
Opsona
Opsona is a new biotechnology enterprise based at St James’ 
Hospital, and is associated with Trinity College Dublin (TCD). The 
start-up company hopes to lead a new wave of Irish companies 
developing biotechnology-based drugs. The company is focused 
on discovery and development of new drugs to treat disorders of the 
immune system, such as infl ammation and autoimmune diseases 
– which include multiple sclerosis, infl ammatory bowel disease 
and asthma. Opsona employs 13 scientists and eight management 
and administrative personnel. The company was founded in 2004 
by three of Ireland’s leading immunologists and an Australian 
entrepreneur. The company has licensed intellectual property 
from Trinity College Dublin and is also generating new intellectual 
property in the form of patent applications. They have recently 
announced their collaboration with Wyeth Pharmaceuticals, a 
multi-national drug company, for the discovery, development 
and production of a new drug for the treatment of infl ammatory 
disease. The targets include an exciting group of receptors, 
called toll-like receptors (TLRs); these are special proteins that 
are sensitive to the presence of pathogens and can trigger an 
imfl amatory response. The company was provided with €6.25m 
by a group of international venture capitalist investors in 2005, 
including Seroba (Ireland), Inventages (Switzerland), Genentech 
(USA) and Enterprise Ireland. Opsona is emerging as a leader in its 
fi eld, and is underpinned by novel scientifi c concepts and world-
leading experts. 

To find out more about the growth and opportunities 
in the Biotechnology sector in Ireland visit: 
www.biotechnologyireland.com 

Fig.2   Hatching blastocyst. The inner cell mass contains embryonic 
stem cells that can be harvested and grown in culture. 

Fig.1  Biotechnologist at work

You can fi nd out more about the work of Opsona and 
the people who work there at www.opsona.com and 
at www.sta.ie

In the medical area biotechnology tools and techniques, 
developed in the last 50 years, have enabled scientists to 
discover the effects of antibiotics and drugs on human cells. 
They have also been useful in developing new methods of 
producing life-saving drugs. There are now over 100 biotech 
drugs on the market and a further 350 are in late-stage clinical 
trials. In this lesson we look at how biotechnology is moving 
into the production of tailor-made medicines. 

What is biotechnology? 
Biotechnology is the use of cellular and biomolecular processes to 
solve problems such as clarifying the location and function of genes 
and producing new products. Biotechnology uses the cell’s own 
manufacturing abilities to put biological molecules such as DNA and 
protein to benefi cial use. 

Cells as factories 
Many new drugs are proteins that are produced by a variety of bacterial, 
yeast and mammalian cells. Cells are the building blocks of life. They 
contain all the information required for that cell to carry out a function. 
Groups of similar cells form tissues, which in turn form organs, each with 
specifi c tasks. Even though cells have a wide variety of functions, they all 
have the same basic design and operating process. It is these similarities 
that form the foundations of biotechnology.  

How are biotechnology drugs produced?
The production of a new biotechnology drug often involves the isolation 
of DNA, its manipulation and then reintroduction of the modifi ed DNA into 
host cells or model organisms. A host cell or organism will then produce 
(express) the protein coded for by this piece of DNA. The particular 
segment of DNA that codes a protein is called a gene. This process of 
introducing new DNA into a cell nucleus so that the cell will express a new 
protein is called genetic modifi cation. 

During the initial stage of drug design – the drug discovery process – the 
cell or bacterium to be used must be designed to express the protein that 
is required for the drug. A scientist must fi rst isolate the gene that codes 
for this protein. This gene must then be precisely cut out and reintroduced 
into the DNA of the host cell. The process of reintroducing a gene into 
another piece of DNA is called gene splicing.  The gene of interest from 
the original organism is, as it were, cut and pasted into the DNA of the host 
organism. The tools and procedures used to introduce the ‘foreign’ DNA 
into the new location within the cell nucleus are known as recombinant 
DNA techniques, resulting in genetically modifi ed organisms (GMOs).

How can biotechnology be applied?
There are many practical ways in which biotechnology can be applied 
in such areas as medicine, the agricultural and food industries and 
environmentally-sensitive waste management. 

The use of living cells, either unicellular organisms such as yeast and 
bacteria, or biomolecules such as enzymes, to produce a desired product 
is known as bioprocessing technology. 

Linking bioprocessing with recombinant DNA techniques allows for 
the development of a wide range of products, for example the modifi cation 
of bacterial or yeast cells to produce human insulin for the treatment 
of diabetes. 

Many living organisms produce compounds that are therapeutically useful 
and these compounds can now be produced economically on a large 
scale, using biotechnology techniques.

Examples of biotechnology-based products

•  Antibiotics/Antimicrobials. Bacteria and yeast produce naturally-
occurring toxic products that can kill other microorganisms. 
Using traditional genetics or recombinant DNA techniques, these 
bacteria can be modifi ed to generate new antibiotics and other 
antimicrobial agents. 

•  Vaccines. Vaccines are widely used to protect humans and animals 
from microbial diseases. Recombinant DNA technology has allowed 
the production of novel vaccines that offer protection without the risk of 
infection (e.g. hepatitis B vaccine). Varieties of some crops have been 
developed to include vaccines for specifi c diseases. These ‘veggie 
vaccines’ facilitate ease of production, distribution and storage. 

•  Healthcare Products. Development and production of diagnostic 
technologies that utilise monoclonal antibodies, antibodies produced 
from groups of identical cells, or DNA probes, used to identify specifi c 
pieces of DNA, is essential in the manufacture of healthcare products 
such as rapid tests for meningitis, pregnancy and AIDS. Other 
examples include the use of microbial cells to produce human or 
animal biological products such as insulin and growth hormone. 

