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1.2.10rigin of Cells

Spontaneous Generation
Pre-existing cells

= |In1852Robert Remak made the conclusionthat cells divided to formnew cells, thatis cells came
from pre-existing cells

= His conclusionwas reached afterstudyingcells fromchickenembryos

= Thisdiscoveryis oftenattributed to Robert Virchow who in1855 proposed the phrase omnis
cellula e cellula(all cells come fromcells)

= Priorto these announcements, it was believed that life arose spontaneously fromnon-living
matter

NOS: Testingthe general principlesthatunderlie the natural world; the principle
that cellsonlycome frompre-existing cellsneedstobe verified

= Upuntilthe 17th century, the consensus was that life was spontaneously generated (living
organisms arose fromnon-living matter). This was believed due to:
= Thelackoftechnology-microscopes were notextensivelyused
= Observations beingmade - Aristotle observinginsects forming from dew orvanHelmont
observingamouse appearing from ajarcontaining a sweatyshirt and wheat
= Theideasupportingthe culturaland religious beliefs of the time

= Fromthe 17th centuryscientists such as Francesco Rediwith his maggot and rotting meat
experimentbegancollectingevidence to testand verify that life required life to exist
= However, it was Louis Pasteur's experiments involving swan-neck flasks that provided sufficient
verificationto convince scientists that cells could onlycome from pre-existing cells
= Theuniversalacceptance that cells come from pre-existing cells also comes fromthe ideathat :
= The highly complexultrastructure of cells has notbeenable to be synthesised byhumans
= Allthe knownexamples of growth are aresult of cells dividing by mitosis ormeiosis
= Althoughviruses have amuch simplerstructure,theycanonlybe producedinside ahostcell
= Theuniversality of the genetic code suggests that all life evolved from the same original
cells
= Thetranslationofthe 64 codons produces the same amino acids fornearlyall organisms
- althoughthere are some rare minorvariations that have likely arisen since the common
originoflife
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Experiments disproving spontaneous generation
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Pasteur's Experiments

LouisPasteur'sexperiments

Louis Pasteur's experiments were designed to verify the principle that cells canonlycome from
pre-existingcells

To demonstrate this Pasteurused swanneck flasks (flasks with S-shaped necks) whichtrapped
the microorganisms inthe bend of the neck

Pasteuradded nutrient brothto the flasks thenboiled themto sterilise

Withsome of the flasks, Pasteurbroke off the necks (leavingno bend)

Afteralongperiod of time, Pasteurobserved that the brothin the flasks with the snapped necks
had gone cloudy whereas the brothinthe swanneck flasks remained clear

Thus Pasteurhad shownthat the swannecks prevented microorganisms in the airfromentering
the broth and that no organisms appeared spontaneously

Page 5 of 51
For more help visit our website www.exampaperspractice.co.uk



E=l

Exam Papers Practice

1.2.2 Endosymbiotic Theory

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

= Theendosymbiotic theory is used to explain the originof eukaryotic cells. The evidence
provided forthis theorycomes fromthe structure of the mitochondria and chloroplasts
Scientists have suggested thatancestral prokaryote cells evolved into ancestral heterotrophic
and autotrophic cells through the following steps:
= Heterotrophiccells:
= To overcome asmallSA:Vratio ancestral prokaryote cells developed folds intheir
membrane. Fromthese infoldings organelles such as the nucleus and roughendoplasmic
reticulumformed

= Alarger anaerobically respiring prokaryote engulfed asmaller aerobically respiring
prokaryote (whichis not digested)
= This gave the largerprokaryote acompetitive advantage as ithad areadysupplyof ATP

and gradually the cellevolved into the heterotrophic eukaryotes with mitochondria
that are presenttoday

= Autotrophiccells:
= Atsome stageintheirevolution,the heterotrophic eukaryotic cellengulfed a smaller
photosynthetic prokaryote.This cell provided acompetitive advantage as it supplied the
heterotropic cellwithanalternative source of energy,carbohydrates

