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Lipids of biological importance- 4
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Complex (compound) lipids

 Complex lipids are formed of: e 0sSis complex JI  os¥ls LS
: .. s olise +simple
— simple lipids
— PLUS other substances such as:
* Phosphate radical/ group = phospholipids
 carbohydrates = glycolipids

* Proteins =2 lipoprotein

JPS@ Fatty acid .o ¢ daiias LS;;.SMI

phospholipid JI il ?_‘ Lol



l. Phospholipids

W@LM@&IJ&“I9;S”&9§~ Copegs J e
Glycerol ---- glycerophospholipid

49 sphingosine. bla <ie (aling agll sisg 7 ol & o3l USE 1S cliag
unsaturated sas i< e J okl Vou
W —C—°H
Structure: 5 —Cl——o\—l
* Phosphate group + alcohol (joined via ester bond) + FA (
o Y _.C[..—-o\—-l
U

* There are two classes of phospholipids (according to alcohol):
* those that have glycerol as a backbone = glycerophospholipids back boon J/ s (acis
* those that contain sphingosine = sphingophospholipids



A-Glycerophospholipids: There are 9 types & include:
» Phosphatidic acid and its esters with one alcohol

» Plasmalogens

» Cardiolipin

agale (8,235 T Lty UKL 358 gty agionss SLsSUL [sdling ¢ 153 s stie aadsiunsdl] o ¢ silLa
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Simple lipids & CH,OH Coe e

/
— |
Primary carbons 2 CHOH Secondary carbon
\\\ |
\,‘_\i 3
. Glycerol: 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, stearic and/or oleic acids.

CHy~(CHy)1,~CH=CH-CHOH-CH-CH,OH

NH, =
Sphingosine: an amino alcohol with 18C w

_— Y
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1- Phosphatidic acid: ol g\fjj yw‘ﬂiﬁ%ﬁ@é
* Simplest phosphoglyceride & is the precursor of the
other members of this group

O
‘ oz L_g

dl B awle |t is diacylglycerol phosphate:
N . - wle (555 L)C (ole FA Jgmle
— It consists of glycerol to which are esterified :  ¢3 i (<l ;<)C2+ (1 Lo
* (1) a fatty acid, usually saturated at the 1- position phosphate group L~

e (2) afatty acid, usually unsaturated at the 2- position, and skuckure
* (3) phosphate at the 3-position
Lo 3 (13S0 a¥e Baieal s (o3 wudsdonsi 51

Phosphatidic acid is an intermediate in metabolism ; little may be
found in cell membranes.
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Phosphatidic acid




JI ol Sy g 3,10l ey ph acid JL o licusdl!
Sras ol OH JI 4gan co(dinng ;i 30c B) choline
2- Phosphatidylcholine (lecithin): oSl
* The phosphate group of phosphatidic acid is esterified to the alcoholic

group of the nitrogenous base choline

saturated fatty acid piua suicy dl (S0 awl

* Itis the most abundant phospholipid in the cell membrane
ss=_ Represents a large proportion of body’s stores of choline

LS Ul gasill (ysSL
delsil o £ 53 Dipalmitoyl lecithin (two Cie palmitic FA) is the chief lung surfactant. Its -5 ¢a .5
deficiency leads to respiratory distress syndrome in premature infants

palmitic J! &5 oo 5 C1+C2 le Liiye 0,5 oLl FA U

CHy0—OC R HO—CHz'CHz'I‘lL(CHs)s
Phosphatidic Choline CH
d . Y e + 3
=y CH-O—OC.R; - _Q_CHZ—CHZ—N<CH3
O ’ A \ CH3
CHyO—P—0—CHy-CHy-N—(CHa)a ; 7 ’
(5 ¢ Choline

Lecithin
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2> lung surfactant J/ Lilee Il



lung J/ ol ®
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 foefu:
Low levels of surfactant leads to respiratory distress syndrome

(RDS)

