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Lipoproteins
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* These are complex lipids formed of lipids conjugated with protem
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* They are present in cell membrane, mitochondria and plasma
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Plasma Lipoproteins

* Plasma lipoproteins convert water insoluble lipids into water soluble
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Plasma Lipoproteins

The lipids present in plasma (total range: 360-820 mg/dL) include the following components:

©
* The plasma lipids (360-820 mg/dl) are phospholipids,c%fé%lesterol

(free and esterified) and lipids between triacylglycerols, free fatty

H normal ra»ye 4 P[aSma ZI'PI'J
acids. [ SR LT T Y ,
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|- holesterol

0% Cholesteryl ester s
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2-Phospholipids 150-200 maldl
3 T}s.:ifj.‘ltr_ll",w;? erols 40-.160 meafdl
4-Free tatty acids : B-16 maldl

M LEVN




Plasma Lipoproteins

-
.S

« The plasma lipoproteins are spherical macromolecular complexes of

L—+
lipids and proteinﬁapolipoproteins).

tedl ® ),
« The lipoprotein particles include chylomicrons, Very—low—degjsity

®
lipoproteins (VLDLs), intermedi@a)te—density lipoproteins (IDLs), low-

density lipoproteins (LDLs), and high-density lipoproteins (HDLs).
© T o @ @
* They differ in lipid and protein composition, size, density, and site of
Synthesis Jo L

origin. O
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Composition of lipoproteins
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The density and diameter of different lipoproteins

rebete i 7, (_)
Lipoproteln Density (g/dL) Dlameter (nm)
Chylomicrons 095 754200 W
< l00d cqtls!
HOL
VLDL (very low-censity lipoproteins) 0.95-1.006 30-80
IDL (Intermediate-denstty lipoprotelns) 1.006-1.019 25-35
LDL (low-density lpoprotelns) 1.019-1.063 18-25
HOL (high-density lipoprotelns) 1.063-1.21 612 J
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M Chylomicrons
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* Chylomicrons (TAG= 90%) are highly soluble in both
lymphatic fluid and blood.

« Function in the transport of dietary triacylglycerol, cholesterol,
< Lest D e ":F' . Transpert = (= <— <slo dipids Jc"‘u;'q*
and cholesteryl esters'to other tissues. oyime s~ . - adipose vissn

. &
asSle  Combination of absorped Lipids Frorm diet with AR l"%’”itd" Fem ,prestine L2 pef Jacel tissies :"l.:(v:f .
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e C)Assembly of chylomicrons occurs in the intestinal lining ceis
) "’.)‘"?-T °C immature  Chylomicron <2 . ..
and results in a-hascent chylomicron that contains lipids and
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Chylomicron assembly in enterocytes

1. Initial Assembly:

This process occurs
within the endoplasmic

apoB-48 protein. reticulum (ER).

A. The synthesis begins with the translation of the

B. Lipid association occurs next, where small amounts

of triglycerides and other lipids associate with the

actocration ¥ ;J«:-@ ER Lumen \
all amoun t =

. [’ ‘:’J'- TAGs al:,‘
(:) T ot
endlotlasmic ‘-Ap 0B-48 veiss
retreulum iz

C. This process is catalyzed by ‘microsomal -.i:

apoB-48 protein.

=» To Golg
for maturation
and secretion

particle

triglyceride transfer protein (MTP), leading to the
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formation of small apoB-containing particles. TG\

Ribos&me Cytoplasm

C‘ gene W trapglation i.u@
WLE m)N expression V2 afo B4B £U
n




Chylomicron assembly in enterocytes

Small particle V_ I ¢
B. Particle Expansion:

=small
» Large triacylglycerol droplets fuse with the initial

apoB-containing particles. / ER Lumen \
 MTP also facilitates the transfer of additional ApoB-48 ApoB
triacylglycerol from the cytoplasm into the ER lumen, e for maturation
- b MTP

. . . and secretion
where it forms lipid droplets that are incorporated | .
\ j g
. . . LIPID TG i lage Ao 8
into the growing chylomicron. ‘ Lage Gntainin particle
Ribosome droplet s Cytoplasm e
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particle

=» To Golgi
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Chylomicron assembly in enterocytes
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Transition of the chylomicrons to Golgi, fe= £

where the particles are packaged in secretory

vesicles.

