
Cell Specialisation

www.exampaperspractice.co.uk



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

di�erentiatio n)

Stem Cell Niches

After di�erentiatio n, a stem cell is no  lo nger co nsidered a stem cell

Ho wever, so me stem cells do  remain in speci�c 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 inde�nitely

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 di�erentiatio n
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Stem Cell Potency

The ability o f stem cells to  di�erentiate 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 di�erentiate 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 di�erentiate into

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

cells  (the cells that make up the placenta)

Multipo tency -  multipo tent stem cells are adult stem cells that can di�erentiate into  clo sely

related cell types 

Fo r example bo ne marro w stem cells di�erentiate into  di�erent blo o d cells

Unipo tency - unipo tent stem cells are adult cells that can o nly di�erentiate 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 di�erent levels of potency that cells can have. Totipotent cells have the highest potency and

can therefore di�erentiate 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 di�erentiate. 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 di�erentiate 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 di�erentiated. Fo r example, stem cells in bo ne marro w can o nly pro duce cells that

di�erentiate into  the di�erent 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 speci�c 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 di�erent tissues within the

embryo

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

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

by di�erentiatio n

These specialised eukaryo tic cells have speci�c 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 di�erent  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 di�erentiation 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 di�usio 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 su�cient abso rptio n o f nutrients  and gases  and

secretio n o f waste pro ducts

The small vo lume means the di�usio 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 inde�nitely; fo r

larger cells the SA:V ratio  is to o  small fo r cells to  survive using o nly di�usio 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 su�ciently high rate o f exchange with the enviro nment

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

substances canno t di�use 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

E�cient 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 di�cult for an organism to gain enough oxygen and nutrients at its cell surface, as

its requirements will increase faster than the available surface for di�usion

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 simpli�ed 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 e�ect o f changing surface-area-to -

vo lume ratio  o n the rate o f io n di�usio 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 a�ect o n di�usio 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 di�usio 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 di�usio 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 e�ect of changing the surface area to volume ratio on di�usion

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 di�usio 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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Specialised Cells (HL)

Increasing Surface Area : Volume

It is crucial to  maximise surface area to  vo lume ratio  in cells which require mo vement o f

substances acro ss the membrane

The larger the surface area co mpared to  the vo lume o f the cell, the faster the rate o f substance

mo vement

Red blood cells

The functio n o f a red blo o d cell (also  kno wn as an erythro cyte) is to  deliver o xygen fro m the lungs

to  respiring cells

They are �attened and bico ncave shaped in o rder to  maximise the surface area and minimise

vo lume

This means that o xygen can di�use into  the red blo o d cell mo re quickly in the lungs and o ut again

at the respiring tissues

Adapt at ions of  a Red Blood Cell Diagram

The biconcave shape and �attening of erythrocytes increases the surface area available for oxygen

absorption
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Proximal convoluted tubule cells

The pro ximal co nvo luted tubules are tiny tubes fo und in the o uter regio n o f the kidney

The tubules are respo nsible fo r reabso rptio n o f vital substances e.g. gluco se and mineral io ns

fro m the glo merular �ltrate

There are several adaptatio ns to  maximise surface area in the pro ximal co nvo luted tubule cells to

ensure that the bo dy reabso rb all the necessary substances

Micro villi - in the apical membrane

Invaginatio ns - info ldings fo und in the basal membrane

Proximal Convolut ed Tubule Cell Adapt at ions Diagram

The cells of the proximal convoluted tubule cells have invaginations and microvilli to increase surface area
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Examples of Specialised Cells (HL)

Pneumocyte Adaptations

There are millio ns o f alveo li in the lungs which co llectively pro vide maximum surf ace area fo r gas

exchange by di�usio n

In additio n to  this, the alveo lar walls (also  called alveo lar epithelium) are o nly o ne cell thick which

pro vides a sho rt di�usio n distance

T wo  di�erent cell types make up the tissue o f the alveo lar epithelium

Type I Pneumocytes

T ype I pneumo cytes  are extremely thin alveo lar cells which make up the majo rity o f the alveo lar

epithelium

They are adapted to  maximise the rate o f gas exchange by pro viding a sho rt di�usio n

distance

The capillary walls are also  o nly o ne cell thick which means there is usually less than 0.5μm

between the air in the alveo li and the blo o d, this maximises the rate o f  di�usio n

St ruct ure and Adapt at ions of  Type I Pneumocyt es Diagram

The thin type I pneumocyte cells and the thin capillary walls provide a short di�usion distance to

maximise gas exchange
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Type II Pneumocytes

Type II pneumo cytes are ro unded cells  which po ssess many secreto ry vesicles  (lamellar

bo dies) which secrete a so lutio n that co ats the epithelium o f the alveo li

They o ccupy a much smaller pro po rtio n o f the alveo lar epithelium than the type I pneumo cytes,

aro und 5%

The so lutio n released by type II pneumo cytes co ntains pulmo nary surf actant

Pulmo nary surfactant has hydro pho bic  tails and hydro philic  heads 

The mo lecules fo rm a mo no layer with the hydro pho bic tails facing the alveo lar air

