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Have you ever wondered if there is life beyond Earth? Scientists

YOUNG REVIEWERS: . . . : .
QUG N have been studying this topic for a long time and believe the answer

;}\ ABIGAIL might lie in extremophilic microbes, small organisms that thrive in
ﬁ$ NEBE extreme environments. In a 2022 study, scientists took extremophi  lic
JIARUI microbes from an analogue environment, or place on Earth similar to
‘ AGE. 14 Mars, and put them in simulated Martian conditions. After exposing
them to higher ultraviolet radiation levels, low oxygen levels, a
DANIEL dry atmosphere, and moisture-free Mars-like soil, these microbes
AGE: 14 still were able to survive. This research is important in helping us

understand if Mars can house life and give us clues into what that
life might look like beyond Earth.
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EXTRATERRESTRIAL

LIFE

Any life that exists
outside of Earth.

EXTREMOPHILIC
MICROBES

Micro-organisms that
thrive in extreme
conditions, such as
high/low temperatures,
acidic pH levels, high
levels of salt, and
limited oxygen.

ORGANIC
MOLECULES

Chains of carbon and
other atoms that form
chemical compounds.
Organic molecules are
the building blocks of
all living things.

UNMANNED
ROVERS

Machines we control
from Earth that can
explore other planets
and collect information
that can teach us about
the Martian climate and
terrain. Unmanned
rovers on Mars include
Perseverance

and Curiosity .

ANALOGUE
ENVIRONMENTS

Places on Earth that
may have conditions
similar to those present
on Mars now or in

the past.

IS THERE LIFE BEYOND EARTH?

Are there living beings on other planets? Scientists have wondered
about this fascinating question for many years, and they still hav e
not found a de nite answer. Over the past century, new technologie s
have helped scientists to learn more about other planets in our sol ar
system and have discovered that those planets are very dierent
from Earth. For example, Mars, Earth's red-colored neighbor, has a
typical temperature of 80 F. That is even colder than the average
temperature of Antarctica, the coldest place on Earth!

Because other planets are so unlike Earth, scientists predict that
extraterrestrial life , or life beyond Earth, might look completely
di erent from the plants, animals, and humans we are used to
seeing on our planet. One form of life that could survive and eve n
thrive on planets with extreme conditions is extremophilic microbes
These are microscopic living beings that love crazy condition s like
super-hot or super-cold temperatures, high levels of acidity, or
low amounts of oxygen [ 1]. As scientists learn more about these
extreme-habitat-loving microorganisms, they are coming to beli  eve
that understanding extremophilic microbes could be essential to  our
search for extraterrestrial life.

MARS AND ITS COPYCATS ON EARTH

Many scientists think that Mars is one of the planets most likely
to house life. Scientists have found clues that Mars once had the
necessary components for life: liquid water and organic molecules
which are chains of carbon and other atoms that make up the building
blocks of all living things. Pictures taken of the surface of Mars show
gullies, which are carvings on the surface that look like they were  made
by running water ( Figure 1). Scientists also discovered that Martian soil
has similar elements to the soil found on early Earth, including ¢ arbon
and other organic molecules [ 2].

Because Mars has a relatively high chance of having life oniit, s cientists
are trying to learn more about the planet. However, it is di cult to
travel to Mars because it is hundreds of millions of miles away. W e have
sent some unmanned rovers , or machines that we control from Earth,
that roam around the surface of Mars. We have also sent spacecra fts
to orbit around Mars. All of these missions are very expensive a nd
time-consuming. Sending humans to Mars is an exciting possibil ity, but
it could still be many years before this dream becomes a reality.

The next best thing to being on Mars is nding environments on Ear th
that are similar to Mars, which are called analogue environments

These Martian copycats are easier to access for experimentation a nd
exploration. Scientists have already identied some Mars analo gue
environments like the dry, dusty plains of Tibet, China and the icy ¢ old
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Figure 1

This image, from NASA,
shows gullies on the
surface of Mars. These
gullies are clues that
there may have been
running water on Mars
in the past (Photo
credit: https://mars.
nasa.gov/resources/
22353/complex-
gullies-in-a-crater/ ).

Figure 1

climate of Antarctica [ 3]. Mars analogous environments can also be
created in the lab, where scientists can simulate the harsh condition s
of the planet.

EXPERIMENTING WITH EXTREMOPHILIC MICROBES ON
EARTH

To test whether extremophilic microbes could survive on Mars, ate am
of European scientists collected samples of extremophilic micr obes
living in analogue environments. Buttiauxella and Salinisphaera
shabanensis are strains of bacteria that thrive in extreme conditions
and are part of the extremophilic microbe family.  Buttiauxella was
isolated in Southern Germany from cold springs with limited oxyge n
and Salinisphaera shabanensiscame from the salty Red Sea.

