
 

The amazing discovery of the structure of DNA in 1953 
and the subsequent advancement of gene splicing 
techniques have made possible the modification of genetic 
material in living organisms. Today, gene modification 
(GM) technology is a powerful technology offering exciting 
promises in biotechnology applications in agriculture, 
medicine, industrial technology, and many other 
disciplines.  
 
‘In Tune with GM’ tells you of the biomedical applications 
of genetic modification, which present one of the best 
hopes yet for curing some of the major diseases which still 
afflict mankind. So get ready to tune in and explore the 
biomedical wonders of GM technology! 
 

TOP PRIZE – UPPER SECONDARY CATEGORY 

The Biomedical Applications of Gene Modification Technology  
 

The Genetic Modification Advisory Committee is the national committee established under the purview of the Ministry of 
Trade and Industry to oversee and advise on the research and development, production, use and handling of Genetically 
Modified Organisms (GMOs) in Singapore. Comprising members from various ministries, statutory boards, academic and 
research institutions, and consumer interest groups, GMAC’s objective is to ensure public safety while allowing for the 
commercial use of GMOs and GMO-derived products by companies and research institutions in Singapore, in 
compliance with international standards. For more information on GMAC, please visit www.gmac.gov.sg. 

GMAC is also committed to informing and educating the public, from a neutral and objective position, on scientifically-
sound information on GM-related issues. The GMAC Student Reporters’ Challenge – a creative newsletter writing and 
design competition – was organized as part of GMAC’s ongoing efforts in this area.  

This newsletter, which focuses on the Biomedical Applications of Gene Modification Technology, has clinched the Top 
Prize in the Upper Secondary Category of the GMAC Student Reporters Challenge 2008.  



 

WHAT IS GENETIC 
MODIFICATION? 
 
We have all experienced 
illnesses in some way — 
whether as the common cold or 
in more serious forms. Other 
than relying on the body’s 
immune system and 
conventional medicines 
currently available in the 
market, do you know that 
scientists have been exploring 
new ways to fight off diseases? 
In fact, some of the most 
promising and powerful 
applications of genetic 
modification (GM) technology 
are in the field of biomedical 
sciences.  
 
What is GM technology, you 
may now wonder. Well, it is a 
term that refers to the direct 
manipulation, through modern 
molecular techniques, of an 
organism's genetic material 
(DNA or RNA).  
 
Genetic modification can 
involve:  
 
·  moving, deleting, or 

multiplying existing genes 
within a living organism 

 
·  incorporating new genes 

into a living organism. 
Where genes are 
transferred from one 
species of organisms to 
another, the receiving 
organism is referred to as a 
“transgenic”. 
 

Since a protein sequence is 
specified by a segment of DNA 
called a gene, by changing the 
DNA sequence of the gene, we 
may create novel versions of 
that protein with novel 
functions. 

When genes go wrong…  
DNA (Deoxyribonucleic acid) contains the information that determines the 
characteristics of living organisms. If we imagine our body as a computer, DNA is 
then like a computer program that makes the computer work. Within this computer 
program, there are specific information and codes. Similarly, genes are specific 
segments of DNA that each encodes a specific functional product. But just as 
errors can occur in computer programs, genes may sometimes become defective, 
resulting in genetic-related diseases such as cystic fibrosis, severe combined 
immunodeficiency (SCID) and sickle-cell anaemia.  
 
Mechanisms of Gene Therapy 
Gene therapy provides a potential cure for certain genetic diseases. It involves the 
introduction of functional genes that produce the correct enzyme/protein on behalf 
of the patient’s intrinsic defective genes, thereby alleviating the disease 
manifestation at its roots. How is this done?  

1. The gene, which, when faculty, is responsible for the disease is identified. 
2. The functional gene is isolated from healthy cells from a healthy individual. 

Copies of this isolated functional gene are then made in the laboratory. 
3. Target cells bearing the “faculty gene” are removed from the patient. 
4. A carrier (also known as the vector) is used to insert a copy of the functional 

gene into the DNA of target cells. Currently, the most common type of vectors 
used in gene therapy trials are viruses. These viral vectors are genetically 
engineered to replace their infection-causing genes with therapeutic ones.  

