Title: DNA Replication in Eukaryotes

Course Objectives
· Understand the complexity of DNA replication in eukaryotic cells.
· Identify the key enzymes and proteins involved in the replication process.
· Explore the regulation and fidelity of DNA replication in eukaryotes.
Course Outline
I. Introduction to DNA Replication
· A. Importance of DNA replication in eukaryotic organisms
· B. Comparison of eukaryotic and prokaryotic replication
· C. Key concepts: semi-conservative replication and replication origins
II. Structure of Eukaryotic DNA
· A. Characteristics of eukaryotic DNA (linear, double-stranded)
· B. Chromosome organization (chromatin structure)
· C. Role of histones and nucleosomes in DNA packaging
III. The Replication Fork in Eukaryotes
· A. Formation of the replication fork
· B. Directionality of replication (5' to 3' synthesis)
· C. Leading vs. lagging strands
IV. Key Enzymes and Proteins in Eukaryotic DNA Replication
· A. DNA Helicase (MCM complex)
· Function in unwinding the DNA helix
· B. Single-Strand Binding Proteins (SSBs)
· Role in stabilizing unwound DNA
· C. DNA Polymerases
· Overview of DNA polymerases α, δ, and ε
· D. Primase
· Function in synthesizing RNA primers
· E. DNA Ligase
· Role in joining Okazaki fragments
· F. Topoisomerases
· Functions in relieving supercoiling ahead of the fork
V. The Process of DNA Replication
· A. Initiation of replication at multiple origins
· Role of origin recognition complex (ORC)
· B. Unwinding and priming
· Actions of helicase and primase
· C. Elongation of the DNA strand
· Continuous and discontinuous synthesis
· D. Termination of replication
· Mechanisms involved, including telomere replication
VI. Regulation of DNA Replication
· A. Checkpoints and control mechanisms in the cell cycle
· B. Role of cyclins and cyclin-dependent kinases (CDKs)
· C. Factors influencing replication timing and frequency
VII. Fidelity and Repair Mechanisms
· A. Proofreading activity of DNA polymerases
· B. Mismatch repair systems
· C. Importance of replication fidelity for genomic stability
VIII. Applications and Implications
· A. Understanding DNA replication in cancer biology
· B. Genetic engineering and biotechnology applications
· C. Role in evolution and genetic diversity
Conclusion
· Summary of key concepts
· The significance of DNA replication in eukaryotic organisms

