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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 .

Phosphofructokinase-1 Fructose 1,6-

( PFK-1) bisphosphatase
i Dihydroxyacetone-P : (—' Dihydroxyacetone-P :
(N 5 |dolase | | Aldolase
Triqsephcspha'e% %Trio'sephosphuie
. . I I isomerase isomerase
: Pyruvate kinase . 1. Pyruvate carboxylase | P e »
ly hosphate dehyd ly phosphate dehy
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| Glucokinase / Hexokinase
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Clucose 6-phosphatase
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' Phosphoenolpyruvate PEP
b —!Y\ carboxykinase




Glycolysis and Gluconeogenesis ( overview )

Hexokinase

Phosphofructokinase-1
(PFK-1)

Glucose 6-
phosphatase

Fructose
1,6-bisphosphatase

Glyceraldehyde phosphate
dehydrogenase

Triose phosphate
isomerase

Glyceraldehyde phosphate
dehydrogenase

Phosphoglycerate
kinase |

—
-
|

3-Phosphoglycerate !

Pyruvate
kinase A

Pyruvate
carboxylase




[i“é?_ﬁf_ﬁﬁe/ ul video ] Gluconeogenesis , Contd T ]
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1 Glucose 5
Hexokinase B 1 Ho p?\‘t;‘scp(:!s:h‘s.e
Glucose 6-P |
. . . . . L]
e The 4 alternate reactions in gluconeogenesis * reaction 1, 3 and 10in ﬂ

glycolysis are irreversible that's why it must be reversed “.

P
i Fruciose

—— ——
. Fructose 6-P |<\ E

Phosphofructokinase-1

Pyruvate (PFK-1) 1,6-bisphosphatase
carboxylase H,0
E Pyruvate (3C) ~ Oxaloacetate (4C)
° C02 + ATP In. | Dihydroxyacetone-P | (—1 DihydroxyacetoneP |
. ADP out. DO Aidolase | | Aldolase R |
e  Carboxylation * adds a carobin group “ of pyruvate by pyruvate carboxylase Tesephossiie Tiesephosatiae
and it occurs in mitochondria.
PEP ’ T e ﬁ_.'_ ..... " '
carboxykinase . . i 1.3 !
E Oxaloacetate (4C) . Phosphocnoloyruvate “PEP™ (3C) | -bisPhosphoglycerate _|
Phosphoglycerate kinase T Phosphoglycerate kinase
) plinsesaall s = SSa
i GTPin | 3-Phosphoglycerate
e GDP+CO, Out. S e
Fructose Phosphoglycerate mutase Ii Phosphoglycerate mutase
1,6-bisphosphatase |_2_Ph__h II_A_t.—-!
E Fructose 1,6-bis-phosphate (6C) »Fructose é-phosphate(6C) i il
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_____ )
boxyl
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|
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https://www.youtube.com/watch?v=2dmr3-kJu_M&feature=youtu.be

* extra explanation
Summary of the aerobic glycolysis In order for you to gain a better understanding

In tables
T T T T 1 [ -1
i Reaction 1 | | Reaction 2 |
== T T I T T 7
| Reoctont | Pyruvate i | Reactant Pyruvate |
i_ ....... 1_ ............... _| '_ ........ === — _I
i Product | Oxaloacetate | | Product | Phosphocnolpyruvate |
. ! ! ! wpEpn !
== L I S B o |
Enzyme |  Pyruvate carboxylase

I Y I Y Y I I Enzyme I PEP I
| | | | | carboxykinase |
_—— +—_————— —] o—_ e = ] | ............... —
| Action | adding CO, | | Action | Adding s phosphate |
| i I [ group |
i | | Rty [ =

Consume | 1 ATP | | Consume | GTP |
| Reactant Fructose 1,6-bisphosphate | | Reactant Glucose 6-phosphate |
| | | | | |
L. | N R R -
! Product | Fructose 6-phosphate | | Product | Glucose |
! ! b ! !
Rty o= 5 r——— f—— —
i Enzyme | Fructose | | Enzyme | Glucose 6- |

1,6-bisphosphatase phosphatase

Lo | I ! |
I Action I Removesa phosphate I I I Removes a phosphate I
I I group I | Action | group |
=== [ ————— = — | L _I
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_ e - — . b — . - l_ ________ I _______________ _I



