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CellTheory

CellTheory

Cells are the basic structural unit of allliving organisms
Until microscopes became powerful enoughto view individual cells,no-one knew forcertain
what living organisms were made from
Ascientistcalled Robert Hooke came up withthe term"cells"inthe 1660's afterexamining the
structure of cork
Matthias Schleidenand TheodorSchwannwere two scientists who studied animal and plant
cells

= |n1837,theycame up withthe ideathat allliving organisms are made of cells

= Thisideais knownas ‘celltheory’

= Thecelltheoryis aunifyingconceptinbiology(meaningitis universally accepted)
The celltheoryincludes three mainideas:

1. Allliving organisms are made up of one ormore cells

2.Cells are the basic functional unit (i.e.the basic unit of structure and organisation)inliving

organisms

3.New cells are produced from pre-existing cells
Althoughcells varyinsize and shape theyall

= Are surrounded byamembrane

= Containgenetic material

= Have chemicalreactions occurringwithinthe cell that are catalysed by enzymes

NOS: Deductivereasoning can be used to generate predictions from theories.
Based on cell theory, a newly discovered organism can be predicted to consist
of oneormorecells.

Deductive reasoningis an approach where one progresses fromgeneralideas to specific
conclusions
= Hypotheses canbe tested with specific dataand theories eithersupported orfalsified
Thisis contrasted withinductive reasoningwhere one starts with specific observations and
formgeneral conclusions.
Cytology, the branchof biologywhichfocuses oncelltheory,canbe used as anexample of
deductive reasoning
= |thasled ourunderstandingof cells to theorise that all living organisms are made of atleast
one celland therefore anynewly discovered living organisms on Earth, will also be made up
of atleast one cell
= Howeverthere are asmallnumberof cells and cellularorganisms that are exceptions to cell
theory
Deductivereasoning example diagram
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Deductive reasoning can be used to formulate specific conclusions and theories, such as cell theory

CellTheory: Skills

Skills in Microscopy

Manybiological structures are too smallto be seenbythe naked eye

Optical(light) microscopes are aninvaluable toolforscientists as theyallow fortissues, cells and
organelles to be seenand studied

Forexample,the movement of chromosomes during mitosis canbe observed usinga
microscope

How optical (light) microscopes work

Lightis directed through the thinlayer of biological material thatis supported onaglass slide
This lightis focused through severallenses so that animage is visible through the eyepiece
The magnifying powerof the microscope canbe increased byrotating the higherpower
objective lens into place

Apparatus

The keycomponents of anoptical (light) microscope are:

The eyepiecelens

The objective lenses
The stage
Thelightsource

The coarse and fine focus
Othertools thatmaybe used:
= Forceps

= Scissors

= Scalpel

= Coverslip

= Slides

= Pipette

Adiagramof an optical microscope
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Image showing all the components of an optical (light) microscope

Method

= Preparingatemporary mount slide usingaliquid specimen:
= Addafewdrops ofthe sample to the slide usinga pipette
= Covertheliquid/smearwithacoverslipand gentlypress downto remove airbubbles
= Weargloves to ensure thereis no cross-contaminationof foreigncells
= Preparingatemporary mount slide usingasolid specimen:
= Usescissorsto cutasmallsample of the tissue
= Peelawayorcutavery thinlayerof cells fromthe tissue sample to be placed onthe slide
(usingascalpelorforceps)
= Some tissue samples need be treated with chemicals to kill/ make the tissue rigid
= Astainmaybe required to make the structures visible depending onthe type of tissue being
examined
= Gentlyplaceacoverslipontopand press downto remove anyairbubbles
= Take care whenusingsharp objects and weargloves to prevent the stain from dying yourskin
= Place the microscopeslide onthe stage, fixinplace using the stage clips (ensure the
microscopeis pluggedinand on)
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Whenusinganopticalmicroscope always start withthe low power objective lens:
= |tis easierto find whatyou arelookingforinthe field of view
= This helps to prevent damage to the lens orcoverslipincase the stage has beenraised too
high
Whilstlooking through the eyepiece lens move the coarse focusing knob until the specimen
comesinto focus.The fine focusing knob should be used to sharpenthe focus onparticular
parts (and at higherobjective lens only)
To examine the whole slide, move it carefullywithyourhands (orif using a binocularmicroscope
use the stage adjustingknobs)
Once youhave focused onthe object/structure then carefullymove to a higher objective lens
(10Xand 40X).If resistance s feltdo not continue to move the turret
= Atthe higherobjective powers only use the fine focusing knob
= Do not move the stage downwhenmovingto higherobjective lens
Unclearorblurryimages:
= Switchto thelowerpowerobjective lens and tryusingthe coarse focus to getaclearer
image
= Considerwhetherthe specimensampleis thinenoughforlight to pass throughto see the
structures clearly
= There could be cross-contaminationwithforeigncells orbodies
Use acalibrated graticule to take measurements of cells
= Agraticuleis asmalldisc that has anengraved scale. |t canbe placed into the eyepiece of a
microscope to actas arulerinthe field of view
= As agraticule has no fixed units it must be calibrated forthe objective lens thatis inuse. This
isdone byusingascale engraved onamicroscope slide (astage micrometer)
= Byusingthe two scales together,the numberof micrometers each graticule unitis worthcan
be worked out
= Afterthisis knownthe graticule canbe used as arulerinthe field of view
= The measurements made usingthese microscope apparatus are aformof quantitative
observations

Diagramof an eyepiece graticule and stage micrometer
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The stage micrometer scale is used to find out how many micrometers each graticule unit represents

Magnification calculations

= Magnificationis how many times bigger the image of aspecimenobservedisincomparisonto

the actual (real-life) size of the specimen
= The magnification(M) of anobject canbe calculated if boththe size of the image (/), and the

actual size of the specimen(4),is known
The magnificationequationtriangle

An equation triangle for calculating magnification
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@ Worked example

Animage of ananimal cellis 30 mminsize and it has been magnified byafactorof X3000.
Whatis the actualsize of the cell?