What is pharmacogenomics?
Human beings are almost genetically identical; we differ from one 
another genetically by only about  0.1% of our DNA. There are more than 
3 million differences, known as polymorphisms, between individuals. 
Most polymorphisms have no function at all but a small proportion 
affect susceptibility to disease, drug response and other factors. Perfect 
medicines would be effective in all patients, would need the same dose for 
every patient and would have no side effects. Real medicines are effective 
only in some patients, the required dose varies from person to person and 
a small proportion develop side effects.

Producing a drug that is effective for all patients is extremely diffi cult 
to achieve and is the greatest challenge and, possibly, the greatest 
opportunity for the biotechnology industry. The enormous amount of 
genetic information that came from the Human Genome Project, combined 
with ever-increasing understanding of how genetic variability and metabolic 
individuality are linked, is heralding a new era of ‘personalised’ medicine.  
Additionally, biomarkers can be used to test an individual’s response to a 
drug and so avoid unnecessary treatment. 

Personalisation in practice 
Biomarkers can be used to analyse a patient’s receptiveness to the anti-
cancer agent Herceptin, one of the fi rst drugs developed as a personalised 
medicine. Herceptin is a drug that is based on a very specifi c antibody. 
This antibody binds to a protein called HER2 that is only expressed on the 
surface of breast cancer cells of one in four patients. This means the drug 
is ineffective in 75% of breast cancer cases. Preliminary screening, using a 
special diagnostic kit, ensures that the drug is only given to those patients 
who can benefi t from it.

What does the future hold for 
biotechnology? 
Stem cells are cells mainly found in the blastocyst before development 
of the embryo. At this stage these undifferentiated cells can reproduce 
and develop into specifi c types of cells or organs depending on the 
environment in which they grow. It is because of these capabilities that 
they are of so much interest to researchers. Stem cells can be used for 
therapeutic purposes such as controlling cancer, developing cures for 
diabetes and regenerating spinal cord or brain tissue. Many people are 
opposed to the destruction and manipulation of human embryos, whereas 
others are concerned about the ability of stem cells to divide, resulting in 
uncontrollable growth and possible tumour development. Stem cells can 
also be found in the bone marrow and brain tissue of adults, although 
these cells do not have the same development potential. 

Gene therapy is another application of biotechnology being developed by 
scientists, although to date there is no product approved for human use. 
Gene therapy is the process used to correct a DNA sequence at cellular 
level, in order to treat diseases such as cystic fi brosis, some cancers, sickle 
cell anaemia and possibly AIDS. There are two forms of gene therapy; 
‘somatic gene therapy,’ which involves introducing a ‘good’ gene into 
targeted cells to replace a ‘problem’ gene, and ‘germ-line gene therapy’, 
which involves modifying the genes in egg or sperm cells, although due to 
ethical concerns very little research has been carried out in this area. 
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they are of so much interest to researchers. Stem cells can be used for 
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organism. The tools and procedures used to introduce the ‘foreign’ DNA 
into the new location within the cell nucleus are known as recombinant 
DNA techniques, resulting in genetically modifi ed organisms (GMOs).

How can biotechnology be applied?
There are many practical ways in which biotechnology can be applied 
in such areas as medicine, the agricultural and food industries and 
environmentally-sensitive waste management. 

The use of living cells, either unicellular organisms such as yeast and 
bacteria, or biomolecules such as enzymes, to produce a desired product 
is known as bioprocessing technology. 

Linking bioprocessing with recombinant DNA techniques allows for 
the development of a wide range of products, for example the modifi cation 
of bacterial or yeast cells to produce human insulin for the treatment 
of diabetes. 

Many living organisms produce compounds that are therapeutically useful 
and these compounds can now be produced economically on a large 
scale, using biotechnology techniques.

Examples of biotechnology-based products

•  Antibiotics/Antimicrobials. Bacteria and yeast produce naturally-
occurring toxic products that can kill other microorganisms. 
Using traditional genetics or recombinant DNA techniques, these 
bacteria can be modifi ed to generate new antibiotics and other 
antimicrobial agents. 

•  Vaccines. Vaccines are widely used to protect humans and animals 
from microbial diseases. Recombinant DNA technology has allowed 
the production of novel vaccines that offer protection without the risk of 
infection (e.g. hepatitis B vaccine). Varieties of some crops have been 
developed to include vaccines for specifi c diseases. These ‘veggie 
vaccines’ facilitate ease of production, distribution and storage. 

•  Healthcare Products. Development and production of diagnostic 
technologies that utilise monoclonal antibodies, antibodies produced 
from groups of identical cells, or DNA probes, used to identify specifi c 
pieces of DNA, is essential in the manufacture of healthcare products 
such as rapid tests for meningitis, pregnancy and AIDS. Other 
examples include the use of microbial cells to produce human or 
animal biological products such as insulin and growth hormone. 

What is pharmacogenomics?
Human beings are almost genetically identical; we differ from one 
another genetically by only about  0.1% of our DNA. There are more than 
3 million differences, known as polymorphisms, between individuals. 
Most polymorphisms have no function at all but a small proportion 
affect susceptibility to disease, drug response and other factors. Perfect 
medicines would be effective in all patients, would need the same dose for 
every patient and would have no side effects. Real medicines are effective 
only in some patients, the required dose varies from person to person and 
a small proportion develop side effects.

