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The effects of potassium-(picrate)-(18-crown-6) on the electron transport of photosystem
II was investigated in isolated pea thylakoids. Low concentrations of the compound inhibited
the fast decay of fluorescence yield associated with electron transfer between the primary
( Q a ) and secondary (Q b) quinone electron acceptor and increased the intermediary level of
fluorescence to the Fmax level. The decay half-time of fluorescence yield measured in the
presence of D C M U (S2Q A‘ charge recombination) decreased from about 1.8 s to about 0.3 s
in thylakoids treated with potassium-(picrate)-(18-crown-6). W hile the inhibition of electron
transport by D C M U gave rise to the appearance of a thermoluminescence band at about
+10°C (S2Q A~charge recombination) addition of potassium-(picrate)-(18-crown-6) resulted in
a thermoluminescence band at about -10°C. Increasing concentrations of potassium-(picrate)(18-crown-6) diminished the fluorescence yield and the -10°C TL band and abolished the
Signal II S and Signal I I f E P R signals of the tyrosine-D and tyrosine-Z electron donors, respec
tively. The phenolic-type inhibitor, potassium picrate had the same effect on thermolumines
cence and on the tyrosine E P R signals. It is concluded that potassium-(picrate)-(18-crown6) is a phenolic type inhibitor owing to its picrate constituent. A t low concentrations picrate
and potassium-(picrate)-18-crown) not only block the electron transport between Q A and
O b but they probably decrease the midpoint redox potential of Q A, as well. A t high concen
trations they also inhibit the light-induced oxidation of the tyrosine-D and tyrosine-Z donors.

Introduction
It has recently been shown that the potassium
picrate complex of crown (K-pic-18-crown-6) is an
inhibitor of the electron transport chain of PS II
(Sabat et al ., 1991; Mohanty et al., 1991). Electron
transport rate and fluorescence experiments re
vealed that this complex reversibly affects oxygen

Abbreviations: A D R Y , reagents which accelerate the de
activation reactions of the water-splitting system; D1 and
D2, reaction center proteins of PS II; DCPIP, 2,6-dichlorophenolindophenol; D C M U , 3-(3’,4'-dichlorophenyl)-l,l-dimethylurea; DPC, 1,5-diphenylcarbazide; F0,
initial fluorescence; Fmax, maximal fluorescence; MV,
methyl viologen; P 680, reaction center chlorophyll of
PS II; Q a , primary quinone acceptor of PS II; Q B, se
condary quinone acceptor of PS II; Q band, TL band
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PS II, photosystem II; S2 and S3, oxidation states of the
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evolution. It has been concluded that the inhibi
tory site of K-pic-18-crown-6 is probably located
between the redox active tyrosine-Z donor and the
reaction center chlorophyll, P680 (Sabat et al.,
1991). Since addition of chloride ion releaved the
effect of K-pic-18-crown-6 it was suggested that
the site of action of this complex is on the Cl' pool
in the thylakoid membranes. Potassium picrate,
which is used for the synthesis of K-pic-18-crown6 , is a trinitrophenol compound and belongs to the
family of phenolic-type inhibitors (Oettmeier,
1992; Bowyer et al., 1991). Partial electron trans
port rate measurements and displacement experi
ments carried out with 14C-labelled picric acid in
dicated an inhibition site for this compound at the
reducing side of PS II similar or identical to that
of diuron and phenolic inhibitors (Oettmeier and
Masson, 1982). This suggests that the inhibitory ef
fects of K-pic-18-crown-6 can be attributed to the
picrate constituent. In the present work we rein
vestigated the effects of K-pic-18-crown-6 on PS
II. Thermoluminescence and E P R experiments re-
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vealed that K-pic-18-crown-6 behaves like a phe
nolic inhibitor owing to its picrate constituent. It
was found that at low concentrations K-pic-18crown- 6 and potassium picrate inhibited the elec
tron transport between Q A and Q B and probably
shifted the redox potential of Q A to negative di
rection. A t high concentrations they influenced
the functions of the tyrosine-D and tyrosine-Z do
nors, as well.

