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StemCells

StemCellProperties

= Astemcellisacellthat candivide (by mitosis) anunlimited number of times
= Eachnewcell(produced whenastemcelldivides) has the potentialto remainastemcellorto

developinto aspecialised cellsuchas ablood celloramuscle cell (byaprocess knownas
differentiation)

Stem CellNiches

= Afterdifferentiation,astemcellis nolonger considered astemcell
= However,some stemcells do remaininspecificlocations inthe humanbody, thisis called the
stemcellniche
= Theirpresence gives the capacity forthese tissues to regenerate and repair
= Some of the tissues whichretainstem cells withinanicheinclude
= Bone marrow:
= Bone marrow provides aniche forstemcells whichare used to replace red blood cells,
white blood cells and platelets
= Thisisimportantforcontinual productionofthese cells which are required indefinitely
= Hairfollicle:
= Thisnicheislocated attherootof the hairwhere the hairis anchored into the skin
= Stemcells here promote continual hairgrowth
The environment provided by the niche must have
= The abilityto maintainaninactive state of the stemcells
= The abilityto stimulate stemcell proliferation and differentiation
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StemCellPotency

= The abilityofstemcells to differentiate into more specialised cell types is known as potency
= There are fourtypes of potency:
= Totipotency -totipotentstemcells are stemcells that candifferentiate into any celltype
foundinanembryo, as wellas extra-embryonic cells (the cells that make up the placenta)
= Thezygote formed whenaspermcellfertilises aneggcellis totipotent
= Also the embryonic cellsup to the 16-cell stage of human embryo development are
totipotent
= Pluripotency - pluripotent stemcells are embryonic stemcells that can differentiate into
any celltype found inanembryo but are not able to differentiate into extra-embryonic
cells (the cells that make up the placenta)
= Multipotency - multipotentstemcells are adult stemcells that candifferentiate into closely
related celltypes
= Forexample bone marrow stemcells differentiate into differentblood cells
= Unipotency -unipotentstemcells are adult cells that can onlydifferentiate into theirown
lineage
= Forexample heart muscle cells (cardiomyocytes) can generate new cardiomyocytes
through the cellcycle to build and replace heart muscle.Most cells inanimal bodies are
unipotent

StemCellPotencyDiagram
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There are different levels of potency that cells can have. Totipotent cells have the highest potency and
can therefore differentiate into any type of cell. Unipotent cells have the lowest potency, only being able
to divide into one cell type.

Q ExamTip

Rememberthe two keyproperties of stemcells are that theycanself-renew (capacityto divide)
and candifferentiate.Make sure youlearnthe levels of potencyofstemcells described above,
and whatrange of cell types these stemcells candifferentiate into.

Don’tforget, while still classed as stemcells (as theycandivide anynumberof times),onlya
limited range of specialised cells canbe formed from adult stemcells as theyhave already
partiallydifferentiated.Forexample,stemcellsinbone marrow canonly produce cells that

differentiate into the different types of blood cells.
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Cell Specialisation

Development of Specialised Cells

= |Incomplexmulticellular organisms eukaryotic cells become specialised forspecific functions.
This canalso bereferred to as the divisionof labour
= The process occurs afterfertilisationto allow development of different tissues withinthe
embryo
= Specialisationenables the cellsinthese tissues to functionmore efficientlyas theydevelop
specific adaptations fortheirrole. The development of these distinct specialised cells occurs
by differentiation
= These specialised eukaryotic cells have specific adaptations to help them carry out their
functions
= Forexample,the structure of acellis adapted to helpitcarryoutits function(thisis why
specialised eukaryotic cells canlook extremely different fromeach other)
= Structuraladaptationsinclude:
= Theshape ofthecell
= Theorganelles the cellcontains (ordoesn’t contain)
= Forexample:Cells that make large amounts of proteins will be adapted forthis
function by containingmany ribosomes (the organelle responsible forprotein
production)

CellSize & Specialisation

= During the differentiationprocess, cellsizes canvarydrastically
= Sizeis afeature of adaptationwhichmeans that cells require differentdimensions to carryout
theirjobs efficiently
Cell Specialisation Diagram

Cells that have differentiated are specialised cells; they come in all shapes and sizes
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How differentiation makes cells adapted to their function

= Redblood cells are small to allow movement through narrow capillaries

= Active white blood cells are largerthaninactive white blood cells to allow space forrERand
Golgiapparatus to allow protein (antibody) synthesis

= Spermcells arelongto allow formovement towards the eggcell, theyalso have narrow
streamlined heads to reduceresistance to reachingthe eggcell

= Aneggcellbodyhas thelargest volume of allcells to allow forstored food reserves.