These fuse with the plasma membrane

releasing the lipoproteins to the blood.
blood Stream_,, ﬁecej}'m"c”" Cﬂﬂf(&tf:)

When it reaches the plasma, the (f;article is
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I1 (The source of these apolipoproteins is in ple

Lewd 5zt o 2Tt AR E ¥

Il

matueration

circulating HDL).

liver 3, bny ke Bop A recefs

+J"]“”L — _ s
Treswes = a—lop 7o

(4
~ : delomrcnm; remnants Y clearence

e 101 DV ol o ams Chylomicrmed m oSl o
QJ‘J_..Q Ch‘jlomu‘cvom. —5-' Al «— P 3 e o ! = =

}wyauw +glyee] S$oip L J".._..‘.u_. LPL v ac+ivation

-

aods—glycel) uptake o1 p Ape E e <inT receprad nio |

e

/

r

\/

COPII

L1}

// \

IKK‘\
J ‘

\/ v

Newly synthesized
protleins

\
\

~ N\

™\ (/ \ //\

\ \
\J \.,"

Prechylomicrons

,f\| ™
\/ ‘J '\J

/

| i
|

AR A ¢

PCTV

Pro cessiy
lomicrong

seletin Tols

c ’”lom:t‘meJ,-k-

matwe. 25

Pocleging Y jes &
Secratery vertee 1S




Transtfer of proteins from HDL to chylomicrons

* Newly synthesized chylomicrons (nascent
chylomicrons) mature as they receive apoC-1l and apoE
from ﬁ?)hlf,:j o
P Eir e -

. * Roles of ApoC-II and ApoE:

« 'ApoC-II: Essential for the activation of lipoprotein lipase

(LPL), the enzyme responsible for hydrglyzing triglycerides
in chylomicrons into fre&e’fatty acids and glycerol for uptake
by tissues (e.g., mligcle, adiES_)se tissue). o

* ‘ApoE: Serves as a ligand for receptors that mediate the

uptake and clearance of chylomicron remnants by the liver.
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. Hddr@slig cylmu'cmn -——‘,""CJJ—"I >
- Lipoprotein lipase (LPL) is an extracellular enzyme that is
P - D

anchored to the capillary walls of most tissues but predominantly

those of adipose tissue and cardiac and skeletal muscle.
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Fate of Chylomicron

LPL
 LPL, activated by apo C-II on chylomicronsﬁhydrolyzes the TAG
c}ybm itron s @
in these particles to FA and glycerol.
T Fowyacd 3

» The FA are stored (in adipose) or used for energy (in muscle).

* The glycerol 1is taken wup by the liver, converted to
dihydroxyacetone ph(isphate (an intermediate of glycolysis),

and used in lipid synthesis or gluconeogenesis. ,uuiec fom prten
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Fate of Chylomicron

’JC&(VL .}4 ) A~ Ch,ylomn'ams J S Loripl o

-

“?—e The remalmng particle (remnant) is rapidly removed from the

liver _.u

circulation by the liver, whose cell membranes contain

Yemnart Chal-micnm & 300

lipoprotein receptors that recognize apo E and then taken into

liver W ogéo M,,,,,.f-c;gl.mum

the hepatocytes by endocytosis.
Mahgrg —-’ué'é) ) . i @
- In the lysosome: the apolipoproteins, cholesteryl esters, and

other components of the remnant are hydrolytically degraded,
Hyolrelyeis . Apo pratens T~ & —

releasing amino acids, free cholesterol, and FA.  Acemy o= 2652,

( Cholesrnl =~ Jateyaeid +ghgesd =M
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In Cirecu \ation

—Apo c-l'
- Apo E
# SMALL (from HDL)
INTESTINE
B | >
'P.
Apo C-ll and apo E are
g transferred from HDL to
TG>CE the nascent CM,

*Nascent‘ .
u:hylomicrc_n:/

p—

Intestinal mucosal cells secrete nascent
TG-rich chylomicrons produced ?!

