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LIPIDS

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:

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

e Structural lipids: Used to make membranes.

e Bioactive lipids: Used as hormones and second messengers in signal
transduction.



FATTY ACIDS

Naturally occurring monocarboxylic acids

(a) Carboxyl -o\ 0O

group c/ 2
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Hydrocarbon »
chain "

Components of all lipids except sterols

"Saturated -> no double bonds."
"Unsaturated -> one double bond."
"Polyunsaturated (PUFAs) -> more double bonds."
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FATTY ACIDS

17::18 Bl Some Naturally Occurring Fatty Acids: Structure, Properties, and Nomenclature

Solubility at 30 °C
Carbon Common name Melting (mg/g solvent)
skeleton Structure* Systematic name' (derivation) point (°C) Water Benzene
12:0 CH,(CH,), ,COOH n-Dodecanoic acid Lauric acid 44.2 0.063 2,600

(Latin laurus,
“laurel plant”)

14:0 CH,(CH,). ,COOH n-Tetradecanoic acid Myristic acid 53.9 0.024 874
(Latin Myristica,
nutmeg genus)

16:0 CH,(CH,), ,COOH n-Hexadecanoic acid Palmitic acid 63.1 0.0083 348

(Latin palma,
“palm tree”)

18:0 CH,(CH,). . COOH n-Octadecanoic acid Stearic acid 69.6 0.0034 124
(Greek stear,
“hard fat”)

20:0 CH,(CH,), .COOH n-Eicosanoic acid Arachidic acid 76.5
(Latin Arachis,
legume genus)

24:0 CH,(CH,),,COOH n-Tetracosanoicacid Lignoceric acid 86.0
(Latin lignum,
“wood” + cera,
llwaxll)

*All acids are shown in their nonionized form. At pH 7, all free fatty acids have an ionized carboxylate. Note that numbering of carbon atoms
begins at the carboxyl carbon.

'The prefix n- indicates the “normal” unbranched structure. For instance, “dodecanoic” simply indicates 12 carbon atoms, which could be
arranged in a variety of branched forms; “n-dodecanoic” specifies the linear, unbranched form. For unsaturated fatty acids, the configuration of
each double bond is indicated; in biological fatty acids the configuration is almost always cis.



FATTY ACIDS

17:: 18R LBl Some Naturally Occurring Fatty Acids: Structure, Properties, and Nomenclature

Solubility at 30 °C

Carbon Common name Melting (mg/g solvent)
skeleton Structure* Systematic name' (derivation) point (°C) Water Benzene
16:1(A°) CH,(CH,).CH= cis-9-Hexadecenoic Palmitoleic acid 1to-0.5

CH(CH,).COOH acid
18:1(A°) CH,(CH,),CH= cis-9-Octadecenoic Oleic acid (Latin 13.4

CH(CH,),COOH acid oleum, “oil”)
18:2(A%"?) CH,(CH,) CH= cis-,cis-9,12- Linoleic acid 1-5

CHCH,CH= Octadecadienoic (Greek linon,

CH(CH,),COOH acid “flax”)
18:3(A%"%1%) CH3CH2CH= cis-,cis-,cis-9,12,15- a-Linolenic acid -11

CHCH,CH= Octadecatrienoic

CHCH,CH= acid

CH(CH,),COOH
20:4(A>%1114) CH,(CH,) CH= cis-,cis-,cis-, Arachidonic acid —49.,5

CHCH, CH= cis-5,8,11,14-

CHCH,CH= Icosatetraenoic

CHCH,CH—= acid

CH(CH,),COOH

*All acids are shown in their nonionized form. At pH 7, all free fatty acids have an ionized carboxylate. Note that numbering of carbon atoms
begins at the carboxyl carbon.

'The prefix n- indicates the “normal” unbranched structure. For instance, “dodecanoic” simply indicates 12 carbon atoms, which could be
arranged in a variety of branched forms; “n-dodecanoic” specifies the linear, unbranched form. For unsaturated fatty acids, the configuration of
each double bond is indicated; in biological fatty acids the configuration is almost always cis.
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FATTY ACIDS

Alpha-linolenic acid is the precursor of the Q-3 fatty acids
eicosapentaenoic acid (EPA; 20:5(A%8.11.1417)) and docosahexaenoic acid
(DHA; 22:6(A47.10.13,16,19)) " which are important fatty acids found in
membranes of the retina, for example. Q-3 fatty acids are important
components of a heart-healthy diet.

