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1. Introduction 

The fluorescence yield of chlorophyll pigments in 
chloroplast membranes is determined not only by the 
trapping ability of photosystem II reaction centers 

(as defined by the redox state of the primary acceptor) 
but also by the molecular organization of the mem- 
brane itself [l-3] . The latter phenomenon is thought 
to be the basis for regulating the relative degree of 
excitation of PS II and PS I and is influenced by the 
presence of cations [4-81 . The observed effects of 
addition of Mg” to Mg2*-depleted chloroplasts is an 
elevated fluorescence yield [3-61. In actively photo- 
synthesizing chloroplasts, the Mg”-induced fluores- 
cence rise is followed by a slow quenching process 
which has been interpreted as being the result of H’ 
gradient-induced Mg” efflux from the chloroplast 
[3,7,9] or more generally, in terms of quenching due 
to the ‘high-energy’ state [lO,l l] . These observations 
are complicated by the diversity of ionic effects on 
whole chloroplasts, which may be osmotic or related 
to energy coupling (see review, ref. [ 121) or be 
involved in PS I [ 131 as well as PS II interactions. It 
would seem necessary to define these effects of ions 
in simpler systems (e.g., see ref. [ 131). In this paper 
a Mg2’-induced decrease in fluorescence yield of PS II 
particles is described, which is accompanied by an 
inhibition of their photochemical activity. 

Abbreviations: DPC, diphenyl carbazide; DPIP, 2,6-dichloro- 
phenolindophenol; PS II, photosystem II; PS I, photosystem I 

2. Materials and methods 

Triton photosystem II fragments were isolated 
from pea chloroplasts by the method of Vernon 
[ 141. The absence of PS I components was ascertained 
by the failure to detect either cyt.fand cyt. b-563 
in oxidized-minus-reduced spectra at 77°K and by 
the absence of PS I activity. Chlorophyll fluorescence 
at room temperature was excited using a turigste,n- 
halogen lamp blocked by Corning 4-96,5-58 and l-7.5 
glass filters giving an intensity of 12 J .me2.sW1 . 
Emission at 90°K was detected with an S-20 photo- 
multiplier blocked by a 694 nm Balzars interference 
filter. The photomultiplier current was amplified by a 
Keithley current amplifier and passed either to a 
strip chart recorder or a Tracer Northern NS 570 
Signal Averager. Excitation was initiated by the open- 
ing of Uniblitz electronic shutter. The chlorophyll 
concentration was 5 mg/ml and the reaction medium 
contained 0.25 M sucrose and 7 mM Mops (adjusted 
to pH 6.8 with NaOH). Photochemical activity was 
measured using DPC as donor and DPIP as acceptor 

[W. 

3. Results 

Photosystem II particles, when excited in the 
absence of diuron, show a slow rise in the variable 
fluorescence yield which approaches -70% of 
F max, as defined by the yield on reduction with 
dithionite (fig.lA). Addition of diuron increases the 
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Fig.1. Effects of MgCl, on chlorophyll fluorescence of photosystem II particles. (A) Control, (B) plus 2 PM diuron, (C) plus 

5 mM M&l,, (D) plus 5 mM MgCl, + 2 r.rM diuron, (E) MgCl, (5 mM) addition in the light, (F) as (E) except plus 2 PM diuron. 

Upward arrows indicate shutter opening. 

rate of this rise in yield (fig.lB), presumably by 
slowing the rate of reoxidation of the primary 

acceptor. 
Addition of Mg ions prior to illumination decreases 

the rise in F, and the amplitude of Fmax (fig.lC, D). 
When Mg” is added to particles excited in the absence 
of Mg’+, a quenching of fluorescence is seen (fig.1 E, 

F). Fmm decreases by approx. 25-30% upon addition 

of 5 mM MgClz . The Mg”-induced quenching can be 
duplicated by high concentrations of NaCl (approx. 
150 mM), but can be induced equally well by Cap. 
The extent of the Mg effect as well as the value of 
control Fmax of PS II particles is very sensitive to 
their cdndition, with overnight storage of particles 
at -20°C being sufficient to cause greater than 50% 
decrease in these responses. All the data described 
here were obtained using freshly prepared particles. 

It is of interest, in terms of understanding the 
mechanism of this effect to determine whether F,, 
Fv or both are being quenched by Mg2+. Fluorescence 
rise curves are shown in fig.2. On this time scale the 
slow F, increase is only partially seen. Mg” quenches 
F, by approx. 10%. This compares to quenching of 
F max by 25-30% (see fig.1). 

