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Abstract

This article is not a survey of all the research made during the last half century at the ‘Laboratoire de Photosyn-
thèse’ of the ‘Centre National de la Recherche Scientifique’ (CNRS) in Gif-sur-Yvette, but rather some personal
recollections, as faithful as possible. Not all people could be mentioned and the scientists named here are mainly
those who, at different stages of the laboratory’s evolution, created their research teams, within or outside the
laboratory. The laboratory, closed now as an administrative entity, was founded in 1953 by the CNRS in Gif-sur-
Yvette, near Paris. Besides the emerging research groups in Paris and at Saclay, it was then the only one in France
to be entirely dedicated to photosynthesis. Initially, the focus was on metabolic biochemistry of photosynthesis in
whole plants and unicellular algae. In 1959, biophysics of primary and associated processes was added and in 1966,
the laboratory was enlarged to include molecular genetics and, somewhat later, structural biology. Most of the early
members of the laboratory have now gone offstage, but the research goes on, in Gif and elsewhere, thanks to the
numerous high-level scientists that have been trained there. Most of the basic questions have now been answered,
and interest has shifted in two directions, atomic and integrated, while many other facets of research are no longer
specific to photosynthesis but part of more general biological problems, a normal situation for an area that has
reached its maturity.

Introduction

Until the late 1960s, the French educational system
was quite centralized and rather conservative, a situ-
ation that affected some areas of scientific research
at universities, especially in biology. The role of the
National Center for Scientific Research (Centre Na-
tional de la Recherche Scientifique, CNRS) was – and
still is – to initiate modern research in highly com-
petitive, emerging or, on the contrary, dormant but
essential fields, and so to enliven the academic world.
The Laboratory of Photosynthesis was thus founded

∗ This paper is dedicated to the scientists, technicians, students
and visitors who could not all be cited here, but who contributed so
much to the life of the laboratory.

in 1953 on a CNRS campus about 30 km southwest of
Paris, with Alexis Moyse as its first director. In 1958, it
moved into an independent laboratory adjacent to the
newly constructed Phytotron (Figure 1). These build-
ings are now shared by the Institute of Plant Sciences
and the Center of Molecular Genetics.

Different sections of this paper do not always fol-
low a chronological order but sometimes a thematic
one; thus, some of the publications selected here may
be scattered over time.1

The early days: 1953–1959

At the time of its creation, the Laboratory of Photo-
synthesis was the only one in France fully devoted to



296

Figure 1. A view of the Laboratory of Photosynthesis (now part of the Center for Molecular Genetics) in the early 1960s. The large emerging
vertical block in the middle and the long greenhouses on the right are part of the former Phytotron (now Institute of Plant Sciences), whereas in
the background, buried in the wood, is the old Genetics building where the laboratory was housed from 1953 till 1958 (CNRS photograph).

photosynthesis, in addition to the research groups in
Paris (Pierre Joliot, in René Wurmser’s laboratory) and
Saclay (Eugène Roux, later Paul Mathis) that were on
the rise. The initial goal of Alexis Moyse was two-
fold: to treat all aspects of photosynthesis, especially
at the fundamental level, and to develop outdoor large-
scale algal cultures as a first step towards a pilot-plant.
The idea behind this was to offer a balanced diet to
‘under developed’ regions (Moyse 1956a, b). Twenty
years later, a similar utopia, in which the laborat-
ory also had to be involved, was the massive use of
solar energy bioconversion to circumvent the oil crisis.
Anyway, once a reasonable harvest yield of Chlorella,
a freshwater unicellular green alga, was reached in
cubic-meter batches, the subject went out of fashion.

Besides this applied research, the main interest
of Alexis Moyse and his first co-workers, including
Marie-Louise Champigny, was focused on the intric-
ate nitrogen and carbon metabolism in photosynthesis.
They thus established how some amino acids were
directly derived from the Calvin cycle, while others,
the aspartic and glutamic acids, required a second
carboxylation followed by cellular oxidations (Cham-
pigny 1960). The relationship between photosynthesis
and organic acid metabolism in crassulacean (CAM,
Crassulacean Acid Metabolism) plants was being es-
tablished at the same time (Moyse 1955); the study by
electron microscopy of leaf and chloroplast ultrastruc-
ture and of chloroplast development from etiolated
plastids was initiated (Bourdu et al. 1965). Along

with Jacques Garnier and others, Alexis Moyse was
interested in photosynthetic metabolism and pigment
biogenesis in red and ‘blue-green’ algae (now, cy-
anobacteria) (Garnier 1958, 1964; Garnier et al. 1965).
The photochemical property of phycocyanin was also
investigated in vitro (Vernotte and Moya 1973). Other
topics also received attention in the laboratory, the
most important being an investigation of plant hor-
mones and plant cell biology conducted by the group
led by Claude Péaud-Lenoël. They will not be men-
tioned any further here, being outside the scope of
the present paper (although some convergences could
exist; see Chandler et al. 1972).

