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'Spacesuits' protect microbes destined to live in
space
MOF suit shields anaerobic bacteria from oxygen in unique CO2 �xation system

UNIVERSITY OF CALIFORNIA - BERKELEY

IMAGE: A 2D MOF WRAPS AROUND THE BACTERIA
TO FORM A SOFT CLOAK THAT EXPANDS AS THE
BACTERIA GROW AND SPLIT. THE MOF PROTECTS
THEM FROM OXYGEN, THE REVERSE OF A... view
more 
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Just as spacesuits help astronauts survive in inhospitable environments, newly developed "spacesuits" for
bacteria allow them to survive in environments that would otherwise kill them.

University of California, Berkeley, chemists developed the protective suits to extend the bacteria's lifespan in a
unique system that pairs live bacteria with light-absorbing semiconductors in order to capture carbon dioxide
and convert it into chemicals that can be used by industry or, someday, in space colonies.

The system mimics photosynthesis in plants. But while plants capture carbon dioxide and, with the energy
from sunlight, convert it to carbohydrates that we often eat, the hybrid system captures CO2 and light to make
a variety of carbon compounds, depending on the type of bacteria.

The bacteria used in the experiment are anaerobic, which means they are adapted to live in environments
without oxygen. The suit - a patchwork of mesh-like pieces called a metal-organic framework, or MOF - is
impermeable to oxygen and reactive oxygen molecules, like peroxide, which shorten their lifespan.
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The hybrid system could be a win-win for industry and the environment: It can capture carbon dioxide emitted
by power plants and turn it into useful products. It also provides a biological way to produce needed chemicals
in arti�cial environments such as spaceships and habitats on other planets.

"We are using our biohybrid to �x CO2 to make fuels, pharmaceuticals and chemicals, and also nitrogen
�xation to make fertilizer," said Peidong Yang, the S. K. and Angela Chan Distinguished Chair in Energy in UC
Berkeley's Department of Chemistry. "If Matt Damon wants to grow potatoes on Mars, he needs fertilizer."

Yang, a faculty scientist at Lawrence Berkeley National Laboratory and a co-director of the Kavli Energy
Nanoscience Institute, was referring to the actor who played the protagonist in the movie The Martian.
Damon's character was marooned on Mars and had to use his own waste as fertilizer to grow potatoes for
food.

The research, funded by NASA through UC Berkeley's Center for the Utilization of Biological Engineering in
Space, will be posted online this week in advance of publication in the journal Proceedings of the National
Academy of Sciences.

A hybrid of bacteria and semiconductor

Yang and his colleagues developed the hybrid bacterial system over the past �ve years based on their work on
light-absorbing semiconductors such as nanowires: solid wires of silicon a few hundred nanometers across,
where a nanometer is a billionth of a meter. Arrays of nanowires can be used to capture light and generate
electricity, promising cheap solar cells.

The hybrid system takes advantage of e�cient light capture by semiconductors to feed electrons to anaerobic
bacteria, which normally scavenge electrons from their environment to live. The goal is to boost carbon
capture by the bacteria to churn out useful carbon compounds.

"We are interfacing these bugs with a semiconductor that overwhelms them with electrons, so they can do
more chemistry," Yang said. "But at the same time this process also generates all these reactive oxygen
species, which are detrimental to the bugs. We are putting these bacteria in a shell so that if any of these
oxidative species comes in, this �rst defense, the shell, decomposes them."

The suit is made of a MOF mesh that wraps around the bacteria, covering it in patches. Wearing these MOF
suits, the bacteria live �ve times longer at normal oxygen concentrations - 21 percent by volume - than without
the suits, and often longer than in their natural environment, Yang said. Their normal lifespan ranges from
weeks to months, after which they can be �ushed from the system and replaced with a fresh batch.

In this experiment, the researchers used bacteria called Morella thermoacetica, which produce acetate (acetic
acid, or vinegar), a common precursor in the chemical industry. Another one of their test bacteria, Sporomusa
ovata, also produces acetate.

"We picked these anaerobic bacteria because their selectivity toward one chemical product is always 100
percent," he said. "In our case, we picked a bug that gives us acetate. But you could select another bug to give
you methane or alcohol."
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In fact, the bacteria that ferment the alcohol in beer and wine and turn milk into cheese and yoghurt are all
anaerobic.

While Yang's �rst experiments with the hybrid system paired bacteria with a bristle of silicon nanowires, in
2016 he discovered that feeding the bacteria cadmium encouraged them to decorate themselves with a
natural semiconductor, cadmium sul�de, that acts as an e�cient light absorber feeding the bacteria electrons.

In the current experiment, the researchers took bacteria decorated with cadmium sul�de and enshrouded
them with a �exible, one nanometer thick layer of MOF. While a rigid MOF interfered with the bacteria's
normal process of growth and splitting, a zirconium-based MOF patch turned out to be soft enough to allow
the bacteria to swell and divide while still clothed with MOF, after which new MOF in the solution re-clothed
them.

"You can think of the 2D MOF like a sheet of graphene: a one-layer-thick cloak that covers the bacteria," said
co-author Omar Yaghi, a pioneer of MOFs and the James and Neeltje Tretter Chair in the Department of
Chemistry. "The 2D MOF is �oating in solution with the bacteria, and as the bacteria replicate they are covered
further with the 2D MOF layer, so it protects the bacteria from oxygen."

Yang and his colleagues are also working to improve the hybrid system's e�ciency of light capture, electron
transfer and production of speci�c compounds. They envision combining these optimized capabilities with
new metabolic pathways in these bacteria to produce ever more complex molecules.

"Once you �x or activate CO2 - and that is the most di�cult part - you can use many existing chemical and
biological approaches to upgrade them to fuels, pharmaceuticals and commodity chemicals," he said.

###

Co-authors with Yang and Yaghi are UC Berkeley graduate students Zhe Ji and Hao Zhang and former
postdoctoral fellow Hao Liu, now at Donghua University in Shanghai, China.
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