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Complex (compound) lipids

� Complex lipids are formed of:
± simple lipids
± PLUS other substances such as:

� Phosphate radical/ group Æ phospholipids
� carbohydrates Æ glycolipids
� Proteins Æ lipoprotein





I. Phospholipids
Structure:
� Phosphate group + alcohol (joined via ester bond) + FA

� There are two classes of phospholipids (according to alcohol):
� those that have glycerol as a backbone Æ glycerophospholipids
� those that contain sphingosine Æ sphingophospholipids

A-Glycerophospholipids: There are 9 types & include:
¾ Phosphatidic acid and its esters with one alcohol
¾ Plasmalogens
¾ Cardiolipin


ϝ΍�υϔΣΗ�ϲϋ΍Ω�ϲϓ�Ύϣchemical structure�αΑ�ΩΣ΍ϭ�ϝϛϟ
�ϪΗόΑΗ�ΕΎϧϭϛϣϟ΍�ϑέΎϋ�ϥϭϛΗ�ϙΩΑ�ϝ΍�ϱίATP�ϥϣ�ϥϭϛΗΑ�ϼΛϣ

ribose/adenine/triphosphateϪϠϛη�ΏϭϠρϣ�ϥΎϛ�Ύϣ�αΑ�



Sphingosine: an amino alcohol with 18C

Sphingosine:
- amino alcohol
- has an unsaturated hydrocarbon chain
- long chain



� Simplest phosphoglyceride & is the precursor of the  
other members of this group

� It is diacylglycerol phosphate:
± It consists of glycerol to which are esterified :

� (1) a fatty acid, usually saturated at the 1- position
� (2) a fatty acid , usually unsaturated at the 2- position, and
� (3) phosphate at the 3-position

Phosphatidic acid is an intermediate in metabolism ; little may be
found in cell membranes.

1- Phosphatidic acid:

Polar

�ϝϟ�ϲΣϭέϟ΍�ΏϷ΍phosphoglyceride �

(acyl means Fatty acid)

The Diacyl

The phosphate

saturated
unsaturated

�ϰϠϋ�ϱϭΗΣΑ�Ϫϧ΍�ΎϣΑϭFA�hydrophobic���ϭ
phosphate�hydrophilic���˯ΎϣϟΎΑ�ϡϬΗϗϼϋ�ϲϠϟ΍

�έΑΗόϳ�Ώϛέϣϟ΍�νΎϫ�ϑ�νόΑ�αϛϋAmphipathic
��έηϛϳϠϟ�ϊΟέ΍�ΎϫΎϧόϣ�ϲγΎϧ�ϭϟ��Ωϳϼγ���





2- Phosphatidylcholine (lecithin):
� The phosphate group of phosphatidic acid is esterified to the alcoholic

group of the nitrogenous base

� It is the most abundant phospholipid in the cell membrane
� Represents a large proportion of body s͛ stores of choline

� Dipalmitoyl lecithin (two CІЋ�palmitic FA) is the chief lung surfactant. Its  
deficiency leads to respiratory distress syndrome in premature infants


΍ΩΟ�ϡϬϣ�ϲϧΎΛϟ΍�Ϫϣγ΍���ϭ
ΗϣϻΎΑ�Ϫϓϭηϧ�΍ΩΟ�ϊϗϭΗϣϥΎΣ

�ϭϫcharged ammonium compoundϝΎΑ�ϪϳΑη�ϭϫϭamino acids�ϪΟΎΗΣϧΑϭ
ϝΎΑacetylcholine�ϭϫ�ϲϠϟ΍neurotransmitter

ϝϟ�ϥϭ˷ϛϣ�ϡϫ΃lung surfactant�Σϟ΍�ΔϳΎϬϧΑ�ϥϳϧΟϟ΍�ΓΎϳΣ�ϲϓ�έϳΧϷ΍�έϬηϟΎΑ�ϥϭϛΗΗΑ�ϥϳΗ΋έϟ΍�ϲϓ�ΓΩϭΟϭϣ�ΓΩΎϣϝϣ�

