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1ologlsts expand life’s
ajphabet, to include two
new letters

AL LIFE ON EARTH uses the same four
chemlcal letters, known as bases, to store
genetic information in the form of DNA.
“Three bases forma codon,a genetic“word”
that represents one of 20 natural amino
acids. A string of codons can be read by the
machmeryms:de cellsand turned into long
chains of amino acids. These chains fold up
into proteins, which carry out many of the
innumerable jobs necessary for life.
EarhetthxsyearFloyd Romesbergof the
Sci pps Research Institute in La Jolla, Cali-
fornia, and his colleagues unveiled an en-
gineered organism that does things rather
differently. Their bacterium stores infor-
mation using a six-letter genetic alphabet
comprising the four usual bases (A, G,Cand
T, or adenine, guanine, cytosine and
thymine) plus two artificial ones called
NaMand TPT3.
~ Inapaper published this week in Na-
ture, Dr Romesberg and his colleagues goa
te p further, by describing how they have
coaxed their bacterium into making pro-
teins containing amino acids that are not
found in nature. Each unnatural amino
dto be inserted is represented by a novel
codon that includes one of the team’s syn-
h etlc bases. In other words, their bac-
terium can quite happily read an entirely
ew, human-created extension to the stan-
dard genetic code,and use the instructions
to produce proteins that no organism nat-
urally makes. The hope is that one day this
ethod could be used to make new drugs,

polymers or catalysts.
- To make their bug, the researchers had
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to find molecules that could serve as their
artificial bases. The four natural bases in
DNA pair up in a specific way: guanine
binds to cytosine and adenine to thymine.

Double-stranded DNA is held together by
the interactions between thousands of
bases pairing up with their partners on the
opposite strand. The binding rules mean
that when the strands separate during cell
division it is possible to ‘construct new
copies of the DNA using the existing
strands as templates. The team screened
thousands of molecules to find two that

*would pairup and be copied as faithfully as

natural ones.

Theythen inserted into their bacterium
agene (made from the four standard bases)
that encodes a transport protein (found in
Phaeodactylum tricornutum, an alga),
which allows the bacterium to ship the new
bases acrossits cell wall. In earlierwork, the
scientists showed that their engineered

bug can incorporate the two artificial
bases into its genome, and will happily copy
DNA strands containing them when it re-
produces.

Three more steps were necessary, how-
ever, before the bacterium could actually
produce the new proteins encoded by its
novel bases. To make proteins, cells first
transcribe a piece of DNA into anotherlong
polymer called messenger RNA(mRNA).As
its name suggests, this is the stuff that car-
ries production instructions to the ribo-
somes, the cellular factories where proteins
are assembled. The team thus needed to
make mRNA versions of the two synthetic
DNA bases. _

Once messenger RNA arrives at the ri-
bosome, yet another chemical, called trans-
fer RNA (tRNA), gets involved. Its jobis to
carry the required amino acid to the ribo-
some and attach it in the correct place. At

one end of this moleculeisatriplet of bases

* ultimate point of the exercise.
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cell’s tRNAs had to be modified to recog-
nise the novel codons. And the enzymes
that load amino acids onto pieces of tRNA
also needed tweaking, to be able to cope 1
vnththeunnaturalammoaadsthatarethe

To demonstrate thatall this hadworl
as planned, the team instructed their bac- v
terium to make a modified version of green :
fluorescent protein (GFP).Thatisamolecule
found naturally in jellyfish, but whichis
now widely used to tag other molecules for -
study since, as its name suggests, it fluo-
resces under the right sort of light. In thelr '
first experiment, they showed thatanun-
natural codon (specifically A-NaM-C) could :
be used to insert a single molecule of serine, j
a natural amino acid, into GFP. In two fur-
ther experiments they tried inserting first
one,and thenanother, artificial aminoacid
into GFP. The artificial amino acids
they used resembled natural ones but car-
ried an additional chemical group, whichal-
lowed the researchers to identify them.In
both cases, they found that more than
95% of the protein produced by the bacte-
ria contained the synthetic building block
in question.

Asanext step Dr Romesberg hopes to
extend the bacterium’s geneticvocabulary.
The two new bases mean 152 more codons
are available to represent non-natural
amino acids. Proteins made with synthetic
ingredients should be more easily tailored |
to have desirable therapeutic properties (to
be longer lasting, for example, or more |
powerful) than the natural sort.Synthorx,a |
biotech firm based in La Jolla which Dr
Romesberg founded in 2014, was set up to
explore exactly such possibilities.
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