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Today we easily take for granted that living 
things are composed of cells.  Yet it was not 
always common knowledge and indeed the 
basic ideas took over 150 years to evolve.   
 

1665 Robert Hooke noted the cellular structure 
of cork (dead plant cells).  

1674 Antonie Van Leeuwenhoek observed 
living protozoa. 

1800s Henri Dutrochet proposed that the cell 
was not just the structural unit of living 
things but the functional unit also, and that 
new cells arise from other cells. 

1832 Barthelemy Dumortier first observed cell 
division (in plant cells) 

1837 Jan Purkyne proposed that animal tissues 
were also composed of cells. 

1879 Walther Flemming noted that 
chromosomes ‘split’ during mitosis. 

1887 Wilhelm Roux proposed that 
chromosomes carried hereditable traits. He 
was also the first to carry out tissue culture. 

1904  Theodor Boveri worked with sea urchins 
embryos and showed that a full set of 
chromosomes was necessary for normal 
development. 

1953 From the early 1900s the chemical 
structure of chromosomes was gradually 
clarified and eventually published in 1953.  

Cell Division 

As cells grow they take 
in various raw materials 
which they use to 
construct complex 
biomolecules such as 
proteins, lipids, DNA 
and RNA. Cells multiply 
by binary fission, i.e. 
they split into two 
smaller cells, known as 
daughter cells. During 
cell division the 
chromosomes, which 
are composed of DNA, 
replicate − that is, a copy of each chromosome is 
formed and one of each goes to each daughter 
cells.  

Structure of Cells 

Animal cells such as nerve cells, muscle cells and 
skin cells are not all alike but they do have some 
characteristics in common. They typically have an 

outer cell membrane; inside this there is 
cytoplasm, a nucleus, mitochondria and other 
organelles. During the growing stage of a cell the 
chromosomes (DNA) stay in the nucleus. 

Plant cells, in addition to a cell membrane, 
generally have an outer cell wall which is made 
mainly of cellulose; often there is a primary and a 
secondary cell wall. The cell wall of fungal cells 
contains chitin, whose structure is similar to that 
of cellulose although it contains amino groups. 

Cells of prokaryotes, such as bacteria, do not 
contain a nucleus; their DNA is generally in the 
form of a continuous loop. They may also have a 
number of smaller DNA loops; these are called 
plasmids. 

Lifespan of Cells 

Cells in multicellular organisms generally do not 
go on dividing forever; after maybe fifty divisions 
the cells no longer divide. How does this happen?  

In the process of replication the ends (telomeres) 
of chromosomes are shortened a little; some non-
coding DNA is not copied. After a finite number of 
divisions the telomeres are lost and the cell can 
no longer divide; cell death follows. 

An enzyme called telomerase can rebuild 
telomeres. This enzyme is suppressed in most 
cells but is active in stem cells and in cancer cells; 

such cells can divide 
indefinitely. 

Cell Death 

Programmed cell 
death, known as 
apoptosis, is a kind 
of orderly cellular 
self-destruct 
mechanism. 
Apoptosis is 
necessary for the 
normal growth of an 
organism; for 
example bones and 
limbs could not grow 

longer unless some cells were removed and the 
new ones were formed in a different place. Over 
half a million cells in our bodies die in this way 
every second! 

Apoptosis can be triggered by a variety of signals 
from inside or outside the cell. It can also be 
suppressed by some viral infections and in certain 
cancers. 

 



 

Cell Lines 

Cells with particularly useful characteristics, 
including the ability to divide indefinitely, have 
been developed through natural or induced 
mutation. Over the last fifty years or so many of 
these have become standard cell lines producing 
successive generations of identical cells. A few of 
the more widely used cell lines are listed below. 

• BHK (Baby Hamster Kidney): developed in 
1961 and used, for example, in studies of 
protein synthesis 

• CHO (Chinese Hamster Ovary): developed 
since 1957 and widely used large-scale 
production of recombinant protein, i.e. 
protein generated using artificially modified 
DNA 

• HeLa (a line of human cancer cells): first 
cultured in 1951 and widely used in 
research into cancer, AIDS and gene 
mapping.  

• hESC (human embryonic stem cell): first 
cultured in 1998, there are now many such 
lines.  

