¥ _ Editing File § @
—

Gluconeogenesis

Color index :

Main text
IMPORTANT |
Extra Info v - N 4
/

Drs Notec

Foundation Block - Bischemictry Team



https://docs.google.com/document/d/1Jzcr-ORENSkl6GHIj2vqZDn8xpC-TH9CJDErA1VfJ8w

Objectives:
* The importance of gluconeogenesis as an important pathway for glucose production
* The main reactions of gluconeogenesis

* The rate-limiting enzymes of gluconeogenesis

* Gluconeogenesis is an energy-consuming, anabolic pathway



Gluconeogenesis

The gluconeogenesis pathway is one of the essential pathways of energy metabolism.
Gluconeogenesis is an energy consuming (anabolic pathway).

Synthesis of glucose from non-carbohydrates molecules.

Occurs in liver mainly , and in kidney .

Both mitochondria and Cytosol are involved “ Exception: if gluconeogenesis starts by Glycerol, it will need only the
cytosol “.

The glycerol backbone is found in all lipids

Glycer0| known as friglycerides.
Lactate : Produced from pyruvate via the enzyme lactate dehydrogenase in a
Lactate and |: process of fermentation during normal metabolism and exercise.
pyruvo’re Pyruvate : a key intermediate in several metabolic pathways. Pyruvate can be made from

glucose through glycolysis, converted back to glucose via gluconeogenesis

GIUCOgemC amino A glucogenic amino acid : is an amino acid that can be converted into glucose through gluconeogenesis .
acids - Not all amino acids can make glucose there are certain types - .



Gluconeogenesis , Contd....

: Glucose
Seven glycolytic reactions are reversible and are used in the synthesis of S P —— W
glucose from lactate or pyruvate. R
Three of the reactions are irreversible and must be reversed by four alternate v

b ]

reactions that energetically favor the synthesis of glucose .
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Glycolysis and Gluconeogenesis ( overview )
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G We have 4 alternate reactions
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[g‘,(?A helpful vides ] Gluconeogenesis , Contd

e The 4 alternate reactions in gluconeogenesis * reaction 1,3 and 10in
glycolysis are irreversible that's why it must be reversed “.

Pyruvate
E Pyruvate (3C)

carboxylase
e CO,+ATP |n.

ADP out.
° Carboxylation “ adds a carobin group “ of pyruvate with the help of Pyruvate

carboxylase enzyme and it occurs in mitochondria.
PEP

E Oxaloacetate (4C) __carboxykinase

° GTP in

° GDP + CO, Qut.
. Formation of Phosphoenolpyruvate “PEP” with the help of PEP carboxykinase

enzyme.

»Oxaloacetate (4C)

Phosphoenolpyruvate “PEP” (3C)

Fructose
1,6-bisphosphatase

E Fructose 1,6-bis-phosphate (6C) »Fructose 6-phosphate(6C)

H,O In.

° P. Out.

° Dephosphorylation of Fructose 1,6-Phosphate with the help of Fructose
1,6-bisphosphatase enzyme.

Glucose B E
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1 H,0
Glucose 6-P
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Triose phosphate

Triose phosphate
isomerase

Isomerase
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——————e— ADP +P,
H,O In. . Pyvate — COo, + ATP
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[ ] Pi OUf f carboxylase E
° Dephosphorylation of Glucose -6-Phosphate with the help of Glucose 6- phosphatase enzyme. r:a m;‘—i
3 C’ 4
[
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* extra explanation
Summary of the 4 alternate reactions In order for you to gain a better understanding

(In tables)

T T T T 1 [ -1
i Reaction 1 | | Reaction 2 |
== T T T T T T | [ = 1
| Reactant | Pyruvate | | Reactant I Oxaloacetate |
'_ ....... 1_ ............... _' '— -------- I ............... _|
| Product | Oxaloacetate | | Product | Phosphocnolpyruvate |
: “PEP” .

== LA I S B o |
| I | | | I
© Enzyme Pyruvate carboxylase : Enzyme PEP :
! | | | carboxykinase |
_—— +—_————— —] o—_ e = ] | ............... —
| Action | Adding CO, | | Action | Adding a phosphate |
| | | | [ grovwp |
i | | Rty [ =
Consume i 1 ATP | | Consume | GTP |

| Reactant Fructose 1,6-bisphosphate | | Reactant | Glucose 6-phosphate |
| | | | | |
L | | S — e —
! Product | Fructose 6-phosphate | | Product | Glucose |
! ! . | |
Rty o= = Fe——— [ — e — -
i Enzyme | Fructose | | Enzyme | Glucose 6- |
| i 1,6-bisphosphatase | | | phosphatase |
I Action I Removes a phosphate I I I Removes a phosphate I
| | group | | Action | group |
=== === — | | _I
! Consume | R0 | | Consume | H,O |
== ! . _
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e Glycerol kinase present only in liver and kidneys.
e Gluconeogenesis of glycerol occurs in only the cytosol.

e Clycerolis released during the hydrolysis of Triacylglycerol (TAG) in adipose fissue.

