
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Synthesis of Recoded Bacterial Genomes toward Bespoke Biocatalysis

Nikel, Pablo Ivan

Published in:
Trends in Biotechnology

Link to article, DOI:
10.1016/j.tibtech.2019.07.001

Publication date:
2019

Document Version
Early version, also known as pre-print

Link back to DTU Orbit

Citation (APA):
Nikel, P. I. (2019). Synthesis of Recoded Bacterial Genomes toward Bespoke Biocatalysis. Trends in
Biotechnology, 37(10), 1036-1038. https://doi.org/10.1016/j.tibtech.2019.07.001

https://doi.org/10.1016/j.tibtech.2019.07.001
https://orbit.dtu.dk/en/publications/66b56342-73d4-48ea-a1c1-eb1cd44274b4
https://doi.org/10.1016/j.tibtech.2019.07.001


Trends in Biotechnology

TIBTEC 1813 No. of Pages 2
Spotlight

Synthesis of Recoded
Bacterial Genomes
toward Bespoke
Biocatalysis
Pablo I. Nikel 1,*,@

Ongoing efforts in synthetic biology
aimat constructing (micro)organisms
with (pre)defined properties. A recent
breakthrough is the chemical synthe-
sis of a recoded Escherichia coli
genome by Fredens et al. (Nature,
2019). Besides the conceptual and
technological tour de force, the
consequences of this unprece-
dented effort for whole-cell bioca-
talysis are multifold.

Continuous technological advances in
DNA synthesis have realized some of the
most ambitious objectives of synthetic bi-
ology: the creation of organisms carrying
synthetic genomes [1,2]. Fredens and col-
leagues [3] adopted a convergent ap-
proach to de novo synthesis of genomic
DNA to replace the chromosome of
reduced-genome Escherichia coli strain
MDS42. In addition, the synthetic genome
of E. coli Syn61 was recoded, and two
sense codons (TCG and TCA, encoding
a serine residue) and a stop codon (TAG,
found 321 times in the wild-type E. coli ge-
nome) were removed, resulting in a syn-
thetic bacterium that relies on 61 codons
(59 amino-acid-encoding codons, two
stop codons) for protein synthesis. This
massive engineering effort also required
substantial refactoring of convergent and
overlapping open reading frames, with
the entire chromosome divided in 100-kb
DNA fragments, which were synthesized
de novo and then assembled in yeast to
facilitate the process. Notably, the rate of
nonprogrammed mutations during the
process was only 2 × 10–4 per target
codon, significantly below the rate of
unintended mutations reported in other
synthetic genomics programs.

The first question that any microbial phys-
iologist would ask is how the synthetic
E. coli strain performs in the laboratory
environment. Syn61 fared well across dif-
ferent growth conditions when compared
with E. coli MDS42, although the specific
growth rates were lower in all the media
tested and the individual cells were slightly
longer than the parental bacterium. More-
over, no major differences were detected
in the composition of the total proteome
of the synthetic E. coli. From a fundamen-
tal perspective, these observations led to
the question of (conditional) gene essenti-
ality, and point to our limited knowledge
of the basic principles governing the archi-
tecture of the ‘paleome’ [4] – limitations
also highlighted by other ongoing genome
engineering efforts, such as the construc-
tion of the streamlined Mycoplasma
mycoides strain JCVI-Syn3.0 [5]. Un-
knowns set aside, the possibilities of a
synthetic, recoded microorganism for
bioproduction are fascinating.

Over the past few decades, metabolic
engineering has enabled the development
of microbial strains for the production of
a wide variety of chemicals and materials.
A turning point in this endeavor has
been the inception of systems metabolic
engineering, which integrates tools and
strategies of systems biology, synthetic
biology, and evolutionary engineering
with traditional metabolic engineering [6].
Indeed, continuous improvements in this
interdisciplinary strategy have led to the
development of a number of industrially
competitive engineered strains. Yet, the
number and chemical nature of the com-
pounds that can be accessed through
these approaches is somewhat limited by
the extant biochemistry of the microbial
host. While de novo DNA synthesis offers
the possibility of recoding bacterial ge-
nomes [3], a closely related approach
could soon lead to recoded biochemistry
in synthetic microorganisms (Figure 1).
As the ability to encode novel functions
in synthetic DNA keeps increasing
(for instance, by reassigning codons to
non-natural amino acids and novel pro-
teins thereof), the catalytic properties of
engineered bacterial hosts could be sig-
nificantly expanded in the not-so-distant
future. Against this background, the
extant biochemistry of the cells, based
on a limited number of chemical ele-
ments of the periodic table, could be
broadened into a neometabolism that
incorporates new-to-biology chemical
bonds [7]. Such a rational, bottom-up
recoding of Life, encompassing not only
genetic material (hardware) but also the
software of the cell, will have an enor-
mous impact on biobased production
by enabling the synthesis of compounds
that so far strictly belong to the realm of
traditional chemistry.

Synthetic genomics could be also applied
to other (micro)organisms beyond E. coli,
the traditional workhorse of bioproduction,
for biocatalysis applications. Although
other synthetic organisms are currently
in the pipeline (notably Saccharomyces
cerevisiae [8], soon to become the
first synthetic eukaryote), the adoption of al-
ternative hosts for synthetic genomics could
lead to additional interesting developments.
For instance, some bacteria are naturally
endowed with physiological features that
are attractive for bioproduction, such as
stress-resistant Pseudomonas putida or
fast-growing Vibrio natriegens [9]. Recoding
their (synthetic) genomes could add extra
benefits to such built-in properties, multiply-
ing the values of these hosts as biotechno-
logical platforms, but also challenging the
concept of species (for instance, creating a
completely synthetic organism that runs a
neometabolism centered on silicon or halo-
gens). This type of approach will help to un-
veil and reprogram the complex wiring and
multidimensional regulation of genotype-to-
phenotype relationships. Several long-
standing questions will be tackled afresh,
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Figure 1. Synthetic, Recoded Genomes Will Empower Efficient Bioproduction beyond the
Customary Products of Bacterial Metabolism. De novo synthesis of genomes and their implantation in
synthetic organisms will allow for the introduction of complex, novel bioreactions, expanding the known
landscape of biochemical transformations in the cell into what could be termed recoded biochemistry. These
engineering operations will in turn enable the exploration (and exploitation) of neometabolism that incorporates
chemical elements previously alien to the extant biochemistry of the bacterial host.
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for instance, understanding (and building) a
minimal metabolism [10].

While the ongoing projects of synthetic ge-
nomics herald a bright future for bespoke
bioproduction, several standing questions
will have to be addressed. Some of these
questions are currently a matter of lively
discussions in the synthetic biology arena,
such as the role of evolution in the per-
formance of synthetic organisms or how
(and if) a bioprocess based on such organ-
isms could be scaled up [11]. These
2 Trends in Biotechnology, Month 2019, Vol. xx, No. xx
emerging approaches will also shine a
new light on safety assessment and regu-
lation of genome-edited products [12],
since the properties of whole-cell catalysts
(including those that should be avoided)
will be rendered amenable to tailoring.
One way or the other, the work by Fredens
and colleagues constitutes a formidable
stepping stone toward the understanding
and (re)programming of the core properties
of the cell – the consequences of which will
start to become evident in the near future,
particularly in the domain of bioproduction.
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