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Lipids of biological importance- 1
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Compound
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Why study lipids (importance)
* High energy value (9 kcal /gm),

* The fat-soluble vitamins and the essential fatty
acidsinifoods Main source in food

* Lipids are found primarily in three
compartments in the body:
* Plasma
e Adipose tissue

* Biological membranes



e Definition: Lipids are organicsubstances
— Which are related to fatty acids Lebaat a3 8 (ulad jue LW (oAb i Lo

JsaSIl ooy Lpgds Gliie (galad a2 (ol
. . g O3 N
* They are water insoluble (non—polar, hydrophobic) but
i alpleill soluble in fat solvents as alcohols, chloroform,
R e R
~lelzill benzene, acetone, ethers...etc
e [ (————

* Lipids are formed mainly of alcohol and fatty acids
combined together by ester linkage .o ol dluly)

R-OH + HOOCR, P alnuot Rl-OfOC-RZ
‘Esterlinkage

Alcohol Acid

v




Classification of lipids

1- Simple lipids:
— TAG and wax

2-Compound, complex or structural lipids
— Phospholipids

— Glycolipids _ _ _
— Lipoproteins simple _x derived s fatty acid J!

3-Derived Lipids

— For example: fatty acids —+ ¢ lycedsl
F

4-Substances associated with lipids

— Steroid hormones, lipid soluble vitamins
anllls Cods aials




Classification of lipids

1- Simple lipids:
* These are esters of alcohols with fatty acﬁs_

SRR

JsaSIl a simple JI ciiiial o3
* According toaleohol they are sub classified into:

— Triacylglycerols: these are esters of glycerol with 3 fatty acids

 When fatty acid are esterified to glycerol they loose their negative charge , and
hence the name neutral fats \3‘8‘)3_*_“| flae L

glycerol Jl as Jelitig 5l dyiany B Al ind aeall suie ouSas ) fatty acid J!




fatty acid wa o wle 135:4C JI saay s gle 4/1
— Waxes: these are esters of monohydric alcohols higher than glycerol with
one fatty acid

JI L OH s w8 waxes JI ¢l glycerol 5 waxes JI ou wuassll 3,8l
3 ws glycerol

TAG JI e 435S0 4ie 508 4 Olslpaall o)y
CJL‘JS.Q d4c UL°SJ
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2-Compound, complex or structural lipids:

* They are formed of simple lipids in addition to other
substances or groups:

— Phosphate =2 phospholipids

— Carbohydrates = Glycolipids

ApoB ApoA

— Proteins —2 lipoprotein

IiEoErotein



3-Derived Lipids: O
 These typebof lipids are derived from simple &

compound lipids e i mE
— Obtained by the hydrolysis of the above groups = fatty

acids. - o)\ yceso]

4-Substances associated with lipids:

* These are substances present associated with lipids in
nature and related to them in properties and
metabolism, as: oaibadlly wnlll ae L,

Wb UsaS & fat soluble vitamins (A, D, E & K) —s |<AED — ,\_;_L’f
M » sterols as cholesterol and provitamins as carotenes




Simple lipids —
CJl fiai A4S el oYL Lial / |

265 W L dleatt] C Ul sue ouns ‘ 5 .
I Primary Lo saag Ggs So dlaie  Primary carbons OH - Secondary
Secondary (alis S |

Glycerol : 30H 3 CHzOH
It is the simplest form of trihydric alcohol

Gslade el
It is commercially known as glycerin: CH,OH.CHOH.CH,OH

Glycerol is the main component of neutral fats TAG

k/ 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, stearic and/or oleic acids. N

16c ’lgc
c3lls ssall
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* Glycerol can be esterified with:

— One FAs = monoacylglycerol

— Two FAs - diacylglycerol

— Three FAs = triacylglycerol

CH0
HO=—C —H
<':Hzo

sn-1

OCR CH>0OH CH;0OH
RCOO——CIZ—-H HO-—(I:-H
H (|3H20H (IZHgOOOR
sn-2 sn-3

Stereoisomers of monoacyl-sn-glycerols

1,2 oo
Y+ a8, 45 SIL b fatty acid J

A. Triacylglycerol (TAG) B. Diacylglycerol (DAG)

a)12-DAG  ch.0c0-R;

