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Summary

The temperature dependence of laser-induced (694.3 nm, 30 ns, 10 mJ-
cm™?) high-potential cytochrome ¢ (Ey, = +290 mV) oxidation kinetics was
studied in Ectothiorhodospira shaposhnikovii chromatophores. It was shown
that the rate constant of this reaction is independent of temperature in the
range of 300 K to 120 K.

Chance and Nishimura [1] found that photoinduced oxidation of
cytochrome c in whole cells of Chromatium strain D can occur at 80 K.

In later works [2—4], low-temperature redox reactions of ¢-type cytochromes
have also been observed in cells of some other photosynthesizing bacteria.

Chance and de Vault [5,6] were first to measure the temperature
dependence of the rate of laser-induced oxidation of cytochrome c in
Chromatium D. The rate constant for the reaction decreases exponentially
with an activation energy of 3.3 kcal/mol on lowering the temperature from
300 K to 93 K, but then the rate remains unchanged down to liquid helium
temperatures. The half-time for the reaction is 2 us at 300 K and 2 ms below
123 K. A similar complex temperature-dependence has subsequently been
observed in some other species of photosynthesizing bacteria [7,8].

These data have been made the basis for the quantum-mechanical
theories of the kinetics of electron transfer in the photochemical reaction
centre [5,9—11].

It is well established that in cells of sulphur purple bacteria there are
two cytochromes c, high-potential and low-potential, which are both oxidized
by a single reaction centre [12,13]. For this reason it has been suggested in
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early studies that the complex biphasic temperature dependence indicates
involvement of two different reaction mechanisms in the photo-induced
oxidation of both low- and high-potential cytochromes or only the low-
potential cytochrome [5,14]. The latter view is generally accepted now in
theoretical papers [9—11]. It is supported experimentally by a preference
for the low-potential haems to be oxidized on a laser flash at room temper-
ature, when the high-potential haems are initially also maintained in reduced
form [12,13]. However, it remains to be proved whether the preference for
the low-potential cytochrome ¢ oxidation by the reaction centre holds over a
wide temperature range as well. Also unclear is the possible contribution

to the reaction of the high-potential haems.

The selective photooxidation of high-potential cytochrome with
bacteriochlorophyll (P-890) in the reaction centre is easy to observe after
‘switching off’ low-potential cytochrome ¢ by chemical oxidation. This
reaction has already been studied under a steady-state activation with a
spectroscopic technique of a low time resolution (approx. 0.1 s). It was
shown in experiments with Ectothiorhodospira shaposhnikovii [ 3] and
Rhodopseudomonas gelatinosa [4] that under appropriate redox conditions
some high-potential cytochrome ¢ undergoes a reversible photooxidation
even at 80 K. But the temperature dependence of the rate constant for
cytochrome oxidation has not been measured.

This problem was the main object of the present work. It was done on
bacterial chromatophores under oxidizing conditions (poised at E,, =
+180 + 250 mV) where high-potential cytochrome was the only consti-
tutive electron donor to the reaction centre. The results reported here
show that the rate constant of the laser-induced oxidation of high-potential
cytochrome is independent of temperature at least over the range 300 to
120 K.

Chromatophores were isolated after ultrasonic disruption of 2—3-
day-old cells of E. shaposhnikovii. Kinetic measurements of photoinduced
absorbance changes at controlled redox potential of the reaction medium
were done on a pulse laser spectrophotometer as described elsewhere [15].
For low temperature experiments, chromatophores in 0.05M Tris-HCl
buffer (pH 7.6) were mixed with glycerol (up to 80—90% v/v).

