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Space Biochemistry at the Interface: Interactions Between Biospheres, Geospheres,
And Atmospheres Under Planetary Conditions

Space Biochemistry addresses the question of whether and how hfe exists, or has existed, elsewhere in the Universe, and defines the bio(zeo)
chemical pattemns and processes of Life beyond Earth.

The search for biologically driven alterationz on Mars and its potential as habitat for past Iife 15 3 primary aim of current Marz exploration mis-
zions. Being a few steps away from retrieving and returning the first Mars samplez, we need to gamn extensive knowledze how to check them for the
traces of life. The analyziz of Mars samples can be developed already now based on chemolithotrophic fingerprints left on Martian mineral maten-
als (e.g., Martian meteonites). Chemolithtrophs are rock-eating, mineral-transforming microorgarisms, and the most ancient life form expected on
early Mars. For the hfe search on Mars, it is crucial to consider chemolithtrophs in Mars-relevant mineralogical settingzs. Qur recent research on
the Noachian Martian breccia NWA 7034 (~4.5 Gyt old Martian meteorite “Black Beauty”) debivered a unigue prototype of microbial hfe designed
on ancient crustal material from Mars? This Life of a pure Martian desizn 1= a rich source of Mars-relevant brosignatures. To identify biozsiznatures
which are well preserved under simulated Martian conditions, space exposure experiments are employed outside the International Space Station
(ISS).

Outer space along with ground-based space simulating facihities provides a research tool for studying life in the Universe. Series of microbial expo-
sure experiments have been succesafully performed on board and outside the ISS under environmental conditions of low Earth orbit or mimicking
planetary constraints?. Advanced techrologies in -omics research offer an integrative program for identifying the components of molecular machin-
ery responsible for a survival of microorgamiams dunng interplanetary journey. Our recent proteotranscriptomic and metabolomic analyses com-
bined with electron microscopy techmques revealed molecular machinery, which elicit microbial survival and adaptation to outer space?.

Venusian clouds have been proposed as a potential habitable environment due to availability of S/Fe compounds as energy sources, COz, moderate
temperatures, and favorable pressures. The poszibibity of Earth-hike microbial Life in Venusian clouds was suggested long ago and has recently been
revived. For life to have evolved and survived, one key requirement is the availability of eszential elements and numents. e.z., phosphorus. We n-
vestigate phosphorus presence in the clouds of Venus and its bioavailability for a potential Venusian cloud biosphere.

By furthering our knowledge of life bazed on Martian materials and molecular capacities of Life beyond Earth, Space Biochemistry facilitates our
understanding how biological life can exist beyond Earth and which stable and detectable traces it leaves.
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