Fatty Acid Synthesis

e Requires
— Carbon Source: Acetyl CoA
—Reducing Power: NADPH
—Energy Input: ATP

Why Energy ?
Fatty Acid Acetyl CoA
l l
l l
l l
l l
Acetyl CoA Fatty Acid

AG’: -ve

AG’: +ve
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Why Energy ?

Fatty Acid Acetyl CoA + n(ATP)

l 1

l 1

l 1

l l
Acetyl CoA Fatty Acid + n(ADP)

AG’: -ve AG’: -ve

FA Degradation and Synthesis

Acyl CoA Acyl CoA .y
| Oxidation T reduction
| Hydration 1 dehydration
| Oxidation T reduction
| Thyolysis T condensation
Acyl CoA (5 + Acetyl CoA | Acyl CoA, + Malonyl CoA

Acetyl CoA
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Carboxylation of Acetyl CoA
Produces Malonyl CoA

0 0 0
1 1 1
CH,-C-CoA / "OC-CH,-C-CoA
/ / \
ATP

ADP + Pi

Acetyl CoA Carboxylase

Biotin-Containing Enzyme

Fatty Acid Synthase Catalyzes the
remaining steps

Multifunctional Enzyme Complex

Dimer of two Identical Chains

Each has Seven Catalytic Activities

— One activity is Condensing Enzyme with —SH

One Domain is Linked to Phosphopantetheine
— With Reactive -SH
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Adenine

Ribose

Reactive group
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[i-Mercapto-
ettndamine unit

Pantothenic acid

Fatty Acid Synthase Catalyzes the
remaining steps
Multifunctional Enzyme Complex
Dimer of two Identical Chains
Each has Seven Catalytic Activities
— One activity is Condensing Enzyme with —SH
One Domain is Linked to Phosphopantetheine

— With Reactive -SH

— Carries Intermediates during Catalysis
— (Acyl, Acetyl and Malonyl Groups)

— Known as Acyl Carrier Protein (ACP)
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Fatty Acid Synthesis (Overview)

Acetyl-CE (Acyl-CE) + Malonyl ACP
0] 3

Co,

Ketoacyl ACP
(n+2)

!

!
Acyl ACP

CH,CO~S-CE + OOC-CH,-CO~ACP
Acetyl Malonyl-ACP
(Acyl)

HS-CE

I
CH3J:'CH2'CO~ACP

Ketoacyl- ACP




Reduction of the Ketoacyl Group

O
CH;C-CH,-CO~ACP Ketoacyl- ACP
NADPH
Cl)H
H,O.—
CH;CH=CH- NADPL

/

Synthesis of Palmitate by Fatty Acid Synthase

CH,- c s- CoA c CHy- c S-CoA 0
SH ACth' CoA S C CH3 Malonyl CoA S‘C'CH3
O\
H] 1% 0
s c CH, S-C-CH,-CZ
0
FATTYACID
SYNTHASE [ \
co,
P PH + HY, M
o H,0 SH NADP* NADPH + »

0 L y OH (L; 0 0
S-C-CH=CH-CH, 6] Sk c c c -CH, 5] §-C-CH,=C-CH,
HH

NADPH + H*

!
NADP*
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Synthesis of Palmitate by Fatty Acid Synthase (Cont.)

o
O, I
_SC-CH,-C-S-CoA 5

0
SH 4') S-C-CH, CHy-CH,4 Malonyl CoA S-C-CH,CH,-CH,
e — > 3
2 21 31 o
S-C-CH,-CH,-CH; SH §-C-CH €T
———

[4]
co,
o NADP* NADPH  H,0 NADP* NADPH .
A P AL . L A
1 1" 1
S-C-CH,CH,~CH,~CH,-CH, 71 [67] [5] ACP—S-C-CH,-C-CH,-CH; CH;,
x —

\
N

Repostwipe N SH H,0 ' PALMITATE
five times more e S -palmitate — > S

Synthesis of Palmitate (net reaction)

How many cycles of synthesis (Condensation)?
* 7
How many Malonyl CoA?

* 7
How many Acetyl CoA?
* 1

How Many NADPH?
* 14
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Production of
Cytosolic Acetyl CoA
for FA Synthesis

Inner mitochondrial
membrane is
immpermiable to
Acetyl CoA

1995y,
)

'“/INNER MITOCHONDRIAL MEMBRANE

o
&-o
H-c=0O
EHlz
_C_
o "o~
Oxaloacetate

malate
dehydrogenase

2
c-o-
1
H-C-OH
CH_

_C_
Lo S -
Malate

co.

malate dehydrogenase NADP*
(malic enzyme)

®

Cacl

=2

CHg
Pyruvate
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Return of Oxaloacetate

Pyruvate + CO2

Po,
— %00 00s e
..

