
chapter  07

After working through this chapter you should be able to:
• describe the cell theory and the evidence that supports it
• list the common properties of cells
• distinguish between prokaryote and eukaryote cells
• identify and describe the role of each cell organelle
• name where in cells different types of organic molecules are found
• list the characteristics of cells from different kingdoms
• state the value and limitations of different microscopic techniques, including light, electron 

and synchrotron microscopy.

ChapterChapter 

The structure of cellsThe structure of cells

Key knowledge from the VCE Study DesignKey knowledge from the VCE Study Design
The parts of the key knowledge statement covered in this chapter are:
• cell structure: 
 – prokaryotic and eukaryotic cells at light and electron microscope levels; 
 – cellular organisation;
• cell functioning: 
 – specialised parts of cells and their functions

(also covers the cell theory)
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 2.1 2.1  The cell theoryThe cell theory
Early biologists believed that organisms such as worms, beetles and frogs 
could arise spontaneously in mud or water, and that maggots arose from 
rotting meat. This theory is known as the ‘theory of spontaneous generation’. 
In the 17th century, Italian scientist Francesco Redi proved experimentally 
that maggots appeared only in meat on which fl ies had laid their eggs. In 
the 19th century, Louis Pasteur showed that microorganisms arose only 
from other microorganisms, fi nally disproving the theory of spontaneous 
generation. Pasteur’s work was the foundation for the development of the 
‘cell theory’. At the time it was particularly important because it provided the 
scientifi c basis for the ‘germ theory of infection’ and led to the revolutionary 
development of antiseptic procedures in medicine.

Our understanding that organisms are made of cells only became possible after the invention 
of the microscope around the turn of the 16th century. In 1590, Hans and Zacharias Janssen 
placed two convex lenses in a tube, thus making the fi rst compound microscope.

Cells were fi rst described as such by Englishman Robert Hooke in his book Micrographia, 
published in 1665. He made a thin slice of cork from the bark of a tree and examined it 
under a microscope that he had made himself. He found that it was made up of hundreds 
of little ‘empty boxes’, giving it a honeycomb appearance. He called the boxes ‘cells’. Of 
course, he was actually looking at empty dead cells. When he later looked at fresh plant 
tissue, the cells appeared to contain water. A few years later, Marcello Malpighi produced 
more detailed descriptions of plant cells. 

In 1676, Dutchman Anton van Leeuwenhoek observed and described many living cells 
under the microscope, including bacteria, blood cells and also sperm, which he called 
‘animalcules’. He was the fi rst to describe the reproduction of unicellular organisms. 

Early microscopes were good enough to show plant cell walls, but not the fi ner details 
of animal cells. But because the boundaries of animal cells could not be seen, the idea that 
all organisms were composed of cells was not seriously contemplated. Nor was there any 
real understanding of the true nature of cells. It was not until 1781 that the nucleus of an 
animal cell was fi rst described. Fifty years later, Scottish botanist Robert Brown reported 
nuclei in plant cells.

Early in the 19th century, Frenchman Jean Lamarck stated that all living things are 
a mass of cells, in and out of which complex solutions move. French physiologist René 
Dutrochet summed up the state of knowledge at the time, stating that ‘plants are composed 
entirely of cells, or of organs that are obviously derived from cells ... the same is true for 
animals’. But this statement went unheeded.

Thirty years later, largely as a result of the work of two Germans, Matthias Schleiden 
(on plant tissues) and Theodor Schwann (on animal tissues), the fundamental principle that 
entire organisms were composed of highly organised aggregates of cells became broadly 
accepted.

There was still much to learn about cells. Schleiden and Schwann thought that cells 
either arose spontaneously from body fl uids or else the nucleus was the embryo of a new 
cell. It was not until the latter half of the 19th century that the German Rudolph Virchow 
proposed his concept of ‘biogenesis’. He showed that cells arose by a single cell dividing 
in two and that the nucleus divided at the same time. The second fundamental principle 
became established—that all cells come from pre-existing cells. 

Further advances in our understanding of the internal structure of cells were not possible 
until the invention of the electron microscope in the 20th century.

Biology in action      History of the cell theory

Figure 2.1 
With this high-quality microscope, made 
by Keyzor & Bendon of London in the 
mid 19th century, the nucleus of plant 
cells could be seen.
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Cells are the basic functional unit of living organisms. The realisation 
in the 19th century that cells arise only from other cells founded the 
development of what is now known as the cell theory. This theory is based on 
detailed microscopic and biochemical observations of all types of organisms. 
It states that:
• all organisms are composed of cells (and the products of cells)
• all cells come from pre-existing cells
• the cell is the smallest living organisational unit.

• Cells are the functional units of organisms.
• The cell theory is based on detailed microscopic and 

biochemical observations of all types of organisms.

• The cell theory states that:
– all organisms are composed of cells (and the products 

of cells)
– all cells come from pre-existing cells
– the cell is the smallest living organisational unit.

1 What is a cell?
2 List the three components of the cell theory.

3 Before the cell theory, what alternative theory existed? 
Who disproved this earlier theory?

2.1 Summary      The cell theory

Key questions    

 2.2 2.2  Properties of cellsProperties of cells
There is really no such thing as a typical cell. Cells are specialised for many 
different purposes, and their structures and other properties refl ect those 
purposes. However, there are some common features that are shared by all 
or most cells. 
• All cells have an outer plasma membrane (also called the cell membrane), 

which separates its contents from the environment. 
• Cells also all contain a jelly-like cytoplasm. The cytoplasm is more than 

90% water and contains ions, salts, enzymes and food molecules, and the 
nucleus and organelles. Cytosol is the fl uid component of the cytoplasm.

