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ABSTRACT

Photoactivation of the latent oxygen-evolving system in intact chloro-
plasts isolated from wheat ( Triticum aestivum L.) leaves grown under
intermittent flash illumination was investigated, and the following results
were obtained: (a) The water-oxidation activity generated on illuminating
the isolated intact chloroplasts was as high as that generated in intact
leaves, indicating that all the machinery necessary for the activity genera-
tion is assembled within intact chloroplasts. (b) The generation of water-
oxidation activity was accompanied by enhancement of the activity of
diphenylcarbazide-oxidation, and both processes share the same photo-
chemical reaction but with respective rate-limiting dark reactions of differ-
ent efficiencies. (c) A23187, an ionophore for divalent cations, strongly
inhibited the generation of water-oxidation activity but did not affect the
activity once generated, which suggested that Mn atoms in the chloroplasts
are susceptible to the ionophore before photoactivation but turn immune
after photoactivation. (d) The generation of water-oxidation activity was
not affected by the inhibitors of ATP formation and CO: fixation, but was
inhibited by nitrite, methylviologen and phenylmercuric acetate which
suppress or inhibit the reduction of ferredoxin in intact chloroplasts. It
was inferred that some factor(s) probably present in stroma to be reduced
by PSI photoreaction is involved in the process of photoactivation.

There are many reports on the reactivation of O evolution in
isolated chloroplasts after various inactivation treatments which
preferentially block the Oz-evolving system. Yamashita and Tom-
ita (21, 22) found that Tris-inactivated oxygen evolution is restored
by simply washing the chloroplasts with reduced DCIP? solution,
in some cases, followed by illumination in the presence of Mn®*,
Ca®* and DTT. In these reactivation experiments with isolated
chloroplasts, the coexistence of reducing agent has been shown to
be the common requirement.

In reactivation experiments with whole algal cells, on the other
hand, Cheniae and Martin (4) have demonstrated a good reacti-
vation of O, evolution in NH,OH-treated cells of Anacystis nidu-
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lans with no externally added factor. Similar photoactivation with
no external factor is commonly observed for dark-grown algal
cells (5), dark-grown gymnosperm leaves (11, 15) or for intermit-
tently flashed angiosperm leaves (10, 18), when illumination is
given to intact cells or leaves before isolation of chloroplasts.
However, when illumination for photoactivation is applied to the
chloroplasts after isolation from cells and leaves, very few cases of
photoactivation of the Hill activity are reported. Oku and Tomita
(16) succeeded in generating by illumination an appreciable O,-
evolving activity in isolated chloroplasts of dark-grown spruce
seedlings, but the yield of the Hill activity generation was critically
dependent on the presence of ascorbate at high concentrations.

A question may arise hereupon whether the process of photoac-
tivation requires some cytoplasmic factor(s) in addition to the
photochemical processes within the chloroplasts or not. In the
present study, we report the characteristics of photoactivation of
the latent water-oxidation system (denoted simply as photoacti-
vation in this paper) in intact chloroplasts isolated from wheat
leaves grown under flashing light. This experimental system en-
abled us to investigate the effect of various externally added
chemicals, uncouplers, ionophores, etc, on the process of photoac-
tivation, and the results obtained indicated clearly that all the
factors necessary for the process are assembled within intact
chloroplasts. It is also suggested that a factor probably present in
stroma and reduced by PSI photoreaction plays an important role
in the process. Based on these findings, the relationship between
this factor and the reducing agent reported to be necessary for the
reactivation of Tris-inactivated oxygen-evolving system is dis-
cussed.

MATERIALS AND METHODS

Plant Materials. Wheat seeds ( Triticum aestivum L.) were ster-
ilized with a dilute solution of Usplun (Bayer Co.) and germinated
in moist vermiculite. After 6-d growth in darkness at 24 + 1°C,
the etiolated seedlings were subjected to greening under intermit-
tent illumination with electronic white flashes. Four strobes (Kako
Auto Elite I, 800 us in flash duration) were fired simultaneously
at an interval of 8 min to illuminate from above the growth bed
of 30 X 40 cm®. After 48 h of intermittent flash illumination, the
leaves were harvested under dim green safe light. All the following
procedures for preparation of protoplasts and intact chloroplasts
were carried out under the similar green safe light.

