Chapter 12


THE CELL CYCLE
The continuity of life is based on the reproduction of cells, or cell division.

Rudolph Virchow observed cells dividing and giving rise to new cells in 1855.

Cell division is involved in reproduction, growth and repair.

CELL DIVISION RESULTS IN IDENTICAL DAUGHTER CELLS

The whole of genetic information in a cell is called the genome, the organism's genetic material.

The prokaryote genome consists of a single DNA molecule; the eukaryote genome is made of several DNA molecules. 

DNA is packaged into chromosomes. 

Chromosomes get their name from the Greek words chroma, color and soma, body.

Chromatin is made of DNA and associated proteins.

A chromosome is made of highly coiled and condensed chromatin.

In non-dividing cells, the chromatin is extended and uncoiled.

Chromosomes are or organized into informational units called genes.

Every individual of a species has the characteristic number of chromosomes of the species, e.g. all humans have 46 chromosomes in their somatic or body cells and 23 in the reproductive cells or gametes.

The number varies from species to species.

It is possible for an individual to have an abnormal number of chromosomes.

The information in the chromosomes is what makes the uniqueness of the species and not the number of chromosomes.

Chromosomes exist in pairs, half of which was been contributed by each parent of the individual.

Body cells have the full complement of chromosomes and they are called diploid cells.

Gametes have only half of the species chromosomes and they are called haploid.

DISTRIBUTION OF CHROMOSOMES DURING CELL DIVISION

DNA has the ability to replicate. A replicated chromosome has two sister chromatids with a narrow region called the centromere.

Cell division involves two processes, 

1. Mitosis: it involves the nucleus and it insures that each daughter cell will receive the same number and type of chromosome as were present in the original nucleus.

2. Cytokinesis: refers to the division of the cytoplasm of the cell to form two daughter cells.

When mitosis is not followed by cytokinesis, the cell becomes multinucleated or coenocytic. 

Reproductive cells normally have half of the number of chromosomes of the parent cell. This process of cell division that reduces the number of chromosomes in half is called meiosis.

Meiosis occurs only in the gonads: ovaries and testes.

THE MITOTIC CELL CYCLE

The German anatomist Walther Flemming developed dyes in 1882 that allowed him to observe the behavior of chromosomes during mitosis and cytokinesis. 

· He coined the names mitosis and chromatin.

The cell cycle is the period of time from the beginning of one cell division to the beginning of the next division.

The time it takes for the cycle to be completed is called the generation time.

Generation time can vary widely.

The mitotic phase includes mitosis and cytokinesis, is the shortest part of the cycle. The interphase is much longer and often accounts for 90% of the cycle.

A. Interphase.

Many critical events take place during the interphase.

In the interphase, the cell replicates the chromosomes and grows.

It can be divided into the first gap phase (G1), chromosomal synthesis phase (S), and the second gap phase (G2).

· First gap phase (G1): the cell grows and prepares itself for the S phase.

· Chromosomal synthesis phase (S): DNA and chromosomal proteins are synthesized. 

· Second gap phase (G2): protein synthesis increases in preparation for cell division.

Cells that are not dividing become arrested at the G1 stage, which is not part of the cell cycle.

Cells at this state are called to be at the Go state.

The nucleus and nucleolus (nucleoli) are well defined.

Mitosis is conventionally broken down into five stages: prophase, prometaphase, metaphase, anaphase, and telophase. 

The Mitotic Spindle

The mitotic spindle begins to form during the prophase.

The spindle consists of fibers made of microtubules and associated proteins. 

While the spindle assembles, the other microtubules of the cytoskeleton partially disassemble.

The microtubules are made of units of the protein tubulin.

The assembly of the microtubules starts in the centrosomes in animals. 
· Centrosomes are also called microtubule–organizing center or MTOC.

The animal centrosomes consist of two centrioles surrounded by the pericentriolar material, PCM, an amorphous mixture that contains different types of proteins.

Plants lack centrosomes or have centrosomes without centrioles. Plants have centers of microtubule formation scattered throughout the cytoplasm.

During the interphase, the centrosome duplicates into two centrosomes with centrioles and move apart from each other during the prophase and prometaphase of mitosis. 

As the centrosomes move to opposite ends of the cells, the microtubules form the mitotic spindle. 

A radial array of microtubules extends from each centrosome forming the aster.

The function of the aster is not understood.

Centrosomes and Cancer

Cancer cells often have more than the normal number (1 or 2 depending on the stage of the cell cycle) of centrosomes . They also are aneuploid (have abnormal numbers of chromosomes), and considering the role of centrosomes in chromosome movement, it is tempting to think that the two phenomena are related. Mutations in the tumor suppressor gene p53 seem to predispose the cell to excess replication of the centrosomes.
Source: http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/Cytoskeleton.html
Each of the two sister chromatids of a chromosome has a kinetochore, a structure of proteins associated with specific sections of chromosomal DNA at the centromere. 

