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In SDS gels of purified, highly active ATP-synthase from chloroplasts, C F0F ,, a protein band 
was detected at an apparent molecular weight of 100 kDa. This protein was isolated on a prepara­
tive SDS gel. The 100 kDa protein can be dissociated at increased temperature or increased 
incubation time into an 8 kDa protein, which is identical with the subunit III of C F n (D C C D - 
binding protein or proteolipid). This implies that the 100 kDa band is a stable supramolecular 
complex containing at least 12 copies of subunit III. Electron micrographs reveal a diam eter of 
6 .3  nm and a membrane spanning length of 6 .1 nm. We assume that this supramolecular complex 
represents a stable native substructure of C FnF ,.

Introduction

The membrane-bound ATP-synthase from chloro­
plasts, C F0F], catalyzes A TP synthesis/hydrolysis 
coupled with a transmembrane proton transport. 
Like other ATP-synthases of the FoF] type, it has a 
hydrophilic part, C F), containing the nucleotide- 
binding sites and a hydrophobic part, C F(I, which is 
supposed to act as a proton channel. C F(I contains 
four different subunits with the apparent molecular 
weights of 18 kDa (I), 16 kDa (II), 8 kDa (III), and 
20 kDa (IV ) [1 - 6 ] .

During the last years CFoF) was isolated, purified 
and reconstituted into asolectin liposomes; these 
preparations show high rates of ATP synthesis 
(200 s~‘ [7]) and ATP hydrolysis (20 s- 1  [8]); i.e., the 
enzyme has practically the same activity as in the 
thylakoid membrane.

In this work we have improved the purification of 
C F(IF] by a modification of the sucrose-density gra­
dient centrifugation step. A supramolecular complex 
of the subunit III with a molecular weight of 100 kDa 
has been isolated from CFoF,, and we assume that

Abbreviations: C F (IF ,,  proton translocating ATP-synthase 
from chloroplasts; SDS, sodium dodecylsulfate; D CCD . 
dicyclohexylcarbodiimide; Rubisco, ribulose 1,5-bisphos- 
phate carboxylase/oxygenase.
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this oligomeric structure represents a part of the 
native C F(, moiety of the thylakoid membrane.

Materials and Methods

CFoF] was isolated following the protocol in ref.
[9] up to the ammonium sulfate precipitation step. 
Since the final product always contained some Ru­
bisco, the density gradient centrifugation step of the 
purification procedure was modified as follows: The 
ammonium sulfate precipitation (35—45%  satura­
tion) was dissolved in 0.2 m  sucrose, 20 m M  Tricine- 
NaOH (pH = 8 .0 ), 5 m M  MgCl: , 0.2 m M  ATP and 
diluted threefold with the gradient medium before 
layered on top of the sucrose density gradient. 
After optimization, a discontinuous gradient with 
five steps was used with 12% , 18% , 24% , 30%  and 
40%  (w/v) sucrose (0 .9  ml each) in the gradient 
medium containing 30 m M  Tris-succinate (pH =  
6 .5 ), 0.5 m M  E D T A , 0 .2%  (w/v) Triton X -100,
0.2 mM ATP and 1 mg/ml asolectin. In both solutions 
ATP can be omitted without changing the enzyme 
activity. Centrifugation was carried out in a SW 55 
rotor at 45,000 rpm (150,000 x g )  in an ultracentri­
fuge (L  80, Beckman) for 16 h at 4 °C. After cen­
trifugation, 300 |il fractions were taken from the top 
of the tube and analyzed for protein concentration  
and polypeptide composition.

For SDS-gel electrophoresis samples of 20 j,ig pro­
tein were preincubated in an SDS sample buffer con­
taining 62.5 mM Tris-Cl (pH =  7 .5 ), 2%  (w/v) SDS.
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5%  (v/v) glycerol and 10% mercaptoethanol (SDS/ 
protein ratio is 40:1 (w :w)).

