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Cell Theory

Cell Theory

Cells are the basic structural unit  o f  all living o rganisms

Until micro sco pes became po werful eno ugh to  view individual cells, no -o ne knew fo r certain

what living o rganisms were made fro m

A scientist called Ro bert Ho o ke  came up with the term "cells" in the 1660's after examining the

structure o f co rk

Matthias Schleiden and Theo do r Schwann were two  scientists who  studied animal and plant

cells

In 1837, they came up with the idea that all living o rganisms are made o f  cells

This idea is kno wn as ‘cell theo ry’

The cell theo ry is a unif ying co ncept  in bio lo gy (meaning it is universally accepted)

The cell theo ry includes three main ideas:

�. All living o rganisms  are made up o f o ne o r mo re cells

�. Cells are the basic f unctio nal unit  (i.e. the basic unit o f structure and o rganisatio n) in living

o rganisms

�. New cells  are pro duced fro m pre-existing cells

Altho ugh cells vary in siz e and shape they all

Are surro unded by a membrane

Co ntain genetic material

Have chemical reactio ns  o ccurring within the cell that are catalysed by enz ymes

NOS: Deductive reasoning can be used to generate predictions from theories.
Based on cell theory, a newly discovered organism can be predicted to consist
of one or more cells.

Deductive reaso ning is an appro ach where o ne pro gresses fro m general ideas to  speci�c

co nclusio ns

Hypo theses can be tested with speci�c data and theo ries either suppo rted o r falsi�ed

This is co ntrasted with inductive reaso ning where o ne starts with speci�c o bservatio ns and

f o rm general co nclusio ns.

Cyto lo gy, the branch o f bio lo gy which fo cuses o n cell theo ry, can be used as an example o f

deductive reaso ning

It has led o ur understanding o f cells to  theo rise that all living o rganisms are made o f at least

o ne cell and therefo re any newly disco vered living o rganisms  o n Earth, will also  be made up

o f  at least o ne cell

Ho wever there are a small number o f cells and cellular o rganisms that are exceptio ns to  cell

theo ry

Deduct ive reasoning example diagram
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Deductive reasoning can be used to formulate speci�c conclusions and theories, such as cell theory

Cell Theory: Skills

Skills in Microscopy

Many bio lo gical structures are to o  small to  be seen by the naked eye

Optical (light) micro sco pes are an invaluable to o l fo r scientists as they allo w fo r tissues, cells and

o rganelles to  be seen and studied

Fo r example, the mo vement o f chro mo so mes during mito sis can be o bserved using a

micro sco pe

How optical (light) microscopes work

Light is directed thro ugh the thin layer o f bio lo gical material that is suppo rted o n a glass slide

This light is f o cused thro ugh several lenses so  that an image is visible thro ugh the eyepiece

The magnifying po wer o f the micro sco pe can be increased by ro tating the higher po wer

o bjective lens into  place

Apparatus

The key co mpo nents o f an o ptical (light) micro sco pe are:

The eyepiece lens

The o bjective lenses

The stage

The light so urce

The co arse and �ne fo cus

Other to o ls that may be used:

Fo rceps

Scisso rs

Scalpel

Co verslip

Slides

Pipette

A diagram of  an opt ical microscope
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Image showing all the components of an optical (light) microscope

Method

Preparing a tempo rary mo unt slide using a liquid specimen:

Add a few dro ps o f the sample to  the slide using a pipette

Co ver the liquid/smear with a co verslip and gently press do wn to  remo ve air bubbles

Wear glo ves  to  ensure there is no  cro ss-co ntaminatio n o f fo reign cells

Preparing a tempo rary mo unt slide using a so lid specimen:

Use scisso rs to  cut a small sample o f the tissue

Peel away o r cut a very thin layer o f cells fro m the tissue sample to  be placed o n the slide

(using a scalpel o r fo rceps)

So me tissue samples need be treated with chemicals to  kill / make the tissue rigid

A stain may be required to  make the structures visible depending o n the type o f tissue being

examined

Gently place a co verslip o n to p and press do wn to  remo ve any air bubbles

Take care when using sharp o bjects and wear glo ves to  prevent the stain fro m dying yo ur skin

Place the micro sco pe slide o n the stage, �x in place using the stage clips (ensure the

micro sco pe is plugged in and o n)
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When using an o ptical micro sco pe always start with the lo w po wer o bjective lens:

It is easier to  �nd  what yo u are lo o king fo r in the �eld o f view

This helps to  prevent damage  to  the lens o r co verslip incase the stage has been raised to o

high

Whilst lo o king thro ugh the eyepiece lens  mo ve the co arse f o cusing kno b  until the specimen

co mes into  f o cus. The �ne f o cusing kno b  sho uld be used to  sharpen the fo cus o n particular

parts (and at higher o bjective lens o nly)

To  examine the who le slide, mo ve it carefully with yo ur hands (o r if using a bino cular micro sco pe

use the stage adjusting kno bs)

Once  yo u have f o cused  o n the o bject/structure then carefully mo ve  to  a higher o bjective lens

(10X and 40X). If resistance is felt do  no t co ntinue to  mo ve the turret

At the higher o bjective  po wers o nly  use the �ne f o cusing kno b

Do  no t mo ve  the stage do wn when mo ving to  higher o bjective lens

Unclear o r blurry images:

Switch to  the lo wer po wer o bjective lens and try using the co arse f o cus to  get a clearer

image

Co nsider whether the specimen sample is  thin eno ugh fo r light to  pass thro ugh to  see the

structures clearly

There co uld be cro ss-co ntaminatio n with fo reign cells o r bo dies

Use a calibrated graticule to  take measurements o f cells

A graticule  is a small disc that has an engraved scale. It can be placed into  the eyepiece o f a

micro sco pe to  act as a ruler in the �eld o f view

As a graticule has no  �xed units it must be calibrated fo r the o bjective lens that is in use. This

is do ne by using a scale engraved o n a micro sco pe slide (a stage micro meter)

By using the two  scales to gether, the number o f micro meters each graticule unit is wo rth can

be wo rked o ut

After this is kno wn the graticule can be used as a ruler in the �eld o f view

The measurements made using these micro sco pe apparatus are a fo rm o f quantitative

o bservatio ns

Diagram of  an eyepiece grat icule and st age micromet er
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The stage micrometer scale is used to �nd out how many micrometers each graticule unit represents

Magni�cation calculations

Magni�catio n is ho w many times bigger the image o f a specimen o bserved is in co mpariso n to

the actual (real-life) siz e o f the specimen

The magni�catio n (M) o f an o bject can be calculated if bo th the siz e o f the image (I), and the

actual siz e o f the specimen (A), is kno wn

T he magni�cat ion equat ion t riangle

An equation triangle for calculating magni�cation
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Worked example

An image  o f an animal cell is 30 mm in siz e and it has been magni�ed  by a facto r o f X 3000.

