Rdipose tissue metaholism
L. Lipogenesis & FR Synthesis



LIPOGENESIS

1. Definition
2. Site

3. Process
A. Synthesis of glycerol 3 phosphate (active glycerol).
B. Synthesis & activation of long chain fatty acids (active FAs).
C. Synthesis of the triacylglycerol
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Definition of lipogenesis:

It is the biosynthesis of triacylglycerols (TGs) principally from

excess glucose to be stored after a carbohydrate rich meal.

Site
Cytoplasm of most tissues especially:
= Adipose tissue,
= Liver,
= lactating mammary gland
=  Brain. !
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Processes for lipogenesis:

- Lipogenesis can be divided into 3 processes:
A. Synthesis of glycerol 3 phosphate (active glycerol).
B. Synthesis & activation of long chain fatty acids (active FAs).

C. Synthesis of the triacylglycerol (esterification of both active

glycerol & active FA).
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A. Synthesis of Glycerol-3-P
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Synthesis of Glycerol-3-P (active glycerol)

A) In tissues (except adipose tissue) Glycerokinase

. _ Glycerol a-Glycero-P
» Glycerol is activated by glycerokinase to
—————>

glycerol-3-P (active glycerol)

. Need ATP AP AP
] ] Glycolysis
A) In Adipose tissue )
* No glycerokinase is present in adipose tissue. Glyosrol-3-P-dehydrogenase
 Instead, glucose—> glycolysis> DHAP(di- Dihydroxy 1-Glycero-P
hydroxy-acetone-phosphate) Which gives acefone-P ; ; (Sn-glycerol-3-P)
glycerol 3 P by dehydrogenase enzyme A ;
NADH+H NAD iﬁ Created by Notein




yntnesis or ratty aclias

Cytoplasmic (Extramitochondrial) FA synthesis
Pathway
- Definition, site & building block
- Sources of acetyl CoA
- Translocation of acetyl CoA to cytoplasm
- Enzyme of extramitochondrial Pathway
- Steps of extramitochondrial Pathway
- Fate of palmitate
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Cytoplasmic (Extramitochondrial) De novo

Synthesis of long chain FA synthesis

*» Definition: It is the only system responsible for de novo
synthesis of long chain FA from active acetate (acetyl CoA).

*» Site: cytoplasm of many tissues especially adipose tissue ,
liver, brain, lactating mammary gland.

*» Building block for FA synthesis: Acetyl CoA

“+ Product of FA synthesis: long chain FA Palmitic acid (16
ca rbO nS) IN Created by Notein



o Steps

1.Source of acetyl-CoA for FA synthesis:

- Mainly from Glucose ( carbohydrates):

(glucose—> glycolysis—> pyruvate—> oxidative
decarboxylation by pyruvate dehydrogenase
enzyme in the mitochondria-> acetyl CoA)

- To less extent from ketogenic amino
acids ( proteins).

- Never from fats)

Glucose

Glycolysis

000

Pyruvic acid
NAD® memy = CoA

Pyruvate dehydrogenase

NADH ) <~ 7/\,0002
m- CoA
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2. Translocation of Acetyl-CoA from mitochondria to cytoplasr
(Cltrate shuttle)

Acetyl-CoA, formed within mitochondria, does not penetrate the
mitochondrial membrane to cytoplasm.1st it must condense with
oxaloacetate to form citrate, which can pass out mitochondrial membrane
(Citrate shuttle).
* In cytoplasm citrate splits again by citrate lyase enzyme into
a) Acetyl-CoA and
b) oxaloacetate.

Q '//_To F.A. ™
MITOCHONDRION CYTOPLASM ( Spmioii

E Acetyl CoA (|
—>Citrate

Q

Acetyl CoA

Citrate
Citrate
Synthase

O
Oxaloacetate

Oxaloacetate
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3. Enzymes of cytoplasmic Fatty acid synthesis:
2 Enzymes are needed for this process:

®* (The key regulatory enzyme for Lipogenesis)
* This enzyme is responsible of synthesis of malonyl Co A
from the acetyl CoA

 Itis a multi-enzyme complex, formed of 2 subunits ( dimers)