Materials and Methods
Thylakoid membranes were isolated as in (Sabat

et al., 1991) from 1-2 month old spinach or 2-3
week old green peas grown in a green house. The
membranes were suspended in a medium contain
ing 0.4 m Sucrose/ 15 mM NaCl/ 5 mM M gCl2 and
50 mM HEPES buffer of pH 7.5. Chemical treat
ments of thylakoid membranes were carried out
by incubating the membranes for 3 min in the dark
in the presence of various concentrations of chem
icals. Oxygen-evolving PS II particles were iso
lated from pea thylakoids (Völker et al., 1985). For
manganese depletion the PS II particles were incu
bated at 0°C in 0.8 m Tris buffer at pH 8.0 for 30
min at a chlorophyll concentration of 50 [Ag/ml.
The Tris-treated particles were washed two times
in the suspension buffer and centrifuged for 45
min at 45 000xg.
The rate of photosynthetic oxygen evolution
was measured at saturating light intensity by using
a Hansatech oxygen measuring system. The assay
medium contained 0.1 m D-sorbitol, 10 mM
K 2 H P 0 4, 20 mM NaCl, 4 mM M gC l2, 2 mM ED T A ,
50 mM H EPES at pH 7.5 and thylakoids carrying
50 |ig chlorophyll in a final volume of 1 ml. D if
ferent parts of the electron transport chain were
studied by addition of electron acceptors and do
nors: 100 (am M V (PS I + PS II), 2 mM ascorbate/
50 |am DCPIP/100 [am M V in the presence of 5 jam
D C M U (PS I). The DCPIP-Hill activity was mea
sured with the help of an Am inco spectrophotom
eter used in the split-beam mode. The D C P IP pho
toreduction was assayed by recording absorbance
changes at 590 nm. In the assay, 50 (am D C P IP
(from water to D C P IP ) or 500 jam D PC and 50 jam
D C PIP (from D PC to D C PIP) were added. The
intensity of the red actinic light was 300 W n r 2.
Fluorescence induction and relaxation measure
ments were carried out in a PAM-101 spectrofluorometer.

TL glow curves were measured in a home-built
apparatus similar to that described by Tatake et al.
(1971) at a light intensity of 10 W nv2. Following
illumination the samples were heated in the dark
at a rate of 20°C/min and the emitted TL light
intensity was measured with an E M I 9558B photo
multiplier. The signals were amplified by a dif
ferential amplifier and fed to an X-Y recorder.
Electron paramagnetic resonance spectra were
measured with a Brücker ECS-106 spectrometer.
X-band spectra were recorded at room temper
ature with 9.45 G H z microwave frequency and 100
kHz modulation frequency. Data collection and
processing were performed by using the E P R
spectrometer data acquisition software.

Results
In order to find the action sites of K-pic-18crown- 6 partial electron transport rate measure
ments were carried out. Incubation of spinach thy
lakoid membranes with increasing concentrations
of K-pic-18-crown-6 severely inhibited the wholechain electron transport from water to the PS I
acceptor, methylviologen (Fig. 1). The electron
transport rate measured from reduced 2 ,6 -dichlorophenolindophenol (D C P IP) to methyl viologen
involving plastoquinone, the cytochrome b/f com
plex and PS I was insensitive to micromolar con
centrations of K-pic-18-crown-6. However, the PS
II electron transport reactions measured either
from water to D C PIP or from diphenylcarbazide
(D PC ) to D CPIP were almost completely inhib
ited by 10 jam K-pic-18-crown-6. Since D P C do
nates electrons directly to the tyrosine-Z donor
and D C P IP accepts electrons at Q B we can con
clude, in agreement with Sabat et al. (1991), that
K-pic-18-crown-6 inhibits PS II electron transport
in this section of the electron transport chain. A l
though Sabat et al. (1991) could not find any inhib
itory effect of potassium picrate (used for synthe
sis of K-pic-18-crown-6) we observed almost
complete inhibition of PS II electron transport
(from water to phenyl-/?-benzoquinone) in the
presence of 1 0 [am potassium picrate (not shown).
O n the other hand 10 (am 18-crown-6 did not affect
the electron transport. Consequently, we suggest
that the picrate constituent is responsible for the
inhibitory effect of K-pic-18-crown-6.
The inhibitory site of K-pic-18-crown-6 was
more precisely determined by fluorescence relax
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Fig. 1. Effect of K-picrate-18-crown-6 on various partial
electron transport reactions, x—x, water to MV; A —A,
water to DCPIP; o-o, D PC to DCPIP; • - # . D C P IP H ,
to MV. The assay medium contained 0.1 m D-sorbitol,
10 mM K 2H P 0 4, 20 mM NaCl, 4 m M gCl2, 2 mM E D T A ,
50 m M H E PE S pH 7.5 and thylakoids carrying 50 [i m
chlorophyll in 1 ml. Concentrations of the acceptors and
donors were: 100 [.i m MV, 50 [.i m DCPIP/2 m M ascorbate,
500 [im DPC. 100% rates in the H 20 —* M V and
D C P IP H t —*■M V reactions were 220 and 960 [imol 0 2
consumed per mg chlorophyll per h, respectively. C on
trol rates in the H 20
D C P IP and D PC
D C P IP
photoreductions were 170 and 190 [imol of D C P IP (mg
of C h i ) 1 h*1, respectively.

