
1.2 Cells: Origin & 
Ultrastructure

www.exampaperspractice.co.uk



1.2.1 Origin of Cells

Spontaneous Generation

Pre-exist ing cells

In 1852 Ro bert Remak made the co nclusio n that cells divided to  fo rm new cells, that is cells came

fro m pre-existing cells

His co nclusio n was reached after studying cells fro m chicken embryo s

This disco very is o ften attributed to  Ro bert Vircho w who  in 1855 pro po sed the phrase omnis

cellula e cellula (all cells co me fro m cells)

Prio r to  these anno uncements, it was believed that life aro se spo ntaneo usly  fro m no n-living

matter

NOS: Test ing t he general principles t hat  underlie t he nat ural world; t he principle

t hat  cells only come f rom pre-exist ing cells needs t o be verified

Up until the 17th century, the co nsensus was that life was spo ntaneo usly generated  (living

o rganisms aro se fro m no n-living matter). This was believed due to :

The lack o f techno lo gy - micro sco pes were no t extensively used

Observatio ns being made - Aristo tle o bserving insects fo rming fro m dew o r van Helmo nt

o bserving a mo use appearing fro m a jar co ntaining a sweaty shirt and wheat

The idea suppo rting the cultural and religio us belief s  o f the time

Fro m the 17th century scientists such as Francesco  Redi with his maggo t and ro tting meat

experiment began co llecting evidence to  test and verify that lif e required lif e to  exist

Ho wever, it was Lo uis Pasteur's experiments invo lving swan-neck flasks that pro vided sufficient

verificatio n to  co nvince scientists that cells co uld o nly co me fro m pre-existing cells

The universal acceptance that cells co me fro m pre-existing cells also  co mes fro m the idea that :

The highly co mplex ultrastructure  o f cells has no t been able to  be synthesised by humans

All the kno wn examples o f gro wth are a result o f cells dividing by mito sis o r meio sis

Altho ugh viruses have a much simpler structure, they can o nly be pro duced inside a ho st cell

The universality  o f the genetic co de  suggests that all life evo lved fro m the same o riginal

cells

The translatio n o f the 64 co do ns pro duces the same amino  acids  fo r nearly all o rganisms

- altho ugh there are so me rare mino r variatio ns that have likely arisen since the co mmo n

o rigin o f life
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Experiments disproving spontaneous generation

Page 4 of 51
For more help visit our website www.exampaperspractice.co.uk



Pasteur's Experiments

Louis Past eur's experiment s

Lo uis Pasteur's experiments were designed to  verify the principle that cells can o nly co me fro m

pre-existing cells

To  demo nstrate this Pasteur used swan neck flasks (flasks with S-shaped necks) which trapped

the micro o rganisms in the bend o f  the neck

Pasteur added nutrient bro th to  the flasks then bo iled them to  sterilise

With so me o f the flasks, Pasteur bro ke o ff the necks (leaving no  bend)

After a lo ng perio d o f time, Pasteur o bserved that the bro th in the flasks with the snapped necks

had go ne clo udy  whereas the bro th in the swan neck flasks remained clear

Thus Pasteur had sho wn that the swan necks prevented micro o rganisms in the air fro m entering

the bro th and that no  o rganisms appeared spo ntaneo usly
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1.2.2 Endosymbiotic Theory

Endosymbiotic Theory

Endosymbiosis

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

If the relatio nship is beneficial to  bo th o rganisms the engulfed o rganism is no t digested

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

endo cyto sis

Endosymbiot ic t heory

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

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

Scientists have suggested that ancestral pro karyo te cells evo lved into  ancestral hetero tro phic

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

Hetero tro phic  cells:

To  o verco me a small SA:V ratio  ancestral pro karyo te cells develo ped fo lds in their

membrane. Fro m these info ldings o rganelles such as the nucleus and ro ugh endo plasmic

reticulum fo rmed

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

pro karyo te (which is no t digested)

This gave the larger pro karyo te a co mpetitive advantage  as it had a ready supply o f ATP

and gradually the cell evo lved into  the hetero tro phic eukaryo tes  with mito cho ndria

that are present to day

Auto tro phic  cells:

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

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

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

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

cells into  auto tro phic eukaryo tic cells
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The endosymbiotic theory - an explanation for the evolution of eukaryotic cells

Evidence t o support  t he endosymbiot ic t heory

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

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

Bo th repro duce by binary fissio n

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

They bo th transcribe mRNA fro m their DNA

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

They bo th have do uble membranes
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1.2.3 Prokaryotic Cell Structure

Prokaryotic Cell Structure

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

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

have been classified into  two  do mains:

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

and Helicobacter

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

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

anaero bic co nditio ns and pro duce methane gas)

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

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

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

Cell st ruct ure

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

bo und o rganelles  (except fo r ribo so mes)

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

eukaryo tic cells (80 S)

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

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

smaller lo o ps called plasmids

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

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

bursting

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

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

Plasmids

Capsules

Flagellum

Pili

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

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

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

so metimes called the slime  capsule

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

o f the ho st o rganism

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

mo ve  (a bit like a pro peller)

So me pro karyo tes have mo re than o ne

Pili are sho rter and thinner structures than flagella

They assist with mo vement, avo idance o f attack by white blo o d cells, co njugatio n (the

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

surf aces
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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

Exam T ip

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

their f unctio ns. 
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Binary Fission

Prokaryot es divide by binary fission

Binary fissio n is a type o f asexual repro ductio n where the parent cell splits into  two  daughter

cells, ro ughly equal in siz e

During the binary fissio n pro cess in pro karyo tes:

The single circular chro mo so me replicates  when signalled

The cell elo ngates  resulting in the chro mo so me co pies separating

A cro ss wall (septum) fo rms in the middle o f the cell dividing the cyto plasm (cyto kinesis)

T wo  daughter cells  are fo rmed

As each daughter cell co ntains an exact co py o f the parental circular chro mo so me they

are clo nes
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Prokaryotes divide by binary fission
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1.2.4 Eukaryotic Cell Structure

Eukaryotic Cell Structure

Compart ment aliz ed cell st ruct ure

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

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

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

The co mpartmentaliz atio 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

Eukaryo tic  cells have a key co mpartment called the nucleus

Animal and plant  cells

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

Membrane-bo und o rganelles, including a nucleus

Larger ribo so mes (80S)

Ho wever, there are key differences:

Animal cells co ntain centrio les  and micro villi

Plant cells have a cellulo se cell wall, large permanent vacuo les  and chlo ro plast
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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 cell in reality
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Plant cells have a larger, more regular structure in comparison to animal cells

In co mplex multicellular o rganisms, eukaryo tic  cells beco me specialised  fo r specific f unctio ns

These specialised eukaryo tic cells have specific adaptatio ns  to  help them carry o ut their

functio ns

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

specialised eukaryo tic cells can lo o k extremely different  fro m each o ther)

Structural adaptatio ns include:

The shape  o f the cell
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The o rganelles  the cell co ntains (o r do esn’t co ntain)

Fo r example:

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

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

Cells that make large amo unts o f pro teins  will be adapted fo r this functio n by co ntaining

many ribo so mes  (the o rganelle respo nsible fo r pro tein pro ductio n)

Organelles

Plasma membrane

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

proteins forming the bilayer are constantly in motion

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

between the internal cell enviro nment and the external enviro nment

The membrane is described as being ‘partially permeable’

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

diameter o f aro und 10 nm

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

material of the cell

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

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

po res

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

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

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

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

histo nes

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

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

Roug h endoplasm ic ret iculum
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The rough endoplasmic reticulum (RER) - the attached ribosomes enable this structure to be identified in

electron micrographs

Fo und in plant and animal cells

Surface co vered in ribo so mes  (80S)

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

flattened membrane sacs are called cisternae

Pro cesses pro teins made by the ribo so mes

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

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

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

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

eukaryo tic cells

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

nucleo lus (a regio n in the nucleus)

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

Site o f translatio n (pro tein synthesis)

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

aerobic respiration embedded within it

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

micro sco pe

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

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

AT P

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

(needed fo r replicatio n)

