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This book is designed to be a valuable resource for 
pupils studying SQA National 5 Biology. Each unit of 
the book matches a mandatory unit of the syllabus. 
Each chapter corresponds to a syllabus sub-topic. 
The text is presented in a format that allows clear 
 differentiation between the mandatory core text and 
the non-mandatory learning activities suggested in 
the syllabus. These take the form of Related Topics, 
Related Activities, Case Studies, Research Topics and 
 Investigations.

Each chapter includes one or two sets of Testing Your 
Knowledge questions to allow knowledge of core  content 
to be assessed continuously throughout the course and 
to check that full understanding has been achieved. 

At regular intervals throughout the book, What You 
Should Know summaries of key facts and concepts are 

given as ‘cloze’ tests accompanied by appropriate word 
banks. These provide an excellent source of material for 
consolidation and revision.

Each unit ends with a varied selection of Applying 
Your Knowledge and Skills questions to foster the 
development of the mandatory subject skills outlined 
in the course arrangements. The questions are designed 
to prepare students for National 5 assessment, where 
they will be expected to demonstrate their ability 
to solve problems, select relevant information, 
present information, process data, plan experimental 
procedures, evaluate experimental designs, draw valid 
conclusions and make predictions and generalisations.

Further problem-solving exercises are available in 
the associated book Applying Knowledge and Skills in 
National 5 Biology.

Preface
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Cell Biology

Cells
Every living organism is made up of one or more cells. 
Cells are the basic units of life. Nothing smaller than 
a cell can lead an independent life and show all the 
 characteristics of a living thing.

Figures 1.1 and 1.2 show examples of plant cells viewed 
under the microscope. Some of a plant cell’s parts can 
be clearly seen when the cell is mounted in water. An 
Elodea leaf cell, for example, is seen to possess a cell wall 
and several green chloroplasts. Other cell  structures 
that are not so obvious can often be shown up more 
clearly by the addition of dyes called stains. Iodine 
 solution, for example, can be used to stain nuclei, as 
shown in Figure 1.2.

1 Cell structure

Figure 1.2 Onion leaf cells in iodine solution

Close examination of the four types of cell shown 
in Figure 1.3 reveals that they have some features in 
 common but also differ from one another in several 
ways. The functions of their various cellular structures 
are summarised in Table 1.1. 

Organelles are tiny structures (such as chloroplasts) 
that are: 

●● present in a cell’s cytoplasm as discrete units, 
 normally surrounded by a membrane

●● responsible for a specialised function (such as 
photosynthesis).

A bacterium does not possess membrane-bound 
organelles. For example, it lacks a nucleus containing 
threadlike chromosomes. Instead, its genetic material 
takes the form of a single circular chromosome and 
several smaller circular plasmids. The structure and 
composition of the cell wall of a bacterium, a fungal cell 
and a green plant cell are all different from one another.

Ultrastructure
Tiny structures such as mitochondria and ribosomes 
form part of a cell’s ultrastructure. Such minute 
structures can only be seen in detail using an electron 
microscope. Figure 1.4 shows an electron micrograph 
(a photo of the image produced using an electron 
microscope).

Figure 1.1 Elodea leaf cells in water
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Cell structure
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Figure 1.3 Cell structures (cells not drawn to scale)

Figure 1.4 Electron micrograph showing mitochondria 
and ribosomes

mitochondrion
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Measuring cell size
When a small piece of graph paper with several pinholes, 
1 mm apart, is viewed under the low-power lens of a 
microscope, the pinholes are easily spotted because light 
passes up through them. Therefore the diameter of the 
microscope’s field of view can be estimated. Figure 1.5 a), 
for example, shows a field of view with a diameter of 2 mm. 
Since 1 millimetre (mm) = 1000 micrometres (µm),  
the diameter of the field of view for this microscope 
lens = 2000 µm.

Next a sample of cells is viewed and the average number 
of cells lying end to end along the diameter of the field 
of view is found. Figure 1.5 b), for example, shows this 
number to be ten for a specimen of rhubarb epidermal 
cells. Since the length of ten cells = the diameter of the 
field of view = 2000 µm, the average length of one  
rhubarb epidermal cell = 2000/10 = 200 µm. 
Similarly, since the breadth of 20 cells = 2000 µm, 
the average breadth of one rhubarb epidermal 
cell = 2000/20 = 100 µm.

