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Humic acid substances (HASs), which are responsible for the fate of metal ions in the environment. Here, we
developed a new polyacrylamide gel electrophoresis (PAGE) based-techniques to investigate the MW distributions
of metal ions (lanthanide (Ln) and actinide (An) ions) that are strongly complexed with humic acid (HA).
Combining PAGE systems for HA separation and for detection of metal ions provided the distribution of HA-bound
metal ions. Coupling this system with UV-Vis spectrometry and the excitation—emission matrix (EEM)
spectrometry-parallel factor analysis (PARAFAC) method showed new insights into kinetically stable interactions
between HA and metal ions. Interestingly, the MW distributions of the metal ions were entirely different in terms of
Th*, UO2%*, NpO2#*, Pu*", and Cm?, indicating that the presence of specific binding sites in HA depending on its
MWs and metal ion species. The MW distributions of fluorescent components obtained by EEM-PARAFAC were
associated with the metal ion distributions. Consequently, it was found that the localization of protein-like
components in the large and small MW regions cooperatively occurred through metal ion binding. In addition,
supramolecular assembly of HA in molecular level was observed via complexation with Th** by means of holo/apo
conversion two-dimensional PAGE system.