SDS-gel electrophoresis of C F(lFi was carried out 
basically as described in ref. [10] and [11]. The stack­
ing gel contains 3 .75%  acrylamide, the separation gel 
15% acrylamid. Staining with Coomassie blue R 250  
and silver staining were carried out as described in 
ref. [6]. Protein concentrations were determined 
according to ref. [ 12 ],

For the preparative SDS-gel electrophoresis 3 mg 
of CFoF] were layered on top of the gel. and electro­
phoresis was run for 5 h at a constant voltage of 
150 V. The protein bands were made visible by incu­
bation of the gel for 10 min in 4 m  sodium acetate. 
The band at 100 kDa was cut out and dialyzed for 
12 h against (62 mM Tris-Cl (pH 7 .8 ), 10% (v/v) gly­
cerol and 0 . 1 % (w/v) mercaptoethanol as described 
in ref. [13], Electroelution was carried out for 
18 h at 20 °C and 7.5 m A. The protein was dia­
lyzed against 1 1 of 0 .1%  (v/w) SDS for 48 h with 
5 changes of buffer. The solution was freeze-dried in 
aliquots. For all dialysis steps and electroelution, 
benzylated cellulose tubing (cut-off mol. weight 
2.0 kDa, Sigma D 7884) was used. The membrane 
was heated to 100 °C in 0.1 m  E D T A  for 1 h before 
use.

For electron microscopy 30 |Ug of the freeze-dried 
protein was dissolved in 200 |il water. Specimens 
were prepared by the droplet method or the Valen­
tine method [14] using 1% uranyl acetate solution as 
negative stain. Electron microscopy was carried out 
on a Philips EM  300 microscope at 70,000 magnifica­
tion.

Results

Fig. 1 shows the result of the sucrose-density gra­
dient centrifugation. On the top, the protein con­
centration is depicted as a function of the gradient 
volume. A maximum in the protein concentration is 
observed in the 30%  (w/v) sucrose step, a small peak 
appears in the 18% step. The lower part of Fig. 1 
shows the fractions in the 24% , 30% , and 40%  (w/v) 
sucrose steps after SDS-gel electrophoresis. Before 
electrophoresis, aliquots of the fractions have been 
incubated for 10 min at 20 °C in SDS sample buffer.

Nearly all CFnF] is found in the 30%  sucrose step, 
whereas the Rubisco is found only in the 40%  suc­
rose step. For C FnF) the following subunits are ob­
served (see Fig. 1, bottom fractions no. 13, 14 and
15): a ,  ß, y, 6 , e. I, II and IV [6] and a band at
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Fig. 1. Analysis of the discontinuous sucrose density gra­
dient centrifugation step of the CFoF, isolation procedure. 
Top: protein concentration after ultracentrifugation
(-------) , sucrose concentration ( -------- ). Bottom : SDS-gel
electrophoresis of different fractions in the 2 4 % , 30%  and 
40%  sucrose steps; 20 ^g protein/fraction. The left lane 
shows the protein standards.

100 kDa. The two bands between ß and y must be 
considered to be impurities; they are almost absent if 
the tubes are punctured from the side so that the 
30%  sucrose fraction can be removed with a syringe 
with less contamination from the lighter fractions 
(e .g ., Fig. 3).

The 100 kDa band is present in all our prepara­
tions and, therefore, this band has been investigated 
in detail. Fig. 2 shows densitometer scans of SDS 
gels after Coomassie Blue staining. For scan no. 1 
the sample has been incubated for 20 min in SDS
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Fig. 2. D ensitom eter scans of a 
Coomassie Blue stained SDS gel: 
C F()F , was preincubated in SDS 
buffer before electrophoresis: ( 1) 
20 min at 25 °C; (2) 20 min at 
56 °C; (3 ) 5 min at 95 °C ; (4 ) pro­
tein standards. The 100 kDa band 
and the 8 kDa band (subunit III) 
are marked in black.