• All cells contain genetic material in the form of DNA, which carries 
hereditary information, directs the cell’s activities, and is passed accurately 
from generation to generation.

• Many cells have extensions called fl agella (whip-like processes) or cilia 
(small hair-like structures) that are used for movement (Figure 2.2). 
Close examination of cells in organisms shows that there are two 

fundamentally distinct types of cell, and organisms are classifi ed into two 
groups according the type of cell they have. Prokaryotes (‘pro’ meaning 
primitive and ‘karyon’ meaning nucleus) have cells with a ‘primitive’ nucleus 
and lack membrane-bound organelles.  Eukaryotes (from ‘eu’ meaning true) 
have cells that are usually much larger and more complex than prokaryote 
cells. They have a membrane-bound nucleus, and their cytoplasm includes 
specialised membrane-bound structures called organelles. Many of their 
cellular processes take place within these membrane-bound subcellular 
compartments.

Figure 2.2 
False-colour microphotograph of clumps of 
cilia (red) on cells lining the human trachea, 
which help move mucus-bound particles 
towards the mouth.

Cilia and fl agella have many roles. The protist 
(single-celled organism) that causes ‘sleeping 
sickness’ moves by whipping its fl agellum. 
Cells lining your respiratory airways have cilia, 
which beat in a coordinated manner to move 
dust particles trapped in mucus away from 
your lungs and up towards your mouth.

biofi le
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Cells vary greatly in size (Figure 2.3b). The yolk of a bird’s egg is a eukaryote 
cell that, in some species, can be many centimetres in diameter. Paramecium, 
a single-celled eukaryote, is about 150 µm long. Typical human cells are 
8–25 µm long, but some can be over a metre long. Bacteria are usually 
around 0.1–1.5 µm long, the same size as larger eukaryotic organelles such as 
mitochondria. The plasma membrane is about 0.1 µm thick and ribosomes 
are about 30 nm (0.03 µm).

In the mid 1990s a large organism was found in the gut of the sturgeon 
fi sh from the Great Barrier Reef (Figure 2.3a). At 600 µm long and 80 µm 
wide it was easily visible to the naked eye. Further examination showed that 
it to be a very large prokaryote—a bacterium, in fact.

Although the presence of a membrane-
bound nucleus is characteristic of eukaryote 
cells, some cells lose their nucleus during 
development and continue to function. Mature 
cells in humans that do not have a nucleus 
include red blood cells and the cells of the lens 
and cornea of the eye.

biofi le

100 μm
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plant cell human cheek cell human red blood cell bacterium

Figure 2.3b
The sizes of some typical cells.

Figure 2.3a
The Epulopiscium bacterium from the gut 
of the surgeon fi sh is the longest bacterium 
known, reaching up to 0.7 mm in length. 
Arrows indicate the two nucleoids.

 2.3 2.3  Cells in different kinds 
of organismsof organisms

While organisms are grouped into the fi ve kingdoms on the basis of the 
properties of their cells (see Table 2.1 on page 26 and Chapter 12), they are 
composed of two main types of cells—prokaryotes and eukaryotes.

Figure 2.4 
These representative diagrams of bacterial, 
protistan, fungal, plant and animal cells show 
the organelles that are visible using the 
electron microscope.
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Prokaryotes
Prokaryote organisms are classifi ed in the kingdom Monera. They are 
unicellular or simple multicellular organisms and include the bacteria and 
cyanobacteria (photosynthetic bacteria once called ‘blue-green algae’). 
Prokaryotic cells are small and lack membrane-bound organelles (Figure 2.4). 
Because they are small they have a large surface area relative to their volume, 
so they can take in and release materials effi ciently and rapidly, and replicate 
quickly.

Prokaryote cells contain a single, circular DNA chromosome. The plasma 
membrane is surrounded by an outer cell wall of protein and complex 
carbohydrate (murein). The composition of this cell wall is very different 
from the cell walls of plants (which are largely cellulose) and the cells walls 
of fungi (which contain chitin, a polysaccharide).

Many cells have fl agella or cilia, which are used to provide movement, 
either of the cell itself or of the medium surrounding the cell. Flagella are 
found in prokaryotic cells. Bacterial fl agella are composed of three protein 
fi brils that are coiled in a helical pattern and which usually protrude through 
the plasma membrane (Figure 2.5). 

When viewed under the electron microscope, the interior of a prokaryotic 
cell has no obvious structural organisation (Figure 2.6). The cytoplasm 
contains scattered tiny ribosomes involved in the synthesis of proteins. The 
genetic material is a circular molecule of DNA found in an irregularly shaped 
region called the nucleoid, and is attached to the plasma membrane by a 
region of the chromosome called the origin. In addition to chromosomal 
DNA, many prokaryotes also contain small rings of double stranded DNA 
called plasmids. 

Figure 2.5 
Bacterial fl agella are composed of three 
protein fi brils coiled in a helical pattern.

Cell wall  Cellulose wall outside the plasma 
membrane of plant cells.

Figure 2.6 
This electron micrograph of a cell of the bacterium Escherichia coli shows the cell wall (CW), cell 
membrane (CM), cytoplasm (C) containing tiny dark-staining ribosomes, and paler, central nucleoid 
region (N) containing DNA.