Gluconeogenic Substrates: Glycerol

e  Glycerol kinase present only in liver and kidneys. SAS SR ER
. Gluconepgenesis of egperoI occurs in iny ’rhe cytosol. _ . . e / § R 8§88 ¢
e Glycerolis released during the hydrolysis of Triacylglycerol (TAG) in adipose fissue.  faesnic ayeed head)

Phospholipid bilayer
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% Glycerol kinase present only in liver and kidneys
% Gluconeogenesis of glycerol occurs in only the cytosol
% Glycerol is released during the hydrolysis of Triacylglycerol (TAG) in adipose tissue
ADP NADH
ATP + H* NAD* + H*
CH,OH \/ clnzoﬂ U /cnzou
HO—C—H > HO—C—H > 0=C
Glycerol | Glycerol
CH,OH kinase CH,0P0,2- phosphate CH,0P0 3%
dehydrogenase
Glycerol Glycerol Dihydroxyacetone
phosphate phosphate

DHAP can be used
for glycolysis or
gluconeogenesis

Glucose

-\ i

Glucose-6-Phosphate

ATP =~ Glycerol
o it
\ Glycerol Fructose-6-Phosphate
ADP Phosphate \
\ |t -
Glycerol
NAD+ —  Phosphate Fruclose-1.6-8isphosphal\

ihy € y y
Phosphate == 3.Phosphate

1,3-Bisphosphoglycerate

3-Phosphoglycerate

Z-Phoiph?lycmle

Phosphoenol- -
pyruvate (PEP)\
l Oxaloacetate

Pyva

=




GLUCONEQGENTC SUBSTRATES - GLYCEROL
10 SUM Up

Glycerol as a
gluconeogenic Substrate

Kinase
[ Glycerol 3-phosphate

Glycerol 3-phosphate
dehydrogenase 4 -
NADH

Glycerol

Glucose ——«—— | Dihydroxyacetone phosphate

K: Glycerol kina nly in liver & kidneys

Reactant Glycerol Reactant | Glycerol-3-phosphate
Product Glycer'ol-T3e—phospha Product Dhysgg:g:;;:;one
Enzyme Glycerol kinase Enzyme G'YZ‘Z’;\‘;Z?;I;Z?\Z?ZG*Q
Action ?)ﬂg;:%g: : Action Oxidation
Consume ATP Produce NADH

*Reaction 2 is an oxidative reaction which involves the
reduction of NAD to NADH

Glycerol

Glyceraldehyde 3-phosphate «—» Dihydroxyacetone phosphate
Glucose Sl &l dasi Bllycolysis I oSai grh oy Hi U e




The catabolism of glucogenic amino acids produces either:

< one of the intermediates in the Krebs Cycle
For example: catabolizing asparagine & aspartate produces

oxaloacetate
(an intermediate) which can be converted later to glucose.

% Pyruvate

Some of the amino acids Enter Krebs cycle by
transfer into pyruvate (glycine & alanine)

All amino acids are Glucogenic (make glucose)
except: Leucine & Lysine (the Lazy L's)

*You have to know the names of the 4 entrance points and the amino acids

You have to memorize it

Aspartate (Asp)

Citrate

Isocitrate

Phenylalanlne Phe
Tyrosine (Tyr)

Acetyl COA ¢mmmms Pyruvate ¢mssssss Lactate

AMino
= —Amino - k Citiate “‘?}_\
‘\\iapl s xaloacetate ' sgtrate @

—

Alanine (Ala)

Mala! 02 Glycine (Gly)

/_\
/’

0 -Ketoglutarate (Lalil 'L
= n}is Fumarate ocKetoglutarate (L4

Succinate




GLUCONEQGENTC SUBSTRATES: LACTATE (CORT CYCLE)

Glucose in the liver travels through the blood to the muscle
where it is turned into lactate then the lactate re-travels
through the blood and back into the liver where it is turned

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 into the blood. The lactate is taken up by the
liver and reconverted to glucose, which is released back into circulation

PYRUVATE CARBOXYLASE

% The carboxylation occurs in the liver and kidney, exactly in
mitochondria so pyruvate has to travel from cytoplasm to
mitochondria why ? Because pyruvate carboxylase is only
found in matrix of mitochondria

