
force field does n't con tain force con stants needed to de -
scribe the mod i fied parts of the phosphonate analogs  [9].
The com ple tion was made on the base of ab in itio cal cu la -
tions [3]. 
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Most re cent struc tural data on photosystem 2 (PS2), the
first mem brane pro tein com plex in the photosynthetic elec -
tron trans port chain, con firm that this com plex ex ists as a
func tional dimer in the thylakoid mem brane of cyano -
bacteria [1, 2]. Be sides the mem brane em bed ded part of
this dimer with di men sions of 190 C x 100 C x 40 C, this
com plex also ex tends about 10 C out of the mem brane in
the stromal re gion and 55 C in the lu men; the lat ter is re -
ferred to as the ox y gen evolv ing com plex, har bour ing the
wa ter-split ting site. De vel op ing an approriate method to re -
con sti tute dimeric PS2 into liposomes should fi nally help

to an swer the fun da men tal ques tion con cern ing its struc -
ture-based func tion: Is a dimeric struc ture a pre req ui site for 
op ti mal wa ter-split ting ac tiv ity (monomeric com plexes,
solubilized by de ter gent, are ac tive, too, al though at a lower 
level) and which is the im pact of the lipid-phase-com po si -
tion on the wa ter-split ting ac tiv ity? Here we pres ent data
on the ori en ta tion of re con sti tuted dimeric PS2 from the
cyanobacterium Thermosynechococcus elongatus and also
give in di ca tions for its ac tiv ity within the liposomes and
mono mer-dimer dis tri bu tion (by EM anal y sis).
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THEORETICAL MODEL OF CU(I)/CU(II)
HYDRATION UNDER THE INFLUENCE OF
VARIABLE LIGAND FIELD
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An ab in itio sec ond-or der per tur ba tion the ory (MP2) and
DFT cal cu la tion were per formed on the cop per mono -
valent and di va lent cat ions. Dif fer ent num ber of the wa ter
mol e cules was con sid ered for the pure Cu(H2O) n

m+  ions
where n = (1 to 6), m = 1 or 2. In the next step, cop per com -
plexes with four and six lig ands were re garded where the
num ber of the am mo nium mol e cules was var ied. As a fi nal
step com plexes of Cu-gua nine with 5 wa ter mol e cules
were cal cu lated. 

Pure cop per hydration clearly shows that while Cu(II)
com plexes are rel a tively good sta bi lized up to co or di na tion 
with six wa ter mol e cules, the Cu(I) cat ion pre fers only
two-wa ter co or di na tion when elec tron-cor re la tion ef fects
are in cluded. The other wa ter mol e cules leave to sec ond
hydration sphere. Some in ter est ing the o ret i cal con se -
quences ap pear when only Hartree-Fock level is taken into
account.

Un der the am mo nium sur round ing, the in di vid ual sta -
bil i ties are changed but all qual i ta tive con clu sions found
for pure wa ter com plexes re main valid. Also, some small
changes in ge om e tries are ap par ent as a con se quence of
dif fer ent ligand strength of the ammonium molecule.

A slightly stron ger ligand - gua nine in N7 site also pre -
fers two co or di nated Cu(I) com plex with the other wa ter
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es caped from first hydration sphere of Cu cat ion. In ter est -
ing fea ture, from the struc tural point of view, can be re -
garded as the po si tion where the other wa ter mol e cules are
placed in com par i son with the hydration of the plain gua -
nine mol e cule. On the con trary, hy drated com plex
Cu(II)-gua nine ex hib its the larg est sta bi li za tion among all
the studied Cu complexes.

ELECTRON MICROSCOPY AND SINGLE
PARTICLE ANALYSIS OF PHOTOSYSTEM II
FROM RED ALGA PORPHYRIDIUM
CRUENTUM
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1Faculty. of Bi o log i cal Sci ences, Uni ver sity of South Bo -
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Photosystem II (PSII) is a multisubunit pig ment-pro tein
com plex em bed ded in the thylakoid mem branes of higher
plants, al gae and cyanobacteria [1-3]. It per forms se ries of
pho to chem i cal re ac tions re sult ing in the re duc tion of
plastoquinone, the ox i da tion of wa ter, and the for ma tion of
a transmembrane pH gra di ent. The es sen tial com po nents of 
the PSII com plex are in trin sic mem brane pro teins that are
al most iden ti cal be tween cyanobacteria and higher plants:
they in clude the D1 and D2 re ac tion cen ter pro teins, chlo -

ro phyll a-bind ing pro teins CP47 and CP43, a and b sub -
units of cytochrome b-559 (cyt b-559) and sev eral
low-mo lec u lar weight pro teins with un known func tions [3, 
4]. 

