Mitosis and the Eukaryotic Cell Cycle- Lecture 4
Video
· During interphase the chromosomes will be duplicated in preparation for mitosis which divides the chromosomes and cytokinesis which divides the cell’s cytoplasm
· In early prophase the duplicated chromosomes (consist of 2 sister chromatids joined at the centromere) began to condense. As the chromosomes continue to condense new microtubules assemble and move one of the centriole pairs to the opposite side of the cell and the nuclear envelope breaks up completely during the transition to metaphase. 
· During metaphase the microtubules penetrate the nuclear area and form the spindle apparatus and many of these spindle microtubules become attached to the sister chromatids of each chromosome. The two-way pulling of microtubules from both poles drags the chromosomes to the spindle equator. At this stage of mitosis, they are at their most condensed form
· Finally, during anaphase, the sister chromatids of the chromosomes separate from each other and move to opposite poles.
·  Telophase gets on their way once the chromosomes arrive at the spindle poles. The chromosomes decondensed and patches of new membrane fused to form two nuclear membranes. Mitosis is now complete. 
· Now that cell division is complete, cells enter interphase. During the interphase, the chromosomes will be duplicated in preparation for the next round of mitosis.

· Mitosis allows eukaryotes to produce daughter cells that are genetic copies of the parental cell by dividing the replicated DNA.
· There are 3 systems that are involved in the cell cycle
1) A convoluted program of molecular checks and balances ensures that the cell will progress through the cell cycle in an orderly and timely fashion
2) DNA synthesis replicates each DNA chromosome into 2 copies with almost perfect fidelity, as part of the overall regulation of the cell cycle
3) The interwoven cables and motors of the cytoskeleton separate the replicated DNA molecules precisely into the daughter cells
Meiosis
· A cell division process that produces some cells that are genetically different from the parent cells because it produces daughter nuclei that have one half the number of chromosomes the parental nucleus had
· Cells produced by meiosis function as gametes in animals (fusing with other gametes to make a zygote) and as spores in plants and many fungi (divding by mitosis)
Chromosomes
· The hereditary information of the nucleus is distributed among several linear, double stranded DNA molecules, with proteins that stabilize the DNA and package DNA during cell division, and influence the expression of individual genes.
· Chromosomes are composed of one of these DNA molecules, along with its associated proteins 
· Frequently eukaryotes have 2 copies of each type of chromosome in their nuclei and are said to be diploid (2n=46 chromosomes, while others (usually microorganisms) only have 1 copy of each type of organism in their nucleus, and as such are said to be haploid (1n=23 chromosomes). Some eukaryotes, such as Baker’s yeast can even grow as a diploid (2n=32) or haploid (1n=16), while others (usually plant species), can have 3 or more sets of chromosomes. 
· Ploidy: The number of chromosome sets of a cell or species
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· Before cells proceed to mitosis, chromosomes are duplicated to produce 2 identical copies, called sister chromatids.
· The DNA molecules that are found in chromosomes are replicated, while the proteins that are attached to the DNA to stabilize it are doubled.  The newly formed sister chromatids are held together by sister chromatid cohesion, in which proteins called cohesins encircle the chromatids along their length
· The cohesins are removed and the sister chromatids are separated during mitosis with one of each pair going to each of the 2 daughter nuclei. As a result, each daughter nucleus receives exactly the same number and types of chromosomes and contains the same genetic information as the parent cell
· Chromosome Segregation: The equal distribution of daughter chromosomes into each of the 2 daughter cells that result from cells division 
· Before replication, one chromosome is composed of one DNA molecule and after replication, it is composed of 2 DNA molecules. DNA replication, increases the amount of DNA in the nucleus but it does not increase the number of chromosomes
· The precision of chromosome replication and segregation in the mitotic cell cycle creates a group of cells called a clone. All cells of a clone are genetically identical with the exception of those that have mutations
· All the diverse cell types of a complex multicellular organism that arose by mitosis from a single zygote, they all contain the same genetic information (allows forensic scientist to match the genetic profiles-> cells in dog saliva from a bite victim with that of a blood sample from the dog)