= QOvertime the photosynthetic prokaryote evolved into chloroplasts and the heterotrophic
cellsinto autotrophic eukaryotic cells
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The endosymbiotic theory - an explanation for the evolution of eukaryotic cells

Evidence tosupport the endosymbiotic theory

= Theevidence to supportthe endosymbiotic theoryarises from the features that the
mitochondriaand chloroplasts have incommonwith prokaryotes:

Bothreproduce bybinary fission

Both containtheirowncircular,non-membrane bound DNA
Theybothtranscribe mRNA from their DNA

Theybothhave 70S ribosomes to synthesise theirown proteins
Theybothhave double membranes
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1.2.3 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 commonlyknown bacteriasuch as E.coli
and Helicobacter
= ArchaebacteriaorArchaea - typicallyfound in extreme 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 O0.lumto 5.0um
= Prokaryotes have cells thatlackanucleus (the greekroots of prokaryote are 'pro'=before and
'karuon'=nut orkernel,relating to '‘before the nucleus’)

Cellstructure

The cytoplasmof prokaryotic cells is not divided into compartments, it lacks membrane -
bound organelles (except forribosomes)
= Prokaryotic ribosomes are structurallysmaller(70 S)incomparisonto those foundin
eukaryotic cells (80 S)

= Prokaryotes do nothave anucleus,buttheydo have genetic material. This is generallyinthe form
of asingle circular DNA molecule (not associated withproteins)located inthe nucleoid and in
smallerloops called plasmids
= Prokaryotes have acellwall containing murein/peptidoglycan(a glycoprotein)
= The cellwallacts as protection, maintains the shape of the celland prevents the cell from
bursting

= |naddition,manyprokaryotic cells have afew otherstructures that differentiate the species from
others and act as aselective advantage,examples of these are:
= Plasmids
= Capsules
= Flagellum
= Pili

= Plasmids are smallloops of DNA that are separate fromthe main circular DNAmolecule
= Plasmids containgenes that canbe passed betweenprokaryotes (e.g.genes forantibiotic
resistance)
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Some prokaryotes (e.g.bacteria) are surrounded by afinal outerlayerknown as acapsule.This is
sometimes called the slime capsule
= |thelpsto protectbacteriafromdryingoutand fromattackbycells of theimmune system
of the 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
= Theyassistwithmovement,avoidance of attack by white blood cells, conjugation(the
sexualmode forbacteria) and are commonlyused to allow bacteriato adhere to cell
surfaces
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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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Binary Fission
Prokaryotesdivide by binary fission

= Binaryfissionis atype of asexualreproductionwhere the parent cell splits into two daughter
cells,roughlyequalinsize
= Duringthe binaryfissionprocess inprokaryotes:
= The single circularchromosome replicates whensignalled
= The cellelongates resultinginthe chromosome copies separating
= Across wall(septum)formsinthe middle of the cell dividing the cytoplasm (cytokinesis)
= Two daughtercells are formed

= Aseachdaughtercellcontains anexactcopyof the parental circularchromosome they
are clones
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Prokaryotes divide by binary fission
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1.2.4 Eukaryotic Cell Structure

Eukaryotic Cell Structure

Compartmentalized cell structure

= Eukaryotic cells have amore complexultrastructure than prokaryotic cells

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

= The compartmentalizationof the cellis advantageous as it allows:

Enzymes and substrates to belocalised and therefore available at higherconcentrations
Damagingsubstances to be keptseparated, e.g.digestive enzymes are stored inlysosomes
so theydo notdigestthe cell

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

The numbers and locationof organelles to be altered dependingonrequirements of the cell

= Eukaryotic cells have akeycompartment called the nucleus

Animalandplant cells

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

Membrane-bound organelles,includinganucleus
Largerribosomes (80S)

= However, there are keydifferences:

