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C12 Cell Cycle

Asexual cell division functions to:  replace worn out cells, repair of tissues, growth and development, or as a reproductive strategy.

Genome – a cell’s total DNA.  The prokaryote genome is usually a single long double stranded DNA molecule.  The eukaryote genome is usually several long strands.  Typical human cell has ~2 m of DNA.

Somatic cells – all body cells, except for reproductive cells.  Humans have 46 chromosomes (2n) in somatic cells.

Gametes – sperm and egg cells; 23 chromosomes (n) humans.

Chromatin – DNA-protein complex organized into a long, thin fiber.  

Chromosome – condensed chromatin (systematically wrapped up).

Sister chromatids – formed during replication, they contain identical copies of the DNA molecule and are attached by a centromere.
Mitosis – division of the nucleus (usually followed by)…

Cytokinesis – division of the cytoplasm.

The Cell Cycle
· Interphase - ~90% of the cell’s life, when the cell grows (makes proteins and organelles) and copies its DNA in preparation for cell division.  

· G1 phase (first gap)
· S phase – DNA synthesized

· G2 phase – (second gap)

· Mitotic phase – M phase including mitosis and cytokinesis

· Prophase – chromosomes visible

· Prometaphase – nuclear envelope fragments

· Metaphase – chromosomes on equator, centrioles are polar

· Anaphase – separation of chromosomes’

· Telophase – nuclear evelopes reform
Mitotic spindle – forms during prophase, made of microtubules and proteins; gets longer by adding more tubulin (protein).  

Centrioles originate in center of centrosome.   Most plants lack centrioles.
Kinetochore – protein and DNA structure at the centromere that attaches to spindles during prometaphase.   Nonkinetochore microtubules thought to function to help elongate the cell during anaphase.

Metaphase plate – plane midway between the 2 poles.

Cleavage furrow – first sign of cleavage, begins as shallow groove in the cell surface near the old metaphase plate.  Deepens until parent cell pinched into 2 cells.  No cleavage furrow in plants.  Plants make cell plate using vesicles from Golgi.
Binary fission – occurs in prokaryotes without spindles or even microtubules.  How the chromosomes move is still a mystery.  While the bacterial chromosome is replicating, the cell is growing.  When complete, the plasma membrane grows inward dividing the cell into 2 daughter cells.  Thought to have given rise to mitosis.
Regulation of cell cycle:

· Frequency varies with cell type, ex. skin cells divide often, nerve and muscle cells rarely or never divide in the mature human

· Cell – cycle control system – cyclically operating set of molecules in the cell that triggers and coordinates key events in cell cycle

· Checkpoint – critical control point where stop and go-ahead signals can regulate cycle.  1 major checkpoint found in each of these phases:  G1, G2, and M.  G1 checkpoint seems most critical and cells usually divide if the go-ahead is received at G1.
· Go phase – a nondividing state; most cells of human body in this phase that is achieved by exiting the cell cycle when no go-ahead signal is received at G1.

· Cell cycle control molecules:
· Protein kinases – phosphorylating enzymes that activate or deactivate

· Cyclin – protein that can activate a protein kinase

· Cyclin-dependent kinases (Cdks) – activity of the Cdk is attached to changes in its cyclin partner; active Cdks function by phosphorylating substrate proteins that affect particular steps in the cell cycle
· Maturation promoting factor (MPF) – first cyclin-Cdk complex discovered; triggers cell’s passage past the G2 checkpoint into the M phase

· Internal signal example – kinetochores send a signal so that anaphase can begin; this ensures chromosomes are properly attached to the spindle at the metaphase plate

· External signal examples:
· Growth factor – protein released by cells that stimulates other cells to divide

· Platelet-derived growth factor (PDGF) – when injury occurs platelets release PDGF, resulting in a proliferation of fibroblasts to help heal the wound

Density-dependent inhibition – phenomenon in which crowded cells stop dividing.  It’s thought that the amount of required growth factors and nutrients available to each cell becomes insufficient to allow continued growth at a certain density.
Anchorage dependence – to divide, they must be attached to a substratum, such as a culture jar or ECM of a tissue.

· Cancer cells do not exhibit density-dependent inhibition or anchorage dependence.  Either don’t need growth factor or have their own, or have a defect in signaling pathway, or cell-cycle control system.  Normal mammalian cells growing in culture will only divide 20-50 times while cancer cells continue indefinitely.  HeLa cells dividing since 1951.

· Transformation – process that converts normal cell into a cancer cell. 

· Tumor – mass of abnormal cells within normal tissue.

· Benign tumor – abnormal cells remain at original site.

· Malignant tumor – becomes invasive enough to impair functions of 1 or > organs; have “cancer”.
· Metastasis – spread of cancer cells beyond their original site.
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