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TP4 of Molecular biology
PCR
(Polymerase Chain Reaction)

Objective 
To describe the steps required for PCR.
Principle
PCR is a molecular biology method developed in 1985 by Kary Mullis. It allows the in vitro amplification of a specific region of a given nucleic acid in order to obtain a sufficient quantity for detection and analysis. This technique can generate a large number (up to one million) of copies of a selected DNA sequence.
PCR consists of a series of cycles that are repeated in a loop, each including three temperature steps. Moreover, each of these steps is characterized by a distinct chemical reaction. On average, a PCR includes between 20 and 40 cycles.
Components of PCR
· DNA
Before PCR, DNA is extracted from the sample to be analyzed (saliva, hair, cells, etc.). The purified DNA extract, containing the fragment to be amplified..
· Primers
These are short DNA fragments capable of specifically hybridizing, through base complementarity, to one of the two DNA strands. They are usually about twenty deoxyribonucleotides long and are present in high concentration relative to the target DNA.
· Deoxyribonucleotide Triphosphates (dATP, dCTP, dGTP, dTTP):
dNTPs are the basic building blocks of DNA. They are used by Taq polymerase to synthesize the new complementary DNA strand.
· Enzyme – Taq Polymerase
The enzyme used is a DNA polymerase, meaning it can synthesize a new DNA strand from a template strand after binding to a primer.
· Reaction Medium
The PCR reaction mixture contains the DNA to be amplified, dNTPs, primers, Taq polymerase, a buffer, and magnesium ions. The buffer and Mg²⁺ ions ensure optimal pH and ionic conditions for proper enzyme activity.
The reaction
PCR is an automated technique carried out in a thermocycler. This device contains a heating block where tubes with the PCR mixture are placed. The temperature can change rapidly and precisely from 0°C to 100°C.
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The thermocycler is programmed to perform PCR cycles. Each cycle consists of a sequence of predefined temperature steps, each with a specific duration. These parameters depend on the size of the DNA fragment to be amplified, as well as the size and nucleotide composition of the primers.
Each cycle consists of three main steps:
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1. Denaturation
The temperature is raised to between 93°C and 96°C. At this stage, DNA denatures: it loses its double-helix structure because the hydrogen bonds between the bases become unstable. Double-stranded DNA separates into single strands.
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2. Annealing (Hybridization)
The temperature is then lowered to the annealing temperature, typically between 50°C and 60°C, depending on primer composition. Primers bind to their complementary sequences by reforming hydrogen bonds. This process is called hybridization.
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3. Extension (Elongation)
The temperature is set to 72°C, the optimal temperature for Taq polymerase activity. This enzyme is thermoresistant, meaning it can withstand high temperatures (up to 100°C), with optimal activity at 72°C. Taq polymerase is derived from the extremophilic bacterium Thermus aquaticus, which lives in hot springs.
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During this step, Taq polymerase synthesizes the complementary DNA strand using free dNTPs present in the reaction mixture.
In the next cycle, the newly synthesized DNA fragments serve as templates for further amplification. In theory, at the end of each cycle, the amount of target DNA is doubled.
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