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Ahmed Salem, MBBCH, MSc, PhD, FRCR
asalem@hu.edu.jo

Majority of sides: Dr. Walaa Bayoumie El Gazzar



Complex (compound) lipids

 Complex lipids are formed of:
— simple lipids
— PLUS other substances such as:
* Phosphate radical/ group = phospholipids

 carbohydrates = glycolipids
* Proteins = lipoprotein
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l. 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 = glycerophospholipids
* those that contain sphingosine = sphingophospholipids

A-Glycerophospholipids: There are 9 types & include:
» Phosphatidic acid and its esters with one alcohol
> Plasmalogens = a5 S chemical structured) Jaéas els 8 W*
> Cardiolipin e G585 e ATPU) (5)) 4dns GlisSall e 0555 el
(4l o dllae (S W L ribose/adenine/triphosphate




Simple lipids

1 CH;0H
/' |2

2
Primary carbons CHOH Secondary carbon

Glycerol : 3 CH,0H
It is the simplest form of trihydric alcohol

It is commercially known as glycerin: CH,OH.CHOH.CH,OH
* Glycerol is the main component of neutral fats

* Since the glycerol contains three hydroxyl groups, it has the ability to combine with
three FA through an ester bond.

* These FA may be the same to give simple triacylglycerols (TAG) or different to give
mixed triacylglycerols.

* The most common FAs which may enter in the structure of neutral fats are
palmitic, stearicand/or oleic acids.

Sphingosine: =
L e Bl e CH3—(CH2)1Z—CH—CH—-CHOH—(llH—CHzOH

- has an unsaturated hydrgcarbon chain NH,
- long chain Sphingosine: an amino alcohol with 18C




1- Phosphatidic acid: (phosphoglyceride i a5 M1 Y1)
* Simplest phosphoglyceride & is the precursor of the
other members of this group
(acyl means Fatty acid)

* |tis diacylglycerol phosphate:
— |t 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. saturated

unsatu rated/ (I:I)

The Diacyl é\[ fl) l?HZ'CO_C_R’
2 4 )
R,—C—O-fCH 0
s (hydrophobic) FA e s sisy 4l Lag ; | |

elally agiSle A (hydrophilic) phosphate 3CH2—'O_T_O-

Amphipathic sim <S el als G Gan S The phosphateee—{ _ O

(18 20ks 5 L3Sl aa )l Waliza uls 1) ~ \polar
Phosphatidic acid
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2- Phosphatidylcholine (lecithin): Ol 48 5 ax a8 gia

 The phosphate group of phosphatidic acid is esterified to the alcoholic
group of the nitrogenous base

4aliaiy s gmino acidsdb 4xd s 5 charged ammonium compound s
neurotransmitter s» ! acetylcholinedu

* Itis the most abundant phospholipid in the cell membrane
* Represents a large proportion of body’s stores of choline * ot a@-ﬂ*

(el dilgly cpiall Bln (B AN edlly () oS i )l A 83 53 5e 33W) Jung surfactantd! O3S« aal
e Dipalmitoyl lecithin (two C;¢ palmitic FA) is the . ts
deficiency leads to respiratory distress syndrome in premature infants

deficiency be iz (ala Jil il 5 2:1 &5 a3 Sphingomyelind! lecithind! 4w
lung surfactantd ¢S Lo J 5 _Saall 32V 6l L 685 (San )

CHy0—OC R1 HO—CHQ-CH2-1\|+—(CH3)3
Phosphatidic Choline .
xid { CH-0—OCR, e/
" —O_CHZ_CHZ_N_CH3
- X
O e \ CH3
Il +
CHyO—P—0—CHy CHy-N=(CHs)s \ » y
OH Choline

Lecithin



Lung surfactant

J surface tension in alveoli = Prevents collapse of lung
alveoli

Constituents: dipalmitoyl lecithin, phosphatidyl glycerol,
Sphingomyelin, cholesterol and surfactant proteins A, Band C

As foetus matures, more lecithin is synthesized

Low levels of surfactant leads to respiratory distress syndrome
(RDS)

Lung surfactant regulates surface tension

;JJ&Ji g)}j) **: Low surface tension
" ) Normal alveoli
By ey
N J) X )D.>

‘ | 4

s Waterdrople)

High surface tension
Collapsed alveoli
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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

* [t is the next common to lecithin in cell
membranes and in blood plasma

lecithind! s most commond)
cephalind) sa 5 il sany g

CH,—OOCR' . .
I phosphatidylethanolamine
R"COO—(IDH O .
I
CHy—O—P—0—-CH,CH;NH3 -
& /
Y

Ethanolamine



4- Phosphatidylserine:

* The phosphate group of phosphatidic acid (PA)
is esterified with the alcoholic group of the
amino acid serine

e |Itis found in cell membranes.

