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I. course Description 

The course gives a basic understanding on the Biochemical and Molecular aspects of human life. It delivers medical students with concepts and ideas on enzymes of different biochemical reactions, chemistry and metabolism of carbohydrates, proteins, lipids, and nucleic acids as well as metabolic disorders. It also creates a chance for the students to integrate the biochemical reactions with physiology, pathology, pharmacology, and immunology.
II. Learning Objectives 

At the end of this course, students should be able to:

· Understand the chemical composition of life 

· Describe different cell organelles and cell fractionation techniques 

· Distinguish the cellular sites  or organelles in which different biochemical reactions takes places 

· Understand the chemistry and metabolism of biomolecules 

· Appreciate the energy yield from different catabolic reactions 

· Explain the flow of genetic information via central dogma of molecular biology
· Integrate concepts of each chapter 

· Appreciate metabolic disorders of biochemical basis 
III. Course Content
1. INTRODUCTION TO BIOCHEMISTRY



   
1.1. The biomolecular hierarchy 
1.2. Bio-molecules, Biochemical reactions
1.3. The role of biochemistry in medicine & other health sciences
2. CELLS &SUB CELLULAR FRACTIONATION  

2.1. Cells & cellular compartments
2.2. Separation methods & markers
3. WATER, ACIDS, BASES, AND BUFFERS

    
3.1. Function, Structure and properties of H2O 
3.2. Crystalloids and Colloids 
3.3. Interaction of water with biomolecules

3.4. Osmosis, Hypotonic, Hypertonic & Isotonic solutions 
3.5. Ionization of water

3.6. Dissociation of electrolytes
3.7. Definition of acids and bases 
3.8. pH of different body fluids
3.9. Henderson-Hasselbalch equation
3.10. Body acid-base imbalance 
3.11. Buffers & Buffers of the blood
4. AMINO ACIDS, PEPTIDES & PROTEINS      

  
4.1. Amino Acids

· General structure of amino acids
· Classification of proteinogenic amino acids
· Non-proteinogenic amino acids
·  Properties of amino acids
4.2.   Peptides and Proteins
· The peptide bond and its characteristics
· Peptides of physiological significance (Glutathione, Bradykinin, etc.)
· Functions and classifications of proteins
· Structural Organization of Proteins
· Primary structure
· Secondary structure
Alpha helix characteristics                                          
Parallel sheets and beta-turns
· Tertiary structure
· Quaternary structure
· Protein denaturation
· Denaturing agents
· Effects of denaturation
· Protein separation, purification, & amino acid separation
                     Myoglobin and haemoglobin
·       Hemoproteins

· Porphyrin ring and heme synthesis
· Regulation of heme synthesis
· The porphyrias
· Heme degradation

·  Hyperbilirubinemia & jaundice
Myoglobin
· Structure
· Mb-O2 dissociation curve
                                         Haemoglobin
· Hb heterogeneity 
· Adult Hb, Fetal Hb, structure
· Critical amino acids in Hb function
· Transport functions of haemoglobin
· Deoxyhaemoglobin
· Conformation of the heme pocket
· Stabilization of deoxyhaemoglobin (salt bridges, bridges with Cl-, binding of H+)
· Oxyhaemoglobin
· Conformational changes during oxygenation
· Allosteric mechanisms & 2,3BpG
· Hb-O2 dissociation curve
· H+ and CO2 transport
· Bohr Effect
· Hb and its buffering property
· Abnormal Haemoglobins
 
Sickle-cell haemoglobin
· Chemical properties of Hb-S
· Deoxy Hb-S and the sticky patches
· Advantages of RBC sickling
 
Thalassemia
                
Alpha-thalassemia
               
Beta-thalassemia
                     Plasma Proteins

· Classification and separation of plasma proteins
· Albumin and its functions
· The alpha globulins, beta globulins and their functions
· Blood clotting and related proteins

· Defense proteins/Gamma globulins (immunoglobulin) and their functions
5. VITAMINS AND MINERALS
   
  
5.1. Definition of Vitamins  

· Classification  of vitamins
· Biological functions  of each vitamins 
· Vitamins as a source of coenzymes
5.2.  Classification of minerals

