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Supplementary Note 1

Microbial final cell concentration and pH

Final cell concentration was measured immediately after sample recovery, as an indication of
microbial growth, by analysing the liquid fraction of each sample by spectrometric analysis
(optical density, A = 600 nm), flow cytometry and colony forming unit (CFU) assay.

Optical density data at A=600 nm (Supplementary Figure 10, Supplementary Table 7) of the
liquid fraction were obtained after spaceflight. All samples showed higher final cell concentration
on Earth compared to space (ISS). Using a wavelength of 530 nm (Supplementary Figure 10,
Supplementary Table 7), which can be used for filamentous fungi!, we observed a similar trend.

Optical density at different wavelengths could potentially be sensitive to metabolic changes,
therefore analysis of post-spaceflight final cell concentration was also obtained by flow cytometry
(Supplementary Figure 10, Supplementary Table 7). The flow cytometry results showed no
gravity-driven difference between events measured with the bacterial dye for S. desiccabilis
samples [(3.97£0.06)x10° cell/mL on ISS, (3.27+0.32)x10° cell/mL on Earth, respectively], and a
slight increase (<10-fold) in Consortium samples (samples containing both the bacterium and the
fungus) in Earth gravity compared to microgravity [(6.47+1.98)x10® cell/mL on ISS against
(3.64+0.14)x10° cell/mL on Earth, respectively] (Supplementary Figure 10, Supplementary Table
7). Differences in the fungi-associated events were present, when comparing P. simplicissimum in
different gravities, with Earth samples showing concentrations one order of magnitude higher than
the ISS [(3.50+1.99)x10° cell/mL on ISS against (6.37+2.11)x107 cell/mL on Earth, respectively].
Similarly, Consortium samples showed a slight increase (<10-fold) in final cell concentration on
Earth samples compared to ISS [(1.43+0.34)x10° cell/mL on ISS against (7.69+1.33)x10° cell/mL
on Earth, respectively]. The presence of positive events in the sterile diluent and non-biological
controls, potentially caused by small non-biological particulate matter, were in the worst case one
order of magnitude smaller than the biological samples (<10%) and are thus considered negligible.

Additionally, CFU assay was performed to identify potential contaminations not identifiable
by the previous two methods (Supplementary Figure 11). CFU analysis of S. desiccabilis showed
reduced colony numbers in ISS compared to Earth samples, in both bacterial-only [(7.17
+£2.88)x10° CFU/mL on ISS, (1.75+1.24)x10'"" CFU/mL on Earth], and Consortium samples
[(4.39+2.38)x10° CFU/mL on ISS against (2.38+2.05)x10'® CFU/mL on Earth]. This is in contrast
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with the flow cytometry results for S. desiccabilis, but not for the other samples. Fungal CFU
analysis of P. simplicissimum and Consortium showed concentrations two orders of magnitude
higher on the ISS compared to Earth [P. simplicissimum: (1.37+1.01)x10* CFU/mL on ISS,
(4.58+£3.08)x10> CFU/mL on Earth; Consortium: (8.89 +6.59)x103 CFU/mL on ISS,
(8.33+4.17)x10' CFU/mL on Earth]. This is in contrast with both the ODgoo and the flow cytometry
measurements. The discrepancies observed might be explained by the fact that CFU assay
measures actively dividing cells, potentially reflecting different survival rates on Earth and ISS
populations.

Overall, these results on final cell concentration provide different answers depending on the
technique used, bearing on the widely inconsistent reports of the effects of space on
microorganisms?>. The interplay of viability, metabolic states and other factors may influence how
the effects of microgravity are manifested in cell numbers depending on the method used to
measure them. Thus, experiments investigating the effects of microgravity should choose the
method of analysis carefully and preferably more than one method should be used.

We observed contaminations in some of our CFU assays from endogenous (S. desiccabilis)
and exogenous (Contaminant 1 and 2, Supplementary Figure 11) species. 16S rDNA sequencing
of the contaminated ISS samples could not identify any species, suggesting the contamination was
not present in the original samples, but just on the plates used for CFU, as corroborated by flow
cytometry. Taken together, these results confirmed that all ISS samples were clean of
contamination.

For Earth samples, 16S rDNA sequencing identified a species of the Sphingomonas genus for
one of the two bacterial samples affected, and for two of the three Consortium samples affected.
Identification failed for the remaining affected samples (Supplementary Table 8, see Methods for
details). Taken together, this suggests original S. desiccabilis and Consortium Earth samples were
not contaminated (Supplementary Figure 11). For the P. simplicissimum Earth samples, alignment
for three of the four affected sample sequences suggested contamination from the order Bacillales,
probably from the genera Bacillus and/or Planococcus. Identification failed for the fourth sample
(Supplementary Table 8). Sequences of the isolated species (Contaminant 1 and 2) aligned with
the genera Bacillus and Paenibacillus, suggesting these as the most probable genera for the
contaminants (Supplementary Table 8). We can hypothesise that any relevant effect of the

contamination would have likely influenced all the affected samples equally. From the
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metabolomics analysis we note this is not the case, as suggested by the absence of contaminant-
related clusters in the heatmap results and the PCA analysis (Fig. 6, S6). This might indicate that,
if any effect was present, this does not have a relevant impairing role in the results. We were not
able to repeat the experiment to test these hypotheses, due to the unavailability of identical material
from the same L-chondrite meteorite. However, even when the Earth fungal results require these
caveats, the other results are completely valid. Spare samples prepared for the Earth control
experiment did not show Contaminant 1 or 2 colonies formation (data not shown), suggesting the
contamination did not occur during sample preparation but probably during sample post-flight
processing or hardware integration.

The pH is one of the potential influencing factors in leaching. We measured the pH of the
liquid fractions after spaceflight (Supplementary Table 9), reporting values between 7.21 and 7.43
among all samples. It must be noted that the values were likely affected by the presence of the
fixative (RNAlater, pH=4.87+0.01), which was necessary to halt the experiment at its end and

prevented us from deriving conclusions on the changing pH during the experiment.
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106  Supplementary Figure 1. Scanning electron microscopy images of S. desiccabilis biofilm formed
107  on top of the meteorite rock fragments for ground (Earth) and space (ISS) samples. Asterisks
108 indicate the points where energy-dispersive X-ray spectroscopy (EDS) spectra were measured.

