
Volume 247, number 1, 97-100 FEB 07000 April 1989 

Reversible reorganization of the chlorophyll-protein complexes of 
photosystem II in cyanobacterium cells in the dark 
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A new emission band at 673 nm was detected in the low-temperature fluorescence spectrum of dark-adapted cyanobacte- 
ria Gloeotrichiu raciborski. The excitation spectrum of this band was close to the absorbance of the isolated reaction centre 
of photosystem II. The relative intensities of the bands of chlorophyll and pheophytin in this spectrum showed the relative 
concentrations of these pigments to be about 3 : 1. The intensity of the band increased with darkness (half-time about 
2 h). Under illumination the band rapidly disappeared (half-time about 60 s). The appearance of a 673 nm band in the 
dark and its disappearance in the light were accompanied by a decrease, and, respectively, an increase in the fluorescence 

of the PS II band at 697 nm. 
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1. INTRODUCTION 

Since the detection of pheophytin for the first 
time in the active reaction centres of PS II [1,2], 
nothing is known about the mechanism of this pig- 
ment synthesis in vivo. Moreover, Pheo is a well- 
known product of Chl degradation both in vitro 
and in vivo [3-61. 

The new approach to CP separation has allowed 
one to identify the Chl fluorescence bands at 697 
and 686 nm as those belonging to 47 and 43 kDa 
proteins which seemed to be the internal and exter- 
nal antennae of PS II [7]. The isolation of the RC 
from this PS, which was localized in Dl-D2 pro- 
teins, has been also achieved [&lo]. But for some 
time the RC was assumed to be incorporated in 
47 kDa CP [7]. In order to solve this problem, the 
study of the arrangement of these proteins in the 
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cell should be performed. Fluorescence mea- 
surements seem to be the most convenient for this 
purpose. The fluorescence of Dl-D2 proteins in 
situ, however, has not been detected yet, although 
they have an emission maximum, in vitro, at 
684 nm and a shoulder at about 675 nm [9]. Here 
we tried to use the difference fluorescence method, 
which has been applied to the study of chlorophyll 
biosynthesis in green leaves and chloroplasts, in 
the search of short wavelength RC fluorescence in 
living cells of a cyanobacterium. 

2. MATERIALS AND METHODS 

Cyanobacterium Gioeotrichia raciborski was cultivated for 
3-5 days in the nitrogenless liquid medium BG-11 [14] at 21 + 
l”C, under continuous illumination with luminescent lamps 
(3000 lux). The culture was collected and thoroughly 
homogenized at 4°C to obtain a uniform cell suspension. The 
suspension was spread on a membrane filter Synpor-3 
(Czechoslovakia) (with pore diameter 1.5 pm) and different 
parts of the same filter were used in the experiments. Dark in- 
cubation of the samples thus obtained was performed in Petri’s 
dishes with the cultural medium. In some experiments 0.5 g.l-’ 
chloramphenicol (Serva) or 5 mM ALA (Serva) were added: 
For the study of the effect of oxygen on phototransformations, 
the samples were transferred to vacuum vessels just before il- 
lumination and were then pumped with air or argon for 30 min. 
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After that the samples were illuminated with a tungsten lamp 
(500 lw). 

The low-temperature (77 K) emission and excitation spectra 
were recorded with a home-made fluorimeter equipped with 
two high-efficiency monochromators, a 200 W xenon lamp, 
and a photomultiplier with a S-20 photocathode. For correc- 
tion, subtraction, and differentiation of the spectra a DCSU-2 
accessory (Perkin-Elmer) was used. The optical density of the 
samples was about 0.05-0.1. 

3. RESULTS AND DISCUSSION 

Dark incubation of Gloeotrichia raciboiski cells 
for 18-24 h caused no changes in the band com- 
position of their low-temperature fluorescence 
spectrum when excited with the light absorbed by 
phycobilins (560 nm) (fig.1). Like cells cultivated 
in the light, they had intensive bands of phyco- 
cyanin (646 nm), allophycocyanin (663 nm), and 
phycoerythrin (578 nm, not shown) and also 
fluorescence bands of Chl from PS II (686 and 
697 nm) and from PS I (730 nm) [15-171. 
However, there was some decrease in the intensity 
of the 728 nm band, and an even more pronounced 

