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Topic 1 - Introduction to Biology 
 

Why study biology? 

 Curiosity – the challenge of unravelling and understanding life 

 Innovation – many of the problems we face today could be solved by better understanding 
of biology 

 biology is particularly important in medicine, but has applications in almost every other 
field of research 

 Making better choices for our health – a good understanding of biology can be useful when 
we need to make informed decisions about our own health 

 
Three generalisations in biology 

1. Evolution through natural selection 
The theory put forward by Charles Darwin. The theory states that life has existed on earth for 
billions of years. All organisms alive today arose from earlier, more primitive forms across the 
history of life on earth. As a consequence, all organisms are related and share a common ancestor. 
Evolution is a two-step process. The first involves variability in which there are heritable variations 
in organisms of a species that can be passed on to offspring and future generations. The second 
aspect is natural selection, meaning some traits are advantageous and more likely to be passed on, 
and some are disadvantageous and less likely to be passed on. 

2. Unity of biochemical processes 
As a result of shared ancestry, all organisms share certain biochemical reactions. All life is based on 
genetic material (DNA or RNA) that contains instructions on how organisms develop and function. 
The genetic material also has instructions for the cellular machinery- proteins 

3. All organisms consist of cells 
A cell is a bag or closed-off domain where the chemical reactions for life are carried out. The cell 
theory says that all living matter is composed of cells, that chemical reactions take place inside 
cells, that cells only arise from other cells and cells contain hereditary information that is passed 
on as cells divide and give rise to new cells. 
 
Origins of life on earth 
Where did the first cells come from? There are a number of theories that partly explain life on 
earth. Firstly, there is the thought that when the earth was still forming, there was a primordial 
soup that contained proteins and amino acids, and the first cells formed by accident. Another 
theory is that the first cells arrived here from an asteroid that crashed on the surface of the planet. 
 
Prokaryotic vs Eukaryotic Cells 
We will discuss these in a lot more detail in coming lectures. Prokaryotic cells are basically bacterial 
cells. They are simple cells, and lack a lot of internal structure. By contrast, eukaryotic cells, which 
are plant, animal and fungal cells. These cells are much more complex, and contain organelles 
within them that are important for carrying out complex biochemical reactions. Eukaryotic cells 
evolved from prokaryotic cells about 1.3 billion years ago. The difference between prokaryotic and 
eukaryotic cells marks the greatest division amongst organisms. 
 

Topic 2 – Cell Biology 
 

Structure and Function of Prokaryotic Cells 
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Prokaryotic vs Eukaryotic Cells 
There are two large groups of cells, the prokaryotes and the eukaryotes. Prokaryotes are 
structurally and chemically simpler than the eukaryotic cells. Prokaryotes contain no membrane-
bound organelles. Of all cells, only bacteria and Archaea are prokaryotic cells, and these two super 
Kingdoms are vastly different from one another. 
 
Origin of Eukaryotic cells from Prokaryotic cells 
The origin of prokaryotic cells has been theorised as evolving from a primordial soup, although it is 
not proven. There is evidence of prokaryotic cells in the fossil record from about 3.5 billion years 
ago. However, there is evidence of eukaryotic cells evolving in the fossil record. Evolution theory 
states that eukaryotic cells evolved from prokaryotic cells. 
Some authors however hold that that prokaryotes evolved from eukaryotes as a process of 
simplification, although this is not generally accepted as the most likely situation. 
 
Prokaryotes 
There are two super Kingdoms of prokaryotes, the bacteria and Archaea. These are the simplest 
cells. Prokaryotic cell structure is very simple, and has a simple mechanism of cell division when 
compared to eukaryotic cells. Bacteria are ubiquitous (meaning they are everywhere) micro-
organisms that are important in environmental decomposition of organic matter to recycle 
nutrients, major cause of disease and vital in food production. Most bacteria are heterotrophs, 
meaning they gain energy from organic compounds. Some are able to photosynthesise their own 
energy (photoautotrophs), and harvest energy from inorganic compounds (chemoautotrophs). 
Some are able to fix atmospheric nitrogen so that it can be used by plants to make amino acids. 
 
