2

rhodopsin exists in two forms in equilibrium resulting from the
accessibility of two stable conformational states separated
by a small difference in free energy.

We have studied the kinetics of rhodopsin decay reactions
using flash photolysis of detergent-solubilised rhodopsin
containing less than 0.2 mol phospholipid per mol rhodopsin.
The kinetics of meta 1 — meta II were determined from absor-
bance measurements at 380 nm and of lumirhodopsin — meta I
from absorbance measurements at about 415 nm, which is near
the isosbestic point of meta I and meta Il. In each case the
absorbance against time function could be fitted by a sum of
two exponential decay functions of the form XA, exp(—1/1;). We
used a phospholid-free preparation so that we could exclude
phospholipid heterogeneity of the digitonin micelle as a source
of multiexponential kinetics.

We have assumed that these kinetics result from the inde-
pendent decay of two forms of each of these species, and thus
that the amplitudes of the two exponential terms are propor-
tional to the initial concentrations of these two forms. Figure 1
shows that for meta 1->meta II a change in temperature
from 20 to 37 °C results in a change in the ratio of these two
amplitudes, but not in their sum (Fig. 1a and 4). Furthermore,
this change is reversible {Fig. 1¢). Such kinetics are caused by
twe components which are interconvertible, but only on a
time scale which is long compared with the time constants
for decay of meta I. Thus, these two components exist in
equilibrium, but this equilibrium is established before the
appearance of meta I.

We also found that the kinetics of decay of the earlier inter-
mediate, lumirhodopsin, at 20 and 30 °C were consistent with
double-exponential kinetics with approximately the same
relative amplitudes as those determined from the meta I decay
kinetics at these two temperatures. Presumably, the decay
kinetics of bathorhodopsin, the earliest of the intermediates,
would also be double exponential with the same ratio of
amplitudes in these conditions, but we have as yet made no
attempt to test this experimentally. Bathorhodopsin does,
however, decay with double-exponential kinetics in rod outer
segment (ROS) suspensions®. Thus, all of these intermediates
display the same type of double-exponential decay kinetics.
This suggests that rhodopsin itseif exists in two forms before
photolysis.

According to this interpretation, the ratio of the two ampli-
tudes determined from the meta I — meta Il kinetics is equal
to the equilibrium constant for the transition between these
two forms of rhodopsin. The values of the thermodynamic

Fig. 1 Kinetics of change in A,s, with phospholipid-free
rhodopsin solubilised in 2% (w/v) digitonin in distilled water,
PH =~ 6. Ay, as a function of time, is relative to the preflash
absorbance of the solution. Time constants and amplitudes were
extracted from the data by linear least squares fitting and the
‘peeling off’ procedure. O, (4 —A)/A4 ; @, difference between
these points and line 1. g, Sample photolysed at 20 °C; A, + A4, =
095, A,/4, = 0.62. b, Sample photolysed at 37°C; A, A4, =
0.96, A,/4; = 1.4, ¢, Sample held at 37 °C for 3 min, and photo-
lysed at 20 °C; A+ A4, = 0.95, A,/4, = 0.59.
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Fig. 2 Van't Hoff plot for the proposed reaction R, — R over the

range 20-37 °C. At each temperature, 4; and A4, were deter-

mined as described in Fig. 1. A straight line was fitted to the

data points by linear least squares, giving AH? = 9.8 kcalorie
and ASY = 32 e.u.

parameters for this hypothetical transition were calculated
from the temperature dependence of the equilibrium constant
in the range 20-37 °C (Fig. 2). For phospholipid-free rthodopsin
solubilised in 2% (w/v) digitonin in distilled water, pH ~ 6,
AH? = 9.8 kealorie, AS® = 32 e.u., and at 37 °C, AG®* = —0.2
kcalorie. These values are of approximately the same magnitude
as those reported for transitions between some conformational
substates of a-chymotrypsin'-'%, Two components in these
kinetics could also be due to the availability of two different
environments in the digitonin micelle, but we have recently
obtained similar results with ROS solubilised with cetyltri-
methylammonium bromide, Emulphogene BC720, Amonyx-LO
and with detergent-free suspensions of sonicated ROS. Thus, it
seems likely that the heterogeneity inferred from these kinetics
resides in the state of the protein itself.
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Erratum

In the article “Seismic evidence for local undulation of
olivine—spinel phase boundary”, by S. K. Dey-Sarkar and
R. A. Wiggins (Nature, 257, 572; 1975) the last two
sentences of the first paragraph should read: While analys-
ing seismograms between 14 and 18°, a group of anomalous
data was observed localised in a specific region which could
be explained only by a local undulation of the 410-km dis-
continuity. Here we present these observations and give a
speculative explanation for the undulation,
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