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Figure S1. Oscillator strength deconvolution of ndPR UV-visible absorption spectra for the 

green-absorbing proteorhodopsin that is or embedded within a (A) MSP1D1 and DMPC, (B) 

MSP1E3D1 and DMPC, or (C) MSP1E3D1 and POPC nanodisc.  Details of the theoretical 

analysis are described in the main text. 
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Figure S2. Electron micrographs of the bare MSP1D1 (A) and MSP1E3D1 (B) nanodisc 

complexes and proteorhodopsin in the MSP1D1 nanodisc (C), the MSP1E3D1 nanodisc (D), E. 

coli membranes (E), and DMPC liposomes (F).  The magnification of micrograph images for all 

nanodiscs is 180,000 times.  Raw E. coli membranes (180,000 times), from the purification of 

PR, and DMPC liposomes (11,000 times) are shown for reference. 
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Figure S3. Spectral titration of proteorhodopsin in (A) octyl glucoside and (B) E. coli 

membranes from the protein preparation.  Arrows indicate the direction of the titrated 

absorbance.  The left inset image of each titration shows the difference spectra for each 

experiment.  All difference spectra are calculated by subtraction of the low pH value shown in 

the absolute spectra.  The right inset image shows the pH dependence of the absorbance at 570 

nm, which were fit to the Henderson-Hasselbach equation to determine the pKa of D97.  The 

apparent pKa, and respective Hill coefficient, for each sample is 6.8 (0.65) and 6.7 (0.75), 

respectively. 
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Figure S4.  Photoactivation of the blue-shifted absorbance of the ndPR complexes comprised of 

either (A) MSP1D1 and DMPC lipids or (B) MSP1E3D1 and POPC lipids.  Spectra correspond 

to illumination for (1) 1 min, (2) 5 min, (3) 30 min, and (4) 60 min.  Samples (pH 9.5) were 

subject to continuous blue (390 nm) illumination and monitored in real-time at ambient 

temperature. (C) Kinetic traces of figure S4B. 
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Figure S5: Model for how the DMPC or POPC lipids may interact with a trans-membrane helix 

of Proteorhodopsin.  The dimensions used here are of transmembrane helix 1 of bovine 

rhodopsin (PDB: 1U19) and the lipids employed in this work.  Rhodopsin is used to represent a 

typical membrane spanning alpha helix and conforms to an i+4 topology. 
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