Chapter 8: The Cell Cycle
	Outline
· Cell division functions in reproduction, growth and repair
· Cell Division distributes identical sets of chromosomes to daughter cells
· Mitosis alternates with interphase in the cell cycle
· The mitotic spindle distributes chromosomes to daughter cells
· Stages of mitosis 
· Cytokinesis divides the cytoplasm
· Bacteria reproduce by binary fission
· Regulation of the cell cycle
· Cancer cells escape from the controls on cell division
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Life arises only from life. The unique capacity to procreate has a cellular basis. The continuity of life is based on the reproduction of cells, or cell division. More than 25 milllion cells are undergoing cell division each second in an adult human. These new cells are needed to replace cells that have aged or died ( E.g. worn-out blood cells are removed and replaced at a rate of a bout 100 million per minute). Cell division is also what links us to our ancestors (all the way back to the begining of life on earth , about 4 billion years ago) and our descendants. This chapter focuses on how cells reproduce to form genetically equivalent daughter cells.
Cell division functions in reproduction, growth and repair
· The perpetuation of life depends on cell division.
· In unicellular organisms, cell division reproduces an entire organism (e.g. paramecium).
· In multicellular organisms, cell division is the basis for:
· growth and development from the fertilized egg.
· replacement of damaged or dead cells.
· Cell division is complex process that passes entire genome from one generation of cells to the next. It involves precise replication of its DNA and 
· equal distribution of DNA to opposite ends of cell (mitosis) .
· separation into two identical daughter cells (Cytokenesis) . 

Cell Division distributes identical sets of chromosomes to daughter cells
· Genome = a cell's total genetic endowment. Unique to each species.
· Eukaryotes have much more DNA than prokaryotes. Replication is facilitated because their DNA is organized into multiple chromosomes.
· Chromosomes = threadlike structures in eukaryotic nuclei that are composed of compactly folded and coiled DNA and protein. 
· Each chromosome represents a single linear DNA molecule with 1000's of genes on it.
· Protein component helps maintain structure and helps control gene activity.
· Chromosome number unique to each species. 
· Gametic (i.e. sperm and egg) cells have half the number of chromosomes.
· Chromatin = DNA-protein complex 

· Mitosis = nuclear division during which duplicated chromosomes are evenly distributed into two daughter nuclei. Results in cells genetically identical to parent cell.
· before mitosis, cells replicate their chromosomes, forming two identical sister chromatids joined together at the centromere.
· during mitosis, sister chromatids are pulled apart to form two complete chromosome sets, one at each end of the cell.
· mitosis is follwed by cytokinesis.
· Cytokinesis = cytoplasmic division that forms two separate daughter cell, each with a single nucleus. 

Mitosis alternates with interphase in the cell cycle
	· Cell cycle = Well-ordered sequence of events between the time a cell divides to form two
 daughter cells and the time those cells divide (Fig 12.5). 
· Cell cycle divided into 2 phases: Interphase (growth phase) and Mitosis
 (nuclear and cytoplasmic division). 
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· Interphase
· longest part of cell cycle (90%)
· cell grows and copies its chromosomes in preparation for cell division.
· consists of 3 periods of growth:
· 1. G1 phase
· cell grows and synthesizes proteins and organelles.
· 2. S phase
· DNA synthesis and chromosome duplication take place.
· Cell keeps growing. 
· 3. G2 phase
· cell grows more as it completes preparation for cell division.
· synthesizes proteins needed for mitosis. 

· Mitosis
· composed of 5 subphases
1. prophase
2. prometaphase
3. metaphase
4. anaphase
5. telophase
· unique to eukaryotes. May be a evolutionary adaptation for distributing a large amount of genetic material.
· error rate is only about 1/100 000 cell divisions. 

Stages of mitosis ( Fig 12.6)
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· G2 of Interphase
· well defined nucleus bounded by nuclear envelope.
· one or more nucleoli.
· centrosomes adjacent to nucleus.
· In animals, a pair of centrioles in each centrosome.
· In animals, a radial microtubular array (aster) around each pair of centrioles.
· Duplicated chromosomes not visible individually (only loosely packed chromatin)
· Prophase
· In the nucleus
· nucleoli disappear.
· Chromatin condenses into chromosomes ( composed of two identical sister chromatids)
· In cytoplasm
· mitotic spindle forms (composed of microtubules between two centrosomes)
· centrosomes move apart (propelled by lengthening of microtubules)
· Prometaphase
· nuclear membrane disappears, allowing microtubules to interact with chromosomes.
· spindle fibers extend from each pole to cell equator.
· each chromatid now has kinetochore at centromere.
· kinetochore microtubules attach to kinetochore and put chromosomes into agitated motion.
· nonkinetochore microtubules radiate from each centromere toward metaphase plate without attaching to chromosomes
· Metaphase
· centrosomes positioned at opposite ends of cell.
· chromosomes are at metaphase plate and centromeres of all chromosomes aligned on metaphase plate
· long axis of chromosomes at right angle to spindle axis
· kinetochores of sister chromatids face opposite poles
· entire structure formed by kinetochore and nonkinetochore microtubules is called spindle.
· Anaphase
· sister chromatids move apart into separate chromosomes and move to opposite poles.
· centromeres move first, causing chromosomes to have "V" shape.
· kinetochore microtubules shorten at kinetochore end and chromosomes approach the poles.
· simultaneously, poles of the cell move farther apart, elongating the cell.
· Telophase
· nonkinetochore microtubules further elongate the cell.
· daughter nuclei (2N) begin to form at two poles
· nuclear envelope begins to form around chromosomes.
· nucleoli reappear.
· chromosomes become less distinct.
· By the end of telophase, cytokinesis has begun, and the appearance of two separate cells occurs. 

