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Ab stract
Photosystem II re ac tion cen tre absorbance and cir cu lar
dichroism spec tra were cal cu lated us ing point-di pole ap -
prox i ma tion and com pared with ex per i men tal data. Light
in duced dif fer ence spec tra and their cal cu lated coun ter -
parts re vealed the lo ca tion of ac cu mu lated chlo ro phyll cat -
ion at the po si tion Chl1 - the ac ces sory chlo ro phyll at D1
sub unit. 

In tro duc tion

Photosystem II is a pig ment-pro tein com plex of thylakoid
mem brane of cyanobacteria, al gae and higher plants. It per -
forms se ries of light driven re ac tions, which re sult in a sep -
a ra tion of charge and sub se quently in a re duc tion of an
elec tron-trans port chain and wa ter ox i da tion. Pri mary site
of the en ergy con ver sion is lo cated in a so-called re ac tion
cen tre. In its sim plest form the re ac tion cen tre con sists of a
heterodimer of D1 and D2 pro teins with two sub units of

cytochrome b559 a and ß [1, 2]. Iso lated RC binds 6 mol e -
cules of chlo ro phyll, 2 pheophytins, 1 or 2 mol e cules of
ß-car o tene and an atom of non-heme iron [3, 4]. In spite of
a great ef fort there have been lit tle suc cess re solv ing the
atomic struc ture of PSII RC. There fore, many of the struc -
tural and func tional data have been ob tained by com par ing
the PSII RC with very sim i lar re ac tion cen tres of pur ple
bac te ria. It led to sev eral struc tural mod els, which are
based on a homology be tween pur ple bac te ria and PSII RC
[5, 6]. Re cently, struc ture of the PSII com plex iso lated
from cyanobacteria Synechococcus elongatus has been
pre sented at the res o lu tion of 3.8 A [7]. Such res o lu tion
gives the idea of ori en ta tion of pro teins, po si tion of most of
the pig ments and other co factors and over all shape of the
sys tem. How ever, the ori en ta tion of pig ment di poles is still
un known. 

In this re port we have com bined the struc tural model
pro posed by Svens son et al. [5] and the struc ture pre sented
by Zouni et al. [7]. Us ing this model we have cal cu lated the
absorbance and cir cu lar dichroism spec tra and com pared
them with the ex per i men tal results. 

Ma te ri als and Meth ods

All PSII RC were iso lated from 14 days old pea plants
(Pisum sativum). PSII RCs con tain ing 5 chlo ro phyll mol e -
cules per two pheophytins were iso lated ac cord ing to
Vacha et al. [8]. PSII RCs con tain ing 6 mol e cules of chlo -
ro phyll per two pheophytins were iso lated from PSII core
par ti cles by short Tri ton X-100 treat ment [9] with slight
mod i fi ca tion. As a start ing ma te rial we have used PSII core 
par ti cles iso lated ac cord ing to Ghanotakis et al. [10]. PSII
core par ti cles were in cu bated with 1% Tri ton X-100 for 20

min utes in dark at 4 °C and than sep a rated on a Q Sepha -
rose col umn. Af ter wash ing the un bound ma te rial from col -
umn with a wash ing buffer 50 mM MES, 0.02% DM, pH
6.5 the PSII RC were eluted with a gra di ent of 0 - 200 mM
MgSO4 in the wash ing buffer. PSII RC was de tected ac -
cord ing to their char ac ter is tic absorbance spec tra.

For all spec tro scopic mea sure ments sam ples were di -

luted to the fi nal con cen tra tion of ~ 10 mg Chl . ml-1 in a
buffer con tain ing 50 mM MES, 0.02% DM at pH 6.5. For
low tem per a ture spec tra glyc erol was added to the sam ple
to a fi nal con cen tra tion of 65 % (v/v). 

Absorbance spec tra were mea sured on Unicam 500
spectrophotometer (Spectronic Unicam, Cam bridge, UK),
spec tra of cir cu lar dichroism were re corded us ing JASCO
J-715 spectropolarimeter (JASCO Cor po ra tion, To kyo,
Japan).

The light-in duced ox i da tion of chlo ro phyll of the RC
pri mary do nor was mea sured in the pres ence of silico -
molybdate (SiMo) at a con cen tra tion of 200 mM. The spec -
tra of light-in duced absorbance and cir cu lar dichroism
changes were re corded ac cord ing to Vacha et al. [11].

