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SUMMARY

Uncoupling of photophosphorylation in bacterial chromatophores is obtained
with NH,C] or K*+(Na*) plus nigericin in the presence of either valinomycin or suitable
permeant anions. The experiments suggest that uncoupling is obtained by the simul-
taneous abolishment of both pH gradient and membrane potential components of
the light-induced electrochemical proton gradient, independently of the nature of the
primary event in energy coupling. A general discussion of the relationship between
uncoupling and the transfer of charge across the membranes of chromatophores,
chloroplasts and submitochondrial particles is presented.

INTRODUCTION

Uncoupling of energy conservation reactions in submitochondrial particles is
obtained with a combination of either K+ and nigericin2 or NH,CI?-5 only in the
presence of valinomycin. The effect of valinomycin can be mimicked by appropriate
anions, thus suggesting that the role of this ionophore® is to allow the electrophoretic
efflux of the cationic species (K+ or NH,*) accumulated in the particle, and it may
be replaced by an electrophoretic anion influx, obtaining the same uncoupling effect”.8.

Respiration*% 10 in submitochondrial particles or illumination!1-15 of bacterial
chromatophores, results in inward translocation of protons, suggesting that the role
of the “sidedness” of the system in the coupling event is analogous in both prepa-
rations”.®. The effects of ionophores on phosphorylation and ion translocation in chro-
matophores are entirely analogous to those observed in submitochondrial particles?. 4,
Moreover, uncoupling of photophosphorylation in chromatophores occurs in the
presence of a combination of K+ plus nigericin and valinomycin!4-16, and inhibition
of the light-induced “carotenoid shift” in chromatophores!?.18, 3 signal that has been
associated with the energized state of the system, is observed with NH 4Cl and valino-
mycin. These analogies between chromatophores and submitochondrial particles
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prompted us to test whether suitable anions would replace valinomycin in the un-
coupling effect observed under the above-mentioned conditions, as occurs in sub-
mitochondrial particles®+.

MATERIALS AND METHODS

Rhodospivillum rubrum Van Niel Strain 1 was cultured as previously described?®.
After harvesting, cells were broken in a Nossal shaker and chromatophores were
isolated with a sucrose-glycylglycine buffer?’,2!, Photophosphorylation was assayed
by the glass electrode method of NISHIMURA ef al.?2. Bacteriochlorophyll was deter-
mined in ether using the absorption coefficient of WEIcL?. The antibiotics were
generously supplied by Dr. B. C. Pressman.

RESULTS AND DISCUSSION

Table I illustrates the results of the experiments undertaken to prove the above-
outlined proposal. HorR10 AND YAMASHITA? reported that NH,CI alone did not un-
couple photophosphorylation in chromatophores, thus establishing a difference in the
uncoupling process between chloroplasts (where the amines and ammonium are the
classical uncouplers?) and chromatophores. The fact that in the presence of small
amounts of valinomycin, which by itself does not significantly inhibit photophos-

TABLE I
INHIBITION OF PHOTOPHOSPHORYLATION IN CHROMATOPHORES OF R.yubrum

Reaction mixture: 20 gmoles NaH,PO,, 60 ymoles MgCl,, 2 umoles sodium succinate, 1 umole
ADP, R. rubrum chromatophore bacteriochlorophyll (5.0 uM). Final volume, 4.9 ml; final pH, 7.8;
temperature, 25°; excitation light, 850 nm. Pattern of illumination: 20 sec light, 20 sec dark.
When indicated, the concentration of valinomycin and nigericin was o.2 ug/ml. Control rates,
0.6-1.2 ng-ions H+/bacteriochlorophyll per 20 sec. Assay according to NISHIMURA ¢f al.?2.

Addition Inhibition (%)
—Valinomycin - Valinomycin

50 gmoles NH,Cl — 100
50 umoles NH,Cl + 46 nmoles sodium tetraphenylboron 100 100
50 pmoles NH,CI -+ 240 nmoles ammonium picrate 40 100
50 pmoles NH,Cl -+ 50 pmoles Nal 4 85
50 pmoles NH NO, 4 88
25 pmoles (NH,),50, 15 100
50 pmoles ammonium acetate 4 90
16 nmoles sodium tetraphenylboron 45 not tested
50 ymoles KNO, (or NaNOy) — not tested
50 pmoles KCl (or NaCl) — not tested
50 pmoles KNO, (or NaNQy) -+ nigericin — not tested
50 pmoles KCI (or NaCl) + nigericin not tested
50 pmoles KNO, (or NaNO,)

