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Cell Organelles

Cell Organelles

Compartmentalised cell structure

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

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

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

Due to  the absence o f a membrane the fo llo wing structures are no t co nsidered o rganelles

Cell wall

Cyto skeleto n

Cyto plasm

Eukaryo tic cells have a number o f co mpartmentalised o rganelles  including:

The nucleus

Vesicles

Ribo so mes

The plasma membrane

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

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

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

so  they do  no t digest the cell

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

enz ymes

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

Eukaryot ic Animal Cell St ruct ure Diagram
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The ultrastructure of an animal cell shows a densely packed cell of compartmentalised organelles

Eukaryot ic Plant  Cell St ruct ure 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

In co mplex cells o rganelles can beco me specialised  fo r speci�c f unctio ns

These specialised o rganelles have speci�c adaptatio ns  to  help them carry o ut their functio ns

Fo r example, the structure o f  a o rganelle is adapted to  help it carry o ut its f unctio n (this is why

each o rganelle lo o ks very di�erent  fro m each o ther)
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The separatio n o f o rganelles fro m the rest o f the cell, via a membrane (so metimes do uble), is

impo rtant as it allo ws the o rganelle to  carry o ut its o wn chemical reactio ns witho ut interference

fro m the rest o f the cell

NOS: Students should recognise that progress in science often follows
development of new techniques

Study o f the functio n o f individual o rganelles has beco me po ssible fo llo wing the inventio n o f

ultracentrif uges  and metho ds o f using them fo r cell f ractio natio n had been develo ped

In o rder to  study cells at a mo lecular level we need to  be able to  separate o ut each

co mpartment and study them individually in a pro cess called cell fractio natio n

To  do  this a pure sample is needed (co ntaining o nly the speci�c o rganelle being studied)

This pro cess invo lves breaking up a suitable sample o f tissue and then centrif uging the

mixture at di�erent speeds

Cell fractio natio n can be split into  three stages:

Ho mo genisatio n - the cell sample is bro ken up using a ho mo geniser which is a blender-

like machine

Filtratio n - the ho mo genate (co ntaining the ho mo genised cells) is then �ltered thro ugh

a gauz e

Ultracentrif ugatio n - the �ltrate is placed into  a tube and the tube is placed in

a centrif uge

A centrifuge is a machine that separates materials by spinning

This speed can be altered to  separate di�erent co mpo nents o f the cell based o n

their mo lecular weight

Until this was invented, research into  separate o rganelles was limited

Cell Compartmentalisation

Separating The Nucleus & Cytoplasm

The nucleus is o ne o f the key o rganelles that distinguishes eukaryo tic cells fro m pro karyo tic

cells

It allo ws many cell pro cesses to  take place mo re e�ciently than in pro karyo tes

Gene transcriptio n and translatio n are two  pro cess that o ccur in bo th eukaryo tes and

pro karyo tes

In pro karyo tes these pro cesses take place simultaneo usly which allo ws fo r rapid

respo nses to  an enviro nmental stimuli

In eukaryo tes these pro cesses o ccur separately due to  the co mpartmentalisatio n o f

the nucleus

During transcriptio n, mRNA is fo rmed using a template strand o f DNA; the mRNA needs

so me mo di�catio n befo re it can be used fo r translatio n

Mo di�catio n can take place in iso latio n within the nucleus befo re it co mes into  co ntact

with a ribo so me (this is where translatio n o ccurs) unlike in pro karyo tes where the mRNA

immediately meets a ribo so me

This step reduces the chance o f  erro rs o ccurring in the mRNA co de and therefo re in

the resulting pro tein fo llo wing translatio n
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Compartmentalisation In The Cytoplasm

