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Abstract

Bacteriorhodopsin (BR) is a component of the purple membrane of the salt marsh bacterium Halobacterium salinarum  (aka Halobacterium halobium)[
]. Absorption of light by the chromophore (all trans retinal in BR) cause a nearly instantaneous (femtoseconds) shift of negative charge, that initiates a rapid (picoseconds) all-trans to 13-cis photoisomerization followed by a complex photochemical cycle that involves several sequential intermediate states labeled  J, K, L, M, N, and O, before returning to the initial BR state in approximately 10 ms [
].   The photocycle transports a proton from the intracellular to the extracellular side of the membrane, and the resulting electrochemical gradient is used by the cell to produce ATP.  BR has received much attention for biomolecular electronic device applications [
].  While the native protein can be used in various devices, chemical or mutagenic modification is often required for optimized performance.  The mutant D96N has longer M state life time due to the replacement of aspartic acid (Asp-96) by asparagines (Asn-96) [
]. The charge motions inside the protein are strongly pH dependent and a longer lifetime was observed with increasing pH [
].  Using the techniques of Atomic Force Microscopy (AFM) and Scanning Surface Potential Microscopy (SSPM), we previously observed the first measurement of exogenous photovoltages generated from a single Photosystem I reaction center [
].  We report here the first SSPM measurement of photovoltage generated from BR wild type and BR D96N as a function of pH. The imaging buffer used was 100 mM potassium chloride (KCl), 10 mM Trizma, pH 7 and 100 mM KCl, 50 mM Trizma, pH 10.5 for bacteriorhodopsin wild-type (BR-WT) and bacteriorhodopsin D96N (BR-D96N) at a concentration in the range of 2-5 (g/ml.  Illumination of the BR membrane was achieved using an external diode laser in the wavelength range  = 600 ( 1550 nm.  The AFM and SSPM measurements were performed at a relative humidity 65% ( 70%. Our images consist of AFM and SSPM of WT and D96N in which the light-dark transition occurred in the mid-scan of a single BR membrane. The photo-induced surface potential of D96N is 64.6 mV (peak to valley) at pH 10.5 and is 47.6 mV at pH 7, while the photo-induced surface potential of WT is 36.9 mV at pH 10.5 and ~ 0 at pH 7.  From our measurements, we found that the polarity and the magnitude of the photo-induced potentials are consistent with the known spectra and photocycle kinetic measurements.   Potential applications of the observed photo-induced potential change of the BR and D96N proteins include optical coupled FETs, high-speed photodetectors and artificial retinas.
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