Animal cells containcentrioles and microvilli
Plant cells have acellulose cellwall, large permanent vacuoles and chloroplast
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The ultrastructure of an animal cell shows a densely packed cell - the ER and RER and ribosomes form
extensive networks throughout the cellin reality
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Plant cells have a larger, more regular structure in comparison to animal cells

Incomplex multicellular 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)
Structural adaptations include:

= Theshape of thecell
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= The organelles the cellcontains (ordoesn’t contain)

= Forexample:
= Redbloodcells are biconcave and do not containanucleus. This makes more space inside
the cellso thattheycantransport as 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 aphospholipid bilayer of phospholipids spanninga
diameterofaround 10 nm

Nucleus

Page 17 of 51
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

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 cytoplasmbya double membrane (the nuclear envelope)which has many
pores

= Nuclearpores are important channels forallowingmRNA and ribosomes to travel out of the
nucleus, as wellas allowingenzymes (eg. DNA polymerases) and signallingmolecules to travelin

= The nucleus contains chromatin(the material fromwhichchromosomes are made)

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

= Usually,atleastone ormore darklystained regions canbe observed - theseregions 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 identifiedin
electron micrographs

= Foundinplantand animalcells

= Surface coveredinribosomes (80S)

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

= Processes proteins made bythe ribosomes

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

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

= Found freelyinthe cytoplasmofallcells oras part of the rough endoplasmic reticulumin
eukaryotic cells

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

= 80Sribosomes (composed ofé60Sand 40S subunits) are found ineukaryotic cells

= Site of translation(proteinsynthesis)

Mitochondrion
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A single mitochondrion is shown - the innermembrane has protein complexes vital for the later stages of
aerobic respiration embedded within it

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

= Surrounded bydouble-membrane with the innermembrane folded to formcristae

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

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

Golgiapparatus
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The structure of the Golgi apparatus

= 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 through the Golgiapparatus are usuallyexported (e.g.hormones such as
insulin), putinto lysosomes (such as hydrolytic enzymes) ordelivered to membrane-bound
organelles

Vesicles
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The structure of the vesicle

= Foundinplantand animalcells
= Amembrane-bound sac fortransport and storage

Lysosome

The structure of the [ysosome
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= Specialistforms of vesicles whichcontainhydrolytic enzymes (enzymes that break biological
molecules down)

= Break downwaste materials suchas worn-out organelles

= Used extensivelybycells of theimmune systemand inapoptosis (programmed celldeath)

Chloroplasts

Chloroplasts are found in the green parts of a plant - the green colour a result of the photosynthetic
pigment chlorophyll

= Foundinplant cells
= lLargerthanmitochondria
= Surrounded byadouble-membrane
= Membrane-bound compartments called thylakoids containing chlorophyll stack to form
structures called grana
= Granaarejoined togetherbylamellae (thin and flat thylakoid membranes)
= Chloroplasts are the site of photosynthesis:
= Thelight-dependent stage takes place inthe thylakoids
= Thelight-independent stage (Calvin Cycle) takes place inthe stroma

= Also containsmallcircularpieces of DNA and ribosomes used to synthesise proteins needed in
chloroplastreplicationand photosynthesis

Large permanent vacuoles

Page 24 of 51
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

The structure of the vacuole

= Asacinplant cells surrounded bythe tonoplast, selectivelypermeable membrane
= Vacuolesinanimalcells are not permanent and small

Cellwall -an extra-cellular component (not anorganelle)

The cell wall is freely permeable to most substances (unlike the plasma membrane)

= Foundinplantcells but notinanimalcells
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= Cellwalls are formed outside of the cellmembrane and offerstructuralsupport to cell
= Structural supportis provided bythe polysaccharide cellulose inplants,and peptidoglycanin

most bacterialcells
= Narrow threads of cytoplasm(surrounded bya cellmembrane) called plasmodesmataconnect

the cytoplasm of neighbouring plant cells

Additionalorganelles

= Thebeloworganelles canbe foundinotherspecialised cellsineukaryotes

Flagella

The structure of the flagella

= Foundinspecialised cells
= Similarinstructure to cilia, made of longermicrotubules
= Contractto provide cellmovementforexampleinspermcells