The mitotic spindle distributes chromosomes to daughter cells
· Mitosis depends on the mitotic spindle to pull chromosomes apart and to elongate cells prior to cell division (Fig 12.7).
spindle = structure consisting of fibers made of microtubules and associated proteins.
· When spindle forms, microtubules from cytoskeleton are partially disassembled to provide tubulin monomers as raw material.
· Spindle microtubules elongate and shorten by polymerizing and depolymerizing tubulin monomers, respectively. 
· Assembly of spindle microtubules is initiated in centrosome.
Kinetochore = protein structure at centromere which binds to spindle microtubules
Kinetochore microtubules = attach to kinetochore. Pull chromosomes to each pole of cell. Shorten during anaphase by depolymerizing at their kinetochore ends
· Nonkinetochore microtubules do not bind kinetochore. Overlap at middle of cell and elongate cell along polar axis 

Cytokinesis divides the cytoplasm
· In animals, cytokinesis occurs by cleavage. Cleavage furrow results from cytoskeleton contracting and causing diameter of cell at metaphase plate to shrink ( Fig 12.9).
· In plant cells
· no cleavage furrow.
· vesicles form and fuse at metaphase plate to form cell plate, resulting in the formation of cell membrane of both daughter cells. Subsequently, cell wall is deposited. 

· Mitosis in eukaryotes may have evolved from binary fission in bacteria. Mitosis represents an evolutionary breakthrough that solved the problem of perpetuating large genomes of eukaryotes ( fig 12.12) 

Bacteria reproduce by binary fission
· Prokaryotes are simpler than eukaryotes. 
· genome consists of relatively small circular DNA molecule.
· 1/1000 less DNA than eukaryotes
· Reproduce by binary fission, a process by which bacteria replicate their chromosomes and equally distribute copies between daughter cells (Fig 12.11)
· Duplicated DNA moves farther apart starting at origin of replication, separating chromosomes. How chromosomes move in bacteria is unknown.
· When cell about twice initial size, plasma membrane pinches inward, a cell wall forms, dividing the cell into two daughter cells. 
· Each cell inherits a complete genome. Daughter cells are genetically identical to mother cell. 

Regulation of the cell cycle
· Timing and rate of cell division are carefully controlled in organisms (Fig 12.14).
· Different cells reproduce at different rates.
· neurons and muscle cells do not divide after functionally mature (Go arrested)
· stem cells in bone marrow reproduce relatively rapidly to replace blood cells which die at a relatively fast rate.
· Cell culture systems allow identification of chemical and physical factors that stimulate or inhibit cell division. Many growth factors have been identified (Fig 12.17). 

Cancer cells escape from the controls on cell division
· Cancer cells do not respond normally to body's control mechanisms. They divide excessively and invade other tissues. Often have different number of chromosomes, deranged metabolism and abnormal function.
· Cancer cells ignore density-dependent inhibition when growing in culture (Fig 12.18). They are immortal.
· Tumor = mass of cancer cells within normal tissue.
· Benign tumor = cells remain at original site. Can easily be removed surgically.
· Malignant tumor = cells become invasive and may impair function of tissues or organs.
· Metastasis = spread of cancer cells to other areas of body via blood and lymph vessels. Most often fatal. Treated with high doses of radiation and chemotherapy. 

The superpowers of cancer
· Growth even in the absence of normal ”go” signals. 
· Most normal cells wait for an external message before dividing. Cancer cells often counterfeit their own pro-growth messages 
· Growth despite “stop” commands issued by neighboring cells. 
· as tumor expands, it squeezes adjacent tissue, which sends out chemical messages that would normally bring cell division to a halt. Malignant cells ignore these commands. 

· Evasion of built-in autodestruct mechanisms. 
· healthy cells activate a suicide program (apoptosis) when they suffer genetic damage beyond a critical level. Cancer cells can bypass this mechanism 
· Ability to stimulate blood vessel construction. 
· tumors need oxygen and nutrients to survive. They obtain them by stimulating nearby vessels to form new branches that run throughout the growing mass. 
· Effective immortality. 
· healthy cells can divide for no more than 70 times. Cancer cells can divide forever, partly because they can extend telomeres. 
· Power to invade other tissues and spread to other organs (i.e. metastasis). 
· cancers usually become life threatening only after they disable cellular circuitry that confines them to a specific location. 
