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Earth/Mars-Charakteristics

PARAMETER

ERDE

MARS

Mittlerer Sonnenabstand:

149,6 Mio. km

227,9 Mio. km

Mittlere Umlaufzeit um die Sonne:

365,25 Tage

686,98 Tage

Rotationsperiode:

Ca. 23 h 56 min

Ca. 24 h 37 min

Aquatorialdurchmesser:

12.756 km

6794 km

e —

o N
Vittlere Oberflachentemperatur:

+220 Grad Celsius

-55°Grad

Celsiug

Mittlere Sonneneinstrahlung:

1,37 kW/m?

e ——

ittlerer Atmosphéarendruck an der

@he he:

1013 mbar

0,6 kW/m2

6-10 mbar

N —

usammensetzung der Atmosphére:

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

e
0,3% Sauerstoff
2-3% Stickstoff
1-2% Argon

95%

Kohlendigxid

Luna

Phobos und
Deimos




HABITAT CHARACTERISATION OF THE LICHEN
SAMPLES HAS BEEN PERFORMED IN SWITZERLAND
AND SPAIN
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Aerosol and
water conc.

Changing UV B irradiance in relation to aerescle
and water concentration

Some examples ...
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Changing UV B irradiance in relation to Ozone
concentration

rradiation of UV B (305 nm) at different habitats (record time
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iabitat area characterization of Rhizocarpon
..geographicum and Xanthoria elegans
by an overview out of the helicopter
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Conclusion

*The habitats are mostly on exposed high altitudes with high UV radiation income

* The soil humidity is 2/3 of the year between 20 and 47 %
+ Water availability by ice, show-melting, fog and rain (but half of the year under snow)

+ Some valleys and mountain peaks are more dominated by Rhizocarpon geographicum and
others by Xanthoria elegans

» Soil composition varies between calciferous rocks, serpentinite and gneiss
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After space simulation: real space exposure
(long duration experiments)

Travel through space

ISS: samples on EXPOSE
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Samples on BIOPAN'

Impact
and
ejection

Reentry
process
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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

biont

Xanthoria [Y&&zee s ; s 2o Rhizocarpon
elegans | EBEZTE0S we 2o 8%+, | geographicum

] photoblc;nt
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)



Samples: fruiting bodies and thalli
UNIVERSITAT of Rhizocarpon geographicum and
Xanthoria elegans
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Temperature on BIOPAN
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173268 jef 1o o] 51EG5a4 32 e el 854080 1.03673e+006  1.20948e+006  1.38277e+006 1. 55487c+006 1.72757c+006
tirme: [sec.]

Pressure on BIOPAN (Endpressure ~ 0.4 mbar)

Dose on BIOPAN (SCh = solar constant hour

Biopan sensors R3D-B sensors

. Biopan lid : :
mission open total dose daily total daily dose
dose dose

pressure {mbar)

24 24 36.3 3.63
SCh SCh SCh

240h=10.0

d 1.18 kJ 179 kJ 1.79 kJ

cm2 cm2 cm™?

0.0

1 1968 3935 5902 7869 9836 11803 13770 15737 17704 19671 21638 23605 25573

time (s)
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Results
LIVE / DEAD analysis by
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R. geographicum, L1, A > R. g. cell activity reduced
110 nm, space sample-

30 min later

ﬁ

100 pm

R. geographicum, L2, (A R. g. high cell activity

30 min later




RESULTS:

UNIVERSITAT CLSM Analysis by the use of LIVE/DEAD
DUSSELDORF dye

Comparison between R. geographicum
and X. elegans

R. geographicum, L1, A > 110 nm;
space sample

»tb'f '

100 pm % o .;‘ . 3 ,““-“'

Photobiont cells of R.g. are Mycobiont cells of X.e. are
more vital than those of X.e. more vital than those of R.g.
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Vitality of thalli and fruiting bodies of X. elegans after space
exposure and CLSM analysis with LIVEDEAD dye FUN I on level 1

94 67

Xe FX0Conbdl XeFX1 L1 XeFX3 11 XeF¥4 L1 Xe X6 L1
110nm (space) 2nm (space] 2%0nm (space] 4nm (space)

sample, level {1}, radiation [A)

Vitallty (%)

X.e FXil Control XeFX1412

RESULTS: samples from space

Quantified results after Analysis of
CLSM images by the use of Image J

Vitality of thalli and fruiting bodies of X_ elegans after space
exposure and CL5M analysis with LIVEDEAD dye FUN | on level 2