Preparation of Protoplasts. Protoplasts were prepared from the
intermittently illuminated leaves according to the method of Ed-
wards et al. (6). The leaves were cut into segments (0.5 to 1.0 mm
in width) and incubated in an enzyme medium containing 0.5 M
sorbitol, 1 mm CaCly, 2% (w/v) Cellulase (Onozuka R-10) and
0.3% (w/v) pectinase (Macerozyme R-10) and 0.05% (w/v) BSA
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(pH 5.5). The incubation was continued for 4 h at 26°C in
darkness and the crude protoplasts were collected by centrifuga-
tion at 100g for 5 min. The protoplasts were then purified by
sucrose/sorbitol discontinuous density gradient centrifugation at
100g for 5 min, collected by centrifugation at 400g for 5 min, and
then resuspended in a small volume of a medium containing 0.33
M sorbitol, 5 mM NaCl, 0.2 mm K.HPO,, and 50 mm Hepes-NaOH
(pH 7.5).

Preparation of Intact and Broken Chloroplasts from Proto-
plasts. The protoplasts were disrupted by passing twice through a
20 um nylon mesh attached to a plastic syringe. The crude
chloroplasts were precipitated by centrifugation at 4,300g for 40
s and resuspended in a small volume of the same medium. Intact
and broken chloroplasts were separated by discontinous Percoll
density gradient centrifugation. The crude chloroplast supension
was layered on top of a gradient consisting of 10, 40, 60, and 75%
(v/v) Percoll (Pharmacia Fine Chemicals, Upsala) dissolved in a
medium containing 0.33 M sorbitol, 5 mm NaCl, 0.2 mm K,HPO,,
and 50 mM Hepes-NaOH (pH 7.5), and centrifuged in a fixed
angle rotor (Hitachi, RP-18-3) at 4,000g for 15 min. Two green
bands appeared between 10 and 40% phase and between 40 and
60% phase. The bands were collected separately with a pipette and
stored at 0°C. The upper band contained broken chloroplasts with
damaged envelope and the lower band contained intact chloro-
plasts as judged under a phase contrast microscope. The separated
intact chloroplasts were used for experiments within 1 h after
preparation.

Preparation of Broken Chloroplasts from Leaves. Wheat leaves
were ground in a mortar with an ice-cold medium containing 0.33
M sorbitol, 5 mm NaCl, 0.2 mm K;HPO,, 1 mm MgCl,, and 50 mm
Hepes-NaOH (pH 7.5). The homogenate was filtered through a
77 pm nylon mesh and centrifuged at 4,000g for 10 min. The
precipitate was suspended in the same medium.

Photoactivation. For the photoactivation experiment with iso-
lated protoplasts or chloroplasts, the samples suspended in a
medium containing 0.33 M sorbitol, 5 mm NaCl, 0.2 mm K.HPO,,
and 50 mm Hepes-NaOH (pH 7.5) at a Chl concentration of 10
pg/ml were illuminated at 25°C with continuous light from an
incandescent slide projector (150 w) passing through an orange
filter (Toshiba, VO-56) and a 4-cm layer of 4% CuSO, solution at
an intensity of 250 uw/cm®. For the experiment with intact leaves,
the flashed leaves were spread on a filter paper moistened with
distilled H2O and illuminated from above with orange light as
described above. In the light-intensity dependence experiments,
the intensity was reduced by neutral density filters (Nihon Shinku,
ND filters).

Activity Measurement. Chloroplasts were osmotically disrupted
by adding 20 volumes of distilled H2O just before activity mea-
surements, and the activity of DCIP photoreduction with water or
DPC as electron donor was assayed at 25°C with a recording
spectrophotometer (Shimadzu, UV-300). Actinic light was the red
light from an incandescent slide projector (500 w) passing through
a red filter (Toshiba, VR-65), a heat absorbing filter (Nihon
Shinku, Cold filter-B) and a 10-cm layer of water and focused
onto the optical cell at a saturating intensity of 130 mw/cm?. The
standard medium for the assay contained 0.33 M sorbitol, 5 mm
NaCl, 0.2 mm K,HPO,, 1 mM MgCl;, 20 mm methylamine, 20 uMm
DCIP, and 50 mM Hepes (pH 7.5), and 1 mmM DPC was added
when used. Chl concentration was determined by the method of
Arnon (1).

RESULTS

Table I summarizes the generation of the Hill activity by the
photoactivation effected in various chloroplast preparations. In
the experiment, continuous light for photoactivation was given to
chloroplasts at different stages of the procedure for preparing
intact chloroplasts from wheat leaves grown under flashing light.
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Table 1. Hill Activity Generation Effected by Photoactivation in Various
Chloroplast Preparations
Continuous light (20 min) for photoactivation was given to chloroplasts
at different stages of the procedure for preparing intact chloroplasts from
wheat leaves grown under intermittent flashes.