O
3 6 3 ]
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HO" ] “\'l/" o g \‘v’ Q N 12 w1 R ‘v'/| R
a. a-linolenic acid (18:3, n-3; ALA)
C ')
U 5 1
HC-'/ ) \\l -~ - f‘:f' ~ -~ : S p ~ _/2
b. Eicosapentaenoic acid (20:5, n-3; EPA)

c. Docosahexaenoic acid (22:6, n-3; DHA)

A and Q nomenclatures
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FATTY ACIDS

The hydrocarbon chain
accounts for the poor solubility

of fatty acids in water. e o\/o ) 0\/0
Solubility decreases as the
fatty acid chain lengthens
and the number of double <
bonds decreases.

Hydrocacrlloaoi:

Lauric acid (12:0) [Mw = 200]
has a solubility of 0.063 mg/g

In water. In contrast , O lucose () saturated (d) Mixture of saturated and
Mw = 1801 is much more fatty acids unsaturated fatty acids
| | JOLOLC

water-soluble, with a solubility
of 1100 mg/g in water
(approximately 17,000 times
more water-soluble).

Albumin in blood binds and
transports FAS 5.



FATTY ACIDS

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 9%

melting point by causing the g
molecule to become bent, resulting -, Stearic acid
In reduced attractions between -
chains. ; &0 Saturated fatty acids
i E
é. 30
- 5 N S 90 -—- Room temperature - —--— = - —— - ——f == ——————
Searicaat (8:9) Qe sl Oleic acid (1 double bond) ——#
10

0 Linoleic acid (2 double bonds)
-10 Linolenic acid (3 double bonds) q
20

4 6 8 10 12 14 16 18 20 22 24
Number of carbon atoms

Linoleic acid (18:2) Linolenic acid (18:3)
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Storage Lipids- Triacylglycerols

\ e v
CHZ CH2 CcC—0 (IIH O0—C
Z N7\ 9
HO (IZH OH O=¢
OH
Glycerol

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(A%) 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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Storage Lipids- Triacylglycerols

In most eukaryotic cells, triacylglycerols form
microscopic, oily droplets in the aqueous
cytosol, serving as metabolic fuel. In
vertebrates, specialized cells called
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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Dietary Oil or Fat

Storage Lipids- Triacylglycerols

Canola oil | 6%
Safflower oil | 9%
Sunflower oil | 11%

Avocado oil | 12%
Corn oil | 13%
Olive oil | 14%

Soybean oil | 15%

Peanut oil | 18%

Cottonseed oil | 27%
Lard | 41%
Palm oil | 51%

Beef tallow | 52%
Butterfat | 66%

Coconut oil | 92%

~ Saturated | Monounsaturated | Polyunsaturated
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Storage Lipids- Triacylglycerols
hydrolysis

i
CH;—O—C—(CHz))4—CHjs CH,—OH
ﬁ O
|l
CH—O—C—(CHz14—CH3 +3NaOH — CH—OH + 3 NaO—C—(CHy);4—CHs
O : :
T Sodum palmitate
CHz-O0—C—(CH3);4—CHs; CH,-OH (a soap)
Triglyceride Glycerol

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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Other Storage Lipids

/\/\/W Acylceramides -> ceramide can be

o metabolised into acylceramide and stored in
lipid droplets

s 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

Membrane lipids are amphipathic.: one end of the molecule is

hydrophobic, the other hydrophilic.




Membrane Lipids

The hydrophobic interactions between membrane lipids and their
hydrophilic interactions with water guide their arrangement into sheets

known as membrane bilayers.

—— Individual units are 1 Individual units are ..‘.".';':':% seasy:
wedge-shaped cylindrical (cross section Acucous A
;,°::::;i::;z'1:::‘““ [
of side chain) (DIRSDIREDEZEDEDEDEDEDER: 262 )
[TERRRRRRRaetisR 8= R
£y [y
O Qi <y
Micelle Bilayer Vesicle

Cell Membranes are the barrier and the interface between the cell and
the environment. Membranes also define sub-cellular compartments.
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Glycerophospholipids

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.