94 .17

Xe X2 L2 XeFX7 L2 Xe X8 L2
110nm (space) M (space) 2Mnm (space) Alllnm {space)

sample, level (L), radiation [A)

Vitallty (%)

Vitality of thalli and fruiting bodies of . gecgraphicum after space
exposure and CLSM analysis with LIVEDEAD dye FUN | on level 1

91.94
T78.46

R.g FX0 Contl  RgFRAL1

RgFRBL1 Rg FRC L1 Rg FRD L1
110nm (space) AW (space) 2Mnm (space) Alllnm {space)

sample, level (L), radiation [A)

Vitallty (%)

Rg FRO Conrdl  RgFRAL2

Vitality of thalli and fruiting bodies of R_ geographicum after space
exposure and CL SM analysis with LIVEAWEAD dye FUN | on level 2

94 44

RgFRBL2 RgFRC 12 R.gFRD L2
110 (space) 2Adnm (space) 2Minm [space) 4{{nm (space)
sample, level 1), radiation [A)
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RESULTS: simulation tests

Quantified results after Analysis of
CLSM images by the use of Image J

Vitallty (%)

Vitality of thali and fruiting bodies of X elegans after ground
simulation tests and €1 SM analysis with LIVEDEAD dye FUN | on
level 1

Vitality (%)
g

Vitalty of thalli and fruiting bodies of X elegans after ground
simulation tests and CL5M analysis with LIVE/DEAD dye FUN I on
level 2

Xe. FXD Control XeFXAlLl XeFXB L1 XeFXCL1 XePXDL1

XeFXAL2 XeFXB L2 XeFNC L2 XeFXDL2
110mn {gound)  200nm {ground)  200nm (ground) 400 (ground) 110nm ({gound)  200nm (ground) 200 (ground)  400nm {ground)
sampie, level i), mdiation ) sample, level L), mdiafion {A)

Xe FXD Cortrol

Vitallty (%)

Vitality of thall and fruiting bodies of R. geographicum after ground

simulation tests and CLSM analysis with LIVEIDEAD dye FUN lon
level 1

90.7

Vitallty (%)

Vitality of thalli and fruiting bodies of R. geographicum after ground

simulation tests and CL5M analysis with LIMEIDEAD dye FUN [ on
level 2

R.g. FRD Contml R.gFRE L1 R.g.FRF L1 R.gFRG L1 R.gFRHL1
110nm (ground) 2inm (ground) 290nm (grownd)  Adnm (grownd)

sample, level {L), radiafion {A)

R.g. FRi Coniml R.gFRA L2 R.gFRB L2 RgFRC 12 RgFRDL2
110nm (growmd) 2Mnm (gowmd) 2%nm (growmd)  A0dnm (ground)

sample, level {L), radiation {A)
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Vitality of thalli and fruiting bodies of R. ge ographicum and X_ elegans after space / simulation exposure and CLSM an
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Germination / Growth
capacity

FOTON M3 /BIOPAN: > 110 nm and vacuum, level 1 (sample FX1,
on MY agar with amp.)
Growth capacity of ascospores of Xanthoria elegans

10 um

2 days after sporulation: 10-12 days after 22 days after sporulation:
first germination process sporulation: first multiple branching
oceures branching of the young

mycelia TR




FOTON M3 / BIOPAN: > 110 nm and vacuum, level 1 (sample FX1,
on MY agar with amp.)
Growth capacity of ascospores of Xanthoria elegans

10 pm

2 days after sporulation: 10 - 12 days after 22 days after sporulation:
first germination process sporulation: first multiple branching
occures branching of the young

mycelia IPPAV
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FOTON M3 / BIOPAN: > 290 nm and vacuum, level 1 (sample FR,
on MY agar with amp.)

