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Key word list  

Carrier molecule 
(carrier protein) 

A protein on the surface of a cell that helps to transport molecules and ions across 
a plasma membrane 

Centrifugation Process of separating out particles of different sizes and densities by spinning them at a high 
speed in a centrifuge 

Cholesterol Lipid that is an important component of cell-surface membranes 

Chromatid One of the two copies of a chromosome that are joined together by a single centromere 
prior to cell division 

Chromosome A thread-like structure made of protein and DNA by which hereditary information is 
physically passed from one generation to the next 

Crossing over The process whereby a chromatid breaks during meiosis and rejoins to the chromatid of its 
homologous chromosome so that their alleles are exchanged 

Differentiation The process by which cells become specialised for different functions 

Diffusion The movement of molecules or ions form a region where there are in high concentration to 
one where their concentration is lower 

Eukaryotic cell A cell that has a membrane-bound nucleus and chromosomes 

Facilitated 
diffusion 

Diffusion involving the presence of protein carrier molecules to allow the passive movement 
of substances across plasma membranes 

Glycoprotein Substance made up of a carbohydrate molecule and a protein molecule 

Granum A stack of thylakoids in a chloroplast that resembles a pile of coins, this is the site of the 
light-dependent reaction of photosynthesis  

Guard cell One of a pair of cells that surround a stoma in plant leaves and controls its opening and 
closing 

High-density 
lipoprotein (HDL) 

A compound of protein and lipid molecules found in blood plasma, it transports cholesterol 
from other cells to the liver 

Hydrogen bond Chemical bond formed between the positive charge on a hydrogen atom and the negative 
charge on another atom of an adjacent molecule 

Hydrolysis The breaking down of large molecules into smaller ones by the addition of water molecules 

Intrinsic proteins Proteins of the cell-surface membrane that completely span the phospholipid bilayer from 
one side to the other 

Ion An atom or group of atoms that has lost or gained one or more electrons 

Ion channel A passage across a cell-surface membrane made up of a protein that spans the membrane 
and opens and closes to allow ions to pass in and out of the cell 

Isotonic Solutions that possess the same concentration of solutes and therefore have the same water 
potential 

Isotope Variations of a chemical element that have the same number of protons and electrons but 
different numbers of neutrons 

In vitro Refers to experiments carried out outside the living body, e.g. test tubes 

In vivo Refers to experiments that are carried out within living bodies 

Kinetic energy Energy that an object possesses due to its motion 

Low-density 
lipoprotein (LDL) 

A compound containing both protein and lipid molecules that occurs in blood plasma and 
lymph, it carries cholesterol from the liver to other cells in the body 

Meiosis The type of nuclear division in which the number of chromosomes is halved 

Mesophyll Tissue found between the two layers of epidermis in a plant leave comprising an upper layer 
of palisade cells and a lower layer of spongey cells 

Metabolism All the chemical processes that take place in living organisms 

Microvilli Tiny finger-like projections from the cell-surface membrane of some animals 

Middle lamella Layer made up of pectins and other substances found between the walls of adjacent plant 
cells 

Mitosis The type of nuclear division in which the daughter cells have the same number of 
chromosomes as the parent cell 

Monomer One of many small molecules that combine to form a larger one known as a polymer 
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Mono-
unsaturated fatty 

acid 

Fatty acid that possesses a carbon chain with a single double bond 

Osmosis The passage of water from a region of high water potential to a region where its water 
potential is lower, through a partially permeable membrane 

Palisade cells Long, narrow cells packed with chloroplasts that are found in the upper region of a leaf and 
which carry out photosynthesis 

Peptide bond The chemical bond formed between two amino acids during condensation 

Phagocytosis Mechanism by which cells engulf particles to form a vesicle or a vacuole 

Phloem Plant tissue that transports the products of photosynthesis from leaves to the rest of the 
plant 

Phospholipid Triglycerides in which one of the three fatty acid molecules is replaced by a phosphate 
molecule 

Plasmid A small circular piece of DNA found in bacterial cells 

Polymer Large molecule made up of repeating smaller molecules 

Polyunsaturated 
fatty acid 

Fatty acid that possesses carbon chains with many double bonds 

Prokaryotic cell A cell that does not have a nucleus or membrane bound organelles 

Protoplast The living portion of a plant cell (i.e. the nucleus and cytoplasm along with the organelles it 
contains) 

Receptor A cell adapted to detect changes in the environment 

Recognition site A nucleotide sequences that is recognised by a restriction endonuclease and to which it 
attaches 

Saturated fatty 
acid 

A fatty acid in which there are no double bonds between the carbon atoms 

Sodium-
potassium pump 

Protein channels across cell-surface membranes that use ATP to move sodium ons out of the 
cell in exchange for potassium ions that move in 

Stem cell Undifferentiated dividing cells that occur in embryos and in adult animal tissues that require 
constant replacement 

Stoma (plural 
stomata) 

Pore, mostly in the lower epidermis of a leaf through which gases diffuse in and out of the 
leaf 

Stroma Matrix of a chloroplast where the light-independent reaction of photosynthesis takes place 

Substrate A substance that is acted on or used by another substance or process 

Supernatant 
liquid 

The liquid portion of a mixture left at the top of the tube when suspended particles have 
been separated out at the bottom during centrifugation 

Thylakoid Series of flattened membranous sacs in a chloroplast that contain chlorophyll and the 
associated molecules needed for the light-dependent reaction of photosynthesis 