What is the actual siz e o f the cell?

Answer:

To  �nd the actual siz e o f the cell:

Using the appropriate units

The siz e o f cells is typically measured using the micro meter (μm) scale, with cellular structures

measured in either micro meters  (μm) o r nano meters  (nm)

When do ing calculatio ns all measurements must be in the same units. It is best to  use the

smallest unit  o f measurement sho wn in the questio n

To  co nvert units, multiply o r divide depending if the units are increasing o r decreasing

Magni�catio n do es no t  have units

Diagram to show conversion of  units

Page 6 of 46
For more help visit our website www.exampaperspractice.co.uk



There are 1000 nano meters (nm) in a micro metre (µm)

There are 1000 micro metres (µm) in a millimetre (mm)

There are 1000 millimetres (mm) in a metre (m)

Producing a scale bar

A scale bar is a straight line o n the drawing o r micro graph that represents the actual siz e befo re

the image was enlarged

It can be used to  calculate magni�catio n fro m bio lo gical drawings and images

To  add a scale bar to  a bio lo gical drawing o f a micro sco pe specimen:

�. Use the eyepiece graticule and stage micro meter to  calculate the distance between two

markings o n the eyepiece graticule; this is the graticule unit

�. Remo ve the stage micro meter and add the specimen to  the micro sco pe stage

�. Measure the length o f the specimen using the eyepiece graticule which will be in graticule

units

�. Determine the length o f the specimen in micro meters by multiplying the number o f graticule

units by the length o f each unit (calculated in step 1)

Yo ur scale bar sho uld represent 20%  o f the actual length o f yo ur specimen. If yo u specimen is

300µm then yo ur scale bar wo uld represent 60µm

�. Draw yo ur specimen as directed and measure the length o f yo ur drawing in mm; yo ur scale bar

sho uld be 20%  o f the length o f yo ur specimen drawing; if yo ur drawing is 150mm then yo ur

scale bar sho uld be 30mm lo ng

�. Add the actual length yo ur scale bar represents underneath yo ur scale bar e.g. 60µm

Using a scale bar

If the calculatio n required includes a scale bar o n the micro graph o r drawing then fo llo w these

steps:

�. Use a ruler to  measure the length o f the scale bar in millimetres (mm)

�. Co nvert this measurement into  the same units as the number o n the scale bar

�. Insert these numbers into  the magni�catio n fo rmula abo ve (no te: the siz e o f the image is the

measured length o f the scale bar and the actual siz e is the number o n the scale bar)
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Worked example

Calculate the magni�catio n o f the transverse sectio n o f the leaf blade.

Transverse section of the leaf blade

Answer:

Step 1: Use a ruler to  measure the length o f  the scale bar in millimetres

Using a ruler the length o f the scale bar is equal to  20 mm

Step 2: Co nvert this measurement into  the same units as the number o n the scale bar

The units o n the scale bar are µm, remember that 1mm = 1000 µm

therefo re 20 mm = 20 x 1000 = 20 000 µm

Step 3: Insert these numbers into  the magni�catio n f o rmula 
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No te: the siz e o f the image is the measured length o f the scale bar and the actual siz e is the

number o n the scale bar

therefo re Magni�catio n = x 100

Exam T ip

Befo re do ing any calculatio ns make sure that all the measurements have the same units. When

do ing the calculatio ns it is easier to  write the fo rmula, then rearrange it, befo re yo u add any

measurements, as this helps avo id any po ssible erro rs. No te that when yo u do  calculatio ns using

a scale bar, the number o n the scale bar is info rming yo u ho w many mm/µm o r nm the line actually

represents (e.g. if the scale bar has 20 nm abo ve it and the line is 10 mm, then every 10 mm o n the

diagram is actually  20 nm).

NOS: Measurement using instruments is a form of quantitative observation

Micro sco py can give us accurate quantitative o bservatio ns abo ut cells

Quantitative o bservatio ns are a co llectio n o f data which are fo cused o n numbers and values

such as measurements o f length, height, vo lume, o r values o f quantity and frequency

Using instruments such as eyepiece graticules and stage micro meters allo w us to  take

measurements o n a small scale such as in micro meters (µm) and nano meters (nm) (using electro n

micro sco pes)

Data can be co llected abo ut cell and o rganelle siz es

Qualitative data is no n-numerical data such as co lo ur and presence o f structures which can also

be determined using micro sco pes

Making o bservatio ns and taking measurements fo rm the basis fo r develo ping new hypo theses  in

Bio lo gy
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Microscopes

Microscopy: Developments

Micro sco pes  can be used to  analyse cell co mpo nents  and o bserve o rganelles

Magni�catio n and reso lutio n are two  scienti�c terms that are very impo rtant to  understand and

distinguish between when answering questio ns abo ut micro sco py (the use o f micro sco pes):

Magni�catio n tells yo u ho w many times bigger the image  pro duced by the micro sco pe is

than the real-lif e o bject  yo u are viewing

Reso lutio n is the ability to  distinguish between o bjects  that are clo se to gether (i.e. the

ability to  see two  structures that are very clo se to gether as two  separate structures)

There are two  main types o f micro sco pes:

Optical micro sco pes (so metimes kno wn as light micro sco pes)

Electro n micro sco pes

Optical (light) microscopes

Optical micro sco pes use light  to  fo rm an image

This limits the reso lutio n o f o ptical micro sco pes

Using light, it is impo ssible to  reso lve (distinguish between) two  o bjects that are clo ser than

half the wavelength o f light

The wavelength o f visible light is between 500−650 nano metres (nm), so  an o ptical

micro sco pe canno t be used to  distinguish between o bjects clo ser than half o f this value