Answer:

To find the actual size of the cell:

Using the appropriate units

= Thesize of cellsis typicallymeasured using the micrometer (um) scale, with cellularstructures
measured in eithermicrometers (um) ornanometers (nm)

= Whendoingcalculations allmeasurements must be inthe same units. Itis bestto use the
smallest unit of measurement showninthe question

= To convertunits, multiplyordivide dependingif the units are increasingor decreasing

= Magnificationdoes not have units

Diagram to show conversion of units
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There are 1000 nanometers (nm) ina micrometre (um)
There are 1000 micrometres (um) in a millimetre (mm)
There are 1000 millimetres (mm)inametre (m)

Producing ascalebar

= Ascale baris astraightline onthe drawingormicrograph thatrepresents the actual size before
the image was enlarged

It canbe used to calculate magnificationfrombiological drawings and images
= To addascalebarto abiological drawingofamicroscope specimen:
1.Use the eyepiece graticule and stage micrometerto calculate the distance between two
markings onthe eyepiece graticule;this is the graticule unit
2.Remove the stage micrometerand add the specimento the microscope stage
3.Measure the length of the specimenusing the eyepiece graticule which will be in graticule
units

4.Determine the length of the specimenin micrometers by multiplying the numberof graticule
units bythe lengthof eachunit(calculated instep 1)

= Yourscale barshould represent20% of the actual length of yourspecimen.If youspecimenis
300umthenyourscale barwould represent 60um
1.Draw yourspecimen as directed and measure the length of yourdrawing inmm;yourscale bar

should be 20% of the length of yourspecimendrawing;if yourdrawingis 150mmthenyour
scale barshould be 30mmlong

2.Add the actuallengthyourscale barrepresents underneathyourscale bare.g.60um
Using a scalebar

= |fthe calculationrequired includes ascale baronthe micrograph ordrawingthenfollow these
steps:

1.Use arulerto measure the length of the scale barin millimetres (mm)
2.Convert this measurement into the same units as the numberonthe scale bar

3.Insert these numbers into the magnificationformula above (note:the size of the image is the
measured length of the scale barand the actual size is the numberonthe scale bar)
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@ Worked example

Calculate the magnification of the transverse sectionof the leaf blade.

Transverse section of the leaf blade

Answer:

Step 1:Use arulerto measure the lengthof the scale barinmillimetres
Usingarulerthe length of the scale baris equal to 20 mm

Step 2:Convert this measurement into the same units as the numberonthe scale bar
The units onthe scale barare um,rememberthat Imm =1000 pm

therefore 20mm=20x1000=20 000 um

Step 3:Insert these numbers into the magnificationformula
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measured length of scale bar
scale bar label

Magnification =

Note:the size of theimage is the measured length of the scale barand the actual size is the
numberonthe scale bar

20 000pm

M ification =
agnification 500um

therefore Magnification=x100

O ExamTip

Before doinganycalculations make sure that allthe measurements have the same units. When
doingthe calculationsitis easierto write the formula, thenrearrange it,before youadd any
measurements, as this helps avoid anypossible errors.Note that whenyou do calculations using
ascale bar,the numberonthe scale baris informing youhow many mm/um ornm the line actually
represents (e.g.if the scale barhas 20 nmabove it and the line is 10 mm, then every 10 mm on the
diagramis actually 20 nm).

NOS: Measurement using instruments is a form of quantitative observation

= Microscopycangive us accurate quantitative observations about cells
= Quantitative observations are acollectionof datawhichare focused onnumbers and values
such as measurements of length, height,volume, orvalues of quantityand frequency
= Usinginstruments such as eyepiece graticules and stage micrometers allow us to take
measurements onasmallscale suchasinmicrometers (um)and nanometers (nm) (using electron
microscopes)
= Datacanbe collected aboutcelland organelle sizes
= Qualitative datais non-numericaldatasuchas colourand presence of structures whichcanalso
be determined usingmicroscopes
= Making observations and taking measurements form the basis fordevelopingnew hypothesesin
Biology
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Microscopes

Microscopy: Developments

= Microscopes canbe usedto analyse cellcomponents and observe organelles
= Magnificationand resolutionare two scientific terms that are veryimportant to understand and
distinguishbetweenwhen answering questions about microscopy(the use of microscopes):
= Magnificationtells youhow manytimes biggerthe image produced bythe microscopeis
than the real-life object you are viewing
= Resolutionis the abilityto distinguishbetweenobjects that are close together(i.e.the
abilityto see two structures that are veryclose togetheras two separate structures)

= There are two maintypes of microscopes:
= Opticalmicroscopes (sometimes known as light microscopes)
= Electronmicroscopes

Optical (light) microscopes

= Opticalmicroscopes uselight to formanimage
= Thislimits the resolutionof opticalmicroscopes
= Usinglight,itisimpossible to resolve (distinguish between) two objects thatare closerthan
half the wavelength of light
= The wavelengthofvisible lightis between500-650 nanometres (nm),so anoptical
microscope cannotbe used to distinguishbetween objects closerthan half of this value
= This means optical microscopes have amaximumresolutionof around 0.2 micrometres (um)
or200 nm
= Opticalmicroscopes canbeused to observe eukaryotic cells, theirnucleiand possibly
mitochondriaand chloroplasts
= Theycannotbeusedto observe smaller organelles suchasribosomes, the endoplasmic
reticulumorlysosomes
= The maximumuseful magnificationof opticalmicroscopesis about x1500

