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Welcome
Dear Student,
Welcome to A-level Biology. The scope of this course is broad, extending from molecular biology and
biochemistry through to cell biology, physiology, evolutionary biology and ecology. In the classroom you
will experience the excitement of exploring what’s known and, more importantly, the questions that
remain in these dynamic times and with our guidance we aim to open your minds to the multitude of
career opportunities available to Biologists.
There is a big jump from GCSE to A-level biology which will require you to recall a lot of the biology
basics in detail in order to comprehend your new content. Therefore to prepare you fully for the year
ahead we have designed this bridging booklet so that it gives you a head start with the course content as
well as introducing you to the approach we expect you to use when reviewing a topic (Reading the Input,
Processing the input, and Applying the knowledge in the exam questions, multiple choice or other).
We have concentrated the content of this booklet around the basic concepts from the “Practical Skills”
unit (inclusive of Mathematical skills) from Module 1 as well as the “Cell Structure” and “Biological
Molecules” units from Module 2. Therefore completion of this booklet prior to starting in September is
essential.

We look forward to working with you in September

Mrs. A. Stewart
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Bridging Booklet Contents
Place a tick next to each OCR A Level Biology learning outcome as you complete it:
Practical Skills, Cell Structure & Biological Molecules
o Practical Skills & Measuring information
o Standard Form information
o Processing : Reading & Reduce Notes Tasks
o Application Task A: Conversion Calculations & Standard Form

o Microscopy information
o Processing: Reading & Reduce Notes Task
o Application Task B: Microscopy Exam Style Questions

o Scientific Drawing Notes
o Processing & Application: Scientific Drawing Task

o

Ultrastructure Information

o Processing: Reading & Reduce Notes Task
o Application Task C: Ultrastructure Exam Style Questions

o

Biological Molecules Information

o Processing: Reading & Reduce Notes Task
o Application Task D: Biological Molecules Exam Style Questions



















Reading and Reducing tasks involve reading and understanding the information provided. (It would
also be beneficial if you produced your own summary notes on each particular information section,
mentioned above.)
Processing tasks allow you to develop your understanding of the information provided.
Application tasks allow you to use your understanding in an exam question. These tasks will be teacher
assessed when you return in September.
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Module 1 - Practical skills & Measuring
Practical skills are embedded throughout the content of your course. You will carry out various practical
activities for each module and may develop different skills with each one. Some skills will underlie and be
used for many of the practical activities you encounter. At GCSE you will have carried out experiments
safely, recorded your observations, displayed and analysed your results and provided evaluations of your
investigation. At A-level, you will demonstrate and apply your knowledge of the principles of experimental
design, the identification and evaluation of control variables and methodology, the processing, analysis and
interpretation of qualitative and quantitative data, often using statistical methods of analysis. Conclusions
and Evaluation of experimental procedure, identifying limitations and improvements of experimental design
will also need to be demonstrated in the examinations.
In many practical investigations you are likely to be measuring something. Therefore it is important that
you use the correct units and the correct symbols or abbreviations.

Here are some examples you must learn:
Units for length
abbreviation
Unit name
Number of metres
Measurement of
km
kilometre
1000
Distance or length
m
metres
1
Distance or length
mm
millimetres
0.002
Distance or length
µm
micrometres
0.000001
Distance or length
nm
nanometres
0.000000001
Distance or length

µm are commonly used in measurements of cells and organelles.

nm are used in measuring wavelengths of light.
Units for volume
unit
name
Measurement of
3
cm
centimetres cubed
Volume, usually solids and gases*
ml
millilitres
Volume, liquids*
dm3
Decimetres cubed
Volume, usually solids and gases*
L
Litre
Volume, liquids*
mm3
Millimetres cubed
Volume, usually solids and gases*
µl
microlitre
Volume, liquids*
3
Notice that cm and ml are an equal measure i.e. 1cm3 = 1ml
What happened to litres?
Instead of using litres (l), at A-level you will be expected to use dm3 (decimetres cubed). This avoids
confusing l for litres with a number 1. Millilitres can still be represented as ml.
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Units for mass
abbreviation
kg
g
mg
µg

