Chapter 31

Epigenetic Effects are Inherited

31.1 Introduction

· Epigenetic effects can result from modification of a nucleic acid after it has been synthesized or by the perpetuation of protein structures.

31.2 Heterochromatin Propagates from a Nucleation Event

· Heterochromatin is nucleated at a specific sequence and the inactive structure propagates along the chromatin fiber.

· Genes within regions of heterochromatin are inactivated.

· The length of the inactive region varies from cell to cell.

· As a result, inactivation of genes in this vicinity causes position effect variegation.

· Similar spreading effects occur at telomeres and at the silent cassettes in yeast mating type.

31.3 Heterochromatin Depends on Interactions with Histones

· HP1 is the key protein in forming mammalian heterochromatin, and acts by binding to methylated histone H3.

· Rap1 initiates formation of heterochromatin in yeast by binding to specific target sequences in DNA.
· The targets of Rap1 include telomeric repeats and silencers at HML and HMR.

· Rap1 recruits Sir3/Sir4, which interact with the N-terminal tails of H3 and H4.

31.4 Polycomb and Trithorax Are Antagonistic Repressors and Activators

· Polycomb group proteins (Pc-G) perpetuate a state of repression through cell divisions.

· The PRE is a DNA sequence that is required for the action of Pc-G.

· The PRE provides a nucleation center from which Pc-G proteins propagate an inactive structure.

· No individual Pc-G protein has yet been found that can bind the PRE.

· Trithorax group proteins antagonize the actions of the Pc-G.

31.5 X Chromosomes Undergo Global Changes

· One of the two X chromosomes is inactivated at random in each cell during embryogenesis of eutherian mammals.

· In exceptional cases where there are 2 X chromosomes, all but one are inactivated.

· The Xic (X inactivation center) is a cis-acting region on the X chromosome that is necessary and sufficient to ensure that only one X chromosome remains active.

· Xic includes the Xist gene, which codes for an RNA that is found only on inactive X chromosomes.

· The mechanism that is responsible for preventing Xist RNA from accumulating on the active chromosome is unknown.

31.6 Chromosome Condensation Is Caused by Condensins

· SMC proteins are ATPases that include the condensins and the cohesins.

· A heterodimer of SMC proteins associates with other subunits.

· The condensins cause chromatin to be more tightly coiled by introducing positive supercoils into DNA.

· Condensins are responsible for condensing chromosomes at mitosis.

· Chromosome-specific condensins are responsible for condensing inactive X chromosomes in C. elegans.

31.7 DNA Methylation Is Perpetuated by a Maintenance Methylase

· Most methyl groups in DNA are found on cytosine on both strands of the CpG doublet.

· Replication converts a fully methylated site to a hemimethylated site.

· Hemimethylated sites are converted to fully methylated sites by a maintenance methylase.

31.8 DNA Methylation Is Responsible for Imprinting

· Paternal and maternal alleles may have different patterns of methylation at fertilization.

· Methylation is usually associated with inactivation of the gene.

· When genes are differentially imprinted, survival of the embryo may require that the functional allele is provided by the parent with the unmethylated allele.

· Survival of heterozygotes for imprinted genes is different, depending on the direction of the cross.

· Imprinted genes occur in clusters and may depend on a local control site where de novo methylation occurs unless specifically prevented.

31.9 Oppositely Imprinted Genes Can Be Controlled by a Single Center

· Imprinted genes are controlled by methylation of cis-acting sites.

· Methylation may be responsible for either inactivating or activating a gene.

31.10 Epigenetic Effects Can Be Inherited

· Epigenetic effects can result from modification of a nucleic acid after it has been synthesized or by the perpetuation of protein structures.

31.11 Yeast Prions Show Unusual Inheritance

· The Sup35 protein in its wild-type soluble form is a termination factor for translation.
· It can also exist in an alternative form of oligomeric aggregates, in which it is not active in protein synthesis.

· The presence of the oligomeric form causes newly synthesized protein to acquire the inactive structure.

· Conversion between the two forms is influenced by chaperones.
· The wild-type form has the recessive genetic state psi– and the mutant form has the dominant genetic state PSI.

31.11
31.12 Prions Cause Diseases in Mammals
· The protein responsible for scrapie exists in two forms:
· the wild-type noninfectious form PrPC, which is susceptible to proteases

· the disease-causing form PrPSc, which is resistant to proteases
· The neurological disease can be transmitted to mice by injecting the purified PrPSc protein into mice.

· The recipient mouse must have a copy of the PrP gene coding for the mouse protein.

· The PrPSc protein can perpetuate itself by causing the newly synthesized PrP protein to take up the PrPSc form instead of the PrPC form.

· Multiple strains of PrPSc may have different conformations of the protein.
