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•  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�

Objectives: 

abbreviations: 
•  CE: cholesterol esters. �
•  ER: Endoplasmic Reticulum. �
•  HMG CoA: 3-Hydroxy 3-Methylglutaryl CoA. �



cholesterol 
•  MOST IMPORTANT ANIMAL STEROID 
•  MAINTAINS MEMBRANE FLUIDITY 
•  INSULATING EFFECT ON NERVE FIBRES 
•  CHOLESTEROL IS THE PARENT MOLECULE FOR 
  BILE ACIDS AND BILE SALTS 
  STEROID HORMONES 
  VITAMIN D3 

Liver plays a central role in the 
regulation of cholesterol 

homeostasis 

•  MOST PLASMA CHOLESTEROL IS ESTERIFIED WITH A FATTY ACID 
•  CES ARE NOT PRESENT IN MEMBRANES 
•  PRESENT IN SMALL AMOUNTS IN MOST CELLS 
•  MORE HYDROPHOBIC THAN CHOLESTEROL 

Cholesteryl esters  



•  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 

Cholesterol synthesis 

HMG CoA 

•  PRESENT IN BOTH CYTOSOL AND 
MITOCHONDRIA OF LIVER: 
  MITOCHONDRIAL- INVOLVED IN 
KETOGENESIS. 
  CYTOSOLIC – INVOLVED IN CHOLESTEROL 
SYNTHESIS. 
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+ 
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3- HYDROXY 3-METHYLGLUTARYL  
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Synthesis of mevalonic acid 
•  RATE LIMITING AND KEY STEP 
•  OCCURS IN CYTOSOL 
•  HMG COA REDUCTASE IS AN ER MEMBRANE ENZYME WITH CATALYTIC UNIT 

HANGING IN THE CYTOSOL, IT IS ALSO IS THE RATE-LIMITING ENZYME OF 
CHOLESTEROL SYNTHESIS 

ACETYL COA 



5 CARBON STRUCTURE 

CONDENSATES TO A 30 
CARBON STRUCTURE CYCLIZATION OF SQUALENE 

TO 30C LANOSTEROL 

SYNTHESIS OF 27-
CARBON CHOLESTEROL 
(DEFECT IN THIS LEADS TO 
SMITH-LEMLI-OPITZ 
SYNDROME) 

RATE LIMITING AND KEY STEP 
OCCURS IN CYTOSOL 



THE REGULATION INCLUDES: 
•  STEROL-DEPENDENT REGULATION OF GENE EXPRESSION: 

  STEROL REGULATORY ELEMENT (SRE) IS A RECOGNITION SEQUENCE IN THE DNA 
  SREBP (SRE BINDING PROTEIN) BINDING TO SRE IS ESSENTIAL FOR TRANSCRIPTION 

OF THIS GENE 
  SREBP CLEAVAGE-ACTIVATING PROTEIN (SCAP) IS AN INTRACELLULAR CHOLESTEROL 

SENSOR 
•  STEROL-ACCELERATED ENZYME DEGRADATION 
•  STEROL-INDEPENDENT PHOSPHORYLATION/DEPHOSPHORYLATION 
•  HORMONAL REGULATION: 

HMG CoA Reductase Regulation 

Gene 

Transcription 

Translation 

HMG CoA Reductase 

HMG 
CoA 

Cholesterol 

Cholesterol 

Glucagon 
Cortisones 

Statins 

Insulin 
Thyroxin 

STEROL-DEPENDENT REGULATION : 
WHEN SUFFICIENT CHOLESTEROL  
IS PRESENT, TRANSCRIPTION IS  
SUPPRESSED AND VICE VERSA 

HORMONAL REGULATION: 
•  INSULIN  AND THYROXINE INCREASE 
 UPREGULATION OF ENZYME EXPRESSION 
•  GLUCAGON AND CORTISOL HAVE OPPOSITE 
 EFFECT 



Sterol-dependent regulation 

Cholesterol  High! "

