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1. Lipid: triacylgycerol, phopholipid, cholesterol

2. Synthesis and break down occur by different pathways, are 

catalyzed by different enzyems, and take place in different 

parts of cells. 

3. Three carbon intermediate, malonyl-coA, is required for lipid 

biosynthesis. 



Malonyl-CoA is formed form acetyl-coA and bicarbonate

Acetyl-CoA carboxylase has three 

functional regions: biotin carrier 

protein (gray); biotin carboxylase, 

which activates CO2 by attaching it to a 

nitrogen in the biotin ring in an ATP-

dependent reaction (see Figure 16-16); 

and transcarboxylase, which transfers 

activated CO2 (shaded green) from 

biotin to acetyl-CoA, producing malonyl-

CoA. The long, flexible biotin arm carries 

the activated CO2 from the biotin 

carboxylase region to the 

transcarboxylase active site. 



Fatty acid assembled in a repeating four-step sequence 

catalyzed by fatty acid synthase



FAS I: found in vertebrates, consist of a single multifunctional 

polypeptide chain; seven active sites for different reactions lie 

in separate domains 

b-ketoacyl-ACP synthase 

(KS), malonyl/acetyl-CoA—

ACP transferase (MAT), b-

hydroxyacyl-ACP 

dehydratase (DH), enoyl-

ACP reductase (ER), and b-

ketoacyl-ACP reductase 

(KR), ACP is the acyl carrier 

protein, (TE) is a 

thioesterase that releases 

the palmitate product from 

ACP when the synthesis is 

complete

FAS II found in plants and bacteria and is dissociated system. 



The overall process of palmitate synthesis

Single products (palmitate), no intermediates are released. 15, 16 

carbon from acetyl-CoA and the rest of the carbon from acetyl-CoA via 

malonyl-CoA



1. Throughout the process of fatty acid synthesis, the intermediates 

remain covalently attached as thioester to one of two thiol group ; KS 

or ACP

Acyl carrier protein (ACP). The 

prosthetic group is 4′-

phosphopantetheine, which is 

covalently attached to the hydroxyl 

group of a Ser residue in ACP





Seven cycles  of condensation and 

reduction produce the 16-carbon saturated 

palmitoyl group, stop elongation, is 

released from ACP.

7acetyl-CoA + 7CO2 + 7ATP  7 

malonyl-CoA + 7ADP + 7Pi

Acetyl-CoA + 7 malonyl-CoA + 14 

NADPH +14H+
 Palmitate + 7CO2 + 

8Co-A + 14NADP+ + 6H2O

Overall,

8acetyl-CoA + 7ATP + 14 NADPH + 

14H+
 Palmitate + 7ADP + 7Pi + 8Co-A 

+ 14NADP+ + 6H2O



Subcellular localization of lipid metabolism.

Fatty acid synthesis takes place in the compartment in which NADPH is available for reductive 

synthesis (i.e., where the [NADPH]/[NADP+] ratio is high. The [NADH]/[NAD+] ratio is much 

smaller, so the NAD+-dependent oxidative catabolism of glucose take place in cytosol.

In mitochondria, high [NADH]/[NAD+] ratio favors the reduction of oxygen.



Production of NADPH.



In the photosynthetic cell, fatty acid synthesis occurs in chloroplast 

stroma, because NADPH is produced by light reaction.



Shuttle for transfer of acetyl groups from mitochondria 

to the cytosol.

All the aceyl-CoA used in fatty acid synthesis is formed in mitochondria from PA oxidation 

and from the catabolism of the a.a. Thus shuttle system is required.

Acetyl-CoA from fatty acid oxidation is 

not a significant source of fatty acid 

synthesis, because the two pathway are 

reciprocally regulated.

Two ATP is consumed.

Half of NADPH is from malic enzyme 

reaction and half is from PPP.  



Regulation of fatty acid synthesis

1. Acetyl-CoA carboxylase reaction is a rate limiting step in f.a biosynthesis

Palmitoyl-CoA: allosteric inhibitor (feedback inhibition); citrate (ATP and acetyl-CoA high 

in Mitochondria): allosteric activator

 Covalent modification: Phosphorylation: inhibit, dephosphorylation: polymerization and 

activation

In plants, acetyl-CoA carboxylase is 

activated by the changes in [Mg2+] 

and pH (increase) that accompany 

illumination.

Fatty acid oxidation and synthesis 

do not occur simultaneously.

