	Medicine school
The format of the semester lesson plan
Lesson title: Biochemistry of Discipline
Audiences: International Student of General Medicine, first semester 1402-1403
Share of each teacher: 1.8
Time to answer the questions: Up to one hour after the lesson sessions

Course Outline: (Day, Hours and Semesters):  Monday 8-10 
Teachers: Prof. Zohreh Rahimi, Prof. Ebrahim Shakiba, Dr Lida Haghnazari, Dr Soheila Asadi and Dr Hadi Mozafari 
Lesson & Prerequisites: Biochemistry of Discipline
Overall Objective:
Overall aims of sessions: (one goal per session)
1- Carbohydrates metabolism
2- Carbohydrates metabolism
3- Carbohydrates metabolism
4- Lipid metabolism

5- Lipid metabolism

6- Lipid metabolism

7- Amino acids metabolism

8- Amino acid metabolism

9- Urea Cycle

10- Nucleotide metabolism

11- Metabolism of non-protein nitrogenous compounds
12- Integration of metabolism

13- Integration of metabolism

14- Phosphorylation oxidative

15- Clinical Enzymology

16- Clinical Enzymology

The 1th session: Carbohydrates metabolism
The overall objective: Definition of Glycolysis pathway and its regulation, definition of gluconeogenesis and its regulation 

Specific goals:

1- Definition the carbohydrate digestion 
2- Definition of the importance of glycolysis pathway and its enzymes
3- Definition of the important reactions of glycolysis pathway, end products of glycolysis pathway
4- Definition the regulation of glycolysis pathway
5- Definition of clinical aspects of glycolysis pathway

6- Definition of the importance of gluconeogenesis pathway, its enzymes and its reactions
7- Definition the regulation of gluconeogenesis reactions and coordination
The 2th session: Carbohydrates metabolism (part 2)
The overall objective: Definition of metabolism of other hexoses, Definition of  Citric acid Cycle and pentose phosphate pathway 
Specific goals:
1- Definition of fructose and Galactose metabolism

2- Definition of the clinical aspects of fructose and Galactose metabolism

3- Definition the importance of citric acid cycle, its enzymes and reactions
4- Definition the regulation of citric acid cycle
5- Definition the pentose phosphate pathway, its enzymes and its reactions
6- Definition  the importance of pentose phosphate pathway in producing NADPH and Ribose 5 phosphate
7- Definition the clinical aspect of pentose phosphate pathway
The 3th session: Carbohydrates metabolism (part 3)
The overall objective: Definition of Glycogen metabolism and Glucoronic pathway
Specific goals:
1- Definition of the Glycogenolysis reactions and its enzymes 
2- Definition of the Glycogen synthesis reactions and its enzymes
3- Definition of the hormonal regulation of glycogen synthesis and glycogenolysis during fasting and feeding states
4- Definition of glycogen storage diseases

5- Definition the Glucoronic pathway and its important
The 4th session: Lipid metabolism (part 1) 
The overall objective: Oxidation of fatty acids and different types of fatty acid oxidation, metabolism of ketone bodies
Specific goals:
1- Definition the  lipid digestion

2- Definition the entering the fatty acids into mitochondria

3- Definition the β-oxidation pathway , its enzymes and clinical aspect of this pathway

4- Definition the β-oxidation of very long fatty acids in peroxisomes and its differences with mitochondrial β-oxidation

5- Definition the omega oxidation, its difference with mitochondrial β-oxidation and its clinical aspect

6- Definition the α oxidation, its difference with mitochondrial β-oxidation and its clinical aspect

7- Definition the  ketone bodies and the biochemical reaction which produced the ketone bodies
8- Definition the clinical aspect of ketone bodies in different conditions(fasting, feeding and starvation)
The 5th session: Lipid metabolism (part 2) 
The overall objective: Biosynthesis fatty acids, metabolism of unsaturated fatty acids & eicosanoids, phospholipids and sphingolipids metabolism

Specific goals:

1- Definition the fatty acid biosynthesis pathway and its enzymes

2- Definition the regulation of fatty acids biosynthesis in fasting and feeding stats and the role of hormones.

