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Overview
Cambridge O Level Biology by D G Mackean and Dave Hayward is a comprehensive educational
textbook meticulously designed for students preparing for the Cambridge O Level Biology
examination (syllabus 5090). It systematically covers all the essential topics required by the
syllabus, providing a clear and accessible introduction to fundamental biological concepts. The
book aims to equip students with a thorough understanding of living organisms, their
structures, functions, interactions, and the intricate processes that sustain life. It emphasizes
both theoretical knowledge and practical application, preparing students not only for
examinations but also for further studies in biology or related scientific fields.

The main argument of the book is to present the O Level Biology curriculum in a structured,
engaging, and easy-to-understand manner. It progresses from basic biological principles, such
as cell structure and classification, to more complex topics like human physiology, plant biology,
reproduction, genetics, and ecology. The book integrates numerous diagrams, photographs, and
practical activities to reinforce learning and help students visualize complex biological processes.
It matters significantly because it serves as a primary, authoritative resource for thousands of
students worldwide, providing the foundational knowledge necessary for success in a crucial
academic examination and fostering a deeper appreciation for the natural world.

Key Takeaways
• Master the fundamental concepts of cell structure and function as they are the building
blocks of all living organisms.

• Understand the processes of photosynthesis and respiration, which are central to energy
flow in ecosystems.

• Learn the mechanisms of human physiology, including digestion, circulation, and excretion,
to appreciate the complexity of the human body.

• Grasp the principles of inheritance and variation to comprehend how traits are passed down
through generations.

• Recognize the interconnectedness of living organisms and their environment through the
study of ecology and conservation.

• Practice interpreting diagrams, graphs, and experimental data, as these are crucial skills for
the O Level examination.
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• Regularly review key terms and definitions to build a strong biological vocabulary and
ensure conceptual clarity.

Chapter Summaries
Introduction to Biology

This foundational chapter introduces the discipline of biology, defining it as the scientific study of
life and living organisms. It meticulously outlines the seven essential characteristics that
distinguish living things from non-living matter: Movement, Respiration, Sensitivity, Growth,
Reproduction, Excretion, and Nutrition (MRS GREN). Each characteristic is explained with
examples, illustrating how organisms interact with their environment and maintain life.
Furthermore, the chapter establishes the hierarchical organization of life, detailing how cells
combine to form tissues, tissues form organs, organs form organ systems, and organ systems
constitute a complete organism. It also touches upon the importance of classification and the
binomial system for naming species, providing a systematic approach to studying biodiversity.

Cells

This chapter delves into the fundamental unit of life, the cell. It provides a detailed comparison of
typical plant and animal cells, highlighting their distinct features and shared organelles. Key
organelles such as the nucleus (controlling cell activities and containing genetic material),
cytoplasm (site of most chemical reactions), cell membrane (controlling substance passage), cell
wall (providing support in plants), chloroplasts (site of photosynthesis in plants), mitochondria
(site of aerobic respiration), and vacuoles (storage and turgor in plants) are described with their
specific functions. The chapter also explores how cells differentiate to form specialized cells, like
red blood cells, nerve cells, and root hair cells, each adapted for a particular function within an
organism.

Movement of Substances In and Out of Cells

This chapter explains the crucial processes by which substances move across cell membranes,
essential for cell survival and function. It covers diffusion, the net movement of particles from a
region of higher concentration to a region of lower concentration, and its role in gas exchange.
Osmosis, the net movement of water molecules across a partially permeable membrane from a
region of higher water potential to a region of lower water potential, is discussed in detail,
including concepts like turgor in plant cells and plasmolysis. Active transport, which requires
energy to move substances against a concentration gradient, is also explained, with examples
such as mineral ion uptake by roots and glucose absorption in the small intestine.

Biological Molecules

This chapter focuses on the essential organic and inorganic molecules that constitute living
organisms and sustain life processes. It details the structure, properties, and biological roles of



https://booksummaryai.com/country/en/cambridge-o-level-biology Page 3

major organic molecules: carbohydrates (e.g., glucose, starch, glycogen, cellulose), proteins
(composed of amino acids, forming enzymes, antibodies, and structural components), and fats
(triglycerides, serving as energy stores and insulation). The importance of water as a solvent and
reactant, along with essential mineral salts (e.g., calcium, iron), is also covered. Practical food
tests, such as Benedict's test for reducing sugars, iodine test for starch, Biuret test for protein,
and emulsion test for fats, are described for identifying these molecules in food samples.