Germination capacity of ascospores of Rhizocarpon geographicum;
3 days after sporulation

FOTON M3 / BIOPAN: >110 nm and vacuum, level
1 (sample FX on MY agar with amp.). Germination
capacity of ascospores of Xanthoria elegans, 2
days after sporulation and growth of mycelia after
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Germination and Growth capacity of ascospores

Level 1

Germination of space exposed ascospores of R geographicum
{BIOPAN L1) embedded in fruifing bodies (12 days after sporulation)

Germination of space exposed ascospores of R geographicum
{BIOPAN L2) embedded in fruiting bodies (12 days after sporulation)

297

03,61

£ £
= =
s 60 - = 60 -
§ Many spores, =3 Many spores,
= 9+  butno = 50 but no
,E 40 | germination .,E 40 | germination
L £
E 301 E 30 4
; 20 - ; 20 -

10 - o 10 0

1} T (1} T
R g FX0 Control RgFRIL1 RgFR3l1 RgFR4L1 RgFREL1 R g FRO Control RgFRAL2 RgFRBL2 RgFRCO1 2 Rg FRIDL2
110nm {space}] 200nm {space] 290nm (space) 400nm {space) 110nm {space}] 200nm {(space) 290nm {space) 400nm {space)
sample f level /1 sample f level /1
Germination of space exposed ascospores of X efegans (BIOPAN L1) Germination of space exposed ascospores of X efegans (BIOPAN L2)
embedded in fruiting bodies (12 days after sporulation) embedded in fruiting bodies (12 days after sporulation)
96.75
100 94 87 - 100 9799

90 - 90 |
£ 80 £ 80
B 70 & 70
2 2
g 601 o 601
c 901 © 50
= 40 5 40
= =
E 2] E 2
; 20 ; 20 4

10 - 10 -

0 T T T T 1} T T T T

Xe XD Control Xe FXIL1 110nm X e FXIL1 200nm X e FX4L1 290nm X e FX611 400nm X e FXD Control XeFXidl1 XeFX1200nm XePFX7L1200nm XeFX1400nm
(space) (space) (space) (space) 110nm (space) (space) {space) {space)

sample f level /1 sample f level /1
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Day of isolation

Growth capacity of photobiont cells after space
exposure

Photobiont of Rhizocarpon geographicum (>110 nm,
vacuum, Level 1)

12 days later: Growth capacity

The work is further going on...
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%% 4 . RESULTS:

UNIVERSITAT Growth potential of photobiont cells of
DUSSELDORF R. geographicum

Growth capacily of photobiont cells of the exposed lichen
R. geographicum {BIOPAN, L1, space)

Growth capacity of photobiont cells of the exposed Echen
R. geographicum (BIOPAN, L2, space}

growth multiplicator

growth multiplicator
&

Control Rg. FRA

L1110nmR g FRB first day & Rg. FRX
{space) L1 2000m R g FRC 5" Control Rg. FRA after 12 days
(space) |1 290nm Rg FRD f L2 110nmR g FRB . f
sample (FRA-D), level (L), radiation {A) {space) | 1 400nm £ {space) 12200nm g 4 FR G 3
{space) {sace) 122900m o FRD s
-

sample (FRA-D), level (L), radiation {A) (space) | 9 400nm £
|2 first day m after 12days | {space) | D frst day mater 12 days |
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UNIVERSITAT Growth potential of photobiont cells of

>

Growth capacity of photobiont cells of the exposed lichen X. elegans Growth capacily of photobiont cells of the exposed Echen X. elegans
{BIOPAN, L1, space} {BIOPAN, L2, space)
g s
- -
o o
s =
£ 3
E E
K = i =
: g
m m
e XefX6 L1 £ -
Sample (FX1-6), level (L), radiation (A) (space) 200 ran é’h Sample (FX1-6), level (L), radiation {A)
(space)
| first day B after 12 days | | m fist day m after 12 days |
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Preliminary

* 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




PhotosyntheS|s under Martian conditions

K*—- ¢ ] h
Das Feuchtemesslabor HUMILAB

(Quelle: DLR/Br_Iln)

ﬂ B

-.—'4

Die Experimentierkammer (Quelle:
DLR/Berlin)

Das Gasmischsystem (Quelle: DLR/Berlin)
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Measurement of Photosynthesis Activity of PS I

Fig. 4: Photosynthetic activity
in Earth atmosphere with
decreasing pressures down to - Vi
6 mbar (Mars like pressure =
blue line). The photosynthetic
activity is represented by the
red line (Yield value). No &
remarkable influence occurs.

