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1. introduction
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ylation in 1solated chloroplasts [1, 2] and bactenal
chromatophores [3] whereas valinomycin alone is
ineffective [4, 5]. Nigericin is an ion transport anti-
biotic which brings about exchange of potassium ions
and protons across natural and artificial membranes
[3, 6, 7]. Valinomycin causes only the equilibration
of potassium ions according to the electrochemical
potentlal [6, 71.

In chromatophores [3] it has been shown that the
effects of nigericin and valinomycin are consistent
with the Mitchell hypothesis of phosphorylation in
which a proton motive force, comprising essentially of
a pH gradient and an electrial potential gradient, drives

the nhncnhnr\llahvp process Carotenoid ahsorntion
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changes at 525 nm were also shown to be consistent
with the hypothesis that these changes are an indica-
tor of the membrane potential [8, 9]. In chloroplasts
the evidence is less clear. The lack of uncoupling of
photophosphorylation by valinomycin suggests that
a membrane potential is not an appreciable compon-
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it is possible that in the type of chloroplasts [envelope-
free and swollen] which were used for these measure-
ments, the permeability properties of the thylakoid
membranes were altered [10]. Wittetal. [11, 12] and
Larkum and Bonner [10] have presented evidence cor-
relating light-induced changes of P518 in chloroplasts
with changes in membrane potential. Larkum and
Bonner [10] showed that the P518 changes were much
larger in intact chloroplasts than in swollen chloro-
plasts or fragments. [t seemed possible, therefore, that
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the effects of nigericin and vaiinomycin on photophos-
phorylation would differ for intact and swollen chloro-

plasts. In

the present work, the effects of these ion
transport antibiotics were studied in relation to CO,
fixation, electron transport and light induced P518
changes in intact chloroplasts with high rates of CO,
fixation. The results suggest that an electrical potential
component does not make a significant contribution

to phosphorylation in chioroplasts.

2. Methods

Spinach plants were grown in nutrient culture [13].
Chioroplasts with high rates of CO, fixation [150~
250 umoles CO, (mg. Chl)~! hr—1} were prepared by

the fp:\hnunno of Jensen and Bassham []A] but the
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first pellet was washed in medium A. The second pellet
was resuspended in 1 ml of medium C. Swollen chloro-
plasts were prepared by adding 0.1 ml of chloroplast
suspension to 1.5 ml of distilled water and then adding
1.4 m} of double strength medium ‘C’.

Oxygen exchange was recorded using a Clark-type
alactrade

and tem
\41\/\4(«‘\)“\4 aliu Lvlllyblﬂtul\t ASAS RS LLULA\/\A
Bros, Bottisham, Cambridge, U.K.). Saturating red
light was provided from a quartz-iodine source and
broad red filter. The temperature was 25°C + 0.2°C.

perature controlled cuvette {Rank
Cuvetlie sanx

P518 changes were recorded using an Aminco—Chance

dual wavelength spectrophotometer with side iilumina-
tion, Actinic illumination at the wavelengths 664 and

714 nm was nkfmnar] using interference f‘lfnrc (Rn|7nr\
M Imw ng1l aizer)

with 95% transmission between *5 nm. The llght in-
tensity at the cuvette was 3.4 mW/cm?2 at 664 nm and
1.8 mW/cm?2 at 714 nm.
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Table 1 3. Results
The effect of nigericin and valinomycin on HCO 3—dependent

ionin i inach chl last \ .. .
02 evolution in intact spinach chloroplasts Nigericin at concentrations above 0.05 uM was

Antibiotic Concentration 0? evolution found to be a potent inhibitor of CO, fixation in in-
(M) (% of control) tact chloroplasts, as measured by oxygen evolution
with 1 mM KHCOj as substrate. The results of one

Nigericin 0.02 8 such experiment are shown in table 1 in which the
EEZEEE 8?(5) iil rate of O, evolution of the control was 185 ymoles/mg
Nigericin 0.20 8.4 Chl/hr.
Nigericin 0.3 4.0 Nigericin, over a similar range of concentrations,
Nigericin 1.0 0.0 had little effect on light-induced P518 changes (fig. 1).
Valinomycin 0.3 75 On some occasions the P518 response was stimulated
zZiiggﬁzziz ig* gg with a steady-state level in the light 30% greater than
Valinomycin 50" 6.0 the control.

The effect of valinomycin on P518 was similar to
The reaction mixture contained Medium C of Jensen and that reported previously [10]. The fast response of

Bassham [14] (1 mM MgCl,;, 1 mM MnCl,, 2 mM EDTA, 0.8
mM, KH,PO4, 10 mM NaCl, 50 mM HEPES buffer, pH 7.6
and 300 mM sorbitol) and chloroplasts equivalent to 63 ug/ml

the normal P518 change was replaced by a very slow
response and a depressed steady state. A typical trace

of chlorophyll in a total volume of 3 ml. The chloroplasts is shown in fig. 2. Only in the presence of nigericin
were illuminated with saturating red light at 25°C. plus valinomycin was the P518 response completely
abolished.

