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SUPPLEMENTARY FIGURES 

 

 

 

 

Supplementary Figure 1. Calcium binding to PA-Rac1. (a) Melting curves of PA-Rac1 followed by CD spectroscopy. The esti-
mated Tm of metal free (green) and calcium bound (blue) samples is 55 °C and 57 °C, respectively. (b) Affinity of calcium binding 
to PA-Rac1 determined by microscale thermophoresis. Error bars correspond to the standard deviation from six measurements. 
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Supplementary Figure 2. Comparison of HDX characteristics of LOV2 peptides. Each box corresponds to one peptide and 
contains five different colors according to the legend for the incubation times of 10, 45, 180, 900 and 3600 s (bottom up). MS/MS 
confirmed peptides are marked with diamonds. Secondary structure elements are taken from DSSP (Define Secondary Structure 
of Proteins) analysis of PA-Rac1 (pdb 2wkp)8. (a) Effects on the LOV2-Rac1 interface in the presence of calcium (Drel of PACa,d − 
Drel of LOVCa,d)  (b) Effect of calcium binding on isolated LOV2 (Drel of LOVCa,d − Drel of LOVmf,d). (c) Calcium influence on light 
activated PA-Rac1 (Drel of PACa,l − Drel of PAmf,l). 

 

 

Supplementary Figures 3−5. Overview of peptides evaluated during HDX analysis of LOV2 and PA-Rac1. Full page views of 
individual comparisons are provided with deuterium incorporation plots of all 25 and 73 peptides, respectively. Zoom in on the 
region of interest for full details. Supplementary Figures 3, 4 and 5 correspond to LOVmf,d (cyan) + LOVCa,d (magenta), PAmf,d 
(green) + PAmf,l (orange) and PACa,d (blue) + PACa,l (red), respectively. Individual deuterium incorporation plots show the time 
dependent increase in relative deuterium levels in the main panel. Drel values are shown as the mean of three independent 
measurements and error bars correspond to the standard deviation. A software-estimated abundance distribution of deuterated 
species is presented in the lower sub-panel on a scale from undeuterated to all exchangeable amides deuterated23. 
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Supplementary Figure 6. SAXS data of dark and light state PA-Rac1. (a) Kratky plots of averaged dark-state data (blue) and 
light-state data (red). The latter were extracted from SVD analysis of time-resolved solution scattering experiments. (b) Guinier 
plots of dark- and light-state SAXS data, showing a slightly increased Rg for the light state data. The light state data are shifted 
vertically for better visualization. Both liner fits (green) fulfill the criteria of qmax∙Rg ≤ 1.3. (c) Pair distance distribution functions 
of dark and light-state data of PA-Rac1 calculated using GNOM48. 
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Supplementary Figure 7. Control experiments for the PA-Rac1 solution scattering studies. (a) The reversibility of the character-
istic light-induced changes during the dark state recovery is visualized by heat map representations of Kratky plots (cf. Supple-
mentary Fig. 6a) calculated from the scattering curves at the various time points. (b) Dark-state recovery kinetics of PA-Rac1 
after an initial 500 ms blue-light illumination pulse. The reported light state amplitude corresponds to the contribution of the 
PA-Rac1 light state scattering signal obtained by SVD analysis. A single exponential decay function was used to fit the data and, 
considering the temperature dependence of rate constants, the extracted half-life of 70 s at 10 °C nicely corresponds to the 43 s 
obtained for PA-Rac1 at room temperature8.  
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Supplementary Figure 8. NMA of PA-Rac1. (a) Three individual substructures of the clam-shell opening mode obtained for pdb 
2wkp8. The substructures are colored according to Figure 1a with darkened colors along the opening movement. Metal ions are 
omitted for clarity. (b) Difference spectra of calculated radial density distributions of individual substructures from the PA-Rac1 
normal mode shown in panel a versus the calculated scattering curve of the dark-state crystal structure (pdb 2wkp)8. The red 
line corresponds to the open conformation and additional spectra correspond to the clam-shell closing mode passing the crystal 
structure (dashed black line) towards a closed state (purple spectrum). The axis settings are analogous to Figure 5d for easier 
comparison. 

 

 

 

 

 

 



 

 

12

 

Supplementary Figure 9. Comparison of Rac-GTPase interactions with different effectors. All structures are aligned based on 
the GTPase domain and shown in the same orientation as PA-Rac1 in Figure 1a. For easier comparison PA-Rac1 is also included in 
the central panel c, to illustrate the overlap of the calcium binding site with all effector interaction regions. (a) Structure of hu-
man Rac3 with the CRIB domain of PAK1 (pdb 2qme, Structural Genomics Consortium). (b) The complex of human Rac1 with 
protein kinase C-related kinase 1 (PRK1, pdb 2rmk)51. (c) PA-Rac1 (pdb 2wkp)8. (d) Crystal structure of human Rac1 with arfaptin 
(pdb 1i4t)52. (e) Rac1 bound to its effector phospholipase C beta 2 (PLC-β2, pdb 2fju)53. 
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WEB-ENHANCED OBJECTS − SUPPLEMENTARY MOVIES 

 

Supplementary Movie 1. Animation of time-dependent changes in deuterium incorporation upon calcium binding in the dark. 
The time series of PACa,d − PAmf,d comparisons is presented with colors corresponding to the differences in Drel according to the 
bar-legend. Red or blue colors reflect an increased or decreased deuterium uptake, respectively, upon calcium-coordination. 
FMN and GTP are shown as orange and gray stick models, respectively, and the calcium and magnesium ions as purple and gray 
spheres. The animation is related to Figure 4a. 

 

Supplementary Movie 2. Animation of time-dependent changes in deuterium incorporation upon blue-light illumination in 
the presence of calcium. The time series of PACa,l − PACa,d comparisons is presented with colors corresponding to the differences 
in Drel according to the bar-legend. Red or blue colors reflect an increased or decreased deuterium uptake, respectively, upon 
illumination in the presence of Ca2+. FMN and GTP are shown as orange and gray stick models, respectively, and the calcium and 
magnesium ions as purple and gray spheres. The animation is related to Figure 4b. 
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