Chapter 7 Nucleus

pl. nuclei

Preface

1 Size: 5-10pm(high animal); 5-20pm(High plant)

O Volume ratio of nucleus to cytoplasm: 1:10 (9)

O Shape:

O Contain:
* Nuclear Envelope

Spherical or oval

4 subunits

e Chromatin
* Nucleolus
* Nuclear Matrix (nuclear skeleton)
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Sectionl. Nuclear envelope
|. Nuclear membrane
I1. Nuclear pore complex (NPC)
[11. Nuclear lamina

Section2. Chromatin

Section3. Chromosome

Nuclear pores
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Section4. Nucleolus & Nuclear Matrix/skeleton

Rough ER




Section 3. Chromosome

|. Structure

1. Four types: see the right

2. Main subunits:
2.1 Centromere:

Centrosome
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(1) Definition: The highly constricted region of a

chromosome that Is the position at which the

pair of chromatids are held together.

Primary constriction (E£4iJ8)



(2) Function:

Serve both as linker sites of sister chromatids, and as attachment sites
@ @
for microtubules of the mitotic spindle.

(B LD RGFHARHE)

(3) Composition:
O Centromere DNA,;
O Centromere associated proteins.




(4) Subunits: 3FE+1KE inner— outer
(1) Pairing domain:
O The interaction site for Metaphase chromatids (sister chromatids).

O Include two types of proteins:
INCENP (inner centromere proteins);  CLIP (chromatid linking proteins).

O These two types of proteins are responsible for the paring of chromatids.
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(2) Central domain :

O Composed of highly repeated satellite DNA.
(Centromere DNA)

(@) kinetochore domain:  @ki/#2 0

Ki h Plus end of microtubules where
inetochore subunits are added or lost

Outer kinetochore plate

O Inner plate (w#R)

O Middle space/interzone (g)ja &)

O Outer plate (4MR)
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Centromere formation
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2.2 Secondary constriction: R #&IR
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O For the reason that the rRNA (excluding 5srRNA) genes are
located here and they are iInvolved In ribosomes
biogenesis.

O These secondary constrictions are also called as NOR.
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2.3 Satellite: PB#f#

. Satellite
™~ secondary constriction (x4iJR)
(nucleolar organizing region, NOR)
O A spherical segment at the end of a chromosome.

/ Primary constriction (F4iJ8)

(centromere)



2.4 Telomere: Composition of telomere?
1 The specialized structure located at the end of chromosome.

O It is rich in short tandem repeated DNA sequences, e.g. “TTAGGG” in humans.
(i KIDNAFFI)

0 Functions:

» Ensure the replication of the ends of chromosomes. ?
* Protect them from erosion (nuclease digestion). &4
* Prevent them from fusion with other DNA fragments.
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1. Three functional elements of chromosome DNA

(key sequences) (Plasmid DNA)
INTERPHASE MITOSIS INTERPHASE
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1. Autonomously replicating DNA sequence (ARS): “ S EYA 2 (RO 7
(Ori)
O Structure:

conserved regions

-200bp 11-14bp +200bp
(AT-rich) 7
I I

O Function: ARS act as an origin of replication. FEEIDNAE

2. Centromere DNA sequence (CEN):

O Structure: 2 core regions

— 80-90bp ATIX 1 11bpfR5FX [——

O Function: Ensure that chromosomes are equally distributed to two daughter cells.



3. Telomere DNA sequence (TEL):

O Telomere , Telomere DNA and Telomerase ?

The telomere DNA sequences of a variety of eukaryotes

Organism Telomeric repeat sequence

Yeasts

Saccharomyces cerevisiae G 5T

Schizosaccharomyces pombe G, sTTAC
Protozoans

Tetrahymena GGGGTT

Dictyostelium G A
Plant

Arabidopsis AGGGTTT
Mammal

Human TTAGGG




Special topic: Artificial minichromosome  ousgzam

1. Definition:

Using molecular cloning technology, three key sequences (ARS, CEN and TEL)
of eukaryotic chromosome DNA were cloned respectively, then connected together,
and got the artificial chromosomes.

2. Function:
Act as the transgenic vector. ({EhiEE REFHAE)

3. Example: Yeast Artificial Chromosome, YAC @& A Te k)
YAC = CEN & ARS (Yeast) + TEL (Tetrahymena) (mm®)

W 19834, A.W.MurrayZ: N B ORI T H65ARS. CEN. TELFIZMNEDNA, B A55KbH]
B RE N T YA,
B YACE# A AT LU FE 1R KDNAZT ¥



Yeast Artificial Chromosome (YAC)

HUMAN DNA

YEAST ARTIFICIAL CHROMOSOME VECTOR

/ EcoR1

CEN

ORI
W

A %

AVAVY

TEL

BamH1
VERY LIGHT

BamH1 EcoR1 DIGESTION

BamH1 AND EcoR1

) —

DIGESTION

fEL A ORI CEN i .
[ St H NI + I ot . |

left arm right arm large chromosomal fragments

l DNA LIGATION AND YEAST CELL TRANSFORMATION
\

A ORI CEN B e

[ 15 " |

5.6 x 10° nucleotide pairs up to 10° nucleotide pairs 3.9 x 10° nucleotide pairs

ARTIFICIAL YEAST CHROMOSOME WITH INSERTED HUMAN DNA

Figure 8-5 The making of a yeast
artificial chromosome (YAC). A YAC
vector allows the cloning of very large
DNA molecules. TEL, CEN, and ORI
are the telomere, centromere, and
replication origin sequence elements,
respectively, for the yeast
Saccharomyces cerevisiae. BamH1 and
EcoR1 are sites where the
corresponding restriction nucleases
cut the DNA double helix. The
sequences denoted as A and B encode
enzymes that serve as selectable
markers to allow the easy isolation of
yeast cells that have taken up the
artificial chromosome. (Adapted from
D.T. Burke, G.F. Carle, and M.V.
Olson, Science 236:806-812, 1987.

