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1.4.1 Cell Cycle

Interphase

Mito sis  is part o f a precisely co ntro lled pro cess  kno wn as the cell cycle

The cell cycle is the regulated sequence o f  events  that o ccurs between o ne cell divisio n and

the next

The cell cycle has three phases:

interphase

nuclear divisio n (mito sis)

cell divisio n (cyto kinesis)

The length o f the cell cycle varies depending o n:

The enviro nmental co nditio ns, the cell type and the o rganism

Fo r example, o nio n ro o t tip cells divide o nce every 20 ho urs (ro ughly) but human intestine

epithelial cells divide o nce every 10 ho urs (ro ughly)

The mo vement fro m o ne phase to  ano ther is triggered by chemical signals called cyclins
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The cell cycle

S = synthesis (of DNA); G = growth; M = mitosis

Int erphase

Interphase  is the lo ngest  and mo st active phase  o f the cell cycle

During interphase, the cell:

Increases  in mass  and siz e

Carries o ut many cellular functio ns in the nucleus and cyto plasm eg. synthesising pro teins

and replicating its DNA ready fo r mito sis (these o nly o ccur during interphase)

Increases  the number o f mito cho ndria

Increases  the number o f chlo ro plasts  (if they are a plant o r algae cell)

T he phases of  int erphase

Interphase co nsists o f three  phases:

G  phase

S phase

G  phase

1

2
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The gap between the previo us cell divisio n and the S phase is called the G  phase  – G stands fo r

gro wth

Cells make the RNA, enz ymes and o ther pro teins required f o r gro wth during the G  phase

It is at so me po int during the G  phase a signal is received telling the cell to  divide  again (altho ugh

so me cells do  no t receive this signal and will never divide; they enter the G  phase)

After the G  phase o f interphase the cell enters the next phase o f the cell cycle, the S phase  – S

stands fo r synthesis  (o f DNA)

The S phase is relatively sho rt

The DNA in the nucleus replicates, resulting in each chro mo so me co nsisting o f two

identical sister chro matids

Between the S phase and next cell divisio n event the G  phase o ccurs

During the G  phase, the cell co ntinues to  gro w and the new DNA that has been synthesised

is checked  and any erro rs are usually repaired

Other preparatio ns fo r cell divisio n are made (eg. pro ductio n o f tubulin pro tein, which is used

to  make micro tubules fo r the mito tic spindle)

Interphase = G  + S + G

Exam T ip

Make sure yo u kno w the o rder o f the phases o f the cell cycle but also  what speci�cally o ccurs

during the di�erent phases. Do n’t fo rget, interphase is itself made up o f three distinct stages (G ,

S and G ) and yo u need to  kno w what happens during each o f these.Fo r example, an exam

questio n might ask yo u to  identify the stage o f the cell cycle during which a cell wo uld be

pro ducing the mo st mRNA mo lecules and explain why. The co rrect answer wo uld be the G  phase,

as this is when pro tein synthesis is o ccurring and the pro ductio n o f mRNA o ccurs during

transcriptio n (the �rst part o f pro tein synthesis).

1
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Cyclins

The cell cycle  is a sequence o f stages including interphase  (G , S & G), mito sis  and cyto kinesis

The cycle is co ntro lled  by cyclins  (a gro up o f pro teins) and kinases  (enz ymes)

There are f o ur di�erent cyclins  (D, E, A & B) who se co ncentratio ns rise and fall o ver the cycle:

D – present �rst , triggers cells to  mo ve  fro m G  to S phase
E – highest  co ncentratio n at the start o f S phase, prepares  the cell fo r DNA replicatio n

during S phase

A – highest  co ncentratio n in G  phase but activates two di�erent kinases that

trigger two processes:
In the S phase, it activates DNA replicatio n

In G  phase, it prepares the cell for mitosis

B -  highest  co ncentratio n at the beginning o f mito sis, pro mo tes  the f o rmatio n o f the

mito tic spindle

1

1

2

2

Cyclins control the cell cycle. The presence of certain cyclins triggers a speci�c stage of the cell cycle.