109  Gold peaks are from the gold sample coating.
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Supplementary Figure 2. Scanning electron microscopy images of P. simplicissimum mycelium
formed on top of the meteorite rock fragments for ground (Earth) and space (ISS) samples.
Asterisks indicate the points where EDS spectra were measured. Gold peaks are from the gold

sample coating.
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Supplementary Figure 3. Scanning electron microscopy images of bacterial biofilm and fungal
mycelium (Consortium) formation on meteorite rock fragments for ground (Earth) and space (ISS)
consortium samples. Asterisks indicate the points where EDS spectra were measured. Gold peaks

are from the gold sample coating.
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Supplementary Figure 4. Percentage ratios with the non-biological control (%ng) for further 15
elements whose bioextraction showed at least one p-value < 0.05 (ANOVA). Values are separated
per gravity condition (ISS = microgravity, green circles, Earth = 1 x g, orange circles). Circles
indicate mean values; error bars indicate standard error; grey vertical lines indicate 100% values

(i.e., same bioleaching efficiency as non-biological samples).



128

A Non-biological B S. desiccabilis

binzofhiazainone

~Methyl-1H-pyrral-

“*0.5./0.

o Pyridostigmine

3-(propan-2-y
Primideone
.

pyrrololL,2 alpyrazine-1.4-dione

benzothiazglinone
fiiazglinone

! butalbital

3-hydroxy-1H-quinolin-4-one

3-Methyl.2-quinoxalinol #(45,55,85,10

H .
Cohiferylaldehyde

-log10(p)
-log10(p)

Status
@ DOWN
Non-SIG
e UP

-25 25
1062(FC) 10g2(FC)

C P. simplicissimum D Consortium

2_3-Dihydro-2_3-dinycroxybenzoate

sxene

olCy -azetidinecarboxylic acid
.

'

)
Amoinir

V
Diacetone acrylamide

.

4 1_8 Diaza 3.4-DMMC

‘
clotetradecane: ':‘ S-dione
.

'
'
'
'
'
'
a;

.
imethyl-1,4-dihydro-8H-12,4a,6 azaluorene-5,7-dione

3-(3-Methoxy-phenyl)-1,6 8

.
: Naphthaleneacetamide e
i *2-Chioro-&initropyriding 1-oxide UNII6DBIZADO4D

=

MFCD00048259
e ® .
D
. ]
4-CYOLOHEXYLACETOPHENONE
Haallomelugar vinyliphenyl acetate
droxy-1H-gginoli ' .e——GibberelinA20
- dione™ N-Bemzyl-p-anisidinephorbol 13-acetate
[ . Meladrazine
Mo, B Laurolactam Sarcgehrendin D Meg
°

ructoselysine = g
®  ¢34-DMMC
a .

amino}-1-butand} —
b N-Morphelino)etfiylene '-Cycwc_‘y urea
P — e i cano
MBI VR LR e coromelacrgzine
rgzol o dimethyl-1,3-dihydro-2H-beMGRERAMERRR
4 1 benzothiazoligengdroxy-10-undecenoic acid
Laurolactam &
. Flemfwalighin D
Is ey ' -Cm,f.ery‘a,dEhy&DihuLylaminnemanm\
""""""""""" TG RA Gt~ DHRTENTL B -7 - DIy IR AR pRariung == == == - =

S,10R)-4,5,8-trihydroxy-10-methyl

-log10(p)
-log10(p)

3-thiazol-2-amin:
yimethane

.
Wiamphgs

Fructoselysine,
1€202C 5

bi -I(m-m:: rphalino)g}
ge

hydroxyacetophenone

wybenzoate |

1 2 9 'DQZ(FC’D ) - log2(FC)

130  Supplementary Figure 5. Volcano plots showing up- or downregulations of features in space
131  compared to Earth. Comparisons are shown for A) non-biological, B) S. desiccabilis; C) P.

132 simplicissimum and D) Consortium samples.

133
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135  Supplementary Figure 6. Heatmap showing the top 70 features measured in the metabolomics

136  analysis, clustered per gravity condition and organism. Each column represents a single sample.
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Numbers on the left represent 6 visual clusters suggesting metabolomic patterns dependent on the
organism and/or the gravity condition. Cluster 1 represents features expressed almost solely in the
presence of P. simplicissimum in space. Cluster 2 shows features present in all samples except
those containing the fungus (alone or in Consortium) on the ISS, potentially indicating features
consumed by the fungi when in microgravity conditions. Cluster 3 shows features present in the
non-biological control samples regardless of gravity condition, while cluster 4 shows features
mostly present in the non-biological control samples in Earth gravity. Cluster 5 shows features
highly associated with the presence of S. desiccabilis. Complementary to Cluster 1, Cluster 6
represents features solely produced in the presence of the fungus in Earth gravity. Interestingly,
the observation of these clear patterns, together with the separate clusters observed in Fig. 6D,
suggests that the contaminant species (Supplementary Figure 11), if present in the original
samples, had no or minor effects on the metabolomics results. Features with long names were
indicated with their chemical formula, with asterisks showing the complete names at the bottom

of the figure.
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Supplementary Figure 7. Gating strategy for the flow cytometry analysis, constructed using the
software BD FacsDiva 8.0.1, to distinguish bacterial from fungal cells. Three representative
samples are shown here (top: a non-biological space control; middle: a S. desiccabilis containing
sample; bottom: a P. simplicissimum containing sample. The events reported in this manuscript
were obtained from the fungi and bacteria gating. The Pacific Blue-A filter was used to visualise
calcofluor white (cfw, fungi-specific dye), while FITC-A filter was used for backlight green

(green, bacteria-specific stain). us gating indicates unstained particles.



