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soluble bicarbonate. In these conditions, 
carbon extraction is cheaper and uses more 
benign solvents, compared with today’s energy 
intensive processes involving potentially toxic 
amine solvents. The reverse reaction to free 
CO2 is also faster using this biocatalyst.

Codexis researchers used directed evolu-
tion to design a highly specific enzyme for 
carbon capture. They genetically engineered 
carbonic anhydrase genes into Escherichia 
coli, and introduced mutations that altered 
amino acid sequences around the outside 
of the enzyme. High-throughput screening 
identified the toughest mutants, and their 
beneficial mutations were incorporated 
into the next round of evolution. After nine 
rounds, Codexis had screened about 50,000 
mutants and produced an enzyme that could 
withstand the harsh conditions of carbon 
capture for weeks without its performance 
suffering (Proc. Natl. Acad. Sci. USA 111, 
16436–16441, 2014). The process demanded a 
degree of automation and data crunching that 
was only recently possible, says Oscar Alvizo, 
part of the Codexis team: “I don’t believe this 
work could have been done 5 years ago.”

CO2 Solutions has been using a simi-
lar enzyme at a pilot plant in Salaberry-   

all the steel mills in China used this technol-
ogy, it would offer emissions cuts equivalent to 
taking 11 million cars off the road.

Holmgren has encountered initial skepti-
cism from some of the heavy-industry com-
panies that LanzaTech partners with. “You go 
to someone at a steel plant and ask them to 
play with microbes, and they go, ‘Oh really?’,” 
she says, laughing. But unlike conventional 
chemical approaches to CCU, which tend to 
require high-pressure and high-temperature 
conditions that are only economical at a large 
scale, bio-CCU plants can be much smaller 
and less energy-intensive, making them easier 
to co-locate with factories. “We don’t believe 
that the future of energy is in large centralized 
facilities,” says Holmgren.

The dirty carbon in a fossil-fuel plant 
poses a different set of challenges. Here, 
too, biotech methods are delivering carbon 
capture solutions in the form of biocataly-
sis—using enzymes as an alternative to tra-
ditional chemical reactions (Nat. Biotechnol. 
31, 95–96, 2013).  CO2 Solutions of Quebec 
City, Quebec, Canada, partnered with bio-
tech company Codexis of Redwood City, 
California, to develop an enhanced carbonic 
anhydrase enzyme that transforms CO2 into 
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KENYA
Egerton University in collaboration with 
China’s Nanjing Agricultural University 

is building a crop molecular laboratory in Nakuru to 
help solve problems of low crop productivity. Once 
the laboratory receives National Biosafety Authority 
clearance, it plans to begin developing genetically 
modified crops tailored to Kenyan farming practices.

ARGENTINA
Argentina’s 
government asks 

citizens for their opinions on 
genetically modified crops. 
The Agriculture, Livestock 
and Fisheries Ministry is 
soliciting public comments 
on Monsanto’s herbicide-
resistant soy. Results from 
this consultation, the first in 
20 years, may spur revisions 
in its report on agricultural 
biotech. 

IRAN
Danish biotech Novo Nordisk invests $78 million to 
build a manufacturing plant in Iran expected to come 

online in 2020. The company had been in negotiations with Iran’s 
Food and Drug Administration since before the Islamic Republic 
reached a nuclear deal with the West in July. The facility will 
produce Novo Nordisk’s FlexPen insulin devices. 

AUSTRALIA
The Australian Court of Appeal rules 
that farmers of genetically modified 

(GM) crops should not be limited in their 
operations to accommodate nearby organic 
farmers. The decision comes after an organic 
farmer filed a case against his neighbor who 
was planting GM canola, leading to his loss of 
organic certification. 

ROMANIA
Romania joins a minority of 
EU countries in allowing the 

cultivation of GM crops under a law that 
permits member states to decide whether or 
not to grow the crops. Nineteen of the EU’s 
28 member states had applied to keep GM 
crops out of all or part of their territories by 
the October 4 deadline. 
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to build a demonstration plant by the end of 
next year that will produce up to 1,000 gallons 
per year. 

Rather than inserting a new metabolic 
pathway into an organism, LanzaTech has 
optimized Clostridium autoethanogenum, 
a bacterium that naturally makes acetate 
(chemically similar to ethanol). The com-
pany ramped up the bacteria’s output by using 
directed evolution, a technique that involves 
successive rounds of genetic mutation, with 
the most beneficial alterations taken forward 
at each stage. The clostridia feed on CO2 and 
hydrogen, or straight carbon monoxide—a 
waste gas produced by steel plants and petro-
chemical facilities , which is typically burned 
to produce CO2.

LanzaTech already runs several clostridia 
demonstration plants on carbon monoxide, 
including one in partnership with Shougang 
Steel near Beijing that is producing 100,000 
gallons of ethanol per year. The company is 
now building a plant with the steel-maker 
ArcelorMittal based in Ghent, Belgium that 
should produce up to 47,000 tons of ethanol 
per year after it opens in 2017. The first CO2/
hydrogen demonstration plant will be com-
pleted next year. Holmgren estimates that if 
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