N

C

CW

CM
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Eukaryotes
Non-prokaryotic organisms—protists, fungi, plants and animals—are com-
posed of eukaryotic cells (Figure 2.7). In eukaryotic cells the DNA is located 
within the nucleus, in the form of linear (thread-like) chromosomes. The 
cytoplasm contains many different organelles. Eukaryotic fl agella and cilia 
have a ‘9 + 2’ arrangement of microtubules enclosed by an extension of the 
plasma membrane (see Figure 2.13, page 27).

Organelles in eukaryote cells
Organelles are subcellular structures involved in specifi c functions of the 
cell (Figure 2.10, page 25). Many organelles are found in most cells. Here 
we have included a brief account of different organelles; their functions are 
described in more detail in Chapter 3.

Another important cellular structure is the cell wall. As found in plant 
cells, it is a non-living, cellulose structure outside the plasma membrane. 
It provides support, prevents expansion of the cell, and allows water and 
dissolved substances to pass freely through it. Lignin is present in the cell 
walls of the xylem of woody plants to give them further support.

Protists

Most protists are single-celled, but some form colonies of cells and some, such 
as seaweeds, are multicellular (Figure 2.8). Protists form the most diverse of 
the fi ve kingdoms. They include fungus-like moulds (slime moulds, downy 
mildew), plant-like organisms (red, green and brown algae, dinofl agellates 
and diatoms), and animal-like protozoans (fl agellates, ciliates, amoebas and 
sporozoites). However, protists lack the specialised features usually found in 
fungal, animal and plant cells (Table 2.1, page 26).

Fungi

Some fungi (such as yeasts) are unicellular, but most are made of thread-
like fi laments called hyphae (Figure 2.9). Mushrooms and puffballs, the 
fruiting bodies of some fungi, are made from tightly packed hyphae. Fungal 
cells have a cell wall composed of chitin, a substance that also occurs in the 
exoskeletons of arthropods and is resistant to chemical breakdown. Fungi 
are heterotrophs—they must obtain organic molecules by digesting other 
organisms or their products. Fungi release digestive enzymes, absorb partly 
digested organic food and store carbohydrate as glycogen, as do animals. 
Fungal cells do not have cilia or fl agella (Table 2.1), and fungi cannot 
move about.

Figure 2.7 
The components of a eukaryotic cell.

Figure 2.9
Microphotograph of fungal hyphae.

Figure 2.8
Algae such as sea lettuce (Ulva ) were once 
classifi ed with plants, but their cellular 
structure tells us they are protists.

Heterotroph  Organism that must obtain 
organic compounds by eating other organisms 
or their products.
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Organelles

Centrioles: a pair of small cylindrical structures composed of microtubules. 
They are involved in the separation of chromosomes during cell division in 
animal cells and protists. They are not found in plant cells.
Chloroplast: found in some plant cells; a green organelle (due to the presence 
of chlorophyll) in which photosynthesis takes place. It is composed of many 
folded layers of membrane.
Cytoplasm: the contents of a cell, other than the nucleus. It is more than 90% 
water and contains ions, salts, enzymes, food molecules and organelles other 
than the nucleus.
Cytosol: the fl uid component of cytoplasm, in which organelles are located.
Endoplasmic reticulum: a network of intracellular membranes that links 
with the plasma membrane and other membranous organelles. Endoplasmic 
reticulum may be rough (associated with ribosomes) or smooth (lacking 
ribosomes). It is involved with the production, processing, transport and storage 
of materials within the cell.
Golgi apparatus: a stack of fl at membrane sacs where the fi nal synthesis and 
packaging of proteins into membrane-bound vesicles occurs before they are 
secreted from the cell. It is linked to the endoplasmic reticulum.

Lysosomes: membrane-bound vesicles containing powerful enzymes that break 
down debris and foreign material; present in most animal cells.
Mitochondria: organelles composed of many folded layers of membrane. 
Mitochondria are involved in the energy transformations that release energy for 
use by the cell.

Nucleus: a large organelle that is surrounded by a double-layered nuclear 
membrane, containing pores that communicate with the cytoplasm. It stains 
differently from cytoplasm and often looks darker in prepared slides. The 
nucleus contains genetic material (linear chromosomes composed of DNA and 
proteins) and controls cellular activities.
Plasma membrane: (also called the cell membrane, cytoplasmic membrane 
or plasmalemma) a delicate bilayer of phospholipid molecules enclosing the 
cytoplasm in all cells. It controls the movement of substances into and out of the 
cell and is responsible for recognition, adhesion and chemical communication 
between cells.
Plastids: a group of organelles, found only in plant cells, which develop from 
simple organelles called proplasts. Plastids include chloroplasts, amyloplasts 
(which store starch) and chromoplasts (which contain colour pigments). 
Ribosomes: tiny organelles located in the cytosol, sometimes associated with 
endoplasmic reticulum. They are sites of production of proteins.
Tonoplast: the vacuole membrane in plant cells; regulates the movement of 
substances into and out of the vacuole.
Vacuole: a membrane-bound, liquid-fi lled space found in most cells in variable 
numbers. Plant cells typically have large fl uid-fi lled vacuoles, containing cell 
sap, that provide physical support through turgidity and storage. In other cells, 
vacuoles may be involved in intracellular digestion (food vacuoles) or water 
balance (contractile vacuoles).
Vesicles: membrane-bound organelles often associated with transport in cell.

