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Biology is the only subject in
which multiplication is the
same thing a

Chapter 9

Regulation of Cell Division

Where it all beganée Getting from there
Avou started as a cell smaller than Acell division
a period at the end e continuity of life =

reproduction of cells
Areproduction
E unicellular life
~' Agrowth and repair
E multicellular life
Acell cycle
e life of a cell from
origin to division into
2 new daughter cells

&)
Getting the right stuff Copying DNA §
Awnhat is passed to daughter cells? ADividing cell duplicates DNA %\
e exact copy of genetic material = DNA e separates each copy to - g
Athis division step = mitosis opposite ends of cell @ %
e assortment of organelles & cytoplasm e splits into 2 daughter cells e
Athis division step = cytokinesis Aeach human cell duplicates ~2 meters DNA
Aseparates 2 copies so each daughter cell
chromosomes (stained orange)
in kangaroo rat epithelial cell Aerror rate = ~1 per 100 million basesb-

has complete identical copy P, g —~

e

E 3 billion base pairs | |

mammalian genome

E~30errors per cell cycle
A mutations
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Cell Cycle 2, Cell Cycle o
Acel | has a iilji o | APhases of a dividing

Go
Resting

cell 8s 1ife
cell is formed from - int h
a mitotic division  synthesis e Interpnase

o Acell grows
/ \ .

Areplicates chromosomes

cell grows & matures _ Aproduces new organelles & biomolecules
to divide again & mitotic phase
iy

Acell separates & divides chromosomes

..
G, S, G, M <:I[Il liver cells | C:II . E mitosis
I .

Acell divides cytoplasm & organelles

. i E cytokinesis
epithelial cells, “brain nerve cells.

Resting s
Synthesis'

blood cells,
stem cells

Cell Cycle Interphase
Gap 2 - the cell M Gap 1 - Cells increase in A90% of cell life CyCle
will continue to (mitosis) size, produce RNA, and

d ith teins. A ) : . ~
Siﬁ‘ﬁ’ui"ww . ) T?Z;?uhngin‘fiii”iié"\‘idwjm ecell doing its feveryd
E«'ff”mﬁg‘??n (Gap ) e pted (1 Ch?hvkpmm)g Aproduce RNA, synthesize proteins

2 el of this ensures that everything is S

gon ie ancther reatly for DNA syrihests e prepares for duplication if triggered

checkpoint (G2
Checkpaint) to
determine i the
cell can now
proceed to enter
M {mitosis) and
rivirle

ACharacteristics
Colls that £ nucleus well-defined

ceases

dhasion £ DNA loosely
packed in long

Gap 0 -There are times when a cell R

will leave the cycle and quit dividing chromatin fibers

This may be a ternparary resting
petiod i.e. liver cell, or more
permanent, i.e. a cell that has
teached an end stage of development
and will no longer divide (e.g. nerve
cells in the brain)

“INTERPHASE

S phase

S
(DNA synthesis)
(DMA synthesis) (st )

Synthesis phase - DNA
Interphase = G1+ § + G2 replication takes place

Interphase Interphase G2
ADivided into 3 phases: ANucleus well-defined
E G’1= 1st Gap ¢ chromosome
Acell doing its fieveryday duplication complete
Acell grows

£ DNA loosely packed in  conrosomes  Aster
long chromatin fibers =~ ®heetiepara

APrepares for mitosis

e produces proteins &
organelles

anotc phase

e S = DNA Synthesis

Acopies chromosomes g

e G, = 2" Gap i

Aprepares for division { ‘w

Acell grows %‘W’W‘
Aproduces organelles, &

proteins, membranes

Chromatin
(duplicated)

Nucleolus Nuclear Plasma
—tvelope_membrane |
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Coordination of Cell Cycle

AMulticellular organism
e need to coordinate across |, umeismes

Cancer cells
dividing._ <

Hnr‘mll‘ll\l‘

different parts of organism
Atiming of cell division
Arates of cell division
e crucial for normal growth,
development & maintenance
Ado all cells have same cell
cycle?

Frequency of Cell Cycle
AFrequency of cell division varies with

cell type
e skin cells
Adivide frequently throughout life

e liver cells
Aretain ability to divide, but keep it in reserve
£ mature nerve cells & muscle cells
Ado not divide at all after maturity

Cell Cycle Control
Acell cycle can be put on hold at specific
checkpoints
ATwo irreversible points in cell cycle
e replication of genetic material
e separation of sister chromatids

sister chromatids

=

Checkpoint control system

ACheckpoints
e cell cycle controlled by STOP & GO
chemical signals at critical points
£ signals indicate if key cellular
G, checkpoint
processes have been
completed correctly

Il
) b
centrofere |
l \
N M checkpoint
single-stranded double-Stranded G, checkpoint
chromosomes chromosomes 2

Checkpoint control system
A3 major checkpoints:

e G,
Acan DNA synthesis begin?
e G, G/ Spindle

completed correctly?
Acommitment to mitosis

Ahas DNA synthesis been m
7

¢ M phases
Aspindle checkpoint > S
Acan sister chromatids
separate correctly?

