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Introduction

Scientific Aims

Future Directions

• With Artemis missions underway, it‘s clear we’re going back to the Moon to 
stay. 

• Before sending Astronauts for long-duration missions, it’s crucial to understand 
the technological & biomedical countermeasures needed to protect them.

• We can use knowledge gained from biological CubeSats to guide the next 
generation of experiments to support human habitation on the Moon.

• Lunar Explorer Instrument for space biology Applications (LEIA) is a new 
BioSensor adapted from NASA’s BioSentinel mission, launched on Artemis I.

• LEIA aims to identify biological responses to the Lunar environment to 
inform future missions to the Moon.
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A Flexible Design for Multiple Space Platforms
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Future Tests

Long-Term Desiccation in 
Fluidic Cards

Mimic Pre-Flight 
Temperature Profile

Mimic Space-Like Radiation 
Environment at BNL

Trapped particles

Galactic Cosmic Rays (GCRs)

Solar Particle
Events (SPEs)
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4.

Combine yeast genetics with metabolic 
modeling to determine cellular 

sensitivity to the Lunar environment.

Evaluate synthetic biology-enabled 
production of antioxidant nutrients & 

proteins under Lunar surface 
conditions.

Evaluate genetically engineered yeast 
for enhanced tolerance to the Lunar 

environment.

Determine the Lunar radiation dose & 
composition corresponding to the 

biological responses measured in Aims 
1-3.

~ 5 um
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2 Manifolds; 2 LED Configurations

Resazurin Resorufin Dihydroresorufin
Weaky fluorescent Highly fluorescent Non-fluorescent
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aB
570 nm 630 nm

Yeast
Extract

465 nm

b-carotene absorbs in blue wavelengths.
 Replace 570 nm with 465 nm LED.

Blue LED Team

alamarBlue (aB) Reduction

from Mark Settles

Experimental Scope

Budding yeast

16 - Well fluidic card

Card stack

8 - Card fluidic manifold

*ARES Timepix3 LET spectrometer *Mini-Fast Neutron DetectorSpace Particle Detectors:

BioSensor Payload Yeast Strain Down-Selection

41 1220

Final Selection

10 mo
Radiation 

Sensitivity & 
aB Kinetics

18 mo
Radiation 

Sensitivity & 
aB Kinetics

841

Desiccation Protocol Desiccation Tolerance 
& Radiation Sensitivity Additional Strains

41 DNA Repair & Oxidative Stress mutants
 
Dried 100,000 cells into 96-well plates

Rehydration time-course

18 mo time-frame

Rehydrate cells & expose to radiation

Plate for viability & run aB assay

Backcross mutants into W303 
yeast background

+ Tardigrade proteins

Yeast Strain Selection

ü 1 Lunar day = 12 Earth days 
Reality ~ 8-10d

ü 2 Experimental activations  
Day 1, Day 4
Peak growth & aB reduction by 72h

ü 16 Total cards 
8 Team Green, 8 Team Blue
4 per activation
8-10 strains each

Down-Selection Parameters

Sensitivity to ≤ 2.5 
Gy gamma radiation

Growth & peak aB 
reduction by 48h      

Account for 
aged cells

Desiccation Tolerance

Key
Green Team

Blue Team

Both Teams

Tested & Removed

Reason for Removal from Study
☽Did NOT reduce aB w/i 48h

⇞NOT sensitive to ≤ 2.5 Gy gamma IR
#Poor desiccation tolerance

⌘No absorbance signal detected

*Likely cytotoxic to cells
±

Already have candidate in same pathway
∞aB kinetics no different from WT

DNA Repair & Oxidative 
Stress

Aim 1

Synthetic Production
Aim 2

Enhanced Tolerance
Aim 3

☽ ⇞ sod1D

b-carotene (SB2022)
 WT, sod2D, tsa1D  

Carotenoids 
(S. cerevisiae, K. lactis, K. 
marxianus, #Y. lipolytica)

b-carotene (SB2022 & W303)
 Overexpress TSA1

Tardigrade proteins (SB2022 & W303)
Express *Dsup, CAHS & AGT1

*Overexpress SOD1, SOD2

BioSentinel Strains
WT, rad51D

BioNutrients Strains
⌘Zeaxanthin (Y55)

Homologous Recombination
rad51D, 

± 	

rad52D, 
± 	

rad54D

Base Excision Repair
apn1Danp2D 

Post-Replication Repair
rad5D,rad18D 

Antioxidant ☽  tsa1D

Nucleotide Excision Repair
rad1D 

Non Homologous End Joining  

∞ ku70D, ∞ ku80D, ∞ mre11D

Science & Engineering Tests

Sensitivity to Gamma Radiation via alamarBlue Assay
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Yeast Plants

Green LED Team


