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Ubiquitin exists in conformational equilibrium between basic folded (N1), alternatively folded (N>),
locally disordered state (1), and unfolded states (U). Interestingly, high-energy states (N2 and 1) are
evolutionary conserved between ubiquitin-homologous proteins having the E1-E2-E3 cascade
reaction. However, the functional significance of high-energy states of ubiquitin is not clear. Here,
we demonstrate that novel strategy of rational design of mutation based on the characteristics of the
structure and dynamics of the protein from high-pressure NMR experiments is a powerful tool for
functional study of high-energy states. In the previous study by Kitahara et al., it was revealed that a
population of Ny state of ubiquitin wild type (WT) is 77% at 3000 bar. Comparing the solution
structures between N; and N. of the WT protein, we found two interactions that are likely to be
involved in Ni-N2 conformational fluctuation. We make several ubiquitin variants, in which the
interactions (K11A, E34A, Q41N, Q41A) are reduced or disrupted. We show that the N state is
71% populated in Q41N variant at ambient pressure, furthermore 97% at 2500 bar. The solution
structure of Q41N at 2500 bar is determined based on nuclear Overhauser effects. The “pure” N
state shows conformational changes at ai-helix, oa-pB3 loop, Bs-strand, and C-terminal Bs-strand. In
particular, the C-terminal Bs-strand of the N state is significantly changed in orientation, compared
to that of the N state, which matches the changes seen upon binding of ubiquitin to ubiquitin-activating
enzyme E1. Therefore, the recognition of E1 by ubiquitin is best explained by conformational selection
rather than induced-fit motion. The novel strategy of high-pressure NMR experiments combined with a
suitably chosen point mutation, used here, is generally applicable for proteins and has a potential to

improve our understanding of the high-energy states.