ϝ΍�ΔΑγϧlecithinϝϟSphingomyelin�ϥϭϛΗ�ϡίϻ�������Ύϧϋ�ϲϧόϳ�νΎϫ�ϝϗ΃�ΕϧΎϛ�ϭϟϭdeficiency
��ϝ΍�ϥϭϛΗϳ�Ύϣ�ϝΑϗ�ΓέϛΑϣϟ΍�ΓΩϻϭϟ΍�ΎϬΑΑγ�ϥϭϛϳ�ϥϛϣϣ�ϲϠϟ΍lung surfactant


ϥΎΣΗϣϼϟ�ϡϬϣ




Lung surfactant
� љ�surface tension in alveoli Æ Prevents collapse of lung  

alveoli
� Constituents: dipalmitoyl lecithin, phosphatidyl glycerol,  

Sphingomyelin, cholesterol and surfactant proteins A, B and C
� As foetus matures, more lecithin is synthesized
� Low levels of surfactant leads to respiratory distress syndrome  

(RDS)
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3-Phosphatidylethanolamine (Cephalin):
� The phosphate group of phosphatidic acid (PA)

is esterified with the alcoholic group of the
nitrogenous base ethanolamine

� It is the next common to lecithin in cell
membranes and in blood plasma

ϝ΍most commonϝ΍�ϭϫlecithin
ϝ΍�ϲΟϳΑ�ΓέηΎΑϣ�ϩΩόΑϭcephalin



4- Phosphatidylserine:
� The phosphate group of phosphatidic acid (PA)

is esterified with the alcoholic group of the
amino acid serine

� It is found in cell membranes.
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5- Phosphatidylglycerol:
� The phosphate group of phosphatidic acid was  

esterified with the alcoholic group of glycerol
� It forms part of the lung surfactant.

ϝ΍�αΑlecithinϡϫϷ΍�ϭϫ
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6-Phosphatidylinositol (lipositol):
� The phosphate group of phosphatidic acid is esterified

with the alcoholic group of inositol

� It is found in cell membranes, especially nuclear
membrane

� Phosphatidylinositol 4,5 bisphosphate found in the
plasma membrane is important in the mediation of the
action of some hormones

Which carbon?

�ϙ�ϡϬϣ2nd messengerϳϠΧϟ΍�ϩίέϔΗΑ�ΙϳΣ�Δ
ΔϳϠΧϟΎϋ�έΛ΄ϳ�ϲη΍�ϭ΃�ϥϭϣέϫ�ϝΧΩϳ�Ύϣϟ

C4

C5

�ΔϓΎο΍PO3�ϰϠϋC4,5



5-Sugar alcohols

� Reduction of monosaccharides produce the  
corresponding alcohols

� They are produced by hydrogenation of  
aldoses and ketoses

2H-CHO -CH2OH

C=O -CHOH
2H



� Myo-inositol:

-Sugar alcohol synthesized from glucose-6-phosphate (G-6-P). It is abundant in brain and
other mammalian tissues (in humans most inositol is synthesized in the kidneys)

-it is found in animal tissues in the free state as well as in the form of the phospholipid

-It is a constituent of certain phospholipids and hence its role in the mobilization of
fats from the liver (lipotropic action i.e. encourages the export of fat from the liver)

-It forms phosphatidyl inositol that enters in structure of plasma membranes and can
serve as a second messenger in action of some hormones (i.e. mediates cell signal
transduction in response to a variety of hormones)

� Second messengers are intracellular signaling molecules released by the cell in response to 
exposure to  extracellular signaling moleculesͶthe first messengers.



Glycerol

Choline

Hydrolysis of glycerolphospholipids

PLD is not present in hummans, only in plants
Snake venom contains enzyme with PLA2 activity: converts PL in RBCs to lysophospholipids

1 = site of action of phospholipase A1 (PLA1)
2 = site of action of phospholipase A2 (PLA2)
3 = site of action of phospholipase C  (PLC)
4 = site of action of phospholipase D  (PLD)

˯΍έϣΣϟ΍�ϡΩϟ΍�ΕΎϳέϛΑ�έγϛΗ�ϩΩϧϋ�έϳλΑ�ιΧη�ύΩϠΗ�ϰόϓ΃�Ύϣϟ���ϧ΍�˯΍ϭΗΣ΍�ΏΑγΑ�νΎϫϭ�ϰϠϋ�ΎϬΑΎϳ
PLA2ϝ΍�ϝϭ˷ΣΑ�ϪϧϹlecithinϝlysophospholipid

ϡϳίϧΎΑ�ρΑΗέϣ�ΎϫέϳγϛΗ�ΔρΑ΍έ�ϝϛϥϳόϣ



7-lysopospholipids:

� Phopholipase A2 is an enzyme that removes the fatty acid in the 2- position of  
phospholipids Æ forming a lysophospholipid (contain one acyl radical):
± e.g., from lecithin we get lysolecithin.