Electron microscopes

= Electronmicroscopesuse electrons to formanimage
= This greatly increases theresolutionofelectronmicroscopes compared to optical
microscopes, givingamore detailed image
= Abeamofelectrons has amuchsmallerwavelengththanlight,so anelectronmicroscope can
resolve (distinguish between) two objects that are extremelyclose together
= This means electronmicroscopes have amaximumresolutionof around 0.0002 umor 0.2 nm
(i.e.around 1000 times greaterthan that of optical microscopes)
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= This means electronmicroscopes canbe used to observe smallorganelles such as
ribosomes, the endoplasmic reticulumorlysosomes
= The maximumusefulmagnificationof electronmicroscopesis about x1,500,000
= There are two types of electronmicroscopes:
= Transmissionelectronmicroscopes (TEMs)
= Scanning electronmicroscopes (SEMs)

Transmission electron microscopes (TEMs)

= TEMsuse electromagnets to focus abeamof electrons
= Thisbeamofelectronsis transmitted throughthe specimen
= Denserparts of the specimenabsorbmore electrons
= This makes these denserparts appeardarkeron the finalimage produced (produces
contrast betweendifferent parts of the object beingobserved)
= Advantages of TEMs:
= Theygive high-resolutionimages (more detail)
= This allows theinternal structures withincells (orevenwithinorganelles) to be seen
= Disadvantages of TEMs:
= Theycanonlybe used withvery thinspecimens orthinsections of the object being
observed
= Theycannotbeusedtoobservelive specimens
= Asthereis avacuuminside aTEM,all the watermust be removed fromthe specimenand
so livingcells cannotbe observed, meaning that specimens must be dead. Optical
microscopes canbe used to observe live specimens
= Thelengthy treatment required to prepare specimens means that artefacts canbe
introduced
= Artefactslooklikereal structures but are actually the results of preserving and staining
= Theydo notproduce acolourimage
= Unlike opticalmicroscopes that produce acolourimage

Scanning electron microscopes (SEMs)

= SEMsscanabeamofelectrons across the specimen
= Thisbeambounces off the surface of the specimenand the electrons are detected,formingan
image
= This means SEMs can produce three-dimensionalimages that show the surface of
specimens
= Advantages of SEMs:
= Theycanbeusedonthickor3-Dspecimens
= Theyallow the external,3-D structure of specimens to be observed
= Disadvantages of SEMs:
= Theygive lowerresolutionimages (less detail) than TEMs
= Theycannotbeusedto observelive specimens
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Theydo not produce acolourimage

Comparison of the electron microscope & light microscope

= Light microscopes are used forspecimens above 200 nm

Light microscopes shine light through the specimen, this light is then passed through an
objective lens (whichcanbe changed) and aneyepiece lens (x10) which magnify the
specimento give animage that canbe seenbythe naked eye

The specimens can be living (and therefore canbe moving), or dead

Light microscopes are useful forlooking at whole cells, small plant and animal organisms,
tissues withinorgans suchasinleaves orskin

= Electronmicroscopes,bothscanningand transmission,are used forspecimens above 0.5nm

Electronmicroscopes fire abeamof electrons at the specimen eitherabroad static beam
(transmission) orasmallbeamthat moves across the specimen(scanning)

Due to the higher frequency of electronwaves (a much shorterwavelength) compared to
visible light, the magnificationand resolutionof anelectronmicroscope is much higherthana
light microscope

Electronmicroscopes are usefulforlooking at organelles, viruses and DNA as well as
lookingatwhole cells inmore detail

Electronmicroscopyrequires the specimento be dead howeverthis canprovide asnapshot
intime of whatis occurringinacelle.g.DNAcanbe seenreplicatingand chromosome
positionwithinthe stages of mitosis are visible

Diagramof the comparison of resolution of microscopes

The resolving powerof 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 vsElectron Microscope Table
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ElectronMicroscope Light Microscope

moved Smalland easyto carry
Vacuumneeded No vacuumneeded
Complicated sample preparation Simple sample preparation
Overx500000 magnification Up to x2000 magnification
Resolution 0.5nm Resolution200nm
Specimens need to be dead Specimens canbe livingordead

O Exam Tip

Learnthe difference betweenresolutionand magnification!Also,learnhow the light and electron
microscope differinterms of resolution and magnification.
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Microscopy: Developments

= The microscope hasundergone manydevelopments since the firstone used inthe 1600s by
RobertHooke

= Everyadvancementinmicroscopytechnologies hasimproved ourunderstanding of cells and
theirstructures

Optical (light) microscopes

= Optical(light)microscopes have made advancements in theirability to to view living cells and
theirinternal structures
= Condenserlenses have beendeveloped to directlight fromthe light source throughthe
specimen
= lightrays pass fromthe specimenthroughthe objective lens to the eyepiece
= Differenttypes of condensers give different features to the microscope
= Theuse of fluorescent stains and immunofluorescence canbe used inopticalmicroscopes
whichhave made it possible to view cellularstructures such as RNA
= Fluorescentdyes and stains are used to combine with specific cell structures and
organelles which,whenexposed to UVrays, gives amore detailed view of the specimen
= Immunofluorescenceinvolves the use of antibodies that have been prepared with
fluorescent dyes which can bind with target molecules complimentary to the antibody. This
allows specific molecules to be detected suchas virus proteins
Electron microscopes