The biophysical approach: since 1959

The need to add biophysics to the biochemical ap-
proach of photosynthesis was fulfilled in 1959 when
Jean Lavorel, returning from his stay with Eugene
Rabinowitch at the University of Illinois in Urbana,
USA, joined the laboratory (I preceded him by about
a year). Soon afterwards, many other young invest-
igators also arrived, including Jean-Marie Briantais,
Anne-Lise Etienne, Ismaël Moya and, later, Pierre
Sebban, to mention only those who later directed
their own research groups. This allowed a blossoming
of investigations centered on primary and associated
reactions (mainly Photosystem II, PS 2).2
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Figure 2. Participants at the International Colloquium on Photosynthesis, Gif-sur-Yvette, July 1962. ∗ Indicates the laboratory staff at that
time and † indicates deceased, but information sometimes is missing. A partial list follows, from bottom to top and from left to right: [1] G.
Oster, [2] D. Burk, [3] D.I. Arnon†, [4] R.G. Hiller, [5] J.-M. Bové, [6] A. Trebst, [7] D.C. Fork, [8] C.P. Whittingham, [9] G. Gingras∗ ,
[10] Y. de Kouchkovsky∗ , [11] L.K. Osnitskaya, [12] J. Lavorel∗, [13] C. Lemasson∗†, [14] J.B. Thomas†, [15] A.A. Shlyk† (partly masked),
[16] J. Garnier∗†, [17] J.C. Goedheer, [18] F. Gorski, [19] G. Weber†, [20] J.-M. Briantais (partly masked), [21] H.T. Witt, [22] R. Wurmser†

(chairman), [23] N.G. Doman, [24] A. Moyse∗†, almost entirely masked by [25] L.N.M. Duysens, [26] J. Amesz†, [27] E.I. Rabinowitch† , [28]
W. Vredenberg, [29] E. Tyszkiewicz, [30] M. Calvin†, [31] C. Sironval, [32] G. Hoch, [33] B. Kok†, [34] H. Tamiya†, [35] M. Losada, [36]
R.B. Park, [37] M. Avron†, [38] Z. Sestak. Several outstanding participants do not appear in the photograph, such as Otto Warburg†, who had
decided to remain outside, sitting on a bench, or C.S. French†, to whom I owe a wonderful post-doctoral stay in Stanford (CNRS photograph).

The research concerns included explanation of the
various stages of induction of chlorophyll a fluor-
escence and its correlation with O2 evolution (De-
losme et al. 1959; Lavorel 1959); obtaining separ-
ate emission spectra of constant and variable fluor-
escence (Lavorel 1963); establishment of the re-
lationships between fluorescence and luminescence
(Lavorel 1971, 1973); modeling of the oxygen
evolving mechanism (Lavorel 1976a, b) and of the
connection between PS 2 units (Lavorel and Joliot
1972); analysis of the thermal step of oxygen evol-
ution (Etienne 1968) and of the S-state mechanisms
of water oxidation (Delrieu 1974, 1978); demonstra-
tion of the absence of any respiratory reaction in
chloroplasts – at that time, a controversial question –

except for what was subsequently called ‘chlorores-
piration’ (de Kouchkovsky 1961, 1963, 1966; see P.
Bennoun, this issue); description and interpretation
of the O2 ‘burst’ in isolated chloroplasts as reflect-
ing early thermal events (de Kouchkovsky 1963; de
Kouchkovsky and Briantais 1963); obtaining of PS
2 particles [subsequently known as ‘BBY (Berthold
Babcock Yocum) particles’] by mild detergent treat-
ment of thylakoids, these particles being able to evolve
oxygen and to reconstitute a connection with PS 1
(Briantais 1967, 1969a, b); establishment of the role
of plastocyanin in vivo (de Kouchkovsky and Fork
1964); and rapid induction of PS 2 properties in leaves
initially grown under a flash regime (Dujardin et al.
1970).
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Figure 3. Partial view of the audience at the International Colloquium on Photosynthesis, Gif-sur-Yvette, July 1962. ∗ Indicates the laboratory
staff at that time and † indicates deceased, but information sometimes is missing. Starting from bottom to top and from left to right, first row:
[1] D.I. Arnon†; second row: [2] J.F.G.M. Wintermans, [3] B. Kok†; third row: [4] C. Vernotte∗ , [5] J.-M. Briantais∗ , [6] J.S. Brown, [7] G.
Weber†; fourth row: [8] H. Gaffron†, [9] E.I. Rabinowitch† , [10] C.P. Whittingham, [11] R.G. Hiller, [12] A. Faludi-Daniel† , [13] Z. Sestak;
fifth row: [14] W. Vredenberg, [15] J. Amesz†; sixth row: [16] C. Lemasson∗†, [17] D.C. Fork, [18] C. Sironval; standing in the background,
on the right: [19] Y. de Kouchkovsky∗ , next to [20] N.G. Doman, sitting (CNRS photograph).