Activity
Sample for Illu- Before illumination After illumination
mination
Water-oxi- DPC oxida- Water-oxi- DPC oxida-
dation tion dation tion
umol DCIP/mg Chl-h

Intact leaves 2 75 205 205
Protoplasts 0 70 180 150
Intact chloro- 5 100 170 175
plasts
Broken chloro- 0 75 0 40
plasts

Irrespective of the sample source, all thylakoid preparations ob-
tained from nonilluminated leaves, protoplasts, intact or broken
chloroplasts showed no activity of DCIP photoreduction with
water as electron donor (denoted in this paper as water-oxidation
activity), while showing appreciable activities with DPC as elec-
tron donor (denoted as DPC-oxidation activity). When, however,
the leaves, protoplasts, or intact chloroplasts were illuminated with
continuous light before chloroplast preparation, the thylakoids
prepared from these samples showed remarkable water-oxidation
activities, and the DPC-oxidation activity was also enhanced by
a factor of about 2. The water-oxidation activities thus generated
by illumination in protoplasts and intact chloroplasts were as high
as the activity generated by illumination of intact leaves. These
results clearly indicate that photoactivation proceeds normally in
intact chloroplasts as well as in protoplasts and intact leaves, and
that all the factors necessary for the process are assembled within
intact chloroplasts. By contrast, the illumination of broken chlo-
roplasts did not induce water-oxidation activity at all but rather
lowered the activity of DPC-oxidation. This indicates that the
intactness of chloroplasts is essential for the photoactivation in
vitro, and may also imply that some factor(s) in stroma is involved
in the process.

Figure 1 shows the course of generation of water-oxidation
activity and enhancement of DPC-oxidation activity during illu-
mination of intact chloroplasts. Before illumination, both activities
of water- and DPC-oxidation were 4 and 54 pmol DCIP/mg
Chl-h, respectively. On illumination, the water-oxidation activity
was rapidly induced and reached the saturation level of about 100
to 200 umol DCIP/mg Chl-h after 20 min (curve A). The DPC-
oxidation activity was also enhanced by illumination and reached
the same saturation level as that of water-oxidation activity (curve
B). The saturation level fluctuated between 100 and 200 umol
DCIP/mg Chl-h depending on the preparation of intact chloro-
plasts, but the two activities repeatedly showed the same saturation
level independent of the preparation. The actvities thus generated
or enhanced by illumination were stable during the subsequent
dark incubation at 0°C at least for 4 h.

Figure 2 shows the light-intensity dependence of the rate of
photoactivation, in which the increment of the water- and DPC-
oxidation activities during the first 10 min of illumination was
plotted against the intensity of illumination. Both rates were
steeply increased with increasing the light intensity and were
saturated at the same intensity of about 70 uw/cm? but the
saturation level of the increment of water-oxidation activity was
reproducibly higher than that of DPC-oxidation activity (curve
A). This implies that the overall quantum yield for the enhance-
ment of DPC-oxidation activity is limited by some reason at a
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Fic. 1. Time course of photoactivation induced by continuous light
illumination of the intact chloroplasts isolated from wheat leaves grown
under intermittent flash illumination, shown in terms of generation of
water-oxidation activity (curve A, @) and enhancement of DPC-oxidation
activity, (curve B, B).
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Fi1G. 2. Light-intensity dependence of the rate of water-oxidation activ-
ity generation (curve A, @) and of DPC-oxidation activity enhancement
(curve B, W) during photoactivation in isolated intact chloroplasts. The
rates were estimated from the activity increments in the first 10 min of
continuous illumination. Small figure in the margin shows the double
reciprocal plot of curves A and B.

lower level than that for the induction of water-oxidation activity
(curve B).