Structurally, prokaryotes are very simple. They contain 
a cell wall made of murein peptidoglycan. Beneath 
this is the cell membrane. The cell membrane is 
double layer of phospholipid, with proteins lodged 
into either one or both layers. Some prokaryotes have 
a glycocalyx, which is a glycoprotein slime that covers 
the cell (also called a capsule). The membrane 
surrounds the cytoplasm, which is a gel-like substance 
composed mainly of water, as well as enzymes, salts, 
cell components and organic molecules. Most 
biochemical reactions are carried out in the 
cytoplasm. Dotted throughout the cytoplasm are the 
ribosomes which are responsible for protein production. Prokaryotes contain a single circular 
chromosome which contains the genetic material. The chromosome is generally anchored to the 
cell membrane. Prokaryotes cells can also contain plasmids, which are small circular segments of 
DNA. Some prokaryotes contain a flagellum, which is a protein whip-like protrusion external to the 
cell that aids in locomotion. 
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Prokaryotes undergo simple 
binary fission as a method of 
reproduction. They replicate 
the circular chromosome, then 
the cell splits in half in a 
manner that each new cell 
contains a single circular 
chromosome. This is much 
simpler than division in 
eukaryotic cells, which will be 
described in detail in later 
lectures. 
 
Prokaryotes are the basis of two super kingdoms, the bacteria and the archaea. Bacteria are 
ubiquitous and metabolically diverse. They can be important in industry and agriculture, and are 
the cause of many diseases and infections. Cyanobacteria are the primary photogenic bacteria, and 
are significant producers of organic compounds. 
Bacteria are also used in food production industry, and are used to produce yoghurt, cheese, wine, 
vinegar, and many other foods. 
 
The archaea are more advanced than the bacteria, and are biochemically similar to the eukaryotes. 
They are typically extremophiles, and exist in conditions that most life would not be able to survive 
in. Some live around thermal vents at the bottom of the ocean, where the temperature reaches 
about 100oC. They can live in hypersaline lakes and extremely acidic environments. 
 

Structure and Function of Eukaryotic Cells 
 

Eukaryotic cells demonstrate 
division of labour. They contain a 
number of membrane-bound 
organelles, increasingly complex 
genetic instructions and have the 
ability to form multi-cellular 
organisms. All plants, animals and 
fungi are eukaryotic organisms. 
Like prokaryotes, eukaryotes also 
have a cell membrane, although 
lack the cell wall of prokaryotes. 
The following section will discuss 
and describe some of the major 
components of the eukaryotic 
cells. 
 
Nucleus 
The nucleus is a large membrane-bound organelle in the eukaryotic cell where the chromosomes 
are stored. Unlike prokaryotes, eukaryotic chromosomes are long and linear instead of circular. The 
DNA is also associated with histones, which are small proteins that help to condense DNA into 
chromosomes. Different organisms have different numbers of chromosomes. For example, humans 
have 46 chromosomes in 23 pairs, whereas some yeasts have over 100 chromosomes. Nuclear 



5 
 

pores create holes through these membranes by which information can get in and leave. The 
nucleus is a double membrane, meaning there are two layers to the membrane. The nucleus also 
contains the nucleolus, a dark-staining spot within the nucleus which is the site of ribosome 
production. 
 
Mitochondria 
This is often called the power plant of the cell, because it is the location in which energy is 
produced. The mitochondria is a double-membrane structure, with an outer membrane and a 
highly convoluted inner membrane. The mitochondria carry out biochemical reactions associated 
with aerobic respiration (covered in later lectures). Cells may contain many mitochondria, or may 
only have one. The more energetically active the cell, the more mitochondria it is likely to have. 
 
Chloroplasts 
These are the manufacturing units in plant cells. Similarly to the mitochondria, they have two 
layers of membranes, an outer layer and a highly 
convoluted inner layer arranged in continuous 
discs, or thylakoids. Photosynthetic pigments, 
mainly chlorophyll, are located within the 
thylakoids. A stack of thylakoids is a granum, while 
lamellae are thylakoids that connect to grana 
together. The matrix around these (the 
intermembrane space) is called the stroma. The 
chloroplasts are responsible for photosynthesis, which is the process of converting light energy into 
chemical energy that can be used by other cells lacking chloroplasts. Chloroplasts can vary 
between organisms, and the pigments used to trap light can also vary. 
 