When each o f the di�erent cyclins  reach a certain co ncentratio n they trigger the next stage  o f

the cell cycle

This ensures key pro cesses  (e.g. DNA replicatio n, o rganelle multiplicatio n and pro tein synthesis)

o ccur at the co rrect time

When a speci�c cyclin has reached a certain co ncentratio n it will bind  with ano ther gro up o f

pro teins (cyclin-dependent kinases) fo rming a co mplex which is activated

This co mplex pho spho rylates  (attaches a pho sphate) a target pro tein which activates it,

causing it to  trigger speci�c f unctio ns  (e.g. DNA replicatio n)

Once the speci�c functio n is co mplete the pho sphate is released, the cyclin breaks do wn and

the cyclin-dependent kinases beco me inactive
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The mechanism for cell cycle control by cyclins

NOS: Serendipit y and scient i�c discoveries; t he discovery of  cyclins was accident al

So me scienti�c disco veries o ccur by accident, meaning that the scientist might no t necessarily

have been deliberately searching fo r info rmatio n abo ut the particular mechanism, pro cess,

mo lecule o r structure that they ended up disco vering

The disco very o f the cyclins was serendipito us  (o ccurred by chance)

Tim Hunt and his team were researching pro tein synthesis in sea urchin eggs, ho wever, whilst

do ing this research they no ticed a pro tein (later named by Hunt as cyclin) that repeatedly
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increased and decreased in co ncentratio n and that these co incided with the phases o f the cell

cycle

This disco very led to  new research which fo und the presence o f o ther cyclins and their functio n

as a key facto r in the regulatio n o f the cell cycle

Exam T ip

It is impo rtant to  kno w the o rder o f the cyclins (DEAB - think dead but with a B o f co urse). When

answering questio ns o n which cyclins trigger which stage o f the cell cycle it may be easier to

sketch a graph. In Bio lo gy a well-anno tated diagram can get yo u as many marks as a written

answer.
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Cytokinesis

Cyt okinesis

Fo llo ws the nuclear divisio n (mito sis) phase

Once the nucleus has divided into  two  genetically identical nuclei, the cell divides in two  with

o ne nucleus mo ving into  each cell to  create two  genetically identical daughter cells

Mit osis in animal and plant  cells

The pro cess di�ers slightly in animal and plant cells

In animal cells:

A ‘cleavage f urro w’ fo rms and separates the daughter cells

The cleavage furro w fo rms when actin and myo sin pro teins fo rm a co ntractile ring just under

the plasma membrane

This ring is fo rmed at the equato r (centre) o f the cell

As the pro teins co ntract, they pull the plasma membrane to wards the centre eventually

separating the cell into  two  daughter cells

In plants  cells:

A ‘cell plate’ (the precurso r to  a new cell wall) fo rms at the equato r. Once the cell plate

reaches the cell walls o f the parent cell, new cell walls are pro duced, separating the new

daughter cells

The cell plate is fo rmed fro m vesicles carrying carbo hydrates, lipids and pro teins fusing

to gether to  create the two  plasma membranes

After this o ther vesicles, carrying pectin and cellulo se, depo sit these substances by

exo cyto sis in the gap between the two  new membranes leading to  the fo rmatio n o f new cell

walls
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Cytokinesis in an animal cell and a plant cell

Exam T ip

Remember that cyto kinesis is no t  a stage in mito sis, it is the last stage o f the cell cycle.
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1.4.2 Phases of Mitosis

Phases of Mitosis

Mito sis is the pro cess o f nuclear divisio n by which two  genetically identical daughter nuclei are

pro duced that are also  genetically identical to  the parent cell nucleus (they have the same

number o f chro mo so mes as the parent cell)

Signi�cance o f  mito sis: mito sis o ccurs whenever the pro ductio n o f genetically identical nuclei

are required in eukaryo tic cells

E.g. during embryo nic develo pment, gro wth, tissue repair and asexual repro ductio n