This means o ptical micro sco pes have a maximum reso lutio n o f  aro und 0.2 micro metres (µm)

o r 200 nm

Optical micro sco pes can be used  to  o bserve eukaryo tic cells, their nuclei and po ssibly

mito cho ndria and chlo ro plasts

They canno t be used  to  o bserve smaller o rganelles  such as ribo so mes, the endo plasmic

reticulum o r lyso so mes

The maximum usef ul magni�catio n o f o ptical micro sco pes is abo ut ×1500

Electron microscopes

Electro n micro sco pes use electro ns  to  fo rm an image

This greatly increases the reso lutio n o f electro n micro sco pes co mpared to  o ptical

micro sco pes, giving a mo re detailed image

A beam o f electro ns has a much smaller wavelength than light, so  an electro n micro sco pe can

reso lve (distinguish between) two  o bjects that are extremely clo se to gether

This means electro n micro sco pes have a maximum reso lutio n o f  aro und 0.0002 µm o r 0.2 nm

(i.e. aro und 1000 times greater than that o f o ptical micro sco pes)
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This means electro n micro sco pes can be used to  o bserve small o rganelles  such as

ribo so mes, the endo plasmic reticulum o r lyso so mes

The maximum usef ul magni�catio n o f electro n micro sco pes is abo ut ×1,500,000

There are two  types o f electro n micro sco pes:

Transmissio n electro n micro sco pes (TEMs)

Scanning electro n micro sco pes (SEMs)

Transmission electron microscopes (T EMs)

TEMs use electro magnets to  fo cus a beam o f  electro ns

This beam o f electro ns is transmitted thro ugh the specimen

Denser parts o f the specimen abso rb mo re electro ns

This makes these denser parts appear darker o n the �nal image pro duced (pro duces

co ntrast between di�erent parts o f the o bject being o bserved)

Advantages  o f TEMs:

They give high-reso lutio n images (mo re detail)

This allo ws the internal structures  within cells (o r even within o rganelles) to  be seen

Disadvantages  o f TEMs:

They can o nly be used with very thin specimens  o r thin sectio ns  o f the o bject being

o bserved

They canno t be used to  o bserve live specimens

As there is a vacuum inside a TEM, all the water must be remo ved fro m the specimen and

so  living cells canno t be o bserved, meaning that specimens must be dead. Optical

micro sco pes can be used to  o bserve live specimens

The lengthy treatment required to  prepare specimens  means that artef acts can be

intro duced

Artefacts lo o k like real structures but are actually the results o f preserving and staining

They do  no t pro duce a co lo ur image

Unlike o ptical micro sco pes that pro duce a co lo ur image

Scanning electron microscopes (SEMs)

SEMs scan a beam o f electro ns acro ss the specimen

This beam bo unces o � the surf ace o f  the specimen and the electro ns are detected, fo rming an

image

This means SEMs can pro duce three-dimensio nal images  that sho w the surf ace  o f

specimens

Advantages  o f SEMs:

They can be used o n thick o r 3−D specimens

They allo w the external, 3−D structure  o f specimens to  be o bserved

Disadvantages  o f SEMs:

They give lo wer reso lutio n images (less detail) than TEMs

They canno t be used to  o bserve live specimens
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They do  no t pro duce a co lo ur image

Comparison of the electron microscope & light microscope

Light micro sco pes  are used fo r specimens abo ve 200 nm

Light micro sco pes shine light  thro ugh the specimen, this light is then passed thro ugh an

o bjective lens  (which can be changed) and an eyepiece lens  (x10) which magnify the

specimen to  give an image that can be seen by the naked eye

The specimens can be living (and therefo re can be mo ving), o r dead

Light micro sco pes are useful fo r lo o king at who le cells, small plant and animal o rganisms,

tissues within o rgans  such as in leaves o r skin

Electro n micro sco pes, bo th scanning and transmissio n, are used fo r specimens abo ve 0.5 nm

Electro n micro sco pes �re a beam o f  electro ns  at the specimen either a bro ad static beam

(transmissio n) o r a small beam that mo ves acro ss the specimen (scanning)

Due to  the higher f requency o f  electro n waves  (a much sho rter wavelength) co mpared to

visible light, the magni�catio n and reso lutio n o f an electro n micro sco pe is much higher than a

light micro sco pe

Electro n micro sco pes are useful fo r lo o king at o rganelles, viruses  and DNA as well as

lo o king at who le cells in mo re detail

Electro n micro sco py requires the specimen to  be dead  ho wever this can pro vide a snapsho t

in time o f what is o ccurring in a cell e.g. DNA can be seen replicating and chro mo so me

po sitio n within the stages o f mito sis are visible

Diagram of  t he comparison of  resolut ion of  microscopes

The resolving power of an electron microscope is much greater than that of the light microscope, as

structures much smaller than the wavelength of light will interfere with a beam of electrons

Light  Microscope vs Elect ron Microscope Table
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Electro n Micro sco pe Light Micro sco pe

Large and installatio n means it canno t be

mo ved
Small and easy to  carry

Vacuum needed No  vacuum needed

Co mplicated sample preparatio n Simple sample preparatio n

Over x500000 magni�catio n Up to  x2000 magni�catio n

Reso lutio n 0.5nm Reso lutio n 200nm

Specimens need to  be dead Specimens can be living o r dead

Exam T ip

Learn the di�erence between reso lutio n and magni�catio n! Also , learn ho w the light and electro n

micro sco pe di�er in terms o f reso lutio n and magni�catio n.
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Microscopy: Developments

The micro sco pe has undergo ne many develo pments since the �rst o ne used in the 1600s by

Ro bert Ho o ke

Every advancement in micro sco py techno lo gies has impro ved o ur understanding o f cells and

their structures

Optical (light) microscopes

Optical (light) micro sco pes  have made advancements in their ability to  to  view living cells and

their internal structures

Co ndenser lenses have been develo ped to  direct light fro m the light so urce thro ugh the

specimen

Light rays pass fro m the specimen thro ugh the o bjective lens to  the eyepiece

Di�erent types o f co ndensers give di�erent features to  the micro sco pe

The use o f �uo rescent stains  and immuno �uo rescence can be used in o ptical micro sco pes

which have made it po ssible to  view cellular structures such as RNA

Fluo rescent dyes  and stains are used to  co mbine with speci�c cell structures and

o rganelles which, when expo sed to  UV rays, gives a mo re detailed view o f the specimen

Immuno �uo rescence invo lves the use o f antibo dies that have been prepared with

