Volume 107, number 1

FEBS LETTERS

November 1979

A TEMPERATURE-DEPENDENT CONFORMATIONAL CHANGE IN PHOTOSYSTEM-II
THYLAKOID MEMBRANE

Yasusi YAMAMOTO and Bacon KE
Charles F. Kettering Research Laboratory, Yellow Springs, OH 45387, USA

Received 1 August 1979

1. Introduction

A photosystem-1I subchloroplast fragment (TSF-2a)
fractionated from spinach chloroplasts by Triton
X-100 treatment is highly enriched in cytochrome
bsso (cyt bsso) (v1/40 total chlorophyll (chl) mole-
cules) {1]. The cytochrome in this subchloroplast
fragment is present in the low-potential form, with
E7 1, ~60 mV [2]. The oxidized form of cyt bssy in
the isolated subchloroplast fragments readily under-
goes photoreduction, which is followed by a slower
reversal to the oxidized form in the dark [2].

Cyt bssg in isolated chloroplasts has rather anom-
alous properties and its physiological function is yet
unclear ([3—6] also cf. [7]). However, it is generally
considered that cyt bsso is closely associated with
photosystem II. Detergent-fractionated subchloro-
plast fragments, in which the state of cyt bss9 has
probably been modified as a result of exposure to
the detergent, do provide useful vehicles for investi-
gating its physico-chemical and biochemical prop-
erties, particularly the relationship between them,
which may be relevant to the functional role of the
cytochrome in photosynthesis.

This note reports the finding of a temperature-
dependent change in the oxidation kinetics of cyt
bsse which indicates the effect of a possible con-
formational change in the microenvironment in the
thylakoid membrane.

2. Experimental

TSF-2a fragments, prepared as in [2], has 1 cyt
bss0/34 chl molecules, no detectable P-700, and a
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DCIP-reduction activity of 1920 gmol/mg chl.h.
The reaction mixture contained TSF-2a fragments
at 15 ug chl/ml in 0.02 M Na-phosphate buffer
(pH 7.0) in 2 ml final vol. MgCl,, when present,
was at 0.5 mM.

Light-induced AA due to cyt bsso reactions were
measured in a dual-wavelength spectrophotometer
[8], either at 560 or 430 nm, using 570 nm as the
reference wavelength. This wavelength is devoid of
changes due to C550, pheophytin, or other photo-
synthetic pigments. To avoid the appearance of and
interference by the irreversible bleaching of the bulk
chlorophyll at 430 nm, the illumination period was
limited to 3 s by an electronic shutter.

Saturating red actinic light with an intensity of
5 X 10° ergs/cm?.s was isolated by Corning filters
(2-58) and 2 in. CuSO, solution. An EMI 9558
photomultiplier tube shielded by two Corning 4-96
filters was used for signal detection.

Temperature of the reaction mixture was regulated
to 0.1°C by flowing thermostated water through an
insulated cuvette jacket (Cary model 1444100).
Temperature was monitored directly with a diode
temperature probe (Kettering model KDT-200).

3. Results

Light-induced rapid reduction of cyt bse9 followed
by a slower reversal in the dark, monitored at either
560 or 430 nm using 570 nm as the reference wave-
length, have identical first-order kinetics. Figure 1
plots the normalized changes at the two wavelengths
for cyt bsge oxidation. The ratio of the A4 amplitudes
at these two wavelengths and the difference spectrum
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Fig. 1. Kinetics of cyt b,,, oxidation after iltumination of
TSF-2a particles at 20°C. (-0-) A4 (53 (-9-) Ad ..

plotted for these changes are consistent with the
reduction of ¢yt bsse {cf. [2]). Because of the better
signal-to-noise ratio, only the 430 nm data are pre-
sented below.

The dark oxidation of cyt bssy is highly dependent
on temperature. The Arrhenius plot for the 6—-28°C
range in fig. 2 shows a discontinuity near 16—18°C.
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Fig. 2. The Arrhenius plot for cyt b, oxidation.

3.7

138

FEBS LETTERS

November 1979
05
*
03 F
- T ®
- (5]
b 3 02
< ‘E 0N
. - N,
< S ot
B
1 i i
0 100 200 33 34 35 36 37
Time, sec /T, Kix10°

Fig. 3. Kinetics of cyt by, oxidation in the presence and
absence of Mg (A}, and the effect of Mg on the Arrhenius
plot for cyt b, oxidation (B). Mg® was 0.5 mM.

