Chapter 19 Notes

DNA packing during prophase:  (See diagrams on DNA replication handout)

1. DNA wraps around protein balls called histones.  Each wrap of  DNA around 8 histones forms a larger bead called a nucleosome.

2. With the aid of another histone, nucleosomes coil around each other to form a 30 nm chromatin fiber.

3. The 30 nm fiber attach to other proteins and form loops, making a 300 nm fiber.

4. The 300 nm fiber folds further to make the 700 nm fiber, resulting in the compact chromosomes seen in metaphase.

Heterochromatin – DNA that is fairly tightly packed even during interphase.  It is usually not transcribed.

Euchromatin – DNA that is more loosely packed during interphase and is available for transcription.

Cell differentiation – specialization of cells, resulting in different cell types.  Differences are due to different genes being expressed (differential gene expression).

Regulation of Chromatin Structure

· Histone acetylation is the adding of an acetyl group to the tail of a histone, causing them to bind less tightly, and allowing access to the DNA.  This ia a reversible reaction.

· DNA methylation is the adding of a methyl group to the DNA to inhibit transcription.  Inactivated chromosomes, such as the female X are highly methylated.  This is usually not reversed, and may be the cause of genomic imprinting (refer back to Ch. 15).

· Epigenetic inheritance (the inheritance of traits not directly involved in the nucleotide sequence) may be tied to these changes in chromatin structure.

Regulation of Transcription Initiation

Activators stimulate transcription, while repressors stop it.  Some activators work by acetylation, others by positioning the RNA polymerase.  Some repressors work by blocking activators, some by deacetylating histones, and some by binding and blocking transcription directly.  Enhancers help bind transcription factors to position the DNA properly for RNA polymerase binding.  DNA-bending proteins can bring binding sites closer together to allow transcription to progress.

In prokaryotes, related genes were clustered together in operons, and expressed together.  In eukaryotes, each gene has its own promoter, and regulation of clustered related genes is thought to involve changes in the chromatin to make the entire group available or unavailable.  Transcription is stimulated by signal molecules (refer to Chapter 11).

Mechanisms of Post-Transcriptional Processing

After transcription, gene expression is regulated by many different mechanisms:

· Alternative gene splicing – produces many different types of mRNA from the some pre-mRNA by splicing toegether different exons.

· Differences in time before mRNA degradation – the longer mRNA lasts in the cell, the more polypeptides can be made from it.

· MicroRNAs (miRNA) – can chop up mRNA and the fragments then block translation of other mRNA with the same sequence.  This is known as RNA interference (RNAi), and is thought to have evolved as a defense againse RNA viruses.

· Blocking initiation of translation by regulatory proteins.

· Preventing protein processing – stops the steps required to modify and complete the protein product.

· Tagging proteins for destruction – a small molecule called ubiquitin is attached to the protein. Proteasomes then recognize the proteins and break them down. 

Genes Associated With Cancer

· Oncogenes – cancer-causing genes found in certain retroviruses

· proto-oncogenes – genes that code for proteins stimulating normal cell growth and division.  Can change into oncogenes by three mechanisms:

1. movement (translocation) of DNA to a new location with a different promoter

2. amplification of a proto-oncogene (multiple copies produce excess growth-stimulating protein)

3. point mutations in a control element or the proto-oncogene itself (control is destroyed, or new protein resists degradation)

· tumor-suppressor genes – produce proteins that help prevent uncontrolled cell growth

· ras gene – codes for a G-protein that relays a signal from a growth factor to stimulate the cell cycle. Mutated forms can trigger cell division even without growth factor.

· p53 gene – Suppresses tumors by inhibiting cell division, turning on genes involved in DNA repair, and activating suicide genes if DNA is too damaged to repair.  If this gene is defective or missing, cancer is much more likely.

More than one mutation is generally required to produce all of the changes that allow cancer.  Cancer usually appears in older people because they have had time to accumulate these mutations.

Viruses play a role in cancer development by either inserting oncogenes or by inactivating p53.

Mutations may be inherited, giving a person a predisposition to cancer, such as BRCA1 mutations, which cause breast cancer.

Noncoding sequences in eukaryotic DNA

· 98.5% of human DNA does not code for proteins.  Most is repetitive DNA (present in multiple copies) and made up of transposable elements.

· Transposons “cut and paste”, or “copy and paste” themselves from place to place in the genome.

· Retrotransposons make on RNA copy first, which is then reinserted into the DNA using reverse transcriptase.

· Other repetitive DNA, such as simple sequence DNA arose during replication errors.

Multigene families – collections of identical or very similar genes

Pseudogenes – nonfunctional nucleotide sequences very similar to the functional genes

Contributions to Genome Evolution

· Duplication of a chromosome set in meiosis can result in extra sets of chromosomes (polyploidy). As long as one set retains the original function, the other can change, allowing a new and novel phenotype.

· Unequal crossover during meiosis can result in chromosomes with either deletions or duplications of certain genes.  These can lead to changes that eventually form multigene families.  An example are the human globin genes.  They can also lead to the evolution of genes with novel functions.

· Exons can also be duplicated or deleted in similar fashions, thereby creating variations on proteins that function differently than the original.

· Transposable elements probably play a large role in moving around genes and changing protein structure, thereby increasing genetic variation.

