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Project Goals: The advent of scalable genome engineering and assembly technologies has
inspired efforts aimed at removing all instances of particular codons by synonymous
substitution throughout a genome. In the resulting recoded organisms, codons are free for
reassignment to amino acids beyond the canonical twenty without competition from
endogenous tRNAs or release factors. This increases the ease of producing proteins
containing non-standard amino acids (nsAAs), which have previously been shown to have
numerous desirable properties. Here, we review our recent efforts to use nsAAs for new
functions, such as for biocontainment. Moving forward, we are interested in improving the
activity and selectivity of amino-acyl tRNA synthetases (AARSs) and other components of
translational machinery for incorporation of D-amino acids and for novel nsAAs.
During the last decade, the Church Lab has been at the forefront of developing genome
engineering technologies for recoding. The development of multiplex automatable genome
engineering (MAGE) provided a foundational approach to recoding at the scale of hundreds of
codons (1). Conjugative assembly genome engineering (CAGE) enabled the parallelization of
recoding efforts within portions of an individual genome that could later be hierarchically
reassembled (2). A major product of these efforts was the creation of an Escherichia coli strain
devoid of amber (UAG) codons and release factor 1, known as C321.∆A (3). Since then, MAGE
and CAGE have also been used to construct an E. coli strain without the rare arginine codons
AGA and AGG in any essential genes (4). Moving forward, genome synthesis and assembly are
being used to construct a 57-codon strain, which is nicely reviewed in another poster (5).
Non-standard amino acids (nsAAs) can site-specifically be incorporated into proteins in vivo
across prokaryotes and eukaryotes using orthogonal pairs of amino acyl tRNA synthetases
(AARSs) and orthogonal tRNA (6–9). Some of the many functions that nsAAs have been shown
to provide include photocrosslinking (10, 11), functionalization (12), structure determination
(13), fluorescence (14, 15), and metal binding (16). Despite numerous demonstrations of nsAA
potential, nsAAs use has been limited by the absence of a dedicated codon that is free of
competition from endogenous translation machinery. In addition, we recently used the
engineered C321.∆A strain to demonstrate a new use for nsAAs: biocontainment dependent on
the nsAA biphenylalanine (bipA) (17). Our ability to biocontain is especially important given
that recoding can bestow an organism with increased virus resistance (3).
As we work toward a 57-codon genome that will include a dedicated codon for biocontainment,

we intend to first improve the activity and selectivity of BipARS, which is the AARS for bipA.
Selectivity at the AARS level will be vital to ensuring the fidelity of translation during the
envisioned simultaneous use of multiple types of nsAAs, and we are interested in ways to
distinguish nsAAs at the molecular level in vivo. In addition, we are looking towards other
nsAAs with interests in fluorogenic and D-amino acids (D-AAs). D-AA-containing proteins have
potential to greatly expand protein conformation space (18) and thereby enable novel protein
functions, and can also enhance protein thermostability (19). D-AAs are discriminated from LAAs at 3 steps in core translation machinery: aminoacylation of tRNAs by aminoacyl-tRNA
synthetases (aaRSes), formation of ternary complexes with EF-Tu-GTP and their delivery to the
ribosome, and the ribosome’s own catalysis of peptide bond formation.
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