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1. Introduction

Hind and Jagendorf [1] reported that chloroplasts
can synthesize a small amount of ATP in total dark-
ness when transferred from an acid to an alkaline pH.
The yield of ATP obtained in this acid—base phosphory-
lation [2] as well as in post:lumination ATP synthe-
sis in chloroplasts [3] was found to be dependent on
the number of protons accumulated inside the parti-
cles [4—8] and on the size of the pH gradient (A pH)
formed across their membrane [2,3,9]. When the
A pH dropped below a value of 2.5 pH units almost
no ATP synthesis was observed in either the acid—base
[2,10} or the postillumination [9,10] type experi-
ments. The very low level of postillumination ATP
synthesis found in chromatophores [11—-13] has also
been traced to the low A pH created during illumina-
tion, since an increase in this A pH resulted in a pro-
nounced increase in the yield of ATP [13]. The in-
crease in light-induced A pH was realized by adding to
the light stage either permeant anions, e.g. thiocyanate
or perchlorate, or permeant cations, such as KCl in
the presence of valinomycin.

Recently it has been reported that at suboptimal
conditions for postillumination 2..d acid—base
phosphorylation in chioroplasts ATP synthesis could
be stimulated by an artificially induced K" diffusion
potential [9,10,14] . Similarly, the low level of postillu-
mination ATP formed in chromatophores in the ab-
sence of permeant anions or cations in the light stage
was found to be markedly stimulated by a K" diffu-
sion potential created by the addition of valinomycin+
KCl to the dark stage [15].

In this ecommunication we have examined the sys-
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tem of acid—base phosphorylation in Rhodospirillum
rubrum chromatophores. Almost no phosphorylation
was obtained, even under conditions which were
found to be optimal in chloroplasts [2,6], namely
when succinate was present in the acid stage and the
pH difference between both stages was above 3.0 pH
units. These conditions are therefore insufficient for
an active acid—base phosphorylation in chromatophores.
A large amount of ATP (50--60 umoles/mg bacterio-
chlorophyll) was however synthesized when valino-
mycin and KCl were added to the base stage. But in
chromatophores, unlike in chloroplasts [10], the stim-
ulation by the K diffusion potential increased with

an increase in the A pH. This stimulation was depen-
dent on the supply of protons, since it required the
presence of succinate or other compounds that can
penetrate and buffer the internal space of the chroma-
tophores in the acid stage.

2. Experimental

The growth of R. rubrum cells, the isolation and
storage of chromatophores was carried out according
to Gromet—Elhanan [16].

Acid—base experiments were performed as described
by Jagendorf and Uribe [2]. In the acid stage chroma-
tophores containing 200 ug bacteriochlorophyll were
added to a solution containing 50 mM sodium succi-
nate at pH 5.0 in a final volume of 0.95 ml. After 2
min at room temperature the following components
were added in 0.9 ml to give in the base stage the
following final concentration in 1.85 mi: 53 mM
Tricine—NaOH pH 8.5, 2.7 mM MgeC1,, 1.3 mM ADP,
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Table 1
Stimulation of acid—base phosphorylation by a K* diffusion potential

Additions to the ATP formed
base stage
—valinomycin +valinomycin
nmoles/mg bacteriochlorophyll
None 3.5 4.1
KCl, 100 mM 33 57.5
KCl, 90 mM, KSCN, 10 mM - 10.7

Conditions were as described under Experimental. Where indicated 10 uM valinomycin

was added to the base stage.

0.88 mM sodium phosphate (containing 2 X 107 cpm
32p), 20 mM glycose, 10 U of hexokinase and
enough NaOH to bring the final pH to 8.5. After 30
sec at room temperature the reaction was stopped by
the addition of perchioric acid to a final concentra-
tion of 3%. After centriguation 0.3 ml of 5 N-

H,SO, were added to 1.2 ml of supernatant. The
samples were treated for 10 min at 100°C [13] and
assayed for ATP3? according to Avron [17].

3. Results and discussion

Table.1 shows that phosphorylation following
acid—base transition was very low in chromatophores
but it could be considerably increased by the addition
of valinomycin together with KCl to the base stage.
Neither KCI nor valinomycin alone had any effect,
and when C1~ was partially replaced by a permeant
anion like SCN™[18,19] ATP formation was markedly
inhibited (table 1). It is therefore concluded that the
imposition of a K* diffusion potential can stimulate
acid—base phosphorylation also in chromatophores. In
this system, as in postillumination ATP synthesis in
chloroplasts [9] and chromatophores [15], the degree
of stimulation depends on the level of the diffusion
potential, since it decreased in the presence of per-
meant anions which reduce the magnitude of the diffu-
sion potential.