The continuous blend of theoretical approaches,
experimental advances and instrumental innovations
brought the laboratory to the forefront of the field. As
early as 1962, the laboratory had organized an interna-
tional colloquium (Figures 2 and 3) that was the sem-
inal meeting of the now well established International
Congresses of Photosynthesis. Several outstanding
scientists attended this meeting, including the Nobel
prize winners Otto Warburg (1931) and Melvin Calvin
(1961). Many of the now classical and most funda-
mental advances of the moment, primarily the dis-
covery of the two photosystems, were then presented
and vividly discussed. The book of proceedings repro-
duces these oral exchanges (CNRS 1963). The most
stubborn opponent3 to many new concepts was War-
burg who, for example, rejected the quantum yield of
oxygenic photosynthesis established by Robert Emer-
son and presented his indefensible model of a carbonic
‘photolyte’ as a precursor of oxygen. This ‘imper-
ial’ attitude sometimes affected the social ambiance
(see the legend to Figure 2) that otherwise was re-

laxed. Nevertheless, Warburg, a great spirit above all,
could also be thoughtful, as witnessed by his closing
address.4

The molecular biology approach: since 1966

In 1966, Jean Lavorel succeeded Alexis Moyse as dir-
ector of the laboratory, when the later was appointed
professor at the University of Paris-South at Orsay,
where he started a new laboratory devoted to plant
metabolism.

Obviously, a dozen years after its inception, the
laboratory’s image had changed. It changed even more
when, following the advice of Jacques Monod, then
a recent Nobel Prize winner, the CNRS decided to
open, within the laboratory, a department of molecu-
lar biology of photosynthesis. It was placed, from
1966 until 1971, under the direction of Martin Ka-
men, one of the discoverers of carbon isotopes, whose
laboratory in La Jolla (University of California at San
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Diego, USA) was working on photosynthetic bacteria.
I assisted him in this endeavor until a post-doctoral
fellow from Kamen’s laboratory, Françoise Reiss-
Husson, accepted the responsibility. At the same time,
Roger Stanier, a Canadian-born internationally
renowned molecular microbiologist interested in cy-
anobacteria, was appointed as the new director of
the former Laboratory of Hydrobiology nearby, and
worked in close conjunction with Kamen’s group. (A
few years later, Marcelle Lefort-Tran, an ultrastruc-
tural plant cytologist, replaced him and headed, until
the middle 1980s, a Laboratory of Cytophysiology of
Photosynthesis.)

Thanks to Kamen and Stanier and to the sustained
visit of high-level scientists, all the research groups
of the laboratory flourished. Françoise Reiss-Husson
began a fruitful investigation on the reaction centers
of Rhodobacter sphaeroides (Jolchine et al. 1969),
ultimately leading to their crystallization and molecu-
lar analysis (Ducruix and Reiss-Husson 1987). At
the same time, Françoise Espardellier, collaborating
with Chantal Astier, started to work on the molecular
biology of cyanobacteria, introducing facultative pho-
totrophic strains of Synechocystis as new models in the
photosynthetic field (Astier et al. 1979, 1984).

With the help of sophisticated optical and EPR
techniques, Jean Lavorel’s group developed and came
to include, among many others, Anne-Lise Etienne,
Alain Boussac (now in Saclay) and Jérôme Lavergne
(who thereafter moved to Paris and recently to
Cadarache) on the one hand, and Ismaël Moya and
Pierre Sebban on the other. This group pursued mul-
tiple research directions in the biophysical domain.
These included: the determination of lifetime and
yield of chlorophyll fluorescence in algae and chloro-
plasts, measured by phase fluorimetry and photon
counting (Moya et al. 1977, 1986; Moya and Garcia
1983); excitation transfer in bacteria (Sebban et al.
1984; Sebban and Barbet 1984); two types of reac-
tion centers (B and non-B: Lavergne 1982a, b; not
to be confused with the non-QB concept: Lavergne
and Leci 1992); the redox potential of primary donors
of PS 2 (Boussac and Etienne 1984) and the role of
Ca2+ in water oxidation (Boussac et al. 1985); the
experimental and theoretical analysis of prompt and
delayed fluorescence (Lavorel 1975, 1980; Etienne
and Lavorel 1975; Lavorel et al. 1982); the probab-
ilistic approach of PS 2 kinetics (Lavorel 1986). Of
course, this list only mentions a few of the major lines
of research.