· Minerals as cofactors
· Calcium and phosphate metabolism 
· Digestion, absorption , transport and storage of iron

· Iron deficiency anemia 

· Haemochromatosis
6. BIOCHEMICAL CATALYSIS AND ENZYMES

           
6.1.    Definition of enzymes
6.2. General characteristics & features of enzymes
6.3.      Types and functions of coenzymes/cofactors
6.4. Enzyme kinetics
· Steady-state kinetics (Michaelis-Menten equation and significance of Km)
· Transformation of M-M equation
· Enzyme units, turnover number of enzymes
6.5. Factors affecting enzymes activity
6.6. Enzyme inhibitors and their medical application
6.7. Reactions in bi-substrate catalyzing enzymes
6.8. Mechanisms of accelerating reactions
· Transition states and activation energy
· Lock & Key, Induced fit Model
· Orbital steering (proximity and orientation)
· Covalent catalysis
· General acid-base catalysis
· Substrate distortion and strain

          6.9. Regulating enzyme catalytic efficiency

· Enzyme quantity & affinity regulation
· Allosteric enzymes and allosteric regulation
· Allosteric enzymes and their kinetics
· Example of allosteric enzymes
· Homotropic and heterotropic interactions
· Mechanisms for cooperativity (Concerted model,Sequential model)
· Covalent modification

         6.10. Clinical application of Enzymes
7.  Chemistry of CARBOHYDRATES       




7.1. Functions and classification of carbohydrates
7.2.  Families of Monosaccharides 
· Structures and isomerism
· Mutarotation and anomerism of glucose
· Derivatives of monosaccharides (acid sugars, alcohol sugars, amino sugars, etc.)
7.3.  Disaccharides
7.4.  Polysaccharides
· Chemistry of Storage polysaccharides
· Glycogen, starch, dextran, inulin, etc.
· Structural polysaccharides
·  Cellulose, its structure & role

7.5. Complex polysaccharides
· Glycosaminoglycans - types, structure, distribution in tissues, and functions
·  Glycoproteins - types (carbohydrate-protein linkages) and functions
8.  CARBOHYDRATE METABOLISM 





8.1. Digestion and absorption of carbohydrates
8.2. Cellular uptake of glucose
8.3. Insulin dependent
8.4. Insulin independent
8.5. Maldigestion/ malabsorption of carbohydrates
8.6. Glycolysis
·  Definitions and cellular localization
·  Glycolytic reactions
· Regulation of the glycolytic pathway
· Glycolysis and the red blood cells
·  Fermentation and metabolism of alcohol
·  Lactic acidosis, glycolytic enzyme defects, and    haemolytic anaemias
8.7.  Degradation of other monosaccharides
·  Fructolysis & interconversion with glucose
·  Essential fructosuria, Cataract, Fructose intolerance

· Galactolysis & interconversion with glucose
· Galactosemias
8.8.  Gluconeogenesis
· Gluconeogenetic organs & substrates
· Gluconeogenetic pathway
· The Cori-cycle
· Regulation of gluconeogenesis
·  Alcohol ingestion & gluconeogenesis
8.9. The pentose phosphate pathway
· Significance & sub cellular location
· The oxidative & non-oxidative reaction pathways
· The pentose phosphate pathway & the RBCs
· Glucose 6-phosphate DH deficiency
·  Wernicke-Korsakoff syndrome
8.10. Overview of the uronic acid pathway
8.11. Glycogen metabolism
·  Distribution of glycogen in the body
· Glycogenesis
·  Glycogenolysis
· Regulatory mechanisms of glycogenolysis & glycogenesis (liver vs muscle)
· Contraction-Glycogenolysis coupling in muscle
· Glycogen storage diseases
9. CHEMISTRY OF LIPIDS                                           

