
 

Scientists turn back evolutionary clock to
develop high-CO2-tolerant microalgae
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Mechanisms for the higher acidity tolerance in the CA2-knockdown N. oceanica.
Credit: WEI Li

The rapid elevation of atmospheric carbon dioxide level has led to global
warming and ocean acidification. Microalgae, accounting for nearly 40
percent of global carbon dioxide fixation on Earth, are on the forefront
of mankind's battle against climate change, since many of them are able
to directly convert sunlight and industrial carbon dioxide into
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transportation fuels and energy-rich nutrients.

However, the high concentration of carbon dioxide in flue gases
generally inhibits the growth of industrial microalgae. Therefore,
reducing the so-called "CO2 poisoning effect," i.e., improving tolerance
to high levels of CO2, has become a priority in the development of super
microalgae for carbon fixation.

In a new study published in Metabolic Engineering, a team of scientists
led by Prof. XU Jian from the Qingdao Institute of Bioenergy and
Bioprocess Technology (QIBEBT), Chinese Academy of Sciences
(CAS), and Prof. Ansgar Poetsch from Ruhr University, developed a
way to improve tolerance to high levels of CO2 in the industrial oil-
producing microalgae Nannochloropsis.

The research team started by discovering that CA2, a key enzyme of the
carbon-concentrating mechanism (CCM), is a key sensor of the level of
extracellular CO2. Then instead of enhancing the function of the sensor,
they reduced its activity through RNAi-based gene knockdown.
Surprisingly, the mutants were able to grow 30 percent faster than wild-
type cells at a 5 percent CO2 level in flue gas, over 100 times higher than
the 0.04 percent CO2 level found in air. Moreover, this advantage was
persistent under various types of photobioreactors and a wide range of
cultivation scales.

In ancient times, Earth's atmospheric CO2 level was many times higher
than today. Over millions of years of evolution, the CCMs of
microalgae, whose role was to concentrate CO2 molecules around the
prevalent carbon-fixing machinery called RuBisCO, have had to
gradually adapt to lower and lower levels of atmospheric CO2.

Therefore, by down-regulating CCM activity, the research team
essentially turned back the clock of this evolutionary process and
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returned modern-day CCM to its ancient high-CO2-accustomed form.
This "anti-evolution" endeavor by scientists improves the microalga's
tolerance to high CO2 environments, such as that found in flue gases.

This novel strategy has general implications for the development of
industrial oil-producing microalgae as well as food crops, under
circumstances where high carbon levels are beneficial or even necessary.

These circumstances can arise not only in the industrial conversion of
flue gas to reduce carbon emissions and mitigate global warming, but
also as mankind explores space in search of its next home. For example,
on Mars, the most promising planet to serve as mankind's second home
due to its short distance from Earth, the level of CO2 is as high as 95
percent. Thus, changing this hostile atmosphere to a human-friendly one
is a must before Mars can be called home.

  More information: Li Wei et al, Knockdown of carbonate anhydrase
elevates Nannochloropsis productivity at high CO2 level, Metabolic
Engineering (2019). DOI: 10.1016/j.ymben.2019.03.004

Provided by Chinese Academy of Sciences

Citation: Scientists turn back evolutionary clock to develop high-CO2-tolerant microalgae (2019,
March 26) retrieved 22 June 2024 from https://phys.org/news/2019-03-scientists-evolutionary-
clock-high-co2-tolerant-microalgae.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

3/3

https://phys.org/tags/microalgae/
https://phys.org/tags/food+crops/
https://phys.org/tags/carbon/
https://phys.org/tags/global+warming/
http://dx.doi.org/10.1016/j.ymben.2019.03.004
https://phys.org/news/2019-03-scientists-evolutionary-clock-high-co2-tolerant-microalgae.html
https://phys.org/news/2019-03-scientists-evolutionary-clock-high-co2-tolerant-microalgae.html
http://www.tcpdf.org

