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Beta oxidation of
saturated fatty acid

mitochondrial matrix
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Fatty acid B-oxidation is a multistep catabolic process by which fatty acids are
broken down by various tissues to produce energy in the cytosol in prokaryotes
and in the mitochondria in eukaryotes to generate acetyl-CoA.

The rate of fatty acid oxidation changes in response to the nutritional and hormonal state of the
animal. The rate of fatty acid oxidation is high during fasting but low in the fed animal.
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Composition of lipid
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Fatty Acids
Glycerol Saturated Unsaturated
v
CH,OH Monounsaturated Polyunsaturated
H+OH l Omega-6 Omega-3
v
CHZOH Lauric acid Oleic acid Linoleic acid Linolenic acid
Myristic acid (Omega-9) CLA EPA
Palmitic acid GLA DHA
Stearic acid Arachidonic Acid
GLA (Gamma linoleic) DHA (Docosahexanoic acid)

CLA (Conjugated linoleic acid) EPA (Eicosapentaenoic acid)
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Saturated fatty acid

(no double bonds)

Unsaturated — trans

(H atoms opposite)

Unsaturated — cis

(H atoms same side)

== bent configuration

O=C @=0 @=H



Position of carbons in fatty acids

3 2z 1////0
H_:,E'__(CHz)n_”gHz—_'gHz——C\

OH

Naming Conventions: Palmitic
Acid

O
16 6 65 4 E 2 p &
® e Y /
Carbonyl carbon

omega, always the last alkyl carbon
epsilon, fifth carbon after the carbonyl
delta, fourth carbon after the carbonyl
gamma, third carbon after the carbonyl
beta, second carbon after the carbonyl
alpha, first carbon after the carbonyl

o™= %o g
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Types of fatty acid oxidation

Major Beta oxidation Mitochondria Long, medium and
short chain FA

Beta oxidation Peroxisomes Very long chain FA

Omega oxidation Endoplasmic reticulum  Works only when
mitochondria does not
oxidize medium chain
FA

Alpha oxidation Peroxisomes Branched chain fatty
acids

It is referred as “beta oxidation” because the beta carbon of the
fatty acid undergoes oxidation to a carbonyl group.
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Alpha oxidation
)\/\AA)\/V}/":OOH Phytanic acid

L~ ATP, CoA-SH
phytanoil-CoA
synthetase |+ AMP, PP;

cho —S-CoA phytanoyl-CoA

w-Ketoglutarate, Ascorbate

e 4 st * Stepwise decarboxylation.
AnAI G iyt * Peroxisome is the cellular site.
—— . e Also occurs in brain and liver cells.

Coh lyase FormrIﬂCoA + Formic acid
e * No production of ATP.
/Jv\/lv’v'\/\)\cfo Pristanal . .
S * Eg. Phytanic acid
aldehyde r NAD{PP

dehydrogenase k‘ NAD(P)H
/L/\/K/\)\/\/kcoo“ Pristanic acid

3 oxidation

o - -
/L./vl\/vlv\c” 4,8,12-Trimethyltri-

decanoyl-CoA

&
CH,_CHz—c\ Propionyl-CoA
5-CoA
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Omega oxidation
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NADH +__,/ dehydrogenase
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NAD™
aldehyde
NADH dehydrogenase
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i P oxidation
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Adipate (adipic acid)
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. There is another pathway in some

species, including vertebrates, that
involves oxidation of the omega
carbon.

The enzymes unique to omega
oxidation are located the ER of liver
and kidney

The preferred substrate are fatty acid
of 10 to 12 carbon.

The first step introduces a hydroxyl
group on to omega carbon by mixed
function oxidase involved in
cytochrome p450 and NADPH
Produce a carboxyl group at each end.
In each pass through the g-oxidation
pathway, the double-ended fattyacid
yield dicarboxylic acid such as succinic
acid, which can enter citric acid cycle.
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Fatty acid beta oxidation

* Fatty acid oxidation is the mitochondrial aerobic process of breaking down
a fatty acid into acetyl-CoA units. Fatty acids move in this pathway as CoA
derivatives utilizing NAD and FAD.

