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Abstract The M intermediate decay in the photocycle of D96N
mutant bacteriorhodopsin does not depend on the light intensity
of the exciting flash. Cooperative phenomena in the photocycle
are revealed after addition of azide causing acceleration of the
M decay and making it kinetically well separated from the N
decay. Increase in the light intensity induces slight deceleration
of the M decay and significant acceleration of the N decay. The
data obtained directly confirm our recent model [Komrakov and
Kaulen (1995) Biophys. Chem. 56, 113119}, according to which
appearance of the M, intermediate in the photocycle of the wild
type bR at high light intensity is due to destabilization of the N
intermediate leading to the acceleration of the N—M and
N—bR reactions.
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1. Introduction

Some experimental works on cooperative phenomena in the
bacteriorhodopsin (bR) photocycle were recently published [1-
7). It is generally accepted that the initial bR state restoration
from the M intermediate (the so-called M) takes place
through the N intermediate transient formation at low flash
light intensities. However, there is much uncertainty concerning
the bR photocycle at high light intensity. Increase in the flash
intensity induces slowing-down of the M decay as well as accel-
eration of regeneration of the bR ground state. Interaction of
the excited neighboring molecules is assumed to result in the
appearance of the second (parallel} photocycle with the M.,
formation instead of the My,,. In this photocycle the M,
converts into the bR initial state without any formation of the
N intermediate, and the M, —=bR transition occurs slower
than M, — N but faster than N — bR one [1.3-6]. On the other
hand, according to our model [7]. the bR protein—protein inter-
action does not change sequence of the photocycle steps but
leads to destabilization of the N intermediate which in turn
increases the rates of N—bR as well as reverse N> M transi-
tions. In order to choose between these two models, we have
studied cooperative phenomena in the mutant D96N bR photo-
cycle. The data obtained on the influence of exciting light inten-
sity on the N intermediate are compatible with our model.
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2. Materials and methods

All experiments were carried out using freshly prepared purple mem-
brane from the halobacterial mutant strain D96N. The latter was kindly
donated by Prof. D. Oesterhelt (Max-Planck Institute fur Biochimie,
Germany).

All measurements were performed on a light-adapted purple mem-
brane suspension at 20°C. The bR photocycle was monitored with a
single beam spectrofometer [2,8]. The traces obtained were treated by
means of the computer program DISCRETE developed by Provencher
[9]. Time-resolved difference spectra were obtained by computer proc-
essing of 36 curves of absorption change signals measured within the
350-700 nm interval with a step of 10 nm.

Photoexcitation of bR was carried out with a YG-481 Quantel
neodymium laser (4 =532 nm; pulse half-width, 15 ns; energy,
20 ml).

3. Results and discussion

It is impossible to accelerate the M decay in the wild-type bR
photocycle due to the fixed ratio between an intraprotein donor
(D96) and an acceptor (the Schiff base). The mutant D96N
gives this opportunity owing to an ability of a number of weak
acids (azide, cyanate, nitrite, etc.) to serve as proton donors for
the Shiff base [10-15]. The proportional dependence of the rate
of the M decay on the concentration of the protonated form
of azide indicates that it is a second-order reaction. Thus it is
possible to significantly accelerate the M decay and make it
much faster than the N decay [13,15] using high concentrations
of azide. Moreover, under these conditions M — N equilibrium
should be shifted to the N intermediate and thus simplifies the
kinetics analysis. Fig. 1A demonstrates that the M decay in the
photocycle of the D96N mutant incubated in the absence of
azide does not depend on the light intensity. These data are in
accordance with our assumption that the N intermediate is the
main target of cooperative action. The N decay is much faster
than the previous M decay stage in the absence of azide. There-
fore, one can suggest that any slight changes observed in kinetic
parameters of the forward reaction to bR or back reaction to
M would not affect the M decay. This result is consistent with
the absence of pronounced cooperativity in the photocycle of
the wild type bR at low pH [16]. Under these conditions, the
rate of protonation of the N intermediate becomes faster than
the M decay, the latter being independent of external pH due
to the fact that it represents an intraprotein proton transfer
reaction.

Cooperative phenomena in the D96N photocycle become
visible only when azide is added. These phenomena are revealed
much more obvious at high concentrations of azide (Fig. 1B).
Increase in the exciting light intensity induces slight decelera-
tion of the M decay and distinct acceleration of the N decay
measured as slow relaxation components in the bR absorption
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maximum region. The N decay analysis as the sum of two
exponential components give the following results. The N
decay consists of the main component with = 80-110 ms at
low light intensity (five different preparations of mutant bR
were tested at 20°C). The contribution of the second fast com-
ponent with ¢ = 8-12 ms does not exceed 15%. The contribution
of the fast component increases to 40-45% at high light inten-
sities. The kinetics of both components do not depend signifi-
cantly on the exciting light intensity. Note that the ratio be-
tween the maximal amounts of the N and M intermediates
formed appears to be independent from intensity of the exciting
flash. Both these components of the N decay are characterized
by the differential spectra similar to the differential spectrum
of the N intermediate {13,15,17-19]. although two components
differ slightly only in the long wavelength region. The latter
suggests that there is, probably, O-type intermediate equili-
brated with the fast relaxing N component.

According to the model developed by others [1,3-6], appear-
ance of the direct M, — bR transition, and consequently the
decrease in amount of the N intermediate without changing of
the N decay rate takes place when the light intensity increases.
In contrast, according to our model [7], an increase in the light
intensity induces the appearance of the fast relaxing N interme-
diate fraction. Moreover, if the M — N equilibrium in the pho-
tocycle of interacting bR molecules shifts to the N-intermediate
(in the presence of the high concentration of azide), then the

Aa Aau.)
[ B A
400 nin
0.5
2
1
0
0 2 4 time, S
Bl A Aau) B
0
- 1 —
24
-3

F—— 10m$S —"‘b‘_‘ 4()0mS°—;I

Fig. 1. The photoresponses measured at low (1) and high (2) laser flash
intensity (1 and 15 mJ/cm, respectively). The assay medium: 10 mM
D96N bR (purple membrane); (A) | M NaCl pH 5; (B) 100 mM
sodium azide, pH S. a.u. = arbitraty units.
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Fig. 2. The difference spectra of the slow (1) and fast (2) components
of the N decay. Conditions as in Fig. 1B. 1 = the spectrum was meas-
ured in 150 ms after flash. 2 = the spectrum was obtained as the differ-
ence between the spectrum measured in 10 ms after flash and the
spectrum 1, multiplied by the factor determined from the relative con-
tribution of the fast and slow relaxation components at 570 nm.

ratio between the maximal amounts of the N and M intermedi-
ate should not change. The data obtained on D96N mutant are
strongly compatible with our model.

It is interesting to note a slight decrease of the M decay rate
at the high light intensity (Fig. 1B, Fig. 2). The M decay occurs
with a characteristic time of 1-2 ms and has no components
comparable with that of the N decay. Thus, this effect is impos-
sible to explain by the same reasons as the slowing down of the
M decay in the wild type bR photocycle. Formally this effect
indicates to a decrease in the rate constant of the azide interac-
tion with bR. According to our unpublished data (Radionov
and Kaulen, in preparation), there is high similarity between
the effects of varies agents on the protonation of the Shiff base
by D96 and azide. Thus, this effect might indicate that besides
an increase in the rate of the back reaction N— M, the rate of
the forward M — N slightly decreases as the result of interac-
tions of bR molecules.
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