 Malonyl-CoA inhibits carnitine 

acyltransferase I and then shuts 

downs f.a oxidation 



Routes of synthesis of other fatty acids.

Palmitate is the precursor of stearate 

and longer-chain saturated fatty 

acids, as well as the 

monounsaturated acids palmitoleate 

and oleate in SER. 

Mammals cannot synthesize linolate 

or a-linolenate (essential f.a)



1. Unsaturation reaction is catalyzed by fatty acyl-CoA desaturase, a mixed 

function oxidase. 

2. In SER

3. The f.a and NADPH simultaneously undergo two electron oxidation.



Oxygenase: catalyzed oxidative reactions in which oxygen atoms are directly 

incoporated int to the substrate molecule, forming a new hydroxyl or 

carboxyl group

- dioxygenase: both oxygen atom are incorporated into the organic substrate 

molecule.



- Monooxygenase catalyzed only one oxygen is incorporated into the 

organic substrate and the other being reduced to H2O

- Called hydroxylase or mixed-function oxidase or mixed-function 

oxygenase.

- Tyrosine hydroxylase, cytochrome P450 



Eicosanoids are from 20-carbon poylunsaturated fatty acid

1. Eicosanoids are a family of very 

potent biological signaling 

molecule

2. In response hormonal or other 

stimuli, phopholipase A2 induces 

the release of arachidonic acid 

from membrane

3. Arachidonic acid converts into 

PGH2 by cyclooxygenase (COX)

4. COX-1 responsible synthesis of 

PGH that regulate the secretion 

of gastric mucin

5. COX-2 for PGH that mediate 

inflammation, pain and fever

6. Thus, pain can be relieved by 

inhibiting COX-2



1.Aspirin is irreversible inhibitor of 

both COXs.

2. NSAID 

Thromboxane induce constriction of 

blood vessels and platelet 

aggregation.

Low doses of aspirin reduce the 

probabilty of hear attacks and 

strokes by reducing thromboxane 

production 





The "linear" pathway from arachidonate to leukotrienes.



Biosynthesis of phosphatidic acid.

1. Incorporation into triacylglycerol 

or into phospholipid component

2. Both pathways begin with the 

formation of fatty acyl ester of 

glycerol.

3. TAG and 

Glycerophophospholipid share 

two precursor: fatty acyl-CoA and 

glycerol-3-phosphate

4. Glycerol-3-P is derived from 

DHAP and glycerol

5. Fatty acyl-CoA by acyl-CoA 

synthetase

6. Diacylglycerol-3-P (phosphatidic 

acid) 



Phosphatidic acid is the precursor of both 

triacylglycerols and glycerophospholipids



Regulation of triacylglycerol synthesis by insulin.

Insulin stimulates conversion of 

dietary carbohydrates and 

proteins to fat. Individuals with 

diabetes mellitus lack insulin; 

in uncontrolled disease, this 

results in diminished fatty acid 

synthesis, and the acetyl-CoA 

arising from catabolism of 

carbohydrates and proteins is 

shunted instead to ketone body 

production. People in severe 

ketosis smell of acetone, so 

the condition is sometimes 

mistaken for drunkenness



- An additional factor in the balance between biosynthesis and degradation 

of fatty acid is that approximately 75% of all fatty acids released by 

lipolysis are reesterified to form triacylglecerol rather than used for fuel by 

triacyl glycerol cycle.

- Thus, the level of free fatty acids in blood reflects both the rate of released 

fatty acids and the balance between the synthesis and breakdown of TGA 

in adipose tissue and liver



Adipose tissue generates G-3-P by glyceroneogenesis

1. Glycerogenesis has multiple 

roles

- In adipose tissue, it controls the 

rate of FA released to blood



- Flux through the triacylglycerol cycle between liver and adipose tissue is 

controlled by PEPCK activity

- Glucocorticoid hormone regulate the level of PEPCK reciprocally in the 

liver and adipose tissue



Glucocorticoid hormones 

stimulate glyceroneogenesis 

and gluconeogenesis in the 

liver, while suppressing 

glyceroneogenesis in the 

adipose tissue (by reciprocal 

regulation of the gene 

expressing PEP 

carboxykinase (PEPCK) in 

the two tissues); this 

increases the flux through 

the triacylglycerol cycle



- High levels of free fatty acids in blood interfere with glucose 

utilization in muscle and promote the insulin resistance that leads to 

type2 diabetes.