Lung surfactant

.‘.,. (-ﬁ)\

LI cpaadl

s matures, more lecithin is synthesized

Lung surfactant regulates surface tension

R
r)«)@‘f)j ‘)‘) J)j} Low surface tension
J)jJ Jj}] ‘?‘ ‘rf Normal alveoli
b JJ) ' > 3)-7:)) 5
\ ~

e Water drop

High surface tension
Collapsed alveoli




Sie S0l sla s Lauc g Jud 3u¥y s sy Gliale cpiadl sl oo A=A el oS5 lecithin J
@_A_u Q s—’w respiratory distress syndrome Loyl L9_;:.| b_\:\.c. e Q < oaldl sie ZuJS:A
UQBUMJLGA @.Ie,_g sl o= mbl@aﬁlyrjs.la/ premature infants JI J@muw

oudth Hlie Gyl lecithin J) 3sle sskaay g 4ad




expirationd/ 4l waas e (e Jileddl slag Sl aalsa (A5 YA s cMlaysall
lung surfactant lines the alveoli to lower surface tension, thereby preventing collapse during breathing

lecithin cholesterol acyltransferase” is an enzyme that transfers a fatty acid from the lecithin
(Phosphatidylcholine) TO the Cholesterol-> which causes Esterification of the cholesterol

dipalmitoyl lecithin has 2 palmitic acids is a component of the lung surfactant

in adults: lecithin to Sphingomyelin RATIO is 2:1

: in embryonic life: the ratio of lecithin to sphingomyelin increases, becomes 2:1 or more and
this means: Fetal lung maturity, so the baby is ready to breath without collapse of lungs Iigs

gl JLS aual §5ubi gl seanll gle 3¥ll Gl



the nitrogenous base is ethanolamine not choline

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 tolecithin in cell
membranes and in blood plasma

lecithin J/ &l <

-~

CH;—OOCR' . :
| phosphatidylethanolamine
R"COO—(IDH O .
1
CH;—O—P—0O—CH3CH,NH3 -
X J/

v

oy Sliygdll as Ledas yi iag Ll 3uc 5 ethanolamine J! Ethanolamine



4- Phosphatidylserine:

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

* |Itis found in cell membranes.

i

PHOSPHATIDYLSERINE R —

Y
Serine

/

0
| |
C—O—CH O

I
HQC—O—FI’—O—CHQ—CIEH—NH;;‘

o loley 29,8 Slieysdl] g dlas yis olsel (A



5- Phosphatidylglycerol:

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

|t forms part of the lung surfactant.

JIJ-‘“C)JSA;LM L~ 5 LS ! 650 98 s
958 Sliusd @ gud s dlas g JeaS Coniy dipalmitoyl Lecithin
1
0 CH; O—-C—R
R’ (].|7 O ~C|}H O
CliH?—O—-F:D—O—CH;,—CHOH—CH;,OH

O



. ] . . . Remember: inositol is a sugar alcohol and a
6-Phosphatidylinositol (lipositol): second messenger

* The phosphate group of phosphatidic acid is esterified
with the alcoholic group of inositol ¥ «Ssow sLisl

51l ant) e Lialls Liagena
e It is found in cell membranes, sespecially=nuclear

membrane
* Phosphatidylinositol 495 bisphosphate found in the 5
plasma membrane isiimportantintthesmediationtofithe 0 0
action of some hormones Jayn A HoC— CH—CH
HZC': —O—CO--R,
R;~COO-CH  OH
C=-0O—P— 0
Hy 'o _J OH OH
LAl ole Jast Lo ol &ligayell Joc o Gl }iiOH

OH
w98 Sliiugd 2 dasiye inositol JI cas OH J




Hydrolysis of glycerolphospholipids

2 1 Fatty acid
Glycerol
Fatty acid incli —01CO --R; Choline
l :
il i /
L-‘"_‘ 8—'0“5’—0 “'C—'—C{—NKCHs
H
2 0 2% '* CH3.

clesi(3]  [4]

1 = Sile of action of pl u»:.p.‘un' pase A1
2 = Site of action of phospholipase A2
3 = Site of action of p Il).‘ip!'l(_):'_{)i'lr»(f C
4 = Site of aclion of phospholipase D

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



5K e ST Lie (Gl
1-a fatty acid, usually saturated at the 1-position
2-a fatty acid, usually unsaturated at the 2-position

3-phosphate at the 3-position

4-attachments to the phosphate
wd [l (I KL Ca 999 phospholipases JI [sew &S

ol w98 st (S Jlses o (Sas 3 phosphatidic acid JI S5 Bia) &l Ly Lwa
J glycerolphosphlipids J! Js=

s Gisy Y D sa ¢ phosphatidic acid

\;lclégb\ d}:\;\%;xhb}“cb‘ﬂ‘ ?L“ uh)&).&am )Lmvmtﬁsd\w |
lysophospholipidd lecithind Jis: ¥ PLA2