Enzymes

This chapter explores enzymes, the biological catalysts that regulate nearly all biochemical
reactions in living systems. It describes their proteinaceous nature and explains the
'lock-and-key' hypothesis, illustrating how specific enzymes bind to specific substrates at their
active sites to facilitate reactions. The chapter thoroughly examines factors that influence
enzyme activity, including temperature (optimum temperature, denaturation) and pH (optimum
pH), providing examples of how these conditions affect reaction rates. The significance of
enzymes in metabolic pathways, such as digestion and respiration, is highlighted, alongside their
practical applications in various industrial processes, including brewing, biological detergents,
and food production.

Plant Nutrition (Photosynthesis)

This chapter focuses on photosynthesis, the vital process by which green plants and some other
organisms convert light energy into chemical energy. It details the requirements for
photosynthesis: light, carbon dioxide, water, and chlorophyll, explaining the role of each. The
overall chemical equation for photosynthesis is presented, showing the production of glucose
and oxygen. The chapter explores the internal structure of a leaf, including the palisade
mesophyll, spongy mesophyll, stomata, and vascular bundles, explaining how these adaptations
facilitate efficient light absorption, gas exchange, and water transport. Factors affecting the rate
of photosynthesis, such as light intensity, carbon dioxide concentration, and temperature, are
also discussed.

Animal Nutrition

This chapter examines the diverse ways animals obtain and process food, with a particular focus
on human nutrition. It describes the journey of food through the human alimentary canal,
detailing the structure and function of each organ: the mouth (mechanical and chemical
digestion), oesophagus (peristalsis), stomach (acidic environment, protein digestion), small
intestine (main site of digestion and absorption), and large intestine (water absorption). The roles
of accessory organs like the liver (bile production) and pancreas (digestive enzymes) are also
explained. The chapter covers the digestion of carbohydrates, proteins, and fats by specific
enzymes, followed by the absorption of nutrients into the bloodstream and their assimilation for
growth and energy.

Transport in Plants
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This chapter investigates the mechanisms by which plants transport water, minerals, and
manufactured food substances throughout their structure. It details the uptake of water and
mineral salts by root hair cells through osmosis and active transport. The process of
transpiration, the loss of water vapour from leaves, is thoroughly explained, along with the
cohesive and adhesive properties of water that drive the transpiration stream through the xylem
vessels. The chapter also covers the translocation of sugars (manufactured during
photosynthesis) from leaves to other parts of the plant via phloem vessels. Factors influencing
the rate of transpiration, such as humidity, temperature, wind, and light intensity, are discussed.

Transport in Humans

This chapter focuses on the human circulatory system, a vital network for transporting oxygen,
nutrients, hormones, and waste products. It describes the structure and function of the heart, a
muscular pump that drives blood through the body in a double circulatory system. The three
main types of blood vessels—arteries (carrying blood away from the heart), veins (carrying blood
towards the heart), and capillaries (sites of exchange)—are detailed. The composition of blood is
explored, including red blood cells (oxygen transport), white blood cells (immune defence),
platelets (blood clotting), and plasma (transport medium). The chapter also briefly introduces the
lymphatic system and its role in fluid balance and immunity.

Respiration

This chapter explains respiration, the process by which living organisms release energy from
food molecules. It differentiates between aerobic respiration, which requires oxygen and
produces a large amount of energy, carbon dioxide, and water, and anaerobic respiration, which
occurs without oxygen, yielding less energy and producing lactic acid (in animals) or ethanol and
carbon dioxide (in yeast). The chapter then details the human respiratory system, including the
structure of the lungs, trachea, bronchi, bronchioles, and alveoli, explaining how these structures
are adapted for efficient gas exchange. The mechanism of breathing, involving the diaphragm
and intercostal muscles, is also thoroughly described.

Excretion

This chapter focuses on excretion, the removal of metabolic waste products from the body to
maintain a healthy internal environment. It primarily details the human urinary system,
comprising the kidneys, ureters, bladder, and urethra. The intricate structure and function of the
kidneys are explained, particularly the role of millions of nephrons in filtering blood, reabsorbing
useful substances like glucose and water, and forming urine. The chapter covers the processes of
ultrafiltration and selective reabsorption. It also discusses the kidney's crucial role in
osmoregulation, maintaining the body's water balance, and how hormones like ADH regulate
water reabsorption, preventing dehydration or over-hydration.