Plant cell Animal cell

ribosomes

nucleus

cell membrane

cytoplasm

cell wall

vacuole

nucleus

chloroplast

cytoplasm

mitochondria

Golgi apparatus

vesicles

Figure 2.10
Features of plant and animal cells.
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Animals

Animals are multicellular organisms that are typically highly mobile and, 
like fungi, are heterotrophic, so their nutrition involves the digestion and 
absorption of organic food. Animal cells have typical eukayotic organelles 
(Table 2.2), but they do not have a cell wall.

Plants

Plants are multicellular, stationary autotrophic organisms; they manufacture 
their own organic materials from inorganic materials using light energy. 
Plant cells typically have, in addition to the features seen in animal cells, an 
outer cell wall composed largely of cellulose (Table 2.1). 

Autotroph  Organism that can make its own 
organic molecules—including glucose—from 
inorganic molecules; includes photosynthetic 
and chemosynthetic organisms.

Heterotroph  Organism that must obtain 
organic compounds by eating other organisms 
or their products.

Table 2.1 Characteristics of cells in the fi ve kingdoms.
Monera Protista Fungi Plantae Animalia

Cell type prokaryote eukaryote eukaryote eukaryote eukaryote

Plasma membrane present present present present present

Nuclear membrane absent present present present present

Chromosomes (DNA) one, circular more than one, linear more than one, 
linear

more than one, 
linear

more than one, 
linear

Endoplasmic reticulum/
Golgi apparatus 

absent present present present present

Chloroplasts absent present in many 
species

absent present in some 
cells of all 
species

absent

Mitochondria absent usually present present present present

Ribosomes present present present present present

Centrioles absent present in some absent in most absent present

Vacuoles absent present present usually large small or absent

Cell wall non-cellulose 
(e.g. murein)

various non-cellulose 
(chitin)

cellulose absent

Cilia/fl agella present in some 
species (3 fi bres)

present in some 
species (9 + 2 tubules)

absent present in some 
cells (9 + 2 
tubules)

present in some 
cells (9 + 2 
tubules)

They usually have large, fl uid-fi lled vacuoles, and some have chloroplasts 
in which photosynthesis takes place. Chloroplasts are one of a group of 
plant cell organelles called plastids, which develop from simple organelles 
called proplasts. Proplasts also give rise to amyloplasts, which store starch 
in roots or storage tissue (such as in potato tubers) and may be involved 
in geotropism (see page 262), and chromoplasts, which contain colour 
pigments and are found in petals and fruit.

Cell movement
The contents of cells are constantly moving. Some cells move about by 
changing their shape; others use cilia or fl agella for motility. Muscle cells 
can produce movement rapidly by changing their length. Dividing animal 
cells constrict across the centre and pinch apart. Within cells, vesicles are 
moved from the Golgi apparatus to the plasma membrane for secretion 
from the cell. Each of these activities involves the action of microfi laments 
or microtubules.
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Microfi laments are extremely long, thin protein polymers—for example, 
the highly organised actin and myosin fi laments of striated muscle cells, 
which under certain conditions ‘climb’ along each other and cause shortening 
of the cell (contraction). Microtubules are thicker than microfi laments and 
are hollow. Vesicles packed with hormones, neurotransmitters or enzymes, 
move along microtubule ‘railway tracks’ to the exterior of the cell.

Filaments with diameters intermediate between microfi laments and 
microtubules are responsible for providing a supporting framework or 
cytoskeleton within cells (Figure 2.12). They provide attachments for 
various organelles and add strength to cellular extensions such as nerve 
processes (axons).

Some eukaryotic cells have a highly organised ‘9 + 2’ array of microtubules 
anchored close to the cell surface and projecting outwards, forming the 
moving components of cilia and fl agella (Figure 2.13). Cilia and fl agella are 
not found in plant cells.

Both mitochondria and chloroplasts have their own DNA, and they 
produce their own membranes and ribosomes, and some of their 
proteins. Their DNA and ribosomes are more similar to prokaryotic 
DNA and ribosomes than to those of the eukaryotic cells in which 
they are found. Division of mitochondria and chloroplasts occurs as 
cytoplasm increases and is not linked to cell division.

These observations have led to an intriguing theory, now widely 
accepted, about the evolution of modern eukaryotic cells. This theory 
proposes that, about 1.5 billion years ago, an aerobic bacterium was 
engulfed by a simple predatory cell with a membrane-bound nucleus, 
and the bacterium lived symbiotically within its host (Figure 2.11). 
(Symbiosis is a close association between two different organisms 
that benefi ts at least one of them.) This ‘guest’ bacterium became the 
forerunner of mitochondria, and the predatory cell became the fi rst 
eukaryotic cell, which eventually gave rise to protists, fungi, plants 
and animals.

Some time later, another engulfment took place, but this time it 
was of a photosynthetic bacterium, which became the forerunner of 

chloroplasts. This second event led to the evolution of green plants. 
Recent studies show that there is a double membrane envelope around 
the chloroplasts of brown algae, suggesting that a third engulfment 
(probably of an ancestral red sea weed) may have taken place.

According to this theory, green and red algae, and all higher 
plants, resulted from a two-step engulfment, whereas brown algae 
resulted from a three-step engulfment.

Cells within cells, within cellsextensionextension

Figure 2.11
The endosymbiotic theory of evolution of prokaryotic cells suggests that primitive 
cells engulfed different forms of bacteria, resulting in more complex cells.

How does engulfment of bacteria by cells explain the evolution of both mitochondria and chloroplasts?

Question    

Figure 2.13 
Eukaryotic fl agella have a ‘9 + 2’ 
arrangement of microtubules enclosed by the 
plasma membrane.