© 1987 AAAS.)
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Q: For Plasmid DNA or Prokaryote genomic DNA,

How many key DNA sequences?



Telomere & Telomere DNA

/\" Taelomere

/

1.The mysterious telomere

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

Telomere = Graek for “and" (telos) and “part" (mercs)

The telomeres form caps at
the ends of chromosomes.
They contain a unique DNA
sequence which is repeated
ssveral times.
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= The DNA sequence varies slightly
’ between species. The one shown
here is from Terahymena (WEHR)




Experimental data :

Telomere DNA is crucial for the integrity of chromosomes.

Chromosomes

2. Telomere function discovered:

Telomere DNA protects
the chromosomes

that livas in water

R s Y Terahymena
/ - a single-cell organism

Minichromosomes without telomeres were

introduced into yeast cells. They were not
protected and were damaged.

/ \ )w o
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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.




Telomerase (i ki)

3. elomere synthesis elucidated: — ¥ G Telomere DNA i
Telomerase builds ——— - buit base by base
CCTACTGAACGGGATTGGGETTG Gg. p A
telomere DNA DRlA 3G"ATGACTTGCCCCAACCCCAACCCgT A
b i T TGO e 0

e b Sz
' \ ¢ W A m
Telomerase< o template

Telomerase operates at the end of the

chromosome. It is an enzyme consisting
of a protein and an RNA sequence. The
RNA serves as a template for synthesizing
telomere DNA.
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Without telomerase present, the Telomerase maintains the telomeres
chromosome is shortened each g 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. ime the cell divides. @ Tha Nobel Committee for Physlology or Medicine 2009




O Telomerase & Telomere DNA replication

Three-dimension structure
of telomerase
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Special topic:
Telomere, telomerase and cellular aging, cancer cell

» Telomerase Is found in germline cells, not in somatic cells.

» The telomere length of the adults is shorter than that of the youngers.

> About 90% of human tumors contain an active telomerase.

» Telomere shortening is thought to activate a suicide program.

So, telomere shortening plays a key role in protecting the body from
cancer.



The Nobel Prize in Physiology or Medicine 2009

O Prize motivation: "for the discovery of how chromosomes are protected by
telomeres and the enzyme telomerase."

Elizabeth H. Blackburn
Born: 26 November 1948, Hobart,
Tasmania, Australia

Affiliation at the time of the award:

University of California, San
Francisco, CA, USA
Prize share: 1/3

Carol W. Greider

Born: 15 April 1961, San Diego,
CA, USA

Affiliation at the time of the award:
Johns Hopkins University School of
Medicine, Baltimore, MD, USA
Prize share: 1/3

Jack W. Szostak

Born: 9 November 1952, London, United
Kingdom

Affiliation at the time of the award:
Harvard Medical School, Massachusetts
General Hospital, Boston, MA, USA,
Howard Hughes Medical Institute

Prize share: 1/3



[11. Special chromosome:
(Glant chromosome)

1. Polytene chromosome:

Salivary glands cells:

O Endomitosis & Homologous
chromosome pairing

(FZHNE 227210k + FYRAEARECT)

210 = 10242 FH[FIDNA
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2. Lampbrush chromosome:
P280, 282

In growing amphibian oocyte

Stay in meiosis | (diplotene)
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V. Karyotype
1. Three concepts
(1) Karyotype:
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(2) Karyotype analysis:
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2. Chromosomes preparation technique

Taking the preparation of human
chromosomes as an example.

(1) Steps:

NAME I 57
% " e
i " Fi

?ﬁé—;‘%%’éé
s " i

Capillary pipette with bulb

Drop of blood

Transfer to
vial for culturing.

I
- Culture medium
(includes substance
which stimulates
mitosis in
leukocytes)
Culture approximately
72 hours, then add
colchicine for 30 min to 3 hours.
Collect cells by centrifugation.
Medium
Wash with fresh medium. Cells

Add hypotonic solution
to cells. Let sit 10 min.
Remove supernatant and
add cold fixative (3:1
methanol:acetic acid).
Let sit 30 min in cold, then
disperse cells.

Cell suspension

Drops of
fixative
with cells

Evaporate fixative.
Stain slide.

Side —-

Wet slide

Site containing
| the chromosomes
* 9" | released froma
* »—i— single nucleus

. .




(2) Involved three key
techniques:
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3. chromosome banding technique:
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O Chromosome banding facilitates Karyotype analysis

Human male
G-bands
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