ation measurements. In uninhibited thylakoids the
decay of fluorescence yield apparently consisted
of two components (Fig 2, curve A ). The fast one
is characteristic of the Q A to Q B electron transfer
and decays in some hundred microseconds. The
slow one can be attributed to backreaction of Q A'
with the positively charged donor side of PS II.
W hen the electron transport was inhibited be
tween Q a and Q b by D C M U the reduced Q A
molecules underwent charge recombination with
the S2 state of the water-splitting system. Consis
tently, in the presence of D C M U the fast relaxing
component completely disappeared and only the
slow component was observed in the decay curve
(Fig. 2, curve D). The effect of K-pic-18-crown-6
on the decay curve was similar to that of D C M U .
After addition of 5 [im K-pic-18-crown-6 the am
plitude of the fast component was greatly reduced
and the contribution of the slow component
increased (Fig. 2, curve B). 10 [im K-pic-18-crown6 almost completely eliminated the fast compo

541

nent with a concomitant enhancement of the am
plitude of the slow component (Fig. 2, curve C).
Potassium picrate had the same effect on fluores
cence relaxation as K-pic-18-crown-6 (not shown).
Thus, at low concentrations both K-pic-18-crown6 and potassium picrate inhibit the electron trans
port at the acceptor side of PS II between Q A
and Q b.
The results of fluorescence relaxation measure
ments were confirmed by fluorescence induction
measurements. U pon D C M U addition the inter
mediary level of fluorescence, Ft was lifted to the
Fmax level converting the slow rise of fluorescence,
characteristic of uninhibited thylakoids (Fig. 3,
curve E, solid line), into an accelerated rise (Fig.
3, curve E, dashed line). Similarly to D CM U , 5
[.im K-pic-18-crown-6 also enhanced the Fj level of
fluorescence (Fig. 3, curve F) indicating an inhibi
tion of electron transport between Q A and Q BHowever, 10 [iM K-pic-18-crown-6 (Fig. 3, curve
G ) not only lifted the Fx level almost to the Fmax
level but also decreased the Fmax level. This phe
nomenon suggests an inhibition of electron trans-

Fig. 2. Fluorescence relaxation kinetics of green pea thy
lakoids following a single turnover xenon flash. A: con
trol thylakoids; B: 5 [.i m K-picrate-18-crown-6; C: 10 [.i m
K-picrate-18-crown-6; D: 10 [am D C M U . The thylakoids
were suspended in the suspension buffer at a chlorophyll
concentration of 10 [xg/ml.
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teracting negatively charged acceptor and posi
tively charged donor molecule. Similarly as in fluo
rescence induction (Fig. 3. curve H), 200 (.im K-pic18-crown-6 considerably quenched the fluores
cence decreasing the overall fluorescence yield
(Fig. 3, curve D).
The thermoluminescence method proved to be
a very sensitive technique for investigation of the
effects of inhibitors on electron transport (Sane
and Rutherford. 1986; Demeter and Govindjee,
1989; Vass and Inoue, 1992). Therefore, we investi
gated the effects of K-pic-18-crown-6 and potas
sium picrate on the thermoluminescence of spin
ach thylakoids. In the thermoluminescence glow
curve of uninhibited thylakoids the main TL band
(designated as B band) appeared at about + 30°C
(Fig. 4, curve A, solid line). The B band originates
from charge recombination occurring between the
positively charged S2/S3 states of the water-splitting system and the negatively charged secondary
quinone acceptor, Q B~ (Rutherford et al., 1982;

