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Biochemistry lecture 3

Plasma lipoproteins 3 & cholesterol Metabolism

Done By : Mariam AlMahrooq

* They are formed by liver cells and small intestine
as discoidal HDL which are mainly formed of PL
bilayer, free C, and apolipoproteins (A,C,D,E} then
accept free C from extrahepatic tissues, where it
is esterified by LCAT (This enzyme is secreted by
the liver and binds to HDL and is activated by
apo A-l presentin HDL).

» LCAT catalyzes the transfer of acyl group from
position 2 of lecithin to C to form CE and
lysolecithin.




_HDL: high density lipoprotein
liver & small intestine :© giadl) (lSa

PL bilayer , free C, Apo lipoproteins (A, C,D ,E) : <lgall

4} Jaad (pns Extrahepatic tissue J) cra J9 el <)) Jiiies 3 Al gl
. LCAT 4awl ad 3l 338 busas estrification

_ LCAT : Lecithin Cholesterol Acyle Transferase .

J) s 252540 Apo Al J) @k (F activation 4lsmas s LSIL 353 ga aa VA
. HDL

_ lecithin =phosphatidyl choline

cholesterol J! d lecithin J (» position 2 (= acyl group J! Jai LCAT JI
. Lysolecithin J lecithin J's Cholesterol ester J Jy e gSll J s cuas |

A lecithin LCAT> lysolecithin

A Cholesterol |LCAT> cholesterol ester
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« CE form a central hydrophobic core that
pushes the PL bilayer apart and converts the

discoidal HDL into the spherical HDL3_

- HDL, also receives excess surface lipids, C, PL
from CM and VLDL when broken by LPL
enzyme. HDL; now becomes HDL,

» Hepatic lipase hydrolyzes and removes part of
the TAG, CE, PL from HDL, reforming HDL; .

Js it o8I estrification s LCAT J) aa3) Jads HDL J) 430 Wisa (g 5 )8
¢ z=a cholesterol ester J Jsaiig Wb 252 gal)




. HDL3 J discoidal HDL J! Js>29 PL bilayer J) (%% £, CE J)

Discoidal HDL LCAaT > HDL3

. CM, VLDL,C, PL ¢! Jis Plasmalipids J! 8 Jidiui HDL3 J) sl

.HDL2 J s> HDL3 J) =5 : Lipoprotein Lipase enzyme

|
HDLS LPL I> HDLZ2

. HDL3 J W9 HDL2 J) S a2 1 @ Hepatic lipase

|
HDOLZ Hepatic Iipasel> HDOL3

* HDL act as reservoir for different apoproteins
(C,E), which are important for metabolism of
CM and VLDL.

* HDL by the mean of CETP {apo D) provide CE
to CM remnants and LDL in exchange with

TAG.
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* HDL are endocytosed by liver cells, where CE
are hydrolyzed. The free C released is either
repacked into lipoproteins or converted to bile
acids to be secreted in bile.

* So, HDL are important for removal of C from
tissues to the liver (reverse C transport) and
hish levels of HDL protect against
atherosclerosis.

t Odly sk dalal freeC J) wSily s Le 32y HDL ()

. other lipoprotein Ju oAy

. bile J& secretion 4 xass bile acid J Jsai s

_ HDL is protector against Atherosclerosis

important in the activation of LCAT
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’:‘ N Otes: Very important

* While some components of the Lipid Profile
(Total Cholesterol and HDL Cholesterol) are not
impacted by food, others, particularly the
triglyceride level, can be.

* The LDL cholesterol is a value often obtained by
a calculated method that relies on the accurate
measurement of triglycerides. For this reason, a
non-fasting sample can raise triglycerides and
vield an inaccurate LDL cholesterol calculation.

* There is no simple, direct way to measure VLDL
cholesterol. VLDL cholesterol is usually
estimated as a percentage of your triglyceride
value.

* LDL cholesterol {mg/dL) = total cholesterol — HDL
cholesterol — (triglycerides/5)

* where “triglycerides/5” is used to represent very
low density lipoprotein-C (VLDL-C).
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¢ JSYL S L plasma lipids J) ¢ 1680 B qub

lipid profile Jax od b &y jall (S o AUl cholesterol & HDL J) a2 g <o)
el pidalle 7 g g da pd (e ¢ JalS

¢ VLDL & LDL J Apmailly & cuabs
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*VLDL=TAGs /5
*LDL Cholesterol = Total Cholesterol _ HDL cholesterol _( TAGs /5)

4l gliad ay ydlia JS80 TAGS J) e Mainy VIDL & LDL ) 4 O Las
 Selail) 41 Jand La O a3 585 (g sal
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* Non-HDL cholesterol, another calculated
measure, does not rely on triglycerides,
however, and can be done as a non-fasting
sample. Furthermore, the non-HDL cholesterol
value reflects all of the major lipoproteins linked
with a higher risk of cardiovascular disease.