Centrioles
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The structure of the centriole

= Hollow fibres made of microtubules

= Two centrioles atright angles to eachotherformacentrosome, which organises the spindle
fibres duringcell division

= Notfoundinflowering plants and fungi

Microtubules
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The structure of the microtubule

= Foundinalleukaryotic cells

= Makes upthe cytoskeletonofthe cellabout 25 nmindiameter

= Made of aand Btubulincombined to formdimers, the dimers are thenjoined into protofilaments
= Thirteenprotofilamentsinacylindermake a microtubule

= The cytoskeletonisused to provide supportand movement of the cell

Microvilli
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The structure of the microvilli

= Foundinspecialised animalcells
= Cellmembrane projections
= Usedtoincrease the surface areaofthe cellsurface membraneinorderto increase therate of

exchange of substances

Cilia
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The structure of the cilia

= Hair-like projections made from microtubules
= Allows the movement of substances overthe cellsurface

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 function of that organelle and then think about where this
functionmight need to happenalotinanorganism(e.g.if the cell’s mainfunctionis to carryout
photosynthesis it willneed to containmanychloroplasts)!
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1.2.5Exocrine Pancreatic & Palisade MesophyllCells

Exocrine Pancreatic & Palisade Mesophyll Cells
Exocrine gland cellsof the pancreas

= The pancreas contains two types of gland cells:endocrine and exocrine cells
= The functionofthe exocrine gland cells (acinarcells)is to secrete digestive enzymes into the
pancreatic ducts.These enzymes thentravel to the duodenum where digestionoccurs
= To performthis functionthe exocrine gland cells have organelles that enable the enzymes
(proteins) to be synthesised, processed forsecretion, transported to the plasma membrane and
released
= Thus the plasmamembrane and the following organelles canbe seeninelectron micrographs of
the exocrine gland cells:
= Nucleus - where DNAis transcribed into mRNA (that contains the instructions forbuilding the
enzymes)
= Roughendoplasmicreticulum-hasribosomes attached where the enzymes are
synthesised
= Mitochondria - provide the ATP required forall the metabolic processes
= Golgiapparatus - where the enzymes (proteins) are processed and packaged readyfor
secretion
= Vesicles -'pinch off'the Golgi apparatus and contain the pancreatic digestive enzymes (e.g.
pancreatic amylase) that willbereleased into the ducts (mayappeardarkinelectron
micrographs oratleast withmanydark specks within)
= Lysosomes - containhydrolytic enzymes that willdigest the unwanted substances inthe cell

Palisade mesophyllcell

= The palisade mesophyllcells are located inthe leaves of plants and are structured to maximise
the efficiencyoftheleaf's function - photosynthesis
= The palisade mesophyllcells are situated towards the top of the leaf and are column-like in
shapeincreasing surface areato absorblight,carbondioxide and water
= Alongwiththe keyorganelles mentioned forthe exocrine gland cell, the palisade mesophyllcell
contains the following organelles:
= Chloroplasts -thelocationoflightabsorption,itprovides the energyforproducingglucose
and oxygen
= Permanent vacuole -itislarge and central pushingthe chloroplast to the edge of the cell
maximising absorptionoflight.It also helps maintainwaterbalance

= The palisade mesophyllcellalso contains the extra-cellularstructure:
= Cellwall-itis mainlymade of cellulose,is freely permeable (allowing carbondioxide and

waterto move through easily) and its strength gives support to the cell (prevents the cell
frombursting)
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1.2.6 Comparison of Prokaryotic & Eukaryotic Cells