Tissue A group of similar cells organised into a structural unit that serves a particular function 

Triglyceride An individual lipid molecule made up of a glycerol molecule and three fatty acids 

Ultrafiltration Filtration assisted by blood pressure 

Unsaturated fatty 
acid 

A fatty acid in which there are one or more double bonds between the carbon atoms 

Voltage-gated 
channels 

Protein channel across a cell-surface membrane that opens and closes according to changes 
in the electrical potential across the membrane 

Water potential The pressure created by water molecules. The measure of the extent to which a solution 
gives out water 

Xerophyte A plant adapted to living in dry conditions 

Xylem vessels Dead, hollow, elongated tubes with lignified side walls and no end walls, that transport 
water in most plants 
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Lesson 1 – Eukaryotic Cells 

By the end of this lesson you should be able to:  

• Label diagrams of eukaryotic cells 

• Describe the functions of eukaryotic organelles 
 

Notes: 
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Organelle Structures:  

 

Descriptions of organelles: 

• Nucleus - Large organelle surrounded by a nuclear envelope which contains pores. the nucleus 
contains chromatin (which is made from DNA and proteins and a structure called the nucleolus. 

• Lysosome - A round organelle surrounded by a membrane with no clear internal structure. Contains 
digestive enzymes.  

• Ribosome - A very small organelle that either floats free in the cytoplasm or is attached to the 
rough endoplasmic reticulum. It is made up of proteins and RNA. No membrane 

• RER - A system of membrane bound flattened sacs. the surface is covered with ribosomes. Proteins 
enter the rER and are folded and processed. Then they are transported to the Golgi apparatus in 
vesicles. 

• SER - Description of smooth endoplasmic reticulum ?a system of membrane bound flattened sacs 
but with no ribosomes 

• Golgi - A group of fluid filled membrane bound flattened sacs. formed by the fusion of vesicles from 
the ER. Proteins from the rER in vesicles fuse to form the flattened sacs of the Golgi and the Golgi 
further processes the proteins. The proteins enter more vesicles and are transported around the 
cell 

• Mitochondria - Double membrane- inner one is folded to form a structure called cristae. inside is 
the matrix which contains enzymes involved in respiration 

• Centriole - small hollow cylinders made of microtubules. found in animal cells but only some plant 
cells 

• Chitin – component of cell walls in fungi 

• Cellulose – component of cell walls in plants 
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Recall Questions:  

1. What are the inner folds of mitochondria called? 
2. What is the function of the Golgi Apparatus? 
3. What is the function of a lysosome? 
4. What is the function of a ribosome? 
5. Describe the difference between smooth & rough endoplasmic reticulum. 
6. What is the function of the smooth ER? 
7. What makes up the cell wall of plants & algae? 
8. Why would an epithelial cell in the small intestine need lots of mitochondria? 
9. Describe the function of the nucleolus. 
10. What is the function of the nucleus?  
11. What is the function of the lysosome? 
12. What is the function of the RER? 
13. What is the function of the SER? 
14. What is the function of the mitochondria? 
15. What is the function of the centriole? 

 

Exam Questions:  

Q1. The diagram shows a mitochondrion. 

  

(a)     Name the parts labelled X and Y. 

(i)      X ______________________________ 

(ii)     Y ______________________________ 

(2) 

Q2. The diagram shows a chloroplast as seen with an electron microscope. 

  

(a)     Name X and Y. 

X _________________________________________________________________ 

Y _________________________________________________________________  (2) 
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(b)     Describe the function of a chloroplast. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

Q3. Below is a diagram of an animal cell. 

  

(a)     Name the organelles labelled: 

B _________________________________ 

C _________________________________ 

(2) 

(b)     Name two structures present in plant cells that are not present in animal cells. 

1. _________________________________________________________________ 

2. _________________________________________________________________ (1) 

Q4. (a)     Structures A to E are parts of a plant cell. 

A     Cell Wall 
B     Chloroplast 
C     Nucleus 
D     Mitochondrion 
E     Golgi apparatus 
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Complete the table by putting the correct letter, A, B, C, D or E in the box next to each 
statement. 

  

Statement Letter 

Has stacked membranes arranged in parallel and contains DNA.   

Is made of polysaccharide.   

Is an organelle and is not surrounded by two membranes.   

(3) 

Q5. The diagram shows a eukaryotic cell. 

  

(a)     Complete the table by giving the letter labelling the organelle that matches the function. 
  

Function of organelle Letter 

Protein synthesis   

Modifies protein (for example, adds carbohydrate to 
protein) 

  

Aerobic respiration   

(3) 

Q6. (b)     Cells that secrete enzymes contain a lot of rough endoplasmic reticulum (RER) and a large 

Golgi apparatus. 

(i)      Describe how the RER is involved in the production of enzymes. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(2) 
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(ii)     Describe how the Golgi apparatus is involved in the secretion of enzymes. 

______________________________________________________________ 

______________________________________________________________ 

______________________________________________________________ 

(1) 

Q7. The diagram shows part of an epithelial cell from an insect’s gut. 

  

This cell is adapted for the three functions listed below. Use the diagram to explain how this cell 
is adapted for each of these functions. 

Use a different feature in the diagram for each of your answers. 

