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Abstract. The electrical signals from Bacteriorhodopsin-containing air dried purple membranes 
(PM) were recorded at various wavelengths by using a 250 W halogen lamp and narrow band 
interference filters to excite the probe. The amplitude of the signals was plotted as a function of the 
wavelength and then compared to the absorption spectrum of dried PMs. The action spectrum thus 
obtained shows a good correlation with the absorption spectrum in the long wavelengths region but 
not in the short wavelengths one in contrast to the results obtained in AFM measurements where the 
correlation was very good at all wavelengths. This puzzling result was tentatively explained taking 
into account the fact that the samples were excited with continuous light having as a consequence the 
simultaneous presence of several intermediates of the photocycle, each with a different 
electrogenicity. Further experiments, employing as exciting laser pulses of various wavelengths, are 
required in order to elucidate this problem. 
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INTRODUCTION 

The light-driven retinal protein bacteriorhodopsin (BR) is a very well studied 
proton pump but, nevertheless, several details concerning the structural changes 
induced by the photon absorption-initiated reaction cycle are still to be elucidated. 
BR is the main component of the purple membranes (PMs), part of the cell 
membrane of Halobacterium salinarum [12]. The structures of BR and its 
intermediates are known with high resolution. Retinal is bound to lysine 216 
through a protonated Schiff-base [15], which plays a key role in the proton 
transporting process [3]. Its orientation inside the protein is well defined [9, 11].  
A detailed description of the photocycle can be found in review papers [7, 8, 10]. 
After absorbing the light quanta, a charge separation along the retinal occurs in the 
femtosecond time domain [5], followed by an all-trans to 13-cis isomerization in 
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several picoseconds, reaching the K state. In the K → L transition, a local 
rearrangement around the retinal occurs in less than 10 µs. In the L → M1 
transition, about 100 µs after the excitation, the Schiff-base of the retinal 
deprotonates by transferring its proton to the acceptor Asp 85, and a proton is 
released from the release group on the surface of the membrane close to the 
external medium [2, 14]. A conformational change in the BR occurs during the  
M1 → M2 → N transitions, when the protein switches from the extracellular to the 
cytoplasmic conformation in about 100 µs. The accessibility of the Schiff-base 
changes from the extracellular to the cytoplasmic side [3]. The Schiff-base is 
reprotonated by the proton donor Asp 96 on the cytoplasmic side, reflected by the 
appearance of intermediate N. In the N → O → BR transition, the retinal 
reisomerizes to its original all-trans form, a proton is taken up from the 
cytoplasmic side, and the proton from the acceptor is transferred to the proton 
release group in the millisecond time domain [8, 13].  At low pH, below the pKa of 
the proton acceptor group, the photocycle does not translocate protons across the 
membrane, and the M intermediate is missing from the photocycle [17]. When the 
PMs are allowed to air-dry, the BR still preserves its photocycle up to the M 
intermediate, and, once the sample is rehydrated, the protein regains its original 
proton-pumping function [6, 4, 18]. Using the permanent electric dipole and the net 
negative charge of the PM, highly oriented membrane samples were prepared 
electrophoretically on a conductive surface [6, 16]. 

In a recent paper [1] we have reported the study of the conformational 
changes occurring inside the membrane during the photochemical reaction cycle of 
the BR by measuring the deflection change of a conductive AFM cantilever, on 
which PMs were electrophoretically deposited. In order to get new insight into the 
mechanism of conformational changes of the protein during its photocycle, we 
have proposed ourselves to study the electrogenic activity of BR in the same 
conditions as those in which the AFM measurements were done, namely we have 
recorded the electrical signals elicited by light at various wavelengths on air dried 
oriented PM samples.  We have found that in the long wavelength region the action 
spectrum of the electrical signals thus obtained showed a good correlation with that 
obtained from AFM measurements for the mechanical changes, while at the short 
wavelength part the spectrum presented significant differences.  

