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Objectives

Understand the structure and functions of cholesterol

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



Introduction

Cholesterol structure

Cholesteryl esters

Cholesterol synthesis

Rate limiting step

Regulation of cholesterol synthesis
Regulation of HMG CoA reductase
Excretion of cholesterol

Hypercholesterolemia and treatment
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Cholesterol

Cholesterol is not only negative, it has some good roles in the body including:

e Most important animal steroid.
Maintains membrane fluidity.
Insulating effect on nerve fibres “involved in the synthesis of
myelin sheath”.
e Cholesterol is the parent(precursor) molecule for
o Bile acids and bile salts *
o  Steroid hormones 2
o Vitamin D3/A3

1Components of bile, solubilize lipids and aid in their digestion
2e.g. estrogen, cortisol
3All fat soluble vitamins
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e High levels of cholesterol are harmful to the body, so we need

to maintain a proper level of cholesterol (homeostasis) by Major sources of liver cholesterol
some mechanismes. = =
e Liver plays a central role in the regulation of cholesterol _Distary ansZ;‘}'l::i:;".’ic
homeostasis. i tissues
Chylomicron ¢
remnants HDL

De novo
synthesis
in the liver

Sources Elimination |

Cholesterol enters the liver's
cholesterol pool from

- dietary cholesterol carried by ) és VLDI{ d to bil Its and
chylomicrons “a lipoprotein” . aggver €dto bile safts an c.,;‘.',v:é,ol
- synthesized by the liver itself. e — Rool
“De novo" synthesis - Unmodified cholesterol in bile
- Synthesised in extrahepatic and feces
Free cholesterol
tissue, carried by HDL?
Secretion of Conversion
VLDL to bile
acids/salts
1This is why we consider HDL a good cholesterol, because it brings all the excess S o e ——
cholesterol from the body to the liver to be metabolized Majogromtesibyariich

cholesterol leaves the liver




Cholesterol structure

Biochemistry437

e Four rings called (Steroid nucleus).
e 27 carbon compounds with two specific features:
o Atcarbon no.17 there is a hydrocarbon tail
o Atcarbon no.3 thereis a hydroxyl group .
e The presence of these 2 features makes it a Sterol.
e Meaning cholesterol is a type of sterol and all sterols are steroids.
(but not all steroids are sterols)

Hydrocarbon "tail"
/——/&ﬂ

22 24 27

Steroid
nucleus

Cholesterol esters
O
e Cholesterol is not usually present in the plasma as a sterol, l °

Most plasma cholesterol is esterified with a fatty acid.
e  CEs“cholesteryl esters” are not present in membranes

(only free cholesterol).

Present in small amounts in most cells.

More hydrophobic than cholesteroll. Tbecause a hydrocarbon chain was

added to it when it was esterified,
making it even more hydrophobic.

)

-C-=
% Cholesteryl ester




Cholesterol Synthesis

Synthesized in all tissues
Major sites for synthesis: liver, adrenal cortex, testes, ovaries and intestine
All carbon atoms are derived from acetyl CoA?

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

Just like all fatty acids are broken down into acetyl CoA,

a 2 carbon molecule. Cholesterol synthesis overview:
2Even though the enzyme is present in the ER, synthesis 1- synthesis of HMG CoA

of cholesterol only occurs in the cytoplasm, how? Because 2- synthesis of mevalonic acid
the catalytic domain of the enzyme that is present in the 3- further steps

ER is found in the cytoplasm.
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3 Acetyl CoA are used to form one HMG-CoA molecule.

HMG CoA synthase is found within the hepatocytes of the LIVER in
either the Cytosol or the Mitochondria and in each place serves a
different function.

In the Mitochondria of hepatocytes- itis used in ketogenesis;
(the formation of a ketone body) oS

_________________________

Steps:

- We start with 2 molecules of Acetyl COA to make a 4 carbon
compound called “Acetoacetyl CoA” by the enzyme

- Then we add another acetyl CoA to make a 6 carbon molecule called
" " " by the enzyme “

”

SynthESiS Of H M G COA “HMG-CoA is a molecule that forms cholesterol through certain reactions™

Biochemistry437
2 CH,-C-CoA
{2 Acetyl CoA | (2€)
Thiolase
'CoA |
o e
CH;- C-CH,- C-CoA
| Acetoacetyl CoA | (ac)

CH,;C-CoA
HMG-CoA synthase

CoA
O CH, OHO
> 7 "
- ,c\ /c\ /c\
O CH, CH, CoA

3-Hydroxy-3-methylglutaryl CoA
(HMG CoA)

(6C)




Synthesis of Mevalonic Acid

e Theimportance of mevalonic acid synthesis
1. It athe key step in cholesterol synthesis
2. Itrate limits its production.
(irreversible step that limits production by regulating the whole
pathway because it is the target for inhibitors)

e Location of mevalonic acid synthesis.
It occurs in the cytosol of hepatocytes.

e HMG CoA reductase is an ER membrane enzyme with catalytic unit
hanging in the cytosol.