G,/S
(Star ot Restrictlon Point)

G, checkpoint
AGl checkpoint is most critical
g primary decision point
Airestriction

e if cell receives figood signal, it divides
eifdoesnotr ecei ve figoo sig

cell exits cycle & G, checkpoint
switches to G, phase /6-(1‘:7‘7] )

Anon-dividing state :

pointo
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M
Mitosis

Gy phase
AGO phase
e non-dividing,
differentiated state s
ynthesis'
e most human cells in G,

G2
Gap 2

external cues
Anerve & muscle cells
Ehighly specialized;
arrested in Gy and can
never divide!

phase

Aliver cells
EinG,, but can be ficalled
backo to cell cycl e

Activation of cell division

AHow do cells know when to divide?
£ cell communication = signals
Achemical signals in cytoplasm give cue
Asignals usually mean proteins
Eactivators

Einhibitors
—_—
M G, M phase is activated

in original non-M nucleus

i G@ h e agignals
ASignaIs that promote cell growth &
division ’
g internal signals
Aipromoting fe
Crotdopandont inase
Aigrowth factc
APrimary mechanism of control
e phosphorylation
Akinase enzymes

e external signals - )

Protein signals i

APromoting factors S

£ Cyclins
Aregulatory proteins b i )
Alevels cycle in the cell

e Cdks £
Acyclin-dependent kinases
Aenzyme activates cellular proteins
AMPF (maturation/mitosis promoting factor)

£ APC (for M checkpoint): anaphase
promoting complex

Cyclins & Cdks

Anteraction of Cdks & different Cyclins
triggers the stages of the cell cycle.

(v e lsTal w Yo s[a] ]

Relative concentration

v
Leland H. Hartwell Tim Hunt | Sir Paul Nurse
checkpoints Cdks cyclins

1970s-6 8 ( 2001

Spindle checkpoint

Chromosomes
attached at
| metaphase plate

G,/ M checkpoint

AReplication
completed
ADNA integrity

‘\\éctive‘ o InactlveJ REtiva

- - o N 4

ECHVE . Cdk/G, ()| apc) ycytokinesis
i\ cyclin (MPF) . UC)
7 mitosis!

~ interphase

\\
; 0 ” 4
|nterphase/© (TG
- N cyclin_ &
— == Inactive
- Active]

« o AGrowth factors
G1 /'S checkpoint| anytritional state of cell
Asize of cell
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Internal Signals
ACDKs & cyclin drive cell from one phase
to next in cell cycle

) The Cell Cycle
e proper regulation of

Cell with chromasomes in the nocleus

cell cycle is so key to ( <D
life that the genes for
these regulatory 61

through evolution Miosi
e the genes are basically | |

Bo <0
the same in yeast, Chrommmos spurion

proteins have been

highly conserved ,®, ; @
M
|

insects, plants & Q G2 &
animals (including )
humans) @

Cell with dupic

Chramosome duptication

B / O s
7

External Signals

AGrowth factors
e external signals

g€ protein signals released by
body cells that stimulate
other cells to divide
Adensity-dependent inhibition
E crowded cells stop dividing

E mass of cells use up growth
factors

Enot enough left to trigger cell
division
Aanchorage dependence

Eto divide cells must be attached to
a substrate

(a) Normal mammalian cells

Example of a Growth Factor
APlatelet Derived Growth Factor (PDGF)

e made by platelets (blood cells)

e binding of PDGF to cell receptors
stimulates fibroblast cell division

Growth factor signals

Growth factor

Nuclear pore

Nuclear membrane

P L
Growth of P Cell division
fibroblast cells Cell surface Cdk
(connective receptor
tissue cells) Protein kinase P E2F
helps heal cascade p Chromosome
wounds! Qé’lg [}
Cytoplasm Rb Nucleus
Growth Factors and Cancer E

AGrowth factors influence cell cycle

E proto-oncogenes

Anormal genes that become oncogenes
(cancer-causing) when mutated

Astimulates cell growth

Aif switched on can cause cancer

Aexample: RAS (activates cyclins)
€ tumor-suppressor genes

Ainhibits cell division

Aif switched off can cause cancer

Aexample: p53




