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ABSTRACT. Phosphatidylglycerol (PG), a ubiquitous constituent of thylakoid membranes of chloroplasts
and cyanobacteria, is demonstrated to be essential for the functionality of plastoquinone electron acceptor
Qe in the photosystem Il reaction center of oxygenic photosynthesis. Growth pfygfmutant cells of
Synechocystisp. PCC6803 that are defective in phosphatidylglycerolphosphate synthase and are incapable
of synthesizing PG, in a medium without PG, resulted in a 90% decrease in PG content and a 50% loss
of photosynthetic oxygen-evolving activity as reported [Hagio, M., Gombos, Zkovgi, Z., Masamoto,

K., Sato, N., Tsuzuki, M., and Wada, H. (200Blant Physiol. 124 795-804]. We have studied each

step of the electron transport in photosystem Il of pgsAmutant to clarify the functional site of PG.
Accumulation of Q~ was indicated by the fast rise of chlorophyll fluorescence yield under continuous
and flash illumination. Oxidation of £ by Qs plastoquinone was shown to become slow, and Q
reoxidation required a few seconds when measured by double flash fluorescence measurements.
Thermoluminescence measurements further indicated the accumulation eQttes$ate but not of the

Qg state following the PG deprivation. These results suggest that the functiop pla@oquinone

was inactivated by the PG deprivation. We assume that PG is an indispensable component of the
photosystem Il reaction center complex to maintain the structural integrity of gH@n@ing site. These
findings provide the first clear identification of a specific functional site of PG in the photosynthetic
reaction center.

Thylakoid membranes in chloroplasts and cyanobacterial ~The interaction of glycerolipids with proteins in thylakoid
cells provide the matrix for the primary reactions of oxygenic membranes has been assumed to modulate the electron
photosynthesis that are performed in the pigmembtein transfer rate, and the effects of lipid modifications have been
reaction center complexes which are surrounded by theextensively studied in vitro to identify the specific function
bilayers of glycerolipids 1). The lipid composition of  of the individual lipid classeslj. The decomposition of PG
thylakoid membranes is highly conserved among oxygenic from thylakoid membranes by using phospholipase A
photosynthetic organismsl<{3). Thylakoid membranes suppressed the photosynthetic electron transport 4a.(
contain uncharged monogalactosyldiacylglycerol and di- Treatment of thylakoid membranes with phospholipase C,
galactosyldiacylglycerol, and anionic sulfoquinovosyldi- which removes the headgroup of phospholipid molecules,
acylglycerol and phosphatidylglycerol (P& the present  also decreased the photosynthetic activity presumably in
study, we studied the functional role of PG, a minor (at about photosystem (PS) 116). Kruse and Schmid7] suggested a
10% of total thylakoid lipids) but indispensable lipid in vivo.  specific binding of PG to D1 protein by the use of an
antibody against PG and postulated that PG anchors the D1

* This work was supported by a Grant-in-Aid for Scientific Research Protein and stabilizes the PS Il reaction center (RC). PG was
E)c; ES/L\J/.C ért}ghlzsesczilg&s:) gngr:g ghld (gﬁ.ltafgsgr?gn ;:gm btheHl\dlri]niztrgn also suggested to be required for the_ dimerizatipn of PS Il
Scientific Research Funds. (OTKA T020293, 1023794, T025804, '?k? based on the effects of phospholipasedigestion §).
T030631 and T034174) to Z.G. and ZsV. MH. and Z.G. were 1N€S€ invitro enzymatic treatments suggested the importance
supported by fellowships from the Japan Society for the Promotion of Of PG in photosynthesis especially in the PS Il function.

Science. However, none of these experiments could confirm any
* To whom correspondence should be addressed. Tel/Fax931

726-4761. E-mail: wadarcbh@mbox.nc.kyushu-u.ac.jp.

* Kyushu University. 1 Abbreviations: CDP, cytidine '&iphosphate; Chl, chlorophyll;

§ Biological Research Center of Hungarian Academy of Sciences. DCBQ, 2,6-dichlorog-benzoquinone; DCMU, 3-(2¥-dichlorophenyl)-

' CEA/Saclay. 1,1-dimethylurea; DMBQ, 2,6-dimethyl-benzoquinone; E, Einstein;

Y Kumamoto University. PB, phycobilin; PG, phosphatidylglycerol; PQ, plastoquinone; PS,
#Nagoya University. photosystem; RC, reaction center; TL, thermoluminescence.