Today there are a few hundred cells lines in use 
for: 

• Biosynthesis of enzymes, antibiotics, drugs 
etc. 

• Testing the effectiveness of drugs etc. 
• Vaccine production. 

Tissue culture is a related but different area. It is 
used to grow tissues for medical use (e.g. skin 
tissue for treatment of burns) and involves 
culturing cells derived from the individual patient. 

Stem cells 

Skin cells or liver cells are differentiated, i.e. they 
are specialised and can only give rise to similar 
cells if they divide, which they can do only a 
limited number of times. When a stem cell divides 
it can produce another stem cell and a 
differentiated daughter cell. For example when a 
muscle stem cell divides it can produce an 
ordinary muscle cell as well as another muscle 
stem cell that can divide any number of times. 

Cells that can produce any other kind of cell are 
said to be ‘totipotent’. As an embryo begins to 
develop from a fertilised ovum the first few cell 
divisions produce more totipotent stem cells but 
after that increasing levels of differentiation occur 
as various tissues form. However some stem cells 
remain in the various body tissues. 

Controversy 

When embryonic stem cells are required they do 
not have to be extracted from embryos; they can 
be purchased from suppliers of particular stem 

cell lines. However, because the original cells 
were derived from an embryo many people feel 
that such cells should not be used at all. The 
major benefit of embryonic stem cells is that they 
are totipotent. 

In recent years much attention has been given to 
amniotic stem cells. They can be easily obtained 
without harming an embryo. While not being 
totipotent these stem calls can produce a variety 
of differentiated daughter cells; they are said to be 
‘pluripotent’ or ‘multipotent’. 

Cell banking refers to the preservation and 
storage of selected cell lines so that they can be 
made available for research or for industrial 
purposes such as drug testing or pharmaceutical 
production. 

While there are many diseases that are caused 
by bacteria and viruses there are many more that 
result from ‘errors’ in DNA that either directly 
cause a disease or increase a person’s risk of 
developing it. Among these are autoimmune 
diseases such as Chrone’s disease and 
rheumatoid arthritis. Because stem cell research 
has the potential to revolutionise the treatment of 
some of these diseases, many biotech companies 
are investing heavily in cell culture and cell 
banking. The hope is that pluripotent stem cells 
may be used to cure or at least delay the 
progress of some of these diseases. They may 
also be used to treat spinal cord injury, burns and 
arthritis. 

Pfizer is one of Ireland’s leading employers and 
the largest pharmaceutical sector investor and 
employer.  One of the first pharmaceutical 
companies to locate in Ireland (1969), Pfizer has 
a rich heritage of innovation and expansion over a 
forty year period. Pfizer employs over 5,000 
colleagues across ten locations based in Cork, 
Dublin, Kildare and Limerick. 

 

 



 

 

Pfizer 
Grange Castle is Pfizer’s largest investment in 
Ireland - a €1.8 billion biopharmaceutical campus 
located in South County Dublin. The development 
is one of the largest integrated biopharmaceutical 
campuses in the world and is the only facility in 
Europe to manufacture biopharmaceuticals, 
pharmaceuticals and vaccines within the same 
facility. Over 1,220 full time employees work at 
Grange Castle. 

 

Grange Castle is where cutting-edge thinking in 
biopharmaceutical science combines with state-
of-the-art technology and the production expertise 
it requires to make a real difference to people’s 

lives. The Campus has been designed to the 
highest architectural quality and aesthetic appeal 
befitting a dynamic modern setting for the 
manufacture of breakthrough medicines. It takes 
its inspiration from a university Campus seeking 
to reflect the quality and ambiance suitable for a 
high tech biopharmaceutical manufacturing and 
development operation. 

The Campus manufactures three key healthcare 
products for the prevention or treatment of serious 
illnesses including rheumatoid arthritis, inter-
abdominal infections and pneumococcal disease 
in young children.  
You can find out more about the work of Pfizer Networks 
on www.pfizer.ie. 

You can find this and other lessons on www.sta.ie. 
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Teaching Notes 

Syllabus References 

The relevant syllabus references are: 

Leaving Certificate Biology 

• An introduction to the microscope. Specific 
reference to the light microscope and the 
transmission electron microscope. 