�uo rescent dyes which can bind with target mo lecules co mplimentary to  the antibo dy. This

allo ws speci�c mo lecules to  be detected such as virus pro teins 

Electron microscopes

Electro n micro sco pes bring us many advantages to  studying cells

High magni�catio n and reso lutio n meaning that great detail can be seen in a range o f cells

and structures within cells, and including viruses

3D images  can be pro duced using a scanning electro n micro sco pe

Electro n micro sco pes  have also  undergo ne develo pments in their abilities

Cryo genic electro n micro sco py

This invo lves �ash-freez ing so lutio ns co ntaining pro teins o r o ther bio lo gical mo lecules

The fro z en so lutio n is then expo sed to  electro ns to  pro duce images o f individual

mo lecules

Co mputer so ftware is used to  reco nstruct a 3D representatio n o f  a cell's pro teins

using the images o f individual mo lecules

Our understanding o f virus structure and co mpo sitio n, cell membrane arrangement and

pro tein synthesis have impro ved thanks to  this technique

Freez e f racture

A sample is rapidly f ro z en using liquid nitro gen and then physically bro ken apart

(f ractured) in a vacuum

It can be used to  pro vide a unique planar view o f the internal o rganisatio n o f cell

membranes
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General Cell Structure

General Cell Structure

All living o rganisms are co mprised o f cells

These cells all have so me co mmo n unif ying f eatures, including

DNA as genetic material

Cyto plasm 

A plasma membrane

DNA

All living cells co ntain so me so rt o f DNA, this varies between eukaryo tic cells and pro karyo tic

cells

The presence o f DNA means that a new cell can be f o rmed f ro m an o ld cell, as genetic material is

able to  be sto red and transferred

DNA also  co ntro ls the pro ductio n o f  enz ymes  and o ther vital pro teins within the cell

Cytoplasm

Cyto plasm is fo und within the bo undary o f a cell

It is co mpo sed o f mainly water with disso lved substances, such as io ns

The �uid is kno wn as cyto so l

Many o f the cell's impo rtant reactio ns take place within the cyto plasm

Plasma membrane

The plasma membrane surro unds the cell and enclo ses all the cell co ntents

In all cell types, the plasma membrane has two  layers and this is called a bilayer

The bilayer co nsists o f lipids; these vary depending o n the type o f o rganism 

The membrane is respo nsible fo r co ntro lling the interactio ns o f the cell's interio r with the

exterio r

Materials required by the cell are transpo rted into  the cell interio r

Waste substances are expo rted o ut o f the cell to  the surro unding enviro nment

The membrane is studded with pro teins which have varying functio ns including:

Cell reco gnitio n

Cell co mmunicatio n

Transpo rt into  and o ut o f the cell
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Prokaryotic Cell Structure

Prokaryotic Cell Structure

The cell structure o f o rganisms determines whether they are pro karyo tic  o r eukaryo tic

Pro karyo tes have the simplest cell structure, being the �rst o rganisms to  evo lve o n Earth and

have been classi�ed into  two  do mains:

Bacteria o r Eubacteria - 'true' bacteria, includes co mmo nly kno wn bacteria such as E.coli

and Helicobacter

Archaebacteria o r Archaea - typically fo und in extreme enviro nments such as high

temperatures and salt co ncentratio ns and include methano gens (o rganisms that exist in

anaero bic co nditio ns and pro duce methane gas)

Pro karyo tic cells are small, ranging fro m 0.1µm to  5.0µm

Pro karyo tes have cells that lack a nucleus (the Greek ro o ts o f pro karyo te are 'pro ' = befo re and

'karuo n' = nut o r kernel, relating to  'befo re the nucleus')

Structure of prokaryotic cells

The cyto plasm o f pro karyo tic cells is no t divided  into  co mpartments, it lacks membrane-

bo und o rganelles

Structures that are co mmo n to  mo st pro karyo tes include:

70S ribo so mes

DNA in a lo o p

Cyto plasm

Plasma membrane

Cell wall

Ribosomes

Pro karyo tic ribo so mes  are structurally smaller (70S) in co mpariso n to  tho se fo und in eukaryo tic

cells (80S)

The functio n o f these ribo so mes is the binding and reading o f mRNA during translatio n to

pro duce pro teins

DNA

Pro karyo tes do  no t have a nucleus, but they do  have genetic material. This is generally in the fo rm

o f a "naked" single circular DNA mo lecule  (no t asso ciated with pro teins) lo cated in the

nucleo id and in smaller lo o ps called plasmids

Plasmids are small lo o ps o f  DNA that are separate fro m the main circular DNA mo lecule

Plasmids co ntain genes  that can be passed between pro karyo tes (e.g. genes fo r antibio tic

resistance)

Cyt oplasm
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Prokaryotic cytoplasm  is very similar to the cytoplasm of any other cell

It is the site of many cellular reactions

T his is where the 70S ribosomes are found

A major component of the cytoplasm is a gel-like cytosol, a water-based

solution that contains ions, small molecules, and macromolecules
Cell membrane

T he cell membrane of prokaryotes is composed of a lipid bilayer

A group of prokaryotes, known as archaea, have their plasma membrane

formed as a monolayer as opposed to a bilayer

T he role of the plasma membrane is to control substances entering and exiting

the cell
Cell wall

Mo st pro karyo tes have a cell wall co ntaining murein/peptido glycan (a glyco pro tein)

The cell wall acts as pro tectio n, maintains the shape  o f the cell and prevents the cell fro m

bursting

So me bacteria are able to  be classi�ed because o f their cell wall structure

Their ability to  retain a dye called crystal vio let classi�es a gro up o f bacteria as Gram

po sitive, they appear blue/vio let after expo sure to  the dye

Examples o f gram po sitive bacteria are Bacillus and Staphylococcus

Bacteria that do  no t react with the dye are referred to  as Gram negative bacteria

Additional structures

In additio n, many pro karyo tic cells have a few o ther structures that di�erentiate the species fro m

o thers and act as a selective advantage, examples o f these are:

Plasmids

Capsules

Flagellum

Pili

So me pro karyo tes (e.g. bacteria) are surro unded by a �nal o uter layer kno wn as a capsule. This is

so metimes called the slime  capsule

It helps to  pro tect bacteria fro m drying o ut and fro m attack by cells o f the immune system

o f the ho st o rganism

Flagellum (plural = �agella) are lo ng, tail-like structures  that ro tate, enabling the pro karyo te to

mo ve  (a bit like a pro peller)

So me pro karyo tes have mo re than o ne

Pili are sho rter and thinner structures than �agella
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They assist with mo vement, avo idance o f attack by white blo o d cells, co njugatio n (the sexual

mo de fo r bacteria) and are co mmo nly used to  allo w bacteria to  adhere to  cell surf aces