Interphase: 
· G1 is the only phase of the cell cycle that varies in length, which is why the speed of the division of cells depends primarily on the length of G1. G1 is a phase of growth before the DNA replicates. The cell makes various RNAs, proteins and other types of cellular molecules but not DNA (the G stands for gap- referring to the absence of DNA synthesis)
· Many cell types stop dividing during G1, and enter a shunt called G0 phase (most cells found in the human nervous system stop dividing once they are fully mature). Some cells may start dividing again by re-entering G1.
· Cells that will then divide then take about 10 to 12 hours to proceed through S- Phase, during which the cell duplicates each chromosomes, including both the DNA and chromosomal proteins, and it also continues synthesis of other cellular molecules
· Next cells proceed to G2 (refers to the 2nd gap during which there is no DNA synthesis), which they will take anywhere from 4 to 6 hours to complete.  The cell continues to synthesize RNAs and proteins, including those for mitosis and it continues to grow. The end of G2 marks the end of interphase.
· Internal regulatory controls trigger each phase of the cell cycle ensuring that the processes of one phase are completed successfully, before moving on the next phase.
· Internal mechanism that are affected by external influences (other cells, viruses, and signal molecules-> hormones, growth factors, and death signals) determine the # of overall cycles that cells go through
· During interphase cells do not rest up for mitosis but express the appropriate combination of genes to support cell growth and metabolism, and replicate DNA
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Mitosis: 
· Prophase: The chromosomes that greatly extended when they were replicated during interphase condense into compact, rod-like structures, allowing the long DNA molecules to pack into units small enough to be divided during mitosis. Eventually the nucleolus becomes smaller and smaller and disappears in most species, indicating a shutdown of all types of RNA synthesis.  The mitotic spindle begins to form in the cytoplasm between two centrosomes, as they start migrating towards the opposite ends of the cell to form spindle poles (the spindle develops as bundles of microtubules that radiate from the microtubules). 
· Prometaphase: Once the nuclear envelope breaks down, prometaphase starts, during which bundle of spindle microtubules grow from centrosomes at the opposing spindle poles towards the centre of the cell.  Some of the developing spindle enters the former nuclear area and attaches to the chromosomes, even though the replicated chromosomes still aren’t visible as a double structure (each chromosome is made up of 2 identical sister chromatids held together at their centromeres). A kinetochore (complex of several proteins), forms on each chromatid at the centromere, while kinetochore microtubules binds to the kinetochores. The kinetochore microtubules connections to the kinetochores determines the outcomes of mitosis because they attach the sister chromatids of each chromosome to microtubules leading to the opposite spindle poles, while microtubules that do not attach to kinetochores overlap those from the opposite pole
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· Metaphase: The spindle reaches its final form and the spindle microtubules move the chromosomes into alignment at the spindle midpoint (metaphase plate). During metaphase the chromosomes finish condensing and reach their final shape determined by the location of the centromere and the length and thickness of the chromatids.  Once the chromosomes are fully assembled at the spindle midpoint, with the 2 sister chromatids attached to the microtubules leading to opposite spindle poles, giving way to the separation of chromatids. Chromosomes rarely ever look like X’s (only chromosomes that have centromeres near the middle can appear as X’s), and only during prometaphase are chromosomes condensed enough to take on a shape.
· Karyotype: The complete collection of metaphase chromosomes arranged according to size and shape, forms the karyotype of a given species. Often, species can be identified from just the karyotype.
· Anaphase: Sister chromatids separate and move to opposite spindle poles, starting with the kinetochores, which move toward opposite poles. The chromatids continue moving until they are completely separated, reaching the 2 poles (chromatids now referred to as sister chromatids).  Chromosome Segregation is completed by the time anaphase finishes
· Telophase:  The spindle disassembles with the chromosomes at each spindle pole decondensing and return to their extended state (as in interphase). The nucleolus reappears, RNA transcription resumes, and a new nuclear envelope forms around the chromosomes at each pole, producing 2 new daughter nuclei, as decondensation proceeds. Nuclear division is now complete and the cell now has 2 nuclei.
Cytokinesis: 
· It is the division of the cytoplasm, usually following the nuclear division stage of mitosis and produces 2 daughter cells, each containing one of the daughter nuclei. Cytokinesis begins usually begins during telophase, or even late anaphase. After cytokinesis is completed, the daughter nuclei progress to the interphase stage, entering the G1 phase of the next cell cycle
· Cytokinesis proceeds through different pathways in the different kingdoms of eukaryotic organisms. The furrow girdles the cell (in animals, protists, and many fungi) and gradually deepens until it cuts the cytoplasm into 2 parts. In plants, a new cell wall (cell plate), forms between the daughter nuclei, and grows laterally until it divides the cytoplasm.  The layer of microtubules that persist at the former spindle midpoint determine the plane of cytoplasmic division
· Furrowing: The layer of microtubules that remain at the former spindle midpoint expand laterally until they stretch across the dividing cell.  A band of microfilaments forms inside the plasma membrane (as the layer of microtubules develops), forming a belt across the centre of the cell. The microfilaments (part of the microtubules) slide together, tighten the band and constrict the cell. The constriction forms a groove in the plasma membrane that gradually deepens until the daughter cells are completely separated. This results in the isolation of daughter nuclei in the 2 cells and at the same time the distribution of the organelles and other structures (which have also doubled). 
· Cell Plate Formation: The layer of microtubules that persists at the former spindle midpoint serve as an organizing site for vesicles produced by the endoplasmic reticulum (ER) and Golgi complex.  The vesicles collect, and expand the layer across the entire dividing cell, fusing together with their contents to assemble into a new cell wall (the cell plate). At this point the cell wall stretches completely across the former spindle midpoint, while the junction separates the cytoplasm and its organelles and the daughter nuclei into 2 separate cells. The plasma membranes that line the 2 surfaces of the cell plate are derived from the vesicle membranes. 
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Outcomes during lecture:
N and C
· The n value represents one copy of all of an organism’s nuclear chromosomes (one set of chromosomes) ‘the NUMBER of CHROMOSOMES in the cell’. For humans there are 23 chromosomes. Of these chromosomes there are TWO copies of each chromosome in a cell, this means that there is 2n (2 x each chromosome.) This leads to 46 TOTAL chromosomes, 2n=46.
· Later, when you look at meiosis which halves the number of chromosomes in each cell (only one of each pair is transferred to each gamete) the resulting cells (gametes) will have n=23.
· The C value is the AMOUNT of DNA in one set of an organisms nuclear chromosomes,  this is expressed in picograms. To understand this think of the C value as a weight (which it is.) Human cells have a pair of each chromosome resulting in 2C. So, in mitosis when the chromosomes are replicated in S phase the value of C doubles (4C) as there is now double the amount of DNA present.
· However, don't get confused here this doesn't mean the n value doubles, there is still only 2 pairs of each chromosome. What has been double are the chromatids. Each chromosome now has two chromatids attached together instead of the usual one, we call these sister chromatids. A pair of attached sister chromatids still only equates to one chromosome.
· Once the cells have split each resulting daughter cell again has 2C and 2n