Fig. 3. Fluorescence relaxation kinetics (left hand side)
and fluorescence induction transients (right hand side)
of pea thylakoids as a function of K-pic-18-crown-6 con
centration. A and E: treated with 10 jam D C M U (solid
line represents control thylakoids): B and F: 5 (im K-pic18-crown-6; C and G: 10 (.im K pic-18-crown-6; D and H:
200 (.im K-pic-18-crown-6. Chlorophyll concentration of
the samples is 10 (.ig/ml.

port not only at the acceptor but at the donor side
of PS II, as well. A t a K-pic-18-crown-6 concentra
tion of 200 |im the F0 level also began to decrease
(Fig. 3, curve H). Potassium picrate had the same
effects on the fluorescence induction transients as
potassium-(picrate)-(18-crown-6) (not shown).
Although both 10 (.im D C M U and 5 (.im K-pic-8 crown- 6 lifted the
level of fluorescence almost
to the same Fmax level the corresponding decay
half-times in the second time region were con
siderably different. The decay half-time of fluores
cence yield attributed to the interaction of Q A"
and the S2 state of water-splitting system was
about 1.8 s in the DCMU-treated thylakoids (Fig.
3, curve A). In the presence of 5 (am K-pic-18crown- 6 the decay half-time decreased to about
0.3 s (Fig. 3. curves B. C and D ) indicating a
decrease in the redox distance between the in

Fig. 4. Effect of K-pic-18-crown-6 on the thermolumi
nescence of pea thylakoids. A: control (solid line):
treated with 10 (am D C M U (dashed line); B: treated with
10 (.im K-pic-18-crown-6; C: treated with 10 (.im K-pic-18crown-6 and 10 ( im D C M U : D: treated with 500 ( im Kpic-18-crown-6; E: treated with 10 (.im K-pic-18 crown-6
and excited at 77 K for 30 s; F: treated with 10 (am 18
crown-6; G: treated with 10 (.im K-picrate; H: treated
with 10 (im K-picrate and 10 (im D C M U : I: treated with
500 ( im K-picrate; J: treated with 10 ( im K-picrate and
excited at 77 K for 30 s. Thermoluminescence was ex
cited (except curves E and J) by illuminating the samples
(50 (.ig Chl/0.4 ml) with continuous white light for 30 s
at -80°C. Following illumination samples were heated in
the dark with a heating rate of 20°C/min.
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(Fig. 4, curves E and J) suggesting that the watersplitting system may participate in the generation
of the -10°C band.
Similarly as it was observed in fluorescence (Fig.
3, curves D and H), increasing concentrations of
K-pic-18-crown-6 or potassium picrate quenched
the thermoluminescence resulting in a decrease in
the amplitude of the TL band at -10°C. 500 jam Kpic-18-crown-6 or 500 jam potassium picrate almost
completely eliminated the - 10°C band (Fig. 4,
curves D and I, respectively).
Addition of D C M U to the potassium picratetreated sample (1 jam picrate plus 20 uM D C M U ;
Fig. 5, curve D ) replaced the -10°C band (appearTemperature (°C)

Fig. 5. Displacement of picrate by D C M U at the binding
site. A: treated with 10 [.im D C M Ü ; B: treated with 10 [.im
picrate; C: treated with 1 [im picrate; D: treated with
1 i.iM picrate and 20 ^im D C M U . Samples contained 50 [ig
Chl/0.4 ml and were excited at -80°C with continuous
white light for 30 s. Thermoluminescence was measured
at a heating rate of 20 °C/min.

