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Abstract: - )

Photosystem II is a multisubunit pigment-protein complex embedded in the thylakoid
membrane of oxygenic photosynthetic organisms. Its main function is the light-induced oxidation of
water to protons and molecular oxygen, as well as the reduction of plastoquinone to plastoquinol.
The ca zdc site for water cleavage is consisted of a cluster of four protein-bound manganese jons,
whose redox functioning is rcgulatcd by protcin componcnts and furthcr inorganic cofactors. This
delicately bulunecd wnchinery is very seusitive o various envirommental fctons which inciude Light
(both in the visible and ultraviolet spectral rangc), heat, cold and heavy metals. PSIT is also the site
of action for a large number of herbicides usecf in agriculture. A

During the project we concentratcd on various aspects of PSII functioning, and obtained the
following main results. (i) The redox cycling of the water-oxidizing cornplex is inhibited between the
$2 and S3 oxidation states in the absence of CI", and the stability of a redox-active tyrosine (Tyr-Z?,
which mediates electron transfer from the water-oxidizing complex to the reaction centre, is lasgely
increased. (ii) The 33 kDa extrinsic protein (psbO genc product) stabilizes the optimal
conformation of the catalytic Mn cluster, but not absoluiely required for water splitting. The 9 kDa
phosphoprotein is likely involved in the regulation of electron transfer between the Q4 and Qg
glu;none acceptors. The § kDa intrinsic protein (psbK gene product) has no influence on the redox
function of PSIL. (iii) Copper has an inbibitory action site al the donor side of PSIL. (iv) An
important step of visible light induced inhibition of PSII electron transfer is the modificaton of the
Q4 acceptor, which leads to triplet chlorophyl! formation in PSIL. (v) Highly damaging singlet
oxygen and free radicals are formed duhif photoinhibition by visible light, and are involved in the
destruction of J)rulciu structure of the PSII reaction centre. (vi) Ultraviolet-B light preferentially
inhibits the redox cycling of the water-splitting complea, but damages also the quinone electron
M’rﬁsmn and the redox :ctivczrosims.‘ vii) Site specific mutations around the Qp bindiag site in
the D1 protein (Ser264Ala, Ser264Pro, Ala263Pro, Val219llc, Ala251Val) were characterized and
shown to induce changes in herbicide biuding and lead to herbicide resistance.
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pan 2

GBJECTIVES/METHODOLOGY R
ot {proposed at the time of the submission of the research proposal)

LT e

The oxygen evolving complex of Photosystcm 1T catalyzes the four-electron oxidation of
water, forming oxygen and releasing protons in the inner side of the th{lakoxd membrane. This
process rcaluires mangancse, calcium and chloride ligated to an ensemble of polypeptides.
Although there bad been a substantial progress in defining the polypeptide and inorganic cofactor
requirements for the photosynthetic water splitting by the time of the submission of our research
proposal, the mechanism for the water-splitting reaction and the organization of its const:tuents was
not understood in detail. Light-induced electrcn transfer from water to Ylastoqmnone is blocked by
a number of different chemicals at the binding sitc of the QB quinone clectron acceptor. These
chemicals can be used as herbicides and some of them, e.g. atrazine or fhu:on, hasa large
agriculural importance. The mode of herbicide action and the mechanism of resistance agaunst
various herbicides was an other important topic at the time whca our proposal was submitted.

The proposed research was intended 10 investigate the mechanism of photosynthctic water
uxidation, and to get a better understanding of the rolc of inorganic cofactors and protein
constitucnts in thic process. An other aim was to study the propertics of the herbicide binding site in
PSIL A furthcr wajor obiective of the research was to strengthen the collaboration between the two

artners of the project (Or. Imre Vass in Szeged, Ilungary and Dr,. Demctrios Ghanotakis,
Ynklion. Crete) by introducing new methods and experimental techniques in each others
laboratories.

For thc cxperiments we planned to use and characterize various PSII preparations, which
ure develuped or modified by our collaborating partner in the project, at the University of Cretc.
These preparations included PSIT enriched membianes, a bi h‘)y active PSII core complex
(consisting the D1 and D2 reactivu centre proteins, the CP43 and CP47 chlorophyll binding
antenna proteins, cytochrome b-559 and the 33 kDa extrinsic protein) and reaction centre
complexes (consisting only the D1 and D2 proteins, and cytochrome b-559).