< Biotin coenzyme that makes CO2 more active to bind

Pyruvate Carboxylase
Biotin

Pyruvate
/Ny

' l

ATP  ADP+P,

Oxaloacetate




PYRUVATE CARBOXYLASE AND PEP- (K

Note : Yo compare

CO, from HCO; is activated and transferred The enzyme then transfers the CO, to
by pyruvate carboxylase to its biotin pyruvate, generating oxaloacetate.
prosthetic group.

e | carboxylase

' In glycolysis to convert from PEP into

| pyruvate we need just one enzyme which ) /\
* is (pyruvate kinase) i Fasting: © / \ /
i ! T Acetyl CoA ATP  ADP+P, 00

(with covalently

Pyruvate ‘

attached biotin)

B TN Lyslne i"non 0
* — ¢-C-0 o
(From FAO) ofonoe | { Acetyicon HCO; &y o cl;-c-o
NH NH Pyruvate 'O-é- CH NH
....................................................... *Fatty 0 o 0 o 0 : 0 0
r ! ) A -0-C-nN Oxaloacetate Oxaloacetate (OAA) AN
In gluconeogenesis to convert pyruvate | Acid - e : o0k orote naoHswt N\ /"
into PEP we need two enzymes in fwo Oxidation membrane soitis | M0m
S reduced to malate S

NAD*

that can.

steps these enzymes are (pyruvate
carboxylase + PEP-CK)

.........................................................

MITOCHONDRION

CYTOSOL

In the cytosol, malate

+
NADH + H is reoxidized to oxalo-

0
®-o-¢-¢-o €02 Gop NAD*

CH, acetate, which is oxidatively
decarboxylated to phospho-
Phosphm%lryruvm enolpyruvate by PEP
carboxykinase.

[ ——

Pyruvate carboxylase + PEP-CK Zpyruvate kinase

Explained in next slide




EXPLANATION FOR THE TWO STEPS

¢ Uil LoaS gind) J3y o 5Y Pyruvate W L s cuall

S s 1, A Pyruvate Carboxylase mx¥) Gib ¢ <llia (lie
ol 3 L Oxaloacetate 13 o) Al cub Oxaloacetate

o) U a3 48 € uda Jall g (538 45 ) sy L i€ giall (16

J3aYL Malate I @i JS& Al 1), Malate dehydrogenase
(Ss¥sshall) S Gu S sa s OIS A 5V s

| ® b o534 sl ¢ 5505 LS sl n el 5ok Malate 138 )
! LD WAL 5 a5 pall e 4l 5 sSsla 05S) ) sn 4l ae (e Ciagd) Y
; pr Y iy 320) 4) ey o 300 i) & e (Al R 5 4wdi
i Oxaloacetate ! Js=% ¢> 25 Malate dehydrogenase
: PEP (I 10a) sy 1 PEP-CK o i) 4 0¥ € (il olas 1) 138
! (Asshall) Al JeSa o) g I

( PEP-CK) = Phosphoenolpyruvate Carboxykinase

Med 436

Mitochondria

Enzyme :Pyruvate Carboxylase
Coenzyme :Biofin

Oxaloacetate

Enzyme

Malate dehydrogenase

NADH  NAD+

Malate

Cytosol

Malate crosses the mitochondrial membrane

339>90

M9 9 dogo pupVl

Phosphoenolpyruvate
(PEP) ¢ ( ! ‘ 7

Enzyme :

Oxaloacetate

Malafe dehydrogenase

NADH  NAD+




Acetyl CoA diverts pyruvate away from oxidation in Krebs cycle
and toward gluconeogenesis

: + positive regulation

i High Acetyl coA will stimulate the enzyme pyruvate

: carboxylase biotin o make more oxaloacetate Then, the
i oxaloacetate will produce more glucose

= negative regulation

i High level of Acetyl-coA inhibit PDH complex and stop or :
E reduce the Glycolysis. i

PDH function: converts pyruvate to Acetyl coA

| Biotin is essential for the pyruvate carboxylase action thus we |
i call it pyruvate carboxylase biotin (biotin is attached to the !
| enzyme) I
i |

S

PDH

complex

Acetyl CoA

!

