BIOSYNTHESIS OF
FATTY ACIDS




Fatty aclds have 4 wajor physiological roles:

F fatty acids are building blocks of phospholipids
and glycolipids

F wmany proteins are modified by the covalent
attachwment of fatty acids, which targets thew to

membrane Locations.
F fatty aclds are fuel molecules

" . . L
F fatty acid derivatives serve as hormones and
tntracellular messengers.
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SYNTHESIS

oo Cytosol

“ Requires NADPH

“ Acyl carrier protein

“* D-lsowmer

“* CO., activation

¢ Clitrate lon

* Multi-enz ywme complex

*

o 2 carbon units added, as =2
carbon malonyl CoA
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DEGRADATION
* Mitochondria

* NADH, FADH=

* CoA

* L-ilsomer

* No COa2

¢ No citrate

X Enzymes as Ewdepewdmt
protei,ws

** 2 carbon units split off as
acetyl CoA
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o
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Fatty Acld biosynthesis is a stepwise assembly of
acetyl-CoA units (in the form of malonyl-CoA
units) ending with Palmitate (C-16).

It tnecludes = steps :

,A,c;rw ATION

-_E,LO'N C‘QM o

INATION
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MITOCHONDRIA &@T050L
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/ NADH
: Malate
|

331

Pyruvate A% NADPH

acetyl CoA + ADP + P; + oxaloacetate

P Y ruvate

i
Citrate + ATP + CoA + H.,O



Enz-Biotin-*C00~ Enz-Biotin

a#;¢o~5aaﬂr> / 00CH{CHACO~3 oA

)

ATP+H#*C05 ADP+ P

Reaction is catalyzed by acetyl-CoA carboxylase. it is
a muLtiewzgme protein.  The enzZyme contains a
variable wumber of ldentical subunits, each
containing biotin, biotin carboxylase, biotin carboxyl
carrier protein, awnd transcarboxylase, as well as a
regulatory allosteric site.
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The enzyme system that catalyzes the sywnthesis of
saturated Long-chain fatty actds from acetyl CoA,
malonyl CoA, ano NADPH s called the ﬁ?ttg acid
synthase.

Acgt carrier Protein contains the vitamin pantothenic
acio tn the form of 4'-phosphopantetheine. ACP takes over

the role of CoA.
H

|
HE-CH ,-CH ,-N- f’”c’%”ﬁw@

CYSTEAMINE

ACP, a single polypeptide chain of #7 residues, can be regarded as
a giant prosthetic group.



The elongation phase of {atty acid sywnthesis starts with
the formation of acetyl ACP and malonyl ACP. Acetyl
transacylase anol malonyl transacylase catalyze these
reactlons.

A‘Ce_tvl—-@pf’r = > Autyz-A-@F +CoA
Mﬁlonyl—-@mﬁ’r p: 2 Mﬁlon171~ﬂr@F + CoA
%’l—catylﬂ-ﬁ-(’/f’ + Malanyl%\ﬂ? >

%cataacet171~,4-€/f’ +ACP+ (02

The equilibrivm is favorable if malonyl ACP is a reactant
because its decarboxylation contributes a substantial
decrease tn free energy.
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1. Acetyl-CoA-ACP transacylase. The acetyl group of
acetyl-CoA is transferred to a cysteine thiol on the B-
kRetoacyl-ACP synthase domain.

2. Malonyl-CoA-ACP transacylase. The malonyl group of
malonyl-CoA is transferred to ACP (acyl carvier
protein), to which it is attached via phosphopantetheine
(Ze same linkage as in CoA).

3. P-ketoacyl-ACP synthase. acetyl-ACP and walonyl-

ACP condense together, releasing cO,, to form B-
Ieetoach—AcP. The aagl, chatn Ls now on ACP, where Lt

will stay for the remainder of the reactions in this cycle.
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+.  P-ketoacyl-ACP reductase. Using NADPH, the ketone is
reduced to a hydroxyl group. (Note that the carbon
bearing the hydroxyl is chiral - this compound is in the
D-conflguration.)