The cyto plasm is no t co nsidered an o rganelle, but it's separatio n f ro m o rganelles  via their

membranes is an advantage fo r the cell

Organisatio n o f the eukaryo tic cell into  discrete membrane-bo und o rganelles allo ws fo r the

separatio n o f  inco mpatible bio chemical pro cesses

This ensures that pathways requiring speci�c enz ymes o r metabo lites  run smo o thly and are no t

at risk fro m interference fro m o ther cell structures o r chemicals

Such reactio ns can co exist within o ne o rganelle by lo calising co n�icting reactio ns, fo r

example in plant cells a type o f enz yme called nitro genase (used fo r nitro gen �xatio n) is

particularly sensitive to  o xygen so  it is po sitio ned in an anaero bic part o f the cyto plasm away

fro m aero bic reactio ns

Lyso so mes require lytic enz ymes which co uld be harmful to  the cell if they were no t

co ntained by the lyso so me membrane

During endo cyto sis a phago cytic vacuo le  fo rms aro und po tentially to xic and harmful

substances, such as bacteria; this keeps the co ntents separate fro m the cyto plasm and rest

o f the cell until a lyso so me can safely digest the material

Endocyt osis and Phagocyt osis Diagram

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

Mito cho ndria are ro d-shaped o rganelles 0.5 - 1.0 µm in diameter

They are the site o f aero bic respiratio n in eukaryo tic cells

The functio n o f mito cho ndria is to  synthesiz e AT P

Synthesis o f ATP in the mito cho ndria o ccurs during the last stage o f respiratio n called o xidative

pho spho rylatio n

This relies o n membrane pro teins that make up the ‘electro n transpo rt chain’ and the ATP

synthase enz yme – the details o f this are co vered under the subto pic o f o xidative

pho spho rylatio n

Structure

Mito cho ndria have two  pho spho lipid membranes

The o uter membrane is:

Smo o th

Permeable  to  several small mo lecules

The inner membrane is:

Fo lded (cristae)

Less permeable

The site o f the electro n transpo rt chain (used in o xidative pho spho rylatio n)

Lo catio n o f AT P synthase (used in o xidative pho spho rylatio n)

The intermembrane space:

Has a lo w pH due to  the high co ncentratio n o f  pro to ns

The co ncentratio n gradient acro ss the inner membrane is fo rmed during o xidative

pho spho rylatio n and is essential f o r AT P synthesis

The matrix:

Is an aqueo us so lutio n within the inner membranes  o f the mito cho ndrio n

Co ntains ribo so mes, enz ymes and circular mito cho ndrial DNA necessary fo r mito cho ndria to

functio n

St ruct ure of  Mit ochondria Diagram
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The structure of a mitochondrion facilitates the process of aerobic cell respiration

Relationship between structure & function

The structure o f mito cho ndria makes them well adapted to  their f unctio n

They have a do uble membrane  and a small vo lume o f  intermembrane space; this means that

this space can be used fo r the co ncentratio n build up o f hydro gen io ns required fo r

respiratio n reactio ns

They have a large surf ace area due to  the presence o f cristae  (inner fo lds) which enables the

membrane to  ho ld many electro n transpo rt chain pro teins and ATP synthase enz ymes

Mo re active cell types can have larger mito cho ndria with lo nger and mo re tightly packed

cristae to  enable the synthesis o f  mo re AT P because they have a larger surf ace area

The number o f mito cho ndria in each cell can vary depending o n cell activity

Muscle cells are mo re active and have mo re mito cho ndria per cell than fat cells

Co mpartmentalisatio n o f  enz ymes and substrates  using the matrix ensures that respiratio n

reactio ns, like the Krebs cycle, can happen mo re e�ciently 

Exam T ip

Exam questio ns can so metimes ask yo u to  explain ho w the structure o f a mito cho ndrio n helps it

carry o ut its functio n e�ectively. Make sure to  fo llo w thro ugh with yo ur answer. 

It is no t eno ugh to  say that cristae increase the surface area o f the inner membrane. Yo u need to

explain that an increased surf ace area o f the inner membrane means there are mo re electro n

transpo rt chain carriers and ATP synthase enz ymes which results in mo re AT P being pro duced.
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Adaptations of Chloroplasts

Structure

Chlo ro plasts are the o rganelles in plant cells where pho to synthesis o ccurs

These o rganelles are ro ughly 2 - 10 μm in diameter (they are larger than mito cho ndria)

