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CellOrganelles

CellOrganelles

Compartmentalised cell structure

Eukaryotic cells have amore complexultrastructure than prokaryotic cells
The cytoplasmof eukaryotic cellsis divided up into membrane-bound compartments called
organelles. These compartments are eitherbound by a single ordouble membrane
Due to the absence of amembrane the following structures are not considered organelles
= Cellwall
= Cytoskeleton
= Cytoplasm
Eukaryotic cells have anumberof compartmentalised organelles including:
= Thenucleus
= Vesicles
= Ribosomes
= The plasmamembrane
The compartmentalisationofthe cellis advantageous as it allows:
= Enzymes and substrates to be localised and therefore available at higherconcentrations
= Damagingsubstances to be kept separated, e.g.digestive enzymes are stored inlysosomes
so theydo notdigestthecell
= Optimalconditions to be maintained forcertainprocesses e.g.optimal pHfordigestive
enzymes
= The numbers andlocationoforganelles to be altered dependingonrequirements of the cell

Eukaryotic Animal Cell Structure Diagram
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The ultrastructure of an animal cell shows a densely packed cell of compartmentalised organelles

Eukaryotic Plant Cell Structure Diagram
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Plant cells have a larger, more regular structure in comparison to animal cells which also contains
compartmentalised organelles

Organelle Adaptations

= Incomplexcells organelles canbecome specialised forspecific functions

= These specialised organelles have specific adaptations to help them carryout theirfunctions

= Forexample,the structure of aorganelle is adapted to helpit carryoutits function(this is why
eachorganelle looks verydifferent fromeachother)
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= The separationoforganelles fromtherest of the cell,viaamembrane (sometimes double),is
importantasitallows the organelle to carryoutits ownchemicalreactions withoutinterference
fromtherestofthecell

NOS: Students should recognise that progressin science oftenfollows
development of new techniques

= Studyofthe functionofindividual organelles has become possible following the invention of
ultracentrifuges and methods of usingthemforcellfractionationhad beendeveloped
= |norderto studycells atamolecularlevelwe need to be able to separate out each
compartment and studythemindividuallyinaprocess called cell fractionation
= To do thisapure sampleis needed (containingonlythe specific organelle being studied)
= This processinvolves breakingup asuitable sample of tissue and then centrifuging the
mixture at different speeds
= Cellfractionationcanbe splitinto three stages:
= Homogenisation-the cellsampleis brokenupusingahomogeniser whichis ablender-
like machine
= Filtration-the homogenate (containingthe homogenised cells)is thenfiltered through
agauze
= Ultracentrifugation-the filtrate is placed into atube and the tubeis placed in
acentrifuge
= Acentrifugeis amachine that separates materials by spinning
= This speed canbe altered to separate different components of the cellbased on
theirmolecularweight
= Untilthis was invented, researchinto separate organelles was limited

CellCompartmentalisation

Separating The Nucleus & Cytoplasm

= Thenucleusisoneof the keyorganelles that distinguishes eukaryotic cells from prokaryotic
cells
= |tallows manycellprocesses to take place more efficientlythanin prokaryotes
= Gene transcriptionand translationare two process that occurinboth eukaryotes and
prokaryotes
= |Inprokaryotes these processes take place simultaneously which allows forrapid
responses to anenvironmental stimuli
= |neukaryotesthese processesoccurseparately due to the compartmentalisationof
the nucleus
= Duringtranscription,mRNAis formed usingatemplate strand of DNA;the mRNAneeds
some modificationbefore itcanbe used fortranslation
= Modificationcantake placeinisolationwithinthe nucleus before itcomesinto contact
with aribosome (this is where translation occurs) unlike in prokaryotes where the mRNA
immediatelymeets aribosome
= Thisstepreducesthe chance of errors occurringinthe mRNA code and thereforein
the resulting proteinfollowing translation
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CompartmentalisationinThe Cytoplasm

