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The resolved mystery of tardigrades

Abstract

Tardigrades, also known as ‘Water bears’ or ‘Space Bears’ are famous for their ability to
survive in extreme environmental conditions. With incredible ability to survive at a range
of temperature between -272°C to 150°C, these small eight legged animals are considered
as one of the toughest organisms of the world. There are several records of survival of these
animals under high pressure, UV exposure and even in space under cosmic radiation. For
decades it remained a mystery how tardigrades can tolerate the extreme environmental
conditions. Afteryears of research, it was found that tardigrades dry out and turn their entire
body into a glass like structure at very low temperature, termed as “Bio-glass” to shut
down all their metabolic processes. Later by rehydrating, the creatures bring back life in
them. Finally researchers have identified the key protein in tardigrades which helps them
to survive at extreme low temperature. The genome of several tardigrades species has been
sequenced like ‘Ramazzottius varieornatus’, ‘Hypsibius dujardini’. The sequenced genome
provides evidences of expression of tolerance related genes and horizontal gene transfer in
the animals helping them to survive in extreme environmental conditions with these key
genes. The research also focuses on how a unique protein from tardigrades can be used in
fields of agriculture, pharmaceuticals and biotechnology in future.
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Introduction

The phylogenetic position of tardigrade is a controversial and
uncertain field among scientists. The tiny animals are considered
to belong to an independent phylum called “Tardigrada”. Recent
phylogenomics studies based on expression sequence tag (EST) and
micro RNAs (miRNAs) have confirmed the phylogenetic position
of tardigrades as a sister group of the arthropods.! Tardigrades are
segmented micro animals which can be up-to 1 mm in body length
when they are adult. These small animals have a hemocoel type of
fluid-filled body cavity, a complete digestive tract, and a lobed dorsal
brain. The tiny animals mostly prefer eating moss, algae, and lichens
from water.> Approximately 900 species have been reported of these
animals found throughout the world such as marine environments
(cold sea of Antarctica), fresh water and terrestrial environment
(desserts, polar desserts, lake basins).>

Amazing characteristics shown by tardigrades

Tardigrades gathered attentions from scientists due to their ability
to survive extreme temperature variation, dehydration, radiation
and ability to survive in space too. But the biggest question raised
is how a single group of animals can have potentials to become
nearly indestructible. Before answering the question it is important
to mention that tardigrades are entirely different animals from the
extremophile organisms. Extremophile micro-organisms are adapted
to the extreme conditions, eg. Thermophiles from hot springs can live
there naturally with all biological functions smoothly running.’ But
for tardigrades, they are not adapted to extreme environment; they just

change their morphological state to avoid death. In extreme conditions
such as heat, cold, UV ray, high pressure or vacuum, tardigrades dry
themselves through a process called ‘ Anhydrobiosis’ and enter a state
of extreme dryness termed as ‘Desiccation’. Later in presence of
water the body can again rehydrate to gain back its normal functions.

Tardigrades in low temperature

Species of tardigrades are found from mountains of Himalaya,
Baltic Sea, and Antarctica and even in the ice caps of Polar Regions.
As moss is mainly consumed by these small animals, sometimes the
tardigrades are found in dry mosses from ice. In icy glaciers often
small water fiilled holes are formed due to heat absorption from the
accumulation of wind blowing on glacier surface. These water filled
cylindrical holes are called ‘Cryoconite’. Cryoconites have the exact
suitable environment for the living of moss, algae and tardigrades.®
Several species of tardigrades have survived the low temperature of
-18°C to -20°C7 ovserved that tardigrades dry out in cold temperature
and form a typical tun or round ball like structure. The formation of
tun is very important to maintain the dry state by reducing water loss
and to protect the internal organs.” The process by which tardigrades
enters a dry state is also called ‘cryptobiosis’ and the extreme dry
conditions are explained as a stage of ‘desiccation’. In 2013 it was
observed that during the process of desiccation, tardigrades or water
bears go through a process of muscle reorganization to change their
structure. The changes in shape were observed with confocal laser
scanning elctron microscopy shown in Figure 1 and 3D constructs.?
This experiment supports the claims of tun formation and entire
body contraction by Jonathan C Wright. During extreme dehydration
(desiccation), tardigrades coat themselves with a glass like material,
which is often termed as ‘Biological glass’.? This glass like structure
helps the tardigrades to survive foryears in the state of desiccation
by protecting all internal organs and key proteins of the body. In
2016, a team of scientists from Japan had been able to bring back
life in tardigrades which were in a frozen state for 30years in very
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low temperature in Antarctica. The species Acutuncus antarcticus of
water bear was in frozen state in a dried moss sample for 30.5years
since 1983 at a low temperature of -20°C. There were two tardigrades
in the sample and these were named SB-1 and SB-2 (SB stands for
sleeping beauty). The tardigrades were re-hydrated from frozen state
by keeping them in 15°C in dark. Later the SB-2 died as it did not
eat much but the tardigrade SB-1 showed amazing progress. On
the first day of rehydration after being in inactive frozen state for
30years, the legs of the creature started moving. Eventually the body
movement was observed, the tardigrade, SB-1 started eating moss
and on the 21st day it was also able to produce eggs. Later the eggs
also produced healthy newborns. This experiment holds the record of
longest survival of an animal. Scientists were confused about what
property of the animals helped them to resurrect from a frozen state
even after 30years. It was proved before that they undergo several
morphological changes like tun formation or glass like dried structure
formation due to desiccation.'” But what was the factor that helped
them to rehydrate and bring back to life still remained a mystery.

