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BRIEF COMMUNICATION

Relation between the heat-induced increase
of Fg fluorescence and a shift in the electronic equilibrium
at the acceptor side of photosystem 2

J.M. DUCRUET

Section de Bioénergétique, Bdt. 532, INRA/CEA Saclay, F-91191 Gif-sur-Yvette cedex, France

Abstract

Fy fluorescence and thermoluminescence (TL) were recorded simultaneously on
varjous dark-adapted leaf samples. Above 40 °C, a sharp peak of TL coincided with
the onset of the heat-induced F rise. It results from a back-transfer of an electron
from the secondary Qg to the primary acceptor Q4 of photosystem 2, followed by a
luminescence-emitting recombination with Tyr-D*. This demonstrates that the critical
temperature at which the F, starts rising also corresponds to a shift towards the left of
the Q4 >Qp~ equilibrium.

Additional key words: Qa and Qg sites; temperature; thermoluminescence; Zea mays.

An increase of the F, basal fluorescence upon a progressive warming starts at critical
temperatures above 38 °C. It occurs in algae (Lavorel 1969), leaves (Schreiber and
Berry 1977), and isolated thylakoids (Schreiber and Armond 1977). It is correlated
with a drop in electron transport activity (Schreiber and Berry 1977, Berry and
Bjorkman 1980) and with the development of leaf necrosis within 2-4 d (Bilger et al.
1984). This destructive phenomenon has to be distinguished from grana unstacking
(conversion to state 2) triggered at lower temperatures around 30 °C, which
corresponds to a physiological protection of photosystem 2 (PS2) against high
irradiance under warm conditions (Weis 1985, Sundby ef al 1986, Havaux and
Lannoye 1987).

The F, rise has been ascribed to a block of PS2 centres, followed by a
disconnection of the light-harvesting complex causing a Fj decrease at higher
temperatures (Schreiber and Armond 1978, Armond ef al. 1980). Both effects are
accompanied by a heat-induced phase separation of thylakoid membrane lipids
(Gounaris et al. 1983). Time-resolved analysis of fluorescence decays have
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confirmed that heat causes a disconnection of a peripheral component of the antenna
above 40 °C and a decrease of PS2 photochemistry starting at 30 °C (Briantais et al.
1996).

In triazine-resistant plants, the Fj rise is shifted towards lower temperatures by
about 3 to 5 °C. This shift allows that a temperature-dependent decrease of the Q<>
Qg™ equilibrium constant can be revealed as a monophasic DCMU-like fluorescence
induction (Ducruet and Lemoine 1985, Ducruet and Ort 1988, Havaux 1989).
Bukhov et al. (1990) provided further evidence that an increase in the redox potential
of Q4, leading to its reduction by secondary donors, would contribute to the Fj rise.

In order to obtain a direct evidence of a heat-induced formation of Q4- at the
acceptor side of PS2, we recorded simultaneously the TL and F; emissions in dark-
adapted leaves from maize (Fig. 1) or different other species (not shown). TL and F
fluorescence were measured as described by Ducruet and Miranda (1992) at a 0.1 °C
s'! heating rate. Fy was excited by an ultra-low blue LED through a 480 nm
interference filter, and pulsed once every 5 sampling steps. The Fj emission
superimposed to the TL signal was separated from it by interpolation.
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TEMPERATURE [°C] recorded ata 0.1 °C s'! heating rate.

Fig. 1 shows an example of a sharp TL peak growing proportionally to the initial
rise of Fy before dropping at ca. 52 °C (Fig. 1). This TL emission was most
frequently observed in dark-adapted leaves, exhibiting, however, various amplitudes
and shapes in different leaf samples. A steep initial Fy rise corresponded to a sharp
TL peak, whereas occurrence of a F( pretransition corresponded to a broader TL
band. This 52 °C TL band can be identified as a C band usually observed in the
presence of DCMU (Demeter et al. 1984) which results from a radiative
recombination of Q,~ with Tyr-D* (Johnson et al. 1994). Tyr-D 161 on the D2
protein is a side-path electron donor to P680*. However, this heat-induced C band
could not be fitted by a TL simulation, even though activation energies higher than 2
eV were assumed, which contrasts with the 1.32 eV found for a classical C band
recorded in the presence of DCMU (Tatake et al. 1981). Therefore, this band cannot
originate from a classical recombination between stabilized charge pairs and we
propose that it reflects a heat-induced shift of the Q,<>Qp~ equilibrium towards the
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left. Indeed, energetic considerations deduced from the difference between a Q band
(S5/Qa~, ca. 5 °C) and a B band (S,S3/Qp~, ca. 38 °C) imply that a Tyr-D+/Qg~ band
could not peak at the same temperature as the Tyr-D*/Q,~ C band. Considering that
approximately half of the PS2 centres contain a reduced Qg~ in a dark-adapted
material with an apparent equilibrium constant [Qg~]/[Q4~] in the range 15-20
(Robinson and Crofts 1983), heat causes a reverse electron transfer from Qg=to Q,,
representing the kinetically limiting step. The recombination of Q,~ with Tyr-D*
gives rise to the TL emission, which falls abruptly when these charge pairs are
depleted. Variable amounts of Qg~ and Tyr-D* in dark-adapted leaves as well as the
simultaneous heat-induced disruption of the thylakoid membrane can explain the
variations in the intensity of this 52 °C TL emission, which is approximately one
tenth of that of a B band induced by one flash. An irradiation given just before TL
recording strongly reduces this 52 °C emission by generating S,/S; states which
recombine with Qg~ as a B band at lower temperature, thus depleting the reduced
Qg pool (Demeter ez al. 1984).

Above the critical temperature at which F starts rising, a back transfer of an
electron from Qg~ to Q4 is revealed through its radiative recombination with Tyr-D+.
The temperature-induced shift of the Qa<>Qp~ equilibrium towards the left can
contribute to the initial rise of F by (a) a backward transfer of an electron from Qg~
to Q. generating stable Q,~ in those PS2 centres where no Tyr-D+ is present; (b)
additionally, a forward reduction Qp—Qp~ driven by charge separation at higher
intensities of the F exciting beam, as it occurs in DCMU-inhibited centres.
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