= Electronmicroscopes bringus manyadvantages to studyingcells
= Highmagnificationand resolutionmeaning that great detailcanbe seeninarange of cells
and structures withincells,and includingviruses
= 3Dimages canbe produced usingascanningelectronmicroscope
= Electronmicroscopes have also undergone developments intheirabilities
= Cryogenic electronmicroscopy
= Thisinvolves flash-freezing solutions containing proteins orotherbiological molecules
= Thefrozensolutionis thenexposedto electrons to produce images ofindividual
molecules
= Computersoftwareisusedtoreconstructa3Drepresentationof acell's proteins
usingthe images of individual molecules
= Qurunderstanding of virus structure and composition, cellmembrane arrangement and
proteinsynthesis have improved thanks to this technique
= Freeze fracture
= Asampleisrapidly frozenusingliquid nitrogenand then physicallybroken apart
(fractured)inavacuum
= |tcanbeusedto provide aunique planarview of the internal organisationof cell
membranes
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General Cell Structure

General Cell Structure

= Alllivingorganisms are comprised of cells

= Thesecells allhave some commonunifying features,including
= DNA as genetic material
= Cytoplasm
= Aplasmamembrane

DNA

= Alllivingcells containsome sort of DNA, this varies between eukaryotic cells and prokaryotic
cells
= The presence of DNAmeans thatanewcellcanbe formed fromanold cell, as genetic material is
able to be stored and transferred
= DNAalso controls the productionof enzymes and othervital proteins withinthe cell
Cytoplasm

= Cytoplasmis found withinthe boundaryofacell

= |tiscomposed of mainly water withdissolved substances, suchasions

= The fluidis knownas cytosol

= Manyofthecell'simportantreactions take place within the cytoplasm
Plasma membrane

= The plasmamembrane surrounds the celland encloses allthe cell contents
= |nallcelltypes,the plasmamembrane has two layers and this is called abilayer
= The bilayerconsists of lipids;these varydepending onthe type of organism
= The membraneisresponsible forcontrollingthe interactions of the cell's interior with the
exterior
= Materials required bythe cellare transported into the cellinterior
= Waste substances are exported out of the cell to the surrounding environment
= The membraneis studded withproteins which have varying functions including:
= Cellrecognition
= Cellcommunication
= Transportinto and out of the cell
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Prokaryotic Cell Structure

Prokaryotic Cell Structure

= The cellstructure of organisms determines whethertheyare prokaryotic oreukaryotic
= Prokaryotes have the simplest cellstructure, being the first organisms to evolve on Earth and
have beenclassified into two domains:
= BacteriaorEubacteria-'true'bacteria,includes commonlyknownbacteriasuchas E.coli
and Helicobacter
= ArchaebacteriaorArchaea - typicallyfound inextreme environments such as high
temperatures and salt concentrations and include methanogens (organisms that existin
anaerobic conditions and produce methane gas)

= Prokaryotic cells are small,ranging from O.lumto 5.0um
= Prokaryotes have cells thatlackanucleus (the Greekroots of prokaryote are 'pro' =before and
'karuon'=nut orkernel,relatingto 'before the nucleus’)

Structure of prokaryotic cells

= The cytoplasmof prokaryotic cellsis not divided into compartments, it lacks membrane-
bound organelles
= Structures thatare commonto mostprokaryotesinclude:
= 70Sribosomes
= DNAinaloop
= Cytoplasm
= Plasmamembrane
= Cellwall
Ribosomes

= Prokaryotic ribosomes are structurallysmaller(70S)incomparisonto those found in eukaryotic
cells (80S)
= The functionoftheseribosomesis the bindingand reading of mMRNA during translationto
produce proteins
DNA

= Prokaryotes do nothave anucleus, buttheydo have genetic material. This is generallyinthe form
of a"naked"single circular DNA molecule (not associated withproteins)located inthe
nucleoid and insmallerloops called plasmids
= Plasmids are smallloops of DNA that are separate from the main circularDNA molecule
= Plasmids containgenes that canbe passed betweenprokaryotes (e.g.genes forantibiotic
resistance)
Cytoplasm
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Prokaryotic cytoplasm is very similar to the cytoplasmof any other cell

It is the site of many cellular reactions

This is where the 70S ribosomes are found

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

solution that contains ions, small molecules, and macromolecules
Cellmembrane

= The cellmembrane of prokaryotes is composed of alipid bilayer

= Agroup of prokaryotes, known as archaea, have their plasma membrane
formed as a monolayer as opposedto a bilayer

» Therole of the plasma membrane is to control substances entering and exiting

the cell
Cellwall

= Mostprokaryotes have acellwallcontaining murein/peptidoglycan(a glycoprotein)
= The cellwallacts as protection, maintains the shape of the cell and prevents the cell from
bursting
= Some bacteriaare able to be classified because of theircell wall structure
= Theirabilityto retainadye called crystalviolet classifies agroup of bacteria as Gram
positive, theyappearblue/violet afterexposure to the dye
= Examples of gram positive bacteria are Bacillusand Staphylococcus
= Bacteriathatdo notreactwiththe dye are referred to as Gram negative bacteria

Additional structures

= |naddition,many prokaryotic cells have afew otherstructures that differentiate the species from
others and act as aselective advantage,examples of these are:
= Plasmids
= Capsules
= Flagellum
= Pili
= Some prokaryotes (e.g.bacteria) are surrounded by a final outerlayerknown as acapsule. This is
sometimes called the slime capsule
= [thelpsto protectbacteriafromdryingoutand fromattack bycells of theimmune system
ofthe hostorganism
= Flagellum (plural =flagella) are long, tail-like structures thatrotate, enabling the prokaryote to
move (a bit like apropeller)
= Some prokaryotes have more thanone
= Piliare shorterand thinnerstructures thanflagella
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= Theyassistwithmovement,avoidance of attack bywhite blood cells, conjugation (the sexual
mode forbacteria) and are commonlyused to allow bacteriato adhere to cellsurfaces