Yiell PFiFm’

|
=]
Pressure [mbexr|

Fig. | 1: T—h;} ¥ ;\nAlst- : A

simulation umidity-lal e i Tiad

”“U'V'"-AB”(D'-R'BEF"% Fig. 5: The Photosynthetic
activity in a Mars like
atmosphere (95 % CO2) with
decreasing pressures down to
6 mbar at 15°C. The
photosynthetic activity (Yield !
value) is increasing with
decreasing pressure and 1t e

- 100

g2 e reaches higher levels as at 5°C - etk =5 5
simulation 0. 3 ? E : ; y

Measurement of Photosvnthesis Activity of PS IT

Yield Al m’|

Pressure [mdar|

e what is similar to | A mospheee Mars Time [1]
( DLR/Berlin) conditions. . e i R R
g Water surmilyr vas —— Yisd Lige —Fressure
i Measurement of Photosyvathesis Activity of PS II
Fig. 6: The Photosynthetic - -

activity in a Mars like CHRREol Ao

atmosphere (95 % CO,) with _/ _ 4 _ L

decreasing pressures downto B il r\ﬂr‘ﬂ M P g

6 mbar at 5°C. The = ) A~ i B

| photosynthetic activity (Yield IRR%ig WiEte w 2

Fig. 3: The gas- value, red curve) is increasing JLJ“,JIJI"' - 200
mixing system for with decreasing pressure. milmIErEin L J T G
creation of a Martian m _Wsp};f-.xm i3 a5 10 nmwl,,, 15 199 232
atmosphere e o - O

(DLRIBEI’IIH) % i e e Light source: light emitting diode

Water supply: ves




Low Pressure and the high CO, 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
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SOL 1000: Irradiance 200-400 n: 170,4153 Wm?

Irradiance / mW m-2nm-1
g &8 & 8 8

g

0

240 260 280 300 320 340 360 380 400 300

wavelength / nm wavelength / nm

irradiance / Wm2nm’"'

Irradiance 200-400 nm: 479.2378 Wm

300

wavelength / nm




Expros-EuTEF: Barhditer fur dis Proben
Exponie-FuTEF: Samiple Conlainen




EVT: Selected and combined space simulation parameters

EVT parameter duration/exposition no. samples
E1
1h 1.3x 105 Pa 3
Vacuum 10-% Pa
1wk 2.3x10¢Pa 3
Temperature oscillation 50 cycles 2 wk 3
-20 °C to +20 °C, 1 atm air
14s 10 Jm2 3
UV-C irradiation monochromatic . 2
254 nm, 1 atm air, 71.4 pW/cm? 2min20s 100 Jm 3
23min20 s 1000 Jm2 3
3 s (SOL2000) 1,44 kdm2 3
UV irradiation polychromatic . 3 2
200-400 nm, 1 atm air 52 min (SOL2000) 1.5 x 103 kdm 3
87 h (SOL2000) 1.5 x 105 kdm2 3
total number of samples EVT-E1 27
.|
E2 parameter duration exposition no. samples
Vacuum 10 Pa (Dark) 22 days 3
Vacuum 10 Pa
+ 22 days 5 2
UV irradiation polychromatic 244.5 h (SOL1000) 1.5x10°kJm 3
(200-400 nm)
Mars atmosphere 600 Pa (Dark) 21 days 3
Simulated CO, Mars atmosphere
600 Pa 21 days
+ 18 min (SOL2000) + 1.5 x 105 kdm™ 3
UV irradiation polychromatic 10 dd 3 h 40 min 48 s (SOL1000)
(200-400 nm)
total number of samples EVT-E2 12
Control
Room temperature, dark, 1 atm air 2 months 3




Results of EVT experiments

Rhizocarpon geogr‘a,q{;{?@g'.,‘ 30k, Ml Rhizocarpon geographicum: SOL
2000 1.5 x 10° )t = e el 2000 CO, 1.5 X 103k

o

.\

> , L b Xanthoria elegans: CO, 18 LS X Xanthoria efegans: SOL 2000 CO,
Xanthong g;’igans. Controf/ 20 days da - . fi : 4 Ml 2

CO,-Effects: More vitality reduction effects on the
fungal part (mycobiont) in the lichen of R.
geographicum than in the lichen of X. elegans. The
alga (photobiont) is less influenced / green color =
vital cells. Yellow, red and orange color =
physiological activity

Radiation and CO, effects: in both lichens
the mycobiont is more influenced (white
arrow). The photobiont survived better (red
arrow) due to protecting surrounding fungal
hyphae and secondary lichen metabolites.