primarily from dietary lipids. '~"n'u‘°“"""
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CM remnants bind to
specific receptors on
the liver where they
are endocytosed.
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- CAPILLARIES
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lipoprotein
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Lipoprotein
lpase
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Fate of chylomicrons. Chylomicrons are synthesized in intestinal epithelial cells, secreted into
the lymph, pass into the blood, and become mature chylomicrons (see Fig.). On capillary walls
in adipose tissue and muscle, lipoprotein lipase (LPL) activated by ApoC-Ill digests the
triacylglycerols (TG) of chylomicrons to fatty acids and glycerol. Fatty acids (FA) are oxidized in
muscle or stored in adipose cells as triacylglycerols. The remnants of the chylomicrons are taken
up by the liver by receptor-mediated endocytosis. Lysosomal enzymes within the hepatocyte
digest the remnants, releasing the products into the cytosol.
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W
Type I Hyf)erlipoproteinemia (Familial
Hyperchylomicronemia):

L7y b

[* T e
* Type 1 hyperlipoproteinemia is a rare| autosomal recessive

disorder characterized by the abnormal accumulation of

chylomicrons in the plasma.

— -~
P\a:m_J 4 r‘_,.j; c\..al.m seratr) J-Lﬂ db st

e Causes:

‘ TAGs N hydrbycs__,
‘ﬂ”‘L"' FA e fq;,.....)?.sﬁ“ d"'_—"ﬁ 2-

1.Deticiency of Lipoprotein Lipase (LPL), Deflclency or Mutation
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Endogenous Lipid Transport

Extrahepatic
cell

l Capillaries '

E Lipoprotein lipase
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2} Very—low-density lipoprotein metabolism (VLDLS)

_ site «f Pisduction chy [amiicem& —» small irtelbre.
-<S 3Y n-rk&scs

* VLDLs are produced in the liver. ndsgensasly symbesiad TFylyeuids

transert 1
* Their function is to carry this lipid from the liver (site of
yd‘-"""""“:ug mus ck—’ 5""_3)
synthesis) to the peripheral tissues.™ ‘'werys: + Bas 4., sissie —ormye

* There, the TAG 1is degraded by LPL, as discussed for

Lpoprotein Uhfc
chylomicrons.
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Synthesis & Release of
VLDLs from the liver
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Synthesis & Release of VLDLs from the liver

VLDL
* They are composed predominantly of endogenous TAG (~60%).

* VLDLs are secreted directly into the blood by the liver

containing apo B-100.

Cagua gition)

» They must obtain apo C-II and apo E from circulating HDL

* Apo C-II is required for activation of LPL.
—_— —
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Apo C-ll and apo E
are transferred
from HDL to
nascent VLDL.
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for example, ADIPOSE

VLDL Cmtestdt CAPILLARIES

= ~TAbc_ cLA

Extracellular
lipoprotein
lipase, activated

Liver secretes nascent
TG-rich very-low-density

lipoprotein particles.
i pA . by apo C-I,
degrades
TG in VLDL.
J LDL binds to specific hadudyes )22
T receptors on extrahepatic ‘—"-Jlé-m“-! <
ToL tissues and on the liver, copillones ) 5= Lipoprotein = sLviplL
J . where they are endocytosed. liver = s\ lipase ()
LD : Free fatty
acids
. ~Apo C-l
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/! L(to HDL) Rl e Erey)
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Modifications on VLDLs through their circulation

adipese tisove s vipol J~ b,

1. TAG is degraded by LPL—> marcles — IDLa—tpe

2. The C and E apolipoproteins, are returned to HDL, but the particles

retain apo B-100.
vLOL s-".v’/g oo =

Additionally, some TAGs are transterred from VLDL to HDL in an

3.
vipL = HOL
exchange reaction that transfers cholesteryl esters from HDL to VLDL.

HOL == DL L a1~ —
4. This exchange is accomplished by cholesteryl ester transfer protein

(CETP)

. With these modifications, the VLDL is converted in the plasma to LDL. ¥

(»ﬂ/([,’LE VAN




VLDL

Transfer of cholesteryl ester (CE)

from HDL to VLDL in exchange

for triacylglycerol (TAG).

Feern VLD/ te HDL
! Md‘-':*f‘— Cholesteryl ester Cholesteryl ester
-Bj CF Tf O(Ch.ngg transfer protein transfer protein
realiten
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LDL and cholesterol transport

* The primary tunction of LDL particles is to provide cholesterol

to the peripheral tissues (.adl;gnal gland & testis) or to liver.

