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DESCRIPTION

Within the microscopic structure of cells, the processes of
replication and repair are important for genetic integrity,
ensuring the faithful transmission of genetic information from
one generation of cells to the next. As cells navigate the intricate
dance of life, the mechanisms of replication and repair is
essential against the forces that threaten genomic stability.
Cellular replication is a process that ensures the duplication of
genetic material. The foundation of replication lies in the
copying of DNA, the blueprint of cellular life. The journey of
cellular replication begins at specific sites on the DNA molecule
called origins of replication.

Enzymes unwind the DNA double helix at these origins, creating
a replication bubble. This process is facilitated by various
proteins, including DNA helicase, which unwinds the DNA, and
DNA polymerase, which synthesizes the new DNA strands. As
the DNA strands unwind, DNA polymerase reads the template
strand and synthesizes a complementary strand in the 5' to 3'
direction. This process occurs simultaneously on both strands,
resulting in the formation of two identical DNA molecules.
Despite the precision of cellular replication, occasional errors
may occur. DNA polymerase possesses proofreading capabilities,
allowing it to detect and correct errors during synthesis. This
proofreading function enhances the accuracy of replication,
minimizing the introduction of mutations into the new DNA
strands.

Replication poses a unique challenge at the ends of linear
chromosomes. To counteract the loss of genetic material with
each round of replication, cells utilize specialized structures
called telomeres. Telomeres consist of repetitive DNA sequences
that act as protective caps, preventing the erosion of essential
genetic information. While replication strives for accuracy,
cellular life is fraught with hazards that can inflict damage upon
the DNA. From environmental factors to spontaneous errors,
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the cellular genome is constantly under siege. Cellular repair
mechanisms act as vigilant sentinels, promptly identifying and
rectifying DNA damage to maintain genomic integrity. Cellular
surveillance begins with the recognition of DNA damage.
Specialized proteins scan the DNA strands for abnormalities,
such as mismatched bases, UV-induced lesions, and breaks.
These proteins serve as the first line of defense, initiating the
repair process upon detection of damage.

Base Excision Repair (BER) is a repair pathway that addresses
damaged or mismatched bases. Enzymes known as DNA
glycosylases recognize and remove the damaged base, creating an
"AP site" -Apurinic/Apyrimidinic site . The gap is then filled by
DNA polymerase, and the repaired DNA is sealed by ligase.
Nucleotide Excision Repair is essential for repairing bulky
lesions caused by UV (Ultraviolet) radiation and chemical
agents. This complex repair pathway involves the recognition
and removal of damaged DNA segments by a group of proteins.
The gap is subsequently filled and sealed, restoring the integrity
of the DNA strand.

Mismatch Repair corrects errors that escape the proofreading
function of DNA polymerase during replication. Mismatch
recognition proteins identify and remove the mismatched
nucleotide, and the gap is filled by DNA polymerase and sealed
by ligase. Double-strand breaks, among the most severe forms of
DNA damage, are repaired through two main mechanisms: Non-
Homologous End  Joining (NHE]J) and Homologous
Recombination (HR). NHE] rejoins broken ends directly, often
with the potential for introducing small insertions or deletions.
HR, occurring in the S and G2 phases of the cell cycle, utilizes a
sister chromatid as a template for precise repair. The interplay
between replication and repair each complements the other to
ensure genomic stability. While replication strives to faithfully
duplicate the genetic code, repair mechanisms stand ready to
mend the inevitable damages that arise during cellular life.
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