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Abstract

When Photosystem (PS) II membranes were incubated with PNO8 (N-octyl-3-nitro-2,4,6-trihydroxybenzamide) classified as a
phenol-type PS II inhibitor, the D1 protein of PS II reaction center was degraded into two fragments of 23 and 9 kDa in complete
darkness, while the D2 protein was not affected at all by incubation with PNOS. Other typical PS II inhibitors, including DCMU, atrazine,
ioxynil and dinoseb, showed no degradation activity. Occupation by another PS II inhibitor, DCMU, of the binding site of the secondary
quinone acceptor, Qpg, prevented the D1 protein from PNO8-induced degradation. The degradation was inhibited at low temperature, but
occurred even in the absence of oxygen. Moreover, an inhibitor of serine-type proteinase, PMSF, was effective in suppressing the D1
protein degradation. Photoinhibitory treatment of the membranes also induced a degradation product with an apparent molecular mass of
23 kDa that corresponds to the PNO8-induced 23 kDa fragment. The data were interpreted as indicating a selective and specific cleavage
of the DI protein triggered by binding of PNOS8 to the Qp site, and the results were discussed in relation to the features of proteolytic

degradation of the D1 protein in photoinhibition.
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1. Introduction

The reaction center of Photosystem (PS) II is comprised
of the heterodimer of D1 and D2 proteins that bind all
redox components required for basic PS 1l functions [1].
The D1 protein carries the secondary quinone acceptor,
Q. and the tyrosine donor, Y,, while the D2 protein binds
the primary quinone acceptor, Q, [2-4]. By analogy with
the reaction center of photosynthetic bacteria [5], the pri-
mary electron acceptor, pheophytin, probably is associated
with the D1 protein, whereas the primary electron donor,

Abbreviations: Chl, chlorophyll; DCMU, 3-(3.4-dichlorophenyl)-1,1-
dimethylurea; DBMIB, 2,5-dibromo-3-methyl-6-isopropyl-1.4-benzo-
quinone; PNOS8, N-octyl-3-nitro-2.4,6-trihydroxybenzamide; PMSF,
phenylmethanesulfonyl fluoride; PS 1I. Photosystem II; PY35, 3,5-di-
bromo-4-hydroxy-6-methyl-2-(3-(4-phenylphenoxy)- 1-bromopropy)pyri-
dine; SDS-PAGE, sodium dodecylsulfate polyacrylamide gel elec-
trophoresis; Qp, secondary quinone acceptor of Photosystem II.
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P680, presumably is bound by both the D1 and D2 pro-
teins. The DI protein has been characterized by its high
turnover rate in a light-dependent manner [6]. The turnover
has been considered to involve a selective degradation of
photodamaged D1 protein and its repair by de novo syn-
thesis. Under strong-light conditions, PS II is photoinhib-
ited and the amount of the D1 protein decreases, since D1
synthesis cannot compensate the high rate of D1 degrada-
tion [7-9]. Interestingly, it has been reported that photoin-
hibitory illumination given at low temperatures does not
induce any degradation of the D1 protein, but the degrada-
tion starts in complete darkness when the photoinhibited
sample is transferred to ambient temperatures [10]. This
phenomenon has been interpreted to mean that D1 protein
degradation itself does not require light, but an enzymatic
proteolysis is triggered by a light-dependent modification
of the D1 protein. The existence of a putative proteinase in
PS II has been proposed from the observations that in-
hibitors of serine-type proteinase suppress the light-depen-
dent D1 protein degradation [7-9,11].
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Photoinhibitory illumination gives rise to several degra-
dation products of the DI protein. Among them, a frag-
ment with apparent molecular mass of 23 kDa has been
commonly detected after both in vitro [12—14] and in vivo
[15] photoinhibition as a primary product of D1 protein
degradation, and identified to originate from the N-termi-
nal portion of the D1 protein cleaved at the loop domain
exposed between helices D and E [12-15]. It is also
reported that occupation of the Q, site by plastoquinone
[16] or DCMU, a PS II inhibitor, [6,17—-21] alters the
extent of D1 degradation during photoinhibition. These
observations seem to be consistent with the above proposal
that a conformational change around the Qg site brought
about by photoinhibitory illumination makes the D1 pro-
tein become susceptible to a putative proteinase [7-9,11].
Conformational changes of the Qp site by the binding of
some PS II inhibitors has been suggested by the finding
that these inhibitors impaired the apparent accessibility of
trypsin to the D1 protein at Arg-238 located in a vicinity
of the Qp site [22]. 1t is, therefore, reasonable to hypothe-
size that the degradation of the D! protein could be
initiated without any photoinhibitory treatments, if the
conformation around the Qy site required for the putative
proteinase to function is achieved by some other means.

