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Classes of lipids
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Emulsification of dietary lipid in the small intestine
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Degradation of dietary lipids by pancreatic enzymes
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Action of pancreatic lipase on Triglycerides
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Action of phospholipase A2
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Hormonal control of lipid
digestion in the small
intestine.

Bicarbonate  (in blood

Degradation of
dietary lipids
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Absorption of lipids by enterocytes
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Absorption of lipids
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micelle by an intestinal
mucosal cell
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Resynthesis of TAG and cholesteryl esters
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Assembly and secretion of chylomicrons by
intestinal mucosal cells. Short- and medium-chain
length fatty acids do not require incorporation
into micelles and directly enter into the blood
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Secretion of lipids from enterocytes
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Structure of lipoproteins
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Use of dietary lipids by the tissues
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Chylomicron

lipase

Lipase hydrolyzes the INSIDE CAPILLARY
triacylglycerols, allowing
uptake of glycerol and
free fatty acids.
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The chylomicron
is anchored by
lipoprotein lipase.

Lipoprotein lipase

~ rolysaccharige chain

ENDOTHELIAL CELL
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The elongation stage of fatty acid synthesis
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R—C — CH,— C —S-ACP
3 Ketoactyl ACP
3-Ketoacyl-ACP NADPH +H @
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p-3-Hydroxyacyl ACP co,
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ACTIVATION OF FATTY 4dawdll (alaa¥l Juads
ACIDS
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Activation of fatty acids

R—COO®©+ HS-CoA

Fatty acid
ATP
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AMP + PP;
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EXTENSION AND DESATURATION
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Gl 5l Lo gadi ASY) dadl) (i gandl AUl Jgand) C

Number of Numberof ~ Common Melting

carbons  double bonds  name TUPAC name point,°C  Molecular formula
12 0 Laurate Dodecanoate 4 CH,(CH,),,C00°
14 0 Myristate Tetradecanoate 52 CH;(CHy) ]2C00®
16 0 Palmitate Hexadecanoate 63 CH,(CH,),,C00° )
8 0 Stearate Octadecanoate 70 CH3(CH2)|6COO@ i
20 0 Arachidate Eicosanoate 75 CH3(CH2)|8COO@
2 0 Behenate Docosanoate 81 CH3(CH2)20COOe
24 0 Lignocerate Tetracosanoate 84 CH,(CH,),,C00°©
16 l Palmitoleate  cis-A’Hexadecenoate =05 CHy(CH, )sCH=CH(CH,);C00°

(18 1 Oleate cis-A%-Octadecenoate 13 CH(CH, );CH=CH(CH, )
18 2 Linoleate cis, cis-A*'%Octadecadienoate -9 CHy(CH, ),(CH=CHCH,),(CH,)sC00°
18 3 Linolenate all cis-A*"*P-Octadecatrienoate ~ —17 CH,CH,(CH=CHCH,);(CH, )sC00°

4 Arachidonate  all cis-A ! Eicosatetracnoate 49 CH3(CH2)4(CH=CHCH2)4(CH2)2COO@J

\20
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EXTENSION AND DESATURATION
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Elongation and desaturation reactions in the
conversion of linoleoyl CoA to arachidonoyl CoA
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Linoleoyl CoA (18:2cis,cis- A*"?)

O, NADH + H®
A°-Desaturase
2H,0 NAD®
o

18\/\/\— /\—-/\_/\/\/E —S-CoA

v-Linolenoyl CoA (18:3 all cis-A%*"?)
o
|

©00c — CH,— C —S-CoA
Elongase Malonyl CoA
CO, + HS-CoA

o

zow_/\_/\/\/\ Il
14 11 8 CHZ_C_S_COA

Eicosatrienoyl CoA (20:3 all cis-A%®>"'%)

O, NADH + H®
A°-Desaturase
2H,0 NAD@
O

14 11 8 -
N NN ||
e s 2 N M R \/\cHz_C—s-coA
Arachidonoyl CoA
(20:4 all cis-A>%"1%)
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SYNTHESIS OF <) sdew gdl) 9 &y o) SN £ Llal
TRIACYLGLYCEROLS AND
GLYCEROPHOSPHOLIPIDS
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I X = rest of polar head