Related Activity 

Location Cell structure Description Function

found in cells 
of green plants, 
 animals and fungi

nucleus large, normally spherical structure 
containing threadlike chromosomes 

controls cell’s activities and passes 
information on from cell to cell (see 
chapter 3) and from generation to 
generation (see chapter 13)

cell membrane thin layer surrounding cytoplasm controls passage of substances into 
and out of cell (see chapter 2)

mitochondrion  
(plural mitochondria)

one of many tiny, sausage-shaped 
structures containing enzymes

aerobic respiration (see chapter 7)

found in cells of 
green plants and 
fungi

large central vacuole fluid-filled sac-like structure in 
cytoplasm

stores water and solutes as cell 
sap and regulates water content by 
osmosis (see chapter 2)

found in cells of 
green plants, fungi 
and bacteria

cell wall outer layer made of basket-like mesh 
of fibres (structure and composition 
of cell walls of fungi and bacteria 
differ from that of green plant cells)

supports the cell (see chapter 2)

found in cells of 
green plants only

chloroplast one of many discus-shaped structures 
containing green chlorophyll

photosynthesis (see chapter 8)

found in cells of 
bacteria

circular chromosome single ring of genetic material control of cell activities and transfer 
of genetic information from cell to 
cell (see chapter 6)

plasmid one of several tiny rings of  genetic 
material

found in all cells ribosome one of many tiny particles lacking 
membrane boundary

protein synthesis (see chapter 4)

Table 1.1 Functions of cell structures
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Testing Your Knowledge

1 What name is given to the basic units of life that can 
lead an independent existence? (1)

2 a)  Name FOUR structural features that a typical plant 
cell and a typical animal cell have in common. (4)

 b)  Identify THREE structural features present in an 
Elodea leaf cell but absent from a cheek epithelial 
cell. (3)

3 Give the function of each of the following 
 structures: chloroplast, nucleus, cell membrane, 
mitochondrion. (4)

4 a) Express 1 millimetre in micrometres. (1)
 b)  Express 1 micrometre as a decimal fraction of a 

millimetre. (1)

pinholes in graph paper 1mm apart pinholes under microscopea) cells under microscopeb)

10 cells

20 cells1mm 1mm

Figure 1.5 Measuring cell size
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2 Transport across cell membranes

In a plant cell, the cell membrane enclosing the 
 cytoplasm lies against the inside of the cell wall. The 
large central vacuole and other organelles are each 
surrounded by a membrane similar in structure to that 
of the cell membrane.

Structure of cell membranes
The cell sap present in the central vacuole of a 
beetroot cell (see Figure 2.1) contains red pigment. 
‘Bleeding’ (the escape of this red sap from a cell) 
indicates that the cell membrane and vacuolar  
membrane have been damaged.

cell wall cell
membrane

vacuolar
membrane

large central vacuole
containing red cell sap

Figure 2.1 Beetroot cell

In the experiment shown in Figure 2.2, four identical 
 cylinders of fresh beetroot are prepared using a cork borer. 
The cylinders are thoroughly washed in distilled water to 
remove traces of red cell sap from outer damaged cells. The 

figure shows the results of subjecting the cylinders to 
various conditions. Bleeding is found to occur in B, C 
and D showing that the membranes have been destroyed.

cylinder of
beetroot in
each tube

water bath at 25°C water bath at 70°C

bleeding

water
water

acid alcohol

after 1 hour

A B C D

A B C D

Figure 2.2 Investigating the chemical nature of the cell 
membrane

When molecules of protein are exposed to acid or high 
temperatures, they are known to become denatured 
(destroyed and non-functional). Molecules of lipid are 
known to be soluble in alcohol. It is therefore concluded 
that the cell membrane contains protein (as indicated 
by B and D whose denatured protein has allowed red 
cell sap to leak out) and lipid (as indicated by C whose 
lipid molecules have dissolved in alcohol, permitting the 
pigment to escape).

