
Lipids

lipids are a chemically diverse group of compounds, the common 

& defining feature of all is their insolubility in water.

Highly soluble in non-polar solvents chloroform, ether, benzene.

Their water-insolubility contributes to much of the complexity

in their digestion, transport, and metabolism.

Essential to the overall energy economy of the cell.



Major Categories

a) Nonpolar : esters of fatty acids with alcohols e.g.  glycerol and cholesterol.

Oil (i.e., olive oil) mainly contain triacyl-glycerols with unsaturated fatty acid. 

Oils are liquids at room temperature.

Solid fats (i.e., butter) contain primarily saturated fatty acids

Thereby raising the melting temperature. They are more solid at room temp.

Melting point stearic acid C18=  69.9C

Melting point oleic acid C18(one double bond)=  13.4C

Melting point palmitic acid C16 = 6.5C

Short chain and unsaturation decrease ↓ melting point = enhance fluidity.



Triacontanylpalmitate is the major component of bees wax.

Biological Waxes : 

Esters of long-chain fatty acids (C14-C36) with long chain alcohols (C16-C30). 

function as energy stores, and act as water-impermeable coatings.

Plant leaves, ear wax, insects exoskeleton.



b) Polar Lipids:

contain a polar group such as phosphate, sulfate or a carbohydrate. 

Consequently considered amphipathic.

phospholipids – phosphate group

sulpholipid – sulphate group

glycolipid – sugar moiety

Important components of membranes.
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Biological Roles

1. Energy Source:

9 Cal/g vs 4 Cal/g (CHO) for complete oxidation.

Highly nonpolar, stored in anhydrous form (unlike CHO).

1 gram glycogen + 2 gram  water.  

Evolution selected TG over glycogen as energy reservoir

Glycogen short-term storage fuel molecule, TG long-term 

storage.

Fat Cells: Adipose tissue specialized for synthesis and 

storage of TG 

- expand to accommodate increased lipid accumulation

- contain TG stored in cytoplasm 

- TG droplets coalesce to form a large globule, occupy 

most cell vol.



2. Structure 

major framework of membranes, phospholipids and 

glycolipids.

3. Communication 

steroid hormones (derived from cholesterol); sex hormones; 

signal transduction - 2nd messenger

4. Enzyme Co-factors 

Vitamin D,A,E, K are fat-soluble vitamins.

5. Digestion 

Bile salts are derived from cholesterol; important in 

emulsification.





Fatty acids CH3(CH2)nCOOH 

classified either as:

- saturated or unsaturated

- according to chain length:

• short chain FA: 2-4 carbon atoms

• medium chain FA: 6 –10 carbon atoms

• long chain FA: 12 – 26 carbon atoms

• essential fatty acids vs nonessential. 

e.g. linoleic and linolenic are two examples of essential FA





Two representations

of fully saturated acid 

stearic acid (stearate at pH 7)

in its extended conformation. 

Each line segment of zigzag

represents a single bond bw

adjacent carbons. 



Saturated vs Unsaturated Fatty Acids

Saturated FA

No double bonds

Monounsaturated

FA

1 double bond

Stearic Acid C-18 Oleic Acid C-18



- Cis double bonds 

causes FA to kink at 

that position; 

- FA double bonds are 

always cis.



Double bonds introduce kinks in the tail and reduce its compaction.

The packing of FA`s into stable aggregates. 

extent of packing depends on the degree of saturation. 

Fully saturated FA`s in the extended form.

stabilized by many hydrophobic interactions. 



Triacylglycerol: 

3 FA  in an ester linkage with 1 molecule of glycerol.

simple (contain the same FA at all 3 positions).

mixed (contain 2 or more different FA).

Excellent source of stored energy.



The mixed triacylglycerol

three different FA attached to 

the glycerol backbone. 

If glycerol has 2 different FA at 

C-1 and C-3, the C-2 is a chiral 

center. 



Hydrolysis of 

triacylglycerols. The term 

“saponification” refers to 

the reactions of glyceryl 

ester with sodium or 

potassium hydroxide to 

produce a soap, which is 

the corresponding salt of 

the long-chain fatty acid



Fatty acid composition of three food 

fats. Olive oil, butter, and beef fat :

mixtures of triacylglycerols, differing in

their FA composition. The melting 

points and physical state at room 

temperature (25 C)

Olive oil has a high proportion

of long-chain (C16 and C18) 

unsaturated FA  accounts for 

its liquid state at 25 C. 



Some common types of storage and membrane lipids.

the backbone is either glycerol / sphingosine to which attached one/ more long 

chain FA in ester bond and a polar head group. 

Glycosidic 
Phosphodiester bond 

Cerebroside: gluco/ galacto

Ganglioside one/more sialic



Glycerophospholipids. 

diacylglycerols linked to head-group alcohols through a phosphodiester bond. 

Phosphatidic acid, a phosphomonoester,  the parent compound. 

Derivatives named for the head-group alcohol X with the prefix “phosphatidyl-”









Sphingolipids:

complex lipids 

contain a FA + 

sphingosine  

backbone + 

polar head group.

Cerebroside:

Glucocerebroside

Galactocerebroside



Phosphocholine 

FA Sphingosine
Note:

Sphingosine =

a long alcohol similar to FA

Sphingomyelin:



Glycosphingolipids as 

determinants of blood

groups. 

oligosaccharide head groups 

(blue) of these 

glycosphingolipids.



Site for FA esterification 

Sterols:

four fused rings & a 

hydroxyl group. 

Cholesterol : major sterol in 

animals.

Function:

1) structural component of 

membranes

2) precursor to a wide 

variety of steroids



From Cholesterol  Sex Hormones



Ether lipids. Plasmalogens

The head-group alcohol is choline in plasmalogens and in platelet-

activating factor.