Producing a drug that is effective for all patients is extremely diffi cult 
to achieve and is the greatest challenge and, possibly, the greatest 
opportunity for the biotechnology industry. The enormous amount of 
genetic information that came from the Human Genome Project, combined 
with ever-increasing understanding of how genetic variability and metabolic 
individuality are linked, is heralding a new era of ‘personalised’ medicine.  
Additionally, biomarkers can be used to test an individual’s response to a 
drug and so avoid unnecessary treatment. 

Personalisation in practice 
Biomarkers can be used to analyse a patient’s receptiveness to the anti-
cancer agent Herceptin, one of the fi rst drugs developed as a personalised 
medicine. Herceptin is a drug that is based on a very specifi c antibody. 
This antibody binds to a protein called HER2 that is only expressed on the 
surface of breast cancer cells of one in four patients. This means the drug 
is ineffective in 75% of breast cancer cases. Preliminary screening, using a 
special diagnostic kit, ensures that the drug is only given to those patients 
who can benefi t from it.

What does the future hold for 
biotechnology? 
Stem cells are cells mainly found in the blastocyst before development 
of the embryo. At this stage these undifferentiated cells can reproduce 
and develop into specifi c types of cells or organs depending on the 
environment in which they grow. It is because of these capabilities that 
they are of so much interest to researchers. Stem cells can be used for 
therapeutic purposes such as controlling cancer, developing cures for 
diabetes and regenerating spinal cord or brain tissue. Many people are 
opposed to the destruction and manipulation of human embryos, whereas 
others are concerned about the ability of stem cells to divide, resulting in 
uncontrollable growth and possible tumour development. Stem cells can 
also be found in the bone marrow and brain tissue of adults, although 
these cells do not have the same development potential. 

Gene therapy is another application of biotechnology being developed by 
scientists, although to date there is no product approved for human use. 
Gene therapy is the process used to correct a DNA sequence at cellular 
level, in order to treat diseases such as cystic fi brosis, some cancers, sickle 
cell anaemia and possibly AIDS. There are two forms of gene therapy; 
‘somatic gene therapy,’ which involves introducing a ‘good’ gene into 
targeted cells to replace a ‘problem’ gene, and ‘germ-line gene therapy’, 
which involves modifying the genes in egg or sperm cells, although due to 
ethical concerns very little research has been carried out in this area. 
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Getting Personal: Biotechnology Moving Towards Tailor-Made Medicines



Opsona
Opsona is a new biotechnology enterprise based at St James’ 
Hospital, and is associated with Trinity College Dublin (TCD). The 
start-up company hopes to lead a new wave of Irish companies 
developing biotechnology-based drugs. The company is focused 
on discovery and development of new drugs to treat disorders of the 
immune system, such as infl ammation and autoimmune diseases 
– which include multiple sclerosis, infl ammatory bowel disease 
and asthma. Opsona employs 13 scientists and eight management 
and administrative personnel. The company was founded in 2004 
by three of Ireland’s leading immunologists and an Australian 
entrepreneur. The company has licensed intellectual property 
from Trinity College Dublin and is also generating new intellectual 
property in the form of patent applications. They have recently 
announced their collaboration with Wyeth Pharmaceuticals, a 
multi-national drug company, for the discovery, development 
and production of a new drug for the treatment of infl ammatory 
disease. The targets include an exciting group of receptors, 
called toll-like receptors (TLRs); these are special proteins that 
are sensitive to the presence of pathogens and can trigger an 
imfl amatory response. The company was provided with €6.25m 
by a group of international venture capitalist investors in 2005, 
including Seroba (Ireland), Inventages (Switzerland), Genentech 
(USA) and Enterprise Ireland. Opsona is emerging as a leader in its 
fi eld, and is underpinned by novel scientifi c concepts and world-
leading experts. 

To find out more about the growth and opportunities 
in the Biotechnology sector in Ireland visit: 
www.biotechnologyireland.com 

Fig.2   Hatching blastocyst. The inner cell mass contains embryonic 
stem cells that can be harvested and grown in culture. 

Fig.1  Biotechnologist at work

You can fi nd out more about the work of Opsona and 
the people who work there at www.opsona.com and 
at www.sta.ie

In the medical area biotechnology tools and techniques, 
developed in the last 50 years, have enabled scientists to 
discover the effects of antibiotics and drugs on human cells. 
They have also been useful in developing new methods of 
producing life-saving drugs. There are now over 100 biotech 
drugs on the market and a further 350 are in late-stage clinical 
trials. In this lesson we look at how biotechnology is moving 
into the production of tailor-made medicines. 

What is biotechnology? 
Biotechnology is the use of cellular and biomolecular processes to 
solve problems such as clarifying the location and function of genes 
and producing new products. Biotechnology uses the cell’s own 
manufacturing abilities to put biological molecules such as DNA and 
protein to benefi cial use. 

Cells as factories 
Many new drugs are proteins that are produced by a variety of bacterial, 
yeast and mammalian cells. Cells are the building blocks of life. They 
contain all the information required for that cell to carry out a function. 
Groups of similar cells form tissues, which in turn form organs, each with 
specifi c tasks. Even though cells have a wide variety of functions, they all 
have the same basic design and operating process. It is these similarities 
that form the foundations of biotechnology.  

How are biotechnology drugs produced?
The production of a new biotechnology drug often involves the isolation 
of DNA, its manipulation and then reintroduction of the modifi ed DNA into 
host cells or model organisms. A host cell or organism will then produce 
(express) the protein coded for by this piece of DNA. The particular 
segment of DNA that codes a protein is called a gene. This process of 
introducing new DNA into a cell nucleus so that the cell will express a new 
protein is called genetic modifi cation. 

