
Lipid Metabolism, part 2

Summary of fatty 
acid synthesis

8 acetyl CoA + 14 NADPH + 14 H+ + 7 ATP

 palmitic acid (16:0) + 8 CoA + 14 NADP+ +
                     7 ADP + 7 Pi + 7 H20

1. The major suppliers of NADPH for fatty acid 
synthesis are:

a) the hexose monophosphate shunt

b) cytoplasmic malate dehydrogenase

Summary of fatty acid synthesis
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1. Additional two-carbon units can be added to 
palmitate by separate enzyme systems contained in 
the ER and mitochondria.

2. Certain cell types in the brain can add up to a total 
of 24 carbon units to an acyl chain

3. Enzymes present in the ER (mixed-function 
oxidases) are responsible for desaturating fatty 
acids using NADPH as a cofactor

1. Humans do not have the enzymes 
required to introduce double bonds 
past the number 9 carbon of fatty 
acids.

2. Therefore, linoleic and linolenic acids, 
both important precursor molecules, 
are considered essential fatty acids

Synthesized fatty acids can be 
stored as TAG’s

1. The fatty acid chains must be activated by fatty acyl CoA 
synthetases.

a) This enzyme is located on the outer mitochondrial 
membrane.

b) It utilizes ATP to form an acyl adenylate intermediate.  
Cleavage of the resulting pyrophosphate makes the 
reaction irreversible

2. Glycolytic intermediates must be tapped to produce 
glycerol phosphate (the liver (only) can also do this via 
glycerol kinase.

3. Acyltransferases can build TAG’s from activated fatty 
acids and glycerol phosphate.
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β-Oxidation of Fatty Acids

Triacylglycerols are hydrolyzed by cyclic 
AMP-regulated lipases

Fatty acids must be esterified to 
Coenzyme A before they can:

1. undergo oxidative degradation, 

2. be utilized for synthesis of complex 
lipids (e.g., triacylglycerols or 
membrane lipids), 

3. or be attached to proteins as lipid 
anchors.
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Acyl-CoA-Synthase Catalyzes the 
Activation of Fatty Acids

Acyl-CoA-Synthase Catalyzes the 
Activation of Fatty Acids

1. Acyl CoA synthetase catalyzes the 
activation of a fatty acid at two active 
sites:

a) It catalyzes the reaction of the fatty 
acid with ATP to form an acyl 
adenylate.

b) Subsequently, it catalyzes the attack by 
CoA on the acyl adenylate to form 
acyl-CoA and AMP.

2. Acyl CoA synthetase resides primarily 
along the outer mitochondrial 
membrane
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fatty acid

ATP

acyl adenylate

PPi

coenzyme A

AMP
fatty acyl CoA

Biochemistry, 2007, 46 (22), pp 6536–6546
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Acyl CoA synthetase resides 
primarily along the outer 
mitochondrial membrane

Acyl-CoA-synthase is required for re-synthesis 
of triacylglycerides and cholesteryl esters

1. Fatty acids are activated by fatty acyl CoA synthetase 
[requires ATP].  

2.Triacylglycerol synthase re-joins 2-monoacylglycerol with 
two fatty acyl CoA

3.Cholesterol is re-esterified with fatty acyl CoA by Acyl CoA 
cholesterol acyltransferase
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β-oxidation of fatty acids occurs within 
mitochondria

acyl-
CoA 

Synthase

misleading arrow:  acyl CoA is not directly 
shared between the cytoplasm and matrix

The carnitine shuttle 
brings activated fatty acids into 

the matrix

1. carnitine acyl transferase I replaces 
the CoA with carnitine

(a) Note that the cytoplasmic and matrix 
pools of CoA do not directly mix.

2. translocases transfer  acyl carnitine into 
the matrix

3. carnitine acyl transferase II swaps 
the carnitine for CoA on the fatty acid

4. carnitine is transferred back to cytoplasm

carnitine 
acyltransferase I

1. associated with outer 
mitochondrial membrane

2. transfers acyl chain from CoA 
to carnitine

3. releases CoA and acyl 
carnitine

4. bears a tunnel that sequesters 
the acyl chain during catalysis
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Fatty acids are oxidized two carbon 
units at a time.

Benzoate Phenylacetate

In 1904, Franz Knoop fed his dog 
either even or odd-numbered fatty 
acids labeled with ω-phenyl groups.

Odd-numbered chains always yielded 
Benzoate in the dog’s urine, while even-
numbered chains always yielded 
phenylacetate.

This landmark work was the 
first to use a synthetic label in 
an experiment.
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β-oxidation pathway 
occurs in the 

mitochondrial matrix.
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What about odd chain-length fatty acids?

What about odd chain-length fatty acids?

(Biotin)

methylmalonyl CoA mutase
(cobalamin)

What about odd chain-length fatty acids?
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What about odd chain-length fatty acids?

What about odd chain-length fatty acids?

What about odd chain-length fatty acids?
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methylmalonyl CoA mutase

What about very long fatty acids?

1. Fatty acids that have 20 or more carbon units get chopped into 
smaller pieces, no smaller than 8 units long, within Peroxisomes.

2. The smaller chains are delivered to the mitochondria where they 
undergo β-oxidation.

And what about (cis) 
unsaturated fatty acids?

Two additional enzymes are utilized:

1. isomerase (example at right) 
“moves” dbl bond to 
appropriate position.

2. reductase deals with adjacent 
double-bonds.

37

38

39



40

41

42



Synthesis of ketone bodies by the liver

1. During fasting, oxaloacetate is diverted to gluconeogenesis 
and hence is unavailable to the TCA cycle.

2. Acetyl-CoA is then diverted from the TCA cycle and 
condensed into acetoacetyl CoA and, finally, acetoacetate

3. Acetoacetate can be transported to peripheral tissues and 
converted to two acetyl-CoA

Ketone bodies are formed from acetyl-CoA when fat 
breakdown predominates
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