 Fatty acids are activated before oxidation, utilizing ATP in the presence of
CoA-SH and acyl-CoA synthetase.

* Long-chain acyl-CoA enters mitochondria bound to carnitine.

* Inside mitochondria beta oxidation of fatty acids takes place in which two
carbon atoms are removed in the form of acetyl-CoA from acyl-CoA at the
carboxyl terminal.

* The bond is broken between the second carbon/beta carbon and the
third carbon/gamma carbon, hence the name beta oxidation.

* This process provides energy from fats.

Substrate: Free fatty acids
Products: One acetyl CoA, one NADH, and one FADH2 for every removal
of a two-carbon group from the fatty acid chain.
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Step 1: Fatty acid esterification/activation to acyl-CoA

A fatty acid must be converted to fatty acyl-CoA in order for it to enter the mitochondria and be oxidized. The
enzyme responsible for esterification of fatty acids to long-chain fatty acyl-CoA is ACS (acyl-CoA synthase).
For this reaction, FACS consumes the equivalent of two ATP. Another enzyme, cytosolic thioesterase (CTE),
can remove the CoA converting the fatty acyl-CoA back to a fatty acid. Fatty acyl-CoA can either be converted
to acyl carnitine, allowing it to be transported into the mitochondria and enter fatty acid B-oxidation or be
converted to lipid metabolites trlacylglycerol diacylglycerol, ceramide, etc.).

ong-chain fatty

Triacylglycerol
Phospholipids
Cholesterol esters
Acylated proteins

Sphingolipids

j %{)estera s

?A
<«—<— Fatty acyl- CoA > a|caoh);| =2
ATs ,I, y/ \
CPT1
[3 oxidation
s {peromsomes) 2 NADPH 2 NADP+
¥ Fatty acyl-CoA
carnitine reductase
B-oxidation

itochondria)

r Qctanoyl

Acetyl-CoA

Ether lipids

/I{ + ATP —= J\ [

AMP

Fatty acid Rcyl adenylate

9 0

|
JL ¥ H'!A\"SECM + AMP (2)

AMP
Acyl CoA

HS—Cof —

R




Step 2: Carnitine shuttle

ATP + CoA AMP + PRI
Cell cytoplasm

FEA Acyl—CnﬁL
Carnmne
/ palmitoyl- Outer
Acyl-Col transferase | Mitochondrial
nthetas M embrane
!

Acyl- Cnﬁ/7 \‘

Carmtlne Acylcarnitine

Carnitine C arnitine Inner
. pﬂlsr;lltﬂlr'l- . Acylcarnitine Mitachondrial
ransierase Translocase Mermbrane
CoA Carmtlne v I,\i.'ulng,--h:arnitinE

Anylna;nmne Acyl-CoA
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The carnitine shuttle represents a mechanism
by which long-chain fatty acids, which are
impermeable to the mitochondrial
membranes, are transported into the
mitochondrial matrix for the purpose B-
oxidation and energy production.



Step 3: 15t oxidation, hydration, 2"d oxidation and thiolysis

During beta-oxidation, fatty acid molecules are broken down by removing two-carbon
units from the carboxyl end of a fatty acid molecule to produce acetyl-CoA.

FAD H H O
Ho| | |
FADH. R‘ﬁ—k] —TrC—S—CGH 1st oxidation
Acyl-CoA H H \
Dehydrogenase Fatty Acyl-CoA  Repeat
H | \ &
R—E—i_iT:C:‘I—'C—S CoA H ||
H IL R—C—C;—5—CoA
trans-A2 -Enoyl-CoA Fatty Acyl-CoA
H.O B'E'ta Dxidation [shortened by 2 Carbons) H
Enoyi-CoA Hydratase  Will proceed until only | ||
Hydration 2 Carbon Units remain. H_TTC_S_COP‘
H 8] hi . .
Ho T I I 5 Thiolysis
Acetyl-CoA
R—C—Ci—C—C—5—{oA
H HC[) L CoA-SH
L-B-Hydroxylacyl-Coa H ﬁ T ﬁ
L-Hydroxyacyl-Cod R E.I_._ Tﬂ_{_ S— CoA
H