During the initial stage of drug design – the drug discovery process – the 
cell or bacterium to be used must be designed to express the protein that 
is required for the drug. A scientist must fi rst isolate the gene that codes 
for this protein. This gene must then be precisely cut out and reintroduced 
into the DNA of the host cell. The process of reintroducing a gene into 
another piece of DNA is called gene splicing.  The gene of interest from 
the original organism is, as it were, cut and pasted into the DNA of the host 
organism. The tools and procedures used to introduce the ‘foreign’ DNA 
into the new location within the cell nucleus are known as recombinant 
DNA techniques, resulting in genetically modifi ed organisms (GMOs).

How can biotechnology be applied?
There are many practical ways in which biotechnology can be applied 
in such areas as medicine, the agricultural and food industries and 
environmentally-sensitive waste management. 

The use of living cells, either unicellular organisms such as yeast and 
bacteria, or biomolecules such as enzymes, to produce a desired product 
is known as bioprocessing technology. 

Linking bioprocessing with recombinant DNA techniques allows for 
the development of a wide range of products, for example the modifi cation 
of bacterial or yeast cells to produce human insulin for the treatment 
of diabetes. 

Many living organisms produce compounds that are therapeutically useful 
and these compounds can now be produced economically on a large 
scale, using biotechnology techniques.

Examples of biotechnology-based products

•  Antibiotics/Antimicrobials. Bacteria and yeast produce naturally-
occurring toxic products that can kill other microorganisms. 
Using traditional genetics or recombinant DNA techniques, these 
bacteria can be modifi ed to generate new antibiotics and other 
antimicrobial agents. 

•  Vaccines. Vaccines are widely used to protect humans and animals 
from microbial diseases. Recombinant DNA technology has allowed 
the production of novel vaccines that offer protection without the risk of 
infection (e.g. hepatitis B vaccine). Varieties of some crops have been 
developed to include vaccines for specifi c diseases. These ‘veggie 
vaccines’ facilitate ease of production, distribution and storage. 

•  Healthcare Products. Development and production of diagnostic 
technologies that utilise monoclonal antibodies, antibodies produced 
from groups of identical cells, or DNA probes, used to identify specifi c 
pieces of DNA, is essential in the manufacture of healthcare products 
such as rapid tests for meningitis, pregnancy and AIDS. Other 
examples include the use of microbial cells to produce human or 
animal biological products such as insulin and growth hormone. 

What is pharmacogenomics?
Human beings are almost genetically identical; we differ from one 
another genetically by only about  0.1% of our DNA. There are more than 
3 million differences, known as polymorphisms, between individuals. 
Most polymorphisms have no function at all but a small proportion 
affect susceptibility to disease, drug response and other factors. Perfect 
medicines would be effective in all patients, would need the same dose for 
every patient and would have no side effects. Real medicines are effective 
only in some patients, the required dose varies from person to person and 
a small proportion develop side effects.

Producing a drug that is effective for all patients is extremely diffi cult 
to achieve and is the greatest challenge and, possibly, the greatest 
opportunity for the biotechnology industry. The enormous amount of 
genetic information that came from the Human Genome Project, combined 
with ever-increasing understanding of how genetic variability and metabolic 
individuality are linked, is heralding a new era of ‘personalised’ medicine.  
Additionally, biomarkers can be used to test an individual’s response to a 
drug and so avoid unnecessary treatment. 

Personalisation in practice 
Biomarkers can be used to analyse a patient’s receptiveness to the anti-
cancer agent Herceptin, one of the fi rst drugs developed as a personalised 
medicine. Herceptin is a drug that is based on a very specifi c antibody. 
This antibody binds to a protein called HER2 that is only expressed on the 
surface of breast cancer cells of one in four patients. This means the drug 
is ineffective in 75% of breast cancer cases. Preliminary screening, using a 
special diagnostic kit, ensures that the drug is only given to those patients 
who can benefi t from it.

What does the future hold for 
biotechnology? 
Stem cells are cells mainly found in the blastocyst before development 
of the embryo. At this stage these undifferentiated cells can reproduce 
and develop into specifi c types of cells or organs depending on the 
environment in which they grow. It is because of these capabilities that 
they are of so much interest to researchers. Stem cells can be used for 
therapeutic purposes such as controlling cancer, developing cures for 
diabetes and regenerating spinal cord or brain tissue. Many people are 
opposed to the destruction and manipulation of human embryos, whereas 
others are concerned about the ability of stem cells to divide, resulting in 
uncontrollable growth and possible tumour development. Stem cells can 
also be found in the bone marrow and brain tissue of adults, although 
these cells do not have the same development potential. 

Gene therapy is another application of biotechnology being developed by 
scientists, although to date there is no product approved for human use. 
Gene therapy is the process used to correct a DNA sequence at cellular 
level, in order to treat diseases such as cystic fi brosis, some cancers, sickle 
cell anaemia and possibly AIDS. There are two forms of gene therapy; 
‘somatic gene therapy,’ which involves introducing a ‘good’ gene into 
targeted cells to replace a ‘problem’ gene, and ‘germ-line gene therapy’, 
which involves modifying the genes in egg or sperm cells, although due to 
ethical concerns very little research has been carried out in this area. 
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True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.

