figure 13-4

The two phases of glycolysis. For each
molecule of glucose that passes through
the preparatory phase (a), two molecules
of glyceraldehyde 3-phosphate are formed:
both pass through the payoff phase (b).
Pyruvate is the end product of the second
phase of glycolysis. For each glucose mol-
ecule, two ATP are consumed in the
preparatory phase and four ATP are pro-
duced in the payoff phase, giving a net
yield of two ATP per molecule of glucose
converted to pyruvate. The number beside
each reaction step corresponds to its num-
bered heading in the text discussion. Keep
in mind that each phosphoryl group, rep-
resented here as (P), has two negative
charges (—P0%7).
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Much of this energy is conserved by the coupled phosphorylation of four
molecules of ADP to ATP. The net yield is two molecules of ATP per mgje.
cule of glucose used, because two molecules of ATP were invested in the
preparatory phase. Energy is also conserved in the payoff phase in the fqp.
mation of two molecules of NADH per molecule of glucose.

In the sequential reactions of glycolysis, three types of chemical trapg.
formations are particularly noteworthy: (1) degradation of the carbon
skeleton of glucose to yield pyruvate, (2) phosphorylation of ADP tg ATP
by high-energy phosphate compounds formed during glycolysis, and 3)
transfer of a hydride ion with its electrons to NAD™, forming NADH. The fate
of the pyruvate depends on the cell type and the metabolic circumstances,

Fates of Pyruvate Barring some interesting variations in the bacterig
realm, the pyruvate formed by glycolysis is further metabolized via one of
three catabolic routes. In aerobic organisms or tissues, under aerobic cop-
ditions, glycolysis is only the first stage in the complete degradation of gly-
cose (Fig. 15-3). Pyruvate is oxidized, with loss of its carboxyl group as
CO,, to yield the acetyl group of acetyl-coenzyme A; the acetyl group is then
oxidized completely to COy by the citric acid cycle (Chapter 16). The elec-
trons from these oxidations are passed to O, through a chain of carriers in
the mitochondrion, forming H,O. The energy from the electron transfer re-
actions drives the synthesis of ATP in the mitochondrion (Chapter 19).

The second route for pyruvate is its reduction to lactate via lactic acid
fermentation. When vigorously contracting skeletal muscle must function
under low-oxygen conditions (hypoxia), NADH cannot be reoxidized to
NAD*, and NAD" is required as an electron acceptor for the further oxida-
tion of pyruvate. Under these conditions pyruvate is reduced to lactate, ac-
cepting electrons from NADH and thereby regenerating the NAD™ neces-
sary for glycolysis to continue. Certain tissues and cell types (retina, brain,
erythrocytes) convert glucose to lactate even under aerobic conditions, and
lactate is also the product of glycolysis under anaerobic conditions in some
microorganisms (Fig. 15-3).

The third major route of pyruvate catabolism leads to ethanol. In some
plant tissues and in certain invertebrates, protists, and microorganisms
such as brewer’s yeast, pyruvate is converted under hypoxic or anaerobic
conditions into ethanol and CQO,, a process called aleohol (or ethanol) fer-
mentation (Fig. 15-3).

The focus of this chapter is catabolism, but pyruvate has anabolic fates
as well. It can, for example, provide the carbon skeleton for the synthesis of
the amino acid alanine. We return to these anabolic reactions of pyruvate in
later chapters.
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figure 15-3

Three possible catabolic fates of the pyruvate formed in
glycolysis. Pyruvate also serves as a precursor in many
anabolic reactions, not shown here.
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