TCA cycle

\

Pyruvate

Fatty acids

Pyruvate
carboxylase

Oxaloacetate

Glucose

Copytight @ 2014 Wolters Kluwer Health | Lippincott Williams & Wilkins

PDH: Pyruvate dehydrogenase complex: is a complex of three enzymes
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Fructose 1,6-
bisphosphate

Glucose 6-
phosphate

AMP

Fructose 2,6-bis-

phosphate

H:0 & N

S

Fructose 1,6-
bisphosphatase

H,0 e

\J

Glucose 6-
phosphatase
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Fructose 6-

phosphate

0
C-H
H-C-OH
HO-C-H
H-C~OH
H-C-OH
H-C-OH
H

p-Glucose

Dephosphorylation of fructose 1,6-bisphosphate

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

Fructose 1,6- bisphosphatase 7 PFK-1

Fructose 2,6-bisphosphate:
inhibits fructose 1,6-bisphosphatase (Gluconeogenesis)
Activates PFK-1 ( Glycolysis)

Dephosphorylation of glucose 6-phosphate

Allows release of free glucose from the liver
and kidney into blood by (GLUT-2)
Glucose 6-phosphate 7 Glucokinase



GLUCONEOGENESIS: ENERGY-CONSUMED

Six High-Energy Phosphate Bonds From
Pyruvate to Glucose

I

' 12 ATP molecules are required to produce |
| 1 Glucose from 2 Pyruvate :
I

————————————————————————————




Reciprocal control Allosteric Glucagon (|I/G* ratio)

e  (1)Acetyl CoA (Pyruvate e Allosteric()) (F
carboxylase) 2,6-Bisphosphate)

° (1)AMP or (1)ATP }F . —— ) Induction (PEP-CK)
e  (l)F 2,6-Bisphosphate

e Gluconeogenesis &
Glycolysis

@ Repression ﬁlnducﬁon



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 .



MCQs

0Q1: The main site of gluconeogenesis ?
A)  Spleen B) Liver C) Kidney

02: Which of the following amino acids Enter Krebs cycle by transfer into pyruvate?
A)  Aspartate B) Phenylalanine C) Glycine

03: All amino acid can converted into glucose except ?

A)  Lysine B) Glycine C) Leucine

04: Gluconeogenesis of glycerol occurs only in the ?

A)  Cytosol B) liver C) lymph node

D) Lymph node

D) Methionine

D) Both A&C

D) spleen

SAQ

Q! :What substrates can be used for
gluconeogenesis?

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

MCQs answers

v
a (s
2 (2
a @

SAQ answer:



A ) Nucleus B ) Cytosol C ) Mitochondria D ) Rough ER

A) 8ATP B) 4 ATP C)7ATP D) 5ATP

Q1: Whatis the function of enolase
enzyme 2

Q2: How many NADH are produced by
glycolysis per glucose ¢

A') Krebs cycle B ) Glycolysis C)ETC D) Calvin cycle

..........................................................

i |
*
z
O
)

_.m

— iz

Oz
)

Do g

> 1=

w

loe)

S

los)

S|

O

o

>

A ') Pyruvate B ) Lactate C ) Citrate D ) Acetyl coenzyme

| |
S

1)  Remove water, so it will convert

A)13 B) 20 C) 10 D) 15
phosphoglycerat to
Phosopheonolpyruvate
2 NADH

A) Irreversible B ) Reversible C ) Both of them D) None of them
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| Glucose

I Glucose 6-P I
| RS I._._'
I Fructose 6-P I

| SRR W

B
i 3-Phosphoglycerate

PEP

Pyruvate
carboxylase

’ Glucose
hexokinase —_— glucose 6-phosphatase

Glucose 6-phos;

fructose

phosphofructokinase-1 1,6-bisphosphatase

7]
aldolase aldolase - —
Dihydroxy & Dihydroxy (/2]
phosphate phosphate m
e =} ) N
triose phosphate triose phosphate :
< isomerase isomerase m
< U
O | Giyceraldenyde 3-phosphate (2) | o
o glyceraldehyde phosphate H glyceraldehyde phosphate o
— dehydrogenase dehydrogenase m
< | 1,2-bisphosphoglycerate (2) | c
phosphoglycerate phosphoglycerate o
u, kinase kinase o
===
m 3-phosphoglycerate (2) l :
phosphoglycerate phosphoglycerate —
mutase mutase
| 2-phosphoglycerate (2) || w

enolase U ﬂ’ enolase

Phosphoenolpyruvate (2) PEP carboxykinase

pyruvate kinase Oxaloacetate (2)