Lysophospholipids are intermediates in metabolism

They are produced in the blood by the action of snake venom, where they 
produce  hemolysis

Lysolecithin has been implicated in some of their effects in 
promoting  atherosclerosis

Effects low density lipoprotein (LDL/ high 
cholesterol) and platelets aggregation


ϥΎΣΗϣϼϟ�ϡϬϣ
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8- Plasmalogens:

� These are similar to cephalins, but the fatty acid in the 1- position is  
replaced by a fatty alcohol, usually unsaturated-

� The phosphate is usually esterified to ethanolamine; however it may
also be esterified to choline or inositol

� Plasmalogens are found in cell membranes, especially in muscles and  
brain (10% of the phospholipids of brain and muscle are plasmalogens)

Example of fatty alcohol





� Platelet-activating factor (PAF) is a choline
plasmalogen in which position 1 contains
saturated palmityl alcohol and position 2
contains acetic acid Saturated FA

Function: mediator of many leukocyte functions, platelet aggregation,  
inflammation and anaphylaxis.

�έϳϛΫΗϠϟ���ϝ΍�ω΍ϭϧ΃�ργΑ΃FAϝ΍ϭfunction
ϪϋΎΗmediator of leukocytes functions 
�ϥϣinflammation / platelet aggregation/ 

anaphylaxis �



9-Diphosphatidylglycerol (Cardiolipin):

� Two molecules of phosphatidic acid esterified through their phosphate
groups to an additional molecule of glycerol

� This is the only phospholipid that is antigenic

� It is an important component of the inner mitochondrial membrane
(accounts for 20% of mitochondrial lipids) & bacteria

� Decreased cardiolipin levels or alterations in its structure or metabolism cause
mitochondrial dysfunction in pathological conditions including heart failure &
Barth syndrome

� Barth syndrome (cardioskeletal myopathy): genetic defect in coding for
tafazzin, an enzyme involved in the biosynthesis of cardiolipin


ϥΎΣΗϣϼϟ�ϡϬϣ
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B- Sphingophospholipids (Sphingomyelin):

� The backbone of sphingomyelin is the amino alcohol sphingosine
rather than glycerol

�
� A long chain FA is attached to the amino group of sphingosine

through an amide linkage, producing a ceramide, which can also
serve as a precursor of glycolipids

� A phosphate is esterified to the 1- position of sphingosine and
choline is esterified to the phosphate

� Sphingomyelin is found in cell membranes, especially in lungs (form
part of lung surfactant) and brain (myelin sheath)

� * Æ which is present more in surfactant? lecithin



sphingomyelin

(sphingosine + FA)





Solubility of phospholipids

� The presence of nonpolar groups Æ make
them soluble in fat solvents

� The presence of polar groups (phosphate,
choline, serine, ethanolamine, and inositol)Æ
makes them water soluble, forming micelles
(very fine emulsion) in water

They are 
amphipathic 



� The presence of both nonpolar and polar groups
enables PLs to facilitate emulsification of other
insoluble fats

� The PL molecules are arranged around the
emulsion particles so that the nonpolar groups
are towards the lipid phase, and the polar groups
are towards the surrounding aqueous phase

� This is important in the formation of the plasma
lipoproteins and in the digestion and absorption
of triacylglycerols

�ΏϼΣΗγϻ΍�ϝ΍�έϳγϛΗlipids�ϥϣbig 
moleculesϝsmaller molecules�

Æ

ϝ΍�ΏϳΗέΗΑ�ΩϋΎγΗΑ�ϲϠϟ΍�ϲϫ�ΔϳϠϣόϟ΍�ϱΎϫϭmolecules�ϪϓέόϧΑ�ϲϠϟ΍�ϝϛηϟΎΑ
�ϝ΍polarϝ΍ϭ�΍έΑϟnonpolar΍ϭΟϟ�

