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S1: Statistical significance of the results regarding position of oxy-

gen species in cryptochrome

In order to show the statistical significance of the results we obtained in terms whether
the oxygen stays or leave the C4a cavity from one trajectory, 5 trajectories with different
initial conditions are run for each systems and the C4a-OO1 distances for each of them are
recorded. These distances for each cases are shown in Figure 1. It is evident from the figure
that for 2[FADHT-037], 3[FADH* 03], 2[FAD,,—HOS$], 3[FAD*—-HO3$] (H, I, J and K), the
oxygen species i.e. the ROS is staying close to the lumiflavin ring due to strong electrostatic
interactions for all the 5 trajectories which also verifies the statistical significance of the
results obtained from the single trajectory simulations. In system ?[FAD,,—O,] (A), i.e. the
cryptochrome with fully oxidized FAD, molecular oxygen is partially staying near the C4a
cavity (for 3 out of 5 trajectories). On the other hand, for cryptochrome with 4[FADH®-
O,] (C), the triplet oxygen species goes farther away from the Cda cavity. Therefore, it
is statistically verified that only the doublet oxygen species i.e. the superoxide and the
hydroperoxyl radical are stabilized in the binding pocket close to the N5(H) of FAD species

as well as to the Cys416 and Trp420 of cryptochrome.
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Figure 1: C4a-OO01 distance for 5 trajectories with different initial conditions for each of
the nine systems (A to K). The horizontal black dashed line defines the radius of the C4a
cavity.



S2: Geometrical parameters for lumiflavin in five different redox

states

For comparison of the bond, angle and dihedrals, the gas phase QM-optimized geomtries for

five different redox states of lumiflavin are shown in Figure 2.

Figure 2: Optimized structures at the B3LYP/def2-TZVPP level in the gas phase. FAD,,
(blue CPK), FAD® (red), FADH® (orange), FADH™ (green), FADH, (cyan).

Moreover, individual bonds, angles and dihedrals for all five redox states of lumiflavin
are given below in Z-matrix representation. A closer inspection to the individual bond
length, angle and dihedrals, we observe the main variations between the 5 redox forms in the
atoms forming the diimine bond (N5=C4a-C10a=N1), which accept two electrons and two
protons. Indeed, we found variations of 0.1 on average for the N5=C4a bond length, C4a-
C10a and C10a=N1 bonds when the chromophore is reduced, while the other bond lengths
are essentially invariant (0.02 differences on average with respect to FADox). These 6 angles
corresponding to the diimine bond varies about 10 degree with respect to the fully oxidized
form, while the variation for the rest of the angles remain within +/-2 degrees. For the
dihedrals-the maximum variation of dihedrals is 25 degree (only 2 dihedrals corresponding

to diimine bond) and for the rest dihedrals, the variation is within 5 degree.
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S3:Effect of electrostatic force field models on the dynamics of FAD-

O, system

To validate our results using mulliken charges, we have performed MD dynamics for the

3[FADH®- O3] system using Merz-Kollmann (MK) type ESP fitted charges and compared

them with the reported results (see Figure 3). The C4a-OO1 distances, which indicate

the strength of hydrogen bonding between FAD and oxygen, are quite similar (below-left

panel). Furthermore, the binding location of the superoxide with MK-ESP-fitted charges



(below-right panel) is the same as with the Mulliken charge (main text Figure 4 lower left
panel).
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Figure 3: Effect of electrostatic force fields on the dynamics of FAD-Oy complex. Left :
Evolution of C4a-OO01 distance, right : binding position of oxygen species in the pocket.