PHOSPHATIDYLSERINE
0
I NH;’
0 H,C—0—C—R |
| | — O=CH,—CH= DO
R,—C—0—CH © . - i
H,C—0—P—0—CH;—CH—NH;,’ Serine
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5- Phosphatidylglycerol:

 The phosphate group of phosphatidic acid was
esterified with the alcoholic group of glycerol

e |t forms part of the lung surfactant.
aaYl s lecithind! o

O

| ‘
0O ?H,O—C—R
2 || B
R-C-0O C|IH O
|
CH?—O—FID—O—CH;CHOH—CH;,OH

o
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6-Phosphatidylinositol (lipositol):

* The phosphate group of phosphatidic acid is esterified
with the alcoholic group of inositol

|t is found in cell membranes, especially nuclear
membrane

C4,5 = PO3 ALl

* Phosphatidylinositol 4,5 bisphosphate found in the
plasma membrane is important in the mediation of the

action of some hormones
H,C—0=CO-R,
‘MAJ\ U)S-\-\ Cua 2nd messenger & aga R,-COO—CH OH

Which carbon?




5-Sugar alcohols

* Reduction of monosaccharides produce the
corresponding alcohols
* They are produced by hydrogenation of

aldoses and ketoses
-CHO 2H -CH,OH

2H

C=0 -CHOH



* Myo-inositol:

H OH
glucose-6-phosphate

-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)

/7

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



Hydrolysis of glycerolphospholipids

3 e e PR s
Glycerol I
H2(|3 —01CO --R4 Choline
R,— CO+0—-CH | O CH.
| | / Y
S—O*lFl’—O *~C—C—N<CH3
Hy H, +
. Jlo 2 CH,
3[4
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)

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

ole Ll o) sin) s a5 sl jeall adll Gl Ss u sdie juay (adl §ali padl W
lysophospholipidd lecithind! J3> 43 PLA2



7-lysopospholipids:

 Phopholipase A2 is an enzyme that removes the fatty acid in the 2- position of
phospholipids = forming a lysophospholipid (contain one acyl radical):

— e.g., from lecithin we get lysolecithin.

Lysophospholipids are intermediates in metabolism

They are ||:3.roduced 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

*U\AAAM ?6“*
Effects low density lipoprotein (LDL/ high
cholesterol) and platelets aggregation o

CH2-O—C—Rq4

Lysolecithin
CH—OH

O _CH;
CH,-O— P O - CH, CHy NZ ~ CH.

OH CHs
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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)

0  'CH,—O—CH=CH—R.
” X Example of fatty alcohol

R.—C—0—CH 0

: | CH3CH=CHCH,0H
.CHE_O— p —0 _CHQ—CHz _NHQ-

o







* Platelet-activating factor (PAF) is a choline
plasmalogen in which position 1 contains
saturated palmityl alcohol and position 2

contains acetic acid D

functiond)s FAJ g sil ol | Sill)
mediator of leukocytes functions 4 ,
inflammation / platelet aggregation/ N
O 9H2 O CH2_CH2

(anaphylaxis 1
CHy C-0 -CH O
! ) +
) v ’ CH2“O_P“OCH2CH2 NH3
Acetyl é‘
group T

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

Ether linkage




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 *“Ot>ie2U ag<™

* 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

CH,O—OC R CH,-O—OC.R,
CH-O—OC R, CH-O—OC.R4
I o
CH,O—P-OH CH>O—P-OH

O—CHZ—CF H—CH»-O
OH
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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

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

« * > which is present more in surfactant? lecithin



Ceramide (sphingosine + FA)
A

‘ Sphingosine K
A
r N
OH
| H
| S
(IZH2 Fatty acid
o)
Phosphoric acid |
O=P—-0"

Choline

sphingomyelin
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Solubility of phospholipids "/

amphipathic

* The presence of nonpolar groups = make
them soluble in fat solvents

* The presence of polar groups (phosphate,
choline, serine, ethanolamine, and inositol) 2
makes them water soluble, forming micelles
(very fine emulsion) in water




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

' N
insoluble fats big. e lipidsl) smas) LSty

(smaller moleculesd molecules

* 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
ad 2y M L moleculesd) s yi e lody A o dalaall sla
(' s>1 nonpolard's | ! polard)
) Nie chemotherapyd! ol (azy 8 . 58 o i) 8 all (s
) 5 toxicity J8 sed sl 5 Jumdl liposomal doxorubicind® ,doxorubicind!
dege liposomal drugsd) ale JSisd | caal effect

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




Aqueous phase

Amphipathic lipid

Aqueous phase
Lipid bilayer

A
Polar or
- - ,O} hydrophilic groups
Nonpolar or
hydrophobic groups Aqueous phase
Aqueous phase "Oil" or
nonpolar phase
o% 4
L\
il S—
Micelle Qil in wate[; emulsion
C

Liposome Liposome
(Unilamellar) (Muitilamellar)
E F



Il Glycolipids

* Glycolipids are lipids containing a carbohydrate radical

glycerol backbone aed W
* 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:

e These consist of sphingasine, FA (usually 24 carbon lignoceric,
cerebronic, or nervonic acid), and galactose or glucose.