+ nigericin + 46 nmoles sodium tetraphenylboron 100 not tested
50 pmoles KCl (or NaCl)

-+ nigericin + 46 nmoles sodium tetraphenylboron 100 not tested
25 umoles K,S0, (or NayS0,) 20 not tested
25 pmoles K,50, + nigericin 100 not tested
25 pmoles Na,SO4 -- nigericin So not tested
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phorylation!4-16, NH,Cl completely abolished the phosphorylation reaction, strongly
suggests that one of the differences between chloroplasts and chromatophores photo-
phosphorylation resides in the membrane anion selectivity. This is further supported
by the fact that micromolar concentrations of tetraphenylboron— (ref. 26), a lipid-
soluble anion that increases several fold the electrical conductance of bilayer lipid
membranes?-3 and proved to be one of the most permeant anions in submitochondrial
particles® %, replaces valinomyecin in the NH *-dependent uncoupling effect, whereas
alone it does not dramatically alter the esterification reaction (Table I) and Fig. 1.
Uncoupling of photophosphorylation in chromatophores is not obtained in the
presence of nigericin and K+, whereas in chloroplasts, nigericin is one of the most
powerful uncouplers so far uncovered3~3, The presence of valinomycin!#-16 or tetra-
phenylboron~ results in complete inhibition of photophosphorylation of the nigericin-

TABLE II

UNCOUPLING AND CHARGE TRANSFER IN BIOENERGY-CONSERVING MEMBRANE SYSTEMS

Membrane system Abolishment of Abolishment of Net effect Reference
pH gradient membrane potential
Submitochondrial I. NH +)§E£ Ia. NO,~ (TPB-)—in  Uncoupling 3.4
particles NH,+ Ib. VAL (NH,*) «—out  Uncoupling 2-5
I. K+ Di H+ Ila. NOy~ (TPB-) —in  Uncoupling 3.4
H+ K+ IIb. VAL (K+) <—out Uncoupling 2—4
G G
III. Ht <« Ht III. Ht «— H+ Uncoupling 40
Chloroplasts I. NH4+2NHSC H+ I. Ck- —in Uncoupling cf. 34
H+ NH,*
ITa. K+ )-_C H+ II. ClI- —in Uncoupling 31-33
H+
4
IIb. K+ <= Kt II. CI- —in Uncoupling 38

F
Ht <«—» Ht

G G

HI. Ht <«» Ht III. Ht <> H* Uncoupling 32,37, 38

Chromatophores 1. NH + Ia. TPB~ (SO,%-) —in Uncoupling  This work

Ib. VAL (NH,*) <—out  Uncoupling  This work, 17
L. K+ DLC H+ [a. TPB- (SO,2) —>in  Uncoupling  This work
IIb. VAL (K+) <«—out Uncoupling 14—16
G G
II1. Ht «— H+ III. H+t «— H* Uncoupling 14

Abbreviations: VAL, (V) valinomycin; N, nigericin; F, carbonyl cyanide p-trifluoromethoxy-
phenylhydrazone; G, gramlcxdm TPB-, tetraphenylboron-—.
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treated chromatophore, in complete agreement with the results obtained in sub-
mitochondrial particles®* (Table 1I). As illustrated in Fig. 1, lower concentrations of
tetraphenylboron— were required to completely inhibit photophosphorylation when
nigericin was present. It must be emphasized, however, that the nonphosphorvlating
light-induced pH rise in NaCl was considerably enhanced by tetraphenylboron- in
both Chromatium and R. rubrum chromatophores (IFig. 2). Picrate®.?® and SO 2~ were
also active in the substitution of valinomycin for the NH,* and K* plus nigericin-
dependent inhibition of photophosphorylation, although not to the same extent as
tetraphenylboron—.
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Fig. 1. Effects of tetraphenylboron— and nigericin on photophosphorylation of Chromatium chro-
matophores. Chromatophores, 69.6 nmoles bacteriochlorophyll/4.6 ml; phosphorylating medium
at pH 7.8 (no K+). Illumination, tungsten lamp 4 Wratten 88-A filter (> 720 nm) + water layer
(4.5 cm thickness), 42 kergs/cm?-sec. Temperature, 24°. Linear portion of the pH rise was used
for calculation.