                               
9.1. Functions and classification of lipids
9.2. Fatty acids Structure and nomenclature
9.3. Triacylglycerol
· Structure and properties of TAG
9.4. Phosphoglycerides
· Structure of phosphatidic acid
· Structures and types of phosphoglycerides (phosphatidylcholine, phosphatidylethanolamine,phosphatidylinositol, phosphatidylserine, and cardiolipin)
· Sites of action of phospholipases
· Amphipatic lipids & Liposomes applications
9.5. Plasmalogen & their Structures
9.6.  Sphingolipids
· Structure of ceramide
· Sphingomyelin
· Neutral glycosphingolipids
· Acidic glycosphingolipids
· Functions, distribution and properties of sphingolipids
9.7.  Steroids and isoprene derived compounds
· Steroid nucleus structure
· Cholesterol structure and function
10. LIPID METABOLISM  





10.1. Digestion & Absorption of lipids
10.2. Maldigestion & Malabsorption of lipids
· Fatty acid oxidation
· β-oxidation
· FA activation
· Carnitine-Acyl shuttle system & its regulation
· Regulation of β-Oxidation
· Balance sheet of palmitate oxidation
· Oxidation of Unsaturated fatty acids & odd chain   fatty acids
·   Minor Mechanisms for FA oxidation (α, ω)
·  Refsum’s disease
·  Ketogenesis
·  The ketone bodies
· Synthesis of ketone bodies
· Why the liver becomes ketogenic?
· Peripheral utilization of ketone bodies 
·  Ketosis & keto-acidosis
              10.4.   Biosynthesis of fatty acids 
· Comparison between β-oxidation & FA synthesis
· Synthesis of manolyl CoA & its regulation
· The fatty-acid synthase & reaction cycle (initiation, elongation, termination)
· Sources of NADPH
· Mechanisms of fatty acid desaturation & elongation
· Short & long-term regulatory mechanisms

10.6. Triacylglycerol (TAG) Mobilization                   .
· Triacylglycerol (TAG) lipase & lipolysis
· Control of adipose tissue lipolysis
· Fates of FAs & glycerol
             10.7. The Eicosanoids
· Definition & classification
· Nomenclature of eicosanoids
· Synthesis of eicosanoids
· Release of membrane arachidonic acid (stimulators, inhibitors)
· The cyclooxygenase pathway 
· The lipooxygenase pathway
·  Physiological effects of eicosanoids
· Effects of prostaglandins, thromboxanes, & prostacyclin   
· Effects of leukotrienes & HETE
·   Steroidal and non-steroidal anti-inflammatory drugs and their effect on PG synthesis
·   Degradation of eicosanoids
            10.8. Cholesterol metabolism
· Biosynthesis of cholesterol
· Regulation mechanisms
· Functions of cholesterol
· Factors affecting cholesterol balance at cellular level            


· LCAT & cholesteryl ester transfer protein
· Cholesterol disposition & bile acids
· Bile acids & their formation
· Bile acid in intestine & enterohepatic circulation
· Functions of bile acids
· Cholesterol solubility in bile
· Cholesterol lowering drugs
            10.9.     Lipid transport and lipoproteins
· The lipoproteins & their apolipoproteins
· Metabolism of chylomicrons & VLDL
· Metabolism of HDL
· Metabolism of LDL
· Hyperlipoproteinemia - congential and acquired
· Atherosclerosis and cholesterol, lipotropic factors and fatty liver
11.   AMINO ACIDS & PROTEIN METABOLISM

 
  
11.1. Digestion and absorption of proteins
11.2. Protein malabsorption & AA absorption impairment
11.3. Intracellular protein degradation
11.4. Quantitative relationship between protein and AA turnover
11.5. Amino acid Degradation
· Degradation of amino acid nitrogen
· Major nitrogen wastes of human beings
· Mechanisms of removing NH3 from AA transaminations
· Sources of free ammonia for liver
· The Glucose-Alanine cycle, and other mechanisms of delivering ammonia to liver
· Hyperammonemia - Congenital and Acquired
· Why is free NH3 toxic to the CNS? 
· The urea cycle, significance, defects
· Degradation of carbon skeleton of AA
· Classification of AA in to glucogenic, ketogenic or both
· Catabolism of AA to pyruvate & related disorders
· Catabolism of AA to alpha-KG & related disorders
· Catabolism of AA to succinyl - COA & related disorders
· Catabolism of AA to Aspartate & related disorders      
· Catabolism of AA to Acetyl COA/Acetoacytl-COA related disorders
· Aminoacidurias, phenylketonuria, maple syrup disease, alkaptonuria, cystinuria, etc.
11.6. One carbon metabolism
· The structure of folic acid;
· One carbon groups carried by THF
· Formation of 1-carbon units attached to THF
· S-adenosyl methionine as a methyl donor.
· Compounds formed by accepting 1-carbon compound
11.7. Overview of the biosynthesis of amino acids
     11.7.1. The source of amino group
      11.7.1. Precursors of the carbon skeleton
· Glycolytic intermediates  