Glycerol
kinase
E Glycerol » Glycerol 3-Phosphate
° ATP In.
° ADP out.

° Phosphorylation “adds a phosphate group to Glycerol with the help of Glycerol
kinase"enzyme.

Glycerol 3-phosphate
dehydrogenase

E Glycerol 3-Phosphate » Dihydroxyacetone phosphate
° NAD+ In.
. NADH out.
° Oxidation of Glycerol 3-Phosphate with the help of Glycerol 3-phosphate
dehydrogenase enzyme. (oxidation reaction which involves the reduction of NAD+
to NADH)

Gluconeogenic Substrates: Glycerol

€ ¢ 1r S Cc e ¢ 1r
/“ R4S RN
Hydrophobic (fatty acids “tails") /

Hydrophilic (glycerol *head")

Phospholipid bilayer

i |
: Clycerol |
Glycerol kinase ATP
(GK)*
ADP
o Yy .. —
| Glycerol 6-P '
[ _ | |
NAD+
E Glycerol 3- phosphate
dehydrogenase
NADH
PRCUSIUSOUUUS JEUS T .
| Dihydroxyacetone
I phosphate |
T |
| Glucose |
Lo 2

Glycerol kinase (GK)*: Present only in liver and kidney
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* extra explanation

Summary of pathway “Glycerol as gluconeogenic substrate” In order for you to gain a better understanding

(In tables)
e | D T -
I Reaction 1 | [ Reaction 2 |
L. s | ———— T T e e -
' Reactant | Glycerol ' | Reactant |  Glycerol 3-Phosphate |
o Dol B T |
! ! ! I : !
|  Product ! Glycerol 3-Phosphate | I Product Dihydroxyacetone |
i | i i ! phosphate |
o B At ekt | R =
! i i ! I !
! Enzyme : Glycerol Kinase I ! Enzyme i Glycerol 3-phosphate !
[ i I [ i dehydrogenase |
Frem T T R S A |
|  Action Adding one phosphate | I ) i L I
| ! i | Action : Oxidation i
:r --------- JI ————————————————————— | '_ e _I. ..................... —
| Consume 1 ATP I | Produce | NADH I
U | L U, |

T I
' Glycerol |
Glucose el @il daasi il Glycolysis J) pasas anda JaSy 505 s (1

i Glyceraldehyde | Dihydroxyacefone |
i 3-Phosphate | | phosphate |




Gluconeogenic Substrates: Glucogenic Amino Acids
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* Everything in red, You have to memorize it

*  You have to know the names of the 4 enfrance points and the amino acids Aot Cop
cetyl Co.

Aspartate (Asp)
Asparagine (Asn)

\

Oxalouc;::te :Ei'rrctg
o . . N . —= Acid N
The catabolism of glucogenic amino acids produces either: s 7 |
Isocitrate
O . . . Malate *v:ﬁ% - Glutamate (Glu)
° ne of the infermediates in the Krebs Cycle ,t P O Giutamine (Gin)
= " d Amino
N ‘ Fumarate c-Keioqutarate
For example: catabolizing Asparagine and Aspartate produces & /
Oxaloacetate (an intermediate) which can converted later to oty A | g
[ uccinate Succinyl CoA :
glucose 4/;”. Methionine (Mef)
A W  valine (Val)
° PyrUVOfe Acetyl COA .« Pyruvate ~ Lactate
{ Amino
. . . ) (L \ Acids =— __
Some of the amino acids Enter Krebs cycle by fransfer intfo pyruvate Aming 7 p YO s ]
(glycine and alanine) e RGL Oxcloacetate N Alonine (Ala)
\ | Glycine (Gly)
Isocit(cte
Malate L“%K N
 /
= z Amino
SN a-Ketoquiurute
All amino acids are Glucogenic (make glucose) except: Leucine & ,‘f‘;
& Lysine (the Lazy L's) Succinate Succinyl CoA ___
w :’77/},0

(.‘/'q‘Y
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Gluconeogenic Substrates: Lactate (Cori Cycle)
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° Glucose in the liver fravels through the blood to the
muscle where it is furned into lactate then the lactate
re-tfravels through the blood and back into the liver
where it is furned back into glucose.

° Lactate is released into the blood by exercising
skeletal muscle and by cells that lack mitochondria
such as RBCs.

° In the Cori cycle, bloodborne glucose is converted by
exercising muscle to lactate, which diffuses intfo the
blood. The lactate is taken up by the liver and
reconverted to glucose, which is released back into
circulation.