. In methodology we planncd to apply various optical spectroscopy techniques
(thermoluminescence, chlorophyll fluorescence) in combination with EPR spectroscopy, flash-
oxygen polarography acd protein analysis methods.

The three focal points of the proposed research were:

A, Characterization of the oxygen evolving complex: The role of the inorganic cofactors and polypeptide
constituents. O.xygen evolution, thermoluminescence and fluorescence induction measurements
were plar=ed in PSII preparations from which chloride or calcium was selectively removed or

rcplg:;d by othe: jous, or from which diffcient pulypeptides weie semoved by biochenichal
methods.

B, Characterization of electrun transport activity in the various PSI preparations. Fluorescence,
thermoluminescence and oxygen measurements were planned to obtain information about electron
transport activity in the various preparations and about the role of various polypeptides in the
charge separation process.

G, Characterization of the herbicide binding site of PSII. Isolation and charactcrization of core- and

reaction centre complexes were planned from herbicidc resistant plants by using fluorescence,
thermoluminescence and oxygen measurements.

]
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RESULTS

{comparc agalnst the set objectives)

‘When the proposal was submitted, our group in Szeged had mainly biophysical background
and instrumentation, with limited experience in biochemical isolation techniques and protein
analysis methods. During the project we utilized the collaboration with the biochemically oriented
Crete group, and established methods for isolation of PSLI corc- and reaction centre complexes as
well as for gel electrophoresis of PSII polypeptides. On the other hand, we helped the members of
the Crete group in applying thermoluminescence to characterize various PSII preparations.

Besides the mumnal methodological benefits, the project has yiclded a number of important
results, most of which are already published in high quality international journals (listed on page 6
and cited below). These results are the following, as arranged according to the three focal points of
the planned research:

A, Charactcrization of the axygen cvolving compicx: The role of the inorganic cofactors and
polypeptide constitucnts, (i) Our results show that in the absence of chloride the redox cycling of the
water-oxidizing complex is inhibited between the S, and Sy oxidation states, and the stability of '?r—
Z is inaessed 1n PSU enriched membranes from spinach {11]. For studying the role of polypeptide
components, we used genetically modified cyanobacterium mutants. This way, it was to
study the role of both extrinsic and transmembrane proteins, which can not he removed by the
originally planned biochemical methods. We have sgown that (i) the 33 kDa extrinsic protein (psbO
gene product) stabilizes the optimal conformation of the catalytic Mn cluster, but not absolutely
required for water splitting [li (iti) the 9 kDa pliosphuprutein (psbH gene product) is likely iovolved
in the regulation of clcctron transfer between the Q4 and Qg quinone acceptors [3), and (iv) the S
kDa intnnsic protein component (psbK gene product) has no influence on the redox function of PSTI

[8].
B, Characterization o{ electron transport activity in the various PSII preparations. The original
idea for this point was to perloin a geucral characterization of different PSH preparations i order
10 get background information for further studies. Besides doing that, we studied the mechanisms of
inhibition of oxygen evolution by various environmental factors &hcavy metals, visible light, ultravi-
olet-B light). These studies provide information not only about the wuy of dumaging PSII, but also
help to understand the functioning of intact PS1l centers.

(i) Copper has been known to inhibit PSII electron transport, but its action site within PSII
was debated. The group of Dr. Ghanotukis in Crete has developed a method to produce purified
PSII membranes which bound externally added copper, that can subsequently be semoved. From the
characterization of these samples, whicg was performed partly in Crete and partly in Szeged, we
could show that one action site of cupper is located at the donor side of PSII, most likely at the level
of Tyr-Z [15). (ii) One of the environmental factors 1o which PSII is very sensitive is light itself. By
using isolated PSII membranes we showed that an important step of photoinhibition is the
modification of the Q4 acceptor, which leads to triplet chlorophyll formation in PSII {;4.6]. We have
also showa that highly damaging singlet oaygen au-f free radicals arc furimed during photoinhibition,
and involved in damaging the protein structure of the PSII reaction centre [10,12,13 . (u&l’ree
radical formation was also dewmonstrated during heat treatment of thylakoids [2,5]. (iv) Ultraviolet
llﬁ:u is an other imporiant damnaging factor of PSII. We demonstrated that UV-B light preferentially
inhibits the redox cycling of the water-splitting complex, but dumages also the quinone electron
acceptors and the redox active tyrusines [7,14,16). We have also identified the site of UV-B induced
cleavage of the D1 protein in the middle of the second uausmembrane helix {9).