Figure 2.12
Special staining reveals the network 
of microtubules that form part of the 
cytoskeleton of an epithelial cell of a newt. 
The darker oval region is the nucleus, and 
the region where microtubules can be seen 
converging is called the centromere.
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Animal cells each contain a pair of centrioles, located in a centrosome. 
Centrioles are small cylindrical structures composed of a ‘9 + 0’ array of 
microtubules (Figure 2.14). They are usually found near the nucleus and are 
involved with the production of microtubules. They duplicate just before cell 
division, move to opposite sides of the nucleus and generate spindle fi bres 
(microtubules). The spindle fi bres attach to the replicated chromosomes 
and pull them apart during the formation of the new daughter cells (see 
page 76). Some fungi and protists have centrioles, but plant cells do not. 

Viruses are subcellular genetic parasites. They are not classifi ed as living organisms 
and they are not cells. They are, however, capable of organising their replication 
and can direct the construction of a surrounding protein coat. They are completely parasitic 
and multiply within host cells using the host cells’ materials and processes, often killing the 
cells in the process. 

Viruses reproduce only inside the cells of a host organism, and infect bacteria, protists, 
fungi, plants and animals. They probably are as old as cellular life itself, but they may have 
evolved a number of times. Common examples are those that cause the common cold, 
infl uenza, AIDS, mumps, measles, rabies and smallpox in humans, and myxomatosis in 
rabbits. Polyviruses infect many plants, including potatoes. The viruses that infect bacteria 
are called bacteriophages (meaning ‘bacteria eaters’) (Figures 2.15a and b).

A single virus particle (virion) is composed of genetic material (DNA or RNA) enclosed 
in a protein coat known as a capsid. Viruses do not have cytoplasm, membranes or 
any organelles. Some viruses have additional outer layers of protein, and may become 
wrapped in host plasma membrane as they bud out of their host cell. The genetic 
material of viruses may be double-stranded DNA (as in cellular organisms), or it may 
be single-stranded DNA, or double-stranded or single-stranded RNA (ribonucleic acid). 
Viruses produce new virions by taking over the metabolic pathways of the host cell.

Prions are even more unusual. They are proteinaceous infectious particles. Like viruses 
they are able to replicate themselves in cells, but they are composed of protein only. They 
are associated with diseases such as Creutzfeldt-Jacob disease and kuru in humans, mad 
cow disease, and scrapie in sheep. 

Viruses and prions: infectious agentsextensionextension

What is the difference between 
a a virus and a cell?
b a virus and a prion?

Figure 2.14 
An electron micrograph of a pair of centrioles (C) within a centrosome shows that they have a ‘9 + 0’ 
array of microtubules, similar to that found in fl agella.

Question

Figure 2.15 a
Electron micrograph of a T

2
 bacteriophage.

Figure 2.15b
A diagram of the same bacteriophage. T

2
 is a virus that infects bacterial cells, using bacterial 

mechanisms to replicate itself. A complete cycle of infection takes about 25 minutes, after which about 
100 new virions are released from the cell.

C
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 2.4 2.4  Investigating cellsInvestigating cells
Microscopical techniques, including light and electron microscopy, and 
autoradiography, have greatly advanced our understanding of the structure 
and function of cells (Figure 2.16). Now the new technique of confocal 
light microscopy and the special nature of synchrotron light are extending 
our ability to understand the normal and abnormal structure and function 
of cells.

Light microscopy
Light microscopic techniques include traditional histology, autoradiography, 
fl uorescence and confocal microscopy. Each of these uses visible light 
(electromagnetic radiation in the visible range) to examine cells and tissues.  

The preparation of tissue for microscopy involves several steps that 
are the same, in principle, for both light and electron microscopy. First, 
the tissue is ‘fi xed’; that is, the various parts of a cell are chemically 
‘immobilised’ so that the structure of the cell remains as life-like as possible. 

• Common features of cells include the plasma membrane, 
cytoplasm, and genetic material in the form of DNA.

• There are two fundamentally different types of cells—
prokaryotes and eukaryotes.

• Prokaryotes include bacteria and cyanobacteria of the kingdom 
Monera. They are small, with simple structure and lack 
membrane-bound organelles.

• Eukaryote cells have a membrane-bound nucleus and many 
organelles including mitochondria, endoplasmic reticulum, 
Golgi apparatus, lysosomes and vacuoles. Plant cells, and some 
protists, also have chloroplasts and other plastids and cell walls.

• Cells in the fi ve kingdoms—Monera, Protista, Fungi, Plantae 
and Animalia—have characteristic cellular components.

4 Cells can be divided into two main groups. Name these groups 
and list the features that distinguish them.

5 Name some features that all cells have in common.
6 How is the cell wall in fungi different to the cell wall in plants?
7 Name the kingdoms comprising organisms with eukaryotic cells. 

Give an example of each kingdom, and explain how you would 
distinguish each kingdom.

8 A scientist made the following observations of a cell: it 
photosynthesised; it had a plasma membrane within a cell wall; 
it had no nucleus. What kingdom would this cell belong to? 
Explain your answer.

2.2 and 2.3 Summary      Properties of cells and Cells in different kinds of organisms

Key questions    
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Figure 2.16 
A comparison of the ranges of the light and 
electron microscopes.(Note that the scale is 
logarithmic.)

