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By the end of this lecture we will be able to know-

Lipid definition, classification
Phospholipids , types , chemical structure
Biomedical importance
Synthesis and degradation
Sphingomyelin lipidosis
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LIPIDS

Chemically they are various types of esters of
different alcohols.

In addition to alcohol and fatty acids, some of the

lipids may contain phosphoric acid, nitrogenous base
and carbohydrates.



CLASSIFICATION OF LIPIDS
L. Simple Lipids
Il. Compound Lipids: (Phospholipids)
lll. Derived Lipids



(a) phospholipids: They have fatty acid, glycerol,
a phosphoric acid, a nitrogenous base and
other substituents.

Examples:

e Lecithin,

 inositols,

* serine,

* Cardiolipin,
 Plasmalogens and PAF,
* sphingomyelins.



BIOMEDICAL IMPORTANCE

Lipids are important dietary fuel in the body.
Can be stored in the body in almost unlimited amount.
Some deposits exert an insulating effect.
May provide padding and protect the organs.
Necessary for vitamins like A, D, E and K.
Constituents of many natural membranes.
Lipoproteins act as carriers.

building biological active materials.

Essential fatty acids.

Nervous system is particularly rich in lipids.






Structure of a Neuron
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PHOSPHOLIPIDS

(

.

Phospholipids are amphipathic

-

\

& : %
A part of the molecule is polar and a part
non-polar

=

(O

« > € >
Polar Non-polar

head tail
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Amphipathic lipids can form bilayers
since non-polar tails attract each other

J

o

Lipid bilayers constitute the basic

structure of membranes




PHOSPHOLIPIDS

\

2
Phospholipids include: (i) glycerophospho-
\Iipids and (il) sphingophospholipids

>

- )
In glycerophospholipids, the alcohol is

kglyc:erol

J

a #3
In sphingophospholipids, the alcohol is
ksphingosine

Y,




CH;— (CH,),—CH= CH G -~|2 — OH

CH. — oH CH— OH

- NH
CH - CH, — OH
SPHINGOSINE ~ CHz —OF Glycerol
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Glycerophospholipids may be considered
to be derivatives of phosphatidic acid

>

O

I
CH,-O-C-R,
O

|!
CH- O-C-R,

CH2-0_®
Phosphatidic acid

hosphate
kP P

a )
Phosphatidic acid is 1,2-Diacylglycerol-3-

J
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The glycerophospholipids generally have:

\_ J
A saturated fatty acid 7
saturated fatty aci ||
at position 1 CHZ_O_%)_R‘
; < CH=0-C-R
_| An unsaturated fatty CH,-0-@®
\ acid at position 2 | Phosphatidic acid

4 -9
The fatty acids at position 1 and position 2
are In a continuous state of flux

J




\

" The important glycero-
phospholipids are:

Phosphatidyl choline | IEEEEZNN
: Phosphatidyl ethanolamine

Phosphatidyl inositol

Phosphatidyl serine
Diphosphatidyl glycerol

Plasmalogen




fThe only phosphosphingolipid is sphingo-\
myelin
N

J

rSphingomyelin Is found predominantly in\
myelin sheath
A

. .Cell body Node of Ranvier _

Schwann cell

Nucleus Myelin sheath

AN s /2 S



SYNTHESIS OF PHOSPHOLIPIDS

* Mostly phospholipids are synthesized in the smooth
endoplasmic reticulum (ER). From there, they are
transported to the Golgi apparatus and then to
membranes of organelles or the plasma membrane
and secreted from the cell by exocytosis.

smooth
endoplasmic
reticulum
synthesizes lipids
and also performs
various other
functions

transport vesicles
shuttlie proteins
and lipids to
various locations
such as the Golgi
apparatus

lysosomes
contain digestive
enzymes that
break down worn-
out cell parts or
substances
entering the cell
at the plasma
membrane




