1944 Communications to the Editor

Chem. Pharm. Bull. 46(12) 1944—1945 (1998) Vol. 46, No. 12

Redox Potential of Bacteriorhodopsin in Purple Membrane Determined

by Differential Pulse Voltammetry
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Differential pulse voltammograms of bacteriorhodopsin (BR) in a purple membrane showed one redox peak
at —781 mV for light-adapted BR and two redox peaks at —484 and —781 mV for dark-adapted BR. The redox
potential did not significantly depend on pH in the range of 3.0 to 11.0 (about 5 mV/pH), indicating that a change
in the protonation state was not involved in this redox process. The C=N bond in the Schiff base of BR is respon-

sible for the observed redox reactions.
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Bacteriorhodopsin (BR), the only pigment protein in pur-
ple membrane of Halobacterium salinarium, functions as an
electrogenic light-driven proton pump, translocating two or
more protons from the cytoplasmic to extracellular medium."
BR in the purple membrane is a chromophore-protein com-
plex with a single molecule of retinal covalently bound to the
protein as a Schiff base. It is of interest to determine whether
or not the process including the redox transformations of the
molecules is connected with light-driven proton pumping. It
has been reported that BR undergoes redox transformations
on the electrode.”” Suponeva et al.®’ showed that only one
polarographic reduction wave was observed for BR and that
light-adapted and dark-adapted BRs gave polarographic
waves of the same shape. We now report a differential pulse
voltammetric study concerning the redox reaction of BR in
the purple membrane. Our results showed different redox po-
tentials for light-adapted and dark-adapted BRs.

The purple membrane was prepared from H. salinarium
strain S-9 cells, according to the method of Oesterhelt and
Stoeckenius.” The freeze-dried purple membrane fragments
were suspended in 0.1 m KCI solution and the pH of the sus-
pension was adjusted using 1m HCI and 1M NaOH. The
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Fig. 1.
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redox potential was measured by the differential pulse
voltammetric method. Voltammograms were recorded with a
Yanako-P-1100 polarographic analyzer (Kyoto, Japan). For
voltammetric measurements, a three-electrode circuit was
employed (working electrode, Pt plate [1.0 cmXx5.0 cmX0.1
cm]; counter electrode, Pt wire [0.1 cm¢ X 5.0 cm]; reference,
SCE). All potentials in this study are given vs. SCE.

Figure 1 shows the differential pulse voltammograms of
BR in the purple membrane in the light-adapted state, to-
gether with the bleached BR which was treated with hydrox-
ylamine under light irradiation. Light-adapted BR showed a
redox peak at —781 mV and no redox peak was observed for
bleached BR. Therefore the observed redox peak is attribut-
able to the retinal chromophoric part of the molecule includ-
ing Schiff base. In the light-adapted state, the retinal chro-
mophore with an absorption maximum at 568 nm is in an all-
trans configuration, and in the absence of light, the retinal
converts to a mixture of the all-frans and 13-cis configura-
tion,” absorbing at 557 nm. Figure 2 shows the effect of light
irradiation on the redox potential of BR. Dark-adapted BR
showed two peaks at —484mV and —781 mV. The electric
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t=0min, Dark-adapted BR; r=90min, light-adapted BR. Scan speed, 20 mV/sec;
pulse amplitude, 50 mV.
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Fig. 3. pH Dependence of Redox Potential for BR in Purple Membrane

current at the higher potential peak of —484mV decreased
with irradiation time and completely disappeared at times
tonger than about 60 min. The elapsed time of 60 min is ex-
actly equal to the time required for the transformation from
the 557-nm species, consisting of the mixture of all-trans and
13-cis isomers of the retinal chromophore, to the 567-nm
one, consisting only of the all-trans isomer. This indicates
that the —781-mV peak, which is present in both the light-
and dark-adapted states, is closely correlated to the all-trans
retinal configuration and the —484-mV peak in the dark-
adapted state is correlated to the 13-cis configuration.
Suponeva et al.,* reporting results different from ours, found
polarographic reduction waves of the same shape (peak po-
tential —1.0 V) for both light-adapted and dark-adapted BRs.
Figure 3 shows the relationship between pH and the redox
potential in the pH range of 3.0 to 11.0. The redox potential
did not significantly depend on pH in this range (about SmV/
pH), indicating that a change in the protonation state was not
involved in this redox process.