In the present study, we studied the effect of PS II
inhibitors on the stability of the D1 protein. It has been
demonstrated that the D1 protein is selectively degraded
into 23 and 9 kDa fragments in complete darkness when
the Qy site is occupied by PNOS, which has recently been
developed as a highly potent PS II inhibitor that interrupts
specifically the electron transfer between Q, and Qg
[23,24]. PNO8 is classified as phenol-type PS II inhibitor
but is quite unique in having a phloroglucinol nucleus.

2. Materials and methods

Thylakoid membranes were prepared from market
spinach as described in [25], and BBY-type O,-evolving
PS II membranes were prepared as described in [26].
O,-evolving PS II core particles were prepared from the
PS II membranes by solubilization with n-heptyl thioglu-
coside essentially according to Ref. [27]. Sample materials
were stored in liquid nitrogen until use. After thawing, the
PS II membranes and the core particles were washed and
suspended in 400 mM sucrose, 40 mM Mes-NaOH, 20
mM NaCl (pH 6.5), and then incubated with PNOS in
complete darkness at 25° C unless otherwise noted. PNO§
(1 mM stock solution in dimethylsulfoxide) was added to
the incubation mixture, while the final concentration of
dimethylsulfoxide in the suspension was less than 1%.
After incubation, the treated membranes were quickly
frozen and stored in liquid nitrogen until analysis of
protein composition. Anaerobic condition was achieved by
a 10 min bubbling of argon gas into the incubation medium
prior to the addition of the membranes, followed by con-
tinuous gas flow above the mixture during dark incubation.

PNOS8 was added to the suspension after 5 min of the gas
flow above the suspension. For photoinhibition, the PS II
membranes (200 wg Chl/ml) were gently stirred in a
temperature-controlled glass cylinder (2.5 cm diameter)
and were illuminated at 15° C with strong white light (200
mW /cm?) from a 500 W halogen lamp through heat-ab-
sorbing filters.

Protein compositions of the sample materials were ana-
lyzed by SDS-PAGE according to Laemmli [28] with a gel
containing 5 M urea and 13% (w/v) acrylamide. Sepa-
rated polypeptides were electroblotted onto a nitrocellulose
membrane (Schleicher and Schuell) as in [29] but in the
presence of 0.05% (w/v) SDS with a semi-dry type blot
apparatus and probed with rabbit antisera raised against
spinach D1 and D2 proteins (kind gifts from Dr. M.
Ikeuchi). Immunoreacted protein bands were immunode-
tected with goat antibody against rabbit IgG conjugated
with alkaline phosphatase (Jackson ImmunoResearch), and
visualized by reaction with nitroblue tetrazolium and bro-
mochloroindolyl phosphate. Densitometric determination
of immunodetected bands was carried out at 540 nm with a
Shimadzu CS-9000 chromatoscanner.

O, evolution was measured with a Clark-type oxygen
electrode at 25°C in the presence of 0.5 mM phenyl-p-
benzoquinone as an electron acceptor.

N-Octyl-3-nitro-2,4,6-trihydroxybenzamide (PNOS8) and
its related chemicals were synthesized as in [30,31] and
purified by high performance liquid chromatography.
Structures of the synthesized compounds were confirmed
by "H-NMR, IR and mass spectroscopy. No derivatives
were detected during storage in dimethylsulfoxide.

3. Results

Fig. 1 shows the dependence of inhibition of O, evolu-
tion activity on the concentrations of PNO§ and DCMU in

100 Q7
¢
[ ] oH O
. 8 N=n-CyHyr
H
$ HO OH
3 o
' 60-
g o
£ ol
S 40
e
-3
o~
O
20 A L
e
0 +7F r T — —n 4
0 10°8 106 104

Concentration (M)

