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Biology is the only subject in 

which multiplication is the 

same thing as divisioné
Chapter 9

Regulation of Cell Division

Where it all begané

ÁYou started as a cell smaller than 

a period at the end of a sentenceé

.

Getting from there to hereé

ÁCell division 

É continuity of life = 

reproduction of cells

Áreproduction 

Èunicellular life

Ágrowth and repair

Èmulticellular life

ÁCell cycle

É life of a cell from 

origin to division into 

2 new daughter cells

Getting the right stuff 

ÁWhat is passed to daughter cells?

É exact copy of genetic material = DNA

Áthis division step = mitosis

É assortment of organelles & cytoplasm

Áthis division step = cytokinesis

chromosomes (stained orange)

in kangaroo rat epithelial cell

Copying DNA

ÁDividing cell duplicates DNA

É separates each copy to 

opposite ends of cell

É splits into 2 daughter cells

Áeach human cell duplicates ~2 meters DNA 

Áseparates 2 copies so each daughter cell 

has complete identical copy

Áerror rate = ~1 per 100 million bases

È3 billion base pairs

Â mammalian genome

È~30 errors per cell cycle

Â mutations
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Cell Cycle
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ÁCell has a ñlife cycleò

cell is formed from 

a mitotic division

cell grows & matures

to divide again

cell grows & matures 

to never divide again

G1, S, G2, M G0

epithelial cells,

blood cells,

stem cells

brain ,nerve cells

liver cells

ÁPhases of a dividing 
cellôs life 

É interphase

Ácell grows

Áreplicates chromosomes

Áproduces new organelles & biomolecules

Émitotic phase

Ácell separates & divides chromosomes 
Èmitosis

Ácell divides cytoplasm & organelles
Ècytokinesis
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Cell Cycle

Cell Cycle Interphase

Á90% of cell life cycle

Écell doing its ñeveryday jobò

Áproduce RNA, synthesize proteins

É prepares for duplication if triggered 

ÁCharacteristics

É nucleus well-defined

ÉDNA loosely 

packed in long 

chromatin fibers

Interphase

ÁDivided into 3 phases:

ÉG1 = 1st Gap

Ácell doing its ñeveryday jobò

Ácell grows

É S = DNA Synthesis

Ácopies chromosomes

ÉG2 = 2nd Gap

Áprepares for division 

Ácell grows

Áproduces organelles,
proteins, membranes

Interphase G2

ÁNucleus well-defined

É chromosome 

duplication complete

ÉDNA loosely packed in 

long chromatin fibers

ÁPrepares for mitosis

É produces proteins & 

organelles
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Coordination of Cell Cycle

ÁMulticellular organism

É need to coordinate across 

different parts of organism

Átiming of cell division

Árates of cell division 

É crucial for normal growth, 

development & maintenance

Ádo all cells have same cell 

cycle?

Frequency of Cell Cycle

ÁFrequency of cell division varies with 

cell type

É skin cells
Ádivide frequently throughout life

É liver cells
Áretain ability to divide, but keep it in reserve 

Émature nerve cells & muscle cells

Ádo not divide at all after maturity

Cell Cycle Control

ÁCell cycle can be put on hold at specific 

checkpoints

ÁTwo irreversible points in cell cycle

É replication of genetic material

É separation of sister chromatids

centromere

sister chromatids 

single-stranded
chromosomes

double-stranded
chromosomes

Checkpoint control system

ÁCheckpoints

É cell cycle controlled by STOP & GO

chemical signals at critical points

É signals indicate if key cellular 

processes have been 

completed correctly

Checkpoint control system

Á3 major checkpoints:

ÉG1

Ácan DNA synthesis begin?

ÉG2

Áhas DNA synthesis been 

completed correctly?

Ácommitment to mitosis

ÉM phases

Áspindle checkpoint

Ácan sister chromatids

separate correctly?

G1 checkpoint

ÁG1 checkpoint is most critical

É primary decision point

Áñrestriction pointò

É if cell receives ñgoò signal, it divides

É if does not receive ñgoò signal, 

cell exits cycle & 

switches to G0 phase

Ánon-dividing state

http://www.goldiesroom.org/Shockwave_Pages/022--Photophosphorylation.htm
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ÁG0 phase

É non-dividing, 

differentiated state

Émost human cells in G0

phase

Áliver cells

Èin G0, but can be ñcalled 

backò to cell cycle by 

external cues

Ánerve & muscle cells

Èhighly specialized; 

arrested in G0 and can 

never divide!

G0 phase

ÁHow do cells know when to divide?

É cell communication = signals

Áchemical signals in cytoplasm give cue

Ásignals usually mean proteins

Èactivators

Èinhibitors

Activation of cell division

ñGo-aheadòsignals

ÁSignals that promote cell growth & 

division 

É internal signals

Áñpromoting factorsò

É external signals

Áñgrowth factorsò

ÁPrimary mechanism of control

É phosphorylation

Ákinase enzymes

Protein signals 

ÁPromoting factors

ÉCyclins

Áregulatory proteins

Álevels cycle in the cell

ÉCdks

Ácyclin-dependent kinases

Áenzyme activates cellular proteins

ÁMPF (maturation/mitosis promoting factor)

ÉAPC (for M checkpoint):  anaphase 
promoting complex

Cyclins & Cdks

Leland H. Hartwell

checkpoints

Tim Hunt

Cdks

Sir Paul Nurse

cyclins

1970s-ô80s | 2001

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

Chromosomes
attached at
metaphase plate

ÅReplication
completed
ÅDNA integrity 

ÅGrowth factors
ÅNutritional state of cell
ÅSize of cell

Cdk / G1

cyclin

Cdk / G2

cyclin (MPF)

G2

S

G1

C
M

Spindle checkpoint
G2 / M checkpoint 

G1 / S checkpoint

APC

Active
Inactive

Active
Inactive

Inactive

Active

mitosis

cytokinesis

interphase

interphase

interphase

http://www.goldiesroom.org/Shockwave_Pages/022--Photophosphorylation.htm
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Internal Signals

ÁCDKs & cyclin drive cell from one phase 
to next in cell cycle

Éproper regulation of 

cell cycle is so key to 

life that the genes for 

these regulatory 

proteins have been 

highly conserved 

through evolution

É the genes are basically 

the same in yeast, 

insects, plants & 

animals (including 

humans)

External Signals

ÁGrowth factors

É external signals

É protein signals released by 
body cells that stimulate 
other cells to divide

Ádensity-dependent inhibition
Ècrowded cells stop dividing

Èmass of cells use up growth 
factors

Ènot enough left to trigger cell 
division

Áanchorage dependence
Èto divide cells must be attached to 

a substrate

Example of a Growth Factor

ÁPlatelet Derived Growth Factor (PDGF)

Émade by platelets (blood cells)

É binding of PDGF to cell receptors 

stimulates fibroblast cell division

Growth of 

fibroblast cells

(connective 

tissue cells) 

helps heal 

wounds!

E2F

NucleusCytoplasm

Cell division

Nuclear membrane

Growth factor

Protein kinase
cascade

Nuclear pore

Chromosome

CdkCell surface
receptor 

P

P
P

P

P

Growth factor signals

Growth Factors and Cancer

ÁGrowth factors influence cell cycle

É proto-oncogenes

Ánormal genes that become oncogenes

(cancer-causing) when mutated

Ástimulates cell growth

Áif switched on can cause cancer

Áexample: RAS (activates cyclins)

É tumor-suppressor genes

Áinhibits cell division

Áif switched off can cause cancer

Áexample: p53