Taking into account the same redox potential for both the
all-trans and 13-cis retinal in 60% aqueous ethanol,? the dif-
ferences in the redox potentials between the all-trans (light-
adapted form) and 13-cis configurations (dark-adapted form)
of the retinal in BR (Fig. 2) are considered to be caused by
the interaction between the chromophore part including the
Schiff base and the amino acid residues in the apoprotein. A
computer modeling study of the structure of BR by
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Sankararamakrishnan et al.” indicated that the distance be-
tween the Schiff base nitrogen and the carboxylate oxygen
atoms of the Asp 96-residue, which is known to reprotonate
the Schiff base during later stages of the photocycle, was
12—13 A for the all-trans configuration of the retinal and
4—5 A for the 13-cis configuration. Therefore the formation
of the NH+--O (Asp 96) hydrogen bond in the retinal binding
pocket is possible for only the 13-cis configuration. The for-
mation of the hydrogen bond and the conformational change
of the retinal Shiff base by transition from the all-trans to the
13-cis form result in a lowering of electron density of the
C=N bond in the 13-cis form. This a possible reason why
the electroreduction potential (—484 mV) of the C=N bond
in the Schiff base for the 13-cis form is significatly lower
than that (=781 mV) for the all-trans form (Fig. 2). The ef-
fect of hydrogen bonds on redox potentials has been recog-
nized, particularly in redox proteins.¥ We conclude that the
different redox potentials of BR in the light-adapted and
dark-adapted states are attributable to hydrogen bonding be-
tween the NH bond in the Schiff base and the amino acid
residues around the Schiff base.

References

1) a) Birge R. R., Biochim. Biophys. Acta, 1016, 293—327 (1990); b)
Mathies R. A, Lin S. W., Ames J. B, Pollard W. T., Annu. Rev. Bio-
phys. Chem., 20, 491—518 (1991); ¢) Oestehelt D., Tittor J., Bamberg
E.,J Bioenerg. Biomembr., 24, 181—191 (1992).

2) Czochralska B., Szweykowska M., Dencher N. A., Shugar D., Bioelec-
trochem. Bioenergetics, 5, 713—722 (1978).

3) Suponeva E. P, Kisselev B. A., Chekulaeva L. N., Bioelectrochem.
Bioenergetics, 8,251—256 (1981).

4) Qesterhelt D., Stoeckenius W., Methods Enzymol., 31, 667—678
(1974). '

5) Pettei M. J, Yudd A. P, Nakanishi K., Henselman R., Stoeckenius W.,
Biochemistry, 16, 1955—1959 (1977).

6) KennethJ. S., Linda A. P, Wightman R. M., J. Electrochem. Soc., 128,
12481254 (1981).

7) Sankararamakrishnan R., Vishveshwara S., J Biomol. Structure Dy-
namics, 9, 1073—1095 (1992).

8) a) Pever M. E., J Chem. Soc., 4540—4549 (1962); b) Ueyama N,
Terakawa T., Nakata M., Nakamura A., J Am. Chem. Soc., 105,
7098—7102 (1983); c¢) Ueyama N., Kajiwara A., Terakawa T., Ueno
S., Nakamura A, Inorg. Chem., 24, 4700—4704 (1985); d) Caffrey M.
S., Daldal F, Holden H. M., Cusanovich M. A., Biochemistry, 30,
4119—4125 (1991); e) Breinlinger E., Niemz A., Rotello V.M., J.
Am. Chem. Soc., 117, 5379—5380 (1995); f) Ronald Y. G., Lilienthal
R., Smith D. K., ibid., 118, 3976—3977 (1996).

NII-Electronic Library Service