- = — =i
-




Vitality of thali and apothecia of Rhizocarpon Vitality of thali and apothecia of Xanthoria elegans after EVT1
geographicum after EVT 1 (space parameter exposure) {space parameter exposure)
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c0o2

exposure paranseters

Vitally of mycobiont of Xamthoria elegans after EVT 1 (space
parameter exposure)

During the
simulation tests no
cultures of the
mycobiont of R.
geographicum were
available

Vitality (%)
= 2 B 8 8 & 8 3 8 8

kJ 1,5x 1065 kJ
co2
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Temperature resistance

Vitality of Xanthoria elegans at t = 80°C with different exposure
times

Vitality (%)




Additional check

DNA damage of the lichen X. elegans and its symbionts induced by
monochromatic UV radiation

Parameter Photoprodukte
Dosis (kJm™?) ) | Cyclo- Spore

photobiont




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

Expose-EUTEF: B
Expose-EUTEF: S
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Proposed facility / Payload:
LOGOS-CUBE and Experiment:
LOGOS - Life-Organics and Geology Orbit Science

ISS
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vectorv *
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Pl: Dr, Jean-Pierre cda Vera,




Proposed facility / Payload:
LOGOS-CUBE and Experiment:
LOGOS - Life-Organics and Geclogy Orbit Science
Bio Part I: Epilithic organisms on rock 16,8 cm 166 cm 16 B cm
Bio Part [I: Endelithic organisms in rocks B Lt s e .
Bio Part | San San 2o
Bio Part lll: Clean rock samples with Part Il Part | Part || Fart 1l
integrated dosimeter, temp.instr., Bio o ‘-4
pressure instr., flucrescence instruments Part |l g R g )
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Proposed facility / Payload:
LOGOS-CUBE and Experiment:
LOGOS - Life-Organics and Geology Orbit Science

Option: windows of cube may serve
additonally as solar panal

Window | = solar paneal |
Window Il = solar pans! i

External energy source for the running
measuring instruments and data
transfer devices

Inside, hottom: logger,

Solar
Panel |

memory device, dark
control samples

1SS
velocity
vectorvy*

Solar panels are optional and the cube
has the flexibility to be adapted in size
to different scientific requirements
(flexibility for reduction or enlargement
of the payload with maintained mass
and low power requirements)

- : “". :
+ \ Side, back
!-!-I-‘:' ﬂ"ﬂ Dﬂuﬂm
J / will be
covered by
aluminium
: plates
Solar Pl: Dr. Jean-Pierre de Vera,
Panel Il ol
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Payload: LOGOS-CUBE Hardware
Elements top and front surface

Part I

e

Bin
Part 1

Sandstone plate

SN

Dunit plate

Gabbro plate

Y

senfses

P ——

@
L]
w

_
x'x k\

““«:2‘

~h-._ e

'w'h. "“-.
oy e gty B

Inside an aluminium
supporting cage
with instruments

Sandstone plate

ey

e ey

e, *-x'-f?
@\%wh ‘2‘

e

Dunit plate

D T RO E'h.""u

L J

LAl L A RARALLl . dlRLAEL. LUJRBERY.])

£
B e e e

Gabbro plate

L—/




Experiment: LOGOS - Life-Organics
and Geology Orbit Science

on Payload: LOGOS-CUBE-Hardware
Plates for Biology and Geology

Sandstone plate Dunit plate Gabbro plate

max. 16.6 cm

max. 16.6cm |

E.

AN
B NN\

Slass filter |
Epilithic organisms
? Bio sample
Sample 1-1.5em
ﬁ;:dﬂm ' Bio sample
rock

placed in ;
each rock rock ‘
plm Endolithic organisms

The final size of the plate as well as the bilo-sample spaces : Bio sample !

could be reduced down to a half of the present size above, 1-1.5om |
but the depth of the plate must be maintained.

= Bio sample
rock




Proposed Bio-Samples

List of proposed organisms: List of proposed isolates:
1. Cyanobacteria (Chlorophyill) Chlorophyll a
2. Xanthoria elegans (Chlorophyll, Chlorophyll b
Carotene, Parietin, Emodine,
Carotene

Chitin...)

3. Rhizocarpon geographicum Anthraquinones as Parietin

N PN~

(Chlorophyll, Melanin, Usnic acid, Chitin
Chitin...
) Flavonoids
4. Bacteria (B. subtilis) .
Plastids

5. Fungi{Melanin, Anthragquinones,
Chitin, ...)

6. Seeds (flavonoids, plastids...)

The list could be enlarged, reduced or some of

proposed isolates exchanged according to the

requirements of each team member and ESA
guide lines
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