The origin of organelles 
The nucleus is likely to have evolved from the endomembrane system. It is thought the inner 
membranes of the cell wrapped around the DNA and RNA, and nuclear pores developed to allow 
for the passage of RNA out of the nucleus and into the cytoplasm.  
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Mitochondria and chloroplasts are believed to be derived 
from prokaryotic cells by a process of endosymbiosis. They 
appear morphologically very similar to bacterial cells. The 
presence of the double membrane layer indicates an 
ancient eukaryotic cell wrapped around these bacteria and 
dragged them inside. Mitochondria and chloroplasts are 
also semi-autonomous, and even after 1.3 billion years of 
evolution, they still have their own DNA and RNA. They also 
contain their own ribosomes, which are similar in size to 
prokaryotic ribosomes. The metabolic processes in these 
organelles is also similar to that of the organisms from 
which they are thought to be derived (cyanobacteria for 
chloroplast, purple bacteria for mitochondria). Some 
mitochondria and chloroplasts even have cell walls 
between the outer and inner membranes, although not in 
any plant or animal cells. 
 
The mitochondria is likely to have become endosymbiotic 
first, as all eukaryotes have mitochondria. Chloroplasts 
were only incorporated into the plant and green algae 
lineages of eukaryotes. Since endosymbiosis, there are has 
been a gradual shift of genetic material from the organelles 
to the nucleus, so that now they retain only genes essential 
to their own function. 
 
Secondary endosymbiosis 
Described above is primary endosymbiosis. Secondary endosymbiosis occurs when a eukaryotic 
cell engulfs another eukaryotic cell containing a chloroplast, and obtains a chloroplast by that 
method. Although very uncommon, there are some examples, including the cryptomonad cells. 
Secondary endosymbionts have four membranes – the two original membranes of the chloroplast, 
plus the membrane from the primary endosymbiont and the membrane of the secondary 
endosymbiont. 
 
There are a number of other features of eukaryotic cells that distinguish them from prokaryotic 
cells. As previously explained, eukaryotes demonstrate a division of labour, whereby different 
components and parts of the cell carry out different functions and processes. This prevents mixing 
of components, and increases the efficiency at which a cell operates. It also allows for 
transportation of products of the cell to other components of the cell or to the cell exterior, and 
even to adjacent cells. The division of labour is characteristic of eukaryotic cells. This lecture will 
discuss the endomembrane system, which is a series of membranes derived from the cell 
membrane itself operating within the cell to provide distinct compartments. 
 
Ribosomes 
Like prokaryotes, eukaryotes also have ribosomes that are involved in the production of proteins. 
Eukaryotic ribosomes are larger than prokaryotic ribosomes, which is a distinguishing feature 
between the two. Ribosomes will be discussed in much greater detail when we talk about protein 
production. 
 
Endoplasmic reticulum 
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Often shortened down to ER. The ER is a network of folded membranes throughout the cytoplasm. 
The folds are called cisternae, and are throughout the cytoplasm, and create channels between 
the ER of a cell.  It is frequently associated with the nuclear envelope. The ER is the primary source 
of manufacturing in the cell. It is a dynamic structure, and continuously changes in structure and 
function depending on the tasks required. The ER contains a large number of proteins embedded 
in the membrane, which facilitate production of various compounds. The folded nature gives the 
ER a very large surface area, allowing for a great deal of production capacity. Ribosomes frequently 
attach to the ER on the cytosolic surface, making it rough endoplasmic reticulum. Rough ER is a site 
of protein production and modification. ER without ribosomes is call smooth endoplasmic 
reticulum and is a site of carbohydrate and lipid synthesis. The membranes that make up the ER 
and the rest of the intermembrane system are also phospholipid bilayer, which is very similar to 
the cell membrane. 
 
Golgi apparatus 
The Golgi is a series of flattened stacks of membranes (also called cisternae), kind of like a stack of 
pancakes. The stacks are separated slightly and are non-continuous with one another. The Golgi is 
a functional extension of the ER, and specialises in the collection, modification, packaging and 
distribution of molecules synthesised in the ER. Almost all polysaccharides (complex sugars) are 
produced in the Golgi, and this polysaccharide can be attached to either proteins or lipids as added 
modification. It can be thought of in a way like a mail centre, as the Golgi is involved in determining 
where molecules should be sent. The Golgi accepts transport vesicles (bags of membrane 
containing molecules) from the side facing the ER, and blebs off vesicles from the side facing the 
cell membrane. 
 
