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The search for life on Mars has fascinated humanity for a long
time. Scientists study the red planet using telescopes on Earth,
spacecrafts that fly around it, and robots that have landed on its
surface. Evidence indicates that Mars has underground liquid water, a
critical resource for all living beings on Earth. There is also evidence of
some interesting molecules formed by the perchlorate anion (ClO,)
in the Martian soil. On Earth, these molecules can be used by certain
types of microbes to grow. This means that microbes capable of using
perchlorate salts as part of their life cycle could survive on Mars.
In this article we discuss how Earth microbes use the perchlorate
anion based on some lab experiments performed by our research
group. Our work could eventually help to detect microbial activity
on Mars.
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CATION

A group of atoms with
a positive net charge
due to the loss of at
least one electron.

ANION

A group of atoms with
a negative net charge
due to the gain of at
least one electron.

PERCHLORATE

A chemical compound
that consists of a
chlorine atom
surrounded by four
equally spaced oxygen
atoms. It is negatively
charged and needs a
cation to form a salt.

ARCHAEA

One of the three
domains of life that
usually includes
microbes found in
extreme environments.

REDUCTION

The gaining of at least
one electron by an

atom that participates
in a chemical reaction.

ENZYME

A macromolecule that
helps to increase the
reaction rate in specific

chemical transformations.

WHAT IS THE PERCHLORATE ANION?

As you may know, molecules are formed by the combination of atoms.
The atoms in a molecule can be the same, like in an oxygen molecule
with two oxygen atoms (O»); or the atoms can be different, like in
a water molecule with one oxygen atom and two hydrogen atoms
(HoO). Molecules can have no electrical charge (called neutral) or
be positively charged (called cations) or negatively charged (called
anions). The perchlorate anion is a unique arrangement of five atoms:
one chlorine atom (Cl) surrounded by four equally spaced oxygen
atoms (O). This group of atoms has a negative charge and is written as
ClO, . Because it has a negative charge, it needs to join with a positively
charged atom, like sodium (Na™), potassium (KT), or magnesium
(Mg?t), to make a neutral molecule or a salt. In natural environments,
salts like sodium perchlorate (NaClO4) or magnesium perchlorate
[Mg(ClO4)2] can be found in soil and water, especially in dry places in
the world like deserts. Also, some perchlorate salts can be produced as
byproducts from the manufacture of matches, explosives, fertilizers,
and military weapons and ammunition. When animals or plants are
exposed to high quantities of perchlorate salts, the perchlorate anion
tends to accumulate in their tissues, causing negative effects on their
health. But some kinds of microbes can transform the perchlorate
anion into a new, useful compound that does not harm them. By doing
so these microbes, called perchlorate reducers, generate the energy
they need to grow and stay alive [1, 2].

MICROBES AND PERCHLORATES

Microbes are among the smallest forms of life on Earth. We cannot
see them with the naked eye, we need the help of a microscope. Up to
now, perchlorate-reducing activity has only been reported in two main
types of microbes: bacteria and archaea. Those perchlorate reducers
naturally occur in water and soil rich in perchlorate molecules.
They transform the perchlorate anion (ClO,) into the chlorate anion
(ClO3) and finally into the chlorite anion (ClO), in a process
known as reduction (Figure 1). As you can see, the reduction of
perchlorate to the chlorite anion means a decrease in the number
of oxygen atoms bound to the Cl atom. The enzymes used in
this process are called perchlorate reductase, chlorate reductase,
and chlorite dismutase. These chemical transformations help the
perchlorate-reducing microbes to obtain energy to grow [2]. In other
words, just as humans use oxygen to breathe, these microbes use
perchlorate to carry out their “breathing”.

PERCHLORATES IN THE ATACAMA DESERT

On Earth, perchlorate salts are principally found in arid regions such
as deserts. The Atacama Desert in South America is known as the
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Figure 1

(A) The Atacama Desert
on Earth is like the Mars
environment because
the perchlorate anion
has been discovered in
both places. In the
Atacama Desert,
microbes can break
down the perchlorate
anion with the help of
specific enzymes. (B)
The Perseverance rover
exploring Mars and
searching for
perchlorate-reducer
microbes.
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Figure 1

oldest and driest desert in the world, receives a lot of sunlight, and
has temperatures that can change from a chilly —3°C at night to a hot
50°C during the day. Scientists have discovered a lot of perchlorate
salts in this desert. Because of these extreme conditions, the Atacama
Desert is similar to the current surface of Mars. Scientists study this
desert to learn about whether life could exist on Mars [3].
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EVAPORITES

A layered sedimentary
rock formed from
brines when water is
lost by evaporation.