MATERIALS AND METHODS 

PMs were isolated from Halobacterium salinarum strain S9 according to a 
standard procedure [12]. The preparation was further washed by centrifugation in 
freshly prepared tridistilled water to remove any traces of salt from the suspension. 
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The oriented samples were prepared on conductive indium-tin-oxide (ITO) covered 
glass slides, connected as the anode in the electric circuit. The cathode was a 
platinum disc. The suspension was in contact with both electrodes, which were at a 
distance of 1–3 mm. An electric field of 20–40 V/m oriented the purple membranes 
by their permanent electric dipole moment and deposited them on the anode by 
electrophoresis due to their negative charge. The excess water was carefully 
removed and the samples let air dry. The photoelectric measurements were 
performed on a setup described earlier [16]. The sample was placed inside a 
humidity and temperature controlled sample holder. During the photoelectric 
measurements, a platinum plate as a second electrode was placed on the surface of 
the sample. The PMs were excited by continuous illumination. The light source 
was a 240 W (12 V / 20 A) incandescent light bulb powered by a home-made 
stabilized power supply. A series of 9 narrow band interference filters was used, 
corresponding to 409, 465, 528, 545, 577, 595, 610, 650 and 698 nm wavelengths. 
An infrared filter (a water tank) was also used to prevent the heating of the filters. 
The light was focalized on the BR sample using lenses and mirrors. The electric 
signal of the BR sample was passed through a home-made amplifier/filter and then 
fed to a digital oscilloscope connected to a computer. To compensate for the 
change in light intensity due to different absorption intensities of the filters, the 
transmission spectrum of the filters was measured using a Unicam absorption 
spectrophotometer. The emission spectrum of the unfiltered light source was also 
measured with an emission spectrophotometer, to compensate for the nonlinear 
characteristic of the incandescent light bulb. 

RESULTS AND DISCUSSIONS 

The oriented dried samples were illuminated with light of various 
wavelengths by using narrow band interference filters in the 409–698 nm range. 
Prior to PM light excitation, the light intensity for each filter was measured with an 
Ophire power-meter in order to normalize the signals to the same light intensity. 
Then, the electrical signals were recorded and the final signal for each wavelength 
was the average of 10 individual signals. The resulting averaged signals (Fig. 1) 
were corrected taking into account the intensity measurements. The wavelength 
dependence of the signal amplitude, normalized to the incident light intensity (Fig. 2), 
represents the action spectrum of the sample for the measured signals. 

It can be noticed that in the wavelengths range 580–685 nm the action 
spectrum follows the shape of the BR absorption spectrum (solid line). The 
presented absorption spectrum was measured on a light-adapted PM dried sample.  



 M. Dima, Z. Bálint, Constanţa Ganea, G. Váró 4  222 

 
Fig. 1. Normalized electric signals from dried PM samples at various wavelengths.  

The pH of the sample was 7, and the temperature 22 ºC. 

On the contrary, in the 403–580 nm range, the spectrum is shifted both with 
regard to the absorption spectrum and to the action spectrum obtained in AFM 
experiments (dashed line, Fig. 2). 

 
Fig. 2. The action spectrum for the electrical signals of dried PMs (dashed line) as compared to  

the absorption spectrum of PMs in the same conditions of pH and temperature as in Fig. 1. 
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This result is puzzling, as it is considered that the photocycle of BR should be 
the same measured at each wavelength. A tentative explanation would take into 
account the fact that the sample was illuminated with continuous light and not with 
light pulses. This means that during the measurements the protein has undergone 
many turnovers and the intermediates were also light excited. This means that 
during the experiment in the sample is present a mixture of intermediates each one 
with a different electrogenicity. In order to solve this problem, additional 
experiments should be carried out in which the light source should be replaced with 
a short pulse laser light of various wavelengths. 

CONCLUSIONS 

Electrical signals recorded from illuminated dried oriented samples containing 
purple membranes revealed that in the wavelengths range from 580– 685 nm the 
action spectrum follows the shape of the BR absorption spectrum. However, in the 
403–580 nm range, the spectrum is shifted both with regard to the absorption 
spectrum and to the action spectrum obtained in AFM experiments. These results 
were interpreted as due either to the fact that the illumination was with continuous 
light or to the presence of a mixture of intermediates at the same time. In order to 
give a more precise interpretation of the above results, more experiments, in which 
laser pulses should be used instead of continuous light for sample excitation, are 
still needed.  
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