(a)      the active transport of substances from the cell into the blood 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ (2) 
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(b)     the synthesis of enzymes 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(c)    rapid diffusion of substances from the lumen of the gut into the cytoplasm 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

 

Homework: 

Task 1 - Complete the sentences use the words in bold  

2        1000        aerobic        ATP        carbohydrates        cell surface        chromosomes        compartmentalised        

cristae        cytoplasm        endoplasmic reticulum        energy        enzymes        enzyme        exocytosis        filtered        

flattened        free        fuse        golgi apparatus        higher        homogenised       isolate        largest        lipids        

lysosome        matrix        membrane        membranes     modified        nuclear pores        nucleolus        organelles        

pH        pinched        protein synthesis        proteins        reactions        respun        ribosomes        RNA        rupturing        

substances        surface area        water 

_________ refers to the jelly-like material with organelles in it. It consists mainly of __________ with dissolved 

substances such as amino acids in it. Also present in the cytoplasm are larger proteins and __________ used in 

reactions within the cell. Within the cytoplasm are ______________ , a series of __________________ structures 

surrounded by membranes. These provided a separate and dedicated space for the different _____________ that 

take place within the cell. 

The nucleus is separated from the surrounding cytoplasm by the double _________ around it, the nuclear envelope. 

This regulates the flow of ___________ into and out of the nucleus. At some points around the nucleus, the 2 

membranes fuse to create _________ ______ - these are channels through which substances can move. The outer of 

the 2 membranes is continuous with the ______________ ___________. Within the nucleusis the nucleoplasm, in 

which is suspended the ____________. Another structure within the nucleus is the ____________; the __________, 

which will be made into ribosomes, is synthesised in the here. 
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There are 2 types of ER - rough (RER) and smooth (SER). SER has a smooth surface and is where most _________ and 

_____________are synthesised. RER looks rough on the surface because it is studded with very small organelles 

called ____________. Ribosomes are made of RNA and protein and are the site of ________ _____________. There 

may be _____ ribosomes in the cytoplasm as well, which also are the site of protein synthesis. The _________ (which 

include enzymes) that are synthesised then move into the cavities of the RER to be transported. 

The Golgi apparatus is a series of ___________ layers of plate-like _____________. The proteins that are targeted 

for export from the cell are transported to the end of the RER and a vesicle is ___________ off at the end of the 

cavity, so that a layer of membrane surrounds them. This vesicle will move through the cytoplasm and fuse with the 

membrane of the ______ ___________. In the cavity of the Golgi apparatus, the vessel proteins are __________ for 

export - for example, by having a carbohydrate added to the protein. At the end of a Golgi cavity, the secretory 

product is pinched off so that the vesicle containing the substance can move through the cytoplasm to the ______ 

__________ membrane. The vesicle will _______ with this membrane and so release the secretory product (known 

as _____________). If the vesicle contains digestive enzymes, it is called a ____________. Lysosomes may be used 

inside the cell to break-down old, redundant organelles. 

A typical cell may contain __________ mitochondria, though some will contain many more. Generally, they are 

sausage-shaped organelles whose walls consist of ___ membranes. The inner membrane is folded inwards to form 

projections called _________. Inside this is the ________. Most of the reactions for ___________ respiration take 

place in the mitochondria so it is an incredibly important organelle. During respiration, ________ is produced, which 

is used to provide ___________ for the cells' reactions. The inner membrane is highly folded so there is maximum 

_________ _____ available. 
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Task 2: 

 

 

 

 

 

 

Recall Question Answers:  

Question Answer 

What are the inner folds of mitochondria called? Cristae 

What is the function of the Golgi Apparatus? 
To process & package new proteins & lipids; makes 
lysosomes.  

What is the function of a lysosome? 
Contain enzymes- lysozymes used to digest 
broken/invaded cells. 

What is the function of a ribosome? Protein synthesis 

Describe the difference between smooth & rough 
endoplasmic reticulum. Smooth= no ribosomes 

What is the function of the smooth ER? Synthesises & processes lipids 

What makes up the cell wall of plants & algae? Cellulose 

Why would an epithelial cell in the small intestine 
need lots of mitochondria? 

Respiration, to give energy needed for absorption of 
nutrients. 

Describe the function of the nucleolus. Makes ribosomes 

What is the function of the nucleus?  

Controls the cells activities by controlling the transcription 
of DNA. Has Nuclear pores to allow substances to move 
between the nucleus and cytoplasm.  

What is the function of the lysosome? 
Contains digestive enzymes which are used to digest 
invading cells or break down worn components of the cell 

What is the function of the RER? 
Folds and processes proteins that have been made at the 
ribosomes 

What is the function of the SER? 
Function of smooth endoplasmic reticulum ?synthesises 
and processes lipids 

What is the function of the mitochondria? 

Function of mitochondria ?site of aerobic respiration, 
where ATP is produced. found in large numbers in cells 
that are very active and require a lot of energy. 

What is the function of the centriole? 
Involved with the separation of chromosomes during cell 
division 
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Lesson 2 – Prokaryotic Cells and Virus Structure 

By the end of this lesson you should be able to:  

• Label diagrams of prokaryotic cells and viruses 

• Describe the functions of prokaryotic organelles 

• Compare the structures of different cell types 
 

Notes: 

Prokaryotes       

Organelle Descriptions 

• Capsule – prevents desiccation, protects cell from antibiotics and 

viruses 

• Ribosomes – smaller than eukaryotic ones (70s not 80s) 

• DNA – in a single circular loop not associated with proteins 

(doesn’t form chromosomes) 

• Plasmid – small loops of DNA which can be shared between cells 

usually contain useful genes e.g antibiotic resistance 

• Cell wall – made of murein – polysaccharide and peptide mix 

(different to plant and fungal cells) 

• Flagellum – used for locomotion 

• Membrane infold (mesosome) – increased surface area for 

respiration or photosynthesis to take place 

Binary Fission of Prokaryotes 

Step 1 - DNA and plasmids replicate. Plasmids can be replicated many times. 