3- Definition the coordination between fatty acids oxidation and biosynthesis

4- Definition the importance of eicosanoids, prostaglandins, thromboxanes and leukotrienes biosynthesis and their clinical importance
5- Definition the triacylglycerol and  phosphoglycerol biosynthesis
6- Definition of biosynthesis of different classes of sphingolipids, their digestion and sphingolipidoses
The 6th session: Lipid metabolism (part 3)
The overall objective: Cholesterol synthesis, lipoproteins and lipid transport 
Specific aims:

1- Definition the cholesterol biosynthesis and important enzymes in this pathway

2- Regulation of cholesterol biosynthesis,  the clinical importance of cholesterol-lowering drugs and their mechanisms
3- Definition the  lipid transport and storage

4- Definition the different classes of lipoproteins and clinical importance of them
5- Definition the metabolism and the role of bile salts
The 7th session: Amino acids metabolism (part 1) 
The overall objective: Catabolism of amino acids
Specific goals:

1- Definition of various enzymes and hormones which participated in protein digestion

2- Definition the intestinal absorption of amino acids and the genetic disorders in intestinal absorption of amino acids
3- Definition of biochemical pathways which participated in biosynthesis of nutritionally nonessential amino acids
4- Introducing glycogenic and ketogenic amino acids

5- Definition the catabolic pathways of carbon skeleton of amino acids
The 8th session: Amino Acids metabolism (part 2) 
The overall objective: Conversion of Amino Acids to specialized products and inborn error of metabolism of amino acids
Specific goals:

1- Definition of inborn error of metabolism in metabolism of amino acids such as Albinism, phenylketonuria, Alcoptonuria, maple urine syrup disease
2- Definition of importance of sulfur containing amino acid and their role in various disease
3- Definition of the conversion of Glycine, β-Alanine, Methionine, Ornithine & Arginine, Tryptophan, Tyrosine, Glutamate and Histidine to specialized products
The 9th session: Urea cycle

The overall objective: Definition of urea cycle, its regulation and clinical importance of urea cycle
Specific goals: 
6- Definition the Glucose-alanine cycle and the form of ammonia transportation in blood circulation

7- Definition of the deamination and decarboxylation reactions of amino acids and their cofactors

8- Definition of urea cycle and its important enzyme

9- Definition the metabolic disorders which associated with urea cycle

10- Definition the importance of transaminase enzymes in clinical diagnosis

The 10th session: Nucleotides metabolism
The overall objective: Metabolism of purine and pyrimidine nucleotides
Specific goals:
1- Definition of denove and salvage reaction for nucleotides biosynthesis

2- Definition of denove precursors for purine biosynthesis and important enzymes in these pathways

3- Regulation and coordination of denove and salvage pathways in purine nucleotides biosynthesis
4- Definition the clinical importance of purines biosynthesis pathways
5- Definition of the clinical importance of drug inhibition of purine nucleotides biosynthesis

6- Definition of denove precursors for pyrimidine biosynthesis and important enzymes in these pathways

7- Regulation and coordination of denove and salvage pathways in purine nucleotides

8- Definition the clinical importance of pyrimidine biosynthesis pathways

9- Definition the importance of acid folic in pyrimidine nucleotides biosynthesis
10- Definition the catabolism of purine nucleotides , acid uric production and important enzymes which participated in purine nucleotides catabolism

11- Definition the causes of increasing acid uric
12- Definition the catabolism of pyrimidine nucleotides
The 11th session: metabolism of non-protein nitrogenous compounds
The overall objective: Definition of heme and bilirubin metabolism

Specific goals:

1- Porphyrin structure and properties
2- Definition of heme biosynthesis
3- Definition of heme biosynthesis disorders and porphyria 
4- Definition of heme and bilirubin catabolism and types of jaundice.
The 12th session: Integration of metabolism (part1)
The overall objective: Definition of metabolic pathways in liver, Adipose, muscle and nerve tissue
Specific goals:
1- Definition of metabolic pathways in liver tissue
2- Definition of metabolic pathways in adipose tissue
3- Definition of metabolic pathways in muscle tissue (skeletal and cardiac muscle)
4- Understanding the role of the neuroendocrine system in coordinating metabolism and understanding the brain 
The 13th session: Integration of metabolism (part2)

The overall objective: Definition of metabolic pathways in the fasting state, after long-term starvation and fed state and the role of hormones in regulating the metabolism of biological fuels.
Specific goals:

1- Definition of changes in the metabolism of biological fuels in the fasting state
2- Definition of changes in the metabolism of biological fuels after long term starvation

3- Definition of changes in the metabolism of biological fuels after fed state
4- Definition of the role and mechanism of insulin, glucagon, epinephrine and cortisol hormone in different nutritional conditions of the body (in fasting state, after long-term hunger and fed state)
The 14th session: Oxidative phosphorylation 
The overall objective: Definition of thermodynamics laws, reduction potential, electron transfer chain, chemical theory of osmosis and electron transfer chain inhibitors.
Specific goals:

1- Definition of the first and second laws of thermodynamics, free energy changes, types of oxidation-reduction reactions and reduction potential
2- Definition of the oxidative-phosphorylation mechanism, mitochondrial membranes and respiratory chain components
3- Definition of electron-transporting protein complexes of the respiratory chain and the role of flavoproteins, iron-sulfur proteins and coenzyme Q
4- Understanding the coupling of electron transfer from the components of the respiratory chain to the proton pump to the interstitial space, definition of  ATP synthase complex and the role of the proton motor in ATP synthesis through this complex in the process of oxidative phosphorylation (theory of chemical osmosis)
5- Understanding the role of phosphorylation separators from oxidation and the role of toxins and respiratory chain inhibitors
The 15th session: Clinical Enzymology (part 1)
The overall objective: Definition of clinical importance of enzymes, important factors in enzymes assessing activity, introducing and definition of clinical importance of aminotransferases and lactate dehydrogenase.
Special goals:

1- Giving an introduction of the importance and introducing and reviewing the general concepts of enzymes, their properties and characteristics and enzymatic reactions

2- Description of different applications of enzyme reactions in disease diagnosis and laboratory diagnosis methods based on the use of enzymes

3- Explanation of the importance of enzyme reaction specificity and types of reactions based on the relative specificity of enzymes

4- Description of the role and importance of isoenzymes and their clinical applications

5- Explanation of various factors affecting enzyme activity and enzyme activity assays

6- Introduction of different enzymes based on functional and non-functional in blood flow

7- Introduction of specific diagnostic enzymes and some information about their activity in target tissues

8- Introducing and explaining aminotransferases in the diagnosis of various liver diseases and their applications in determining the differential diagnosis, course of disorders and prognosis of hepatic and non-hepatic disorders.

9-Introducing and explaining lactate dehydrogenase and its isoenzymes in the diagnosis of various liver and heart diseases and their applications in determining the differential diagnosis, the course of disorders and the prognosis of various

The 16th session: Clinical Enzymology (part 2)

The overall objective: Definition of importance of alkaline phosphatase, creatine kinase, aldolase and gammaglutamyl transferase
Special goals:

1- Introducing and explaining the history and importance of enzyme biomarkers in heart attack diagnosis

2- Introduction and explanation of acid phosphatase in the diagnosis of various diseases

3- Introduction and explanation of alkaline phosphatase and its isoenzymes in the diagnosis of various diseases

4- Introduction and explanation of creatine phosphokinase and its isoenzymes in the diagnosis of various diseases

5- Introducing and explaining aldolase and its isozymes in the diagnosis of various diseases

6- Introducing and explaining gammaglutamyl transferase in the diagnosis of various diseases and differentiating liver disorders

7- Explaining the effects of some pharmaceutical inhibitors on the inhibition of target enzymes

8- Description of other uses of enzymes

Sources: Harper’s illustrated Biochemistry, 2018
Teaching Method: Lecture teaching
Training Tools: Power Point software and video projector
Evaluation of students
Exam
Method
Portion of total score (%)
Date
Time
Quiz
Multi choice exam

5

Subsequently it will be clear

Subsequently it will be clear
Short seminar (optional)
New topic is selected by student
2.5 (extra)

-

-

Active presence
5

Continuously 

Continuously 
Final exam
Multi-choice exam
90
Subsequently it will be clear
Subsequently it will be clear
 Class rules and expectations from the students:
Students should have a regular presence in the classroom. At all class sessions, they should read the content of the previous session participate in class assessment.
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Biochemistry course schedule (medical student)
Date and time of each session: Monday, 8-10 
	Session
	date
	Topic of each session
	Teacher

	1
	1402/7/10
	Carbohydrates metabolism
	Dr. Asadi

	2
	1402/7/17
	Carbohydrates metabolism
	Dr. Asadi

	3
	1402/7/24
	Carbohydrates metabolism
	Dr. Asadi

	4
	1402/8/1
	Lipid metabolism
	Dr. Shakiba

	5
	1402/8/8
	Lipid metabolism
	Dr. Shakiba

	6
	1402/8/15
	Lipid metabolism
	Dr. Shakiba

	7
	1402/8/22
	Amino acids metabolism
	Dr. Mozafari

	8
	1402/8/29
	Amino acids metabolism
	Dr. Mozafari

	9
	1402/9/6
	Urea cycle
	Dr. Haghnazari

	10
	1402/9/13
	Metabolism of non-protein nitrogenous compounds

	Dr. Haghnazari

	11
	1402/9/20
	Metabolism of purine and pyrimidine nucleotides
	Dr. Mozafari

	12
	1402/9/27
	Integration of metabolism
	Prof. Rahimi

	13
	1402/10/4
	Integration of metabolism
	Prof. Rahimi

	14
	1402/10/11
	Oxidative phosphorylation
	Prof. Rahimi

	15
	1402/10/18
	Clinical Enzymology
	Dr. Mozafari

	16
	1402/10/25
	Clinical Enzymology
	Dr. Mozafari
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