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Divide and Conquer

· All cells come from pre-existing cell. The pre existing cell multiplies by division
· What do All Cells require to survive?
· Complete set of genetic instructions
· Produce all required molecules
· Direct life processes 
· All genetic instructions are coded in the DNA of cells
· Why Do Cells Divide?
· Growth of the organism
· Repair 
· Development 
· Cell Cycle
· Refer to the status of the cell from division to division as the CELL CYCLE (what happens to the cell over its life)
· Cell grows, adds more cytoplasmic components, perhaps get larger
· Dna is replicated
· The cell then divides into two identical daughter cells 
· Faithfully reproduce cell number 1 with 2 daughter cells
· Essential Features of Cell Division
· Transmit a complete copy of genetic info (DNA) as faithfully as possible. If not, no humans would be here
· Transmit material necessary for the cell to survive and use genetic information
· Prokaryotic Cell
· No internal organelles
· No nucleus- genetic material (DNA) is in the cytoplasm
· No membrane bound organelles, for example bacteria
· Cell division is called Binary Fission
· Prokaryotic Cell Cycle
· Mostly in bacteria, there is one circular chromosome 
· Cell replication begins at origins of replication
· The chromosomes replicate 
· The cell is growing, getting longer/bigger
· Replication ends, the plasma membrane grows inward, and a new cell wall is synthesized
· Because there is just one chromosome, replication can be as fast as 20 minutes
· This is why that bacterial infections can happen so quickly and be so hard to treat because they replicate at such a fast rate
· Eukaryotic Cell
· Membrane bound organelles, including the nucleus
· The DNA is contained within the nucleus
· Examples, fungi, protists, plants, and animals
· Cell division of somata cell (not a reproductive cell) in any organism mitotic cell division 
· Eukaryotic Chromosomes
· In nucleus, we have chromosomes
· They are linear pieces of DNA and protein that contain some number of genes
· Mitosis only deals with nuclear chromosomes
· When we talk about mitosis, we are not talking about division of the cell
· Mitochondria and chloroplasts also have some DNA, DNA replication is handled differently here
· Chromosomes
· Long, thread like structures
· Highly condensed during Mitosis
· Made up of DNA and protein
· Chromosome means colored body
· Contain most of the organisms genetic information
· The number of chromosomes varies with species 
· Eukaryotic Chromosome Structure
· Strands of linear DNA
· There are 46 chromosomes in humans
· Average length of chromosome is 4cm, but each strand is coiled up and compact
· 3 m of DNA in a human cell
· total DNA is the distance from the earth to the sun and back (2x10^13)
· Chromatin
· Many proteins are bound to DNA
· Protect
· Packaging
· Duplication
· Transcription
· Regulation
· Modification
· DNA + bound protein=chromatin
· Chromatin only about 50% of DNA, the rest of it is protein
· Chromosome only refers to when you can see them
· Animals are diploid organisms
· During Non-division phase of cell cycle
· DNA molecules are extended as much as possible, uncondensed form called chromatin
· Cell can use DNA to produce molecules only when its in the extended state 
· During Cell Division of Cell Cycle
· DNA molecules have to condense to form chromosomes 
· Each chromosome is a single molecule of DNA 
· The reason the chromosomes condense is because it is easier to sort and organize DNA into daughter cells. It is easier to move them around and separate them during division quickly and efficiently
· What is Mitotic Cell Division
· Division of somatic cells (non reproductive cells)
· A single divides into two identical daughter cells (cellular reproduction)
· Ploidy
· Organisms have a specific number of sets in diploid and haploid cells
· Mitiosis and meiosis lead to different ploidy outcomes
· Ploidy refers to the number of pairs of chromosomes in cells 
· Haploid is one copy of each chromosome, designated as ‘n’, n=16
· Diploid is two copies (=pair) of each chromosome. Humans have 23 pairs of chromosomes. – designated as “2n” 2n=46
· If one chromosome is perfectly functioning but the other one isn’t, there will be no effect
· Triploid= 3 sets (3n)
· Polyploid= more than two complete sets
· Common in plants, NOT animals
· Eukaryotic Cell Cycle
· 2 major phases:
· Interphase (3 stages)
· DNA in interphase is uncondensed (chromatin)
· Takes up most time of the cell cycle
· G1: first gap, size increases, organelles may replicate, normal growth and development
· S phase: DNA synthesis. DNA is replicated, synthesis of proteins assoictaed with DNA. The ploidy does not change. The amount of DNA changes, but NOT the ploidy (# of chromatin)
· G2: second gap, cell prepares for division, synthesis of proteins associated with mitosis, cell committed to divide.
· Mitotic Cell Division (5 stages)
· DNA is condensed (chromosomes)
· Interphase