= Thecytoplasmisnotconsidered anorganelle,butit's separationfromorganelles via their
membranes is anadvantage forthe cell
= Organisationof the eukaryotic cellinto discrete membrane-bound organelles allows forthe
separationof incompatible biochemicalprocesses
= This ensures that pathways requiring specific enzymes or metabolites runsmoothlyand are not
atrisk frominterference fromothercellstructures orchemicals
= Suchreactions cancoexist withinone organelle bylocalising conflictingreactions, for
exampleinplant cells atype of enzyme called nitrogenase (used fornitrogen fixation) is
particularly sensitive to oxygenso itis positioned inananaerobic part of the cytoplasm away
fromaerobic reactions
= Lysosomesrequire lytic enzymes which could be harmful to the cellif theywere not
contained by the lysosome membrane
= Duringendocytosis aphagocytic vacuole forms around potentially toxic and harmful
substances,suchas bacteria; this keeps the contents separate fromthe cytoplasmand rest
ofthe celluntilalysosome cansafelydigest the material

Endocytosisand PhagocytosisDiagram

The formation of a phagocytic vacuole ensures harmful substances, such as bacteria, are kept separate
from the cytoplasm and the rest of the cell
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Adaptations of Mitochondria & Chloroplasts (HL)

Adaptations of Mitochondria

= Mitochondriaarerod-shaped organelles 0.5-1.0 umindiameter
= Theyare the site of aerobic respirationin eukaryotic cells
= The functionof mitochondriais to synthesize ATP
= Synthesis of ATPinthe mitochondriaoccurs during the last stage of respiration called oxidative
phosphorylation
= Thisrelies onmembrane proteins that make up the ‘electrontransport chain’and the ATP
synthase enzyme - the details of this are covered underthe subtopic of oxidative
phosphorylation

Structure

= Mitochondriahave two phospholipid membranes
= The outermembraneis:
= Smooth
= Permeable to severalsmallmolecules
= Theinnermembraneis:
= Folded (cristae)
= Lesspermeable
= Thesite ofthe electrontransport chain(used in oxidative phosphorylation)
= |locationof ATPsynthase (used inoxidative phosphorylation)
= Theintermembrane space:
= HasalowpHdue to the highconcentrationof protons
= The concentrationgradientacross the innermembrane is formed during oxidative
phosphorylationand is essentialfor ATP synthesis
= The matrix:
= |sanaqueous solutionwithinthe inner membranes of the mitochondrion
= Containsribosomes,enzymes and circularmitochondrial DNA necessaryformitochondriato
function
Structure of Mitochondria Diagram
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The structure of a mitochondrion facilitates the process of aerobic cell respiration

Relationship between structure & function

= The structure of mitochondriamakes themwelladapted to their function

Theyhave adouble membrane and a smallvolume of intermembrane space;this means that
this space canbe used forthe concentration build up of hydrogenions required for
respirationreactions
Theyhave alarge surface areadue to the presence of cristae (innerfolds) which enables the
membrane to hold manyelectrontransport chainproteins and ATP synthase enzymes
More active cell types can have larger mitochondriawithlongerand more tightly packed
cristae to enable the synthesis of more ATP because theyhave alarger surface area
The number of mitochondriaineachcellcanvarydependingoncellactivity

= Muscle cells are more active and have more mitochondriapercellthanfat cells
Compartmentalisationof enzymes and substrates using the matrixensures that respiration
reactions, like the Krebs cycle,canhappenmore efficiently

O ExamTip

Exam questions cansometimes ask youto explainhow the structure of amitochondrionhelps it
carryoutits functioneffectively. Make sure to follow throughwith youranswer.
ltisnotenoughto saythatcristae increase the surface areaof the innermembrane.Youneed to
explainthat anincreased surface areaof the innermembrane means there are more electron
transport chaincarriers and ATP synthase enzymes whichresultsinmore ATP being produced.
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Adaptations of Chloroplasts

