Unit 2: Cell Division – Topic 1, 3 & 10 (topic 2 & 10 in old book)
I. Cell Size

a. Most living cells are between 10 and 100 micrometers in diameter

b. Limitation of cell size
i. Surface area to volume ratio =effectively limits the size of a cell

1. Function of volume = rate of heat & waste production & rate of resource consumption 

2. Function of surface area = controls what materials move in & out of the cell

3. As cells increase in size the surface area increases at a much slower rate than the volume
4. The greater the volume the smaller the ratio of surface area to volume

5. This ratio limits how large cells can be (ratio begins decrease = 6 then to 3 then to 1.5 then to 1)

6. Conclusion: bigger cells have less surface area to bring in materials and get rid of waste therefore cells are limited in the size they can reach & still carry out life functions 
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ii. Diffusion 

1. fast & efficient over short distances (small cells)
2. too large of an area would decrease diffusion within the cell  
iii. DNA

1. Fxn: DNA is copied to make proteins
2. Bigger cell will need more proteins thus needs more DNA to make sufficient number of proteins 

II. Cell Reproduction

a. Results in ( 2 cells that are identical to the original parent cell

b. Chromosomes

i. Contains DNA (genetic material) that are passed from one generation to another (23 pairs)

ii. Chromatin – long strands of DNA wrapped around proteins (histones – eukaryotes only)
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iii. Before division chromatin reorganize - become tightly packed & coiled = supercoiling
1. First, the DNA wraps around histones to produce nucleosomes

2. nucleosomes are further wrapped into a solenoid

3. solenoids group together in looped domains

4. Then a final coiling occurs to produce the chromosome

iv. Eukaryotic cells contain chromosomes which are composed of one molecule of DNA – after replication the chromosome includes two molecules of DNA

1. Structure of DNA

a. Centromere – holds these two identical molecules together

b. Chromatid – each individual molecule

c. Sister chromatids – identical molecules



III. Cell Cycle

a. Two periods

i. Growth ( Interphase 
1. 90% of the cell cycle
2. grows in size

3. copies chromosomes – DNA replication
4. carries on metabolism – protein synthesis & organelle production (mitochondria and/or chloroplasts)
5. Subphases:

a. G1 phase (Gap 1) – major event of growth
b. S phase (Synthesis) -  replication of DNA (via semi-conservative replication)
c. G2 phase (Gap 2) - finishes growing, organelles increase, DNA begins to condense (supercoiling) from chromatin to chromosomes, & microtubules begin to form
ii. Division ( Mitosis or M phase
1. process by which two daughter cells are formed from somatic cells – produces two genetically identical nuclei for growth, embryonic development, tissue repair, and asexual reproduction 

a. either from a single cell (zygote) to begin development of a new organism

b. cells forming from pre-existing ones to repair or renew   

2. each containing a complete set of chromosomes (46 chromosomes)—23 from each parent
b. Prokaryotic cells

i. Binary fission – example: yeast

1. DNA replicates – at origin of replication (starting point)

2. replicated copy moves to polar ends

3. cell increases in size

4. plasma membrane grows inward & pinches to form two cells




c. Eukaryotic cells

i. More complicated b/c it has a nucleus & more DNA (chromosomes—46 in humans)
d. Phases of Cell Cycle
i. Interphase

1. cell growth

2. production of new organelles

3. chromosome replication (duplicate sister chromatid) 
ii. Prophase 
1. chromosomes shorten & thicken  (become visible)

2. nuclear envelope disappears

3. centrioles begin to make spindle fibers (there are two centrioles for each centrosome) & move toward opposite poles
4. asters are extending from these centrioles 

5. microtubules or spindles are lengthening & attached to the kinetochore (near the centromere)  of the sister chromatids
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iii. Metaphase

1. longest phase in the M phase
2. centrosomes are at polar ends

3. each chromosome has a spindle fibers attached to its kinetochore (centromere)
4. chromosomes line up on metaphase plate (equator) 
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iv. Anaphase

1. shortest phase in the M phase
2. sister chromatids are pulled apart towards polar ends by shortening of spindles 
3. Shape changes to look more like two cells

4. each polar end has equivalent amounts of chromosomes
v. Telophase

1. new nuclear membrane begins to re-form around each set of chromosomes
2. chromosomes become less condensed and enlongate to form chromatin
3. Nucleoli reappears & spindles disappears

4. cell is enlongated & ready for cytokinesis
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vi. Cytokinesis

1. Starts in Anaphase, ends in Telophase

2. Animal

a. Animal cells undergo cytokinesis by pinching off along their equator. 
b. This is easy for them to accomplish, because their membrane is rather movable and unobstructed by cell wall material.