Fig. 1. Inhibition of O, evolution activity by PNOS (closed circles) and
DCMU (open circles). The chemical structure of PNOS is shown.
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Fig. 2. Effects of PS II inhibitors on the stability of the D1 protein during
dark incubation. PS I membranes were incubated for 60 min at 25° C in
the dark. D1 protein and its degradation products were detected immuno-
logically with D1 antiserum. Additions were: (a) no addition (control): (b
and i) 10 uM PNOS; (c) 10 uM DCMU; (d) 50 uM atrazine; (e) 100
uM ioxynil; (f) 100 uM dinoseb; (g) 50 uM PY35; (h) 200 uM
DBMIB. All chemicals were dissolved in dimethylsulfoxide as a stock
solution and added to the incubation mixture, while the final concentra-
tion of dimethylsulfoxide was less than 1% (v /v).

the PS 11 membranes in which assays were carried out at
Chl concentration of 5 g Chl/ml. The apparent I, value
for PNO8 (7.9-107% M) was close to that found for
DCMU (9.5 - 10~* M), indicating that PNOS inhibits PS II
electron transport as strongly as DCMU. The site of inhibi-
tion by PNO8 was found to be the Q,-to-Qp electron
transfer, based on the fact that PNOS8-treated PS Il mem-
branes exhibit the thermoluminescence band arising from
charge recombination between S, and Q (data not shown)
as in DCMU-treated thylakoids [24]. It is of note that the
dependence curve shifted upward by nearly one order of
concentration when O, evolution assay was carried out at
Chl concentration of 200 ug Chl/ml, which was applied
to PNOS treatment for the DI protein degradation (data
not shown). Unless otherwise noted, a PNOS concentration
of 10 uM was used throughout this study, which effected
complete inhibition of O, evolution at 200 g Chl/ml.
Fig. 2 shows the effects of various PS II inhibitors on
the stability of the D1 protein in which the PS II mem-
branes were incubated with the inhibitors at 25° C in the
dark for 60 min. DCMU and atrazine belong to urea-type
and triazine-type PS II inhibitors, and ioxynil, dinoseb and
PY35 [32] belong to phenol-type PS 1 inhibitors, while
DBMIB may also acts as an electron acceptor in the PS II
membranes. The polypeptide compositions of the treated

membranes were resolved with SDS-PAGE and the D]
protein was immunologically detected with the DI anti-
serum. No polypeptide band was detected except for the
native D1 protein in the membranes treated with DCMU,
atrazine, ioxynil, dinoseb, DBMIB and PY35, of which
concentrations were enough for complete inhibition of the
electron transfer between Q, and Qp except for DBMIB.
To our surprise, however, dark incubation of the mem-
branes with PNOS induced a degradation of the D1 protein
to yield two fragments at 23 and 9 kDa (lanes b and i). The
band of the 23 kDa fragment appeared as a doublet due to
interference in binding of antibody to the fragment by the
22 kDa intrinsic protein ( psb S gene product) superim-
posed on the 23 kDa fragment [33].

Fig. 3 shows the effects of dark incubation with PNOS§
in the thylakoid membranes, PS 1I membranes and O,-
evolving core particles. Dark incubation with PNOS led to
generation of the identical two fragments of the D1 protein
at 23 and 9 kDa in all three preparations and no other
degradation products of the D1 protein were detected. The
amounts of the PNO8-induced fragments were rather small
in the core particles probably because of the reduced
affinity of the Q, site for PNO8 in the core particles by
one order of magnitude below that in the PS II membranes
(data not shown). The result indicates that the PNOS-in-
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Fig. 3. Degradation of the D1 protein by PNO8. Thylakoid membranes
(a), PS II membranes (b) and O,-evolving core particles (c) were
incubated with 10 uM PNOS8 for 60 min at 25° C in the dark. D1 protein
and its degradation products were detected immunologically with DI
antiserum. The sample concentrations during incubation with PNOS8 and
the sample amounts loaded in each well of SDS-PAGE were 400 ug
Chl/m! and 200 pg Chl/mi, 80 pg Chl/ml, and 3 pug Chl, and 1 ug
Chl and 0.4 pg Chl for the thylakoid membranes, PS II membranes and
0,-evolving core particles, respectively.
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Fig. 4. Immunological detection of the degradation products of the D1
and D2 proteins. Control PS II membranes were incubated in the dark for
0 (), 10 (b) and 60 min (c); PS II membranes were illuminated for 0 (d),
10 (e), 60 (f) and 120 min (g); PS II membranes were incubated with 10
#M PNOS in the dark for 0 (h), 10 (i) and 60 min (j and k). Dark
incubations and photoinhibitory treatments were carried out at 25° C and
15° C, respectively. Western blotting was performed using anti D1 (a—j)
and anti D2 (k) polyclonal antisera. Degradation products seen faintly at
23 kDa at 0-min treatment with PNOS8 (h) were due to adventitious
degradation of the D1 protein during sample handling. The 67 kDa band
seen in all lanes and the band at around 4 kDa in lane k were due to
non-specific immunoreaction with unidentified substances.

duced cleavage of the D1 protein is not due to damage of
the D1 protein inflicted during isolation of the PS II
membranes and core particles with detergent. Therefore,
the following experiments were performed using only the
PS II membranes.