CH20CO-Ry o |

CII-|OCO—R2 CIHOCO'R"’

Cll"leCO-Rs M
CH20CO-R;
CLOH
Crlboco-Rz

1,2-DAG:1,3-DAG =37

g———
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I O 11 20 I 11 29
° H —(|3— C\O H —(IZ—CIZ— C\O H—(IJ—(I:—(II— C\o
Il. Fatty acids Hooon LI IR B I I
Acetic acid Propionic acid Butyric acid
Y Compare with carbohydrates
 Most fatty acids are monocarboxylic J--Ss:SI e 8uag degans
acids
> | o 0
* 4 carbons, dicarboxylic 2 succinicacid < — < —C — ¢ —oMH
— o

 They have the general structural
formula; R-COOH

* General properties of FA:

— The chain length may vary from 2 to 24
carbon atoms  dlgk e S Al

S A
— Natural occurring FA had an even number
with few exceptions .2,4,6 . .o Lo o< sl ALl

— They may be saturated or unsaturated J:» @sisns



Classification of Fatty acids:

There are different methods for classification of FA
depending on:

sy 13 el el e fatty acid JI lyitea
XTI TRUTTS [N

1- The total number of carbon atoms ., c.uii o i ey L1

— Even chain: Most of the naturally occurring lipids contain
even chain FA. They have carbon atoms 2, 4, 6 and similar
series

Shgll Hlaa
§>%¥ — 0dd chain: They are present in milk and microbial cell wall.
They have carbon atoms 3, 5, 7. etc. L) sy s

2- Length of hydrocarbon chain:<.Ll Jsb Coun

— Short chain FA: with 2 to 6 carbon atoms

— Medium chain FA: with 8 to 14 carbon atomes.

— Long chain FA: with 16 to 22 carbon atomes.

— Very long chain FA: with more than 24 carbon atoms.



3- Nature of hydrocarbon chain: bl bals)ll danls coen
— Saturated FA (SFA): without any double bond (suffix: anoic) = ac¥l e alais HA

— Unsaturated FA (USFA): which may be subclassified into:
- 'mono-unsaturated (monoenoic or monoethenoid) containing one double

bond or
- poly-unsaturated (polyenoic or polyethenoid) containing 2 or more double
b 0 n d S . Carboxylic acid

group

\O H H HHHHMHHHHHH H H
| I R A R A A D I I e e

HO = C == L™ L= =™ = Cm = =G C~H
LI A AR Y N A NN NN R N N B B |
H H H HHHMHMHHHHHH H

L T T A N O A N
H H H HHHMHHMHHHHHH H

Linoleic acid, an example of an unsaturated fatty acid

f | : : .
- i;iécﬁ & Branched FA: e.g. isovaleric acid
£ ile 5 ih‘-/Hydroxy FA: e.g. cerebronic acid (brain lipid) HO2C CcH

N

o
e The most common fatty acids in nature are lonq chain and
<« -Straight chain (alipathic) with an even number of carbon atoms.

straight J! i sl Hlansl S oleaallyy vy ey daudally




Chemistry of fatty acids

Generally are hydrophobic = water insoluble

Carboxyl group (COOH) at one end and methyl (CH3) group at

another

Carboxyl group acquires negative charge:

* Negative charge = polar so affinity for water
* Hydrocarbon chain - water insoluble

Amphipathic

The longer the chain, the more hydrophobic it is

Carboxylic acid
group
N o
I

H H H H H H H H H H H H H
P 0 °r . °r °r 1

| [N I I R R A A A A D R B |
H H H H H H H H H H H H H

Stearic acid, an example of a saturated fatty acid

O H H H H H H H H H H

o r | I
HO-C—=C=C—C—C—C—C=(C—C—C=C—C—C—C—C—C—C—C—H

I A D A I A R D

H H H H H H H H H H H H H H

Linoleic acid, an example of an unsaturated fatty acid
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Saturated fatty acids v