sample buffer at room temperature. The 100 kDa 
band is clearly visible, but subunit III does not show 
up at its 8 kDa position. If the sample is incubated 
for 20 min at 56 °C in SDS sample buffer, the 
100 kDa band becomes weaker, and a band at 8 kDa 
appears (scan no. 2). For scan no. 3, the sample was 
incubated for 5 min at 95 °C in SDS sample buffer. 
The band at 100 kDa has disappeared completely 
and the band at 8 kDa has become stronger. Obvi­
ously, incubation in SDS buffer at higher tempera­
tures leads to a dissociation of the 100 kDa protein 
giving rise to monomeric subunit III. However, these 
results do not exclude that the 100 kDa band con­
tains also other subunits of CFoF, besides subunit III.

Therefore, the 100 kDa band was isolated by pre­
parative SDS gel electrophoresis as described in 
Materials and Methods. Fig. 3 shows the silver 
stained SDS gel of the isolated 100 kDa band: lane 4 
shows the protein incubated in SDS sample buffer at 
20 °C for 15 min. As it can be seen from the silver

Fig. 3. SDS gel of C F0F, and the isolated 100 kDa protein 
after different pretreatm ents in SDS buffer: (1) protein 
standards, (2) C F0F , incubated 5 min at 95 °C, (3) CFoF, 
incubated for 20 min at 25 °C , 25 jig protein in lanes 2 and
3, all stained with Coomassie Blue, (4) the isolated
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100 kDa protein incubated for 20 min at 25 °C, (5 ) the iso­
lated 100 kDa protein incubated for 5 min at 95 °C, 8 [ig 
protein in lanes 4 and 5, stained with silver.
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stained gel the isolated protein is completely free 
from impurities. Lane 5 shows the same protein, 
treated with SDS sample buffer for 5 min at 95 °C 
before electrophoresis. The protein is dissociated 
into the 8 kDa band of the subunit III only. For com­
parison, in lanes 2 and 3 the band pattern of the 
Coomassie stained SDS gel of C F(lFi subjected to the 
same treatment as the isolated 100 kDa band is pre­
sented.

For an unequivocal identification, the isolated 
100 kDa protein was subjected to a partial amino 
acid sequence analysis from the N-terminus similar 
to the one described for subunit IV of C Fn [6]. The 
first 5 amino acid residues determined are identical 
with the ones for subunit III of C Fn reported in [15,
16].

Fig. 4 shows the results of electron microscopy of 
the isolated 100 kDa subunit III complex. The com-
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Fig. 4. Electron micrographs of the isolated 100 kDa complex of subunit III. Top: overview and gallery of monomers, 
dimers and trim ers; the number of arrows indicates monomers, dimers and trimers, resp. Bottom : interpretation of 
arrangem ent of the complexes in the strings and definition of parameters.
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plex forms string-like structures, with up to 35 units 
of the 100 kDa complex arranged along the long axis 
of the string. The complexes are lying on their side. 
Few single top views with a diameter of about 7 nm 
exist too, but are difficult to analyze at present since 
the preparations suffer from a high background of 
SDS micelles (Fig. 4). The diameter of the strings 
varies, indicating that one (“monomer”), two ( “di­
mer”) or three (“trimer”) complexes can form one 
repeating unit of a string. Fig. 4 shows an overview 
(left) and a gallery of strings formed by monomers, 
dimers and trimers. If the repeating unit is a dimer, a 
small cleft between the two complexes can be seen 
frequently. At the bottom of Fig. 4 the measured 
parameters are defined: au a2, and are the diame­
ters of the string units, b is the repeating distance 
along the string, c is the “real” diameter of one 
100 kDa subunit III complex corrected for deter­
gent, and d is the length of the detergent SDS. The 
measured and calculated dimensions are given in 
Table I. It is assumed that the detergent substitutes 
the lipid environment of C F0; i.e., it is located on the 
hydrophobic outer surfaces of the complex as indi­
cated in Fig. 4. Moreover, we assume that no deter­
gent intercalates between any neighboring complex 
molecules (see Discussion for an extended explana­
tion). With these assumptions, the parameter c and 
the length of detergent can be calculated from the 
equations ax =  c +  2 d ; a2 =  2 c  +  2 d ; ay =  3 c  +  2d  
(see Fig. 4). These data are also given in Table I. For 
the detergent it is found that d =  2.2  nm in accord­
ance with the length of SDS. Since the detergent is 
the substitute for the lipid bilayer membrane, the 
parameter c =  6.3 nm gives the diameter of the 
100 kDa complex, and the parameter b =  6.1 nm 
gives the length of the complex through the mem­
brane.