159

160
161
162
163
164

S. desiccabilis

Cell/mL

0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

ODGDO

-l

—
H

0

CFU/mL

-100 0 100 200 300 400 500

Time (hours)

Supplementary Figure 8. Growth curve for S. desiccabilis showing comparison between the three
methods for final cell concentration used in this work. S. desiccabilis growth curve was determined
in 19 days (456 hours), which is the timeline used for the BioAsteroid experiment. Flow cytometry
(cell/mL, in grey), ODeoo (in blue) and CFU/mL (in orange), are shown. Points represent average

values, error bars represent standard errors.
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Supplementary Figure 9. Growth curve for P. simplicissimum showing comparison between the
three methods for final cell concentration used in this work. P. simplicissimum growth curve was
determined in 19 days (456 hours), which is the timeline used for the BioAsteroid experiment.
Flow cytometry (cell/mL, in grey), ODsoo (in blue) and CFU/mL (in orange), are shown. Points

represent average values, error bars represent standard errors.
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Supplementary Figure 10. Final cell concentration in the liquid fraction of the BioAsteroid
experiment. Optical density (A = 600nm, A) and flow cytometry analysis measured (B-C) from the
liquid fraction of the ISS and Earth samples. For flow cytometry, values represent the average
events counted in 100 pL of sample stained with B) Baclight Green (specific for bacterial cells)
and C) Calcofluor White (specific for the fungal cells). Black X represent outliers; n=3 for ISS

samples, 4<n<6 for Earth samples.
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182  Supplementary Figure 11. Final cell concentrations measured in the liquid fraction of the space
183  (ISS, A) and ground control (Earth, B) samples in terms of CFU/mL. CFU concentration of S
184  desiccabilis, P. simplicissimum, Contaminant 1 and Contaminant 2 species are indicated. A

185  horizontal line indicates a value of CFU/mL = 0.

186



187  Supplementary Tables

188  Supplementary Table 1.

189  Statistical values calculated with ANOVA for the raw concentrations (ICP-MS data) of the 22
190 elements whose p-value was < 0.05 for at least one of the variables analysed (Organism, Gravity
191  or their interaction), and for at least one biologically relevant pairwise comparison. In pale yellow

192  the PGEs analysed in this work; in bold p-values < 0.05.

Organism Gravity Organism x Gravity
# Element F p value F p value F p value
1 Sodium 0.830 0.492 15.282 0.001 3.384 0.036
2 Aluminium 0.254 0.858 4.730 0.041 5.054 0.008
3 Silicon 10.449 0.0002 18.389 0.0003 3.172 0.044
4 Phosphorus 2.467 0.089 0.166 0.688 3.344 0.038
5 Potassium 5.778 0.005 7.354 0.013 2.720 0.069
6 Scandium 2.028 0.139 29.871 0.00002 | 1.354 0.283
7 Vanadium 10.941 0.0001 3.548 0.073 3.488 0.033
8 Manganese 6.042 0.004 1.18910 0.287 2.745 0.067
9 Iron 9.908 0.00025 | 29.340 0.00002 | 6.908 0.002
10 Cobalt 4.731 0.011 15.279 0.001 3.138 0.046
11 Nickel 8.519 0.001 29.196 0.00002 | 2.060 0.135
12 Copper 1.536 0.233 6,473 0.019 0.695 0.565
13 Strontium 4.118 0.018 7.106 0.014 3.057 0.050
14 Zirconium 11.172 0.0001 5.442 0.029 2.187 0.118
15 Molybdenum 5.745 0.005 10.495 0.004 2.668 0.073
16 Ruthenium 6.744 0.002 15.859 0.001 1.506 0.241
17 Palladium 12.148 0.0001 10.405 0.004 6.709 0.002
18 Barium 6.041 0.004 0.167 0.687 2.862 0.060
19 Europium 6.051 0.004 12.202 0.002 0.764 0.526
20 Erbium 2.010 0.142 21.970 0.0001 1.530 0.235
21 Lutetium 3.783 0.025 23.987 0.0001 1.690 0.198
22 Platinum 9.992 0.00024 | 30.137 0.00002 | 7.478 0.001
193
194

195



196  Supplementary Table 2.

197  P-values from the pairwise comparison of the raw concentrations with Tukey post-hoc test for the
198  PGEs (ruthenium, palladium and platinum). Green shadowed cells indicate p-values < 0.05 from

199  biologically relevant comparison. NB = non-biological; SD = S§. desiccabilis; PS = P.

200  simplicissimum; CN = Consortium.
ISS Earth
NB SD PS CN NB SD PS CN
NB
sD |1
~lPs 076 083
g 2lcn Jo83 089 1
c NB | 054  0.04 0.0009 0.0012
2 sp |1 1 059 068 |0.042
B | €|lps |09 094 0.22 028 |0212 099
e | dlen |12 1 0.62 071 |o0.038 1 0.99
NB
sp |0.99
ps |0.73 058
AlcN J099 099  0.86
0.000 0.0003 0.05 0.0013
e NB |6
._g o |09 1 044 099 |7.02 x
© 10
=< | slps Joe62 047 1 0.79 |o0.03 0.31
a | &lcn |o92 o081 0.99 098 |0.006 0.67 0.99
NB
sD |0.44
ps |065 0.016
_ Q| cN Joe6 0016  1.00
e e looor 0.0 0.0000 0.0000
S 1 1
E sp |097 091 0.13 0.13 | 0.005
o | s|lps 032 1.00 0.007 001 |o0.15 0.83
o fu_ECN 098  0.88 0.14 0.15 |0.004 1.00 0.79
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207

208

Supplementary Table 3.

Platinum group element (PGEs) biomining. Total concentration (in ng/mL, or ppb) extracted from the meteorite rock, percentage of
element extraction compared to total concentration in the meteoritic material (%wm), and percentage ratios with the non-biological
controls (%ng), for each gravity condition (ISS = microgravity; Earth = Earth gravity) of ruthenium, palladium and platinum. NB = non-

biological; SD = S. desiccabilis; PS = P. simplicissimum; CN = Consortium.

