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Two alternative procedures for isolation of the oligomycin-sensitive ATPase complex (E.C.
3.6.1.3) from R. rubrum chromatophores are compared with respect to ease, rapidity, and yield.

The inhibitory effect of oligomycin on the membrane-bound Ca**-ATPase activity is increased
during storage of the chromatophores, whereas the effect of oligomycin on the membrane-bound

Mg2+-ATPase activity does not change within a week.

Oligomycin-sensitivity of the solubilized ATPase complex depends on the isolation procedure.

The enzyme complex consists of at least nine different polypeptides with the apparent molec-
ular weights of (1) 67,000, (2) 60,000, (3) 56,000, (4) 35,000, (5) 22,000, (6) 20,000, (7)
17,000, (8) 12,000, (9) 11,000. The polypeptides 2—4, 7, and 8 represent subunits of coupling

factor 1.

Introduction

Adenosine triphosphatase (ATPase) complexes
have been solubilized from mitochondria [1, 2], and
bacteria [3 —5]. These ATPases are composed of
two structural parts [6]. One of them, the water
soluble coupling factor 1 (F,), catalyses ATP hy-
drolysis. The second part, often referred to as F,
is buried in the hydrophobic interior of the mem-
brane and lacks ATPase activity. This component
catalyses specific hydrogen ion transport through
membranes, which is sensitive to energy transfer
inhibitors like oligomycin, rutamycin or N,N -di-
cyclohexylcarbodiimide (DCCD) [3, 7, 8]. In some
instances the subunit composition of the Fy compo-
nent is known [9, 10].

The water soluble entity, F;, of the ATPase has
been solubilized from chromatophores from a num-
ber of photosynthetic bacteria [11 —14] and puri-
fied to varying degrees. The subunit composition of
the enzyme from R.rubrum has been determined
[15, 16] to consist of five different subunits which
are similar to those of ATPases from other or-
ganisms.

Recently, the isolation and some immunochemi-
cal properties of an oligomycin-sensitive ATPase
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from R.rubrum was reported [17—19]. In this
paper we present data on the subunit composition
of the oligomycin-sensitive ATPase complex from
R. rubrum, which are consistent with published data
on ATPase complexes from other sources [2—4].
Wealso describe the effect of oligomycin on different
ATPase preparations.

Materials and Methods

R. rubrum cells (van Niel strain S1) were grown
and harvested and chromatophores were prepared
according to methods earlier described [20, 21].

The oligomycin-sensitive ATPase complex was
solubilized and purified by two alternative proce-
dures:

a) Prewashing of chromatophores with sodium cho-
late and subsequent extraction of the ATPase
complex by Triton X-100.

Chromatophore membranes (1 g wet weight) were
suspended in 10 ml 50 mM Tris-Cl, pH 8.0, contain-
ing 150 mm KCI and sodium cholate at a final con-
centration of 1% according to Yoshida et al. [22].
After incubation at 4 °C for 45 min the suspension
was centrifuged at 150,000 x g for 45 min. The re-
sulting sediment (treated chromatophores) was re-
suspended in 10 ml 50 mm Tris-Cl, pH 8.0, con-
taining 25 mM sucrose, 150 mm KCl, and 0.2% Tri-
ton X-100 at 4 °C for 30 min. After recentrifugation
of the suspension at 150,000 x g for 1.5 h an oligo-
mycin-sensitive ATPase activity appeared in the re-
sulting supernatant.
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b) Solubilization of the ATPase complex from un-
treated chromatophores by Triton X-100 and fur-
ther purification of the crude enzyme by glycerol-
densitiy-gradient centrifugation according to

Schneider et al. [18].

Dissociation into subunits was performed at
100 °C for 1min in the presence of 2% sodium
dodecyl sulfate (SDS) and 5% mercapto-ethanol.
SDS-disc electrophoresis was carried out in 12%
polyacrylamide gels containing 0.1% SDS according
to Laemmli [23].

The samples contained 15 ug of protein and were
run at 2mA per gel with bromophenol blue as
tracking dye. For molecular weight determinations
calibration gels with bovine serum albumin, lactate
dehydrogenase, and cytochrom c as reference pro-
teins were used. Gels were stained with 0.25% (w/v)
Coomassie brilliant blue G 250 for 1.5 h, destained
in methanol : acetic acid : water (2 : 3 : 35), and
scanned in a Gilford spectrophotometer model 2400
at 550 nm.