Demeter and Vass, 1984). After D C M U addition
the B band was replaced by an other band appear
ing at about 10°C (Fig. 4, curve A, dashed line). This
band is designated as Q band and originates from
S2 Q A charge recombination (Rutherford et al.,
1982; Demeter and Vass, 1984). We note, that the
trough at the top of the band at about 0°C is a dis
tortion caused by the solid-liquid phase transition
of water (Vass et al., 1981). The appearance of the
Q band in the glow curve at about +10°C is charac
teristic of the effect of urea/triazine type inhibitors
on the thermoluminescence of thylakoids (Droppa
et al., 1981; Vass and Demeter, 1982). 10 [am K-pic18-crown-6 also abolished the B band with a simul
taneous appearance of a band at about - 10°C (Fig.
4, curve B). The effect of 10 (.im potassium picrate
was the same as that of 10 |im K-pic-18-crown-6
(Fig. 4, curve G ). In contrast to this, 18-crown-6
(used for the synthesis of K-pic-18-crown-6) did not
influence the appearance of the B band (Fig. 4,
curve F). These observations substantiate that the
picric constituent can be accounted for the effect of
K-pic-18-crown-6 on thermoluminescence.
If the excitation of TL occurred at 77 K, that
is below the treshold temperature of the S2 state
formation, the -10°C band could not be charged

Magnetic field (mT)
Fig. 6. Effect of K-pic-18-crown-6 and its constituents on
the E P R signals of tyrosine-Z and tyrosine-D donors in
manganese depleted PS II particles. A: control in the
light (sum of the tyrosine-Z and tyrosine-D signals); B:
control after 2 min dark incubation (tyrosine-D signal);
C: treated with 1 mM K-pic-18 crown-6; D: treated with
1 m M 18-crown-6; E: treated with 1 m M K-picrate. Sam
ples contained 3.5 mg Chl/ml. Conditions for E P R
measurements: Room temperature, microwave power
10 mW, modulation amplitude 2 G, modulation fre
quency 100 kHz.
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ing at -8 °C in the presence of 1
picrate; Fig. 5,
curve C) with a band appearing at about +13°C
band characteristic of D C M U treatment (Fig. 5.
curve A). Similarly, the +13°C band induced by 1
jiM D C M U was exchanged to the -8 °C band after
addition of 20 (im K-pic-18-crown-6 (not shown).
These observations indicate that picrate can dis
place D C M U from its binding site and vice versa.
It is of note, that at high concentrations of picrate
(more than 10 [.iM) addition of D C M U did not
result in the replacement of the -8 °C band with
the +13°C band but decreased the amplitude of
the -8 °C band (not shown).
The effects of K-pic-18-crown-6 and potassium
picrate on fluorescence and thermoluminescence
suggest that at high concentrations they also have
an inhibitory site at the donor side of PS II. Fig. 6 ,
curve A shows the sum of the E P R signals of the
oxidized tyrosine-D and tyrosine-Z donors in Tristreated PS II particles during illumination of the
sample at room temperature. In the dark the E P R
signal of tyrosine-Z+relaxed very quickly and only
the E P R signal of the oxidized tyrosine-D donor
could be observed (Fig. 6 , curve B). Both 500 |_im
K-pic-18-crown-6 or potassium picrate abolished
the tyrosine-D and tyrosine-Z signals and only an
unidentified radical signal remained in the E P R
spectrum (Fig. 6 , curves C and E, respectively). A
similar radical was observed earlier in the pres
ence of the phenolic inhibitor, dinoseb (Ruther
ford et al., 1984). 18-crown-6 had not any effect on
the tyrosine signals (Fig. 6 , curve D).

Discussion
In the present study we found that K-pic-18crown- 6 inhibits the photosynthetic electron trans
port between the donation site of D P C and the
acceptory site of 2 ,6 -dichlorophenol indophenol,
that is between tyrosine-Z and Q B. A more precise
localization of the inhibitory sites was achieved by
fluorescence relaxation measurements. Low con
centrations of K-pic-18-crown-6 abolished the fast
decaying component of fluorescence yield charac
teristic of the Q a —>Q b electron transfer suggesting
an inhibition of electron transport at the acceptor
side of PS II between Q A and Q B. Fluorescence
induction measurements confirmed this conclu
sion. Similarly to the effect of D C M U , the rise of
fluorescence yield was accelerated by the addition