10.1021/bi011884h CCC: $22.00 © 2002 American Chemical Society
Published on Web 02/23/2002



PG Requirement for QFunction in PS II Biochemistry, Vol. 41, No. 11, 2003797

specific functional site of PG in PS Il on molecular level. EXPERIMENTAL PROCEDURES

The in vitro enzymatic treatments produce degradation . N )

products of PG at the same time, and might also have been Organisms and Culture Conditionshe wild type and the

affected by the artificial, nonspecific side effects. Direct, in PgsAmutant cells oSynechocystisp. PCC6803 were grown

vivo evaluation of specific lipid function as done here by Photoautotrophically at 28C in BG-11 medium supple-

the targeted gene manipulation has been awaited. mented with 4 mM HEPESNaOH (pH 7.5) and 2QM
The core of PS Il is a heterodimer of RC polypeptides PG as described prewou;l;&}). Grovvth_ of the cu]tures was

D1 and D2 that show homologies with each oth@y gnd monitored by determination of the optical density at 730 nm

are essentially homologous to the L and M subunits, (OD_73.°)' o .

respectively, of purple bacterial RC that is also a heterodimer  Lipid Analysis Lipids were extracted from intact cells by
(10). The PS Il heterodimer, however, does not contain a the method of Bligh and Dyed), and analyzed as described
subunit corresponding to the H-subunit of the latter that Previously (8).

covers and stabilizes the reducing side, but it attaches Measurement of Photosynthetic Adties. Photosynthetic
peripheral proteins on the oxidizing side as recently shown oxygen evolving activity from KO to CQ of intact cells

by X-ray crystallography with 3.8 A resolutior9) The was measured with a Clark-type oxygen electrode (Hansatech
purified PS Il RC complex made of D1, D2, and cytochrome Instruments, Kings Lynn, U.K.) as described by Gombos et
bssq polypeptides lacks the electron acceptor plastoquinonesal. (19). PS Il specific oxygen evolving activity was measured
(PQ) @ and @ (11) and shows weak affinities for from H,O to artificial quinones exogenously added at various
plastoquinones as well as for artificial ones that recover Q concentrations as indicated in the text. The cells were washed
function (12). Roles of lipids as functional factors have been twice with BG-11 medium and were suspended in the same
suggested both on reducing and oxidizing sides of PS Il thatmedium for the measurement of oxygen evolution. Light
have also been a major target of many kinds of stresses suctirom an incandescent lamp through a red optical filter (2

as high light stressl@). The sites of lipid function, however,  61; Corning inc., New York, NY) was used for all the oxygen
have not been assigned clearly. evolution measurements at the light intensity of a@stein

