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What is a lipid?

In biology and biochemistry, a lipid is a biomolecule that is soluble in 
non-polar solvents and does not readily dissolve in water.

Three Classes of Lipids Based on Their Functions: 

•	 Storage lipids: Used for bioenergetic purposes and thermal insulation. 

•	 Structural lipids: Used to make membranes. 

•   Bioactive lipids: Used as hormones and second messengers in signal 
transduction.
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Naturally occurring monocarboxylic  acids 

Components of all lipids except sterols

"Saturated -> no double bonds." 
"Unsaturated -> one double bond." 
"Polyunsaturated (PUFAs) -> more double bonds."
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Alpha-linolenic acid is the precursor of the Ω-3 fatty acids 
eicosapentaenoic acid (EPA; 20:5(∆5,8,11,14,17)) and docosahexaenoic acid 
(DHA; 22:6(∆4,7,10,13,16,19)), which are important fatty acids found in 
membranes of the retina, for example. Ω-3 fatty acids are important 
components of a heart-healthy diet. 

∆ and Ω nomenclatures 
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T h e h y d r o c a r b o n c h a i n 
accounts for the poor solubility 
o f f a t t y ac ids i n wa te r. 
Solubility decreases as the 
fatty acid chain lengthens 
and the number of double 
bonds decreases. 

Lauric acid (12:0) [Mw = 200] 
has a solubility of 0.063 mg/g 
in water. In contrast, glucose 
[Mw = 180] is much more 
water-soluble, with a solubility 
o f 11 0 0 m g / g i n w a t e r 
(approximately 17,000 times 
more water-soluble). 

Albumin in blood binds and 
transports FAs
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Melting points increase with increasing molar mass (due to London 
forces), meaning that the longer the carbon chain in a fatty acid, the 
higher its melting point. 

Cis-double bonds lower the 
melting point by causing the 
molecule to become bent, resulting 
in reduced attractions between 
chains.
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Triacylglycerols are composed of three fatty acids each in ester linkage 
with a single glycerol molecule. Those containing the same kind of fatty 
acid in all three positions are called simple triacylglycerols and are 
named after the fatty acid they contain. Simple triacylglycerols of 16:0, 
18:0, and 18:1(∆9) are called tripalmitin, tristearin, and triolein, 
respectively. Most naturally occurring triacylglycerols are mixed and 
contain two or more different fatty acids. 
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In most eukaryotic cells, triacylglycerols form 
microscopic, oily droplets in the aqueous 
cytosol, serving as metabolic fuel. In 
vertebrates, special ized cel ls cal led 
adipocytes or fat cells, store large amounts of 
triacylglycerols as fat droplets that nearly fill 
the cell. 
Triacylglycerols contain more energy per 
gram than do polysaccharides. In addition, 
they are unhydrated, and the organism does 
not have to carry extra weight in the form of 
water as with stored polysaccharides. In 
some animals, like seals, penguins, and 
bears, fat stores under the skin also serve as 
insulation against cold temperatures.  
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hydrolysis

Saponification is a process that involves the conversion of fats, 
oils, or lipids into soap and alcohol through the application of heat 
in the presence of an aqueous alkali, such as NaOH. Soaps are the 
salts of fatty acids, which are monomers with long carbon chains.
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Acylceramides -> ceramide can be 
metabolised into acylceramide and stored in 
lipid droplets

Cholesteryl esters -> A cholesteryl ester is 
formed through the bonding of the 
carboxylate group of a fatty acid with the 
hydroxyl group of cholesterol.

Waxes -> waxes are esters formed by 
long-chain (C14 to C36) saturated and 
unsaturated fatty acids with long-chain 
(C16 to C30) alcohols.
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Membrane lipids are amphipathic: one end of the molecule is 
hydrophobic, the other hydrophilic. 
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The hydrophobic interactions between membrane lipids and their 
hydrophilic interactions with water guide their arrangement into sheets 
known as membrane bilayers. 

Cell Membranes are the barrier and the interface between the cell and 
the environment. Membranes also define sub-cellular compartments.
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These lipids consist of two fatty acids attached via ester linkage to the 
first and second carbons of glycerol, with a highly polar or charged 
group attached through a phosphodiester linkage to the third carbon.
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Glycerophosphol ip ids are 
named based on the polar 
alcohol within their head 
group.  
  
The polar alcohol can be 
n e g a t i v e l y o r p o s i t i v e l y 
charged. 

The charges of these head 
groups play a significant role in 
de te rm in ing the sur face 
properties of membranes. 