RINANNNNAANS T2 H 1
o 3CH2—O—T—O—X
o
Precursor of X Name of resulting
HO —X) Formulasof —O — X glycerophospholipid
Water o 2 S 5 | Phosphatidate
@D
Choline — O—CH,CH,N(CH3)s Phosphatidyicholine
@D
Ethanolamine — O—CH,CH,NH; Phosphatidylethanolam
@D
NH3
Serine — O —CH,—CH Phosphatidylserine
coo®
Glycerol — O —CH ZCIH — CH,OH Phosphatidylglycerol
OH o
Il
ﬁo CIH bOCR3
ﬁ R 4C OCIH
Phosphatidyl- — O—CH,CH—CH,—O—P—O—CH, Diphosphatidylglycerol
glycerol | | o (Cardiolipin)
OH o

myo-Inositol Phosphatidylinositol
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glycerol-3-phosphate ! sud 3 Joul i g8-3 Jg s ||
i -3 J5_ualel) (00 C 5_iuls a5y 53 racyltransferase
S L (Shailin s gl en) lin -3 J g pale Jrul-] e J peanll
Angdial) damdll i gaall ysi 48 o) 55V 134

|-acylglycerol-3- Jl el 5 Jousl lien 983 Jgpmle Jawlel .2
Jrul-1 e C2 551l 54 :phosphate acyltransferase
Anpdiall pf dandll (& gaadl a3V 138 Jiady Cilin 8-3 J g e

usually saturated usually unsaturated
0 0 0 0
II I |I |

'CH,—OH R;—C—SCoA HSCoA  CH,—0—C—R; R—C—S-CoA HS-COA 0 CH,—0—C—R,

| \) / | \ / [ |
HO—CH , HO—CH > R,—C—0—CH

| Glycerol-3-phosphate | 1-Acylglycerol-3-phosphate |
3CH2—0P03® acyltransferase CH2_°P03® acyltransferase CH2_°P°3®

Glycerol 3-phosphate 1-Acylglycerol 3-phosphate Phosphatidate
(Lysophosphatidate)
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Synthesis of triacylglycerols and neutral phospholipids
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Il
ﬁ Cle—O—C—R1
CH,—orP0®

Phosphatidate

Phosphatidate |—H>0
phosphatase P.

' (o)

[ I | @
R;—C—S-CoA CDP —O0—(CH,),—NH;
CDP-ethanolamine

Diacylglycerol | Phosphoethanolamine

CoA-SH acyltransferase CH,—OH transferase CMP
1,2-Diacylglycerol
CDP —O0—(CH,) %(CH ) ﬁ
| R 2™ 3/3
(o] CDP-choline \ o CH,—0—C—R,
|| Phosphocholine I |
ﬁ THz—'O—C—M transferase Rz_c_o_TH ﬁ
®
R,—C—O0—CH 0 cmp CH,—O0—P—0—CH,—CH,—NH;
| | , (=
CH—0—EC—Nhs O  Methylations b ) .
Triacylglycerol I - Phosphatidylethanolamine
ﬁ CIHz_ 0 S— C — R 1 /

R,—C—O—CH o
I l ®
CHz_o_ P_O_CHz_CHz_N(CH3)3
lo

Phosphatidylcholine
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Synthesis of acidic phospholipids

o
|

ﬁ (|:H2—0—C—R1
R,—C—O—CH o

Phosphatidate 0°

CTP :phosphatidate K cTp

cytidylyltransferase PP
(0}
Il
(I'I) CIH ,—0—C—R,
R,—C—O—CH o 0}

Bl CDP-diacylglycerol

HO —CH,— CH— c00®

Serine Inositol
Phosphatidylserine synthase y Phosphatidylinositol synthase
[Some [Bacteria and
cmp : k CcMP

bacteria] eukaryotes]
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l II

ﬁ CIHz—O—C—R1 ﬁ CHZ_O_C_R1
CHZ—O—T—O—CHZ—CH—-COO@ CH,—0—P—0 H
o® ©o
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Phosphatidylserine

Phosphatidylinositol H H



Interconversions of phosphatidylethanolamine and

phosphatidylserine
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(lT (lin—O—C —R,

R,—C—O—CH o]
I I @
CH,—O0—P—0—CH,—CH,—NH;

o®
NH;* Phosphatidylethanolamine
|
HO—CH,—CH—COO*
Serine co,
Phosphatidylethanolamine:serine Phosphatidylserine decarboxylase
transferase
Ethanolamine
HO_CHZ_CHZ_ NH3+
O
|
ﬁ T H,—O0—C—R,;
R,—C—O0—CH ﬁ ® NH;

| |
CH,—0—P —0— CH,— CH— coo®

|
o®

Phosphatidylserine
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A. Stage |:Acetyl CoA to Isopentenyl Diphosphate
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Stage | of cholesterol synthesis
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H3C—C —S-CoA H3C—C—S-CoA
Acetyl CoA Acetyl CoA
A J
Acetoacetyl CoA
hiol
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CoA-S—C—CH3 H3C—C—CH,—C—S-CoA H,C (|)e (I)@
Acetyl CoA Acetoacetyl CoA
& W, Isopentenyl diphosphate
H,O0 S
HCO
HMG - CoA synthase ADP +P; 3 )
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ATP decarboxylase
o
©00c —CH, OH