Golgi apparat us
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The structure of the Golgi apparatus

Fo und in plant and animal cells

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

Mo difies  pro teins and lipids befo re packaging them into  Go lgi vesicles

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

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

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

o rganelles

Vesicles
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The structure of the vesicle

Fo und in plant and animal cells

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

Lysosome

The structure of the lysosome
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Specialist fo rms o f vesicles which co ntain hydro lytic enz ymes (enz ymes that break bio lo gical

mo lecules do wn)

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

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

Chloroplast s

Chloroplasts are found in the green parts of a plant – the green colour a result of the photosynthetic

pigment chlorophyll

Fo und in plant cells

Larger than mito cho ndria

Surro unded by a do uble-membrane

Membrane-bo und co mpartments called thylako ids  co ntaining chlo ro phyll stack to  fo rm

structures called grana

Grana are jo ined to gether by lamellae  (thin and flat thylako id membranes)

Chlo ro plasts are the site o f pho to synthesis:

The light-dependent stage  takes place in the thylako ids

The light-independent stage  (Calvin Cycle) takes place in the stro ma

Also  co ntain small circular pieces o f DNA and ribo so mes used to  synthesise pro teins needed in

chlo ro plast replicatio n and pho to synthesis

Large permanent  vacuoles
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The structure of the vacuole

A sac in plant cells  surro unded by the to no plast , selectively permeable membrane

Vacuo les in animal cells are no t permanent and small

Cell wall - an ext ra-cellular component  (not  an organelle)

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

Fo und in plant cells but no t in animal cells
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Cell walls are fo rmed o utside o f the cell membrane and o ffer structural suppo rt  to  cell

Structural suppo rt is pro vided by the po lysaccharide cellulo se in plants, and peptido glycan in

mo st bacterial cells

Narro w threads o f cyto plasm (surro unded by a cell membrane) called plasmo desmata co nnect

the cyto plasm o f neighbo uring plant cells

Addit ional organelles

The belo w o rganelles can be fo und in o ther specialised cells in eukaryo tes

Flagella

The structure of the flagella

Fo und in specialised cells

Similar in structure to  cilia, made o f lo nger micro tubules

Co ntract to  pro vide cell mo vement fo r example in sperm cells

Cent rioles
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The structure of the centriole

Ho llo w fibres made o f micro tubules

Two  centrio les at right angles to  each o ther fo rm a centro so me, which o rganises the spindle

fibres  during cell divisio n

No t f o und  in flo wering plants  and f ungi

Microt ubules
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The structure of the microtubule

Fo und in all eukaryo tic cells

Makes up the cyto skeleto n o f the cell abo ut 25 nm in diameter

Made o f α and β tubulin co mbined to  fo rm dimers, the dimers are then jo ined into  pro to filaments

Thirteen pro to filaments in a cylinder make a micro tubule

The cyto skeleto n is used to  pro vide suppo rt and mo vement o f the cell

Microvilli
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The structure of the microvilli

Fo und in specialised animal cells

Cell membrane pro jectio ns

Used to  increase the surf ace area o f the cell surface membrane in o rder to  increase the rate o f

exchange o f substances

Cilia
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The structure of the cilia

Hair-like pro jectio ns made fro m micro tubules

Allo ws the mo vement o f substances o ver the cell surface

Exam T ip

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

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

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

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

pho to synthesis it will need to  co ntain many chlo ro plasts)!
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1.2.5 Exocrine Pancreatic & Palisade Mesophyll Cells

Exocrine Pancreatic & Palisade Mesophyll Cells

Exocrine gland cells of  t he pancreas

The pancreas co ntains two  types o f gland cells: endo crine and exo crine cells

The f unctio n o f the exo crine gland cells  (acinar cells) is to  secrete digestive enz ymes  into  the

pancreatic ducts. These enz ymes then travel to  the duo denum where digestio n o ccurs

To  perfo rm this functio n the exo crine gland cells have o rganelles  that enable the enz ymes

(pro teins) to  be synthesised, pro cessed fo r secretio n, transpo rted to  the plasma membrane and

released

Thus the plasma membrane and the fo llo wing o rganelles can be seen in electro n micro graphs o f

the exo crine gland cells:

Nucleus  - where DNA is transcribed into  mRNA (that co ntains the instructio ns fo r building the

enz ymes)

Ro ugh endo plasmic reticulum - has ribo so mes attached where the enz ymes are

synthesised

Mito cho ndria - pro vide the ATP required fo r all the metabo lic pro cesses

Go lgi apparatus  - where the enz ymes (pro teins) are pro cessed and packaged ready fo r

secretio n

Vesicles  - 'pinch o ff' the Go lgi apparatus and co ntain the pancreatic digestive enz ymes (e.g.

pancreatic amylase) that will be released into  the ducts (may appear dark in electro n

micro graphs o r at least with many dark specks within)

Lyso so mes  - co ntain hydro lytic enz ymes that will digest the unwanted substances in the cell

Palisade mesophyll cell

The palisade meso phyll cells are lo cated in the leaves o f plants and are structured to  maximise

the efficiency o f the leaf's functio n - pho to synthesis

The palisade meso phyll cells are situated to wards the to p  o f the leaf and are co lumn-like in

shape increasing surface area to  abso rb light, carbo n dio xide and water

Alo ng with the key o rganelles mentio ned fo r the exo crine gland cell, the palisade meso phyll cell

co ntains the fo llo wing o rganelles:

Chlo ro plasts  - the lo catio n o f light abso rptio n, it pro vides the energy fo r pro ducing gluco se

and o xygen

Permanent vacuo le  - it is large and central pushing the chlo ro plast to  the edge o f the cell

maximising abso rptio n o f light. It also  helps maintain water balance

The palisade meso phyll cell also  co ntains the extra-cellular structure:

Cell wall - it is mainly made o f cellulo se, is f reely permeable  (allo wing carbo n dio xide and

water to  mo ve thro ugh easily) and its strength gives suppo rt  to  the cell (prevents the cell

fro m bursting)

fro m bursting)
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1.2.6 Comparison of Prokaryotic & Eukaryotic Cells

Comparison of Prokaryotic & Eukaryotic Cells

Animal and plant cells are types o f eukaryo tic  cells, whereas bacteria are a type o f pro karyo te

There are a number o f impo rtant structural and physio lo gical differences between pro karyo tic

and eukaryo tic cells

These differences affect their metabo lic pro cesses and ho w they repro duce

Co mpariso n o f  Pro karyo tes & Eukaryo tes Table
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1.2.7 Microscopes

Electron & Light Microscopes

NOS: Development s in scient ific research f ollow improvement s in apparat us; t he
invent ion of  elect ron microscopes led t o great er underst anding of  cell st ruct ure

In scientific research, critical develo pments o f ten f o llo w impro vements in scientific

apparatus

Fo r example, distant o bjects in Space o ften remain undisco vered until a telesco pe (o r so me

o ther piece o f equipment) po werful eno ugh to  detect them is develo ped

The fact that scientific research is o ften held back by a lack o f sufficiently po werf ul o r precise

apparatus  is a pro blem that will co ntinue into  the f uture

In so me ways, this is very exciting, as it suggests that o ur scientific kno wledge and understanding

o f the universe will co ntinue to  expand  as new scientific techniques and techno lo gies are

develo ped

The disco very o f the micro sco pe allo wed scientists to  disco ver many things such as:

Fo rmulate the cell theo ry, disco ver bacteria, see chro mo so mes, understand fertilisatio n by

witnessing the fusio n o f gametes and clo sely examine the co mplex structure o f o rgans such

as the liver

Due to  co nstraints in techno lo gy (light micro sco pes canno t pro duce distinguishable clear

images o f structures smaller than 0.2 µm) develo pments in scientific research were limited

This was until a different type o f the micro sco pe was invented - the electro n micro sco pe

Electro n micro sco pes enabled scientists to  view structures 200 times smaller than light

micro sco pes leading to  a better understanding o f the ultrastructure  o f cells

