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1.4.1CellCycle

Interphase

Mitosis is partof aprecisely controlled process knownas the cellcycle
The cellcycleis the regulated sequence of events that occurs betweenone celldivisionand
the next
The cellcycle has three phases:
= interphase
= nucleardivision(mitosis)
= celldivision(cytokinesis)

The length of the cell cycle varies depending on:
= The environmental conditions, the cell type and the organism
= Forexample,onionroottipcells divide once every 20 hours (roughly) but humanintestine
epithelial cells divide once every 10 hours (roughly)

The movement fromone phase to anotheris triggered by chemical signals called cyclins
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Thecell cycle
S = synthesis (0of DNA); G = growth; M = mitosis
Interphase

= Interphaseis thelongest and most active phase of the cellcycle
= Duringinterphase, the cell:
= Increasesinmass and size
= Carries out manycellularfunctionsinthe nucleus and cytoplasmeg.synthesising proteins
and replicatingits DNAreadyformitosis (these onlyoccurduringinterphase)
= Increases the numberof mitochondria
= Increases the numberofchloroplasts (if theyare aplant oralgae cell)

The phasesof interphase

= [nterphase consists of three phases:
= Gyphase
= Sphase
= Gyphase
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The gap betweenthe previous celldivisionand the S phaseis called the Gyphase - Gstands for
growth
= Cells make the RNA, enzymes and other proteins required forgrowth during the Gyphase

Itis at some point duringthe Gyphase asignalis received telling the cell to divide again (although
some cells do notreceive this signal and will never divide; theyenterthe Gg phase)
Afterthe Giphase of interphase the cell enters the next phase of the cellcycle,the Sphase - S
stands forsynthesis (of DNA)
= The Sphaseisrelativelyshort
= The DNAinthe nucleusreplicates,resultingineachchromosome consistingoftwo
identical sisterchromatids

Betweenthe S phase and next cell division event the G, phase occurs
= Duringthe G, phase, the cellcontinues to grow and the new DNA that has beensynthesised
is checked and anyerrors are usuallyrepaired
= Otherpreparations forcelldivisionare made (eg.productionof tubulin protein, whichis used
to make microtubules forthe mitotic spindle)

Interphase =G+ S + G,

O ExamTip

Make sure youknow the orderofthe phases of the cellcycle but also what specificallyoccurs
duringthe different phases.Don’t forget,interphaseis itself made up of three distinct stages (Gj,
Sand Gy) and youneed to know what happens during each of these.Forexample, anexam
questionmightaskyouto identifythe stage of the cellcycle duringwhichacellwould be
producing the mostmRNA molecules and explainwhy.The correct answerwould be the Gyphase,
as thisis when protein synthesis is occurring and the production of mRNA occurs during
transcription (the first part of protein synthesis).

Cyclins

= Thecellcycleisasequence of stagesincludinginterphase (G;, S & G), mitosis and cytokinesis
= Thecycleis controlled bycyclins (agroup of proteins) and kinases (enzymes)
= There are fourdifferent cyclins (D,E, A & B) whose concentrations rise and falloverthe cycle:

» D-present first, triggers cells to move fromG; t0 S phase
» E-highest concentrationatthe start of Sphase,prepares the cellforDNAreplication
during S phase

= A-highest concentrationin G, phase but activates two different kinases that

triggertwo processes:
= |Inthe Sphase,itactivates DNAreplication

* InG, phase, it prepares the cell formitosis

= B - highest concentration at the beginning of mitosis,promotes the formationof the
mitotic spindle
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Cyclins control the cell cycle. The presence of certain cyclins triggers a specific stage of the cell cycle.

= Wheneachofthe different cyclins reachacertainconcentrationtheytrigger the next stage of
the cellcycle

= This ensures key processes (e.g. DNAreplication,organelle multiplication and protein synthesis)
occuratthe correct time

= Whenaspecific cyclinhasreached acertainconcentrationit will bind with anothergroup of
proteins (cyclin-dependent kinases) forminga complex whichis activated

= Thiscomplexphosphorylates (attaches aphosphate) atarget proteinwhichactivatesit,
causingitto triggerspecific functions (e.g. DNAreplication)

= Once the specific functionis complete the phosphateis released, the cyclinbreaks downand
the cyclin-dependent kinases become inactive

The mechanism for cell cycle control by cyclins
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NOS: Serendipityand scientific discoveries; the discovery of cyclinswasaccidental

= Some scientific discoveries occurbyaccident, meaning that the scientist might not necessarily
have beendeliberately searchingforinformation about the particularmechanism, process,
molecule orstructure that theyended up discovering

= Thediscoveryofthe cyclins was serendipitous (occurred bychance)

= TimHuntand histeamwere researchingproteinsynthesisinseaurchineggs,however, whilst
doingthis researchtheynoticed aprotein(laternamed byHunt as cyclin) that repeatedly

increased and decreased inconcentrationand that these coincided with the phases of the cell
cycle

= Thisdiscoveryled to newresearchwhichfound the presence of othercyclins and theirfunction
as akeyfactorintheregulationof the cellcycle

O ExamTip

Itisimportantto know the orderof the cyclins (DEAB - think dead but withaB of course). When
answering questions onwhich cyclins triggerwhich stage of the cellcycle it maybe easierto
sketchagraph.InBiologyawell-annotated diagram can getyou as manymarks as awritten
answer.