Unit name
kilograms
gram
milligram
microgram

Number of grams
1000
1
0.001
0.000001

Measurement of
mass
mass
mass
mass

Some Others…
abbreviation
s
o
C
M
J

Unit name
Number of ..
Seconds*
Degrees celsius1
Molar
Joule

Measurement of
time
temperature
concentration
energy

*Notice ‘s’ is the abbreviation for seconds, not ‘sec’.
1

You may come across the unit K (Kelvin). To convert a K temperature to oC, take away 273. E.g. 373K =
100oC
‘Per’
At GCSE, you would have written metres per second like this:

m/s

A levels use a different notation:

ms-1

Prefixes
These go before a unit to alter its magnitude. You are familiar with some of them already.
Prefix
Mega
kilo
milli
micro
nano

Order of Magnitude
x 106
x 1,000,000
x 103
x 1000
x 10-3
÷ 1000
x 10-6
÷ 1,000,000
-9
x 10
÷ 1,000,000,000

**remember the “1000 rule”
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Standard form
Biology often uses numbers that are too large to be written down conveniently. Standard form is a short
hand way for writing large or small values.
Instead of 1400 m standard form would be 1.4 x 103 m
This is the same as saying 1.4 x 10 x 10 x 10. If you work this out, it is the same as 1400 m. You can use
1.4km which is the same thing, but as you will see below, it is good practice to get used to using standard
form. Notice that the first value will be a number between 1 and 9, so that:
1450 m is 1.49x103 m
Another way to think about it is by moving the digits along, so:
1.49x103m move the digits 3 places to the left of the decimal point:

1

4

1
0

9

.
.

4
0

9
0

However, you will be much more likely to come across small values is biology. In standard form, a minus
sign is used, so that:
0.003m is 3x10-3 m
This time, you move the digits 3 places to the right of the decimal point:
3
0

.
.

0

0

3

It gets easier when you start to recognise the relationship between standard form and the prefixes:
Standard form
x103
x10-3
x10-6
x10-9

Same as
kilo
milli
micro
nano

x1000
÷10000
÷1,000,000
÷1,000,000,000

Use this space to reduce your notes on measuring & standard form
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Application Task A
1. Express the following measurements in micrometres:
5cm
25cm
100nm

2. Express the following measurements in nanometres:
0.5mm
0.4µm
0.1cm

3. Which row (A,B,C or D) shows the most appropriate units to use when measuring the size of different
samples.

A
B
C
D

height of person
metres
metres
metres
metres

length of leaf
millimetres
millimetres
centimetres
centimetres

diameter of artery
centimetres
millimetres
micrometres
millimetres

length of cell
micrometres
micrometres
millimetres
nanometres

4. Draw up a table to show each of the following measurements in metres (m), millimetres (mm), and
micrometres (µm) use standard form where appropriate
metres

millimetres

micrometres

5µm
0.3m
23mm
75µm

5. Rewrite the following in standard form:
1942 kg
0.007 m
0.034 s
440 mm
7

6.

7. – for this question use the equation Actual = Image/Magnification ....but remember to convert units first!

/17
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Module 2 – Foundations in Biology – Cell Structure
Most people today appreciate that we are made up of billions of cells. As microscopes have improved,
biologists have been able to see the smaller structures inside cells and sophisticated biochemical techniques
have enabled them to work out what each part of the cell actually does. You have already been introduced
to some of these common features at GCSE: Cell plasma membrane, cytoplasm, DNA. Now it’s time to
read up on the microscopes developed to help us study cells, recall the organelles within cells and relate
their structure to their particular function but also to their contribution to bigger processes such as
protein synthesis.
MICROSCOPY
READING TASK:
Using a highlighter, highlight sentences and keywords that you believe to be significant, that
way you are learning to “REDUCE” the content to key points.
Microscopy is probably the most important technique used in Biology. The vast majority of living organisms
are too small to be seen in any detail with the human eye, and cells and their organelles can only be seen
with the aid of a microscope. Cells were first seen in 1665 by Robert Hooke (who named them after monks’
cells in a monastery), and were studied in more detail by Leeuwehoek using a primitive microscope.
By using more lenses microscopes can magnify by a larger amount,
Magnification is how much bigger a sample appears to be under the microscope than it is in real life.
Overall magnification = Objective lens x Eyepiece lens
By using more lenses microscopes can magnify by a larger amount, but this doesn't always mean that more
detail can be seen. The amount of detail depends on the resolving power of a microscope, which is the
smallest separation at which two separate objects can be distinguished (or resolved).
The resolving power of a microscope is ultimately limited by the wavelength of light (400-600nm for visible
light). To improve the resolving power a shorter wavelength of light is needed, and sometimes microscopes
have blue filters for this purpose (because blue has the shortest wavelength of visible light).
Resolution is the ability to distinguish between two points on an image i.e. the amount of detail