Table I. Dimensions of the isolated 100 kDa complex of 
subunit III as measured from the electron micrographs. 
The parameters are defined in Fig. 4. Additionally, the 
standard error and the number of measurements are given.

M onomers Dimers Trimers

No. of
Measurements 57 37 9

a/nm 10.8 ±  0.6 16.8 ±  0 .7 22 .6  ±  0 .9
b/nm 6.1 ± 0.1 6.1 ± 0.1 6.1 ± 0.1
c/nm 6.4 6.2 6.2
d/nm 2.2 2.2 2.2

Discussion

This work shows that incubation of C F()Fi in SDS 
buffer at room temperature leads to a dissociation 
into the subunits a , ß, y, Ö, s. I, II and IV. Under the 
same conditions, subunit III is detected as a su­
pramolecular complex with the apparent mole mass 
of 100 kDa. The complex possibly contains some 
chloroplast lipids (about 5 sulpholipids (sulpho- 
quinovosyl-diacylglycerol) per C FnF| have been 
found [17]). With a mole mass of about 860 kDa per 
lipid, the mole mass of the protein component of the 
lipid-free complex amounts to approx. 95.7 kDa. 
Taking into account that molecular weights of hydro- 
phobic proteins are frequently underestimated on 
SDS gels [18, 19] and using a mole mass of 8 kDa for 
subunit III, we would suggest a stoichiometry of at 
least 12 copies per complex. In earlier work, 6 copies 
of subunit III per CFoFj were found using a l4C-label 
technique for the aminoacids [20]. However, in the 
most recent report based on this technique [4] the 
original data show a stoichiometry between 
10—14 copies of subunit III per CFoF] in the thy­
lakoid membrane. For C F0F], isolated by Triton X - 
100 treatment and immunoprecipitation with anti­
bodies against C F ,, only 4 —5 copies of III per CFoF, 
are found [4]. The stoichiometry of the other sub­
units of C F0 is lower than 1 (I = 0 .3 ), (II =  0 .7) so that 
presumably some C Fn is lost during isolation. If we 
assume that there is one subunit I in CFoF], all C F0 
subunits must be corrected by a factor 3 and 2.1 sub­
units II and 12—15 subunits III are obtained.

The supramolecular complex of the subunit III can 
be dissociated in the presence of excess amounts of 
SDS either at increased temperature or increased in­
cubation time. If the complex is an artificial aggre­
gate of subunit III, as a result of the SDS incubation 
of CFoF] an increase of the aggregation with increas­
ing incubation time or increased temperature should 
be expected. Additionally, when the protein is not 
preincubated in SDS buffer, the same band pattern is 
seen as in Fig. 3, lane 3 (data not shown). Further­
more, no other aggregates of subunit III with differ­
ent stoichiometries are found. We consider it highly 
improbable that distinct local. SDS-induced confor­
mational changes of subunit III monomers, which 
then should equally well be evoked by 0 . 1 % (without 
preincubation) and 2%  (with preincubation) SDS, 
might be the cause of the oligomer formation. The 
resistance against dissociation during SDS incubation 
at room temperature implies a high stability of the
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supramolecular complex, also in the absence of other 
F(| subunits.

From these results we conclude that the isolated 
100 kDa complex of subunit III is the native 
supramolecular structure of the subunit and that it 
represents a stable substructure of C FnFi in the 
thylakoid membrane.