· 3- Phosphoglycerate
· Phosphoenolpyruvate 
· Pyruvate
· TCA intermediates
· Oxaloacetate
· α- ketoglutarate


    
· Amino acids as a source of special products 
             
· Creatine, creatine phosphate & creatinine metabolism & its Significance
· Glutathione metabolism
· Polyamine metabolism
· Serotonin & melatonin synthesis & functions
· Melanin metabolism & albinism
· Catecholamine metabolism
· AA-Decarboxylation products - Histamine, cadaverine, tyramine, putrescine, etc...
· AA & Neurotransmitters: GABA, glycine, glutamate, aspartate
12. BIOENERGETICS, TCA CYCLE,                                                                 
     ELECTRON TRANSPORT CHAIN AND OXIDATIVE PHOSPHORYLATION

12.1. Bioenergetics 
· Oxidation-reduction reaction & redox potentials

· Standard redox potentials of some conjugate pairs

· The redox-potential & free-energy
· High energy phosphates
· Standard free-energy hydrolysis of ATP and  structural basis for phosphate-transfer potential 
12.2. Mitochondrion and its structure 
12.3. Pyruvate  dehydrogenase reaction & control mechanism
12.4. The tricarboxylic acid cycle
12.5. Location & purposes of TCA cycle
12.6. Reactions of the TCA cycle
12.7. Anaplerotic reactions
12.8. Regulation of TCA cycle
12.9. Electron-Transport chain & Oxidative phosphorylation
· The components of the respiratory chain
· The electron-transport pathway & its inhibitors
· The ATP synthase and oxidative phosphorylation
· The mechanisms of coupling electron transport  & oxidative phosphorylation
· Energetics of ATP synthesis & redox-span
· Uncouplers and Ionophores
12.10.   Reactive oxygen species and oxidative stress 
13.  INTEGRATIVE AND ORGAN METABOLISM        

 
13.1. Homeostasis of Blood Glucose
· Sources of blood glucose     

· Blood glucose in post-prandial post absorptive, and early fasting states
13.2. The Fed-starved cycle
· Deposition of fuel molecules in well fed state and interrelation among major organs
· Mobilization of fuel molecules in fasting state and inter-organ relations
13.3. Metabolic Adaptation to Starvation
· Energy reserve & its distribution
· Energy mobilization & distribution in early fasting
· Energy mobilization & distribution in prolonged fasting  
· Hormone mediators of adaptation; insulin, glucagon, ...
13.4. Diabetes mellitus
· Classification
·  Derangement in carbohydrate, lipid, & protein metabolism
·  Metabolic basis of chronic complications
· Non-enzymatic glycation of structural proteins 
· Polyol pathway & sorbitol accumulation
· Oxidative damage
· Acute diabetic complication & metabolic basis
· Hypoglycaemia
· Diabetic ketoacidosis
· Non-ketotic hyperglycaemic coma
· Assessment of glycemic control
· Fasting blood/urine glucose
· Glycated hemoglobin, AGE of HB
· Sorbitol
13.5. Organ Metabolism






· Liver & intermediary metabolism
· Bitorasnformation and the metabolism of xenobiotics (eg. ethanol; fatty 
· liver disease), CytoP-450, Degradation & Conjugation
14.   SIGNAL TRANSDUCTION                             


