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Today, the unique environment of space-particularly microgravity-is employed
in physics and materials science research and serves as a valuable platform for
advancing various fields within the life sciences. The primary objective of
weightlessness research is to elucidate the role of gravity in the origin,
development, and future of life, as well as in the physiological adaptation of
organisms ranging from unicellular species to humans. Additionally,
microgravity conditions enable the investigation of biological phenomena,
including bone and cartilage formation, vascular development, cancer
progression, and other biomedical processes. In protein crystallography, X-ray
diffraction patterns generated from crystals are analyzed to determine the three-
dimensional molecular structure. This approach enables the reconstruction of the
protein’s precise architecture and reveals its biological functionality. Such
structural insights are fundamental to research in biology, pharmacology, and
medical sciences. A major challenge in this field is generating an adequate
number of well-ordered crystals with minimal internal mosaicity and low
impurity levels. Notably, most proteins do not readily form large, high-quality
crystals, and successful crystallization depends heavily on both environmental
parameters and the intrinsic properties of the molecule. Under terrestrial
conditions, gravity imposes limitations on the crystallization process, often
compromising crystal quality. In contrast, the microgravity environment of space
partially mitigates these effects, frequently yielding crystals with superior
structural integrity. Studies conducted in space have demonstrated that
weightlessness can significantly influence crystal nucleation, growth dynamics,
and final structural resolution. This research explores the impact of microgravity
on protein crystallography, focusing on the advantages, limitations, and scientific
opportunities it offers for advancing structural biology.
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1. Microgravity
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Fig. 1. Phase diagram showing the effects of protein
concentration versus precipitant concentration. The solubility
curve separates the two regions corresponding to the unsaturated
and supersaturated states of a protein solution. The
supersaturated region encompasses the metastable, nucleation,
and precipitation zones [31].
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