Mechanics of Cell Division
Mitosis and Cytokinesis

· Interphase ( DNA is replicated (S phase)
· G1 and G2 phases ( cell growth

· M phase ( nuclear division (mitosis) and cell division (cytokinesis)

M Phase

· Chromosome condensation

· Then specialized cytoskeletal machines pull the chromosomes apart (mitotic spindle)

· Finally the cell is split in half (contractile ring)

Chromosome condensation
· Sister chromatids bound tightly together by protein complexes called cohesions after replication in S phase
· Cohesions are deposited along the length of each chromatid and are broken only late in mitosis
· At the onset of mitosis ( chromosomes compacted and become 50x shorter
· Condensins mediate this process ( use ATP hydrolysis to drive the DNA compaction rxn
M Phase depends upon the duplication of centrosomes in the preceding interphase
· Centrosomes ( microtubule organizing center (MTOC), nucleate the growth of microtubules
· Contain a fibrous centrosome matrix containing a pair of centrioles (which contain about 50 copies of γ-tubulin ring complex)
· The process of centrosome duplication and separation is called the centrosome cycle
· As mitotosis begins, the 2 centrosomes split apart and move to opposite ends of the nucleus
· Each centrosome (pair of centrioles) nucleates a radial array of microtubules called an aster, which will become the two poles of the mitotic spindle
5 stages of mitosis

· Prophase ( sister chromatids condense, and mitotic spindle begins to assemble outside the nucleus
· Prometaphase ( nuclear envelope breaks down (in mammals)
· Metaphase ( chromosomes are aligned at the equator of the spindle, medway between the spindle poles.  Kinetochore microtubules attach sister chromatids to opposiute spindle poles
· Anaphase ( sister chromatids synchronously separate and the daughter chromosomes move towards the spindle poles.  Kinetochore microtubules get shorter and spindle poles move outward
· Telophase ( the daughter chromosomes arrive at the two poles, and a new nuclear envelope assembles around each set.
Mitotic spindle

· Segregates replicated chromosomes
· Constructed of microtubules and associated proteins
· 3 classes of microtubules play a role:
· astral microtubules
· kinetochore microtubules
· overlap microtubules
· kinesins and dyneins also mediate the assembly and fxn of the spindle
Processes that mediate the formation and function of the spindle

· Microtubule instability increases at M phase

· The relatively few, long microtubules radiating out from centrosome convert to larger number of shorter, more dynamic microtubules.
· Increasing the amount and/or activity of catastrophins (and decreasing MAPs) destabilizes microtubules by increasing dynamic instability

· Actions of opposing motor proteins halp set up the spindle by arranging and moving microtubules

· Kinetochores attach chromosomes to microtubules ( search and capture mechanism
· Microtubules from each chromosome grow and shrink.  Those attached to a chromosome become stabilized and no longer undergo dynamic instability

· Microtubules become attached to a specialized structure called a kinetochore (centromere and associated proteins)

· In mammalian cells, a number of microtubules attach to one kinetochore

· A balance of forces keeps chromosome aligned at the equator during metaphase

· Chromosomes being pulled to the poles by kinetochore

· Astral ejection force – pushing force (plus end directed motors on the chromosomes are thought to interact with astral microtubules)
· Microtubules in the metaphase spindle are not static ( astral and overlap microtubules are rapidly growing and shrinking

· Kinetochore and overlap microtubules ( undergo poleward flux (treadmilling) ( new addition of tubulin subunits at their plus ends balanced by a new loss at the minus end

· Sister chromatids are separated at anaphase via several processes
· Initiation is thought to be the release of the cohesion linkage that holds sister chromatids together

· Anaphase-promoting complex (APC) ( proteolytic complex that removes the inhibitor of a protease called separase, which cleaves a subunit of cohesion allowing sister chromatids to rapidly separate.
· 2 independent and overlapping processes mediate moving of chromosomes
· anaphase A ( initial poleward movement accompanied by shortening of the kinetochore microtubules

· anaphase B ( 2 forces elongate the spindle and move the chromosomes

· the result of the plus-end directed motors located in the center of the spindle between the overlap microtubules, which slides them past one another, pushing the poles apart
· minus-end directed motors that interact with the plasma membrane and the astral microtubules, resulting in each of the spindle poles moving towards the cell cortex and spindle elongation

· At telophase, the nuclear envelope reforms around the separated chromosomes
Cytokinesis

· The first visible change of cytokinesis is the appearance of a depressions ( cleavage furrow
· 4 stages

· initiation

· contraction

· new membrane insertion

· completion

· Contractile ring drives cytokinesis ( dynamic assembly of actin filaments, myosin II, and many structural and regulatory proteins

· Mitotic spindle dictates the plane of cytokinesis

· Contractile ring forms in the plane of the metaphase plate at right angles to the long axis of the mitotic spindle
· Actin and myosin II generate the force for cell division
· Late in contraction, the contractile ring disappears and is replaced by the midbody, which persists as a tether between the daughter cells and contains the remnants of the central spindle