The two kinetochores face in opposite directions. 

During prometaphase, some of the spindle microtubules attach to the kinetochores. 

B. Mitosis ensures orderly distribution of chromosomes.

1. Prophase: duplicated chromosomes are condensed into two sister chromatids held together at the centromere; the nucleolus disappear; nuclear envelope breaks down; spindle of microtubules begins to form.

· Dividing cells have a microtubule-organizing center (MTOC) at each pole, from which the microtubules grow outward.

· In animal cells, the microtubule organizing center, MTOC, has a pair of centrioles in its center and which the pericentriolar material surrounds.

· The spindle microtubules end in the pericentriolar material. Protein fibrils make the pericentriolar material.

· The MTOC of higher plants lack centrioles and is made of dense fibrillar material.

· The centrosomes move away from each other apparently due to the lengthening of the microtubules between them.

2. During the prometaphase, the nuclear envelope fragments; the microtubules extend into the nuclear area from pole to pole where the centrosomes are now located; some microtubules become attached to the kinetochore of the centromere. 

3. Metaphase: chromosomes align at the cell's equatorial plane; mitotic spindle is finished; kinetochores of sister chromatids are attached to microtubules to opposite poles of the cell.

· The chromosomes gather in an imaginary plane at the equator of the cell roughly half way between the poles of the spindle. This arrangement of the chromosomes is called the metaphase plate.

· The mitotic spindle is made of two types of microtubules, the polar microtubules that overlap at the equator, and the kinetochore microtubules that are attached at the kinetochore of the centromere.

· Microtubules from opposite poles of the cell attach at the kinetochore of one of the two sister chromatids. The entire arrangement of microtubules attached to chromosomes in the metaphase plate is called the spindle because of its shape.

4. Anaphase: sister chromatids become separated and move to opposite poles of the cell; each free chromatid is referred now as a chromosome.

· The overall movement of chromosomes to their respective poles is poorly understood.

· It seems that tubulin units are disassembled at the poles and the microtubules shorten pulling the chromosomes.

· Polar microtubules are not connected to kinetochores but are part of the spindle. 

· As the polar microtubules elongate, the poles are pushed farther apart, which also pushes the chromosomes apart since they are attached to the poles by the kinetochore microtubules.

· At the end of the anaphase, each pole has the same number of chromosomes. 

5. Telophase: a nuclear envelope re-forms around each set of chromosomes; material from the endomembrane system contributes to the formation of the nuclear membrane; nucleoli are also formed; spindle disappears; chromosomes uncoil.

C. Cytokinesis normally begins during telophase and overlaps with mitosis. 

The process is also known as cleavage.

The appearance of the cleavage furrow marks the beginning of cytokinesis.

1. The cytoplasm divides to form two individual cells.

2. In animal cells, just inside the plasma membrane, a ring of microfilaments contracts, producing a furrow that divides the cytoplasm.

3. The ring is made of actin microfilaments associated with myosin molecules.

4. In plant cells, the cell plate provides materials for new plasma membranes and cell walls. There is no cleavage furrow.

5. The cell plate is formed by the fusion of vesicles that originated in the Golgi apparatus. The vesicle membranes fuse to form the cell plate. The cell plate grows until it fuses with the plasma membrane.

6. A new cell wall forms from the contents of the cell plate.

Most cytoplasmic organelles are distributed randomly to the daughter cells.

Mitochondria and chloroplasts have their own DNA and are formed from the division of preexisting organelles usually during the interphase. 

BINARY FISSION IN PROKARYOTES

Prokaryotes reproduce by a process called binary fission.

Mitosis is a nuclear phenomenon and prokaryotes do not have a nucleus. 

Bacterial chromosome consists of a circular DNA molecule and its associated proteins.

Bacteria do not produce a spindle or have microtubules.

The DNA begins to replicate at a specific point on the chromosome called the origin of replication. 

Once the DNA of the chromosome begins to replicate, the origin of replication makes two copies that move toward the opposite poles of the cell.

Replication continues while the origins of replication are at the poles. The cell continues to grow also until the bacterium is about twice its original size.

Once replication is finished, the chromosomes separate and move toward the poles.

The plasma membrane grows inward and a new cell wall is formed.

EVOLUTION OF MITOSIS

Two proteins involved in binary fission are related to tubulin and actin strengthening the hypothesis that evolved from binary fission. 

There are two forms of mitosis that may represent ancient mechanisms of cell division.

1. In dinoflagellates the nucleus remains intact and the chromosomes become attached to the nuclear envelope and separate as the nucleus begins to elongate prior to cell division. 

