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» The importance of gluconeogenesis as an
Important pathway for glucose production
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ne main reactions of gluconeogenesis

ne rate-limiting enzymes of gluconeogenesis

» Gluconeogensis Is an energy-consuming,
anabolic pathway



 Liver (mainly) and Kidneys

« Both mitochondria and Cytosol
Exception: Glycerol, only cytosol

» Gluconeogenic substrates:

Glycerol
|actate and Pyruvate
Glucogenic amino acids
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Glycerol
Gl I =1 Gl | 3-phosphat
YCEIro ﬁ' YCEerol o-pnospnate
ATP ADP
NAD+
Glycerol 3-phosphate
dehydrogenase NADM

Glucose «— <«— Dihydroxyacetone phosphate

*GK: Glycerol kinase only In liver & kidneys
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Gluconeogenic
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Pyruvate
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Glucose
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BLOOD

Lactate Glucose
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Dephosphorylation of G-6-P

Glucose 6-F Y Glucose
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WZS';G& Dephosphorylation of F 1,6-P

Fructosa 1.6-bis-P
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Carhoxylation of Pyruvate in
the Mitochondria

Pyruvate Carboxylase
Biotin
Pyruvate /r m » Oxaloacetate

CO, ATPADP +P,




Regulation of Pyruvate Carhoxylase

Pyruvate

Acetyl CoA diverts PDH
pyruvate away from complex carboxylase
oxidation and toward
gluconeogenesis

Acetyl CoA Oxalo?cetate

\

Fatty acids Glucose




Fasting:
Acetyl CoA
(From FAO)*

I

*Fatty Acid
Oxidation

PY‘('l‘:‘li’f':BC gz;‘l’::g;i'“ Sk T CO: is activated and transferred to pyruvate
b by pyruvate carboxylase producing oxaloacetate,
attachqi biotin) é )
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{ ( ATP  ADP +P, 00 5
L ) I midue C'C'O. T
%fyonzyme COz : C-C-0°
NH Pyruvate ! NH
2 *0-C-CH, A
Oxaloacetate
Biotin Oxaloacetate 5
cannot cross NADH +H
the mitochondrial
membrane soitis
reduced to malate NAD*
that can.
\@ﬂ_ A
CYTOSOL
(0]
o GDP + + NAD*
®-0-c-C-0 GTP NADH + H* NAD 3 In the cytosol, malate
<"3H2 is reoxidized to oxalo-
acetate, which is
Phosphoenolpyruvate Oxaloacetate Malate converted to phospho-
(’% enolpyruvate by PEP
carboxykinase.
COy

PyruVate carboxylase + PEP-CK f Pyruvate kinase




Fructose 1,6-Bisphosphatase

Fructose 2,6-bis-

phosphate
A 5
H-C-0-(P H-C-OH
TS mo o8

HO-C-H HO-C-H
H-C-OH \Qj‘ H-C-OH
H-C-OH > H-C-OH

H"(?’O“ P Fructose 1,6- H_(F_O_ P

~ bisphosphatase H
Fructose 1,6- Fructose 6-
bisphosphate phosphate

Fructose 1,6-bisphosphatase/! PFK-1
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C-H C-H
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HO-C-H M0 HO-C-H
H-C-OH \] H-C-OH
H-C-OH > H-C-OH

H-C-0O-{P Glucose 6- H‘(?‘OH
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H phosphatase H
Glucose 6- D-Glucose
phosphate

Glucose 6-phosphatase;!GIucokinase




Six High-Energy
Phosphate Bonds
Are Consumed for
the Conversion of
Pyruvate to Glucose

2 GDP

2GTP

Glucose 6-P* = Glucose
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Fructose 6-P
Fructose 15.6-bis-P
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Glyceraldehyde 3-P 55 Dihydroxy-
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2 Pyruvate

o 2 ADP + 2 P,
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2 Oxaloacetate
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 Reciprocal control of
Gluconeogenesis & Glycolysis

» Allosteric regulation:
Acetyl CoOA @ Pyruvate carboxylase

AMP@ or@®ATP
F 2,6-Bisphosphate @

f Glucagon (4 I/G ratio)

Allosteric (§ F 2,6-Bisphosphate)
Induction (PEP-CK)

}F 1,6-bisphosphatase



Take Home Message

» Gluconeogenesis:
Synthesis of glucose from noncarbohydrates
Anabolic
Energy-consuming

* Four unigue enzymes are required for
reversal of the 3 irreversible reactions
of glycolysis

» Both gluconeogenesis & glycolysis are
reciprocally-regulated