5. The target cells, now bearing both the original, faulty gene copy as well as the 
newly-introduced functional gene copy, are reintroduced into the patient’s 
body. 

6.   In the patient’s body, the newly-introduced functional genes act on behalf of the 
original ones, thereby easing (or eradicating, in some cases) the disease 
symptoms. 

There are two broad categories of gene therapy. “Germ line gene therapy” changes the genetic make-up of germ cells (cells 
that give rise to sperms and eggs), such that the genetic change is transmitted to future generations. “Somatic gene therapy”, 
on the other hand, involves changes to the genetic make-up of body cells of an individual, such that the changes are not 
passed on to future generations. 
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What is holding Gene Therapy back?  
 
So far, gene therapy has not been approved for routine clinical use. 
Several factors are keeping gene therapy from being an effective 
treatment for genetic diseases. For example, the effects of gene therapy 
may not be long-term since the cells which have introduced functional 
copies of the target gene have limited life spans.  Multiple and regular 
rounds of gene therapy will then be needed to sustain the treatment. 
There are also other problems associated with the viral vectors - i) the 
patient body’s immune system may recognize the vector that is carrying 
the altered genes as a foreign substance and produce antibodies to attack 
it, leading to rejection and inflammatory responses. ii) It is difficult to 
control where in the patient’s genome the viral vector will integrate the 
target gene. iii) There is potential that the viral vectors may retain, acquire, 
or recover pathogenicity (the ability to cause disease).  Furthermore, many 
common diseases such as heart disease, high blood pressure, arthritis 
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and diabetes are caused by multiple gene interactions (polygenic diseases) and also environmental factors. These cannot be treated 
by gene therapy that targets only 1-2 specific genes. All-in-all, gene therapy is still in its infancy and scientists are engaging in more 
research to improve the technology, so as to overcome its limitations as a treatment method. 
 
Gleams of Hope  
There has been slow and steady progress in overcoming the limitations of gene therapy. The variety of diseases that have been tested 
and researched for future gene therapy has been steadily increasing and includes Parkinson’s disease, cystic fibrosis and Gaucher’s 
disease.  

Production of Pharmaceuticals  
Commercial production of human insulin from GM bact eria 
 
The first genetically engineered drug was human insulin, produced under the trade name 
Humulin®. Humulin® is produced by genetically engineering Escherichia coli (E. coli) 
bacterium to express DNA encoding human insulin.  
 
Before the use of GM technology to produce a reliable supply of low-cost and high-quality 
human insulin, diabetic patients had to rely on a limited supply of insulin obtained from 
human remains or carcasses of animals such as cattle. While cattle insulin is very similar to 
the human insulin, slight chemical differences can still evoke allergic responses in some 
patients.  
 
Below is a simplified summary of how Humulin© is manufactured:  
 

 

Production of insulin via GM E.coli bacteria 
1. The production of human insulin is determined by a specific sequence of DNA 

(the gene encoding human insulin). 
2. A restriction enzyme that acts like a biochemical scissors is used to cut out the 

gene encoding human insulin from human DNA. 
3. Plasmid DNA derived from bacteria is cut open using the same restriction 

enzyme, before the gene encoding human insulin is “pasted” in.  
4. The plasmid containing the human insulin gene (now called a “recombinant 

plasmid”) is inserted into an E. coli bacterium cell 
5. The GM E. coli cell replicates and divides, so that its daughter cells also bear the 

recombinant plasmids containing the human insulin gene. 
6. Large amounts of human insulin can then be produced, extracted, and purified 

from the GM E.coli culture. 

 

A peep at some pharmaceuticals 
produced using GM Technology! 
 