Jean-Marie Briantais and Claudie Vernotte pion-
eered a long-term investigation on PS 1–PS 2 balance
controlled by membrane state and reversible phos-
phorylation of the light-harvesting complex (Moya et
al. 1977; Briantais et al. 1979; Vernotte et al. 1979;
Krause et al. 1982). Jacques Garnier, on the basis of
an original suggestion by Jean Lavorel (Garnier 1967;
Garnier et al. 1968), isolated numerous Chlamydo-
monas mutants by the fluorescence intensity of their
colonies in Petri dishes. He could thus obtain new data
on pigment–protein complexes and functional prop-
erties of cytochromes b (Maroc and Garnier 1979;
Garnier et al. 1986, 1987; Trémolières et al. 1991). A
collection of these mutants is kept by the Chlamydo-
monas Genetic Center, Duke University, Durham,
North Carolina, USA.

My research group, with some students that be-
came permanent coworkers, such as Francis Haraux,
who is now in Saclay, shifted its interest from PS 2
(except a study of S-states kinetic mechanisms: Del-
rieu and Rosengard 1987, 1988, 1991) to membrane
bioenergetics. Thus, in the 1980s, we proposed a mi-
crochemiosmotic model able to resolve basic contra-
dictions between Peter Mitchell’s ‘delocalized’ theory
and the ‘localized’ or ‘direct-coupling’ hypotheses (de
Kouchkovsky and Haraux 1981; Haraux et al. 1983;
de Kouchkovsky et al. 1984; Sigalat et al. 1988).
In the following decade, we also investigated some
mechanisms of thylakoid ATP synthesis and hydro-
lysis by the thylakoid ATP-synthase: dependence of
its Km for ADP and of the kinetic parameters of the
proton flux on membrane energization (Bizouarn et al.
1989, 1991); discrimination of ‘activating’ and ‘ener-
getic’ proton pathways within the enzyme (Valerio et
al. 1992).

Sowing seeds

When Jean Lavorel left Gif-sur-Yvette for Cadarache
in 1983, Jean-Marie Briantais replaced him for a
couple of years until the CNRS decided to split
the laboratory into two independent units. One
(‘Centre Réactionnels Photosynthétiques’) comprised
the groups led by Anne-Lise Etienne (who headed
the unit), Françoise Reiss-Husson and Françoise Es-
pardellier (who later left for Marseilles and was
replaced by Chantal Astier), whereas my research
group (‘Biosystèmes Membranaires’) along with that
of Jacques Garnier and Antoine Trémolières, a spe-
cialist in plant lipids now at Orsay, constituted the
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second unit (‘Biochimie Fonctionnelle des Mem-
branes Végétales’). These units lasted a few more
years before the different groups and individuals dis-
persed themselves into often more broadly oriented
laboratories. Thus, Jean-Marie Briantais moved to
the University of Paris-South (Department of Plant
Ecology). He often collaborated with Ismaël Moya,
who had formed a group for the study of biophys-
ical ecology around the synchrotron facilities in Or-
say (‘Laboratoire pour l’Utilisation du Rayonnement
Electromagnétique’, LURE). This group is studying
the physiological state of plants, from leaf to popula-
tion levels, using time-resolved fluorescence methods
(Moya et al. 1992).

Pierre Sebban and co-workers are still in Gif,
where they are disentangling the pathways of pro-
tons in the reaction centers of Rhodobacter capsulatus,
applying refined biophysical analyses to site-directed
amino-acid mutants (Hanson et al. 1992; Maroti et al.
1994, 1995; Miksovska et al. 1999). The group headed
by Chantal Astier and Françoise Reiss-Husson, now
part of the Center of Molecular Genetics in Gif, uses a
combination of biochemical, biophysical and molecu-
lar genetic approaches to determine the gene organiz-
ation and expression of the photosynthetic apparatus
in cyanobacteria (Ajlani et al. 1989; Olive et al. 1997)
and purple bacteria (Ouchane et al. 1997); at the same
time, new data, emphasizing the role of lipids and
water, in the reaction center’s molecular organization
have now been obtained (Roth et al. 1991; Arnoux et
al. 1995; Scheuring et al. 2001). Anne-Lise Etienne,
who undertook an in-depth investigation of electron
transfer between QA and QB primary acceptors in Gif,
as well as studies of herbicides resistance in PS 2 and
photoinhibition mechanisms (Miyao et al. 1987; Kir-
ilovsky et al. 1990), has moved to the ‘Ecole Normale
Supérieure,’ in Paris to head a laboratory studying
algal photosynthesis (‘Membranes Végétales’). Fi-
nally, I joined the Institute of Plant Sciences, where
I switched from thylakoids to mitochondria. In col-
laboration with Rosine De Paepe from the Institute
of Plant Biotechnology in Orsay, we have investig-
ated molecular genetics and functional properties of
respiratory-chain mutants, which incidentally show a
mitochondrial control for photosynthetic CO2 uptake
(Gutierres et al. 1997; Sabar et al. 2000).

