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One of the major challenges of spaceflight is protecting humans from electromagnetic radiation, high-energy particles, and extreme environmental conditions. Ionizing radiation from solar events, including gamma rays and x-rays, causes DNA damage, mutations, and oxidative stress through generation of reactive oxygen species (ROS), disrupting cellular metabolism and gene expression. These risks highlight the need for innovative protective materials for long-duration space exploration. However, replicating space radiation and environmental extremes on Earth is challenging. To address this, we developed a high-altitude balloon-based testing platform to evaluate protective materials under near-space conditions. These modules expose bacterial cultures and spores to stratospheric environments characterized by intense UV radiation, high-energy particle flux, low pressure, and frigid temperatures (~-55°C). We hypothesize that these extreme conditions effectively simulate space environments for material performance assessment. Using Bacillus subtilis as a model, we will examine bacterial survivability, mutation rates, and spore germination after exposure to 254 nm UV light. CFU reduction, mutation frequency (RifR, SpcR), and germination efficiency will be analyzed. A high-altitude balloon experiment will refine exposure protocols under stratospheric conditions. To assess cold resistance, bacterial samples will be subjected to -80°C, with success criteria including <50% survival in uncovered samples after 5 minutes. These results will inform balloon-based testing to further analyze bacterial resilience in space-like conditions. By integrating laboratory and high-altitude tests, we aim to validate protective materials against radiation and temperature extremes, contributing to astronaut safety in long-duration missions.