0
|
1CH2—O—C\/\/\/\/\/\/\/\ Saturated fatty acid
0 (e.g., palmitic acid)
Glycerophospholipid I :
(general structure) 2CHe=O=C Unsaturated fatty acid

\/\/\/\/—_—\/\/\/\/ (e.g., oleic acid)

O

. |
CH2—0—P—0— X

0 Head-group
substituent
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Glycerophospholipids

Saturated fatty acid
(e.g., palmitic acid)

Unsaturated fatty acid

(o] Glycerolﬁ

/P\
X o /_ 0—X

Head-group

\/\/\_/\_/\/\/\/\(5"' °
S

(e.g., linoleic acid) A ubstituent
Fatty acids
Name of Net charge
glycerophospholipid Name of X—O Formula of X (atpH7)
Phosphatidic acid — —H -2
Phosphatidylethanolamine Ethanolamine _"“NH 0
Phosphatidylcholine Choline \/\T\ 0
(0]
Phosphatidylserine Serine \E!\o— -1
NH,
Phosphatidyligl | Gl I £ 1
osphatidylglycero ycero \)\/OH
L : el Gl
Phosphatidylinositol myo-Inositol 4,5- HO OPO2~ —4*
4,5-bisphosphate bisphosphate o
HO H
Cardiol Phosphatidyl jj)\ (IPI) 2
ardiolipin osphatidyl- P —
glycerol R? o/:(\o 0/‘ o
H

wi

()

Glycerophospholipids are
named based on the polar
alcohol within their head

group.

The polar alcohol can be
negatively or positively
charged.

The charges of these head
groups play a significant role in
determining the surface
properties of membranes.

Glycerophospholipids account for the bulk of eukaryotic membranes
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Ether Lipids

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

ether-linked o
alkene |
/\/\/\/\/\/\/\/\ /P\ethanolamine
O/Y\o/ O NH
o) 0o~ ?
7
VA VAVAVANVA VAV VAN
Plasmalogen

ether-linked o

alkane |
NN NN NN g o
o/\s..(\o/ o
Platelet-activating factor OH O I\

o)

acetyl-ester
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The vertebrate heart
tissue is enriched in ether
lipids, as are the
halophilic bacteria,
ciliated protists, and
certain invertebrates.
Notably, platelet-
activating factor (PAF) is
released from basophils
and plays a role iIn
stimulating platelet
aggregation.



Galactolipids

Galactolipids contain one or two galactose residues connected via an
a-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.

Digalactosyldiacylglycerol (DGDG)
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Archean Membrane Lipids

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.

Glycerol phosphate
(0]
_O—Ill—O—CHz
H $ HICOH

|-|2c—0\/\/\/\/\/\/\/\/\/\(\/Y\/Y\/\(\o__é_.(!“_l2 (l.'Hon
A N :

Glycerol HEO N 7 A \/Y\/Y\/Y\/Y\O CH
32 Glycerol
Hzlc

0
|

Diphytanyl groups

aGlc(B1—2)Gal-1
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Sphingolipids

Unlike glycerophospholipids, sphingolipids contain no glycerol.
Instead, sphingolipids are composed of one molecule of the long-
chain base (here sphingosine).

Sphingosine
HO —*CH — CH == CH — (CH;),;—CH, Fatty acid
Sphingolipid (“)
(general CH—N-—C
structure) | \\v’/\\v//\\v//\\v//\\~//\\\//N\\//~\\//A\\//h\\//ﬂ\\//ﬁ\\
H
'CH,—O—X
o 0
,f“\v/*\,r~\,f~\,/~\/f\~z‘~v/n\~SCOA + t«]’/\};fL\OH
Palmitoyl-CoA o The long-chain base is formed
Serine palmitoyltransferase (SPT) Co, through the Conde_nsatlon_ Of the
ConsH amino acid serine with an

M (activated) fatty acid.

