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We have developed a technique capable of determining the structures of chemical reaction
intermediates, which were previously considered difficult to capture, with high resolution. The
key feature of this research lies in constructing an environment within protein crystals that
allows for real-time tracking of target reactions at the atomic level through protein crystal
engineering. Using this composite crystal, we successfully tracked the reactions of metal
complexes in detail at the atomic level through time-resolved serial femtosecond
crystallography (TR-SFX).  Specifically, the synthetic metal complex Mn(CO)s was
immobilized within the pores of hen egg-white lysozyme (HEWL) crystals and irradiated light
to induce Mn—CO bond cleavage. This enabled us to capture multiple intermediates involved
in the dissociation process of CO. By establishing this approach, the scope of chemical
reactions observable via TR-SFX was expanded from natural enzymatic reactions to artificial
molecular reactions. These findings demonstrate the potential of protein crystal engineering for
detailed structural analysis of reaction intermediates and provide a new exploration method for
understanding enzymatic systems and designing novel catalytic systems.
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