
ASHCOPS

LIPID METABOLISM



Β OXIDATION 
•DEF: OXIDATION & SPLITTING OF FATTY ACID TAKES

PLACE AT THE Β (3RD)  CARBON ATOM SO THERE IS

A SEQUENTIAL REMOVAL OF 2 CARBON UNIT AS

ACETYL COA, STARTING AT THE CARBOXYL END



• SITE: 

MITOCHONDRIAL MATRIX



STAGES

1                                               2  3

ACTIVATION OF TRANSPORT OF REACTIONS

OF

FATTY ACID FATTY ACYL COA                         Β OXIDATION

ACROSS IMM    

SITE: CYTOSOL MITOCHONDRIAL

MATRIX



1. ACTIVATION OF FATTY ACIDS

• FATTY ACIDS ARE ACTIVATED TO COA DERIVATIVES

• THIS OCCURS IN CYTOSOL

• ACYL COA SYNTHETASE / THIOKINASE

FATTY ACID + COASH FATTY ACYL COA

ATP AMP + PPI



2. TRANSPORT OF FATTYACYL COA TO MITOCHONDRIA

❖LONG CHAIN FATTY ACYL COA CANNOT PASS

THROUGH INNER MITOCHONDRIAL MEMBRANE

❖A TRANSPORTER, CARNITINE IS INVOLVED



CARNITINE
•DEF: CARRIER MOLECULE INVOLVED

IN THE TRANSPORT OF LONG CHAIN

FATTY ACYL COA ACROSS THE

INNER MITOCHONDRIAL MEMBRANE

FOR Β OXIDATION



•CARNITINE IS BETA HYDROXY GAMMA TRIMETHYL

AMMONIUM BUTYRATE

• IT IS OBTAINED FROM LYSINE AND METHIONINE

• IT IS SYNTHESIZED IN LIVER AND KIDNEY

•MCFA & SCFA  DO NOT NEED CARNITINE FOR

TRANSPORT , SO EASILY OXIDIZED





Carnitine shuttle 

Carnitine Acyl Transferase I

Carnitine Acyl Transferase II



3.   REACTIONS OF   Β - OXIDATION

1. FAD DEPENDENT DEHYDROGENATION (OXIDATION)

2. HYDRATION

3. NAD+ DEPENDENT DEHYDROGENATION (OXIDATION)

4. THIOLYTIC CLEAVAGE TO REMOVE ACETYL COA









ENERGETICS (Β – OXIDATION OF 16C PALMITATE)

• 8 ACETYL COA   X  10  =  80 ATP

(OXIDIZED IN TCA CYCLE)

• 7 FADH2         X   1.5  =  10.5 ATP

(OXIDIZED IN ETC)

• 7 NADH           X   2.5  =  17.5 ATP     (OXIDIZED IN ETC)

• TOTAL = 108 ATP

• LESS 2 HIGH ENERGY BONDS = 106 ATP

FOR INITIAL ACTIVATION



SIGNIFICANCE

• TISSUES WHICH DERIVE MOST OF THE ENERGY FROM FA 

AT LEAST DURING FASTING : HEART, SKELETAL MUSCLE & 

LIVER

• NOTE: ADULT BRAIN CANNOT USE FA AS A SOURCE OF

ENERGY



•CLINICAL SIGNIFICANCE



 1. CARNITINE DEFICIENCY:
 CAUSES: - DIETARY DEFICIENCY / PRETERM INFANTS

SIGNS/ SYMPTOMS:-
- HYPOGLYCEMIC ENCEPHALOPATHY

- MUSCLE WEAKNESS

- HEPATOMEGALY

BIOCHEMICAL BASIS FOR HYPOGLYCEMIA: -
↓ FA OXDN.