ATPase activity was measured by using the glass
electrode technique described by Nishimura et al.
[24]. 2.5 ml reaction medium contained 1 mm Tris-
Cl, pH 7.9 and 4 mMm CaCl, or 1 mm MgCl,. Where
mentioned, oligomycin dissolved in ethanol was ad-
ded before the pH of the reaction medium was ad-
justed to 7.90 with diluted KOH or HCI. Control
activities were measured under same conditions
without inhibitor but with adequate amount of etha-
nol. After incubation for 3 min at 24 °C the reaction
was started by addition of 4 mm ATP solution,
pH 7.90.

Protein concentration was estimated by the Lowry

method [25].

Results

The various steps and yields of our procedures
are summarized in Table I. Compared to the mem-
brane-bound ATPase the specific activities of the
solubilized complexes increased 2 — 3 fold. Prepared
by each of these methods the enzyme appeared to be
at least 90% pure as judged by staining of protein
bands in polyacrylamide gels (data not shown).
There are, however, still both bacteriochlorophyll
(BChl) and carotenoids associated with the complex
(0.02 mg BChl/mg protein). This appears to be
true also for the ATPase complex decribed in ref.
17, where its activity is given as units/mg BChl.
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Table 1. Preparation of the oligomycin-sensitive ATPase
complex from R. rubrum chromatophores. Specific ATPase
activity was measured in presence of 4 mm Ca-ATP2- as
described in Materials and Methods. One unit (U) is
defined as the number of umol of inorganic phosphate
liberated during 1 min at 24 °C. For designation of frac-
tions see Materials and Methods.

Fraction Total Specific Total
protein activity activity
[mg] [U/mg] [U]

chromatophores 100.0 0.11 11.0

Triton X-100 extract 13.8 0.32 4.4

of treated

chromatophores

Triton X-100 extract 18.6 0.29 5.3

of untreated

chromatophores

eluate of glycerol- 6.4 0.39 2.5

density-gradient

Subunit composition of the oligomycin-sensitive
ATPase complex from R. rubrum

The ATPase complex prepared from treated chro-
matophores was analyzed for its subunit composi-
tion. Nine different protein bands were detected
after densitometric scanning of the SDS gels
(Fig. 1). The mobilities correspond to molecular
weights given in Table II. In addition to the a, B, v,
9, and e-subunits of coupling factor 1 (15, 16) four
polypeptides with apparent molecular weights of
67,000, 22,000, 20,000, and 11,000 are clearly
distinguished. Protein band1 (67,000) probably
represents trace amounts of contaminants. The re-
sidual three bands may be components of the
F, moiety. However, a better evaluation of the pro-
tein bands in the 11,000 molecular weight region is
required. This region may include additional low
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Fig. 1. Sodium dodecyl sulfate disc electrophoresis of the
oligomycin-sensitive ATPase complex from R. rubrum chro-
matophores. 15 ug of ATPase complex solubilized from
treated chromatophores were prepared and run as described
in Materials and Methods. TD, tracking dye.
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Table II. Molecular weights of subunit proteins of R.
rubrum ATPase. The molecular weights were calculated
from the mobilities of the proteins relative to that of bromo-
phenyl blue in 12% polyacrylamide gels containing 0.17%
SDS. The numbers of protein bands correspond to those
shown in the densitometric trace of the gel in Fig. 1.
Protein bands 2—4, 7, and 8 represent subunits of coupling
factor 1.

Protein Oligomycin-sensitive F,ATPase
band ATPase complex
[mol wt]
1 67,000 =)
2 60,000 (a)
3 56,000 )
4 35,000 )
3 22,000 (—)
6 20,000 (—)
7 17,000 (@)
8 12,000 (€)
9 11,000 (—)
molecular weight polypeptides. The significant

staining intensity of protein band 4 (Fig.1l) cor-
responding to the y-subunit of F; (Table II) is con-
sistent with a chloroform-preparation of the F;-
ATPase [16].

Effects of oligomycin on different ATPase
preparations

Both the membrane-bound Mg?*- and Ca®>*-ATPase
activities are sensitive to oligomycin [26]. As can
be seen from Table III the ATPase activity in freshly
prepared chromatophores is more inhibited by oligo-
mycin (10 ug per ml) in the presence of Mg?** than
of Ca2*. Inhibition is 90% and 26% of control, re-
spectively. Similar results have previously been
reported by our group [26] and recently also by
Oren and Gromet-Elhanan [17]. Storage of the

Table III. Effect of oligomycin on membrane-bound ATPase
activities of R. rubrum chromatophores. Chromatophores
(40 ug bacteriochlorophyll) were preincubated for 3 min
with 25 ug oligomycin in 2.5 ml of reaction mixture and
ATPase assay was performed as described in Materials and
Methods.

