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Isolation from Spirulina membranes of two photosystem I-type
complexes, one of which contains chlorophyll responsible for the 77 K
flucrescence band at 760 nm

V.V. Shubin, LN, Bezsmerinaya and N.V. Kurapetyan

AN Bakh (nstinue of Biochenmistry, Russion Acadenmy of Seicnces, Maseow 117071, Russin

Received 14 July 1992

Two types of chlorophyll=praiein complexes of phatosysiem { (PSla, PSEe) huve been isoluted (rom the membrines of Spiruling pluensis usivg

u Triton X-100 treutment and chramatography on DEAE-Toyopeur]. The complexes nre equally enriched with P00 (Chl; P700=100-110) but show

differsnt electropharetic molesulur musses ~ 140 (PS8la) und 330 kDa (PSIe) - und differ in the content of long-wavelength sbsorbing Thi. PSIy

has a typical PSI fluorescence bund ut 230 am (F730) ax the main bund ut 77 K. whereas PSlc is responsible for F260, the intensity of which depends
on the redex state of PT00, PSle only shows 77 K light-induced varighle Nuorescence at 760 typical of Spirkding membrines and cells,

Pignieat-proiein complex of photosystam [ PI00; Photosystem | varinble fluaresvence: Cyunabacteria

I, INTRODUCTION

Photosystem [ (PSI) of higher plants shows a low
temperature fluorescence band ut about 730-735 nm
emitted by the chlorophyll (Chl) form absorbing ut 705
nm, which is located in Chl «/b light harvesting complex
[ [1-3]. Ne changes in the quantum yield of F730 corre-
lating with P700 photooxidation, i.e. variable flucres-
cence of P8I at 77 K. have been observed [4-8). No
correlation with P700 photooxidation was observed
also for a fluorescence change at 718-722 nm emitted
by the Chl of PSI internal antenna (8). PSI of cyane-
bacteria, in contrast to PSI of higher plants, has no light
harvesting complex . rather it has 100 Chl molecules
per U750 incorporated in the core camplex and internal
antenna, and shows a 77 K fluorescence bund at 720-
725 nm [?]. Along with this band. an unusual 77 K
fluorescence band at 750-760 nm wus observed in cyu-
nobacterial cells and membranes but not in isolated PSI
complex [10.11]. It was shown that F760 is emitted by
long-wavelength Chl with an absorption band at 735
nm [12]. The intensity of F760 in the membranes de-
pended on the redox stute of P700, namely photooxida-
tion of P700 at 77 K was accompanied by the parallel
quenching of F760, probably as a result of energy mi-
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gration from the Chll$ to oxidized P700 [12]. Here we
report on the chromatographic separation of twvo PSI-
type complexes [rom Spiruling membranes which differ
in spectral properties and molecular mass. It was found
that only the high molecular mass complex conlains
Chl}5? and shows the F760 photobleaching as a result
of P700 photooxidation.

2. MATERIALS AND METHODS

Cells und membranss af Spirwling platenxis were grown aod pie-
paced ns deseribed in [12], Membranes were wished twice with 50 mM
Tris-HCI bufTer {pH 7.8) contiining § mM MgCl,. 1§ mM NaCl, and
ance with buer eamaining 0.1% Triton X:100, The washed mems
hranas were solubilized with 2% Triton X100 (deergent: Chisd0
mg/ing} using the sune buffer. Non-solubilized membrunses were re-
moved by centrifugation mt 100,000 xg for § hut 4*C, The supernatant
(6-8 mg ol Ch!) was applicd to DEAE-Toyupear! columa (1.5 = 10
em) equilibrated with 10 mM Tris-FICH bufler (pH 7.8) cantaining
0.05% Triton X-108 (bulfer A). The column was washed with 45 vols,
of buffer A and was then subjested to o lincure NuCl grudient from O
10 300 mM in bulTer A, For re-chromutegraphy the combined {re-
tions dt shout 120 and 240 mM NaCl wers initially diluted 2.5.fold
i bufTer A and then loaded onto 1the same DEAE-Toyopenr] column.

Protein compasition wits assiuyed by 8DS.PAGE on i 7.5=1 5% slub
gel ot 4°C [13]and stained with Coomussic R-280, For 'native’ electro-
phoresis the isoluted complexes in huller A were loaded direstly on
the gel without heuling.

Absarption spectru, fluorescense emission spestrin (correcied for
spectral sensitivity) und light-induced ubsorplion and fuoresccnce
changes at 77 K ware all measured using un Hitughi-557 spectro-
photometer und MPF-4 spectroflusrimeter as deseribed in {12], The
Chl und P700 coneentrutions were detected as in [12).

3. RESULTS
About 70% of the Chl is extracted upon mild solubils
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Fig. 1. Elution profiles of PSI complex preparalions from the anion.

exchange column, DEAE-Toyopeurl, by 4 NaCl gradient in bufTer A;

flow rite 1.5 mUmin. Curve L. initisl mixiure; curves 2 und 3, re.
shromatography of penks & and ¢,

ization of Spivulina mambranes with Triton X-100, and
supernatant mainly contains PSI proteins. Free Chl is
essentially absent and total Chl is adsorbed on the
DEAE-Toyopearl. Three Chl-containing fractions are
eluted at abeut 120, 170 and 240 mM NaCl (Fig. 1,
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Fig. 2. Electrophoresis of the PSI complexes on 7.5-15% SDS-poly-

serylamide gels. (Tracks a, b and ¢} The {ractions 4, band ¢ from the

DEAE-~Tayapear] column (Fig. 1, eurve 1}. {Track PSle) Fraction¢

afler repeated chromategraphy (Fig. 1, curve 3). Tracks 1, 3, 5. 7 were

obtained under canditions of *native® elecirophoresis {ige section 2);

lracks 2, 4, 6 and 8 represent polypeplide profites of the same prepa-
rations,
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Fig. 3. 77 K ubsorption (A) und fluarsscence emission (B) specira of

P81s und PSlc complexes frozen in the dark with 20 mM sodium

sscarbale (R, = 440 am, 10 mW/m®). Lnset: time-course of F760 pho-
tobleaching of dack frozen PSlc at the same excliation.

curve 1), The quantity of Chl in fractions a and ¢ was
approximately cqual and varied little in different exper-
iments. Complexes in fractions a and c (PS[a and PSI¢)
are stable to re-chromatography (eurve 2 and 3): the
ratio Chl:P700 is 100-11C for both complexes.

