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A Clinically Oriented Textbook for Medical and Health Science Students

Author: Dr. Alireza Kamali Dehkordi



Preface

This Medical Molecular Biology edition is designed for medical students, pre-medical students, and health science trainees. It emphasizes molecular mechanisms of disease, diagnostic applications, and therapeutic strategies. Core molecular biology principles are consistently linked to pathophysiology, clinical diagnostics, and modern treatments, preparing students for medical school examinations and clinical reasoning.
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Chapter 1: Introduction to Molecular Biology

Molecular biology is the branch of science that explores the structure, function, and interactions of biological molecules essential to life. It focuses on understanding how genetic information is stored, expressed, and regulated within cells, and how these molecular processes underlie growth, development, reproduction, and disease.

At the core of molecular biology are nucleic acids—DNA (deoxyribonucleic acid) and RNA (ribonucleic acid)—which carry the genetic instructions for building and maintaining living organisms. DNA holds the hereditary blueprint, while RNA translates this information into proteins, the functional and structural components of cells.

Key concepts in molecular biology include:


	
Gene Structure and Function
Genes are units of heredity composed of DNA sequences that encode the information necessary to produce proteins or functional RNA molecules. The sequence of nucleotides in a gene determines the sequence of amino acids in a protein.


	
DNA Replication
Before a cell divides, it must duplicate its DNA so that each daughter cell receives a complete copy. DNA replication is a highly regulated, semi-conservative process involving multiple enzymes that ensure genetic information is copied with high fidelity.


	
Transcription and RNA Processing
Transcription is the process by which the information encoded in a DNA sequence is copied into messenger RNA (mRNA). In eukaryotic cells, the initial RNA transcript is further modified by splicing, adding a protective cap, and a polyadenylated tail before it exits the nucleus.


	
Translation and Protein Synthesis
In the cytoplasm, ribosomes read the sequence of the mRNA and translate it into a specific sequence of amino acids, forming a polypeptide chain. Transfer RNA (tRNA) molecules bring the appropriate amino acids to the ribosome during this process.


	
Regulation of Gene Expression
Not all genes are active at all times. Gene expression is regulated at multiple levels—during transcription, RNA processing, translation, and post-translation—to ensure that proteins are produced at the right time, place, and quantity.


	
Genetic Code and Mutations
The genetic code is composed of triplet codons, each specifying an amino acid. Changes in DNA sequence, known as mutations, can alter the genetic code and affect protein function, sometimes leading to disease.


	
Molecular Techniques
Molecular biology uses a variety of laboratory techniques to study life at the molecular level. These include polymerase chain reaction (PCR) to amplify DNA, gel electrophoresis to separate nucleic acids or proteins, DNA sequencing to read genetic information, and recombinant DNA technology to manipulate genes.




OEBPS/d2d_images/cover.jpg
medical
Molecular biology

Dr. Alireza Kamali
Dehkordi