• Cell Structure and function Components of 
the cell as seen under the light microscope 
and their functions. 

• Plant cells Cell wall, cytoplasm, nucleus, 
vacuole, and chloroplast. Animal cells: 
cytoplasm and nucleus. 

• Cell ultrastructure Identification and 
function of the cell membrane, 
mitochondrion, chloroplast, nucleus, 
nuclear pores, ribosome, and DNA. (p. 17) 

• Cell continuity and chromosomes 
• Haploid, diploid Definition of “haploid” and 

“diploid” number. 
• The cell cycle Description of cell activities 

in the state of non-division (interphase) and 
division (mitosis). 

• Mitosis Definition of “mitosis”. Primary 
function of mitosis in single-celled and 
multicellular organisms. 

• Meiosis Definition of “meiosis”. Functions of 
“meiosis”. (p. 21) 

• Tissues Definition of a “tissue”. Exemplify 
by using four tissue types, two each from a 
plant and an animal. 

• Organs Definition of an “organ”. Exemplify 
by using two kinds of organs, one each 
from a plant and an animal. 

• Organ system Definition of an “organ 
system”. Exemplify by using any two animal 
organ systems. (p. 22) 

 

Learning Outcomes  

On completion of this lesson, students should be 
able to:  

• Outline key discoveries in the 
developments in the understanding of cell 
biology. 

• Describe the structure of typical plant and 
animal cells. 

• Understand the significance of cell death. 
• Explain what is meant by cell lines. 
• Outline controversial issues regarding cell 

culture. 
• Understand the importance of stem cells. 

 

General Learning Points 

The following points can be used to review the 
lesson content and to inform discussion. 

• Living cells have been studied for over 300 
years. 

• The structure of DNA was discovered in the 
1950s. 

• Cells generally divide by binary fission – 
i.e., dividing in two. Each resulting daughter 
cell has a full set of chromosomes. 

• Plant cells have a relatively rigid cell wall 
composed mainly of cellulose. 

• Living cells typically contain cytoplasm and 
a nucleus which contains the 
chromosomes. There are usually other 
organelles such as mitochondria. 

• Plant cells have a cell wall as well as a cell 
membrane. 

• When chromosomes replicate their ends 
(telomeres) shorten a little and eventually 
become so short that they cannot function 
correctly. 

• Apoptosis is programmed cell death. 
• Cell lines are cell cultures with some unique 

combination of characteristics such as drug 
resistance. 
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Student Exercises  
 

Student Activities 

Looking at cells 

The purpose of this investigation is to observe 
and record the variation in the appearance of cells 
from different sources.  

Requirements: microscope, microtome or sharp 
safety blade, notebook, pencil, methylene blue (or 
other suitable stain). 

You will also need a selection of tissues such as: 
cork, onion skin, chicken cartilage (from the 
breast bone) etc. 

Cork (Robert Hooke’s observation): Shave very 
thin tapered slices from a clean piece of 
cork. Examine the thinnest edge under the 
microscope. Make a drawing of what you 
observe and if possible estimate the size of 
the cells. 

Onion skin: Remove the dry outer layer of an 
onion. A very thin skin, the epidermis, can 
now be peeled from an onion layer. Cut a 
small piece of this epidermis and place it on 
a slide. Add one drop of water and a cover 
slip and examine it under the microscope. 
Record you finding and estimate the 
dimensions of the cells.  

Repeat using a drop of methylene blue instead 
of water. Note the different appearance of 
the cells. Identify the cell wall, nucleus and 
cytoplasm. Search for stomata. Record 
your findings. 

Chicken cartilage: Part of the breast bone of a 
chicken is a rubbery material called 
cartilage. Cut a few very thin slices from a 
piece of cartilage and select the thinnest 
one. Mount it on a slide and stain it with 
methylene blue and examine under various 
magnifications. In this case the cells are 
quite isolated in a matrix that is not made of 
cells.  

Record your findings. 
 

If you can you should examine the staminal hairs 
from a Tradescanthia flower. They are particularly 
fascinating. 

If you have a low power binocular microscope you 
could also examine plant tissues, flower parts, 
skin, leaves, feathers, root hairs etc.  