έϳΛϛ�ΔϳϟΩϳλ�Ω΋΍ϭϓ�Ϫϟ΍�νΎϫϭ���ϝ΍�ΔϳϭΩ΃�νόΑ�ϲϓchemotherapy�ϱί�ϼΛϣ
ϝ΍doxorubicin��ϝΎϓliposomal doxorubicin�ϝϗ΃�ϭϬϓ�ϥγΣ΍ϭ�ϝοϓ΃toxicity�Ϫϟ·ϭ

effectϥγΣ΃���ϝ΍�ϡΎϋ�ϝϛηΑϓliposomal drugsΔϣϬϣ





II Glycolipids
� Glycolipids are lipids containing a carbohydrate radical

� They also contain sphingosine and are, therefore, classified with  
sphingomyelin as sphingolipids

� They are widely distributed in every tissue of the body, particularly  
in nervous tissue such as brain + outer part of cell membrane

Types:
1. Cerebrosides:
� These consist of sphingosine, FA (usually 24 carbon lignoceric,  

cerebronic, or nervonic acid), and galactose or glucose.

�ϡϬϳϓ�Ύϣglycerol backbone

�ϰϠϋ�ϱϭΗΣΑ�ϲϠϟ΍
galactose�ΓέΛϛΑ�ΩϭΟϭϣ

ϝΎΑnervous system

�ϰϠϋ�ϱϭΗΣΑ�ϲϠϟ΍glucose
�ΝέΎΧ�ΓέΛϛΑ�ΩϭΟϭϣ

ϝ΍nervous system



� The FA is connected to the amino group of sphingosine in  
amide linkage

� The sugar is connected to the primary alcohol group of  
sphingosine in ɴ-glycosidic linkage

� Galactocerebrosides predominate in nervous tissue

� Glucocerebrosides predominate in extra-neural tissues



Galactocerebrosides

(sphingosine + FA)

*ϝ΍structure�εϳ΍�ϥϣ�υϔΣ΍�αΑ�υϔΣ�εϣ
�ϥϭϛΗΑ�galactose + ceramide�



2. Sulpholipids:
� Sulpholipids, or sulphatides, are  

galactocerebrosides in with sulfuric acid @C3  
in galactose

C3
Sulfuric 

acid

ϝ΍�ϥϳΑϭ�ϪϧϳΑ�ΩϳΣϭϟ΍�ϕέϔϟ΍galactocerebrosides
�Ϫόϣ�νΎϫ�Ϫϧ΍sulfuric acid



3. Globosides (ceramide oligosaccharides)
� These are cerebrosides in which the sugar is replaced by an

oligosaccharide chain (hexose/ hexosamine) that does not
include a sialic acid as a component

� Found in cell membrane

4. Gangliosides
� They are found in the ganglion cells of central nervous system

(CNS)
� They  are  similar to Globosides but contain a sialic acid (N-

acetylneuraminic acid) as a component.
ϥϳϧΛϟ΍αϔϧϲηϻ΍ΎϣΎϣΗ���ϝ΍�Ϫϧ΍�ϕέϔϟ΍�αΑglobosides�ΎϬϳϓ�Ύϣsialic acid

�ϝ΍�ϭϫ�εϳ΍�ϲγΎϧ�ϙϧ·�ϝΎΣ�ϲϓϭsialic acidϙϭέϛΫϳ�ϥΎηϋ�ΕΎϳΎΟϟ΍�ϥϳΩϳϼγϟΎϓ�

�Δγ΍έΩϟΎΑ�΍ϭίϛέϰϠϋΎϫέϳϐΑ�ΩϭΟϭϣ�εϣ�ϲη΍�ΎϬϳϓ�ϥϭϛΑ�ϲϠϟ΍�ϱΎϫ�ρΎϘϧϟ΍���Α�ϲϠϟ΍�ϱΎϫ�ϪϧϹ�ΏΣϧ
ϥΎΣΗϣϻΎΑ�ΎϬΑϳΟϧ���the doctor said



2-Amino sugar acids
� Formed by addition of acids to aminosugars

� They are occurring in glycoproteins, glycolipids

� Examples include neuraminic acid (pyruvic acid  
and mannosamine)