PG is synthesized from phosphatidic acid via cytidire 5 (E) m s The Chl concentration of the cells was adjusted
diphosphate (CDP) diacylglycerol by CDP-diacylglycerol 0 be 2ug mL~1. The concentration of Chl was determined
synthase and PG phosphate synthase. On the basis of thBY the method of Arnon et al2().
determination of the entire nucleotide sequence of the Fluorescence Induction Measuremertsduction of Chl
genome ofSynechocystisp. PCC680314), we identified a fluorescence under stationary illumination light was
and disrupted thgygsA gene encoding a PG phosphate measured either with a pulse-modulated fluorometer (PAM
synthase to manipulate the content of PG in the thylakoid 101, Heinz Walz GmbH, Effeltrich, Germany) or with a
membranes1). The deprivation of PG from the growth home-built fluorometer. In the former type of measurements,
medium decreased the PG content of pgsAmutant cells, theFn, level of fluorescence associated with reducedv@s
blocked cell growth and led to a 50% decrease of oxygen recorded during short (12 s) saturating light pulses obtained
evolving activity on the chlorophyll (Chl) basisl¥), from a halogen lamp (KL-1500 Electronic, Schott Glass-
demonstrating that PG is essential for cell growth and werke, Wiesbaden, Germany) with filters (Calflex CK 65,
function of electron transport system. Disruption of a gene Blazers; RG 630, Schott). The difference betweenRhe
encoding CDP-diacylglycerol synthase3ynechocystisp. andF, levels was noted as variable fluorescefgeln the
PCC6803 ENC1mutant) (6) also led to the repression of latter type of measurements, intensity of fluorescence at 685
PG biosynthesis and of growth indicating the essential nm was monitored by a combination of interference filter
requirement of PG. In theseNC1mutant cells, however,  (20-nm full width at the half-maximum, Nihon Shinko
repression of the oxygen evolving activity was small on the Kagaku) and a photomultiplier (R-446, Hamamatsu Photo-
Chl basis, although the activity per cell was decreased to nics) under the excitation with continuous blue light (400
about a half due to the parallel decrease of Chl content. [t500 nm with a maximum at 430 nm) obtained from a
was suggested that the depression of the activity per cell istungster-iodine lamp through a band-pass glass filter (B-
a consequence of the deprivation of PG that is necessary for430, Toshiba) and a broadband interference filter. Excitation
the accumulation of Chl-proteins. PG was also assumed tolight intensity was adjusted to be enough to give the full
play some functional roles in PS Il since the oxygen rise of fluorescence intensities withil s that corresponds
evolution was suppressed by addition @benzoquinone,  to the Q reduction in the presence of 34@-dichlorophen-
which served as the efficient electron acceptor for PS Il in yl)-1,1-dimethylurea (DCMU).
wild-type cells. The results in the two types of mutants that  poyple Flash Measurement of Microsecond Rise and
were defective in different steps of PG-biosynthetic pathway pecay Kinetics of Chl a Fluorescenc&he change in
thus indicated the importance of PG in cell growth and fjyorescence yield after a strong saturating laser flash was
photosynthesis, but did not reveal the specific action site of getected with a weak probing xenon flash light ofu8
PG. duration at 430 nm, whose intensity was adjusted to excite

In the present study, we have investigated the role of PG only a few percentages of PS Il RCs as described elsewhere
in each step of PS Il electron-transfer reaction in plggA (22). The probing xenon flash was given at varied times after
mutant cells and demonstrate that PG deprivation in vivo the Nd:YAG laser flash (with a 10-ns duration at 532 nm,
specifically inactivates the function of the second electron DCR-2-10, Quanta-Ray) of saturating intensity to monitor
acceptor PQ, g in the PS Il RC. The results indicate that the increase of fluorescence yield that reflects the redox state
PG is an indispensable component of the PS Il RC. of the Rgo and Q after the excitation of all the PS 1l RC.
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Ficure 2: Effect of deprivation of PG on induction of room
temperature Chl fluorescence in thgsAmutant ofSynechocystis

sp. PCC6803. The spectra were measured using whole cells of thesp, PCC6803. The cells grown with PG were transferred into the

mutant cells grown with PG (a) and without PG (b). In the case of

medium with PG (@-) or without PG (©-) and incubated for

trace b, the cells grown in the presence of PG were transferred todesignated time. Fluorescence was measured in the presence of 10
the medium without PG and incubated for 6 days. An inset shows MM DCMU. The values are means and standard deviations from

the fluorescence spectra of the intact cells grown with PG (a) and three independent measuremeiftg, maximum fluorescencés,,
without PG (b) measured upon the excitation of the 435 nm blue jnitial fluorescence.

peak of Chla.

Measurement of Thermoluminescence (The TL mea-
surement was carried out according to Vass et28) With
minor modifications. The Chl concentration of the samples
was adjusted to 1Q«g mL™%. Samples (0.4 mL) were
preilluminated at-80 °C with continuous white light (200
uE m2sY) for 30 s, and then the glow curves were recorded
at a heating rate of 20C min™..

RESULTS

PG Content of the pgsA Mutant Cella/hen the cells of
the pgsAmutant were grown in the presence of 20 PG,
the cells showed high PG content [2143 nmol (mg of Chl)
and normal photosynthetic activity [320nol of O, (mg of
Chl)™* h™Y] as previously demonstratedlq). After the
transfer of the cells into the medium without PG, the level
of PG decreased to 215 nmol (mg of Chl)ollowing a
6-day long PG deprivation. Simultaneously, the photosyn-
thetic oxygen evolving activity decreased to 18Mol of
O, (mg of Chly* h™2,