Figure 2.17 
Different stains on the same cells indicate the presence of various chemicals: (a) haemotoxylin and 
eosin (H&E) stain, and (b) Alcian blue van Gieson stain on the same stomach tissue.

a b

HeinBio1_4ed_Enh_Ch02.indd   29HeinBio1_4ed_Enh_Ch02.indd   29 20/10/11   8:30 AM20/10/11   8:30 AM

Sam
ple

 pa
ge

s



Cells in action
30

The chemicals used react with cell components so that they move as little 
as possible during later procedures and do not decay. Next the tissue needs 
to be sliced into sections that are thin enough to allow light to pass through 
the cytoplasm and highlight individual organelles. If sections are viewed in 
this state, little can be seen because there is little contrast between different 
parts of the cell. To make different parts of the cell visible, it is necessary 
to use stains that react chemically with particular molecules of a cell. In 
light microscopy, different stains are used to highlight particular cellular 
organelles, producing coloured images (Figure 2.17, page 29).

Modern light and electron microscopes, together with new methods of preparing tissue 
for examination, enable cells to be magnifi ed thousands of times while retaining superfi ne 
resolution of detail.  Selective staining procedures allow us to identify particular substances 
within cells (Figure 2.18a). These advances in microscopy have, in turn, led to great 
advances in pathology, a fi eld of diagnostic medicine that involves the study of cellular 
structure in health and disease. Disease often leads to changes in cellular features, but not 
in all cells. One type of change might not be signifi cant, but when several changes occur in 
an identifi able pattern then diagnosis of a particular disease is possible.

Diagnostic features may include the presence of particular types of cells at sites of 
infection, haemorrhage or necrosis (dying tissue). For example, at the site of a recent 
bacterial infection there is an abundance of fl uid and a particular type of white blood cell 
(neutrophil), but if the bacterial infection is old then other white blood cells (lymphocytes 
and macrophages) will be abundant.

Diagnosis also involves the identifi cation of characteristic abnormal structure. In 
general, normal cells and their nuclei have a rounded appearance, without sharp angles or 
distortion. Cellular structures are also usually uniform in their appearance, and particular 
features, such as the shape and number of nucleoli (page 25), are highly predictable in 
cells of a particular type.

In identifying the presence of an invasive cancer (an unrestrained growth of cells with 
a tendency to invade other tissues and to endanger life), there are three general features 
of diagnostic value: sharp angles on otherwise normally rounded structures (nucleus and 
nucleolus), irregularities in otherwise uniform features (nuclear contents), and extreme 
differences in some features (nuclear size, amount of cytoplasm) (Figure 2.18b). The 
presence of abnormal mitotic cells can also indicate cancer, which is characterised by 
cells that replicate in an uncontrolled manner. Once the presence of cancer has been 
identifi ed, the type of cancer is determined by examining the features of the cytoplasm 
of cells.

Biology in action      Pathology: diagnosing disease

Figure 2.18b
Malignant connective tisue from a human. The malignant cells are larger, 
have abnormal shapes, and have larger nuclei that stain unevenly.

Figure 2.18a
Normal human connective tissue cells.
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Autoradiography

In autoradiography the tissue is fi rst ‘stained’ with a radioactively labelled 
substance that is taken up into active cells. How a labelled substance is 
incorporated into cell components depends on its nature; for example, 
amino acids will be incorporated into proteins being synthesised. The tissue 
is then fi xed, embedded and sectioned. The labelled substance is visualised 
by placing sections against very high resolution photographic fi lm. The 
radioactive label emits beta particles which produce a grain of silver on the 
photographic fi lm. This is seen as a black dot when the fi lm is developed. 
The tissue sections are then stained for normal light or electron microscopy 
to locate the dots in relation to cellular structures (Figure 2.19a). This 
technique can be used to indicate which organelles or cells are active under 
particular circumstances.

Fluorescence microscopy

The fl uorescent microscope is used to examine cells that are either naturally 
or artifi cially fl uorescent, which means that they contain molecules that will 
absorb light of one wavelength (the ‘exciting’ wavelength, usually ultraviolet) 
and emit it at another wavelength. By using appropriate fi lters to fi lter out 
the exciting wavelength, only the light emitted by the fl uorescing molecules 
is seen against a black background. If the cells do not naturally contain 
fl uorescent molecules, the ‘staining’ step involves the addition of fl uorescent 
dyes that will attach to the structures of interest, such as DNA, particular 
proteins or cell wall components (Figure 2.19b). Immunofl uorescence 
involves using a fl uorescent tag that is linked to an antibody, which then 
attaches to its particular target antigen in the cell.

Confocal microscopy

Confocal microscopy is a relatively new technique that permits us to obtain 
high-resolution images of very thin sections of a specimen (Figure 2.20). 
It involves passing white or laser light through a pinhole and lens, which 
provides highly focused light onto only a tiny part of the specimen. This 
eliminates light refl ecting from adjacent parts of the section, which normally 
blur the image. Slowly scanning the object in this way, together with 
a suitable computer, allows us to view an ‘optical section’ of the sample. 
Due to its ability to perform this optical sectioning, thicker samples can 
be imaged and then reconstructed in three-dimensions using image analysis 
software. The down-side of this method is that confocal microscopes and 
their computer software are very expensive and the production of images 
is slow. An exciting up-side is that using fl uorescent dyes, three-dimensional 
viewing of living structures can be achieved. 

Electron microscopy
In electron microscopy, an object is viewed using an electron beam instead 
of light. This allows a much higher resolution (ability to see fi ne detail), 
a thousand times greater than light microscopy. The general steps of 
electron microscopy include fi xation, embedding, sectioning and staining. 

