Biochimica et Biophysica Acta 850 (1986) 33-40 33
Elsevier

BBA 42000

Characterization of epitopes of the yeast mitochondrial H *-ATPase complex
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Nine monoclonal antibodies which react with the 8 subunit of the yeast mitochondrial H *-ATPase and three
which react with a 25 kDa subunit of the enzyme complex (P25) have been characterized. Competitive
binding studies indicated the presence of at least four antigenic regions on the 8 subunit of the enzyme
complex. One antigenic region of the 8 subunit is recognized by two monoclonal antibodies RH 57.1 and
RH 45.5 which inhibit the ATPase activity to different degrees. Antibody RH 48.6 appears to bind to a
second region on the 8 subunit and has no effect on the ATPase activity. A third region of the 8 subunit is
recognized by antibodies RH 51.4 and RH 72.1. RH 51.4 has no effect on the ATPase activity, whereas RH
72.1 stimulates ATPase activity. Antibody RH 32.4 which has no effect on the ATPase activity appears to
bind to the fourth epitope of the 8 subunit. All three monoclonal anti-P25 antibodies, RH 66.3, RH 41.2 and
RH 37.0, apparently bind to the same antigenic region on this subunit. Two of the monoclonal anti-8
antibodies RH 48.6 and RH 51.4 were found to be very effective in immunoprecipitating the whole
H *-ATPase complex in a solid phase system. However, the other monoclonal antibodies (and also a
polyclonal antiserum) appear to induce the dissociation of one or more of the H *-ATPase subunits by their
binding to the epitopes on the 8 or the P25 subunits.

Introduction

The mitochondrial H*-ATPase complex (ATP
phosphohydrolase, EC 3.6.1.3) has been the sub-
ject of intensive investigations in recent years.
This enzyme complex is the terminal enzyme in
oxidative phosphorylation and catalyzes in vivo
the synthesis of ATP utilizing the proton-motive
force generated by the mitochondrial electron-
transport chain (see Ref. 1 for a review). In yeast,
the enzyme complex has been proposed to consist
of ten different protein subunits [2]. Five subunits
which are imported from the cytoplasm («, 8, v, 8
and ¢) [3,4] comprise the F, sector of the enzyme
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complex that contains the catalytic site for ATP
synthesis and hydrolysis. The F, sector is physi-
cally and functionally associated with a membrane
(F,) sector which consists of three mitochondrially
synthesized proteins (subunit 6, 8 and 9) and has
been shown to act as a proton channel [5]. The
identity of the two other polypeptides which have
apparent M, 18000 (P18) and 25000 (P25) has
not been established, but they consistently co-
purify with the H*-ATPase when the enzyme
complex is isolated by using a monoclonal anti-
body against the 8 subunit of the enzyme complex
[6-8].

Our laboratory is currently involved in an ex-
tensive investigation into the assembly pathway of
the H*-ATPase complex, and in the elucidation of
functionally important structural features of vari-
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ous subunits of the enzyme complex. As an essen-
tial part of this study, we have isolated fourteen
monoclonal antibodies against the yeast mito-
chondrial H*-ATPase. One of these antibodies
reacted with the a-subunit of the enzyme complex
(M, 56000), nine with the 8-subunit (M, 54 000),
and four with the M, 25000 polypeptide [6]. Two
of these monoclonal antibodies have been central
to our characterization of the H*-ATPase assem-
bly defects in various mutants of yeast [2,7-9],
which have led us to propose an assembly path-
way for the mitochondrially synthesised F, sub-
units of the enzyme complex [2,9].