HALOPHILE

An extreme organism
that thrive in
environments with high
salt concentrations.

In the Atacama Desert, the hot sun and the strong winds make water
disappear very quickly, leaving behind special rocks that are rich in
salts called evaporites. What is really cool about evaporites is that
tiny microbes can actually live inside them! These microbes are called
halophiles, which means “those who love salty environments”. You
probably know that the most common salt on Earth is sodium chloride
(NaCl). We used NaCl to season our food, but it is only one example of
a wider group of substances. In chemistry, a molecule of salt is made
when two kinds of particles stick together: one cation and one anion.
In the Atacama Desert and on Mars, sodium perchlorate (NaClO4) and
magnesium perchlorate [Mg(ClOy4),] are examples of salts [3].

PERCHLORATES ON MARS

Mars is the fourth planet in the solar system and the closest to Earth. It
is only about one-tenth the size of Earth. Mars is a cold place, with an
average temperature of about —60°C. Its atmosphere is very thin and
mostly made of carbon dioxide (CO»). Mars also has ice caps, just like
Earth, and there is even some water trapped underground [4].

Several Mars missions have identified Cl in the Martian soil. In 1976,
a spacecraft called the Viking lander found more Cl on Mars than
the quantity identified by scientists in the Earth’'s soils. At first, they
thought the Cl might be in the same form as on Earth, like NaCl, but
a spacecraft named Odyssey, which flew over Mars in 2001, found
evidence suggesting that the chlorine atom was part of the perchlorate
anion (ClOy). In 2008, the Phoenix mission discovered small amounts
of the perchlorate anion, about 0.5%—1.0% of the soil, in northern
regions of Mars, particularly in a place called the Gale Crater. The
Curiosity rover also found perchlorate in the southern part of Mars.
Scientists have even discovered the perchlorate anion in a Martian
meteorite, a rock from Mars called EETA79001, when they studied it
in laboratories on Earth [5].

STUDYING MICROBES IN SIMULATED MARTIAN
CONDITIONS

Studying the way that perchlorate-reducing microorganisms handle
perchlorate in tough environments helps scientists to predict if
these microbes could survive in places different from Earth. In
laboratories, scientists can create conditions that mimic those extreme
environments and then use some specific microbes that are known to
grow in perchlorate levels similar to the ones found on the surface of
Mars (Figure 2). This type of research can help to demonstrate that life
might be able to exist in harsh places like Mars!

Our research group is interested in the effect that different amounts
of two perchlorate salts, NaClO4 and Mg(ClOg4),, have on the
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Figure 2

Scientists on Earth can
set up special
experiments in labs to
mimic real Martian
conditions. They do
this to see if
microorganisms from
Earth can survive in
conditions similar to

those existing on Mars.
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Figure 2

growth of certain halophilic bacteria. We already know that these
bacteria can grow at perchlorate levels similar to those found on the
surface of Mars. This information is exciting because it helps us to
understand how terrestrial bacteria might adapt to Martian conditions,
specifically with respect to the presence of perchlorates. However,
understanding Mars is not just about studying perchlorate levels—the
Martian environment is much more complicated. We try to mimic real
Martian conditions more closely in our experiments by applying low
temperatures, using simulated Martian soil, and creating atmospheres
rich in CO,—the main atmospheric gas on Mars. It is important to note
that, so far, there is no scientific proof that microbes exist on Mars
[6, 7], but we believe our experiments can help predict the chances of
finding life beyond Earth!

WHAT WE LEARNED

Mars is a super interesting planet for scientists to study. It is very cold
and dry, has a thin atmosphere, lots of harmful ultraviolet rays, and
some particular chemicals called perchlorates. These characteristics
make Mars a harsh place for life as we know it. Scientists use special
instruments to recreate Martian conditions to evaluate if certain
microbes might survive in those conditions. This helps us understand
whether the same type of life forms that live on Earth could also survive
on other planets—a key aspect of planning future space missions
to Mars.
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