
 

Bacterial behavior influences cloud
formation
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Marine bacteria (green and cyan) feed on nutrients exuding from a genetically
modified phytoplankton (orange). These bacteria release a substance called DMS
that contributes to cloud formation. Credit: Roman Stocker/Cherry Gao

ETH researchers have analyzed individual marine bacterial cells to show
that metabolic processes inside them determine the amount of gas they
release, which is involved in cloud formation.

Meteorologists have known for almost 50 years that the proverbial
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flapping of a butterfly's wings can trigger a hurricane in a completely
different location. The chaos theorist Edward Norton Lorenz coined the
term "butterfly effect" in 1972 to describe the understanding that
minimal changes in initial conditions can have a large effect on the later
development of dynamic systems.

Oceans are the lungs of the earth

But now results from the research group led by Roman Stocker from the
Institute of Environmental Engineering at ETH Zurich suggest that in
future, meteorologists will have to pay attention not only to butterflies
but also, and above all, to bacteria living in oceans. "We have shown the
circumstances under which these bacteria release a gas that plays a
central role in the formation of clouds," Stocker says.

In their work, which has just been published in the journal Nature
Communications, the researchers looked at the microorganisms that feed
on the metabolic products of marine phytoplankton. This term
encompasses a wide variety of microscopic algae that together perform
more photosynthesis than all plants. That means the true lungs of the
earth are not the forests, but the oceans: about half the oxygen in the
earth's atmosphere is produced there. Each year the phytoplankton also
produce over a billion tonnes of a substance called
dimethylsulphoniopropionate, or DMSP for short.

Smell of the sea

"DMSP satisfies 95 percent of marine bacteria's sulfur demand and 15
percent of bacterial carbon demand," says Cherry Gao, lead author of
the study and a doctoral student in Stocker's group. To convert DMSP
into biomass, the bacteria have two different metabolic pathways: if they
demethylate it, they use both the sulfur and the carbon; if, however, they
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cleave it into several small molecules, they use only the carbon—while
the sulfur escapes into the atmosphere in the form of dimethyl sulphide
(DMS). "DMS is what's responsible for the typical smell of the sea,"
Stocker says. In addition, DMS plays a pivotal role in cloud formation as
a source of cloud condensation nuclei around which water vapor can
condense.

Until now, scientists did not understand what drove the bacteria to opt
for one metabolic pathway or the other. Stocker's research team
genetically modified a marine bacterium of the species Ruegeria
pomeroyi so that it fluoresced in different colors depending on the
biochemical process it used to transform the DMSP. This enabled the
researchers to show that at low concentrations of DMSP, the bacteria
rely primarily on demethylation—while at high concentrations of a few
micromoles per liter, the cleavage process dominates.

Taking a closer look

The average concentration of DMSP in seawater is only a few
nanomoles per liter. Under these circumstances, the metabolic pathway
of cleavage is of negligible importance; the bacteria use the sulfur for
their growth and cloud formation does not take place. "But the
average—which is to say the concentration of DMSP found in a large
bucket simply dunked into the sea in the conventional measurement
method—tells only half the story," Stocker says: "The other half reveals
itself only on closer inspection."

Because wherever phytoplankton blooms, DMSP concentrations can be
thousands of times higher. It seems that marine bacteria have adapted to
this unequal distribution of DMSP in seawater. If they grow in the direct
vicinity of the microscopic algae, they start to cleave the DMSP. "So the
extent of cloud formation may ultimately also depend on the details of
the interaction of algae and bacteria in the sea," Stocker says.
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  More information: Cherry Gao et al. Single-cell bacterial
transcription measurements reveal the importance of
dimethylsulfoniopropionate (DMSP) hotspots in ocean sulfur cycling, 
Nature Communications (2020). DOI: 10.1038/s41467-020-15693-z

Provided by ETH Zurich

Citation: Bacterial behavior influences cloud formation (2020, May 5) retrieved 29 April 2024
from https://phys.org/news/2020-05-bacterial-behavior-cloud-formation.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)

4/4

http://dx.doi.org/10.1038/s41467-020-15693-z
https://phys.org/news/2020-05-bacterial-behavior-cloud-formation.html
http://www.tcpdf.org