We found that in such samples cytochrome oxidation on single laser
pulse (694.3 nm; 30 ns, 10 mJ-cm™?) occurs over a wide temperature range.
Fig. 1 shows kinetic traces of the laser-induced oxidation of high-potential
cytochrome at 298 and 235 K. Absorbance changes were measured at
424 nm. The signal at this wavelength has a biphasic character. The fast
absorbance increase is caused by P-890 oxidation, which has a spectral
component P-440 in this spectral region [13]. Due to insufficient resolving
time of our spectrophotometer, we were not able to resolve P-440 kinetics.
The time course of the kinetics (approx. 0.1 us) is the characteristic re-
solving time of the spectrophotometer. The slow absorbance decrease is a
reflection of cytochrome ¢ oxidation [13]. Between 300 and 200 K the
extent of the cytochrome oxidation is independent of temperature (Fig.
2a) and the reaction is reversible. At much lower temperatures, however,
the amount of cytochrome photooxidation diminishes (Fig. 2a), following
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Fig. 1. Kinetic traces of laser-induced (694.3 nm, 30 ns, 10mJ-cm™2) absorbance changes at 424 nm
in E. shaposhnikovii chromatophores. Chromatophores were poised at redox potentials from +2560 to
+180 V and suspended at 80—90% glycerol before freezing. Arrows indicate the time of a laser flash.
A, at 298 K; B, at 235 K.

the logarithm of amplitude vs. 1/T dependence, formally corresponding
to an activation energy, E,, of approx. 1.3 kcal/mol (Fig. 2b).

The half-time of the laser-induced cytochrome oxidation, measured
at room temperatures, was 2.5 + 0.3 us (Fig. 1). This estimate is in agreement
with data on whole cells and chromatophores of E. shaposhnikovii in water-
buffer suspension without glycerol [13,15], and thus one may conclude that
considerable changes of viscosity in the reaction medium (80—90% of
glycerol in this case) do not influence the kinetics of the process studied.

We also found that the rate of laser-induced cytochrome oxidation
remains practically constant under temperature lowering, at least down to
120 K where the amplitude of the signal is still high enough to allow accurate
kinetic determinations (Fig. 3). This observation is quite opposite to that
seen for the low potential cytochrome in cells of Chromatium D [5] and
E. shaposhnikovii [ 7], which showed a marked slowing down of the
reaction with decreasing temperature from 300 to 123 K. It is worth
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Fig. 2.A. Temperature depend of laser-ind d oxidation of high-potential cytochrome in E,
shaposhnikovii chromatophores. A new dark-adapted sample was taken for each temperature point.
Experimental conditions as in legend to Fig. 1. B, The same curve as a log amplitude vs, 1/7 plot.

Fig. 3. Temperature dependence of half-time of laser-induced oxidation of high-potential cytochrome
in E. shaposhnikovii chromatophores. Experimental conditions as in legend to Fig. 1.
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noting in this respect that both high- and low-potential cytochromes are
similar in situ in their spectral characteristics. The difference between them
lies in their midpoint redox potentials (near +290 mV for high-potential,
but 0 + +10 mV for low-potential cytochromes [15,16]. In the case of

E. shaposhnikovii the bias in their electronic donor-acceptor levels with
respect to P-890 (Eyy70 = + 390 mV [15] is 0.4 eV and 0.1 eV low- and
high-potential cytochromes, respectively. This may possibly be the reason
for a marked difference in the temperature dependence of the oxidation
rates of the two cytochromes.

Recent results of picosecond fluorescence [17] and absorption [18]
studies suggest little if any temperature sensitivity of the primary events of
bacterial photosynthesis, which are delivery of the electronic excitation to
the reaction centre and the separation of charges in this pigment-protein
complex. These steps preceed the oxidation of ¢-type cytochromes. Thus
interactions involved in the initial electron-transfer steps may be governed
by the overlap of the electronic orbitals of the functional groups concerned.
This seems adequate in an attempt to explain the kinetics of the photo-
chemical act in the closely associated porphyrin pigments of the reaction
centre [18]. However, if a redox process is taking place between the two
macromolecular systems, for example between the reaction centre and
the cytochrome ¢, direct contact of their prosthetic groups (P-890 and
haem) seems improbable. We suggest that the appropriate electron pathway
can be formed by specific conformations of the reaction centre and the high-
potential cytochrome ¢ proteins. Breaking of conformational dynamics of
macromolecular components below some threshold temperature (approx-
imately 200 K) may be the reason for the observed inhibition of the high-
potential cytochrome ¢ oxidation. Such a pattern of temperature dependence
for mobility of membrane components was recently obtained in experiments
with spin- and $"Fe-labelled bacterial chromatophores [19].
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