Figure | Image of a tardigrade under scanning electron microscope.

The resolved mystery

It is amazing that these animals have power to hold its life in
frozen ice crystal for 30years where the biggest risk can be formation
of sharp ice crystal edges causing damage to the cells. Even due
to cryopreservation to save the cell from this kind of damages the
cooling rate is kept very low and cryopreservants are used.'” So, it
is significant to call the tardigrades ‘natural alive cryopreservant
animals’. Previously it was thought that to endure desiccation like
many other animals tardigrades accumulate non-reducing disaccharide
‘Trehalose’ Figure 2. But after being in frozen state (anhydrobiosis) a
few species of tardigrades showed significant amount of trehalose but
few did not show the presence of trehalose in them at all. So, trehalose
can not be the answer for every tardigrade in general.'> Recently a
group of scientists have identified the key protein in the tardigrades
which helps them to enter in the frozen state and again to rehydrate
back in life form. It has been proved from the experiments that a
protein called “Tardigrade-specific Intrinsically Disordered Protein”
(TDPs) is essential for desiccation tolerance. This protein is also called
“Intrinsic disordered protein” or (IDP). TDP is responsible for the
formation of glass like structure in the tiny animals. The protein helps
the tardigrades in gradual drying and again to bring back their alive
form by rehydrating. In the experiment when the TDP protein genes
were over expressed in tardigrades, they showed a better desiccation
tolerance compared to the tardigrades with normal level of TDP."
One important advantage is that when this exact protein is separated
and expressed in other heterologous systems they still show the same
properties of the protein. As an example when the tardigrades protein
genes were expressed in human HeLa cell line, then the human DNA
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showed extreme properties of tolerance against radiaton.'* In future
there may be experiments done by inserting tardigrades genes into
human, to help human species to tolerate extreme environmental
conditions. The TDP genes can be used to create crops which
will be resistant to drought (Figure 3 & Figure 4). Many vaccines
and medicines are costly because of the storing cost in cold, if the
protein can be used in right way, in future there may be no need of
cold storing. Scientists have already expressed the IDP genes in yeast
and bacterial cells and the transgenic micro-organisms are found to
be able to tolerate extreme low temperature and dry conditions by

producing glass proteins.'*!516

Tardigrades under high temperature and radiation

Tardigrades are found to survive under high temperature range of
80°C to 100°C. The toleration of high temperature is also carried out
through the same process anhydrobiosis, where the animals enter into
desiccated state. The studies provide information about how a glass
transition helps the creatures to avoid death at high temperatures.'” A
recent study of anhydrobiotic tardigrades shows that they contain two
conserved heat protein families. The proteins are called Cytoplasmic
Abundant Heat Soluble (CAHS) and Secondary Abundant Heat
Soluble (SAHS) proteins. Both of the proteins are heat soluble,
where CAHS is intrinsically unstructured and the SAHS is rich with
beta sheets. In higher temperature both of these proteins reconstruct
themselves with alpha helical protein structures, which suggest the
new structure helps them to adapt the extreme conditions such as high
heat and dry environment with less water.'® There are also evidences
that these animals can survive under radiation and UV exposure from
the experiments carried out by European Space Agency.'*?
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Figure 2 Structural change of tardrigrades during desiccation.