They have the general formula CH;. (CH,) n. COOH.
L% .|

mMethy <albo Xyl
e These contain no double bonds

e All fatty acids containing an even number of carbon atoms from C4 to
C24 occur in natural fats and oils, the most common being palmitic and

stearic acids eaally eIl Leddi Lig S 24-4 e
e Short and medium chain fatty acids are uncommon except in milk fat
and butter. ilids Sadsasey &lydite LS e dacugic gl 8yl Ao
CH;- (CHz)n- COOH (n = Total number of carbons — 2), for example: =9 JoeiSeus SIL a8 Y § Gl el il
Chain length | Name Cno | Chemical formula
Short - Acetic acid Vinegar | C, CH;-COOH
-Butyric acid _p 10| Ca CH;-(CH,),-COOH
- Caproic acid Cs CH;«(CH,),-COOH
Medium - Capric acid Coconut| Cy, CH:-(C
Long - Palmitic acid g 4., £24 Cis CH;-(CH,),4-COOH ==
- Stearic acid " |Cis | CHx(CH;),-COOH
- Arachidic aCldpp;m“f(Cm CH3-(CH2)13-COOH
Very long - Lignoceric acid Cys CH;-(CH,),,-COOH




Unsaturated fatty acids

* Naturally occurring unsaturated FA contain Cis
double bonds

* This makes them bend 120 "at the double bond
and lowers their melting temperature.——

vls>

H_ _H  (Cis double bond
B g N
> < 3
// 12o Re
a4 N e-aH

HaC- - oleic acid
o O

She Lo aas 50 3,0 dayu aie ook 5Kdus wle 560 Lo Jus L e
24 BJ[)A H.’AJJJ.:LC%@..S.:} JL.'.AcJ.:ﬁdd:\J.C



&)
elaidic acid Trans double bond

hydrogenation of liquid vegetable .
oils (during the manufacture of margarine)

\/=\/=\v’ /\/\\/\

Cis double bond of PUFA Trans double bond

. saturated J/ «was €lay L d)ls L S,L trans JL L
Slae Tan Blle 551a Loyl SO s ay daagd) s3]l fsaiay U
sl sulaisl ¢ag saturated fatty acid ysasg Joddl 1o s
s pda Sy Slilbyyy Slhala Jary



HO)J\/\/\/\/\/\/\/\/\

trans-Oleic acid

HO

cis-Oleic acid



Saturated

Olelyd sate oA LY HHHHHHHHHHHH

ote the C ul.n.a
go:bltehbond... /C\ \C/C\}YC\C/ \C/ S e ol UJS" QD
HHHHHMH

HHHH
\C/ \C \C C HHHHHHHHHHHAH
/7 \ \C/C\
~4nd the /c\/\/\(c\(\( \( Linear structure
“missing” hydrogens. /c\ /c\c/c\(c\(c\c/ \C/ allows for tightly
/r\(c\c/c\(c\( \C/C\C/ packed fatty acids.
Unsaturated Q‘\\ AN NN
-cis 0

HHHHHHH Z

AAS

HHH H H
NN
’\( \(r\( \(c\( N The “bent” structure
Space between Zﬂ N prevents tight grouping;
ol caused 2" the resulting spaces keep
by bending Double band these molecules fluid



38 Lalia,ade el 3,k
 Two systems are used for numbering of carbon atoms and
denoting the position of double bonds in fatty acids:

> (1) Delta (A) numbering, or C-numbering, and Greek
lettering system

» carbon atoms are numbered from the carboxyl group, which is
given the number 1

» The carbon atom adjacent to the carboxyl group is C-2, and is also
known as the a-carbon

