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Abstract

The structural stability of bacteriorhodopsin (bR) solubilized with n-octyl-B-glucoside (OG) at various concentrations were
evaluated and the effects on inter/intra molecular interaction were examined by comparison with the case of solubilization
with Triton X-100 (TX). Solubilized bR with OG had the conditions occurred only thermal bleaching without photobleaching,
whereas TX solubilized bR not occurred thermal bleaching but photobleaching. Under these conditions, OG solubilized
bR showed symmetrical bilobed exciton band that indicate remain of protein-protein interaction in the visible region by
circular dichroism (CD) measurements. On the other hands, that of bR solubilized with TX were broad positive bands
that indicate the retention of intra-molecular local conformation. Thus the effect on inter/intra molecular interaction and
tertiary structural stability of bR was remarkably different though both OG and TX are non-ionic detergents. It was also
suggested that the stability of bR in the ground state required the retention of intra molecular interaction, and intermolecular
interaction was necessary to keep bR in function stable, based on correlation between the kinetics of thermal/photo
bleaching and visible CD. The CD spectra in visible region could be non-destructive indicator of structural stability of bR.
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I. INTRODUCTION

Bacteriorhodopsin  (bR), a light-driven proton
pump found in Halobacterium salinarum (1), has seven
transmembrane helices and forms 2D crystalline
structure with hexagonal symmetry of trimer as a unit
(2, 3). On photo-excitation, bR shows a cyclic
photochemical reaction, the so-called photocycle,
involving various photointermediates (K, L, M, N, and
0), each of which has a different absorption maximum
(Amay) due to conformational changes during the

photocycle (4, 5). By the progress in structural biology
recently, the  molecular  structures in the
photointermediate states of bR (6-8) have determined
as well as the ground states (9-11). Even though
visible-light is the trigger of bR function, it is known the
dysfunctional phenomenon of bR caused by
visible-light, called photobleaching. In native purple
membrane (PM), intermolecular interaction in the 2D
crystalline structures and intra-molecular interaction in
the bR molecule are well balanced, and not only
ground state of bR but the photocycle is maintained
without thermal bleaching or photobleaching. However,
under the condition occurred thermal bleaching or
photobleaching, bR hydrolyzed at Lys216 Schiff-base
and denature into bacterioopsin (bO) and free retinal.
Thermal bleaching and photobleaching are the
important phenomenon which indicated the stability of
the bR in ground state and photocycle, respectively.

Photobleaching of bR was addressed in previous
studies (12-20). These indicated that bR undergoes
photobleaching when illuminated at high temperatures
(12-15), at alkaline pH (16, 17) and is solubilized
(18-20), suggesting that some photointermediates are
less stable than the ground state of bR, or another
branch that leads to photobleaching is produced. These
also imply that protein-protein interaction in the 2D
crystalline structure is responsible for photobleaching of
bR.

We have studied the stability of solubilized bR
with non-ionic detergent as n-octyl-B-glucoside (OG)
and Triton X-100 (TX) in the dark and under
illumination. When 2D crystalline structure of bR was
destroyed by solubilization with 50 mM of OG
concentration, photobleaching were observed even at
room temperature (18). It was indicated that
solubilization is an effective method to study of the
influence of 2D crystalline structure for structural
stability of bR. However, it was difficult to separately
examine thermal bleaching and photobleaching at that
condition because solubilized bR was unstable not only
under illumination but in the dark. On the other hand,
when the stability of solubilized bR with TX was
evaluated and the oligomerization state of protomers
was observed, not thermal bleaching  but
photobleaching occurred when the protein-protein
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interaction was disappeared (19). It strongly supported
that the protein-protein interaction was main origin of
stabilization of bR in function. Though OG and TX are
well-known mild non-ionic detergents and they are often
used for the solubilization of membrane proteins for 3D
structural analysis, those both may have quite different
effect for destabilization on bR. The systematical
evaluation is necessary to elucidate the difference of
effect on structural stability of bR.

