Molecular Biology Genetic Engineering
Definition
Molecular Biology and Genetic Engineering
Molecular biology and genetic engineering are interdisciplinary fields that study the molecular mechanisms of life and apply this knowledge to manipulate genetic material. Molecular biology focuses on understanding the structure and function of DNA, RNA, and proteins, as well as their interactions in cellular processes. Genetic engineering uses this knowledge and laboratory techniques to directly modify genetic material, enabling applications in medicine, agriculture, industry, and fundamental research.
Why We Study Genetic Engineering in Medicine ?
· Gene therapy: Correct defective genes to treat genetic diseases (e.g., cystic fibrosis, muscular dystrophy).
· Production of medicines: Create recombinant proteins such as insulin, growth hormones, clotting factors.
· Vaccine development: Engineer safer and more effective vaccines (e.g., recombinant hepatitis B vaccine, mRNA vaccines).
· Personalized medicine: Adapt treatments based on a patient’s genetic profile.
· Cancer research: Modify genes to study tumor development and design targeted therapies.
Why We Study Genetic Engineering in Agriculture ?
· Improved crop: Introduce genes that increase productivity.
· Pest and disease resistance: Engineer plants resistant to insects, viruses, or fungi.
· Drought and stress tolerance: Create crops that survive in poor soil, heat, or limited water.
· Nutritional enhancement: Enrich crops with vitamins or minerals (e.g., Golden Rice enriched with vitamin A).
· Sustainable farming: Reduce need for chemical pesticides and fertilizers.
Exemple 
Production of Insulin by Genetic Engineering
1. Gene identification
· The human gene that codes for insulin is identified and isolated.
2. Insertion into a vector
· The insulin gene is inserted into a plasmid (a small circular DNA molecule) using restriction enzymes and DNA ligase.
3. Transformation into bacteria
· The recombinant plasmid is introduced into Escherichia coli.
· These microorganisms act as factories to produce insulin.
4. Expression of insulin
· Inside the host cell, the human gene is transcribed and translated.
· The bacteria/yeast synthesize human insulin protein.
5. Purification
· The insulin protein is extracted from the cells.
· It is purified and processed to make it safe for medical use.
Prerequisites for Molecular Biology and Genetic Engineering
1. General Biology – Basic knowledge of cell structure, metabolism, and heredity.
2. Genetics – Principles of DNA, genes, chromosomes, inheritance, and mutations.
3. Biochemistry – Students should understand the structure and function of proteins, nucleic acids, carbohydrates, and lipids, as well as enzyme activity and major metabolic pathways.
General Biology – Students should have a basic understanding of cell structure and function, metabolic processes, and the principles of heredity.
1 General Biology – The Basics
1. Cell Structure and Function
· The cell is the basic unit of life.
· Two main types:
· Prokaryotic cells (bacteria) → no nucleus.
· Eukaryotic cells (plants, animals, fungi) → nucleus present.
· Key organelles: nucleus (DNA storage), mitochondria (energy), ribosomes (protein synthesis), cell membrane (control entry/exit).
2. Metabolism
· The sum of all chemical reactions inside the cell.
· Two types:
· Anabolism → building molecules (e.g., making proteins).
· Catabolism → breaking down molecules to release energy (e.g., cellular respiration).
· Energy is carried by ATP (adenosine triphosphate).
3. Heredity
· Information about traits is stored in DNA.
· Genes are segments of DNA that code for proteins.
· DNA is passed from parents to offspring during reproduction.
· Mendel’s laws explain inheritance patterns (dominant and recessive traits).
Cell Division
Cell division is the process by which a parent cell divides into new daughter cells.
It is essential for:
· growth,
· tissue repair,
· reproduction.
1. Mitosis – division for growth and repair
· Occurs in somatic cells (non-reproductive).
· Produces 2 identical daughter cells, each with the same number of chromosomes as the parent cell.
· Main stages:
1. Prophase – chromosomes condense.
2. Metaphase – chromosomes align in the center of the cell.
3. Anaphase – sister chromatids separate.
4. Telophase – two new nuclei form.
5. Cytokinesis – cytoplasm divides → two identical cells.
Example: skin healing after a wound.