The quenching of PS II fluorescence by Mg” is 

accompanied by a decreased photochemical activity. 
Rates of DPIP reduction are inhibited by up to 90% 
of the rate obtained without Mge (fig.3A). The inhi- 
bition by Mg2+ is highly dependent on light intensity; 
at high (approx. X 5 saturation intensity) the Mg 
inhibition is reduced to only 20% (fig.1 B). The 
intensity dependence of the inhibition is clearly 
shown in fig.4. Mg”-Induced inhibition occurs over 
the same concentration range as the quenching of 
fluorescence with both effects saturating at approx. 
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Fig.2. Effect of MgCl, on the induction of chlorophyll fluores- 

cence. Measurements were made in the presence of 2 MM 

diuron f 5 mM M&l,. 
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Fig.3. Inhibition of reduction of DPIP by MgCl,. (A) At a chlorophyll concentration of 1.5 &ml and 20 MM DPIP. (B) At a 
chlorophyll concentration of 15 &ml and 40 PM DPIP. Light filtered though Corning 2-62. DPC concentration was 0.4 mM. 
Reduction of DPIP was measured at 550-500 nm using an Aminco DW-2 spectrophotometer, the photomultiplier being blocked 
by a Balzars DT Gruen and Corning 4-96 filters. 
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Fig.4. Effect of light intensity on Mg inhibition of DPIP Fig.5. Quenching of chlorophyll fluorescence and inhibition 
reduction. Conditions as in fig.3A. Light intensity was of DPIP reduction at different MgCI, concentrations. Chloro- 
reduced by means of Balzars neutral density filters, with a phyll fluorescence quenching was measured as in fig.lE and 
100% value of 1050 J.m-’ .s-’ . DPIP reduction as in fig.SB. 

3 

3-4 mM (fig.5). The exact concentration necessary 
for half maximum inhibition of DPIP reduction varies 
also as a function of light intensity, explaining the 

slight differences between the curves. 
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4. Discussion 

The quenching of chlorophyll fluorescence in 
PS II particles occurs in the presence or absence of 

diuron, being seen as a decrease in F,,, and is there- 
fore not related to a change in the redox state of Q. 
The quenching process can decrease Fmax by approx. 
2S--3O%, but is accompanied by a 90% inhibition of 
photochemical activity. Both F, and F, are quenched, 
but to differing extents, with F. being quenched by 
approx. 10%. Differential quenching of F, and F, 

has been described after ultraviolet [16] and Tris 
[ 171 treatment of chloroplasts, although a larger 
difference was found in these situations. In addition, 

the Mg-induced increase in [4] and decrease [ 1 l] in 
fluorescence yield in chloroplasts both involve F, 

rather than F,. Interpretation of changes in fluores- 

cence yield has been greatly aided by the model of 
Butler and Kitajima [ 181 . In PS II particles there 
exists a situation similar to the early version of this 
model where complication due to energy transfer to 
PS I is avoided. It was shown that differential sensi- 
tivity of F, and F, will depend on whether reaction 
center chlorophyll or bulk chlorophyll is being 
quenched. Both types of quenching can lead to inhibi- 
tion of PS II activity. Inhibition of PS II activity by 
quenching of chlorophyll excitation would be expected 
to be overcome if sufficiently high light intensity was 
used, so that adequate utilization of excitons by 
photochemistry could still occur despite a decrease 
in the quantum yield; this is clearly seen in fig.3 and 
4. The Mg-induced quenching in PS II particles may 
be due to quenching at reaction center, i.e., an elevated 
non-radiative decay (kd) of excited reaction center 
chlorophyll. However, the quenching of F, is substan- 
tial and the photochemical activity very sensitive to 
the Mg-induced effects for such a small decrease in 
F max. This would imply that different values have to 
be given to the various rate constants for dissipation 
of excited reaction center chlorophyll than were 
assumed for whole chloroplasts studies, or that 
quenching at the level of bulk chlorophyll is occurring. 
A subsequent paper will analyze these alternatives 
quantitatively. Clearly, studies of fluorescence in 
PS II particles may help to set more precise limits on 
the decay processes associated with PS II in the 
absence of the additional complexity of energy 
transfer to PS I. 
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The quenching of chlorophyll fluorescence in PS II 
particles by Mg*+ may be related to the effects of 
cations on whole chloroplasts. Mg”-Induced quenching 
has been reported in whole chloroplasts and is proposed 
to be a separate process from Mg-enhanced fluorescence 
[l l] . Alternatively, the Mg effects on fluorescence 
and PS II activity, which are essentially opposite to 
those usually seen in whole chloroplasts, may relate 
to an altered sidedness of the particle membrane. A 
recent electrical explanation of cationic effects on 
PS II has been proposed [8,19] ; in such a theory, 
membrane sidedness with respect to binding sites may 
be of prime importance in determining the kind of 
effects seen in the presence and absence of cations 
[9,20]. The PS II particle membrane may have a 
changed orientation or accessibility of cation binding 

sites. The observed inhibition of PS II, which occurs 
at physiological Mg2+ concentrations, may also repre- 
sent part of a regulatory system to control the rate of 
non-cyclic electron flow. 
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