Ruthenium Palladium Platinum

ng/mL (ppb) %m %ng ng/mL (ppb) %m %8 ng/mL (ppb) %m %6nB

ISS Earth | ISS Earth | ISS Earth | ISS Earth | ISS Earth | ISS Earth | ISS Earth | ISS Earth | ISS Earth
N o022 0.10 14.78 6.59 100.00  100.00 | 0.05 0.69 2.17 29.47 100.00  100.00 | 0.22 0.12 0.24 0.13 100.00  100.00
B | 0.02 +0.03 +2.19 +2.13 +13.23 #4273 | +0.01 +0.10 +0.58 +6.47 +29.82  +20.65 | +0.02 +0.01 +0.04 +0.02 +10.07  +12.25
S o2 0.21 15.20 14.32 102.87 217.12 | 0.02 0.00 0.73 0.05 33.55 0.18 0.17 0.20 0.19 0.22 78.03 166.09
p | z0.02 +0.02 +2.40 +2.30 +14.67  +69.93 | +0.01 +0.00 +0.43 +0.05 +20.11  +0.18 +0.00 +0.01 +0.02 +0.03 +5.91 +12.25
P ] o.29 0.19 19.29 12.44 13056  188.64 | 0.29 0.29 11.91 12.25 iggfi 41.58 0.26 0.17 0.29 0.19 11839  142.16
s | 0.03 +0.03 +3.22 +2.37 +19.94  63.81 [ +0.10 +12.3 +4.83 +6.70 5 422,53 | +0.03 +0.02 +0.05 +0.03 +17.63  +20.14
C Jo2s 0.22 18.89 14.44 127.84  218.90 | 0.09 0.21 3.74 9.03 17237  30.65 0.26 0.20 0.29 0.22 11824  167.33
N | 002 +0.01 +2.46 +1.88 +14.24  +67.45 | +0.01 +0.03 +0.72 +1.91 +40.23  +6.05 +0.01 +0.2 +0.04 +0.03 +9.72 +14.86
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Supplementary Table 4.

Percentage ratios with the non-biological controls (%ng) and with the meteorite (%m), for each gravity condition (ISS = microgravity;

Earth = Earth gravity) of the further 15 elements whose at least one biologically relevant pairwise comparison provided a p-value <0.05

(meanzstandard error). Elements are listed in order of atomic number.

%NB %M

Non-biological | S. desiccabilis P. simpliciss. Consortium Non-biological | S. desiccabilis P. simpliciss. Consortium

ISS 100.0046.41 112.83+10.51 116.79+20.09 117.5746.24 0.57+0.07 0.64+0.09 0.66+0.14 0.67+0.08

Na Earth 100.0045.61 90.7243.77 84.3143.36 86.53+3.78 0.82+0.11 0.74+0.09 0.69+0.08 0.71+0.09
ISS 100.00+23.98 107.58+18.54 185.86+35.28 162.02+30.60 0.12+0.03 0.15+0.02 0.26+0.04 0.23+0.04

i Earth 100.00+18.59 118.30+23.72 109.84+17.17 102.63+17.22 0.18+0.03 0.21+0.04 0.194+0.03 0.18+0.03
ISS 100.00+26.79 103.22+19.65 112.77+25.14 104.67+20.06 1.13+0.23 1.16+0.09 1.27+0.18 1.18+0.10

X Earth 100.00+8.55 141.65+9.85 129.44+8.85 144.62+9.30 1.06+0.10 1.50+0.13 1.37+0.11 1.53+0.12

ISS 100.00+27.00 71.40+£13.97 143.47+39.69 125.54+28.67 NA NA NA NA
v Earth | 100.00+33.98 | 289.49+75.64 | 332.18+109.81 | 410.51+101.8 NA NA NA NA

ISS 100.00+10.21 100.7649.45 103.37425.16 | 104.55+16.58 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

Mn Earth | 100.00+30.30 | 201.47+43.39 187.34+41.98 | 211.31+46.98 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
ISS 100.00+2.84 96.674+10.93 89.83+10.15 85.1245.26 0.11+0.01 0.10+0.02 0.10+0.02 0.09+0.01

Fe Earth | 100.00£61.61 | 394.35+176.82 | 227.03+101.55 | 309.941136.26 0.02+0.01 0.10+0.02 0.06+0.01 0.08+0.01
ISS 100.00+2.40 97.34+11.64 80.2449.23 79.5319.28 0.05+0.10 0.49+0.11 0.40+0.10 0.40+0.10

co Earth | 100.00+42.01 | 221.93+69.40 120.034£36.20 | 174.04+54.83 0.21+0.10 0.46+0.10 0.25+0.05 0.36+0.10
) ISS 100.00+5.89 109.18+12.58 104.75+14.25 111.02+4.68 0.15+0.01 0.16+0.02 0.16+0.02 0.17+0.01
N Earth | 100.00+31.77 | 217.12+52.12 160.30+39.46 | 209.64+49.57 0.06+0.01 0.14+0.01 0.10+0.01 0.13+0.01
ISS 100.00+12.48 43.01+18.10 120.60+49.22 125.38+13.51 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

“ Earth | 100.00+60.88 37.07+18.33 76.83134.74 31.92+14.42 0.01+0.01 0.01+0.00 0.01040.00 0.00+0.00
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ISS 100.00+10.55 96.7348.75 96.41+19.79 93.22+11.09 0.39+0.06 0.37+0.05 0.37+0.09 0.36+0.06

> Earth | 100.00+19.73 165.53+24.11 156.02+25.57 172.28+25.62 0.21+0.04 0.35+0.05 0.33+0.05 0.37+0.05
ISS 100.00+15.67 112.00+12.63 144.23+26.72 155.06+21.38 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00

o Earth | 100.00+23.54 212.33+43.33 159.03+37.02 230.62+39.13 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
ISS 100.00+13.90 106.77+11.63 113.83+34.27 95.05+12.86 0.03+0.01 0.03+0.01 0.03+0.02 0.03+0.01

Mo Earth | 100.00+22.93 319.16160.41 206.61+42.90 248.24+65.63 0.01+0.01 0.03+0.01 0.02+0.01 0.02+0.01
ISS 100.00+9.13 112.00+12.63 102.73+24.92 105.31+13.78 0.11+0.02 0.13+0.02 0.12+0.03 0.12+0.02

b2 Earth | 100.00+36.61 223.05+62.37 236.39+80.09 305.66+85.39 0.05+£0.02 0.12+0.02 0.13+0.03 0.16+0.03
ISS 100.00£15.20 122.22+20.78 135.81+31.78 132.31+£26.00 0.00+£0.00 0.00+0.00 0.00+£0.00 0.00+0.00

Eu Earth | 100.00+36.97 255.23+83.41 210.97+69.65 283.56+77.18 0.00+£0.00 0.00+0.00 0.00+£0.00 0.00+0.00

ISS 100.00+£54.73 126.631£52.78 194.13£78.51 147.77+63.01 0.00+£0.00 0.00+0.00 0.01+0.00 0.01+0.00

" Earth | 100.00£54.70 | 197.23+100.03 | 157.16+100.53 | 294.13+122.21 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
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Supplementary Table 5.