NH,
3-Ketadihydrosphingosine (KDS)
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Sphingolipids

Sphingosine
OH
3
. NN No—x
Fatty acid N Head-group
\/\/\/\/\/\/\/\/\/\/\/W substituent
(0]
Name of sphingolipid Name of X—O Formula of X

Ceramide

Sphingomyelin

Neutral glycolipids
Glucosylcerebroside

Lactosylceramide
(a globoside)

Ganglioside GM2

Phosphocholine

Glucose

Di-, tri-, or

tetrasaccharide

Complex
oligosaccharide

— H

0
[

o-

CH,OH

o
H /H

OH H

OH
OH

. a®

o3

_ T—O—CHZ—CHz—ﬁ(CH3)3
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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
glycosphingolipids, and
gangliosides.

Sphingomyelins are found in the
plasma membranes of animal
cells and are particularly
abundant in myelin, a
membranous sheath that
surrounds and insulates the
axons of certain neurons—hence
the name 'sphingomyelins.’



Sphingolipids vs Glycerophospholipids

o)
o [
//ﬁ\\//a\»//\\v//\\//ﬁ\\//“\»//\\V/”\\//m\ 7
cr/ﬂ\\(/A\x) - ‘/
N (4_ \//N\N+
O H A

Phosphatidylcholine 0 phosphocholine

\\\//A\\//A\\/;A\\//A\\//A\\//A\\//A\W(/ I

phingomyelin 0
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Membrane domains

Extracellular
side

QUMY 0 RN A m m an
ugmmx
lntrasci:ggular H/_/\f/

Lipid raft domain Non-raft domain
f Transmembrane protein u Sphingolipid
' Cytoplasmic protein \\ Phosphatidylcholine
{ GPl-anchored protein ﬁ Phosphatidylserine
Cholesterol n Phosphatidylethanolamine
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Glycosphingolipids

K XGaIXGIc>O/\I\£):‘/\/\/\/\/\/\/\

Glycosphingolipids OW/\NV\/\/\

(GSLs)
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Glycosphingolipids
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Glycosphingolipids
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Gal — Gal-luc
Gal —» Gal-Fucx
Gal —» Gal-Gal
Gal —» Gal-GalNAc
Gal —» Gal-(

Gal —>» Gal-GlcA
Gal —» Gal-GlcNAC
Gal —» Cal-

Gal —» Gal-KDN
Gal —» Gal-NeuAc
Gal — CGal-

Gal —» Cal-X

GalNAC —>»
GalNAc—>
GalNAc—)>
GalNAc=—>»
GalNAc—>»
GalNAc—>»
GalNAc—>»
GalNAL—>»

GleNACc—>
GlcNAC—>»
GleNAc —»
GleNAc—>

GlcNAC—>»
GleNAC —>

GzINAc-Fuc
GalNAc-Gal
GalNAc-GalNAc
GalNAc-GlcNAC
GalNAc-
GalNAc-KDN
GalNAc=-NeuAc
GalNAc-X

GleNAc-luc
GlcNAc-Gal
GleNAc-GleNAc
GleNAc-
GlcNAC-NeuAc
GlcNAc-X

NeuAc —» NeuAc=-NeuAc
NeuAc = NeyAc=SOAcNeuAc
NeuAc —» NeuyAc-X

> -NeuAc
>
—p X

Gle —» Gle-Gal
Glc —» Glc=X

Gle A »GlcA-

Fuc —» Fuc=X

Fucx—>» Fucx=X

Galx —» Gabi-X

A0ANcUNAC —>» I0DAcNeuAc-X

£ON —» KDN-X

Cor —» Cer-Gal

Cer —» Cer-Glc
Cer —» Cer-X



Glycosphingolipids

a Oclc OFuc  @GlA
‘Gal NeuAc ‘Fucx
e ° ‘GlCNAC NeuGc ‘Galx
@ o GalNAc [JKDN @ 90AcNeuAc
@0 oMo o o o o o
GO0 O@DO O © P o ® o e®0 © O @ o o
e o0 @OW0® 00 ODO 0 WADO®E O o COMm@ROO O O @ ¢ (000 e0eC D o
oY) 0 (@ o @ e e we o ®00 000 @oomoo @D ®ODOO O® W
o) ®@TTHBP@®DOC SO © 00 00 PB@OOD ® C
@ e0 @0 O Mo®e o ®
eom © (omo o
o
£ e . ‘ 120 .
5 Information =S, branching
Y W
O 40 - 2
€ o
w 30 - 5 60 —
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5o 34
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S % 510 05 200 25 %0 2 ‘ 6 g8 10 12
sequence lenght residue position
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Ceramide -

