
Gluconeogenesis

Anabolic pathway that makes glucose from pyruvate
Net result = reverse of glycolysis

Three topics:
1.  Thermodynamics
2.  Enzymes
3.  Regulation



Gluconeogenesis
1.  Thermodynamics
Reversing glycolysis requires energy to pump the non-equilibrium
steps backwards - USES ATP!

Koelle, lec16, p16
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Gluconeogenesis
1.  Thermodynamics
Net reactions:

Glycolysis:  ΔG˚ = -85 kJ/mol

Glc + 2NAD+ + 2ADP + 2Pi → 2pyr + 2NADH + 2H+ + 2ATP + 2H2O

Reversing this would have ΔG˚ = + 85 kJ/mol

Gluconeogenesis:  ΔG˚ = -38 kJ/mol

2pyr + 4ATP + 2GTP + 2NADH + 6H2O → Glc + 4ADP + 2GDP + 6Pi +
2NAD+ + 2H+

6 ATP equivalents drive gluconeogenesis, glycolysis nets 2 ATP, so
cost of gluconeogenesis = 4 ATP



Gluconeogenesis
2.  Enzymes



Gluconeogenesis
2.  Enzymes
Pyruvate enters mitochondria
Pyruvate carboxylase (in mito) catalyzes

Pyruvate carboxylase uses coenzyme biotin to carry activated carboxyl
groups
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2.  Enzymes
Pyruvate carboxylase uses coenzyme biotin to carry activated carboxyl
groups



Gluconeogenesis
2.  Enzymes
Oxaloacetate shuttled back to cytosol:



Gluconeogenesis
2.  Enzymes
Why go into mitochondria?

#1  Mitochondrial NADH transported to cytosol
Gluconeogenesis uses NADH
The “oxaloacetate/malate shuttle” maintains cytosolic NADH so
gluconeogenesis can continue

#2  Mitochondria sometimes needs oxaloacetate for the citric acid
cycle

Last step to get to PEP:



Gluconeogenesis
2.  Enzymes
Second bypass - F1,6-BP converted to F6P

          Fructose 1,6-bisphosphatase (Mg2+)
Fructose 1,6-bisphosphate + H2O      ⇔         Fructose 6-phosphate + Pi
ΔG˚ = -16.3 kJ/mol

In glycolysis, F6P phosphorylated by PFK-1 to F1,6-BP (irreversible)

Third bypass - G6P converted to Glc

                Glucose 6-phosphatase (Mg2+)
Glucose 6-phosphate + H2O             ⇔                  Glucose + Pi
ΔG˚ = -13.8 kJ/mol

Enzyme found in hepatocytes and renal cells, not present in muscle or
in brain (no gluconeogenesis here!)

Glucose produced in liver or kidney from gluconeogenesis  is
delivered to brain and muscle through bloodstream



Gluconeogenesis
2.  Enzymes
Futile cycles

                 Fructose 1,6-bisphosphatase
Fructose 1,6-bisphosphate + H2O      ⇔         Fructose 6-phosphate + Pi

             Phosphofructokinase-1
ATP + Fructose 6-phosphate     ⇔    Fructose 1,6-bisphosphate + ADP

Sum of two reactions:

ATP + H2O      ⇔  ADP + Pi + heat

Waste of ATP!!!
Does not usually occur because of regulation!



Gluconeogenesis
3.  Regulation
Glycolysis and Gluconeogenesis are reciprocally regulated

K, lec16, p23

Regulation:
Low energy charge: -lysis ON, -genesis OFF
Presence of downstream metabolites: -lysis OFF, -genesis ON
Glucagon (liver, via F 2,6-BP): -lysis OFF, -genesis ON
Insulin (muscle, fat): increases [glc] and thus -lysis ON, -genesis OFF



Gluconeogenesis
3.  Regulation
F2,6-BP = allosteric effector
(1) Binds to PFK-1, increases enzyme’s affinity for F6-P, reduces
enz’s affinity for allosteric inhibitors (ATP, citrate)
(2) Inhibits FBPase-1 and slows -genesis
(3) not an intermediate of -lysis or -genesis
(4) a regulator whose cellular level reflects level of glucagon in blood,
which rises when blood glc falls

F2,6-BP activates PFK-1 and 
increases -lysis

F2,6-BP inhibits FBPase-1 and 
decreases -genesis



Gluconeogenesis
3.  Regulation
F2,6-BP
Formed by phosphorylation of F6-P, catalyzed by PFK-2
Broken down by FBPase-2
PFK-2 and FBPase-2 are two distinct enzyme activities on 1 protein
Balance of the 2 activities in the liver, which determines cellular level
of F2,6BP, is regulated by glucagon
Glucagon - released by pancreas to signal low blood sugar



Gluconeogenesis
Where does gluconeogenesis occur?

LIVER!!
kidney

When does gluconeogenesis occur?

When dietary sources of glc are not available
When liver has exhausted its glycogen stores (stored glc)

What precursors does gluconeogenesis use?

Lactate & pyruvate (glycolysis)
TCA intermediates
Carbon skeletons of AAs
(only Leu & Lys cannot be used)

What precursors do not get used?

Fatty acids (degraded to acetyl CoA)
Leu & Lys (degraded to acetyl CoA)

Liver performs gluconeogenesis to make glucose that can be shuttled
through bloodstream to other tissues in body for use as energy

Brain, nervous system, red blood cells, embryonic tissues

Oxaloacetate