Fold-change (ratio) of the mean raw concentration values for thel8 elements (including 3 PGEs,
in pale yellow) whose at least one biologically relevant pairwise comparison provided a p-value
<0.05. Fold-changes values between organisms within the same gravity condition, and between
gravities (ISS = microgravity; Earth = Earth gravity) within the same organisms (NB = non-
biology, SD = S§. desiccabilis, PS = P. simplicissimum, CN = Consortium), are indicated. Ratios >

1.5 have been highlighted in green. Elements are listed in order of atomic number.

Within same gravity Within
. . Fold-change Fold changes Fold changes Fold changes same
Element  Gravity ~Organism |, \p to SD to PS to CN organism
Non-bio 1.0 1.1 0.9 0.9 0.7
1SS S. desicc 1.1 1.0 1.0 1.0 ISS vs 0.9
P. simplic 1.2 1.0 1.0 1.0 Earth 1.0
Consortium | 1.2 1.0 1.0 1.0 0.9
Na Non-bio 1.0 0.9 1.2 1.2 1.4
Earth S. desicc 0.9 1.0 11 1.0 Earth vs 1.2
P. simplic 0.8 0.9 1.0 1.0 ISS 1.0
Consortium | 0.9 1.0 1.0 1.0 1.1
Non-bio 1.0 1.1 0.5 0.6 0.8
1SS S. desicc 1.1 1.0 0.6 0.7 ISS vs 0.7
P. simplic 1.0 1.1 Earth 1.4
P Non-bio 1.0 1.2 0.9 1.0 1.2
S. desicc 1.2 1.0 11 1.2 Earth vs 1.4
Earth o
P. simplic 11 0.9 1.0 11 ISS 0.7
Consortium | 1.0 0.9 0.9 1.0 0.8
Non-bio 1.0 1.0 0.9 1.0 1.1
1SS S. desicc 1.0 1.0 0.9 1.0 ISS vs 0.8
P. simplic 1.1 1.1 1.0 1.1 Earth 0.9
Consortium | 1.0 1.0 0.9 1.0 0.8
K Non-bio 1.0 1.4 0.8 0.7 0.9
S. desicc 14 1.0 11 1.0 Earth vs 13
Earth o
P. simplic 13 0.9 1.0 0.9 ISS 11
Consortium | 1.4 1.0 1.1 1.0 1.3
Non-bio 1.0 0.7 0.7 0.8 _
1SS S. desicc 0.7 1.0 0.5 0.6 ISS vs 0.8
P. simplic 1.4 1.0 1.1 Earth 1.3
Consortium | 1.3 - 0.9 1.0 1.0
v Non-bio 1.0 0.3 0.2 0.3
Earth S. desicc 1.0 0.9 0.7 Earth vs 13
P. simplic 11 1.0 0.8 ISS 0.7
Consortium 1.4 1.2 1.0 1.1
Non-bio 1.0 1.0 1.0 _
1SS S. desicc 1.0 1.0 1.0 ISS vs 0.9
P. simplic 1.0 1.0 1.0 Earth 1.0
Consortium 1.0 0.9
Mn Non-bio 0.5 0.5
Earth S. desicc 1.0 Earth vs 11
P. simplic 0.9 ISS 1.0
Consortium 1.0 1.1




Non-bio
1SS S. desicc ISS vs
P. simplic Earth
Consortium
Fe Non-bio
Earth S. dfesicc' Earth vs
P. simplic ISS
Consortium
Non-bio
1SS S. desicc ISS vs
P. simplic Earth
Consortium
Co Non-bio
Earth S. dfesicc' Earth vs
P. simplic ISS
Consortium
Non-bio
1SS S. desicc ISS vs
P. simplic Earth
. Consortium 13
Ni Non-bio 0.4
Earth S. dfesicc' Earth vs 0.8
P. simplic ISS 0.6
Consortium 0.8
Non-bio 0.1
1SS S. desicc ISS vs 0.2
P. simplic Earth 0.2
Consortium 0.6
Cu Non-bio
S. desicc Earth vs
Barth —  Cimplic ISS
Consortium
Non-bio
1SS S. desicc ISS vs 11
P. simplic Earth 11
Consortium 1.0
Sr Non-bi 0.5
on-bio .
S. desicc Earth vs 0.9
Earth o
P. simplic ISS 0.9
Consortium 1.0
Non-bio
1SS S. desicc ISS vs _
P. simplic Earth
Consortium 1.2
Zr Non-bio 0.6
S. desicc Earth vs 1.1
Earth o
P. simplic ISS 0.6
Consortium 0.9
Non-bio
S. desicc ISS vs
ISS o
P. simplic Earth
Consortium 1.2
Mo Non-bio 0.3
S. desicc Earth vs 1.0
Earth i .
P. simplic 1SS
Consortium
Non-bio 1SS vs
Ru ISS S. desicc Earth
P. simplic




221

Consortium 1.3
Non-bio 0.4
S. desicc Earth vs 0.9
Earth .
P. simplic ISS 0.6
Consortium 0.8
Non-bio 0.1
1SS S. desicc ISS vs _
P. simplic Earth 1.0
Consortium 0.4
= Non-bio I EEY T |
Earth S. desicc Earth vs 0.1
P. simplic ISS 1.0
Consortium
Non-bio
1SS S. desicc ISS vs 11
P. simplic Earth 0.9
Consortium 0.7
Ba Non-bio 0.5
Earth S. dfesicc' Earth vs 0.9
P. simplic ISS 1.1
Consortium 1.4
Non-bio
1SS S. desicc ISS vs 1.2
P. simplic Earth
Consortium 1.2
Eu Non-bio 0.4
Earth S. dfesicc. Earth vs 0.8
P. simplic ISS 0.6
Consortium 0.8
Non-bio
1SS S. desicc ISS vs
P. simplic Earth
Consortium
Lu Non-bio
Earth S. desicc Earth vs
P. simplic ISS
Consortium
Non-bio
1SS S. desicc ISS vs
P. simplic Earth
Consortium
Pt Non-bio
Earth S. desicc Earth vs
P. simplic ISS
Consortium




222 Supplementary Table 6.

223 List of features of potential biotechnological/industrial interest, identified in the metabolomic

224  analysis of this work.