Fig. 4 shows the effects of photoinhibitory illumination
and PNOS treatment on DI protein in the PS II mem-
branes. Photoinhibitory treatment resulted in selective
degradation of the D1 protein to produce 23 and 16 kDa
fragments (lanes d-g). The two fragments became de-
tectable after 10 min of illumination and continued to
accumulate with illumination time. Very broad bands of
the fragment of the D1 protein were detected at 8—10 kDa
region in the sample photoinhibited for 120 min when the
blotted membrane was overreacted with nitroblue tetra-
zolium and bromochloroindolyl phosphate (data not
shown), although the fragment band was too faint to be
revealed well in the figure. Photoinhibition also led to the
appearance of a 41 kDa band, which has been reported to
be an adduct between the D1 protein and the a-subunit of
cytochrome 5-559 [34]. No degradation product of the D1
protein was detected when the PS II membranes were
incubated in the dark (lanes a—c). The PNOS8-induced 23
kDa fragment migrated to almost the same position as that

of the photo-degraded 23 kDa fragment (lanes h—j) and
also detected as a doublet band due to the presence of psb
S gene product although the fragment appeared to be much
broader in the photoinhibited than in the PNOS-treated
membranes. PNO8-induced protein degradation was highly
specific for the D1 protein, and no degradation product of
the D2 protein could be detected (lane k). No changes in
the polypeptide profile on Coomassie stained gel were
seen even after prolonged dark incubation with PNOS§
(data not shown).

Fig. 5 shows the time course of the appearance of the
23 and 9 kDa fragments during incubation with PNOS, in
which the relative absorbance of the fragment bands was
plotted against incubation time. Accumulation of the frag-
ments started with no lag-time after addition of PNOS§,
showing a high initial rate followed by progressive bend-
ing off with time, and then reached a constant level after
150 min. The time courses for the formation of the two
fragments were almost the same, suggesting that the two
fragments are the products of a single-site cleavage of the
D1 protein. It is note that the amount of the cleaved DI
protein was estimated to be about 10% of the total DI
protein after the treatment for 150 min.

Fig. 6 shows the dependence of the D1 protein degrada-
tion on the concentration of PNOS as detected by the
formation of the 23 kDa fragment. The amount of the
fragment was dependent on the concentration of PNO8 and
reached a high level at 5 uM PNOS. Although the frag-
ment formation increased gradually with PNOS concentra-
tion above 5 uM, treatment with 10 times concentrated
PNOS resulted in only 34% augmentation in the amount of
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Fig. 5. Time course of accumulation of the degradation products of the
D1 protein during dark incubation with PNOS: 23 kDa (open circle) and
9 kDa (closed circle) fragments. PS 11 membranes were incubated with 10
uM PNOS8 for various time at 25°C in the dark. The fragments were
detected immunologically with D1 antiserum, and quantified densitomet-
rically. The sample amount loaded in each well of SDS-PAGE was 1 ug
Chl which affords a linear relationship between the staining intensities of
the two fragments bands and the amounts of the fragments.
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the fragments. The result indicates that the binding of
PNO8 to a specific binding site is responsible for the
cleavage of the DI protein to form the 23 and 9 kDa
fragments.