Pigment Content of the pgsA Mutant Cells. partial

activity of thepgsAmutant cells decreased to be 50% after
a 6-day deprivation of PG from the medium in parallel with
the 90% deprivation of PG from the thylakoid membranes
as shown earlierls). The decrease in the activity suggests
some changes in the electron-transfer chain fro@ té CQ

via PS Il and PS I. To study PS Il activity alone, we added
quinones, which are known to function as the artificial
electron acceptor for PS Il, to the reaction medium. These
qguinones did not affect the oxygen evolution up to 1 mM in
the mutant cells grown in the presence of AG)(However,

the addition of 2,6-dichlorg-benzoquinone (DCBQ), 2,6-
dimethylp-benzoquinone (DMBQ), ang-benzoquinone
drastically decreased the rate of oxygen evolution remaining
in the —PG cells and completely inhibited oxygen evolution
above 20 and 400M, respectively (data not shown). These
results implied that the quinone reaction site(s) is somewhat
altered by the deprivation of PG.

Change in Fluorescence InductidBhanges in the relative
extent of the variable fluorescencé- (F, ratio) were
measured in the-PG and—PG mutant cells with a PAM
system (Figure 2). In the-PG mutant cells, this ratio was

decrease of pigment content was detected in the cells thabout 0.45. Th&/F, ratio gradually decreased to 0.38 after

lost PG. However, the loss of oxygen evolving activity was

a 3-day deprivation of PG from the growth medium and

more significant than the decrease in the pigment as seen irPécame 0.08 after a 9-day deprivation. The decrease of the
the 50% decrease in the activity on the Chl basis. Figure 1 Fv/Foratio was almost parallel with the decreases in the PG

shows the absorption spectrum of thgsA mutant cells
cultured with PG 4PG cells) and without PGHPG cells)
normalized at the peak of phycobilin (PB) band. Consistent
with the low Chl content, the spectrum PG cells showed
a decreased 678 nm peak of Ghlvith respect to the PB

content and the oxygen evolving activity. The readdition of
PG to the growth medium of PG-depleted cells restored the
Fv/Fo ratio.

Induction of Chl fluorescence was also measured under

the continuous 430 nm blue excitation light. Fluorescence

band. This result is in good agreement with that reported by intensity slowly increased from the initial lev€l during

Sato et al. 16), although in their case the light scattering
shaded the effect of PG deprivation on pigment composition.

the illumination in the cells grown with PG (Figure 3)

indicating the slow reduction of the electron acceptar Q

An inset in Figure 1 shows the fluorescence spectra in theseln the presence of DCMU that inhibits electron transfer
cells measured upon the excitation of the 435 nm blue peakbetween Q and @, the fluorescence increased rapidly to
of Chla. The —PG mutant cells showed a spectrum similar the maximum levelKn,) indicating the faster accumulation
to that of +PG mutant cells with a little more marked 660 of Qa~ as is well-known 23).

nm PB fluorescence band.

In the cells cultured for 6 days without PG, similar

Effect of Artificial Quinones on Photosynthetic Oxygen fluorescence rise was observed in the presence of DCMU

Evolving Activity. The photosynthetic oxygen evolving

indicating the accumulation of £, although the~, (F, =
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of Chladuring the continuous illumination of blue excitation light H "
in the pgsAmutant ofSynechocystisp. PCC6803. Kinetics d¥esso B s ® © og “.~ .
in the mutant cells grown with PG (A) or without PG (B) were — ,Wa%a%mpebdbaaa. s
measured in the absence of DCMU or in the presence giMO0 0 R o /R RV RS RPN W RN PP RN o d o <
DCMU as indicated. In the case of panel B, the cells grown in the 10-1 100 101 102 103 104 105 106 107 108
presence of PG were transferred to the medium without PG and Ti fter 1 At
incubated for 6 days. In the right figures, the cells were treated ) “.ne atter faser /s o
with 40 M DCBQ or DMBQ, and the kinetics ofggo were FicuRe 4: Fluorescence intensity excited by a weak flash excitation
measured in the absence of IjCMU or in the presence giN0 following a saturating actinic laser flash in the mutant cells of
DCMU as indicated. Synechocystisp. PCC6803. The fluorescence was measured using

whole cells of the wild-type grown without PG (A), tigsAmutant
Fm — Fo) extent was smaller. However, the rise of fluores- 9rOWn with PG (B) or without PG (C). In the case of panel C, the