—?—CHz—C—S-CoA
CH,
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OH
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CH;
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CH;
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OH
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B. Stage 2: Isopentenyl Diphosphate to
Squalene
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Stage |l of cholesterol synthesis

(o) (o)

0 o
C—CH,—CH,—O—P—0O0—P—O
H3C cl,@ é@
Isopentenyl diphosphate

Isopentenyl
diphosphate ”
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H3C (l)@ ‘l)@

Dimethylallyl diphosphate

PP, )
: H3C CH,—OP,0
3 \C c/ HZ 2VY6
K
H3C\ GBCH2 H,C H
/c =CH Isopentenyl diphosphate



Stage |l of cholesterol synthesis

H-C @®CH

3 \C Ca i
=

H5C

Isopentenyl dlphosphate

K Prenyl transferase J
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®

>=/_
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diphosphate
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K Prenyl transferase

diphosphate
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PP;

f 0p,0&

— Farnesyl
diphosphat

(Cq5)

4

®o4p,0

Farnesyl
diphosphate
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Stage |l of cholesterol synthesis
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Geranyl diphosphate
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U qualene synthase 7
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2PP; NADP ®
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(C3p)
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C. Stage 3: Squalene to Cholesterol
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Squalene

Lanosterol

HO

l

Cholesterol

HO

Figure 16-17 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.



D. Other Products of Isoprenoid Metabolism
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Acetyl CoA
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! Quinones, and phytol side

mh::;':i:ﬁz ary Isopentenyl — chain of chlorophyll
metabolites pyrophosphate
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OH
Cholesteryl |
esters <«——— Cholesterol
/ \ Ho
Bile salts l
HO X
P 1,25-Dihydroxyvitamin D3
OH
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Testosterone .
HO B-Estradiol



Lipids degradation
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ANl el JSE e dpaall daall 8 daall (aleal) G 3 0
BYY3 P PRV PPN R VN IPWEN g BRIV ING It SN RS PR COR il
Anhydrous 4dle 4s ;1 43LY 5 Highly reduced

9 s H20 5 CO2 ) Aandll (s saall ALSN 3008V (e il O
S gl (i g 1 4 keallg Jiaa cand keallg

el i g ) U8 (e Loayl desal) (aleaW0 3w 35 35 25 0
.Lipoproteins



LAY iy janta) (pa dacdl) (alaal) Al A
Release of fatty acids from TAG
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B- Oxidation of fatty acids
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Carnitine shuttle system for transporting fatty acyl CoA into the
mitochondrial matrix.
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Apolipoproteins 4 g ) ailaal
A pall AAB A i ) cpn 230 o 8l anl) o5l i S (558 0
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PLASMA MAJOR
MOLECULAR CONCENTRATION LIPOPROTEIN
APOLIPOPROTEIN WEIGHT (kD) (mg/dL) LOCATION FUNCTION
Apo Al 28,000 100-200 HDL Structural, LCAT activator, ABCA1
lipid acceptor
Apo A-ll 17,400 20-50 HDL Structural
Apo A-IV 44,000 10-20 Chylos, VLDL, HDL  Structural
Apo B-100 5.4 % 10° 70-125 LDL, VLDL Structural, LDL receptor ligand
Apo B-48 2.6 x 10° <5 Chylos Structural, remnant receptor ligand
Apo C 6,630 5-8 Chylos, VLDLHDL  Structural
Apo C-I 8,900 37 Chylos, VLDL, HDL  Structural, LPL cofactor
Apo C-lI 9,400 10-12 Chyles, VLDL, HDL  Structural, LPL inhibitor
Apo E 34,400 3-15 VLDL, HDL Structural, LDL receptor ligand
Apola) (3-7) = 10° =30 Lp(a) Structural, plasminogen inhibitor
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Main lipoproteins and their functions

Lipoprotein Main apolipoproteins  Function
Chylomicrons By, A, C-ILE Largest lipoprotein. Synthesized by qut after a3 meal. Not
present in nommal fasting plasma. Main carrier of
dietary triglyceride
\iery low density lipoprotein By, CHILE Synthesized in the liver. Main carrier of endogenously
(VDL) produced triglyceride
Low density lipoprotein B\ Generated from VLDL in the drculation. Main carrier of
(LDL) cholesterol
High density lipoprotein A, Al Smallest lipoprotein. Protective function. Takes
(HOL) cholesterol from extrahepatic tissues to the liver for
excretion
Chylomicrons VLDLs IDLs LDLs HDLs
Molecular weight x 10~% =400 10-8D 5-10 2.3 0.1E-0.36
Density (g cm ™) <095 0.95-1.006  1.006-1019 1.019-1.063 1.063-1.210
Chemical composition (%)
Protein 2 10 18 25 33
Tnacylglycerol a5 50 31 10 B8
Cholesterol 4 22 9 30
Phospholipid 9 18 22 20 29




