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Stem Cells

Stem Cell Properties

A stem cell is a cell that can divide  (by mito sis) an unlimited number o f  times

Each new cell (pro duced when a stem cell divides) has the po tential to  remain a stem cell o r to

develo p into  a specialised cell such as a blo o d cell o r a muscle cell (by a pro cess kno wn as

differentiatio n)

Stem Cell Niches

After differentiatio n, a stem cell is no  lo nger co nsidered a stem cell

Ho wever, so me stem cells do  remain in specific lo catio ns in the human bo dy, this is called the

stem cell niche

Their presence gives the capacity f o r these tissues to  regenerate and repair

So me o f the tissues which retain stem cells within a niche include

Bo ne marro w:

Bo ne marro w pro vides a niche fo r stem cells which are used to  replace red blo o d cells,

white blo o d cells and platelets

This is impo rtant fo r co ntinual pro ductio n o f these cells which are required indefinitely

Hair f o llicle:

This niche is lo cated at the ro o t o f the hair where the hair is ancho red into  the skin

Stem cells here pro mo te co ntinual hair gro wth

The enviro nment  pro vided by the niche must have

The ability to  maintain an inactive  state o f the stem cells

The ability to  stimulate stem cell pro lif eratio n and differentiatio n
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Stem Cell Potency

The ability o f stem cells to  differentiate into  mo re specialised cell types is kno wn as po tency

There are fo ur types o f po tency:

To tipo tency  – to tipo tent stem cells are stem cells that can differentiate into  any cell type

f o und in an embryo , as well as extra-embryo nic cells (the cells that make up the placenta)

The z ygo te fo rmed when a sperm cell fertilises an egg cell is to tipo tent

Also  the embryo nic cells up to  the 16-cell stage o f human embryo  develo pment are

to tipo tent

Pluripo tency - pluripo tent stem cells are embryo nic stem cells that can differentiate into

any cell type f o und in an embryo  but are no t able to  differentiate into  extra-embryo nic

cells  (the cells that make up the placenta)

Multipo tency -  multipo tent stem cells are adult stem cells that can differentiate into  clo sely

related cell types 

Fo r example bo ne marro w stem cells differentiate into  different blo o d cells

Unipo tency - unipo tent stem cells are adult cells that can o nly differentiate into  their o wn

lineage

Fo r example heart muscle cells (cardio myo cytes) can generate new cardio myo cytes

thro ugh the cell cycle to  build and replace heart muscle. Mo st cells in animal bo dies are

unipo tent

St em Cell Pot ency Diagram
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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.

Exam T ip

Remember the two  key pro perties o f stem cells are that they can self -renew (capacity to  divide)

and can differentiate. Make sure yo u learn the levels o f po tency o f stem cells described abo ve,

and what range o f cell types these stem cells can differentiate into .

Do n’t fo rget, while still classed as stem cells (as they can divide any number o f times), o nly a

limited range o f specialised cells can be fo rmed fro m adult stem cells as they have already

partially differentiated. Fo r example, stem cells in bo ne marro w can o nly pro duce cells that

differentiate into  the different types o f blo o d cells.
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Cell Specialisation

Development of Specialised Cells

In co mplex multicellular o rganisms eukaryo tic  cells beco me specialised  fo r specific f unctio ns.

This can also  be referred to  as the divisio n o f  labo ur

The pro cess o ccurs after f ertilisatio n to  allo w develo pment o f different tissues within the

embryo

Specialisatio n enables the cells in these tissues to  functio n mo re efficiently as they develo p

specific adaptatio ns fo r their ro le. The develo pment o f these distinct specialised cells o ccurs

by differentiatio n

These specialised eukaryo tic cells have specific adaptatio ns  to  help them carry o ut their

functio ns

Fo r example, the structure o f  a cell is adapted to  help it carry o ut its functio n (this is why

specialised eukaryo tic cells can lo o k extremely different  fro m each o ther)

Structural adaptatio ns include:

The shape  o f the cell

The o rganelles the cell co ntains (o r do esn’t co ntain)

Fo r example: Cells that make large amo unts o f pro teins  will be adapted fo r this

functio n by co ntaining many ribo so mes  (the o rganelle respo nsible fo r pro tein

pro ductio n)

Cell Size & Specialisation

During the di�erentiatio n pro cess, cell siz es can vary drastically

Siz e is a feature o f adaptatio n which means that cells require di�erent dimensio ns to  carry o ut

their jo bs e�ciently

Cell Specialisat ion Diagram

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

Red blo o d cells  are small to  allo w mo vement thro ugh narro w capillaries

Active white blo o d cells are larger than inactive white blo o d cells to  allo w space fo r rER and

Go lgi apparatus to  allo w pro tein (antibo dy) synthesis

Sperm cells are lo ng to  allo w fo r mo vement to wards the egg cell, they also  have narro w

streamlined  heads to  reduce resistance  to  reaching the egg cell

An egg cell bo dy has the largest vo lume o f all cells to  allo w fo r sto red fo o d reserves.