� Neuraminic acid is unstable and so, it is present in  
an acetylated form called sialic acid (NANA)



Neuraminic acid

N-Acetyl neuraminic acid
(NANA)

(Sialic acid)

Pyruvic acid

Acetyl group



� Glycolipids are found in cell membranes, especially in myelin
sheath

� In the plasma membrane (outer leaflet), the CHO radical of
glycolipids projects outside the cell and may have a receptor
function (for some toxins and viruses, cellular connections)

� CHO radicals of gangliosides and globosides are antigenic;
they form the blood group antigens, certain tumor antigens

� Malignant cells show marked changes in the composition of
glycolipids in cell membranes

ϝ΍moleculesϝϟ�ϲΟέΎΧϟ΍�΢ργϟΎΑ�ΓΩϭΟϭϣϟ΍plasma membrane�Ωοϭ�ϡγΟϟΎΑ�ΓέϳΑϛ�Δϳϣϫ΃�ϡϬϟ΍
ϝ΍cancerϝ΍�ϥϋ�ϥϳϟϭ΅γϣϟ΍�Ϫϣϫ�ϪϧϹ�ϼΛϣcell to cell connection�ΎϬοόΑ�ϊϣ�ΎϳϼΧϟ΍�ϝλ΍ϭΗ�ϭ��

ϝΎΑ�ΓΩϭΟϭϣϟ΍�ΕΎϧϭϛϣϟ΍�ϪϧϹcell wallϝϟcancer cellsϝΎΑ�ΓΩϭΟϭϣϟ΍�ϥϋ�Ύ˷ϳϠϛ�ϑϠΗΧΗΑ�ϼΛϣnormal 
cells��ϝΎϓresearchesΝϼόϠϟ�ΎϬϓ΍ΩϬΗγ΍�Δϳϟ΁�ϰϠϋ�ϝϐΗηΗΑ�ΎϳϟΎΣ



ϝ΍�ϭϫ�ϝϣΎϛϟΎΑ�νΎϫglycolipid



For info only



� Lipoproteins are arranged as:
± lipid part to the interior of the molecule
± protein part to the exterior of the molecule

� This gives the structure a property of its
solubility in water (lipoproteins are water-
soluble)

� Used to transport lipids in plasma

III Lipoproteins
ΎϬϧ΍�ΙϳΣΑ�Ω΍ϭϣϟ΍�ϝϘϧΑ�ΩϋΎγΑ�ϲηϻ΍�νΎϫϭ�Ύϣ

�ϡγΟϟ΍�ϝ΋΍ϭγΑ�ρϠΗΧΗ��ϝΎϓlipoproteins�ϲϫ
ϝ΍�ϑϠϐΗΑ�ϲϠϟ΍lipidsΎϬϠϘϧΗΑϭ

Æ (Mainly TAG)



�εϳϟgood�Δϳϣϛ�Ϫϳϓ�ϪϧϹ�ˮprotein
�ϝϘϧ�ϲϓ�ϡΩΧΗγϳ�ϪϧϹ�ΔϓΎοϹΎΑ�ΔϳϟΎϋ

ϝ΍cholesterolϝϟliver�ϩΩϭΟϭ�ϭ
�ϥϣ�ιΧηϟ΍�ϲϣΣΑ�ϲϟΎϋ�ϯϭΗγϣΑ

ϝ΍Atherosclerosis�ϥϳϳ΍έηϟ΍�ΏϠλΗ�



� These lipids are derived from both simple & compound  
lipids.

1- Alcohols: These are.
� Glycerol. It is the backbone of glycerol phospholipids.
� Higher alcohols. E.g. myricyl alcohol
� Sterols: as cholesterol, ergosterol. Their esters with  

fatty acids are waxes
� Vitamins: as vit. A (retinol) & D
� Sphingosine: This alcohol as previously mentioned in  

sphingomyelin & Glycolipids
2- Fatty acids

Derived lipids
ϝ΍�έϳγϛΗ�ϥϣ�ΞΗϧΑ�ϲη΍�ϱ΃simple lipids

Æ Found in waxes



3- Substances associated with lipids
These substances are present in association with lipids.
� Vitamins: vitamins E & K are fat soluble & are  

associated with food fat
� Carotenoids: important precursors of vitamin A

(fat soluble vitamins)
& D