Investigation

Structure of the cell membrane 
The cell membrane is now known to be made up of 
protein and lipid molecules. It is thought to consist of 
a double layer of lipid molecules containing a patchy 
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mosaic of protein molecules. This is known as the fluid 
mosaic model (see Figure 2.3).

protein molecule
partly embedded
in membrane

double layer
of lipid

molecules

protein molecule
spanning lipid bilayer

Figure 2.3 Fluid mosaic model of cell membrane

particles of purple crystal
about to dissolve in water

purple particles diffusing
into the water

purple particles and water evenly
spread throughout solution

water
molecules

Figure 2.4 Diffusion

Diffusion
The molecules of a liquid (or a gas) move about freely 
all the time. In the experiment shown in Figure 2.4, a 
crystal of purple potassium permanganate is dropped 
into a beaker of water. The diagram illustrates the 
events that follow. The purple particles move from a 
region of high concentration (the dissolving crystal) to 
a region of low concentration (the surrounding water) 
until the concentration of purple particles (and water) 
is uniform throughout.

Diffusion is the name given to the movement of 
the molecules of a substance from a region of high 
concentration of that substance to a region of low 
concentration until the concentration becomes equal.

Concentration gradient
The difference in concentration that exists between 
a region of high concentration and a region of low 
concentration is called the concentration gradient. 
During diffusion, movement of molecules always 
occurs down a concentration gradient from high to 
low concentration. Diffusion is a passive process. This 
means that it does not require energy.

Importance of diffusion in cells
Unicellular organisms
Diffusion of oxygen and carbon dioxide
Different concentrations of substances exist inside 
a cell compared with outside in its environment. In 
a unicellular animal such as Paramecium, oxygen 
is constantly being used up by the cell contents 
during respiration. This results in the concentration 
of oxygen molecules inside the cell being lower 
than in the surrounding water. The cell membrane 
is freely permeable to the tiny oxygen molecules. 
Oxygen therefore diffuses into the cell from a higher 
concentration to a lower concentration (see Figure 2.5).

At the same time, the living cell contents are constantly 
making carbon dioxide (CO2) by respiration. This 
results in the concentration of carbon dioxide inside 
the cell being higher than in the surrounding water. 
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oxygen

oxygen

oxygen

oxygen

Figure 2.5 Diffusion into and out of a cell

Since the cell membrane is also freely permeable to tiny 
carbon dioxide molecules, these diffuse out, as shown 
in Figure 2.5.

Multicellular animals
In a multicellular animal such as a human being, 
diffusion also plays an important role in the 
exchange of respiratory gases. Blood returning to the 
lungs from respiring cells (see Figure 2.6) contains a 
higher concentration of carbon dioxide and a lower 
concentration of oxygen than the air in the air sac. 
Carbon dioxide therefore diffuses out of the blood 
and oxygen diffuses in. When the blood reaches 
living body cells, the reverse process occurs and the 
cells gain oxygen from the blood and lose carbon 
dioxide by diffusion. Similarly, diffusion is essential 
for the movement, along a concentration gradient, 
of molecules of dissolved food (such as glucose and 
amino acids) from the animal’s bloodstream to its 
respiring cells.

Role of the cell membrane
Although the membrane of a cell is freely permeable 
to small molecules such as oxygen, carbon dioxide and 
water, it is not equally permeable to all substances. 

air breathed in

air sac in lung

body cells

high concentration
of oxygen
in air sac

low concentration of
CO

2
 in air sac

high concentration 
of CO

2
 in blood

low concentration
of CO

2
 in blood

high concentration
of CO

2
 in cell

blood rich in CO2 transported to lungs

blood rich in oxygen transported to body cells

blood vessel from body cells

low concentration
of oxygen in blood

low concentration
of oxygen in cell

high concentration
of oxygen in blood

diffusion
of oxygen

diffusion
of oxygen

diffusion
of CO2

diffusion
of CO2

blood vessel from lungs

Figure 2.6 Diffusion in a human being
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Testing Your Knowledge 1

1 a)  Name TWO types of molecule present in the cell 
membrane. (2)

 b)  Which of these would be destroyed (denatured) at 
70 °C? (1)

2 Define the terms diffusion and concentration 
gradient. (4)

3 a)  Name TWO essential substances that enter an 
 animal cell by diffusion. (2)

 b)  Name a waste material that diffuses out of an 
animal cell. (1)