H, H+ €GaaSy oliall £ 58 a5 (Sas triacylglycerol JI dus ¢l Jdll olyalad b LS
ljf.usu L ‘,_;@LJ ol lslas glycerolphospholipids and phosphollplds Jl s o<1 CH3

phospholipase A2 which acts on phospholipids(very e ¢ giad LY JSLie s gad¥ | dadd
abundant in body) phoshpolipids in RBCs into something called lysophospholipids



lysopospholipids are not Phospholipids because the fatty acid at the 2nd
o position is removed by Phopholipase A2
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 produced 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

pellony A2 53] pgole Choai 1=\ (e G5 palida ol L on
e C2 L dhg )Ml fatty acid Ciace duleall uds o
Vd adlsnag Jgypemlall I CH,

ey Joen CHz-O—P—0-CH,-CH-N=CH;

OH CHs3

Lysolecithin
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Hemolysis

esterified from of <81 J g i<W faty acids Jai ode <Gya8 Jau €Y
w Sdie ohal yuasg hgenll daeg¥ls Jg il sSI o<1 5us cholesterol
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atherosclerosis




8- Plasmalogens:

* These are similar to cephalins, but the fatty acid in the 1- position is

replaced by a fatty alcohol, usually unsaturated- Lajye ol
e —"

 The phosphate is usually esterified to ethanolamine; however-it-may
also be esterified to choline or inositol

JI 80l e s (Sae LS Y cephalins JI gle 3y s ie plasmalogens J!
Jsiseusil o) AsSI) (o8 (olo¥ | gy SIL dhasy )0 FA JI LSws ol 50y choline or inositol
Oaslleydl Labas F alcohol J Llsay

Plasmalogens are found in cell membranes, especially in muscles and

brain (10% of the phospholipids of brain and muscle are Elasmalogens)

<
0 1CH. —O—CH=CH—R Example of fatty alcoho
2 —_ -
R.— g_ 0—2(!}H 0 CH3;CH=CHCH,0OH
‘ | I >

O...







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

contains acetic acid
Saturated FA

Ether linkage /

O FHQ_O_CHQ_CHQ ?HZ_O/\/W
n

CH;C-0O-CH 0 e

“——— CH, 0 -P- OCH,CH, NH S g
A 2 M 212 N3 o)

‘;(:(e):]ypl T O platelet-activating factor

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



The acetyl group has a relation with leucocytes functions, platelet
aggregation, inflammation and anaphylaxis

wrl=

Eicosanoids act locally as paracrine hormones (not like other
hormones), because the action we need is locally



Jasmelall 3ok e a2 e aghs 3 phosphatic acid JI e o5
9-Diphosphatidylglycerol (Cardiolipin): 98 Sliyedl] e yo

« Two molecules of phosphatidic acid esterified through their phosphate
groups to an additional molecule of glycerol

* This is the only phospholipid that is antigenic Stimulates the immune system

[t is an important component of the inner mitochondrial membrane

(accounts for 20% of mitochondrial lipids) & bacteria
P

plimg cldsais Gl arun & ading Lo Leboal IS LyuiSoid | 4l fsaiidl yolill elale Sal
LS5kl LSl o Tyl 5 o)L aghan ke Balla g

CHyO—OC Ry rﬁooo& Type your te
cynical Jl o¥lids ode Sy 7, Hlaie¥l (SS jo<ull TH—O—ZC-Rz TH—O—OS.&
Signification CH,0—P-OH CHyO—P-OH

O—CHyCH—CH,-0
OH



Nl (ERE
. Decreased cardlollpm IeveIs or alteratlons in ltS structure or metabolism cause
schondrial dysfunction in pathological conditions including heart failure &

Barth syndrome

7
0 g silly Hlaadl ity 055 LyuSenll sy dgage 55 oLl cardiolipin J e Jis UL
Sliie Gl J dalan QM) dlae Ci8grg LA il e uoms ¢ 48Ul g L1 Jis 7 o3 48l & Ll
&k oy ((Jaid

» Barth syndrome (cardioskeletal myopathy): genetic defect in coding for
tafazzin, an enzyme involved in the biosynthesis of cardiolipin

a5ai¥ | 1ag o3 L a3l @ B oo Jghone O el sutie (45 algil oIl JaLII ) cpaall
MLMAMM&MI@C\FUCJJW’XJAJ)&I@M& Js.r
m— bd\gd.a.c‘i.:sls.c b_m YERYS u\gﬂ{g




Lgale Jle
B- Sphingophospholipids (Sphingomyelin):

* The backbone of sphingomyelin is the'amine 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

Ll
Ceramide
A

d Sphingosine L

A
I “ .