Although the results shown in fig. 2 represent a series
of experiments conducted by lowering the tempera-
ture from 28—6°C, spot check on reversing the tem-
perature showed the reaction to be completely revers-
ible. The activation energy calculated from the
Arrhenius equation are 4.2 and 10 keal/mol, respec-
tively, for the upper and lower temperature segments.

Cations such as Mg®" affect the oxidation rate of
cyt bsse and the discontinuity in the Arrhenius plot.
When 0.5 mM MgCl, was added to the TSF-2a reac-
tion mixture, cyt bssy reoxidation becomes acceler-
ated (fig. 3A), and the discontinuity in the Arrhenius
plot is almost abolished (fig. 3B).

4. Discussion

A large number of examples exist in the literature
for enzyme reactions of both plant and animal origin
that show a discontinuity in the plot of the logarithm
of the reaction-rate constant versus the reciprocal of
the absolute temperature (Arthenius plot), within the
range of physiological temperatures. Such a discon-
tinuity, representing a change in the activation energy,
is often attributed to a change in the physical proper-
ties of the membrane.

Among the more prominent examples related to
photosynthesis are:

(a) Contrasting behavior in the temperature depen-
dence of the rate of NADP-reduction by water
in chloroplasts from chill-sensitive and chill-
resistant plants {9];



Volume 107, number 1

(b) A lightinduced electrochromic shift in the
absorption of membrane pigments in spinach
chloroplasts attributed to a light-generated
transmembrane electric field [10];

(c) The electron-transport reaction measured by
P-700" re-reduction or the rate of photosyn-
thesis measured by O,¢volution in Anacystis
11}

{d) Light-induced quenching of fluorescence by the
probe molecule atebrin [12];

(e) Delayed light emission from Chlorella cells [13]
and bush-bean chloroplasts [14];

(f) Light-induced H transport in spinach chloro-
plasts [15].

The presence of a discontinuity in the Arrhenius
plots in all above-mentioned cases has been correlated
with the mobility of the chloroplast-membrane lipids
as measured by EPR spin-label spectroscopy [14,16,17]
and by differential scanning calorimetry [14].

Thus, our observation on the oxidation kinetics of
cyt bsse in the TSF-2a particles, with the point of dis-
continuity in the Arrhenius plot at 15—18°C (fig. 2),
may also be attributed to some temperature-depen-
dent conformational change in the thylakoid mem-
brane. The lipids present in the TSF-2a retain a
similar overall composition as in unfractionated
chloroplasts [1]. The nature of the lipids is such that,
although no true phase transition is expected to
occur near ambient temperature, they could provide
substantial fluidity in the thylakoid membrane.
Furthermore, the thylakoid membrane is probably
not homogeneous in lipid distribution, thus some
local environments may have a temperature-depen-
dent mobility different from that of the bulk lipids.
Such a heterogeneous distribution has been shown by
fractionation experiments [18,19], and also inferred
from kinetic experiments suggesting that certain
phenomena depending on the microenvironments
may not be readily detected in whole thylakoid mem-
brane [20].

The other possibility is a temperature-dependent
conformational change in cyt bss itself. This sugges-
tion has been made plausible in view of the finding
that cyt bsse is a complex lipoprotein with mol. wt
117 000 and composed of 56% of non-covalently
bound lipids, including two unknown polar lipids
[21]. The lipoprotein molecule could conceivably
alter its accessibility relative to the electron-acceptor
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molecule as a result of a temperature-dependent con-
formational change.

The acceleration of the rate of oxidation of cyt
bsso and the elimination of the discontinuity in the
Arrhenius plot by Mg®" are apparently related to
some modification of control of energy transfer by
the cation. Metal cations are known to regulate the
distribution of excitation energy between the two
photosystems [22]. More recently, it has been found
that mono- or divalent cations can also regulate
energy transfer within photosystem 11 [23]: either
acting on the light-harvesting chl-a/b protein, or on
the ‘core’ complex itself. As both TSF-2a and cyt bss
itself contain substantial amount of polar lipids,
cations may enhance the fluidity of the membrane in
addition to its other site-specific effects.
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