14.1. The Structure and Function of Signal Pathways 
· Types of communication: secreted messengers, gap junctions and 


cell surface proteins 
· Endocrine, paracrine and autocrine mediators 
· The stages of signal transduction (reception to termination)
14.2. Types of receptors: nuclear vs cell surface receptors 
14.3. Nuclear receptors
· The retinoic acid group
· The steroid hormone group
· Hormone response elements 
14.4. Cell Surface Receptors 
· G-Protein-Coupled Receptors 
· Groups of G- proteins 
· Cyclic AMP, Protein Kinase A
· Desensitization, GTPase activity, cAMP phosphodiesterase
· ADP-ribosylation: the cholera and pertussis toxins 
· Cell surface and cytosolic isoforms of guanylyl cyclase
· Nitric oxide and vasodilation
· Vision and cGMP 
· Signaling molecules from inositol phospholipids IP3, PIP3, DAG, Ca+2 and protein kinase C, Calmodulin
· Receptor tyrosine kinase activity 
· The insulin receptor: cytosolic vs nuclear effects
· Receptors with associated tyrosine kinase activity 
· Cytokine receptors and the JAK-STAT pathway         
· Receptor serine/ threonine kinase activity 
· Transforming growth factor 
14.5. Signal transduction in cell birth, death and cancer
14.5.1. The cell cycle 
· The phases and the checkpoints of the cell cycle
· Cyclins, cyclin dependent kinases
· The role of pRb in initiating the cell cycle 
· The damage response -p53 
14.5.2. Apoptosis 
· Caspases 
· The intrinsic pathway and cytochrome c
· The extrinsic pathway: Fas-ligand, TNF-α
14.5.3. The Molecular basis of cancer 
· Oncogenes and tumor suppressors 
· General types of mutations leading to transformation             
· The hallmarks of transformation 
15. MOLECULAR BIOLOGY 
                                                          
15.1.   Nucleotide metabolism       



· Functions of nucleotides
· Purine nucleotide metabolism
· Purine ring and sources of atoms
· Purine nucleotide De-novo synthesis pathway & inhibitors
· Purine salvage pathways
· Production of deoxyribonucleotides
· Regulation of purine nucleotide synthesis
· Degradation of purine nucleotide & uric acid formation
· Disorders of purine metabolism
 
Hyperuricemia and Gout

Adenosine deaminase & purine nucleoside phosphorylase deficiency
· Pyrimidine Nucleotide metabolism
· Pyrimidine ring and sources of atoms
· Pyrimidine nucleotide synthesis & inhibitors
· Pyrimidine salvage pathway
· Control of pyrimidine synthesis & interrelation to purine  metabolism
· Pyrimidine degradation
· Inherited disorders of pyrimidine metabolism
15.2. The nucleic acids
·  Comparison between DNA & RNA
· The Watson-Crick DNA & its features
· The chemical features of DNA
· DNA denaturation


· The RNAs
· Types of RNA's their compositions and functions
· Chemical features of RNAs
· DNA organization
·   Eukaryotic DNA & its organization
· The histones & their functions
· Packaging of DNA (organizational levels of DNA) to chromosomes
· Eukaryotic genome & the DNA sequences
· The coding regions of DNA (unique non-repetitive sequences)
· Repetitive DNA sequences
· Prokaryotic genome & its organization
· Circular DNA
· Topoisomerases
· DNA replication
· Types of DNA replication
· Semi-conservative model of DNA replication
· Prokaryotic DNA replication
· Eukaryotic DNA replication
· Inhibitors of DNA replication(analogues, intercalation, polymerase inhibitors)
· DNA damage 
· Types and agents of mutations
· Spontaneous, Radiation, Chemicals, ...
· Repair mechanisms  
· Base Excision, Nucleotide Excision, Mismatch Repair, ...
· DNA-recombination
· In meiosis 
· Transposition 
· Transcription
· Prokaryotic transcription
· The RNA polymerase
· The origin & prokaryotic promoters
· The initiation, elongation,& termination.
· Prokaryotic termination signals
· Prokaryotic transcription product 
· Eukaryotic transcription
· Eukaryotic RNA polymerases
· Eukaryotic promoters
· Enhancers & transcriptional elements
· The processes of initiation, elongation & termination
· Eukaryotic termination signals
· RNA processing & modifications
· The spliceosomes
· Thalassemias & globin mRNA splicing
· Modification to mRNA, tRNA, etc...
·  Translation
· Components of the translational apparatus
· The t-RNA
· Structure and amino acid compostion
· Basic features
· The ribosomes
· Prokaryotic ribosomes & components
· Eukaryotic ribosomes & components
· Functions of ribosomal units
· The mRNA & the genetic code
· Features of prokaryotic & eukaryotic mRNA                                  
· The genetic code & its features
· Wobbling & the genetic code
· Amino acid activation & t-RNA loading
· Specificity & fidelity of amino acylation reaction
·  Protein synthesis in prokaryotes
· The initiation complex & initiation factors
· Initiation
· Elongation & translocation
· Termination of translation
· Antibiotics and prokaryotic protein synthesis  
· Eukaryotic translation
· Eukaryotic initiation factors & initiation complex
· Initiation, elongation, termination
· Diphtheria toxin & its effects
· Regulation of gene expression
·  Regulation in prokaryotes
· Operon model
· Bacteriophage & its genetic switching
·  Regulation in eukaryotes
· Chromatin remodelling 
· Euchromatin and heterochromatin
· Histone deacetylase
· General vs gene-specific transcription factors 
· Basal level of transcription
· Induction and repression