Low tem per a ture spec tra were mea sured in an Ox ford
Optistat Bath cryostat (Ox ford In stru ments, Oxon, Eng -
land), tem per a ture in the cryostat was con trolled by an Ox -
ford Tem per a ture Con trol ler ITC 503 (Ox ford In stru ments, 
Oxon, England).

For the pig ment mod el ling and align ment we have used
Swiss PDB Viewer pro gram ver. 3.7 [12]. The files of
struc tural data were down loaded from the Pro tein Data
Bank (http://www.rcsb.org/pdb/) in the .pdb for mat. 

Absorbance and CD spec tra were cal cu lated by
point-di pole ap prox i ma tion [13]. 
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Re sults and Dis cus sion

In this re port we com bine the ex per i men tal and the o ret i cal
ap proach in or der to study the prop er ties and func tion of
the PSII RC pig ments. We com pare the data of absorbance
and cir cu lar dichroism spec tros copy with those cal cu lated
on the ba sis di pole-di pole in ter ac tion from a "com bined"
model. As the ground for our cal cu la tions we have used the
PSII RC model of Svens son et al. [5]. This model is based
on the anal ogy be tween pur ple bac te ria and PSII re ac tion
cen tres and it was op ti mised to fit the ex per i men tal spec tro -
scopic data. How ever, it lacks the pe riph eral chlo ro phyll
mol e cules (Chlz) since they are also not pre sented in the
pur ple bac te ria RC. Us ing Swiss Pdb Viewer pro gram [12]
we have aligned the po si tion of the PSII RC pig ments of the 
the o ret i cal [5] model (file ID - 1DOP) with the po si tions of
pig ments of the PSII RC from the struc tural data (file ID -
1FE1) re ported by Zouni et al. [7]. Com bi na tion of these
two struc tures gives us a new "com bined" model. For such
"com bined" model we have used the po si tion and ori en ta -
tion of the core pig ments from the 1DOP model, how ever,
sup ple mented with the po si tion and ori en ta tion of the pe -
riph eral chloro phylls from the struc tural data 1FE1. Even if 
in 1FE1 file the res o lu tion of the X-ray struc tural data is not 
suf fi cient to re solve the ori en ta tion of the di pole mo ments
of the pig ments the pyrrol rings of the chlorines are la belled 
ac cord ing to IUPAC stan dard there and we have used this
la bels to de ter mine the ori en ta tion of the pig ment di poles.
It must be stated, how ever, that in the case of the pe riph eral
chlo ro phyll mol e cules nei ther the ori en ta tion nor the po si -
tion fur ther from the PSII RC, than it is in the 1FE1 struc -
ture, has an in flu ence on the cal cu lated absorbance or CD
spec tra. 

Fig ure 1A shows the absorbance spec tra of the PSII RC
con tain ing 6 and 5 chlo ro phyll mol e cules to gether with the
cal cu lated spec tra. The cal cu lated spec tra rep re sents the
PSII RC based on the "com bined" model with all 6 chlo ro -

phyll mol e cules and with the PSII RC where one of the pe -
riph eral chlo ro phyll is miss ing. The shape of the cal cu lated
spec trum of the 5 chlo ro phyll PSII RC is in de pend ent on
the po si tion (ei ther Chlz - D1 or Chlz - D2) from which the
pe riph eral chlo ro phyll was dis posed. The cal cu lated spec -
trum for the 6 chlo ro phyll PSII RC fits well the ex per i men -
tal data. It the case of 5 chlo ro phyll PSII RC the cal cu lated
spec trum has less in ten sive shoul der at 670 nm com pare
the ex per i ment. In the case of the ex per i men tal data the
670 nm shoul der of the 5 chlo ro phyll PSII RC is about one
third less in ten sive com pare to the 6 chlo ro phyll PSII RC
[14], in the case of the cal cu lated data the 5 chlo ro phyll
PSII RC has the 670 nm shoul der about half in ten sive com -
pare to the cal cu late 6 chlo ro phyll PSII RC. 