In order to obtain a better understanding of the
structural relationships between the various epi-
topes on the H*-ATPase, we have further char-
acterized the anti-H*-ATPase monoclonal anti-
bodies with respect to their ability to immunopre-
cipitate the H*-ATPase complex in an intact form,
their ability to compete against each other for
binding to epitopes on the 8 or 25 kDa subunits,
and their effect on H* ATPase activity. Results of
this study are presented and indicate the presence
of at least four epitopes on the 8 subunit. Two of
the antibodies which inhibit the ATPase activity
recognize one of these epitopes. The other three
epitopes are recognized by the monoclonal anti-
bodies that have no effect on the ATPase activity.
There is only one epitope recognized by all the
monoclonal anti-P25 antibodies. Antibodies which
bind to different epitopes, and have different ef-
fects on the activity of the H*-ATPase complex
will be useful for defining the various structural
and functional domains of the enzyme subunits.
Monoclonal antibodies against F,-ATPase sub-
units from pig heart and Escherichia coli have
been isolated in other laboratories [22-24]. Some
of these antibodies might be directed against epi-
topes on the B subunit, which are different from
that observed in yeast.

Materials and Methods

Production and purification of antibodies

The preparation of monoclonal anti-8 and anti-
P25 antibodies has been described previously [6].
To obtain large quantities of antibodies, cloned
hybridomas were grown as ascitic tumours in
pristane-primed Balb/c mice. Ascites fluid was

collected 10-14 days later. Antibodies secreted by
all of the hybridoma cell lines were found to be of
the IgG class. Monoclonal antibodies were then
purified from ascites fluid by protein A-Sepharose
affinity chromatography [10]. The antibodies were
labelled with "1 using chloramine T [11}, and the
resulting specific activities ranged from 2 -10° to
6 - 10° cpm/pg protein.

Direct binding assay of antibody affinity

The mitochondrial H*-ATPase used as the an-
tigen in this assay was prepared essentially as
described by Tzagoloff and Meagher [3] as out-
lined by Murphy et al. [12]. Nitrocellulose-based
wells of millititer HA plates (Millipore Corp.,
Massachusetts) were coated with purified H*-
ATPase (0.5 pg per well) in phosphate-buffered
saline at 37°C overnight. The remaining binding
sites in the wells were subsequently blocked by
using 1% bovine serum albumin in phosphate-
buffered saline (200 pl per well) at 37°C for 1 h.
The plates were washed extensively with phos-
phate-buffered saline containing 1.5 mM MgCl,/
0.05% Tween 20/2.0 mM B-mercaptoethanol
(buffer 1). Solutions of monoclonal antibodies,
which contain 50000 dpm of the '**I-labelled anti-
body and different concentrations of the un-
labelled antibody (0.01-100 pg per well), were
added to each well and incubated for 4 h at 37°C.
After the removal of unbound antibodies by ex-
tensive washing with buffer 1, the filters at the
base of the wells were punched, and the amount of
bound '#I-labelled antibodies was determined in
a gamma counter. The amount of antibody bound
to the antigen-coated filters was plotted against
the concentration of antibody added in each as-
say. The relative affinities of the various mono-
clonal antibodies were compared by determining
the concentration of each antibody which must be
added to obtain the binding of 100 ng of anti-
body.

Competitive radioimmunoassay

Wells of millititer HA plates were coated with
purified H*-ATPase as above. Fixed amounts of
'2’I-labelled antibody (50000 dpm) were in-
cubated for 10-15 min with different concentra-
tions of other unlabelled antibodies (0.3-100 pg
per well) in a microtitre plate with its binding sites



already blocked with 1% bovine serum albumin.
These mixtures were then transferred to the
ATPase-coated plates and incubated for 4 h at
37°C. After extensive washing with buffer 1, the
filters were punched and the radioactivity de-
termined in a gamma counter. The amounts of
labelled antibody bound in the presence of various
concentrations of competing antibodies were ex-
pressed as percentage of labelled antibody bound
to the antigen-coated well in the absence of any
competition. The concentration of competitor re-
quired to inhibit by 50% the binding of labelled
antibody was then calculated (/5y). In order to
compare the effects of different competing anti-
bodies on the binding of a particular labelled
antibody, the I, concentrations were expressed
relative to the I, of the same antibody that was
labelled (e.g., relative to the concentration of RH
51.4 required to give 50% inhibition of '*I-labelled
RH 51.4; which then has a relative I, value of 1).
(see Fig. 2 and Table II).