The grana o f chlo ro plasts were o bserved to  be co nstructed o f stacks o f flattened

membrane sacs

Ribo so mes and endo plasmic reticulum were disco vered

Impro vements to  the design o f electro n micro sco pes (electro n to mo graphy) and the inventio n

o f new types o f micro sco pes (fluo rescence) are allo wing further develo pments in scientific

research to  be made

Microscopes

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

Magnificatio n and reso lutio n are two  scientific terms that are very impo rtant to  understand and

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

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

than the real-lif e o bject  yo u are viewing
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Reso lutio n is the ability to  distinguish between o bjects  that are clo se to gether (i.e. the

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

There are two  main types o f micro sco pes:

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

Electro n micro sco pes

Opt ical (light ) microscopes

Optical micro sco pes use light  to  fo rm an image

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

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

half the wavelength o f light

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

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

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

o r 200 nm

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

mito cho ndria and chlo ro plasts

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

reticulum o r lyso so mes

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

Elect ron microscopes

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

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

micro sco pes, giving a mo re detailed image

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

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

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

(i.e. aro und 1000 times greater than that o f o ptical micro sco pes)

This means electro n micro sco pes can be used to  o bserve small o rganelles  such as

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

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

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

Transmissio n electro n micro sco pes (TEMs)

Scanning electro n micro sco pes (SEMs)

Transmission elect ron microscopes (T EMs)

TEMs use electro magnets to  fo cus a beam o f  electro ns
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This beam o f electro ns is transmitted thro ugh the specimen

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

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

co ntrast between different parts o f the o bject being o bserved)

Advantages  o f TEMs:

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

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

Disadvantages  o f TEMs:

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

o bserved

They canno t be used to  o bserve live specimens

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

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

micro sco pes can be used to  o bserve live specimens

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

intro duced

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

They do  no t pro duce a co lo ur image

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

Scanning elect ron microscopes (SEMs)

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

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

image

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

specimens

Advantages  o f SEMs:

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

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

Disadvantages  o f SEMs:

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

They canno t be used to  o bserve live specimens

They do  no t pro duce a co lo ur image

Comparison of  t he elect ron microscope & light  microscope

Light micro sco pes  are used fo r specimens abo ve 200 nm
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Light micro sco pes shine light  thro ugh the specimen, this light is then passed thro ugh an

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

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

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

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

tissues within o rgans  such as in leaves o r skin

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

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

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

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

visible light, the magnificatio n and reso lutio n o f an electro n micro sco pe is much better than a

light micro sco pe

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

lo o king at who le cells in mo re detail

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

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

po sitio n within the stages o f mito sis 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 Micro sco pe vs Electro n Micro sco pe Table

Exam T ip

Learn the difference between reso lutio n and magnificatio n! Also , learn ho w the light and electro n

micro sco pe differ in terms o f reso lutio n and magnificatio n.
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1.2.8 Skills: Drawing Cells

Drawing Cells

Drawing t he ult rast ruct ure of  cells

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

labelled bio lo gical drawing is o ften made

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

the specimen was viewed

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

Drawing convent ions

The drawing must have a title

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

reco rded

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

Drawings sho uld be o n plain white paper

Lines sho uld be clear, single lines  (no  thick shading)

No  shading

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

Well-defined structures sho uld be drawn

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

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

drawing being labelled

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

with a ruler

Drawings o f cells  are typically made when visualiz ing cells at a higher magnificatio n po wer,

whereas  plan drawings are typically made o f tissues viewed under lo wer magnificatio ns

(individual cells are never drawn in a plan diagram)
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Drawing Prokaryotic Cells

Due to  the siz e o f pro karyo tes (0.1 to  5 µm) their ultrastructure can o nly be seen using an electro n

micro sco pe

Therefo re drawings o f pro karyo tes are based o n electro n micro graphs

When viewing an electro n micro graph o f a pro karyo te there is no  distinct dark circular area within

the cell, as there is no  nucleus  and no  o rganelles  are visible (apart fro m ribo so mes, but as they are

