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Earth/Mars-Charakteristics

Phobos und 
Deimos

LunaMonde

0,3% Sauerstoff
2-3% Stickstoff
1-2% Argon
95% 
Kohlendioxid

78% Stickstoff
21% Sauerstoff
0,93% Argon
0,035% 
Kohlendioxid

Zusammensetzung der Atmosphäre:

6-10 mbar1013 mbarMittlerer Atmosphärendruck an der 
Oberfläche:

0,6 kW/m21,37 kW/m2Mittlere Sonneneinstrahlung:

-55°Grad 
Celsius

+220 Grad CelsiusMittlere Oberflächentemperatur:

6794 km12.756 kmÄquatorialdurchmesser:

Ca. 24 h 37 minCa. 23 h 56 minRotationsperiode:

686,98 Tage365,25 TageMittlere Umlaufzeit um die Sonne:

227,9 Mio. km149,6 Mio. kmMittlerer Sonnenabstand:

MARSERDEPARAMETER
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for
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Lithopanspermia



Science objectives

Viability, resistance and adaptation mechanisms of lichens and their symbionts (mycobiont / 

photobiont) / maintenance or conservation of photosynthetically active cells in space.

The role of symbiosis and the likelihood of Lithopanspermia of an eukaryotic system

Expected science results

- Preservation of life processes (e.g. growth and germination capacity) due to resistance and 

adaptation mechanisms                                           

- determination of the most resistant symbiont in the lichen community                                       

- detection of the capacity of photosynthesis preservation after space exposure (Panspermia) 

- the influence of space parameters on the DNA on an eukaryotic system / micro-ecology       

- the influence of space environment on physiological processes 

Space-relevance

-– the likelihood of Lithopanspermia (natural transfer of eukaryotes, evolution aspects)    
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BIOPAN 6 / Lithopanspermia



Samples: fruiting bodies and thalli 
of Rhizocarpon geographicum and 

Xanthoria elegans
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Results

LIVE / DEAD analysis by
CLSM



RESULTS:

CLSM Analysis by the use of LIVE/DEAD 
dye

100 µm

R. geographicum, L1, λ > 
110 nm, space sample

R. geographicum, L2, (λ > 
110 nm), space sample

100 µm

R. g. cell activity reduced

R. g.  high cell activity 

30 min later

30 min later



RESULTS:

CLSM Analysis by the use of LIVE/DEAD 
dye

Comparison between R. geographicum 
and X. elegans

100 µm

R. geographicum, L1, λ > 110 nm, 
space sample

X. elegans, L1,  λ > 110 nm, 
space sample

100 µm

Photobiont cells of R.g. are 
more vital than those of X.e.

Mycobiont cells of X.e. are 
more vital than those of R.g.









Germination / Growth 
capacity 

30 µm

200 

µm







Many spores, 
but no 

germination

Many spores, 
but no 

germination









Preliminary 

CONCLUSIONS

• In space the mycobiont of X. elegans is more resistant than the mycobiont of

R. geographicum

• In space the photobiont of R. geographicum is more resistant than the photobiont

of X. elegans

• The germination capacity of ascospores of both lichens after space exposure is 

nearly the same compared to the control 

• In case of R. geographicum it can be postulated: “Germination induction by 

vacuum”

• 10 days under Mars conditions are probably without damaging effects  on the 

investigated lichens              



Das Feuchtemesslabor HUMILAB 
(Quelle: DLR/Berlin)

Die Experimentierkammer (Quelle: 
DLR/Berlin)

Das Gasmischsystem (Quelle: DLR/Berlin)

Photosynthesis under Martian conditions





Low Pressure and the high CO2 concentration seem not to be
limiting factors for photosynthsis on Mars

Low temperatures and high UV radiation may disturbe
photosynthetic activity much more!!!



Preparation for EXPOSE on the ISS and Outlook





27total number of samples EVT-E1

31.5 ×××× 105 kJm-287 h (SOL2000)

31.5 ×××× 103 kJm-252 min (SOL2000)

31,44 kJm-23 s (SOL2000)
UV irradiation polychromatic

200-400 nm, 1 atm air

31000 Jm-223 min 20 s

3100 Jm-22 min 20 s

310 Jm-214 s
UV-C irradiation monochromatic

254 nm, 1 atm air, 71.4 µW/cm2

32 wk
Temperature oscillation 50 cycles

-20 °C to +20 °C, 1 atm air

32.3 ×××× 10-6 Pa1 wk

31.3 ×××× 10-5 Pa1 h
Vacuum 10-5 Pa

E1

no. samplesduration/expositionparameterEVT

EVT: Selected and combined space simulation parameters

exposition

32 monthsRoom temperature, dark, 1 atm air

Control

12total number of samples EVT-E2

31.5 ×××× 105 kJm-2
21 days

18 min (SOL2000) +
10 dd 3 h 40 min 48 s (SOL1000)

Simulated CO2 Mars atmosphere
600 Pa

+
UV irradiation polychromatic

(200-400 nm)

321 daysMars atmosphere 600 Pa (Dark)

31.5×××× 105 kJm-222 days
244.5 h (SOL1000)

Vacuum 10-5 Pa 
+

UV irradiation polychromatic 
(200-400 nm)

322 daysVacuum 10-5 Pa (Dark)

no. samplesdurationparameterE2







Temperature resistance



lichen

mycobiont

photobiont

Additional check



Other experiments are further going on …. On 
EXPOSE!!!
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