The resolution of an image is limited by the wavelength of radiation used to view the sample.
This is because when objects in the specimen are much smaller than the wavelength of the radiation
being used, they do not interrupt the waves, and so are not detected.
The wavelength of light is much larger than the wavelength of electrons, so the resolution of the light
microscope is a lot lower.
Using a microscope with a more powerful magnification will not increase this resolution any further.
It will increase the size of the image, but objects closer than 200nm will still be seen as one point.
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Different types of microscopes:
Light Microscopy: This is the oldest, simplest and most widely-used form of microscopy. Specimens are
illuminated with light, which is focussed using glass lenses and viewed using the eye or photographic film.
Specimens can be living or dead, but often need to be stained with a coloured dye to make them visible.
Many different stains are available that stain specific parts of the cell such as DNA, lipids, cytoskeleton, etc.
All light microscopes today are compound microscopes, which means they use several lenses to obtain
high magnification. Light microscopy has a resolution of about 200 nm, which is good enough to see cells,
but not the details of cell organelles. There has been a recent resurgence in the use of light microscopy,
partly due to technical improvements, which have dramatically improved the resolution far beyond the
theoretical limit. For example fluorescence microscopy has a resolution of about 10 nm,
while interference microscopy has a resolution of about 1 nm.
Preparation of Slide Samples








Fixation: Chemicals preserve material in a life like condition. Does not distort the specimen.
Dehydration: Water removed from the specimen using ethanol. Particularly important for electron
microscopy because water molecules deflect the electron beam which blurs the image.
Embedding: Supports the tissue in wax or resin so that it can be cut into thin sections.
Sectioning Produces very thin slices for mounting. Sections are cut with a microtome or an
ulramicrotome to make them either a few micrometres (light microscopy) or nanometres
(electron microscopy) thick.
Staining: Most biological material is transparent and needs staining to increase the contrast between
different structures. Different stains are used for different types of tissues. Methylene blue is often
used for animal cells, while iodine in KI solution is used for plant tissues.
Mounting: Mounting on a slide protects the material so that it is suitable for viewing over a long
period.

Electron Microscopy. This uses a beam of electrons, rather than electromagnetic radiation, to "illuminate"
the specimen. This may seem strange, but electrons behave like waves and can easily be produced (using a
hot wire), focused (using electromagnets) and detected (using a phosphor screen or photographic film). A
beam of electrons has an effective wavelength of less than 1 nm, so can be used to resolve small sub-cellular
ultrastructure. The development of the electron microscope in the 1930s revolutionised biology, allowing
organelles such as mitochondria, ER and membranes to be seen in detail for the first time.
The main problem with the electron microscope is that specimens must be fixed in plastic and viewed in a
vacuum, and must therefore be dead. Other problems are that the specimens can be damaged by the electron
beam and they must be stained with an electron-dense chemical (usually heavy metals like osmium, lead or
gold). Initially there was a problem of artefacts (i.e. observed structures that were due to the preparation
process and were not real), but improvements in technique have eliminated most of these.
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There are two kinds of electron microscope. The transmission electron microscope (TEM) works much
like a light microscope, transmitting a beam of electrons through a thin specimen and then focusing the
electrons to form an image on a screen or on film. This is the most common form of electron microscope
and has the best resolution. The scanning electron microscope (SEM) scans a fine beam of electron onto
a specimen and collects the electrons scattered by the surface. This has poorer resolution, but gives excellent
3-dimentional images of surfaces.
Scanning Electron Microscope (SEM)

Transmission Electron Microscope (TEM)


Pass a beam of electrons through the
specimen. The electrons that pass through
the specimen are detected on a fluorescent
screen on which the image is displayed.



