + ATP —— fructose 1,6-bisphosphate + ADP —14.2 —22.2
4 Fructose 1,6-bisphosphate — dihydroxyacetone phosphate + 23.8 —6to0
glyceraldehyde 3-phosphate

5 Dihydroxyacetone phosphate —— glyceraldehyde 3-phosphate 7 4 Oto4

6 Glyceraldehyde 3-phosphate + P; + NAD* — 1,3-bisphosphoglycerate + NADH + H* 6.3 —2to 2

7 1,3-Bisphosphoglycerate + ADP —— 3-phosphoglycerate + ATP —18.8 Oto2
8 3-Phosphoglycerate — 2-phosphoglycerate 4.4 0to 0.8
9 2-Phosphoglycerate — phosphoenolpyruvate + H,0 7.5 0to3.3
10 Phosphoenolpyruvate + ADP —— pyruvate + ATP -31.4 —-16.7

Note: AG'° is the standard free-energy change, as defined in Chapter 13 (pp.491-492). AG is the free-energy change calculated from the actual concentra-
tions of glycolytic intermediates present under physiological conditions in erythrocytes, at pH 7. The glycolytic reactions bypassed in gluconeogenesis
are shown in red. Biochemical equations are not necessarily balanced for H or charge (p.501).
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Pyruvate + HCO~; + ATP — oxaloacetate + ADP + P, X2
Oxaloacetate + GTP —— phosphoenolpyruvate + CO, + GDP X2
Phosphoenolpyruvate + H,0 —— 2-phosphoglycerate X2
2-Phosphoglycerate — 3-phosphoglycerate X2
3-Phosphoglycerate + ATP — 1,3-bisphosphoglycerate + ADP X2
1,3-Bisphosphoglycerate + NADH + H* — glyceraldehyde 3-phosphate + NAD* + P, X2

Glyceraldehyde 3-phosphate — dihydroxyacetone phosphate

Glyceraldehyde 3-phosphate + dihydroxyacetone phosphate —— fructose 1,6-bisphosphate

Fructose 1,6-bisphosphate — fructose 6-phosphate + P,

Fructose 6-phosphate —— glucose 6-phosphate

Glucose 6-phosphate + H,0 —— glucose + P,

Sum: 2 Pyruvate + 4ATP + 2GTP + 2NADH + 2H" + 4H,0 — glucose + 4ADP + 2GDP + 6P; + 2NAD™

Note: The bypass reactions are in red; all other reactions are reversible steps of glycolysis.The figures at the right indicate that the reaction is to be
counted twice, because two three-carbon precursors are required to make a molecule of glucose. The reactions required to replace the cytosolic NADH
consumed in the glyceraldehyde 3-phosphate dehydrogenase reaction (the conversion of lactate to pyruvate in the cytosol or the transport of reducing
equivalents from mitochondria to the cytosol in the form of malate) are not considered in this summary. Biochemical equations are not necessarily bal-
anced for H and charge (p.501).
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TABLE 14-4

Pyruvate

Alanine
Cysteine
Glycine
Serine
Threonine
Tryptophan*

a-Ketoglutarate
Arginine
Glutamate
Glutamine
Histidine
Proline

Succinyl-CoA
Isoleucine*
Methionine
Threonine
Valine

Fumarate
Phenylalanine*
Tyrosine*
Oxaloacetate
Asparagine
Aspartate

Note: All these amino acids are precursors of blood glucose or liver
glycogen, because they can be converted to pyruvate or citric acid cycle
intermediates. Of the 20 common amino acids, only leucine and lysine
are unable to furnish carbon for net glucose

synthesis.

*These amino acids are also ketogenic (see Fig. 18-21).

Table 14-4
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Nonoxidative Oxidative

phase phase
| [ |
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02
Mitochondrial respiration, ionizing
l radiation, sulfa drugs, herbicides,
antimalarials, divicine
Superoxide - -
radical .

Hydrogen H.O glutathione peroxidase
"3

» 2H,0
peroxide / 2
+
H er—
H,0 2GSH GSSG
1
\/ /
Hydrqul ‘OH K]
free radical e’
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reductase
Oxidative damage to NADP* NADPH + H*
lipids, proteins, DNA /
Glucose » 6-Phospho-
6-phosphate glucose  glycono-d-lactone
6-phosphate
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