one in the 697 nm band in the dark. Under excita- 
tion with the light absorbed by Chl (436 nm), the 
emission bands 686, 697 and 730 nm are the only 
ones present in the spectra. The relative intensities 
of the bands 686 and 697 nm were independent of 
the excitation wavelength (436 and 560 nm, respec- 
tively) and they both seemed to belong to Chl- 
containing CPs. Comparison of the fluorescence 
spectra of the light- and dark-adapted cultures ex- 
cited at 436 nm showed not only the decrease in the 
intensities of the 730 and 697 nm bands, but also 
the appearance of a new band at 673 nm for dark 
cultures: this is close to that previously observed 
under dark incubation of Dunaliella cells [12]. The 
second derivative shows this new band to have a 
larger half-width than other bands of PS II (fig. l), 
and indicates that it belongs to a monomer pig- 
ment [20]. Under excitation with 465 nm light this 
band disappeared, while other fluorescence bands 
of PS II remained. The excitation spectra of 686 
and 697 nm bands for the light- and dark-adapted 
cultures were identical, which implies that they 
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Fig. 1. Low-temperature fluorescence spectra of Gloeotrichia 
raciborski cells cultivated in the light or in the dark for 20 h, at 
either 560 or 436 nm excitation. Under excitation at 436 nm the 
intensity of the long-wave band is decreased 2-fold. Bottom: the 
second derivative of the fluorescence spectrum of dark-adapted 

cells (excitation at 436 nm). recorded for emission at 640 nm. 

Fig.2. Low-temperature fluorescence excitation spectra of 
Gloeotrichia raciborski cells adapted to darkness for emission 
at 640, 673, 697 and 730 nm. The intensity of fluorescence 
excitation spectrum for the 730 nm emission band is decreased 
Sfold, and that for the 673 nm one is increased 2-fold. 
Differential fluorescence excitation spectra for the 673 and 
697 nm bands are obtained after subtracting the phycobilisome 
bands from the total fluorescence excitation spectrum. The 
fluorescence excitation spectrum for phycobilisomes was 
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belong to complexes with an effective energy ex- 
change. The excitation spectrum of the band at 
673 run (fig.2) has, alongside a Chl maximum at 
435, an intensive band at 417 nm, similar to that of 
Pheo in the difference absorption spectrum of RC 
[l]. Thus, after subtraction of the line corre- 
sponding to phycobilins excitation, the fluo- 
rescence excitation spectrum of 673 nm band was 
close to the absorption spectrum of the recently 
isolated RC of PS II [&lo]. The rather low inten- 
sity of carotenoid bands in the excitation spectrum 
as compared to the absorbance seems to be due to 
the low efficiency of carotenoids in the energy 
transfer to the RC. Moreover, the relative in- 
tensities of Chl and Pheo bands in the excitation 
spectrum of the 673 nm band (taking into consi- 
deration the molar extinction coefficients of both 
pigments [l&19]) are 2.7 : 1, which is in agreement 
with pigment composition of the electron-transfer 
chain in the RC (Chl dimer, Chl monomer, Pheo 
monomer). 

In contrast to the excitation spectrum of 
fluorescence of PS II, that of PS I (the band at 
730 nm) contained a long-wave Chl maximum (at 
438 nm instead of 436 nm) and pronounced 
carotenoid bands (at 468 and 510 nm). This spec- 
trum agrees with the involvement of the long- 
wavelength Chl and carotenoids in the formation 
of a broad long-wave band of low temperature 
fluorescence [20-221. 

Illumination of the dark-adapted cells led to a 
rapid disappearance of the 673 nm band, accom- 
panied by an increase in the intensity of the 697 nm 
band (fig.3). The differential fluorescence spec- 
trum showed that the 673 nm band was transform- 
ed into the 697 nm band without significant 
changes in other spectral regions. The kinetics of 
changes for both bands was the same and took 
about 3-5 min. The disappearance of the 673 nm 
band was observed in argon as well as in air, and, 
thus, was hardly due to photodestruction. 

The kinetics of the 673 nm band increase in the 
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Fig.3. Kinetics of changes in the intensities of 673 nm (-c-) and 697 nm (-a-) bands in the low-temperature fluorescence spectrutb 
of Gloeofrichiu ruciborski cells under cultivation in darkness (left) or in the light (centre). The spectra were normalized by the band 
687 nm. Mind the difference in time scales for cultivation in darkness and in the light. Intensities of the 673 (A ,0) and 697 nm 
(A ,o) bands after illumination of dark-adapted cells in air (o,o) and in argon (A , A). (Right) The difference in the low-temperature 

fluorescence spectra of cells adapted to darkness for 7 h and of cells after illumination for 30 min. Excitation at 436 nm. 
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dark was rather slow (transformation half-time 
was about 2 h), it took 7 h to complete, which is 
close to the time of Dl protein formation [13-251. 
Then, there was a slow decrease in the intensities of 
both the 673 and 697 nm bands which may be 
related to their dark destruction [5,6]. The 
presence of chloramphenicol, an inhibitor of pro- 
tein biosynthesis, considerably lowered the intensi- 
ty of the 673 nm band, making it no more than 
50% of that observed without inhibitor. On the 
other hand, the intensity of this band was much 
higher in the presence of ALA, a known substrate 
for porphyrin biosynthesis. 