Immunoprecipitation of H *-ATPase complex
Yeast cells of wild-type strain J69-1B « ade 1
his [tho*] grown in batch culture in liquid medium
containing 1% w /v glucose, 1% w/v yeast extract
and a salt mixture {13] were suspended at 6 mg
cell dry weight/ml in low sulphate medium {14]
and total cell proteins were labelled with [*S]
sulphate (500 pCi/ml) at 28°C for 4 h [12].
Mitochondria were then isolated essentially as de-
scribed by Roberts et al. [15] and suspended in 4
mM Tris-acetate buffer (pH 7.5) containing 0.25%
Triton X-100, 2 mM ATP and the protease inhibi-
tors 10 mM paraaminobenzamidine-HCL, 10 mM
e-amino-N-caproic acid and 2 mM phenylmethyl-
sulphonylfluoride (buffer 1) [12]. After incubation
at 0-4°C for 10 min, the suspension was centri-
fuged at 106000 X g for 20 min. H*-ATPase was
then immunoprecipitated from the triton extract
of the mitochondria with the monoclonal anti-
body(ies) or with a rabbit antiserum raised against
purified H*-ATPase. Staphylococcus aureus was
used to precipitate antibody-antigen complexes by
virtue of its surface protein A [16] essentially as
described previously {17). Staphylococcus aureus
was mixed with polyclonal or monoclonal anti-
body in phosphate-buffered saline containing 0.1%
sodium dodecyl sulphate (SDS)/0.5% Nonidet
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P40,/0.1% bovine serum albumin (buffer 2). After
40 min, the antibody-absorbent complex was
washed three times with buffer 2 and then buffer 1
prior to the addition of the mitochondrial triton
extract. Immunoprecipitates were analysed on a
12.5% polyacrylamide gel in the presence of 0.1%
SDS as described by Murphy et al. [12] and visua-
lised by fluorography [18].

Results

Relative binding affinities of the monoclonal anti-
H "-ATPase antibodies

The relative affinities of the monoclonal anti-
bodies were investigated by a direct binding assay
using H*-ATPase-coated solid phase and '*I-
labelled monoclonal anti-8 antibodies RH 19.1,
28.1, 71.2, 48.6, 51.4, 32.4, 57.1, 45.5 and 72.1, and
monoclonal anti-P25 antibodies RH 37.0, 66.3 and
41.2 as described in Materials and Methods.

Representative binding curves for two of these
antibodies are shown in Fig. 1. The relative bind-
ing affinities of different antibodies, were de-
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Fig. 1. The binding curves of monoclonal antibodies RH 19.1,
and RH 51.4 to the H*-ATPase complex. Various amounts of
1251.labelled antibodies were incubated in H*-ATPase-coated
microtitre plates. The amount of antibody bound was de-
termined after extensive washing then counting as described in
Materials and Methods. Results presented are the average of
two sets of experiments. RH 19.1 (#); RH 51.4 (®).
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TABLE 1

RELATIVE BINDING AFFINITIES OF MONOCLONAL
ANTI-H*-ATPASE ANTIBODIES

A direct binding assay was used to determine the relative
affinity of the ' I-labelled monoclonal anti-H*-ATPase anti-
bodies as described in Materials and Methods. The antibody
concentration required to achieve a certain level of antigen
binding was determined and these concentrations were ex-
pressed relative to that of monoclonal antibody RH 19.1.