2. Meiosis – division for sexual reproduction
· Occurs in germ cells (sperm and egg).
· Produces 4 daughter cells, each with half the number of chromosomes.
· Involves two consecutive divisions.
· Creates genetic diversity through recombination and independent assortment.
 Example: production of human gametes.
Key organelles in eukaryotic cells:
· Nucleus – contains DNA and controls gene expression.
· Mitochondria – produce energy (ATP) through cellular respiration.
· Ribosomes – sites of protein synthesis (found free in the cytoplasm or attached to the rough ER).
· Endoplasmic Reticulum (ER):
· Rough ER → protein synthesis.
· Smooth ER → lipid synthesis and detoxification.
· Golgi apparatus – modifies, packages, and transports proteins and lipids.
· Lysosomes – contain enzymes for breaking down waste.
· Cell membrane – a selectively permeable barrier that regulates transport of molecules in and out.
· In plant cells: chloroplasts (photosynthesis) and a cell wall (support and protection).
2. Metabolism
· Definition: Metabolism is the total of all chemical reactions within a cell that maintain life.
· Divided into two main pathways:
· Anabolism – energy-requiring reactions that build larger molecules from smaller ones.
· Example: synthesis of proteins from amino acids, photosynthesis in plants.
· Catabolism – energy-releasing reactions that break down molecules into smaller units.
· Example: breakdown of glucose during glycolysis and cellular respiration to produce ATP.
· ATP (adenosine triphosphate):
· The universal “energy currency” of the cell.
· Stores energy in high-energy phosphate bonds.
· Energy is released when ATP → ADP + Pi (phosphate group).
3. Heredity
· DNA (Deoxyribonucleic acid): stores the genetic instructions for life.
· Genes: specific segments of DNA that encode proteins, which determine traits.
· Chromosomes: DNA is packaged into chromosomes; humans have 46 (23 pairs).
· Inheritance:
· Offspring receive half of their chromosomes from each parent.
· This ensures genetic continuity.
· Mendel’s Laws of Inheritance:
· Law of Segregation – each individual has two alleles for a trait, which separate during gamete formation.
· Law of Independent Assortment – genes for different traits are inherited independently of one another.
· Law of Dominance – some alleles are dominant (expressed) while others are recessive (hidden).
· Modern understanding:
· Not all traits follow simple Mendelian patterns (e.g., codominance, incomplete dominance, polygenic traits).
· Mutations in DNA can lead to genetic variation or diseases.
Cellular Respiration (Overall Process)
· Purpose: Release energy from glucose (C₆H₁₂O₆) to produce ATP.
· Equation:
C6H12O6+6O2→6CO2+6H2O+ATP(≈36–38)C_6H_{12}O_6 + 6O_2 → 6CO_2 + 6H_2O + ATP (≈36–38)C6​H12​O6​+6O2​→6CO2​+6H2​O+ATP(≈36–38) 
3 Main Stages:
1. Glycolysis (in cytoplasm)
· Breaks down glucose → 2 pyruvate.
· Produces 2 ATP and 2 NADH.
· Does not require oxygen.
2. Krebs Cycle (in mitochondria)
· Pyruvate (converted to Acetyl-CoA) enters cycle.
· Produces 2 ATP, plus NADH & FADH₂ (high-energy carriers).
· Releases CO₂ as waste.
3. Electron Transport Chain (ETC) + Oxidative Phosphorylation (in inner mitochondrial membrane)
· NADH & FADH₂ donate electrons.
· Oxygen is the final electron acceptor → forms H₂O.
· Produces most ATP (≈32–34 ATP).

 Krebs Cycle (Citric Acid Cycle / TCA Cycle)
· Location: Mitochondrial matrix.
· Purpose: Extract high-energy electrons from Acetyl-CoA.
Key Things to Know:
1. Inputs:
· 1 Acetyl-CoA (from pyruvate).
2. Outputs (per 1 Acetyl-CoA):
· 3 NADH
· 1 FADH₂
· 1 ATP (or GTP)
· 2 CO₂
3. Why Important:
· Supplies NADH & FADH₂ to the electron transport chain → ATP production.
· Provides intermediates for biosynthesis (amino acids, nucleotides, fatty acids).