[image: image8.png]Cytokinesis in animal cells

00

cleavage furrow




3. Plants

a.   Plant cells cannot do the same because of their cell wall.  

b. Plant cells send vesicles filled with cell wall material to their equator.  When the vesicles reach the equator, they bump into other vesicles and fuse together.  

c. This fusion forms a long tube of membrane with cell wall material within it, called the cell plate.

d.  The cell plate expands until it bumps into the cell membrane.  When it reaches the cell membrane, it fuses with it.  This separates the cell in two, with cell wall between them.
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vii. Clinical

1. Cancer – cells lose its usual orderly pattern of division

2. Tumour (tumor) –name for a swelling, lesion, or solid mass formed by an abnormal growth of cells
a. Benign tumours – does not grow in an unlimited, aggressive manner, does not invade surrounding tissues, and does not metastasize. 
i. Examples: moles and uterine fibroids 
b. Malignant tumours - a group of cells which display uncontrolled growth (beyond the normal limits), invasion (intrusion on and destruction of adjacent tissues), and sometimes metastasis (spread to other locations in the body via lymph or blood)
IV. Meiosis I

a. Interphase
i. During this stage, each individual chromatid replicates, similar to mitosis.

ii. Each pair of the chromosome are referred to as a sister chromatids. 

iii. At this stage, the chromosomes are long and stringy and are not visible. (so the DNA can be copied)

b. Prophase I
i. The chromatid threads begin to twist and condense, creating chromosomal structures which are visible to the microscope. 

ii. Nuclear envelope disappears

iii. Each chromosome then actively seeks out its homologous chromosome. 
iv. Chromosome pairs of the same length, size, and centromere position

v. After the homologous chromosomes pair, the structure is referred to as a tetrad (four chromatids). 

vi. Sometimes a process known as crossing over occurs at this point. 

vii. This is where two non-sister chromatids exchange genetic material. (This exchange does not become evident until the two homologous pairs separate.)

viii. Chiasmata =  x-shaped region in the tetrad

ix. This will allow for effectively infinite genetic variety in gametes

c. Metaphase I
i. The homologous pairs and their sister chromatids also prepare for separation. The spindle fibers attach to the kinetochore (near the centromere) on each chromosome. 

ii. There is a centriole at opposite ends of the cell, which is referred to as poles. 

iii. During metaphase, the homologous chromosomes are lined up on the metaphase plate or equator by the spindle fibers in a random orientation.

d. Anaphase I
i. Anaphase I pulls apart the tetrad, separating each homologous chromosome. One chromosome moves to each pole.

ii. The shape of the cell changes, looking more like two cells. 

e. Telophase I
i. In general, two nuclear envelopes begin to surround the separate chromosomes and cytokinesis (splitting of the cytoplasm) will occur. 

V. Meiosis II
a. Prophase II
i. During Prophase II, each dyad (1/2 a tetrad) is composed of a pair of sister chromatids and they are connected by a centromere. 

ii. Nuclear envelope disappears

iii. The centrioles begin to produce the spindle fibers and also start to move toward the poles of the cell.

b. Metaphase II
i. The dyads (two sister chromatids) are lined up at the metaphase plate by the spindle fibers.

ii. Spindle fibers are attached to the centromere on each chromosome.

c. Anaphase II
i. Anaphase II separates the dyads into individual chromatids. Each sister chromatid ends up on one side of the cell

ii. The shape of the cell changes, beginning to form two cells (four total cells) 

d. Telophase II
i. At the end of Telophase II, the nuclear envelopes forms around each set of DNA (chromatids) and the cytoplasm divides once again. 

ii. As a result, four haploid cells have formed from one diploid cell. 

1. Haploid: cell with one of each kind of chromosome (n)

2. Diploid: cell with two of each kind of chromosome (2n)

3. The chromosomal content of a haploid cell in one-half the chromosomal content of a diploid cell ( n as opposed to 2n )

4. At end of Meiosis in females = 3 polar bodies and 1 egg (haploid)

5. At end of Meiosis in males = 4 sperm (haploid)
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