Biological safety lock for genetically
modified organisms
21 January 2015, by Stephanie Dutchen
Physical containment isn't enough. Lab dishes and
industrial vats can break; workers can go home
with inadvertently contaminated clothes. And some
organisms are meant for use in open environments,
such as mosquitoes that can't spread malaria.
So attention turns to biocontainment: building in
biological safeguards to prevent modified
organisms from surviving where they're not meant
to. To do so, geneticists and synthetic biologists
find themselves taking a cue from safety engineers.
"If you make a chemical that's potentially explosive,
you put stabilizers in it. If you build a car, you put in
seat belts and airbags," said George Church,
Robert Winthrop Professor of Genetics at Harvard
Medical School and core faculty member at the
Wyss Institute.
And if you've created the world's first genomically
recoded organism, a strain of Escherichia coli with
a radically changed genome, as Church's group
announced in 2013, you make its life dependent on
something only you can supply.
Safe GMOs constructed by linking the viability of
genomically recoded organisms (GROs) to synthetic
amino acids for life. Credit: Spencer Katz

The creation of genetically modified and entirely
synthetic organisms continues to generate
excitement as well as worry.
Such organisms are already churning out insulin
and other drug ingredients, helping produce
biofuels, teaching scientists about human disease
and improving fishing and agriculture. While the
risks can be exaggerated to frightening effect,
modified organisms do have the potential to upset
natural ecosystems if they were to escape.

Church and colleagues report Jan. 21 in Nature
that they further modified their 2013 E. coli to
incorporate a synthetic amino acid in many places
throughout their genomes. Without this amino acid,
the bacteria can't perform the vital job of translating
their RNA into properly folded proteins.
The E. coli can't make this unnatural amino acid
themselves or find it anywhere in the wild; they
have to eat it in specially cooked-up lab cultures.
A separate team reports in Nature that it was able
to engineer the same strain of E. coli to become
dependent on a synthetic amino acid using different
methods. That group was led by a longtime
collaborator of Church's, Farren Isaacs of Yale
University.
The two studies are the first to use synthetic
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nutrient dependency as a biocontainment strategy, process called horizontal gene transfer.
and suggest that it might be useful for making
genetically modified organisms safer in an open
Church believes his team protected against those
environment.
possibilities because it had to make 49 genetic
changes to the E. coli to make them dependent on
In addition, "We now have the first example of
the artificial nutrient. The chance one of the
genome-scale engineering rather than gene editing bacteria could randomly undo all of those changes
or genome copying," said Church. "This is the most without also acquiring a harmful mutation, he said,
radically altered genome to date in terms of
is incredibly slim.
genome function. We have not only a new code,
but also a new amino acid, and the organism is
Church's solution also took care of concerns he had
totally dependent on it."
with another biocontainment technique, in which
genetic "kill switches" make bacteria vulnerable to a
Church's team, led by first authors Dan Mandell
toxin so spills can be quickly neutralized. "All you
and Marc Lajoie, HMS research fellows in genetics, have to do to kill a kill switch is turn it off," which
also made the E. coli resistant to two viruses, with can be done in any number of ways, Church said.
plans to expand that list.
Routing around the dependency on the artificial
amino acid is much harder.
The modifications offer theoretically safer E. coli
strains that could be used in biotechnology
Church determined that another key to making a
applications with less fear that they will be
successful "synthetic auxotroph" was to ensure that
contaminated by viruses, which can be financially the E. coli's lives depended on the artificial amino
disastrous, or cause ecological trouble if they spill. acid. Otherwise, escaped E. coli could keep rolling
(E. coli is one of the main organisms used in
along even if they couldn't make or scavenge it. So
industry.)
his group targeted proteins that drive the essential
functions of the cell.
Hooked on amino acids
"If you put it off on the periphery, like on the paint
Scientists have been exploring two main
job of your car, the car will still run," he explained.
biocontainment methods, but each has
"You have to embed the dependency smack in the
weaknesses. Church was determined to fix them. middle of the engine, like the crank shaft, so it now
has a particular part you can only get from, say,
One method involves turning normally self-sufficient one manufacturer in Europe."
organisms like E. coli into auxotrophs, which can't
make certain nutrients they need for growth.
Building a safer bacterium
Humans are auxotrophs, which is why we need to
include vitamins and other "essential" nutrients in The need to choose a process essential to E. coli
our diets.
survival and a nutrient not found in nature "limited
us to a small number of genes," Church said. His
Altering the genetics of E. coli so they can't make a team used computational tools to design proteins
naturally occurring nutrient doesn't always work,
that might cause the desired "irreversible,
said Church, because some of them manage to
inescapable dependency." They took the best
scavenge the nutrient from their surroundings. He candidates, synthesized them and tested them in
lowered that risk by making the E. coli dependent actual E. coli.
on a nutrient not found in nature.
They ended up with three successful redesigned
Another pitfall of making auxotrophs is that some E. essential proteins and two dependent E. coli
coli could evolve a way to synthesize the nutrient
strains. "Using three proteins together is more
they need. Or they could acquire the ability while
powerful than using them separately," Church said.
exchanging bits of DNA with other E. coli in a
He envisions future E. coli modified to require even
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more synthetic amino acids to make escape virtually
impossible.
As it was, the escape rate—the number of E. coli
able to survive without being fed the synthetic
amino acid—was "so low we couldn't detect it,"
Church said.
The group grew a total of 1 trillion E. coli cells from
various experiments, and after two weeks none had
escaped. "That's 10,000 times better than the
National Institutes of Health's recommendation for
escape rate for genetically modified organisms,"
said Church.
The weaknesses in Church's methods remain to be
seen. For now, he is satisfied with the results his
group has obtained by pushing the limits of
available testing.
"As part of our dedication to safety engineering in
biology, we're trying to get better at creating
physically contained test systems to develop
something that eventually will be so biologically
contained that we won't need physical containment
anymore," said Church.
In the meantime, he said, "we can use the physical
containment to debug it and make sure it actually
works."
More information: Nature paper:
nature.com/articles/DOI: 10.1038/nature14121
Relate paper: nature.com/articles/DOI:
10.1038/nature14095
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