Fraction %-Inhibition of

Mg2+-ATPase Ca’*-ATPase
freshly prepared 90 26
chromatophores
aged chromatophores * 90 69

* Chromatophore preparation stored for 7 days at 0 °C.
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chromatophores for 7 days at 0 °C in 0.1 M glycyl-
glycine buffer, pH 8.0, increases the oligomycin
sensitivity of the Ca2?*-ATPase about 2.5 times.
However, the effect of inhibitor on the Mg?*-ATPase
does not change within a week.

Oligomycin-sensitivity of the solubilized ATPase
complex depends on the isolation procedure. Pre-
washing of chromatophores with sodium cholate
scarcely solubilized ATPase activity, but it removed
other membrane components. Subsequent extraction
of the membranes by Triton X-100 yields a nearly
pure ATPase complex that is activated by both Ca2*
and Mg**. Both ATPase activities are nearly com-
pletely inhibited by oligomycin, as is shown in
Fig. 2. Half maximum inhibition is achieved at about
2 ug oligomycin per ml (Fig. 2). A crude ATPase
complex, showing the same oligomycin sensitivity,
has been solubilized from untreated chromatophores
by Triton X-100. Further purification by glycerol-
densitiy-gradient centrifugation leads to a nearly pure
enzyme. However, in presence of Ca?* this complex
shows only a maximum inhibition by oligomycin
of 50% (Fig. 2). This agrees with the data obtained
by Oren and Gromet-Elhanan [17] who used a
similar preparation procedure.

The freshly isolated complexes from treated chro-
matophores are also sensitive to N,N -dicyclohexyl-
carbodiimide (DCCD) with a 50% inhibition of
both Mg?**- and Ca?*-ATPase activities at 2 —4 pug
DCCD per ml (data not shown). The inhibitor sen-

o
o
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Fig. 2. Effect of oligomycin on F;-F;ATPase preparations
from R. rubrum chromatophores. The reaction mixtures
contained 50 #g of protein and Ca-ATP?>~ and Mg-ATP?-
as described in Materials and Methods. (V—Y/) Ca2*-
ATPase activity of the complex extracted from treated
chromatophores, ([J—[J) Mg>*-ATPase activity of the
complex extracted from treated chromatophores, and
(O—0Q) Ca**-ATPase activity of the complex extracted
from untreated chromatophores and further purified by
glycerol-density-gradient centrifugation.
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sitivity of the purified ATPase complexes is preser-
ved for about 1 — 2 days.

Discussion

The oligomycin-sensitive ATPase complex from
R. rubrum chromatophores plays a dominant role
in the terminal reactions of photophosphorylation
[26]. Its solubilization from cholate washed chroma-
tophores by Triton X-100 is superior for the present
purposes to the procedure starting with untreated
chromatophores with respect to ease, rapidity and
yield.

Oligomycin inhibition of the membrane-bound
Ca?*-ATPase depends on the age of the chromato-
phores. Increase in oligomycin-sensitivity may be
correlated to loss of coupling during storage. In ac-
cordance with our results it has been shown prev-
iously [27], that oligomycin inhibition of the mem-
brane-bound Mg**-ATPase is quite independent of
the coupling state of chromatophore membranes.

High oligomycin-sensitivity both with Mg?* and
Ca®* of the solubilized complex indicates the intact
functional association of subunit proteins necessary
for oligomycin-sensitivity conferring and inhibitor
binding. The binding site, or perhaps group of bind-
ing sites, for oligomycin and related compounds

[1] Y. Kagawa and E. Racker, J. Biol. Chem. 241, 2467 —
2474 (1966).

[2] A. Tzagoloff and P. Meagher, J. Biol. Chem. 246,
7328—7336 (1971).

[3] N. Sone, M. Yoshida, H. Hirata, and Y. Kagawa,
J. Biol. Chem. 250, 7917 —7923 (1975).

[4] J. F. Hare, Biochem. Biophys. Res. Commun. 66,
1329—1337 (1975).

[5] D. J. Clarke and J. G. Morris, Biochem. J. 154, 725—
729 (1976).

[6] P. L. Pedersen, J. Bioenergetics 6, 243 —275 (1975).

