Biology 1000
Chapter 9 Readings and Notes

9.1a The Products of Mitosis Are Genetic Duplicates of the Dividing Cell
· Mitosis involves 3 interrelated systems
· 1) Master program ensuring an orderly and precise progression through cell cycle
· 2) DNA synthesis, DNA synthesis replicates identical copies of DNA chromosomes
· 3) Mechanical web of interwoven “cables” and “motors” of mitotic cytoskeleton that separates the DNA copies into daughter cells 
· Meiosis: production of daughter nuclei, having ½ of chromosomes of parent nuclei and different combination of genetic traits 
· Products function as gametes and spores

9.1b Chromosomes Are the Genetic Units Divided by Mitosis
· Hereditary info of nucleus in eukaryotes distributed among linear DNA molecules combined w/ proteins that stabilize the DNA, packages it during division, and influence expression of genes 
· Each eukaryote has 2 of each chromosome called a diploid (2n)
· Each chromosome contain 1 linear DNA
· Most microorganisms have 1 copy of each chromosome called haploid
· Many plants have more sets of chromosome called ploidy
· Replication of DNA of each chromosome creates 2 identical molecules called sister chromatids, held together until mitosis, each placed in one daughter nuclei 
· Each daughter receives same number/type of chromosomes/genetic info as parent 
· Equal distribution called chromosome segregation 

9.2a Interphase Extends from the End of One 
· G1 phase – production of RNAs, proteins and other cellular molecules but not DNA
· Speed of cell division depends on this stage
· Many cell types stop dividing a.k.a G0
· S phase – Duplication of chromosomal proteins, DNA, and other cellular molecules
· G2 phase – production of DNAs and proteins and continuation of growth
· Chromosomes are loose and organized in the nucleus during interphase

9.2b After Interphase, Mitosis Proceeds in 5 Stages
· Prophase – replicated chromosomes in interphase are condensed into rodlike structures
· Packs DNA molecules into small units that can be divided during mitosis
· Nucleolus disappears reflecting shutdown of RNA synthesis 
· Spindle form between two centrosomes moving to opposite side forming spindle poles
· Nuclear envelope disappears
· Prometaphase – spindle microtubules from opposite centrosomes move towards centre of cell, some to nuclear area of chromosome
· Kinetochore, complex proteins, form on each chromatid at the centromere which are binded by kinetochore microtubules
· Microtubles that do not attach to kinetochores overlap opposite spindle fibre
· Metaphase – spindle microtubules move chromosomes into alignment at spindle midpoint (metaphase plate)
· Chromosome assume characteristic shape determined by location of centromere and length/thickness of chromatid arms 
· Karyotype of specie formed by metaphase chromosomes, arranged according to size and shape – identifies species 
· Anaphase – Chromosome segregation completed, where centromeres are pulled first 
· Telophase – Spindle disassembles, chromosomes decondenses and nucleolus reappears, 
· RNA transcription resumes and new nuclear envelope forms around each set of chromosomes
· Cytoplasm is divided

9.2c Cytokinesis Completes Cell Division by Dividing the Cytoplasm between Daughter Cells
· Cytokinesis: division of cytoplasm 
· Occurs in telophase or late anaphase 
· In animals, protest, and many fungi, a groove deepens until cytoplasm is split
· In plants, a cell plate forms between daughter nuclei until it divides the cytoplasm
· Furrowing: Spindle fibre in former spindle midpoint expands laterally across dividing cell 
· Microfilaments form inside membrane power by motor proteins sliding microfilaments together constricting cell, ultimately separation 
· Cell Plate Formation: microtubules at midpoint are organizing site for vesicles produced by ER and golgi
· Vesicles carry cell wall material expanding layer until new cell wall/cell plate complete
· Materials carried derived from vesicle membranes

9.3 Formations and Action of the Mitotic Spindle 
· Spindle made of microtubules and proteins and activities depend on cell cycle 
· Microtubules form major part of interphase cytoskeleton, which disassembles and reorganized into spindle and organized and grows until filling the cell 

