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Protein cages have been widely used as templates for nanomaterials syntheses but the processes of metal ion accumulation, nucleation and particle growth within a protein cage are still poorly understood. 
We have developed a novel mass spectrometric approach to monitor the biomimetic syntheses of iron oxide (Fe3O4, magnetite) and platinum (Pt) nanoparticles within Dps (DNA binding protein from starved cells) protein cages. 

Mass spectra of Fe mineralized Dps makes it possible to determine exact amounts of Fe mineralized (and the distribution at every point) at each step along the reaction pathway. This capability of detecting multiple species simultaneously also allowed for the detection of a long-lived Fe accumulating intermediate (12 Fe ion bound Dps) state in all samples as well as individual species within the whole population.
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Pt2+ ion binding to Dps and the Pt0 nanocluster growth within Dps were also independently determined by mass spectrometry. This approach provided information about Pt2+ ion accumulation and subsequent Pt0 nanocluster formation (Fig 1). The data demonstrated that the introduced Pt2+ ions first enter the cages and bind to a discrete binding sie and that free Pt2+ ions inside are recruited by the pre-bound Pt2+ ions upon reduction to form the Pt0 nanoclusters. 
We could correlate nanocluster size, determined by mass spectrometry, with the catalytic activity of Pt mineralized Dps towards hydrogen production. While the Dps protein cages with 45 Pt0 (or less) produced hydrogen near baseline levels, the 75 Pt0 containing Dps generated approximately four times more hydrogen than the background level. These data suggested that 75 Pt atoms form a sufficiently large nanocluster for hydrogen production compared to the multiple nanoclusters within the Dps protein cage indicating the importance of size dependent behavior of nanomaterials.
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Fig. 1.  (A) Mass spectroscopy of intact protein cages with different Pt loading