Step 2 - Cell elongates and DNA moves to opposite poles of cell. 

Step 3 - Cytoplasm begins to divide and new cell walls begin to form. 

Step 4 - The cytoplasm divides to produce to daughter cells. Each contain an identical 

DNA loop but can contain a different number of plasmid copies.  

 

 

 

Fungi are eukaryotic – they are similar to plant cells 

except they contain no chloroplasts and their cell 

walls are made of chitin not cellulose. 

Viruses 

• Viruses are neither prokaryotic nor 

eukaryotic.  

• They are acellular non-living particles. 

• They are 1000x smaller than bacteria  
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• They consist of a genetic material (RNA) that are protected by a protein coat called the capsid. They may 

also be enclosed in a lipid envelope. The capsid or lipid envelope will have attachment proteins/antigens to 

help them recognise a host. 

 

Virus Replication 

Viruses require the aid of a living cell in order to reproduce.  

Step 1 - Virus detects host cell by recognising 

protein marker on its membrane. Virus 

attaches to cell using attachment proteins. 

Step 2 - Virus injects genetic material into cell. 

Step 3 - Cell reproduces the genetic material 

and reads it creating new viral proteins. 

Step 4 - Virus leaves cell using some of the cells 

own membrane to form itself.  
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Recall Questions:  

1. List 3 differences between eukaryotic & prokaryotic cells. 
2. What is a plasmid? 
3. Why might a bacterial cell have a slime capsule? 
4. Why do prokaryotes undergo Binary Fission? 
5. What replicates in Binary fission? 
6. What is found in the cytoplasm in prokaryotic cells? 
7. What is the flagellum? 
8. What is circular DNA? 

 

Exam Questions:  

 
1. Prokaryotic cells have one membrane, where is it? [1] 

................................................................................................................................................................ 

2. Mitochondria and chloroplasts contain small loops of DNA similar to the plasmids found in prokaryotic cells. 
These organelles also contain ribosomes that are the same size as prokaryotic ribosomes. Can you suggest an 
explanation for these features? [1] 

............................................................................................................................................................................................

.............................................................................................................................................................................. ............ 

3. Give one way in which a eukaryotic plant cell is similar to a prokaryote.[1]  

................................................................................................................................................................ 

 
4.          (a)     The diagram shows a bacterial cell. 

 

(i)      Name the parts labelled D and E. [2] 

D ................................................................................................................................................................ 

E ................................................................................................................................................................ 
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(ii)     Give one function of the cell wall. [1] 

............................................................................................................................................................................................

.................................................................................................................................... 

(b)     Name two structures present in eukaryotic cells that are not present in the cells of prokaryotes. [2] 

1 .............................................................................................................................................................. 

2 .............................................................................................................................................................. 

5.          (a)     The structure of a cholera bacterium is different from the structure of an epithelial cell from the small 

intestine. Describe how the structure of a cholera bacterium is different. [5] 

............................................................................................................................................................................................

............................................................................................................................................................................................

............................................................................................................................................................................................

............................................................................................................................................................................................

............................................................................................................................................................................................

............................................................................................................................................................................................

........................................................................................................................................................ 

Q6.The diagram shows a human immunodeficiency virus (HIV). 

  

(a)     (i)      Name structure P and enzyme Q. 

Structure P ____________________________________________________ 

Enzyme Q _____________________________________________________ 

(2) 
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Q7.  (b)     Complete the table to show the features of a bacterium and a virus. 

Put a tick (✔) in the box if the feature is shown. 

  

Surface Bacterium Virus 

Cell-surface membrane     

Nucleus     

Cytoplasm     

Capsid     

(2) 

(c)     DNA and RNA can be found in bacteria. 

Give two ways in which the nucleotides in DNA are different from the nucleotides in RNA. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

(2) 

Recall Question Answers:  

List 3 differences between eukaryotic & 
prokaryotic cells. 

Prokaryotic = no membrane bound organelles, no nucleus, 
smaller ribosomes, murein cell wall 

What is a plasmid? 
A loop of DNA NOT part of main chromosomal DNA e.g. 
genes for antibiotic resistance. Not in all bacterial cells. 

Why might a bacterial cell have a slime capsule? To give protection against the cells of the immune system. 

Why do prokaryotes undergo Binary Fission? Bacteria replicate using binary fission 

What replicates in Binary fission? 
Chromosomal DNA replicates once- plasmids may 
replicate many times 

What is found in the cytoplasm in prokaryotic 
cells? 