A nerve cell has a large cell bo dy to  allo w fo r pro tein synthesis to  maintain the structure o f the

lo ng axo n which is required fo r rapid delivery o f impulses  aro und the nervo us system

Muscle cells  are larger than no rmal cells, length and diameter is designed to  exert f o rce during

muscle co ntractio n
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Constraints on Cell Size

Surface area to volume ratio

Fo r cells to  survive, metabo lic reactio ns must be o ccurring; these reactio ns rely o n materials

being co nstantly exchanged acro ss the plasma membrane at the cell's surf ace

The metabo lic requirements o f a cell will vary depending o n the vo lume o r mass o f cyto plasm (as

this is where the reactio ns take place); a cell with a larger vo lume will have higher metabo lic

requirements, and vice versa

As cells increase in siz e their surf ace area to  vo lume ratio  (SA:V) decreases as there is less

surf ace area in relatio n to  the vo lume  o f the o rganism

So , an increase in vo lume will increase a cell's metabo lic requirements, but its ability to  carry o ut

exchange with its enviro nment do es no t increase at the same rate

Constraints on cell siz e

Single-celled o rganisms have a high SA:V ratio ; this means that they can survive by exchanging

substances with their enviro nment by simple diffusio n at the cell surf ace

Their metabo lic requirements  are relatively lo w

The surface area is large eno ugh to  allo w fo r sufficient abso rptio n o f nutrients  and gases  and

secretio n o f waste pro ducts

The small vo lume means the diffusio n distance to  all o rganelles is sho rt

SA:V ratio  decreases as cells get larger; this means that cells  canno t gro w bigger indefinitely; fo r

larger cells the SA:V ratio  is to o  small fo r cells to  survive using o nly diffusio n at the cell surface

Their metabo lic requirements are higher

The surface area do es no t increase at the same rate as the metabo lic requirements, so  is no t

large eno ugh to o  allo w fo r a sufficiently high rate o f exchange with the enviro nment

The large vo lume means that the diffusio n distance to  the centre o f  the cell is lo ng, so

substances canno t diffuse quickly eno ugh acro ss the cell to  reach the o rganelles where they

are needed

This means that o nce the SA:V ratio  beco mes to o  small, gro wth must sto p and the cells must

divide, giving rise to  multicellular o rganisms

Multicellular o rganisms have evo lved adaptatio ns  to  facilitate:

The exchange o f substances between their internal tissues and the external enviro nment, e.g.

Gas exchange systems

Digestive systems

Efficient transpo rt o f substances within their bo dies

Circulato ry systems

Surf ace area t o volume rat io diagram
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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 for an organism to gain enough oxygen and nutrients at its cell surface, as

its requirements will increase faster than the available surface for diffusion

Exam T ip

Remember that the rate o f metabo lism is dependent o n the mass o r vo lume o f the cell, whereas

the rate o f exchange is dependent o n the surface area.

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

Scientists use mo dels  to  represent real wo rld ideas, o rganisms, pro cesses and systems that

canno t be easily investigated

Scientists can experiment o n the mo dels enabling them to  test predictio ns and develo p

explanatio ns fo r o bservatio ns made

The investigatio n belo w uses agar cubes  to  mo del the effect o f changing surface-area-to -

vo lume ratio  o n the rate o f io n diffusio n

Altho ugh the cubes do  no t perfectly represent the shapes o f real o rganisms, the scale f acto rs

and the resulting affect o n diffusio n still applies
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Method

Co lo ured agar is made up and cut into  cubes o f the required dimensio ns (eg. 0.5cm x 0.5cm x

0.5cm, 1cm x 1cm x 1cm and 2cm x 2cm x 2cm)

Purple agar can be created if it is made up with very dilute so dium hydro xide so lutio n and

Universal Indicato r

Alternatively, the agar can be made up with Universal Indicato r o nly

The surf ace area, vo lume and surf ace area to  vo lume ratio  o f  these cubes is calculated  and

reco rded

The cubes are then placed into  bo iling tubes co ntaining a diffusio n so lutio n (such as dilute

hydro chlo ric acid)

The same vo lume o f dilute hydro chlo ric acid sho uld be carefully measured o ut into  each

bo iling tube

The acid sho uld have higher mo larity than the so dium hydro xide so  that its diffusio n can be

mo nito red by a change in co lo ur o f the indicato r in the agar blo cks

Measurements can be taken o f either:

The time taken fo r the acid to  co mpletely change the co lo ur o f the indicato r in the agar

blo cks

The distance travelled into  the blo ck by the acid (sho wn by the change in co lo ur o f the

indicato r) in a given time (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

If the time taken fo r the acid to  co mpletely change the co lo ur o f the indicato r in the agar blo cks

is reco rded, these times can be co nverted to  rates

A graph co uld be drawn sho wing ho w the rate o f diffusio n (rate o f co lo ur change) changes with

the surface area : vo lume ratio  o f the agar cubes
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To analyse the results of the investigation, calculate the rates of di�usion before drawing a graph for rate

of di�usion against surface area : volume ratio
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