Associated Associated Feature Tvpe Potential
organism gravity P biotech interest
I
(R)-3-((R)-3- . . N
S. desiccabilis Hydroxybutanoyloxy)butanoate Butanoic acid derivate Biomining
(alone and in | ISS, Earth 2'-deoxymugineicacid Carboxylic acid Biomining
C i . . —
onsortium) Quinoline-3,4-diol Assoma.ted with  biofilm Biomining
formation
Associated with chemical
Phosphine, 1,3- | palladium-catalysed L
T . Biomining
propanediylbis[dicyclohexyl- carbonylation (uknown
biological activity)*
Fatty acid associated with
Undeca-2,5-dienal bacterial siderophore | Biomining
biosynthesis
F i i ith
2 3-Dihydro-2,3- atty -aC|d assocFated wit o
' . bacterial siderophore | Biomining
ISS dihydroxybenzoic ) .
biosynthesis
Lastar A > Pharmaceutical
P. Flemiwallichin D Chalcone flavonoid® Pharmaceutical
simplicissimum Sarcoehrendin D Prostaglandine derivative Pharmaceutical
Used for the  plastic
production, i.e. Polyamide 12 | Pharmaceutical,
Laurolactam (nylon 12) and | bioplastics and
copolyamides’. Natural | biomaterials
bioproduction not reported.
Belongs to the morpholino-
1-morpholinocyclohexene compounds class, known for | Biomining
abiotic metal dissolution®
Earth
1-Cyclohexyl-2- Carboxylic acid Biominin
azetidinecarboxylic acid Y &
Hexanoic acid Carboxylic acid Biomining

225

226
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Supplementary Table 7.

Spectrometric analysis (optical density, A = 600nm, 530 nm) and flow cytometry analysis

measured from the liquid fraction of the space (ISS) and ground control (Earth) samples of the

BioAsteroid samples. A wavelength of 530 nm, instead of the classical 600 nm, was used as an

additional measure for measuring filamentous fungi growth!. For flow cytometry, values represent

the average events counted in 100 puL of sample stained with Baclight green (specific for bacterial

cells) and calcofluor white (specific for the fungal cells). Values are indicated as mean+standard

error.
HFIow cytometry (Cell/mL)
ODeoo ODs30 Baclight Green Calcofluor White
(bacterial dye) (fungal dye)
ISS Earth  [ISS Earth  [ISS Earth ISs Earth
s E;T;gical 0.15+0.01 | 0.284#0.05 [0.21#0.01  [0.47+0.15 [{6.66+0.37)x107 |(7.7744.75)x107 (6.33%1.19)x10* |(2.68+1.94)x10*
; S. desiccabilis | 0.21+0.08 | 0.64:0.05 [0.35#0.10  [1.18+0.15 [(3.9740.06)x10° |(3.27+0.32)x10° [(3.1540.75)x10° |(2.80+0.70)x10¢
r P 0.03+0.00 | 0.29#0.12 [0.06+0.01  [0.44%0.14 [{2.80+0.98) x108 |(3.07+1.22)x10® [(3.50+1.99)x10 |(6.37+2.11)x107
e| Consortium | 0.04+0.00 | 0.46%0.02 [0.06#0.01  [0.74%0.06 |[(6.47+1.98)x10°® |(3.64+0.14)x10° ((1.43+0.34)x10° ((7.69+1.33)x106
Diluent (PBS) (4.90+2.40)x10* |t (4.50£2.50)x102
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Supplementary Table 8.

Sanger sequences of the V3-V4 region of the 16S rDNA of the samples affected by
contamination and isolated contaminants. Sequences obtained with 805R primer have been
reversed and complemented.

Primer

Original
sample name

Type of
sample

Organism

Sequence

241F

805R

175-1

ISS

P. simpliciss.

TTTTGGGATAAAAGACGATAATCCGTTCTTTTATCTGGCTACA CATGATAG
GCTTGGTTGTCTGTAACTTCGTATAGCGTACATTGTACGA

ISS

P. simpliciss.

TGGTTCCAAGGGATCTCAAGTCTCCAAACACACCATCACTTTACCCTTAGGGTGA

GTCTCCTCTTGCGCAGTTCATAACTTAGTACACAGATGCTATACGAACTATAATAT

CGATCCTATCCTTGTAAAATGCGGTAGTCTTCAAAATAACAGATAATGGTCTACC
CACTCCGAAGGGGTCACTG

241F

805R

175-2

ISS

P. simpliciss.

TCCTAGTAATATAGGGGGTTAATGGCGAGAAAGCAGAAACCTGTTCTTTTAGGA
CTAGCCACTTTTACATGATAGGTTGCATTTCAATAACTTCGAATGCATAAATTATA
CGAAGT

ISS

P. simpliciss.

NNNN

241F

805R

176-1

ISS

P. simpliciss.

GCGTGGATTTATGCTTTTGGCGAAAAAGACAGAAAATCTGTTCTTTTTAATACTA
GCTACATTTTACATGGGGGGCTTGGATTTCTATAACTTCGTAAGCATACATTATA
CGAGTTATAAAC

ISS

P. simpliciss.

TAGCTCTTAAACGGGTGGTGCCCATCCTGCTCCAACAAGGTGGTTCTCCAAGGG
ATACTTATAGTCTCAAAACACACAATTACTTTACAGTTAGGGTGAGTTTCCTTCTG
TGATGTCTATAACTTCGTATAATGTATGCTATACGAAGTTATAGAAATCCAAGCC
TATCATGTAAAATGTAGCTAGTATTAAAAAGAACAGATTATCTGTCTTTTATCGC
ACATAAGCCTCCACAGTAC