(a) Monoclonal antibodies are multiple copies of a 
single antibody.  T F

(b) Plants cannot be used to make vaccines and drugs. T F

(c) Ireland is one of the biggest manufacturers of drugs 
in the world. T F

(d) Veggie vaccines are designed for vegetarians. T    F

(e) The particular segment of DNA which codes for a protein 
is called a  gene.  T F

(f) Slicing is a process that involves the cutting up of DNA. T F

(g) Stem cells are only found in the human embryo. T F

(h) Biomarkers can be used to analyse patients’ receptiveness 
to certain drugs. T F

(i) Ireland has a national body to ensure high standards of 
research ethics. T F

(j) Polymorphisms are differences in DNA sequencing 
among individuals. T F

(k) Gene therapy corrects DNA sequencing at a cellular level. T F

(l) DNA is only present in animals and not in vegetables. T F

Check your answers to these questions on www.sta.ie

Syllabus Reference

Leaving Certifi cate Biology
Unit 2.5.3 – Genetic Code

Unit 2.5.9 – Genetic engineering 

Learning Objectives

On completing this lesson students should be able to:

• Outline the function of cells in biotechnology

• Understand the initial stages of drug discovery

• Defi ne the term genetic engineering

• Outline the process of recombinant DNA techniques

•  Discuss the positive and negative effects of stem cell and gene 
therapy

•  Explain the role of biotechnology in the production of 
pharmaceutical drugs.

General Learning Points

• Cells are the building blocks of life. 

• Many new drugs are produced from a variety of bacterial, yeast and 
mammalian cells. 

• Biotechnology is the use of cellular and biomolecular processes to 
produce new products and clarify the functions of genes. 

• The section of DNA that produces a specifi c protein is called a gene.

• Genetic modifi cation is the process of introducing a new section of 
DNA into a cell.

• Genetic modifi cation is also referred to as ‘gene splicing’, ‘genetic 
engineering’ and ‘recombinant DNA technology’.

• The tools and techniques used to genetically engineer cells are 
known as recombinant DNA techniques. 

• Genetic modifi cation is widely used in biotechnology, in the 
production of antibiotics, vaccines, and other healthcare products. 

• Differences in DNA sequencing among individuals are known as 
polymorphisms.

• Monoclonal antibodies are antibodies produced from groups of 
identical cells.

• Stem cells are found in the blastocyst of developing embryos and in 
bone marrow and brain tissue of adults. 

• Stem cells from the blastocyst can develop into groups of specifi c 
cells depending on the environment in which they grow. 

• Somatic gene therapy involves replacing genes in defective DNA 
sequences that cause illnesses such as cystic fi brosis. 

Revise the Terms

Can you recall the meaning of these terms? Revising 
terminology is a powerful tool for recall and retention.

Biotechnology; cellular; biomolecular; mammalian; cells; gene; 
genetic modifi cation; drug discovery process; gene splicing;  
recombinant DNA techniques; genetically modifi ed organisms; 
bioprocessing technology; antibiotics/antimicrobials; vaccines; health-
care products; monoclonal antibodies; DNA probes; polymorphisms; 
human genome project; personalised medicine; Herceptin; stem 
cells; blastocyst; gene therapy; somatic gene therapy; germ-line 
gene therapy; restriction endonucleases; ligase.

Check the Glossary of Terms for this lesson at www.sta.ie

Biographical Notes

Daniel Nathans 1928 - 1999

Daniel Nathans, an American microbiologist, studied chemistry, 
philosophy and literature in the University of Delaware and later attended 
medical school at the Washington University in St Louis. Becoming a 
professor at the John Hopkins University, Nathans worked alongside 
Werner Arber and Hamilton Smith in studying the nature of genes, and 
together they received the 1978 Nobel Prize in medicine for their isolation 
of restriction endonucleases, which are enzymes that act as ‘molecular 
scissors’ that can cut DNA at specifi c sites. Together with ligase, which 
can join fragments of DNA together, restriction enzymes formed the basis 
of recombinant DNA technology.

Did you know?

• The Irish Council for Bioethics was established in 2002 to consider 
the ethical issues raised by developments in science and medicine. 
It helps universities, hospitals, companies and the Government to 
understand complex ethical problems such as stem cell research, 
animal trials and the rights and responsibilities of people who take 
part in drug trials.

•  ‘Mining, Icelandic style’  
Decode, a genomics company in Iceland, targeted the 275,000 
Icelanders because they are so homogenous, meaning that genetic 
anomalies stand out much more clearly. Researchers believe that 
creating a massive genetic database could lead to the discovery 
of disease patterns and new drugs. Their aim is to ‘mine’ the DNA 
of the population to discover genetic causes of common diseases 
and develop DNA-based diagnostics, pharmacogenomics, 
bioinformatics, and clinical trials. 

•  The Human Genome Project was undertaken by the U.S. 
Department of Energy and the National Institutes of Health. 
This 13-year project aimed to: 

• identify all of the approximately 20,000 – 25,000 genes in human 
DNA, 

•  determine the sequences of the 3 billion chemical base pairs that 
make up human DNA, 

• store this information in databases, 

• improve tools for data analysis, 

• transfer related technologies to the private sector,

•  address the ethical, legal, and social issues (ELSI) that may arise 
from the project.

•  A technology, developed by researchers at NUI Galway and 
supported by Enterprise Ireland and the Belgian company 
Innogenetics, is now the basis for tests that diagnose bacterial 
and fungal infections in blood. The SeptiFast® test can detect the 
25 most important sepsis-causing bacterial and fungal pathogens 
from a single blood sample. The test signifi cantly reduces the time 
required to reach a diagnosis and it provides accurate information 
to help doctors choose the right therapy. 

•  Sepsis [blood poisoning] is a severe illness caused by 
overwhelming infection of the bloodstream by toxin-producing 
bacteria and fungi. Over 18 million cases of severe sepsis occur 
each year worldwide. Severe sepsis accounts for up to 135,000 
European and 215,000 American deaths annually. Sepsis is 
increasing by more than 10% per year and now constitutes 
one of the greatest challenges in intensive care medicine. The 
economic cost of sepsis is more than $17bn annually in the U.S. 
Early diagnosis and treatment could improve survival rates and 
lower costs.