9.3a Animals and Plants Form Spindles in Different ways 
· Centrosome: main microtubule organizing centre (MTOC)
· Anchors microtubule cytoskeleton during interphase and positions organelles
· Contain Centrioles, generates microtubules needed for flagella or cilia
· Duplicated during S phase
· As centrosomes move apart, microtubules lengthen and increase in number

9.3b Mitotic Spindles 
· Microtubules in cell division divided into two groups
· Kineteochore microtubules: connect chromosome to spindle poles
· Non-Kinetochore microtubules: extend between poles without attaching chromosomes 
· Overlap with other microtubules at midpoint 
· Chromosomes move along microtubules using motor proteins in kinetochores to go to move
· Kinetochore microtubules disassemble as kinetochore pass along them
· Non-kinetochore lengthens spindle as it moves

9.4a Cyclins and Cyclin Dependent Kinases Are Internal Controls that Directly Regulate Cell division 
· Cell consist checkpoints, preventing critical phases from occurring until previous phase end
· Cyclin- Dependent Kinases (CDK), protein kinase, enzymes adding phosphate to proteins 
· Called cyclin dependent b/c turned on only when combined with cyclin
· Different cyclin:CDK combinations regulate cell cycle at different “checkpoints”

9.4b Internal Checkpoints Stop 
· Indirect factors alter activity of cyclin:CDK complex, ultimately controlling cell cycle 
· At each checkpoint, regulatory events block cyclin: CDK complex from triggering the cell cycle transition until previous phase complete
9.4c External Controls Coordinate the Mitotic Cell Cycle of Individual Cells with the Overall Activities of the Organism
· Internal controls regulating cell cycle modified by external signal molecules
· I.e. peptide hormones and proteins called growth/death factors
· Bind to surface receptors promoting phosphorylation of cyclin: CDK complexes inhibiting them
· Response may affect protein regulated by cyclin CDK complexes
· Speeds, slow, or stop cell division 
· Surface receptors in animals recognizes contact, inhibiting internal cell division reaction pathways, usually G1 phase
· Contact Inhibition: stabilize cell growth of developed organs and tissue 
· Long as cell in contact, are shifted to G0 phase prevented from dividing

9.4d Cells Cannot Divide Indefinitely
· Cellular senescence: loss of proliferative ability of cells over time 
· Due to older cells diminishing function b/c of gene mutation controlling critical activity
· Shortening of telomeres (ends of a DNA sequence) due to cell’s inability to duplicate

9.4e Cell Cycle Controls Are Lost in Cancer
· Cancer cells divide uncontrollably producing rapid growing mass called tumours 
· Lose adhesion to other cells and become mobile growing to new tumours 
· Damage normal tissues compressing them and interfering blood supply/nerve function
· May beak through barriers causing bleeding and openness to infection 
As tumours increase in size, cells deprived of nutrients leading to impaired body functions, muscular weakness, fatigue, and weight loss
· Have mutations in genes that promote uncontrolled cell division or metastasis
· Mutated genes called oncogenes, encoding altered versions of products
· Metasis promoted by prohibiting of contact and alteration of cell-surface molecules that link cells

9.4f Some Cells Are programmed to Die 
· Apoptosis: programmed cell death 
· Results from internal/external signals
· Causes of death are DNA degradation and disrupted mitochondrial function which are eaten by neighboring cells
· Needed b/c some cells suffer from mutations while dead cells may become beneficial material

9.5a Replication Occupies Most of the Cell Cycle in Rapidly Dividing Prokaryotic Cells
· Undergo cycle of cytoplasmic growth, DNA replication, and cell division, producing 2 daughter cells called Binary Fission 
· Prokaryotes have circular DNA known as bacterial chromosome
· DNA replication occupies most of time in cytoplasmic division 

9.5b Replicated Chromosomes Are Distributed Actively to the Halves of the Prokaryotic Cell
· Chromosomes separate actively linked to DNA replication and is independent of cell elongation 
· Replication of chromosomes occur at origin of replication (Ori)
· Middle of cell where enzymes for DNA replication located
· Once ori is duplicated, two origins migrate to opposite ends where cytoplasm divides through an inward growth and new cell wall material is assembled cutting cell to 2 parts
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