30 min pre-incubation. Valinomycin had little effect on CO, fixation in in-

tact chloroplasts up to a concentration of 0.5 uM

Chlorophyll was determined by the method of (table [1). Above this concentration the initial rate was
MacKinney [15]. reduceld below 70% of the control rate. However, a
Nigericin was a gift of Eli Lilley Co. Valinomycin preincubation time of 20 to 30 min was necessary at
was obtained from Calbiochem. FCCP and DCMU concentrations of 1.5 uM or above to reduce the rate
were gifts of Dr. P.G. Heytler, Dupont Nemours Co. below 50% of the control; presumably, potassium is
and DBMIB was a gift of Dr. A. Trebst. slowly released from the thylakoids during the prein-
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Fig. 1. Effect of nigericin on light-induced absorbance changes of intact chloroplasts at 518 nm. Reference wavelength: 540 nm.
The reaction mixture contained medium C of Jensen and Bassham [14] and chloroplasts containing 189 g chlorophyll in a total
volume of 3 ml. Light intensity: 714 nm, 1.8 mW.cm 2 ; 664 nm, 3.4 mWem 2. Temperature: 25°C. Upward arrow indicates light
on and downward arrow light off. (a) Control; (b) 0.3 uM nigericin; (c) 1.5 uM nigericin.
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Fig. 2. Effect of valinomycin and nigericin on light induced absorbance changes of intact chloroplasts at 518 nm. Reference wave-
length: 540 nm. Reaction mixture and illumination conditions as for fig. 1. (a) control; (b) 0.3 uM valinomycin; (c) 0.3 uM valino-

mycin plus 0.3 uM nigericin.

cubation time and this has an effect on energy-storage
mechanisms.

The strong inhibition of CO, fixation by nigericin
and the lack of effect on the P518 response raises im-
portant questions about the linkage between energy
conversion in the thylakoid and the nature of the
P518 response. However, it is necessary to establish
that nigericin does not affect a critical transport step
at the chloroplast outer envelope. This possibility was
ruled out by using 3-phosphoglycerate (PGA) or oxalo-
acetate (OAA) as the electron acceptor for the photo-
synthetic electron transport chain. Both PGA and OAA
readily penetrate CO,-fixing chloroplasts as indicated
by their stimulation of oxygen evolution. Neither ac-
ceptor was found to stimulate O, evolution in swollen
chloroplasts, since the reduction of PGA or OAA re-
quires chloroplast stromal enzymes. The reduction of
PGA requires in addition a coupled phosphorylation
system.

Table 2 shows the effect of nigericin on O, evolu-
tion by intact spinach chloroplasts with K3 Fe(CN)g,
PGA or OAA as electron acceptor. Ferricyanide does
not penetrate intact chloroplasts [ 16] and the low
rate of ferricyanide-dependent O, evolution is ascribed
to broken chloroplasts. Microscopic examination indi-
cated that 10 to 20% of the chloroplasts in the prepara-
tion used to obtain the data of table 2 were broken.
O, evolution was completely inhibited by 0.3 uM ni-
gericin when PGA was the electron acceptor. In con-
trast, nigericin stimulated O, evolution with OAA as

acceptor. If it is assumed that the O, evolution sup-
ported by OAA or PGA is catalysed by intact chloro-
plasts, as seems highly likely, then it must be concluded
that nigericin uncouples phosphorylation from electron
transport. The stimulation by nigericin of O, evolution
by broken chloroplasts with ferricyanide as acceptor

is consistent with this conclusion. Nevertheless, a nor-
mal P518 response was observed under all these con-
ditions and it could only be completed suppressed by
the addition of nigericin plus valinomycin.

Table 2
The effect of nigericin on O4 evolution by intact spinach chio-
oplasts

Electron acceptor O, evolution

{umoles (mg Chi ™ hr ']

HCO3(1 mM) 217
K3Fe(CN)g (1 mM) + Nigericin (0.3 uM) 32
PGA (1 mM) 123
PGA + Nigericin (0.3 uM) 0
OAA (1 mM) 40
OAA + Nigericin ().3 uM) 116

The reaction mixture contained Medium C of Jensen and Bass-
ham [14] chloroplasts containing 174 ug chlorophyll in a total
volume of 3 ml.
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4. Discussion

Nigericin catalyses an exchange of K™ for H* across
both natural and artificial membranes [3, 6, 7} and in
the present experiments it is assumed to act on the
thylakoid membrane. Its strong uncoupling action in-
dicates that a proton gradient is associated with photo-
phosphorylation. Since the exchange of K* for H* can
be assumed to be nearly electrically neutral [3, 7],
nigericin should have no effect on any electrical poten-
tial difference across the thylakoid. According to
Mitchell [17] (see also Larkum and Bonner [10])
phosphorylation is driven by both a ApH component
and an electrical potential component (AE). The evi-
dence here suggests that in the presence of nigericin
any AE component does not contribute to the phos-
phorylation mechanism.

The relative ineffectiveness of valinomycin (alone),
which catalyses K* exchange and would therefore
tend to abolish any klectrical potential gradient, fur-
ther indicates that any AE component does not con-
tribute to the phosphorylation mechanism. However,
the effect of valinomycin after long preincubation
times indicates that the K* status of the thylakoid is
possibly important in the phosphorylation mechanism.

The present data do not rule out the existence of
electrical potential differences across the thylakoid
membrane. The electrochromic hypothesis for P518
seems still to be the best explanation for the effects
of nigericin and valinomycin and for other observa-
tions [18]. However, the present results indicate that
a AE component does not contribute to the phos.
phorylative process in the presence of nigericin, and
the effect of valinomycin indicates that AE may not
contribute under any circumstances.
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