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GLUCOSE METABOLISM:
GLUCONEOGENESIS

= Very important
= Extra explanation
“HOPE IS BEING ABLE TO SEE THAT THERE IS LIGHT
DESPITE ALL OF THE DARKNESS.”
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The importance of gluconeogenesis as an
Important pathway for glucose production

The main reactions of gluconeogenesis
The rate-limiting enzymes of gluconeogenesis

Gluconeogensis Is an energy-consuming,
anabolic pathway
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@ OWERVIEW OF GLUCONEOGENESIS

* Gluconeogenesis is an energy-consuming, anabolic pathway

Gluconeogenesis is important to provide the body with glucose when there is no external source of

glucose (during prolonged fasting or starvation)
» Occurs in Liver mainly, and in Kidney

During Overnight fast:
* 90% of gluconeogenesis occurs in liver
* 10% of gluconeogenesis occurs in Kidneys
» Gluconeogenesis occurs in both mitochondria & cytosol .

EXCEPTION! if gluconeogenesis starts by Glycerol, it will need only the cytosol

Gluconeogenic
substrates

Glucogenic
Glycerol Lactate pyruvate amino acids




GLUCONEOGENIC PATHWAY

= Seven glycolytic reactions are reversible & are used in gluconeogenesis from lactate or pyruvate.

= Three glycolytic reactions are irreversible & must be reversed (by 4 alternate reactions) in

gluconeogenesis.
hexokinase (\ ﬁg/ucose 6-phosphatase
I Glucose 6-phosphate |

phosphohexose isomerase J L 1 r phosphohexose isomerase

| Fructose G-phosphatel
; _ fructose
phosphofructokinase-1 C ‘—> 1,6-bisphosphatase

Fructose 1,6-bisphosphate

aldolase i aldolase

Dihydroxyacetone | < Dihydroxyacetone
phosphate phosphate

triose phosphate \\ / / triose phosphate
isomerase isomerase

| Glyceraldehyde 3-phosphate (2) I

glyceraldehyde phosphate glyceraldehyde phosphate
dehydrogenase dehydrogenase

Reversible

1,2-bisphosphoglycerate (2) I

phosphoglycerate phosphoglycerate
kinase kinase

sisAj09A|D

I 3-phosphoglycerate (2) |

phosphoglycerate u H phosphoglycerate
. mutase mutase
| rre V e rS I b | e [ 2-phosphoglycerate (2) l
enolase ﬂ ﬁ enolase

I Phosphoenolpyruvate (2) | (\PEP carboxykinase
RyravEle: naso Oxaloacetate (2)

Pyruvate (2)

Gluconeogenesis

pyruvate carboxylase
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The 4 alternate reactions in gluconeogenesis to the 3 irreversible glycolytic steps:

Glycolysis enzymes Gluconeogenesis enzymes Gnooseep'g‘ Glucose

. w
Pyruvate kinase 1) Pyruvate carboxylase Fructose 6-P

e
2) PEP-CK Fructoga 15.6-&3-!’

PFK-1 3) Fructose 1,6 bisphosphatase

Glycerakiehyde 3-P 55 Ditydroxy-
IS acelone-F

1,3-bis-Phosphoglycerate

it

3-Phosphoglycerate

)

2-Phosphoglycerate

)

Phosphoenolpyruvate
4

Lactate & Pyruvale

“°W/

Cxaloacetats

Glucokinase 4) Glucose 6-phosphatase
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Pyruvate carboxylase
(with covalently
attached biotin)

X

Acetyl CoA [ 1

CO, is activated and transferred to pyruvate
by pyruvate carboxylase producing oxaloacetate, ﬂ

(0]
A GDP
®-0-(">-C-0 i
CH,
Phosphoenolpyruvate <

Oxaloacetate
cannot cross

the mitochondrial
membrane soitis
reduced to malate
that can.

NADH + H* NAD*

Malate

Oxaloacetate , <«

CO>

v Y
ATP  ADP +P, ) O S
Lysy! residue -C-0O TR
?fyonzymo CO2 EH, o I-C-o-
- t "
- NHO Pyruvate -0-C- CH,
N S Oxaloacetate
Biotin

NADH + H*

NAD*

In the cytosol, malate
is reoxidized to oxalo-
acetate, which is
converted to phospho-
enolpyruvate by PEP
carboxykinase.
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Py _ During Fasting:
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 Pyruvate Carboxylase is induced by Acetyl-CoA (From FAO)*
*Fatty Acid Oxidation

O
= / \
'g Enzyme :Pyruvate Carboxylase Enzyme :
[o) Coenzyme :Biofin Malate dehydrogenase
-5 Pyruvate Oxaloacetate Malate
O
= CO ATP  ADP +P,
= ? | NADH NAD+ -
Malate crosses the mitochondrial membrane
. Enzyme :
8 hosoh | ; Enzyme :PEP-CK* Malate dehydrogenase v
o Phosphoenolpyruvate Oxaloacetate Malate
et (PEP)
6 CO
Gbp GTP ~ ¢ NADH NAD+

*PEP-CK= Phosphoenolpyruvate CarboxyKinase

Pyruvate carboxylase + PEP-CK # Pyruvate kinase



""" REGULATION OF PYRUVATE CARBOXYLASE

=  Acetyl CoA diverts
pyruvate away from
oxidatfion and toward
gluconeogenesis

Pyruvate

PDH
complex

Acetyl CoA

TCA cycle\

Fatty acids

Oxaloacetate

Y

Glucose
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Fructose 2,6-bis-

: Pt «  This enzyme inhabited by AMP &
Fructose 1,6- bisphosphate H H Fructose 2,6- bisphosphate
H-C-0-(P) H-C-OH
Enzyme - NTCR .