Cytokinesis
Cytokinesis

= Follows the nucleardivision(mitosis) phase
= Oncethenucleus has divided into two geneticallyidentical nuclei, the celldivides intwo with
one nucleus movinginto eachcellto create two genetically identicaldaughter cells

Mitosisin animaland plant cells

= The process differs slightlyinanimal and plant cells
= |nanimalcells:
» A‘cleavage furrow’ forms and separates the daughtercells
= The cleavage furrow forms whenactinand myosinproteins formacontractile ringjustunder
the plasmamembrane
= Thisringis formed at the equator(centre) of the cell
= Asthe proteins contract, theypull the plasmamembrane towards the centre eventually
separating the cellinto two daughtercells

= Inplantscells:
= A‘cellplate’(the precursorto anew cellwall) forms at the equator.Once the cellplate
reaches the cellwalls of the parent cell,new cellwalls are produced, separating the new
daughtercells
= Thecellplateis formed fromvesicles carrying carbohydrates, lipids and proteins fusing
togetherto create the two plasmamembranes
= Afterthis othervesicles, carryingpectinand cellulose,deposit these substances by

exocytosisinthe gap betweenthe two new membranes leading to the formationof new cell
walls
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Cytokinesis in an animal cell and a plant cell

O Exam Tip

Rememberthat cytokinesisis not astage inmitosis,itis the last stage of the cellcycle.
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1.4.2 Phases of Mitosis

Phases of Mitosis

= Mitosisis the process of nucleardivisionbywhichtwo genetically identicaldaughter nucleiare
produced that are also geneticallyidentical to the parent cellnucleus (theyhave the same
numberofchromosomes as the parentcell)
= Significance of mitosis: mitosis occurs wheneverthe productionof geneticallyidentical nuclei
arerequired ineukaryotic cells
= E.g.duringembryonic development, growth, tissue repairand asexual reproduction

Embryonic development and growth of multicellular organisms

= Unicellularzygotes divide by mitosisinorderto grow insize

= Afteracertainamount of growth,theythendifferentiate into embryos

= Growthof multicellularorganisms occurs as the numberofnew cellsincreases due to mitosis

= This growthmayoccuracross the whole bodyof the organismorbe confined to certainregions,
suchasinthe meristems (growing points) of plants

Replacement of cells &repair of tissues

= Damaged tissues canbe repaired by mitosis followed bycelldivision

= Ascells are constantlydyingtheyneed to be continually replaced by genetically identicalcells

= Inhumans,forexample,cellreplacement occurs particularlyrapidlyin the skinand the lining of the
gut

= Some animals canregenerate bodyparts,forexample,zebrafishcanregenerate fins and axolotls
regenerate legs and theirtailamongst otherparts

Asexualreproduction

= Asexualreproductionis the productionofnewindividuals of aspecies byasingle parent
organism -the offspring are geneticallyidentical to the parent

= Forunicellularorganisms such as Amoeba, cell divisionresults inthe reproductionofa
genetically identical offspring

= Formulticellularorganisms, new individuals grow from the parent organism (by cell division) and
thendetach (‘bud off’) from the parent in different ways

= This type ofreproductioncanbe observed indifferent plant, fungiand animal species

= Some examples of these are buddingin Hydraand yeast and runners from strawberries

Phases of Mitosis

= Althoughmitosisis,inreality,one continuous process, it canbe divided into four mainstages or
phases
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= These stages are:
= Prophase
= Metaphase
= Anaphase
= Telophase

= Mostorganisms containmanychromosomes inthe nucleiof theircells (eg.humans have 46) but
the diagrams below show mitosis of an animal cellwithonlyfourchromosomes, forsimplicity

= The differentcolours of the chromosomes are just to show that half are from the female parent
and half fromthe male parent

Prophase

= Chromosomes condense and are now visible when stained

= Thechromosomes consistoftwo identical chromatids called sister chromatids (each
containingone DNAmolecule) that are joined togetherat the centromere

= Thetwo centrosomes (replicated inthe G, phase just before prophase) move towards opposite
poles (opposite ends of the nucleus)

= Spindle fibres (protein microtubules) beginto emerge fromthe centrosomes (consists of two
centrioles inanimal cells)

