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(1) “Dissection of goadsporin biosynthesis by in vitro
reconstitution leading to designer analogues expressed
in vivo.”

Goadsporin is a member of ribosomally synthesized
and post-translationally modified peptides (RiPPs),
containing an N-terminal acetyl moiety, six azoles and
two dehydroalanines in the peptidic main chain. Although
the enzymes involved in goadsporin biosynthesis have
been defined, the principle of how the respective enzymes
control the specific modifications remains elusive. Here
we report in vitro synthesis of goadsporin using the
enzymes reconstituted in the flexible in vitro translation
system, referred to as the FIT-GS system. In this system,
precursor peptides expressed from synthetic DNA
templates  undergoes  multistep  posttranslational
modifications in a one-pot fashion to construct
characteristic structures found in goadsporin. This system
allows us to readily prepare not only the naturally
occurring goadsporin but also 52 mutants, enabling us to
dissect the modification determinants of the precursor
peptide for each enzyme. The in vitro knowledge has led
us to design artificial precursor peptides that could be
efficiently processed by the biosynthetic enzymes and
result in designer goadsporin analogs with artificial
sequences. The goadsporin analogs could also be
produced by a heterologous expression system using
artificially mutated precursor genes, demonstrating that
the in vitro knowledge of biosynthetic enzymes were
applicable to in vivo environment and allowed for mass
production of the designer goadsporin analogs. This study
has revealed that goadsporin would be an attractive
scaffold to generate pseudo-natural products for antibiotic
or even other activities. The strategy demonstrated in this
report is in principle applicable to various other RiPP
enzymes, enabling us to rapidly investigate the principle
of modification events with great ease and facilitating the
production of not only native secondary metabolites but
also designer molecules.
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Fig. 1 In vitro/vivo biosynthesis of designer goadsporin analogs.
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(2) “Ribosomal incorporation of consecutive D-amino
acids into peptides.”

In nature, the ribosomal translation system exclusively
utilizes the twenty proteinogenic amino acids for
synthesizing polypeptides. However, a reconstituted
cell-free translation system in combination with an
artificially = reprogrammed genetic code enables
incorporation of various non-proteinogenic amino acids
into peptides. For example, N-methyl-a-amino acids,
N-alkyl-o-amino acids, B-amino acids, and D-amino acids
have been successfully introduced into peptides to date.
Nevertheless, consecutive incorporation of D-amino acids
has been still extremely difficult, which is attributed to
mainly the following two reasons; 1) slow
accommodation of D-aminoacyl-tRNA onto ribosomal A
site, and 2) slow peptidyl transfer between the P-site
peptidyl-D-aminoacyl-tRNA and the A-site
D-aminoacyl-tRNA.

Here we report consecutive D-amino acid elongation by
means of engineered tRNAs and optimized
concentrations of translation factors. tRNASME2 has
higher binding affinity to EF-Tu than our conventional
tRNAAE2 and  therefore = accommodation  of
D-aminoacyl-tRNACMEZ  was  improved. We also
developed another engineered tRNA, named tRNAFP!E2
bearing the T-stem motif of tRNASF? and the D-arm
motif of E. coli tRNAP™! for tighter binding to EF-Tu and
EF-P, respectively (Fig. 2). EF-P is a bacterial translation
factor that accelerates peptide bond formation between
consecutive Pro in the endogenous translation system. We
showed that consecutive incorporation of D-amino acids
and an o,o-disubstituted amino acid can be promoted by
EF-P depending on the D-arm motif of tRNAP©!E2,
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Fig. 2 Construct of an engineered tRNA, tRNAP™!E2| designed
for efficient D-amino-acid incorporation.
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