H - . . . .

CHy— (CHohy — CH=CH— CH— CH—NTE=R 2 das 3 unsaturated  J g oewlall 0 Jsbl sphingosin J!
¢ : ceramide <ol Syo Lillaelg wule¥l dasly 5,k e FA

CH, Fatty acid

LA sicugd sl 83 wals SOl iun (od ulial oysinias



* A phosphate is esterified to the 1- position of sphingosine and
choline is esterified to the phosphate
Sliiygdll 1ing gy8 liiugs gaiidiull C1 JI ode bay iy slallg s80d ] o0 ceramide JI Llae Lo sy Leua
shingomyelin gl allay g (<o das jis

Ceramide
A
4 Sphingosine i
A
i OH \? ¢ GLSs
I b
CHy — (CHphz — CH=CH— CH— CH~— N—C—R 1-FA
\W_J . .
CH,  Fatty acid 2-Sphingosine
0 3-phosphoric
Phosphoric acud{ | .
0=P—0" acid
I + .
O—CH,—CH, —N(CHy); 4-choline
AN v J
Choline

O —"
sphingomyelin



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

* * - which is present more in surfactant?
/’"’ ’CC v“? l'IO
| L 3
€= Sf’lq.r’)fao v Yelin



Solubility of phospholipids  Aphipathic

Non ¢l non
* The presence of nonpolar groups = make them soluble in fat

solvents ﬁA leaas st oL Lzl

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

&,\ﬁg&%ﬁ% (cell membran Jl ;) micelle J! Lagers 3 SH (57 SIS 55 (oL aniy sl gdiygdl |
phase - e . -
8:\; :_é’?% ga¥ b cUb Glugdiy (ol algll Ja5 o8 audi,



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

insoluble fats iy o gt gs s s,

e 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 agueous phase ¢ slin b

el Lans ol 80l s LSl JATall oy 35360 nONJ I 85500 JSie JSUi wadgioggdl]

L . . 2 sl
e This is important in the formation of the plasma

lipoproteins and in the digestion and absorption
of triacylglycerols

tri JI polaiols acaag (ng 9ot LS Jaas sulodiugdl) ol ,adl L micelle J) eal
elsss oy Lie micelle (S clia Lined (UL Godis L tri JI Y




Amphipathic lipid

A
O} Polar or
. - 3 hydrophilic groups
Nonpolar or
hydrophobic groups Agqueous phase

Aqueous phase Aqueous phase

Aqueous phase

Lipid bilayer Oil in water emulsion

in the middle, it
can store fats

compartments bitayers

Liposome Liposome
(Unilameltar) (Multilamellar)
E F
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Il Glycolipids

s Jdaaig and Cuads il Sl aias liie

seulsl
* Glycolipids are lipids containing a carbohydrate radical

* They also contain sphingosine and are, therefore, classified with sphingomyelin
as sphingolipids «la cais e juss sy sphingosin o Jgseenle is a5 back boon J!
~ sphingolipids J/ caiayyg
dJd99 QSLJ
 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: Gl

 These consist of sphingosine, FA (usually 24 carbon lignoceric, cerebronic, or
nervonic acid), and galactose or glucose. sphingosine + FA e 5,Le -S|

9 3Selall 8 cayulag ) IS J ddvdn g aulll (iudaay o80adiull 2o daand agio aaly gl @8 £ lg3) &G T FA I
Cal agad (nesi Al 0

cerebronic acid is a hydroxyl containing fatty acid




 The FA is connected to the amino group of sphingosine in
amide linkage sl oLl Ly

* The sugar is connected to the primary alcohol group of
sphingosine in B-glycosidic linkage :.c .l Js-<Ii L.,

e Galactocerebrosides predominate in nervous tissue

dielia o8 JA s 35Sl . . . .
* " Glucocerebrosides predominate in extra-neural tissues



CH,

(C}°l:),|
Galactose é 0 /C eramide

\ ‘-'”.-””) HN OH #

— |
OH /1 O—CH,~C—C~CH=CH—(CH,),,~CH,
N OH H/ H
H /1

H (OH

Galactocerebrosides



2. Sulpholipids:

e Sulpholipids, or sulphatides, are
galactocerebrosides in with sulfuric acid @C3

in galactose S g Lgsle b i 35510 BB By

?H
0-CH; -CH——CH~-CH=CH-(CH,);:CH,




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

* Found in cell membrane

sialic acid Lasic Ly 0ligo JI agllas baniyg aglodis,



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.