Phosphatidic acid

0

II
CHZ—O-C—R1
9
TH - 0-C-R,

CH,-0-®
Phosphatidic acid



Lecithin synthesis

Choline
ATP

Choline kinase
ADP

Phosphocholine

CTP CTP-phosphocholine
cytidyl transferase
PPi y

CDP-Choline
CMP
1
CHZ—O—C—(CHz)14‘CH3
T
CH — O—C—(CH2)14—CH3
"
CH2—0—®—O-CH2—CH2-I\|I*-CH3
CH,

Dipalmitoy! lecithin

@) - DHAP
l l Qf{::'hl;g:;::ilale
CH Z_O—C—R 1 NAD+
O Glycerol-3-phosphate
I ' CoA-Satty acid
b Itransferase
CH- O_C-RZ CoA-SH =
Monoacylglycerol-3-phosphate
CoA-Salty acid
acyllratstetase
CH,~OH WDi

Diacylglycerol
phosphocholine
transferase

1
CH,~O-C-R;

i
CH - o-é.-R2

CH,-O-®-Choline
Phosphatidyl choline (lecithin)

v

Synthesis of phosphatidyl choline



= ™
Dipalmitoyl lecithin has palmitate at both

\position 1 and position 2

»

4 N
Dipalmitoyl lecithin is a component of

lung surfactant
k.

~ N
Lung surfactant lowers surface tension at

the air/liquid interface in the alveoli
- -







Svynthesis of Phosphatidyl Serine

t

N

CDP-

serine

O

O

I
ransferase_ Ay _ 0-C-R,

Serine CMP

COCH

CH,-O-(@-Serine

CDP-Diacylglycerol o-cH,-ch-nv, Phosphatidyl serine

Q CTP: o
CH,~O-C-R, phosphatidate CH,~O-C-R; Diacylglycerol CHZ-O-C—R1
) cytidyl o)
I Il
CH - O-C-R, transferase CH- O-C-R,
cH~o-® ©™ PPl ch,-o-[coP
Phosphatidic
acid

o

T
GO

o

il
CH— O—C—R->

COOH

I
CH—O—®—-O—-CH-—CH-NH.
Phosphatidyl serine



4 N
Glycerophospholipids can undergo inter-

conversion
. v

e 2
Serine residue of phosphatidyl serine can

\be decarboxylated to ethanolamine

e )
This converts phosphatidyl serine into

\phosphatidyl ethanolamine

J




Phosphatidyl Ethanolamine synthesis

1l
CH,—O—-C—R,

| 7
CH—- O-C-R>

I COOH

[
CH,—O-P—-O—-CH,>—CH-NH,
Phosphatidyl serine

COQ "{

-
CH.,—-O—-C—-R;
I o

CH - O-C—R,

CH—O-P-O-CH,—CH->—NH,,
Phosphatidyl ethanolamine



Conversion of phosphatidyl ethanolamine into
choline

Ethanolamine residue of phosphatidyl
ethanolamine can be methylated

Addition of three methyl groups converts
ethanolamine into choline

Thus, phosphatidyl choline can be
formed from phosphatidyl ethanolamine




Conversion of phosphatidyl ethanolamine
into choline

i
CH— O F¥,
o

CH — O—(l:l—RZ
I
CH_.— O (P —O—CH_-—CH_-—NH_
FPhosphatidy!l ethanoilamine
- CH:,‘L
- CH, J'
- CH, ’L

11
CH-—CO -C R,
e
CH — O C—R->
CH,
'
CH?—O—®—O—CH2—CH?—I\.I’ —CH
CH

FPhosphatidyl choline



Synthesis of phosphatidyl inositol

9 CTP: o COP- o
CH,~O-C-R, phosphatidate CH,~O-C-R; Diacylglycerol CH;-O—C—R,
f') cytidyl C") inositol ?ID
CH—- O-C-R, '““7“5“"%3» CH - O-C-R, ""““Sf7-e%se> CH- O-C-R,
cH0-® C™ PPl ch,o[cop] Mo CMP Gy 6-@-inosito
Phosphatidic CDP-Diacylglycerol Phosphatidyl inositol
acid i

CH—Q L R

L

CH i3 i F Hq j)u

ONa” _
CHy—O P C— " cemee OH

7\

L



Synthesis of cardiolipin

\.

