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Gluconeogenesis:
Important pathway for glucose production

Main substrates

The main reactions

The rate-limiting enzymes
Reciprocal control with glycolysis



- |
- [

 Liver (mainly) and Kidneys

» Both mitochondria and Cytosol
» Exception: Glycerol, only cytosol
» Gluconeogenic substrates:

Glycerol
actate
Glucogenic amino acids
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Glycerol ﬁ» Glycerol 3-phosphate
ATP ADP
NAD+
Glycerol 3-phosphate
dehydrogenase NADM

Glucose «— <«— Dihydroxyacetone phosphate

*GK: Glycerol kinase only in liver & kidneys
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Gluconeogenic Suhstrate: Lactate
[Gori Gycle)
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Lactate Glucose
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Aerobic
glycolysis
Glucose 6-P % Glucose
R
Fructose 6-P
/

N
Fructose 1,6-bis-P

A
| .

S
, Glyceraldehyde 3-P %, Dihydrox

NAD A acetone-

NADH<— v
1,3-bis-Phosphoglycerate
| A

\ A
3-Phosphoglycerate

|4
v
2-Phosphoglycerate
it
Phosphoenolpyruvate
N/ |
Oxidative
phosphorylation  PYyruvate

C Anaerobic
glycolysis

Glucose G-P\/ Glucose

)

Fructose 6-P

$

Fructose 1,6-bis-P

¢

Glyceraldehyde 3-P £ Dihydrox
NAD" ———_ I acetone-

NADH<—
1,3-bis-Phosphoglycerate

it
3-Phosphoglycerate

1
2-Phosphoglycerate

)

Phosphoenolpyruvate

b b

\J
Lactate » Pyruvate
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| Glucose-6-phosphatase
Glucose E-P’S}’A Glucose
)

Fructose 6-F

(@ Fructose 1,6-bisphosphatase

Fructoea 1.6-is-P

1

v 3
Glycarakiehyde 3-P %5 Dihydroxy:

¢f acelone-P

1,3-bis-Phosphoglycerate

i

3-Phosphoglycerate

)

2-Phosphoglycerate
Phosphosnolpyruvate

|
PEP-Carboxy Kinase @ "3 b

r”O‘W‘/ﬂ Pyruvate carboxylase

Oxalcacetats



Pyruvate carboxylase Acetyl CoA
(with covalently
attached biotin)

\
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CO, is activated and transferred to pyruvate
by pyruvate carboxylase producing oxaloacetate, l"
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. ] ATP  ADP+P; 0 O L
" Lysyl residue, C-C-O T
Fasting: et CO, L ¢-C-0
| Acetyl CoA ¢ il 0]
y 0 0) 0 3 "0-C- CH, )
( FAO) N S l 0-6- i Oxaloacetate
Biotin Oxaloacetate ’
cannot cross NADH +H
the mitochondrial
membrane so itis
reduced to malate NAD*
that can.
e
CYTOSOL
9
®-0-¢-C-0r GOP + arp NADH + H* NAD* R 1 the cytosol, malate
(“3“-2 v is reoxidized to oxalo-
acetate, which is
Phosphoenolpyruvate Oxaloacetate converted to phospho-
enolpyruvate by PEP
carboxykinase.
CO9

PyruVate carboxylase + PEP-CK ;! Pyruvate kinase




Six High-Energy
Phosphate Bonds
For Pyruvate to
Glucose

2 GDP
+2p|

2 GTP

Glucose 6-P* = Glucose
w

Fructose 6-P

)

Fructose 1,6-bis-P

3
Glyceraldehyde 3-P & Dihydroxy-
acetone-P

P, 2 NAD*
.2 2 NADH + 2H*

¥
2 1,3-bis-Phosphoglycerate

2 ADP
2ATP

b 4
2 3-Phosphoglycerate

W

2 2-Phosphoglycerate

W

2 Phosphoenolpyruvate

2 Pyruvate

2 ATP
/o ,
2 ADP + 2 P;

2 Oxaloacetate



 Reciprocal control
Gluconeogenesis & Glycolysis

 Allosteric:
f Acetyl CoA (Pyruvate carboxylase)
}AMP ortATP
| F 2,6-Bisphosphate

«tGlucagon (4 I/G ratio)

Allosteric (} F 2,6-Bisphosphate)
Covalent modification (Pyruvate kinase)
Induction (PEP-CK)

} F 1,6-bisphosphatase



