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Fig. 1 Flash-induced absorbance changes in membrane vesicles from
wild-type mex cells. The membrane vesicles were suspended in 4 M
NaCl, 25 mM Pipes/NaOll, pli7.2. Protein concentration of the suspension
was 1.0 mg/ml. Flash light (618+10 nm) was provided for
photoexcitation. Temperature was 20 °C. (A) Flash-Induced absorbance
difference spectra at 0.1 ms (O) and 45 ms (®) after the flash. (B) Time

course of the absorbance change at 580 nm.
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Fig. 2. Flash-lnduced absorbance changes In membrane vesicles from
wild-type mex cells. A red flash (620+5 nm) was used as an actinic
light. The other conditions were the same as In Fig. 1. (A) The
absorbance difference spectrum at 100 ms after the flash. (B) Time
courses of the absorbance changes Induced by the red flash at selected
positive and negatlve peak wavelengths: 565nm, 545 nm, 525 nm and

505 nm.
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Fig. 3. Absorption spectra of membrane fraction from wild-type mex
cells (A) and white mutant mex W1 cells (B). The membranes were
suspended In 0.5 % MEGA-9, 4+ M NaCl, 25 mM Plpes/NaOH, pli7.2.
Proteln concentrations were 4.2 mg/ml (A) and 6.1 mg/ml (B),

respectively.
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Fig. 4. Flash-Induced absorbance difference spectra in the membrane

vesicles from white mutant mex W1 cells at 0.1 ms (O) and 45 ms (®)
after a red flash (61810 nm). The absorbance changes were measured

as shown In Fig.1.
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Flg. 5. Absorption spectrum of the total liplds from wild-type mex cells.

The total liplds were dissolved In chloroform.
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Flg. 6. Light-lnduced pH changes of the membrane vesicle suspension
from wlld-type mex cells. 3 M KCl-loaded membrane vesicles were
suspended In 2.5 ml of 3 M KCl, 0.25 mM Pipes/NaOH, pH7.2. Protein
concentration was 1.0 mg/ml. All measurements were done at 25 °C. An
actinic light (620+5 nm) was dellvered for the times Indicated by
arrows. (A) No addition to the membrane vesicle suspension. (B) 10 ul of
FCCP dissolved in DMSO was added to the veslicle suspenslon. The final

concentration of FCCP was 4.0 x 10”5 M.
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Fig. 7. (A) Absorbance difference spectrum Induced by K* diffusion
potential in the membrane vesicles from wild-type mex cells. Protein
concentration of the vesicle suspension was 1.0 mg/ml. Difference
spectrum was measured at 30 s after the addlton of valinomycin to a
final concentratlon of 0.375 pM. Applied diffusion potential was -88.8
mV. Temperature was 21 °C. (B) Dependence of the carotenold
absorbance change on the membrane potential. Absorbance difference
between the positlve and negative peaks: AA(558-540) and AA(520-
502) were plotted agalnst the applied membrane potentlal. The other

conditlons were the same as In Fig.7A.
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Photoreceptor protein, rhodopsin, olfactory receptor, hormone
receptors and neurotransmitter receptors have a common structural
motif, 7 transmembrane alfa-helices. Photon absorption and ligand
bindings causes conformational changes in the receptors and the
receptors take the excited states. Characterizations of the conformational
changes and the actions of receptor proteins are required for revealing
the structure-function relationship. Halobacterial rhodopsins which
belong to the 7-helices family are stable proteins. The stability gives
halobacterial rhodopsins advantages over other receptors in the various
analyses. Four kinds of halobacterial rhodopsins have been found in the
cell membranes. Two of them are light-driven ion pumps which convert
the light energy into the chemical energy. The conformational changes of
halobacterial rhodopsins are characterized by monitoring the color
changes of the retinal chromophore.

Membrane vesicles of wild-type Halobacterium sp. mex strain
show a wavy absorbance change which has not been so far reported in
halophilic archaebacteria. A white mutant strain lacking carotenoids did
not show the wavy absorbance change. The wavy absorbance change in
the range of 440-590 nm was induced by a red flash (600-640 nm),
which photoexcited electrogenic ion pumps, mex bacteriorhodopsin and
mex halorhodopsin but not carotenoids. The wavy change was also
caused by K+ diffusion potentials without light. These results suggest
that the wavy absorbance change in the membrane vesicles is the
voltage-dependent absorbance change of the carotenoids. This
absorbance change have potential in the precise evaluation of the
membrane voltage. It may bring the great development in the
undarstanding the mechanism of the ion pumping by proteins.
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