of K-pic-18-crown-6 indicating a fast accumulation
of electrons in the Q A pool. Thus, at low concen
trations (5-10 |.iM), K-pic-18-crown-6 (or potas
sium picrate) inhibits the electron transport of PS
II between Q A and Q B. At the same concentra
tions the F\level of fluorescence was lifted to the
/•max level indicating an active water-splitting sys
tem at the donor side of PS II.
Due to the inhibition of the Q A—*Qb electron
transfer in the presence of K-pic-18-crown-6 light
excitation can induce only one transition of PS II
during which the water-splitting system is con
verted from the Si to the S2 state and one electron
is transferred to Q A. Hence, it follows that the 10°C TL band appearing after the addition of Kpic-18-crown-6 can be assigned to S2 Q A' charge
recombination. In the presence of D C M U the
S2 Q A"charge recombination (designated as Q
band) resulted in a TL band at about +10°C (Fig.
4A, dashed line). This means, that the redox dis
tance between the interacting negatively charged
acceptor (Q A ) and the positively charged donor
(S2) undergoing charge recombination is smaller
in the presence of K-pic-18-crown-6 than in the
DCMU-treated membrane. The discrepancy can
be explained by assuming that either the redox po
tential of Q a became more negative or the redox
potential of the S2 state increased after K-pic-18crown- 6 addition. Another possibility that either
the donor or acceptor component of the S2 Q A~re
dox couple was replaced by another electron
transport component decreasing the redox span
between the interacting components.
Addition of 20 jam D C M U to the 1 [am picratetreated thylakoids resulted in the replacement of
the -10°C band with the +10°C band and vice
versa. The displacement experiments suggest over
lapping binding sites of the two compounds in the
Q b binding niche at the acceptor side of PS II. The
same conclusion was also reached by Oettmeier
and Mason (1982) who observed that the 14C-labelled picric acid is competitively displaced from
the thylakoid membrane by D C M U and the phe
nolic inhibitor, ioxynil. It is unlikely that displace
ment of a compound by an other in the Q B binding
niche at the acceptor side of PS II would result in
a modification not only at the acceptor but at the
donor side of PS II, as well. Therefore, we suggest,
that the appearance of the Q band at about +10°C
and -10°C in the presence of D C M U and K-pic-18-
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crown, respectively, can be attributed to different
modifications in the redox state of Q A caused by
inhibitor binding.
It has been reported that the DCMU/triazine
type inhibitors bind to the D l protein, but the
binding domain of the phenolic-type inhibitors in
volves the CP 47 chlorophyll-protein complex and
an unidentified 41 kD a protein, as well (Oettmeier, 1992; Oettmeier et al., 1982). The phenolic
inhibitors displace the bicarbonate anion at the
non-heme iron and convert the g - 1.9 E PR form
of the quinone-iron complex to the g = 1.82 form
(Bowyer et al., 1991; Rutherford et al., 1984). It
can be assumed that binding of phenolic inhibitors
can cause a decrease in the midpoint oxidationreduction potential of Q A, which is reflected in a
lower peak temperature of the Q TL band than
that observed in the presence of DCMU-type in
hibitors. A shift in the midpoint redox potential
of Q a to negative direction can also explain the
shortened decay half-time of fluorescence relax
ation observed in the presence of K-pic-18-crown6 (0.3 s) as compared to that of DCMU-treated
membranes ( 1 .8 s).
The above explanation concerning the variabil
ity in the peak position of the Q TL band have
already been reported (Droppa et al. 1981; Vass
and Demeter, 1982). Taking into account that the
phenolic inhibitors can also influence the donor
side of PS II (Bowyer et al., 1991; van Assche,
1984) an alternative explanation can be provided
for the origin of the -10°C thermoluminescence
band and for the shortened decay half-time of flu
orescence yield observed in picrate- and K-pic-18crown-6 -treated thylakoids. Assuming that at low
concentrations picrate inhibits the formation of
the S2-state but does not inhibit the light-induced
oxidation of the tyrosine-Z donor we can assign
the -10°C TL band to charge recombination of
Q a with the oxidized tyrosine-Z donor. The m id
point redox potential of tyrosine-Z is more posi
tive than that of the S2 state thus the redox span
is smaller for the tyrosine-Z+Q A" redox couple (as
sociated with the -10°C TL band) than that of the
S2 Q A" redox pair (responsible for the Q band at