{Je!:ymog@rmse
2nd oxidation

NAD* B-Ketoacyl-CoA
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NADH+H?*
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Beta oxidation (C16:0, Palmitic acid)

SURER

H Q

H
I I-CoA {CHz) - l'é i
palmitoyl- CHy 2ly3 - Lg = Lo & ~LOA ;i . .
:-l L Ci4-, C12-, Ci0-, CB-, C6-, C4-Cod 1st Odeatlon
FAD
acyl-Cod dehydrogenase :
G on, 0L L
H H @
[ A | |
trans-0Al-enoyl-CoA CH3{CH3)yz - Cg - Ca- C-CoA
H.O i
enoyl-Cod dehydratase l‘ ® l l l I l l Hydratlon
H H O
[
3-L-hydroxyacyl-CoA CH3{CHz)yz - i:-a - *II.:- C-Coh
OH H
NAD q q
3-hydroxyacyl-CoA dehydrogenase l NADH + H+l l l l l l 2nd oxidation
Pl
B-ketoacyl-Cof CHa(CHz}gz - Cy - 'II:_-..:P C-CoA

ﬁh /l\ 0 el Thiolysis

L myristoyl-CoA cy.(cH,)y, C-5CoA CH, -C-Coh C12-, C10-, C8-, C6-, CA-, C2-CoA

(2C shorter) acsbyl-CaA +02-,4C2-, +C2-,+C2,4C2,+C2-Coh

(6 repeats generate 7 more acetyl-Cod)
( palmitate = 8 acetyl-CoA)
7 FADH?
7 NAD*
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Energy production

The energetic yield of B-oxidation of Palmitic acid
— to eight acetyl coenzymes A
Palmitoyl CoA + 7 FAD + 7 MAD* + 7 H20 + 7 CoA--->B acetyl CoA + 7 FADH2 + 7 NADH + 7 H+

14 ATP + 21 ATP — 2 ATP (activation of Palmitic acid )
— and eight acetyl CoA in the Citrate cycle

8 X 12 ATP = 96 ATP
Met yield of complete Palmitic acid oxidation to CO2
14 ATP + 21 ATP -2 ATP + 96 ATP = 129 ATP

Standard free energy of Palmitic acid =2340 Cal
Energy yield by its oxidation 129 ATP = 7.3X 129 = 940Cal
NET YEILD = 940/2340 X100 = 40%

60% is used for HEAT GENERATION
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Odd chain fatty acid oxidation

Propionyl-Ca Methylimalonyl-CoA
Carboxylase Mutase
Propionyl-CoA 7 » Methylmalonyl-CoA » Succinyl-CoA
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Purpose of beta oxidation

* Mitochondrial fatty acid [B-oxidation is the major pathway for the
degradation of fatty acids and is essential for maintaining energy
homeostasis in the human body.

* Fatty acids are a crucial energy source in the post-absorptive and fasted
states when glucose supply is limiting. But even when glucose is
abundantly available, it is a main energy source for the heart, skeletal
muscle, and kidney.

* |t supplies energy during sustains muscular work, cold thermogenesis,
prolonged flight of birds, prolonged swims of migratory fishes and
whales, also in case of carbohydrate deprivation stress and starvation.

* Series of enzymes, transporters, and other facilitating proteins are involved
in this process. Recessively inherited defects are known for most of the
genes encoding these proteins. The clinical presentation of these disorders
maJ include hyroketotic hypoglycemia, (Féardio)mgopathy, arrhythmia,
and rhabdomyolysis and illustrates the importance beta oxidation during
fasting and in hepatic and (cardio)muscular function.



Peroxisomal B-oxidation

* A secondary form of (oxidation occurs in microbodies that is
peroxisomes) of the liver and kidney.

* |t differs from its mitochondrial counterpart in several respects:
i. Itis quantitatively less important.

ii. Entry of fatty acyl-CoA does not require the carnitine shuttle, for
peroxisomes lack carnitine palmitoyltransferase | (CPT-I).

iii. Oxidation is catalyzed by different enzymes, such as oxidases that
require a high oxygen tension, and produce H,0, as a by-product.

iv. Catalase is a prevalent enzyme in peroxisomes.