5. P-hydroxyacyl-ACP denydratase. \water is eliminated,
makring a trans-A*-enoyl-ACP.

6. enoyl-ACP reductase. Using NADPH, the double bond is
saturated.

? 7 iterations of this cycle will give
_ Fnlmﬁmﬂ- ACP
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I'j...(’/ﬂ,r}ygﬂ, ELONQ?A’TION
CH; C-CH.C~S- €ZaP

AlarZi s ol B i
H B-Ketoacyl-ACP reductase
S
D 1somer CH3 C- CH,C~S- @
44,0 HO l O PEHYDRATION
> ¥ B-#ydroxyacyl-ACP dehydrase

CH, C = C- C~5- (G

NADP# [y
l f'm”fl -ACP reductase REDUCTION

CH,; CH,CH,C~S- @

O



7. thivesterase. Palmitate is released by hydrolysis of
palmitoyl-ACP via thicesterase. This enzyme is rather
specific for C16.

Keactions
7#’1’&&151716’/0%’1' +7C0z4+ TATP ——  7Mal anvl@aﬂﬁ TADP+7P1
+744"
ActylloA + 7Mﬂ,lm17£&aﬂr Palmitate + 7C0z + 14
+ 14NADPH+ 144” NADP ++ 5143 CoA+ b 420

' § AcetylCoA + TATP + _ Palmitate + 14NADP"
I4NADPH + 734" + SHSCo/r +L1H20
DR R
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Palmitate
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Elongation begf;»;;& the 16-C length of the palwitate product of
Fatty Actd sywnthase is mainly catalyzed by enzymes
associated with the endoplasmic reticulum (ER).

ER enzywmes lengthen fatty acids produced by Fatty Acyl
Sywthase as well as dietary polyunsaturated {atty acids.

Fatty acids esterified to coenzyme A serve as substrates.

Malonyl-CoA is the donor of 2-carbon units tn a reaction
sequence similar to that of Fatty Acld Synthase except that
wiydivicdual steps arve catalyzed by separate proteins.



Desaturase introduce dowble bonds at specific positions tn
a fatty acid chatn.

Mammalian cells are unable to produce double bonds at
certain locations, e.g9., A Thus some polyunsaturated
fatty acids are dietary essentials, e.g., Linoleie acid.

In the conversion of stearoyl CoA into oleoyl CoA, a cis-
A7 double bond Ls tnserted by awn oxidase that employs
molecular oxygen and NADH (or NADPH).

Staﬂ,ravlé’/a%\' + NADH + —— OleoylloX + NAD'
# + 0 + 2420

fppt.com



Prosent i1 F. K

"
Formation of a double bond in a fatty acid
involves the following endoplasmic reticulum
membrane proteins in mammalian cells.

NADH-
CYTOCHROME CHYTOCHROME

-B5 ~-B5
REDUCTASE

Flrst, electrons ave transferved from NADH to the FAD
motety of NADH-cytochrome b 5 reductase .
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NADH il:;% [CoA +
NAD K it;jravl 2

NADH CYTODHROME DESATURASE
CYTOCHROME o5
b5 REDUCTASE

The vwwheme Lron atow of the desaturase is subsequently converted
into the Fe' “state, which enables it to interact with O= and the
saturated fatty acyl CoA substrate. Two electrons come from NADH
and two from the single bond of the fatty acyl substrate.
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Palmitate
pesaturase T 630

Palmitoleate | Elongase

Stearate
. ‘¢
16:1CA?) 190
l Desaturase
Oleate

15:1 (A?)
1 Desaturase

— Linoleate
ESAaturase 1522 (ADIZ)

v~-Linolenate
a-Linvlenate Pesaturase 18:3 (A>1HI1Z)

18:3 (AWIS10) Elongase !
| JEiwmtri;mfte

> 5 (A
Other Lipids Dfsaﬁ?mrﬁsfo ?¢ | ‘
Arachidonate

20:4 (A75TH14)
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