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What is Synthetic Biology?
Synthetic biology, also known as 
SynBio, is a new field in biomedical 
engineering aiming to create new 
biological devices or redesign sys-
tems already existing in nature. The 
term Synthetic biology emerged 
around the 1970s and is based on 
recombinant DNA technology. The 
definition of synthetic biology is 
relatively fluid, yet its main focus is 
to design and reconstruct biologi-
cal systems. This new technology 
can solve medicine, agriculture, 
manufacturing, and environmental 
challenges. [1],[3]

Synthetic biology focuses on de-
signing and constructing smaller 
parts of cells, enzymes, and meta-
bolic pathways that can be mod-
eled, understood, and altered to 
permeate a new ability or charac-
teristic. The technological advanc-
es surrounding genetics and mo-
lecular biology have allowed pre-
cise editing or construction of 
DNA, which can be used to intro-
duce custom genes and behaviors 

in cells. However, unlike many other 
areas of engineering, biology is 
incredibly non-linear and unpre-
dictable. Therefore, it is crucial to 
understand how smaller biological 
factors work to integrate this 
knowledge into new biological sys-
tems.

The integration of synthetic biolo-
gy in biomedical sciences was 
based on several aspirations. Firstly, 
it can be used to develop a biologi-
cal system from scratch by creat-
ing its components individually. As 
a result, scientists can gather infor-
mation about its abilities and com-
pare them with existing systems. 
Secondly, it enables the manipula-
tion of systems at a molecular level 
by alternating their original proper-
ties. Redesigning biological sys-
tems leads to a better understand-
ing of their complexity, thus, creat-
ing more straightforward ways to 
achieve the same outcome. [1]

Funding for synthetic Biology com-
panies, 2009-2018



Synthetic Biology Applications 
and Approaches
Healthcare

Methods based on synthetic biolo-
gy enable the design of novel strat-
egies for treating cancer, immune 
diseases, metabolic disorders, and 
infectious diseases and producing 
cheap drugs

Malaria is a mosquito-borne infec-
tious disease caused by a plasmo-
dium organism, resulting in fatal 
relapsing fever. Artesunate, a syn-
thetic derivative of artemisinin, is 
the drug used in severe malaria 
cases. However, it is difficult to 
ensure enough supply of artemisi-
nin isolated from the plant Arte-
misia annua. Synthetic biologists 
designed a biological pathway for 
E.coli and S.cerevisiae to produce 
the artemisin precursor artemisic 
acid. Designing a complex pathway 
in yeast enables the synthesis of 
artemisin and its derivatives in 
bigger batches to ensure enough 
supplies for effective malaria treat-
ment.[4]

Synthetically engineered viruses 
may be helpful in the treatment of 
cancer. These cancer-killing viruses 
combine cancer specificity expres-
sion of different enzymes and are 
coated with specific polymers to 
withstand the body’s natural 
immune response. For instance, a 
herpes-type virus is engineered for 
the treatment of melanoma based 
on a stimulating factor and is cur-
rently under clinical trials. [4],[5]

Malaria was prevalent in many parts 
of the world that are free of malaria 
today

Food Science
The rapid growth of the population, 
as well as the drastic climate 
change, calls for new ways to 
increase food production. Synthet-
ic biology is emerging as a powerful 
approach to producing food with 
better nutritional properties. Bac-
teria such as E.coli and B.subtilis 
have been genetically modified for 
the bioproduction of vitamins. For 
example, vitamin B12 needs more 
than 30 genes to facilitate its pro
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duction, so an innovative synthesis 
pathway was designed and trans-
ferred to E.coli to produce vitamin 
B12 and other B vitamins.

Biosecurity risks 
related to Syn-
thetic Biology
Genetically modified organisms 
can have survival advantages over 
natural species, such as resistance 
to high temperatures and acidic or 
alkaline conditions. If these species 
escaped into nature, they could 
disrupt the ecological balance and 
biodiversity. Furthermore, due to 
the unpredictable nature of eco-
systems, biochemical changes in 
microorganisms may affect their 
survival skills and lead to extinction. 
For instance, the disappearance of 
one species could eventually lead 
to the disappearance of another. 
Hence, there could be severe con-
sequences to the environment and, 
thus, to humans. [6]

There is concern that synthetic 
biology could be abused in fabri-
cating biological weapons. The 
synthesis of bioengineered viruses 
poses as a threat to humankind. For 
example, poliovirus infection, com-
monly observed in children, 
invades the central nervous system 
and causes paralysis. This virus is 
easy to synthesize due to its small 
size of 7500 nucleotides, and it 
was reported that either the natural 
or the synthetic virus could have 
the same fatal results in its carrier. [6]

The creation of new life and the 
tampering with existing life has 
raised ethical concerns in synthetic 
biology and are actively being dis-
cussed. DNA synthesis, redesign-
ing organisms, and bioengineering 
genetic material, are raising ques-
tions regarding whether nature and 
human life can be tampered with. 

The European Union and the 
United States have established 
organizations that examine the 
proper ways of using synthetic bio-
logical products and have pro-
posed regulations to ensure the 
safety, security, and ethics of the 
emerging field of Synthetic Biolo-
gy.[6]
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Quiz
1. Synthetic Biology combines 
Biology with?

a. Chemistry
b. Engineering
c. Physics

2. When was the term “ Synthet-
ic Biology” first mentioned?

a. 1910 
b. 1958
c. 1978
d. 1990

3. In 1973 was produced the first 
genetically modified:

a. Bacterium 
b. Animal
c. Plant

4. Medical Applications of Syn-
thetic Biology:

a. Tissue Engineering
b. Diagnostics
c. Gene therapy
d. Vaccines
e. All of the above
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