Cardiolipin is diphosphatidyl glycerol

\_

synthesized from:

It is found only in mitochondria where it s

4

r

Two molecules of

\

\ CDP-diacylglycerol J

r

One mo

ecule of

1

\ glycerol-3-phosphate J




Synthesis of cardiolip

n

o
i
H.— O - C — R, H— O — — R,
O
i
CH—O C — R S ——— > C‘H—O——C—-R;.
SH.—o [CBE| §HOH  SMP  Ch_o-®-o-cH.
CDP-Diacyl- CH — OH
aglycerol é: <|3H — OH
H.— O - CH. — O
Glycerol-3- Phosphatidyl glycerol-3-phosphate
phosphate

]
CcH. — O —[CDP]

CDP-Diacyl-

glycerol

HO
5|

O

3 i
H—O -C — R,

O

CH—-—O—C—R,

|
CH.— O (PO — CH.

é:H — OH
|
CH.— OH
ﬁ Phosphatidyl glycerol
MO C— R
() O
i |
('_“,H O —-—C —R. CH—O—é—R,
CH.— O {P)>— O — CH. o
!
CH — OH CH—-—O -C —R,

Diphosphatidyl glycerol (cardiolipin)

CH.— O (P O —CH.

EnN =



Synthesis of plasmalogen

@)
I
H,-O-C-R
?HZ_ OH Acyl transferase : ? £ '
C=0 C=0
| | I
CH,~O-® ﬁ Pt CH,~O-®
Dihydroxyacetone R,-C~S-CoA 1-Acyl dihydroxyacetone
phosphate phosphate
R4~-CH,~CH,~OH 1-AlKyl
dihydroxyacetone
phosphate
R~COOH vsynthetase
CH,~O-CH,~CH,~R, S CH,~O-CH,~CH,~R,
eductase
CH-OH - CI: =0
3
CH,-O-® NADP* NADPH +H+ CHrO-®
1-Alkyl glycerol-3- 1-Alky| dihydroxyacetone
phosphate phosphate



Synthesis of plasmalogen

CH,~O—-CH,~CH,-R,§ CH,-O-CH,~CH,~R;
(|:H _OH Acyl transferase | ("3
| a C|:H _O-C-R;
CH,-O-
1A2|k | gl -3 El) CoA-SH Shon
J % gyrfetm' " R,~C~S-CoA 1-Alkyl-2-acylglycerol-3-
PRGS I phosphate
H,0
Phosphatase
Pi
O-C Diacylglycerol CH.—-O-CH H.-R
SR OH"-C e ethanolamine 0 ENEN
i [ transferase T
H -O-C-R; CH -O-C-R,
C|3H O-P-E lami n
- ~Ethanolamine e CDP. CH,~OH
1-Alkyl-2-acylglycerol-3- Ethanolamine 1-Alkyl-2-acylglycerol

phosphoethanolamine



Synthesis of plasmalogen

CHy=O-CH,~CH,-R,
1
CH -O-C-R,

Desaturase

CH,~O-(@ -Ethanolamine NADP"

1-Alkyl-2-acylglycerol-3-
phosphoethanolamine

NADPH + H*

CH,~O-CH = CH-R,
1
CH -O-C-R,

CH,~O-(®-Ethanolamine

1-Alkenyl-2-acylglycerol-3-
phosphoethanolamine
(plasmalogen)




Synthesis of plasmalogen

~ M
In some plasmalogens, ethanolamine is

replaced by choline or serine
o /

2 =3
Ethanolamine plasmalogen is present in

myelin
A

>

. it
Choline plasmalogen is abundant in

cardiac tissue
A =4

\

>
Serine plasmalogen is present in retina

and white matter
N\ J




PAF

rF>|a’[elet activating factor (PAF) is a
ks.pecific type of plasmalogen

\

4

~
(It has an alkyl group (generally 16-
KCarbon) at position 1

_/
&l )
The acyl group at position 2 is acetate

= _/
fe =
Phosphocholine is present at position 3
. _/

CH_—O—(CH .),—CHi,
I T
CcCH —O—C—CHi,

CH._.— O - ® —Choline

1-Alkvyl-2Z-acetvyiglycerol-3-
PrPhosphocholimne
(platelet activating factor)



e N
PAF is released by several types of cells
\in response to a variety of stimuli