Fig. 7 shows some of the factors that affected the
PNOS8-induced degradation of the D1 protein. The frag-
ments were still formed even when the concentration of
PNO8 was reduced as low as 1 uM (lane b). The fragment
formation was not much affected by the absence of oxygen
(lane d), indicating that no oxygen dependent process is
involved in the degradation. Notably, however, the frag-
ment formation was considerably suppressed to about 20%
by the presence of excess DCMU (lanes g, h) which
inhibits the electron transfer between Q, and Qy by
binding to the Qg site of the DI protein in place of a
plastoquinone molecule. Since the binding domain of PNOS8
is known to overlap with that of DCMU [24], the result
implies that the PNOS8-dependent degradation of the D1
protein requires specific binding of PNOS8 molecule to the
Qg site. This may explain why the DI protein was the
only protein cleaved by PNOS. It has been proposed that a
specific proteinase is implicated in the D1 protein degrada-
tion during photoinhibition. The putative proteinase has
been claimed to be associated closely with the PS II core
and /or PS II reaction center [7-9], and to be inhibited by
serine-type proteinase inhibitors such as PMSF and diiso-
propyl fluorophosphate [12,35,36]. As dark incubation with
PNOS8 resulted in the generation of the 23 and 9 kDa
fragments in the core particles as shown in Fig. 3, the
effects of a proteinase inhibitor, PMSF, were examined to
check the possible participation of a proteinase in the
PNO8-induced degradation of the D1 protein. Interestingly
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Fig. 6. Dependence on PNOS concentration of the degradation of the D1
protein. PS II membranes were incubated with various concentrations of
PNOS for 60 min at 25° C in the dark. The 23 kDa fragment was detected
immunologically with DI antiserum, and quantified densitometrically.
The sample amount loaded in each well of SDS-PAGE was 1 ug Chl,
which affords a linear relationship between the staining intensities of the
fragment band and the amount of the fragment.
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Fig. 7. Degradation of the D1 protein by PNO8 under various conditions.
PS II membranes were incubated for 60 min at 25° C in the dark under
aerobic condition unless otherwise noted. Degradation products were
detected immunologically with D1 antiserum. Additions were: (a), no
addition (control); (b), 1 uM PNOS; (c), 10 uM PNOS; (d) 10 uM
PNO8, anacrobic; (e) 10 uM PNOS, 0° C; (), 10 uM PNO8 plus 2 mM
PMSF; (g), | uM PNO8 pius 100 uM DCMU; (h) 10 uM PNOS8 plus
100 uM DCMU.

enough, the degradation was suppressed to about 60% by 2
mM PMSF (lane f). It is noted that PMSF at this concen-
tration did not affect at all the inhibition of PS II electron
transport by PNOS. The PNO8-induced degradation of the
D1 protein was also suppressed to 40 ~ 60% by the addi-
tion of other inhibitors for serine-type proteinase including
4-amidinophenylmethanesulfonyl fluoride (APMSF), diiso-
propyl fluorophosphate (DFP), aminophenyl benzoate and
benzamidine (data not shown). This suggests an involve-
ment of a proteolytic process in PNOS8-induced degrada-
tion, and is consistent with the result that the degradation
was largely suppressed when the incubation temperature
was lowered to 0° C (Fig. 6, lane e).

4. Discussion

The present study demonstrated that simple treatment of
PS II membranes with PNOS, a potent electron transport
inhibitor between Q, and Qp, induces a degradation of the
D1 protein to give the 23 and 9 kDa fragments in complete
darkness. The degradation was highly specific for the D1
protein, and other PS II proteins were not affected at all by
PNOS treatment. The protective effect of DCMU against
PNO8-induced degradation of the D1 protein indicates that
binding of a PNO8 molecule to the Qg-pocket leads to
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cleavage of the D1 protein. This view is further supported
by the finding that the degradation of the D1 protein was
saturated at the PNOS8 concentration that was required for
complete inhibition of the electron transfer between Q,
and Qp as shown in Fig. 6. Two possible mechanisms may
be assumed to explain this novel reaction: (i) the polypep-
tide chain of the D1 protein is cleaved by a direct chemical
reaction with the PNOS molecule bound to the Qg-pocket
or (i) binding of PNOS to the Qy-pocket induces some
structural modification in the D1 protein and triggers the
degradation by a mechanism other than the direct reaction
with PNOS. Judging from the protective effect of PMSF
that suggests the involvement of a serine-type proteinase in
this degradation process, the latter possibility seems to be
more likely, although we can not completely exclude the
former possibility at present.