4 a)  With reference to Figure 2.6, explain why diffusion 
is important to human beings. (2)

 b) i)  Predict what would happen to the rate of 
diffusion of CO2 if a person exercised vigorously.  

ii) Explain your answer. (2)

liver cell

green leaf cell (in light)

cell
membrane

cell
membrane

carbon
dioxide

oxygen

carbon
dioxide

oxygen

water

cell
protein

cell
protein

glucose

cell wall

water

starch

glucose
diffusion
occurs rapidly

Key

diffusion
occurs slowly
diffusion does 
not occur

amino
acids

Figure 2.7 Diffusion into and out of different cells

Larger molecules such as dissolved food can pass 
through the membrane slowly. Molecules that are even 
larger, such as starch, are unable to pass through. Thus 
the cell membrane controls the passage of substances 
into and out of a cell.

The exact means by which the cell membrane exerts 
this control is not fully understood. It is known that 
most cell membranes possess tiny pores. It is thought 
that many small molecules enter or leave by these pores. 
Other molecules are kept inside or outside the cell 
because they are too big to pass through the pores (see 

Figure 2.7). The cell membrane is therefore said to be 
selectively permeable.

Osmosis
In both of the investigations shown on page 10, 
overall movement of tiny water molecules occurred 
from a region of higher water concentration (HWC) 
to a region of lower water concentration (LWC) 
across a membrane. The larger sugar molecules were 
unable to diffuse through the membrane because 
the membrane was selectively permeable. This 
movement of water molecules from HWC to LWC 
across a selectively permeable membrane is a special 
case of diffusion called osmosis.

Water concentration gradient
The difference in water concentration that 
exists between two regions is called the water 
concentration gradient. At the start of the 
experiment shown in Figure 2.11, a water 
concentration gradient exists between the regions 
on either side of the Visking tubing membrane 
in cell models A and C. During osmosis, water 
molecules move down a water concentration 
gradient from high to low water concentration 
through the selectively permeable membrane.
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Effect of water and concentrated sugar 
solution on potato cylinders
In the experiment shown in Figure 2.8, the very 
dilute sugar solution outside potato cylinder A has a 
higher water concentration (HWC) than the contents 
of the potato cells, which have a lower water 
concentration (LWC). The contents of the potato 
cells in cylinder B have a higher water concentration 
(HWC) than the surrounding sugar solution, which 
has a lower water concentration (LWC).

After 24 hours, cylinder A is found to have increased in 
volume and mass and to have become firmer (turgid) in 
texture. Cylinder B, on the other hand, has decreased in 
both volume and mass and has become softer (flaccid). 
It is therefore concluded that water molecules have 
diffused into cylinder A and out of cylinder B through 
the cell membranes.

Investigation

potato
cylinder A

potato
cylinder B

very concentrated
sugar solution
(LWC)
potato cells (HWC)

after 24 hours

potato cells (LWC)

cylinder A
is bigger,

heavier and
f irmer

cylinder B
is smaller,
lighter and
softer

very dilute
sugar solution

(HWC)

Figure 2.8 Effect of two sugar solutions on potato cells

Effect of water and concentrated sugar 
solution (syrup) on eggs
In the experiment shown in Figures 2.9 and 2.10, 
each egg is surrounded by its membrane only. Its 
shell has been removed by acid treatment prior 
to the experiment. After 2 days, egg A swells up 

whereas egg B shrinks. It is therefore concluded 
that water has diffused into egg A (from a higher 
water concentration to a lower water concentration) 
and out of egg B (from a higher water concentration to 
a lower water concentration).

Investigation

Figure 2.9 Osmosis takes effect

water (HWC)

egg contents (LWC) after 2 days egg contents (HWC)

syrup (LWC)

hen’s egg
with shell
removed

shrunken
egg

swollen
egg

A B

Figure 2.10 Osmosis in eggs
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Constructing cell models of osmosis
Visking tubing is a synthetic material. Over a short 
time-scale (such as 2 hours) it acts like the selectively 
permeable membrane that surrounds a cell. Lengths of 
Visking tubing tied at both ends can therefore be used to 
act as models of cells.

