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* How cells replace or “clone” themse

Because DNA stores genetic information and is
faithfully replicated, information is passed largely
unaltered from cell-to-cell, generation-to- generation.
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Eukaryotic cells divide in one of two ways

Eukaryotic cell
reprodygtion, In eukaryotes, nuclei divide
0 Ykt by either: mitosis or meiosis.

- Occurs in somatic
(nonreproductive)

- Occurs in germ
(reproductive)
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The Kbnit of Identity - Mitosis Precisely and Evenly Divides
Duplicated Chromosomes

Mitosis and cytokinesis

chrofmpsomeﬁ (each da

replicated, pair of sister chromatids

uncondensed joined together)
DNA

nucleolus
pair of

centrosomes
nucleus — W

spindle fibers
(microtubules)

interphase

Precisely dividing the duplicated chromosomes has the consequence of providing
each new cell with an identical and complete set of genetic instructions.

2014, MIT/RRE/EGR/AB,SITH ITB

Mitosis Precisely and Evenly Divides Duplicated Chromosomes

spindle fibers ’ =
shortening e
—
paratitigy "~ _cleav.

—_—

Anaphase Telophase and cytokinesis Completion of cytokinesis Beginning of interphase
separation exit from mitosis one cell becomes two

Cytokinesis is the process of cell division and it is distinct and separable from
mitosis. Cell division is necessary for reproduction, growth, and repair of an organism.

2014, MIT/RRE/EGR/AB,SITH ITB
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Death and division: a balancing act
A
population maintained
at equilibrium
B
population contraction
(&
population expansion

Programmed Cell death — apoptosis

2014, MIT/RRE/EGR/AB,SITH ITB

Cell cycle %

s cEL 1 CELLGROWTH
* The most basic function of the cell cycle is to ”““Wk REPLCATION
duplicate accurately the vast amount of DNA in the
chromosomes and then segregate the copies @ @
precisely into two genetically identical daughter
cells. \
2 CHROMOSOME
* The eucaryotic cell cycle is divided into four SRR @
sequential phases: G, S, G,, and M. ————
* During most of the cell cycle, the cell is in nu:leus -
interphase, which is divided into three subphases : chromosome E‘
S' Gl, and G2. duplication

* two major phases of the cell cycle: Sand M

1) DNA duplication occurs during S phase (S for
synthesis)=> 10-12 hours (about half of the cell-cycle MmiTosis l

time in a typical mammalian cell).
2)  After S phase, chromosome segregation and cell division

occur in M phase (M for mitosis)=> less time (less than an

aseyd iy

) ) ] ) CYTOKINESIS
hour in a mammalian cell). M phase involves a series of

dramatic events that begin with nuclear division, or @
mitosis.

Figure 17:2




Chromosome during cell cycle

Mitosis = every cell : 2C
Synthesis> DNA replication = 4C

&N
e\
\*%Daughter

S cellsin G
__/cells ///\\ phase

QL T

M/
= -
NI
e Chromosome 2
&?’/ decondensation, ]
re-formation of 5
Chromosome nuclear envelope, 7/ N 5
condensation,  cytokinesis . - 6 a )
nuclear envelope / \ E cellsin Gzand
G, breakdown, ) H M phases
chromosome \ / z r
segregation / -
Sister 4 (\ cslisin
&/ chromatids 2 gl # $ phase
DNA synthesis 0 1 2

relative amount of DNA per cell
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(arbitrary units)

Figure 1713 Molecular Biology of the Cell 5/e (© Garland Science 2008)

M PHASE

mitosis
(nuclear LN
division) cytokinesis
’ (cytoplasmic
M division) Lot

G, PHASE

S PHASE G, PHASE

(DNA replication)

Figure 174 logy

* Most cells require much more time to grow and double their mass
of proteins and organelles than they require to replicate their DNA
and divide.

* More time for growth > extra gap phases are inserted in cell
cycles 2>a G, phase between M phase and S phase a G, phase

between S phase and mitosis.
2014, MIT/RRE/EGR/AB,SITH ITB
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The factors that promote organ or organism growth can be
operationally divided into three major classes:

1. Mitogens
stimulate cell division, primarily by
relieving intracellular negative
controls that otherwise block
progress through the cell cycle.

Growth factors

stimulate cell growth (an increase
in cell mass) by promoting the
synthesis of proteins and other
macromolecules and by inhibiting
their degradation.

Survival factors,
promote cell survival by
suppressing apoptosis.

2014, MIT/RRE/EGR/AB,SITH ITB

Regulation of Cell Cycle

* Check points or switches
control the rate of the cell
cycle

e |ntracellular and
extracellular control

* GO state is the resting state

* G1 checkpoint or the start
checkpoint is said to be the
beginning of the cell cycle.

