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How do you imagine the space-rated Spirulina
Food Production Unit of MELISSA ?



How do you imagine the space-rated Spirulina
Food Production Unit of MELISSA ?

Adapted EGGIE (NASA)  Panel (IRs stuttgart)

Intensified panel photobioreactors (Algosolis) C4a 83L a/r//ft b/oreactor (MPP)


https://www.melissafoundation.org/images/item/max/234.png?1553073457
https://webs.uab.cat/melissapilotplant/en/the-melissa-pilot-plant/
https://www.dlr.de/en/images/2018/2/the-photobioreactor-pbr_30222/@@images/image-1000-809458fcb55e124e5352b685fe0f2d01.jpeg
https://issnationallab.org/wp-content/uploads/2024/05/floating_algae_bag.jpg
https://issnationallab.org/wp-content/uploads/2024/05/algae_veggie_unit.jpg

What if it looked like this?

Water walls (NASA)


https://www.nasa.gov/wp-content/uploads/2019/03/niac_2012_phasei_flynn_waterwallsarchitecture_tagged.pdf
https://www.melissafoundation.org/images/item/max/234.png?1553073457
https://webs.uab.cat/melissapilotplant/en/the-melissa-pilot-plant/
https://www.dlr.de/en/images/2018/2/the-photobioreactor-pbr_30222/@@images/image-1000-809458fcb55e124e5352b685fe0f2d01.jpeg
https://issnationallab.org/wp-content/uploads/2024/05/floating_algae_bag.jpg
https://issnationallab.org/wp-content/uploads/2024/05/algae_veggie_unit.jpg

What if it looked like this?

Interior Outer walls

Photobioreactors

Water walls (NASA)


https://www.nasa.gov/wp-content/uploads/2019/03/niac_2012_phasei_flynn_waterwallsarchitecture_tagged.pdf

What if it looked like this?

Interior Outer walls

Photobioreactors

Issues: -
- shielding ?
- Illumination ?

- Harvest.ing.& maintenance? |_ Derisking
- Cgptrallsatlon? MELiSSA?
- Sizing ?
- etc...

Water walls (NASA)


https://www.nasa.gov/wp-content/uploads/2019/03/niac_2012_phasei_flynn_waterwallsarchitecture_tagged.pdf

Radiation in deep space - A hazard for all beings g esa
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— Microorganisms of the MELISSA loop, much like astronauts, will suffer from the increased radiation dose.
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Radiation in deep space - Sensitivity of microorganisms
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Metals

R: ROOH (Organic

y, Radiolysis RO, |radicals
‘OH - :
H,0, ¥ 0," JROS — ONOO

H A~ : I No_|RNS

+0,

Redox PTMs
Genotoxic lesions
Structural/covalent damage

Electrophilic/adduct formation
efc.

Dose-relevant

space radiation
GCRs, SPEs, and
secondaries

Nucleic acids

Vi

Resistance pathways:
DNA repair, nucleoid compaction, redundancy

Spores, dessication, endolithic dormancy

Pigments, antioxidants, metallic ion shields

Community protection (e.g. biofilms)

Membrane adaptations
- etc.

Innate resistance of selected MELISSA strains is
already high. However, is it high enough to:
- Tackle unforeseen stochastic damage in cells?

- Derisk MELISSA >< Physiochemical ECLSS?
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GCRs = Galactic Cosmic Rays / SPE = Solar Particle Events ECLSS = Environmental Control and Life Support Systems
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Radiation in deep space — Danger for interconnected BLSS @esa
BLSS = Biological Life Support Systems
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space radiation
GCRSf SPES’ and C3: Nitrification Minerals
secondaries Ammonium Electrolysis Cell
GCRs = Galactic Cosmic Rays / SPE = Solar Particle Events ECLSS = Environmental Control and Life Support Systems 9
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Radiation in deep space — Danger for interconnected BLSS @esa

BLSS = Biological Life Support Systems
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Goal: Derisking MELiISSA by increasing
space radiation tolerance to avoid loop
destabilisation by compartment failure.

ECLSS = Environmental Control and Life Support Systems 10
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Three pathways

— Radio-resistance/shielding/mitigation

esa

Enhancing radioresistance of
the chosen microorganisms
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Three pathways — Radio-resistance @esa

Enhancing radioresistance of Resistance pathways:
the chosen microorganisms - DNA repair, nucleoid compaction, redundancy

- Spores, dessication, endolithic dormancy

- Pigments, antioxidants, metallic ion shields

Plasmid vector
nnnnnnnnnnn Anabaena sp.
PCC 7938

- Community protection (e.g. biofilms)

- Membrane adaptations

- etc.

Metals
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Structural/covalent damage
Electrophilic/adduct formation
etc.

radioresistance pathways
- Transfection of new traits

ROS = Reactive Oxygen Species 12
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Three pathways — Radio- shielding esa

BLSS = Biological Life Support Systems

Integrating (1) Determining the optimal bioreactor
radioshielding configuration while supporting efficient BLSS.
design in

(2) Identifying bioreactor materials that support
bacterial growth and radiation attenuation.

bioreactors
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Three pathways — Radio- shielding esa

BLSS = Biological Life Support Systems
ESM = Equivalent System Mass

(1) Determining the optimal bioreactor
configuration while supporting efficient BLSS.

Integrating

radioshielding
design in

bioreactors

(2) Identifying bioreactor materials that support
bacterial growth and radiation attenuation.

space radlatlon 7 (3) Evaluating the resulting shielding efficiency
relative to standard shielding materials (ESM).

Scenario 1: H20 (80%) + Scenario 2:

Mass equivalent of S1
38M p+
- - ICRU-sphere
10 MeV - 10 GeV

with aluminium.
(GCR 2020, BON2020)

Dome bioreactor (@ 40cm)

Shavers et al., 2004
Aluminium (5mm)

Polyethylene (Retro-fit) + ISS water walls (Node 1)
— Low-Z = || secondaries + ll particle speed Results: s1 124 mSv (o < 0.9 %), 7% from neutrons

_ PP bioreactors + Water? : 134 mSv (0 < 0.6 %), 11% from neutrons

PP = Polypropylene / p+ = proton 14
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Three pathways - Radio-

esa
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ROS = Reactive Oxygen Species

Use the produced biomass as antioxidant agent for
the other MELISSA compartments (incl. C5!)

02_ + 02_ + 2H'"—> H202 + 02

Superoxide dismutase

H202 + H202->2 Hzo + 02

Catalase
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Benefits:

T Safety (! single-fault failure risks).

T Reliability for mission requirements.
| Shielding ESM needed.
Opportunistic radioshielding and
mitigation for astronauts.

— De-risks MELISSA + Tattractiveness
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Integration example — Mars ISRU Bioreactors PhD e esa

Evaluating the radiomitigation

Integrating ISRU radioshielding
capacity of the biomass

bioreactors in Mars habitats

Enhancing radioresistance in Anabaena
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