Glucose »  Glucos

Lactate

Blood

'

Pyruvate Carboxylation

° The carboxylation occurs in the liver and kidney, exactly in
mitochondria so pyruvate has to fravel from cytoplasm o
mitochondria why 2 Because pyruvate carboxylase is only . U ——
found in matrix of mitochondria. I Pyruvate ! | Oxaloacetate
e  Biotin coenzyme that makes CO, more active to bind. Ll ' oo oo -

2 ATP ADP+Pi
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CO, from HCO, and transferred by
pyruvate carboxylase to its biotin
prosthetic group.

The enzyme “pyruvate carboxylase”
then fransfers the CO, to pyruvate,

. Fasting:
generating oxaloacetate . T Acetyl CoA
(From FAQ)*
Oxaloacetate cannot cross the
mitochondrial membrane so it is * Fatty
Acid
reduced fo malate that can cross. Oxidation
E In the cytosol, malate is reoxidized
to oxaloacetate, which is oxidatively
decarboxylated to
phosphoenolpyruvate by PEP
carboxykinase.
Glycolysis
one enzyme (Pyruvate kinase)
Gluconeogenesis need
two enzymes (Pyruvate

carboxylase + PEP-CK)

Pyruvate Carboxylase and PEP-CK

ﬂyruvcﬂe
carboxylase

(With covalently
attached biotin)

Pyruvate carboxylase

L

\ Pyruvate carboxylase
Lysine ( ADP +P
residve
of enzyme Acetyl CoA HCO E

CH3 o) |
Pyruvate I
o] NHO 4 “0O-C- CH,
N -0 (': /\ y Oxaloacetate (OAA)
Biotin Malate NADH + H*
dehydrogenase MDm
: s NAD*

CYTOSOL
: E

NADH + H* NAD*

N/ Malate

MD

®occo CO,epp  crP

Phosphoenolpyruvaie LA-L

(PEP) Phosphoenolpyruvate c
Carboxykinase
(PEP-CK) Malate
dehydrogenase

.
.t

HNT S

Pyruvate carboxylase + PEP-CK #pyruvate kinase
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Al B R i g Aeddiud Glie A0 LA ~ 5 5
Malate ax¥! sy 3ausl 41 yuay Cytoplasm

SV b aa ns Dehydrogenase

Sl olay I 13 s Oxaloacetate
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* extra explanation
Thanks to #Med436

Mitocondria

Pyruvate carboxylase

! Biotin
| Pyuvate |
R ; / / \
CO, AP ADP+Pi

| Oxaloacetate | /\ |  Malate i
I | R

_____________ Malate -
1 dehydrogenase | |

NADH NAD+

Phosphoenolpyruvate
Carboxykinase
] (PEP-CK)

Cytosol Malate crosses the mitochondrial membrane

Malate
i dehydrogenase [T

GDP G €O,

NADH NAD+



Regulation of Pyruvate Carboxylase Reaction
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° Acetyl CoA diverts pyruvate away from oxidation in Krebs cycle i
and toward gluconeogenesis '

@® Positive regulation: - @ @ Pyruvate
- High Acetyl coA will stimulate the enzyme Complex* carboxylase
pyruvate carboxylase biotin fo make more
oxaloacetate then, the oxaloacetate will
produce more glucose.

. . | Acetyl CoA : | Oxaloacetate :

= Negative regulation: I . -

- High level of Acetyl-coA inhibit PDH complex
(Pyruvate dehydrogenase complex)and stop or
reduce the Glycolysis.

- PDH function: converts Pyruvate to Acetyl coA

Biotin is essential for the pyruvate carboxylase action thus we calll
it pyruvate carboxylase biotin (biotin is attached to the enzyme)

*PDH: Pyruvate dehydrogenase complex: is a complex of three enzymes


https://drive.google.com/file/d/1GZFKbUlWTzOuDYRIhH9vRKwWfBpf6vHS/view?usp=drivesdk
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Dephosphorylation of
Fructose 1,6-bisphosphate

/ AMP \

[ ]
©
®

®O

+
Fructose 2,6-bisphosphate
I
i | H
H-C-O-! P J I . H-C-OH
c=0 1 p Cc=0
H,O ‘P
HO-C-H 20 ¥ N HO-(::-H
H-C-OH \@y H-C-OH
H-C-OH H-C-OH _
H"?’O—"\. P 1 Fructose H_(':_O_"\. P i
H =7 1,6-bisphosphatase  H T
" Fuciose e |
_ 16-bisphosphate | | _6-phosphate |

Fructose 1,6- phosphatase:
inhibited by AMP & Fructose 2,6- bisphosphate
Induced by ATP

Fructose 1,6- bisphosphatase # PFK-1

Fructose 2,6-bisphosphate:

inhibits fructose 1,6-bisphosphatase (Gluconeogenesis)
Activates PFK-1 (Glycolysis)