No membrane bound organelles and has smaller 
ribosomes than in eukaryotic cell 

What is the flagellum? 

long hair like structure that rotates to make the 
prokaryotic cell move. not all prokaryotes have a flagellum 
and some have more than one 

What is circular DNA? 
Long coiled up strand of DNA that is not attached to any 
histone proteins 

Homework:  
 
Task 1: Complete the sentences using the words in bold 

 
acellular        a nucleus        attachment proteins        bacteria        burst        capsid        capsule        cell 

wall        chloroplast        circular        eukaryotic        evolved        flagella        golgi        inject       living        mitochondr
ia        nuclear 

envelope        nucleus        organelles        pilli        plasmids        replication        RER        ribosomes        SER        smalle
r        two        viruses 

 

It was once common practice to classify all living organisms as either animals or plants. With improved knowledge of 

living things it has become apparent that there are ________ fundamentally different types of cell. The most obvious 

difference between the two types is that one possesses a _____________ and the other does not. 
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The cells of animals, plants, fungi and protists contain many membrane-bound ______________, one of which is the 

nucleus that is surrounded by the ______________ ________________.These are referred to as ______________ 

cells (meaning ‘with a true nucleus’). Prokaryotes (meaning ‘before the nucleus’), which are mostly 

_______________, are very different to eukaryotes because they lack membrane-bound organelles.  Prokaryotes, 

therefore, do not contain _______________, _______________, _______________, _______________, ________, 

or ________. Instead they have: 

• A _______________ DNA molecule that floats freely in the cytoplasm 

• _____________, that are smaller circular pieces of DNA and can be replicated and shared between 

prokaryotic cells 

• _______________, that are smaller than those in a eukaryote 

• A _________ _________, that is made out of murein (AKA peptidoglycan) rather than cellulose 

• A ___________ that protects the cell from desiccation or chemical attack 

• They may also have ______________ (for motility) or ___________ (for sensing their environment) 

Prokaryotic cells are about 100 to 10000 times ______________ than eukaryotic cells. Biologists believe eukaryotes 

______________ from prokaryotes, and that the organelles were originally prokaryotic cells that formed a symbiotic 

relationship with the eukaryotic cell. 

Viruses are different from either eukaryotes or prokaryotes because they are not considered __________ and are 

referred to as ___________ because they are not formed of cells. Viruses are very simple particles composed of only 

a few components: 

• A strand of genetic material (either DNA or RNA), that contains the genetic code to form new ____________ 

• A ___________, that is made of protein and protects the genetic material 

• _____________ ___________, that allow the virus to bind to a target cell 

• Some viruses also have additional proteins (e.g. vital enzymes for replication), a lipid envelope (derived from 

the membrane of the host cell) and a matrix (a junction between the capsid and lipid envelope) 

Viruses do not perform many of the life processes and rely on living cells for _______________. To do this, viruses 

attach to the host cell using attachment proteins and __________ their genetic material into the cell. The cell is 

‘tricked’ into using the genetic material to synthesise new viruses that then __________ out of the cell and destroy 

it. Different viruses infect cells of different organisms. 
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Task 2: 

 
Complete the table to compare plant (eukaryote), animal (eukaryote) and prokaryotic cells, and viruses. For each cell 
type or particle indicate whether the feature is present or absent using a tick or cross. [15] 

 

Feature Plant cell Animal cell Prokaryote Virus 
Chloroplasts    

 

Vacuole    
 

Cellulose cell wall    
 

Murein cell wall    
 

Linear chromosomes in nucleus    
 

Circular chromosome in cytoplasm    
 

Plasmids    
 

Endoplasmic Reticulum    
 

Golgi body    
 

Attachment proteins    
 

Relative ribosome size    
 

DNA or RNA within capsid    
 

Flagella possible    
 

Made of cells    
 

Cell membrane    
 

 
 
Task 3: Answer the questions 

 
1. The diagram below shows Staphylococcus, which is a prokaryotic cell. Label parts A to D. [4] 

 

3. Prokaryotic cells have one membrane, where is it? [1] 

............................................................................................................................................................................. 
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4. Give 2 ways in which prokaryotes are useful to humans. [2] 

............................................................................................................................................................................................

.............................................................................................................................................................. 

5. Mitochondria and chloroplasts contain small loops of DNA similar to the plasmids found in prokaryotic cells. 

These organelles also contain ribosomes that are the same size as prokaryotic ribosomes. Can you suggest an 

explanation for these features? [2] 

............................................................................................................................................................................................

.............................................................................................................................................................. 

6. Give one way in which a eukaryotic plant cell is similar to a prokaryote.[1] 

............................................................................................................................................................................. 

7. Name the features 1-11 on the diagram of the bacterium E.coli shown in the diagram below. [11] 
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Lesson 3 – Microscopes and Magnification 

By the end of this lesson you should be able to:  

•  Describe how to prepare specimens to view down a light microscope 

• Compare electron microscopes and light microscopes 

• Calculate magnification using the equation 
 

GCSE Recap 

Light microscopes are the most common 

microscopes used by biologists. They are relatively 

cheap, easy to use and they can magnify living cells 

or small organisms so their activity and behaviour 

can be studied.  

As light has to pass through the specimens to be 

seen they must be thin. A stain is often used to 

colour cell structures so that they can be seen 

more easily as most cells are transparent and don’t 

contain pigments.  

Magnification is making an image larger than the object – when we use a microscope we can increase the 

magnification by using a higher powered objective lens. This allows us to see in more detail because it increases the 

size of the image of small details.  

The invention of electron microscopes in the 1930’s allowed scientists to see cells in more detail. Electron 

microscopes helped us to see smaller organelles such as ribosomes; something the light microscope cannot magnify 

because they are too small. It also shows us the details of the insides of organelles like mitochondria. This helped 

further our understanding of sub-cellular structures.  