. Exti ictl f derstanding th It
Note: It occurs in the cytosol even though HMG CoA reductase it e Tor nderstanding e note
is an ER membrane enzyme, because although HMG CoA NG Con Reducase
reductase is an ER membrane enzyme it has a catalytic unit Cytoplasm <<

Q/

hanging out into cytosol. Tarsmarirane fegn
ging y ¢ f\ f\ -

(Imagine HMG CoA reductase as being a flag. The base of the
pole is grounded on the surface of the ER but the flag waves in
the cytoplasm)

Domain
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Expression is
inhibited by
cholesterol

O CH30H O

N %%/ N
EPERARCZRINET” ™ N\

O CH, CH, CoA
HMG CoA (6C)

2 NADPH +2 H*
HMG CoA reductase

CoA 2 NADP*
O CH, OH
N 83
tC\ /C\ /CHZOH
o 'cH, ch,
Mevalonic acid  (6C)

Steps:

- HMG CoAis reduced to
mevalonic acid “a 6
carbon molecule” by the
enzyme HMG CoA
reductase. This step
requires 2ATP



Steps of Mevalonic Acid Synthesis

After Mevalonic acid is formed, the complex undergoes a series of
reactions to finally become cholesterol.

1.

Production of a 5-carbon unit: - Isopentenyl pyrophosphate
(IPP) [which is the patent sterol for all sterols, and the
building block of cholesterol]

IPP is then converted to farnesyl pyrophosphate (FPP) [15 C
molecule]

2 molecules of (FPP) are Condensed to a 30C compound:
squalene (which is an opened ring molecule)

Cyclization of squalene to 30C Lanosterol to form a ring [the
first and parent sterol that is made in the body]

Synthesis of 27-Carbon cholesterol by removal of 3 carbons
(defect in this leads to Smith-Lemli-Opitz Syndrome “SLOS")

(SLOS - An autosomal recessive disorder caused by a partial
deficiency in 7-dehydrocholesterol-7-reductase)
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QMG OH

G
0-C_ ot ol e oY ADe oc\cﬁ\c’ '*20®®oo,k.", aop ®

cu, CHzO ®-®
Mevalonic acid K[“ 5
) j\ 0 wropnomm (1PP)
The y! of nd of
help keep these insolt In soluﬂon
CHy CH,0-®)-®)
CHy CH, c= c CH; CH,0-(B)-®)
c cucc “cH, c cu,u ci cno®®
H‘ & : ®-® pp :'é’:cf “ch, H ® ® ipp H’ £
CHy H CH-.» "'
rmshmu
Farnesyl pyrophosphate (FPP) Geranyl pyrophosphate (GPP) [4] 3-Dimethylally!
(15C) (10C) vvrophog;m (DPP)

is released in each of these four
condensation steps, making the reactions irreversible.

®-0<

NADPH + H* N squatene
synthase y
NADP* ( and are so hydrophobic that they require an
intracellular sterol carrier protein to keep them
soluble.
®-O<

Here, only know the names circled in red and the number of carbons.
DR.ESSA said the enzyme is important!!
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Regulation of Cholesterol Synthesis

HMG CoA reductase is the rate-limiting enzyme of cholesterol synthesis (Important!)

HMG CoA Reductase Regulation

By 4 mechanisms:

Sterol-dependent’ regulation of gene? expression
Sterol-accelerated enzyme degradation3

Sterol-independent phosphorylation/dephosphorylation
Hormonal regulation

TMeaning the amount of cholesterol in your body will determine the regulation
2Genes of the enzymes responsible for regulation

3The more sterol the faster degradation y



Sterol-dependent Regulation of Gene Expression of HMG CoA
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The goal is to regulate transcription, how? By transcription factors. These factors bind before the gene, and
either activate or inhibit its transcription

When sufficient cholesterol is present, transcription is suppressed and vice versa

Sterol Regulatory Element (SRE) is a recognition sequence in the DNA. (the area that binds with the
transcription factor)

SREBP (SRE binding protein) binding to SRE is essential for transcription of this gene “the transcription factor,
presentin the ER.”