Adiagram 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 first living organisms on Earth

O Exam Tip

Make sure youlearnthe typical structures and organelles found in prokaryotic cells,as well as
theirfunctions.
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Eukaryotic Cell Structure

Eukaryotic Cell Structure

Structure of eukaryotic cells

= Eukaryotic cells have amore complexultrastructure than prokaryotic cells

= Thecytoplasmofeukaryotic cellsis divided upinto membrane-bound compartments called
organelles. These compartments are eitherbound by a single ordouble membrane

= The compartmentalisationof the cellis advantageous as it allows:

Enzymes and substrates to be localised and therefore available at higherconcentrations
Damaging substances to be kept separated, e.g.digestive enzymes are stored inlysosomes
so theydo notdigestthecell

Optimal conditions to be maintained forcertainprocesses, e.g.optimal pHfordigestive
enzymes

The numbers and location of organelles to be altered depending onrequirements of the cell

Animal and plant cells

= Animaland plant cells are bothtypes of eukaryotic cells that share keystructures such as:

Membrane-bound organelles,including anucleus
Largerribosomes (80S)

= However, there are keydifferences:

= Animal cells containcentrioles and microvilli
= Plantcells have acellulose cellwall, large permanent vacuoles and chloroplast

Adiagramof a eukaryotic 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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Adiagramof a eukaryotic plant cell

Plant cells have a larger, more regular structure in comparison to animal cells
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= |Incomplexmulticellular organisms, eukaryotic cells become specialised forspecific functions
= These specialised eukaryotic cells have specific adaptations to help them carry out their
functions
= Forexample,the structure of acellis adapted to helpit carryoutits function(this is why
specialised eukaryotic cells canlook extremely different fromeach other)
= Structuraladaptationsinclude:
= Theshape of thecell
= Theorganelles the cellcontains (ordoesn’t contain)
= Forexample:
= Redbloodcells are biconcave and do not containanucleus. This makes more space
inside the cell so that theycantransportas muchoxygenas possible
= Cells that make large amounts of proteins will be adapted forthis function by containing
many ribosomes (the organelle responsible forproteinproduction)

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

= Allcells are surrounded by a plasmamembrane which controls the exchange of materials
betweenthe internal cell environment and the external environment
= The membraneis described as being ‘partially permeable’

= The plasmamembraneis formed from abilayer of phospholipids spanningadiameterof around
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

= Presentinalleukaryotic cells (exceptred blood cells), the nucleus is relativelylarge and
separated fromthe cytoplasm bya double membrane (the nuclear envelope)whichhas many
pores

= Nuclearpores are important channels forallowingmRNA and ribosomes to travel out of the
nucleus, as well as allowing enzymes (e.g. DNA polymerases) and signallingmolecules to travelin

= The nucleus contains chromatin (the material fromwhich chromosomes are made)

= Chromosomes are made of sections of linear DNA tightlywound around proteins called
histones

= Usually,atleastone ormore darkly stained regions can be observed within the nucleus - these
regions are individuallytermed ‘nucleolus’ (plural: nucleoli) and are the sites of ribosome
production

Rough endoplasmicreticulum
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The rough endoplasmic reticulum (RER) - the attached ribosomes enable this structure to be identified in
electron micrographs

= Foundinplantand animalcells

= Surface coveredinribosomes (80S)

= Formed fromfolds of membrane continuous with the nuclear envelope.These flattened
membrane sacs are called cisternae

= Processes proteins made bytheribosomes

= The proteins synthesised bythe ribosomes move to the cisternae, bud off into vesicles that
carrythe proteins to Golgiapparatus before beingsecreted out of the cell

Ribosomes

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

= Found freelyinthe cytoplasmofallcells oras part of the roughendoplasmic reticulumin
eukaryotic cells

= Eachribosomeisacomplexofribosomal RNA (rRNA)and proteins.Theyare constructed inthe
nucleolus (aregioninthe nucleus)

= 80Sribosomes (composed of 60S and 40S subunits) are found in eukaryotic cells

= Site of translation(whichis part of proteinsynthesis)

Mitochondrion

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 of aerobic respirationwithinalleukaryotic cells, mitochondria are just visible with a light
microscope

= Surrounded byadouble-membrane with the innermembrane folded to formcristae

= The matrixformed bythe cristae contains enzymes needed foraerobic respiration, producing
ATP

= Small circularpieces of DNA (mitochondrial DNA) and ribosomes are also found in the matrix
(needed forreplication)

Golgiapparatus

The structure of the Golgi apparatus
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= Foundinplantand animalcells
= Flattened sacs of membrane called cisternae (like the rough endoplasmic reticulum)
= Modifies proteins and lipids before packaging theminto Golgivesicles
= Thevesiclesthentransport the proteins and lipids to theirrequired destination
= Proteins that go throughthe Golgiapparatus are usuallyexported (e.g.hormones such as
insulin), putinto lysosomes (such as hydrolytic enzymes) ordelivered to membrane-bound
organelles

Vesicles

The structure of the vesicle

= Foundinplantand animalcells
= Amembrane-bound sac fortransport and storage

Lysosome

The structure of the [ysosome

= Specialistforms of vesicles which containhydrolytic enzymes (enzymes that break biological
molecules down)

= Break downwaste materials suchas worn-out organelles

= Used extensivelybycells of the immune systemand inapoptosis (programmed celldeath)