Clone Comparative binding
(relative to RH 19.1)

Anti-f subunit

RH 19.1 1
28.1 < 0.05
71.2 0.2
48.6 0.1
51.4 0.2
324 < 0.05
571 0.05
455 0.2
72.1 <0.05

Anti-P25 subunit
37.0 < 0.05
66.3 < 0.05
41.2 < 0.05

termined from such curves and expressed relative
to that of RH 19.1 (= 1) which had the highest
binding affinity (see Materials and Methods). An-
tibodies RH 71.2, 48.6, 51.4 and 45.5 were found
to have a binding affinity (3-10)-fold lower than
19.1 in this solid phase binding assay (Table I).
Antibodies RH 28.1, 32.4, 57.1 and 72.1 and three
P25 antibodies have very low affinities, of the
order of at least 20-fold lower (see Table I for a
summary).

Competition between different monoclonal anti-
H *-ATPase antibodies

In order to investigate the competition between
the various monoclonal antibodies for binding to
their epitopes, each of the '?*I-labelled mono-
clonal antibodies RH 57.1, 45.5, 48.6, 51.4, 72.1
and 66.3 was incubated with various concentra-
tions of unlabelled monoclonal antibodies. The
other monoclonal antibodies were not used for the
competitive binding experiments because only low
levels of binding were observed with the iodinated
antibodies.

A representative competitive binding curve be-
tween the different monoclonal antibodies and

/
N
e
\

o
o
1
>
i

['2%1]-RH 51 BOUND (%)
T
|

o1 10 10 100
COMPETING ANTIBODY f{ug /100 ul}

Fig. 2. Competition between 'I-RH 51.4 antibody with
monoclonal antibodies RH 71.2, 19.1 and 66.3. The binding of
1’I.RH 51.4 antibody to H*-ATPase-coated wells was de-
termined in the presence of various concentrations of un-
labelled antibodies RH 71.2, 19.1, 51.4 and 66.3 as described in
Materials and Methods. Results presented are the average of
two sets of experiments. RH 51.4 (@); RH 72.1 (m); RH 19.1
(a); RH 66.3 (@).

RH 514 is shown in Fig. 2; 'I-RH 51.4 was
incubated with different concentrations of each of
the unlabelled anti-8 antibodies RH 51.4, RH
72.1, RH 19.1 and a monoclonal anti-P25 anti-
body RH 66.3 as a non-competing control. A
progressive decrease in the binding of '*’I-RH
51.4 to the ATPase complex can be demonstrated
with increasing concentrations of unlabelled RH
72.1, RH 19.1 or RH 51.4 itself. The amount of
RH 72.1 required for 50% inhibition of the bind-
ing of labelled antibody RH 51.4 to antigen (/)
was one third of the amount of unlabelled RH
51.4, whereas the amount of RH 71.2 and RH 19.1
needed were 10- and 30-times that of RH 51.4,
respectively (see Table II). The other anti-8 and
anti-P25 antibodies RH 57.1, RH 45.5, RH 48.6,
RH 32.4, RH 28.1, RH 41.2, RH 37.0 and 66.3 did
not inhibit the binding of RH 51.4 even when
added at 500-fold excess.

In agreement with the above results, when
labelled monoclonal antibody RH 72.1 was in-
cubated with unlabelled RH 51.4, the I, of RH
51.4 is 8 times that of the I, of RH 72.1. Further-
more, other antibodies did not compete with the

125 I-
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COMPETITION BETWEEN DIFFERENT MONOCLONAL ANTI-H*-ATPASE ANTIBODIES FOR BINDING TO THE

H*-ATPASE COMPLEX

Competition of monoclonal anti-8 and anti-P25 antibodies for their epitopes was carried out by competitive radioimmunoassay as
described in materials and Methods. The concentration of competitor required to inhibit by 50% the binding of labelled antibody was
calculated (I50). In order to compare the effects of different competing antibodies on the binding of a particular labelled antibody,
the /5, concentrations were expressed relative to the I, of the same antibody that was labelled. * means not competing (at least
500-times excess of the above monoclonal antibodies used for the competitive binding assay and did not show any significant

inhibition).

