Chapter 28

Chromosomes

28.1 Introduction

28.2 Viral Genomes Are Packaged into Their Coats

· The length of DNA that can be incorporated into a virus is limited by the structure of the headshell.

· Nucleic acid within the headshell is extremely condensed.

· Filamentous RNA viruses condense the RNA genome as they assemble the headshell around it.

· Spherical DNA viruses insert the DNA into a preassembled protein shell.

28.3 The Bacterial Genome Is a Nucleoid

· The bacterial nucleoid is ∼80% DNA by mass and can be unfolded by agents that act on RNA or protein.

· The proteins that are responsible for condensing the DNA have not been identified.

28.4 The Bacterial Genome Is Supercoiled

· The nucleoid has ∼100 independent negatively supercoiled domains.

· The average density of supercoiling is ∼1 supercoil/100 bp.

28.5 Eukaryotic DNA Has Loops and Domains Attached to a Scaffold

· DNA of interphase chromatin is negatively supercoiled into independent domains of ∼85 kb.

· Metaphase chromosomes have a protein scaffold to which the loops of supercoiled DNA are attached.

28.6 Specific Sequences Attach DNA to an Interphase Matrix

· DNA is attached to the nuclear matrix at specific sequences called MARs or SARs.

· The MARs are A-T-rich but do not have any specific consensus sequence.

28.7 Chromatin Is Divided into Euchromatin and Heterochromatin

· Individual chromosomes can be seen only during mitosis.

· During interphase, the general mass of chromatin is in the form of euchromatin, which is less tightly packed than mitotic chromosomes.

· Regions of heterochromatin remain densely packed throughout interphase.

28.8 Chromosomes Have Banding Patterns

· Certain staining techniques cause the chromosomes to have the appearance of a series of striations, which are called G-bands.

· The bands are lower in G-C content than the interbands.

· Genes are concentrated in the G-C-rich interbands.

28.9 Lampbrush Chromosomes Are Extended

· Sites of gene expression on lampbrush chromosomes show loops that are extended from the chromosomal axis.

28.10 Polytene Chromosomes Form Bands

· Polytene chromosomes of dipterans have a series of bands that can be used as a cytological map.

28.11 Polytene Chromosomes Expand at Sites of Gene Expression

· Bands that are sites of gene expression on polytene chromosomes expand to give “puffs.”

28.12 The Eukaryotic Chromosome Is a Segregation Device

· A eukaryotic chromosome is held on the mitotic spindle by the attachment of microtubules to the kinetochore that forms in its centromeric region.

· Centromeres often have heterochromatin that is rich in satellite DNA sequences.

28.13 Centromeres May Contain Repetitive DNA

· Centromeres in higher eukaryotic chromosomes contain large amounts of repetitive DNA.

· The function of the repetitive DNA is not known.

28.14 Centromeres Have Short DNA Sequences in S. cerevisiae

· CEN elements are identified in S. cerevisiae by the ability to allow a plasmid to segregate accurately at mitosis.

· CEN elements consist of the short conserved sequences CDE-I and CDE-III that flank the A-T-rich region CDE-II.

28.15 The Centromere Binds a Protein Complex

· A specialized protein complex that is an alternative to the usual chromatin structure is formed at CDE-II.

· The CBF3 protein complex that binds to CDE-III is essential for centromeric function.

· The proteins that connect these two complexes may provide the connection to microtubules.

28.16 Telomeres Have Simple Repeating Sequences

· The telomere is required for the stability of the chromosome end.

· A telomere consists of a simple repeat where a C A-rich strand has the sequence C1(A/T)1–4.

28.17 Telomeres Seal the Chromosome Ends

· The protein TRF2 catalyzes a reaction in which the 3′repeating unit of the G Trich strand forms a loop by displacing its homolog in an upstream region of the telomere.

28.17

28.18 Telomeres Are Synthesized by a Ribonucleoprotein Enzyme

· Telomerase uses the 3′–OH of the G T telomeric strand to prime synthesis of tandem

· TTGGGG repeats.

· The RNA component of telomerase has a sequence that pairs with the C A-rich repeats.

· One of the protein subunits is a reverse transcriptase that uses the RNA as template to synthesize the G T-rich sequence.

28.19 Telomeres Are Essential for Survival