Embryonic development  and growt h of  mult icellular organisms

Unicellular z ygo tes  divide by mito sis in o rder to  gro w in siz e

After a certain amo unt o f gro wth, they then di�erentiate into  embryo s

Gro wth o f multicellular o rganisms o ccurs as the number o f new cells increases due to  mito sis

This gro wth may o ccur acro ss the who le bo dy o f the o rganism o r be co n�ned to  certain regio ns,

such as in the meristems (gro wing po ints) o f plants

Replacement  of  cells & repair of  t issues

Damaged tissues can be repaired by mito sis fo llo wed by cell divisio n

As cells are co nstantly dying they need to  be co ntinually replaced by genetically identical cells

In humans, fo r example, cell replacement o ccurs particularly rapidly in the skin and the lining o f the

gut

So me animals can regenerate bo dy parts, fo r example, z ebra�sh can regenerate �ns and axo lo tls

regenerate legs and their tail amo ngst o ther parts

Asexual reproduct ion

Asexual repro ductio n is the pro ductio n o f new individuals o f a species by a single  parent

o rganism – the o �spring are genetically identical to  the parent

Fo r unicellular o rganisms such as Amoeba, cell divisio n results in the repro ductio n o f a

genetically identical o �spring

Fo r multicellular o rganisms, new individuals gro w fro m the parent o rganism (by cell divisio n) and

then detach (‘bud o �’) fro m the parent in di�erent ways

This type o f repro ductio n can be o bserved in di�erent plant, fungi and animal species

So me examples o f these are budding in Hydra and yeast and runners fro m strawberries

Phases of  Mit osis

Altho ugh mito sis is, in reality, o ne co ntinuo us pro cess, it can be divided into  f o ur main stages o r

phases
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These stages are:

Pro phase

Metaphase

Anaphase

Telo phase

Mo st o rganisms co ntain many chro mo so mes in the nuclei o f their cells (eg. humans have 46) but

the diagrams belo w sho w mito sis o f an animal cell with o nly fo ur chro mo so mes, fo r simplicity

The di�erent co lo urs o f the chro mo so mes are just to  sho w that half are fro m the female parent

and half fro m the male parent

Prophase

Chro mo so mes co ndense  and are no w visible when stained

The chro mo so mes co nsist o f two  identical chro matids  called sister chro matids  (each

co ntaining o ne DNA mo lecule) that are jo ined to gether at the centro mere

The two  centro so mes (replicated in the G  phase just befo re pro phase) mo ve to wards o ppo site

po les  (o ppo site ends o f the nucleus)

Spindle �bres  (pro tein micro tubules) begin to  emerge fro m the centro so mes (co nsists o f two

centrio les in animal cells)

The nuclear envelo pe (nuclear membrane) breaks do wn into  small vesicles

The nucleo lus disappears

2

Met aphase

Centro so mes  reach o ppo site po les

Spindle �bres  (pro tein micro tubules) co ntinue to  extend f ro m centro so mes

Chro mo so mes line up at the equato r o f the spindle (also  kno wn as the metaphase plate) so  they

are equidistant to  the two  centro so me po les

Spindle �bres (pro tein micro tubules) reach the chro mo so mes and attach to  the centro meres

This attachment invo lves speci�c pro teins called kineto cho res

Each sister chro matid  is attached to  a spindle �bre o riginating fro m o ppo site po les
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Metaphase

Anaphase

The sister chro matids separate at the centro mere  (the centro mere divides in two )

Spindle �bres (pro tein micro tubules) begin to  sho rten

The separated sister chro matids (no w called chro mo so mes) are pulled to  o ppo site po les  by

the spindle �bres (pro tein micro tubules)
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Anaphase

Telophase

Chro mo so mes arrive at o ppo site po les and begin to  deco ndense

Nuclear envelo pes  (nuclear membranes) begin to  ref o rm aro und each set o f chro mo so mes