↓ ATP FOR ↓ ACETYL COA FOR ACTIVATION OF

GLUCONEOGENESIS PYRUVATE CARBOXYLASE



2. TRANSLOCASE DEFICIENCY 

- DEFECTIVE METABOLISM OF LCFA

- MUSCLE CRAMPS PRECIPITATED BY EXERCISE & HIGH FAT

DIET



3. JAMAICAN VOMITING SICKNESS

• UNRIPE ACKEE FRUITS HAVE TOXIN – HYPOGLYCIN

• ENZYME INHIBITED : ACYL COA DEHYDROGENASE

• HYPOGLYCEMIA, VOMITING



• REGULATION

AVAILABILITY OF FFA                                                 UPTAKE OF FA INTO

MITOCHONDRIA

CONTROLLED BY CONTROLLED BY CAT 1

GLUCAGON : INSULIN RATIO Θ 
RATIO HIGH IN

STARVATION & DM                                                      MALONYL COA      

(SUBSTRATE FOR FA SYNTHESIS)

MORE FFA FROM ADIPOSE SO FA OXIDATION & SYNTHESIS

MORE Β OXIDATION CANNOT OCCUR AT SAME TIME



OXIDATION OF ODD CHAIN FATTY ACIDS
(SOURCE – MILK)

•OXIDIZED BY Β – OXIDATION

• IN THE FINAL ROUND

- ONE ACETYL COA  &     

- ONE 3-CARBON PROPIONYL COA  IS FORMED

PROPIONYL COA FROM  ODD CHAIN FA IS THE ONLY PART 
OF A FA THAT IS GLUCOGENIC  





OXIDATION OF VLCFA 

• OCCURS IN PEROXISOMES

• MODIFIED FORM OF Β-OXIDATION

• Β-OXIDATION SEQUENCE ENDS AT OCTANOYL COA

• FURTHER Β-OXIDATION IN MITOCHONDRIA

• FADH2 FORMED IS USED TO PRODUCE H2O2 IN PEROXISOMES



ZELLWEGER’S SYNDROME

• DEFECT: ABSENCE OF FUNCTIONAL PEROXISOMES

• DEATH BY AGE- 6 MONTHS

• (NOTE: PEROXISOMES ARE RESPONSIBLE FOR THE SYNTHESIS 
OF PLASMALOGENS, BILE ACID & FOR SHORTENING VLCFA)

 BIOCHEMICAL FINDINGS : 

 ACCUMULATION OF VLCFA IN BRAIN, LIVER & KIDNEY –

CEREBROHEPATORENAL SYNDROME

 REDUCED PLASMALOGENS AND BILE ACID SYNTHESIS



ALPHA -OXIDATION
• DEF: OXIDATION OF FATTY ACIDS BY REMOVING ONE CARBON

ATOM AT A TIME, FROM THE CARBOXYL END AS CO2

• FA DOES NOT NEED ACTIVATION

• NEITHER CONSUMES NOR GENERATES ENERGY

• OCCURS IN BRANCHED CHAIN FA WHICH HAVE A METHYL

GROUP AT BRANCH POINT.– BLOCKS Β-OXIDATION EG. 
PHYTANIC ACID (PRESENT IN CHLOROPHYLL, MILK & ANIMAL

FAT)



REFSUM’S DISEASE
•DEF: METABOLIC DISORDER WHERE Α- OXIDATION IS

DEFECTIVE

•ENZ DEFICIENT :- Α – HYDROXYLASE

•BIOCHEMICAL FINDING: PHYTANIC ACID

ACCUMULATES IN BRAIN, BLOOD & OTHER TISSUES



•C/F : SEVERE NEUROLOGICAL SYMPTOMS –

- PERIPHERAL NEUROPATHY

- CEREBELLAR ATAXIA

- RETINITIS PIGMENTOSA

- ICHTHYOSIS



OMEGA OXIDATION

• DEF: MINOR PATHWAY TAKING PLACE IN MICROSOMES, WHERE Ω

CARBON OF FA GETS OXIDIZED

• IMPORTANT WHEN Β-OXIDATION IS DEFECTIVE
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