Characterization of Radiotolerance Mechanisms in the Tardigrade Species

Hypsibius dujardini

SUMMARY

Tardigrades are microscopic invertebrates that are uniquely
radiotolerant among animals, and while the mechanisms of
radiotolerance in some species is becoming understood,
such mechanisms in Hypsibius dujardini, the most
radiotolerant fully aquatic tardigrade, are unknown. We
asked 1) Is H. dujardini resistant to direct or indirect DNA
damage due to ionizing radiation? and 2) Is this resistance
through initial DNA protection or efficient repair once
damage has occurred? We confirmed H. dujardini’s
extraordinary radiotolerance but encountered challenges in
performing molecular techniques, thus identifying a need for
standardization of tardigrade experimental protocols.
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 Tardigrades — experts in extremotolerance

e Many species; 100-500 um in length

 Have survived vacuum of space?

 Unigue among eukaryotes in their radiotolerance while
in a metabolically active state3

 Hypsibius dujardini
 Most radiotolerant fully aguatic
tardigrade yet tested?
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Hypsibius dujardini

e Radiation damage occurs through two main pathways-:
 “Indirect” generation of reactive oxygen species (ROS) in the aqueous

environment =2 most common, primarily causes single stranded breaks
and modified nucleotides®
e “Direct” contact with a DNA molecule
- less common, primary causes single stranded breaks and double
stranded breaks’
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 The tardigrade species R. varieornatus recently identified
to express a unique protein termed damage suppressor
(Dsup)

e When transfected into human cells, conferred 40% increase in
radiotolerance®
e Recently determined that Dsup acts as a “shield” from reactive oxygen

species around DNA? ’
 Hypsibius dujardini, however, doesn’t express Dsup or a

homologous protein'®
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__ HYPOTHESS

Like R. varieornatus, H. dujardini is resistant to DNA
damage from ionizing radiation through initial
protection of damage, either direct, indirect, or both.

METHODS
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PRELIMINARY RESULTS

H. Dujardini x-ray survival
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Figure 1. Hypsibius dujardini x-ray survival
H. dujardini were irradiated at doses of 3000, 4000, 5000, or 6000 Gy and then monitored for viability every day.
Differing line length between conditions is a result of different lengths of observation for each condition due to
logistical restrictions. Data points are averages of triplicate samples of 20 tardigrades.
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 Negligible decrease in viability through 10 days with
lower doses

e Later decline from all exposure levels

Post-irradiation immunostaining

Figure 2. Tardigrade immunostaining (100x magnification)
H. dujardini immunostained for 8-OHdG (A) and y-H2AX (B) after 4300 Gy of x-irradiation . Scale bar is 10 microns.
Nuclei were measured to be approximately 1-2 um in diameter using Leica software (A).

 High background staining
e Some nuclear localization with 8-OHdG
 Not strong enough magnification for quantitation

Nucleus isolation for flow cytometry

some nuclei, measuring
similar 1-2 um diameter

recovery for flow
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Figure 4. Potential tardigrade nuclear isolate stained with
DAPI (100x magnification)

H. dujardini nuclear isolation was attempted and the resulting
debris was mounted on a slide and stained with DAPI
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Figure 5. Dot blots for 8-OHdG
H. dujardini DNA was dot blotted for 8-OHdG.

DISCUSSION

 Corroborated extraordinary H. dujardini radiotolerance
 Tardigrades present challenges to techniques like
immunofluorescence or cell/nucleus extraction due to
their tough exterior cuticle
 Protocols using cuticle and ECM enzymatic
degradation should be explored
e Methods like nucleic acid or protein isolation show
promise and appear much easier
e We were time restricted, but only minor
troubleshooting is needed
e |tis clear that tardigrades hold biological innovations
that can aid in human space exploration, but protocol
standardization is necessary for rapid expansion of this
model organism
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