The 100 kDa band can also be seen in some of the 
SDS gels of C F(IF, published earlier (e.g ., ref. [21]). 
However, its relation to subunit III has not been 
detected before. The proteolipid from yeast 
mitochondria (which corresponds to subunit III) was 
detected on SDS gels as a hexamer and treatment 
with organic solvents leads to a dissociation to the 
monomeric form [22, 23], At present it is not clear 
whether in mitochondria the native F0 contains a 
hexamer of the proteolipid or whether in this case 
the dodekamer is dissociated during SDS incubation. 
It should be mentioned that the stoichiometry of sub­
unit c in F0 from E. coli (which is homologous to 
subunit III) is about 10—12 [24, 25].

In beef heart mitochondria monomeric and di­
meric forms have been observed [37].

C F0 contains the subunits I, II, III and IV with the 
molecular weights of 18 kDa, 16 kDa, 8 kDa and 
20 —25 kDa [1—6, 26, 27], According to the consider­
ations above, the stoichiometry of these subunits in 
C F() is I, II2, IIIi2i IV. This results in a mole mass of 
171 kDa for C F0.

The results from electron microscopy show that 
the dimensions of the complex of subunit III are 
about 6 .3  nm x  6.1 nm. There is, however, the ques­
tion of how this complex is oriented in the mem­
brane. We postulate that it is arranged in such a way 
that the membrane-spanning helices are surrounded 
by detergent and that the top and base of the com­
plex, which are the more hydrophilic parts, stick to­
gether to form the strings (see Fig. 4). According to 
this interpretation, the complex would have a diame­
ter in the membrane of 6 .3  nm and a membrane- 
spanning dimension of 6.1 nm.

Electron microscopy on other chloroplast proteins 
strongly supports our interpretation of the orienta­
tion. Several proteins, like photosystems I and II 
from Synechococcus [28, 29] and the light-harvesting 
chlorophyll alb protein complex [30], show particles 
stacked similarly as in the subunit III complex, if 
they are prepared in detergent. In all cases the re­
peating distance is about 6 nm and the narrow hydro­
philic gap between the molecules is filled with stain.

The subunit III has been isolated in its monomeric 
form and reconstituted into phospholipid vesicles [3], 
Electron micrographs from such vesicles using the 
freezefracture technique have shown particles with 
an average diameter of 8.3 nm [31]. If the possible 
size overestimation due to platinum replication is 
corrected, a diameter of 6 .0 nm is obtained [31] in 
good agreement with our results. These results imply 
that the monomeric subunit III has a strong tendency 
for self-assembly in bilayer membranes; i.e., if 
it is brought into phospholipid vesicles, stable 
dodecameric complexes are formed.

The amino acid sequence of subunit III is known 
and from the polarity profile of the sequence it has 
been concluded that the protein traverses the mem­
brane in a hairpin-like structure with two a-helical 
segments [32]. Assuming a diameter of 0 .9 nm for 
one a-helix, the 12 subunits III must be arranged in a 
structure with 6.3 nm diameter. Fig. 5 shows two 
examples of possible hypothetical structures, which 
have been chosen because of the highly symmetrical 
arrangement. In model (a) the subunits III are ar­
ranged in two non-identical positions. In the middle 
of the structure there is space for one a-helix. There­
fore, most of the other C F0 subunits must be ar­
ranged outside of this subunit III substructure. This 
arrangement would be in accordance with the 
conclusions derived from the labeling pattern of 
the F 0 subunits with 3-(trifluoromethyl)-3-(m[12\J]) 
iodophenyldiazirine in E . coli, Neurospora crassa 
and chloroplasts [33] and a model proposed by 
Sebald et al. [34], Model (b) in Fig. 5 shows all sub­
units III arranged in identical positions in one ring.