Medicine Use 

Colony 
stimulating 
factors 

Help restore bone 
marrow after 
marrow transplant; 
restores blood cells 
following cancer 
chemotherapy 

Deoxyribonucl
ease (DNase) 

Thins mucus in 
lungs of people 
with cystic fibrosis 

Epidermal 
growth factor 

Accelerates healing 
of wounds and 
burns; treats gastric 
ulcers 

Erythropoietin  Stimulates 
production of red 
blood cells in 
cancer patients 

Factor VII Promotes blood 
clotting in treatment 
of haemophilia  

Human growth 
hormone 

Promotes growth of 
muscle and bone in 
people with growth 
hormone deficiency 

Insulin Helps in treatment 
of diabetes mellitus 

Lung 
surfactant 
protein 

Helps alveoli in 
lungs to inflate in 
infants with 
respiratory distress 
syndrome 

Renin inhibitor Lowers blood 
pressure 
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Biopharming    
Biopharming (or pharming) refers to the use of GM technology to insert genes 
encoding useful pharmaceuticals into host animals or plants that normally do not 
express those genes. The GM host animals or plants then become “living 
factories“ producing these useful pharmaceutical substances.  
 
While the genetically engineered drugs available today are most commonly 
produced using microorganisms in bioreactors, some advantages that 
biopharming may offer include:  
·  More easily controllable and low-cost methods for producing pharmaceutical 

products 
·  Greater effectiveness and less risk of contamination due to its specific nature  
·  Less expensive infrastructure and production can be scaled up quickly in 

response to demands  
·  May be used to improve accessibility to certain medications, by designing 

foods that can deliver drugs and vaccines (e.g. GM banana offering edible 
vaccine against Hepatitis B) 
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recombinant form of human anti-
thrombin derived from the milk of GM 
goats and can be used therapeutically 
as an anti-coagulant. 

 

Recently, a team of researchers from the University of Central Florida genetically 
engineered tobacco plants with the insulin gene. They then administered freeze-dried GM 
tobacco plant cells in powder form to five-week old diabetic mice. The results so far have 
been positive, with the experimental mice been shown to have normal blood and urine 
sugar levels, and with cells that were producing normal levels of insulin.  
 

This work holds much potential as an alternative means of introducing insulin hormone 
into the body. Insulin is typically given through shots and not pills so that the insulin can 
go straight into the patient’s blood steam. By using GM tobacco plants, the cellulose cell 
walls of the plant initially protect insulin from degradation. However, when the GM 
tobacco plant cells reaches the patient’s intestines, the gut bacteria in there will begin to 
break down the cell wall, slowly releasing insulin into the bloodstream. Compared to 
getting daily insulin shorts, this method will be more convenient and less painful. 

What other prospects does the future hold for GM in the biomedical field? Here's one of them! 

 
Xenotransplantation  
 
Scientists have been studying the 
xenotransplantation of pig’s organs 
(e.g. pigs’ hearts and kidneys) into 
human bodies. However, there are 
many practical challenges such as 
tissue rejection that must be 
overcome before 
xenotransplantation can become a 
clinical reality. Genetic modification 
has been considered as a way to 
tackle this problem. Recently, 
scientists have successfully cloned 
GM pigs that have had genes that 
cause rejection “knocked out”. This 
achievement is a major step towards 
making the dream of successful 
xenotransplantation a reality.  
�
 

That pigskin has been used as a temporary 
cover for badly burned patients, and pig 
heart valves have been used for many years 
to replace human valves damaged as a 
result of rheumatic fever. In addition, pigs’ 
hearts and kidneys have potential to be 
transplanted into humans too! 
 

Here are some useful websites 
and online resources that might 
answer your questions on GM:  
 
·  http://www.gmac.gov.sg 

This informative website of 
the Genetic Modification 
Advisory Committee of 
Singapore provides a one-
stop information center 
about GM-related issues. 
The website explains the 
roles of GMAC, informs you 
of upcoming events, and 
updates you on the relevant 
recent developments 
worldwide. There are also 
sections providing answers 
to commonly-asked-
questions on GM 
technology, as well as a 
resource centre featuring a 
collection of GM-related 
articles and links to reliable 
websites all over the world. 
In addition, the website 
provides quizzes for you to 
test your  knowledge on GM.  
Be sure to check this out!  
 

·  http://www.dnai.org 
This website contains 
extensive resources on DNA 
science, including 
animations of molecular 
machinery and video 
interviews of scientists 
involved in DNA research.  
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