TARDIGRADE

FAST ?
DD !
@vm ..,.L REHYDRATEN DEAD
TuN FORNATER
“ @ m‘:m
DESICeATIoN ALIVE
TARPIGRADE

Figure 3 TDP regulation in tardigrades to keep themselves alive.

Figure 4 A tardigrade from the hot spring of California.
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Tardigrades in space

BIOKon in Space (BIOKIS) was a project conducted in 2011
that involved seven experiments sponsored by the Italian Space
Agency (ASI-Agenzia Spaziale Italiana) in the areas of cellular
biology, radiation and radioprotection, aging, germination and plant
growth. The entire experiment was sponsored by NASA and one
of the alive specimen used by the agency in space for testing were
tardigrades. Obviously tardigrades were chosen for finding out if
it can survive at very low temperature, high radiation and several
extreme environmental conditions of space. The tests were carried out
using tardigrades in special container in space station. Two species
of tardigrades showed their ability to survive at extreme stressful
conditions of space.?! ‘Paramacrobiotus richtersi’ and ‘Ramazzottius
oberhaeuseri’ these two species showed ability to survive by
desiccation in stressful conditions of space by changing their enzyme
activity and fatty acid compositions.?*In another experiment conducted
by European Space Agency (ESA) at low earth orbit, two species of
tardigrades, ’Richtersius coronifer’ and ’Milnesium tardigradum’
were exposed to two different UV spectral ranges of UV 280-400nm
and UV 116.5-400nm. These two species showed ability to survive
at vacuum and at high UV radiation by drying up and rehydrating
back later.! The properties through which the animals can survive
at extreme conditions of space like low temperature, lack of oxygen
by creating a protection shield around, has made tardigrades an ideal
organism for space research.”

Genome of tardigrades

It is obvious that features shown by any animal are controlled by
their key genes. Several species of water bears have been sequenced
and size of their genome varies between them.? Some specific species
of tardigrades (Hypsibius dujardini) showed that their genomes
contained almost 17.4% of foreign DNA from several other species.
There were partial sequence matches from foreign species like
bacteria, plants, fungi, archaea. In contrast, most of the animals show
less than 1% of foreign DNA in their genomes. This 1% of foreign
DNA too is mainly transferred through ‘vertical gene transfer’ process
from their ancestors through the process of evolution in most of the
animals. It was exceptional how tardigrades, the tiny animals can
have 17.4% of foreign genes in them where most of the other animals
are found to have less than 1% of foreign genes. Later it had been
found that tardigrades mainly obtained that much amount of foreign
DNA through the process of horizontal gene transfer (HGT). It had
been also reported that 6000 of the foreign genes of tardigrades
were transferred through HGT process from other species giving
them unique characters.”® Though there are controversies about this
as another group of researchers have demanded that most of the
foreign DNA from the previous results came from contaminants. Still
those researchers have come to the conclusion that there is 1-2% of
foreign DNA in that specific tardigrades species transferred through
HGT process.?® Another species of tardigrades has been sequenced
named Ramazzottius varieornatus. It has been found that the genome
of this tardigrade contains almost 1.2% of foreign DNA transferred
through horizontal gene transfer. The foreign DNA also promotes
stress and damage tolerance in the animals. During the research few
unique tardigrades proteins have been discovered. The unique DNA
sequence of the proteins was expressed in human cell line and the
transgenic cells were able to suppress the DNA damage caused by
X-ray and radiation when they were tested.”’

Conclusion

Researchers have been studying tardigrades since a long time
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and one by one their mysterious properties have been resolved with
the progress of science. As this animal shows extremely superior
characters which makes it entirely different from others of animal
kingdom, with more researches, new facts can be known about water
bears. On one end after discovering the key protein genes which
makes the animal nearly indestructible, there could be more research
done to use these genes in creating transgenic crops and animals
having the same extreme tolerance property. The refrigeration of
vaccine and drugs may have a potential alternative if the properties of
the protein from tardigrades can be used in a proper way. At the other
end with amazing survival records tardigrades also provide scopes
to test the living organisms in space research and to test the lives on
other planets too. There are still confusions about the exact amount of
foreign DNA in Tardigrades and role of those genes in them. So, for
a clear idea more research needs to be done with various species of
tardigrades to get an overall knowledge of their genome.
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