The scientists allowed these bacteria to grow in the lab and then
placed these samples in an arti cial environment that was simila r
to the environment on Mars. The scientists rst dried out these
extremophilic microbes and decreased the oxygen levels to mimi ¢
the dry, low-oxygen atmosphere on Mars. After three months, the
scientists checked on the microbes in the Mars-like environment.  Their
observations showed that a sizable fraction of both extremophilic
microbe samples survived over the three months! The scientists al so
mixed the two species of bacteria and allowed them to grow together.
When mixed, the extremophilic microbes actually experienced h igher
rates of survival in the arti cial Mars conditions.

Then, the scientists added in other Mars-like factors. They expos ed
the extremophilic microbes to Martian levels of ultraviolet ligh t, the
amount of high-energy radiation that Mars gets from the Sun. UV
levels are much higher on Mars compared to Earth because Mars ha s
a thinner atmosphere, without protective gas like Earth to block UV
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MARTIAN REGOLITH

Dry, dusty soil that
covers the surface
of Mars.

Figure 2

Martian regolith has a
much di erent
composition than soil
on Earth, especially in
its water percentage.
Scientists found Earth
soil with low moisture
and used it in the
experiment to copy soil
from Mars. Inspired by
http://tomatosphere.
letstalkscience.ca/
Resources/library/
Articleld/5302/soil-on-
mars.aspx with data
from NASA.

MARS EXPOSED
EXTREMOPHILES
MIXTURE

A 2025 project where
selected organisms will
be sent to the
International Space
Station for
experimentation.

rays [3]. They also put in low-moisture soil from Earth that is similar
to the dry soil on Mars, which we call Martian regolith  (Figure 2). The
extremophilic microbes continued to survive under these conditi  ons.
In fact, adding the soil actually increased the survival rates of th e
microbes. Scientists predicted that this happened because the dry soll
protected the extremophilic microbes from the higher UV levels.
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WHAT DOES THIS TELL US ABOUT LIFE ON MARS?

The results of this experiment are exciting because they provide
evidence that Mars could be a habitat for life. If these extremoph ilic
microbes can withstand the conditions the scientists created in
their experiment, they could also survive on Mars! The survival of
Salinisphaera shabanensisand Buttiauxella in a Mars-like environment
also con rms that extremophilic microbes are likely to be the for ms
of life we would encounter beyond Earth because other organisms
would not be able to tolerate these extreme conditions.

Looking to the future, the scientists hope Salinisphaera shabanensis
and Buttiauxella are chosen for the project called Mars EXposed
Extremophiles Mixture (MEXEM) which is supposed to happen in
2025. The MEXEM project will choose some extremophilic microb es
and bring them to the International Space Station, which is oating

in orbit above Earth, to run more experiments on them over three

months. Though the scientists learned a lot from the experimentsthe vy
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did on Earth, studying these extremophilic microbes in space will  allow
them to Il in some gaps in their knowledge about the survival of
extreme-habitat-loving microbes on Mars.

Though humans continue to explore the possibility of nding livi  ng
beings beyond Earth, we now have an exciting direction for our
search. Learning more about extremophilic microbes like  Salinisphaera
shabanensisand Buttiauxella could be one of the most important clues
for solving the mystery of extraterrestrial life on Mars and beyon d.
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YOUNG REVIEWERS

ABIGAIL, AGE: 15

My favorite subjects are Mathematics, Physics, Political Scien ce, and Astronomy. The
system of stock market has been grabbing my attention lately. Musi c is a huge part
of my life as | am a rm believer that music is therapy. Some of my hobbiesi nclude
playing tennis, swimming, and dancing. | am adaptable, strong, and w itty. | enjoy
reviewing scienti ¢ articles for Frontiers for Young Minds.

JIARUI, AGE: 14

My name is Jiarui, and | am a 8th grader at a middle school. | won nation al prizes
in English speech competitions and state awards for coding. | like piano, and have
gotten the Grade 8 Certi cate of ABRSM with a distinction score. |  am very interested
in physics, astronomy and life science. | also like baking and co oking. | love dogs and
have two poodles.

DANIEL, AGE: 14

| love helping. | tutor students in my school. My passion for maths a nd sciences
have earned me recognition in national competitions. | build devi ces and virtual
objects. My projects include building mini robots using arduinos, cr eating a Mars
base in Minecraft, designing a trail-mix sorter, rigging a portr ait to bring it to life, and
developing a robot that controls dispensing. | love soccer, kayak ing, poetry, chess,
and puzzles. | enjoy mystical books. | am glad to review scientic  articles.
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