Page 25 of 46
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

O Exam Tip

Inthe exam, you could be required to applyyourknowledge of organelles to deduce the
functionofaspecialised cell.To answerthese questions,just think about what organelles you
canseeinlarge numbers,considerthe functionof that organelle and then think about where this
functionmightneed to happenalotinanorganism(e.g.if the cell’s mainfunctionis to carryout
photosynthesis it willneed to contain manychloroplasts)!
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Functions of Life

Functions of Life

= Unicellular(single-celled) and multicellular(many cells) organisms must carry out the following
functions to stayalive:

= Metabolism - allthe enzyme-catalysed reactions occurringinacell,including cellrespiration

= Reproduction-the productionofoffspring.lt maybe sexual orasexual

= Homeostasis - the abilityto maintain and regulate internal conditions within tolerable limits,
including temperature

= Growth-the permanentincreaseinsize

= Response -(orsensitivity), the ability to respond to external orinternal changes (stimuli) in
theirenvironment. Thus improving theirchance of survival

= Excretion-the disposal of metabolic waste products,including carbondioxide from
respiration

= Nutrition - the acquisition of energyand nutrients forgrowth and development, either by,
absorbing organic matterorbysynthesisingorganic molecules (e.g.photosynthesis)

= Unicellularorganisms have adapted unique ways to carryout these functions compared to
multicellularorganisms

= Mitochondriaare presentto provide energythroughrespiration

= The cellmembrane controls movement of materials inand out of the cell to maintain
homeostasis

= Ribosomes are presentto produce proteins forgrowth and repair,inadditionenzymes for
vital cell functions

= Vacuoles are used fordigestionpurposes and also to store waste substance

= Ciliaorflagellaare used formovement of the organisminresponse to changesinthe
environment
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Eukaryotic Cell Structure: Comparisons & Atypical Examples

Cell Structure: Animals, Fungi & Plants

= Eukaryotic cells existinthree kingdoms
= The animalkingdom
= The plant kihngdom
= The fungalkingdom

= Thecellsofeachofthese possessunique characteristics and structures that contribute to their
differences

Differences in eukaryotic cell structure

Cellwalls

= Animal celldo not have a cell wall
= Plant cellwalls are composed of the polysaccharide cellulose

» Fungal cellwalls are made up mainly of glucans, chitin and glycoproteins
Vacuoles

» Vacuoles canbe present in animal cells but they tend to be small,
temporary and numerous when present with unique functions

= Plant cells have large permanent vacuoles usedforthe storage of various
substances

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

non-permanent
Chloroplasts

= Animal cells do not have chloroplasts
= Plant cells possess many chloroplasts used for the production of
carbohydrates through photosynthesis

= Fungalcells do not have chloroplasts
Presence of centrioles

= Animal cells do contain centrioles usedin the role of microtubule
organisation during cell division
= Plant cells do not possess centrioles
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= Fungalcells do not possess centrioles
Presence of ciliaand flagella

= Animal cells can have cilia and flagella, associated with abasal body (a
protein structure fromwhich the cilia are assembled), and are used in various
functions such as the movement of an egg cellthrough the oviduct orthe
movement of fluids in the respiratory tract

» Plant cells do not contain cilia or flagella

» True fungido not contain cilia or flagella
Otherdifferences

= Animalandfungal cells store their carbohydrates as glycogen, whereas
plants so carbohydrates as starch
= Animal cells are flexible as they lack a rigid cellwall, whereas plant cells have a

fixed shape. Fungal cells, although they have a cell wall, can be flexible and
their shape may vary
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Atypical Cell Structure

= Some eukaryotic cells have averyunique oratypical structure which enables themto carryout
specialised functions

= Thenumberofnucleicanbe usedtoillustrate atypical examples

= Skeletalmuscle,aseptate fungal hyphae,red blood cells and phloem sieve tubes are examples
of cells/tissue with structures that questiontheintegrityof the celltheory

Atypical examples

Striated muscle fibres

= Striated muscle fibres (fused muscle cells) are:

= Longerthantypicalcells (upto 300 mminlengthincomparisonto acardiac muscle cell
whichhas alengthof100 -150 uym)

= Have multiple nucleisurrounded by asingle membrane (sarcolemma)

= Striated muscle cells are formed from multiple cells whichhave fused together (whichis
how theyhave manynucleiratherthan one) that work togetheras asingle unit

= These features challenge the conceptthatcells workindependentlyofeachotherevenina
multicellularorganism

Aseptate fungalhyphae
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= Fungihave manylong, narrow branches called hyphae
= Hyphae have cellmembranes, cellwalls and some have septa
= Aseptate fungalhyphae do nothave septa, thus these cells are multinucleated with continuous
cytoplasm
= The cells have no end walls making them appearas one cell
Red hland celle

= Redbloodcells,atype of animal cell,are unique inthattheydo not containanucleus
= Thereasonforthisis to enable the cellto carryalarge volume of the oxygen binding pigment

haemoglobin
= Thebiconcave shape ofred blood cells means theyhave maximum surface areato improve their

oxygen carrying capacity
Phloemsieve tubes
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= These serve aplant by transporting dissolved substances, such as
sucrose, around the plant

= These unique tissues have no end cell wall andlack many cell organelles
such as nuclei, mitochondria and ribosomes

= Because of the lack of theirown 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 cytoplasmof the sieve
tubes
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CellTypes & Structures: Skills

CellTypes & Structures: Skills

= |tisimportantto be able to recognise various organelles fromlight and electronmicroscope
images
= Wheninterpreting micrographs to identifyand deduce the function of the cellitis important to:
1.l1dentifywhetheritis aprokaryotic oreukaryotic cell-look to seeif anucleusis presentor
not
2.ldentifywhich type of eukaryotic cellitis (plant or animal) bylooking foracellwallorvacuole
3.ldentify the organelles presentinthe cells and considertheirfunction

