CELL NUCLEQUS

Objectives

»Students should know:
* Microscopic structure of cell nucleous
e Types of cell division

* Cell cycle
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Figure 4 The nuclear envelope is a
double membrane that surrounds the
nucleus of a cell. The nucleus stores the

cell's DNA. Ribosomes are made in the : » )
nucleolus. = J Nuclear envelope

Nuclear pores
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Nucleus

e Contains the DNA or the chromosomes.

* It also contains the molecular machinery to replicate its DNA and
to synthesize and process all types of RNA.
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 The mammalian cell nucleus consists of three major components:
1. Nuclear envelope
2. Chromatin
3. Nucleolus

chromatin nucleoltf
nuclear pores
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Nucleus

Nuclear envelope I

Nuclear
pores

Nuclear
envelope

Nucleolus
Chromatin

* The nuclear envelope consists of two concentric

membranes separated by a perinuclear space. - )
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* The outer nuclear membrane is continuous with the
membranes of the endoplasmic reticulum and can be
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* The inner nuclear membrane is associated with the
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Nuclear lamina
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Nuclear pore

 Composed of a central cylindrical body placed
between inner and outer octagonal rings, each
consisting of eight nucleoporin prorein

panicles and lipid-free
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* The central cylinder consists of a central plug
and eight radiating spokes. The exact role of
individual nuclear pore complex proteins is
nucleocytoplasmic trafﬂcklng
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i Protein particle of the
1 outer octagonal ring

v Inner nuclear

! Protein particle of the
! inner octagonal fing L amins A, B, and C

Nuclear
Envelope
Anatomy
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! Protein fibril associated Central pore
+ with each protein particle

Radiating spoke

membrane

Nuclear basket
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. Chromatin
-
e Constitutive heterochromatin

* Condensed throughout the cell cycle
and development.

N T SR

* This chromatin contains highly repetitive
sequences that are not transcribed and
play role in chromosome structure. It
also replicates late in S phase and has
reduced frequency of recombination.
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* Euchromatin are converted into
heterochromatic state.

* This means it has potential for gene
expression at some pointin
development and can be either
condensed or decondensed depending
on cell type
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1 histone

Core of 8 histone molecules:
/ H2A, H2B, H3, and H4
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==sNucleolus

The nucleolus is spherical, highly basophilic structure

present in the nuclei of cells active in protein
synthesis. = TGS AN a0 B ) ok
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The intense basophilia of nucleoliis due to presence
of densely concentrated rRNA, which is transcribed,
processed, and complexed into ribosomal subunits in

i _/
nuclear region. A&JJM,UMJMA. _JMMGMJ —Eo g

<D

The molecules of rRNA synthesized and modified in
the nucleolus very quickly

The newly organized small and large ribosomal
subunits are exported back to the cytoplasm.

Nuclear
membrane Nucleus Nucleolus
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Cell Cycle
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Cell Cycle
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Start (G,/S) checkpoint:

« Are cell nutrition, size,
and environment favorable?
+|s all DNA intact?

¢/ Progress driven by shifts
in active kinases, each
targeting different sets

Prepare for DNA replication
and enter S phase

_ ofproteins

Metaphase/anaphase checkpoint:
+Is all DNA intact?
+ Are all chromosomes attached
to the mitotic spindle?

G,/M checkpoint:
+s DNA completely replicated?

Begin chromatid separation and

prepare for cytokinesis Enter mitosis

Cell cycle is controlled by specific sets of proteins, the
cyclins and cyclin-dependent kinases (CDKs)
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What is a stem cell? 9)
-~ replicate itself, or...

Assingle cell that can

differentiate into many

cell types.
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o
\ Sy
Image prepared by Catherine Twomey for the National Academies, >

Understanding Stem Cells: An Overview of the Science and Issues -
from the National Academies, hittp://www.nationalacademies.org/stemcells.
Acodemic noncommercial use is permitted.
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* Many pathways and signals lead to apoptosis. X

‘,_/
sy

Apoptosis =

 After a cell receives stimulus, it undergoes organized degradation of
cellular organelles by activated proteolytic caspases.

* Apoptosis progresses quickly and its products are quickly removed.
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Apoptosis vs. Necrosis

- 2 . T
L, sk, 2o Ly A aadsiidsh oo
) Nuclcu.,
ME€crsis ' . - Aoflo i
el A I astls = == — armal oo
A,,—'U!Q)U‘éu_u(,<;_., “abdzfz_.yg’zl* o rone m)«& Sl Cﬂ‘ L)') ¥
Al £ —r~le i e 2
f%"fgdwdtd /—v/ ] A | 'QJ_) ,&’wlé)’g &‘U))‘

Srmall blebs Ay g le gote G L

Small blebs domm; Tosrm,

Ihi siructiung ol (e
nucleus chamgas.

Thi peciews bagins
I bresgk apan, and
e DM Dresks into
small piccos,

The organeligs

are al=o hecated in

Tho blaths Fuso
and beonme
larger; no
organalles ans
located in the

15 BdihsE,
hlakbs.
Tha <=1l braaks
Thie ol inko ﬂw&ral
membrang nepluses apoplolc
and releazes the badiias; ho

coll™s contont; Hhe
crganelles are not
tunclicnal.

arganclles are
slill functinnal.

