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Gel electrophoresis methods orientated towards metalloprotein analysis : isolation of metal-bound
proteins and detection of trace protein-bound metal ions

Shingo Saito

Professor, Graduate School of Science and Engineering, Saitama University

Three types of new polyacrylamide gel electrophoresis methods (PAGE) specialized for
metalloproteins were developed : 1) "metal detection PAGE" for detection of trace metal ions in small
volume sample solutions, 2) "Metal Ion Contaminant Sweeping-Blue Native (MICS-BN) PAGE" for
suppression of contaminating metal ions without dissociation of metal ions from metalloproteins during
electrophoresis, and 3) "holo/apo conversion two-dimensional (HAC-2D) MICS-BN-PAGE" for selective
isolation of holo(metal ion-binding)-metalloproteins. In the metal detection PAGE, the metal ions on sub
ppb levels were detected in PAGE by developing the fluorescent probe molecule. MICS-BN-PAGE
provides an electrophoretic separation with no contaminated metal ions by electrophoretically
sweeping the contaminated metal ions as thermodynamically and kinetically stable chelate complexes.
HAC-2D MICS-BN-PAGE is a two dimensional diagonal method to isolate only holo-metalloproteins as
spots based on the different electrophoretic mobilities of holo- and apo(non-metal ion-binding)-
metalloproteins. In this paper, the principles of these methods and applications to real samples are
described. MICS-BN-PAGE/metal detection PAGE was applied to human serum samples, revealed a
different (and accurate) distribution of Cu ions from those in many previous reports, and HAC-2D
MICS-BN-PAGE/metal detection PAGE was applied to Rubrivivax gelatinosus bacterial samples,
identified a Cu-binding metalloprotein, Copl, in the periplasmic space for the first time. Thus, it was
proven that these PAGE methods are useful for identification and determination of metalloproteins.

Keyword : Metalloproteins, trace metal ions, fluorescent probe, PAGE, two dimensional diagonal
method
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