Conclusion

The choice made in this survey was mainly to cite

Figure 4. Photograph of the author taken at the laboratory in 1966
(at the age of 34).

research topics rather than precise results (however,
the titles in the bibliography are often explicit). Yet,
many subjects – and persons – have not even been
mentioned. The overall picture presented above does
indeed reflect the evolution of our knowledge about
photosynthesis. It is now such a broad area that no
single laboratory could treat all its multiple facets. In
fact, many of these aspects are not unique to photosyn-
thesis and deserve to be handled together with their
counterparts in other fields, some even outside the
plant kingdom. The Laboratory of Photosynthesis at
Gif no longer exists under this name but, even though
many of the group leaders are now retired (Jean-Marie
Briantais, Marie-Louise Champigny, Jean Lavorel,
and myself) or deceased (Jacques Garnier, Alexis
Moyse), its spirit survives thanks to the many scient-
ists still active that were trained there. Nevertheless,
I share Lavorel’s opinion that if something remains
in the future from our scientific contribution, it will
certainly be modestly anonymous; and this is well
enough.
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Notes

1Many earlier publications were in French, at that time widely
understood by the scientific community.

2The concept of two photosystems had arisen – and was accepted
– around 1961.

3‘New ideas don’t convert people, it’s just that old men die’ (Max
Planck).

4‘When after a long interval of 25 years [i.e., from the rise of the
nazi power to the post-war period] I had the opportunity to revisit
this country; when I saw in a beautiful summer night the flood-
lighted borders of the Seine river with the not destroyed buildings
... I felt that in this world justice still exists. I felt happy too to be
again in the country of the great Pasteur ...; it is [his] spirit that has
reigned over our meeting.’

References

Ajlani G, Kirilovsky D, Picaud M and Astier C (1989) Molecular
analysis of psbA mutations responsible for various herbicide res-
istance phenotypes in Synechocystis 6714. Plant Mol Biol 13:
469–479

Arnoux B, Gaucher J-F, Ducruix A and Reiss-Husson F (1995)
Structure of the photochemical reaction centre of a spheroidene-
containing purple bacterium, Rhodobacter sphaeroides, at 3 Å
resolution. Acta Cryst D51: 368–379

Astier C, Vernotte C, Der-Vartanian M and Joset-Espardellier F
(1979) Isolation and characterization of two DCMU-resistant
mutants of the blue-green alga Aphanocapsa 6714. Plant Cell
Physiol 20: 1501–1510

Astier C, Elmorjani K, Meyer I, Joset F and Herman M
(1984) Photosynthetic mutants of the cyanobacteria Synecho-
cystis sp. strains PCC 6714 and PCC 6803: sodium p-
hydroxymercuribenzoate as a selective agent. J Bacteriol 158:
659–664

Bizouarn T, de Kouchkovsky Y and Haraux F (1989) Photophos-
phorylation at variable ADP concentration but constant pH in
lettuce thylakoids. Effect of pH and phosphate on the apparent
affinity for ADP. Biochim Biophys Acta 974: 104–113

Bizouarn T, de Kouchkovsky Y and Haraux F (1991) Dependence
of kinetic parameters of chloroplast ATPsynthase on external pH,
internal pH and �pH. Biochemistry 30: 6847–6853

Bourdu R, Champigny M-L, Lefort M, Maslow M and Moyse A
(1965) Structure et activités de l’appareil photosynthétique des
feuilles de Bryophyllum daigremontianum Berger en fonction
de leur croissance, de la carence et de la nutrition azotée. II.

Structure, réaction de Hill et photophosphorylation cyclique des
chloroplastes. Physiol Vég 3: 355–392

Boussac A and Etienne A-L (1984) Midpoint potential of signal-II
slow in Tris-washed Photosystem-II particles. Biochim Biophys
Acta 766: 576–581

Boussac A, Maison B, Vernotte C and Etienne A-L (1985) The
charge accumulation mechanism in NaCl-washed and in Ca2+-
reactivated Photosystem-II particles. Biochim Biophys Acta 808:
225–230

Briantais J-M (1967) Rétablissement du lien entre deux structures
chloroplastiques isolées par action du Triton X-100. Biochim
Biophys Acta 143: 650–653

Briantais J-M (1969a) Re-establishment of a link between two
particles isolated from chloroplasts by Triton X-100. In: Met-
zner H (ed) Progress in Photosynthesis, Vol I, pp 174–178, C.
Lichtenstern, Munich, Germany

Briantais J-M (1969b) Séparation physique et arrangement mutuel
des deux systèmes photochimiques des chloroplastes. Physiol
Vég 7: 135–180

Briantais J-M, Vernotte C, Picaud M and Krause GH (1979) A
quantitative study of the slow decline of chlorophyll a fluor-
escence in isolated chloroplasts. Biochim Biophys Acta 548:
128–138

Champigny M-L (1960) Métabolisme des acides aminés des feuilles
de Bryophyllum Daigremontianum Berger exposées à 14CO2 à la
lumière. Rev Gén Bot 67: 5–59

Chandler MT, Tandeau de Marsac N and de Kouchkovsky Y (1972)
Photosynthetic growth of tobacco cells in liquid suspension.
Canad J Bot 50: 2265–2270