Structure

= Chloroplasts are the organelles inplant cells where photosynthesis occurs
= Theseorganelles areroughly2 -10 pmindiameter(theyare largerthan mitochondria)
= Eachchloroplastis surrounded byadouble-membrane envelope
= Eachofthe envelope membranesis aphospholipid bilayer
= The outermembraneis permeable to arange ofions and smallmolecules
= Theinner membrane contains transport proteins that onlyallow certainmolecules orions to
enterorleave the chloroplast
= Chloroplasts are filled with acytosol-like fluid known as the stroma
= COj,sugars,enzymes and othermolecules are dissolved inthe stroma
= [fthe chloroplasthas beenphotosynthesisingthere maybe starchgrains orlipid droplets in
the stroma
= Aseparate systemofmembranesis foundinthe stroma
= This membrane systemconsists of aseries of flattened fluid-filled sacs known as thylakoids
= The thylakoid membranes contain pigments,enzymes and electron carriers
= These thylakoids stack upto form structures known as grana(singular - granum)
= Granaare connected bymembranous channels called stromalamellae, which ensure the
stacks of sacs are connected but distanced fromeach other

Chloroplast Structure Diagram
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The structure of chloroplasts facilitates the process of photosynthesis

= The membrane system provides alarge numberof pigment molecules that ensure as much light
as necessaryis absorbed
= The pigment molecules are arranged inlight-harvestingclusters knownas photosystems
= |naphotosystem,the different pigment molecules are arranged in funnel-like structures in
the thylakoid membrane
= Fachpigmentmolecule passes energydown to the next pigment molecule inthe clusteruntil
itreaches the primary pigmentreactioncentre

Adaptations of chloroplasts to photosynthesis

= Stroma:
= The gel-like fluid contains enzymes that catalyse the reactions of the light-independent
stage
= Enzymes and theirsubstrates are compartmentalised forreactions of the Calvincycle
= The stromasurrounds the granaand membranes, making the transport of products fromthe
light-dependent stage into the stromarapid
= Grana:

= The granalstacks create alarge surface areaforthe presence of manyphotosystems which
allows forthe maximum absorption oflight
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= [|talso provides more membrane space forelectroncarriers and ATP synthase enzymes
= DNA:
= The chloroplast DNA contains genes that code forsome of the proteins and enzymes used
inphotosynthesis
= Ribosomes:
= The presence ofribosomes allows forthe translationof proteins coded bythe chloroplast
DNA
= Innermembrane of chloroplast envelope:
= The selective transport proteins presentinthe innermembrane controlthe flow of
molecules betweenthe stromaand cytosol(the cytoplasm of the plant cell)
= Thylakoid space:
= Thisis where aprotongradient develops (to generate ATP)
= The space has averysmallvolume so aprotongradientcandevelop very quickly

OrganellesinProtein Synthesis (HL)

The Nuclear Membrane

= Presentinalleukaryotic cells,the nucleus is relativelylarge and separated fromthe cytoplasm
byadouble membrane called the nuclear envelope
= This provides anareawherereactions of DNA and its functions canbe carried out separatelyfrom
therestofthecell
= Theenvelopis studded withnuclear pores
= Nuclearpores are important channels forallowing mRNA and ribosomes to travelout of the
nucleus,as wellas allowing enzymes (e.g. DNA polymerases) and signallingmolecules to
travelin
= The outermembrane of the nucleusis acontinuous structure thatlinks to the endoplasmic
reticulum, ribosomes canbe attached to sections of this forming the rough endoplasmic
reticulum
= Thesections of the outermembrane that do not containribosomes formthe smooth
endoplasmic reticulum
= During cellulardivision (mitosis and meiosis) the nuclearmembrane breaks into vesicles
= This occurs during prophase to allow the chromosomes to separate
= Once attelophase the nuclearenvelope begins to reform

Structure of the NucleusDiagram
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The nucleus of a cell with its double membrane containing pores and continuation into the endoplasmic
reticulum
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Ribosomes & RER