The spindle �bres break do wn

New nucleo li f o rm within each nucleus
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Telophase

Exam T ip

Make sure yo u learn the fo ur stages o f mito sis and what is happening to  the DNA mo lecules (o ne

chro matid co ntains o ne DNA mo lecule) at each stage – learn ‘PMAT ’ (pro phase, metaphase,

anaphase, telo phase) to  help yo u remember the o rder o f the stages!After interphase but befo re

the parent cell undergo es mito sis, the human parent cell nucleus actually co ntains 92 DNA

mo lecules! This is because during interphase (S phase), the 46 DNA mo lecules in the parent cell

have replicated to  fo rm sister chro matids. As human cells have a diplo id number o f 46 this

replicatio n results in 92 mo lecules. This ensures the two  daughter cells will be diplo id (have 46

chro mo so mes each) when mito sis o ccurs.Remember to  read the questio ns carefully as o nly

human diplo id cells have 46 chro mo so mes so  if the questio n refers to  ano ther o rganism, its

diplo id number will be di�erent.
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Chromosomes Condense

Condensat ion of  chromosomes

DNA mo lecules are very lo ng mo lecules  (human DNA can be mo re than 50,000 µm) that need to

�t within much smaller nuclei (human nuclei average less than 5 µm)

Prio r to  mito sis, the DNA mo lecules are lo o sely co iled (aro und histo nes in eukaryo tic cells) to

fo rm a co mplex called chro matin

During pro phase, the chro matin gets co ndensed  by superco iling to  fo rm chro mo so mes

Co ndensatio n o ccurs by the repeated co iling o f the DNA mo lecule (superco iling)

This superco iling is aided in eukaryo tic cells by the presence o f histo ne pro teins and enz ymes

DNA is coiled around histone proteins to make chromatin
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1.4.3 Cancer

Tumour Formation

Cancers demo nstrate ho w impo rtant it is that cell divisio n is precisely co ntro lled, as cancers

arise due to  unco ntro lled mito sis

Cancero us cells divide repeatedly and unco ntro llably, fo rming a tumo ur (an irregular mass o f

cells)

Cancers start when changes o ccur in the genes that co ntro l cell divisio n

A change in any gene is kno wn as a mutatio n

If the mutated gene is o ne that causes cancer it is referred to  as an o nco gene

Mutatio ns are co mmo n events and do n’t lead to  cancer mo st o f the time

Mo st mutatio ns either result in early cell death o r result in the cell being destro yed by the

bo dy’s immune system

As mo st cells can be easily replaced, these events usually have no  harmful e�ect o n the bo dy

The mutatio ns that result in the generatio n o f cancero us cells do  no t result in early cell death o r

in the cell being destro yed by the bo dy’s immune system

This means that the harmf ul mutatio n o ccurring in the o riginal cell can be passed o n to  all that

cell’s descendants

A typical tumo ur co ntains aro und a tho usand millio n cancero us cells by the time it is detected

Carcinogens

Mutagens  are agents that alter the genetic material o f an o rganism

E.g. bio lo gical o rganisms (viruses), radiatio n (X-rays, UV light) o r chemical substances (tar in

to bacco  smo ke)

If mutagens cause cancers  they are called carcino gens

Carcino gens  are any agents that may cause cancer

Types of  t umour

So me tumo urs (such as warts) do  no t spread fro m their o riginal site – these are kno wn as benign

tumo urs and do  no t cause cancer

So me tumo urs spread thro ugh the bo dy, invading and destro ying o ther tissues – these are kno wn

as malignant  tumo urs and cause cancer

Malignant tumo urs interf ere with the no rmal f unctio ning o f the o rgan/tissue in which they

have started to  gro w (eg. they may blo ck the intestines, lungs o r blo o d vessels)

Malignant tumo ur cells can break o � the tumo ur and travel thro ugh the blo o d and/o r

lymphatic system to  fo rm seco ndary gro wths  in o ther parts o f the bo dy

The spreading o f cancers in this way is kno wn as metastasis
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Metastasis is very dangero us as it can be very di�cult to  detect, lo cate and remo ve

seco ndary cancers
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Stages in the development of cancer
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Exam T ip

Make sure yo u kno w examples o f mutagens. Also , yo u sho uld kno w that so me viruses (kno wn as

o nco viruses) cause cancer and can therefo re also  be described as mutagens.