In the present study, we compared the properties
for structural stabilization of bR solubilized with various
concentrations of OG with native and TX-solubilized
bR. The structural stability of bR solubilized with OG
was evaluated in the dark and under illumination using
absorption spectral measurement. In addition, inter/intra
molecular interactions of solubilized bR were monitored
using visible circular dichroism (CD) spectral
measurement. Interestingly, thermal bleaching and
photobleaching kinetics and CD spectra in visible
region of solubilized bR with OG were quite different
from TX-solubilized bR. The rate constant of thermal
bleaching was enhanced significantly in OG-solubilized
bR accompanied with increase of detergent
concentration up to 40 mM, while there were conditions
only photobleaching was occurred in TX-solubulized bR
(19). About 40 to 50 mM, the rate constant of
photobleaching was enhanced depending on OG
concentration. Visible CD spectrum of PM is highly
sensitive to the oligomerization state of protomers and
shows exciton coupling between neighboring protomers
(21-23). When bR solubilized from PM with TX, the CD
band with a bilobe profile is replaced with a broad
positive band (19). In contrast, OG solubilized bR
exhibits symmetrical bilobe with low concentration and
flat with high concentration even though absorption at
Amax Still remained. In this report including the

interpretation of these unique CD bands coincident with
previous report (24), the properties for structural
stabilization of bR was discussed correlation between
visible CD band with thermal and photobleaching
kinetics by comparing the case of OG with TX.

IIl. METHODS

A. Sample preparations

PM from Halobacterium salinarum, strain R1M1,
was prepared according to the method of Oesterhelt
and Stoeckenius (25). PM was suspended in 10 mM
Tris/HCI buffer (pH 7.0). n-octyl-B-glucoside (OG),

which was purchased from Wako Chemical Co.
(Tokyo), was added to PM suspension at final
concentrations ranging from 10 ~ 100 mM. DR
concentration of the mixture was approximately 10 uM,
it was calculated from the absorption maximum at 568
nm using the molar extinction coefficient of 62700
MTem™. After incubation for 2 hours at 37°C in the
dark, the sample was centrifuged at 105,000g for 60
minutes at 4°C (L-60, Beckman Co.).

B. Absorption and CD spectra measurements

Absorption spectra were monitored with a
diode-array  spectrophotometer (HP8452A, Hewlett
Packard Co.) equipped with a xenon lamp, as reported
previously (18). Temperature of the cell holder was kept
constant at 37°C by a micro-cooling circulator (RTE-8,
Neslab Co.). Absorption spectra under visible-light
illumination and in the dark were successively
measured at intervals of 5 minutes for 1 hour, after the
sample temperature adjustment. In the condition of
under illumination, actinic constant illumination was
provided through a sharp cut-off filter (> 520 nm).
Circular dichroism (CD) spectra were measured with
CD spectrophotometers (J-820, JASCO) at 37°C in the
dark.

. RESULTS

A.  Solubilization of bR with OG at various
concentrations

Absorption spectra of bR solubilized with 25 ~
100 mM of OG are shown in Fig. 1A with the spectrum
of native PM as control. Below 25 mM of OG have no
significant absorption (data not shown) because bR
was unsolubilized. Above 25 mM, the spectra have
significantly peaks at 280 nm and about 560 nm
(Amax) due to absorption of tryptophan residue and
retinal with apoprotein, approximately. Until 40 mM,
absorption band at A, becomes remarkably stronger
with increase of detergent concentration. Above 40 mM,
on the other hand, the peak at A,y hardly increased.
Weak peak at 390 nm due to free retinal indicates
thermal bleaching of bR molecules was also appeared
with increase of OG concentrations.

To examine the solubilization degree of PM as a
function of OG concentration, relative absorbance of

solubilized bR at Apay (Anax/se0) Was calculated
compared to absorbance at 560 nm of unsolubilized
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Fig. 1. (A) Absorption spectra of bR solubilized with
25 ~ 100 mM OG. (B) Relative absorbance of bR
solubilized with 25 ~ 100 mM OG. (C) Shift of
maximum absorption wavelength of dark-adapted bR
solubilized with 25 ~ 100 mM OG. Opened circle
(0) shows the maximum absorption wavelength of
the native PM.

PM (Fig. 1B). Relative absorbance drastically starts to
increase at 25 mM, and reaches to the plateau at 40
mM at the level of 0.85. The profile of changes in the
relative absorbance against detergent concentrations is
similar to that for solubilization with TX (19).

Figure 1C shows A,y of solubilized bR in the
dark as a function of OG concentration. When OG
concentration was increased to 40 mM, A, gradually
blueshifts from 560 nm to 548 nm. Above 40 mM, on
the other hand, no further shift was observed. The
position of A,y Of bR solubilized with OG above 40
mM is in good agreement with the previously reported
Amax Of the monomer of dark-adapted bR (19, 26).