Each chlo ro plast is surro unded by a do uble-membrane envelo pe

Each o f the envelo pe membranes is a pho spho lipid bilayer

The o uter membrane  is permeable to  a range o f io ns and small mo lecules

The inner membrane  co ntains transpo rt pro teins that o nly allo w certain mo lecules o r io ns to

enter o r leave the chlo ro plast

Chlo ro plasts are �lled with a cyto so l-like �uid kno wn as the stro ma

CO , sugars, enz ymes and o ther mo lecules are disso lved in the stro ma

If the chlo ro plast has been pho to synthesising there may be starch grains  o r lipid dro plets  in

the stro ma

A separate system o f membranes is fo und in the stro ma

This membrane system co nsists o f a series o f �attened �uid-�lled sacs kno wn as thylako ids

The thylako id membranes  co ntain pigments, enz ymes and electro n carriers

These thylako ids stack up to  fo rm structures kno wn as grana (singular – granum)

Grana are co nnected by membrano us channels called stro ma lamellae, which ensure the

stacks o f sacs are co nnected but distanced fro m each o ther

Chloroplast  St ruct ure Diagram

2

Page 8 of 16
For more help visit our website www.exampaperspractice.co.uk



The structure of chloroplasts facilitates the process of photosynthesis

The membrane system pro vides a large number o f pigment mo lecules  that ensure as much light

as necessary is abso rbed

The pigment mo lecules are arranged  in light-harvesting clusters kno wn as pho to systems

In a pho to system, the di�erent pigment mo lecules are arranged in funnel-like structures in

the thylako id membrane

Each pigment mo lecule passes energy do wn to  the next pigment mo lecule in the cluster until

it reaches the primary pigment reactio n centre

Adaptations of chloroplasts to photosynthesis

Stro ma:

The gel-like �uid co ntains enz ymes that catalyse the reactio ns o f the light-independent

stage

Enz ymes and their substrates are co mpartmentalised fo r reactio ns o f the Calvin cycle

The stro ma surro unds the grana and membranes, making the transpo rt o f pro ducts fro m the

light-dependent stage into  the stro ma rapid

Grana:

The granal stacks create a large surf ace area fo r the presence o f many pho to systems which

allo ws fo r the maximum abso rptio n o f light
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It also  pro vides mo re membrane space  fo r electro n carriers and ATP synthase enz ymes

DNA:

The chlo ro plast DNA co ntains genes  that co de fo r so me o f the pro teins and enz ymes used

in pho to synthesis

Ribo so mes:

The presence o f ribo so mes allo ws fo r the translatio n o f  pro teins co ded by the chlo ro plast

DNA

Inner membrane o f  chlo ro plast envelo pe:

The selective transpo rt pro teins present in the inner membrane co ntro l the �o w o f

mo lecules between the stro ma and cyto so l (the cyto plasm o f the plant cell)

T hylako id space:

This is where a pro to n gradient develo ps  (to  generate ATP)

The space has a very small vo lume  so  a pro to n gradient can develo p very quickly

Organelles in Protein Synthesis (HL)

The Nuclear Membrane

Present in all eukaryo tic cells, the nucleus is relatively large and  separated f ro m the cyto plasm

by a do uble membrane  called the nuclear envelo pe

This pro vides an area where reactio ns o f DNA and its functio ns can be carried o ut separately fro m

the rest o f the cell

The envelo p is studded with nuclear po res 

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

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

travel in

The o uter membrane  o f the nucleus is a co ntinuo us structure that links to  the endo plasmic

reticulum, ribo so mes can be attached to  sectio ns o f this fo rming the ro ugh endo plasmic

reticulum

The sectio ns o f the o uter membrane that do  no t co ntain ribo so mes fo rm the smo o th

endo plasmic reticulum

During cellular divisio n (mito sis and meio sis) the nuclear membrane breaks into  vesicles 

This o ccurs during pro phase to  allo w the chro mo so mes to  separate

Once at telo phase the nuclear envelo pe begins to  refo rm 

St ruct ure of  t he Nucleus Diagram
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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

Ribo so mes  are fo und in cells

Either f reely in the cyto plasm (o f all cells)

Or bo und to  the endo plasmic reticulum (ER) to  fo rm ro ugh ER (o nly in eukaryo tic cells)

Ribo so mes are the site o f  pro tein synthesis

They co nsist o f a large and a small subunit  co mpo sed o f pro tein and ribo so mal RNA (rRNA)