Thin sections of specimen are needed for
transmission electron microscopy as the
electrons have to pass through the
specimen for the image to be produced.





Pass a beam of electrons over the surface of
the specimen in the form of a ‘scanning’
beam.



Electrons are reflected off the surface of the
specimen as it has been previously coated in
heavy metals.



It is these reflected electron beams that are
focussed of the fluorescent screen in order
to make up the image.



Larger, thicker structures can thus be seen
under the SEM as the electrons do not have
to pass through the sample in order to form
the image. This gives excellent 3dimensional images of surfaces



However the resolution of the SEM is lower
than that of the TEM.

This is the most common form of electron
microscope and has the best resolution

A head and the right eye of a fly
(Image provided by: Goran Drazic)
Bacterium (TEM)
(Image provided by: ceiba.cc.ntu.edu.tw)

11

Comparison table of the light and electron microscope
Light Microscope

Electron Microscope

Cheap to purchase (£100 – 500)

Expensive to buy (over £ 1 000 000).

Cheap to operate.

Expensive to produce electron beam.

Small and portable.

Large and requires special rooms.

Simple and easy sample preparation.

Lengthy and complex sample prep.

Material rarely distorted by preparation.

Preparation distorts material.

Vacuum is not required.

Vacuum is required.

Natural colour of sample maintained.

All images in black and white.

Magnifies objects only up to 2000 times

Magnifies over 500 000 times.

Specimens can be living or dead

Specimens are dead, as they must be fixed in plastic
and viewed in a vacuum

Stains are often needed to make the cells visible

The electron beam can damage specimens and they
must be stained with an electron-dense chemical
(usually heavy metals like osmium, lead or gold).

Use this space to reduce your highlighted sentences into bullet points
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Application Task B

Q1. State the maximum magnification that can be achieved by a light microscope and a transmission
electron microscope.
Select your answers from the list below.
10x

40x

100x

400x

1500x

25 000x

50 000x

light microscope

................................... x

transmission electron microscope

................................... x

500 000x

[Total 2 marks]

Q2. Describe what is meant by the term resolution.
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
[Total 2 marks]

Q3.

Q4.
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Q5.

Q6.

/8
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Scientific Drawing
Scientific drawings can be made using several methods, depending on a particular laboratory
investigation. For a microscopy lab, the drawings are made in circles that represent the viewing field of
a microscope. For other labs such as dissection labs, the drawings are representative of the entire
organism or parts of the organism. These drawings show the relative size, shape, and location of
anatomical structures. Most scientific drawings are labelled.
Use the following guidelines to help make your scientific drawing as clear as possible:














Use pencil
Title your drawing
Use most of the space provided (>50%)
Use a ruler to draw label lines
Do not use arrow heads for label lines
Label lines should point to the centre of the structure being labelled
Print all labels horizontally
Print, do not write in cursive
Label the right-hand side of the drawing, if possible
Do not cross label lines
All lines must be continuous, no gaps!
Do not shade, instead print the colour of shaded region under the label
Include magnification (if a microscopic drawing) or a scale (if a macroscopic drawing).

Below is a photomicrograph of a section through a dicot leaf (x100)

SCIENTIFIC DRAWING TASK:
In the box provided AND using the rules above,
draw a high powered drawing of a section of cells
(at least 10 cells) spanning the upper and lower
epidermis.
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ULTRASTRUCTURE
The cell is the living functional unit of all organisms. An organism may be composed of one cell only
(Unicellular) e.g. Bacteria and Algae or of several cells (Multicellular) e.g. Man. The cell exists in two forms:
1. Eukaryotic cell, which has a nucleus that is enclosed in a nuclear envelope and several membrane- limited
compartments e.g. the human cell.
2. Prokaryotic cell which has no nucleus and is devoid of membrane-limited compartments e.g. the
bacterial cell.

READING TASK
Using a highlighter, highlight sentences and keywords that you believe to be significant, that
way you are learning to “REDUCE” the content to key points.