B. Structural stabifity of bR solubilized with OG at
various concentrations in the dark and under
illumination

Figure 2A shows the time-dependent changes of
absorption spectra measured at 37°C in the dark (a)
and under visible-light illumination (b) where bR was
solubilized with 100 mM OG. The spectra were
successively measured at 5-minute intervals. The
decrease of the absorption peaks at A, was coupled
with increase of the peaks at 390 nm, isosbestic point
nearly 430 nm was observed both in the dark and
under visible-light illumination. These absorption
spectral changes mean increase of free retinals
because of the structural stability of solubilized bR was
lost. The decrease of A, absorption peak under
illumination was much faster than that in the dark, this
phenomenon is precisely photobleaching due to the
denaturation of bR induced by light illumination. The
peak at Ao did not reappear upon subsequent
incubation at 4°C in the dark for 24 hours, nor did it
reappear with the addition of retinal, suggesting that

the absorption change was due to irreversible
denaturation.

Figure 2B shows the time course of relative
absorbance at A in the dark (a) and under
visible-light illumination (b) where bR was solubilized
with 0~ 100 mM OG at 37°C. Because it was occurred
not only thermal bleaching but photobleaching under
visible-light illumination, the difference between the
absorbance at A in the dark and that under
visible-light illumination is shown in (c) due to
observation of net photobleaching. Changes of relative
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absorbance due to thermal and photobleaching were
fitted with a single exponential decay equation, and
decay time constants of each OG concentration were
determined.

Plots of decay time constants for thermal and
photobleaching against OG concentration are shown in
Fig. 2C. Decay time constants of thermal and
photobleaching were sigmoidal increase above 25 mM
and 30 mM, and were saturated more than 40 mM and
50 mM, approximately. Thermal and photobleaching

were summarized in some OG concentration area.
Under 25 mM OG, solubilized bR underwent both
thermal and photobleaching. Up to 40 mM, thermal
bleaching was dominant than photobleaching. More
than 40 mM, thermal bleaching was saturated and
photobleaching were much enhanced drastically until 50
mM.

C. Intermolecular structural change of bR
solubilized with OG at various concentrations
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Fig. 2. (A) Absorption spectra of bR solubilized with 100 mM OG measured at 5-minute intervals. Time-dependent
changes in the dark (a) and under illumination (b). (B) Bleaching kinetics of bR solubilized with 0 (@), 25 (O), 30
(), 35 (L), 40 (A), 50 (A), 70 (W) and 100 mM (V) OG in the dark (a) and under illumination (b). Differences
between the absorbance in the dark and under illumination are plotted in graph (c). (C) Rate constants for thermal

bleaching (@)

and net photobleaching (L]).
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CD spectra in visible regions were measured for
solubilized bR, in order to investigate changes in
oligomerization states of bR (Fig. 3). Less than 32.5
mM of OG concentration, solubilized samples were too
low to obtain reliable CD spectrum even with a 10
mm-long cuvette, as shown above. Visible CD
spectrum of bR in native PM shows an asymmetric
band due to (i) exciton coupling between neighboring
chromophores and (i) the local chiral structure around
the chromophore (21-23). Shown in Fig. 3, upon
solubilization at 35 mM, visible CD spectra changes to
almost symmetric band with the positive lobe at 530
nm and the negative lobe at 600 nm and remarkably
decreases its intensity compared to native bR, it was
very similar to the spectra indicated solubilization
process in 41 mM OG reported by Dencher and Heyn
(24). The symmetric weak CD band in visible region
still appears at 37.5 mM, on the other hand, the visible
CD signals diminishes almost to zero at 40 mM,
although visible absorption at ?max remains strongly,
as shown above. At higher detergent concentrations,
solubilized samples also show flat CD signals as well
as 40 mM (data not shown). Visible CD band of
OG-solubilized bR are quite striking contrast with
TX-solubilized bR which showed a single broad positive
peak, irrespective of detergent concentrations (19).

6
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Fig. 3. CD spectra in visible region of bR solubilized
with 35 ~ 100 mM OG.

IV. DISCUSSION

The results were summarized in Table 1 divided
into two phase on the boundary of 40 mM OG
concentration. (i) bR was solubilized more than 25 mM
of OG. Solubilization degrees were enhanced
accompanied with increase of OG concentration up to
40 mM, and were saturated at about 0.9 above 40 mM.