Pro tein pro vides structure to  the ribo so me

rRNA f acilitates the binding o f  mRNA and tRNA and catalyses the fo rmatio n o f peptide

bo nds between amino  acids

Ribo so mes have three tRNA binding sites  and o ne mRNA binding site

mRNA sits in a gro o ve between the two  subunits and the ribo so me mo ves alo ng, fo rming a

po lypeptide as it travels

T he St ruct ure of  a Ribosome Diagram

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

Free Ribosomes

In eukaryo tic cells, pro tein synthesis co mmo nly o ccurs at f ree ribo so mes in the cyto plasm

Free ribo so mes can mo ve within the cyto plasm and synthesise pro teins fo r use primarily within

the cell

As o ppo sed to  pro teins destined to  be secreted extracellularly

Pro teins synthesised o n free ribo so mes are destined fo r use within the cyto so l (the �uid

part o f the cyto plasm)

And within large o rganelles such as mito cho ndria and chlo ro plasts

Membrane Bound Ribosomes
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Eukaryo tic cells make tho usands o f pro teins that need to  be delivered to  the co rrect lo catio n,

so metimes in di�erent tissues/o rgans alto gether

When free ribo so mes make pro teins destined fo r lyso so mes, o r secretio n fro m the cell, the

ribo so me beco mes bo und to  the endo plasmic reticulum (ER)

Signal sequences in the gro wing po lypeptide chain dictate whether the free ribo so me needs to

mo ve to  the ER

The signal sequence o ccurs at the beginning po lypeptide

Signal reco gnitio n pro teins bind to  the po lypeptide, pausing translatio n

The free ribo so me binds to  a recepto r o n the ER, f o rming ro ugh ER

Translatio n is re-initiated and the po lypeptide chain mo ves inside the ER

The synthesised pro tein can be carried via a vesicle to  the Go lgi apparatus befo re

being secreted o ut o f the cell

Membrane Bound Ribosome Prot ein Synt hesis Diagram

Proteins destined for lysosomes or secretion out of the cell are synthesised by ribosomes bound to the

endoplasmic reticulum
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The Golgi Apparatus

The Go lgi apparatus co nsists o f �attened sacs o f membrane called cisternae (like the ro ugh

endo plasmic reticulum)

Its ro le is to  mo dif y pro teins and lipids befo re packaging them into Go lgi vesicles

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

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

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

o rganelles

The po sitio n o f the Go lgi apparatus indicates its functio ns

One side o f the sacs face the endo plasmic reticulum, this is called the cis side

It's ro le is to  receive pro tein o r lipid �lled vesicles fro m the endo plasmic reticulum

The o ther faces the plasma membrane and is called the trans side

Once the received pro teins o r lipids have been mo di�ed the �nal pro ducts are sent o ut

via the trans side

St ruct ure of  t he Golgi Apparat us Diagram

The Golgi apparatus showing the cis and trans sides for receiving and transporting protein or lipid �lled

vesicles 
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Vesicle Formation (HL)

Vesicles in Cells

Vesicles are membrane-bo und sacs used fo r transpo rt  and sto rage

There are many so rts o f vesicles including:

Pero xiso mes - these co ntain enz ymes which digest fatty acids

Lyso so mes - these co ntain lytic enz ymes which digest cellular waste o r harmful substances

Transpo rt vesicles - these are used to  mo ve vario us mo lecules within the cell

Secreto ry vesicles - these are respo nsible fo r transpo rting substances o ut o f the cell via

exo cyto sis

Role of Clathrin

Clathrins are pro teins that help with the f o rmatio n o f  vesicles

They line the vesicles  which are transpo rting mo lecules between membrane-bo und

co mpartments

The fo llo wing pro cess takes place:

�. A clathrin co ated pit is fo rmed o n the surface o f the cell membrane

�. Recepto r pro teins o n the cell surface bind to  the target mo lecules

�. Once eno ugh target mo lecule are attached, cyto skeleto n pro teins help the clathrin pit to

deepen and eventually seal o �, trapping the target mo lecules inside

�. A vesicle is no w fo rmed

Vesicle f ormat ion diagram
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Clathrin proteins play an important role in the formation of vesicles

Exam T ip

Vesicles are no t the same as vacuo les. Vacuo les are larger than vesicles and the membrane o f a

vacuo le canno t fuse with the membranes o f o ther cellular co mpo nents, like the membrane o f

vesicles can

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