[7] V. Shchipakin, E. Chuchlova, and Y. Evtodienko, Bio-
chem. Biophys. Res. Commun. 69, 123 —127 (1976).

[8] R. S. Criddle, L. Packer, and P. Shieh, Proc. Nat.
Acad. Sci. 74, 4306 —4310 (1977).

[9] R. Capaldi, Biochem. Biophys.
1331—1337 (1973).

[10] Y. Kagawa, N. Sone, M. Yoshida, H. Hirata, and
H. Okamoto, J. Biochem. 80, 141 —151 (1976).

[11] A. Baccarini-Melandri, H. Gest, and A. San Pietro,
J. Biol. Chem. 245, 1224—1226 (1970).

[12]

[13]

Res. Commun. 53,

B. C. Johansson, FEBS Letters 20, 339 —340 (1972).
D. W. Reed and D. Raveed, Biochim. Biophys. Acta
283, 79—91 (1972).

[14] A. Gepshtein and C. Carmeli, Eur. J. Biochem. 44,
593—602 (1974).

B. C. Johansson and M. Baltscheffsky, FEBS Letters
53, 221 —224 (1975).

[15]

H. W. Miiller and M. Baltscheffsky + Oligomycin-Sensitive ATPase Complex from R. rubrum

appears to be located on the F; moiety of the R.
rubrum ATPase [18]. This agrees well with data
from the mitochondrial ATPase, where an isolated
membraneous subunit as well as the whole F, entity
has been shown to specifically interact with oligo-
mycin [8].

The molecular weight of the nearly pure ATPase
complex has been shown to be above 450,000 [28].
The protein profile of the complex and molecular
weights of subunit proteins are in fairly good agree-
ment with those reported for oligomycin or DCCD
sensitive ATPases from other sources (2 —4). Three
of the smaller polypeptides (22,000, 20,000, and
11,000) may be components of the hydrophobic
part of the enzyme. But further work is required to
understand more clearly the role of the subunits
present in the purified complex.

The authors are most grateful to Prof. H. Balt-
scheffsky «(Stockholm) and Prof. K. Dose (Mainz)
for continous interest and helpful advice. One of
us (H. W. M.) would like to thank the Central Com-
mission of the Johannes Gutenberg University
(Mainz) for a travel grant. The work was supported
by a grant from the Swedish Natural Science Re-
search Council to M. B. This work is part of the
thesis of H. W. Miiller for a Dr. rer. nat. degree at
the Johannes Gutenberg University, Mainz.

[16] H. W. Miiller, U. Schwuléra, M. Salzer, and K. Dose,
Z. Naturforsch. 34 ¢, 38—45 (1979).

R. Oren and Z. Gromet-Elhanan, FEBS Letters 79,
147—150 (1977).

E. Schneider, U. Schwuléra, H. W. Miiller, and K.
Dose, FEBS Letters 87, 257—260 (1978).

H. W. Miiller, M. Schmitt, E. Schneider, and K. Dose,
Biochim. Biophys. Acta 545, 77—85 (1979).

H. Baltscheffsky, Biochim. Biophys. Acta 40, 1—8
(1960).

R. J. Berzborn, B. C. Johansson, and M. Baltschefsky,
Biochim. Biophys. Acta 396, 360—370 (1975).

M. Yoshida, N. Sone, H. Hirata, and Y. Kagawa,
J. Biol. Chem. 250, 7910—7916 (1975).

U. K. Laemmli, Nature 227, 680—685 (1970).

M. Nishimura, T. Ito, and B. Chance, Biochim. Bio-
phys. Acta 59, 177—182 (1962).

O. H. Lowry, N. J. Rosebrough, A. L. Farr, and R. J.
Randall, J. Biol. Chem. 193, 265—275 (1951).

B. C. Johansson, M. Baltscheffsky, and H. Baltscheflsky,
Proc. 2nd Int. Congr. Photosynthesis Res. (G. Forti,
M. Avron, and B. A. Melandri, eds.) Vol. 2, p. 1203,
Dr. W. Junk, N. V. Publishers, The Hague, Nether-
lands 1972.

G. D. Webster, P. A. Edwards, and J. B. Jackson,
FEBS Letters 76, 29—35 (1977).

E. Schneider, H. W. Miiller, U. Schwuléra, and K.
Dose, Hoppe-Seyler’s Z. Physiol. Chem. 358, 1276—
1277 (1977).

[17]
(18]
[19]
[20]
[21]
[22]

[23]
[24]

[25]
[26]

[27]
[28]