Fig ure 1B shows the CD spec tra of the 6 chlo ro phyll
PSII RC com pared with the cal cu lated CD spec tra of the
"com bined" model. The cal cu lated CD spec tra of the "com -
bined" model are al most iden ti cal whether cal cu lated with
6 chlo ro phyll or with the 5 chlo ro phyll PSII RC where any
of the pe riph eral chlo ro phyll Chlz de pleted. The max i mum
of the pos i tive peak in both ex per i men tal and cal cu lated
CD spec tra is at 681 nm, the min i mum of the neg a tive peak
is 664 nm for the ex per i men tal and 668 nm for the cal cu -
lated spec trum. The ra tio of the am pli tude of the pos i tive to
neg a tive peak is for the ex per i men tal data 6.95, for the cal -
cu lated spec tra 1.33. 

Fig ure 2 shows the light in duced absorbance dif fer ence
spec tra of the PSII RC in the pres ence of ar ti fi cial elec tron
ac cep tor SiMo mea sured at tem per a tures of 273 K and 77
K to gether with the cal cu lated absorbance dif fer ence spec -
tra for the PSII RC where one par tic u lar chlo ro phyll mol e -
cule is omit ted from the cal cu la tion. The num ber of the
omit ted chlo ro phyll is in scribed in the ti tle of par tic u lar
plot. The no men cla ture of chloro phylls in the PSII RC is as
fol lows. Chl1 - ac ces sory chlo ro phyll on the D1; Chl2 -
chlo ro phyll li gated to the His198 on D1; Chl3 - chlo ro phyll 
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Fig. 1. Com par i son of mea sured and cal cu lated absorbance and cir cu lar dichroism spec tra. A - absorbance spec tra mea sured 
on 6 chlo ro phyll (dot ted line) and 5 chlo ro phyll (dash-dot ted line) re ac tion cen tres com pared with cal cu lated spec tra of 6
chlo ro phyll (solid line) and 5 chlo ro phyll (dashed line) re ac tion cen tres. B - cir cu lar dichroism spec tra of 6 chlo ro phyll re ac -
tion cen tres mea sured at 273 K (solid line) and 4 K (dashed line) com pared with cal cu lated spec tra (dot ted line).



li gated the teh His198 on D2; Chl4 - ac ces sory chlo ro phyll
on the D2; Chl5 - pe riph eral chlo ro phyll Chlz on the D1;
Chl6 - pe riph eral chlo ro phyll Chlz on the D2. Fig ure 2A in -
di cates that the ex per i men tal and cal cu lated data are most
sim i lar in the case when the Ch1 chlo ro phyll mol e cule is
miss ing. This would re flect the fact that chlo ro phyll cat ion
is ac cu mu lated on the ac ces sory chlo ro phyll on D1 pro tein
dur ing the charge sep a ra tion in pres ence of SiMo. 

This is also sup ported by the com par i son of the re -
corded and cal cu lated dif fer ence CD spec tra as it is rep re -
sented at fig ure 3. Alike in the case of absorbance spec tra
the ex per i men tal CD spec trum matches the cal cu lated one
only in the case when the D1 ac ces sory chlo ro phyll (Chl1)
is omit ted from the calculation.

This work was sup ported by grants MSMT LN00A141,
GACR 206/02/0942, GACR 206/02/D177.
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Fig. 2. Light in duced (light mi nus dark) absorbance dif fer ence spec tra of re ac tion cen tre of photosystem II mea sured at 273 K (solid
lines) and 77 K (dashed lines) com pared with cal cu lated absorbance dif fer ence spec tra (dot ted lines). The cal cu lated spec tra were ob -
tained by sub tract ing the orig i nal full pig ment spec tra from spec tra where one par tic u lar chlo ro phyll pig ment (num bered in the in di -
vid ual fig ures as Chl1-6) was omit ted from the cal cu la tion. 
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Ab stract
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).

Ma te rial and Meth ods

Liposomes were pre pared ac cord ing to [3]. PS2 core com -
plexes, pre pared es sen tially as in [4], were re con sti tuted
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Fig. 3. Light in duced (light mi nus dark) cir cu lar dichroism dif fer ence spec tra of re ac tion cen tre of photosystem II mea sured at 
273 K (solid lines) com pared with cal cu lated cir cu lar dichroism dif fer ence spec tra (dot ted lines). The cal cu lated spec tra were
ob tained by sub tract ing the orig i nal full pig ment spec tra from spec tra where one par tic u lar chlo ro phyll pig ment (num bered in
the in di vid ual fig ures as Chl1-6) was omit ted from the cal cu la tion.