HO-C-H HO-C-H .
:Fructose 1,6- H= C OH E Q ZE H-(';-QH induced by ATP

bisphosphatase — H-C-oH H-C-OH |
2 C 0P) rucpsaie HC-O(F) ° Fructose 1.6-bisphosphatase # PFK-1

bisphosphatase
Fructose é6- phosphcﬂe Fructose 1,6- Fructose 6-
bisphosphate phosphate
i 8
C-H C-H
|
H-C-OH H-C-OH
Glucose 6- phosphate ot HO P 10-6-H
H-C-OH H-C-OH :
Enzyme FEei H-C-OH Glucose é6-phosphatase # Glucokinase
:Glucose 6- g Glcsses.  H-C-OH
“LTU” ucose o-
phOSphCITCISG Ill phosphatase |l|
D-Glucose Glucose 6- D-Glucose
phosphate
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Gluconeogenesis: Energy-Gonsumed
]

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

2 GDP

2 GTP

Glucose 6-P* J = Glucose
w

Fructose 6-P

Fructose 1,6-bis-P

Glyceraldehyde 3-P <5 = Dnhydrox¥’

acetone
P, 2 NAD*
X 2 NADH + 2H*

v
2 1,3-Bisphosphoglycerate

2 ADP
! 2 ATP
2 3-Phosphoglycerate
"W
2 2-Phosphoglycerate
%)

2 Phosphoenolpyruvate

2 Pyruvate
2 ADP + 2 P;

CcO
nﬂ 2 ATP

2 Oxaloacetate
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' Note: The lactate is formed

i when the muscle does not have
- enough oxygen, do to the

i difference in the amount of

g)h Gluconeogenic Substrates: Lactate
. oxygen entering the body by

[Cori Gycle)
4+ |
| Lathgte
' breathing and the amount ‘

|
|
|
|
|
|
|
|
|
|
|
|
|
| |
' needed to perform an exercise, i BLOOD
i
|
|
|
|
|
|
|
|
|
|
|
|
|

' SO muscle form the lactate” by

' the know anaerobic pathway”

. to extend the exercise time,

i after finishing the exercise
lactate” toxic” will be converted
i to glucose again by the liver.
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Gluconeogenic Substrates:
Glycerol

e Glycerol is released during the hydrolysis of Triacylglycerol (TAG) in adipose tissue.

» Glycerol kinase only in liver & kidneys

» Gluconeogenesis of glycerol occurs in only the cytosol

Glycerol

Enzyme :
Glycerol kinase

Glucose

(4>

ATP ADP

» Glycerol 3-phosphate

Enzyme :
Glycerol 3-phosphate
dehydrogenase

v

NAD+

NADH

Dihydroxyacetone phosphate




Aspartate (Asp)
Asparagine (Asn)

Acatyl CoA
-~ y(:a
Oxalcacetate

&
SOCH ¥

Glutamate (Glu)
“92| Glutamine (Gln)

They are converted
into oxaloacetate
then it converts to
malate then it goes
to other pathway

Phenylalanine (Phe) 4, ;22 ==

Tyrosine (Tyr) w \
Methionine (Met)
Valine (Val)

Phenylalanine (Phe)

Methionine (Met)
Tyrosine (Tyr)

Valine (Val)

They are converted
into fumarate then
it completes Krelbs
cycle to malate
then it goes to
other pathway

They are converted
into succinyl CoA
then it completes
Krebs cycle to
malate then it goes
to other pathway

 AAs can be derived from
hydrolysis of fissue proteins.

« The anabolic feature of

gluconeogenesis.

Glutamate (Glu)
Glutamine (GIn)

They are converted
to a-ketoglutarate
then it completes
Krebs cycle to
malate then it goes
to other pathway

Alanine (Ala)
Glycine (Gly)

They are
converted to
pyruvate then to
oxaloacetate
then to malate




 Reciprocal control of :
Gluconeogenesis (Jis«) & Glycolysis(&:s)

« Allosteric regulation:
(1)Acetyl CoA (Pyruvate carboxylase)
(1JAMP or (7)ATP F 1,6-bisphosphatase
(/)F 2,6-Bisphosphate
 Glucagon (| I/G ratio)

Allosteric ( F 2,6-Bisphosphate)

Induction (PEP-CK)

0 |
i | = Insulin , G = glucagon# |
i J 3% A adiy) aal g (lary (use (ol gl g CsalSoladl Il Ladlf |