+10°C). O ur second explanation concerning the
origin of the -10°C TL band is in correlation with
E P R observations showing that in Tris-washed
chloroplasts where the water-splitting sytem is im 
paired the charge recombination half-time of Q A
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with the oxidized tyrosine-Z is 0.3 s (Yerkes et al.,
1983). This value agrees well with the decay halftime of the fluorescence yield (charge recombina
tion of Q A with the positively charged donor side
of PS II) observed in the presence of K-pic-18crown- 6 or potassium picrate (Fig. 3). However,
we note, that an unambiguous determination of
the origin of the -10°C TL band would require
parallel E P R and TL measurements of the S2 state
multiline signal and the -10°C TL band, respec
tively, as a function of picrate concentration. If
the -10°C band is indeed associated with S2 Q A'
charge recombination then the same picrate con
centration which is favourable for the induction of
the -10°C band should not diminish or abolish the
52 multiline signal.
A t higher concentrations of K-pic-18-crown-6 or
potassium picrate the decrease of the Fmax level of
fluorescence and the diminished TL band at -10°C
indicate an effect of these inhibitors on the donor
side of PS II, as well. However, the inhibition of
electron transport between Q A and Q B, the accel
eration of fluorescence rise and decceleration of
fluorescence decay preceeded the decrease of the
Fmax and F0 levels of fluorescence. The trans
formation of the B band into the -10°C band was
also completed at much lower K-pic-18-crown-6
concentration than that required to decrease the
Fmax level. Thus the acceptor side of PS II is inhib
ited at much lower concentration of K-pic-18crown- 6 or picrate than the donor side.
The decrease of Fmax and F0 fluorescence levels
at high concentrations of K-pic-18-crown-6 resem
bles the effect of A D R Y reagents on fluorescence
induction (McCauley, 1987). Chemicals which ac
celerate the deactivation of the charge storage S
states of the water-splitting complex, Y (Renger
and Inoue, 1983; Renger et al., 1973; Schenck et
al., 1982; Babcock and Sauer, 1973) are referred
to as A D R Y reagents. It has been suggested that
A D R Y reagents and protonophores might induce
a cyclic electron transport around PS II via cyto
chrome b-559 by oxidizing plastoquinone and
other acceptor components of PS II and reducing
the donor side (Arnon and Tang, 1988). A cyclic
electron transport can drain electrons away from
Q a resulting in a quenching of the Fmax level of
fluorescence (Fig. 3). A t low concentrations the
A D R Y reagents are electron donors to the S2 and
53 states of the water-splitting system causing their
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fast relaxation to the SG and S] states. Reduction
of the S2 and S3 states to the S0 and S] states can
be reflected in the disappearance of the B, Q and 10°C TL bands, as it was observed in the present
work and by Renger and Inoue (1983) as well. At
high concentrations the A D R Y reagents can prob
ably reduce not only the positively charged S2 and
S3 states but the oxidized tyrosine-D and tyrosineZ donors, as well. It has been reported that the
phenolic-type dinoseb abolished Signal IIS associ
ated with the oxidized radical of tyrosine-D on the
D2 protein of PS II (Rutherford et al., 1984).
CCCP also accelerated the decay of Signal II,, the
E P R signal of tyrosine-Z (Yerkes et al., 1983). The
abolishment of the tyrosine E P R signals at higher
potassium picrate or K-pic-18-crown-6 concentra
tions can be explained by the A D R Y character of
these compounds. The failure of D PC to restore
electron transport and fluorescence yield can also
be attributed to the inhibition of the action of tyrosine-Z in thylakoids treated with K-pic-18crown-6 .
The present comparative electron transport rate,
fluorescence, TL and E P R experiments demon
strate that K-pic-18-crown-6 behaves like a pheno-

lic-type inhibitor and its effects on photosynthetic
electron transport can be attributed to its pheno
lic-type, trinitrophenol constituent. O n the other
hand 18-crown-6 has not any effect on the elec
tron transport.
On the basis of the observations we can con
clude that at low concentrations K-pic-18-crown-6
and potassium picrate reduce the redox potential
of Q a and interrupt the electron transport at the
acceptor side of PS II between Q A and Q B. A t
high concentrations these chemicals inhibit the
light-induced oxidation of the tyrosine-D and tyro
sine-Z donors at the donor side of PS II.
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