Ch. 5 Cell Division

5.1 Maintaining the Chromosome Number

chromatin

- threadlike network in the nucleus that is made up of DNA and 

   proteins



 - during cell division, chromatin coils, loops and condenses 

   to give highly compacted structures called chromosomes

transition

- chromosomes are highly coiled & condensed during cell division 




- each species has a characteristic chromosome number





- human cells: 46 chromosomes





- corn: 20 chromosomes




 
- crayfish: 200 chromosomes




- full or diploid (2N) number of chromosomes occur in all cells




- diploid number includes 2 chromosomes of each kind




- half the diploid number is the haploid (N) number of 

   chromosomes, representing only 1 of each kind of chromosome




- in life cycle of many animals, only sperms and eggs have haploid 

   number of chromosomes

cell division

- cell division involves nuclear division and cytokinesis (division 

   of cytoplasm)



- somatic, or body cells undergo mitosis (nuclear division where




   chromosome number stays constant)




(FIG. 5.1)




- a 2N nucleus divides to produce daughter nuclei that are also 2N




- mitosis is involved in growth and repair of the body

sister 


- before nuclear division, DNA replicates (each chromosome is 

chromatids

   duplicated and has 2 identical parts 



- sister chromatids are genetically identical (same genes)




- sister chromatids are attached to each other at the centromere




- during nuclear division the centromere divides duplicated 

   chromosome to produce 2 daughter chromosomes




- chromosomes consist only one chromatid which is distributed




   equally to the daughter nuclei

- each daughter cell gets a copy of each chromosome

cell cycle

- most time in interphase with little visible activity between 

   (“gap”) cell divisions

- interphase includes 3 stages


- G1 (gap 1, 6.3 hr): cytoplasm growth, organelles begin to 

   double

- S (synthesis, 7 hr): DNA replication

- G2 (gap 2, 2 hr): protein (enzyme) synthesis in preparation 

   for mitosis




- mitosis and cytokinesis in one stage





- M (mitosis, 0.7 hr): cell divides




- total cycle in hman cells—16 hr




(Moore’s cell cycle)




- cell division stage (both mitosis and cytokinesis) is the M stage




- DNA synthesis (replication) is the S stage 



- time prior to the S stage is the G1 stage



- time prior to the M stage is the G2 stage

- in the G1 stage, cell grows in size and the cellular    

   organelles increase in number





- in the G2 stage, various metabolic events occur in 

   preparation for mitosis

-interphase consists of G1, S and G2 stages

cycle control

- some cells (skin) divide throught life, others are arrested at 

   “critical points”





- skeletal, muscle, nerve cells at G1





- cardiac muscle at G2



- arrested cells can be stimulated by substances found in dividing 

   cells





- continue to the next stage of the cycle






G1 stage ( S stage






G2 stage ( M stage




- critical points under control of enzymes called cyclin-dependent 

   kinases (Cdks)





S kinase (G1 ( S)





M kinase (G2( M)




- kinases are activated by cyclin proteins that attach to them





S cyclin – S kinase





M cyclin – M kinase




- amount of each cyclin varies (“cycle”)





- increase and bind to kinases





- kinases activate enzymes that destroy cyclins




(FIG. 5.3)

cancer
connection
- normal cell cyclins bind with kinase if there is “growth factor” 




   present





- secreted by neighbouring cells




- a mutated gene (oncogene) codes for rogue cyclins that bind with 




   kinase without growth factor





- uncontrolled cell division (“mitosis gone mad”) leads to a 





   tumor





- breast cancer cells often produce an excess of certain 




 
   types of cyclin




- normal tumor-suppressor gene codes for a protein that stops 




   tumor growth





- p53 protein combines with the cyclin-kinase complex to 





   prevent activation

Focus on What’s in a Chromosome?

mid 1900s
- known chromosomes made of DNA & protein & contained genes



- chromosome make up was unknown

karyotype
- cutting chromosomes out and matching them with their 


   homologous pair


(Moore’s tetrad & dyad pics)

chromosome
- more than 50% protein (in eukaryotes)