Pyruvate (2) pyruvate carboxylase

rhospnoglycerare Kinase




Glucose

Hexokinase Glucose 6- phosphatase

! Glucose 6-P

| RS I._._'
e S |
Fructose 6-P |

Fructose
1,6-bisphosphatase

Phosphofructokinase-1
( PFK-1)

! Dihydroxyacetone-P L— ' Dihydroxyacetone-P
N I Aldolase l Aldolase LWL

Triose phosphate \\“ T e _";// Triose phosphate
isomerase | Glyceraldehyde 3-P | isomerase
............. a

LT Glyceraldehyde phosphate dehydrogenase

Glyceraldehyde phosphate dehydrogenase

B 13 |
| -bis-Phosphoglycerate |

IT Phosphoglycerate

———————— kinase

| 3-Phosphoglycerate

2-Phosphoglycerate |

" Enolose ‘H‘ Enolose
—_—— Y ]
Phosphoenolpyruvate

PEP
carboxykinase

Pyruvate Pyruvate
L carboxvlase



Hexokinase Glucose 6-
e — phosphatase
Glucose 6-P |
L I
Fructose 6-P
Phosphofructokinase-1 /  ~— T T T
Fructose

(PFK-1)
1,6-bisphosphatase

Glyceraldehyde 3-P :—,<_
_______ n _-._‘_‘_-_-Triose phosphate
isomerase

Dihydroxyacetone-P

Glyceraldehyde phosphate Glyceraldehyde phosphate
dehydrogenase dehydrogenase

Phosphoglycerate kinase LT Phosphoglycerate
e AN kinase

| 3-Phosphoglycerate

Enolose il‘T_ Enolose

e 1 co,

| Phosphoenolpyruvate | PER
poo _’\ carboxykinase




[&) A helpful vides ]

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

Pyruvate

carboxylase
E Pyruvate (3C) ~ Oxaloacetate (4C)

° CO, +ATP In.
ADP out.
. Carboxylation * adds a carobin group “ of pyruvate by pyruvate carboxylase

and it occurs in mitochondria.

PEP
carboxykinase

E Oxaloacetate (4C) » Phosphoenolpyruvate “FPEP” (3C)

° GTPin
° GDP + CO, Out.

Fructose
1,6-bisphosphatase

E Fructose 1,6-bis-phosphate (6C) »Glucose 6-phosphate(6C)
° Dephosphorylation of Fructose 1,6-bis-phosphate.

Glucose 6-
phosphatase

E Glucose 6-Phosphate (6C)
° Dephosphorylation of Glucose é-Phosphate.

»Glucose 6-phosphate (6C)

. glycolysis J &t AW gluconeogenesis db ol e A adabus JS5 (53

Gluconeogenesis , Contd....

e

- [
1 Glucose
RS |
Hexokinase Glucose é- phosphatase
TS ]
| Glucose 6-P |

A

! Fructose 6-P | E
(RSN ENEY 3
Phosphofruciokinase-1 Fructose
(k-1 L 1,6-bisphosphatase
- Fructose 1,6-bisP !

(———! Dihydroxyacetone-P |
Aldolase L — — i |

i !
bm——— | Aldolase

Triose phosphate [ =) / Triose phosphate
Isomerase | Glyceraldehyde 3-P | Isomerase
—_———— 1 ______ _I
s 13 i
| _pis-Phosphoglycerate |

Phosphoglycerate kinase IT Phosphoglycerate kinase
| 3-Phosphoglycerate
Phosphoglycerate mutase Ii Phosphoglycerate mutase

COT E

PEP
carboxykinase

Pyruvate
kinase A



https://www.youtube.com/watch?v=2dmr3-kJu_M&feature=youtu.be

hexokinase (\ f}glucase 6-phosphatase
Glucose 6-phosphate

phosphohexose isomerase

phosphohexose isomerase

Fructose 6-phosphate
phosphofructokinase-1 ( ’> fructose

1,6-bisphosphatase

Fructose 1,6-bisphosphate |

e The gluconeogenesis pathway is one of the

H m

. . aldolase aldolase - —

essential pathways of energy metabolism. pemrm— e '®

e  Gluconeogenesis is an energy consuming (anabolic pathway). G) i i it Q

. e=mm

Synthesis of glucose from non-carbohydrates molecules. N P ‘\\‘ / / triose phosphate S