Coordination and Response
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This chapter explores how organisms detect changes in their environment and respond to them,
ensuring survival. It covers the human nervous system, detailing the central nervous system
(brain and spinal cord) and the peripheral nervous system, explaining the structure and function
of neurons and the reflex arc. The chapter also examines major sense organs, such as the eye
(structure, light perception, accommodation) and the ear (hearing, balance). Furthermore, it
introduces the endocrine system, describing how hormones (e.g., insulin, adrenaline,
testosterone, oestrogen) regulate various body functions. Plant responses, such as tropisms
(phototropism, geotropism) to light and gravity, are also discussed.

Homeostasis

This chapter delves into homeostasis, the vital process by which living organisms maintain a
stable internal environment despite external fluctuations. It explains the concept of negative
feedback mechanisms, which are central to homeostatic control. Specific examples covered
include temperature regulation in humans, detailing how the body responds to both heat gain
(sweating, vasodilation) and heat loss (shivering, vasoconstriction) to maintain a core body
temperature. Blood glucose regulation is also thoroughly discussed, explaining the roles of the
pancreas, insulin, and glucagon in controlling blood sugar levels. The chapter also touches upon
water balance and the kidney's role in osmoregulation, reinforcing the interconnectedness of
body systems.

Reproduction

This chapter covers the fundamental process of reproduction, essential for the continuation of
species. It distinguishes between asexual reproduction (e.g., binary fission, budding, vegetative
propagation in plants), which produces genetically identical offspring, and sexual reproduction,
which involves the fusion of gametes and leads to genetic variation. Sexual reproduction in
flowering plants is detailed, including flower structure, pollination (self and cross), fertilization,
seed and fruit formation, and seed dispersal mechanisms. Human sexual reproduction is also
extensively covered, describing the male and female reproductive systems, the menstrual cycle,
fertilization, pregnancy, foetal development, and birth.

Inheritance

This chapter introduces the principles of genetics, explaining how characteristics are passed
from one generation to the next. It defines key terms such as chromosomes (carriers of genetic
information), genes (units of heredity), alleles (alternative forms of a gene), genotype (genetic
makeup), and phenotype (observable traits). Mendelian inheritance is explored through
monohybrid crosses, illustrating dominant and recessive traits. The chapter also covers sex
determination, the concept of mutation as a source of new alleles, and the importance of
variation within a population. Basic concepts of natural selection and evolution are introduced as
mechanisms driving changes in allele frequencies over time.

Organisms and their Environment (Ecology)
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This chapter focuses on ecology, the study of interactions between organisms and their
environment. It introduces fundamental ecological concepts such as ecosystems, habitats,
populations, and communities. The flow of energy through ecosystems is explained via food
chains and food webs, illustrating producers, consumers, and decomposers. The chapter also
details important nutrient cycles, including the carbon cycle (photosynthesis, respiration,
combustion) and the nitrogen cycle (nitrogen fixation, nitrification, denitrification). A significant
portion is dedicated to human impact on the environment, covering issues like pollution (air,
water, land), deforestation, global warming, and the importance of conservation efforts to
maintain biodiversity and sustainable living.

Disease and Immunity

This chapter explores the causes, transmission, and prevention of diseases, as well as the body's
defence mechanisms. It categorizes pathogens, including bacteria, viruses, fungi, and protozoa,
describing how they cause illness. Various modes of disease transmission, such as direct contact,
vectors, and contaminated food/water, are discussed. The chapter then delves into the human
immune system, explaining both non-specific defences (e.g., skin, phagocytosis) and specific
immunity involving lymphocytes, antibodies, and memory cells. The principles of vaccination
(active immunity) and the use of antibiotics to treat bacterial infections are also covered,
emphasizing public health strategies for disease control and prevention.

Themes
• Cellular Basis of Life

• Energy Flow

• Homeostasis

• Reproduction and Inheritance

• Interdependence

• Adaptation and Evolution

Frequently Asked Questions
What is Cambridge O level Biology about?

This textbook provides a comprehensive guide to the Cambridge O Level Biology syllabus (5090).
It covers fundamental biological concepts from cell structure and function to human physiology,
plant biology, genetics, and ecology, preparing students for their examination and fostering a
deeper understanding of living organisms.