The relative stimulation by valinomycin+KCl in
chloroplasts was higher the smaller the A pH between
the acid and base stages [10] . Indeed, when the A pH
was lower than 2.5 pH units most of the ATP syn-
thesis was due to the added membrane potential [10,
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14,20] , while when it was higher than 3.5 pH units
there was already a high yield of ATP in the absence
of valinomycin and KClI and very little further stimu-
lation was obtained by the added membrane potential
[2,10,20}. In chromatophores, on the other hand, an
increase from 0.5 to 3.5 in the pH difference between
both stages did not lead to any significant increase in
ATP synthesis in the absence of valinomycin+KCl
(table 2). Moreover, the relative stimulation by the
diffusion potential was higher the higher the pH
difference between both stages and even at a A pH of
3.5 most of the ATP synthesis was due to the added
diffusion potential (table 2). The drastic reduction in
ATP synthesis at pH 4.5 in the acid stage was found
to be caused by an irreversible aggregation of the chro-
matophores at this pH and therefore all further experi-
ments were carried out at pH 5.0 in the acid stage.
The above results indicate that, while in chloro-
plasts a transition from pH 5.0 to 8.5 is already suffi-
cient to drive ATP synthesis, in chromatophores these
conditions are insufficient. A possible reason for this
difference can be in a difference in the number of pro-
tons accumulated inside the particles. Acid—base
phosphorylation was high in chloroplasts when the
difference in pH between the acid and base stages was
large and enough protons were supplied by incubating
them with acids like succinate, that can penetrate and
buffer their internal space in the acid stage [2,4].
Uribe and Jagendorf have also reported [4,6] that a
portion of the succinate that penetrated into the chlo-
roplasts in the acid stage was retained on the transition
from pH 4.0 to 8.5 and the amount of ATP formed
after this acid—base transition was related to the amount
of stored succinate. Since the ability to store the succi-
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Table 2
Dependence of the stimulation of phosphorylation by the diffusion
potential on the pH of the acid stage

pH of the ATP formed +val + KCl1
acid stage
—valinomycin +valinomycin —val —KCl
-KCl +KCl1
nmoles/mg bacteriochlorophyll
4.5 3.2 13.6 4.2
50 3.9 §7.0 14.6
5.5 3.6 35.3 9.8
6.0 2.1 — —
7.0 2.5 7.0 2.8
8.0 2.6 5.8 2.2

Conditions were as described under Experimental, except that in the acid stage 50
mM sodium succinate were present at the indicated pH. The final pH of the base
stage was 8.5, and where indicated 10 uM valinomycin and 100 mM KCl were

added to this stage.

nate and to form ATP decreased when chloroplasts
particles were shrunken by exposure to sucrose they
suggested that the internal osmotic space is an impor-
tant factor in determining the amount of the stored
organic acid, and consequently the capacity to accumu-
late protons and to form ATP.

As illustrated in table 3 an active acid—base phospho-
rylation in chromatophores was dependent even at a
A pH of 3.5 on the addition of succinate to the acid
stage and valinomycin+KCl to the base stage. Omission

Table 3
Dependence of the stimulation of phosphorylation by
the diffusion potential on the presence of buffers

Additions to ATP formed
the acid stage
—valinomycin +valinomycin
—_KQl +KCl1
nmoles/mg bacteriochlorophyll
None - ) 5.9
Succinate, 46 mM 3.1 28.1
Pyridine, 8.5 mM 3.0 18.9
Pyridine, 25 mM 4.3 -
Pyridine, 41 mM 4.6 40.2

Conditions were as described in table 2, except that the pH of the
acid stage was 5.0 and when no buffer was added to this stage
the pH was adjusted with HC1.

of either one of these supplements drastically reduced
the yield of ATP. These results indicate that succinate
can act as a buffer also in chromatophores, but its
buffering capacity is not enough to drive ATP synthesis
at a A pH of 3.5 pH units. In acid—base transition ex-
periments the internal pH is expected to equal that of
the outside pH, thus the most effective buffer should
be a compound whose pK lies in the region of the out-
side pH. In chloroplasts, the pH of the acid stage was
around 4.0 and the most effective buffer found was
succinate with a pK = 4.2, In chromatophores the pH
of the acid stage was kept around 5.0 and therefore
compounds with a similar pK might be more suitable
buffers. Indeed pyridine (pK = 5.2) was found to be
more effective than succinate when they were used at
similar concentrations, but even pyridine was not
effective enough to drive the synthesis of a large
amount of ATP in the absence of valinomycin+KCl
(table 3).

The results described provide further evidence for
the suggestion that the membrane potential created
by valinomycin+KCl can affect ATP synthesis by in-
creasing the electrochemical gradient of protons. The
low values of acid—base phosphorylation obtained in
chromatophores in the absence of valinomycin+KCl
even at a A pH of 3.5 seem to be due to an insufficient
supply of protons in the presence of succinate or pyri-
dine.
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