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Editor Photosynthetica

Research programs
Achievements
From  1979  till  1994(5)  the  chair  of  (biophysical)  plant  physiology  at  the
Wageningen  Agricultural  University  (since  2000  renamed  as  Wageningen
University  and  Research  (WUR))  has  focused  its  research  primarily  on  the
interaction of plants with light as a source of energy (photosynthesis) and of
information (photomorphogenesis), with special emphasis on the molecular, (bio-
)physical and (eco-) physiological aspects thereof. After the merging in 1993 of
the till then existing two physiological departments in the new department of
Plant Physiology, the emphasis of the chair has become limited mainly to the field
of photosynthesis. Research on photomorphogenesis) is now continuing within the
research theme Regulation and Differentiation.
Research projects on photosynthesis have been:
Electrogenesis, energy trapping and energy coupling in chloroplasts.
The chloroplast is a perfect model of a photoelectric energy transducer. Changes
in the photocurrent profiles (amplitude, rate constant) caused by single turnover
or continuous energisation point amongst others to changes in conductance of
longitudinal  lumenal  and  stromal  phases  of  the  intensity  folded  thylakoid
membrane system. They are found to be accompanied by changes of the internal
chloroplast structure as concluded from EM micrographs. The dynamic properties
of the thylakoid are apparently of importance for spatial distribution of generated
currents and consequently for the bioenergetic performance of the plastid.
Transit sequence-triggered responses in chloroplast envelope membranes
The project aims at getting information on the nature of the membrane responses
that  are  associated  with  and/or  involved  in  the  recognition  and  following
translocation of the precursor across the envelope.
Photosystem II of photosynthesis in chloroplasts
Photosystem  II  not  only  selectively  senses  but  also  adapts  efficiently  to
environmental  stressors.  Study  of  photometric  properties  of  PSII  in  vivo
(fluorescence, luminescence, absorption) offers a sensitive means to study the
impact  of  and  defensive  strategies  of  plants  against  environmental  factors
(coordinated by Dr. J.J.S. van Rensen)
UV-B interaction with plants
Research  focusses  on  three  aspects  of  this  interaction  (i)  identification  of
protective mechanisms,(ii)  elucidation of the role of protective mechanisms in



plant and ecosystem productivity, and (iii) PSII as a target for UV-B radiation

Regulation of photosynthesis in vivo
Modelling  of  photosynthetic  light-  and  dark  reactions  and  their  feed-back
interactions is used as a means to simulate the potential and time response of
energy production Photosynthetic energy conversion in phytoplankton
The efficiency of photosynthesis, as measured with chlorophyll fluorescence, is
documented  to  be  a  good  measure  for  the  efficiency  of  CO2-uptake  or  O2-
production in (a population of) marine algae and cyanobacteria. (coordinated by
Dr J.F.H. Snel)
Current Research and Prospects
After the expiration of the chair of plant physiology (physical aspects) in 1998 the
biophysical research on the key role of the photosynthetic membrane in primary
and secondary energy conversion reactions is continued on a free lance basis (so-
called  0.0  appointment)  and  carried  out  in  cooperation  with  the  biophysical
research groups in Moscow (Alexander Bulychev) and in Trebon ( Ondrej Prasil)
and Novy Hrady (Lada Nedbal).
Renewed focusing on fluorescence measurements and techniques has been (re-
)started by me in the late 90’s when photocurrent measurements with single
turnover  excitations  in  dark adapted intact  chloroplasts  showed evidence for
photo-electrochemical  control  of  the  fluorescence  yield  of  photosystem  II
(Bioelectrochemistry 54, 2001, 157-168). A new theoretical three-state trapping
model (TSTM) of PS II was developed and applied to allow quantitative analysis of
fluorescence (and photo-electrical) behavior in intact leaves, for which current
‘classic’ views, models and interpretations are inadequate. TSTM can do the job
properly  with  relevant  physical  and  physiological  parameters.  The  model  is
described extensively in chapter 6 in the handbook ‘Çhlorophyll fluorescence: a
signature  of  photosynthesis’  (eds.  Govindjee  and  George  C.  Papageorgiou),
Springer Dordrecht, the Netherlands (see Bibliography).
Using twin single turnover flashes (TTFs) we have found that the fluorescence
increase in plant choroplasts induced by the first twin-partner is followed by an
increase of approx. similar size when the second partner is applied within 30 to
100 µs after the first one. The amplitude of the twin response, the maximum of
which corresponds with Fv/Fm ~ 0.8, shows a pronounced 4-periodic oscillation
associated with the 4-step oxidation of water in the Kok cycle (S states) and
titrates with a life time of a trapping competent state of 200 to 300 µs.



Our results demonstrate that PSII acts as a two photon trapping entity This has
far-reaching consequences for  current  views on so called intersystem energy
transfer  (connectivity)  between  PSII  units  and  on  PSII  heterogeneities  with
amongst others characteristics  and properties of  functional  PSUs different in
antenna size or electron transport activity. It is anticipated that double exciton-
and  electron  trapping  in  PSII  is  advantageous  for  the  plant.  It  serves  the
depression  of  electron  transport  in  QB-nonreducing  RCs,  associated  with
electrochemically coupled proton transport, by an increased electron trapping
efficiency in these centers (see Bibliography).
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International cooperations
Research  Cooperation  Russia  and  The  Netherlands  (NWO-program
047.01.008.96)
Program:  Diagnostics  of  Photoelectric  Phenomena  in  Plant  Chloroplast
Membranes  in  Relation  to  Photosynthetic  Biomass  Production
Participants:
Moscow State University, Biophysics Department
Russ. Acad. Sci., Laboratory of Membrane Biophysics, Institute of Photosynthesis,
Puschino
Moscow I.S. Sechenov Medical Academy, Department of Medical and Biological
Physics

Joint Research with Biophysics Groups  in Czech Republic (partly financed by the
Academy of Sciences of the Czech Republic and by the Grant Agency of the Czech
Republic)
Program:  Fluorescence  Kinetics  in  Single  Turnover  Flash  Trains  of  variable
Length and Frequency in Plant Chloroplasts
Participants:
·University of South Bohemia, Faculty of Biology , Ceske Budejovice,
·Inst.  of  Microbiology,  Academy  of  Sciences  Czech  Republic,  Laboratory  of
Photosynthesis, Trebon, Czech Republic
Institute of Physical Biology of the University of South Bohemia, Nove Hrady
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