»
a x

It is a very powerful chemical mediator
\. J

a =)
It mediates inflammatory reaction, hyper-
\sensitivity and anaphylactic shock

Y,

§ &
PAF causes platelet aggregation, vaso-

\dilatation and bronchoconstriction

>




Catabolism of glycerophospholipids

4 i
Glycerophospholipids are hydrolysed by
phospholipases

.

Y

r s
There are several different phospho-

lipases
A

4 h
Each phospholipase acts on a specific

bond
"

-




ENZYMES INVOLVED

(The different phospho- \
\ lipases are:

y,

| Phospholipase A, |

-

Phospholipase A, |

\

Phospholipase B

| Phospholipase C

| Phospholipase D |




ENZYMES INVOLVED

@)
|
CHZ—OE)C—R1 CH,—OH
| I Phospholipase A 1
CH-O-C-R; e, "CHES-C-R.
| H.O R,~COOH |
CH,—O-®-{N-Base| CH,—O-®—-N—-Base|
H,O
Phospholipase A,
R,—~COOH
fn
CH,~O-C-R, s pie
Cl:H_ OH Phoighci!‘)ase B, CI;H_OH
H,O R,-COOH
CH,~O-®-|N—Basd CH,-O-®-{N-Base|

lysophospholipid



ENZYMES INVOLVED

CH,—O-®—-|N-Base
Glycerophospholipid

I
CH,-O-C-R,

i
CH-O-C-R,

H,0 ®—-|N—-Base

Phospholipase D

CH,—O-®-|N-Base

Glycerophospholipid

=~

H,O

N-— Basa

I
CH,-O-C-R,
= o
CH-O-C-R,
éHz—OH

Diacylacy! glycerol

i

CHz—O_C_R1

|
CH-O-C-R,

CH,—-O-®
Phosphatidic acid



Synthesis of sphingomyelin

&

r

Sphingomyelin is  synthesized
ceramide and phosphatidyl choline

X
from

>

7

\.

Ceramide is acyl sphingosine

N




SYNTHESIS OF SPHINGOMYELIN

OH
|
CH3z—~(CH,);,~CH = CH-CH-CH-CH,~OH
CH.—(CH,),—~C—NH

[l
O

Ceramide

Phosphatidyl choline
Sphingomyelin synthase C

Diacylglycerol
(')H
CH;—(CH,),—CH = CH—CH—?H—CH2—0-®—ChoIine
CH3—(CH2)n—ﬁ—NH

O
Sphingomyelin



Catabolism of sphingomyelin

~ ™
Sphingomyelin is catabolized by lyso-
\somal sphingomyelinase

>

f b
Sphingomyelin is hydrolysed into ceramide

and phosphoryl choline
b >




CATABOLISM OF SPHINGOMYELIN

OH
|
CHa—~(CH2)~C-NH

O
Sphingomyelin

H,O
Sphingomyelinase (

Phosphoryl choline

OH
[
CH;—(CH,),—CH = CH—CH—(':H—CHZOH
CH3—(CH2),,—(|3'—NH
O
Ceramide

w



Sphingomyelin lipidosis

Niemann Pick disease

Due to impaired degradation of sphingomyelin caused
by deficiency of enzyme sphingomyelinase

* So sphingomyelin got accumulated in spleen, liver
,brain and bone marrow. It is a congenital disease.

 Autosomal recessive in nature

* There are 2 types: Aand B

* Type A: more common present in 1/40000 population
* Type B: present in 1/80000 population

* More common in Jewish population



Niemann Pick disease :

Clinical manifestation

* Type A: there is progressive mental
retardation, hepatosplenomegaly because of
progressive accumulation of sphingomyelin.
Children die within 2 years of life

* Type B: there is no involvement of brain but
sphingomyelin is present in excessive amount
in liver, spleen, and bone marrow. Death
occurs within 20 years of life.



