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Phospholipids
Features:

Function of phospholipids:
aCell membrane

aGenerate lipid signaling molecules (PIP2, IP3….)

aAnchors to cell membranes

Non membrane phospholipids serve as:

-Components of lung surfactants (extracellular fluid layer lining the alveoli)

- Components of bile

• Amphipatic: 
- Hydrophobic head: fatty acids
- Hydropholic head:   P   group+ alcohol

•Composed of alcohol attached  by a 
phosphodiester to diacyl Glycerol or sphingosine



Types of Phospholipids

Depending on the type of backbone we have

2 classes of phospholipids:

Glycerol as back bone: Glycerophospholipids

phosphorylcholine

sphingomyelin

Sphingosine as back bone: sphingolipids

sphingomyelin



Glycerophospholipids

- Major class of phospholipids and predominant in
membranes

- the simplest glycerophospholipid is the

phosphatidic acid (PA) (DAG+phosphate group on

C3). The precursor of the other members of this

group.

- The phosphate group on PA can be esterified to

another compound containing an alcohol group.
P Headgroup 1

- Common” glycerophospholipids:
Phosphatidylserine (PS), Phosphatidylethanolamine (PE; cephalin),

Phosphatidylcholine (PC; lecithin), Phosphatidylinositol (PI) and

Phosphatidylglycerol.



Cardiolipin or diphosphatidyl glycerol:
-Present in inner mitochondrial membrane.

- 2 phosphatidic acid molecules esterified through their

P group to an additional molecule of glycerol.

PA
PA



Synthesis of Phospholipids

Assembly sites

General assembly of phospholipids

-Smooth ER

- Synthesis of the backbone molecule

- Attachement of fatty acids

- Addition of a hydrophilic head group

- Alteration or exchange of head group (in some cases)



Phosphatidic Acid Synthesis

Phosphatidic Acid
The simplest phospholipid

DAG TAG

phosphatase

Acyl transferase

Fatty Acyl Co A

(Lysophosphatidic acid)



Phosphatidylcholine 
(lecithins)

• Contain palmitate (C16) or stearate (C18) at carbon 1 and oleiate

(C18:1), linoleiate ( C18:2) or linolenate (C18:3) at carbon 2.

• Dipalmitoyl phosphatidylcholine (acid palmitic in C1 and C2) is a

phosphatidylcholine component of lung surfactant

(extracellular fluid layer lining the alveoli)

Choline: 



Synthesis Pathway of PC
From Choline:

Conversion of either P-Serine or P-Ethanolamine to PC (in liver)
1) Decarboxylation of PS to PE by decarboxylase

2) PE undergo 3 methylations step to PC catalyzed by hepatic PE
methyltransferase and S-adenosylmethionine as the methyl
group donor )

PE

- Phosphorylation of choline by kinase
Choline+ATP phospho-choline + ADP

- Conversion of phospho-choline to the activated   
form:CDP-Choline

cytidine triphosphate (CTP)+phospho-choline CDP Choline+PPi

- Transfer of choline to a molecule of DAG
CDP-choline+ DAG            CMP+phosphatidylcholine



Synthesis of Phosphatidylethanolamine 
(PE)

• Contain palmitate or stearate on C1 and a 
long chain unsaturated fatty acid on C2 .

ethanolamine



- From Ethanolamine: Same way as that used for the 
synthesis of PC:

- phosphorylation of ethanolamine by kinases.

- Activation by coupling to CDP.  

- PE is then transferred from CDP-PE to DAG® PE.

- Decarboxylation of PS by 

PS decarboxylase

Synthesis of PE



Phosphatidylserine (PS) 

• Composed of fatty acids similar to the

phosphatidylethanolamines:

-palmitate, stearate on C1 and

-long chain unsaturated fatty acid on C2.