Is Cambridge O level Biology worth reading?
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Yes, it is highly recommended for any student undertaking the Cambridge O Level Biology
course. The book is designed to align precisely with the syllabus, offering clear explanations,
illustrative diagrams, and practice questions essential for exam success and building a strong
foundation in biology.

How does Cambridge O level Biology end?

Spoiler: The book typically concludes with topics on ecology, environmental conservation, and
the impact of human activities on ecosystems. It often includes a summary of key concepts and
guidance for exam preparation, reinforcing the interconnectedness of life and the importance of
sustainable practices.

Who should read Cambridge O level Biology?

This book is primarily intended for secondary school students preparing for the Cambridge O
Level Biology examination. It is also suitable for anyone seeking a clear, structured introduction
to fundamental biological principles at an intermediate level, or for teachers seeking a reliable
resource.

How long does it take to read Cambridge O level Biology?

Reading through the entire textbook thoroughly, including understanding diagrams and
attempting practice questions, could take approximately 30-50 hours. This estimate varies
significantly based on individual reading speed, prior knowledge, and study habits.

Questions & Answers
What are the seven characteristics of living organisms described in this book?

The book outlines seven fundamental characteristics that define living organisms: movement,
respiration, sensitivity, growth, reproduction, excretion, and nutrition. These are often
remembered by the acronym MRS GREN. Movement refers to changing position, respiration is
energy release, sensitivity is responding to stimuli, growth is increasing in size, reproduction is
producing offspring, excretion is waste removal, and nutrition is obtaining food.

How does the book explain the process of photosynthesis?

The book explains photosynthesis as the process by which green plants and some other
organisms convert light energy into chemical energy, stored in glucose. It details that chlorophyll
in chloroplasts absorbs light energy, which is then used to convert carbon dioxide and water into
glucose and oxygen. The equation 6CO₂ + 6H₂O + Light Energy � C₆H₁₂O₆ + 6O₂ is central to its
explanation, highlighting the raw materials and products.

What is the primary function of enzymes according to the textbook?
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According to the textbook, the primary function of enzymes is to act as biological catalysts,
speeding up the rate of biochemical reactions within living organisms without being used up
themselves. They are highly specific, meaning each enzyme typically catalyzes only one or a few
specific reactions, often explained using the 'lock and key' hypothesis, where the substrate fits
precisely into the enzyme's active site.

Can you explain the difference between aerobic and anaerobic respiration as presented in
the book?

The book differentiates aerobic respiration as the process of releasing energy from glucose in
the presence of oxygen, producing carbon dioxide and water, and a large amount of ATP.
Anaerobic respiration, conversely, occurs without oxygen, yielding less ATP and producing
different byproducts like lactic acid in animals or ethanol and carbon dioxide in yeast. It
emphasizes that aerobic respiration is far more efficient in energy production.

What role does the xylem play in plant transport, as described in the textbook?

The textbook describes xylem as a crucial vascular tissue in plants responsible for the transport
of water and dissolved mineral salts from the roots up to the rest of the plant, including the
leaves. It explains that xylem vessels are dead, hollow tubes with lignified walls, providing
structural support while facilitating the continuous upward flow of water through transpiration
pull, cohesion, and adhesion.

How does the book describe the human circulatory system?

The book describes the human circulatory system as a double circulatory system, meaning blood
passes through the heart twice for each complete circuit of the body. It details the roles of the
heart (a muscular pump), blood vessels (arteries, veins, capillaries), and blood itself. It explains
the pulmonary circulation (heart to lungs and back) and systemic circulation (heart to body and
back), ensuring efficient oxygen and nutrient delivery.

What are the main components of a balanced diet according to this biology textbook?

The textbook outlines a balanced diet as one that provides adequate amounts of carbohydrates,
fats, proteins, vitamins, minerals, dietary fibre, and water. It explains the specific roles of each
component: carbohydrates and fats for energy, proteins for growth and repair, vitamins and
minerals for metabolic processes, fibre for digestive health, and water for various bodily
functions, emphasizing the importance of correct proportions.

What is the significance of mitosis in living organisms, as explained by the author?

The author explains mitosis as a type of cell division that results in two daughter cells each
having the same number and kind of chromosomes as the parent nucleus. Its significance lies in
growth, as it increases the number of cells in a multicellular organism; repair, replacing damaged
or dead cells; and asexual reproduction, allowing organisms to produce genetically identical
offspring.



https://booksummaryai.com/country/en/cambridge-o-level-biology Page 9

How does the book explain the concept of a food chain and food web?