Sy

(proceed to 57 |

I
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2 S " N R
- (e.g.. neuron) '

Nondividing permanent cells

Quiescent
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(e.g., hepatocytes)
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Is all DNA replicated? attached to the spindle?
/M CHECKPOINT S—
. TRIGGER ANAPHASE AND
Emwa PROCEED TO CYTOKINESIS
M

\ ENTER CELL CYCLE AND PROCEED TO S PHASE |
START CHECKPOINT
Is environment favorable?
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favorable chromosome

extracellular DNA unreplicated DNA unattached to c”‘ﬂ""_?p‘:("‘"“‘ =
race d in A-COK1 77N\
envir DNA damage spindle cy"‘"“ oK1 iy
| Mid-Gy cydlin-CDKs
Cyclin D-CDK4
{ Cyclin D-CDK6
G.-cdk G,fs-cdk—— $-Cdk —————— M-Cdk — APC/C él \
S-phase ) s i
GJS-:y:IIn symhesls g:ll::f-::n%%%w? \
S-:yclm synthlﬂ DNA rereplication Sy o

Late-6; cyclin-CDK
Cyclin E-CDK2

An overview of the cell-cycle control system. The core of the cell-
cycle control system consists of a series of cyclin-Cdk complexes
(vellow). The activity of each complex is also influenced by various
inhibitory checkpoint mechanisms, which provide information about
the extracellular environment, cell damage, and incomplete cell-cycle
events (top). These mechanisms are not present in all cell types;
many are missing in early embryonic cell cycles.

2014, MIT/RRE/EGR/AB,SITH ITB

ACTIVATION OF CELL
CYCLE CHECKPOINT ?

T TEmmR

R

2014, MIT/RRE/EGR/AB,SITH ITB
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cyclin

Cyclin and CDK

* Cyclin binds to CdK
* CDK (cyclin dependent kinases) <vi:::::|;§::)em
— Protein Kinases = enzymes that transfer a phosphate group from ATP
to a target protein
— These Kinases are regulated by cyclins

* Cyclin Cdk complexes regulate the passage of cells from G1
into S phase and from G2 into M phase.

Al

G,/S-cyclin S-cyclin M-cyclin
\ —\
start H a/G:lM metaphase-anaphase
e T o ¥ o =2l
“ “,cyclin “ APC/C

G,/s-Cdk  s-Cdk M-Cdk 2014, MIT/RRE/EGR/AB,SITH ITB
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l Mild convolution

Chromatin compaction
and margination
Condensation of cytoplasm

Nuclear fragmentation

Breakup of nuclear envelope
Blebbing

© 75: Tiumor suppressor

(«)
o Apoptosis
)
G
A
2. If the gene defect
occurs on the TS gene itself.
it is turned off and the negative
i
M

regulatory mechanis fa

l Phagocytosis

1. High TS concentrations
stop cell growth

or induce apoptosis b 4 4 @ Apoptotic body wl AT
oo o Apoptotic cell
G2 o@ G1 Phagocytic cell
' ' Gene defect
a0 Figure 2133
°° Molecular Cell Biology, Sixth Edition
© 2008 W. H, Freeman and Company
r L
S
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3. During replication defect lates TS p
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EXAMPLES QF RISEASES/ CONRITIQN
CORRELATER WITH CELL CYCLE
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DNA damage, tumor supressor gene and cell
cycle

DMA Damage

: ¥? pepmte
// I & \

Colke2 / CyelinE Gyelin é;'ﬁ i
Z \ ¥ \
[ rreee beer ] [cetee]
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Tumor suppressor mutation
and cancer

* ATM/ATR (Ataxia telangiectasia)
* P53 (tumor suppressor gene) regulate cell cycle

Mutagen Adduct TPS3 pattern

Source

Uva Voot Fepon -
of e Elocloem aqproie Spactrion \( Cto T'T
F — nous codons

| R, i
\/ AR > Skin cancer: 7%
TS Other cancers: 0%
w Emenw
N w
0 G ol
1L Codon 249
i) Liver cancer: >50%
Other cancers: <2%
"3
G toT
Codons 157, 158, 248,273

Lung cancer: 30%
Other cancers:
<10%




Ataxia: disease - progressive damage
in nervous system, Fe toxicity, free radical

Diagram scanning results from Ataxia brain and normal brain
FXN mutation: frataxin (Chr9), mitochondrial nerve and muscle

Atrophy cetebellum (shrink) Normal cerebellum
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Myostatin acts by inhibiting the growth of
muscles, It prevents muscles from growing toc
large i.e. inhibits proliferation of myoblasts
that fuse to form skeletal muscle cells.

» Mutation in myostatin >

proliferation & growth >>>

* Inactivated myostatin - German Superboy

3/3/2014
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PUMPING UP WITH GENES

Building athletes’ muscle, tweaking its
composition, and boosting endurance are
enhancements theoretically possible with
gene therapy. Using a synthetic gene to
simulate an injury signal spurs repair
activity by stem cells (right), leaving
muscle fibers bigger and stronger.

one could change muscle fiber types.
(below). Unlike systemic drugs, gene

o be targeted based on the hiomx:mlcs
of a given sport.

Increase oxygen-
carrying red

mmmwsus..-mwmm—wuﬁ-

 the manufacture of new proteins. When repalr is needed, chemical signals from
‘wound draw satellite cells, which proliferate before fusing with the fiberto

‘contribute their nuclei to the effort [2). The addition of more nuclei
myofibrits ier th e

Muscle fiber
vector |
L

GENE DOPING

CHANGE THE NéTUE‘E OF SPORT?

)
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