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MICROFLUIDIC TECHNOLOGIES FOR THE SEARCH FOR LIFE ON ICY MOONS:
OPPORTUNITIES AND CHALLENGES.

Abstract

The launch of reconnaissance spacecraft to the icy moons of the outer solar system will provide a
better understanding of their geophysical structures, essential information for the success of future astro-
biological exploration of these celestial bodies. The robotic explorers tasked with this mission will require
the integration of high-sensitivity technologies and a robust suite of experiments for the reliable in situ
detection of microbial life.

Overcoming the challenges of defining and characterizing life beyond Earth will be crucial for the develop-
ment of these missions. Microfluidics could help address these challenges by enabling diverse analyses and
various manipulations using minimal liquid samples within a microdevice, an indisputable advantage for
spacecraft experiments in which optimizing the volume-to-mass ratio is essential for maximizing payload
capacity, improving power efficiency, and reducing fuel consumption.

We evaluate microfluidic technologies for experiment design, focusing on their capacity to detect biosig-
natures and prebiotic chemistry, such as exotic metabolic activity and complex molecular structures, as
well as to characterize and manipulate microbial specimens, helping to differentiate them from intricate
morphological structures of abiotic origin. Additionally, we examine the challenges these technologies face
in space exploration, including material resistance and biocompatibility, miniaturization of supplementary
equipment and adherence to planetary protection protocols, and their potential for future advances.
Although this work highlights the advantages of the diverse microfluidic options to achieve these objec-
tives, they will take time to mature to the level of other technologies already available. That is why
continuous progress is essential, not only to be prepared for future investigations of our solar system and
beyond but also to enable potential applications on Earth, where these advancements could help address
various scientific and technological challenges.