70 S in siz e 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

When viewing a eukaryo tic cell under a light micro sco pe it is po ssible to  identify the nucleus and

if it is a plant cell the cell wall and vacuo le

Ho wever, under an electro n micro sco pe, mo re detail o f the ultrastructure o f the eukaryo tic cell

can be seen

The fo llo wing o rganelles sho uld be able to  be identified, altho ugh it do es depend o n whether it

is a plant o r animal cell and the specialisatio n o f the cell:

Ro ugh endo plasmic reticulum

Go lgi apparatus

Lyso so mes

Vesicles

Ribo so mes

Vacuo le (plant)

Nucleus

Mito cho ndrio n

Chlo ro plast

The nucleus, mito cho ndrio n and chlo ro plast all have do uble membranes

The cell wall will be present in plant eukaryo tic cells. This is an extra-cellular co mpo nent

Cell structures under an electron microscope

Electro n micro sco pes can pro duce highly detailed images o f animal and plant cells

The key cellular structures within animal and plant cells are visible within the electro n micro graphs

abo ve

The nucleus sho uld be clearly identifiable as it is the largest structure in the eukaryo tic cell
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Electron micrograph of the nucleus

To  identify the mito cho ndrio n lo o k fo r the crista (the fo ldings o f the inner membrane) which are

o ften visible in electro n micro graphs
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Electron micrograph of the mitochondrion

The ro ugh endo plasmic reticulum (rER) is lo cated next to  the nucleus and the attached

ribo so mes can be used to  identify the rER as they make the membrane appear darker
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Electron micrograph of the rough endoplasmic reticulum

The chlo ro plast can be identified by the thylako id stacks  (grana), as they appear as dark lines

within the o rganelle

Chlo ro plasts are large
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Electron micrograph of the chloroplast

Go lgi apparatus will be lo cated near the endo plasmic reticulum and it:

Do es no t have lo ng membrane sacs

The sacs are mo re curved than the endo plasmic reticulum

Do es no t have ribo so mes attached

Has many vesicles clo se by
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Electron micrograph of the Golgi apparatus

Vesicles are spherical shapes
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Electron micrograph of the vesicles

Free ribo so mes appear as dark granules (tiny dark do ts) in the cyto plasm
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Electron micrograph of the ribosomes

Plant  cell elect ron micrographs

Electro n micro graphs o f plant cells, such as palisade meso phyll cells, may sho w:

The chlo ro plasts  alo ng the plasma membrane, as this is where the mo st light can be

abso rbed

A large vacuo le  in the centre

A cell wall
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Electron micrograph of a plant cell

Animal cell elect ron micrographs

An exo crine gland cell o f the pancreas may sho w:

Many large secreto ry vesicles (carrying the digestive enz ymes)

Many mito cho ndria

Ro ugh endo plasmic reticulum
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Electron micrograph of an exocrine gland cell of the pancreas

Exam T ip

When pro ducing a bio lo gical drawing, it is vital that yo u o nly ever draw what yo u see and no t what

yo u think yo u see.

When identifying palisade meso phyll cells, lo o k fo r the presence o f the large central vacuo le,

cell wall and lo ts o f chlo ro plasts o n the edge o f the cell to  maximise light abso rptio n.

When identifying exo crine pancreatic gland cells, lo o k fo r the presence o f secreto ry vesicles

carrying the digestive enz ymes and the large numbers o f ro ugh endo plasmic reticulum.
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1.2.9 Skills: Cell Origin & Ultrastructure

Interpreting Electron Micrographs

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

1. Identify whether it is a pro karyo tic o r eukaryo tic  cell - is a nucleus  present

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

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

Electron micrograph of cell 1

The cell had a nucleus  - it is a eukaryo tic cell

This cell did no t have  a cell wall o r central vacuo le  - it is an animal cell

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

There are a large number o f lyso so mes  in the cell - it can digest substances  fo und within the cell
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There are a large number o f mito cho ndria - it has sufficient energy  fo r the many metabo lic

reactio ns

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

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

Electron micrograph of cell 2

The cell had a nucleus  - it is a eukaryo tic cell

This cell did no t have  a cell wall o r central vacuo le  - it is an animal cell

There are a large number o f  mito cho ndria - it requires significant energy fo r many metabo lic

reactio ns

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

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

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

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

epithelium o f  the small intestine
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