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BIO130 Lab 3 Exercise 4 The Cell: Division



Cell Cycle: Life Events of a Cell Interphase: -period of cell growth and function -cells that never divide are in G0 forever If a cells prepares to divide: -G1: duplication of cytoplasm -S: duplication of DNA -G2: protein synthesis Then cell begins mitosis Mitosis = nuclear division Cytokinesis = cytoplasm division Results in the production of two identical daughter cells



Play BIOFlixMitosis.mpg



Mitosis • The phases of mitosis are: – Prophase – Metaphase – Anaphase – Telophase



Mitosis Movie



Play MitosisCartoon.mov



How to remember phases of the cell cycle: I P M A T (“I Passed My Anatomy Test”)



Late Interphase Preparing for Mitosis Interphase Movie



Play Interphase.mpg



Early Prophase Prophase Movie



Early mitotic spindle



Pair of centrioles Centromere



Aster



Play EarlyProphase.mpg Chromosome, consisting of two sister chromatids Early prophase



Late Prophase Prophase Movie



Fragments of nuclear envelope



Polar microtubules



Play LateProphase.mpg



Kinetochore



Kinetochore microtubule Late prophase



Spindle pole



Metaphase Metaphase Movie



Metaphase plate



Play Metaphase.mpg



Spindle Metaphase



Anaphase Anaphase Movie



Play Anaphase.mpg



Daughter chromosomes Anaphase



Telophase and Cytokinesis Telophase Movie



Nucleolus forming



Contractile ring at cleavage furrow



Nuclear envelope forming Telophase and cytokinesis



Play TelophaseCytokinesis.mpg



4X objective (40X)



White Fish Blastula



10X objective (100X)



40X objective (400X)



Anaphase



Metaphase



Interphase



A blastula is a ball of developing embryonic cells in various stages of cell division that results after fertilization of an egg. After rapid division of these stem cells, differentiation will begin to occur and the ball will begin to take on an elongated body shape, and then later develop all the features of the animal such as eyes and limbs.



A fertilized egg will first divide into many undifferentiated identical cells. This ball of dividing cells is called a blastula. These cells will then differentiate and organize to form all the tissues and structures of the embryo.



Movie



Play CElegansDev.mpg C. elegans (a small worm, 1mm, 959 cells)



Interphase Plasma membrane



Nuclear envelope (membrane)



Chromatin



During interphase a cell is not actively dividing, although it may be preparing to divide. The DNA exists as a loose and open form so that genes can be expressed (read and used to make gene products like enzymes) to carry out normal cell functions.



Prophase Plasma membrane



Nuclear envelope



Chromatin begins to condense into chromosomes



Nuclear envelope has dissolved



Chromosomes



Prophase is the first step in Mitosis, which is the time when the cell undergoes nuclear division. The DNA has already been duplicated while the cell was in interphase, but during mitosis it must be carefully separated to insure each new cell gets all the same DNA as the original cell had. The chromatin DNA is wound into tight structures called chromosomes which are visible here (blue/black) and the nuclear envelope disintegrates so that the cell can “count up” and split the chromosomes equally as the single mother cell divides into two identical daughter cells.



Metaphase Plasma membrane Metaphase plate Mitotic spindle



Chromosomes



During mitosis the cell must equally separate the chromosomes that have assembled during prophase. Long string- or sticklike protein tubes called the mitotic spindle push and pull the chromosomes into a neat row across the middle of the cell. Metaphase is a brief moment in time when the cell gets all the chromosomes aligned in the absolute middle of the cell (called the metaphase plate). Once perfectly aligned, the chromosomes are ready for separation.



Anaphase Plasma membrane



Metaphase plate



Mitotic spindle



Chromosomes



During anaphase, the chromosomes are equally divided by the mitotic spindle pushing and pulling them to opposite sides of the cell. During this time, the cell will also elongate so that once the chromosomes are fully separated, the cell can finish dividing creating two identical daughter cells from the one original mother cell. The entire period of time that the chromosomes are moving off the metaphase plate until they reach the opposite poles and the cell actually begins to separate into two cells is called anaphase.



