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Figure 2 Normal modes analysis of the GFP model involving the chromophore and the residues involved in the hydrogen bond network
performed at at B3LYP/6-31+g(d,p) level of theory. Top panel: Ser205 O-H stretching mode in the ground (left) and excited (right) states.
Middle panel: Water O-H stretching mode in the ground (left) and excited (right) state. Bottom panel: Phenol ring O-H streching mode in
the ground (left) and excited (right) states.

Red shift in the excited state is observed for all the O-H stretching modes. The Oser205-Hser205 is
the larger one with a shift value of 477 cm 1. Obviously the frequency values of such modes reflect the
different nature of the bonds: 3329.55, 3098.99, 2533.24 cm ! in Sy and 3108.10, 2859.14, 2056.07
cm 1in Sy for Otyr-Htyr, Owat-Hwat and Oser205-Hser205, respectively.

The red shift affecting all the analysed modes in the excited state along with some their different
composition supports the different dynamics affecting the ground and excited states.

2 GFP excited state trajectories TI1JI, TRJII, TRJIII and TRJIV

In Figure 3, is shown the time evolution of structural parameters (A and degrees) of the GFP
chromophore and chromophore pocket extracted from the excited state trajectorys TRJI, compared to
corresponding results obtaine from ground state Sy AIMD.

In Figures 4, 5 and 6 it is shown the time evolution of structural parameters (A and degrees) of the
GFP chromophore and chromophore pocket extracted from the excited state trajectories TRJII, TRJIII
and TRJIV, respectively. These trajectories are discussed in the 3.2.3 paragraph of the main paper.
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Figure 3 Time evolution of distances (&) involved in the ESPT. (A) oxygen-oxygen distances: Otyr-Owat (top), Owat-Oser205 (middle),
Oser-Oglu(bottom); (B) hydrogen-acceptor oxygen distances: Htyr-Owat (top), Hwat-Oser205 (middle), Hser-Oglu222 (bottom); (C)
hydrogen-donor oxygen distances: Otyr-Htyr (top), Owat-Hwat (middle), Oser205-Hser205 (bottom).
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Figure 4 Time evolution of structural parameters (A and degrees) of the GFP chromophore and chromophore pocket obtained from S;
AIMD (TRJII). (A) oxygen-oxygen distances: Otyr-Owat (top), Owat-Oser205 (middle), Oser-Oglu(bottom); (B) hydrogen-acceptor
oxygen distances (blue lines): Htyr-Owat (top), Hwat-Oser205 (middle), Hser-Oglu (bottom) and hydrogen-donor oxygen distances
(violet lines): Otyr-Htyr (top), Owat-Hwat (middle), Oser205-Hser205 (bottom); (C) chromophore N-C-C-C dihedral angle (top),
Otyr-Owat-Oser205-0Oglu222 dihedral angle (middle), Hhis148-Otyr distance (bottom).



Figure 5 Time evolution of structural parameters (A and degrees) of the GFP chromophore and chromophore pocket obtained from S;
AIMD (TRJIlI). (A) oxygen-oxygen distances: Otyr-Owat (top), Owat-Oser205 (middle), Oser-Oglu(bottom); (B) hydrogen-acceptor
oxygen distances (blue lines): Htyr-Owat (top), Hwat-Oser205 (middle), Hser-Oglu (bottom) and hydrogen-donor oxygen distances
(violet lines): Otyr-Htyr (top), Owat-Hwat (middle), Oser205-Hser205 (bottom); (C) chromophore N-C-C-C dihedral angle (top),
Otyr-Owat-Oser205-0Oglu222 dihedral angle (middle), Hhis148-Otyr distance (bottom).