Labelled Relative concentration of competing antibody required for 50% inhibition

antibodies anti-8 antibodies anti-P25 antibodies

571 45.5 48.6 51.4 721 324 71.2 28.1 19.1 66.3 41.2 37.0

RH 514 * * * 1 0.3 * 10 * 30 * * *
721 * * * 8 1 * 160 * 430 * * *
571 1 6 * * * * * * * * * *
45.5 0.2 1 * * * * * * * * * *
48.6 * * 1 * * * * * * * * *
66.3 * 1 1 43

binding of antibody RH 72.1 to its epitope, except
monoclonal antibodies RH 71.2 and RH 19.1. The
I, of these antibodies is 160 and 430 times that of
RH 72.1, respectively (Table II).

Antibody RH 57.1 inhibited the binding of
125]_labelled RH 45.5 to its epitope and vice versa.
The amount of monoclonal antibodies RH 45.5
required for 50% inhibition of binding of antibody
RH 571 is 6 times that of RH 57.1. This is
confirmed by the reverse experiment when
iodinated RH 45.5 monoclonal antibody was used,
and the amount of RH 57.1 monoclonal antibody
required for 50% inhibition is about one-fifth that
of RH 45.5 antibody (Table II). The analysis of
competitive radioimmunoassays showed that es-
sentially no monoclonal anti-8 nor anti-P25 anti-
bodies inhibited the binding of RH 48.6 antibody
to its epitope on the 8 subunit.

The competition between monoclonal anti-P25
antibodies for the binding to their epitopes has
also been investigated. These antibodies were
found to compete for a similar antigenic region.
As shown in Table II, the amount of monoclonal
antibodies RH 41.2 and RH 37.0 required to
inhibit the binding of RH 66.3 antibody is equal
to and 4.3 times that of RH 66.3, respectively.

Immunoprecipitation of H*-ATPase complex with
polyclonal and monoclonal antibodies
Initial screening of the monoclonal antibodies

indicated that these antibodies vary to a great
extent in their ability to immunoprecipitate the
entire H*-ATPase complex from a triton extract
of yeast mitochondria [6]. Two of the monoclonal
antibodies, RH 48.6 and RH 51.4 were the only
ones capable of immunoprecipitating the entire
H*-ATPase complex. As shown in Fig. 3a the
precipitates obtained with these two antibodies
consist of ten polypeptides considered to be the
true subunits of the enzyme complex: five sub-
units of the F, sector (a, B, v, 8, and ¢), three
subunits of F, (subunit 6, 8 and 9) which are
synthesized in mitochondria and two polypeptides
with molecular weight of 18000 and 25000 (P18
and P25, respectively) (Fig. 3a).
Immunoprecipitates obtained with other mono-
clonal anti-B antibodies RH 45.5, RH 57.1, RH
28.1 and RH 72.1 contained the a, 8, v, subunits
of the H*-ATPase (Fig. 3, lanes c-f) but the
subunits of the F, sector, the P18 and the P25
subunits appear to be missing. It is of interest to
note that a number of additional bands ( M, 45 000,
43000, 16000, 13 5000, and 12 500) were observed
in the autoradiogram of these immunoprecipitates
which were not present in those obtained with RH
48.6 and RH 51.4. The nature of these poly-
peptides has not been investigated, but their oc-
currence appears to be related to the binding of
specific monoclonal antibody. The absence of the
F, sector subunits, the P18 and the P25 in the
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Fig. 3. Immunoprecipitation of the H*-ATPase complex with
the monoclonal anti-8 antibodies. Yeast cells of wild-type
strain J69-1B were labelled with [>*S]sulphate as described in
Materials and Methods. Mitochondria were isolated from
[**SJsulphate-labelled yeast cells by the method of Roberts et
al. [15] and a Triton extract of these mitochondria was pre-
pared. The H*-ATPase complex was then immunoprecipitated
using monoclonal anti-8 subunit antibodies in the presence of
Staphylococcus aureus as immunabsorbent. In addition, the F,
sector of H*-ATPase was also immunoprecipitated from chlo-
roform extract by monoclonal antibodies RH 48.6 or RH 51.4
(track b). The immunoprecipitated samples were displayed on
a SDS-polyacrylamide gel electrophoresis and visualised by
fluorography [18]. Autoradiographs of immunoprecipitates ob-
tained by monoclonal anti-8 antibodies: (a) RH 48.6 or RH
51.4; (c) RH 45.5; (d) RH 57.1; () RH 28.1; (f) RH 72.1.