. . : . S . mutant cells grown in the presence of PG were transferred to the
cence intensity during the illumination was also rapid even negiym without PG and incubated for 6 days. In the closed

in the absence of DCMU. This suggests that the electron symbols, the fluorescence was measured in the presenceudf 10

transfer from Q~ to Qs is slow even without DCMU in DCMU. The broken line represents 4 times magnification of the

this type of cells. curve obtained with the mutant cells grown without PG in the
The effects of quinones on fluorescence induction were absence of DCMU to facilitate the comparison of the data.

also investigated. As shown in Figure 3 (right parts), both PG mutant cells

DCBQ and DMBQ at the concentration of 40 did not (or Wild type and +PG mutant cells, + DCMU )
significantly affect the fluorescence induction in thé>G

and —PG mutant cells. At the higher concentration of the (low) ~ps (high) \ﬁm (low)
quinones, the fluorescence was quenched dramatically in theYz Psso* Qa~Qz === Yz tPeso Qa~Qs Yz +Peso QaQz~
+PG and—PG mutant cells (data not shown). These results Tr

indicate that the primary target site, which is affected by (low) Ls

PG deprivation, is @rather than Q. Yz Poso Qa Qs

Change in Fast Fluorescence Kinetitde measured the  Figure 5: A scheme for electron transfer in PS Il RC in thgsA
yield of fluorescence excited by a weak probing xenon flash mutant of Synechocystisp. PCC6803.
(at 430 nm with a 3ts duration) given at varied times after
the saturating 532 nm/10 ns actinic laser flash (Figure 4) to the reduction of light-produceds" by the electron from
monitor the rapid change in the redox state of RC compo- Yz, which is connected to Mn cluster of water splitting
nents. In this type of measurement, fluorescence is high onlyreaction at one of four Sn states. The 3t decay ks =
in the RC with a Bgo Qa~ state and low with a &g Qa or 300us™Y) is assigned to the oxidation (equilibration) of Q
Psso” Qa~ state as shown in the scheme in Figure 5. In the with Qg and the 2 s phasé(= 2 s%) to the oxidation of
wild type cells (Figure 4A) and in the-PG mutant cells ~ Qs~ by PQ pool, which results in the full oxidation ofaQ
(Figure 4B), the fluorescence yield rose rapidly with about that is in equilibrium with @ (see a reaction scheme in
2 us half time (1), to the maximal level at 1@s, and then ~ Figure 5). Upon the addition of DCMU, the decay of Q
decreased with a half decay time of 308 to one-fifth of at 0.2-10 ms range disappeared indicating the decrease of
the maximum intensity, followed by a slower 2-s decay phase ks, and Q™ was stabilized more than a second. The slow
to the dark-adapted/, level again (Figure 4A,B). The decay time constantfd s in thepresence of DCMU seems
maximum extent of fluorescence yield at 46 was about  to represent the charge recombination time betweenafd
1.9-fold of those ofF levels in the+PG mutant cells and S state in the oxidizing side (Figure 5).
the wild-type cells grown without PG. According to the In the —PG mutant cells, the excitation with the laser light
literature @1), the 2us rise ko = 2 us™') can be assigned to  induced a smaller, 30% increase of fluorescence yield at the
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(His*Qa) (52047 (S208) (Y5*Qa") in both types of cells. In the-PG cells, the Q-band seen in
—— T ':,T. . e |C| ——— the presence of DCMU was also associated with a ba_nd. at
-DCMU i Ve 42 °C (C band), whlch is suggested to represent the emission
J . \ in the charge recombination in the,YQa ™~ state (25). These
e |e i N— TL results indicate that the PG-depleted PS Il does not
g '.'.,' \:“. accumulate @ and has more ¥, again indicating the
S0 N _ _ suppression of the electron transfer betwegna@d ( in
B I | NN the acceptor side and the slower rate in the electron transfer
g|o Nl /\\[::__ from S, state to Y in the donor side.
g b, em==mm==eT Snae’ N
2| _— DISCUSSION
E i " i The anionic lipids such as PG and cardiolipin play a
= +DCMU Y determinative role as cochaperones in trafficking of proteins
E ! ‘“-,‘ through or in membranes. They can affect the oxidative
2 electron transport processes and translation of proteins
o I TRt Ll b \ ) involved in the mitochondrial electron transpo6(-28).
\-’\/ In thylakoid membranes, protein complexes are embedded
s srasrr SPEN SN TR BN IR in the lipid matrix that shows highly conserved lipid
-100 -50 0 50 100 composition. In the present paper, we studied the effect of
Temperature / °C PG deprivation on each step of the PS Il electron transfer. It