Examination Questions

2005 Leaving Certifi cate Higher Level 

What is meant by genetic engineering?

State two applications of genetic engineering, one involving a 
microorganism and one involving a plant.

For further examples of past paper questions check 
www.sta.ie.

Hamilton Smith 1931

Hamilton Smith fi rst studied mathematics at the University of Illinois, 
before transferring to the University of Carolina at Berkley to study 
cell physiology, biochemistry and biology. Having gained a wider 
understanding and interest in human neurophysiology Smith then 
applied to John Hopkins University Medical School. After working on 
various research projects in different universities, Smith returned to 
John Hopkins in 1967, where his research work included studies of 
restriction and modifi cation enzymes of genetic recombination. It was 
for this research that he was co-awarded the Nobel Prize in medicine in 
1978 along with Daniel Nathans and Werner Arber. 

Find out more about these and other great scientists at 
www.sta.ie
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Opsona
Opsona is a new biotechnology enterprise based at St James’ 
Hospital, and is associated with Trinity College Dublin (TCD). The 
start-up company hopes to lead a new wave of Irish companies 
developing biotechnology-based drugs. The company is focused 
on discovery and development of new drugs to treat disorders of the 
immune system, such as infl ammation and autoimmune diseases 
– which include multiple sclerosis, infl ammatory bowel disease 
and asthma. Opsona employs 13 scientists and eight management 
and administrative personnel. The company was founded in 2004 
by three of Ireland’s leading immunologists and an Australian 
entrepreneur. The company has licensed intellectual property 
from Trinity College Dublin and is also generating new intellectual 
property in the form of patent applications. They have recently 
announced their collaboration with Wyeth Pharmaceuticals, a 
multi-national drug company, for the discovery, development 
and production of a new drug for the treatment of infl ammatory 
disease. The targets include an exciting group of receptors, 
called toll-like receptors (TLRs); these are special proteins that 
are sensitive to the presence of pathogens and can trigger an 
imfl amatory response. The company was provided with €6.25m 
by a group of international venture capitalist investors in 2005, 
including Seroba (Ireland), Inventages (Switzerland), Genentech 
(USA) and Enterprise Ireland. Opsona is emerging as a leader in its 
fi eld, and is underpinned by novel scientifi c concepts and world-
leading experts. 

To find out more about the growth and opportunities 
in the Biotechnology sector in Ireland visit: 
www.biotechnologyireland.com 

Fig.2   Hatching blastocyst. The inner cell mass contains embryonic 
stem cells that can be harvested and grown in culture. 

Fig.1  Biotechnologist at work

You can fi nd out more about the work of Opsona and 
the people who work there at www.opsona.com and 
at www.sta.ie

In the medical area biotechnology tools and techniques, 
developed in the last 50 years, have enabled scientists to 
discover the effects of antibiotics and drugs on human cells. 
They have also been useful in developing new methods of 
producing life-saving drugs. There are now over 100 biotech 
drugs on the market and a further 350 are in late-stage clinical 
trials. In this lesson we look at how biotechnology is moving 
into the production of tailor-made medicines. 

What is biotechnology? 
Biotechnology is the use of cellular and biomolecular processes to 
solve problems such as clarifying the location and function of genes 
and producing new products. Biotechnology uses the cell’s own 
manufacturing abilities to put biological molecules such as DNA and 
protein to benefi cial use. 

Cells as factories 
Many new drugs are proteins that are produced by a variety of bacterial, 
yeast and mammalian cells. Cells are the building blocks of life. They 
contain all the information required for that cell to carry out a function. 
Groups of similar cells form tissues, which in turn form organs, each with 
specifi c tasks. Even though cells have a wide variety of functions, they all 
have the same basic design and operating process. It is these similarities 
that form the foundations of biotechnology.  

How are biotechnology drugs produced?
The production of a new biotechnology drug often involves the isolation 
of DNA, its manipulation and then reintroduction of the modifi ed DNA into 
host cells or model organisms. A host cell or organism will then produce 
(express) the protein coded for by this piece of DNA. The particular 
segment of DNA that codes a protein is called a gene. This process of 
introducing new DNA into a cell nucleus so that the cell will express a new 
protein is called genetic modifi cation. 

During the initial stage of drug design – the drug discovery process – the 
cell or bacterium to be used must be designed to express the protein that 
is required for the drug. A scientist must fi rst isolate the gene that codes 
for this protein. This gene must then be precisely cut out and reintroduced 
into the DNA of the host cell. The process of reintroducing a gene into 
another piece of DNA is called gene splicing.  The gene of interest from 
the original organism is, as it were, cut and pasted into the DNA of the host 
organism. The tools and procedures used to introduce the ‘foreign’ DNA 
into the new location within the cell nucleus are known as recombinant 
DNA techniques, resulting in genetically modifi ed organisms (GMOs).

How can biotechnology be applied?
There are many practical ways in which biotechnology can be applied 
in such areas as medicine, the agricultural and food industries and 
environmentally-sensitive waste management. 

The use of living cells, either unicellular organisms such as yeast and 
bacteria, or biomolecules such as enzymes, to produce a desired product 
is known as bioprocessing technology. 

Linking bioprocessing with recombinant DNA techniques allows for 
the development of a wide range of products, for example the modifi cation 
of bacterial or yeast cells to produce human insulin for the treatment 
of diabetes. 

Many living organisms produce compounds that are therapeutically useful 
and these compounds can now be produced economically on a large 
scale, using biotechnology techniques.

