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Chpt. 17
Fatty Acid Catabolism



Lipids Fats or Oils: stored forms of energy
Phospholipids, Sterols: major structural elements 

of biological membrane
Other lipids: roles as enzyme cofactor, electron carrier,

hydrophobic anchor, hormones, 
intracellular messengers

Storage lipids
Structural lipids in membranes

Lipids as signals, cofactors, and pigments



Fatty acids
Fatty acids: carboxylic acids with hydrocarbon chains (C4 to C36)

C O-

O

Saturated fatty acids
Unsaturated fatty acids



Triacylglycerol

provide stored energy and insulation

adipocytes

seed

fat

Storage lipids (derivatives of fatty acids)



Fatty acids acetyl-CoA
(to CO2 in citric acid cycle)

Energy

-oxidation

Glucose         :   31 ATP/ 6 carbon   = 5.2 ATP/carbon
Palmitic acid : 106 ATP/ 16 carbon = 6.6 ATP/carbon



Processing of dietary lipids in vertebrates



Triacylglycerol
lipase

fatty acid + glycerol 

Intestinal wall cell
(enterocytes)

Triacylglycerol 
Cholesterol

apolipoproteins 

Chylomicrons

Blood 

adipocytes

Lactating mammary gland
Adipose tissue

Lipoprotein
lipase

Chylomicrons
fatty acids + glycerol

Degradation 
(-oxidation)

Cardiac, skeletal muscle

glycerol G3P 

used synthesis of
triacylglycerol
phospholipids
glucoseliver

GK



Molecular structure of a chylomicron

100 ~ 500 nm

activates lipoprotein lipase
(in muscle and adipose tissues)



Mobilization of TAGs stored in adipose tissue

~ 10 FA/monomer

Serum glucose level (H):
[insulin]
TAG synthesis (lipogenesis)

Serum glucose level (L):
[glucagon, epinephrine]
TAG breakdown (lipolysis)



Entry of glycerol into
the glycolytic pathway



Conversion of fatty acid to a fatty acyl-CoA

different isozymes specific 
for fatty acids having short,
intermediate, or long carbon chains

G’o = - 34 kJ/mol 



Fatty acids (> 14 carbon) entry into mitochondria 
via the acyl-carnitine/carnitine transporter

Fatty Acids 
(12 or fewer carbons)



Stages of fatty acid oxidation 
(eg. Palmitic acid)

CH3(CH2)14C-S-CoA
=O

2 ATP *

7 FAD

7 FADH27 NAD+

7 NADH + 7 H+ 
7 CoA-SH
7 H2O

7 FADH2 x    1.5 ATP/FADH2 =  10.5 ATP
7 NADH         x    2.5 ATP/NADH         =  17.5 ATP
8 acetyl-CoA  x   10 ATP/acetyl-CoA   =   80 ATP

108 ATP
- 2 ATP *

106 ATP

8 Acetyl-CoA



The -oxidation pathway (of saturated fatty acids)

Two sets of enzymes

TFP complex (44)
(> 12 carbons)

Soluble enzymes
( < 12 carbons)

thiolysis



epimerase

isomerase

(multifunctional protein)

acyl-CoA dehydrogenase

enoyl-CoA hydratase

L--hydroxyacyl-CoA dehydrogenase

thiolase

The enzymes of -oxidation

TFP



ETC 
(ETF:UQ)

Step 1

VLCAD (12 ~18)
MCAD  (4 ~ 14)
SCAD  (4 ~ 8)



Step 2



Step 3

ETC
(Complex I)



Step 4





Fat bears carry out -oxidation in their sleep



Oxidation of monounsaturated fatty acid



Oxidation of 
polyunsaturated 
fatty acid

(Linoleic acid, 18:29,12)









Oxidation of odd-number 
fatty acid
(in the lipids of many plants

and some marine organisms)

Citric acid cycle

* Pernicious anemia
(intrinsic factor   )

5’-deoxyadenosylcobalamin

propionate
CoA-SH



Coordinated regulation of 
fatty acid synthesis and breakdown

ACC   : acetyl-CoA caboxylase

(rate-limiting)

Fatty acyl-CoA -oxidationTAG or phospholipids



[NADH]/[NAD+] ratio is high

High conc. of acetyl-CoA

Two inhibition steps for -oxidation



Peroxisome also carry out -oxidation
(major site of -oxidation in plant)

Catalase

heat

Acyl-CoA
dehydrogenase

Acyl-CoA
oxidase

Much more active on 
very-long-chain
fatty acids such as 
Hexacosanoic acid (26:0)

Zellweger syndrom
XALD

x



Triacylglycerols as glucose source in seeds

Fatty acid oxidation in plants:
not in mitochondria 
but in the peroxisomes
(and the glyoxysomes of
germinating seeds)



-oxidation 
in the endoplasmic reticulum
(liver and kidney in animal)

(10:0 or 12:0)

CoA-SH

-oxidation:
- branched-chain fatty acids
- in peroxisome of animal cells

mitochondria



Formation of ketone bodies
from acetyl-CoA

-oxidation

Fatty acids

Citric acid
cycle

Ketone body
formation

Sterol 
biosynthesis

Diabets
Starvation



-Hydroxybutyrate as a fuel
(in extrahepatic tissues)



Ketone body formation and export from the liver

Acidosis

Ketosis
90 mg/100 ml in blood
(<3 mg/100 ml)
5000 mg/24 h urinary excretion
(<125 mg/24 h)