241F

805R

7-1

Earth

S. desiccabilis

GCCGCGGATGAGGGGTTTGGGGGAAGTCCGTGTCGTTCTTTTAGACAGCTCATT
TTTTGTTAGGTTGGATTCTATACTTCGTTATCATACTTTGTCGATTTTT

Earth

S. desiccabilis

ATATTAACAGGAACGCCTGCTTTCCTTTTCAAATGTATTCACGTCCCCGCTGGTTC

AAACTGTGAAACAAATTGTAGATACCAAGGTAGTGTANCCTGGAGATTTGGGA

NAAATTCCGAGTCTACGTTGTGCCATTCCTAGATATTTTGAAGAATCACCAGTGG
GCAACGGCCGCCCATTGGACC

241F

805R

8-1

Earth

S. desiccabilis

CGNAAGCCTGAATCCAGCAATGCCGCGTGAGTGATGAAGGCCTTAGGGTTGTA
AAGCTCTTTTACCCGGGATGATAATGACAGTACCGGGATAATAAGCCCCGGCTA
ACTCCGTGCCACCAGCCGCTGGCATACATTATACGAAGATCTAAACACCA

Earth

S. desiccabilis

GAAGCCAATGCGCTGTTGGTGGAGGAAGCCGAANTAANCTAGAATACCTTTAA

GACTCATCGCTTGATCCGGAGAGGTGAGTGGAANTCCGAGTGTAGAGGTGAAA

TTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGGCTCACTGGACCTGGC
ATTGACGCTGAGGTGCGAAG

241F

805R

9-1

Earth

P. simpliciss.

TGACGGAAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAACTCTGT

TGTCAGGGAAGAACAAGTGCCAGGAGCATCTGCACAGCACAGTGCACGGTACC

TCTATAACTTCGCATAGCATACATTATACGAAGTTATATACAGCACAAAAGGAAA
CTCACCCTAACTGTAACGTAATTGTGTGTTTTG

Earth

P. simpliciss.

GGGATAATTATAGTCTCGAAAAACACGAATCACTTGACAGTTAAGGTCAGTTTCC
TAATGTGCTGTCTCTACCTTGGTGGGACGTAGGAAACTGGAAGACATAAGTGCC
GAAGAGGAAAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGA
GGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTGACGCTGAG

241F

805R

9-2

Earth

P. simpliciss.

NNNN

Earth

P. simpliciss.

NNNN

241F

805R

10-1

Earth

P. simpliciss.

NNNN

Earth

P. simpliciss.

CACACCGGCCCTCTACTATTCTCAAGGGAAAACCAGACTTCGTTGTTAAAGTGAG
TCTCGTCAAGACCGGTTTAAAAGTGGTATAACATATAAGATTCGGGCTGTTTGAC
ATAGAAGAGGAAAATAGAATTCCAAGTTCGTCGGTGAAATGCGTAGAGATGTG
GAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAAACTGACACTAG

241F

10-2

Earth

P. simpliciss.

GACACGCCGCGTGAGTGAGAAGGTTTCGGAGATAAAGACGGTAATCTGTTCTTT
TTAATACTAGATACATTTTACATGATAGGCTTGGATTTGTATAACTTCGTATAGCA
TACATTATACGAAGTTATGAACAGCACAAAAGGAATCTCAACCTAACTGTAAAG
TAGTTGTGTGTGTTGAGACTATCAGTATCCCTTGGAA




805R

Earth

P. simpliciss.

GTCTCAAAAACCACAATCACTTTACAGTTAGGGAGAAATTCCTNTTGAGCCGTCT
ATACCTTCGTATATACATTGGAAACACGGGGTTATANAAGNCCAAGAGGAGAAT
GGAATAACTCTCGTGTAGTCGGTGAAATGAATAGAGATGTGGAGGAACACCAG
TGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCCTGAAGGAGTGAAAG

241F

16R

Earth

Consortium

AGCTGATCAGATGCCGCGTGAGTGATGAAGGCTTAGGGTTGTAAAGCTCTATTA
CCTTTGATGATATGACAGTCTGGTTGAATAAGCCACGCTTGCATTTCTATAACAT
CTGATAGCATACATGATACGAATATAT

Earth

Consortium

GTGGCGAGAACACACCAGAAGCGTTACAGTTNCGGTAAGTTTCGTTAGCCGTG
GTCTTATACTCTCAGAATTACCTTTAAGACTGCATCGTTTGAATCCGGGAGAGGT
GAGTGGAATTCCGAGTGTAGAGGTGAAATTCGTAGATATTCGGAAGAACACCA
GTGGCGAAGGCGGCTCACTGGACCGGCATTGACGCTGAGGTGCGAAAGNCGTA
NGGGGNNCCC

241F

805R

Earth

Consortium

ATGGCCCGGGTGATTGAGGGCGTATGGGGAGAAAGACAGATAACCCTTTC
TATACTAGCTACATTTTACATGATAGGCTTGGATGTCTATAACTTCGTAAGGATA
CATTATACGAAGTTATAGACAGCACAAAAGGAAACTCACCCTAACTGTAAC

Earth

Consortium

CCAGCTTAGCTCTTAAACGGGTGGTGGCCATCTTGGTCCAACAAGGTGGTTCTCC
AAGGGATACTTATAGTCTCAAAACACACAATTACTTTACAGTTAGGGTGAGTTTC
CTTCTGTGCTGTTTATAACTTCGTATAATGTATGCTATACGAAGTTATAGAAATCC
AAGCCTCTCATGTAAAATGTAGCTAGTATTAAAAAGAACAGATTTTCGGTAGTAC
ACCAGTCACGAAGGCGGCTCACTGGACCGGCATTGTCGNCTG

241F

805R

12-1

Earth

Consortium

GGCCGAAGCCTGAATCAGCAATGCCGCGTGAGTGATGAAGGCCTTAGGGTTGT
AAAGCTCTTTTACCCGGGATGATAATGACAGTACCGGGAGAATAAGCCCCGGCT
AACTCCGTGCCAGCAGCCGCGGTAATACTGAGAGGGCTAGATATACAGCGAAT
AACGGGACTCACCCTAACTGT