Examples of biotechnology-based products

•  Antibiotics/Antimicrobials. Bacteria and yeast produce naturally-
occurring toxic products that can kill other microorganisms. 
Using traditional genetics or recombinant DNA techniques, these 
bacteria can be modifi ed to generate new antibiotics and other 
antimicrobial agents. 

•  Vaccines. Vaccines are widely used to protect humans and animals 
from microbial diseases. Recombinant DNA technology has allowed 
the production of novel vaccines that offer protection without the risk of 
infection (e.g. hepatitis B vaccine). Varieties of some crops have been 
developed to include vaccines for specifi c diseases. These ‘veggie 
vaccines’ facilitate ease of production, distribution and storage. 

•  Healthcare Products. Development and production of diagnostic 
technologies that utilise monoclonal antibodies, antibodies produced 
from groups of identical cells, or DNA probes, used to identify specifi c 
pieces of DNA, is essential in the manufacture of healthcare products 
such as rapid tests for meningitis, pregnancy and AIDS. Other 
examples include the use of microbial cells to produce human or 
animal biological products such as insulin and growth hormone. 

What is pharmacogenomics?
Human beings are almost genetically identical; we differ from one 
another genetically by only about  0.1% of our DNA. There are more than 
3 million differences, known as polymorphisms, between individuals. 
Most polymorphisms have no function at all but a small proportion 
affect susceptibility to disease, drug response and other factors. Perfect 
medicines would be effective in all patients, would need the same dose for 
every patient and would have no side effects. Real medicines are effective 
only in some patients, the required dose varies from person to person and 
a small proportion develop side effects.

Producing a drug that is effective for all patients is extremely diffi cult 
to achieve and is the greatest challenge and, possibly, the greatest 
opportunity for the biotechnology industry. The enormous amount of 
genetic information that came from the Human Genome Project, combined 
with ever-increasing understanding of how genetic variability and metabolic 
individuality are linked, is heralding a new era of ‘personalised’ medicine.  
Additionally, biomarkers can be used to test an individual’s response to a 
drug and so avoid unnecessary treatment. 

Personalisation in practice 
Biomarkers can be used to analyse a patient’s receptiveness to the anti-
cancer agent Herceptin, one of the fi rst drugs developed as a personalised 
medicine. Herceptin is a drug that is based on a very specifi c antibody. 
This antibody binds to a protein called HER2 that is only expressed on the 
surface of breast cancer cells of one in four patients. This means the drug 
is ineffective in 75% of breast cancer cases. Preliminary screening, using a 
special diagnostic kit, ensures that the drug is only given to those patients 
who can benefi t from it.

What does the future hold for 
biotechnology? 
Stem cells are cells mainly found in the blastocyst before development 
of the embryo. At this stage these undifferentiated cells can reproduce 
and develop into specifi c types of cells or organs depending on the 
environment in which they grow. It is because of these capabilities that 
they are of so much interest to researchers. Stem cells can be used for 
therapeutic purposes such as controlling cancer, developing cures for 
diabetes and regenerating spinal cord or brain tissue. Many people are 
opposed to the destruction and manipulation of human embryos, whereas 
others are concerned about the ability of stem cells to divide, resulting in 
uncontrollable growth and possible tumour development. Stem cells can 
also be found in the bone marrow and brain tissue of adults, although 
these cells do not have the same development potential. 

Gene therapy is another application of biotechnology being developed by 
scientists, although to date there is no product approved for human use. 
Gene therapy is the process used to correct a DNA sequence at cellular 
level, in order to treat diseases such as cystic fi brosis, some cancers, sickle 
cell anaemia and possibly AIDS. There are two forms of gene therapy; 
‘somatic gene therapy,’ which involves introducing a ‘good’ gene into 
targeted cells to replace a ‘problem’ gene, and ‘germ-line gene therapy’, 
which involves modifying the genes in egg or sperm cells, although due to 
ethical concerns very little research has been carried out in this area. 
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True or False

Indicate whether the following are true (T) or false (F) by 
drawing a circle around T or F.

(a) Monoclonal antibodies are multiple copies of a 
single antibody.  T F

(b) Plants cannot be used to make vaccines and drugs. T F

(c) Ireland is one of the biggest manufacturers of drugs 
in the world. T F

(d) Veggie vaccines are designed for vegetarians. T    F

(e) The particular segment of DNA which codes for a protein 
is called a  gene.  T F

(f) Slicing is a process that involves the cutting up of DNA. T F

(g) Stem cells are only found in the human embryo. T F

(h) Biomarkers can be used to analyse patients’ receptiveness 
to certain drugs. T F

(i) Ireland has a national body to ensure high standards of 
research ethics. T F

(j) Polymorphisms are differences in DNA sequencing 
among individuals. T F

(k) Gene therapy corrects DNA sequencing at a cellular level. T F

(l) DNA is only present in animals and not in vegetables. T F

Check your answers to these questions on www.sta.ie

Syllabus Reference

Leaving Certifi cate Biology
Unit 2.5.3 – Genetic Code

Unit 2.5.9 – Genetic engineering 

Learning Objectives

On completing this lesson students should be able to:

• Outline the function of cells in biotechnology

• Understand the initial stages of drug discovery

• Defi ne the term genetic engineering

• Outline the process of recombinant DNA techniques

•  Discuss the positive and negative effects of stem cell and gene 
therapy

•  Explain the role of biotechnology in the production of 
pharmaceutical drugs.

General Learning Points

• Cells are the building blocks of life. 

• Many new drugs are produced from a variety of bacterial, yeast and 
mammalian cells. 