= The nuclear envelope (nuclearmembrane) breaks downinto smallvesicles

= The nucleolus disappears

Prophase
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Metaphase

= Centrosomesreachoppositepoles
= Spindle fibres (protein microtubules) continue to extend fromcentrosomes
= Chromosomeslineup at the equator of the spindle (also known as the metaphase plate) so they
are equidistant to the two centrosome poles
= Spindle fibres (proteinmicrotubules) reachthe chromosomes and attachto the centromeres
= This attachmentinvolves specific proteins called kinetochores

= Eachsisterchromatidis attached to aspindle fibre originatingfromopposite poles

Metaphase

Anaphase

= Thesisterchromatids separate at the centromere (the centromere divides intwo)

= Spindle fibres (protein microtubules) beginto shorten

= The separated sisterchromatids (now called chromosomes) are pulled to opposite poles by
the spindle fibres (protein microtubules)
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Telophase Anaphase

= Chromosomes arrive at opposite poles and beginto decondense

= Nuclearenvelopes (nuclearmembranes)begintoreformaround eachsetof chromosomes
= The spindle flbores breakdown

= Newnucleoliformwithineachnucleus

Telophase
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O ExamTip

Make sure youlearnthe fourstages of mitosis and what is happeningto the DNAmolecules (one
chromatid contains one DNAmolecule) at each stage - learn ‘PMAT’ (prophase, metaphase,
anaphase, telophase) to helpyourememberthe orderof the stages!Afterinterphase but before
the parent cellundergoes mitosis, the human parent cell nucleus actuallycontains 92 DNA
molecules!This is because duringinterphase (S phase),the 46 DNAmolecules inthe parentcell
have replicated to formsisterchromatids.As human cells have adiploid numberof 46 this
replicationresults in92molecules.This ensures the two daughtercells willbe diploid (have 46
chromosomes each) when mitosis occurs.Rememberto read the questions carefullyas only
humandiploid cells have 46 chromosomes so if the questionrefers to anotherorganism,its
diploid numberwill be different.

Chromosomes Condense
Condensation of chromosomes

= DNAmolecules are very long molecules (human DNA canbe more than50,000 um) that need to
fit withinmuch smallernuclei(humannucleiaverage less than 5 um)

= Priorto mitosis,the DNAmolecules arelooselycoiled (around histones in eukaryotic cells) to
formacomplexcalled chromatin

= Duringprophase, the chromatin gets condensed by supercoilingto formchromosomes

= Condensationoccurs bythe repeated coilingof the DNAmolecule (supercoiling)

= This supercoilingis aided in eukaryotic cells by the presence of histone proteins and enzymes
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DNA is coiled around histone proteins to make chromatin
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1.4.3Cancer

Tumour Formation

= Cancers demonstrate howimportantitis that celldivisionis precisely controlled, as cancers
arise due to uncontrolled mitosis
= Cancerous cells divide repeatedlyand uncontrollably, forming atumour (anirregularmass of
cells)
= Cancers start whenchanges occurinthe genes that controlcelldivision
= Achangeinanygeneis knownas amutation

= |fthe mutated geneis one thatcauses canceritisreferred to as anoncogene
= Mutations are commonevents and don’tlead to cancermost of the time
= Mostmutations eitherresultinearly celldeathorresultinthe cellbeingdestroyed bythe
body’simmune system
= Asmostcellscanbe easilyreplaced, these events usuallyhave no harmful effect onthe body

= The mutations thatresultinthe generationof cancerous cells do notresultinearly celldeathor
inthe cellbeingdestroyed by the body’s immune system

= This means that the harmfulmutationoccurringinthe originalcellcanbe passed onto all that
cell'sdescendants

= Atypicaltumourcontains around athousand millioncancerous cells bythe timeitis detected

Carcinogens

= Mutagens are agents that alter the genetic material of an organism
= E.g.biological organisms (viruses), radiation (X-rays, UV light) orchemical substances (tarin
tobacco smoke)

= |f mutagens cause cancers theyare called carcinogens
= Carcinogens are any agents that maycause cancer

Types of tumour

= Some tumours (suchas warts) do not spread fromtheiroriginal site - these are known as benign
tumours and do not cause cancer
= Some tumours spread through the body, invading and destroying othertissues - these are known
as malignant tumours and cause cancer
= Malignant tumours interfere withthe normal functioning of the organ/tissue inwhichthey
have started to grow (eg.theymayblock the intestines,lungs orblood vessels)
= Malignanttumourcells canbreak off the tumour and travelthroughthe blood and/or
lymphatic systemto formsecondary growths inotherparts of the body
= The spreadingof cancersinthis wayis known as metastasis
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= Metastasisis verydangerous as it can be very difficult to detect,locate and remove
secondarycancers
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Stages in the development of cancer
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O ExamTip

Make sure youknow examples of mutagens.Also,youshould know that some viruses (known as
oncoviruses) cause cancerand cantherefore also be described as mutagens.