Mecrosis Apoplosis 62


https://v3.camscanner.com/user/download

N)dd./"*d/h.ﬁ’)/i— P

Parent cell
(before chromosome duplication)

oo r:@

D) ddl Cr:.’é-\“‘"'./’.&:’q‘— S

Cell Division “

Site of
crossmg over

Prophase =g Q / Prophase I
Duplicated &L P b -~ ST Tetrad formed
e Chromosome\/ Chromosome by synapsis of
chromosome &= Aty e e
i duplication duplication homologous
(two:sister chromosomes
chromatids) l 2n=4 l
[J%\ Chromosomes Tetrads /M\
Metaphase \%//h align at the align at the Metaphase 1
\\ metaphase plate ~ Metaphase plate \Pﬁf/
Anaphase : . Anaphase I
Sister chromatids
Telophase separate during Homologous =onhiasell
anaphase chromosomes
separate
(anaphase I); Haploid
sister chroma- n= 2
= = tids remain Daughter
S together cells of
- meiosis I
No further
2n chromosomal m
Daughter cells d_upllcatlon,
of mitosis sister
chromatids
separate " " "
(anaphase II) Daughter cells of meiosis 11
eV b prs L be Sddua ¥ Y " oo i) gk LI opsE 63
- Q= 5 Ky U)Sf’nlj)-’ (& 0Y) y_J"‘ : f’

CamScanner


https://v3.camscanner.com/user/download

I\/I |TO S l S yPoo (-.,jg') breakdown of nuclear membrane spindle-fibers appesr

sister chromatids P chromosomes condense
"QJCPZJU-"(“@,{ & A b X centmmer&ﬂ -7
[N !

- loosely coiled .
Sennd L -
< "k“-"'é U % replicated chromﬂsnmes/

spindle fibers attach to chromosomes

iy Condinge s 2% *’d&’a{ /

EFETTE Gy K /
M sy (g g /
2 = - ? /
e e T YO SOV R P ed F
el Y O PR e * /
‘v bL“
St & / Filp
= UL-“}’ L‘J«)—*’ L&‘-;"/'\’/uul/) .. (_' C,.p ‘.‘,1'" @ﬂf
AT D o | ¥

- (Ve I
ta—a I ST , . N
2> (4 k’ué(’""’/’/ﬁ-’m/;‘dcﬂw\d,“p G 'C,
a2 L L) /G*

R -~ / -~
N:Mu,.k..w 'ﬂGT)%JdgLQ ru,’*‘,./ P
v Jaral

1 . e
Ml”)ﬁ%}(ﬂ‘ Trey Lf;‘\ CAL).\;)J; oz

—————— nuclear membrane reforms
L;— chromosomes decondense -

-~ spindle fibers disappear

cytoplasm divides

parent cell becomes
2 daughter cells with
© Clinical Toals, Inc identical genetic information
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Summary of Mitosis

Prophase:
* Chromosomes condense
* Nuclear envelope disappears
* centrosomes move to opposite sides of the cell
* Spindle forms and attaches to centromeres on the chromosomes

Metaphase
* Chromosomes lined up on equator of spindle
* centrosomes at opposite ends of cell

Anaphase

¢ Centromeres divide: each 2-chromatid chromosome becomes two 1-
chromatid chromosomes

* Chromosomes pulled to opposite poles by the spindle

Telophase
* Chromosomes de-condense
* Nuclear envelope reappears
* Cytokinesis: the cytoplasm is divided into 2 cells
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e A process of reduction division in which the number of chromosomes
per cell is cut in half through the separation of homologous
chromosomes in a diploid cell.

* Diploid — 2 sets of chromosomes
e Haploid — 1 set of chromosomes

* Homologous — chromosomes that each have a corresponding
chromosome from the opposite sex parent
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Melosis Summary

.. 2 e S e
Meiosis 1 —

a. DNA replication takes place =~ ™F = e

b. A parent cell produces two daughter
cells each with one member of each
original pair of homologous
chromosomes (to create haploid
daughter cells)

c. Crossing over may occur

Meiosis 2
a. Thereis no more DNA
replication
b. The chromatids of each
chromosome separate and
each daughter cell divides
c. Atthe end of Meiosis 2, there

are 4 daughter cells from each
parent cell. Each daughter cell
has half the number of
chromosomes as the parent
cell
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Take home message

The cell nucleus contains all of the cell's genome, except for a small fraction of mitochondrial DNA, organized as multiple long
linear DNA molecules in a complex with a large variety of proteins, such as histones, to form chromosomes. The genes within these
chromosomes are structured in such a way to promote cell function. The nucleus maintains the integrity of genes and controls the activities
of the cell by regulating gene expression.

Mitosis Meiosis

Results in

2 Diploid Cells (2N)

4 Haploid Cells (N)

Cells are

Genetically Identical

Genetically Different

Occurs in

Somatic (Body) Cells

Sex Cells

68

CamScanner



https://v3.camscanner.com/user/download