• Biotechnology is the use of cellular and biomolecular processes to 
produce new products and clarify the functions of genes. 

• The section of DNA that produces a specifi c protein is called a gene.

• Genetic modifi cation is the process of introducing a new section of 
DNA into a cell.

• Genetic modifi cation is also referred to as ‘gene splicing’, ‘genetic 
engineering’ and ‘recombinant DNA technology’.

• The tools and techniques used to genetically engineer cells are 
known as recombinant DNA techniques. 

• Genetic modifi cation is widely used in biotechnology, in the 
production of antibiotics, vaccines, and other healthcare products. 

• Differences in DNA sequencing among individuals are known as 
polymorphisms.

• Monoclonal antibodies are antibodies produced from groups of 
identical cells.

• Stem cells are found in the blastocyst of developing embryos and in 
bone marrow and brain tissue of adults. 

• Stem cells from the blastocyst can develop into groups of specifi c 
cells depending on the environment in which they grow. 

• Somatic gene therapy involves replacing genes in defective DNA 
sequences that cause illnesses such as cystic fi brosis. 

Revise the Terms

Can you recall the meaning of these terms? Revising 
terminology is a powerful tool for recall and retention.

Biotechnology; cellular; biomolecular; mammalian; cells; gene; 
genetic modifi cation; drug discovery process; gene splicing;  
recombinant DNA techniques; genetically modifi ed organisms; 
bioprocessing technology; antibiotics/antimicrobials; vaccines; health-
care products; monoclonal antibodies; DNA probes; polymorphisms; 
human genome project; personalised medicine; Herceptin; stem 
cells; blastocyst; gene therapy; somatic gene therapy; germ-line 
gene therapy; restriction endonucleases; ligase.

Check the Glossary of Terms for this lesson at www.sta.ie

Biographical Notes

Daniel Nathans 1928 - 1999

Daniel Nathans, an American microbiologist, studied chemistry, 
philosophy and literature in the University of Delaware and later attended 
medical school at the Washington University in St Louis. Becoming a 
professor at the John Hopkins University, Nathans worked alongside 
Werner Arber and Hamilton Smith in studying the nature of genes, and 
together they received the 1978 Nobel Prize in medicine for their isolation 
of restriction endonucleases, which are enzymes that act as ‘molecular 
scissors’ that can cut DNA at specifi c sites. Together with ligase, which 
can join fragments of DNA together, restriction enzymes formed the basis 
of recombinant DNA technology.

Did you know?

• The Irish Council for Bioethics was established in 2002 to consider 
the ethical issues raised by developments in science and medicine. 
It helps universities, hospitals, companies and the Government to 
understand complex ethical problems such as stem cell research, 
animal trials and the rights and responsibilities of people who take 
part in drug trials.

•  ‘Mining, Icelandic style’  
Decode, a genomics company in Iceland, targeted the 275,000 
Icelanders because they are so homogenous, meaning that genetic 
anomalies stand out much more clearly. Researchers believe that 
creating a massive genetic database could lead to the discovery 
of disease patterns and new drugs. Their aim is to ‘mine’ the DNA 
of the population to discover genetic causes of common diseases 
and develop DNA-based diagnostics, pharmacogenomics, 
bioinformatics, and clinical trials. 

•  The Human Genome Project was undertaken by the U.S. 
Department of Energy and the National Institutes of Health. 
This 13-year project aimed to: 

• identify all of the approximately 20,000 – 25,000 genes in human 
DNA, 

•  determine the sequences of the 3 billion chemical base pairs that 
make up human DNA, 

• store this information in databases, 

• improve tools for data analysis, 

• transfer related technologies to the private sector,

•  address the ethical, legal, and social issues (ELSI) that may arise 
from the project.

•  A technology, developed by researchers at NUI Galway and 
supported by Enterprise Ireland and the Belgian company 
Innogenetics, is now the basis for tests that diagnose bacterial 
and fungal infections in blood. The SeptiFast® test can detect the 
25 most important sepsis-causing bacterial and fungal pathogens 
from a single blood sample. The test signifi cantly reduces the time 
required to reach a diagnosis and it provides accurate information 
to help doctors choose the right therapy. 

•  Sepsis [blood poisoning] is a severe illness caused by 
overwhelming infection of the bloodstream by toxin-producing 
bacteria and fungi. Over 18 million cases of severe sepsis occur 
each year worldwide. Severe sepsis accounts for up to 135,000 
European and 215,000 American deaths annually. Sepsis is 
increasing by more than 10% per year and now constitutes 
one of the greatest challenges in intensive care medicine. The 
economic cost of sepsis is more than $17bn annually in the U.S. 
Early diagnosis and treatment could improve survival rates and 
lower costs.

Examination Questions

2005 Leaving Certifi cate Higher Level 

What is meant by genetic engineering?

State two applications of genetic engineering, one involving a 
microorganism and one involving a plant.

For further examples of past paper questions check 
www.sta.ie.

Hamilton Smith 1931

Hamilton Smith fi rst studied mathematics at the University of Illinois, 
before transferring to the University of Carolina at Berkley to study 
cell physiology, biochemistry and biology. Having gained a wider 
understanding and interest in human neurophysiology Smith then 
applied to John Hopkins University Medical School. After working on 
various research projects in different universities, Smith returned to 
John Hopkins in 1967, where his research work included studies of 
restriction and modifi cation enzymes of genetic recombination. It was 
for this research that he was co-awarded the Nobel Prize in medicine in 
1978 along with Daniel Nathans and Werner Arber. 

Find out more about these and other great scientists at 
www.sta.ie
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