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ﬁ’z - Objectives

<4 Understand the structure and functions of cholesterol
4 Discuss the regulation of cholesterol homeostasis in the body
+ Comprehend the important steps of cholesterol synthesis pathway

<+ Identify different levels of regulation of cholesterol synthesis

<+ Discuss the association of hypercholesterolemia with abnormal
cholesterol metabolism

+ Understand the role of statins in the treatment of Hypercholesterolemia



() Cholesterol

4% Most important animal steroid.

% Functions:

Maintains membrane

fluidity (present between the
phospholipids)

Insulating effect on nerve
fibers

Cholesterol is the parent
(precursor) molecule for:

Bile acids & Steroid

; Vitamin D3
bile salts hormones

Major sources of liver cholesterol

_____________________

Cholesterol

i Dietary i | synthesizedin |
' cholesterol ! | extrahepatic tissues |
| (Absorbed as) VT T T Ty | "outside the liver” |
| Chylomicron | ! ,benovo i | (Transportedas)
| | : From the new : | :
\____remnants___ i ' synthesisinthe 1 . ____ HOL _______ .

. 1
liver !

Liver e

Liver plays a central
role in the regulation
of cholesterol
homeostasis

@ Conversion to
Free cholgsterol bile acid/salts
Secretion of secreted in the

\/LDL bile

Cholesterol
Pool

Major routes by which cholesterol leaves
the liver



Ester
linkage with
fatty acid

group at C3

@ Cholesteryl Ester (CEs)

H4C CH,

CH,

T
C:OE Fatty acid
: . instead of
EEEREEEN  HO group

@ Cholesterol Synthesis

Hydrocarbon fail H3C .........................................

8C

Hydroxy! group

Most plasma
cholesterol is
esterified with a fatty
acid

CEs are not present
in membranes

: the fluid, so to be :
' transported they haveto i
. be carried usually by :
' lipoprotein. i

Synthesized in all tissues

Major sites for synthesis

where it gets modified to other
molecules :

- liver

- adrenal cortex

- testes & ovaries

- intestine

Present in small
amounts in most
cells

More hydrophobic
than cholesterol

All carbon atoms are
derived from acetyl
CoA

Enzymes involved in
biosynthesis are partly
located in ER and
partly in cytoplasm



@ 1- Synthesis of HMG-CoA
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3-Hydroxy-3-methylglutaryl CoA
HMG-CoA

HMG-CoA synthase is present in both cytosol and
mitochondria of liver (Isoenzymes)

Mitochondrial enzyme participate in ketogenesis
(ketone body synthesis)

Cytosolic enzyme participate in cholesterol
synthesis




@ 2- Synthesis of Mevalonic

O_ CHy; OH O

A\ Y S ]

_ /C\ /C\ o c\
O CH, CH, CoA
3-Hydroxy-3-methylglutaryl CoA
HMG-CoA

Expression is
inhibited by
cholesterol

HMG-CoA Reductase &~~~

Reduction of
HMG-CoA &

Takes 1 CoA out O CH3 OH
L . Q\ ’//,,/ /
_ /C\ /C\ /CHZO“
O CH, CH,

Mevalonic acid

acid

HMG-CoA reductase is the rate limiting enzyme &
key step of cholesterol synthesis

Occurs in cytosol

HMG-CoA reductase is an ER membrane enzyme
with catalytic unit hanging in the cytosol
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@ Further steps in synthesis Smith-Lemli-Opitz syndrome (SLOS)
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Mevalonic acid 6C

Steps you don't
have to
memorize

3 molecules of Isopentenyl
Pyrophosphate (IPP) 5C

Steps you don't
have to
memorize

2 molecules of Farnesyl
pyrophosphate (FPP)
15C

By squalene
synthase

Squalene 30C

By cyclization

Lanosterol 30C; first sterol

By enzyme
modification

Cholesterol 27C

Reactions in steps
4,5,6 are irreversible
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First sterol in
cholesterol
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(dJ HMG CoA reductase regulation

n Sterol dependent regulation of gene expression[_ |

Cholesterol concentration in the body determine
the gene expression

n Sterol-accelerated enzyme degradation

More cholesterol e====) Faster degradation

dephosphorylation

Hormonal regulation

n Depends on the hormone that stimulate or inhibit cholesterol synthesis

Eg ﬁ insulin |:|'> ﬁEnzyme expression

Dependent
Means it depends
on the cholesterol
concentration.

4

Sterol-independent phosphorylation and

Independent
Means it doesn't
depend on the
cholesterol
concentration.

v




() 1) Sterol dependent regulation of gene expression of HMG CoA

When sufficient cholesterol is present transcription is suppressed and vice versa.
Sterol Regulatory Element (SRE ) is a recognition sequence in DNA. sre is a site found in DNA, there is a protein will bind to it.