= Anervecellhas alarge cellbody to allow forproteinsynthesis to maintain the structure of the
longaxonwhichis required forrapid deliveryof impulses around the nervous system

= Muscle cells are largerthannormal cells,length and diameteris designed to exert force during
muscle contraction
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ConstraintsonCell Size

Surface area to volumeratio

= Forcells to survive,metabolic reactions must be occurring;these reactions relyonmaterials
being constantlyexchanged across the plasmamembrane at the cell's surface

= The metabolic requirements of acellwillvarydependingonthe volume ormass of cytoplasm (as
thisis where the reactions take place);acell with alarger volume will have higher metabolic
requirements,and vice versa

= Ascellsincreaseinsize theirsurface areato volumeratio (SA:V)decreases as thereis less
surface areainrelationto the volume of the organism

= So,anincrease involume willincrease acell's metabolic requirements, butits abilityto carryout
exchange withits environmentdoes notincrease at the same rate

Constraintson cell size

= Single-celled organisms have a highSA:Vratio;this means that theycan survive by exchanging
substances with theirenvironment by simple diffusionat the cell surface
= Theirmetabolic requirements are relativelylow
= Thesurface areais large enoughto allow forsufficient absorption of nutrients and gases and
secretionofwaste products
= The smallvolume means the diffusiondistance to allorganelles is short
= SA:Vratio decreases as cells getlarger;this means that cells cannot grow biggerindefinitely;for
largercells the SA:Vratio is too smallforcells to survive using only diffusion at the cell surface
= Theirmetabolic requirements are higher
= The surface areadoesnotincrease atthe same rate as the metabolic requirements,so is not
large enoughtoo allow forasufficientlyhighrate of exchange with the environment
= Thelarge volume means that the diffusiondistance to the centre of the cellislong, so
substances cannotdiffuse quicklyenoughacross the cellto reach the organelles where they
are needed
= This means thatonce the SA:Vratio becomes too small,growthmust stop and the cells must
divide, givingrise to multicellularorganisms
= Multicellularorganisms have evolved adaptations to facilitate:
= The exchange of substances betweentheirinternal tissues and the external environment, e.g.
= Gas exchange systems
= Digestive systems
= Efficienttransport of substances withintheirbodies
= Circulatorysystems

Surface areatovolumeratiodiagram
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As the size of an organism increases, its surface area : volume ratio decreases; this means that as it gets
larger, it becomes more difficult foran organism to gain enough oxygen and nutrients at its cell surface, as
its requirements will increase faster than the available surface fordiffusion

O Exam Tip

Rememberthat the rate of metabolismis dependent onthe mass orvolume of the cell, whereas
the rate of exchangeis dependent onthe surface area.

NOS: Students should recognise that models are simplified versions of
complex systems

= Scientistsuse models to representrealworld ideas,organisms, processes and systems that

cannotbe easilyinvestigated
= Scientists canexperiment onthe models enablingthemto test predictions and develop

explanations forobservations made
= Theinvestigationbelowuses agarcubes to modelthe effect of changing surface-area-to-

volume ratio onthe rate ofiondiffusion
= Althoughthe cubes do notperfectlyrepresent the shapes of real organisms, the scale factors

and the resultingaffect ondiffusionstillapplies
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Method

Coloured agaris made up and cut into cubes of the required dimensions (eg.0.5cmx0.5cmx
0.5cm,lcmxIcmxlcmand 2cmx2cmx2cm)
= Purple agarcanbe created ifitis made upwithverydilute sodiumhydroxide solutionand
Universal Indicator
= Alternatively,the agarcanbe made up with Universallndicatoronly
The surface area, volume and surface areato volumeratio of these cubesis calculated and
recorded
The cubes are thenplaced into boiling tubes containing adiffusionsolution(suchas dilute
hydrochloric acid)
= The same volume of dilute hydrochloric acid should be carefullymeasured outinto each
boiling tube
= The acid should have highermolaritythan the sodium hydroxide so thatits diffusioncanbe
monitored byachangeincolouroftheindicatorinthe agarblocks
Measurements canbe takenof either:
= Thetime takenforthe acid to completelychange the colourof the indicatorinthe agar
blocks
= Thedistance travelled into the block bythe acid (shown bythe changeincolourof the
indicator)inagiventime (e.g.5 minutes)
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The steps used to investigate the effect of changing the surface area to volume ratio on diffusion
Analysis

= |fthe time takenforthe acid to completelychange the colourof the indicatorinthe agarblocks
isrecorded, these times canbe converted to rates

= Agraphcould be drawnshowinghow the rate of diffusion(rate of colourchange) changes with
the surface area:volume ratio of the agarcubes
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To analyse the results of the investigation, calculate the rates of diffusion before drawing a graph forrate
of diffusion against surface area : volume ratio
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