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Figure Captions
Figure 1. FRAP results for pR-Alexa488 in a DOPC lipid bilayer formed on glass substrate. The recovery curve for FRAP of pR-Alexa488 (hollow dots: experiment results; red line: fitting curve). Inset: False-color fluorescence image of pR-Alexa488 in lipid bilayer under FITC filter: Left) immediately after photobleaching; right) 700 s after photobleaching. 
Figure 2. pR-containing lipid bilayer formation. a) The force-separation curve showing “punch-through” to determine lipid bilayer thickness; Inset: schematic of the AFM on a supported lipid bilayer containing proteorhodopsin. b) AFM height image of pR-Alexa488 containing DOPC lipid bilayer on glass (1µm scan). c) AFM height image of pR-Alexa488 containing DOPC lipid bilayer on mica (1µm scan). d) The height profile along the dotted line in the height image in Fig. 1c. e) The histogram of center height of pRs on mica, with fit to two peaks located at 0.8 and 1.3 nm.  
Figure 3. Electrophoresis of pR-Alexa488 in the DOPC lipid bilayer (brighter color regions) in “DC-trap” structures of different lengths (labeled as 1-6) formed by microcontact-printed fibronectin (darker color region) on a glass substrate. a) Schematic showing the uniform distribution of pR in lipid bilayer before the application of E-field. b) Schematic showing the concentration of pR in lipid bilayer under an E-field. False-color fluorescence image of pR-Alexa488 in patterend lipid bilayers using a FITC filter: c) Before application of E-field; d) 180 min after application of E-field; e) Accumulation of pR-Alexa488 in the trap heads (regions defined by dashed lines in Figure 3c) as a function of time. The star in Figure 3d indicates where the AFM images were taken following the application of E-field. 
Figure 4. AFM image of pR-Alexa488 molecules in DOPC lipid bilayer located at the trap head-region in the longest trap (trap 6 in Figure 3), after the application of an E-field of 180 min. a) topology; b) formation of regular oligomer clusters – hexagons (n > 105), triangles (n>80) structures; c) histogram of center height of particles in the AFM image. (Scale bar is 20 nm in Figure 4b).
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