Comparison of Prokaryotic & Eukaryotic Cells

= Animaland plant cells are types of eukaryotic cells,whereas bacteria are atype of prokaryote
= There are anumberofimportant structural and physiological differences between prokaryotic
and eukaryotic cells
= Thesedifferences affect theirmetabolic processes and how theyreproduce

Comparisonof Prokaryotes & Eukaryotes Table
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1.2.7 Microscopes

Electron & Light Microscopes

NOS: Developmentsinscientificresearch followimprovementsin apparatus; the
invention of electron microscopesledtogreaterunderstanding of cell structure

= |nscientific research,criticaldevelopments oftenfollowimprovements inscientific
apparatus
= Forexample,distantobjectsinSpace oftenremainundiscovered untilatelescope (orsome
otherpiece of equipment) powerfulenoughto detectthemis developed

= The factthatscientificresearchis oftenheld back byalack of sufficiently powerfulorprecise
apparatus is aproblem that willcontinue into the future
= [nsome ways, thisis veryexciting, as it suggests that ourscientific knowledge and understanding
of the universe willcontinue to expand as new scientific techniques and technologies are
developed
= The discoveryofthe microscope allowed scientists to discovermanythings suchas:
= Formulate the celltheory,discoverbacteria,see chromosomes,understand fertilisation by
witnessingthe fusionof gametes and closely examine the complex structure of organs such
as the liver

= Dueto constraintsintechnology(light microscopes cannotproduce distinguishable clear
images of structures smallerthan 0.2um) developments inscientific researchwere limited
= This was untiladifferent type of the microscope was invented -the electronmicroscope
= Electronmicroscopes enabled scientists to view structures 200 times smallerthanlight
microscopes leadingto abetterunderstanding of the ultrastructure of cells
= Thegranaofchloroplasts were observed to be constructed of stacks of flattened
membrane sacs
= Ribosomes and endoplasmic reticulumwere discovered

= |mprovements to the designofelectronmicroscopes (electrontomography) and the invention
of new types of microscopes (fluorescence) are allowing furtherdevelopments in scientific
researchto be made

Microscopes

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

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

Optical (light) microscopes

= Opticalmicroscopesuselight to formanimage
= This limits the resolutionof optical microscopes
= Usinglight,itisimpossible to resolve (distinguish between) two objects that are 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 opticalmicroscopes have amaximumresolutionof around 0.2 micrometres (um)
or200 nm
= Opticalmicroscopes canbe used to observe eukaryotic cells, theirnucleiand possibly
mitochondriaand chloroplasts
= Theycannotbeused to observe smaller organelles such as ribosomes, the endoplasmic
reticulumorlysosomes

= The maximumusefulmagnificationof opticalmicroscopesis about x1500

Electron microscopes

= Electronmicroscopesuse electrons to formanimage
= This greatly increases the resolutionof electronmicroscopes compared to optical
microscopes, givingamore detailed image
= Abeamofelectrons has amuchsmallerwavelength thanlight,so anelectronmicroscope can
resolve (distinguish between) two objects that are extremelyclose together

= This means electronmicroscopes have amaximumresolutionof around 0.0002 pmor 0.2 nm
(i.e.around 1000 times greaterthanthat of optical microscopes)
= 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)

= TEMsuseelectromagnetsto focus abeamof electrons
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= Thisbeamofelectronsis transmitted throughthe specimen
= Denserparts of the specimenabsorbmore electrons
= This makes these denserparts appeardarkeronthe finalimage produced (produces
contrast betweendifferent parts of the objectbeingobserved)

= Advantages of TEMs:
= Theygive high-resolutionimages (more detail)
= This allows the internal structures withincells (orevenwithinorganelles)to be seen

= Disadvantages of TEMs:
= Theycanonlybe used withvery thinspecimens orthinsections of the object being
observed
= Theycannotbeusedto observelive specimens
= Asthereisavacuuminside aTEM, all the watermust be removed from the specimen and
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 thatartefacts canbe
introduced
= Artefactslooklikereal structures but are actually the results of preserving and staining