= Ribosomes are foundincells
= FEitherfreely inthe cytoplasm(ofallcells)
= Orbound to the endoplasmic reticulum(ER) to formroughER (onlyin eukaryotic cells)
= Ribosomes are the site of proteinsynthesis
= Theyconsistofalarge and asmallsubunit composed of proteinand ribosomal RNA (rRNA)
= Proteinprovides structure to theribosome
= rRNAfacilitates the binding of mRNA and tRNA and catalyses the formation of peptide
bonds betweenamino acids
= Ribosomes have three tRNA binding sites and one mRNA binding site
= mRNAsitsinagroove betweenthe two subunits and the ribosome moves along,forming a
polypeptide as it travels

The Structure of a Ribosome Diagram

A diagram of a ribosome, showing the small and large subunits

Free Ribosomes

= |neukaryotic cells,proteinsynthesis commonlyoccurs at freeribosomes inthe cytoplasm
= Freeribosomes canmove withinthe cytoplasmand synthesise proteins foruse primarily within
the cell
= Asopposedto proteins destined to be secreted extracellularly
= Proteins synthesised onfreeribosomes are destined foruse withinthe cytosol(the fluid
part of the cytoplasm)
= And withinlarge organelles such as mitochondriaand chloroplasts

Membrane Bound Ribosomes
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= Eukaryotic cells make thousands of proteins that need to be delivered to the correctlocation,
sometimes indifferenttissues/organs altogether
= Whenfreeribosomes make proteins destined forlysosomes, orsecretionfromthe cell, the
ribosome becomes bound to the endoplasmic reticulum (ER)
= Signalsequencesinthe growing polypeptide chaindictate whetherthe freeribosome needs to
move to the ER
= The signalsequence occurs at the beginning polypeptide
= Signalrecognition proteins bind to the polypeptide, pausing translation
= Thefreeribosome binds to areceptoronthe ER,formingroughER
= Translationis re-initiated and the polypeptide chainmoves inside the ER
= The synthesised proteincanbe carried viaavesicle to the Golgiapparatus before
beingsecreted out of the cell

Membrane Bound Ribosome Protein SynthesisDiagram

Proteins destined for[ysosomes or secretion out of the cell are synthesised by ribosomes bound to the
endoplasmic reticulum
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The Golgi Apparatus

= The Golgiapparatus consists of flattened sacs of membrane called cisternae (like the rough
endoplasmic reticulum)

Itsroleis to modify proteins and lipids before packaging theminto Golgivesicles
= Thevesicles thentransport 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

= The positionofthe Golgiapparatus indicatesits functions
= Oneside ofthesacsface the endoplasmic reticulum, thisis called the cisside
= |t'sroleistoreceive proteinorlipid filled vesicles fromthe endoplasmic reticulum
= The otherfaces the plasmamembrane and is called the transside

= Oncethereceived proteins orlipids have beenmodified the final products are sent out
viathe transside

Structure of the Golgi ApparatusDiagram

The Golgi apparatus showing the cis and trans sides forreceiving and transporting protein orlipid filled
vesicles
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Vesicle Formation (HL)

VesiclesinCells

= Vesicles are membrane-bound sacs used fortransport and storage
= There are manysorts of vesicles including:
= Peroxisomes -these containenzymes whichdigest fattyacids
= Lysosomes -these containlytic enzymes which digest cellularwaste orharmful substances
= Transportvesicles -these are used to move various molecules withinthe cell
= Secretoryvesicles -these areresponsible fortransporting substances out of the cellvia
exocytosis

Role of Clathrin

= Clathrins are proteins that help withthe formationof vesicles
= Theyline the vesicles which are transportingmolecules between membrane-bound
compartments
= Thefollowingprocess takes place:
1.Aclathrincoated pitis formed onthe surface of the cellmembrane
2.Receptorproteins onthe cellsurface bind to the target molecules
3.0nce enoughtarget molecule are attached, cytoskeleton proteins help the clathrin pit to
deepenand eventuallyseal off, trapping the target molecules inside
4.Avesicleisnow formed
Vesicle formationdiagram
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Clathrin proteins play animportant role in the formation of vesicles

O Exam Tip

Vesicles are not the same as vacuoles.Vacuoles are largerthanvesicles and the membrane of a
vacuole cannot fuse withthe membranes of othercellularcomponents, like the membrane of
vesicles can
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