Dephosphorylation of
Glucose 6-Phosphate

4 N

Q Q
C-H C-H
H-C-OH = H-C-OH
wo-c-n Mo B HO-C-H
H—¢-0H E f H-C-OH
H-C-OH H-C-OH
H- C O_' P ’6 pﬁlz;zZque H_Q-OH
H H
T Giicoss | | D-Glucose |
LGphophate ) bemees -

Allows release of free glucose from the liver and kidney

intfo blood by (GLUT-2)
Glucose 6-phosphate # Glucokinase

Glucokinase is an enzyme that facilitates phosphorylation

of glucose to glucose-6-phosphate.
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Gluconeogenesis: Energy-consumed

R .
i Total of Energy consumed |
D S S S T |
' 2 Pyruvate convert to 2 Oxaloacetate i -2 ATP !
| ___._._ b il
| ' |
| 2 GTP convert to 2 GDP ' -2 ATP |
Ul B

| 2 (3-Phosphoglycerate) convert to
i 2 (1-3 bisphosphoglycerate)

S‘] 2 ATP molecules are required to produce 1 Glucose from 2 Pyruvate ]

| Glucose
| y

¥

I Fructose 6-P |

B

: Fructose 1,6-bis-P |

A > 2NAD+
P | 2NADH+2H
]

1 260P 261

! Phosphoenolpyruvate | /
VIR
=l
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Gluconeogenesis: Regulation

Reciprocal control

Gluconeogenesis and Glycolysis

The processes of gluconeogenesis
and glycolysis are regulated in a
reciprocal fashion, Which means that
when one process is highly active, the
other one is inhibited

Allosteric

Acetyl CoA @ (Pyruvate carboxylase)

Which means pyruvate carboxylase
enzyme will be activated by high levels of Acetyl CoA

AMP@ or ATP @
F 2,6-Bisphosphate @

When we have high levels of AMP (indicating low level
of energy) we don’t want to store glucose ,we want
break down glucose to create ATP (more energy) so
low energy state will inhibit Gluconeogenesis by
inhibiting Fructose 1,6-bisphosphatase

When we have high levels of Fructose 2,6-Bisphosphate
(indicating high levels of glucose) we don’t need to
make more of it cuz we already have more of it so it will
inhibit Gluconeogenesis by inhibiting Fructose
1,6-bisphosphatase

When we have high levels of ATP_(indicating high level
of energy) we want to store glucose (store energy) so
we will activate Gluconeogenesis by activating
Fructose 1,6-bisphosphatase

} F 1,6-bisphosphatase

Important note:
- Pyruvate carboxylase is only found in mafrix of
mitochondria
- Gluconeogenesis rate-limiting enzymes:
A. Pyruvate carboxylase

B. Phosphoenolpyruvate Carboxykinase (PEP-CK)

1 Glucagon ( | I/G" ratio)
Stimulates gluconeogenesis

@ = Insulin , G = glucagon

Allosteric (| F 2,6-Bisphosphate)

When we have high levels glucagon it will
decrease Fructose 2,6-Phosphate that
leads to inhibition of
Phosphofructokinase-1"PFK-1" and
activation of Fructose 1,6-bisphosphatase
which will stimulate gluconeogenesis
Induction (PEP-CK)

We we have high levels of glucagon it will
induce Phosphoenolpyruvate
Carboxykinase “PEP-CK"

What does I/G ratio mean?

- The function of Glucagon is to rise blood glucose level in the
blood whereas Insulin lowers blood glucose level in the blood,
So to enhance Gluconeogenesis we need a huge amount of

glucagon




Gluconeogenesis is an important pathway for glucose production from non-carbohydrate
sources during prolonged fasting .

Lactate, Glycerol and glucogenic amino acids are the major gluconeogenesis substrate .

Gluconeogenesis is not a simple reversal of glycolysis. In fact gluconeogenesis requires 4
unigue reactions to circumvent the 3 irreversible reactions of glycolysis .

Gluconeogenesis and glycolysis are reciprocally controlled, allowing efficient glucose
metabolism .

It is mainly anabolic pathway that consumes ATP for the synthesis of glucose .



A ) Spleen C ) Kidney D) Lymph node

A) Aspartate B ) Phenylalanine C ) Glycine D ) Methionine

Q2: What are the three unique irreversible
reactions in gluconeogenesis?

A) Lysine B ) Glycine C ) Leucine D ) Both A&C
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A') Cytosol B ) liver C ) lymph node D) spleen

1)  Glycerol, Lactate and Pyruvate,
Glucogenic amino acids

2) Slide 6

A') The Blood B) Pancreas C ) Kidney D) Liver

A') Glycogenolysis B ) Hexose Inversion C ) Glycolysis D) Cori Cycle
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