23.2 Glucose Metabolism: An

Overview

A When glucose enters a cell from the bloodstream
it Is iImmediately converted to glucose 6
phosphate.

A Once this phosphate is formed, glucose is trappe
within the cell because phosphorylated
molecules cannot cross the cell membrane.

A Like the first step in many metabolic pathways,
the formation of glucos&-phosphate is highly
exergonic and not reversible in the glycolytic
pathway, thereby committing the initial substrate
to subsequent reactions.



A When cells are already well supplied with glucose, the excess
glucose is converted to other forms for storage: to glycogen,
the glucose storage polymer, by thhe/cogenesis pathwayor
to fatty acids by entrance of acetICoA into the pathways of
lipid metabolism rather than the citric acid cycle.

A When energy is needed, glucos@Bosphate undergoes
glycolysigo pyruvate and then to acetyf®coenzyme A, which
enters the citric acid cycle.
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23.3 Glycolysis

A Glycolysiss a series of 10 enzyruatalyzed reactions that
break down glucose molecules.

A The net result of glycolysis is the production of two pyruvate
molecules, two ATPs, and two NADFSH

Net result of glycolysis

I
CeH o004 + 2 NAD' + 2H0P032* # 2aDR — 2 ChHly—C—C—O + 2ZNADE & ZATP + 2EH0 + 2HT
Glucose Pyruvate
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A Steps 15 of
glycolysis break one
glucose molecule
down into two

D-glyceraldehyde 3
phosphate
fragments.

A An investment of 2
ATP molecules is
required.
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fructose 6-phosphate. The reaction is catalyzed by the

2 Step 2. Isomerization of glucose 6-phosphate yields
mutase enzyme, glucose 6-phosphate isomerase.
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Step 3. Fructose 6-phosphate reacts with a second

molecule of ATP to yield fructose 1,6-bisphosphate

plus ADP. Phosphofructokinase, the enzyme for step
3, provides a major control point in glycolysis.

Highly exergonic
not reversible

o

Fructose
1,6-bisphosphate

Step 4. The six-carbon chain of fructose 1,6-
bisphosphate is cleaved into two three-carbon pieces
by the enzyme aldolase. (Continued on next page.)
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A Steps 610

occur twice
for each
glucose that
enters in at
step 1.

Steps €10
produce:

2 pyruvates,

n !¢t Qa

2 NADH/H
per glucose.
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Step 5. The two products of step 4 are both
three-carbon sugars, but only glyceraldehyde 3-phosphate
can continue in the glycolysis pathway.
Dihydroxyacetone phosphate must first be isomerized
by the enzyme triose phosphate isomerase.

Step 6. Two reactions occur as glyceraldehyde
3-phosphate is first oxidized to a carboxylic acid and
then phosphorylated by the enzyme glyceraldehyde
3-phosphate dehydrogenase. The coenzyme
nicotinamide adenine dinucleotide (NAD") and
inorganic phosphate ion (HOPO;*) are required.

Step 7. A phosphate group from 1,3-bisphosphoglycerate
is transferred to ADP, resulting in synthesis of ATP, and
catalyzed by phosphoglycerate kinase.

Step 8. A phosphate group is next transferred from
carbon 3 to carbon 2 of phosphoglycerate in a step
catalyzed by the enzyme phosphoglycerate mutase.

Step 9. Loss of water from 2-phosphoglycerate
produces phosphoenolpyruvate (PEP). The
dehydration is catalyzed by the enzyme enolase.

Step 10. Transfer of the phosphate group from
phosphoenolpyruvate to ADP yields pyruvate and
generates ATP, catalyzed by pyruvate kinase.
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Mannoseis a product of the hydrolysis of plant
polysaccharides other than starch.
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23.5 The Fate of Pyruvate

A The conversion of glucose
to pyruvate Is a central 5o oH
metabolic pathway in most “"="" = o, O s O CH—C—

living systems. e & V.*

Ethyl -——+—— Pyruvatc Lactate
alcohol

Acctyl -SCoA

A The further reactions of
pyruvate depend on
metabolic conditions and o
the nature of the organism.

CH,— C—SCoA
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A Aerobic:In the presence of oxygen.

A Under normal oxygemnich (aerobic) conditiongyruvateis
converted to acetySCoA

A Pyruvatediffuses across the outer mitochondrial
membrane, then is carried by a transporter protein across
the inner mitochondrial membrane.

A Once insidePyruvatedehydrogenas€omplexcatalyzes
the conversion opyruvateto acetytSCoA

O O NADT NADH/H* O
[l ]
CH,—C—C—0O~ + HS—CoA W 5, CH,C—SCoA + CO,
. Pyruvate -
Pyruvate dehydrogenase Acetyl-SCoA
complex
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A Anaerobic:In the absence of oxygen.

A If electron transport slows because of insufficient oxygen,
NADH concentration increases, NA®In short supply, and
glycolysis cannot continue.

A An alternative way to reoxidize NADH is essential because
glycolysis, the only available source of fresh ATP, must
continue. The reduction of pyruvate to lactate solves the
problem.
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23.6 Energy Output in Complete
Catabolism of Glucose

A The total energy output from oxidation of glucose is
the combined result of
I (a) glycolysis
I (b) conversion of pyruvate to acet8ICoA

I (c) conversion of two acetyl groups to four molecules of
CQ in the citric acid cycle

I (d) the passage of reduced coenzymes from each of these
pathways through electron transport and the production
of ATP by oxidative phosphorylation.



A The sum of the net equations for each pathway that precedes
oxidative phosphorylation is shown below.

A Since each glucose yields 2 pyruvates and 2 aB&glAs, the
net equations for pyruvate oxidation and the citric acid cycle
are multiplied by 2.

Net result of catabolism of one glucose molecule
Glycolysis (Section 23.3)

Glucose + 2 NAD™ +2 HOPO,2~ + 2 ADP — 2 Pyruvate + 2 NADH + 2 ATP + 2H,0 + 2H*

Pyruvate oxidation (Section 23.5)

2 Pyruvate + 2 NAD* + 2 HSCoA — 2 Acetyl-SCoA + 2 CO, + 2NADH +2H™

Citric acid cycle (Section 21.8)

2 Acetyl-SCoA + 6 NAD* + 2 FAD + 2 ADP + 2 HOPO;2™ + 4 H,0 —»

2 HSCoA + 6 NADH + 6 H" + 2 FADH, + 2 ATP + 4 CO,
Glucose + 10 NAD* + 2 FAD + 2H,O + 4 ADP + 4 HOPO;2~ —

10 NADH + 10 H* + 2 FADH, + 4 ATP + 6 CO,
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23.7 Regulation of Glucose Metabolism and
Energy Production

A Normal blood glucose
concentration a few hours after a
meal ranges roughly from 65 to
110 mg/dL.

A Hypoglycemialowerthan
normal blood glucose
concentration.

A HyperglycemiaHigherthan
normal blood glucose
concentration.