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)



COOH Pyruvicacid ..
................................ N €=0
=0 e CH,
CH, H-C-OH
H-C—-OH T T —— , | CH;-CO-HN-C-H
H,N—-C—H HO-C-H
HO-C-H H-C-0OH
H—C —OH H-C-OH
H_ ¢ —OH CH,0H
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)

s (SO ad SO g 565 e o dlsionsd cra oSe LTl @i oLinall
LS (o1 Lag LA Jua gy wdae s Janyg Ll 93,8 degan
e yulass, I o CHO U
* CHO radicals of gangliosides and globosides are antigenic;
they form the blood group antigens, certain tumor antigens
And cell to cell communication




gangliosides and ;s degias ws Slalge Lgale s el yaaldl aall ol S
suleSlall 499 s O or A or B IS ol duie adll £ g3 sastiy I s glObosides

LMLl sall slalss pial od4 Jasis globosides+ gangliosides g

Ll ool s 8 e O] s
* Malignant cells show marked changes in the composition of
glycolipids in cell membranes

normal Ju 33 sa sall (e UIS Caliddy D cancer cellsd! cell walldb 82 sa sall U Sl
z Al Lgdlagin) 4l e Jaii5 W researchesdi | cells



Glycolipid

B
& Lipid Residue
G

QRPP

Sugar Residue

OOOOOOO

Lipid Membrane
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T Phosphatidylethanolamine
| ‘ Lipid bilayer of Ethanolamine
O® @ GW e W Wwew | nomalcel D e e
* PEpresentinthe innar leaflet S
®e e 68 06 & } Lipid bilayer Polacy TN
N
of cancer cell 8
9SO GF e S8 e ’b"u"’
*  Disrupted membrane asymmatry Y d
*  Exposed PEto extracellularspace y 7
LN '; )
Whea® Mi," b
AN Non-polar -
&3 Y,
PE-bindingpeptides {-m &
*  Duramye " : < X
. s OphicbolinA Targeting PE o ) :
Cyciordes ‘ potential anticancer Ja * O
therap r
‘o'o’ : ot‘:ow o @ %
cose .. . EOICHBIN0S Exposad PE on endothelial
Specific binding to PE-headgroup cells intumor vasculature
_..o:o“...o ) o e ,
G T RSP S T v ““Celllysis / Celldeath
Insert and disrupt membrane integrity -~V u
£ B 8 B e e )
OGN 000w
Pore formation and membrane permeabilization




° ° ‘ot / ‘
1l Lipoproteins Lipid + plotien
| | g salsdonsdll 3,56 i
* Lipoproteins are arranged as: L gl Isan (1Sl
o = lipid part to the interior of the molecule
No"—

e protein part to the exterior of the molecule
Yolo

 This gives the structure a property of its

solubility -in-water (lipoproteins are water-
soluble) p -

* Used to transport lipids in plasma



il TaSee Cinieatll bl

Classification according to the amount of proteins s

Classification of Lipoproteins

"Bad” "Good"
(Non-HDL)

Chylomicron VLDL IDL
Very Low Intermediate

Density Density Density
Chr%'r%w;%rton Lipoprotein Lipoprotein Lipoprotein Lipoprotein

1000 nm 70 nm 40 nm 20 nm

2l L IS 1€ s cnd Il 5,90 i S s

High density
high quality

density of protien

QUAity AN Soan | 18" gins cole | cxippell duaa Creun (gl sengl aeS JSY
soul yrats €S J& U L good for the body ‘ | 123 JUL‘__ ‘G-‘P‘ Aa[g



Derived lipids
Jaeaeally aiglaaoSIl oo Fiitie Ve

* These lipids are derived from both 5|mpTM&& compound lipids.

1- Alcohols: These are.

. Glycerol It is the backbone of glycerol phospholipids. —+ TAG
. nghe?sgldc&ohols E.g. myricyl alcohol——= wAX

* Sterols: as cholesterol, ergosterol. Their esters with fatty acids are
WaxXes WAX Ligha FA as§ il agllilae

* 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.

e Vitamins: vitamins E & K are fat soluble & are
associated with food fat

7"(’5‘ e Carotenoids: important precursors of vitamin A
/

Hl&;ubm Q.CL\.*@&&‘MLul

Vitamin D3 is better than D2 in raising Vitamin D levels
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carnitine:
beta oxidation agll jias lie LoaiSeill lsa FA JI osds
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