Glycerophospholipids account for the bulk of eukaryotic membranes
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Lipids, in which one of the two hydrocarbon chains is attached to 
glycerol in ether, rather than ester, linkage. The ether-linked chain may 
be saturated, as in the alkyl ether lipids, or may contain a double bond 
between C-1 and C-2, as in plasmalogens 

The vertebrate heart 
tissue is enriched in ether 
l i p i d s , a s a r e t h e 
h a l o p h i l i c b a c t e r i a , 
c i l iated prot ists, and 
certain invertebrates. 
N o t a b l y , p l a t e l e t -
activating factor (PAF) is 
released from basophils 
and p lays a ro le in 
s t i m u l a t i n g p l a t e l e t 
aggregation.
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Galactolipids contain one or two galactose residues connected via an 
α-glycosidic bond to the C-3 position of a 1,2-diacylglycerol. These 
lipids are particularly abundant in plant cells, primarily localized to the 
thylakoid membranes (internal membranes) of chloroplasts. They 
constitute 70% to 80% of the total membrane lipids in vascular plants, 
making them among the most abundant membrane lipids in the 
biosphere.
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Some archaea that thrive in extreme conditions, such as high 
temperatures (boiling water), low pH, and high ionic strength, have 
membrane lipids containing long-chain (32 carbons) branched 
hydrocarbons (phytanol groups) linked at both ends to glycerol. These 
lipids are based on five-carbon isoprene groups condensed end-to-end, 
making them approximately twice the length of a 16-carbon fatty 
acid. Consequently, a single one of these lipids spans the entire 
membrane bilayer.
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15’ Break
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Unlike glycerophospholipids, sphingolipids contain no glycerol. 
Instead, sphingolipids are composed of one molecule of the long-
chain base (here sphingosine).

The long-chain base is formed 
through the condensation of the 
amino acid serine with an 
(activated) fatty acid.
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There are three subclasses of 
sphingolipids, which are all 
derivatives of ceramide, but differ 
in their head groups. These are 
the sphingomyelins, neutral 
g l y c o s p h i n g o l i p i d s , a n d 
gangliosides. 

Sphingomyelins are found in the 
plasma membranes of animal 
c e l l s a n d a r e p a r t i c u l a r l y 
a b u n d a n t i n m y e l i n , a 
m e m b r a n o u s s h e a t h t h a t 
surrounds and insulates the 
axons of certain neurons—hence 
the name 'sphingomyelins.'
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The human blood groups (ABO) are 
determined by the oligosaccharide 
head groups of glycosphingolipids 
present in the outer leaflet of the red 
blood cell membrane. 

All three blood group antigens contain 
the same core of five sugars, but A and 
B antigens also contain an additional 
terminal N-acetylgalactosamine (yellow 
square) or galactose (yellow circle) 
residue, respectively.  
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G lycosphingo l ip ids p lay impor tant 
recognition roles in the outer leaflets of 
cell membranes. In the nervous system, 
gangliosides are believed to play a role in 
t h e w i r i n g o f n e u r o n s d u r i n g 
development. In var ious epi thel ia, 
glycosphingolipids act as receptors 
through which toxins and viruses can enter 
cells.

ChTxB&
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Inherited defects in many of these hydrolytic 
enzymes lead to the accumulation of sphingolipid 
degradation products in the cell, resulting in severe 
medical consequences. Defects in the synthetic 
pathway are more recently emerging as causative 
factors in neurodevelopmental disorders.

Sphingolipids are degraded 
by a set of lysosomal 
enzymes that catalyze the 
stepwise dismantling of their 
head groups, ultimately 
yielding sphingoid bases. 
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Sterols are present in the membranes of most eukaryotic cells. They 
consist of a rigid steroid nucleus containing four fused rings, an alkyl 
side chain of 8 carbons, and a single hydrophilic hydroxyl group attached 
to C-3 of ring A. The steroid nucleus is nearly planar, and the molecule 
e f f i c i e n t l y p a c k s w i t h t h e a c y l c h a i n s o f m e m b r a n e 
glycerophospholipids and sphingolipids. The overall length of the 
molecule is similar to that of a 16-carbon fatty acid in its extended form.

Cholesterol
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S p h i n g o l i p i d s 
organise intrabilayer 
interact ions with 
cholesterol. 
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D i f fe rent phosphoinos i t ides   
populate the membranes of 
specific intracellular organelles.  

Different phosphoinositides are 
recognised by specific protein 
d o m a i n s t h a t d r i v e t h e 
recruitment of cytosolic proteins to 
the cytosolic membrane aspects 
where a given phosphoinositide is 
enriched. 

By this virtue phosphoinositides 
d i c t a t e t h e i d e n t i t y o f 
intracellular compartments.
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FGFR FGFR

Gb4 GM1

Proliferative lipotype Fibrogenic lipotype 

FGFFGF FGF FGF

Papillary fibroblast Reticular fibroblast

Epiderm
is

Papillary
derm

is
Reticular derm

is

Reticular 
genes

Papillary 
genes
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• Lipids are non-water soluble constituents of living organisms 

• Lipids may serve as energy stores and thermal insulators 

• Lipids constitute the building blocks of biological membranes 

• Lipids can serve as first and second messengers in signal transduction 

• Lipids are structurally and functionally heterogeneous 

• The three main classes of lipids in eukaryotes are 
glycerophospholipids, sphingolipids and sterols


