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Lipids
= group of biological molecules that are

insoluble in aqueous solutions

and soluble in organic solvents

- structural components of biological membranes

- energy reserves, predominantly in the form of
triacylglycerols (TAG)

- excellent mechanical and thermal insulators

- biologically active compounds
(vitamins, hormones, bile acids, visual pigment)



Classification of lipids

1. by composition
> simple lipids
> complex lipids (lipid + other compound)

2. by structure
» hydrolyzable lipids
» nonhydrolyzable lipids



— A. Classification

Hydrolyzable lipids o
i /WWMC_D_CHz
]
WC_D_CHWW E—O—CH
i e e e i i e N

' Esters

P Fats Non-hydrolyzable lipids
W WHKES
T/' Sterol esters e
:“-_\_‘ L G
Ry R R R T TR T R TR TRy
(%]
- Hydrocarbons
| Alkanes

= C..D...FH 0 Carotenoids
/KV\/\/\/ Hzc_o_?_oa | |

/WMVVWWMOH

Phospholipids
Phosphatidates -
/H/ Phosphatids A|C0|‘IO|S_
Sphingolipids Long-chain alkanols
Sterols s
o Steroids
C—O—CHy
e e -E00OH
= t—o—CH o CHy -
" Hé—o—p—o— it ans Acids
/K 3 S Fatty acids
- i . Eicosanoids

Cerebrosides e
Gangliosides ¥

COH

The figure was adopted from: J.Koolman, K.H.R6hm / Color Atlas of Biochemistry, 2"d edition, Thieme 2005



Structural components of lipids

- alcohols a) b)
> glycerol (a) Ho/\l/\OH E—C
CH4-(CHs)y2—C = C—C-OH
> sfingosine (b) OH T HNH _&
> cholesterol (¢) L rl;H OH
> inositol (d) d) E

* long chain carboxylic acids acids
(= fatty acids)

The figures are adopted from http://en.wikipedia.org (April 2007)
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The figure is found at http://www.tvdsb.on.ca/saunders/courses/online/SBI3C/Cells/Lipids.htm (Jan 2007)




— A. Carboxylic acids

Name Number of carbons
Number of double bonds
Position of double bonds
Formic acid |1 L O Not contained
Acetic acid 2:0 OF in lipids
Propionic acid 3:0 © s
Butyric acid 4:0 Q_~
Valerianic acid 5:0 Q_~_~
Caproic acid 6:0 Q_~_ HOOC— CHy— CHy— CHy— CH;—CH3
Caprylic acid 8:0 QA ~~ Caproic acid
Capric acid 10:0 Qo
Lauric acid 12:0 Qe
Myristic acid 14 :0 Qe
Palmitic acid 16:0 @ N N N P PN
Stearic acid 18:0 (@ N
~ Oleic acid 18:1; 9 O~ T~
&TF‘ Linoleic acid 18:2; 9,12 O~~~ T~
2% Linolenicacid ~ 18:3; 9,12,15 —_———
Arachidic acid 20:0 O e N N N N N N
*z“.’.j,’i:—Arachidonic acid 20:4; 5,811,144 O~ T
Behenic acid 22:0 O S S S
Erucic acid 22:1; 13 O N N N e N N
Lignoceric acid 24 :0 O e e S T e N e U
Nervonic acid 24:1; 15 O e N N N N N N
‘i"}h Essential in human nutrition

The figure was adopted from: J.Koolman, K.H.R6hm / Color Atlas of Biochemistry, 2"d edition, Thieme 2005
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The figure was adopted from http://en.wikipedia.org/wiki/Fatty acid (April 2007)




Strcture of lipids
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The figure is found at http://courses.cm.utexas.edu/archive/Spring2002/CH339K/Robertus/overheads-2/ch11 _lipid-struct.jpg
(Jan 2007)
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The figure is found at http://courses.cm.utexas.edu/archive/Spring2002/CH339K/Robertus/overheads-
2/ch11 cholesterol.jpg (Jan 2007)




— B. Structure of fats
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The figure was adopted from: J.Koolman, K.H.R6hm / Color Atlas of Biochemistry, 2"d edition, Thieme 2005
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The figure is found at http://www.mie.utoronto.ca/labs/Icdlab/biopic/fia/3.21.jpg (Jan 2007)
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— A. Structure of fats, phospholipids, and glycolipids

I
WWWC_G_THE

- | Amino alcohol

or sugar alcohol

(—0—C—H 0 CH,
I [ Bl
O | Hal=0—P—0(CHo)y=N—CH,
o0 CHs
Phosphatide _
(phosphatidylcholine,
lecithin)
:le3 rl:orﬁ"
3 &
Hs::a—u:Hz—rCHE—GrIu—::H3 HO—CHy— CH—NH3
CH;

Choline

&
HO—CHy—CHy—NH;

Ethanolamine

Serine
OH OH
H OH

(5

HO H
H OH

myo-lnositol

The figure was adopted from: J.Koolman, K.H.R6hm / Color Atlas of Biochemistry, 2"d edition, Thieme 2005
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The figure was adopted from: J.Koolman, K.H.R6hm / Color Atlas of Biochemistry, 2"d edition, Thieme 2005
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Self-organization of
phospholipids. A
lipid bilayer is
shown on the left
and a micelle on the
right.
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The figures are adopted from http://en.wikipedia.org/wiki/Lipids (April 2007)




Terpenes

+ derivatives of isoprene (= 2-methylbuta-1,3-diene)

CH,
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Y

» found in oils of plants and flowers
» characteristic odour (geraniol, menthol,...)
+ steroids are derived from triterpenes



Terpenes - classification:

* monoterpenes (Cy,) 2 X isoprene
- sesquiterpenes (Cys) 3 x isoprene
- diterpenes (C,,) 4 x isoprene
* triterpenes (C5p) 6 x isoprene
* tetraterpenes (Cy4p) 8 x isoprene

» formed by bonding ,head to tail™ or ,tail to tail"
> different degree of unsaturation
> variety of functional groups



Examples of terpenes
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The figures are adopted from http://en.wikipedia.org (April 2007)




EXERCISE
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The figures are adopted from http://web.indstate.edu/thcme/mwking/lipids.html (April 2007)




= = =
.- Z -

= = =
= ch o= S
=T -, —= =—/ — = T——=x
T —= =—h— = T—ch—=
oz m-d_=z a—d_=
=T -, —= =—/ — = T——=x
T —= =—h— = T—ch—=
= - —= i _ = —— & —=
=T -, —= =—/ — = T——=x
o N o
H|H..l| H|H..l| “lH.jl
s 0= =-d-= =-d—=
o = o
=T =T T
T —h—= T—th— = z=—h—=
=y —= ==y — = T——=
Ty —= T z——=x
T —h—= T—th— = z—d—=
=y —= ==y — = T——=

= = =

= = =
= —c e & — =

= = =
o= o o= o= o
T——x —th == r——
HI_.l_._IH HI_+IH _

=2 — I
=3 — I
- T
HIDIH
=3 — I
HIEIH
=2 — I
=3 — I
- T
=2 — I
=3 — I
- T
HIDIH
=3 — I
H|_+|H

Trilinolein

Tristearin

—C-C=C-C-

linolenic acid, an cmega-3 fatty acid

{ithe omeqa corbon atom I3 shown In blue}

trans

o

The figures are adopted from http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/F/Fats.html (April 2007)



