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Published in Journal of Cell Science 2012

Super-resolution imaging visualizes the eightfold symmetry of gp210 proteins around the nuclear pore complex and resolves
the central channel with nanometer resolution

Anna Loschberger, S. van de Linde, +4 authors M. Sauer
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Figure 1-32 Genome sizes compared.
Genome size is measured in nucleotide
pairs of DNA per haploid genome, that is,
per single copy of the genome. (The cells
of sexually reproducing organisms such as
ourselves are generally diploid: they contain
two copies of the genome, one inherited
from the mother, the other from the father.)
Closely related organisms can vary widely
in the quantity of DNA in their genomes,
even though they contain similar numbers
of functionally distinct genes. (Data from
W.H. Li, Molecular Evolution, pp. 380-383.
Sunderland, MA: Sinauer, 1997.)
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FIGURE 18-19 Evidence That Proteins Are Clustered at

200 Base-Pair Intervals Along the DNA Molecule in Chromatin
Fibers. In these experiments, DNA fragments generated by
nuclease digestion of rat liver chromatin were analyzed by gel
electrophoresis. The discovery that the DNA fragments are
multiples of 200 base pairs suggests that histones are clustered at
200 base-pair intervals along the DNA, thereby conferring a regular
pattern of protection against nuclease digestion.
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Figure 4-23 The structure of a nucleosome

core particle, as determined by x-ray
diffraction analyses of crystals. Each
) N histone is colored according to the scheme in
Figure 4-22, with the DNA double helix in light
gray. (Adapted from K. Luger et al., Nature
380:251-260, 1997. With permission from

histone Macmillan Publishers Ltd.)
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(@)

Figure 4-24 The overall structural organization of the core histones. (A) Each of the core

histones contains an N-terminal tail, which is subject to several forms of covalent modification, and
N a histone fold region, as indicated. (B) The structure of the histone fold, which is formed by all four

of the core histones. (C) Histones 2A and 2B form a dimer through an interaction known as the

“handshake.” Histones H3 and H4 form a dimer through the same type of interaction. (D) The final

histone octamer on DNA. Note that all eight N-terminal tails of the histones protrude from the disc-
N shaped core structure. Their conformations are highly flexible, and they serve as binding sites for
N sets of other proteins.
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Figure 4-56 An effect of high levels of
gene expression on the intranuclear
location of chromatin. (A) Fluorescence
micrographs of human nuclei showing
how the position of a gene changes when
it becomes highly transcribed. The region
of the chromosome adjacent to the gene
(red) is seen to leave its chromosomal
territory (green) only when it is highly
active. (B) Schematic representation of

a large loop of chromatin that expands
when the gene is on, and contracts when
the gene is off. Other genes that are less
actively expressed can be shown by the
same methods to remain inside their
chromosomal territory when transcribed.
(From J.R. Chubb and W.A. Bickmore, Cell
112:403-406, 2003. With permission from
Elsevier.)
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« BEEHIDNAFR%! (autonomously replicating DNA sequence, ARS)

Plasmid with Transfected Progeny of transfected cell  Conclusion
sequence from Jev cell - ~ \
normal yeast Growth Mitotic
without segregation
leucine
LEU ARS required
Q No — for plasmid
replication
No
/v Poor In presence
LEU (5—20°/o of ARS,
< ARS > of cells plasmid
\ have replication occurs,
Yes plasmid)  but mitotic
segregation is
faulty
Figure 6-46a

Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company
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Figure 6-46b
Molecular Cell Biology, Sixth Edition
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Figure 6-46¢
Molecular Cell Biology, Sixth Edition
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© The Nobel Foundation. Photo: U. © The Nobel Foundation. Photo: U. © The Nobel Foundation. Photo: U.
Montan Montan Montan

Elizabeth H. Carol W. Greider Jack W. Szostak
Blackburn Prize share: 1/3 Prize share: 1/3

Prize share: 1/3

"for the discovery of how chromosomes are protected by telomeres
and the enzyme telomerase"
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Telomere

The Telomere

- Function and Synthesis

The telomeres form caps at
the ends of chromosomes.
They contain a unique DNA
sequence which is repeated
several times.

Chromosome

1. The mysterious telomere

The telomeres appear to protect the
chromosomes from damage. But how?

Y
GG TTGEGGEGGEGGTTGEGGEGEGTTGEGGEGEGGTTGGGGTT
GGAACCCDA.&CDDG&AGOCCA&BDGC&AE

Telomere = Greek for “end” (telos) and “part” (meros)

Telomere The DNA sequence varies slightly
between species. The one shown
here is from Tetrahymena.




(2) 1

Chromosomes
2. Telomere function discovered:

with telomeres

Telomere DNA protects
the chromosomes

\\/A

rtificial

Minichromosomes without telomeres were
introduced into yeast cells. They were not
protected and were damaged.

\ minichromosomes

=T DNARES

V- Tetrahymena
. —asingle-cell organism
that lives in water

Telomere DNA was purified from Tetrahymena,

coupled to the minichromosomes and introduced into
yeast cells. Minichromosomes with telomere DNA were
protected against degradation and remained intact.
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3. Telomere synthesis elucidated:

Telomerase builds .
telomereDNA DNA CCTACTGAACGGGGTTGGGGTTGGGG

T G Telomere DNA is

Telomere built base by base

RNA/template

CCCcCCcAA

:—: Telomerase<’ Protein

3 Telomerase operates at the end of the
: chromosome. It is an enzyme consisting
TR RL of a protein and an RNA sequence. The
) RNA serves as a template for synthesizing
telomere DNA.

N DB J\
i,, Y YN
i )

m

Without telomerase present, the Telomerase maintains the telomeres
chromosome is shortened each at the ends of the DNA thread. This
time the cell divides. Finally the makes it possible to copy the entire
telomere DNA is eroded and the chromosome to its very end each
chromosome is damaged. time the cell divides.

@ The Nobel Committee for Physiclogy or Medicine 2009
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Figure 4-55 Molecular Biology of the Cell (© Garland Science 2008)
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Figure 6-44 Nucleolar fusion. These light micrographs of human fibroblasts grown in culture show @
various stages of nucleolar fusion. After mitosis, each of the 10 human chromosomes that carry a
cluster of rRNA genes begins to form a tiny nucleolus, but these rapidly coalesce as they grow to @ DNA
form the single large nucleolus typical of many interphase cells. (Courtesy of E.G. Jordan and enlicatiai
J. McGovern.) @ ?
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(A) Shows the location of the

% protein fibrillarin (a component
of several snoRNPSs), which is
nucleoli present at both nucleoli and
Cajar;;jy . _Caj_al bodies, the latter
speckles indicated by arrows. (B) shows

interchromatin granule clusters
or “speckles” detected by
P using antibodies against a
protein involved in pre-mRNA
splicing. (C) is stained to show
- bulk chromatin. (D) shows the
Cajar body location of the protein coilin,
which is present at Cajal bodies.
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&R (nuclear matrix)
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— Fibers of the
nuclear matrix

Figure 16-34 The Nuclear Matrix. (a)
This electron micrograph of part of a
mammalian cell nucleus shows a
branched network of nuclear matrix
filaments traversing the nucleus.
These filaments seem attached to the
nuclear lamina, the dense layer of
filaments that lines the nucleoplasm
side of the nuclear envelope.

Nuclear lamina

(a) Attachment of nuclear matrix ' ‘
fibers to the nuclear lamina
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