A diagram of  the structure of  prokaryotic cells

Prokaryotic cells are often described as being ‘simpler’ than eukaryotic cells, and they are believed to

have emerged as the �rst living organisms on Earth

Exam T ip

Make sure yo u learn the typical structures  and o rganelles  fo und in pro karyo tic cells, as well as

their f unctio ns. 
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Eukaryotic Cell Structure

Eukaryotic Cell Structure

Structure of eukaryotic cells

Eukaryo tic cells have a mo re co mplex ultrastructure  than pro karyo tic cells

The cyto plasm o f eukaryo tic cells is divided up into  membrane-bo und co mpartments called

o rganelles. These co mpartments are either bo und by a single  o r do uble membrane

The co mpartmentalisatio n o f the cell is advantageo us  as it allo ws:

Enz ymes and substrates to  be lo calised and therefo re available at higher co ncentratio ns

Damaging substances to  be kept separated, e.g. digestive enz ymes are sto red in lyso so mes

so  they do  no t digest the cell

Optimal co nditio ns to  be maintained fo r certain pro cesses, e.g. o ptimal pH fo r digestive

enz ymes

The numbers and lo catio n o f o rganelles to  be altered depending o n requirements o f the cell

Animal and plant cells

Animal and plant cells are bo th types o f eukaryo tic cells that share key structures such as:

Membrane-bo und o rganelles, including a nucleus

Larger ribo so mes (80S)

Ho wever, there are key di�erences:

Animal cells co ntain centrio les  and micro villi

Plant cells have a cellulo se cell wall, large permanent vacuo les  and chlo ro plast

A diagram of  a eukaryot ic animal cell

The ultrastructure of an animal cell shows a densely packed cell – the ER and RER and ribosomes form

extensive networks throughout the cell in reality
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A diagram of  a eukaryot ic plant  cell

Plant cells have a larger, more regular structure in comparison to animal cells
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In co mplex multicellular o rganisms, eukaryo tic cells beco me specialised  fo r speci�c f unctio ns

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 f unctio 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:

Red blo o d cells are bico ncave  and do  no t co ntain a nucleus. This makes mo re space

inside the cell so  that they can transpo rt as much o xygen as po ssible

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)

Organelles

Plasma membrane

The structure of the cell surface membrane – although the structure looks static, the phospholipids and

proteins forming the bilayer are constantly in motion

All cells  are surro unded by a plasma membrane which co ntro ls the exchange o f  materials

between the internal cell enviro nment and the external enviro nment

The membrane is described as being ‘partially permeable’

The plasma membrane is fo rmed fro m a bilayer o f  pho spho lipids  spanning a diameter o f aro und

10 nm

Nucleus
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The nucleus of a cell contains chromatin (a complex of DNA and histone proteins) which is the genetic

material of the cell

Present in all eukaryo tic cells (except red blo o d cells), the nucleus is relatively large and

separated fro m the cyto plasm by a do uble membrane (the nuclear envelo pe) which has many

po res

Nuclear po res are impo rtant channels fo r allo wing mRNA and ribo so mes to  travel o ut o f the

nucleus, as well as allo wing enz ymes (e.g. DNA po lymerases) and signalling mo lecules to  travel in

The nucleus co ntains chro matin (the material fro m which chro mo so mes are made)

Chro mo so mes are made o f sectio ns o f linear DNA tightly wo und aro und pro teins called

histo nes

Usually, at least o ne o r mo re darkly stained regio ns can be o bserved within the nucleus – these

regio ns are individually termed ‘nucleo lus’ (plural: nucleo li) and are the sites o f ribo so me

pro ductio n

Rough endoplasmic ret iculum
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The rough endoplasmic reticulum (RER) - the attached ribosomes enable this structure to be identi�ed in

electron micrographs

Fo und in plant and animal cells

Surface co vered in ribo so mes  (80S)

Fo rmed fro m fo lds o f membrane co ntinuo us with the nuclear envelo pe. These �attened

membrane sacs are called cisternae

Pro cesses pro teins made by the ribo so mes

The pro teins  synthesised by the ribo so mes mo ve to  the cisternae, bud o � into  vesicles that

carry the pro teins to  Go lgi apparatus befo re being secreted o ut  o f the cell

Ribosomes

Ribosomes are formed in the nucleolus and are composed of almost equal amounts of RNA and protein

Fo und freely in the cyto plasm o f all cells  o r as part o f the ro ugh endo plasmic reticulum in

eukaryo tic cells

Each ribo so me is a co mplex o f ribo so mal RNA (rRNA) and pro teins. They are co nstructed in the

nucleo lus (a regio n in the nucleus)

80S ribo so mes (co mpo sed o f 60S and 40S subunits) are fo und in eukaryo tic cells

Site o f translatio n (which is part o f pro tein synthesis)

Mit ochondrion

A single mitochondrion is shown – the inner membrane has protein complexes vital for the later stages of

aerobic respiration embedded within it
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The site o f aero bic respiratio n within all eukaryo tic cells, mito cho ndria are just visible with a light

micro sco pe

Surro unded by a do uble-membrane  with the inner membrane fo lded to  fo rm cristae

The matrix fo rmed by the cristae co ntains enz ymes needed fo r aero bic respiratio n, pro ducing

AT P

Small circular pieces o f DNA (mito cho ndrial DNA) and ribo so mes are also  fo und in the matrix

(needed fo r replicatio n)

Golgi apparat us

The structure of the Golgi apparatus
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Fo und in plant and animal cells

Flattened sacs o f membrane called cisternae (like the ro ugh endo plasmic reticulum)

Mo di�es  pro teins and lipids befo re packaging them into  Go lgi vesicles

The vesicles then transpo rt the pro teins and lipids  to  their required destinatio n

Pro teins that go  thro ugh the Go lgi apparatus are usually expo rted (e.g. ho rmo nes such as

insulin), put into  lyso so mes (such as hydro lytic enz ymes) o r delivered to  membrane-bo und

o rganelles

Vesicles

The structure of the vesicle

Fo und in plant and animal cells

A membrane-bo und sac fo r transpo rt and sto rage

Lysosome

The structure of the lysosome

Specialist fo rms o f vesicles which co ntain hydro lytic enz ymes (enz ymes that break bio lo gical

mo lecules do wn)

Break do wn waste materials such as wo rn-o ut o rganelles

Used extensively by cells o f the immune system and in apo pto sis (pro grammed cell death)
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Exam T ip