Smoking & Cancer

= Scientists studying the incidence and distribution of certaincancers identified links between
smokingand cancer

= However,itwas onlywhenlaboratoryinvestigations showed that cigarette smoke contained
more than4000 chemicals,atleast40 of whichwere carcinogens, that acorrelationwas
established

= Thereis apositive correlationbetweensmokingand cancer.The more cigarettes smoked per
daythe higherthe chance of developing certaincancers (e.g.lungand mouth)

1.4.4 Skills: Cell Division

Mitotic Phases: Identification

= Cellsundergoingdifferent stages of the cell cycle canbe identified using photomicrographs
takenfrommicroscope slides
= Cellsundergoingcertainstages of the cellcycle have distinctive appearances

Interphase

= Ascells spend the majority of the cellcycle inthis stage thenmost cells will be in this stage
= The chromatinis visible so the nucleihave adark appearance

Prophase

= Chromosomes are visible
= Thenuclearenvelopeis breakingdown

Metaphase

= Chromosomes are lined up along the middle of the cell

Anaphase

= Chromosomes are moving away from the middle of the cell,towards opposite poles
Telophase

= Chromosomes have arrived atopposite poles of the cell
= Chromosomes beginto uncoil(are no longercondensed)
= Thenuclearenvelopeisreforming

Cytokinesis

= Animalcells:acleavage furrow forms and separates the daughtercells
= Plantcells:acellplate forms at the site of the metaphase plate and expands towards the cell wall
of the parent cell, separating the daughtercells

Identification 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 cellundergoing anaphase (A)
O ExamTip

Itisimportant to be able to recognise eachmitotic stage fromelectron micrographs and to be
able to explainwhythat cellis inthe stage youhave selected.lt canbe difficult to tell prophase
and telophase apartinsome photomicrographs.Inprophase, thereis onlyone group of
chromosomes while intelophase there are two groups,one ateach pole.
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Determination of Mitotic Index

Investigating mitosisinroot tissue

Growthinplants occursinspecific regions called meristems

Theroottipmeristemcanbe used to studymitosis

Theroottipmeristemcanbe found just behind the protectiveroot cap

Intheroottip meristem, thereis azone of celldivisionthat contains cells undergoing mitosis
Pre-prepared slides ofroot tips canbe studied ortemporaryslides canbe prepared using the
squashtechnique (root tips are stained and then gently squashed, spreadingthe cells outinto a
thinsheet and allowingindividual cells undergoing mitosis to be clearlyseen)

Micrograph showing a stained root tip

Analysis

Cells undergoing mitosis (similarto thoseinthe images below) canbe seenand drawn
Annotations canthenbe added to these drawings to show the different stages of mitosis
The mitotic index canbe calculated

The mitoticindex
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= The mitoticindexis the proportionofcells (inagroupofcellsorasample of tissue) that are
undergoing mitosis
= The mitoticindexcanbe calculated using the formula below:

number of cells with visible chromosomes
total number of cells

Mitotic index =

= Youcanmultiplythe answerby100 if you need to give the mitotic indexas apercentage

@ Worked example

Astudent who wanted to observe mitosis prepared asample of cells.Theycounted atotal of
42 cellsintheirsample, 32 of whichhad visible chromosomes. Calculate the mitotic indexfor
this sample of cells (give youranswerto 2decimal places).

number of cells with visible chromosomes

Mitotic index =
total number of cells

Mitotic ind 2
itotic index = 75

mitoticindex=0.76
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@ Worked example

The table below shows the numberof cells indifferent stages of mitosis inasample froma garlic
roottip.Calculate the mitotic indexforthis tissue (give youranswerto 2decimal places).

number of cells with visible chromosomes
total number of cells

Mitotic index =

(prophase + metaphase + anaphase + telophase)
total number of cells

Mitotic index =

(14+5+3+6)

Mitotic index = (36+14+5+3+6)
Mitotic ind =
itotic index = =

mitoticindex=0.44
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@ Worked example

The micrographbelow shows asample of cells fromanonionroottip. Calculate the mitotic index
forthis tissue (give youranswerto 2decimal places).

A sample of cells from an onion root tip

Step 1:ldentify the cells undergoing mitosis
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Numberof cells withvisible chromosomes (green) =20
Step 2:Count the totalnumber of cells
Totalnumberofcells (green+red)=20+55=75

Step 3:Substitute numbersinto the equation

number of cells with visible chromosomes

Mitotic ind =
otic Index total number of cells
Mitotic ind 20
itotic index = 75
mitoticindex=0.27
O ExamTip

Youwillneed to rememberthe mitotic indexformula as it willnot be givento you.
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