CNRS (ed) (1963) La Photosynthèse. Coll Intl CNRS 119. CNRS,
Paris, 645 pp

de Kouchkovsky Y (1961) Sur les oxydations réalisées à l’obscurité
et à la lumière par les chloroplastes isolés. Comptes rendus Acad
Sci 252: 611–613

de Kouchkovsky Y (1963) Induction photosynthétique des chloro-
plastes isolés. Physiol Vég 1: 15–76

de Kouchkovsky Y (1966) Etude de l’interaction des deux sys-
tèmes photochimiques de la photosynthèse. In: Thomas JB and
Goedheer JC (eds) Currents in Photosynthesis, pp 367–374. AD
Donker, Rotterdam, The Netherlands

de Kouchkovsky Y and Briantais J-M (1963) Light-induced oxygen
reactions in isolated chloroplasts. In: Kok B and Jagendorf AT
(eds) Photosynthesis Mechanisms in Green Plants, Pub 1145,
pp 362–370. National Academy of Sciences–National Research
Council, Washington, DC

de Kouchkovsky Y and Fork DC (1964) A possible function-
ing in vivo of plastocyanin in photosynthesis as revealed by a
light-induced absorbance change. Proc Natl Acad Sci USA 52:
232–239

de Kouchkovsky Y and Haraux F (1981) 2H2O effect on the electron
and proton flow in isolated chloroplasts. An indication for lateral
heterogeneity of membrane pH. Biochem Biophys Res Commun
99: 205–212

de Kouchkovsky Y, Haraux F and Sigalat C (1984) A microche-
miosmotic interpretation of energy-dependent processes in bio-
membranes based on the photosynthetic behaviour of thylakoids.
Bioelectrochem Bioenerg 13: 143–162

Delosme R, Joliot P and Lavorel J (1959) Sur la complémentarité
de la fluorescence et de l’émission d’oxygène pendant la période
d’induction de la photosynthèse. C R Acad Sci 249: 1409–1411

Delrieu M-J (1974) Simple explanation of the misses in the co-
operation of charges in photosynthetic O2 evolution. Photochem
Photobiol 20: 441–454



302

Delrieu M-J (1978) Oscillatory kinetics of the number of photosyn-
thetic system II centers in S2 and S3 states after flashes under
various conditions. Plant Cell Physiol 19: 1447–1456

Delrieu M-J and Rosengard F (1987) Fundamental differences
between period-4 oscillations of oxygen and fluorescence yield
induced by flash excitation in inside-out thylakoids. Biochim
Biophys Acta 892: 163–171

Delrieu M-J and Rosengard F (1988) Characterization of two types
of oxygen-evolving Photosystem II reaction center by the flash-
induced oxygen and fluorescence yield. Biochim Biophys Acta
936: 39–49

Delrieu, M-J and Rosengard F (1991) Changes in the S0
and S1 properties during dark adaptation in oxygen-evolving
Photosystem-II-enriched thylakoid membranes. Biochim Bio-
phys Acta 1057: 78–88

Ducruix A and Reiss-Husson F (1987) Preliminary characterization
by X-ray diffraction of crystals of photochemical reaction centres
from wild type Rhodopseudomonas spheroides. J Mol Biol 193:
419–421

Dujardin E, de Kouchkovsky Y and Sironval C (1970) Absence of
Photosystem II properties in leaves grown under a flash regime.
Photosynthetica 4: 223–227

Etienne A-L (1968) Etude de l’étape thermique de l’émission photo-
synthétique d’oxygène par une méthode d’écoulement. Biochim
Biophys Acta 153: 895–897

Etienne A-L and Lavorel J (1975) Triggered luminescence in dark
adapted Chlorella cells and chloroplasts. FEBS Lett 57: 276–279

Garnier J (1958) Influence de la température et de l’éclairement
sur la teneur en pigments d’Oscillatoria subbrevis Schmidle
(Cyanophycées). Comptes rendus Acad Sci 246: 630–632

Garnier J (1964) Influence de la température sur l’accumulation,
le renouvellement et l’efficacité photosynthétique des pigments
d’Oscillatoria subbrevis Schmidle (Cyanophycée). Physiol Vég
2: 273–318

Garnier J (1967) Une méthode de détection, par photographie,
de souches d’algues vertes émettant in vivo une fluorescence
anormale. Comptes rendus Acad Sci 265: 874–877

Garnier J, Guyon D and Moyse A (1965) L’action de la température
sur la photosynthèse réalisée par Aphanocapsa (Cyanophycée)
en présence de radiations rouges ou orangées. Physiol Vég 3:
155–166

Garnier J, de Kouchkovsky Y and Lavorel J (1968) Sélection
de mutants d’algues vertes unicellulaires pour l’étude de la
photosynthèse. C R Soc Biol 162: 365–368