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




Reactions From Into Enzyme used (by) Tvpe Tvpe of Step
1 : 1- Hexokinase (in most tissues .
Phosphorylation Glucose Glucose 6-p 3 Gincokinace (m liver) Irreversible Fegulatory
2 Isomenzation Glucose 6-P Fructose 6-P Phusphcglumse 1somerase Reversible Not mg!ﬂated
3 Phosphorylation Fructose 6-P Fructose 1.6 bisphosphate Phosphofructokimasel (PFK-1) Irreversible Most important
4 Cleavage Fructose 1.6 bisphosphate | Dihyvdroxyacetone phosphate (DHAP) Aldolase Reversible Not regulated
5 Dihydroxyacetone 2 molecules of glyceraldehyde 3-P. . : .
g S phosphate (DHAP) Triose-P isomerase Reversible Not regulated
6 .- . Glyceraldehyde 3-P
Oxidation Glyceraldehyde 3-P 1.3-bisphosphoglycerate (1.3-BPG) dehydrogenase - -
7 Synthesis 1.3-BPG 3-phosphoglycerate Phosphoglycerate kinase Reversible Not regulated
5 Shaft P group Carbon 3 Carbon 2 Phosphoglycerate mutase Reversible Not regulated
o Dehvydration 2-P glycerate Phosphoenclpyruvate (PEP) Enoclase Reversible Not regulated
Formation PEP vate kinase (PK Imreversible :
Reactions of Krebs Cycle
Reactions From Into Enzvme used (by) Type of Step
1 Synthesis acetyl CoA + QAA Citrate citrate synthase inhibits PFE-1
2 Isomerization Citrate isocitrate aconitase -
3 Oxidation & ; . . :
T T Isocitrate akKG isocitrate dehyvdrogenase oxidative phosphorylation
4 Oxidation & ; e . -
e e aKG succinyl Col oK G dehydrogenase complex oxidative phosphorylation
3 Cleavage succinyl CoA succinate succinate thiokinase substrate-level phosphorylation
6 O=xidation succinate fumarate succinate dehydrogenase oxidative phosphorylation
7 Hydration fumarate L-malate fumarase -
8 Oxadation L-malate OAA malate dehydrogenase oxidative phosphorylation

Gluconeogenesis

Glycolysis step (Enzyme) From-» Into Gluconeogenesis Information
PEP = Pyruvate ( Pyruvate Kinase) 1-Pyruvate—» Oxaloacetate Pyruvate Caroxylase Requi:r?s A"[_'P,Eicutiu_
1 1-( Carboxylation reaction) Happens in Mitochondria
2 2-(Decarboxylation & phosphorylation reaction) 2-Oxaloacetate = PEP PEPCK Requires GTP. happens in Cytosol
3 | Fructose 6-P = Fructose 1.6 Bisphosphate ( PFK-1) . : . Fructose 1.6 Inhibited by high levels of AMP
(Dephosphorylation reaction) Fructose 1.6 Bisphosphate>Fructose 6-P Bisphosphatase Actvated by hugh levels of ATP
4 | Glucose = Glucose 6-P ( Hexokinase) Enzyme 1s found only in liver and
e Glucose 6-P = Glucose Glucose 6-Phosphatase e




Q1: Gluconeogenesis occurs mainly in
Q. Liver

b. Kidney

c. Bone marrow

Q2: Glutamate enters Krebs cycle by being converted to
a. Succinate

b. Fumarate

c. Alpha ketoglutarate
Q3:Glucneogenesis is

a. Catabolic

b. Anabolic

c. Energy-yielding
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Q4: Pyruvate carboxylase is induced by
a. Oxaloacetate

b. Acetylco a

C. AMP

Q5:0Oxaloacetate can't cross the cell membrane so it is converted to.............. , Then
back to oxaloacetate

a. Malate

b. Fumarate

c. Phosphoenolpyruvate

Qé6: One of the unique enzymes of gluconeogenesis
a. Glucokinase

b. Glucose-6-phosphatase

c. Phosphoglycerate mutase
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True or False

Q7: Gluconeogenesis and glycolysis are reciprocally regulated
Q8: Gluconeogenesis always occurs in both mitochondria and cytosol
Q9: Anincrease in Insulin Glucagon ratio means induction of gluconeogenesis

Q10: Fructose 1,6-bisphosphatase converts Fructose 1,6-bisphosphate to Fructose 6-
phosphate

435 Biochemistry Team




1. A

R

=

435 Biochemistry Team




:Boys Team ~ :Girls Team
éw\ﬁ)ﬂ‘M— @AJ&\(:J}-

(oAl Nga - Omeadl o i -

Lf)-"d\ a‘)\.m -

bl aaala el Yo -

u_iLL:AsM 5 )¢l -

. drpall dena - Ol e -

el Sle -

UL I F SSIL) (L -

o) aakald -

il ) - STl o a5 -

csondl Al A -

sl Al e - ol gl pald -

sk Jhie -

le aSTUaa a5 oSila ) Jiis * bl -
. Q:\MAJ\ bJLuz =

435 Biochemistry Team



https://twitter.com/435biochemteam
https://twitter.com/435biochemteam
https://twitter.com/435biochemteam