The difference in the overall quantum yield between the two
activity increments was analyzed based on the method by Lumry
and Spikes (13). The small figure in the margin of Figure 2 shows
the reciprocal plot of the rate of photoactivation versus the recip-
rocal of light intensity. Both plots for water- and DPC-oxidation
activities resulted in straight lines with the same inclination but
with different intersecting points on the ordinate. According to the
theory by Lumry and Spikes, the intersecting point on the ordinate
stands for the reciprocal of the maximum value of the rate-limiting
dark reaction, and the inclination of the line stands for the
reciprocal of the quantum yield of the photochemical process.
Accordingly, it is deduced from these two straight lines that both
activations of water- and DPC-oxidation activities share the same
photochemical process(es) with the same quantum yield, but
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Fi1G. 3. Effect of aging on the competence of photoactivation in intact
chloroplasts. The intact chloroplasts were incubated at 0°C for the indi-
«cated periods before subjected to photoactivation by 20-min continuous
illumination. Curve A (O), water-oxidation activity after illumination;
curve B (O), DPC-oxidation activity after illumination; straight line C
(@), water-oxidation activity before illumination; straight line D (M), DPC-
oxidation activity before illumination.

Table I1. Effect of A23187, an Ionophore for Divalent Cations, on
Photoactivation in Isolated Intact Chlorplasts
Water-oxidation activity generated in the first 10 min of illumination
was listed. Postaddition means that the chemicals were added after illu-
mination for photoactivation.

Water-Oxidation Activ-

Condition
ity
pmol DCIP/mg Chl-h
Nonilluminated 2
Illuminated (10 min)
Control 104
+ EDTA (0.1 mm) 110
+ EDTA and A23187 (10 um) 0
+ EDTA and A23187 and MnCl; (5 mM) 20
+ EDTA and A23187 (10 pm, postaddition) 105

involve respective rate-limiting dark reactions with different effi-
ciencies.

Figure 3 shows the effect of aging of the intact chloroplasts on
photoactivation. The sample intact chloroplasts were stored after
preparation for various durations at 0°C in darkness before being
subjected to photoactivation by 20-min illumination. The com-
petence of photoactivation declined with aging in terms of both
water- and DPC-oxidation activities and, after 8-h aging, both
activities could no more be activated by illumination (curves A
and B). The DPC-oxidation activity observed for nonilluminated
samples did not change during the aging of 8 h but was rather
decreased by illumination below the initial level before illumina-
tion when the aging period is prolonged. Probably, the photo-
chemical reaction in the absence of electron donor in the latent
water-oxidation system no more capable of being activated be-
cause of aging resulted in some destruction of the system.

Table II summarizes the effect of A23187 (17), an ionophore
for divalent cations having high specificity for Mn®* ions, on the
photoactivation in intact chloroplasts. In the experiment, EDTA
(0.1 mM) was added to the reaction mixture in order to trap the
divalent cations released out of the intact chloroplasts by the
action of the ionophore. The presence of A23187 at a concentra-
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Table IIL. Effect of Inhibitors of ATP Formation on Photoactivation in
Isolated Intact Chloraplasts

Water-oxidation activity generated in the first 8 min of illumination was
listed.

Condition Water-Oxidation Activity
umol DCIP/mg Chl-h

Nonilluminated 2
INuminated (8 min)

Control 76

+ DCCD (50 um) 70

+ Oligomycin (50 um) 70

+ Gramicidin D (30 um) 74

+ CCCP (2 um) 46

+ Methylamine (30 mm) 91

+ NH,CI (30 mm) 103

+ CH3COONa (30 mm) 74

Table IV. Effect of Various Types of CO,-Fixation Inhibitors on
Photoactivation in Isolated Intact Chloroplasts

Water-oxidation activity generated in the first 10 min of illumination
was listed.

Condition Water-Oxidation Activity
umol DCIP/mg Chl-h

Nonilluminated 2
INluminated (10 min)

Control 104

+ KCN (0.5 mm) 105

+ NaNO; (5 mm) 36

+ MV (0.2 mm) 33

+ PMA (50 um) 0

tion of 10 uM combined with EDTA during illumination com-
pletely inhibited the generation of water-oxidation activity. Inas-
much as A23187 added after illumination did not affect the water-
oxidation activity generated beforehand, the elimination of Mn**
from the intact chloroplasts must have caused the inhibition.
When an excess amount of Mn®* (5 mM) was present in the
A23187/EDTA system during illumination, the water-oxidation
activity was slightly but significantly induced. This result is con-
sistent with the above interpretation for the action of A23187 on
photoactivation. The low restoration of about 20% of the control
may imply that the photoactivation requires one or more divalent
cations other than Mn?*. The requirement of Ca** in addition to
Mn®* has been reported by Yamashita and Tomita (21) for the
photoactivation of water-oxidation activity in Tris-inactivated
chloroplasts.