True/False Questions 

a) The cell is the functional and structural unit 
of living organisms. 

b) Half the set of chromosomes is sufficient for 
normal development. 

c) The cells that result from binary fission are 
called‘daughter cells’. 

d) Plant cells generally have two cell walls in 
addition to a cell membrane.  

e) Cells of prokaryotes, such as bacteria, 
contain a nucleus. 

f) The telomeres at the ends of chromosomes 
are not fully replicated during mitotic 
division.  

g) When a stem cell divides a stem cell and 
non-stem cell are produced. 

h) Skin cells, liver cells and muscle cells are 
differentiated. 

i) Cells that can produce any other kind of cell 
are said to be ‘totipotent’. 

j) Most stem cells are totipotent. 
Check your answers to these questions on www.sta.ie  

Examination Questions 

Leaving Certificate Biology (HL) 2010, Q. 3 

T a. 

a)  d C. 

g?  

rt (c)  

he diagram shows the structure of Amoeb

Name the parts labelled A, B an
A ……………………………….. 
B ……………………………….. 
C ……………………………….. 

b) To which kingdom does Amoeba belon
Is the cell of Ac) moeba prokaryotic or 
eukaryotic?  

d) Give a reason for your answer to pa
e) Give one function of A in Amoeba  

 



 

f) Give one function of B in Amoeba 

Leaving Certificate Biology (HL) 2010, Q. 10 b 

 
(v) ? 
(vi) During translation one end of a tRNA 

molecule  codon. 

now? 

es are 

tion, 

ia 
nd viruses and so great care must be taken to 

ensure that they are kept free of contamination. 

 

(i) Explain the terms transcription and 
translation. 

(ii) In which structures in the cell does 
translation occur? 

(iii) How many bases in sequence make up a 
codon in mRNA? 
Each mRNA codon specifies one of thre(iv) e 
possible outcomes during protein synthesis. 
Name these three possible outcomes.
What does the letter ‘t’ stand for in tRNA

 attaches to an mRNA

Did You K

Maintaining cell cultures 

Different cell types need different culture 
conditions and even for one cell type different 
culture media can affect how the gen
expressed. Particular substances in the medium 
may result in alternative tissue structures. 

Basic variables include: temperature ( e.g. 37°C, 
for most human cells), oxygen concentra
carbon dioxide concentration, and pH. Nutrients 
include glucose, amino acids, growth factors 

Such rich culture media are also ideal for bacter
a

Biographical Notes 

Theodor Boveri (1862 – 1915)  

Theodor Heinrich Boveri was born in Bamberg, 
Bavaria (Germany). On completing his secondary 
education he studied history and philosophy in the 
University of Munich but switched to science 
during his first year. He graduated with his 
doctorate in 1885. The brilliance of his doctoral 
thesis on nerve fibres earned him a research 
scholarship.  

In 1887 he was appointed lecturer in zoology and 
comparative anatomy at Munich and in 1893 he 
became professor of zoology and comparative 
anatomy at Würzburg. 

He made many major contributions to cell biology. 

Boveri was a passionate scientist but also a 
skilled pianist and painter.  

In 1896 the only woman studying at Würzburg 
was Marcella O’Grady, a biology professor from 
Vassar College New York and the daughter of 
Irish immigrants. A friendship developed between 
them and although Boveri’s mother was not 
pleased, they were married in Boston in 1897. 
They had one daughter, Margret.  

Revise the Terms 

Can you recall the meaning of the following terms? 
Reviewing terminology is a powerful aid to recall and 
retention. 

AIDS, amino group, amniotic, apoptosis, bacteria, 
binary fission, cancer cells, Cell, cell membrane, 
cellulose, chitin, chromosomes, cork, cytoplasm, 
daughter cells, differentiated, DNA, embryonic, 
enzyme, functional unit, fungal cells, gene 
mapping, hereditable, lipids, mitochondria, 
mitosis, multipotent, mutation, non-coding, 
nucleus, organelles, plasmids, pluripotent, 
prokaryotes, proteins, protozoa, recombinant, 
RNA, stem cells, structural unit, telomerase, 
telomeres, tissue, tissue culture, totipotent   
Check the Glossary of Terms for this lesson on 
www.sta.ie 

 