Serine



¨The primary pathway for
synthesis of PS in mammalian
tissues is provided by the base
exchange reaction, in which the
ethanolamine of PE is exchanged
for free serine. Catalysed by
phosphatidyl etahnolamine serine
transferase.

¨ PS can serve as a source of PE 
through a decarboxylation
reaction).

Synthesis of PS



Phosphatidylinositol
(PI) 

• Contain stearate (C16) at carbon 1 and arachidonate (C20) at

carbon 2.

• PI undergo further phosphorylations: polyphosphoinositides

(PIP2) which are important intracellular signal transducers from

the plasma membrane.

inositol



- DAG activated with CDP:CDP-DAG 

- CDP-DAG condenses with inositol yielding PI

Synthesis of PI



Role of PI in signal transduction

a. The phosphorylation of membrane-bound phosphatidylinositol produces
polyphosphoinositides, for example, phosphatidylinositol 4,5- bisphosphate (PIP2).

b. In response to the binding of hormones or growth factors to receptors on the cell
membrane, the phospholipase C degrade the PIP2 into inositol 1,4,5-trisphosphate
(IP3) (2nd messenger) and diacylglycerol (DAG); IP3; mobilizes
intracellular calcium) and diacylglycerol (which activates protein kinase C)



Sphingophospholipids
aUsed in brain and nerve tissue

aSphingosine as backbone

aA long chain fatty acid is attached to the amino group of sphingosine

producing a ceramide.

aThe alcohol group at C1 of sphingosine is esterified to

phosphorylcholine producing sphingomyelin (important constituent of the

myelin sheath).

sphingosine



1. Palmitoyl CoA condenses 
with serine. CoA and CO2 of 
serine are lost.

SPHINGOLIPID BIOSYNTHESIS



2. The product 
(ketosphinganine) is 
reduced in sphinganine 
(reaction requires NADPH)



3. Sphinganine is acylated
(attached) at the amino
group with fatty acid to
yield acyl-sphinganine.

Acyl sphinganine



4. Acyl-sphinganine is then 
desaturated to produce a ceramide

2[H]



5.  Attachment of a head group: 
(phosphorylcholine from PC or 
galactose) to produce a 
sphingolipid such as 
sphingomyelin  or 
galactocerbroside



1) Palmitoyl CoA condenses with serine.
CoA and CO2 of serine are lost.

2) The product is reduced in sphinganine
(reaction requires NADPH)

3) Sphinganine is acylated at the amino
group with one of a variety of long chain
fatty acid and then desaturated to
produce a ceramide.

4) Phosphorylcholine from Phosphatidyl
Choline is transferred to the ceramide
(sphingosine + Fatty acid) by
sphingomyelin synthase producing
sphingomyelin and DAG.

Sphingomyelin synthesis

Desaturation

F.	acyl CoA

=

=



Degradation of glycerophospholipids
aMediated by phospholipases (PLAs) which
hydrolyze the phosphodiester bonds.

aPLA differ by their target (the bond they
break):

- PLA1: Cleaves the fatty acid at C1 position resulting in
lysophospholipid

-PLA2: Hydrolyses the fatty acid at C2 position
(Releases arachidonic acid from membrane
Phosphatidyl Inositol, which, then, acts as substrate for
the synthesis of: Prostaglandins (cyclooxygenase) and
Leukotrienes (lipooxygenase)).

-PLC: cleaves the bond between phosphate and glycerol
of phospholipids

-PLD: hydrolyses and removes the nitrogenous base from
phospholipids

.



Degradation of Sphingomyelin

• The enzyme sphingomyelinase of lysosomes hydrolyses 
sphingomyelins to ceramide and phosphorylcholine. 

• Ceramide formed can be further degraded by ceramidase to 
sphingosine and free fatty acid.



Niemann-Pick disease: is an autosomal recessive disease
caused by the inability to degrade sphingomyelin. The
deficient enzyme is sphingomyelinase-A Patients suffer
from severe mental retardation and neurodegeneration.



THE END!