FIGURE 6: Effect of PG deprivation on the TL characteristics of Was demonstrated previously that thgsAmutant cells of
the pgsAmutant of Synechocystisp. PCC6803. (Upper) Effect of a cyanobacteriumSynechocystissp. PCC6803 cultured
PG deprivation on TL. The cells grown in the presence of PG were without PG resulted in the loss of PG in the thylakoid

transferred to the medium without PG for 0 (a), 3 (b), 6 (c), and 9 ;
days (d). In the case of (e), the cells were grown without PG for 6 membranes, and the loss was fully recovered if the cells were

days and then with PG for 2 days. (Lower) Effect ofiid DCMU grown in the PG-containing medium agalrg]. The loss of
on the band positions of TL. The mutant cells grown with PG (a) PG resulted in the inhibition of cell growth, 30% decrease

were transferred to the medium without PG and incubated for 6 of Chl content in the cells and the 50% depression of the
days (b). activity of the photosynthetic oxygen evolution on Chl basis.

) ) _ Suppression of cell growth and decrease of Chl content were
maximum (Figure 4C). The fluorescence yield after the laser 150 observed in th6NC1mutant in parallel with the loss
e>_<citation i_ncreased more slowly with a 28 half time, i.e.., of PG (L6). However, the photosynthetic oxygen evolving
with a 10 times smallek, and decreased very slowly with  4ctivity on Chl basis decreased only slightly in this mutant.
a half time of 2 s, i.e, with a ¥Otimes smallerks as  The difference observed in the photosynthetic activity in the
compared to those in the mutant cells grown with PG. g types of mutant strains might be caused by the different
Addition of DCMU did not affect the fluorescence change growth and experimental conditions since their oxygen
of the —PG cells, suggesting that PS Il RCs apparently lack eyolving activities were highly sensitive to the light intensity
the function of @ without PG. The smallek; value also  of culturing condition and the growth temperature. Absorp-
suggests the slower reduction ok by the componentin o and fluorescence emission spectra of pgsAmutant
the donor side, i.e., partial suppression of the water-splitting e|is did not significantly change upon the PG-deprivation,
reaction. The very smak; indicates either the inhibition of suggesting almost normal formation of PS Il RC as assumed
electron transfer betweem@nd @, or the loss of Q tself. in the SNC1mutant. (6). The excitation of PBs in the PG
the measurement of fluorescence induction under continuousipgicating efficient energy transfer from the phycobilisomes
illumination in Figure 3. to the PS 1l RCs (data not shown). These results suggested

Analysis of TLThe TL from Chla was detected during that the PG-deprivation affected a specific step in the
the constant rate of warming up of the cells after illumination electron-transfer system in the PS Il RC as summarized in
at —80 °C. The emission efficiency is a function of the Figure 5.
activation energy in the reversed electron-transfer reactions Oxygen evolution was suppressed by artificial quinones
in PS Il 24). Figure 6 (upper traces) shows the TL profile that are known to be efficient electron acceptors for PS Il
of the pgsAmutant cells grown in the presence or absence (23) in the —PG cells of both th@gsAand theSNC1mutant
of PG and assignment of each peak. The B band that can becells. The result suggests an enhanced charge recombination
ascribed to the emission in the charge recombination reactiondue to some modifications of {br Qs as proposed in PS I
in the PS Il RC in the &)~ state was seen at 3C in the with mutated D2 protein29) by assuming replacement of
+PG cells. This peak shifted to T after 6-day deprivation  PQ by artificial quinones. Although the inhibitory effect of
of PG and to 16°C after a 9-day deprivation. Two days’ DCBQ and DMBQ on oxygen evolving activity was more
growth with PG after the 6-day deprivation of PG reversed pronounced than that gi-benzoquinone, the fluorescence
the peak position to 38C. The 16°C band was assigned to induction measurements did not indicate any specific reaction
the SQa~ recombination band (Q-band) as seen from the of the used artificial quinones withQThe suppressive effect
effect of DCMU (Figure 5, lower traces). In the presence of of artificial quinones on oxygen evolving activity in thePG
DCMU, the position of Q-band was observed at°Tsboth mutant cells, therefore, may reflect the change in the quinone
in the+PG and—PG mutant cells, indicating that the@~ reactivity to the @ site. The fluorescence induction and TL
state was photoaccumulated by the illumination-80 °C data underline the effect on the;Qite rather than at the Q
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site. These results are in contrast to those reported bycaused a rapid oxidation ofgQ and decreased the intensities
Ermekova-Gerdes and Vermaa®9) that showed an en- of B and Q-bands of TL with a concomitant increase of the
hanced charge recombination due to some modifications of C band, suggesting the severe damage on the RC structure.
Qa site in PS Il with mutated D2 protein.