In the exam, yo u co uld be required to  apply yo ur kno wledge o f o rganelles to  deduce the

functio n o f a specialised cell. To  answer these questio ns, just think abo ut what o rganelles yo u

can see in large numbers, co nsider the functio n o f that o rganelle and then think abo ut where this

functio n might need to  happen a lo t in an o rganism (e.g. if the cell’s main functio n is to  carry o ut

pho to synthesis it will need to  co ntain many chlo ro plasts)!
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Functions of Life

Functions of Life

Unicellular (single-celled) and multicellular (many cells) o rganisms must carry o ut the fo llo wing

functio ns to  stay alive:

Metabo lism - all the enz yme-catalysed reactio ns o ccurring in a cell, including cell respiratio n

Repro ductio n - the pro ductio n o f o �spring. It may be sexual o r asexual

Ho meo stasis - the ability to  maintain and regulate internal co nditio ns within to lerable limits,

including temperature

Gro wth - the permanent increase in siz e

Respo nse - (o r sensitivity), the ability to  respo nd to  external o r internal changes (stimuli) in

their enviro nment. Thus impro ving their chance o f survival

Excretio n - the dispo sal o f metabo lic waste pro ducts, including carbo n dio xide fro m

respiratio n

Nutritio n - the acquisitio n o f energy and nutrients fo r gro wth and develo pment, either by,

abso rbing o rganic matter o r by synthesising o rganic mo lecules (e.g. pho to synthesis)

Unicellular o rganisms have adapted unique ways to  carry o ut these functio ns co mpared to

multicellular o rganisms

Mito cho ndria are present to  pro vide energy thro ugh respiratio n

The cell membrane co ntro ls mo vement o f materials in and o ut o f the cell to  maintain

ho meo stasis

Ribo so mes  are present to  pro duce pro teins fo r gro wth and repair, in additio n enz ymes  fo r

vital cell functio ns

Vacuo les  are used fo r digestio n purpo ses and also  to  sto re waste substance

Cilia o r �agella are used fo r mo vement o f the o rganism in respo nse to  changes in the

enviro nment 
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Eukaryotic Cell Structure: Comparisons & Atypical Examples

Cell Structure: Animals, Fungi & Plants

Eukaryo tic cells exist in three kingdo ms

The animal kingdo m

The plant kingdo m

The f ungal kingdo m

The cells o f each o f these po ssess unique characteristics and structures that co ntribute to  their

di�erences

Di�erences in eukaryotic cell structure

Cell walls

Animal cell do not  have a cell wall

Plant cell walls are composed of the polysaccharide cellulose

Fungal cell walls are made up mainly of glucans, chitin and glycoproteins
Vacuoles

Vacuoles can be present in animal cells but they tend to be small,

temporary and numerous when present with unique functions

Plant cells have large permanent vacuoles used for the storage of various

substances

Like animal cells, fungal cells can contain vacuoles but they are small and

non-permanent
Chloroplast s

Animal cells do not  have chloroplasts

Plant cells possess many chloroplasts used for the production of

carbohydrates through photosynthesis

Fungal cells do not  have chloroplasts
Presence of  cent rioles

Animal cells do contain centrioles used in the role of microtubule

organisation during cell division

Plant cells do not  possess centrioles
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Fungal cells do not possess centrioles
Presence of  cilia and �agella

Animal cells can have cilia and �agella, associated with a basal body (a

protein structure from which the cilia are assembled), and are used in various

functions such as the movement of an egg cell through the oviduct or the

movement of �uids in the respiratory tract

Plant cells do not  contain cilia or �agella

True fungi do not  contain cilia or �agella
Ot her di�erences

Animal and fungal cells store their carbohydrates as glycogen, whereas

plants so carbohydrates as starch

Animal cells are �exible as they lack a rigid cell wall, whereas plant cells have a

�xed shape. Fungal cells, although they have a cell wall, can be �exible and

their shape may vary
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Atypical Cell Structure

So me eukaryo tic cells have a very unique o r atypical structure  which enables them to  carry o ut

specialised functio ns

The number o f  nuclei can be used to  illustrate atypical examples

Skeletal muscle, aseptate fungal hyphae, red blo o d cells and phlo em sieve tubes are examples

o f cells/tissue with structures that questio n the integrity o f the cell theo ry

Atypical examples

St riat ed muscle �bres

Striated muscle �bres (fused muscle cells) are:

Lo nger than typical cells (up to  300 mm in length in co mpariso n to  a cardiac muscle cell

which has a length o f 100 - 150 µm)

Have multiple nuclei surro unded by a single membrane (sarco lemma) 

Striated muscle cells are fo rmed fro m multiple cells which have f used to gether (which is

ho w they have many nuclei rather than o ne) that wo rk to gether as a single unit

These features challenge the co ncept that cells wo rk independently o f each o ther even in a

multicellular o rganism

Asept at e f ungal hyphae
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Fungi have many lo ng, narro w branches called hyphae

Hyphae have cell membranes, cell walls and so me have septa

Aseptate fungal hyphae do  no t have septa, thus these cells are multinucleated with co ntinuo us

cyto plasm

The cells have no  end walls making them appear as o ne cell

Red blood cells

Red blo o d cells, a type o f animal cell, are unique in that they do  no t co ntain a nucleus

The reaso n fo r this is to  enable the cell to  carry a large vo lume o f the o xygen binding pigment

haemo glo bin

The bico ncave shape o f red blo o d cells means they have maximum surface area to  impro ve their

o xygen carrying capacity

Phloem sieve t ubes
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T hese serve a plant by transporting dissolved substances, such as

sucrose, around the plant

T hese unique tissues have no end cell wall and lack many cell organelles

such as nuclei, mitochondria and ribosomes

Because of the lack of their own organelles, sieve tube elements can only

survive due to the presence of companion cells which sit alongside next to

the sieve tube elements and help to maintain the cytoplasm of the sieve

tubes
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Cell Types & Structures: Skills

Cell Types & Structures: Skills

It is impo rtant to  be able to  reco gnise vario us o rganelles fro m light and electro n micro sco pe

images

When interpreting micro graphs to  identify and deduce the functio n o f the cell it is impo rtant to :

�. Identify whether it is a pro karyo tic o r eukaryo tic  cell - lo o k to  see if a nucleus  is present o r

no t

�. Identify which type o f eukaryo tic cell it is (plant o r animal) by lo o king fo r a cell wall o r vacuo le