above immunoprecipitates is presumably due to
the instability of the enzyme complex, induced by
the binding of some antibodies to their epitopes
on the B subunit. Consistent with this observation,
immunoprecipitates obtained with mixtures of
monoclonal anti-8 or monoclonal anti-8 and anti-
P25 antibodies (which also include monoclonal
antibodies RH 48.6 and RH 51.4 that are capable
of precipitating the entire H*-ATPase complex)
did not contain the F; and the P18 /P25 subunits
(Fig. 4c and d). Similarly, immunoprecipitates with
polyclonal antibodies against the 8 subunit of the
F, sector (Fig. 4e), contained the a, 8, and vy
subunits of the F, sector as well as the P25, but
the other subunits were either not observed or
present in greatly reduced amounts compared to
the immunoprecipitate of monoclonal antibodies
RH 48.6 and RH 51.4 (Fig. 4a and b). In the case
of the immunoprecipitate with polyclonal anti-

ATPase SUBUNITS
MOLECULAR WEIGHT x 1073

Fig. 4. Immunoprecipitation of the H*-ATPase with the poly-
clonal and monoclonal antibodies. H*-ATPase complex were
precipitated from Triton extracts of **S-labelled mitochondria
as in the legend to Fig. 3. The precipitates were analysed on
polyacrylamide slab gels and visualised by fluorography. Shown
are the immunoprecipitates obtained with (a) antibody RH
48.6; (b) antibody RH 51.4; (c) a mixture of all the monoclonal
anti-f antibodies described in this paper; (d) a mixture of
monoclonal antibodies as in (¢) with the addition of three anti
P-25 antibodies; (e) polyclonal anti-f antibody; (f) polyclonal
anti-H*-ATPase antibody.

holo-H*-ATPase antibody, the five F, subunits
could be observed, but the three F, subunits were
present in reduced amounts, while the P25, and
the P18 were not visible in the autoradiogram

(Fig. 4f).
Discussion

In this paper we present the results of competi-
tive binding studies between different monoclonal
antibodies to the yeast H*-ATPase complex. The
inhibition of the antigen binding of one antibody
by another can be the result of: (a) the recogniza-
tion of the same antigen structure by the two
antibodies; (b) recognization by the two antibod-
ies of overlapping structures which share some,
but not all, of an epitope; (c) the proximity of the
two distinct antigenic determinants in the folded
antigen molecule which creates steric hindrance to
the binding of two antibodies at one time. Thus,
antibodies which compete for binding can be said
to recognize the same general region of the anti-
gen.



Analysis of competitive inhibition experiments
showed that there are at least four such antigenic
regions recognized by the monoclonal anti-8 anti-
bodies. One of these regions is recognized by
monoclonal antibodies RH 51.4, RH 72.1, RH
71.2 and RH 19.1 (see below for a discussion), and
the second region is recognized by monoclonal
antibodies RH 57.1 and RH 45.5. The third region
is recognized by monoclonal antibody RH 48.6
which is one of the only two antibodies capable of
immunoprecipitating the whole H*-ATPase com-
plex in a solid phase system. Two other mono-
clonal antibodies to the 8 subunit, RH 32.4 and
RH 28.1, can not be assigned to the above anti-
genic regions. Since they did not inhibit the bind-
ing of the other anti-8 antibodies, they could
recognize one (or two) other epitopes.