Electron microscopes have a higher magnification 

and resolution than light microscopes. Resolution is 

the ability to distinguish between two objects as 

separate points. They use a beam of electrons and 

can magnify up to 2 000 000 times. Electron 

microscopes are large, very expensive, and cannot 

use live specimens. Electron microscope images can 

often be in 3D. Look at the difference in the pictures on the right.  

Magnification 

Step 1: Use the triangle method to work 

out the equation you need – in this case 

we are calculating actual size 

Step 2: Measure the actual size of the 

image using your ruler 

Step 3: Add the magnification from the 

diagram 

Step 4: Convert the actual size from mm 

to µm (x1000) –DO THIS BEFORE YOU 

DO YOUR CALCULATION! 

Step 5: Calculate the actual size and 

make sure you write down the correct 

units! 

eyepiece lens magnification 

objective lens magnification 
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Working out magnification using a scale bar: 

1. Measure the scale bar image (beside drawing) in mm. 

2. Convert to µm (multiply by 1000). 

3. Magnification = scale bar length in image (in µm)  ÷ actual scale bar length (written on the scale 

bar).  

Notes: 

Light microscope- uses a beam of light to form larger more detailed images. They can magnify up to 1500 x but their 

resolution is low (0.2µm), at the highest magnification mitochondria can only just be seen, ribosomes, lysosomes and 

ER are too small. Light microscopes can be used to view living cells/organisms, but they must be thin and often 

require staining to distinguish organelles more clearly.  

Electron microscopes have much higher magnification (to 2x106) and have a resolution of 0.1nm. This means they 

can clearly distinguish two points that are 0.1nm apart as separate objects. Electron microscopes can do this as they 

use a beam of electrons not light and their wavelength is smaller. There are two types of electron microscope: 

Transmission Electron Microscope (TEM) 

• It works by shooting a beam of electrons at a thin slice of a sample and 

detecting those electrons that make it through to the other side.  

• The TEM lets us look in very high resolution at a thin section of a sample.  

• This makes it particularly good for learning about how components inside a 

cell, such as organelles, are structured internally.  

Scanning Electron Microscope (SEM) 

• Uses a focused beam of high-energy electrons which reflect off the surface of 

structures 

• GIves a 3D image, samples do not have to be thin/cross sections  

Electron microscopes require a vacuum as air particles would interfere with the beam 

of electrons so the specimens must always be dead.  

Recall Questions:  

1. What kind of radiation are used in electron microscopes? 
2. Describe why you would use a TEM. 
3. Why is a stain used when preparing a slide? 
4. Why does a specimen need to be thin when preparing a slide? 
5. What is the maximum resolution power of TEM? 
6. What are the 2 advantages of using an TEM? 
7. What are the 3 disadvantages of the TEM? 
8. In what 2 ways is the SEM  better than the TEM? 
9. Which type of microscope would be used to study replication of E.coli bacteria? 
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Use the word bank at the bottom of the page to label the cell. [10] 

 

 

Nuclear envelope        Nucleolus      Chloroplast      Mitochondria      Cytoplasm 
Endoplasmic reticulum        Starch grain      Cell wall      Cell membrane        Vacuole 
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Exam Questions:  

Q1. (d)     The diagram shows a section through a plant tissue at a magnification of ×500. 

  

Calculate the actual diameter of the starch grain between points A and B. 

Answer = ____________________ μm 

(2) 

(e)     What type of microscope was used to obtain the image shown in the diagram above? 

Give one piece of evidence to support your answer. 

Type of microscope _______________________________________________ 

Evidence ________________________________________________________ 

(2) 

Q2. Cells constantly hydrolyse ATP to provide energy. 

(a)     Describe how ATP is resynthesised in cells. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 
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 (c)     This is a photograph (micrograph) of a mitochondrion taken using a scanning electron 
microscope. 

  

What is the evidence that a scanning electron microscope was used to take this 
photograph? 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

(d)     Name the part of the mitochondrion labelled X in the photograph. 

___________________________________________________________________ 

(1) 

(e)     The actual length of the mitochondrion between points A and B in the photograph is 4 
μm. 

What is the magnification of the mitochondrion in the photograph? 

Show your working. 

 

 

 

Magnification____________________ 

(2) 
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Q3. (b)     Describe the principles and the limitations of using a transmission electron microscope to 

investigate cell structure. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

 (5) 

Q4. The diagram shows a cholera bacterium. It has been magnified 50 000 times. 

  

(a)     Name A. 

___________________________________ 

________________________________ 

(1) 

(b)     Name two structures present in an epithelial 
cell from the small intestine that are not present in a cholera bacterium. 

1. _________________________________________________________________ 

2. _________________________________________________________________ 

(2) 

(c)     Cholera bacteria can be viewed using a transmission electron microscope (TEM) or a 
scanning electron microscope (SEM). 

(i)      Give one advantage of using a TEM rather than a SEM. 

______________________________________________________________ 

______________________________________________________________ 

(1) 

(ii)     Give one advantage of using a SEM rather than a TEM. 

______________________________________________________________ 

______________________________________________________________ 

 (1) 

(d)     Calculate the actual width of the cholera bacterium between points B and C. 
Give your answer in micrometres and show your working. 

 ____________________ µm  (2) 
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Recall Question Answers:  

What kind of radiation are used in electron 
microscopes? a beam of electrons 

Describe why you would use a TEM. 
To view a thin specimen, high resolution to see small 
objects.  

Why is a stain used when preparing a slide? 
Stains highlight objects in a cell- you can see certain 
organelles more clearly.  