�. Identify the o rganelles present  in the cells and co nsider their functio n

Yo u sho uld be co n�dent in identifying the fo llo wing structures and o rganelles:

Nucleo id regio n in a pro karyo tic cell

Pro karyo tic cell wall

Nucleus

Mito cho ndria 

Chlo ro plast

Sap vacuo le

Go lgi apparatus

Ro ugh and smo o th endo plasmic reticulum

Chro mo so mes

Ribo so mes

Plant cell wall

Plasma membrane

Micro villi 

So me identi�able features o f key o rganelles are:

Chlo ro plast

Has  distinctive stacks  o f thylako ids

Do uble membrane

Has a ro ughly o val shape

Larger than mito cho ndria

Indicates the cell is a plant cell

Nucleus

Has a nuclear membrane and a dark nucleo lus  within

It has a ro ughly spherical shape

Vacuo le

Occupies a large space within a cell

Often sho ws up as a very light shade (white) within an electro n micro graph

Indicates the cell is a plant cell
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Cell wall

Lo cated aro und the perimeter o f the cell

Mito cho ndria

Ro ughly o val-shaped

Do uble membrane

So metimes o bserved with visible cristae (fo ldings o f the inner membrane)

An int erpret at ion of  an elect ron micrograph of  a cell

Electron micrograph of cell 1

To  identify this cell co nsider the fo llo wing

The cell has a nucleus  - therefo re it is a eukaryo tic cell

This cell do es no t have  a cell wall o r central vacuo le  - therefo re it is an animal cell

The cell has a large u-shape nucleus  - so  it can manipulate itself thro ugh small po res

There are a large number o f lyso so mes  in the cell - so  it can digest substances  fo und within

the cell
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There are a large number o f mito cho ndria - this means it has su�cient energy  fo r its many

metabo lic reactio ns

The deductio n, therefo re, is that this cell needs a lo t o f energy to  break do wn substances

that enter the cell and that it can mo ve where it wants. This cell is a macro phage

An int erpret at ion of  an elect ron micrograph of  a cell

Electron micrograph of cell 2

To  identify this cell co nsider the fo llo wing

The cell has a nucleus  - therefo re it is a eukaryo tic cell

This cell do es no t have  a cell wall o r central vacuo le  - therefo re it is an animal cell

There are a large number o f  mito cho ndria - so  it requires signi�cant energy fo r many

metabo lic reactio ns

The cell has micro villi packed clo sely to gether (brush bo rder) - so  it needs to  increase the

surf ace area and prevent any substance fro m cro ssing into  the cell

The deductio n, therefo re, is that this cell needs a lo t o f energy to  co ntro l what enters o r exits

this cell and that the cell requires many o f the substance to  be abso rbed. This cell is a ciliated

epithelium o f  the small intestine

Page 35 of 46
For more help visit our website www.exampaperspractice.co.uk



Drawing Cells: Skills

Drawing Cells: Skills

Drawing the ultrastructure of cells

To  reco rd the o bservatio ns seen under the micro sco pe (o r fro m pho to micro graphs taken) a

labelled bio lo gical drawing is o ften made

Bio lo gical drawings  are line pictures that sho w speci�c features that have been o bserved when

the specimen was viewed

There are a number o f rules/co nventio ns that are fo llo wed when making a bio lo gical drawing

Drawing conventions

The drawing must have a title

The magni�catio n under which the o bservatio ns sho wn by the drawing are made must be

reco rded where po ssible

A scale bar may be used

A sharp HB pencil sho uld be used (and a go o d eraser!)

Drawings sho uld be o n plain white paper

Lines sho uld be clear, single lines  (no  sketching)

No  shading

The drawing sho uld take up as much o f the space o n the page as po ssible

Well-de�ned structures sho uld be drawn

The drawing sho uld be made with pro per pro po rtio ns

Label lines sho uld no t cro ss o r have arro wheads and sho uld co nnect directly to  the part o f the

drawing being labelled

Label lines sho uld be kept to  o ne side o f the drawing (in parallel to  the to p o f the page) and drawn

with a ruler

Drawings o f cells  are typically made when visualising cells at a higher magni�catio n po wer,

whereas  plan drawings are typically made o f tissues viewed under lo wer magni�catio ns

(individual cells are never drawn in a plan diagram)

Yo u are also  expected to  include the f unctio ns o f o rganelles and cells as part o f the anno tatio ns

made
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Endosymbiotic Theory (HL)

Endosymbiotic Theory

Endosymbiosis

Endo symbio sis is where o ne o rganism lives within ano ther

If the relatio nship is bene�cial to  bo th o rganisms the engulfed o rganism is no t digested

Fo r endo symbio sis to  o ccur o ne o rganism must have engulf ed  the o ther by the pro cess o f

endo cyto sis

Endosymbiotic theory

The endo symbio tic theo ry  is used to  explain the o rigin o f eukaryo tic cells. The evidence

pro vided fo r this theo ry co mes fro m the structure o f the mito cho ndria and chlo ro plasts

It is believed that all eukaryo tic cells evo lved fro m a co mmo n unicellular ancesto r that had a

nucleus and repro duced sexually

Scientists have suggested that these ancestral cells evo lved into  ancestral hetero tro phic and

auto tro phic cells thro ugh the fo llo wing steps:

Hetero tro phic  cells:

To  o verco me a small surface area:vo lume ratio , ancestral pro karyo te cells develo ped fo lds

in their membrane. Fro m these info ldings, o rganelles such as the nucleus and ro ugh

endo plasmic reticulum fo rmed

A larger anaero bically respiring cell engulfed a smaller aero bically  respiring pro karyo te

(which was no t digested)

This gave the larger cell a co mpetitive advantage  as it had a ready supply o f ATP and gradually

the cell evo lved into  the hetero tro phic eukaryo tes  with mito cho ndria that are present

to day

Auto tro phic  cells:

At so me stage in their evo lutio n, the hetero tro phic eukaryo tic cell engulfed a smaller

pho to synthetic  pro karyo te. This cell pro vided a co mpetitive advantage as it supplied the

hetero tro phic cell with an alternative so urce o f  energy, carbo hydrates

Over time the pho to synthetic pro karyo te evo lved into  chlo ro plasts  and the hetero tro phic

cells into  auto tro phic eukaryo tic cells

Evidence to support the endosymbiotic theory

The evidence to  suppo rt the endo symbio tic theo ry arises fro m the features that the

mito cho ndria and chlo ro plasts  have in co mmo n with pro karyo tes:

Bo th replicate by binary �ssio n

Bo th co ntain their o wn circular, no n-membrane bo und DNA

They bo th transcribe mRNA fro m their DNA

They bo th have 7 0S ribo so mes  to  synthesise their o wn pro teins

They bo th have do uble membranes

NOS: Factors determining the strength of a theory - A wide range of
observations are accounted for by the theory of endosymbiosis
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The strength o f the theo ry co mes fro m the o bservatio ns the theo ry explains  and the

predictio ns it  suppo rts

If new o bservatio ns do  no t suppo rt a theo ry, it must either be adjusted  o r rejected

The mo re o bservatio ns  and data that are predicted  by a theo ry, the stro nger the theo ry  is

A range o f  o bservatio ns  are acco unted fo r by the theo ry o f endo symbio sis

Membranes: Mito cho ndria and chlo ro plasts have their o wn cell membranes, just like a

pro karyo tic cell do es

DNA: Each mito cho ndrio n and chlo ro plast have their o wn circular DNA geno me, like a

bacteria's geno me, but much smaller

Replicatio n: Mito cho ndria multiply by pinching in half which is the same pro cess used by

bacteria

Exam T ip

Learn ho w the structure o f the mito cho ndria and chlo ro plast suppo rt the endo symbio tic theo ry.
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Cell Di�erentiation (HL)

Cell Di�erentiation

One impo rtant pro cess that o ccurred in the develo pment o f the cell was cell

co mpartmentalisatio n 

This enabled unicellular o rganisms to  develo p specialised functio ns thro ugh speci�c areas o f

their cell

One example is the nucleus regio n which co ntains DNA mo lecules

Ano ther example is the co mpartmentalisatio n o f energy pro ducing areas fo rmed by the

endo symbio sis o f mito cho ndria

Ho wever, even with specialised co mpartments unicellular o rganisms have their limitatio ns, and

so  multicellular o rganisms evo lved 

In co mplex multicellular o rganisms eukaryo tic cells beco me specialised  fo r speci�c f unctio ns

Specialisatio n enables the cells in a tissue to  functio n mo re e�ciently as they develo p speci�c

adaptatio ns fo r that 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 very 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)

Example of  a specialised cell, a red blood cell
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The biconcave shape of red blood cells (erythrocytes) increases the surface area available for oxygen

absorption

Gene expression

Every nucleus within the cells o f a multicellular o rganism co ntains the same genes, that is, all cells

o f an o rganism have an identical geno me

Despite cells having the same geno me, they have a diverse range o f functio ns because during

di�erentiatio n certain genes are expressed  ('switched' o n)

Whether a gene is expressed o r no t is triggered by changes in the enviro nment

Co ntro lling gene expressio n is the key to  develo pment as the cells di�erentiate due to  the

di�erent genes being expressed

Once certain genes are expressed the specialisatio n o f the cell is usually �xed so  the cell canno t

adapt to  a new functio n
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Expression of genes resulting in cell di�erentiation
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Multicellularity (HL)

Multicellularity

In multicellular o rganisms, specialised cells o f the same type gro up to gether to  fo rm tissues

A tissue is a gro up o f cells that wo rk to gether to  perfo rm a particular f unctio n

Examples o f this include the fo llo wing:

Epithelial cells gro up to gether to  fo rm epithelial tissue (the functio n o f which, in the small

intestine, is to  abso rb fo o d)

Muscle cells (ano ther type o f specialised cell) gro up to gether to  fo rm muscle tissue (the

functio n o f which is to  co ntract in o rder to  mo ve parts o f the bo dy)

Di�erent tissues wo rk to gether to  fo rm o rgans

Examples o f this include the fo llo wing:

The heart is made up o f many di�erent tissues (including cardiac muscle tissue, blo o d vessel

tissues and co nnective tissue, as well as many o thers)

Di�erent o rgans wo rk to gether to  fo rm o rgan systems

Organ systems wo rk to gether to  carry o ut the life functio ns o f a co mplete o rganism

Levels of  Organisat ion in Humans Table 

Specialised

cell
T issue Organ Organ system

Epithelial cell

Epithelial tissue

(made up o f

epithelial cells)

Sto mach (made up

o f epithelial tissue,

muscle tissue and

glandular tissue)

Digestive system (made up o f

numero us o rgans invo lved

with digestio n and abso rptio n

o f fo o d, including the

sto mach, liver, small and large

intestine)

Muscle cell

Muscle tissue

(made up o f

muscle cells)

Bladder (made up

o f smo o th muscle

tissue, epithelial

tissue, fatty tissue

and co nnective

tissue)

Urinary system (made up o f the

bladder, kidneys, ureters and

urethra)

Neuro nes

(nerve cells)

Nerve tissue

(made up o f

nerve cells)

Brain (made up o f

grey matter tissue,

white matter tissue

and blo o d vessel

tissue)

Central nervo us system (made

up o f the brain and spinal co rd)

Ro d cells and Retina (made up Eyes (made up o f Visual system (made up o f the
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co ne cells o f ro d and co ne

cells)

many tissues

including the retina,

sclera and co rnea)

eyes, o ptic nerves and visual

co rtex o f the brain)

Cells, tissues and o rgans have develo ped in multicellular o rganisms to  help co o rdinate and

co mmunicate with each o ther

This means that o rganisms that po ssess multicellularity can thrive in mo st enviro nments

Other advantages o f multicellularity includes:

It allo ws fo r o rganisms to  gro w larger in siz e

Cell specialisatio n can o ccur so  that gro ups o f specialised cells can perfo rm speci�c

functio ns

The evo lutio n o f multicellularity is tho ught to  have o ccurred in stages

First single celled o rganisms o ver time, clumped to gether

These clumps o r aggregates, started f o rming specialised cells, particularly repro ductive

cells

The gro ups o f specialised cells began to  f o ld to  create tissues  and then became mo re

co mplex to  f o rm o rgans

T he evolut ion of  mult icellularit y diagram
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Multicellularity evolved in stages over millions of years

The evo lutio n o f multicellularity appears to  have o ccurred many times  thro ugho ut histo ry

Many species o f f ungi and algae, which evo lved befo re animals and plants, are multicellular

T he evolut ion of  mult icellularit y diagram
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Evolution of multicellularity has occurred many times throughout history as evidence of multicellularity in

fungi and plants predates animals and plants
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