Fig. 2. Effect of tetraphenylboron= on the light-induced pH rise of R.vubrum chromatophores
in NaCl. Chromatophores, 62.2 nmoles bacteriochlorophyll/4.6 ml; 50 mM NaCl of pH 6.5. Illumi-
nation, tungsten lamp + Wratten 88-A filter (>720 nm) + water layer (4.5 cm thickness),
42 kergs/cm?-sec. Temperature, 23°.

Therefore, uncoupling in chromatophores is associated with the abolishment of
the light-induced pH gradient”:# either by the electrically neutral K+ (or Nav) JH*
exchange catalyzed by nigericin® 4-16 or by the internal protonation of the freely
diffusible NH, (cf. ref. 34), and the collapse of the light-induced membrane potential®.®
either by the electrophoretic cation efflux mediated via valinomycin® 14-18 or by the
electrophoretic anion influx observed with highly lipid-soluble anions. This last point
is further substantiated by the fact that both valinomycin!4-1% and tetraphenylboron~
(Fig. 2) stimulate both the rate and extent of the light-induced pH rise, thus sug-
gesting that the rate-limiting step is the transfer of charge associated with H+ trans-
location, which is neutralized by the electrophoretic ion migration.

It has been inferred.3 that the chloroplast membrane is permeable to Cl-;
a direct demonstration of this suggestion has been provided recently by DEAMER
AND PACKER® who showed that illumination of chloroplasts suspended in a solution
of Na3Cl results in the stoichiometric uptake of H+ and Cl-. Thus, one would expect
that the dominant component of the electrochemical proton gradient created by the
photoevent would be the pH gradient”#.®. In this case, valinomycin would not and
indeed does not%% uncouple photophosphorylation in chloroplasts; however, it is
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worth noting that the rate of the light-induced pH rise is markedly enhanced by
prior addition of valinomycin to the incubation medium®, thus suggesting that the
rate-limiting step is not the translocation of H* itself but the associated transfer of
charge”.® which is dissipated by allowing the electrophoretic efflux of K+ via valino-
mycin. Uncoupling in chloroplasts is obtained with KCI and nigericin®-3 in sub-
mitochondrial particles with KNOg or KCl plus tetraphenylboron— and nigericin® 4
and in chromatophores with K,SO, (or Na,SO,) or KClI (or NaCl) plus tetraphenyl-
boron— and nigericin. Uncoupling is obtained with NH,Cl in chloroplasts?.3439, with
NH,NO, (or NH,Cl plus tetraphenylboron~) in submitochondrial particles®4, and
with (NH,),SO, (or NH,Cl plus tetraphenylboron~) in chromatophores. These results
strongly suggest that the intimate mechanism of uncoupling of energy conservation
reactions is the same for submitochondrial particles, chromatophores and chloroplasts,
but some of the differences are due to membrane anion selectivity, the permeant anion
in submitochondrial particles being NOy*~ (ref. 2), tetraphenylboron— (refs. 3, 4, 28)
or picrate (refs. 3, 4, 28), in chromatophores SO,2-, tetraphenylboron— or picrate, and
in chloroplasts Cl~ (ref. 36). It is of interest to point out that subchloroplast particles
obtained by sonic disruption behave analogously to submitochondrial particles and
chromatophores. In other words, they are uncoupled by a combination of NH,Cl or
KCl plus nigericin and valinomycin and it is possible that the membrane anion selec-
tivity may be altered by sonication®.

Table II presents a summary of the conditions of uncoupling and charge transfer
in submitochondrial particles, chromatophores and chloroplasts, energy-conserving
membrane systems with the same sidedness of proton translocation and location of
coupling factor 1 in direct contact with the environmental solution?.8:41-44, specifically
pointing out the mechanisms by which the components of the energized state of the
system are affected and the net result obtained. As was proposed’.® the energized state
of these organelles is associated with both a pH gradient and a membrane potential,
and uncoupling is obtained only when both components of the respiration (submito-
chondrial particles) or light (chromatophores and chloroplasts)-induced electrochemi-
cal proton gradient are abolished. It is still an open question what is the primary
event in the energy-coupling process; whether the anisotropic distribution of electron
and H-atom carriers in the coupling membrane is nature’s device to provide a source
of electrical potential to energy-conserving membranes”-8 or whether primary electron-
transfer linked conformational alterations induce secondary charge separation in or
across the membrane, or alter the proton-binding affinity of membrane groups (the
“membrane Bohr effect’’)*5,46 cannot be decided by our experiments.
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