Structure & function of the cellular components of eukaryotic cells
All Eukaryotic cells conform to a basic structural model. Thus the eukaryotic cell is composed of two basic
parts; the Cytoplasm and the Nucleus.
THE NUCLEUS
This is the largest organelle of the cell often located in the central part of the cytoplasm and enclosed in a
double-layered nuclear membrane. Its shape usually corresponds to the shape of the cell in which it is
found. It contains a nucleolus/nucleoli (which produces ribosomal subunits) and chromatin (DNA). The
latter is the genetic material implicated in cell division and in the synthesis of several molecules particularly
proteins. The nucleus as the control centre of the cell contains the blueprint for all cellular structure and
activities and in its absence the cell can neither function nor survive. The nuclear envelope is perforated by
pores (3000-4000), which facilitate communication between the nucleus and the cytoplasm. Attached to
the outer membrane of the nuclear envelope are polyribosomes. This membrane is also continuous with
the rough endoplasmic reticulum of the cytoplasm.

THE CYTOPLASM
The fluid component of the cytoplasm is the Cytosol (pH 7.2) while the metabolically active contents of
the cytoplasm are the Organelles. Apart from being metabolically active, organelles are permanent
residents of the cell which would survive cell division i.e. they reappear in the daughter cells following cell
division. Organelles occur in two forms, freely within the cytosol or enclosed in membrane. The cytoplasm
also contains substances which are not metabolically active. These are called Inclusion Bodies. Inclusion
bodies are the transitory residents of the cytoplasm not involved in cell metabolism and do not survive cell
division. They comprise mainly accumulated metabolites, lipid droplets, pigments and minerals and are
sporadically distributed in body cells. The eukaryotic cell is enclosed in a limiting membrane called the
Plasma membrane.
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MEMBRANE BOUND ORGANELLES
Organelles are the metabolically active and permanent residents of the cell. Organelles exist in two forms;
membrane-bound and not bound by membrane. The principal cytoplasmic organelles include:

• MITOCHONDRION
Mitochondria are membrane-bound enzyme storage organelles. Mitochondrial enzymes are involved
in aerobic respiration, production of ATP and heat energy for maintenance of body temperature.
The mitochondrion is enclosed in two sheets of membrane. An outer sieve-like unfolded
membrane and an inner membrane which is thrown into long finger-like folds called cristae. The
number of cristae corresponds to the cell’s energy needs. The space between the two membranes
is the intermembrane space while the space deep to the inner membrane is referred to as the
matrix. Mitochondria are eosinophilic, elongated rod-like organelles 2 to 5 micrometres in length.
They are wildly distributed in all cells but occur abundantly in cell with very high energy needs
(Heart muscles and kidney cells).

17



THE ENDOPLASMIC RETICULUM (ER)
This organelle is made up of anastomosing network of intercommunicating cisternae enclosed in a
continuous membrane. ER occurs in two forms, namely Rough and Smooth which are also
interconnected. While the cisternae of smooth ER are tubular in shape, those of Rough ER are
flattened.

Rough Endoplasmic reticulum (RER)
The roughness on the surface of rough ER is due to the adsorption of polyribosome on their outer
surface. Polyribosome also impacts the basophilic staining characteristic on RER. Furthermore, its
membrane is continuous with that of the nuclear envelope. RER is prominent in protein
synthesising cells such as; Pancreatic acinar cells, cells of the endocrine glands, plasma cells,
fibroblast etc. Proteins synthesised in RER are stored in Lysosomes or granules; stored
temporarily before exocytosis or used as integral membrane proteins.
Smooth Endoplasmic Reticulum (SER)
This is ER not bound to polyribosomes but continuous with RER and are less abundant is cell
containing RER. SER is found in all cells where they are involved in:
• The synthesis phospholipids and cholesterol used in all cellular membranes including membranes
of organelles. They occur in abundance in other cells where they are involved in:
• Sequestration and release of Calcium ions a vital process in muscular contraction
• Biosynthesis of Lipids required for synthesis of steroid hormones
• Detoxification of potentially harmful compounds such as alcohol and barbiturates



LYSOSOMES
Are small bags, the membrane of which is derived from Golgi apparatus while the enzymes are
synthesised in the endoplasmic reticulum. They contain up to 40 different acid Hydrolytic enzymes
(pH – 5) Most of these are acid hydrolases and are involved in breaking down a wide range of
macromolecules. Therefore they are found at:
sites of intracellular digestion or sites of turnover of cellular components
Therefore it is found in cells involved in extensive phagocytic activities, e.g. Macrophages. The
lysosomal enzymes are used for intra-lysosomal digestion or for Extracellular digestion/destruction