* Some lipid experts argue that the non-HDL
cholesterol value is better than the LDL
cholesterol value for predicting heart disease.

* Your non-HDL cholesterol result refers to your
total cholesterol value minus your HDL
cholesterol.
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Non HDL cholesterol = Total cholesterol — HDL Cholesterol

*Non HDL cholesterol -= LDL + VLDL cholestrol
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* For these reasons, if one desires an accurate
triglyceride and calculated LDL cholesterol
level, it is ideal to fast for 8-12 hours prior to
the test. However, if this is not the case, total
cholesterol, HDL cholesterol and non-HDL
cholesterol values may still be obtained
accurately, and will be useful.




Studies indicate that the risk for atherosclerosis
is more related to the number of LDL particles
(LDL-P) than the total amount of cholesterol
within these particles.

Traditional lipid testing measures the amount
of LDL cholesterol (LDL-C) present in the blood,
but it does not evaluate the number of particles

of LDL (LDL-P).

It is also important to remember that LDL
particles carry other molecules than cholesterol.
For example, triglycerides (TG) are also carried
within LDL-particles. TG molecules are larger
than cholesterol ester molecules.

If the number of TG molecules in an LDL-particle
is high, there will be less space for cholesterol
molecules. Therefore, if triglycerides are high, it
may take many more LDL particles to carry a
given amount of cholesterol.

Therefore high LDL particle count may be
associated with small, cholesterol depleted,
triglyceride rich particles.

Research has shown that high levels of
triglycerides are associated with small LDL
pa l'tiC Ie Size.(ﬁ:en? is an inverse correlation between blood levels of triglycerides and 1 DL

particle sire. Thus, the higher your triglycerides, the greater the number of small LDI particles.
Conversely, the lower your triglycerides, the higher the number of large, fluffy LDL particies)




* Now, what does all this mean? It means that one
person (person A) may have large cholesterol
rich LDL particles, while another {person B) may
have smaller cholesterol depleted particles.
These two persons may have the same LDL-C
concentration. However, person B will have
higher LDL particle number (LDL-P).

» Despite similar levels of LDL-C, person B is at
higher risk for future cardiovascular events.
Furthermore, person B will have more small LDL-
particles.

LDL J) 3= o sdiay Atherosclerosis Ju 4bay) jhad 4d) Sady dyaal) cia )
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particle

_Remember : LDL is a lipoprotein so it doesn’t contain cholesterol
only, it also contain other lipids like TAGs, PL, CE,....
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Hyperlipoproteinemias

s lipoproteins Jf 4 glii f ©
Type | (Hyperchylomicronemia):

The familial type is due to deficiency of
lipoprotein lipase or deficiency of apo Cii

Increased plasma levels of chylomicrons and VLDL

Increased plasma level of triacylglycerols and
slight increase in plasma cholesterol.

- So, the plasma is turbid .—f=milky in color

*HYPERLIPOPROTEINEMIAS :
P glsil W Ue B
_typel : hyperchylomicronemia
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beta lipoprotein ----> LDL

* Type Il (Hyperbetalipoproteinemia):

-The familial type is due to defective LDL receptor or mutation in ligand
region of apo B-100. ,jiake o i s st i

-The acguired type occurs in hypothyroidism as T3 increases the
sensitivity of LDL receptor to LDL.

* There are two subtypes of hyperbetalipoproteinemia:

1) Type lla: It is characterized by increased plasma LDL without
increase in VLDL. So, the plasma is clear.

2) Type llb: It is characterized by increased plasma LDL with a slight
increase in plasma VLDL. So, the plasma is slightly turbid.

There is marked hypercholesterolemia which if familial called familial
hyper cholesterolemia. Also, there is a slight increase in plasma
triglycerides levels. especially in type llb.

LDL Jl o sima Uiyl Blge @

@Atherosclerosis & coronary heart disease were sequelae of elevated LDL &
hypercholesterolemia.

» Type lll {Dyshetalipoproteinemia):

-The familial type is due to abnormality in apo E

leading to the defective uptake of
chylomicrons & VLDL remnants by apo E
receptor. fﬁim

-Increase chylomicron remnants & VLDL
remnants in plasma.

ApoE:
28l WA 4 ok o8 CM & VLDL Remnant J uptake Jl o8 Jsbea 05




prebeta ----» VLDL
* Type IV (Hyperprebetalipoproteinemia):

- It is characterized by increased plasma VIDL &
triacylglycerols and some increase in plasma
cholesterol.

