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Studies on Domain Structure in Liquid Droplets with Guanine Quadruplexes

Hiroka SUGAT*

Liquid-liquid phase separation (LLPS) is a fundamental mechanism underlying the formation of
membraneless organelles in cells. Although LLPS-derived condensates are generally characterized by high
molecular mobility, structural ordering can emerge under specific conditions. In this study, we investigated
the internal organization of condensates formed by guanine quadruplex (G4) DNA and an oligo-lysine
peptide. Using birefringence imaging, confocal fluorescence microscopy, and X-ray diffraction and
scattering analyses, we found that ordered domains appeared and grew from the condensate—solution
interface several hours after condensate formation. Within the ordered domains, G4 DNA was selectively
enriched, exhibited extremely low mobility, and assembled into a hexagonal columnar organization, whereas
the peptide component retained dynamic mobility. These results demonstrate that hierarchical ordering
can arise within LLPS condensates, revealing the coexistence of molecular mobility and orientational
order.
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