Table III shows the effect of various chemicals affecting ATP
formation on the photoactivation in intact chloroplasts. The gen-
eration of water-oxidation activity was not affected by DCCD (50
um) or oligomycin (50 um), which are known to inhibit ATP
formation by affecting ATPase. Among the uncouplers tested,
Gramicidin D (30 um) did not affect the rate either, while meth-
ylamine (30 mM) and NH,Cl (30 mm) were stimulatory. This
stimulation seems to result from the pH rise in intrathylakoid
space or in stroma, a shift toward the optimum pH of 7.8 for
photoactivation as reported by Oku and Tomita (16). CH;COONa
(30 mm), which is known to lower the pH in intact chloroplasts,
on the other hand, did not affect the process. CCCP (2 uM) was
inhibitory for the photoactivation. Judging from the effects of the
other uncouplers tested, this inhibition does not seem to result
from the uncoupling function of this chemical. Possibly, the
interference of this chemical with SH groups (12) might be re-
sponsible for this inhibition.

Table IV summarizes the effect of various types of CO, fixation
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inhibitors on the activity generation in intact chloroplasts. Inhi-
bition of Calvin-Benson cycle enzymes by KCN (5 mm) did not
cause any inhibition of the photoactivation. By contrast, NO;~ (5
mM) or MV (0.2 mM) considerably inhibited the activity genera-
tion. Since these chemicals are known to inhibit CO, fixation by
preferentially accepting electrons from PSI, the results suggest that
the electron transport on the reducing side of PSI plays an essential
role in the process of photoactivation. PMA (50 um), a typical
inhibitor for ferredoxin and ferredoxin-NADP oxidoreductase,
also inhibited the activity generation. Possibly, some factor re-
duced with ferredoxin as catalyzer is required for the process of
photoactivation.

DISCUSSION

In the present study, it was shown that the latent water-oxidation
system in isolated intact chloroplasts prepared from wheat leaves
grown under intermittent flashes can be activated by simply
illuminating the isolated chloroplasts with continuous light with
no externally added factor. The activity generated by illuminating
the isolated intact chloroplasts fluctuated around 200 umol DCIP/
mg Chl-h, but these values were almost comparable to the activity
generated by illuminating the intact leaves. This fact indicates that
all the machinery necessary for normal photoactivation is assem-
bled within intact chloroplasts and no cytoplasmic factor is re-
quired (Table I).

As opposed to intact chloroplasts, no activity generation could
be observed for broken chloroplasts. The broken chloroplasts used
in the present study were obtained by the same procedure as for
the intact chloroplasts and separated by Percoll density gradient
centrifugation. Judging from the mild preparation procedure used
and also from observation under microscope, the reason for the
loss of photoactivation competence of the broken chloroplasts
cannot be due to the damage in thylakoids but seems likely to be
attributed to the leaking of stroma. We may, hence, assume that
some factor(s) contained in stroma is required for photoactivation
to proceed normally. This factor may not be the cations such as
Mn”* and Ca®*, since the factor is a redox substance which may
be reduced in competition with NO;™ or MV as discussed in the
paragraph below.

As indicated in Table IV, NO,™ and MYV inhibited the photoac-
tivation in intact chloroplasts. As to the role of electron transport
in photoactivation, it has been inferred that photoactivation re-
quires some oxidized equivalents on the oxidizing side of PSII,
based on the observation that the photoactivation in algal cells
and intact leaves was sensitive to DCMU (3, 10). From this point
of view, the inhibitory effect of NO,” and MV shown in the
present study seems remarkable in that the generation of water-
oxidation activity was affected under the condition which allowed
electron transport through both photosystems to accumulate oxi-
dizing equivalents on the oxidizing side of PSII. Considering that
both of those two chemicals are efficient electron acceptors of PSI,
the former via ferredoxin assisted by nitrite reductase (14) and the
latter via P430, one of the early electron acceptors of PSI (7), we
may assume that a redox factor is involved in the process of
photoactivation; possibly the reduced form of the factor is required
for the photoactivation process in addition to the photooxidation
of Mn®* on the oxidizing side of PSII (5), and the redox state of
the factor is competitively regulated in the presence of NO;~ or
MYV, as shown by the scheme below. This view is consistent with
the above assumption that some soluble factor in stroma is in-
volved in the process, and does not conflict with the previous
observation that DCMU is inhibitory for photoactivation. The
necessity of such reduced factor may also be related with the
observation by Oku and Tomita (16) that the photoactivation in
broken chloroplasts of dark-grown spruce leaves requires high
concentrations of ascorbate. Possibly, the ascorbate can partially
substitute the function of the postulated factor, or acts as antioxi-
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dant to keep the factor reduced.