Lysosomes 
Lysosomes are small vesicles within the cell that contain hydrolytic enzymes and toxic peroxide, 
used to break down and destroy engulfed materials. It can be thought of in a similar way to the 
digestive system of the cell. Lysosomes break down old or damaged mitochondria too. Hydrolytic 
enzymes are kept within lysosomes to prevent unwanted destruction of other cell components.   
 
Cytoskeleton 

The cytoskeleton is make of 
filamentous proteins, and is 
not part of a membrane 
system. The cytoskeleton 
acts as a form of scaffolding 
and provides the cell with 
shape and structure, and 

holds the internal components of the cell in place. The cytoskeleton acts like a road network as 
well, and allows for vesicles and other organelles to move along he scaffold of the cell. It is also 
involved in certain cell movements, and plays a critical role in eukaryote cell division. There are a 
number of components to the cell cytoskeleton, and various proteins play a role. Microtubules are 
made up of the protein tubulin, and forms stiff structures that do not branch or contract. It forms a 
cylindrical structure around 25nm across. They can be associated with proteins that move along 
the microtubules, such a dynein, and can be bent by these proteins to result in movement. The 
flagella moves by this process as well. Actin is a similar microfilament, but is much thinner than the 
microtubules. Actin filaments have polarity, and only grow from one end. This can be used by the 
cell to push the membrane out and more along a surface. Actin network immediately below the 
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cell membrane. Similarly, actin can also be associated with motor proteins, usually myosin, which 
can allow for movement. A major component of muscle cells is actin (discussed in later lectures). 
The intermediate filaments are composed of proteins about 10nm in diameter, and are largely 
structural components that give the cell shape and allow anchor points to other cells or external 
proteins. 
 
Animal vs Plant cells 
There are some fundamental differences between plant and animal cells. We have already 
discussed that plants contain a chloroplast, while animal cells do not. Plant cells also have a cell 
wall outside that is made of a polysaccharide called cellulose (very different to the bacterial cell 
wall). Plant cells also contain a large central vacuole, which is basically a pool of water. The vacuole 
is membrane-bound, and again, is part of the intermembrane system of plant cells. The membrane 
around the vacuole is called the tonoplast. This vacuole is responsible for maintaining cell volume 
and overall 
structure of the 
plant. If the 
vacuole is full, the 
cell membrane 
pushes out to the 
cell wall and the 
plant stands 
upright. If the 
vacuole is 
somewhat empty, 
the cell membrane 
is somewhat 
shrunken and the 
plant wilts. The 
vacuole also plays a role in maintaining water balance of the cell (osmotic equilibrium), nutrient 
storage and waste disposal. 
 

Cell division, mitosis and meiosis 
 

The cell theory holds that all cells have arisen from other cells. In order to achieve this, cells are 
capable of dividing and forming new cells. This is the primary mechanism though which 
multicellular organisms are able to grow. 
 
Bacterial division 
We discussed previously that bacterial division is a simple process. It is termed binary fission, 
which basically means the cell splits into two. Bacterial division happens in a few short steps: 

1. DNA replication, so that there are now two identical circular chromosomes with separate 
attachment points. 

2. A protein called ftsZ (filament temperature sensitive) forms a ring in the middle of the cell, 
between the attachment points of the two chromosomes, and pulls the membrane in. 

3. The membrane and cell wall pinch off, leaving two separate, new cells. 
 
Eukaryotic chromosomes 



9 
 

Eukaryotes have multiple linear 
chromosomes, so division is more 
complicated in these cells. The 
chromosomes are made up of DNA 
which is tightly wound around 
histone proteins to give chromatin. 
Normally, the chromatin is quite 
loose, and DNA is jumbled at 
random. When it is time for division, 
chromosomes condense to form 
discrete structures. Eukaryotic 
chromosomes have two ‘arms’ 
(chromatids), which are located 
either side of a centromere, which is 
the central, narrowed section of the 
chromosome. The kinetochore is 
also located at the centromere, and this is the region where microtubules bind during division. 
They also have telomeres at the ends, which act kind of like a cap on a shoelace. Most eukaryotes 
are diploid, meaning each chromosome has a pair – one from each parent. Every chromosome has 
a homologue, so that there are two Chromosome 1s, two Chromosome 2s etc. Duplicated 
chromosomes have an X structure, and are joined at the centromere. 
 
