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1. Statistical representation of waters around oxyluciferin.

To check if less water molecules access the protein active site when considering the closed
protein conformation (4G37), compared to the open one (4G36), the number of water molecules
around oxyluciferin during the MD simulation has been calculated. In particular, from the mdcrd
file of Amber, the watershell option of cpptraj tool has been used for this aim. Regarding
phenolate-keto, we have selected the oxygen atoms of the phenolate and keto moieties (01 and
02, respectively in Figures 2 and 3), and the phosphorus atom of the AMP phosphate group
atom. This way we cover all the oxyluciferin structure and so we can analyze if the same behavior
is found in all the protein active site or only in certain sides of it.

By analyzing the histograms in Figure S1, we can conclude that fewer water molecules are placed
around oxyluciferin in the closed protein conformation than in the open one. It is the case near
the phenolate moiety (Figure S1a), close the keto part (Figure S1b) and around AMPH (Figure
Slc).
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Figure S1. Histograms representing the number of water molecules during the MD simulation within (a)
3 Angstroms of the phenolate oxygen atom 01, (b) 3 Angstroms of the keto oxygen atom (02) and (c) 5
Angstroms of the phosphorus atom of the AMP phosphate group.



2. Molecular orbitals involved in the vertical transition.
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Figure S2. HOMO and LUMO orbitals involved in the emission transition for one selected snapshot of A)
keto-4G36-AMPH and B) enol-4G36-AMPH.

3. Protein active site comparison from the X-Ray structures.

The active sites of 4G37 (brown sticks in Figure S3) and 4G36 pdb structures have been
compared in order to analyze the possible differences on some amino acid positions. In
Figure S3 we observe that in the surrounding of the phenolate moiety, both structures
almost overlap as they are quite similar (beige shadow). Whereas, in the AMP side we
find significative differences (blue shadow). For instance, for 4G37 (brown sticks) three
amino acids (GLN448, LEU441 and LYS439) are close to AMP, whereas for the open
conformation 4G36, water molecules are placed in this position. Moreover, we see that
ARG437 is further from AMP for the 4G37 (brown sticks) compared to 4G36, explaining
the fact that when AMP is deprotonated (considering the phenolate-keto oxyluciferin),
no interaction is observed for the closed conformation (4G37) but a strong one was
found for the open one (4G36).
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Figure S3. Graphical comparison of the active sites of the open (4G36, in atom color code C, cyan; O, red;
N, blue; S, yellow) and closed (4G37, in brown) protein conformations. The active site is divided into the
phenolate and AMP sides. Remarkable amino acids are given with the three letters code and their
corresponding number.

4. Histograms oscillator strengths.
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Figure S4. Histogram of the oscillator strength computed of the emission transition at the QM/MM level
for 200 snapshots of the phenolate-enol form.
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Figure S5. Histogram of the oscillator strength computed of the emission transition at the QM/MM level

for 200 snapshots of the phenolate-keto form.

5. DFT functionals benchmark.

Table S1. Emission energy computed at the QM/MM level after optimization in the first excited state of

Enol Keto
B3LYP CAM-B3LYP MO062X B3LYP CAM-B3LYP MO062X
4G36-AMPH | 2.296 (540) | 2.551 (486) | 2.566 (482) | 2.127 (583) | 2.520(492) | 2.495 (497)
4G36-AMP 2.313(536) | 2.583(480) | 2.596 (478) | 2.123(584) | 2.465(503) | 2.460 (504)
4G37-AMPH | 2.344 (529) | 2.638 (470) | 2.661 (466) | 2.179 (569) | 2.532(490) | 2.540 (488)
4G37-AMP 2.431(510) | 2.707 (458) | 2.737 (453) | 2.313(536) | 2.737 (453) | 2.755 (450)

one snapshot located in the maximum of the emission spectra with the B3LYP, CAM_B3LYP and M062X

functionals.




6. Protonated histidine residues.
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Figure S6. Protonated histidine residues depicted in red for both the open (4G36) and closed (4G37)
protein conformations (see Material and Methods section in the main text for further details). The non-
protonated histidine residues are depicted in blue. Oxyluciferin and AMPH are depicted in orange.

7. Cartesian coordinates QM region.

The cartesian coordinates of one representative snapshot (around the emission
maxima) for the systems under study. Only the coordinates of the QM region are given.
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