Figure 2.11 shows three cell models (A, B and C) set up 
to investigate osmosis. Cell model A is found to gain 

mass since water has passed into the ‘cell’ from a region 
of higher water concentration (HWC) to a region of lower 
water concentration (LWC) by osmosis. B neither gains 
nor loses water since the solutions inside and outside 
are equal in water concentration. C is found to lose mass 
since water has passed out of the ‘cell’ from a region of 
HWC to a region of LWC by osmosis.

Related Activity 

0.1 M sucrose
solution
(HWC)

0.5 M sucrose
solution (LWC)

Visking tubing
cell model A

enlarge

0.5 M sucrose
solution

0.5 M
sucrose
solution

Visking tubing
cell model B

enlarge

1.0 M sucrose
solution (LWC)

0.5 M sucrose
solution (HWC)

Visking tubing
cell model C

enlarge

net movement of
water by osmosis

equal movement of
water thus no net
gain by either side

net movement of
water by osmosis

selectively permeable
membrane

selectively permeable
membrane

selectively permeable
membranesucrose solution

with higher water
concentration sucrose solution

with higher water
concentration

sucrose solution
with equal water

concentrations sucrose solution
with lower water

concentration

sucrose solution
with lower water
concentrationwater

molecule

sucrose
molecule

Figure 2.11 Molecular model of osmosis
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Osmosis and cells
Movement of water by osmosis occurs between cells and 
their immediate environment. The direction depends on 
the water concentration of the liquid in which the cells 
are immersed compared with that of the cell contents.

Red blood cells
Since pure water has a higher water concentration than 
the contents of red blood cells, water enters by osmosis 
until the cells burst (see Figure 2.12). Since 0.85% salt 
solution has the same water concentration as the cell 
contents, there is no net flow of water into or out of the 
cells by osmosis (see Figures 2.12 and 2.13). Since 1.7% 
salt solution has a lower water concentration than the 
cells, water passes out and the cells shrink (see Figures 
2.12 and 2.14).

Plant cells
Plant cells such as onion cells mounted in liquids of 
different water concentrations respond in different ways. 
Pure water has a higher water concentration than the 
contents of a normal plant cell, therefore water enters by 
osmosis. The vacuole swells up and presses the cytoplasm 
against the cell wall, which is made of a mesh of basket-like 
fibres (see Figure 2.16 on page 14). The cell wall stretches 
slightly and presses back, preventing the cell from bursting. 
Cells in this swollen condition are said to be turgid  
(see Figure 2.17 on page 14). A young plant depends on 
the turgor of its cells for support.

Since the dilute sugar solution used in Figure 2.17 has 
the same water concentration as the cell contents, no 
net flow of water occurs and the cell remains unchanged 
(also see Figure 2.18 on page 14).

normal red blood cell

im
merse

d in
 pure w

ater

immersed in 

1.7% salt solution

immersed in 
0.85% salt solution

water concentration
of cell contents
equal to 0.85%

salt solution

water passes in from HWC
to LWC and cell bursts

no net gain or loss
of water and cell 
remains unchanged

water passes out from HWC
to LWC and cell shrinks

selectively permeable
membrane

Figure 2.12 Osmosis in a red blood cell
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Figure 2.14 Red blood cells in 1.7% salt solutionFigure 2.13 Red blood cells in 0.85% salt solution

Control of water balance in  
unicellular animals
Unicellular animals such as Amoeba that live in fresh 
water take in water continuously by osmosis. Bursting is 
prevented by the contractile vacuole (see Figure 2.15) 
removing excess water.

excess water 
collected by 
contractile 
vacuole

contractile
vacuole ejects
excess water

contractile 
vacuole

pond water (HWC) cell membrane
(selectively
permeable)

water entering
by osmosis

cytoplasm
(LWC)

Figure 2.15 Role of contractile vacuole in Amoeba

Related Topic
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Figure 2.16 Fibrous nature of cell wall

normal plant cell

freely permeable cell wall

water passes 
in from HWC

to LWC and
cell gains

turgor (tissue
in this state

is turgid)

water passes 
out from HWC 

to LWC and
cell becomes

plasmolysed 
(tissue in this 

state is flaccid)

no net gain 
or loss of 

water and 
cell remains 
unchanged

selectively permeable membrane

water concentration of
cell sap equal to dilute 

sugar solution

immersed in dilute sugar
solution

immersed in pure water

immersed in concentrated sugar

solution

Figure 2.17 Osmosis in a plant cell

Since the concentrated sugar solution used in 
Figure 2.17 has a lower water concentration than the 
cell contents, water passes out of the cell by osmosis. 
The living contents shrink and pull away from the 
fairly rigid cell wall. Cells in this state are said to be 
plasmolysed (also see Figure 2.19). However, they are 
not dead. When immersed in water, plasmolysed cells 
regain turgor by taking water in by osmosis.