It is interesting to note the relationship between
the antigenic region to which the anti-8 antibodies
bound, the effects of the antibodies on the H*-
ATPase activity, and the ability of the monoclonal
anti-B antibodies to immunoprecipitate the entire
H*-ATPase complex (see Table III). Firstly, anti-
bodies RH 57.1 and RH 45.5 which recognized a
similar antigenic region of the 8 molecule were
both found to inhibit the enzyme activity. This

TABLE III

SUMMARY OF THE PROPERTIES OF THE ANTI-8 SUB-
UNIT MONOCLONAL ANTIBODIES WITH RESPECT TO
THEIR EPITOPES, EFFECTS ON THE ATPASE ACTIV-
ITY AND ABILITY TO IMMUNOPRECIPITATE INTACT
H*-ATPASE COMPLEX

An asterisk indicates significant changes in ATPase activity.

Epitopes Clone Inhibition Ability to
on the of ATPase immuno-
B subunit activity precipitate
(% inhibition intact
by 100 H*-ATPase
rg IgG) complex
I RH 721 —-25* -
51.4 -6 +
7.2 8 -
19.1 4 -
11 571 90 * -
45.5 36 -
111 48.6 7 +
v 324 -3 -
V() 28.1 2 -
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may indicate that these antibodies bind to the
ATPase catalytic site on the 8 subunit, or that the
binding of these antibodies to their epitope
elsewhere induces conformational changes which
indirectly affect the catalytic site on the 8 subunit.
The extent of inhibition of the enzyme activity by
these antibodies, however, is not the same (and is
inversely proportional to their binding affinity to
the B-subunit) indicating that they do not recog-
nize identical epitopes. Preliminary kinetic studies
of the ATPase activity indicates that monoclonal
antibody RH 57.1 inhibits the H*-ATPase com-
plex in a non-competitive manner. Thus, this anti-
body does not appear to be directed against the
catalytic site on the 8 subunit.

Another antigenic region is recognized by anti-
body RH 51.4 which has no effect on the ATPase
activity, and by RH 72.1 which stimulates the
ATPase activity. The binding affinity of RH 72.1
is at least (4-8)-fold lower than RH 51.4, and the
binding of both antibodies is partially inhibited by
monoclonal antibodies RH 19.1 and RH 71.2 (Ta-
bles I and II). In addition, antibody RH 51.4 is
capable of precipitating the entire H*-ATPase
complex, whereas the RH 72.1 immunoprecipitate
contains only the «, B, and y subunits of the
H*-ATPase. Thus, RH 72.1 and RH 51.4 do not
bind identical epitopes, but may bind to adjacent
or overlapping epitopes.

Only two of the above monoclonal antibodies
could immunoprecipitate the entire enzyme com-
plex. Interestingly, these antibodies appear to be
directed against different antigenic regions. Ob-
servations from several laboratories indicated that
immunoprecipitates of polyclonal antibodies raised
against one or more subunit(s) of the H*-ATPase
complex often do not contain some of the H*-
ATPase subunits [19-21]. One possible explana-
tion is that the binding of antibodies to some
antigenic determinants on the H*-ATPase com-
plex induces conformational changes resulting in
the dissociation of some subunits from the enzyme
complex. We observed this phenomenon by using
mixtures of monoclonal anti-8 or monoclonal
anti-8 and anti-P-25 antibodies. It is therefore
essential to use an appropriate monoclonal anti-
body in the immunoprecipitation studies of H™-
ATPase assembly. The above observations might
have more general implications of the necessity to
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use monoclonal antibodies in the study of other
multi-subunit enzyme complexes.