- some are enzymes involved in DNA and RNA synthesis



- most are histone proteins involved in the physical 



   structure of DNA

histones
- five types (H1, H2A, H2B, H3, and H4)


- package DNA to fit into a small space



- human cell ahs at least 2 m of DNA while the nucleus is 



   only about 5 um


- many layers of coiling of DNA yields compactness in eukaryotes



- the prokaryote chromosome lacks histones and forms a 



   simple loop 

chromosome
- 6 levels of coiling result in increasing thickness (sizes shown)

structure

- DNA double helix molecule (2 nm)



- nucleosomes (11 nm)



- coiled nucleosomes (30 nm)



- looped chromatin (300 nm)



- condensed chromatin (700 nm)



- condensed chromosome (1,400 nm)


(FIG. 5A)

supercoiling
- DNA double helix is wound around a core of 8 histones (2 X 


   H2A, H2B, H3, H4)

topoisomerases 
- enzymes that convert linear DNA into superhelices & back again



- DNA gyrase is known to change the shape of DNA

5.2 Mitosis in Detail

mitosis
- nuclear division that produces two daughter nuclei


- nuclei with the same number and kinds of chromosomes 

   as the parent nucleus


- spindle forms, brings a distribution of chromosomes to the 

 
   daughter cell nuclei


- spindle has fibers that stretch between two poles


- spindle fibers are bundles of microtubules which are 

   protein cylinders that can assemble and disassemble


- when microtubules assemble, tubulin protein dimers come 


   together, and when they disassemble, the tubulin dimers separate


   have five phases


- prophase


- prometaphase


- metaphase


- anaphase


- telophase

centrosome 
- main microtubule-organizing center of cell


- divides before mitosis so poles of spindle has a centrosome


- has two centrioles

asters 
- arrays of short microtubules radiating from the pole


- have two centrioles

prophase
- centrosomes begin moving to opposite ends



- spindle fibers appear between the centrosomes


- nuclear envelope begins to fragment


- nuclelus begins to disappear


- chromosomes visible


- each is duplicated and composed of sister chromatids held 


   together at a centromere


(FIG. 5.4a)

prometaphase
- spindle in process of forming


- attachment of chromosomes


- occupy the center of cell to the spindle fibers


- centromeres attach centromeric(or kinetochore) fibers


- chromosomes move but yet no particular orientation


(FIG. 5.4b)

metaphase
- spindle consist of poles, asters, and fibers


- chromosomes attach to centromeric spindle fibers



- fibers aligned at metaphase plate ( or equator) of
spindle


- polar spindle fibers reach beyond metaphase plate and overlap


- at the end, centromeres uniting the sister chromatids divide


(FIG. 5.5a)

anaphase
- as centromeres divide, daughter chromosomes, each with  


   centromere and a single chromatid, begin to move toward 


   opposite poles


- the diploid number of chromosomes is at each pole


(FIG. 5.5b)

telophase
- spindle disappears as new nuclear envelopes form around the


   daughter chromosomes


- each daughter nucleus contains same number and kinds of 


   chromosomes as the original parent cell


- remnants of polar fibers still visible


- chromosomes become more diffuse and nucleolus appears in 


   each daughter nucleus


(FIG. 5.6)

5.3 Reducing the Chromosome Number
chromosome number
- production of sex cells results in half the number of 


   
   chromosomes: haploid (n)




- also known as “reduction division”




- occurs in reproductive organs only to form sperm or egg 




   gametes



- fertilization of 2 haploid gametes keeps the chromosome number 



   constant




- resulting in a diploid (2n) zygote

meiosis
- 2 nuclear divisions (meiosis I and II) yield 4 haploid daughter cells 


   (gametes)




- 1 of each chromosome, but no longer identical genes


- in diploid cells chromosomes occur in look-alike homologous pairs




- same length and centromere position




- originally one from each parent


- DNA replication into sister chromatids occurs prior to meiosis (as in 


   mitosis)




- sister chromatids are called a dyad

- occurs in testes and ovaries only (sex organs)