The book explains a food chain as a linear sequence showing how energy is transferred from one
living organism to another through feeding, starting with producers and moving through
consumers. A food web is presented as a more realistic and complex representation, consisting
of interconnected food chains, illustrating that most organisms have multiple food sources and
are eaten by multiple predators, showing the intricate energy flow within an ecosystem.

What are the key differences between plant and animal cells highlighted in the book?

The book highlights several key differences between plant and animal cells. Plant cells typically
possess a rigid cell wall outside the cell membrane, chloroplasts for photosynthesis, and a large
central vacuole for turgor and storage. Animal cells, in contrast, lack a cell wall and chloroplasts,
and usually have smaller, temporary vacuoles or none at all. Both share a cell membrane,
cytoplasm, and nucleus.

According to the textbook, what is the role of the kidney in the human body?

The textbook describes the kidney's crucial role in the human body as an excretory organ
responsible for filtering waste products, particularly urea, from the blood to form urine. It also
plays a vital role in osmoregulation, controlling the water and salt balance in the body, thereby
maintaining a constant internal environment (homeostasis). It explains the nephron as the
functional unit of the kidney.

How does the book describe the process of gaseous exchange in the human lungs?

The book describes gaseous exchange in the human lungs as occurring in the alveoli, tiny air
sacs with thin, moist walls and a rich blood supply. Oxygen from inhaled air diffuses across the
alveolar and capillary walls into the blood, where it binds to haemoglobin. Simultaneously,
carbon dioxide, a waste product from the blood, diffuses from the capillaries into the alveoli to
be exhaled. This process relies on concentration gradients.

What is meant by 'homeostasis' in the context of living organisms?

Homeostasis, as explained in the book, refers to the maintenance of a constant internal
environment in living organisms, despite changes in external conditions. This includes regulating
factors like body temperature, blood glucose levels, water potential, and pH. It emphasizes that
various physiological processes, often involving negative feedback mechanisms, work together
to ensure optimal conditions for enzyme activity and cell function.

What are hormones, and what is their general function as explained by the author?

The author explains hormones as chemical messengers produced by endocrine glands and
transported in the blood to target organs or cells, where they exert specific effects. Their general
function is to coordinate and regulate various physiological processes, such as growth,
metabolism, reproduction, and stress responses. They act more slowly but have longer-lasting
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effects compared to nervous coordination.

How does the book differentiate between sexual and asexual reproduction?

The book differentiates sexual reproduction as involving the fusion of two gametes (sex cells),
usually from two parents, leading to offspring with genetic variation. Asexual reproduction, in
contrast, involves only one parent and produces genetically identical offspring (clones) without
the fusion of gametes. It highlights that sexual reproduction promotes adaptation, while asexual
reproduction is faster and simpler.

What is the 'lock and key' hypothesis, and what does it explain?

The 'lock and key' hypothesis, as presented in the book, is a model used to explain enzyme
specificity. It suggests that the active site of an enzyme has a specific shape (like a lock) that only
a particular substrate molecule (like a key) can fit into. This precise fit allows the enzyme to
catalyze a specific reaction, forming an enzyme-substrate complex, which then breaks down to
release products and the unchanged enzyme.

What are the main types of immunity discussed in the textbook?

The textbook discusses two main types of immunity: active and passive. Active immunity is
developed when the body produces its own antibodies in response to an antigen, either through
natural infection or vaccination, providing long-lasting protection. Passive immunity involves
receiving pre-formed antibodies from another source, such as from mother to child via
placenta/breast milk or through injection, offering immediate but short-term protection.

How does the book explain the process of transpiration in plants?

The book explains transpiration as the process by which water vapor is lost from the aerial parts
of a plant, primarily through the stomata on the leaves. It details that water evaporates from the
moist surfaces of mesophyll cells into the air spaces, then diffuses out through the stomata. This
loss creates a transpiration pull, drawing water up from the roots through the xylem, which is
essential for water and mineral transport.

What are the environmental impacts of human activities discussed in the ecology section?

The ecology section discusses various environmental impacts of human activities, including
deforestation, pollution (air, water, land), global warming due to increased greenhouse gases,
and depletion of natural resources. It explains how these activities disrupt ecosystems, reduce
biodiversity, and contribute to climate change, emphasizing the need for sustainable practices
and conservation efforts to mitigate these effects.