Smoking & Cancer

Scientists studying the incidence and distributio n o f certain cancers identi�ed links between

smo king and cancer

Ho wever, it was o nly when labo rato ry investigatio ns sho wed that cigarette smo ke co ntained

mo re than 4000 chemicals, at least 4 0 o f which were carcino gens, that a co rrelatio n was

established

There is a po sitive co rrelatio n between smo king and cancer. The mo re cigarettes smo ked per

day the higher the chance o f develo ping certain cancers (e.g. lung and mo uth)
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1.4.4 Skills: Cell Division

Mitotic Phases: Identi�cation

Cells undergo ing di�erent stages o f the cell cycle can be identi�ed using pho to micro graphs

taken fro m micro sco pe slides

Cells undergo ing certain stages o f the cell cycle have distinctive appearances

Int erphase

As cells spend the majo rity o f the cell cycle in this stage then mo st cells will be in this stage

The chro matin is visible  so  the nuclei have a dark appearance

Prophase

Chro mo so mes are visible

The nuclear envelo pe is breaking do wn

Metaphase

Chro mo so mes  are lined up alo ng the middle  o f the cell

Anaphase

Chro mo so mes are mo ving away  fro m the middle o f the cell, to wards o ppo site po les

Telophase

Chro mo so mes have arrived at o ppo site po les  o f the cell

Chro mo so mes begin to  unco il (are no  lo nger co ndensed)

The nuclear envelo pe is refo rming

Cytokinesis

Animal cells: a cleavage f urro w fo rms and separates the daughter cells

Plant cells: a cell plate  fo rms at the site o f the metaphase plate and expands to wards the cell wall

o f the parent cell, separating the daughter cells

Ident i�cat ion of  phases
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Micrograph showing a cell undergoing prophase (P)

Micrograph showing cells undergoing metaphase (M) and anaphase (A)
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Micrograph showing cells undergoing metaphase (M) and anaphase (A)

Micrograph showing a cell undergoing anaphase (A)

Exam T ip

It is impo rtant to  be able to  reco gnise each mito tic stage fro m electro n micro graphs and to  be

able to  explain why that cell is in the stage yo u have selected.It can be di�cult to  tell pro phase

and telo phase apart in so me pho to micro graphs. In pro phase, there is o nly o ne gro up o f

chro mo so mes while in telo phase there are two  gro ups, o ne at each po le.
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Determination of Mitotic Index

Invest igat ing mit osis in root  t issue

Gro wth in plants o ccurs in speci�c regio ns called meristems

The ro o t tip meristem can be used to  study mito sis

The ro o t tip meristem can be fo und just behind the pro tective ro o t cap

In the ro o t tip meristem, there is a z o ne o f  cell divisio n that co ntains cells undergo ing mito sis

Pre-prepared slides o f ro o t tips can be studied o r tempo rary slides can be prepared using the

squash technique  (ro o t tips are stained  and then gently squashed, spreading the cells o ut into  a

thin sheet and allo wing individual cells undergo ing mito sis to  be clearly seen)

Micrograph showing a stained root tip

Analysis

Cells undergo ing mito sis (similar to  tho se in the images belo w) can be seen and drawn

Anno tatio ns can then be added to  these drawings to  sho w the di�erent stages o f  mito sis

The mito tic index can be calculated

T he mit ot ic index
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The mito tic index is the pro po rtio n o f cells (in a gro up o f cells o r a sample o f tissue) that are

undergo ing mito sis

The mito tic index can be calculated using the fo rmula belo w:

Yo u can multiply the answer by 100 if yo u need to  give the mito tic index as a percentage
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