- Thiazolidinediones reduce the levels of fatty acid in the blood and 

increase sensitivity to insulin.



Thiazolidinediones activate a nuclear receptor called peroxisome proliferator-

activated receptor g (PPARg), which induces the activity of PEP carboxykinase. 

Therapeutically, thiazolidinediones increase the rate of glyceroneogenesis, 

thus increasing the resynthesis of triacylglycerol in adipose tissue and 

reducing the amount of free fatty acid in the blood.



1. Assembly of phopholipid : 1) synthesis of the backbone molecule 2) 

attachment of fatty acid to backbone through ester or amide linkage 

3) attachment hydrophilic head group through phosphodiester 

linkage 4) modification of head group 

Biosynthesis of membrane phospholipids



Two general strategies for forming the phosphodiester 

bond of phospholipids



Phospholipid synthesis in E. Coli emplys CDP-diacyl glycerol



Eucayotes synthesize anionic phopholipids from CDP-

diacylglycerol



The major path from phosphatidylserine to 

phosphatidylethanolamine and phosphatidylcholine in all 

eukaryotes.



Pathways for phosphatidylserine and 

phosphatidylcholine synthesis in mammals.



Pathways for phosphatidylserine and phosphatidylcholine 

synthesis in mammals.



Synthesis of ether lipids and plasmalogens.



Biosynthesis of sphingolipids

1. Synthesis  of sphinganine from 

palmitoyl-CoA and Ser.

2. Attachment of fatty acid in amide 

linkgate to yield N-

acylsphinganine

3. Desaturation  to N-

acylshphingosine (ceramide)

4. Attachment of head group to 

sphingolipid such as 

shphingmyelin or cerebroside

















Cholesterol has several fates

1.Synthesis in vertebrates takes place in the liver

2.Export in biliary cholesterol, bile acid, cholesteryl ester

3.Membrane synthesis or a precursor for steroid hormone and vitamin D

4.They are carried in the blood plasma as plasma lipoprotein

5.Different combinations of lipids and proteins produce particles of different 

densities, ranging from chyomicrons to high-density lipoproteins





Chymicrons: the largest of the lipoprotein, less dense, high content TAG, dietary 

f.a to target tissue, ApoC-II

VLDL: transport TAG from liver to muscle and adipose tissue, apoC-II

LDL: very rich in cholesterol and cholesteryl ester, receptor mediated uptake

HDL: originate in the liver and small intestine as small, protein-rich particle; 

LCAT on the surface of nascent HDL particel converts the cholesterol and 

VLDL remnants to cholesteryl ester, begin to form a core. This mature HDL 

return to the liver, where cholesterol is unload.



Dietary lipids are packaged into 

chylomicrons; much of their triacylglycerol 

content is released by lipoprotein lipase to 

adipose and muscle tissues during 

transport through capillaries. Chylomicron 

remnants (containing largely protein and 

cholesterol) are taken up by the liver. 

Endogenous lipids and cholesterol from the 

liver are delivered to adipose and muscle 

tissue by VLDL. Extraction of lipid from 

VLDL (along with loss of some 

apolipoproteins) gradually converts some 

of it to LDL, which delivers cholesterol to 

extrahepatic tissues or returns to the liver. 

The liver takes up LDL, VLDL remnants 

(called intermediate density lipoprotein, or 

IDL), and chylomicron remnants by 

receptor mediated endocytosis. Excess 

cholesterol in extrahepatic tissues is 

transported back to the liver as HDL. In the 

liver, some cholesterol is converted to bile 

salts.



Uptake of cholesterol by receptor-mediated endocytosis.



Cholesterol biosynthesis is regulated at several leves

1. Cholesterol production is regulated by intracellular cholesterol 

concentration and by glucagon and insulin

2. Rate limiting step is HMG-CoA to mevalonate by HMG-CoA reductase

3. Transcriptional regulation of HMG-CoA reductase

4. Sterol regulatory element-binding proteins (SREBP)

5. When cholesterol high, SREBP is secured in ER

6. Low, SREBP is cleaved by protease and enter nucleus, leading to 

activate target genes.



1. Hormonal regulation is mediated by covalent modification of HMG-

CoA reductase.

2. Glucagon stimulate phosphorylation (inactivation) and insulin 

promotes dephosphorylation, activating the enzyme and favoring 

cholesterol synthesis

3. Cholesterol activate ACAT and represses expression of LDL 

receptor, reducing the uptake of LDL from blood.