Figure 2.18 Red onion cells unchanged in dilute sugar 
solution

Figure 2.19 Red onion cells plasmolysed in concentrated 
sugar solution
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Methods of generating power using osmosis are still in 
the early stages of development. One type of osmotic 
power plant (built in Norway at a location close to 
where a river meets the sea) is illustrated in a simple 
way in Figure 2.20. Its successful operation depends 
on the difference in water concentration between 
sea water and river water (both of which are readily 
available).

As liquid rises in the inner compartment and exerts a 
pressure, this is made to turn a turbine and generate 
electrical energy. The waste product of the process is 
dilute sea water, which is safely discharged into the 
surrounding waters.

Research Topic Power generation by osmosis

Figure 2.20 Power generation by osmosis

inner compartment
containing sea

water (LWC)

outer compartment
containing river

water (HWC)

selectively permeable
membrane

liquid in inner compartment
rises and exerts a pressure

water enters
inner compartment
by osmosis

Desalination is the process by which the solute (salt) in 
sea water is separated from its solvent (water) so that 
the water can be used for drinking or irrigation. It is an 
important process in countries that have little or no natural 
fresh water. One method of desalination is reverse osmosis.

Reverse osmosis is the process by which water molecules 
are forced to pass from sea water, a region of low water 
concentration (LWC) through a selectively permeable 
membrane to a region of higher water concentration 
(HWC). For this to be possible, a pressure has to be applied 
to the sea water that is far greater than the pressure that 
would normally be exerted by the water molecules moving 
passively by osmosis from a HWC to a LWC. Reverse osmosis 
is shown in a simple way in Figure 2.21.

Research Topic Desalination

Figure 2.21 Desalination

selectively permeable
membrane

pressure
applied

region of LWC
(sea water)

region of HWC
(desalinated water)

water forced through membrane
in opposite direction from osmosis

Active transport
Active transport is the movement of ions 
(electrically charged particles) or molecules 
across the cell membrane from a low to a high 
concentration against a concentration gradient. 
Figure 2.22 on page 16 shows ion type A being 
actively transported into the cell and ion type B 
being actively transported out. This form of 

transport is brought about by certain membrane 
proteins acting as carrier molecules that recognise 
specific ions or molecules and transfer them across 
the membrane.

Active transport works in the opposite direction to the 
passive process of diffusion and always requires energy 
for the membrane proteins to move ions or molecules 
against their concentration gradient. 
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(high concentration of sodium ions,
low concentration of potassium ions)

(low concentration of sodium ions,
high concentration of potassium ions)

potassium ion
outside cell

inside cell

carrier
protein
open to
cytoplasm

sodium ion
about to
bind to
carrier

binding of third
sodium ion triggers
breakdown of ATP,
releasing energy
(see page 48)

 carrier molecule
changes shape and

opens to the outside
of the cell releasing

sodium ions

potassium ion
from outside

binds to carrier

carrier’s original
molecular shape

restored by binding
of potassium ions

potassium ions released
into cytoplasm

sodium ion

Figure 2.23 Active transport by sodium/potassium pump

low 
concentration 

of ion A
outside cell

high 
concentration 

of ion B
outside cell

high 
concentration 

of ion A
inside cell

plasma membrane

energy supplied 
by cell

energy supplied 
by cell

low 
concentration 

of ion B
inside cell

active
transport out

active
transport in

Figure 2.22 Active transport of two different ions

Sodium/potassium pump
Active transport carriers are often called pumps. Some 
of them play a dual role in that they exchange one 
type of ion for another. An example is the sodium/
potassium pump where the same carrier molecule 
actively pumps sodium ions out of the cell and 
potassium ions into the cell, each against its own 
concentration gradient, as shown in Figure 2.23. 
Maintenance of the difference in ionic concentration 
by this pump is particularly important for the proper 
functioning of nerve cells.