Garnier J, Maroc J and Guyon D (1986) Low-temperature fluor-
escence emission spectra and chlorophyll-protein complexes
in mutants of Chlamydomonas reinhardtii: evidence for a
new chlorophyll-a-protein complex related to Photosystem I.
Biochim Biophys Acta 851: 395–406

Garnier J, Maroc J and Guyon D (1987) Characterization of new
strains of Chlamydomonas reinhardtii. IV. Impaired excitation
energy transfer in three low fluorescent mutants. Plant Cell
Physiol 28: 1117–1131

Gutierres S, Sabar M, Lelandais C, Chetrit P, Diolez P, Degand H,
Boutry M, Vedel F, de Kouchkovsky Y and De Paepe R (1997)
Lack of mitochondrial and nuclear encoded subunits of Complex
I and alteration of the respiratory chain in Nicotiana sylvestris
mitochondrial deletion mutants. Proc Natl Acad Sci USA 94:
3436–3441

Hanson DK, Baciou L, Tiede DM, Nance SL, Schiffer M and
Sebban P (1992) In bacterial reaction centers protons can dif-
fuse to the secondary quinone by alternative pathways. Biochim
Biophys Acta 1102: 260–265

Haraux F, Sigalat C, Moreau A and de Kouchkovsky Y (1983) The
efficiency of energized protons for ATP synthesis depends on the
membrane topography in thylakoids. FEBS Lett 155: 248–252

Jolchine G, Reiss-Husson F and Kamen MD (1969) Active center
fractions from Rhodopseudomonas spheroides strain Y. Proc Natl
Acad USA 64: 650–653

Kirilovsky D, Vernotte C and Etienne A-L (1990) Protection from
photoinhibition by low temperature in Synechocystis 6714 and in
Chlamydomonas reinhardtii: detection of an intermediary state.
Biochemistry 29: 8100–8106

Krause GH, Vernotte C and Briantais J-M (1982) Photoinduced
quenching of chlorophyll fluorescence in intact chloroplasts and
algae. Resolution into two components. Biochim Biophys Acta
679: 116–124

Lavergne J (1982a) Two types of primary acceptors in chloro-
plasts Photosystem II. I. Different recombination properties.
Photobiochem Photobiophys 3: 257–271

Lavergne J (1982b) Two types of primary acceptors in chloro-
plasts Photosystem II. II. Reduction in two successive photoacts.
Photobiochem Photobiophys 3: 272–285

Lavergne J and Leci E (1992) Properties of inactive Photosystem II
centers. Photosynth Res 35: 323–343

Lavorel J (1959) Induction of fluorescence in quinone poisoned
Chlorella cells. Plant Physiol 34: 204–209

Lavorel J (1963) Hétérogénéité de la chlorophylle in vivo I. Spectres
d’émission de fluorescence. Biochim Biophys Acta 60: 510–523

Lavorel J (1971) Fluorescence and luminescence studies of in vivo
chlorophyll with a laser phosphoroscope. Photochem Photobiol
14: 261–275

Lavorel J (1973) Kinetics of luminescence in the 10−6–10−4 s
range in Chlorella. Biochim Biophys Acta 325: 213–229

Lavorel J (1975) Fast and slow phases of luminescence in Chlorella.
Photochem Photobiol 21: 331–343

Lavorel J (1976a) An alternative to Kok’s model for the oxygen-
evolving system in photosynthesis. FEBS Lett 66: 164–167

Lavorel J (1976b) Matrix analysis of the oxygen evolving system of
photosynthesis. J Theor Biol 57: 171–185

Lavorel J (1980) A study of dark luminescence in Chlorella. Back-
ground luminescence, 3-(3,4-dichlorophenyl)-1,1-dimethylurea-
triggered luminescence and hydrogen peroxide chemilumines-
cence. Biochim Biophys Acta 590: 385–399

Lavorel J (1986) A Monte Carlo method for the simulation of kinetic
models. Photosynth Res 9: 273–283

Lavorel J and Joliot P (1972) A connected model of the photosyn-
thetic unit. Biophys J 12: 815–831

Lavorel J, Lavergne J, Etienne A-L (1982) A reflection on several
problems of luminescence in photosynthetic systems. Photobio-
chem Photobiophys 3: 287–314

Maroc J and Garnier J (1979) Characterization of new strains of
nonphotosynthetic mutants of Chlamydomonas reinhardtii. II.
Quinones and cytochrome b-559, b-563 and c-553 in twelve
mutants having impaired Photosystem II function. Plant Cell
Physiol 20: 1029–1040

Maroti P, Hanson DK, Baciou L, Schiffer M and Sebban P (1994)
Proton conduction within the reaction centers of Rhodobacter
capsulatus: the electrostatic role of the protein. Proc Natl Acad
Sci USA 91: 5617–5621

Maroti P, Hanson DK, Schiffer M and Sebban P (1995) Experi-
mental evidence for long range (17 Å) electrostatic interaction in
the bacterial photosynthetic reaction center. Nature Struct Biol 2:
1057–1059