O | Glyceraldenyde 3-phosphate (2) | (@2

. . o glyceraldehyde phosphate U glyceraldehyde phosphate o

L|Vef' ( ma|n|y ) haaD dehydrogenase dehydrogenase ()]

< | 1,2-bisphosphoglycerate (2)] e

Ki dneys m phospkizggls);cerale Jl phos;jggggg:erale 8

a. | 3-phosphoglycerate (2)| :

. . . phosphoglycerate h hoglycerati e

e Both mitochondria and Cytosol are involved ol | o
Exception: if the substrate is Glycerol: only in cytosol | phoerhootressete 03]
enolase ﬂ U enolase

Phosphoenolpyruvate (2) <\PEP carboxykinase

pyruvate kinase Oxaloacetate (2)

Glycerol

Pyruvate (2)

pyruvate carboxylase

e  Gluconeogenic Lactate and Pyruvate

substrates: Seven glycolytic reactions are reversible & are used in

gluconeogenesis from lactate or pyruvate.
Glucogenic amino acids Three glycolytic reactions are irreversible & must be
reversed (by 4 alternate reactions) in gluconeogenesis.



Helpful video

reactions 1& 3 & 10 in

(JLU (0 N E 0 (] E N [SIS PA"' H WA\{ glycolysis are irreversible T
|¢- Dephosphorylation of G6F Glucose 6-P Glucose
The 4 alternate reactions in gluconeogenesis to | ‘*
the 3 irreversible glycolytic steps: Fructose 6-P
7 & b « Dephosphorylation of F 1,6-
1) Pyruvate Fructose 1,6-bisphosphate
Carboxylation of pyruvate by pyruvate carboxylase
- Inmitochondria Glyceraldehyde 3-P 55 Dlhydro’%
r) acetone
1,3-Bisphosphoglycerate
R )
3-Phosphoglycerate
)
Fructose 1,6-bisphosphate 2-Phosphoglycerate
Dephosphorylation of F 1,6-P 2- Formation of l’

By Fructose 1,6 bisphosphatase — PEP = Phosphoenmpyruvate

|
73 Lactate & Pyruvate

con/ L1 Jew———

Oxaloacetate

4) Glucose 6-P

Dephosphorylation of G-6-P
By Glucose 6-phosphatase



https://youtu.be/2dmr3-kJu_M

GLUCONEQGENESTS PATHWAY
10 SUM P

sl zlias Trreversiblecy Vo Jelii (el (lie (sda

Reactant Pyruvate Reactant Oxaloacetate
Product Oxaloacetate Product PEP
(Phosphoenolpyruvate )
Enzyme Pyruvate Enzyme PEPCK
carboxylase e
Action Adding CO2 Action Removing CO2
Converts 3c . 4c* and adding one
phosphate
Consume 1ATP
Consume 16TP

*carbons

reactions 1& 3 &10in
glycolysis are irreversible

PEP to pyruvate is reaction
10 in glycolysis

Phosphoenolpyruvate

PEPCK

GTP
Oxaloacetate

ADP

pyruvate kinase

P, + ADP ATP

pyruvate
carboxylase

ATP + CO,

Pyruvate

We heed to go in the exact opposite of
glycolysis but since the reactions 1,3 and
10 in glycolysis are irreversible we have to
take a detour (go around)




10 SUM up

Reaction 3 Reaction 4
Reactant Fructose-1,6-bis Reactant Glucose-6-pho
phosphate sphate
Product Fructose-6-phos Product Glucose
phate
Enzyme Fructose Enzyme Glucose-6-pho
bisphosphatase sphatase
Action Removing one Action Removing one
phosphate phosphate
Consume H20 Consume H20

Fructose-6-phosphate to fructose
-1.6-bisphosphate is reaction 3 in

glycolysis
Fructose-6-phosphate

If:‘}:oc;sz;b;; phosphofructokmabe
H,0

Fructose-1,6- blsphosphate

Glucose

glucoqe 6' hexokinase
phos phataqe

Glucose -6-phosphate

Glucose to glucose-6-phosphate is
reaction 1 in glycolysis