>---------63 nm -------- 1
Fig. 5. Two hypothetical arrangem ents of helices in the 
complex of subunit III (top view) each pair of circles repre­
senting the two helices of a subunit III monomer.
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In this case, the middle part of the structure could be 
filled with 7 additional a-helices. From hydrophobic­
ity patterns it is expected that subunit IV has 4 trans­
membrane helices [26] and subunit I has 1 transmem­
brane helix [35]. For subunit II the amino acid se­
quence is not yet known. This means that all the 
other Fo subunits can possibly be located inside the 
ring structure formed by subunit III. This model is 
similar to the one proposed by Cox et al. [36]. Pres­
ently, we cannot distinguish between these two and 
other possible structures on the basis of our data. 
However, now that a stable 100 kDa oligomeric sub­
unit III substructure of C F(I has been discovered and 
isolated, high resolution electron microscopy of top 
views might well be applied to determine the ar-

[1 ]N . Nelson, in: Electron Transport and Photophos­
phorylation (J . Barber, e d .), pp. 81 — 104, Elsevier 
Biomedical Press, Am sterdam  1982.

[2] H. Strotmann and S. Bickel-Sandkötter, Ann. Rev. 
Plant Physiol. 35, 9 7 - 1 2 0  (1984).

[3] N. Nelson, E . Eytan, B . Notsani, H. Sigrist. K. Sigrist- 
Nelson. and C. Gitler, Proc. Natl. A cad. Sei. U SA  74, 
2 3 7 5 -2 3 7 8  (1977).

[4] K. H. Süß and O. Schmidt. F E B S  Lett. 144, 2 1 3 -2 1 8
(1982).

[5] K. H. Süß. FE B S  Lett. 112, 2 5 5 -2 5 9  (1980).
[6 ] P. From m e. P. G räber, and J. Salnikow, F E B S  Lett. 

218, 2 7 - 3 0  (1987).
[7] G. Schmidt and P. G räber, Biochim. Biophys. A cta  

890, 3 9 2 -3 9 4  (1987).
[8] G. Schmidt and P. G räber, Z . Naturforsch. 42c, 

2 3 1 -2 3 6  (1987).
[9] U. Pick and E . R acker, J . Biol. Chem. 254, 

2 7 9 3 -2 7 9 9  (1979).
10] K. W eber and M. Osborn, J . Biol. Chem. 244, 

4 4 0 6 -4 4 1 2  (1969).
11] N. Nelson, D. W. D eters, H. Nelson, and E . R acker, 

J. Biol. Chem. 248, 2 0 4 9 -2 0 5 5  (1973).
12] A . Bensadoun and P. W einstein. Anal. Biochem . 70, 

2 4 1 -2 5 0  (1976).
13] K .-D . Irrgang, C. Kreutzfeldt, and E . Lochm ann. 

Biol. Chem. Hoppe-Seyler 366, 3 8 7 -3 9 4  (1985).
14] R. C. Valentine, B. M. Shapiro, and E . R. Stadmann. 

Biochemistry 7, 2143—2152 (1968).
15] J . A lt, P. W inter, W. Sebald, J . G. M oser, R. Schedel, 

P. W esthoff, and R. H. H errm ann. Curr. G enet. 7, 
1 2 9 -1 3 8  (1983).

16] L. J. Howe, A . D. Auffret, A . D oherty, C. M. Bow ­
man, T. A . Dyer, J. C. G ray, Proc. Natl. A cad. Sei. 
USA 79, 6 9 0 3 -6 9 0 7  (1982).

17] U . Pick, K. Gounaris, M. Weiss, and J . B arber, 
Biochim. Biophys. A cta 808, 4 1 5 -4 2 0  (1985).

18] A . E . Senior, Biochim. Biophys. A cta 726, 8 1 —95
(1983).

19] C. Tanford and J. A . Reynolds. Biochim. Biophys. 
A cta 457, 1 3 3 -1 7 0  (1976).

20] K. Sigrist-Nelson, H. Sigrist, and A . Azzi, Eur. J. 
Biochem. 92, 9 - 1 4  (1978).

rangement of the helices of this substructure and to 
elucidate its structural role in accommodating the 
other C F0 subunits. This would give the structural 
basis for attempts to explain the very high conductiv­
ity of C F0 [38, 39].