Miksovska J, Schiffer J, Hanson DK and Sebban P (1999) Proton
uptake by bacterial reaction centers: the protein complex re-



303

sponds in a similar manner to the reduction of either quinone
acceptor. Proc Natl Acad Sci USA 96: 14348–14353

Miyao M, Murata N, Lavorel J, Maison-Peteri B, Boussac A and
Etienne A-L (1987) Effect of the 33 kDa protein on the S-state
transitions in photosynthetic oxygen evolution. Biochim Biophys
Acta 890: 151–159

Moya I and Garcia R (1983) Phase fluorimetric lifetime spectra. I.
In algal cells at 77 K. Biochim Biophys Acta 722: 480–491

Moya I, Govindjee, Vernotte C and Briantais J-M (1977) Antag-
onistic effect of mono- and divalent-cations on lifetime (τ ) and
quantum yield of fluorescence (�) in isolated chloroplasts. FEBS
Lett 75: 13–18

Moya I, Hodges M and Barbet J-C (1986) Modification of room
temperature picosecond chlorophyll fluorescence kinetics in
green algae by Photosystem 2 trap closure. FEBS Lett 198:
256–262

Moya I, Guyot G and Goulas Y (1992) Remotely sensed blue and
red fluorescence emission for monitoring vegetation. J Photo-
gram Remote Sens 47: 205–231

Moyse A (1955) Le métabolisme des acides organiques chez le
Bryophyllum (Crassulacées). II – les variations de l’acidité et la
photosynthèse en fonction de la tension d’oxygène. Physiol Plant
8: 478–492

Moyse A (1956a) Influence de divers facteurs sur la croissance des
cultures accélérées de Chlorelles. Rev Gén Bot 63: 167–174

Moyse A (1956b) Les bases scientifiques des perspectives nou-
velles d’utilisation de la photosynthèse. Les cultures accélérées
d’algues. Année Biol 32: 101–128

Olive J, Ajlani G, Astier C, Recouvreur M and Vernotte C (1997)
Ultrastructure and light adaptation of phycobilisome mutants of
Synechocystis PCC 6803. Biochim Biophys Acta 1319: 275–282

Ouchane S, Picaud M. Vernotte C, Reiss-Husson F and Astier
C (1997) Photooxidative stress stimulates homeologous re-
combination and mutability in carotenoids-less mutants of Rx.
gelatinosus. EMBO J 16: 4777–4787

Roth M, Arnoux B, Ducruix A and Reiss-Husson F (1991) Struc-
ture of the detergent phase and protein-detergent interactions in
crystals of the wild type (strain Y) Rhodobacter sphaeroides
photochemical reaction center. Biochemistry 30: 9403–9413

Sabar M, De Paepe R and de Kouchkovsky Y (2000) Complex I
impairment, respiratory compensations and photosynthetic de-
crease in nuclear and mitochondrial male sterile mutants of
Nicotiana sylvestris. Plant Physiol 124: 1239–1249

Scheuring S, Reiss-Husson F, Engel A, Rigaud J-L and Ranck
J-L (2001) High resolution AFM topograph of Rubrivivax
gelatinosus light-harvesting complex LH2. EMBO J 20: 3029–
3035

Sebban P and Barbet J-C (1984) Intermediate states between P∗
and Pf in bacterial reaction centers, as detected by fluorescence
kinetics. FEBS Lett 165: 107–110

Sebban P, Jolchine G and Moya I (1984) Spectra of fluorescence
lifetime and intensity of Rps. sphaeroides at room and low tem-
perature. Comparison between the wild type, the C-71 reaction
center-less mutant and the B800–850 pigment-protein complex.
Photochem Photobiol 39: 247–253

Sigalat C, de Kouchkovsky Y, Haraux F and de Kouchkovsky F
(1988) Shift from localized to delocalized protonic energy coup-
ling in thylakoids by permeant amines. Biochim Biophys Acta
934: 375–388

Trémolières A, Roche O, Dubertret G, Guyon D and Garnier
J (1991) Restoration of thylakoid appression by �3-trans-
hexadecenoic acid-containing phosphatidylglycerol in a mutant
of Chlamydomonas reinhardtii. Relationship with the regulation
of excitation energy distribution. Biochim Biophys Acta 1059:
286–292

Valerio M, Haraux F and de Kouchkovsky Y (1992) An attempt
to discriminate catalytic and regulatory proton binding sites in
thiol-reduced, membrane-bound, chloroplast ATPase. Biochem-
istry 31: 4239–4247

Vernotte C and Moya I (1973) Action de la température sur la
durée de vie de fluorescence de la C-phycocyanine en solution.
Photochem Photobiol 17: 245–254

Vernotte C, Etienne A-L, Briantais JM (1979) Quenching of the
System II chlorophyll fluorescence by the plastoquinone pool.
Biochim Biophys Acta 545: 519–527