  SCAP BINDS TO INSIG PROTEIN (INSULIN-
INDUCED PROTEIN) IN ER MEMBRABE 

  SCAP-SREBP IS RETAINED IN THE ER 
  DOWN REGULATION OF CHOLESTEROL 

SYNTHESIS 

Cholesterol Low"

  SCAP-SREBP MOVES TO GOLGI BODIES 
  SCAP IS REMOVED FROM SREBP 
  SREBP BINDS TO SRE IN DNA 
  HMG COA GENE IS ACTIVATED 

Enzyme phosphorylation and dephosphorylation 

  AMP- ACTIVATED PROTEIN KINASE (AMPK) FOR PHOSPHORYLATION 
  PHOSPHORYLATED FORM OF ENZYME IS INACTIVE  
  DEPHOSPHORYLATED FORM IS ACTIVE 
  LOW ATP OR HIGH AMP  CHOLESTEROL SYNTHESIS DECREASES 



Hypercholesterolemia!

•  HIGH CONC. OF CHOLESTEROL IN BLOOD  
•  LEADS TO ATHEROSCLEROSIS 
•  STATIN DRUGS ARE USED TO DECREASE PLASMA CHOLESTEROL LEVELS 
•  THEY ARE STRUCTURAL ANALOGS OF HMG COA REDUCTASE AND INHIBIT 

THE ENZYME ACTIVITY BY COMPETITIVE INHIBITION 

•  PLANT STEROLS AND ARE POORLY ABSORBED BY HUMANS 
•  BLOCK THE ABSORPTION OF DIETARY CHOLESTEROL 
•  CLINICALLY USEFUL IN THE DIETARY TREATMENT OF 

HYPERCHOLESTEROLEMIA 

β-Sitosterols/ Phytosterols!

Excretion of cholesterol!

•  BY CONVERSION INTO BILE ACIDS AND BILE SALTS- EXCRETED IN THE 
FECES 
  SECRETION OF CHOLESTEROL IN BILE 
  TRANSPORTED TO INTESTINE FOR ELIMINATION 

•  IN THE INTESTINE, SOME CHOLESTEROL IS CONVERTED BY BACTERIA INTO 
COPROSTANOL AND CHOLESTANOL BEFORE EXCRETION 



QUIZ YOURSELF!! 

1-  STATIN DRUGS INHIBIT THE SYNTHESIS OF THE ENZYME HMG COA REDUCTASE BY: 
A- COMPETITIVE INHIBITION  
B- IRREVERSIBLE INHIBITION 
C- UNCOMPETITIVE   

3- SMITH-LEMLI-OPITZ SYNDROME IS A RESULT OF A DEFECT WHICH OF THE FOLLOWING? 
A- CYCLIZATION OF SQUALENE TO 30C LANOSTEROL 
B- SYNTHESIS OF 27-CARBON CHOLESTEROL  
C- SYNTHESIS OF 20-CARBON CHOLESTEROL  

4- IN STEROL DEPENDANT REGULATION, WHEN CHOLESTEROL IS HIGH: 
A- SCAP-SREBP MOVES TO GOLGI BODIES 
B- SREBP BINDS TO SRE IN DNA 
C- SCAP BINDS TO INSIG PROTEIN  

2- CHOLESTEROL IS SYNTHESIZED IN: 
A- LIVER AND INTESTINE 
B- TESTES AND OVARIES 
C-   A&B  
D- ALL TISSUES 

5- WHICH OF THE FOLLOWING IS CORRECT IN HYPERCHOLESTEROLEMIA: 
A- HIGH CONC. OF CHOLESTEROL IN BLOOD . 
B- LEADS TO ATHEROSCLEROSIS. 
C- A & B .  

ANS: 1- A    2- D    3- B    4- C    5- C 



GOOD LUCK!! 
FROM OUR TEAM MEMBERS: 

SARA ALDOKHAYEL 
MAHA ALRAJHI 
LAMEES ALMEZAINI 
BATOUL ALSUHAIBANI 
JOWAHER ALABDULKARIM 
MARA ALAQIL 
AMJAD ALBATILI 
LAYAN ALTAWEEL 

AHMAD ALHUSSAIN 
ZIYAD ALAJLAN 