MV NO~; (external electron acceptors)

T 1
e —PSI->P430—Fd—X (the factor for photoactivation)
T
PMA inhibition

Another observation in this study that PMA completely in-
hibited the photoactivation seems also to be related to the above
view. Since PMA is a typical inhibitor for SH-groups, the chemical
will block the function of ferredoxin in intact chloroplasts (8),
which may result in complete inhibition of photoactivation ac-
cording to the above scheme. PMA is also known to affect the
coupling factor of chloroplast phosphorylation, CF.. However,
CF, does not seem to be involved in the process, since DCCD,
Oligomycin, Gramicidin and methylamine did not inhibit the
photoactivation in intact chloroplasts (Table III). As opposed to
Gramicidin and methylamine, CCCP inhibited the photoactiva-
tion in intact chloroplasts. Judging from the fact that Gramicidin
and methylamine, typical uncouplers, were not inhibitory, the
inhibition by CCCP is not due to the uncoupling function but
may be causing from some other function of this chemical. It is
reported that CCCP reacts with DTT to lose its uncoupling effect
in bacterial membranes (12). It seems possible to assume in this
context that the postulated factor, X, is an SH-bearing substance
being reactive with CCCP to lose its function in the photoactiva-
tion. It seems also worth while to note that some enzymes for
Calvin-Benson cycle, such as NADP-linked glyceraldehyde-3-P
dehydrogenase and fructose-1,6-diphosphatase are inactive in
darkness but are activated on illumination by a soluble factor in
stroma having SH-groups, thioredoxin, reduced via ferredoxin by
PSI photoreaction (19, 20). It may be reasonable to assume a
similar mechanism for the photoactivation of the water-oxidation
system, correlating the factor postulated with thioredoxin.

As shown in Table II, A23187, an ionophore for divalent
cations, completely inhibited the photoactivation. This result is
consistent with the established view that Mn atoms are incorpo-
rated during photoactivation into the proper sites on the water-
oxidation enzymes (2, 4, 21). The clear difference in the effect of
A23187 shown in this study, inhibitory when present during
photoactivation, but not inhibitory at all when added after pho-
toactivation, suggests that Mn atoms are free or loosely bound to
the enzyme before photoactivation to be susceptible to the iono-
phore, but become tightly bound to the enzyme to turn resistant
to the ionophore after photoactivation. The inhibition by A23187
was restored by the presence of excess Mn®*, but the restoration
was partial, about 20% of the control. This low restoration may
have resulted from the shortage of some divalent cations other
than Mn®*, which are extracted together with Mn®* out of chlo-
roplasts or thylakoids by the action of the ionophore, as reported
by Yamashita and Tomita (21, 22) that Ca®" is needed for the
reactivation in Tris-inactivated chloroplasts. We observed that
high concentration of Mn®* is rather inhibitory for photoactivation
and the coexistence of Ca’* restores this inhibition caused by
Mn®*. Such examination is under way to be published elsewhere.

As shown in Table II, uncouplers except CCCP did not affect
the photoactivation. This result is not always consistent with the
previous observations by Cheniae and Martin (3) or Yamashita
and Tomita (22) that the photoactivation in Mn-deficient algal
cells or in Tris-inactivated chloroplasts (at the high pH of 8.8),
respectively, was blocked by uncouplers. They inferred that un-
couplers suppress the transport of Mn?* through the cell mem-
brane or thylakoid membrane to reach the binding site to form
active water-oxidation enzymes. When we consider the data in the
present study referring to their interpretation, the insensitivity to
uncouplers shown in this study seems to suggest that Mn atoms
necessary for the photoactivation in intact chloroplasts are located
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in the vicinity of the water-oxidation enzyme to be activated, and
the transport of Mn through thylakoid membranes is not involved
in the process.

It was also shown in the present study that DPC-oxidation
activity is enhanced during photoactivation in parallel with the
generation of water-oxidation activity. This is consistent with the
previous observation (9), and may imply that the photoactivation
is not a phenomenon limited within the functional development
of the latent water-oxidation enzyme but simultaneously involves
some changes in the electron transport activities of the secondary
electron donors located between PSII and the water-oxidation
system. The function and role of the secondary electron donors of
PSII during illumination for photoactivation will be the problems
to be pursued, since these donors appear to supply a certain
amount of electrons to reduce the factor postulated and discussed
in the present study.
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