(i) The Apyax Of solubilized bR were blueshifted from

562 to 548 nm accompanied with increase of OG
concentration up to 40 mM, and were constant at 548
nm above 40 mM. (iii) Structural stability of bR became
lower by solubilization with OG even in the dark. Below
40 mM, solubilized bR occurred only thermal bleaching
almost without photobleaching. On the other hands,
photobleaching was occurred dominantly above 40 mM.
(iv) Visible CD spectra were uniquely changed by
solubilization with OG. Asymmetrical exciton band
shown in native bR changed symmetrically up to 40
mM of OG, and became flat above 40 mM. These
results showed that there was the tuming point at 40
mM in structure and physical property of bR in the case
of solubilization with OG.

Table 1. Summary of solubilization degree, Ay,

visible CD spectrum and structural stability on
bR solubilization with OG

Phase 1 (25 mM | Phase 2 ([OG]
< [0G] < 40 mM) > 40 mM)
solubilization | increased from | saturated at 0.9
degree 0.1 t0 0.9
depending on
[OG]
Amax blueshifted from [ constant at 548
562 nm to 548 nm
nm depending on
[0G]
visible CD symmetrical no signal
spectrum exciton
structural destabilized in destabilized
stability the dark (thermal | under illumination
bleaching) (photobleaching)

The critical micelle concentration (CMC) of OG is
25 mM, it could be understood bR was not solubilized
below 25 mM. The CMC of OG formed monomeric
bR-OG complex micelle was thought around 40 mM,
because solubilization degrees were saturated above
40 mM. Previous reports based on complex micelle
size and MRD measurements, solubilized bR with
about 40 mM of OG was monomeric state (24, 28).
The blueshift of A, at approximately 14 nm occurred

up to 40 mM depending on OG concentrations was
able to thought two interpretations; The transition of
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retinal isomerization state and the change of local
conformation around the Schiff base, such as the
distance between D85 and the Schiff base (19, 26, 27).
In the case of solubilization with TX, the blueshift of
Amax Was caused by minimal-change of local

conformation instead of retinal isomerization (19).
According to the report by Sonoyama et al., on the
other hands, retinal isomerization to 13-cis configuration
was observed accompany with oll-to-al conformational
change of transmembrane helices (20). Thus, it was
thought that both retinal isomerization and change of
local conformation caused the blueshift in the case of
OG.

Correlation  between inter/intra  molecular
interaction and structural stability of bR was discussed
below based on difference of stability and visible CD
band by OG concentration. At phase 1, symmetrical
CD exciton bands were observed in the visible region
and thermal stability became lower depending on OG
concentration. These unique symmetrical exciton bands
in visible CD is construable that positive component
indicate local conformation of intra molecular is
subtracted from asymmetric band shown in native bR
(19, 21-23). Consequently, symmetrical bands
interpreted the reflection that protein-protein interaction
remained and local conformation of intra molecular
changed from native bR. OG has the effect to solubilize
bR molecules and unstabilize by change of intra
molecular interaction. At phase 2, visible CD signal was
disappeared completely and photobleaching was
observed in addition to thermal bleaching. This fact
reconfirmed that protein-protein interaction is important
for structural stability of bR in functional cycle because
there was no significantly band in visible CD indicated
that protein-protein interaction was disappeared.

Association between visible CD signal and
stability was discussed below by comparison with TX
solubilized bR. In the case of TX, solubilized bR was
occurred only  photobleaching  without  thermal
bleaching, then in visible CD, exciton band disappeared
and positive broad band reflected local conformation of
intra molecular bR. Interestingly, another part of two
components that compose asymmetrical exciton band
appeared in OG and TX, respectively. In a word, both
OG and TX effect on bR are quite different even
though non-ion detergent. It also suggested that there
were conditions in OG solubilized bR by the unit of
trimer or dimer though TX solubilized bR were

completely monomeric state (19). In TX solubilized bR,
protein-protein interaction disappeared completely with
local conformation preserved as well as native, and the
stability of bR only in functional photocycle has
decreased remarkably (19). In the case of OG, on the
other hands, local conformation was in disorder with
protein-protein interaction preserved and ground state
bR were destabilized.

Among two components of symmetrical visible
CD in native bR, broad positive peak linked intra
molecular interaction and symmetrical exciton band
reflected protein-protein interaction deeply related to the
structural stability of bR in ground state and functional
photocycle, respectively. It was suggested the structural
stability of bR in ground and functional state could be
evaluated non-destructively by CD measurement in
visible region.
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