\ AN
e i Al glucose e s sisy Al
5_%% 3 s> 5« galactose ZOA 550 3 5a

nervous systemdb nervous systemd



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 B-glycosidic linkage

Galactocerebrosides predominate in nervous tissue

Glucocerebrosides predominate in extra-neural tissues



Gl (e adal o Jads S structured)*
(galactose + ceramide) oS

CH,
lCH:)n
Galactose L Ceramide
1 HN\ | (=0 /(s‘.p;hinlgosine+FA)
x e HN OH  #
N
OH /Yy \ O—CH;~C—C—CH=CH—(CH,),—CH,
N OH H/ H
H H
H OH

Galactocerebrosides



2. Sulpholipids:

e Sulpholipids, or sulphatides, are

galactocerebrosides in with sulfuric acid @C3

in galactose galactocerebrosidesd! (s 4t a5l (3 )4l
sulfuric acid 4=« _ala 4l

]
HN-CR

(')H
0-CH; -CH——CH-CH=CH~-(CH,),;CH,

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

e 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.

sialic acid = W globosidesd! 43 @&l (| Lalad S uss (il
(s Sy gliie AU (Dl sialic acidd) s (il (b Gl Js A )

iy ) sl 43 Uk s e e (o L (0 5S  (sla T e Al ally | 58"
the doctor said , "Olaia¥Wh Leuas




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)



mij()()H Pyruvicacid .
................................... . C=0
c=0 | .7
4 CH,

CH, H-C-OH

H - C o OH Acetyl group ................................. » CH3_CO I_IN— C - H

H.N-C—-H HO-C-H
HO-C-H H-C-0OH
H-C - OH H-C-OH
H-C—-OH CHOR

CH,OH N-Acetyl neuraminic acid
(NANA)

Neuraminic acid (Sialic acid)




* 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

A g awalls 3508 et agdl plasma membraned! o) mdadl 33 52 sl moleculesd)

, Leans 2 UMY Jual 55 5 cell to cell connectiond) e Gl s ssall 4aa 43y Slis cancerd)!

normal Ju 32 s sall (e BIS Calias, Sia cancer cellsd! cell walldb 52 s gall &l Sall a3y
z Al Ledlagind A0l Je Jaidiy W researchesdd | cells



@I Phosphatidylcholine

Phosphati
Phosphati

|

dylserine,



For info only

OSSN CECEERCEEEE Phosphatidylethanolamine
Lipid bilayer of Ethanolamine
9P DGV 09 P e normal cell ~ o /headgroup
*  PEpresentinthe inner lesflet
@ : Polar« " "0
0@ ¢ 696 60O Lipid bilayer ,/
of cancercell /e
99 999 99 &9 e od .
* Disrupted membrane asymmetry
* Exposed PEtoextracellularspace
oy
° ~.c~.<\; \'{a'
o~ N’ Non-polar -
. U
PE-binding peptides :1/ < \
P OphiobolinA Targeting PE ‘)
¢« Cyclotides ‘ potential anticancer )

therap

..’.0.%..'..‘ %

DE DS9S )P S8 e
Specific bindingto PE-headgroup

LR R R

O% % NMen

Exposad PE on endothelial
cells intumor vasculature

Y X : N 4

99 909 0% 00 e . m.*] | death
Insert and disrupt membrane integrity e

. | i

Pore formation and membrane permesbilization

T




Lo L) a3l gall iy de Lo 8Y) (iala s

lll Lipoproteins - lipoproteinsds, msll sy Ll
Ledésiy 5 |ipidsd) —alaiy A

* Lipoproteins are arranged as:

— lipid part to the interior of the molecule > (mainly TAG)
— protein part to the exterior of the molecule

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

soluble) J_K.,o\'

* Used to transport lipids in plasma



Chylomicron
and
Chylomicron
remnant

1000 nm

Classification of Lipoproteins

"Bad" "Good"
(Non-HDL)
&
” 4
- ~ g 2
» * Y he > &.’
G & % - ; *.** " A
-, &
VLDL IDL LDL HDL
Very Low Intermediate Low High
Density Density Density Density

Lipoprotein Lipoprotein Lipoprotein Lipoprotein

70 nm 40 nm 20 nm 10 nm \Z

protein 4uS 48 43Y ‘good (i
Jai 8 aadiiy 43Y ALl e
225 9 9 liverd! cholesterold)

(o) il lat) Atherosclerosisd)!



Derived lipids

These lipids are derived from both simple & compound
lipids. simple lipidsd) s (e i (251 )

1- Alcohols: These are.

Glycerol. It is the backbone of glycerol phospholipids.
Higher alcohols. > Found in waxes 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



3- Substances associated with lipids
These substances are present in association with lipids.

 Vitamins: vitamins E & K & D are fat soluble & are
associated with food fat (fat soluble vitamins)

e Carotenoids: important precursors of vitamin A



