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An antibody-binding site in the native enzyme between
amino acid residues 205 - 287 of the Y -subunit of Fl from Escherichia coli
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A monoclonal antibody was isolated specific for the isolated depatured
%Y-subunit of F, from Escherichia coli and binding to native F.. The binding
site of this an%ibody was identified between amino acid reSidués 205-287
of the polypeptide chain thus being located at the surface of the Fl complex.
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The membrane bound ATP synthases of different organisms have common
functional and structural properties (for reviev see 1). The enzymes are
composed of two parts, Fl and FO; Fl is membrane associated and bears

the catalytic center for ATPase activity; F_ is membrane integrated and

o
catalyzes H* conduction across the membrane. Both parts are necessary for
energy-transducing reactions, i.e,, reactions coupled to H" translocation

across the membrane.

The intact ATP synthase of Escherichia coli has been purified (2,3).

In agreement with genetic complementation studies (4) and direct DNA se-
quencing of the operon (5,6,7) it consists of eight subunits of which five
(o ,ﬁ,y s 6,€ ) can be easily assigned to Fl. The characterization of
defined mutations (8,9) as well as of active highly purified FD (10,11)
confirmed that three different subunits a, b and c contribute to the forma-

. The stoichiometry of F_ is believed to be a:b:c (1:2:9<15)

tion of F 0

0
(33,34) of F1a363 v b€ (12,13).

Though the primary structure is known, very little is confirmed
about the catalytic sites of the enzyme. In order to elucidate the quater-
nary structure and the functional properties of the enzyme various tech-
niques have been used: sophisticated dissociation and reconstitutuon ex-
periments for F; (for reviev see 14) and F0 (15,16), characterization
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of defined mutants (17-22), characterization of nucleotide binding sites
by analegues (23,24), electron microscopy (25,26) and X-ray analysis (27)
for elucidation of the quaternary structure of the enzyme.

Antibodies against the individual subunits of the enzyme provided
a valuable tool in some of these studies. A further refinement was achieved
by monoclonal antibedies which were used to visualize the stoichiometry
of the @ and B subunits by electron microscopy (12, 13). It should be
possible to construct a topological map of the enzyme by identifying the
peptide segment to which a monoclonal antibody binds. If the antibody
also binds to the native enzyme, this segment is accessible from the
surrounding water phase, An example for such an approach is shown in this

paper vith a monoclonal antibody against the + subunit.

Material and Methods

Native F, (28), the monoclonal antibodies against the & -subunit (12),
the denaturedy subunit (5) and the peptides derived from the Y subunit by
bromocyan cleavage (17) or treatment with o-iodosobenzoic acid (29) were
prepared as described previously. SDS-polyacrylamide gelelectrophoresis,
blotting of separated polypeptides onto nitrocellulose sheets and immuno-
staining of blotted proteins was performed as described previously (30),
as well as solid phase amino acid sequencing of isolated peptides (17).

The peptides obtained by treatment of the y subunit with o-iodoso-
benzoic acid were separated by chromatography on a Si 100 Polyol 3um
(0.8x50cm) column (Serva, Heidelberg) equilibrated in 60 % formic acid,
flov rate was 0.5 ml/min and 0.5 ml fractions of 0.5 ml were collected.

Results and Discussion

The hybridoma clone <y 26 was one of several hybridoma clones obtained
by fusion of NS1 myeloma cells with spleen cells from mice immunized with
native F, (12). The monoclonal antibody ¥ 26 binds to native Flo F) vas
incubated with monoclonal antibody 7Y 26 and & 83 and the antibody-Fl com-
plexes were precipitated with a polyvalent rabbit anti-mouse immunoglobulin
serum, The polypeptides of the precipitates were separated by SDS~poly-

acrylamide gel electrophoresis and stained by AgNO,. Fig. 1 shows that

50
vith non-immune mouse IgG there is no Fl in the precipitate (lane C) in
contrast to antibodies 7y 26 (lane B) and ¢ 83 (lane A). The disappearance

of the 7y and € subunits in the precipitates of Y 26 is unique and was
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Figure 1: Immunoprecipitation by monoclonal antibadies.

10 pg ¥, was incubated with 4U pg monoclonal antibodies in 100

ul 200 MM Tris-C1 pH 7.6, 500 mM Glycine, 2 % butanol for 3

hours at room temperature. The immune complexes were precipitated

by addition of 100 ul of an appropriately diluted rabbit (anti

mouse immunoglobulin) antiserum. The precipitates were analyzed

by SDS-PAGE. Lane A, Fl' + monoclonal antibody ¢ 83, lane B,
monoclonal antibedy™ Y 26, lane C, Fl + 40 pg non immune

F
m&use IgG, lane D, F1 standard.