Figure 2.19b
Immunofl uorescent image of a neuron in the 
rat heart, stained against a target protein, 
nitric oxide synthase.

Figure 2.19a
The tiny black dots (arrowed) on this 
autoradiographic electron micrograph of 
cells from a black-tailed wallaby indicate 
the incorporation of radioactively labelled 
thymidine into non-replicating DNA in a 
dividing cell.

b

c

a

Figure 2.20
Confocal microscopy. (a) Image of young malaria parasites about to burst from a host red blood cell. 
Each parasite has a plastid organelle, which has been labelled with a green fl uorescent dye. The cell 
has been photographed with a laser. (b) Image of the same red blood cell with parasites photgraphed 
without the laser. (c) The two images are superimposed.
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For transmission electron microscopy (where the electron beam travels 
through the section), fi xation must be rapid and precise because very fi ne 
details of cellular structure are examined. The embedding medium must 
allow very thin sections to be cut; epoxy resins are often used. ‘Staining’ 
involves applying chemicals that are electron dense (i.e. they do not allow 
electrons to pass through) and that bind differently to different parts of the 
cell. Viewing involves transmitting an electron beam through the ‘ultra-thin’ 
sections onto a fl uorescent screen. Electrons absorbed or defl ected by the 
electron dense ‘stain’ will not pass through, leaving a shadow on the screen 
lit by those electrons that are transmitted. Electron microscopy produces 
only black and white images (although these may later be coloured).

Scanning electron microscopy also uses electrons instead of light, 
but instead of transmitting them through the specimen, the electrons are 
bounced off a three-dimensional surface of fi xed tissue that has been coated 
with metal (gold). This gives a high resolution shadow picture of the surface 
features (Figure 2.21).

Synchrotrons
A synchrotron is basically a big circular tube inside which electrons are 
travelling at close to the speed of light. Synchrotron light is the very bright 
electromagnetic radiation emitted as these charged particles are forced to 
change direction under the action of a magnetic fi eld. The electromagnetic 
radiation is emitted in a narrow cone in the forward direction, at a tangent 
to the particle’s orbit (Figure 2.22).

Figure 2.21 
A scanning electron micrograph of the 
outer surface of a glomerulus from which 
Bowman’s capsule has been removed. The 
surfaces of the capillaries are covered with 
branching cells (podocytes).

Figure 2.22
The Australian Synchrotron is almost the size of the MCG. The large diameter is needed to accelerate 
particles to almost the speed of light. Synchrotron light with different wavelengths can be obtained from 
several points around the circumference.

Figure 2.23
The electromagnetic spectrum, showing the 
range of the Australian Synchrotron.

The special nature of synchrotron light

Visible light occupies just a small part of the electromagnetic spectrum, 
which ranges from the long wavelengths—radio waves, microwaves 
and infrared—through the visible spectrum to the short wavelengths of 
ultraviolet light, X-rays and gamma rays.

Synchrotron light is unique in its intensity and brilliance, and it can be 
generated across the range of the electromagnetic spectrum (Figure 2.23). 
This is why synchrotron light is so important to so many areas of science, 
including structural biology. Its qualities allow scientists to explore matter 
in ways that were unimaginable a few years ago, probing the structure of 
matter with greater accuracy and precision than has ever been possible.
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technologies and techniques

Tissue engineering is an exciting area of 
research that investigates new science for 
the repair and replacement of damaged 
or diseased tissue in the human body 
(Figure 2.24). 3-D tissue engineering has the 
potential to help cancer patients develop new 
deposits of fat to fi ll the void that remains 
following the surgical removal of tumorous 
growths, to assist diabetics to grow groups 
of cells, referred to as organoids, that 
are capable of making insulin, and also to 
aid patients to develop new muscles and 
cartilage that may have been damaged 
following an accident or injury. Tissue 
engineering is a multi-disciplinary research 
effort involving teams of scientists, engineers 
and surgeons across universities, medical 
research institutes and hospitals. 

My group at the University of Melbourne 
is working with the O’Brian Institute of 
Microsurgery to regrow a range of tissue 
types with the support of a 3-D scaffold. 
Using a porous biopolymer scaffold, we 
hope that new tissue can be encouraged 
to grow around the scaffold. The scaffold 
is biodegradable (like internal sutures) and 
would, over a period of time, be reabsorbed 
by the body leaving healthy new tissue. 
However, the surface chemistry of the 
scaffold is not ideal and when implanted, it 
causes a ‘foreign body’ response from the 
human body. 

Our research efforts are focused on 
working together to understand how the 
body’s cells interact with extracellular 
materials, growth factors and other proteins 
as well as the surface of the polymeric 
scaffold. We will then use this knowledge to 
design a surface chemistry and structure of 
our scaffold with the aim of controlling the 
body’s foreign body response mechanism.

Tissue engineering is a challenge that 
is ongoing. Once it is better understood, the 
possibilities are endless.

3D tissue engineering:
a brave new world

by Professor Geoff Stevens

cells in 
culture 

In vitro tissue culture 
cartilage 

(chondrocytes) 

bone 
(osteoblasts) 

liver 
(hepatocytes) 

intestine 
(enterocytes) 

ureter 
(urothelial cells) 

biodegradable 
polymer scaffold 

Geoff Stevens is Professor of Chemical and 
Biomolecular Engineering at the University of 
Melbourne.  He is a Fellow of the Australian 
Academy of Technological Sciences and 
Director of the Particulate Fluids Processing 
Centre, a Special Research Centre of the 
Australian Research Council. This aspect of 
his research involves the development of 
new biocompatible materials, and how to 
concentrate and purify proteins and other 
biomolecules from different sources 
on an industrial scale.