The induction in the fluorescence yield of Ghis known CONCLUSION
to reflect the increase of £ during illumination. In the
presence of DCMU, both the PG and—PG mutant cells
showed a fast rise of fluorescence, suggesting the normal
function of Q.. The smallerF,/F, ratio in the —PG cells
reflect a little higherF, level and suggest slightly lower
energy transfer efficiency among Chls. The increasggin
level may come from the decrease in the dimerization of
DD, suggested by Kruse et aB)( In the absence of DCMU

the induction was very slow in thePG cells indicating that nearby the @binding site on B subunit polypeptide,

the accumulation of @ is slow due to the oxidation by &) . o .
and DCMU accelerated the rise as expected. On the Otheralthough the PG molecule has not been identified yet in the

hand, the induction in the-PG cells showed a fast rise and preliminary 3D structure of PS 1l RC complex shown at 3.8

did not significantly change upon the addition of DCMU, A resolution ©). The mechanism for (if} (iv) effects is not

; L ! . fully clear yet. These effects may indicate another PG target
z?%?(?dsatlltri]ogntré?tg\]ia tl):’yG(SiBeprlvatlon results in the suppressmnsite around BD, polypeptides presumably nearby tha Q

Direct evidence for the suppression of tha Qo Qs site on b subunit at a position almost symmetrical to the

reaction was obtained by the measurement of flash-inducedQB qffectlng site or nearby t.he PsbL/K subunits th"?‘t. are
fluorescence. In the absence of DCMU, fluorescence roserequwed for the dimer formation as well as for the efficient
with a tu of 20 s, 10 times slower than that in thePG energy transfer between the RCs, as previously suggested
cells, and decayed with fa, of 2 s, i.e., 10 times more by the e_ffegts of P_G_ antibodyry )
slowly. The slow rise suggests the slower formation gf P The binding of lipids was actually the case in the PS |
Qa~ state due to the slow electron donation tgP from RC structure resolveq at 2.5 AR(@) that contained two PG
Yz. The lack of 30Qus decay phase indicates the absence m.olecules at the perlphery,.and one PG molecule together
of the activity of @ to change Ro Qa~ State to Bso Oa with one monogalactosyld|acylglycerol_ 'molecule at the
state just like the case with DCMU. Addition of DCMU only ~ Central core aimost at a symmetrical position nearby the two
slightly changed the rise and decay kinetics confirming the electro_n acceptor phylloqumor_1e molecules. The function of
inactivation of Q. Decreased,/F, ratio may reflect some ~ these lipids in PS 1, however, is totally unknown yet. In the
changes in the pigment system. These effects can be als¢YPe !l RC of purple bacteria, an anionic lipid cardiolipin
reversed again if the PG cells were cultured in the presence and @ detergent are located at 15 and 10 A from the Q
of PG for a few days. gb_qu|n0ne bmdmg site, respectivelg@l 32). The use of

TL is emitted in the thermally activated recombination of 1IPid for the functional and structural control of quinone-

the positive and negative charges stored on the donor and?iNding site, thus, might be a common feature of the
acceptor sides of PS I during illumination &80 °C. The photosynthetic RCs or a possible heritage from a common

peak temperatures of the TL-bands reflect redox energyancestor for the types | and Il RCs. We conclude that PG is

levels of electron transport components. In the presence of2n INtrinsic structural component of photosynthetic mem-
DCMU, both the+PG and—PG cells showed TL peaks at Pranes and is required for the proper function o Q
16—17°C corresponding to the Q-band, which relates to the Plastauinone in PS 1l RC complex.

recombination of charges on thexQand $ states. This

indicates that Q and S in the —PG cells are at the same ACKNOWLEDGMENT
redox potentials as those in tHePG cells. In the absence We thank Dr. A. M. Gilmore of NUA for his correction
of DCMU, TL curve of the+PG cells showed a wide band  of the manuscript.
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