Figure 2: Immunoblot of F,.
10 pg F, was sul]sjected to SDS-PAGE. The separated subunits were

blotted onto a nitrocellulose sheet, which was subsequently
incubated with o¢ or Y monoclonal antibodies and FIT7C~labelled
rabbit (anti mouse IgG) antibodies. Lane A, nitrocellulose strip
stained for protein with amido black, lane B, contral with 40
pug non immune mouse IgG as primary antibody, lane C, antibody

o 83, lane D, antibody 7Y 26.

never observed with monoclonal antibodies against other subunits; as an
example of a typical pattern the precipitate with monoclonal antibody
against the ¢ subunit was included. The peculiar behaviour of the monoclonal
anti- v antibody in immunoprecipitation has also been reported by Dunn et
al. in a recent publication (31). Electron microscopic studies indicated
that binding of antibody 7y 26 disrupted F1 (Ehrig, unpublished results).
Antibody 'y 26 was specific for the % subunit, Fl was subjected to
SDS-polyacrylamide gelelectrophoresis, the separated subunits blotted

onto nictrocellulose sheets and stained immunochemically. Fig., 2 shows
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in lane A the blotted Fl subunits stained with amido black. The other lanes
show the results of immunostaining: in lane B a control with non immune
mouse IgG as primary antibody, in lane C staining of the o subunit by
monoclonal antibody ¢ 83 and in lane D the selective immunostaining of

Y by the monoclonal antibody 7y 26.

The antibody 7y 26 was further characterized by its binding to peptides
derived from the 7 subunit by treatment with either BrCN or o-iodosoben-
zoic acid. BrCN cleaves polypeptide chains after methicnine residues and
o-iodosobenzoic acid after tryptophan residues thus generating different
sets of peptides. The peptides were subjected to SDS-polyacrylamide gel-
electrophoresis, blotted onto nitrocellulose and assayed for immunostaining
vith antibody +y 26 and a second alkaline phosphatase labelled goat antibody
against mouse immunoglobulin, fig. 3 shows the peptides separated by SDS-
gelelectrophoresis and stained with silver nitrate. The o-iodosobenzoic
acid treated sample contained aside of residual ¥ and incomplete degra-
dation products the three peptides expected from the known amino acid
sequence: I (residue 1-106), II (residue 107-204) and III (residue 205-287).
In the BrCN treated sample only the three major peptides VI (residue 50-103),
XI (residue 1B0-244) and XIII (residue 248-287) could be resolved by SDS-paly-
acrylgelelectrophoresis and could thus be tested for immunostaining. None
of the BrCN fragments bound antibody y 26 (data not shown) whereas the
peptide IIl from o-iodosobenzoic acid cleavage still bound antibody

Y 26 (Fig. 4, lane B).

The identity of the immunostained peptide with peptide III from o-
iodosobenzoic acid cleavage was proven by isolation and aminoacid sequencing
of the peptide. The peptide fragments from c~iodosobenzoic acid treatment
vere subjected to HPLC-chromatography on a Si 100 Polyol column. Peptide III
was isolated in two fractions and its identity was verified by solid phase
amino acid sequencing revealing a N-terminal sequence asn-tyr-leu~tyr-glu

identical with the theoretically expected sequence of peptide III, Fig, 4
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Figure 3: SDS-PAGE of peptides from subunit ¥ .
Subunit Y was treated with BrCN or o-iodosobenzoic acid, the
generated peptides subjected to SD5-PAGE on a 20 % (w/v) acrylamide
gel and stained with AgNO,. Lane A, F,, lane B, ¥ treated vwith
o~iodosobenzoic acid, lang C, 7y trea&ed with BrCN, D = incomplete
degradation products,

Figure 4: Immunoblot of peptides from subunit 7V .
Fl’ subunit  and peptides generated from subunit 7Y were subjected
to SDS- PAGE, blotted onto nitrocellulose and immunostained
with monoclonal antibedy ¥ 26 and alkaline phosphatase labelled
rabbit (anti mouse IgG) antibodies. Lane A, subunit ¥ isolated

from F.,, lane B, peptides of Y generated by o-iodosobenzoic acid,
lane C, isolated peptide III, lane D, Fl.

(lane C) shows that the purified peptide could be immunostained with mono-
clonal antibodyy 26.
These experiments unequivocally locate the antigenic determinant
of antibody % 26 between residue 205-287 at the C-terminal end of the
7y subunit. This part of ¥ must thus be located at the surface of the
F1 complex. The BrCN fragments could not be immunostained indicating that
the antigenic determinant was destroyed by this treatment. Peptide I1I
of o-iodosobenzoic acid cleavage has methionines at residue 244, 246,

It may be speculated that the antigenic determinant of antibody Yy 26 located

on peptide III is near these residues.
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