= Theydo notproduce acolourimage
= Unlike optical microscopes 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:
= Theygivelowerresolutionimages (less detail) than TEMs
= Theycannotbeusedto observelive specimens
= Theydo notproduce acolourimage

Comparison of the electron microscope &light microscope

= Light microscopes are used forspecimens above 200 nm
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= lLight microscopes shine light through the specimen, this lightis then passed throughan
objectivelens (whichcanbe changed) and aneyepiece lens (x10) which magnify the
specimento give animage that canbe seenbythe naked eye

= The specimens canbe living (and therefore canbe moving),ordead

= lLight microscopes are usefulforlooking 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 specimeneitherabroad 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 resolutionofanelectronmicroscope is muchbetterthana
light microscope

= FElectronmicroscopes are useful forlooking at organelles, viruses and DNA as well as
lookingatwhole cellsinmore detail

= FElectronmicroscopyrequires the specimento be dead howeverthis canprovide asnapshot
intime of whatis occurringinacelleg.DNA canbe seenreplicatingand chromosome
positionwithinthe stages of mitosis are visible

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
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Light Microscope vs ElectronMicroscope Table

ELECTRON MICROSCOPE LIGHT MICROSCOPE

LARGE AND INSTALLATION MEANS IT SMALL AND EASY TQO CARRY
CAN'T BE MOVED

VACUUM NEEDED NO VACUUM NEEDED

COMPLICATED SAMPLE PREPARATION EASY SAMPLE PREPARATION

OVER x 500 000 MAGNIFICATION UP TO x 2000 MAGNIFICATION
RESOLUTION 0.5nm RESOLUTION 200 nm
SPECIMENS ARE DEAD SPECIMENS CAN BE LIVING OR DEAD

O ExamTip

Learnthe difference betweenresolutionand magnification!Also,learnhow the light and electron
microscope differinterms of resolutionand magnification.
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1.2.8 Skills: Drawing Cells

Drawing Cells

Drawing theultrastructure of cells

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

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

There are anumberofrules/conventions that are followed when making a biological drawing

Drawing conventions

The drawing must have a title

The magnificationunderwhich the observations shown by the drawing are made must be
recorded

Asharp HB pencil should be used (and agood eraser!)

Drawings should be onplain white paper

Lines should be clear, single lines (no thick shading)

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 with proper 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 parallel to the top of the page) and drawn
witharuler

Drawings of cells are typicallymade whenvisualizing cells at a higher magnification power,
whereas plandrawings are typicallymade of tissues viewed underlower magnifications
(individual cells are neverdrawnin a plan diagram)
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Drawing Prokaryotic Cells

= Dueto thesize of prokaryotes (0.1to 5 um) theirultrastructure canonlybe seenusinganelectron
microscope

= Therefore drawings of prokaryotes are based onelectronmicrographs

= Whenviewinganelectronmicrograph of aprokaryote thereis no distinct dark circular area within
the cell,as there is no nucleus and no organelles are visible (apart fromribosomes, but as theyare
70 Sinsize these are difficult to distinguish)

Biological drawings should show only visible structures, and should be labelled using the correct labelling
conventions
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Drawing Eukaryotic Cells

= Whenviewingaeukaryotic cellunderalight microscopeitis possible to identify the nucleus and
ifitis aplantcellthe cellwalland vacuole
= However,underanelectronmicroscope, more detail of the ultrastructure of the eukaryotic cell
canbe seen
= Thefollowingorganelles should be able to be identified, althoughitdoes depend onwhetherit
is aplant oranimal cell and the specialisationofthe cell:
= Roughendoplasmic reticulum
= Golgiapparatus
= Lysosomes
= Vesicles
= Ribosomes
= Vacuole (plant)
= Nucleus
= Mitochondrion
= Chloroplast