GOLGI APPARATUS (COMPLEX)
This is a complex of smooth membranous saccule usually located between the apical membrane and
the nucleus of the secretory cell. Within its saccule are various enzymes implicated in processing
proteins synthesised in the endoplasmic reticulum. The Golgi apparatus receives transport vesicles
containing proteins from the endoplasmic reticulum and packages modified proteins into
condensing vesicles for transportation to other organelles or to the cell membrane for release of
modified proteins as secretory products.
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ORGANELLES WITHOUT MEMBRANES


THE CYTOSKELETON
This is composed of a complex of microtubules, microfilaments (Actin Filaments), and Intermediate
Filaments.
Microtubules - These are tubular protein subunits involved in cellular shape, cell division, intra
and extra cellular movements and transport of substances in the cytoplasm of the cell. Microtubules
are widely distributed within the cytoplasm where they occur in various forms which include:
a. Cytoplasmic microtubules for intracellular transport of materials including organelles
b. Centrioles which are involved in cell division
c. Mitotic spindles which are involved in cell division
d. Cilia and Flagella which are motile structures implicated in cellular motion
e. Basal bodies which are located at the bases of cilia and flagella and are involved in the
configuration of these structures.
Microfilaments/Actin Filaments - Microfilament is a double-stranded helix of globular protein
subunits which is widely distributed in all body cells and is involved in the structural integrity and
contractility of the cell as well as movement of organelles in the cytosol. Actin filaments are also
implicated in cell cleavage during cell division and involved in:
1. Muscular contraction in collaboration with myosin filaments
2. Cell shape integrity and locomotion (stress fibres of crawling cells)
3. Movement of organelles and other cytosolic contents (cytoplasmic steaming)
4. Cellular cleavage in mitotic cells
Intermediate Filaments - As the name implies, intermediate filament are intermediate in size to
microtubules and microfilaments (10-12 nanometer in diameter). They are more stable structurally
than Microtubules/filament and are composed of variable protein subunits depending on their
localization and functions Examples of intermediate filaments include: Keratin of epithelial cell for
strength and protection



CENTRIOLES:
The Centrioles are two cylindrical shaped microtubular structures oriented at right angles to one
another. Each cylinder is made up of nine triplets of parallel microtubules. Centrioles are implicated
in organising the microtubules of the cell as in the organization of mitotic spindles during cell
division. They also form the basal bodies of cilia and flagella.
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RIBOSOMES
Ribosomes are small, electron-dense particles not enclosed in membrane and are located in the
cytosol. Measuring about 20-30 nanometres they are basophilic and stained by all basic dyes.
Ribosome is composed of rRNA and about 80 different proteins. It usually occur in two subunits,
large and small subunits. The rRNA of the ribosome is synthesised in the nucleus while its protein is
synthesised in the cytosol. Ribosomes are involved in protein synthesis. While cytosolic proteins
(free proteins) are synthesised by polyribosomes, secretory and endoplasmic reticulum proteins are
synthesised on the membrane of rough endoplasmic reticulum. Ribosomes occur in three forms:
• In isolated particles
• Assembled in cluster on mRNA strand to form Polyribosome
• Adsorbed to the membrane of endoplasmic reticulum through their large subunit to form Rough
Endoplasmic Reticulum. Protein synthesis by ribosomes also implicates: mRNA, tRNA and rRNA.

Use this space to reduce your highlighted sentences into bullet points
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Application Task C.
Q1.

Q2.

21

Q3.