· Before mitosis
· Genetic material is called chromatin 
· Nucleus is well defined
· Nucleoi present
· Centrosomes replicated (replicated centrioles in animal cells only)
· Microtubules extend from centrosomes (called aster [star])
· Chromosomes have duplicated, not condensed
· Mitosis in eukaryotic cells
· Prophase
· Chromatin fibers become tightly coiled chromosomes 
· Nucleoi disappear because the nucleus will disappear
· Mitotic spindle begins to form (fibers connecting the tube)
· Centrosomes move away from each other to opposite poles
· Pro-metaphase
· Nuclear envelope breaks down
· Microtubules connect to chromosomes
· Kinetochores near the centromeres have formed
· Some microtubules connect with those of the opposite poles 
· Kinetochore is important in separating the chromosome
· Metaphase
· Centrosomes are at opposite poles
· Chromosomes are at the metaphase plate
· The centromeres are on the metaphase plate
· Kinetochore of each chromatid connected to microtubules from different poles
· Anaphase
· The centromeres separate
· Sister chromatids are moving apart to each pole
· Move by the centromere region first, move centromere first
· Poles of the cell will move further apart at the same time
· Mitotic Spindle
· Arises from two microtubule organizing centers (centrosomes)
· Microtubules are made from tubulin spontaneously arise
· Microtubules arise from MO centers have opposite polarity
· Meet at equatorial plane
· Some microtubules are bound together to stop things form moving together
· Chromatids attach to microtubules via kinetochores
· These are protein complexes. They move the chromatids apart after centromere breaks down
· Behind the microtubules breaks it down back into tubulin so it can be used later to make microtubules for some other purpose
· Telophase
· Daughter nuclei form at the two poles
· Nuclear envelope
· When they are condensed, they cant be transcribed so the chromatin become less condensed
· Nucleolus reforms
· Mitosis complete
· Cytokinesis will take place
· Cytokinesis
· Splitting of the actual daughter cells apart
· Mitosis only division of the nucleus
· Cytokinesis is optional
· Doesn’t happen in some muscle cells, some protists, some plant cells, some fungi
· In animal cells, once we have divided the nucleus and we are ready to separate the cells, microfilaments form contractile rings around the center and squeeze the center. When the membranes meet 
· Plant cells: after they divide a plasma membrane has to form but they lay a new wall, vesicles containing wall materials
· Regulation of Cell Cycle 
· Timing and rate of cell division in different parts of plant or animal are crucial to normal development
· Skin cells divide regularly
· Liver cells if needed
· Nerve and muscle do not
· These cell to cell differences are the result of regulation of the cell cycle
· Cell cycle control system where molecules are present that can override stop signals
· Regulated internally or externally
· G1 checkpoint
· Restriction point
· Most important
· Has to be overridden if the cell will divide at all
· If receives go ahead signal it will divide
· If it doesn’t it will exit the cycle and go to G0 phase
· G0
· Permanent arrest
· Stop reproduction to perform specialized function
· Never cells, liver cells but retain ability to, some muscle cells 
· Internal and External Clues
· Kinetochores need to send a signal that they are all connected to microtubules if they aren’t one chromosome will no move to a pole so one cell will have too many chromosomes and one cell is missing a chromosome
· Growth factors in media may be needed
· Cells crowded together stop dividing. In case of animal cells they want to grow and touch each other form a tissue, perhaps an organ, once they are touching they send a signal to not divide anymore
· Most animals cell must be anchored. Attach themselves to the surface of that plate, don’t like to grow in a liquid suspension. Without those signals the cell cycle may stop for them
· Cancer is uncontrolled growth of tissue in the body

[bookmark: _GoBack]

BIOLOGY Seemter 902013
Divide and Conquer

4 Allcolscome trom pre-exsingcll Th preexisingcl
mulipes b dision
4 What do A Cls requie t suriv?
= Complt et of enetic trueions
 Allgenei nstsucons e coded nthe DNA f s
% Why Do Cals Diider
2 Growh o ch rgaiem
o Repar
o Deveopment
+ cellyde
GELL CYCLE (bt happens o the el over e )
© Cllpows s e epmic compores b st
it
o Doa s replcated
& Thecl e dvdes o two dentcal st el
o Pl reproduc ol mber 1 it 2 dughter clls
4 Esvenial estures f Cll o,
=" Transmi s compice coy of gnec o (DNA) 3 iy
a5 possibe ot no hmans would be hre
o Trincmit matertal necessry o he cl 10 v and use
geneicinformation
& proanyotccl
e —
2 Nouckous geneti matertal (DNA) i nthe ctopissm.
 No menbranc bound organele, for exampie bt
2 Caldvaton s caled Binary o
 Proaryouc CllCye
= Moty n bt there s e crculr chromosome
o Cllrplcationbegn.t orgins ofreplcation
& The chromosomes repcte
o Thecellis growin, pecinglonger biger



