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Reporting for specific materials, systems and methods

All data in support of the findings of this study are available within the article and in the Supplementary Information. Source data are provided with this paper. Initial
and final configurations of simulated systems have been deposited in Zenodo [https://doi.org/10.5281/zenodo.10089929]. Due to their large size, MD simulation
trajectories are available from the corresponding author upon request. The experimental structures of the spliceosome from Saccharomyces cerevisiae in the C
complex state and group II intron from Oceanobacillus iheyensis are available in Protein Data Bank under accession codes 7B9V [https://doi.org/10.2210/pdb7B9V/
pdb] and 4FAR [https://doi.org/10.2210/pdb4FAR/pdb], respectively.
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Classical MD simulations were performed for 100 ns, to relax the system before performing more accurate QM/MM MD simulations.
Unbiased QM/MM MD simulations were performed for 5 ps for each system (after equilibration), as this is an appropriate time scale to assess
the stability of metal coordination spheres. Time evolution of interatomic distances confirmed the active site was indeed well equilibrated.
Average values and standard deviations were calculated over 1000 frames. Biased QM/MM MD simulations were performed for 5-7 ps, for
each value of the reaction coordinate totaling in approximately 80 ps of simulation time. Analysis of Lagrange multipliers, needed for
obtaining reaction free energy profiles, showed they were sufficiently converged after 2-4 ps. Average values and standard deviations of the
Lagrange multiplier were calculated over the last 3 ps (6000 frames).

No data were excluded from analysis.

While no formal replication was carried out due to computational costs, unbiased QM/MM MD simulations were performed with different
combinations of step one specific splicing factors. No major effects on the active site geometry were observed, indicating simulations are
reproducible.

No randomization was performed. It is not relevant to molecular dynamics simulations performed here, since different reaction coordinate
(RC) values are assigned to the same system.

No blinding was performed as it cannot be implemented in our case, since the identity of each system (RC value) must be known to calculate
free energy profiles via thermodynamic integration.




