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Bacteria in the Life
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Primitive Earth

Are humans an evolved product conung from a frutfull symbiotic crosstalk
between two main levels of bactenal socio-evolutive strategies aumed at
further expanding hiving matter conquering capabilities?

By Julio L. Padron Velazquez, Are humans a “clothed mass of microbes” engaged in a sort of panspermia? Hypothesis 2016, 14(1): e7,
doi:10.5779/hypothesis. v14i1.479




acteria in the extraterrestrial Life

Proceedings of the Second Lunar Science Conference, Vol. 3, pp. 2721-2733
The M.LT. Press, 1971,

Surveyor III: Bacterium isolated from lunar-retrieved TV camera

F. J. MitcHELL®
Lunar Receiving Laboratory, Manned Spacecraft Center, Houston, Texas 77058

and
W. L. Eruist

Brown and Root-Northrop, Manned Spacecraft Center, Houston, Texas 77058
(Received 9 February 1971; accepted in revised form 31 March 1971)

Abstract—Selected components of the unmanned Surveyor 111 spacecraft which had remained on
the lunar surface for 2} years were collected and returned to earth by the crew of Apollo 12. A
bacterium, Streptococcus mitis, was isolated from a .\;lmplc of foam taken from the interior of the
retricved TV camera. The available data suggests that the bacterium was deposited in the camera
prior to the Surveyor I1I spacecraft launch. The authors suggest that Iyophilizing conditions existing
during prelaunch vacuum testing and later on the lunar surface may have been instrumental in the
apparent survival of this microorganism.
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The Microbiota and probiotic
bacteria

Spaceflight has several disrupting events that
could lead to astronaut intestinal changes
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Impaired immune system

Source: Future Microbiol © 2012 Future Medicine Ltd

Any natural food supplement that
could help to maintain an healthy
microbiota may be a major benefit for
astronauts

The human gut microbiota is implicated
in human health and disease




Cultivation of microorganisms in
spacecraft for probiotic biomass

production

Metabolic, transcriptomic

and proteomic analysis

Discover the probiotic abilities,
linked to the expression of some
genes and proteins and study if
they could be compromised in
microgravity condition

Study of adaptation mechanisms of
L. reuteri to microgravity conditions




Experimental plan

Rotating Wall Vessel (RWV) Activities = = =

1) Growth kinetics over 72 h through
measurements of absorbance at 600 nm

2) Reuterin production assay

3) RNA isolation, reverse
Random POSitioning MaChine (RPM) transcription and RT_qPCR
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4) Simulated gastrointestinal
passage assay

5) SEM and AFM
observations

Random Positioning Machine (RPM) and Rotating
Wall Vessel (RWV) provided by the SCK-CEN,
Institute of Environment Health and Safety, Mol
(Belgium)

6) Protein identification by
1 3 LC-MS/MS (shotgun) proteomics

Orbitrap mass ' ol — e

spectrometry and analysis | “* o

of metabolic pathways
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Samples collection for
the subsequent tests:

=

7 h -> for gene expression and proteomic analysis;

15 h-> for gene expression, proteomic analysis, gastrointestinal assay and
antimicrobial test;

24 h-> for gene expression



RESULTS

Samples (n=4) Average * Std

Dev of Inhibit
After the two treatments, the liquid phase of L. reuteri ev ohanlo| ton
grown in RWV and RPM exhibited higher antibacterial
activity against S. aureus in comparison to the control 1xg 22+0.8mm
RWV 32+0.6 mm*
RPM 31+0.8mm*

* Pvalue<0.05 using t-Test analysis
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Genes

ERWV 24 h
WRPM 24 h

Fold change

in the expression level of
most of the key stress
genes in comparison
with the control
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o n= * p values < 0.05,
enes
** p value < 0.01using t-Test analysis




RESULTS

% survival

% survival

GSS 1SS

Different letters indicate that mean values between GSS and ISS

Different letters indicate that mean values of GSS and ISS
treatments within single group are significantly different (P < treatments between groups are significantly different (P < 0.05)
0.05) as determined by t-test as determined by t-test

ANOVA T, GSS ISS

Between Groups 9.8522E-11** 0.000556** |0.010676*

GSS treatment determines higher survival rate of
cells grown under RPM;
0.0613519 ISS treatment determines higher survival rate of cells

0.0123332* grown under RWV

0.0599454
* pvalues < 0.05, ** p value < 0.01 using ANOVA test




Date :3 Nov 2017 - N =
Time :10:2020 = Date -3 Nov 2017 -
Time :11:02:44 = Photo No. = 4318 Time :11:32:08