- The familial type (famelial hypertriacylglycerolemia )
which is the most common familial lipid abnormality
is often associated with hyperinsulinemia and poor
glucose tolerence

-The acquired type is due to type Il  diabetes
mellitus, obesity, alcoholism and administration of
progestational hormones.
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* Myocardial infarction is defined as myocardial
necrosis due to prolonged ischemia.

* Several enzymes have been used in the past to
detect myocardial damage. A few of them not
currently recommended for routine use in the
detection of myocardial damage include
aspartate aminotransferase (AST), LDH, and
LDH isoenzyme determinations.

_ Ml : necrosis of the heart muscle due to ischemia

e 4da BU MI ) g2l el sdie G389 slshll Ao (e (o Ll 1 daga Aliadla
Jard aS s MI agas o L (fan b cilag S (lany il gisa Lt giad p
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* The enzymes currently in clinical use to detect
myocardial infarction are creatine kinase (CK)
and its isoenzyme CK-MB, although the
measurement of total CK is not recommended
because of the large skeletal muscle
distribution and the lack of specificity of the
enzyme.

» CK is a cytosolic enzyme involved with the transfer of
energy in muscle metabolism. CK is a dimer composed
of two subunits, B and M, resulting in three cytosolic
isoenzymes, CK-MM (CK-3), CK-MB (CK-2), and CK-BB
(CK-1).

» CK-BB is of brain origin and is only found in the blood
when the blood brain barrier has been damaged.

* CK-MM is found primarily from skeletal muscle and
heart,

* while CK-MB has been shown to be most specific for
the myocardium. As a result, CK-MB is a valuable tool
for the diagnosis of MI because of its relative high
specificity for myocardial damage.

Creatin kinase (CK)) :

I S Al M & B JI a9 2 subunits (% (155 2 dimer 52 a 5Y)
@l CM-MM , CM-MB ,CM-BB #2 5 different isoenzyme (- sbr (2 pa

C (398 e il g agln
transfer energy in muscle metabolism : 4.5 !

More specific for the 4% CK-MB J! s&8 M1 J) <YW 3 aglS agia Aags
98 Iyaa Autial Judasl) qllal W sy . myocardium
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_isoenzyme have the same function but they are different in structure

* CK-MB rises within 4-6 hours after the onset
of chest pain, peaks at 12-24 hours, and
returns to normal levels within 2—3 days.

Aoidaa L Juar o Al a0 Lo £ g5 ) i s dage B WY cla
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* Cardiac Proteins: Several proteins may be monitored in
cases of AMI, as myoglobin, cardiac troponins.

hemoglobin JI ge 8 eyl Jom o 41,8
* Myoglobin is an oxygen-binding heme protein that is
present in both cardiac and skeletal muscle. Although it
lacks specificity, its clinical usefulness is in its early release
from damaged cardiac or skeletal muscle.

skeletal muscle trauma oo (58 ow el (s Ja 4o adiails non specific &Y

* Myoglobin rises as early as 1-4 hours after the onset of
symptoms, is found in aff AMI| patients between 6 and 9
hours, and rapidly returns to baseline within 18-24 hours.

g nomal g5 ¢y wlhy
* |f myoglobin concentrations remain within the reference
range 8 hours after the onset of chest pain, AMI can
essentially be ruled out.

MI JF i 85 psalt o fe Cilels 8 (5 D& Lands G 516 paalt L Sila 1Y




The preferred biomarkers for assessment of myocardial
necrosis are the cardiac troponins. Troponin is a complex
of three proteins that bind to the thin filament (actin) of
cardiac and skeletal muscle.

The three proteins of the troponin complex are troponin T
{TnT), troponin | (Tnl), and troponin C (TnC).

The major function of troponins is to bind calcium and
regulate muscle contraction.

serum troponins are not found in the serum of healthy
individuals and They have been shown to have high
sensitivity and specificity for myocardial damage.

Cardiac TnT increases within 6 hours of myocardial
infarction, peaks at 72 hours , and can remain elevated

for 7-10 days. s i

Troponin | (Tnl) is encoded by 3 different genes, giving
rise to 3 isoforms, two of them are skeletal variety and
the cardiac isoform is specific for cardiac muscle.

Cardiac isoform ¢ fxass
Tnl is released into the blood within 4 hours after the
onset of symptoms of myocardial ischemia , peaks at

14-24 hours , and can remain elevated for 3-5 days post
infarction.

It is the sustained elevation of the troponins that
enables them to serve as definitive markers for AMI.




Troponin Remain
isoform Rise within Peak elevated for
nT 6 hours 72 hours 7_10 days
Tnl 4 hours 14 24 hours 3_5 days
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