Why does a specimen need to be thin when 
preparing a slide? 

Thin specimens allow light to pass through the object, so 
can be seen clearly.  

What is the maximum resolution power of TEM?  distinguish between two objects that as close as 0.1nm  

What are the 2 advantages of using an TEM? 
it has short wavelengths and uses electron beams- 
greatest magnification and resolution 

What are the 3 disadvantages of the TEM? 
2D only, specimen very thin, specimen has to be dead, 
high cost 

In what 2 ways is the SEM  better than the TEM? it produced 3D images, specimens need not be as thin 

Which type of microscope would be used to study 
replication of E.coli bacteria? Light 

 

Homework:  

artefacts        dead        eye        false        fractured        highest        live        magnification        micrometers        nano
meters        reflect        resolution        shorter        small        surface        three        through        transmission        true-

colour        wavelength 

 
Much of the biological world is very _________ and requires a microscope to see; scientists have developed 

___________ main types of microscope that they use to view samples. Increasing, attempts have been made to 

improve the level of ________________ (by how much the image can be increased in size) and ______________ (the 

ability to distinguish between two points close together) that the microscopes are capable of. 

The light microscope directs light waves through a thin, stained section of a sample (or reflects light off the surface 

of a live sample) into the _______ of the observer. The benefit of this type of microscope is that in many instances a 

_______ __________ image is produced and _______ organisms can be viewed. However, they have a relatively low 

magnification and resolution since the ______________ of the light is relatively long. 

Scanning electron microscopes __________ electrons off a sample that has been 'fixed' in a heavy metal, the 

electron scatter is detected and a detailed image showing the___________ of the sample is displayed on a screen. A 

_______ colour may be added to highlight certain aspects of the sample. This method has a higher magnification and 

resolution than a light microscope because electrons have a much ___________ wavelength than light but requires 

the samples to be ________ and can only show the surface of a sample, or the centre of a sample if it has been 

'_____________'. 
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The _______________ electron microscope requires specimens to be fixed in wax and thinly sliced. A beam of 

electrons is passed ____________ the sample, the level of electron disturbance is then detected and displayed on a 

screen. A false colour is finally added to highlight certain aspects of the sample. This method of microscopy has the 

_____________ level of magnification and resolution  (again because of the very short wavelength of electrons) but 

requires the samples to be dead, cannot give a true representation of the surface or colour of the sample and can 

occasionally cause ‘____________’ as a result of the preparation process. 

Once a sample has been viewed, it is important that scientists can calculate the true size of the specimen under 

study. To do this the following calculation can be used: Often, millimetres need to be converted into _____________ 

(µm; 1/1000th of a millimetre) or ______________ (nm; 1/1000000th of a millimetre)- more manageable numbers. 

Complete the table 

Feature Light Microscope 
Transmission electron 

microscope (TEM) 
Scanning electron 
microscope (SEM) 

Source of image    

Maximum effective 

magnification 
   

Maximum resolution    

Can a live specimen be used?    

Section or external view of 
the specimen     

Is staining of the specimen 
required?    
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Answer the questions - The diagram below shows the general structure of an animal cell as seen under an electron 
microscope. 

 

_________ 
      5μm   

 
3. Calculate the magnification factor of the diagram. Show your working. [2]  

............................................................................................................................................................................................. 

4. Calculate the length of structure G (a mitochondrion). Show your working. [2]  

............................................................................................................................................................................................. 

5.            Calculate the diameter of structure B (the nucleolus). Show your working. [2]  

............................................................................................................................................................................................. 

6. Use a named example to explain the need for staining when using a light microscope. [1]  

............................................................................................................................................................................................. 

7. State 2 advantages of using electron microscopes to study cells over a light microscope. [2]  

............................................................................................................................................................................................. 

8. State 2 disadvantages of using electron microscopes to study cells. [2]  
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Lesson 4 – Ultracentrifugation 

By the end of this lesson you should be able to:  

• Describe cell fractionation and ultracentrifugation 
• Explain why tissue is homogenised 
• Explain why cold, buffered isotonic solutions are used 

 
Notes: 

Cell fractionation is a process where cells are broken up and the different organelles they contain separated out 

based on their size/mass using gravity. Three-stage process: homogenisation, filtration and ultracentrifugation.  

Before cell fractionation can begin. The tissue is placed in a cold, isotonic buffer solution, this is important to: 

Reduce enzyme activity which may break down organelles. 

Isotonic (same water potential as original tissue) to prevent organelles bursting/shrinking  due to osmotic 

gain/loss of water. 

Buffered to maintain a constant pH. 

1. Homogenising (blending) breaks up the tissue to break open cell membranes and release the organelles.  

2. The homogenate is filtered to remove large debris as these will be heavy and sink to the bottom of the test tube. 

3. Centrifuging – Faster the spinning the 

greater the force. At slower speeds the 

larger fragments collect at the bottom 

of the tube forming a pellet and smaller 

ones remain near the top stay 

suspended in a liquid called the 

supernatant. Each time the supernatant 

remaining is re-spun at a higher speed 

and some of the smaller organelles 

collect at the bottom forming a new 

pellet. This method is repeated to 

collect smaller organelles will be recovered. 

 

Recall Questions:  

1. List the 3 main stages involved in cell fractionation 
2. What is the heaviest organelle? 
3. What are the lightest organelles? 
4. Why does the solution have to be cold? 
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5. Why does the solution have to be isotonic? 
6. What is cell homogenation? 
7. Why must the homogenate be filtered? 
8. What are the first three steps at the start of centrifugation? 
9. Explain why an ice-cold, isotonic, buffered solution is used in cell fractionation. 