- INNER MITOCHONDRIAL MEMBRAN
i

NADPH‘\

Malate

Regulation of FA Oxidation & Synthesis

OXIDATION SYNTHESIS

) igﬁj%ly of Fatty * Regulation of AcCoA

-Hormonal Control Carboxylase _
-Allosteric Mechanism

e Entry into - Phosphorylation
Mitochondria

* Availability of NAD* « Amounts of Enzymes
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Allosteric Regulation of

Acetyl CoA Carboxylase

oo 0o
o0 00
Acetyl CoA carboxylase
(inactive dimer)

Citrate ~.—> @|@ < Long-chain
fatty acyl CoA

33333333333

Acetyl CoA carboxylase
(active polymer)

@ -0 2
CH3~C-S-CoA ,C-CH,-C-5-CoA
Acetyl CoA O  Malonyl CoA

co,

ATP  ADP +P;

©

Hormone-Mediated,
Covalent Regulation of

cetyl oA
Protein phosphatase
P, arboxylase
Acetyl CoA Acetyl CoA
carboxylase-( P carboxylase
(inactive) (active)

cAMP-dependent
protein kinase

ADP 0 ATP

Glucagon

Epinephrine
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Regulation of FA Oxidation & Synthesis

OXIDATION SYNTHESIS
* Supply of Fatty  Regulation of AcCoA
Acids Carboxylase
-Hormonal Control -Allosteric Mechanism

_ - Phosphorylation
e Entry into
Miochondria

« Availability of NAD* Amounts of Enzymes

Regulation of FA Oxidation

TFatty Acids

Fatty Acyl CoA /

l Q Malonyl CoA
Fatty Acyl Carnitine
ACC
!
TNADH o ! Acetyl CoA

!

Acetyl CoA
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Elongation of Fatty Acids
-in Endoplasmic Reticulum
- Similar Sequence of Reactions
- Different Enzymes

Malonyl CoA + Acyl CoA,,
l

! 2NADPH + H*
!
i@ 2NADP*

Acyl CoA (n+2)

n = 16 or more carbons

Elongation of Fatty Acids
in Mitochondria

Acetyl CoA + Acyl CoA (n)

i

I NADH + H+

1 NAD+
NADPH
NADP+

Acyl CoA (n+2)

n = less thanl16 carbons
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Introduction of Double Bonds

» Synthesis of Monounsaturated FA

- Oleic Acid 18:A°
- Palmitoleic 16:A°

* In endoplasmic reticulum

* No double bond can be introduced beyond
carbon 9 in human

Introduction of Double Bonds (Cont.)

Stearoyl CoA
NADPH + O,
, ADP*+2H,0
Oleoyl CoA P

A® Desaturase; Cytochrome b,
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Introduction of Double Bonds (Cont.)

Formation and Modification of Polyunsaturated FA
-Elongation

- Desaturation
Additional double bonds can be introduced by:
A* Desaturase
A> Desaturase
A® Desaturase

Modification of Polyunsaturated FA
Linoleic 18:2A%12

Desaturation
18:3A%9.12 w ?

Elongation
20:3A811.14 w?

Desaturation
20:4A5811.14 w ?  Arachidonic
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Biosynthesis of Triacylglycerol &

—oxxTmMmO<r®

Phosphoacylglycerol

L EATTYAQD FATTY AQD
G
L
Y

— FATTYAQD © FATTY AOD
E
R
(@)

— FATTYAQD - 4‘7‘

TRACMA YR PHOSPHOACYLALYCER(L

Phosphotadic Acid is Common Intermediate

rOxImMmO<r®

FATTY ACID

FATTY ACID

‘

PHOSPHOACYLGLYCEROL
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Biosynthesis of Triacylglycerol
Requires

» Acyl~CoA (Active form of FA)

» Glycerol Phosphate

Why Active form?
TAG+H,0 —— DAG+FA AG-ve
DAG+FA — . TAG+H,0 AG +ve
DAG + Acyl~CoA TAG AG —ve
CH,OH
HO—(I:H
(|:H2—0—P032- ([f:
Glycerol 3-phosphate acyltransferase ~ R—C —SCoA
—> CoASH
CoA Y

N——S"CcoAsH @
o) 0 CHxO-C—R
Y Il I
(I:Hz —0—C—R R — C_O_éH
1
HO — CH CH2-0—-P032-

|
CHz —0 —PO0g2" Phosphatidic acid

Lysophosphatidic acid
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0
|

0 CH,—0—C—R

I |
R'—C—0—CH

I
CH; —0 —P032_

Phosphatidic acid
phosphatidate
phosphatase

1
0 CH,—0—C—R

I |
R'—C—0—CH
|
CH, —OH

Diacylglycerol

+ Pj

Capyright © 1997 Wiley-Liss, Inc.

I
R’— C—8CoA
acyltransferase -
CoASH

Triacylglycerol

Copyright © 1997 Wiley-Liss, Inc.

Production of Glycerol Phosphate

- Glycerol + ATP

Not in Adipose tissue

---— Glycerol 3 Phosphate
Enz: Glycerol Kinase

CH,OH CH,OH

=0 / \ C HOH

CH,OPO, CH,OPO,
NADH NAD*
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Production of Glycerol Phosphate

LIVER ADIPOSE TISSUE

Glucose
Glucose

GLYCOLYSIS
GLYCOLYSIS

Dihydroxyacetone phosphate
Dihydroxyacetone

G’ycefOI'P phosphate

dehydrogenase .
cerol
ADP ATP ¢

dehydrogenase

Glycerol

hosph
phosphate Glycerol

phosphate

Glucose

N
DHAP

GIyé'eroI-@ FA~CoA

\/

TAG

Glycerol + Fatty Acids
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