Cells grown in microgravity showed no differences in shape and
size but higher tendency to form aggregates




ATOMIC FORCE MICROSCOPE
OBSERVATIONS

RESULTS

1xg RPM

Z-range: 0151 [W]
-

10 pM

Y-range: 10 [pm]
‘-range: 10 [urm]

H-range: 10 [pm]

5_512.nid :
Z-range: 0168 [¥] reL_raey 54 nid ta

0))
Y-range: & [um]
2.80

Y-range: & [pm]

-2.80

More investigations are needed for studying roughness
parameters




1083 identified proteins

226 differentially
expressed proteins

167 entries (73.9%) annotated

167 annotated
proteins

7 " | Genetic Information Processing
N 1 Amino acid metabolism
. [ Metabolism of cofactors and vitamins
76 @ Carohydrate metabolism
| [ Cellular Processes
Unclassified

- |} Nucleotide metabolism

" Environmental Information Processing

[l Energy metabolism

~ Enzyme families

"] Human Diseases

Summary

Functional
category




Abundances
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ERPM7h ®mixg7h

ll Vitamin B12 ﬂvDNA repair I Arginine biosynthesis I Oxidoreductase activity IAIkaIine shock protein
metabolism




Abundances

EBRWV7h m®E1

<|;7h

DNA repair

Pyrimidine metabolism

t Oxidoreductase activity

t Arginine biosynthesis




128 underexpressed
71 overexpressed
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®RPM 15h m1xg 15h

IOxidoreductase activity

1

I Pyrimidine metabolism

1

ﬂDNA repair

I Stress protein

Alkaline shock protein

Arginine biosynthesis

Vitamin B12 metabolism



84 underexpressed
43 overexpressed

Differentially expressed proteins after 15 h under RWV
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Venn Diagrams between differentially expressed proteins
at 7 h and 15 h in RPM and RWYV systems

There i | f identified ) Samples treated for 15 h to microgravity seem more
ere is an overlap of identified proteins e e 7 sl s




RESULTS

Accession Unique | RPM 7 h/1xg | RPM 15 h/1xg | RWV 7 h/1xg | RWV 15 h/1xg
number peptides 7h 15h 7h 15h
abundance abundance abundance abundance

nitroreductase 1150¢

aspartate aminotransferase family 1198708410
protein

ribonucleoside-triphosphate 1189224164 0.30 0.52 0.36
reductase, adenosylcobalamin-
dependent
excinuclease ABC subunit UvrB 0.36 0.56 0.41
excinuclease ABC subunit A 0.37 0.62 0.41
cobalt-precorrin-8 methylmutaE 0.41 // 0.48
2-keto-4-pentenoate hydratase 0.41 0.65 0.52
class 1b ribonucleoside- 0.46 0.62 0.47
diphosphate reductase subunit
alpha
~  precorrin-6y C5,15- 227184664 0.46 // 0.53

“~~__  methyltransferase




RESULTS

Accession Unique RPM 7 h/ixg | RPM 15 h/1xg | RWV 7 h/1xg | RWV 15 h/1xg
number peptides 7h 15h 7h 15h
abundance abundance abundance abundance

336449577

Argininosuccinate synthase

Orotate 1198462252
hosphoribosyltransferase

Asp23/Gls24 family 2.42 // //
envelope stress response
protein
Alcohol dehydrogenase 2.88 1.62 1.62
Aspartate 2.00 1.80 2.13
carbamoyltransferase
Orotidine 5'-phosphate 1.79 1.71 2.32
decarboxylase
1.92 1.71 2.27

Dihydroorotase 1150052847
Carbamoyl-phosphate 324977945 3 // // 1.667 2.096
nthase, small subuni
Dihydroorotate 112943111 8 // 1.732 1.634 2.031
dehydrogenase



CONCLUSIONS

The analysis of L. reuteri growth under simulated microgravity revealed the
same growth rate compared to terrestrial gravity condition;

The treated samples to simulated microgravity showed a more marked
antimicrobial activity than the control one;

The expression of some stress genes was significantly different under
simulated microgravity and it suggests that other pathways may be
compromised;

Higher survival was shown after Gl passage by cells grown under simulated
microgravity;

No differences were shown at morphological level;

The proteomic analysis revealed patterns of decreased Vitamin B12
metabolism and decreased DNA biosynthesis and patterns of increased

pyrimidine and arginine biosynthesis and increased some oxidative stress-
related proteins.
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