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SYNTHETIC BIOLOGY

The therapeutic breakthroughs that are
hitting the pages of scientific publications and
news media outlets almost every day can make it
feel as though this revolutionary medical progress
came out of thin air. However, biological
understanding, the work of scientists worldwide
and enabling technologies have converged to
deliver today’s rapid progress. The synthetic
biology revolution that we are now experiencing
has been quite a journey.
The biochemistry of the 1980s focused on how

to analyse biological materials and understand
how they work. In the 1990s, we developed ways
to screen more quickly and come up with answers
(and products) faster. The genomic boom was
kicked off by the completion of the Human
Genome Project in 2003. Today, we have
sophisticated modelling, automation, machine
learning, artificial intelligence and other powerful
computational capabilities to discover new
prospects at an increasingly accelerated pace. The
last century was all about plastics, computers,
software and other innovations powered by
quantum physics. The twenty first century will be
driven by biology … and it will have a massive
impact on our economic output. 
So how is synthetic biology transforming the

future of therapeutics? The best way to answer
this question is to talk to some of the key leaders
ushering in these advancements, including Emily
Leproust, CEO and founder of Twist Bioscience,
John Nicols, President and CEO of Codexis, John
Cumbers, founder of SynBioBeta and Mark
Fischer-Colbrie, President and CEO of Labcyte.

HA: Let’s start with a basic understanding of what
synthetic biology is.
John Cumbers: The vision of synthetic biology is
to engineer biology in a manner that delivers
value well beyond its natural state. The synthetic
biology community is bringing more engineers,
computer scientists, physicists and
mathematicians into the field of biology to make it
more reliable, robust and engineerable. At
SynBioBeta, we talk about a four-level synthetic
biology stack. The base level is DNA sequencing
and synthesis. The second level includes
companies offering enabling tools such as gene
editing, hardware and software tools. At the third
level are engineering platforms that develop
organisms to make many kinds of products.
Finally, at the top of the stack, there’s the
application level wherein companies are working
to make something of value — therapeutics,
chemicals, new materials, food products and much
more.

John Nicols:When it comes to applying
synthetic biology to the production of complex
chemicals, two fundamentally different
approaches serve as an important framework for
understanding the space. The first is an in vivo
approach whereby organisms are engineered to
perform chemical transformations inside an
engineered cell. The chemical products are a direct
output from the engineered organism’s
fermentation process. The second, in vitro
approach, uses novel enzymes to perform the
target chemistry outside of the cell. This second
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