Viability of Bacterial Spores Under Ocean Worlds Icy Surface Conditions

Edith Fayolle, Aaron Noell, Paul Johnson, Robert Hodyss, Adrian Ponce
Jet Propulsion Laboratory, California Institute of Technology

hces are inhos cryog

radiation (U

N— + B. subtilis spores were irradiated under high vacuum by UV
10 Torr , photons using an Ar mini-arc lamp to mimic the Solar
Copper mount MgF2 vacuum viewport )
attached to cryostat spectrum. They are cooled cryogenically to a temperature
11K < T < 300K

between 11K and 300K.

Spores are deposited onto stainless steel tabs by filter

.. . . Artistic view, Europa surface-ocean e Enceladus
C] (-4(:) deposition in the sub-monolayer regime to prevent self- connection Credit NASA/JPL 4 /

Ar mini-arc UV lamp

Irradiated tabs -

I : - ) Credit NASA/JPL-
shielding, and quantified by culturing.
Control tabs —1 i + The surviving fractions decrgase expongntially with
seshiaid— * 1 ;;ﬁ fluence, and a more dramatic decrease is observed for
o f\T\ i F 60K higher irradiation temperatures
=z i ‘1\3\\ # 100K
RN T\I } 2 A « At 100 and 11K, the viability kinetics is better fit using 2
= 1 LY N . . .
8 %\ 3 gt e F 100 K with SO ice exponentials, hinting at the presence of a spore
€10° A1 \‘f } t e — subpopulation with greater UV resistance.
a . i N (o S T Conclusions
10 L “" - e * 99.9% of spores would be inactivated in less than an
N hour on Europa’s surface (100K, 779J.m*2.h't), and 3
10 (R |~ - -
0 200 400 600 800 1000 26800 2800 hours on Enceladus (60K, 233J.m2.h ')
Fluence [J.m~2]
200 » Alayer of absorbing material (SO2, H2032) as thin as a
“IF * An Arrhenius-type behavior couple of microns can shield the spores from UV
225 is observed for inactivation photons.
~ § rates above 60K, allowing for
250 1 X : : Up Next!
= \ interpolation from 60 — 298K. : . _ : :
E-275 » Do spore biosignatures such as morphology, fatty acids, amino acid
£ 300 chirality, etc. survive under relevant temperature and irradiation
F conditions?
-3.25 E
Fayolle, E. C., Noell, A. C., Johnson, P. V., Hodyss, R. and -3.50 \‘5 National Aeronautics and Space Administration
Ponce, A., 2020. Viability of Bacillus subtilis Spores Exposed @ _Jet Propulsion Laboratory
to Ultraviolet Light at Ocean World Surface Temperatures. =375, 0o 0.02 0.04 0.06 0.08 0.10 California Institute of Technology
Astrobiology 20, 889-896. 10.1089/ast.2019.2214 P Pasadena, California

www.nasa.qov



http://www.nasa.gov/