It has been proposed that in photoinhibition the selec-
tive and specific degradation of the D1 protein is effected
by a proteolytic process rather than a direct photochemical
reaction [7,9,11], in which a light-dependent modification
in the D1 protein is assumed to convert D1 to a substrate
for the putative proteinase. Our observations in the present
study as described in the above paragraph are in accord
with the scenario proposed for the degradation of the D1
protein in photoinhibition, i.e., both require a structural
modification of the D1 protein to trigger the proteolytic
process. In this context, it may be of interest to note that
the 23 and 9 kDa degradation products observed in this
study coincide with those reported in acceptor side photo-
inhibition [12-14], in which the primary cleavage takes
place at the loop connecting transmembrane helices D and
E of the D1 protein to yield a 23 kDa N-terminal fragment
[12-15] and a 10 kDa C-terminal fragment [12,13,37].
Since this loop domain provides the binding site for Q
plastoquinone as well as for PS II inhibitors including
PNOS, it is reasonable to assume that the D1 protein is
cleaved at this loop upon binding of PNOS to yield 23 kDa
N-terminal and 9 kDa C-terminal fragments. Our prelimi-
nary analysis using a site-specific antibody raised against
the oligopeptide that corresponds to the residue Leu326-
Glu333 of the spinach D1 protein (unpublished data) sup-
ports this view. Based on these considerations, we may
assume that a common mechanism is involved in the
process of the degradation of the DI protein by both
photoinhibition and PNOS treatment. Although the detailed
molecular basis for the degradation of the D1 protein is not
clear at present, we may speculate that the conformation of
the Qp site occupied by PNOS8 molecule would be similar
to that induced by photoinhibitory treatment, and both
allow proteolytic cleavage by the putative proteinase at the
same site of the D1 protein.

As shown in Figs. 2 and 5, only a limited population of
the D1 protein was degraded by PNOS. Since we may
assume that PNOS8 binds to all the PS II centers on the
basis of the complete inhibition of the O, evolution activ-
ity, this implies that PNO8-binding to the Qg-pocket does

not necessarily trigger the degradation of the D1 protein.
One simple explanation for this would be the contamina-
tton of a chemical species that is effective in inducing the
D1 protein degradation in place of PNO8. However, this
does not appear to be the case for the following reasons:
(i) careful inspection by high-performance liquid chro-
matography of the purity of our PNOS preparation de-
tected no contamination; (ii) chemical species possibly
derived from PNOS showed no or markedly less affinity
for the Qp site as far as tested; (iii) some phloroglucinol
derivatives also induced D1 degradation and their capabili-
ties showed a good correlation with their activities as PS 11
inhibitors (data not shown). In the D1 protein degradation
under photoinhibitory conditions, it has been proposed that
a damaged D1 protein is tagged by structural and/or
conformational modifications to be discriminated from the
native D1 protein [38,39]. The non-stoichiometric degrada-
tion of the D1 protein by PNOS8 binding, therefore, seems
to be reasonably explained, if we assume that PNOS
triggers the degradation of the D1 protein only in some
special state and /or conformation.

It has been reported that several kinds of PS II inhibitor
protect the D1 protein from degradation induced by illumi-
nation with UV and/or visible light and suppress the loss
of O, evolution by photoinhibition [6,17-21], while any
PS II inhibitor has not been reported to lead the degrada-
tion of the D1 protein as far as we know. It is, therefore,
reasonable to assume that the structural requirement for the
D1 protein degradation is rather different from that for the
inhibition of the electron transfer and the protection of the
D1 protein against photodegradation, although those may
partly overlap with each other. PNOS8 seems to be classifi-
able as a phenol-type PS II inhibitor as it contains the
characteristic phenol nucleus, and also structural features
essential for inhibitory activity are fit to the structural
requirements for phenol-type inhibitors [40]. The nitro and
octylamide groups in PNO8 may be regarded as the strongly
electron-withdrawing group and either the slightly elec-
tron-withdrawing group with strict steric requirements or a
lipophilic group without steric requirements in the pro-
posed structural requirement, respectively. PNOS is, how-
ever, quite unique in containing a phloroglucinol nucleus
because this compound has been designed based on the
structure of grandinol and homograndinol found in Euca-
lyptus grandis [23,24]. Thus, we have synthesized some
derivatives of PNOS8 to test the structural relevance of
phloroglucinol nucleus to the D1 protein degradation. Pre-
liminary experiments showed that no derivative possessed
D1 protein degradation activity when the structure of
phloroglucinol nucleus was modified, even though deriva-
tives still retained the activity as PS II inhibitor. We
tentatively assume as a working hypothesis that some
interaction between the phloroglucinol nucleus and amino
acid residues in the Qp-niche induces the structural change
which is required for the cleavage of the D1 protein.

The PNO8-induced degradation of the D1 protein would
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provide a useful tool for understanding the molecular
mechanisms of the selective and specific degradation of
the D1 protein under photoinhibitory conditions and the
rapid turnover of the D1 protein under weak-light condi-
tions, t0o.
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