Telophase Plasma membrane



Plasma membrane Metaphase plate



Chromosomes



Chromosomes de-condense back into chromatin



Nuclear envelope



Telophase has begun once the cell itself starts the process to divide into two cells, an event called cytokinesis (“splitting of the cytoplasm”). At this point nuclear division is nearly complete. The chromosomes have been separated during anaphase and the cell begins to constrict around the metaphase plate creating an “8” shape using protein strands to cinch the cell like a girdle. Once the cytoplasm is adequately separated, but not yet completely divided, the nuclear envelope will begin to reform around the DNA in the two connected daughter cells. This completes mitosis (nuclear division). The chromosomes will unwind and the DNA will return to the lose, usable form called chromatin. Cytokinesis is complete once the plasma membrane has completely surrounded and separated the two daughter cells from each other. Each cell is now in interphase and is ready to being another round of cell division. Some people view telophase as including the completion of cytokinesis, others name cytokinesis as the last independent event of cell division and consider telophase to have ended with the formation of the nuclear envelope.



Play NewtCellMitosis.mov



Animal cell mitosis and cytokinesis



PlayHamsterCellMitosis.mpg



Hamster cell mitosis and cytokinesis



Cellular Respiration (Supplemental Activity)



• convert food energy into ATP for use by cells • involves oxidation/reduction reactions performed by enzymes



Complete aerobic respiration of glucose: C6H12O6 + 6 O2  6 CO2 + 6 H2O (energy from 1 glucose  36 ATP)



Cellular Respiration



Play CellularRespiration.mpg



• Aerobic cellular respiration occurs • Fermentation occurs to generate to generate ATP when oxygen is ATP when oxygen is not available available 1. Glycolysis 2. Citric Acid Cycle 3. Electron Transport Chain



36 ATP for each glucose



1. Glycolysis



2. Fermentation



2 ATP for each glucose



Glycolysis: Preparatory Stage



Glycolysis: Energy Conservation Stage



Products: 2 Pyruvic Acid



2 ATP 2 NADH



Decarboxylation and the Citric Acid Cycle



Products: 6 CO2, 2 ATP, 8 NADH, 2 FADH2



Electron Transport Chain



Oxidation of NADH and FADH2 and reduction of O2 results in oxidative phosphorylation that generates 32 ATP



•With oxygen, cells produce 36 ATP for each glucose: 2 in Glycolysis, 2 in Citric Acid/Kreb’s Cycle, 32 in Electron Transport and produce water and carbon dioxide waste. •Without oxygen, cells must ferment and produce only 2 ATP (during glycolysis) and generate organic wastes.



Fermentation



Fermentation in humans produces lactic acid



Fermentation in yeasts produces ethanol and carbon dioxide



Chemical Reactions In Living Cells Driven By Enzyme Activity



Cofactor



Play HowEnzymesWork.swf



Enzymatic Activity Enzymes: • protein catalysts • lower the activation energy of reactions • allow chemical reactions to occur at temperatures and pressures compatible with life • are required for chemical reactions in cells, including the reactions of fermentation



Enzyme Activity •Enzymes bind only one specific substrate in the active site •Enzymes catalyze only one specific reaction creating only one type of product •Enzymes often require cofactors to make them functional •A different enzyme will be needed for each different type of reaction a cell needs to perform



Cofactor



•Like any protein, an enzyme must be folded into its native conformation to function •If the temperature or pH are not optimal enzymes can become denatured



Enzymes cannot bind substrate and thus cannot catalyze reactions when they are denatured Thus enzymatic reactions must be performed under optimal conditions Optimal human conditions: pH 7.4 & 37°C/98.4°F



Enzymatic Reaction being investigated: 10 step glycolysis pathway + 2 step fermentation pathway Enzymes:



12 total glycolysis and fermentation enzymes, require neutral pH, 37°C, and the cofactor Mg2+ for optimal activity



Substrate for pathways: glucose Product for completion of all reactions: ethanol and carbon dioxide Analysis:



assess progress and rate of reactions by measuring product accumulation (carbon dioxide gas)
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