2. In diatoms, a spindle within the nucleus separates the chromosomes. 

REGULATION OF CELL CYCLE

One hypothesis states that there are molecular signals in the cytoplasm that trigger the next stage in cell cycle. 

A cell cycle control system of a cyclically operating set of molecules that triggers and coordinates key events in the cell cycle.

Animal cells generally have built-in stop signals that halt the cell cycle at checkpoints until overridden by go-ahead signals.

The signal reports whether or not the processes have been finished and the cell is ready to proceed into the next phase.

There are three major checkpoints where the signal registers their message. They are at the G1, G2 and M phase.

For many cells, the G1 checkpoint, dubbed the restriction point in mammalian cells, seems to be the most important. 

If a cell receives a go-ahead signal at the G1 check point, it will usually complete the S, G2and M phases and divide. 
If the cell does not receive the go-ahead signal, it will enter the Go and exit the cycle. 
The cell cycle clock: cyclins and cyclin-dependent kinases

The stages of the cell cycle depend on the fluctuation of activity of two types of protein: kinases and cyclins. 

Kinases are enzymes that activate or inactivate other proteins by phosphorylating them. 

Cyclin-dependent kinases or Cdks drive the cell cycle and found in an even concentration in the growing cell. 

These Cdks are in an inactive form until bound to the protein cyclin, whose concentration fluctuates cyclically. The activity of the Cdks rises and falls with the concentration of cyclin.

The cyclin-Cdk complex is called the maturation-promoting factor or MPF. It promotes mitosis by phosphorylating other proteins, and initiating the fragmentation of the nuclear envelope, the condensation of the chromatin, and targets various microtubule-associated proteins involved in the spindle formation.

By a feedback mechanism during the anaphase, MPF initiates the destruction of cyclin which leads to reduction of MPF activity. The Cdk component in recycled. 

See fig. 12.16 on page 230.
Internal and external regulatory cues

The signaling pathways are only imperfectly known. 

Internal cues: messages from the kinetochores.

The anaphase does not begin until all the chromosomes are properly attached to the spindle at the metaphase plate. This ensures that daughter cells do not end up with extra or missing chromosomes.

The signal that delays the anaphase initiates in the kinetochores that are still not attached to the spindle.

Proteins associated with the kinetochores that are still unattached produce a chemical signal that keeps the anaphase-promoting complex (APC) in an inactive state. This signal stops only when all the kinetochores are attached to the spindle microtubules. Then the APC becomes active and the cell enters the anaphase.

External signals: growth factors.

The presence or absence of certain nutrient promote or inhibit the cell cycle.

Growth factors are proteins released by certain body cells that stimulate other cells to divide.

· E.g. platelet-derived growth factor (PDGF) is made by the platelets of the blood. In their presence other cells called fibroblasts divide; in the absence of PDGK, fibroblasts do not divide and multiply. Fibroblasts have PDGK receptors in their plasma membrane that initiates a transduction pathway that activates the components of the cell cycle control system.

Density-dependent inhibition occurs when cells reach certain density like filling an open space. 

· Then the nutrients become insufficient and the cells stop dividing until some cells die or are removed, then the cells bordering the gap fill in the space and stop dividing again.

Most animal cells exhibit anchorage dependence. 

· Animal cells to divide must be anchored to a substratum. The signals for division come from the plasma membrane and the cytoskeleton linked to the membrane.

Cancer

Some characteristics of cancer cells are: 

· Cancer cells are not regulated as normal cells and divide out of control forming tumors.

· Cancer cells divide constantly and invade other tissues.

· The nuclei of cancer cells are enlarged.

· Some cancers have chromosomal mutations, either extra or missing chromosomes or parts of chromosomes.

· Cancer cells frequently have extra copies of certain genes, a phenomenon called gene amplification.

· Cancer is also associated with gene mutations.

· Cancer cells are not specialized. 

The spreading of cancer cells from one tissue to another is called metastasis.

A tumor is a mass of abnormal cells. These cells are abnormal in appearance and function.

Malignant tumors invade other tissues and can metastasize transporting cancer cells to other parts of the body. 

Cancer cells do not exhibit anchorage or density dependent inhibition.

When normal cells undergo transformation from normal to cancer cells, the immune system recognizes them and destroys the cancer cells.

If the cancer cells are not destroyed, a tumor develops which may be benign if it is contained in one area or malignant if it invades other organs and interfere with their function. 

Cancer cells are abnormal also in other ways: unusual number of chromosomes; their metabolism becomes abnormal; they may lose their attachment to other cells of the tissue and travel through the body

Cellular transformation always involves changes in the genes that influence the cycle control system.

Visit:  http://faculty.clintoncc.suny.edu/faculty/Michael.Gregory/files/Bio%20101/Bio%20101%20Lectures/Cancer/cancer.htm