References

wn

=}

Boyer, P.D., Chance, B., Emster, L., Mitchell, P., Racker,
E. and Slater, E.C. (1977) Annu. Rev. Biochem. 46,
955-1026

Marzuki, S., Hadikusumo, R.G., Choo, W.M., Watkins, L.,
Lukins, H.B. and Linnane, A.W. in Mitochondria (1983)
Nucleo-mitochondrial Interactions (Schweyen, R.J., Wolf,
K. and Kaudewitz, F., eds.), pp. 535-549, de gruyter, Berlin
Tzagoloff, A. and Meagher, P. (1971) J. Biol. Chem. 246,
7328-7336

Lewin, A.S., Gregor, 1., Mason, T.L., Nelson, N. and
Schatz, G. (1980) Proc. Natl. Acad. Sci. USA 77, 3998-4002
Criddle, R.S., Johnston, R.F. and Stack, R.J. (1979) Curr.
Top. Bioenerg. 9, 89-145

Hadikusumo, R.G., Hertzog, P. and Marzuki, S. (1984)
Biochim. Biophys. Acta 765, 257267

Orian, J.M., Hadikusumo, R.G., Marzuki, S. and Linnane,
A.W. (1984) J. Bioenerg. Biomembranes 16, 561-581
Choo, W.M., Hadikusumo, R.G. and Marzuki, S. (1985)
Biochim. Biophys. Acta 806, 290-304

Linnane, A.W., Lukins, H.B., Nagley, P., Marzuki, S.,
Hadikusumo, R.G., Jean-Francois, M.J.B., John, U.P., Ooi,
B.G., Watkins, L., Willson, T.A., Wright, J. and Meltzer, S.
(1985) in Achievements and Perspectives in Mitochondrial
Research, Vol. 1. Bioenergetics (Quagliariello, E., Slater,
E.C., Palmieri, F., Saccone, C. and Kroon, A.M,, eds.), pp.
211-222, Elsevier, Amsterdam

10

11

12

13

14

15

16

17

18
19

20

21

22

23

24

Ey, P.L., Prowse, SJ. and Jenkins, C.R. (1978) Im-
munochemistry 15, 429-436

Greenwood, F.C. and Hunter, W.M. (1963) Biochem. J. 89,
114-123

Murphy, M., Choo, K.B., Macreadie, 1., Marzuki, S., Lukins,
H.B. and Linnane, A.W. (1980) Arch. Biochem. Biophys.
203, 260-270

Proudlock, J.W., Haslam, J.M. and Linnane, A.W. (1971) J.
Bioenerg. 2, 327-349

Douglas, M.G. and Butow, R.A. (1976) Proc. Natl. Acad.
Sci. USA 73, 1083-1086

Roberts, H., Choo, W.M., Smith, S., Marzuki, S., Linnane,
A.W., Porter, T.H. and Fokers, K. (1978) Arch. Biochem.
Biophys. 191, 306-315

Kessler, S.W. (1975) J. Immunol. 115, 1617-1624
Stephenson, G., Marzuki, S. and Linnane, A.W. (1981)
Biochim. Biophys. Acta 636, 104-112

Chamberlain, J.P. (1979) Anal. Biochem. 98, 132-135
Todd, R.D., Griessenbeck, T.A. and Douglas, M.G. (1980)
J. Biol. Chem. 255, 5461-5467

Orian, J.M., Murphy, M., and Marzuki, S. (1981) Biochim.
Biophys. Acta 652, 234-239

Tzagoloff, A. and Meagher, P. (1972) J. Biol. Chem. 217,
594-603

Moradi-Ameli, M. and Godinot, C. (1983) Proc. Natl
Acad. Sci. USA 80, 6167-6171

Lunsdorf, H., Ehrig, K., Friedl, P. and Scheirer, H.U.
(1984) J. Mol. Biol. 173, 131-136

Dunn, S.D., Tozer, R.G., Antczak, D.F. and Heppel, L.A.
(1985) J. Biol. Chem. 260, 10418-10425