Blood Group Antigens

( Sphingosine

— Fatty acid O Antigen

m A Antigen

:

= B Antigen

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 Aand
B antigens also contain an additional
terminal N-acetylgalactosamine (yellow
square) or galactose (yellow circle)
residue, respectively.
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Glycosphingolipids
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Glycosphingolipids play important
recognition roles in the outer leaflets of
cell membranes. In the nervous system,
gangliosides are believed to play a role In
the wiring of neurons during
development. In various epithelia,
glycosphingolipids act as receptors
through which toxins and viruses can enter
cells.
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Glycosphingolipids
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Inborn errors of sphlngollpld metabolism

C16-CoA + serine

SPTLC l
KDHSRl

(-

Cers | ASAH1
DES || ACER3

aSMase ©
SMS1
Cer CERT SM

PSAP %cs [GBM Cerlra Syndrome

ARSA
| =
SulT

Sphingolipids are degraded e ol G,JCer
by a set of lysosomal e
enzymes that catalyze the S TR
stepwise dismantling of their ﬂ

head groups, ultimately
yielding sphingoid bases.

Inherited defects in many of these hydrolytlc ﬂ
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.
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Sterols

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
efficiently packs with the acyl chains of membrane
glycerophospholipids and sphingolipids. The overall length of the
molecule is similar to that of a 16-carbon fatty acid in its extended form.

Alkyl side chain

H 2 24 26
Cholesterol

Polar
hea

group
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Cholesterol gradient
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Bioactive Lipids - Steroid hormones

Chodesterol

Haunsmlom = 5

=

-~
HS om0

oy
Progeslerane < <

o~
af s]':
[/"‘\T/”\[ ’
s, W

1P P

Dimiy-

:..
- 2
Ianhncieshis o

Cintiimslenimn: 'f:iJ'

o

"‘]"I‘ \"I -
ll'x\l,f -~ -
/,l 5 T
-

o i ..':: YFLLSS

w-
Alilssleinrn:

b J_
X

PR

.T,\ ] Jnm ,,.,a\,lw,.,J o

ot _l-'."'.'.:u.'

o .| Jo=—IskFyl zrenr

Iajor Mathweays in Sreroid Blosynthesis

17-bxirony s
MeHhenalone 1"

PRt

"’_' ;

Do zhwpd i parnloesliz mn:
L

tT’_m

Ardi missleeronadioimm: !::

] wrALH f’h‘q.l:' s
L -t Py l
PR S S
.[ RS . - g -L ol T
ot T .". YTIIGD s e
B ) I_'."'_'u'_»:l_u
CH CH -l iFLS

114eoxycortisal < o Estrone . lestosterone -

L

17-lk ooy cn-
Pt e

Conlispl 7 °
[ N B, T

-

o PRl
- \I/ T - ’
soe =
Loy etely - - I ]’
et T L

N,
e’ e

T mdv perecAceen

_] L I (TR FIRAR R ET |

: Mo Jasasrlizomd (zpeuees eidio g
] i paredd 350093013

_I b i e

Steroid

o~

NUCLEUS

hormone
/ 9

PLASMA —
MEMBRANE
OF TARGET
CELL

CA6% Acson Wesey Longman Inc

- 37 -

Receptor
protein

Hormone-
receptor
complex

o AN/ //
mRNA /e

e

CYTOPLASM



Bioactive Lipids - Phosphoinositides
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Bioactive Lipids - Phosphoinositides
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Different phosphoinositides
populate the membranes of
specific intracellular organelles.

Different phosphoinositides are
recognised by specific protein
domains that drive the
recruitment of cytosolic proteins to
the cytosolic membrane aspects
where a given phosphoinositide is
enriched.

By this virtue phosphoinositides
dictate the identity of
intracellular compartments.



Bioactive Lipids - Ptdins3,4,5,P3
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Bioactive Lipids - PLC
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Bioactive Lipids - PLAZ
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Bioactive Lipids - Sphingolipids

Inducers = UV radiation
' Chemotherapy

Heat stress
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Biology

Senescence
Differentiation
Apoptosis
Cell-cycle arrest
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Bioactive Lipids - Sphingolipids
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Lipids - Take Home Messages

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
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