» The next carbon is C-3 and is also known as the B-carbon

» The position of the double bonds is shown by the Greek letter A
(delta), e.g. A° indicates a double bond between carbons 9 and 10
such as in palmitoleic acid
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# of Location
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Linoleic (C4g) A9, 12 (two double bonds) (w6 family)

—
CH;~(CH,)4—CH = CH—CH,—CH = CH=(CH,)7 —COOH
18 06 12 9 1

Linolenic (Cyg) A9, 12, 15 (three double bonds) (03 family) — ==L

CHi=Chy=CH = CH=CHy=CH = CH=CH=CH = CH = (CHy) 7=COOK
B 0 1 9 |

Arachidonic (G 45,8, 11, 14 four double bonds) o6 fami)
CHy=(CH,J=CH = CH=CH,CH = CH=CH, =CH = CH=CH, =CH=CH= (CHyJ3=COOH
) a6 14 i b ; 1

4l W aaal é_‘.i:) Z0 o=l G trans <uls gl LY | e @lanYU saal giall S
0O



1 2

4

3

w-carbon

@)
s 5 % [

CH3CH2CH2CH2CH2CH2 \ 7 / CHzCHzCH2CH2CH2CH2CH2C e OH

| Bfmoy
H/ \H

palmitoleic acid (an omega-7 fatty acid)



> (2) Omega (w) numbering system

» the methyl carbon at the end of the hydrocarbon
chain is known as the w1 carbon (omega 1 carbon)

» From the nutritional point of view, it is better to
indicate the position of the double bond as related to
the w-carbon rather than the carboxyl carbon

» In this way palmitoleic acid is w 7, oleic acid is w9,
linoleic and arachidonic acids are w 6, and a-linoenic
and timnodonic acids are w3.



Lilde oL ol Lgal v U nutritional point 4ea 0 col& 151 Lglaatens
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beta o
alpha alpha

B4 . =
10 ° s =
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H Carbons ;—L—I Bond
# of Location
Double
Bonds
1= e B T As Ea=t |
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*Palmitoleic (unsaturated palmtic acid): 16:1:w7
CH; - (CH,);— CH =CH - (CH;),— COOH
10 9
*Oleic (unsaturated stearic): 18:1:w9
CH; — (CH,);— CH=CH - (CH,),—- COOH
10 9
*Nervonic (unsaturated liehoceric): 24:1:w9
CH; - (CH,); - CH=CH - (CH,);; — COOH
16 15

sl



thyl end

=W Mo

T—yu=I

Ty~
Teis=T
L=
T2
Tl
Te=X

S=yY=-X

T=y=-X

B Ty~

2 3 4 5 6 7 8 910 11 12 12 14 15 16 17 18

U T=U=T

i

C-numbering system: 1
Carboxylend H<O=—=C-—

(e-numbering system

18 1716 15 14 13 12 1110 9 8 7 6 § 4 3 2 1

0 (Saturated FA)

Steric Acld-—18

2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

C-numbering system: 1

—H Methyl end
Ww-numbering system

1

T
T~z N
Tmm T ¢
T~ T ¢
T T W
Twy=T ©
L ST o
==X

ST S

W—x
e T
Tt T
- T
T T
===
Ty~
oL ® Lo 4

18 17 16 15 14 13 12 11 10 9 8 7

Carboxylend H~0—C—

Oleic Acid—18:1 (MUFA)

A? & w9
2 3 4 5§ 6 7 B 9 10 11 12 13 14 15 16 17 18

1

C-numbering system:

O
"
C

Carboxylend HO -

He-numbering system

1

18 17 16 15 14 13 12 "1 10 9 8 7 6 5 4 3 2

Lincleic Acid—18:2 (PUFA)
AR & w6




u } ,,to the structures, The names

" d is a major
; (from the Greek
temperature. 1

Anoic: saturated
Enoic: unsaturated



Palmitic acid ...... 16¢C. ...... 6=hex /10=dec
anoic L~y saturated <olasg

Classification of fatty acids

Lol jusl
* Non-essential fatty acids: can be synthesized in our bodies

 Essential fatty acids:
— Not synthesised in our body (must be taken in diet)

