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Liver Gluconeogenesis (Part B)
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hexokinase

Substrate cycles in
glucose metabolism

Glycolysis and gluconeogenesis
are regulated independently (the AG
values shown are for the corresponding
reactions in liver; in kd/mol). All six
reactions are exergonic.
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Cellular [F2,6BP] depends on the balance between its
rates of synthesis and degradation by PFK-2
(phosphofructokinase-2) and FBPase-2 (fructose bisphosphatase-2).

These activities are located on different domains of the
same homodimeric protein (a bifunctional enzyme).

The bifunctional enzyme is regulated by allosteric effectors and by
phosphorylation/dephosphorylation catalyzed by PKA (protein
kinase A) and a phosphoprotein phosphatase.



Metabolic events linking lew bloed
Low blood [glucose] [glUCose] To g'UCOﬂngeneSlS in liver

Increased glucagon secretion F2,6BP activates PFK-1 and inhibits FBPase-1.

Increased [cAMP] When blood [glucose] is high, cAMP
levels decrease, and [F2,6BP]
rises, promoting glycolysis.

Increased enzyme phosphorylation

Activation of FBPase-2 and inactivation of PFK-2 +
H3N—His—Ser —Glu—Gly —Thr —Phe—Thr —Ser — Asp—Tyr—10

—Lys —Tyr— Leu—Asp—Ser — Arg—Arg—Ala— GIn—20
Decreased [F2,6P] Ser—Lys —Tyr—Leu—Asp—Ser rg rg a n
Asp—Phe—Val—GIn —Trp —Leu—Met—Asn—Thr—COO™ 29
Inhibition of PFK and activation of FBPase Glucagon

Increased gluconeogenesis
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The F2,6BP control system in muscle differs from that in liver.

Hormones that stimulate glycogen breakdown in heart muscle lead to

phosphorylation of the bifunctional enzyme that stimulates rather than

inhibits PFK-2. The increasing [F2,6BP] stimulates glycolysis so that
glycogen breakdown and glycolysis are coordinated.

The skeletal muscle PFK-2/PBPase-2 isozyme lacks a phosphorylation
site and is thus not subject to cAMP-dependent control.
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Alanine, a major gluconeogenic precursor, inhibits PK.
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Liver PK is also inactivated by phosphorylation. Phosphorylation
activates glycogen phosphorylase and FBPase-2: thus the pathways of
gluconeogenesis and glycogen breakdown both flow towards G6P,
which is converted to glucose for export from the liver.

Hexokinase/glucokinase and G6Pase activities are also controlled.



Other control factors

Glucose metabolism is regulated by long-term changes in the
amounts of enzymes synthesized.

Rates of transcription and mRNA stabilities encoding regulatory
enzymes are influenced by hormones.

Insulin (high blood glucose) inhibits transcription of the gene for
PEPCK; high [cAMP] (low blood glucose) promotes transcription of the
genes for PEPCK, FBPase, and G6Pase (gluconeogenic enzymes),
and represses transcription of the genes for glucokinase, PFK
(glycolytic enzymes) and PFK-2/FBPase-2.



vort of muscle-generated L-lactate
for conversion to glucose
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Lactate produced by muscle glycolysis (anaerobic) is transported by
the bloodstream to the liver, where it is converted to glucose by
gluconeogenesis.
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