It should be noted that dark incubation of cells 
(even in the absence of ALA) leads to the ac- 
cumulation of various Chl precursors, such as pro- 
toporphyrin IX and Mg-protoporphyrin IX, which 
could be revealed by measuring both fluorescence 
emission and excitation spectra of intact cells. 
However, this pigment accumulation could be 
recorded only 6-7 h after the start of the dark in- 
cubation, i.e. when the formation of the complex 
fluorescing at 673 nm was saturated. 

Thus, the data obtained show that the 
fluorescence band at 673 nm observed for the in- 
tact cells of cyanobacteria in the dark may belong 
to RC of PS II which is separated from the internal 
antenna. In this case, the mechanism of PS II 
assembly is to be studied directly in the cell. 

REFERENCES 

VI 

PI 

[31 

Klimov, V.V., Klevanik, V.A., Shuvalov, V.A. and 
Krasnovsky, A.A. (1977) FEBS Lett. 82, 183-186. 
Klimov, V.V. and Krasnovskii, A.A. (1981) 
Photosynthetica 15, 592-609. 
Siefermann-Harms, D. and Ninnemann, H. (1982) 
Photochem. Photobiol. 35. 719-731. 

April 1989 

141 

[51 

WI 

[71 

P-31 

PI 

[101 

1111 

WI 

1131 

1141 

[I51 

Ml 

1171 

WI 

WI 

WI 

WI 

WI 

~231 

WI 

1251 

Lebedev, N.N., Siffel, P., Pakshina, E.V. and 
Krasnovskii, A.A. (1986) Photosynthetica 20, 124-130. 
Amir-Shapira, D., Goldshmidt, E.E. and Ahman, A. 
(1987) Proc. Natl. Acad. Sci. USA 84, 1801-1905. 
Ziegler, R., Blaheta, A., Guha, N. and Schonegge, B. 
(1988) J. Plant Physiol. 132, 327-332. 
Nakatani, H.Y., Ke, B., Dolan, E. and Am&en, C.J. 
(1984) Biochim. Biophys. Acta 765, 347-352. 
Nanba, 0. and Satoh, K. (1987) Proc. Natl. Acad. Sci. 
USA 84, 109-112. 
Van Dorssen, R.J., Breton, J., Plijter, J.J., Satoh, K., 
Van Gorkom, H.J. and Amesz, J. (1987) Biochim. Bio- 
phys. Acta 893. 267-274. 
Barber, J., Chapman, D.J. and Telfer, A. (1987) FEBS 
Lett. 220, 67-73. 
Lebedev, N.N., Siffel, P. and Krasnovskii, A.A. (1985) 
Photosynthetica 19, 183-187. 
Lebedev, N.N., Shaposhnikova, M.G. and Krasnovsky, 
A.A. (1986) Biofizika 31, 382-383. 
Siffel, P., Lebedev, N.N. and Krasnovskii, A.A. (1987) 
Photosynthetica 21, 28-33. 
Stanier, R.G., Kumisawa, R., Mendel, M. and Cohem- 
Bazire, G. (1971) Bacterial. Rev. 35, 175-205. 
Satoh, K. and Butler, W.L. (1978) Plant Physiol. 61, 
373-379. 
Kramer, H. J.M., Westerhmis, W.H.J. and Amesz, J. 
(1985) Physiol. Veg. 23, 535-543. 
Bekasova, O.D., Sineshchekov, V.A. and Sineshchekov, 
A.V. (1988) BioAzika 33, 71-76. 
Strain, H.H. and Svec, W.A. (1966) in: The Chlorophylls 
(Vernon, L.P. and Seely, G.R. eds) pp.21-66, Academic 
Press, New York. 
Goedheer, J.C. (1966) in: The Chlorophylls (Vernon, 
L.P. and Seely, G.R. eds) pp.147-184, Academic Press, 
New York. 
Litvin, F.F., Sineshchekov, V.A. and Shubin, V.V. (1976) 
Biofizika 21, 669-675. 
Gulyaev, B.A. and Tetenkin, V.L. (1983) Ann. Acad. Sci. 
USSR, Biol. N4, 536-552. 
Lebedev, N.N., Khatypov, R.A., Ladygin, V.G. and 
Krasnovskii, A.A. (1988) Photosynthetica 22, 364-370. 
Ohad, I., Kyle, D.J. and Arntzen, C.J. (1984) J. Cell. 
Biol. 99, 481-485. 
Senger, H. and Bauer, B. (1987) Photochem. Photobiol. 
45, 939-946. 
Gounaris, K., Pick, U. and Barber, J. (1987) FEBS Lett. 
211, 94-98. 

100 