= Linoleic, (w6), linolenic (w3) are essential fatty acids (EFA), they
cannot be synthesized by the body and

These two fatty acids cannot be synthesized by
JI Ogors el sdie | humans because humans lack the desaturase

delin o [ gaq desaturaée enzymes required for their production
) fatty acid J! Jsia



— Arachidonic acid is not one of the essential fatty acids

* However it does become essential if there is a deficiency in linoleic acid or
if there is an inability to convert linoleic acid to arachidonic acid

e daiiay Huds araall Y arachidonic ¢ essential s s

sadd Le yuas o s @rachidonic J linoliec JI Jugad 3o,k
7, &< arachidonic Jb jadi dié yuas 7 cSpuls WO JL



sl aged S avuall Jold Hles sy Jgia
Importance

Saturated fatty acids:

Joxall oy o IPAlmiticacid is the commonest fatty aﬁld in human tissues
 Source in diet: animal fats (e.g. milk), palm & coconut oil

* 1 intake = 1 blood cholesterol + {coronary heart disease.
SJ:\:\S CJL“\-QS Lo JAJ.\ L

* Trans un-saturated fatty acids:

* V small amounts found in butter but the main source in diet is
e danagll oeayll from hydrogenated vegetable oils ( eg, margarine).

* Trans fatty acids compete with essential fatty acids =2 may s
~3l&5 exacerbate essential fatty acid deficiency Mfiin:i oty Ao

 Structurally similar to saturated fatty = hypercholesterolemia

& atherosclerosis  Jsiwils<ll sy saturated JI dui (oS GSa
Gl Galyel Jaatyg



SATURATED FATS

SATURATED FAI

TRANS FAT

is found in many foods

V{Q -t

Chocolates &Wafers  shortening & Margarine  1ce-Cream

»
3
!
1
"

Biscults & Cookies

ﬁwm
g
ii French fries

%

Breakfast cereals

: Breads & Buns

Pastrles.Ples&PuffsE
44 l- -'( R *

Fried chicken




e Importance @ sue gl s o0 se ke

e Cis unsaturated fatty acids :

* Either mono or polyunsaturated

Monoenoic acids Polyenoic acids
\= More =—
©6PUFAs 3 PUFAs
Sources are present in all | are present in nuts, are present in plantoils as
animal and olives, various oils as | flaxseed and canola and
vegetable oils. sunflower, cottonseed | in fighwoil.
Olive oil 1s a and comn oil.
particulariich
source.
Linoleicacid(182) is | a-Linolenic acid (18:3) is
the precursor of 06 the precursor of 03
family family
Biomedical | Intake has Intake of 06 PUFAs | Intake of 03 PUFAs may
importance | beneficial health | may lead to: reduce the incidence of
effects as: -decreased plasma cardiovascular disease as
-Decreased cholesterol they:
“ 5.0 plasma <ower the blood pressure,
‘#“"J cholesterol -lower plasma
triacylglycerol levels
-decrease the tendency to
throsibosis




* Lipids are formed mainly of alcohol and fatty acids

combined together by ester linkage ~:xoai Ml ikl

glycerol J! as Jeliisg 8 il Uyaay U o Wl Gias Gaeall saie ouSas ) fatty acid J!
UL Gudl adds wlay o5 1iag dad hegalas Neutral fat juess WLl Gias Jd4,

TAG JI o0 455K 4o 5,08 o &l lpudall
LS sae LaSy

=) 13l He S Wil s fatty acid J! Liis
S sl Sl sse
1- The total number of carbon atoms ., ..o o e Lo
— Even chain: Most of the naturally occurring lipids contain

even chain FA. They have carbon atoms 2, 4, 6 and similar
series

Shg,Sll Hlaa
§>%¥ — 0dd chain: They are present in milk and microbial cell wall.
They have carbon atoms 3, 5, 7. etc. L) aveas e

ﬁq_a‘a.@_m. lSA"?J.” A | Y PRV