Pulmo nary surfactant reduces surface tensio n, maintaining alveo lar shape  and preventing the

alveo li sacs sticking to gether

This prevents the alveo li, and therefo re the lungs, fro m co llapsing

The so lutio n also  aids gas exchange

The layer o f mo isture pro vided by the so lutio n allo ws o xygen to  disso lve  befo re it di�uses

into  the blo o d

Carbo n dio xide di�uses fro m the mo ist surface befo re it is remo ved in exhalatio n

Arrangement  of  Pulmonary Surf act ant  Produced by Type II Pneumocyt es Diagram

The type II pneumocyte cells in the alveoli produce a solution containing pulmonary surfactant which

reduces surface tension

Type I and Type II Pneumocyt es Diagram
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The alveolar epithelium is made up of type I and type II pneumocyte cells
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Cardiac & Striated Muscle Adaptations

Muscles in the bo dy that are attached to  the skeleto n and aid mo vement are called skeletal

muscles

Other muscle types include:

Cardiac muscle  which is fo und in the heart

Smo o th muscle  is fo und in the blo o d vessels and o rgans

Striated Muscle Fibres

Skeletal muscle is striated  as it has a stripy appearance when viewed under a micro sco pe

Striated muscle cells are bundled up into  �bres which are surro unded by a single plasma

membrane called the sarco lemma

The �bres are highly specialised cell-like units

Fibres are referred to  as being cell-like due to  features which distinguish their ultrastructure fro m

that o f o ther mo re traditio nal cells

Each muscle �bre co ntains:

An o rganised arrangement o f co ntractile pro teins  in the cyto plasm

Many nuclei – this is why muscle �bres are no t usually referred to  as cells

Specialised endo plasmic reticulum called the sarco plasmic reticulum (SR) which sto res

calcium and co nveys signals to  all parts o f the �bre at o nce using pro tein pumps in the

membranes

Specialised cyto plasm called the sarco plasm co ntains mito cho ndria and myo �brils

The mito cho ndria carry o ut aero bic respiratio n to  generate the ATP required fo r

muscle co ntractio n

Myo �brils are bundles o f actin and myo sin �laments, which slide past each o ther

during muscle co ntractio n

The sarco lemma (muscle �bre membrane) has many deep tube-like pro jectio ns that fo ld in fro m

its o uter surface

These are kno wn as transverse system tubules  o r T -tubules

These run clo se to  the SR

Diagram t o show t he St ruct ure of  St riat ed Muscle Fibres

Page 16 of 20
For more help visit our website www.exampaperspractice.co.uk



The ultrastructure of striated muscle and of a section of muscle �bre

Cardiac Muscle

Cardiac muscle is o nly present within the heart

It is a type o f specialised striated muscle with the fo llo wing pro perties:

It is myo genic, meaning that it can co ntract witho ut external stimulatio n via nerves o r

ho rmo nes. This allo ws the heart to  beat at its o wn regular intervals (the length o f the intervals

can be regulated by the nervo us system and endo crine system)

It do es no t tire o r f atigue  so  it can co ntract (beat) co ntinuo usly  thro ugho ut an individual's

life

The cardiac muscle �bres fo rm a netwo rk that spreads thro ugh the walls o f the atria and

ventricles

Cardiac muscle �bres are co nnected to  each o ther via specialised branched co nnectio ns

called intercalated discs, this feature allo ws the co ntractio n to  spread  mo re quickly acro ss

the chambers o f the heart

There is a large number o f  mito cho ndria present in the muscle �bres. These are needed to

pro vide the large quantity o f AT P needed fo r co ntinual co ntractio n

Co ntractile myo �brils  are present in cardiac muscle in the same way that they are in skeletal

�bres
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Diagram t o show t he St ruct ure of  Cardiac Muscle Cells

The structure of cardiac muscle. There is only one nucleus per cell.
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Human Gamete Adaptations

Sperm Cells

Sperm and o va are examples o f specialised cells, meaning that their structure aids their

f unctio n

Special features o f sperm cells that relate to  functio n include

A haplo id nucleus, co ntained within a streamlined head, that can f use with an o vum nucleus

to  fo rm a diplo id z ygo te

An acro so me  co ntaining digestive, o r hydro lytic, enz ymes to  aid entry into  the o vum

thro ugh the z o na pellucida

Many mito cho ndria (within the middle piece) fo r the release o f  energy  to  aid mo vement

A �agellum made o f pro tein micro tubules to  aid mo vement

Diagram t o show t he St ruct ure of  a Sperm Cell

Sperm cells are specialised to enable movement towards and entry into the ovum

Egg Cells

Special features o f o va that relate to  functio n include

A haplo id nucleus  that can f use with a sperm cell nucleus to  fo rm a diplo id z ygo te

The �nal stage o f meio sis is o nly co mpleted after f ertilisatio n

A surro unding jelly layer, o r z o na pellucida, that can harden to  prevent po lyspermy (when the

o vum is penetrated by mo re than o ne sperm, this can a�ect embryo  develo pment)

Fo llicle cells  which no urish and pro tect the o va
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A series o f vesicles, o r co rtical granules, co ntaining digestive enz ymes that are released

into  the z o na pellucida to  prevent po lyspermy

A cyto plasm rich in nutrients  fo r the develo ping embryo  after fertilisatio n

Diagram t o show t he St ruct ure of  an Egg Cell

Ova are specialised to prevent polyspermy and aid development of the embryo
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