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	Scientists have made tremendous endeavors in attempts to gain understanding of the water molecules in proteins via indirect measures, such as molecular dynamics simulation and/or probing the polarity of the local environment. Probing the water environment of a specifically interesting site in proteins thus may pave a way to understanding the underlying mechanism. Unfortunately, although enormous efforts have been made in the characterization of fundamental aqueous hydration phenomena on protein surfaces, little insight has been gained into water micro-solvation in protein. The newly-developed tryptophan analogue, (2,7-aza)Trp exhibits remarkable triple-emission characteristic in probing water catalyzed proton transfer properties (Fig. 1). The resulting multiple emissions provide unique fingerprints that can be exploited for directly sensing a site-specific water environment in a protein. Here we selected the structurally pending thromboxane A2 synthase (TXAS), an endoplasmic reticulum membrane protein containing five tryptophans, as a prototype to demonstrate the feasibility of (2,7-aza)Trp in probing water environments. The incorporation of (2,7-aza)Trp into TXAS proves (2,7-aza)Trp to be a novel optical probe that allows transmission of its surrounding water environment into unique fluorescence spectral features. In combination with in-depth MD simulation, future quantitative correlation for the ESPT dynamics versus number/orientation of water molecules is feasible, showing different hydration environments between the substrate access channel, aqueduct water channel, and protein surface in, e.g., TXAS. The superb water sensing capability in terms of ESPT and ground-state N1-H/N2-H equilibrium thus provides an unprecedented tool for probing the water environment in bio-systems on a structural basis.
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Figure 1. (2,7-aza)Trp exhibits remarkable triple-emission characteristic in probing water microsolvation dynamics in hemoproteins
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