According 10 electrophoretic data (Fig. 2), PSla and
P3lc complexes huve similar polypeptide compositions:
65,17, 16.3,and 16 kDa, but PSleis poorin l6and 16,3
kDa proteins (tracks 2, 4, 6 and 3). Under conditions
for ‘nutive’ electrophoresis (tracks 1. 3. $ and 7) the
apparent molecular rnass of PSla (monomer) and PSlc
(oligomer) complexes was about 140 and 320 kDa. The
contamination of prateins with molecular masses 51, 47
and 32 kDa was absent after re-chromotography (tracks
7 and 8).

In contrast to P8I complexes from Spyrnechiococcus
spp. with different molecular masses [14.15]. we have
found a significant spectral difference between monom-
eric and oligomeric PSI complexes: Chlis specific for
Spiruling is completely absent in PSla, PSIc has o more
intense abserption band at about 735 am and a fluores-
cence band at about 762 nm (Fig. 3) compared with the
membranes. The fluorescence band at 726-728 am
(F730) typical of Spiruling membranes was conserved in
the specira of both complexes. Weak fluorescence
bands at 685 and 693 nm were screenced by emission of
free Chl at 680 nm whose relative intensity is reduced
by 2.5-3 during excitation at 430-490 nm. Characteris-
tically for membranes the narrow (14-15 om) 77 K
absorption band at 710 nm was reduced in both com-
plexes.

IMlumination by monechromatie light of durk-frozen
PSlc complexes in the presence of 3 mM sodium ascor-
bate causes the negative wvariable fluorescence-F760
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Fig. 4. 77 K Nuorescence emission specirs of PSle <ompleses
{4,. & 440 nm). Curve |, comptles lrozen upon llumination with while
figh (10 W/m?), in (G0 mM glycine~-NuOH buffer (pHl 9.5). 20 mM
dithienite and 10uM PMS: curves 2and 3, complex frozen in the dark
in the sune bul¥er in the presence of (0 mM sodium assorbate a-ud 10
uM of PMS (2) or 3 mM Teecicyanide (3), Lasel: lime-gourie of F760
quenching und P700 axidation mensured dnder identienl ¢anditions:
intensity ol the exclling (measuring) beam ut 702 am wax 3 mWimd,

quenching (Fig. 3, insei); the fluorescence intensity at
760 nm is reduced 3.5-4 times fromm the initial {F;) to the
steady-state level (F). The {luorescence spectra pre-
sented in Fig. 3B correspond to the F,, level.

As for membrunss. the relative intensity of F760 in
PSlc complexes depends on the redox state of the reac-
tion centers: it is maximal and stable (probably F; level)
if P700 and PSI acceptor side are pre-reduced by illumi-
nation with strong light in the presence of dithionite
during cooling (Fig. 4. curve 1) and it is minimal in the
oxidative condition. induced by ferricyanide (Fig. 4,
curve 3). However. in contrast to membranes, the F760
band in the PSlc preparation is not quenched com-
pletely by ferricyanide. As in the membranes [12], the
kinetics of F760 pholobleaching ccincides completely
wilh the kinetics of P700 photooxidation (Fig. 4, inse().

4. DISCUSSION

The results show that an unusual chlorephyll Chlis
typical of the cells (and membranes) of some cyanc-
bacteria was stable against detergent treatment and con-
served in isolated PSI complexes. [t was present anly in
the oligomeric PSlc complex and it is very likely thatl the
formation of Chl3% is induced specifically for eyano-
bacteria by oligomerization of PSla, This might be an
indication that oligomeric (P8Ic) complexes pre-exist in
the Spirufing membranes and that this oligomerization
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is therefors not a result of detergemt treatment. The
absence of the Chl in the monomeric PSIn complex can
not be a result of its degradation by detergent, as the
oligomeric PSlc complexes ure enriched with Chi3s as
compared with the membrunes,

The mechanism of F760 photobleaching is still un-
clear, Duvul et al, [10,11] proposed that the quenching
of F750 may result from recombinution between re-
duced acceptors and P700°. Eurlier we suggested that
light«induced quenching of F780 is due to the energy
migration from Chl’s: on the cation radical of P700[12).
The observation that F7260 in the PSlc complex in the
presence of ferricyanide is strongly reduced (Fig. 4.
curve 3} but not complately eliminated, as in mem-
branes [12]. may give additional urgument to theenergy
migrution mechunism. In fact, this difference between
properties of F760 in the isolated complex and mem-
brune could be expluincd by the breaking of contact
betwaen P700 and Chl) after datergent treatment. The
role of Chil in PSI functicning is not yet clear, but the
strong relationship between that and P700 is obvious.
Chl3%] may serve as an energy donor to P700 and, due
1o the efficient energy transfer from Chil to P700*,
promote the process of energy dissipation in PSI after
photooxidution of P700. In any case this PSic complex

offers new upproaches to study the energy pathways in
PSl.
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