 

Exam Questions:  

Q1. (a)     Describe how you would use cell fractionation techniques to obtain a sample of chloroplasts 

from leaf tissue. Do not include in your answer information about any solutions. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(3) 

Q2. A biologist prepared a sample of organelles labelled C from liver. He used the following method. 

1.      Added to the liver tissues an ice-cold, buffered solution with the same water 
potential as the liver tissue. 

2.      Mixed the liver and solution in a blender. 
3.      Filtered the mixture from the blender. 
4.      Spun the filtered liquid in a centrifuge at a low speed. A pellet appeared in the 

bottom of the centrifuge tube. 
5.      Poured off the liquid above the pellet into a second centrifuge tube and spun this at 

a higher speed to obtain the sample of organelles labelled C. 

(c)     Explain why the solution the biologist used was ice-cold, buffered and the same water 
potential as the liver tissue (step 1). 

Ice-cold____________________________________________________________ 

___________________________________________________________________ 

Buffered____________________________________________________________ 

___________________________________________________________________ 

Same water potential__________________________________________________ 

___________________________________________________________________ 

(3) 
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(d)     Explain why the biologist used a blender and then filtered the mixture (steps 2 and 3). 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(2) 

(e)     Name the organelle that made up most of the first pellet after centrifuging at a low speed 
(step 4). 

___________________________________________________________________ 

(1) 

(f)     The second centrifuge tube was spun at a higher speed to obtain the sample of organelles 
labelled C in the diagram (step 5). 

Suggest why. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(1) 

Q3. 
(a)     Describe and explain how cell fractionation and ultracentrifugation can be used to isolate 

mitochondria from a suspension of animal cells. 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

___________________________________________________________________ 

(5) 
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Recall Question Answers:  

Question Answer 

List the 3 main stages involved in cell fractionation Homogenisation, filtration, ultracentrifugation 

What is the heaviest organelle? nucleus 

What are the lightest organelles? ribosomes 

Why does the solution have to be cold? to prevent any unwanted chemical reactions by enzymes 

Why does the solution have to be isotonic? to prevent organelles shrinking or swelling due to osmosis  

What is cell homogenation? 

 

the breaking of a cell in order for the different organelles 

to separate out in a homogeniser. 

Why must the homogenate be filtered? to remove any large cells or large pieces of cell-membrane 

What are the first three steps at the start of 

centrifugation? 

1) The homogenate is spun in a centrifuge 

2) Organelles fall to the bottom (order depending on 

density) forming a pellet  

3) The supernatant is removed and spun at a higher 

speed 

Explain why an ice-cold, isotonic, buffered 
solution is used in cell fractionation. 

Ice- cold: slow enzyme activity, Isotonic: prevent damage 
to organelles, Buffered: control pH 

 

Homework:  

  filtered       free        fuse         higher        homogenised       isolate        largest        lipids        lysosome        matrix        
membrane        membranes     modified        nucleolus        organelles        pH        pinched        protein 

proteins        reactions        respun        ribosomes        RNA        rupturing        substances        water 
Much of this understanding has resulted from scientists ability to ___________ organelles so that they can be 

studied. In this process, the tissue being studied is first _______________ (broken up) in a blender to rupture the cell 

membranes; this is done in an ice-cold, isotonic buffer: ice-cold to reduce ___________ activity and prevent 

autolysis, isotonic to prevent organelles ____________ as a result of the movement of water in or out of them, and a 

buffer to ensure proteins and enzymes are not damaged due to changing _____. The homogenate is then 

___________ to remove any large pieces of material, such as tough material that was not properly homogenized and 

cell walls. The filtrate is then centrifuged at low speed causing the __________ organelles (such as the cell 

membrane, nucleus and vacuoles) to collect at the bottom of the tube in a pellet which can then be recovered and 

studied. The supernatant is _________ at a higher speed and slightly smaller organelles (such as chloroplast, golgi 

and ER) collect in a pellet to be studied. This process continues at increasingly _________ speeds to collect smaller 

and smaller organelles. 
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Q2. Mitochondria were 
isolated from the liver 
tissue using differential 
centrifugation. The tissue 
was chopped in cold, 
isotonic buffer solution. A 
buffer solution maintains a 
constant pH. The first 
stages in the procedure are 
shown in the diagram. 

 

 (i)      The tissue was 
chopped in cold, isotonic 
buffer solution. Explain the 
reason for using: 

 a cold solution; [1] 

............................................................................................................................................................................................

.............................................................................................................................................................. 

an isotonic solution; [1] 

............................................................................................................................................................................................

.............................................................................................................................................................. 

a buffer solution [1] 

............................................................................................................................................................................................

.............................................................................................................................................................. 

(ii)      Why is the liver tissue homogenised? [1] 

............................................................................................................................................................................................

.............................................................................................................................................................. 

(iii)     Describe what should be done after Stage 3 to obtain a sample containing only mitochondria. [2] 

............................................................................................................................................................................................

............................................................................................................................................................................................

............................................................................................................................................... 

 

            Tissue chopped                     Homogenised                                             Centrifuged 
            in solid isotonic                                                                                          at low speed 
            butter solution                                                                                         for 10 minutes 

 
                   Stage 1                                 Stage 2                                                          Stage 3 