· mRNA processing & alternate mRNA splicing
· mRNA degradation and interference 

15.3.    Overview of DNA Technology
· Definition of terminologies
·  Restriction endonucleases, restriction map, chimeric DNA
· Cloning & cloning vectors
·     Recombinant libraries
        


Genomic library vs cDNA library
· Blotting & visualization techniques
(Southern blotting, northern blotting, western blotting)
· DNA nucleotide sequence analysis
· The polymerase chain reaction
· Practical applications of recombinant DNA technology
16.  THE EXTRACELLULAR MATRIX AND THE BLOOD 


16.1. Composition of the extracellular matrix
· Structural proteins 
                                            Collagen
· Types & distribution of collagen fibre
· Conformation of collagen & unique AA sequences
· Synthesis of collagen
· Fibre organization
· Inherited disorders of collagen synthesis
    

      Elastin
· Structure and AA composition
· Synthesis 
· Association with microfibrils 
· Disorders related with defective synthesis of microfibrils


                  Proteoglycans
· Glycosaminoglycans
· Synthesis, structure, tissue distribution and functions of GAG                              
· Association with core proteins
· Degradation of GAGs and related disorders


                Adhesion proteins 
· Laminin, fibronectin and integrins 


                Matrix metalloproteinases 
16.2. The blood
· Composition of blood 

· Blood  groups  
IV. Methods of teaching

LECTURE
Students are given printouts of the lecture power point slides so that they can photocopy them. It is hoped that they would supplement them by being attentive in class and referring to books.           
LABORATORY SESSIONS
Laboratoy activities and demonstrations are going to be conducted on different areas of the course. The students should actively participate in the experiments. Evaluations are going to be based upon lab reports and a final laboratory exam.
SEMINARS AND TUTORIALS
Ideally, groups of students would be assigned topics on which to present seminars. It is a good way of improving the students’ presentation skills and developing their self-confidence. The department is also open to preparing special tutorials for interested students.
ATTENDANCE
A student with full and active attendance is most likely to understand and pass the course successfully. Regular attendances are going to be taken by members of the department. 
EVALUATION METHODS/ASSESSMENT 
· Progressive assessment (ideally, 5written tests and 1 internal viva) = 50 %, each written test having a value proportional to the lecture hours spent on the particular test area
· Final written examination (covering all areas of the course) = 20 %
· External viva = 30 %
REFERENCE BOOKS
Students are strongly advised to expand on the lecture notes by referring to a combination of the books listed below. Most of the books discuss most of the points covered in the course. Students are welcome to ask for soft copies of books.
1. Lehninger Principles of Biochemistry (Nelson and Cox)
2. Stryer Biochemistry (Berg, Tymoczko and Stryer) 
3. Harper’s Illustrated Biochemistry (Murray, Bender, Botham, et al.) 
4. Mark’s Essentials Of  Medical Biochemistry(Smith, Marks and Lieberman)  
5. Biochemistry (Voet) 
6. Lippincott’s Illustrated Biochemistry (Champ)   
[image: image1.png]



2