/10
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Module 2 – Foundations in Biology – Biological Molecules
There's an old saying, "You are what you eat." In some senses, this is literally true! When we eat food, we
take in the large biological molecules found in the food, including carbohydrates, proteins, lipids (such as
fats), and nucleic acids (such as DNA), and use them to power our cells and build our bodies. In this topic
we dive into the different types of macromolecules, what they are made up of, and how they are built up
and broken down.
READING TASK:
Using a highlighter, highlight sentences and keywords that you believe to be significant, that
way you are learning to “REDUCE” the content to key points.
MACROMOLECULES
Large biological molecules perform a wide range of jobs in an organism. Some carbohydrates store fuel for
future energy needs, and some lipids are key structural components of cell membranes. Nucleic acids store
and transfer hereditary information, much of which provides instructions for making proteins. Proteins
themselves have perhaps the broadest range of functions: some provide structural support, but many are
like little machines that carry out specific jobs in a cell, such as catalysing metabolic reactions or receiving
and transmitting signals.
Monomers and polymers
Most large biological molecules are polymers, long chains made up of repeating molecular subunits, or
building blocks, called monomers. If you think of a monomer as being like a bead, then you can think of a
polymer as being like a necklace, a series of beads strung together.
Carbohydrates, nucleic acids, and proteins are often found as long polymers in nature. Because of their
polymeric nature and their large (sometimes huge!) size, they are classified as macromolecules, big
(macro-) molecules made through the joining of smaller subunits. Lipids are not usually polymers and are
smaller than the other three, so they are not considered macromolecules by some. This is just a naming
difference, so don’t get too hung up on it. Just remember that lipids are one of the four main types of large
biological molecules, but that they don’t generally form polymers.
How do you build polymers from monomers?
Large biological molecules often assemble via condensation reactions, in which one monomer forms a
covalent bond to another monomer (or growing chain of monomers), releasing a water molecule in the
process. You can remember what happens by the name of the reaction: condensation, for the loss of the
water molecule, and the formation of a new bond.

Diagram shows a condensation reaction between two molecules of glucose, forming a molecule of maltose with the release of a
water molecule.
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In the condensation reaction above, two molecules (monomers) of the sugar “glucose” combine to form a
single molecule of the sugar maltose (dimer). One of the glucose molecules loses a H, the other loses an
OH group, and a water molecule is released as a new covalent bond forms between the two glucose
molecules. (In this case a glycoscidic bond). As additional monomers join by the same process, the chain
can get longer and longer and form a polymer. (In this case a polysaccharide)
Even though polymers are made out of repeating monomer units, there is lots of room for variety in their
shape and composition. Even a single type of monomer may form different polymers with different
properties. For example, starch, glycogen, and cellulose are all carbohydrates made up of glucose
monomers, but they have different bonding and branching patterns.

How do polymers turn back into monomers?
(for instance, when the body needs to recycle one molecule to build a different one)?

Polymers are broken down into monomers via hydrolysis reactions, in which a bond is broken, (lysed),
by addition of a water molecule.
During a hydrolysis reaction, a molecule composed of multiple subunits is split in two: one of the new
molecules gains a hydrogen atom, while the other gains a hydroxyl (-OH) group, both of which are
donated by the addition of water. This is the reverse of a condensation reaction, and it releases a
monomer that can be used in building a new polymer. For example, in the hydrolysis reaction below, a
water molecule splits maltose to release two glucose monomers. This reaction is the reverse of the
dehydration synthesis reaction shown above.

Diagram shows the hydrolysis of maltose, in which a molecule of maltose combines with a molecule of water,
resulting in the formation of two glucose monomers.

Condensation reactions build molecules up and generally require energy, while hydrolysis reactions break
molecules down and generally release energy. Carbohydrates, proteins, and nucleic acids are built up and
broken down via these types of reactions, although the monomers involved are different in each case.

In the body, enzymes catalyse, or speed up, both the condensation and hydrolysis reactions. Enzymes
involved in breaking bonds are often given names that end with -ase: for instance, the maltase enzyme
breaks down maltose, lipases break down lipids, and peptidases break down proteins (also known as
polypeptides, as we’ll see in the article on proteins). As food travels through your digestive system – in
fact, from the moment it hits your saliva – it is being worked over by enzymes like these. The enzymes
break down large biological molecules, releasing the smaller building blocks that can be readily absorbed
and used by the body.
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Use this space to reduce your highlighted sentences into bullet points
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Application Task D
Q1.

Q2
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Q3
Some species of Acacia tree produce gum arabic. Gum arabic is classed as a heteropolysaccharide.
This means that it is made up of a number of different sugars.
Hydrolysis of gum arabic releases four different monosaccharides.
Describe what happens during the hydrolysis of a polysaccharide molecule.
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
..................................................................................................................................
[Total 2 marks]

Q4.
Complete the diagram below to show what happens when the glucose and fructose molecules
join together.
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