SREBP cleavage-activating protein (SCAP) is an intracellular cholesterol sensor. so when the levels of cholesterol
decrease, SCAP will take SREBP to the ER and cleaves it to synthesize more cholesterol, and if cholesterol levels
increase the cleavage will be stopped

Explained in steps in the next slide.

High Cholesterol Low Cholesterol

// ~ - ~
* SCAP binds to insig protein
(insulin-induced protein) in ER
membrane
* SCAP-SREBP is retained in the ER

* Down regulation of cholesterol
synthesis

* SCAP-SREBP moves to Golgi
bodies

Vo

Lo

Lo

N

| | SCAP is removed from SREBP
: : * SREBP binds to SRE in DNA

| | *HMG CoA gene is activated

12



Sterol-dependent Regulation of Gene Expression of HMG CoA

1o
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Steps:
Normally or in case of low cholesterol:
- SREBP s presentin the ER.

\/

- It needs SCAP “cleavage activating protein” to carry it to the golgi bodies.
- Inside the golgi bodies, there are enzyme that remove SCAP and release SREBP.
- SREBP goes the the nucleus, binds to SRE and activates transcription.

In case of high cholesterol:

- Scap senses the raise in cholesterol and binds to another molecule called insig “insulin- induced protein”

which prevents it from leaving to the Golgi body, so it remains in the ER along with SREBP, which inhibits the

transcription of HMG CoA reductase.

13
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Sterol-accelerated Enzyme Degradation

When cholesterol is high, HMG-CoA reductase itself binds to insigs.

Leading to (increase) degradation of enzyme.

Enzyme Phosphorylation and Dephosphorylation

This is a sterol independent mechanism which depend on the amount energy
presented in the cell “ no enough ATP, no synthesis”.

High ATP means Low AMP and Low ATP means High AMP.

AMP- activated protein kinase (AMPK) for phosphorylation.

Phosphorylated form of enzyme is inactive.

Dephosphorylated form is active done by (phosphoprotein phosphatase).
Low ATP or High AMP cholesterol synthesis decreases.

14
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1- When there's high AMP, AMP kinase is

activated and then the AMPK will
phosphorylate the enzyme and make it
inactive and the cholesterol synthesis
goes down.

2- When there’s high ATP another enzyme
which called phosphoprotein
phosphatase will remove a phosphate
group and make the enzyme active.

Hormonal Regulation

e insulin and thyroxine increase upregulation of enzyme expression
e Glucagon and cortisol have opposite effect

15



HMG CoA Reductase Regulation

Cholesterol — m—)

Lost of cholesterol is
inhibitory

Transcription

______________________________________________________________________________________________________

HMG CoA reductase Atthe level of enzymes

Glucagon insulin
Cortisones h .
Statins Down-regulated Up-regulated T yroxin

HMG COA sy Cholesterol

16



Excretion of Cholesterol

Biochemistry437

(Normally most of the molecules (protein/carbohydrates) are broken down completely to CO2 and H20,
but cholesterol can not be broken down completely because of it big ring structure)

e conversion into bile acids and bile salts
excreted in the feces.
e secretion of cholesterol in bile.

There are 4 forms of which
cholesterol can be excreted:

e Transported to intestine for elimination. - Dbilesalts
[ i i - bile acids
e Inthe intestine, some cholesterol is converted hol I
by bacteria into coprostanol and cholestanol - cholestano
t - coprostanol

before excretion.

17
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Hypercholesterolemia
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High concentration of cholesterol in blood leads to atherosclerosis

Statin drugs are used to decrease plasma cholesterol levels

Statins are structural analogs of HMG CoA reductase

Statins inhibit enzyme activity by competitive inhibition

(because statins and HMG CoA reductive are structurally similar, they competitively bind

to the active site of the enzyme and when they're bound , HMG CoA synthesis drops)

B-sitosterols / phytosterols

Plant sterols and are poorly absorbed by humans (Poorly absorbed in the intestine)
Block the absorption of dietary cholesterol

Clinically useful in the dietary treatment of hypercholesterolemia
18
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Take Home Messages

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

HMG CoA reductase is a rate-limiting enzyme for cholesterol synthesis




Summary ~Team436
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Cholesterol
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1) Which of these is not a major site for cholesterol synthesis?
a. Liver

b. Brain

c. Ovaries

d. Adrenal cortex

HMG CoA synthase is present in?
Mitochondria

. Cytosol

c. Bothaandb

oo

Which of these is the rate limiting enzyme of cholesterol synthesis?
HMG CoA reductase

HMG CoA synthase

Thiolase

mnuU<
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