Acknowledgements

We thank Prof. J. Salnikow for sequencing the N- 
terminal residues from the subunit III complex, K .-
D. Irrgang for his help and advice by the isolation of 
the subunits from the preparative gels, Mrs. Matina 
Gerdsmeyer for excellent technical assistance und D. 
Samoray for helpful discussions. This work was sup­
ported by a grant from the Deutsche Forschungsge­
meinschaft (Sfb 312).

[21] G. Hauska, G. Orlich. D. Samoray, E . H urt, and P. 
V. Sane, in: Photosynthesis II (G . Akoyunoglou, e d .), 
pp. 90 3 —914, Balaban Intern. Sei. Serv., Philadelphia, 
U SA  1981.

[22] A . Tzagoloff. A . A kai. and F. Foury, F E B S  Lett. 65, 
3 9 1 -3 9 5  (1976).

[23] A . Tzagoloff and A . Akai, J . Biol. Chem. 247, 
6 5 1 7 -6 5 2 3  (1972).

[24] E . Schneider and K. Altendorf. E M B O  J. 4, 515 — 518 
(1985).

[25] D. L. Foster and R. H. Fillingame, J . Biol. Chem. 
2 5 7 ,2 0 0 9 -2 0 1 5  (1982).

[26] J. Hennig and R. G. Herrmann, Mol. Gen. G enet. 
203, 1 1 7 -1 2 8  (1986).

[27] A . L. Cozens, J. E . W alker, A . L. Phillips, A . K. 
Huttly, and J. C. G ray, Eur. J . 5, 21 7 —222 (1986).

[28] E . J. Boekem a, J. P. D ekker, M. G. van H eel. M. 
Rögner, W . Saenger, I. W itt, and H. T. W itt. F E B S  
L e tt., 217, 2 8 3 -2 8 6  (1987).

[29] M. R ögner, J . P. Dekker, E . J . Boekem a, and H. T. 
W itt, F E B S  Lett. 219, 2 0 7 -2 1 1  (1987).

[30] W . Kühlbrandt, Th. Thaber, and E . W ehrli, J . Cell 
Biol. 96, 1 4 1 4 -1 4 2 4  (1983).

[31] J . E . Mullet, U . Pick, and C. J . Arntzen, Biochim. 
Biophys. A cta 642, 149—157 (1981).

[32] W . Sebald and J. Hoppe, Curr. Top. Bioenerg. 12, 
1 - 6 4  (1981).

[33] H. W eber, W . Junge, J. Hoppe, and W . Sebald. F E B S  
Lett. 202, 2 3 - 2 6  (1986).

[34] W . Sebald, H. W eber, and J. Hoppe, in: Bioenerge­
tics: Structure and Function of Energy Transducing 
Systems (T. Izawa and S. Papa, ed s.), pp. 2 1 5 -2 2 4 .  
Japan Sei. Soc. Press, Tokyo 1987.

[35] C. R. Bird, B . Koller, A . D. Auffret. A . K. Muttly. C. 
J . Howe, T. A . D yer, and J. C. G ray. E M B O  J . 4, 
1 3 8 1 -1 3 8 8  (1985).

[36] G. B . C ox, A . L. Fimmel. F. Gibson, and L. H atah. 
Biochim. Biophys. A cta 849, 6 2 —69 (1986).

[37] J. Kopecky. J . Houstek, E . Szarska. Z . D rahota. J. 
Bioenerg. Biomembr. 18, 50 7 —519 (1986).

[38] G. Schönknecht, W . Junge. H. Lill. and S. Engel- 
brecht, F E B S  Lett. 203, 2 8 9 -2 9 4  (1986).

[39] H. Lill, S. Engelbrecht. G. Schönknecht, and W . 
Junge, Eur. J . Biochem. 160, 6 2 7 —634 (1986).