Earth

Consortium

CACTCGTTGACGGAGGCGTCCGTTACCAGTGTCTCTATTATAAACGCCGAAAGCC
ACTACGGTCAGTTAAGTGGTTTGAAAGCCTGGAGCTCAACTCCAGAATTGCGTTT
AAGACTGCATCGCTTGAATCCGGGAGTGGTGAGTGGAATTCCGAGTGTAGAGG
TGAAATTCGTAGATATTCGGAAGAACACCAGTGGCGAAGGCGGCTCACTGACC
GGCATTGACGCTGAGGTCGAAG

241F

805R

8-1w4

Isolate

NNNN

Isolate

GGTGTACTATATGCTATACGAAGTTATTTAAATCCAAGCGGATCATGAAAATGTA
GCTATATGAGAAATAACAGATTTTTTTGTTCTCCGAGCTAAGGCGCTTTCTGGTC
T

241F

805R

9-1wl

Isolate

CGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAGCTCTGTTGTCTGGGAAGAA

CAGTCTAGCTACATTTTAGATGACCGCTTGTATTTCTATACCTTCTTATAGCCTTC

ATTATAGGAAGTGATACACAGCACGAATGAAACTTACCCTAACTTTTAAGGAAG
TGTTTGTTTTGTCACTATGGGTATGTCTTA

Isolate

TCGTAAAGGGCTCGCAGGCGGTTTCTTGAGTCTGATTTGAAAGCCCCCGGCTCA

ACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTG

GAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGC
GAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGAA

241F

805R

10-1w5

Isolate

CGTGAGCAACGCCGCGTGACTGATGATGGTTTTCGTGATCATAAAGCTCATGTT
GCCTGTGCTTTNANACTACTAGCATACATTTTACATGATATGCTTGGATTTCTATA
ACTTCGTATAGCATACATTATACGAAGTTATACACAGCACAAAAGTAAACTCACC

CTAACTGTGAAGGAATGGTGTGTTT

Isolate

GAGCGCTCATTCGCTGTTAGAGTGATAGTGTTTAAACGCGGGGCTCAACTTCGT
ATCACGCTGGAAACTGGGGGTCTTGAGAGCAGAAGAGGAGAGTGGAATTCCAC
GTGTAGCGGTGAAATGCGTAGATATGTGGAGGAACACCAGTGGCGAAGGCGAC

TCTCTGGGCTGGAACTGACGNCTAG

241F

805R

10-2w8

Isolate

AAGTCTTGAACGGAGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAA

GCTCTGTTGTTAGGGAAGAATTAGTACCGTTCGAATAGTACATGGGAGGCTAGG

ATCTCTATAACTTCGTATAGCATACATTGTANCAAGTAATAGANNGCACAGAAG
GAATCTCACCGCTAGCTGTAAAGTAAGGTGTGCTGTTTGCGAGA

Isolate

GGGTGCCCGTCAGATATGCAGTGTAGACGCTCTTAGACTCCGAGGCGTAGCAGT
NCTGCGCGTAATTACTTAGGTGGCAGAGATCTTGTCCGGAATTATTTGGCGTAA
AGGGCTAGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACCGGG
GAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCC
ACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGC
GACTCTCTGGTTCTGTTAACTTGACGCCTGAGGAAGCGAAAG

241F

11-1w3

Isolate

GGGGGGGGGCCCCCCCCANTTGAATNAAGTCTTGACGGAGCCAACGCCGCGTG
AGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTACC
GTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTA




241

805R

CGTGCCTGCAGCCGCGCGTAGGCGTAGGTGGCAAGCGTTGTCCGGAATTATTG
GGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTC
AACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGT
GGAATTCCACGTGTAGCGGTGAAAATGCTTATAGATGTGGAGTGAACATTTATT

TGTCGAGTCGATTTCTCTGGCCTGTAATTAGA

Isolate

ACCTACGGGTGGCAGCAGTAGGGAATCTTCCGCAATGGACCAAAGTCTGACGG
AGCAACGCCGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGG
GAAGAACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAA
AGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGT
TGTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGT
GAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTG
CAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGG
AGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTTGTTAACTTGACCGCTGAAG
GAACNNAAAGCGGGNGCC




242

243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260

261

Supplementary Table 9.

pH of the liquid fraction of the space (ISS) and ground control (Earth) samples. Values are
indicated as meanstandard error. As pH is one of the potential influencing factors in leaching, pH
of the liquid fractions was measured after spaceflight. ANOVA test was performed to compare pH
values. The variables organism (F = 15.170, p-value = 1.45 x 107), the gravity (F = 11.945, p-
value = 0.002), as well as the interaction between the two (F = 5.044, p-value = 0.008) had an
effect on the pH values. Pairwise comparison (post-hoc Tukey test) between non-biological and
biological samples on the ISS had a p-value < 0.05 in all cases (Non-bio/S. desiccabilis: p-value =
0.012; Non-bio/P. simplicissimum: p-value = 0.026; Non-bio/Consortium: p-value = 9.36x10°%),
while similar comparisons on Earth reported p-values > 0.05. Comparison between non-biological
samples on the ISS and on Earth had a p-value = 0.001. Comparison between P. simplicissimum
and Consortium on the ISS had a p-value = 0.039. All other comparisons had a p-value > 0.05.
The rock may sequester protons and buffer the solution, and this effect might be different under
space and Earth conditions. This suggests that pH does not have a bioleaching role for S.
desiccabilis and P. simplicissimum. Similar observations were made for rare earth element and
vanadium extraction in space by S. desiccabilis, where bioleaching occurred under circumneutral
pH”!°. However, the pH values reported were likely buffered by the presence of the fixative

(RNAlater), thus impairing our capacity to drive definitive conclusion on the effects of pH in our

system.
pH

Organism ISS Earth
Non-biological 7.21+0.03 7.35+0.02
S. desiccabilis 7.34+0.01 7.38+0.01
P. simplicissimum 7.33+0.03 7.35+0.02
Consortium 7.43+0.01 7.43+0.01
R2A 50% - 7.2
RNAIlater - 4.87+0.01
R2A 50% + RNAlater (1:5v/v) | - 5.16+0.04
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263  Supplementary Data 1. (separate file)

264  Supplementary excel file.
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