Cytoskeleton (Microtubules, intermediate filaments and Microfilaments):
· The cytoskeleton is involved in partitioning chromosomes
· Microtubules (made of tubulin), and intermediate filament (made of keratin), and microfilaments (made of actin), make up the cytoskeleton
· Microtubules make up the spindles fibers, which attach to the chromosomes (site of attachment/ attachment point is called kinitomeres- made up of complex of proteins). Microtubules participate in 2 types of movement during cell division. Microtubules from one pole attach to those from the other pole, and then they push on one another to help the cell divide. They do the pushing because of motor proteins which cause the spindles to push the poles apart 
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· There are motorproteins in the kinetochore, which pull the chromosome to pull themselves towards the poles (the chromosomes pull themselves towards along the spindles using the motorproteins associated in the kinetochore). Microtubules don’t pull chromosomes toward the poles
· The cytoskeleton micro filaments made of actin pinch the cells off to make the cleavage furrow and cause cytokinesis in animal cell
· The intermediate filaments provide more general cell structure and shape


Clicker Questions: 
· Evolution is only possible because of the variation of genetic material in a species
· Plants cells have DNA in the nucleus (linear) (organelles), mitochondria (circular), and chloroplasts (circular)
· Humans have linear DNA in their nucleus while they have circular DNA in their mitochondria 
· Prokaryotes usually have circular DNA (genomes/ chromosomes are circular)
· For human’s value of n=23 in gametes because it will be combined with another gamete
· Somatic cells have a value of n=2 (46 chromosomes in replicated cells)
· (3n= triploid)
· ‘c’ represents amount of DNA in one set of an organism’s chromosomes
· Cell must divide when it becomes too large- to become more efficient
· Genome usually refers to nuclear DNA 

Actively cycling cells: 
· Actively cycling cells repair damage, wound repair, and replace damaged cells, and growth, and embryonic development, and reproduction
· Most of the cells in your body are not dividing (especially in mature bodies), but the cells that are actively cycling are in bone marrow (replacing blood cells), the stomach lining, and in the reproductive organs that are making gametes. 
· The actively cycling cells in a plant are in the lateral meristematic tissue (which is in the tips of roots, in shoots, in the cambium underneath the bark and in parts of the trees that are very young)
· Cells might not always divide but they might be programmed to die (apoptosis pathway). When a cell has damaged or unbalanced DNA receives genetic damage, cell would kill it self to avoid becoming a burden and prevent damage to the organism, signalled by master control cells to die (infected by a virus-> die), some cells may die because they function as a skeleton (xylem) i.e. webbing of feet/ hands (babies), or if a cell is flawed, or if you have too many cells- apathetic pathways 
· Relatively small amount of time is spent in mitosis/ dividing; most cells spend the majority of their time in G0 (cell cycle arrest)
· It is during interphase that almost everything happens (liver cells serve their functions as a liver cell in interphase, DNA replication)
· Cells don’t enter S-phase and mitosis until they are ready and have passed the various tests and checks. If they have any DNA damage it will first be repaired, and then enter S-phase, and cells will not enter mitosis until the chromosomes are condensed and are ready. 
· Most importantly in this mitosis checkpoint, cells that are in metaphase will not enter anaphase unless the chromosomes are attached to the spindle properly, and can be separated properly. 
·  The interphase nuclei are highly organized and ordered
Chromosome Structure
· Just one piece of double stranded DNA
· During G1 they are just a single molecules of double stranded DNA that are replicated in S-phase to become 2 molecules of DNA molecules (sister chromatids are identical DNA molecules attached at their centromeres)
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