« Each subunit contains all 7 enzymes of FA synthase & 2 SH groups

* This enzyme is responsible of adding malonyl Co A to the acetyl CoA
in 7 cycles to form the palmitic acid (16 Carbons FA).
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2- The fatty acid synthase complex

* 2 subunits ( dimers), lie in head to tail configuration.
* Each subunit contains all 7 enzymes of FA synthase & 2 SH groups

' 4 -Phospho-
Crs panle:heine
SH Subunit SH
SH SH
I I
g4 -FPhospho- . Cys
pantetheine

Acetyl
transacylase

Malonvyl
transacylase
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4. Steps of Extra-mitochondrial synthesis of palmitic acid

(16 carbon FA)

1. Synthesis of malonyl CoA (3C):
» It is synthesized from acetyl CoA by acetyl CoA carboxylase

* In presence of ATP, biotin and bicarbonate as a source of CO2.

O
Il

CH;—/C ~ S CoA
Acetyl-CoA #

CO, ATP
Acetyl-CoA Biotin, Mn*™*
carboxylase ADP+Pi

COOH

CH,

CO~S CoA
Malonyl-CoA <S¢
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2. Synthesis of palmitate by the fatty acid synthase
complex:

The first 3 steps involves 3 enzyme
actions:

* 15t step 1s addition of an acetyl CoA to
SH group at position 1

» 2d gtep is addition of a malonyl CoA to

SH group at position 2 e C;_\S‘NE_ . |
- Ac‘:::a:ofy::m% l:ns IH: Nnzyme
« 31 gstep is condensation of the acetyl
CoA in position 1 with the malonyl CoA -co. ,4 Synthase.
in position 2 with the release of one — D) — e — o
CO2. o o

= i T
—@—pan—smc—cr-c,—c—cr-ca

3-Ketoacyl enzyme
{(acetoacetyl enzyme)
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* A next 4 steps process involves 3
enzyme actions:

1. Reduction in the presence of
NADPH+.

2. Dehydration by release of one H2O.

3. Reduction in the presence of
NADPH+.

4. Transfer from position 2 to 1.

* Now position 2 is free to accept a new
malonyl CoA.

Acotyl
transacylaso

(3 — S — OO — CHy — OO — CHs
3 Feio acyl enzyme

MADPHEH
------------------- -
13 Feta acyl reductass|
MADEY AL——————————————————J
l.’.",_;___“} — SH -

1
(2D — 8 — OO0 — CHy — CH — CHs
3 Fyvdroxy acyl eneymes

1
Hoh - ———————— A
1> —SH
(2 — S — OO0 — CH o CH — CH:
H!.d-._l'_‘ljF'i—I—i-[—]; ) Z=-3 un=maturated 2oyl cnerrme

e ) S

— ST

i
’ E:]—S'—EC?—II’_':I—IE— CHz —CH
Aryl enevene




* The process is repeated
6 more times.

* At the end of FA
synthesis , thioesterase
hydrolyzes the thioester
bond to release palmitate
from the enzyme
complex.

Acetyl-CoA

“cO,

2

HS — Pan O

Cs AceM-y(‘:oA
carboxylase
\ D)
Cys — SH

[e

nsacylaso

—— s
HS — Cyn —@— Pan — SH

Fatty acid synthaso
multienzyme complex

NADPH « H°

CoA
Cs

It
—@—cv- —S A C— CH,

T
Pan —8 N C — CHy —COO ™~ (Cs

= “Malonyl-CoA
C

\-b CoA

Masony!

C,, transter from

[ transacylase

r

o

v

Acyl(acetyl)-malonyl enzymeo

3- Ko(oacyl
syn thaso

ch—su

D

l 1
— S U C— CH, —C — CH,

3-Ketoacyl enzyme
(acetoacetyl enzyme)

3 -Kotoacyl
roductaso

NADP* ==

NADP' -

NADPHM +« H©

Con—

O oM

|
Pan —S'\/C—CH,—CH CH,
o(~)-3-Hydroxyacyl enzyme

/1—

Cys — SH

ll
Pan — S N C — CH=CH — CH,
2.3-Unsaturated acyl enzyme

|  Enoyl reductase |

H,O

. /

| Thicesterase |

Alter cycling through
steps @ - @ seven times

Palmitate

—Gom
: I
S —

—SH

Acyl onzyme

(<,

|~ @D » GO A
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<+ The overall reaction for palmitic acid synthesis:

7 molecules of malonyl CoA is added to 1 molecule of acetyl CoA
In 7 cycles by FA synthase enzyme complex to form palmitic acid

1 Acetyl CoA+ 7 Malonyl CoA+ 14 NADPH + 7ATP

FA synthase complex

1 Palmitate(16C)+ 8 CoA+ 14 NADP+ 7(ADP+Pi)+ 7 CO2+ 7 H20
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9. Main product of FA synthesis : free Palmitic acid (16 C)

*+ Fates of palmitic acid

Free palmitic acid must be activated to palmitoyl CoA (by
thiokinase= acyl CoA synthetase) to be used for:

1. Esterification with glycerol (to form TG)**** or with
cholesterol (to form cholesterol esters).

2. Chain elongation: For synthesis of longer chain F.A.

3. Desaturation: Synthesis of unsaturated FA.

4

. Sphingosine formation: palmitoyl CoA + Serine
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C. Synthesis of Triglycerides
(esterification of active glycerol and

active FA)
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1- Synthesis of glycerol-3-phsophate

2- Synthesis of fatty acyl CoA

3- Synthesis of TG

Glycerol
H
l Free fatty acid
H— C—OH o
H—‘!'—ON )\/\/\/\/\/\
D :

L

Triglyceride

[
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Synthesis of Triglycerides

> The active FA then esterified to active glycerol forming triacylglycerol

(TAG) Triglycandea
Glycerol 3 fatty acid chains

_ [ * 1T E 1

> TAG iIs formed of: b o
H-é-o - C—CHz‘-CHg"'CHg—CH'J—CH)

= 1 glycerol l =
. 3 FAS H=C=0 — c.:—CH:-CH;"'CH-‘.—CHQ-CHJ

O

Attached by ester bonds l i

H-?-o - C-CH?‘—CHJ'“ CHa-CHg—CHJ
H

> TGs then stored Mainly in adipocyte to be ready for mobilization
(utilization) if the body needs energy
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REGULATION OF ADIPOSE TISSUE
METABOLISM
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6. Regulation of adipose tissue metabolism

Dietary, metabolic and hormonal factors regulate adipose
tissue metabolism :

1- Dietary factor:
» Excess glucose (1 carbohydrate meal)-> 17 lipogenesis

* Fasting—> 11 lipolysis

2- Metabolic factor
* Uncontrolled Diabetes mellitus—> 11 lipolysis
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3- Hormonal factor regulation

. Rate limiting enzyme

*» Rate limiting enzyme of lipogenesis is Acetyl-CoA
carboxylase which present in 2 forms
* Active form: Dephosphorylated
* Inactive form Phosphorylated

*» Rate limiting enzyme of lipolysis is Hormone sensitive
lipase which present in 2 forms
* Active form: Phosphorylated
* Inactive form: Dephosphorylated
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3- Hormonal factor regulation

ll. During fed state

** 1 Blood glucose-> release of insulin-> dephosphorylation of the
enzymes:
* Dephosphorylate HSL-> inactivate it-> || lipolysis
 Dephosphorylate acetyl CoA carboxylase—> 11 lipogenesis

lll. During fasting

¢ | Blood glucose-> release of anti-insulin hormones (glucagon &
adrenalin)—> activate adenyl cyclase enzyme—>
Phosphorylation of the enzymes:
* Phosphorylate HSL-> activate it> 11 lipolysis
 Phosphorylate acetyl CoA carboxylase—> || lipogenesis..as, o



QUESTION 1

*=Which of the following cofactors or their derivatives must
be present for the conversion of acetyl CoA to malonyl
CoA in extra-mitochondrial fatty acid synthesis?

(A) Biotin
(B) FAD
(C) FMN
(D) ACP
(E) NAD"
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QUESTION 3




QUESTION 2

Acetyl CoA required for extra mitochondrial fatty acid
synthesis is produced mainly by:

(A) Pyruvate dehydrogenase complex
(B) Pyruvate carboxylase

(C) Citrate lyase

(D) Thiolase

(E) Carnitine-acyl transferase
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Life
_ ISN't caboyt
- findi g yourself.

.'..‘.‘.'.‘.'.555

Life
IS 2oyt
Creating \{ourself.
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