SRE Binding Protein (SREBP) will bind to SRE, is essential for transcription of this gene.

ool

SREBP Cleavage-Activating Protein (SCAP) is an intracellular cholesterol SENSOr.wen choestero s low scap wil take srEBP to Golgi bodies

- Will remove SCAP
fromm SREBP

CYTOSOL

SRE
lTnmcrlptlon
NUCLEUS

ANNANANNL mMRNA

Y

ANNANANNN mRNA

H,0 Pgroso!me,:om P lTnnslltlon é L; —J
HMG CoA N > HMG CoA - g ey
reductase (inactive) < reductase (active) -
AMPK -
Mevalonic acid E
N :

-
Cholesterol ***




@ Sterol-dependent regulation

High cholesterol

////IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

SCAP (already bound to SREBP) will bind to INSIG
protein (insulin induced gene protein) in ER membrane

SCAP-SREBP is retained .- in the ER.

INSIG protein prevents them from leaving to Golgi

bodies

Down regulation of cholesterol synthesis
(HMG CoA reductase will be inhibited)
It's the rate limiting enzyme, remember?

This slide is important

SCAP-SREBP moves to Golgi bodies

SCAP is removed from SREBP
(by proteolytic cleavage found in Golgi bodies)

SREBP will bind to SRE in DNA

HMG CoA gene will be activated

OO



@ 2) Sterol-independent (enzyme) phosphorylation and dephosphorylation

HMG CoA reductase

A rate limiting enzyme

lATP T AMP

AMPK is active

T ATP lAMP

Phosphoprotein Phosphatase is active

Phosphorylated form of
enzyme is inactive

T
|

J [ Dephosphorylated form of

enzyme is active

J

439: High AMP = Low ATP which means

- the cell is in need of energy. Cholesterol
i synthesis needs energy (anabolic reaction)

' on energy it inhibits the synthesis of
i Cholesterol through AMPK.

1
1
1
!
and therefore when the cell is running low !
1
1
1

Phospho-
i, 0

AMPK
ADP ° ATP

AMP

AN mRNA || = Li%

lTransIlﬁon

HMG CoA
reductase (active)

Mevalonate || =




(d 3) Hormonal regulation C Gee D

—

Insulin and thyroxine C Transc

ription )

increase upregulation .

of enzyme expression. i Cholesterol concentration :

lation >

! itself controlling the gene, : ( Trans
. i while hormones are i
Glucagon and cortisol : controlling the enzymes !
have opposite effect. B IR -
(Down regulation) (HMG CoA

reductase)

Insulin Activation Y
() Excretion of cholesterol e @ HMGCoA )

Inhibition °

( Chole

sterol >

e By conversion of bile acid and bile salts, excreted in the feces.
o Secretion of cholesterol in bile
o Transported to intestine for elimination

Cholesterol

Glucagon
Cortisol
Statin

e In the intestine, some cholesterol is converted by bacteria into coprostanol and cholestanol before excretion.



(S Hypercholesterolemia

High concentration of cholesterol in blood(More than 235 mg/dl),
and can lead to atherosclerosis

Statin drugs are used to Statins are structural analogs Statins inhibit enzyme
decrease plasma cholesterol of HMG activity by competitive

levels. CoA reductase. inhibition

() p-Sitosterols/ Phytosterols

( )

They are plant sterols, poorly absorbed by humans.

- J

g N\

Block the absorption of dietary cholesterol.

. J

Clinically useful in the dietary treatment of
hypercholesterolemia.




@ Take Home Messages

<+ Cholesterol is important various body functions
<+ Liver plays a major role in the cholesterol homeostasis in the body

4+ HMG CoA reductase is a rate-limiting enzyme for cholesterol synthesis
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https://drive.google.com/file/d/1J0iy-S8mMSwnME4W2Ktb5Dc2bTWxS2SW/view?usp=drivesdk

Quiz

Q1: Which one of these is
the rate limiting enzyme in
cholesterol synthesis ?

A/ HMG-CoA synthase

B/ HMG-CoA reductase
C/ thiolase

D/ squalene synthase

Q4: What is the first
sterol during cholesterol
synthesis pathway ?

A/ cholesterol

B/ squalene

C/ mevalonic acid

D/ lanosterol

Q2: Which of these
hormones increase
upregulation of HMG-CoA
reductase expression ?
A/ glucagon

B/ insulin

C/ statin

D/ cortisol

Qb5: Where does the
synthesis of mevalonic acid
oceurs in ?

A/ cytosol

B/ ER

C/ golgi bodies

D/ mitochondria

4

Q3: Which one of these
undergo cyclization in
cholesterol synthesis ?
A/ mevalonic acid

B/ HMG-CoA

C/ squalene

D/ lanosterol

Q6: Most plasma cholesterol
is esterified witha ?

A/ fatty acid

B/ thyroxine

C/ phytosterols

D/ glycerol

Click HERE for more questions Done by Qbank team!

Q: mention the 4
mechanisms of
HMG-CoA reductase
regulation ?

Q: mention 3 functions
of cholesterol ?

Q: Mention 3
hormones can
inhibit cholesterol
synthesis ?


https://drive.google.com/file/d/1vukgZ7DSCcVc_iFXCVgVHsRuXoC6Qjrk/view?usp=drivesdk

Children with SLOS, Study until you can help them all
YOU ARE A DOCTOR NOT A STUDENT!
YOU ARE THEIR HOPE!
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