Figure 2.24 
Porous, biodegradable 3-D scaffolds are 
engineered to suit different tissue types, such 
as bone, liver, intestine and ureter. When 
place in vitro with appropriate cultured cells, 
new tissue grows around the scaffold and the 
resulting combinations can be implanted to 
replace lost tissue.

HeinBio1_4ed_Enh_Ch02.indd   33HeinBio1_4ed_Enh_Ch02.indd   33 20/10/11   8:31 AM20/10/11   8:31 AM

Sam
ple

 pa
ge

s



Cells in action
34

Synchrotron light allows matter to be ‘seen’ at the atomic scale, including 
the nanosecond-by-nanosecond behaviour of protein molecules such as 
antibodies. It enables scientists to collect, in hours, data on the structure 
of proteins that would once have taken weeks or months. While structural 
biology is their most important application, synchrotrons are useful in many 
other areas, such as nanotechnology and materials science. 

Until now Australian scientists have had to use used synchrotrons 
at overseas facilities. The new Melbourne synchrotron allows complex 
protein structures to be determined quickly and is central to drug design 
and development. It allows further development of medical imaging 
technologies, such as phase contrast microscopy. Synchrotron analysis of 
biological samples can also help to identify diseases. For example, Australian 
research has suggested that a single hair from a woman could reveal whether 
she has breast cancer.

An Australian team used overseas 
synchrotrons to obtain a high-resolution model 
of the structure of an important infl uenza 
virus enzyme. With this understanding they 
developed an anti-infl uenza drug  that has now 
been marketed in 64 countries.  It is the only 
drug to be fully developed from discovery to 
registration and global marketing in Austalia. 
It has been shown to be effective against 
human strains of avian infl uenza ‘bird fl u’.

biofi le

• Current microscopic techniques include light microscopy 
(including autoradiography, fl uorescence and confocal 
microscopy), electron microscopy and the use of 
synchrotron light.

• Preparation of tissue involves steps that are the same in 
principle for both light and electron microscopy.

• Confocal microscopy allows us to examine very thin sections 
through living tissue.

• Synchrotron light allows matter to be “seen” at the atomic 
scale, including the changing in structure of protein molecules.  

 9 Explain the differences between a light microscope and an 
electron microscope.

10 What are the advantages of a light microscope over an electron 
microscope?

11 Outline the preparation necessary to view an object under an 
electron microscope.

12 What advantages in structural biology are gained by 
a synchrotron?

13 What advances have been made in science with the help 
of synchrotron technology?

2.4 Summary      Investigating cells

Key questions    

Synchrotron studies of newborn tammar wallabies will improve our understanding of early lung development in mammals and the genes that 
control this crucial process. These studies are being undertaken by scientists from the Victorian Department of Primary Industries and Monash 
University.

The scientists plan to combine their improved understanding of lung development (from synchrotron studies undertaken in Japan) with 
information about milk composition at crucial stages of lung development and an extensive knowledge of wallaby genes. This will enable them 
to identify the milk components that infl uence lung development and health, and the genes that control the milk components.

If similar genes can be found in dairy cows, it may be possible to identify and breed cows that produce more of the milk components that 
affect lung development and, potentially, to develop new dairy-based products with health-giving properties for humans.

Biology in action       Tammar lungs, milk and cows?
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Chapter reviewChapter review
Key termsKey terms
Animalia
autoradiography
autotroph
bacteriophage
cell
cell membrane
cell theory
cell wall
centriole
chloroplast
chromosome
cilia
cytoplasm

cytosol
DNA
electron microscopy
endoplasmic reticulum
eukaryote
fl agella
Fungi
Golgi apparatus
heterotroph
light microscopy
lysosome
mitochondrion
Monera
nucleoid
nucleus

ribosome
organelle
Plantae
plasma membrane
plastid
prion
prokaryote
Protista
synchrotron
tonoplast
vacuole
virion
virus

 2

 1 It would be expected that muscle cells would have an 
abundance of

 A lysosomes.
 B mitochondria.
 C endoplasmic reticulum.
 D amyloplasts.

 2 Macrophages are involved in the destruction of invading cells 
such as bacteria. It would be expected that macrophages 
would have an abundance of

 A lysosomes.
 B mitochondria.
 C endoplasmic reticulum.
 D amyloplasts.

 3 An example of a eukaryotic cell is 
 A a fungal cell.
 B a bacterium.
 C an enzyme.
 D a virus.

 4 DNA is found in all
 A viruses.
 B prions.
 C amoebae.
 D enzymes.

 5 Which of the following would not be visible using a light 
microscope?

 A nucleus
 B chloroplast
 C vacuole
 D ribosome

 6 a  Which of the following cells are eukaryotic? Explain your 
answer.

  epithelium cell moss cell
  bacillus  euglena
  yeast cell  red blood cell
  cell in fungal hypha cyanobacterium
  egg yolk  cell in red alga
 b For each cell, give the kingdom to which it belongs.

 7 

 a Is the cell illustrated observed through a light microscope, 
or an electron microscope? Explain.

 b Name the parts labelled A–C.
 c For each of the labelled parts, state a function.

 8 Using the key terms for this chapter, create Venn diagrams 
to compare and contrast:

 a cells from Kingdom Monera and viruses
 b cells from Kingdom Fungi and cells from Kingdom Protista.

A B

C
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