= Youshould be confidentinidentifyingthe following structures and organelles:
= Nucleoidregioninaprokaryotic cell
= Prokaryotic cellwall
= Nucleus
= Mitochondria
= Chloroplast
= Sapvacuole
= Golgiapparatus
= Roughand smoothendoplasmic reticulum
= Chromosomes
= Ribosomes
= Plantcellwall
= Plasmamembrane
= Microvilli

= Someidentifiable features of keyorganelles are:

= Chloroplast
= Has distinctive stacks of thylakoids
= Double membrane
= Has aroughlyoval shape
= lLargerthanmitochondria
= [ndicatesthecellisaplantcell

= Nucleus
= Has anuclearmembrane and adark nucleolus within
= [thas aroughlyspherical shape

= Vacuole
= Occupies alarge space withinacell
= Oftenshows upas averylight shade (white) withinan electron micrograph
= |ndicates thecellisaplant cell
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Cellwall

= Locatedaround the perimeterofthe cell

Mitochondria

= Roughlyoval-shaped

= Double membrane

= Sometimes observed withvisible cristae (foldings of the innermembrane)

Aninterpretation of an electron micrograph of acell

Electron micrograph ofcell 1

= Toidentifythis cellconsiderthe following

The cellhas anucleus - therefore itis a eukaryotic cell

This celldoes not have acellwallorcentralvacuole - therefore itis ananimal cell

The cellhas alarge u-shape nucleus - so it can manipulate itself through small pores

There are alarge numberoflysosomesinthe cell-so it candigest substances found within
the cell
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There are alarge number of mitochondria - this means it has sufficient energy forits many
metabolic reactions

The deduction, therefore,is that this cellneeds alotof energyto break down substances
that enterthe celland thatit canmove where it wants.This cellis amacrophage

Aninterpretationof an electron micrograph of acell

Electron micrograph of cell 2

= Toidentifythis cellconsiderthe following

The cellhas anucleus - therefore itis aeukaryotic cell

This celldoes not have acellwall orcentralvacuole - thereforeitis ananimalcell

There are alarge number of mitochondria - so it requires significant energy for many
metabolic reactions

The cellhas microvillipacked closelytogether(brushborder)-so itneeds to increase the
surface areaand prevent anysubstance fromcrossinginto the cell

The deduction,therefore,is that this cellneeds alotof energyto control what enters orexits

this celland that the cellrequires manyof the substance to be absorbed.This cellis aciliated
epitheliumof the smallintestine
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Drawing Cells: Skills

Drawing Cells: Skills

Drawing the ultrastructure of cells

Torecord the observations seenunderthe microscope (orfromphotomicrographs taken) a
labelled biologicaldrawingis oftenmade

Biologicaldrawings are line pictures that show specific features that have beenobserved when
the specimenwas viewed

There are anumberofrules/conventions that are followed whenmaking abiological drawing

Drawing conventions

The drawing must have a title
The magnificationunderwhich the observations shown by the drawing are made must be
recorded where possible

= Ascale barmaybe used
Asharp HB pencil should be used (and agood eraser!)
Drawings should be on plain white paper
Lines should be clear, single lines (no sketching)
No shading
The drawing should take up as much of the space onthe page as possible
Well-defined structures should be drawn
The drawing should be made withproper proportions
Labellines should notcross orhave arrowheads and should connect directly to the part of the
drawing beinglabelled
Labellines should be kept to one side of the drawing (in parallelto the top of the page) and drawn
witharuler
Drawings of cells are typicallymade when visualising cells at a higher magnification power,
whereas plandrawings are typicallymade of tissues viewed underlower magnifications
(individual cells are neverdrawnin a plandiagram)
You are also expected to include the functions of organelles and cells as part of the annotations
made

Page 36 of 46
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

Endosymbiotic Theory (HL)

Endosymbiotic Theory

Endosymbiosis

= Endosymbiosisis where one organismlives withinanother

= |ftherelationshipis beneficial to both organisms the engulfed organismis not digested

= Forendosymbiosis to occurone organismmust have engulfed the otherbythe process of
endocytosis

Endosymbiotic theory

= The endosymbiotic theory is used to explain the originof eukaryotic cells. The evidence
provided forthis theorycomes fromthe structure of the mitochondriaand chloroplasts
= |tis believed that all eukaryotic cells evolved fromacommonunicellular ancestor thathad a
nucleus and reproduced sexually
= Scientists have suggested that these ancestral cells evolved into ancestral heterotrophic and
autotrophic cells through the following steps:
= Heterotrophiccells:
= To overcome asmall surface area:volume ratio,ancestral prokaryote cells developed folds
intheirmembrane.Fromthese infoldings, organelles such as the nucleus and rough
endoplasmic reticulumformed
= Alarger anaerobically respiring cell engulfed a smaller aerobically respiring prokaryote
(whichwas not digested)
= This gave the largercellacompetitive advantage as ithad aready supply of ATP and gradually
the cellevolved into the heterotrophic eukaryotes with mitochondria that are present
today
Autotrophiccells:
= Atsome stageintheirevolution,the heterotrophic eukaryotic cellengulfed a smaller
photosynthetic prokaryote.This cell provided acompetitive advantage as it supplied the
heterotrophic cellwith an alternative source of energy,carbohydrates
= Overtime the photosynthetic prokaryote evolved into chloroplasts and the heterotrophic
cellsinto autotrophic eukaryotic cells

