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IT IS GENERALLY accepted that synthetic biology 
is poised to deliver a wide range of new products 
and to disrupt a number of industries including 
pharmaceuticals, agriculture, renewables and 

to exploit biology as never before and could be 
fundamental in helping us manage the Earth’s 

synthetic biology will require the continued 
development and convergence of its underlying 
skills and disciplines, to enable the rational and 

The history of pharmaceutical drugs is one of 
constant development: from the use of natural 
products, to the development of synthetic chemistry 
as a source of new ingredients and products, the use 
of antibodies and other biologics, to the emerging 

With the advent of synthetic biology, the ability 
to explore, select and optimise the biology around 

Drug screening
Drug discovery has historically been led by the 
screening of small-molecule chemical libraries 

In drug screening, the tools of molecular biology, 

assays, these include improving the expression of the 

systems by manipulating reporter genes and the 

generate large libraries of variation and therefore 
the prospect of creating and selecting novel 

They represent an important class of natural 
products and include, for example, the antibiotic 
erythromycin, the anti-cancer agent epothilone and 

in a modular fashion by polyketide synthases, whose 
component parts can be separated and recombined 
to generate novel enzymes that synthesise novel 

libraries of polyketides with novel biological activities 

Similarly, it is possible to generate libraries of 
cyclic peptides, which include well-known antibiotic 
(vancomycin), immunosuppressant (cyclosporin) 

is possible to make libraries of cyclic peptides 
chemically, genetically-encoded libraries have several 
advantages as they are more readily accessible and 
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Protein engineering and the 
design of novel therapeutics
The power of synthetic biology is clearly demonstrated 
by its ability to engineer novel proteins for use 

Synthetic biology in drug discovery

1 It brings together a range of disciplines and skills, 
from biology and chemistry, to computing, bioinformatics and engineering.
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variants, guided by protein structural expertise, that 
enables the directed evolution of therapeutic proteins 
with desirable properties, including gastrointestinal 

Leading protein engineers have successfully used 
this approach to generate an active, GI-stable, 
orally administered, therapeutic enzyme candidate 

3 PKU is a rare, 
autosomal recessive genetic disorder caused by a 
mutation in the gene encoding the hepatic enzyme 
phenylalanine hydroxylase (PAH), which prevents 
conversion of the essential amino acid phenylalanine 

of phenylalanine accumulate in the body and 
cause serious neurological complications, including 
intellectual disability, seizures, mental illness, 

The approach will allow the oral administration of 
PKU designed to resist proteolytic attack in the GI 
tract and compensate for the absence of the missing 

Using a similar approach, scientists at the University 
of Washington and PvP Biologics have sought to 
generate an entirely novel protein that degrades 
gluten,4

intestinal immune response to gluten, a protein 

The disease is a serious health problem and results 
from the inability of human digestive enzymes to 
completely break down gliadin, the major protein 
component of gluten, because gliadin is highly 

developed KumaMax, a recombinant enzyme that 
degrades gluten under acidic stomach conditions 

trigger the autoimmune reaction leading to coeliac 

a gluten-free diet but who may accidentally ingest 
gluten, KumaMax has the potential to degrade 
the immune-reactive parts of gluten before they 
exit the stomach in order to decrease the immune 
response to gluten and reduce the symptoms and 

Making biologically-active substances more 
efficiently – biosynthesis of pharmaceuticals
Recombinant DNA technology has long been used 
to synthesise biologically-active compounds in novel 
hosts, but the advancement of synthetic biology 

production of natural products on a scale not 

An excellent example is provided by the 
anti-malarial drug artemisinin, a terpenoid 
naturally produced by the sweet wormwood tree 
(Artemisia annua

et al. 

working at Amyris, reported the development of 
strains of Saccharomyces cerevisiae engineered 
with the entire biosynthetic pathway for artemisinic 
acid,5

Artemisinin-based Combination Therapies (ACTs), 
recommended by the World Health Organization 
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A further example of a plant-derived medicinal 
compound is presented by the opioid painkiller 
hydrocodone and was published by Galanie, et al. 

7 Opium poppies 
remain the sole source of opioid medicines,8 but 

The Stanford group engineered yeast to produce 
hydrocodone from sugar, combining enzyme 
discovery, enzyme engineering, pathway and strain 

strains required the expression of 23 enzyme activities 

It is clear that synthetic biology has great potential 

re-cloning, codon optimisation (for the new host) 
and generation of gene variants to optimise activity 

Novelty in biology

The expanding body of sequence information 
is uncovering a universe of hitherto-unknown 

products found in GI-inhabiting microbes (including 
many new antibiotics) must surely represent a trove of 

skills to identify, analyse and optimise the expression 

Moreover, as sequence information and the 
power of bioinformatics increases, we can achieve 
a better understanding of metabolic pathways, 
how they might cross-interact and how we might 

will allow us to achieve this will be DNA sequence 
information, metagenomics, bioinformatics and the 

Other opportunities
There are many other areas where synthetic 

These range from vaccines (antigen genes or 

requirement for synthetic DNA), CRISPR-Cas 9 and 

non-natural amino acids and their engineering 

Synthetic 
biology also offers 
the ability to 
generate large 
libraries of variation 
and therefore the 
prospect of creating 
and selecting novel 
activities  
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What are the challenges?
Synthetic biology is enabled by the vast amounts of 
DNA sequence information available from a huge 
array of organisms, and the availability of genomic 
and metagenomic tools to understand the potential 

It is clear that synthetic biology has the 
potential to impact many aspects of drug 
discovery, but the scale of its impact will depend 
on the further development of the technologies 

DNA synthesis, powerful bioinformatics, 
suitable chassis organisms and the ability to 

Crucial for the achievement of many of the 
opportunities in synthetic biology is the further 

same way that DNA sequencing underwent a 
revolution in the mid-2000s resulting in massive 
parallelisation and reduction in cost, a comparable 
breakthrough in DNA synthesis would catalyse 

While companies have made great progress in 
upscaling DNA synthesis, there remain challenges 
in achieving further scale, greater accuracy 

development of ever-smaller sites of synthesis and 
enzymatic techniques in which base additions are 
made by template-independent enzymes, such as 
terminal deoxynucleotidyl transferase (TdT), rather 

are pursuing enzymatic approaches, with distinct 

Activated silicon, an approach being pioneered 
by Evonetix, represents an exciting opportunity to 

in an environment without the usual physical 

conditions at each site are used to localise the 
reactions and maintain exquisite control of de novo 

Overcoming some of the challenges to allow 

peptide libraries in drug 

K, et al. High-level semi-synthetic 
production of the potent 

 
et al. Complete biosynthesis of 
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