Conditions required by protein pumps
A pump requires energy. Therefore factors such as 
temperature and availability of oxygen and food, which 
directly affect a cell’s respiratory rate, also affect the rate 
of active transport. 

Iodine
Sea water contains only a tiny trace of iodine, yet 
some brown seaweeds are found to have 0.4% of their 
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Transport across cell membranes

Uptake of dyes by yeast cells
A small sample of yeast cells from a freshly aerated 
culture is placed on a slide and a drop of methylene 
blue dye is added. The procedure is repeated using 
a sample of yeast cells that have been boiled and 
cooled. After 5 minutes, cover slips are added and 
the cells are viewed under the microscope.

The live cells are found to contain little or no 
blue dye but the dead cells are found to be blue. 
Therefore it can be concluded that the blue dye 
 diffuses into the yeast cells but only the live cells (that 
are able to respire and generate energy) are able to 
actively transport it back out against a concentration 
gradient.

Investigation

Testing Your Knowledge 2

1 Rewrite the following paragraph choosing the correct 
answer at each underlined choice. (8) 

 Osmosis is a form of diffusion/ion uptake. It is an 
active/a passive process that requires/does not require 
energy. During osmosis oxygen/water molecules move 
across a freely/selectively permeable membrane from 
a higher/lower water concentration to a higher/lower 
water concentration along/against a concentration 
gradient.

2 a)  With reference to the water concentrations 
involved, explain why a red blood cell bursts when 
placed in water yet an onion epidermal cell does 
not. (4)

b) Why does a red blood cell shrink when placed in 
concentrated salt solution? (1)

3 a)  Describe and explain the osmotic effect of very 
concentrated sugar solution on an onion epidermal 
cell. (2)

b) What term is used to describe a cell in this state? 
(1)

c) How could such a cell be restored to its turgid 
condition? (1)

4 a) Define the term active transport. (2)
b) Copy and complete Table 2.1 by answering the five 

questions. (5)

Question Diffusion Active transport

What is an example of a substance that moves through the 
cell membrane by this process?

Do the particles move from high to low or from low to 
high concentration?

Do the particles move along or against a concentration 
gradient?

Is energy required?

Is the process passive?

Table 2.1

dry weight as iodine. By actively transporting iodine 
into their cells against a concentration gradient, these 
seaweeds are able to concentrate iodine in their cell sap 

by a factor of several thousand times. Therefore they 
provide a commercial source of this element.
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Cell Biology

What You Should Know Chapters 1–2

active

against
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animal
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lower
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passive

permeable

plasmolysed

ribosomes

sap

selectively

shrink

supported

useful

vacuole

walls

1 All living things are composed of one or more , 
the basic units of life.

2 The cells of green plants, animals and fungi have  
several structures in common including a , a 
cell  and mitochondria.

3  cells lack a cell wall and a large central 
.

4 Only green plant cells contain  but all cells 
contain ribosomes.

5  The cell’s activities are controlled by the nucleus. 
A plant cell is  by the cell wall and its cell 

 is stored in its vacuole.

6 Chloroplasts are responsible for photosynthesis, 
 for respiration and  for protein 

synthesis.

7 The cell membrane consists of protein and  
molecules and is  permeable.

8 Diffusion is the movement of molecules from a high to 
a low concentration  a concentration . 
It is a  process and does not require a supply 
of energy.

9  is the means by which  molecules enter 
and waste materials leave a cell.

10  is a special case of diffusion during which 
water molecules move along a water  
 gradient from a region of higher water concentration 
to a region of  water concentration through a 
 selectively  membrane.

11 When placed in a solution with a water concentration 
higher than that of their cell contents, cells  
water by osmosis. Animal cells swell up and may 

; plant cells also swell up but are prevented 
from bursting by their cell .

12 When placed in a solution with a water concentration 
lower than that of their cell contents, cells  
water by osmosis. Animal cells  and plant cells 
become .

13 Ions and molecules of some chemical substances are 
actively transported across the cell membrane  
a concentration gradient.

14  transport is brought about by membrane 
 protein molecules and requires .
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