- sperms and eggs are the sex cells or gametes

- each pair of chromosomes are called homologous chromosomes or 
   homologues

(FIG. 5.10)



- contain genes for the same traits

- the homologues come together and line up side by side during synapsis

- exchange of genetic material called crossing over

- only one chromosome from each homologous pair reaches a daughter nucleus

(FIG.5.11)

zygote
- happens when a haploid sperm fertilizes a haploid egg


- has diploid number of chromosomes


- has 23 pairs of chromosomes for a total of 46 chromosomes



(fig 5.9)

5.4 Meiosis in Detail
meiosis I

- sister chromatids line up side-by-side with their homologous pair 

(first division)

   in synapse





- 2 sets of nonsister chromatids paired up are called a tetrad




- nonsister chromatids exchange genetic material by crossing-over





- sister chromatids in adyad are no longer genetically 

   identical




- nonsister chromatids in tetrads separate independently 

   (independent assortment)


- 1 chromosome of a homologous pair reaches a daughter 

   nucleus



   
- prophase I





- spindle appears while the nuclear envelope fragments and   

   nucleolus disappears





- homologous chromosomes (each with 2 sister chromatids) 

   undergo synapsis forming tetrads

- crossing-over also occurs




- metaphase I





- tetrads (homologous pairs) align at metaphase plate




- anaphase I





- homologous chromosomes separate and move to opposite 

   poles of spindle




- telophase





- nuclear envelopes re-form and nucleoli appear




- interkinesis





- period of time between divisions

- no replication of DNA occurs




(FIG. 5.12)

meiosis II

- centromeres divide, separating the sister chromatids into 2 further (second division)
   daughter cells


- no DNA replication before meiosis II

- total of 4 daughter cells produced


- chromosomes of each have only 1 chromatid of half of the 

   original homologous chromosomes




- prophase II





- spindle appears while the nuclear envelope fragments and 

   the nucleolus disappears




- metaphase II

- each duplicated chromosome attaches to spindle and lines 

   up independently at metaphase plate

- centromeres divide




- anaphase II





- daughter chromosomes move toward the poles




- telophase II




- spindle disappears as nuclear envelopes form





- plasma membrane furrows to give 2 complete cells






- each has the haploid number of chrosomes






- each with one chromatid




(FIG. 5.13)

spermatogenesis
- production of sperm in male testes



- meiosis I:

- primary spermatocytes (diploid) with 46 chromosomes 

   divide into 2 secondary spermatocytes (haploid)

- meiosis II:

- secondary spermatocytes (haploid) divide to produce 4 

   spermatides (haploid)

- spermitids grow, reform and specialize (differentiate) into 

   spermatozoa (sperm cells)

- 1 primary spermatocyte results in 4 sperm cells

oogenesis

- production of eggs in female ovaries




- meiosis I:


- a primary oocyte (diploid) with 46 chromosomes divides 

   into 2 cells

- secondary oocyte (haploid) retains most of the cytoplasm

- polar body with little or no cytoplasm 




- meiosis II:

- secondary oocyte divides into a large ootid (haploid) and 

   another polar body

- ootid is arrested at metaphase II until fertilization by 

   sperm when meiosis II is completed




- 1st polar boy also divides into 2 polar bodies, making a total of 3 

- all degenerate (discard unnecessary chromosomes)




(FIG. 5.14)

comparison of  
- sperm is a tiny flagellated cell adapted to swim to egg

sperm and egg

- egg is a large cell waiting for sperm and contributing cytoplasm 

   and nutrients to zygote

- both contribute 23 chromosomes

(FIG. 5.15)

importance of

- keeps chromosome number constant through generations

meiosis


- without it, adult stages would continue to increase




- chromosome number is halved so each daughter cell receives 1 of 

   each kind of gene

- ensures genetic recombination in each generation

- three ways for different gene combinations


- independent assortment: all possible combinations of 

   chromosomes occur in gametes

- crossing over: genes recombined so sister chromatids are 

   genetically similar

- fertilization: recombination of chromosomes 