In ad di tion, there are ex trin sic pro teins as so ci ated with
PSII, which play im por tant roles in main tain ing the func -
tion and sta bil ity of the ox y gen-evolv ing com plex [5]. As
both cyanobacteria and higher plants con tain 33-kDa ex -
trin sic sub unit they dif fer in com po si tion of the other
lumenal sub units. While higher plants and green al gae con -
tain the 23 and 16 kDa ex trin sic sub units, in cyanobacteria,
these pro teins are re placed by an other two pro teins coded
by psbU and psbV gene (cyt c550 and 12-kDa sub unit) [6].
Red al gal PSII com plex has a 20 kDa pro tein in ad di tion to
the three cyanobacterial pro teins [7]. Re cently, struc ture of
the PSII com plex iso lated from two cyanobacterial strains
has been pre sented [8,9]. These mod els give the idea of the
ar range ment of the in trin sic and ex trin sic sub units. How -
ever, a lo ca tion of the 20 kDa ex trin sic sub unit within the
red al gal PSII is still un known.

I this re port we pres ent pre lim i nary re sults on lo cat ing
the the 20 kDa ex trin sic pro tein us ing a trans mis sion elec -
tron mi cros copy and sin gle par ti cle im age anal y sis of neg a -
tively-stained prep a ra tions of Photosystem II iso lated from
a red alga Porhyridium cruentum.

The PSII com plex was iso lated from thylakoid mem -
branes from P. cruentum. Su crose den sity gra di ent centri -
fugation of thylakoid mem branes solubilized with

b-dodecylmaltoside re sulted in the sep a ra tion of three
green bands. On the ba sis of pro tein com po si tion, ab sorp -
tion and 77K flu o res cence emmision spec tra, the low est
green band was used for fur ther iso la tion of the PSII com -
plex. This crude PSII ex tract were solubilized with ß-dode -
cylmaltoside and loaded on DEAE-Sepharose CL-6B
col umn ac cord ing to [7]. The pu ri fied PSII com plexes were 
eluted with 200 mM NaCl and an a lyzed. 

Elec tron mi cros copy was per formed with a Philips

TEM 420 at mag ni fi ca tion of 60,000´. The PSII com -
plexes were ap plied on the glow dis charged car bon-coated
cop per grids and neg a tively stained with 2% ura nyl ac e tate. 
The im age anal y sis was car ried out with SPIDER soft ware
ac cord ing to [10]. A to tal num ber of 253 sin gle par ti cle
top-view pro jec tions were ex tracted from 14 neg a -
tively-stained elec tron mi cros copy im ages. The av er aged
top-view pro jec tion of PSII com plex in di cated a trap e zoid

par ti cle with a di men sion of 21´ 13 nm (Fig 1). Al though
no sym me try has been im posed dur ing the im age anal y sis
clearly two-fold ro ta tional sym me try around the cen ter of
the com plex is vis i ble in di cat ing the dimeric na ture of the
PSII com plex. This re sult is con sis tent with sim i lar PSII
prep a ra tions from both cyanobacteria and higher plants
sug gest ing the PSII com plex is struc tur ally very sim i lar in
or gan ism per form ing oxygenic pho to syn the sis [8, 9, 11 -
13]. 

In or der to in ves ti gate the or ga ni za tion of the ex trin sic
sub units (and mainly the lo ca tion of 20 kDa pro tein) the
PSII par ti cles will be ex posed to var i ous salt treat ments
which re move the lumenal sub units. Thus, a dif fer ence
map of av er aged pro jec tions of PSII com plexes with and
with out the ex trin sic sub units would en able to de ter mine
the lo ca tion of the 20 kDa sub unit. 
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Fig. 1. Av er aged pro jec tion of neg a tively-stained prep a ra tion of
the dimeric PSII com plex iso lated from Porhyridium cruentum in 
its top-view pro jec tion (i.e. per pen dic u lar view to the thylakoid
mem brane).