The Cell Cycle 
Eukaryotic cells have a highly regulated cycle of division and growth. There are a number of ‘check 
points’ between the different aspects of the cycle that act to ensure all the necessary components 
have been produced. Cells spend most of their time in G1, which is the first growth phase. In this 
phase, the cell is carrying out its normal functions. When signalled, it enters the S phase, where it 
synthesises and replicates DNA. When that is complete, the cell then enters the G2 phase, where it 
continues to grow and prepares for division. From G2, the cell enters mitosis, the division stage. 
The G1, S and G2 phases are collectively termed interphase. 
 
Mitosis 
Mitosis is the division stage of a eukaryotic cell. It is operated in a series of steps and phases, and 
ultimately results in cytokinesis and cell division. The phases are prophase, metaphase, anaphase, 
telophase and cytokinesis. The acronym IPMATC (which includes interphase) can be useful for 
remembering the order of these steps. 
 
Prophase 
This is the first phase of mitosis. In this phase, chromosomes 
condense from long strands of DNA and histones into discrete 
structures. The centrosome, which a microtubule centre outside the 
nucleus also replicates, and one moves so there is one on each side of the 
nucleus. 
 
Metaphase 
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Metaphase is really two phases – prometaphase and metaphase. In prometaphase, the nuclear 
envelope breaks down and forms vesicles of nuclear membrane. 
The centrosomes make microtubules which reach out and attach 
to the kinetochore of each chromosome, so that each duplicated 
chromosome is attached to a different pole. Some microtubules 
also make contact with other microtubules coming from the 
opposite pole. When all duplicated chromosomes are attached to 
both poles, the cell enters metaphase. At this point, the 
chromosomes line up along an imaginary line (the metaphase 
plate) and prepare for division. The cell will not progress unless 
the chromosomes are lined up correctly. 
 
Anaphase 
This is the point of chromosomal division. The spindle fibres pull 
back, and in doing so, pull the sister chromatids apart. The new 
daughter chromatids are pulled back towards the centrioles. The 
microtubules that are attached to other microtubules push on 
each other so that the poles also move away from one another. 
 
Telophase and Cytokinesis 
These two phases occur simultaneously. In telophase, the 
microtubules break down and the nuclear membrane reforms from 
the vesicles. The newly reformed nucleus contains all the 
chromosomes, which decondense once again. In cytokinesis, the cell 
divides into two, in a very similar manner to prokaryotes. The cell 
then re-enters the G1 phase and the cycle begins again. In plant 
cells, cytokinesis involves the production of a new cell wall (the 
phragmoplast) along the metaphase plate following telophase. 
 
*note: You will be asked on an exam to identify the mitotic stage that a cell is in – be sure you 
know how the chromosomes and the nucleus looks at each stage 
 
All somatic cells are produced by this manner. Somatic cells are the bodily cells that form all tissues 
and organs. However, gametes, the sperm and egg cells used in reproduction require a few extra 
steps. Remember that animals and plants are diploid, and have one homologous chromosome 
from each parent. Sperm and egg cells must be haploid, meaning there is only one of each 
chromosome. They go through a process of meiosis which enables these cells to halve the number 
of chromosomes. There are some distinct differences between mitosis and meiosis. 

1. Mitosis produces two identical cells, whereas meiosis produces four cells 
2. Mitosis results in a 2n (diploid) cell, whereas meiosis results in n (haploid) cells 
3. Meiosis is essentially two rounds of mitosis which a point in which chromosome number 

halves. These two rounds are separated into meiosis I and meiosis II. 
 
Meiosis I begins at the same point as mitosis, following the replication of the DNA is the nucleus. 
 
Prophase I 
The chromosomes condense into discrete bodies, but this time, homologous chromosomes (i.e., 
both Chromosome 1s, both Chromosome 2s, etc) pair up. During this pairing up stage, they swap 
some sections of the chromosomes, so that the paternal chromosome carries some maternal DNA 