Evidence to support the endosymbiotic theory

= Theevidence to supportthe endosymbiotic theoryarises from the features that the
mitochondriaand chloroplasts have incommonwith prokaryotes:
= Bothreplicate bybinary fission
= Bothcontaintheirowncircular,non-membrane bound DNA
= Theybothtranscribe mRNA fromtheir DNA
= Theybothhave 70Sribosomes to synthesise theirown proteins
= Theybothhave double membranes

NOS: Factors determining the strength of a theory - A widerange of
observations are accounted for by the theory of endosymbiosis
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= The strengthof the theorycomes fromthe observations the theory explains and the
predictionsit supports
= |fnewobservations do notsupportatheory,itmust eitherbe adjusted orrejected
= The more observations and datathat are predicted byatheory,the stronger the theory is
= Arange of observations are accounted forbythe theoryof endosymbiosis
= Membranes:Mitochondriaand chloroplasts have theirown cellmembranes,justlike a
prokaryotic celldoes
= DNA:Eachmitochondrionand chloroplast have theirown circular DNA genome, like a
bacteria's genome, but much smaller
= Replication: Mitochondria multiply by pinchinginhalf whichis the same process used by
bacteria

Q Exam Tip

Learnhow the structure of the mitochondriaand chloroplast support the endosymbiotic theory.
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Cell Differentiation (HL)

Cell Differentiation

= Oneimportant process thatoccurred inthe development of the cellwas cell
compartmentalisation

= This enabled unicellular organisms to develop specialised functions through specific areas of
theircell
= One exampleis the nucleus regionwhichcontains DNAmolecules
= Anotherexampleis the compartmentalisation of energyproducingareas formed by the

endosymbiosis of mitochondria

= However,evenwith specialised compartments unicellular organisms have their limitations, and
so multicellularorganisms evolved

= |Incomplexmulticellular organisms eukaryotic cells become specialised forspecific functions

= Specialisationenables the cellsinatissue to functionmore efficiently as theydevelop specific
adaptations forthatrole.The development of these distinct specialised cells occurs by
differentiation

= These specialised eukaryotic cells have specific adaptations to help them carryout their
functions

= Forexample,the structure of acellis adapted to helpit carryoutits function(thisis why
specialised eukaryotic cells canlook verydifferent 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 containing

many ribosomes (the organelle responsible forprotein production)

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

Gene expression

= Everynucleus withinthe cells of amulticellularorganism contains the same genes, thatis, all cells
ofanorganismhave anidenticalgenome

= Despite cells havingthe same genome, theyhave adiverse range of functions because during
differentiationcertaingenes are expressed ('switched'on)

= Whetherageneis expressed ornotis triggered by changes inthe environment

= Controllinggene expressionis the keyto development as the cells differentiate due to the
different genes being expressed

= Once certaingenes are expressed the specialisation of the cellis usuallyfixed so the cellcannot
adaptto anew function
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Expression of genes resulting in cell differentiation
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Multicellularity (HL)

Multicellularity

Inmulticellularorganisms, specialised cells of the same type group together to formtissues

Atissueis agroup of cells that worktogether to performaparticular function
Examples of this include the following:

= Epithelialcells group togetherto form epithelial tissue (the function of which, in the small

intestine,is to absorbfood)

= Muscle cells (anothertype of specialised cell) group togetherto formmuscle tissue (the

functionofwhichis to contractinorderto move parts of the body)
Different tissues worktogether to formorgans
Examples of this include the following:

= Theheartis made up of manydifferent tissues (including cardiac muscle tissue,blood vessel
tissues and connective tissue, as well as manyothers)

Differentorgans worktogether to formorgansystems
Organsystems worktogetherto carryout the life functions of acomplete organism

Levelsof Organisationin HumansTable

Specialised
s Tissue Organ system
cell
Digestive system (made up of
, L Stomach(madeup| numerous organsinvolved
Epithelial tissue ) L . ) . 1
) i of epithelial tissue, |withdigestionand absorption
Epithelial cell (made up of ) , J
) ) muscle tissue and offood,including the
epithelialcells) | :
glandulartissue) |stomach,liver,smalland large
intestine)
Bladder(made up
of smoothmuscle
Muscle tissue tissue epithelial Urinary system (made up of the
Muscle cell (made up of ) P ) bladder, kidneys, ureters and
tissue, fattytissue
muscle cells) i urethra)
and connective
tissue)
Brain(made up of
Nerve tissue reymattertissue,
Neurones 9 'y ) Central nervous system(made
(madeupof [white mattertissue ) )
(nerve cells) up of the brainand spinal cord)
nerve cells) and blood vessel
tissue)
Rod cellsand |Retina(madeup | Eyes (madeupof |Visualsystem(madeupofthe
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conecells [ofrodandcone manytissues eyes,optic nerves and visual
cells) includingthe retina, cortexofthe brain)
scleraand cornea)

Cells,tissues and organs have developed inmulticellularorganisms to help coordinate and
communicate witheachother
This means that organisms that possess multicellularity can thrive inmost environments
Otheradvantages of multicellularityincludes:
= Jtallows fororganisms to grow largerinsize
= Cellspecialisationcanoccurso that groups of specialised cells canperform specific
functions
The evolution of multicellularityis thought to have occurred instages
= Firstsingle celled organisms overtime,clumped together
= Theseclumps oraggregates, started forming specialised cells, particularlyreproductive
cells
= The groups of specialised cells beganto fold to create tissues and thenbecame more
complexto formorgans

The evolution of multicellularity diagram
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Multicellularity evolved in stages over millions of years

= The evolutionof multicellularity appears to have occurred many times throughout history
= Manyspecies of fungiand algae, which evolved before animals and plants, are multicellular
The evolution of multicellularity 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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