* They do so by binding to plasma
membrane LDL receptors that

recognize apo B-100 (but not apo
LDL LB LDL Delwo. 2 ek

B-48). et

Cl‘d‘ ovniCrent C)wl°m‘.c"°'-‘5 _Jl
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d‘LDL recep ters C‘ZDL -J'}[;‘;.'.‘_e)*
tagget LisSUe o, pe—
Ay

cﬂ'b‘a(.,
LOL receptos Mintecnalisation Sl
J

. ’ d ’-:—0;
endocytosis St mesliat
I l

iLDL reecepres + L DL (] Lol Compled ijjﬁfty S _fes?
Cacidic snviemet)) ppdosome =y < 3) Complex S o=
J

LOL reecp ors 4t LDL portide—d de associsti®” "1—1‘5“,\2“ endeseme
Dl o LOL receptm

¢
9‘4“”‘4 .._" C_S. dgf.w.‘"J‘ yw_ LDL -

plasma mMemb rare

LOL - CUCS"KiL N nlete  hes
)él Tl (3
membtare .-"*J

.51’“0{‘ hormenes Slw
liver <33 )it L RNle I (...o<_)




High-Density Lipoproteins (HDLs)

o0

» HDLs are often referred to as "good cholesterol” because they
. . ow g! ﬁ RST
play a critical role in reverse cholesterol transport—the process

of transporting excess cholesterol from peripheral tissues back

to the liver for excretion or recycling. secr ¢wiSfuhusel e =t

. = . S LT (0]
S actumelationeS ~s- W_ arteriel wall & '*L"'; ﬂ“’"b“ @&f‘.’;
o < blesd vesSles 1€ Cholesters ) » 8
mathefges = L2 < . | t M TN
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LA sl it Progressim 5 athecs sclerssis % e HOL ) ~*sk, cholesterel = 1< efflux % s e
- ¢ 0 s e o b
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HDL contains several types of apolipoproteins

« apo-Al
« Apo-All
 apo-Cl
» apo-CII
* apo-D
* apo-L.

 Their most abundant apolipoproteins
are apo A-I and apo A-II.
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- HDL particles are synthesized in i i

two main locations:

— enterocyte
/ : ABCA1 s
’ glé- - - -__3j===i=,- - = == ) apoA-l
\ = else| Heanspedess as
: o 2 Afo A

F LN
| iy ABCAL
. : 2 ARGl ~ 2=
Intestine

. Wl
e Liver: Produces nascent HDL tamecyra
. . . . . Entefocyte = Phesphs """3"”“ e o
E-S,u Cholestenl PL F =
particles containing phospholipids, o Gt

nasceat HOL Lui Nascent HDL

o7 fags 3 Pl==t
Ap.,qii _.A/uup.,r-m/\e.m_u:.;g,_y,__&j h e ‘:if" apoA‘-.-(

cholesterol, and apolipoproteins

,; wusfon ﬂ.L.:.‘_J

(mainly apo A-I and apo A-II). et & . }
* Intestine: Produces nascent HDL. FE8* [ | ) r=="- S gt
. Ji g s
with apo A-I. by

Hepatocyte
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Maturation of HDL

« Nascent HDL collects additional lipids

AP bindi
fI'Om: cascade ‘2\“ porter

Al

1. Other peripheral tissues (via ABCA1

efflux Iz JSee

and ABCG1 transporters). _] i

4 Peripheral
tissue cell

ATP Enlg CaSCade transperter G1- HoL o5t Intestine "
- Phesph lipid Enterocyte pL @ 4 PL 8
2. Other lipoproteins, such as VLDL racat IS ather Liids Jf“h | W2 o
. . )A&cai*‘ ﬁ%f“.,,:‘ Sy AU s N:icemHDLI - e MatureBDL
and chylomicrons, during their oL et To-gugh’ | y
metabolism. |

3. Lecithin—cholesterol acyltransferase
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lver 20 GC v Falis Peciplanl Tite v encess chilesttnl 212 L HOL ' %

= ~~Storage of Cholesterol (Next lecture)

cholc.sfﬂ:jL ester . LCE S FC ud, 0y Shrage Dls < Cholesterl N

‘ET" Lefee Cholesterol ester is the storage form of cholesterol: It Is

S o=ds . .
e cmenel - formed 1n both tissues and plasma.
PSS £ TCE < dLFC JJ?W? in e
estesr frcetion -

@ In tissues (liver), cholesterol 1s esterified by ACAT

hyorrcyl greed . .,
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