Lipotropic factors and fatity liver

= =
Fatty liver is a condition in which large

amounts of fat accumulate in the liver

\

N

= =
This can later lead to serious disease

N = .

— — =N
Some phospholipids have a role In

\prevention of fatty liver
_/

Liver is the site for several pathways of
lipid metabolism

= N
Most of the major lipids can be synthe-

\sized and catabolized in the liver U

f ™
Triglycerides are synthesized in liver, and

 are transported out of liver as VLDL
.




~ ™
Lipotropic factors are the compounds

\required for transport of lipids out of liver y

i .
The lipotropic  factors are choline,
methionine and betaine

. S

( - - - \
Their deficiency causes abnormal

&accumulation of triglycerides in liver

=
~ ™

Normally, triglyceride content of liver is

Nnot more than 5% of liver weight
N -

2 N
When it exceeds 5%, the condition is

known as fatty liver
A -

2 TN
Excessive fat deposition in liver may

cause inflammation of liver cells
\ _




Inflammation of liver cells may lead to
their destruction

This may be followed by formation of
scar tissue in liver (fibrosis)

fibrous tissue results in cirrhosis of liver

w

Normal liver: Fatty liver: Fibrosis: Cirrhosis:
Fat less Fat more Formation of Hardening of
than 5% than 5% scar tissue liver tissue

Extensive replacement of liver cells by]




Fatty liver may be caused by:

iObesity

rDiabetes mellitus

y,

\

'Severe protein deficiency

w,

r Deficiency of essential fatty acidsj

rHepatotoxic chemicals and drugsj




~ ~
Chronic alcoholism is the most important

cause of fatty liver and cirrhosis of liver
N S

(With a calorific wvalue is 7 kcal/gm,\

\alcohol (ethanol) is rich in energy )

= )
After ingestion of alcohol, oxidation of

\glucose and fatty acids decreases y

<= =N
Alcohol becomes the preferred source of

ener
- ol J

~ =
Since fatty acids are not oxidized, they are

\esterified with glycerol to form triglycerides)

= S
Increased synthesis of triglycerides in liver

\Ieads to their accumulation in liver
S

This causes fatty liver (specially when
lipotropic factors are deficient)




' Mechanisms by which
fatty liver is caused are:

r

\\

Interference in phospholipid synthesis

Disruption of intracellular membranes

Interference in the synthesis of VLDL

Interference in the release of VLDL




ROLE OF LECITHIN IN FATTY LIVER

o %
Choline acts as a lipotropic factor as it is

required to form lecithin y
N

~ ™~
Lecithin is a component of lipoproteins

that help in transport of lipids from liver

N .
P ™~
Lecithin is also the major component of

membranes
N S

Lecithin deficiency may disrupt endo-

plasmic reticulum membrane
N _/

- N
Apoprotein component of lipoproteins is

synthesized on endoplasmic reticulum
N S

a =
Disruption of membranes can disturb

\VLDL synthesis in liver

_/




ROLE OF LECITHIN IN FATTY LIVER

Betaine and methionine act as lipotropic
factors indirectly

They provide methyl groups for the
synthesis of choline

a N
Essential fatty acids also help In the

transport of lipids
NG o

~ ™
They are required for the synthesis of

\phospholipids

>

Fatty acid at C, of glycerophospholipids
iIs usually an essential fatty acid




ROLE OF LECITHIN IN FATTY LIVER

3 e

\transport of lipids

Essential fatty acids also help in the

\.

They are required for the synthesis of
phospholipids

J/

-

f

.
Fatty acid at C, of glycerophospholipids
Is usually an essential fatty acid

/




ANY QUESTIONS

>

dr.nabi 65@gmail.com




CHATTERIJEA BIOCHEMISTRY
LIPPINCOTT BIOCHEMISTRY
HARPERS BIOCHEMISTRY
SATYANARAYANA BIOCHEMISTRY
INTERNET

Thank you