C, Chwucterizution of the herbicide binding site of PSI1. Thiy problesn was uriginally planued
10 be approached by measurements in isolated PSII preparations. In this line we have shown that (i)
UV-B irradiation modifics the herbicide binding sitc, and deercases the binding affinity of diuron
{7}. During the project, site directed mutants of green algae and cyanobacteria iavc also became
availablc for us, with modified aminoacid residues around the QB (herbicide binding) sitc on the D1
protein, which were utilized for further studies on the herbicide binding site. (ii) Thermolumines-
cence and flash oxygen characterization of Ser264Ala, Val219lle and Ala251Val mutants of Chlumy-
domonaus reinhardtii indicated a decreased redox potential of QB, and decreased affinity of
herbicide binding, and a modification of the donor side compunents of PSII [manuscrirt in
preparation]. Replacement of Ser264 or Ala263 1o Pro in Synechocystis 6803 induces also herbicide
resistance and indicates that not only Ser264 but Alu263 is un important part of the herbicide
binding niche [munuscript in preparation].
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Work plan and time schedule

(originally envisoged)

In the original workplan oxygen evolution, thermoluminescence, fluorescence induction
measurements wcre proposcd in various, biochcmically modificd PSII preparations.

The basic share of work between the Szeged and Iraklion groups was Flanned in a way that
most of the biochemical preparations will take place in Iraklion, while most of the biophysical
measurements will be performed in Szeged.

The potential time schedule, proposed at the time of submitting the proposal is shown

below.

1st year 2nd year 3rd ycar
Oxygen evolution : < >
Electron transport: <— >

Herbicides < S
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Project landmarks. duration of individual 1asks (usc bar Chorts]: evalualion criteria {publicaticns.
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The actual time schedule followed essentially the one originally planned. There was one
important difference in methodology as compared to the proposed one. By the time the project
started, and also during the project, a number of very interesting genctically modificd algal and

rial mutants became available for us. These mutants provided an alternative, and very
efficient way for modifying the structure cf the PSII complex Thus many of the experiments were
performed with the mutants to complement the studies with the biochemi modified PSL
preparations. Thi¢ approach was very important in studying the rolc of the polypeptide constituents
of PSII and mapping the herbicide binding site. This way, the actually performed work proceeded far
beyond that planned at the submission of the proposal. .

There was an important improvement in the subject of the studies as well. In the original
workplan, the main emphasis was put on a general characterization of various PSII pre ons, in
order to obtain information that can be utilized in later experiments. During the a work these
studies were combined with exploring the dangin,lghmechanism of very imporant environmental
factors (heavy metals, visible and ultraviolet light) that inhibit the function of PSII and the water-
splitting activity and destroy its protein structure. Thus, besides reaching the originally planned aims
concerning the characterization of PSII functioning, it became possible to get important information
about the inhibition of PSI by the above enviromucntal factors.

The timne schedule of work performed by the Szegcd group is the following:

1st year 2nd year 3rd year
Development of biochemical techniques: Qo>

Role of chloride in oxygen evolution: Cmemmen >

Role of protein constituents: Coomremmmr >

Capper wnhibition of PSII: C—wemcom- >

Mechanism of visible photoinhibition: < —— e —————— -
Mechanism of ultraviolet photolnhibitiva: P S, >
Characterization of herbicide binding: Comrmrmmc e aeeee ->

We consider the profect very successful. This is clcarly demonstrated by the 14 papers, already
published in international journals and books form the results, and 3-4 manuscripts being under
preparation. The experience gained by our group in Szeged by establishing a number of biochemical
techniques through the collaboration is also considerablc, and will have a long lasting impact on our
scientitic potential.

The work during the project was done mainly in the respective laboratories of the Szeged group.
In addition, threc successful visits were realized 1o each others laboratories. In the first year 0
Sass, a Ph.D. student from Swﬁfd' spent one month in Iraklion learning isolation techniques. In the
sccond year Nikos Lydakis, a Ph.D. student from Iraklion spent onc month in Szeged, performing
oxygen and thermoluminescence characterization of a number of PSHI preparations from the
Iraklion group, and studying the inhibitory effect of copper in PSIJ, In the third year Dr. Imre Vass,
the coprincipal investigator from the Szeged group, spent two weeks in Iraklion performing EPR
experiments on the mechanism of UV-B photoinkibition.

P
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