= The nucleus, mitochondrionand chloroplast all have double membranes
= The cellwallwillbe presentinplant eukaryotic cells. This is an extra-cellularcomponent

Cell structures under an electron microscope

= Electronmicroscopes canproduce highlydetailed images of animal and plant cells
= The keycellularstructures within animal and plant cells are visible withinthe electron micrographs
above

= Thenucleus should be clearlyidentifiable asitis the largest structure inthe eukaryotic cell
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Electron micrograph of the nucleus

= Toidentifythe mitochondrionlook forthe crista(the foldings of the innermembrane) which are
oftenvisible inelectronmicrographs
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Electron micrograph of the mitochondrion

= Theroughendoplasmic reticulum (rER) is located next to the nucleus and the attached
ribosomes canbe used to identify the rER as they make the membrane appeardarker
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Electron micrograph of the rough endoplasmic reticulum

= The chloroplast canbe identified bythe thylakoid stacks (grana), as theyappearas dark lines
withinthe organelle
= Chloroplasts are large
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Electron micrograph of the chloroplast

= Golgiapparatus willbe located nearthe endoplasmic reticulumand it:
= Doesnothavelongmembrane sacs
= The sacs are more curved than the endoplasmic reticulum
= Doesnothaveribosomes attached
= Has manyvesicles close by
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Electron micrograph of the Golgi apparatus

= Vesicles are spherical shapes

Page 45 of 51
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

Electron micrograph of the vesicles

= Freeribosomes appearas dark granules (tinydark dots) inthe cytoplasm
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Electron micrograph of the ribosomes

Plant cellelectron micrographs

= Electronmicrographs of plant cells,such as palisade mesophyll cells,mayshow:
= The chloroplasts along the plasmamembrane, as this is where the mostlight canbe
absorbed
= Alarge vacuoleinthe centre
= Acellwall
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Electron micrograph of a plant cell

Animal cell electron micrographs

= Anexocrine gland cell of the pancreas mayshow:
= Manylarge secretoryvesicles (carrying the digestive enzymes)
= Manymitochondria
= Roughendoplasmic reticulum
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Electron micrograph of an exocrine gland cell of the pancreas

O Exam Tip

When producing a biological drawing,itis vital that you only everdraw what you see and not what
you thinkyousee.

Whenidentifying palisade mesophyllicells,look forthe presence of the large central vacuole,
cellwalland lots'of chloroplasts onthe edge of the cell to maximise light absorption.

Whenidentifying exocrine pancreatic gland cells,look forthe presence of secretoryvesicles
carrying the digestive enzymes and the large numbers of rough endoplasmic reticulum.
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1.2.9 Skills: Cell Origin & Ultrastructure

Interpreting Electron Micrographs
= Wheninterpretingelectron micrographs to deduce the functionof the cellitisimportant to:

1.Identifywhetheritis aprokaryotic or eukaryotic cell -is anucleus present
2.1dentifywhich eukaryotic cellitis (plant or animal) by lookingforacellwallorvacuole
3.ldentifythe organelles present inthe cells and considertheirfunction

Electron micrograph of cell 1

= Thecellhad anucleus -itis aeukaryotic cell

= Thiscelldid not have acellwallorcentral vacuole - itis ananimal cell

= Thecellhas alarge u-shape nucleus - it can manipulate itself through small pores

= There are alarge numberoflysosomesinthe cell-itcandigest substances found withinthe cell
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There are alarge numberof mitochondria - it has sufficient energy forthe manymetabolic
reactions

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

Electron micrograph of cell 2

The cellhad anucleus -itis aeukaryotic cell

This celldid not have a cellwallorcentral vacuole - itis ananimal cell

There are alarge number of mitochondria -itrequires significant energy formany metabolic
reactions

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

The deduction,therefore,is that this cellneeds alotof energyto controlwhat enters orexits this
celland thatthe cellrequires alot of the substance to be absorbed.This cellis aciliated
epitheliumof the smallintestine
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