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SUMMARY : The preparation of anti-OSCP monoclonal antibodies is described for 
thest time. One of these antibodies prevents the activating effect of OSCP 
in reconstitution experiments. These antibodies and antibodies previously ob- 
tained against the a- and B-subunits of pig heart mitochondrial Fl-ATPase have 
been used to look for well conserved epitopes in various species. One anti-8 
antibody can recognize all species tested while the anti-OSCP antibodies only 
recognize the pig or beef enzyme. The above anti-i3 antibody inhibits ATP syn- 
thesis without modifying the rate of ATP hydrolysis. This antibody also pre- 
vents the ADP-induced hysteretic inhibition of Fl-ATPase. 

Living cells synthesize most of their ATP through a transmembrane ATPase- 

ATPsynthase complex (OS-ATPase) made up of about 7 to 12 different polypepti- 

des. The role, the assembly and the stoicheiometry of these polypeptides are 

still controversial (1). However two main parts have been described : the Fl 

and the FO or membrane sector. Fl can be purified as a water soluble ATPase 

and is made up of 5 subunits ~1, 8, y, 6, and&in the mitochondrial system (21. 

The hydrolytic sites are reputed to be located on the B-subunits may be at the 

interface a/B (1). The FO part is not as well-defined (3). OSCP (oligomycin 

sensitivity conferring protein) is compulsory for the oligomycin-sensitive 

association of Fl to the membrane sector (4). In the present work, monoclonal 

antibodies prepared against the 01 and B subunits of Fl and against OSCP of the 

pig heart complex have been used as probes to differentiate well conserved an- 

tigenic sites from variant ones along the phylogenic scale. One antibody reco- 

gnizes the B-subunit in all species tested, it partially prevents the hyste- 

retic inhibition of ATPase activity due to ADP binding to regulatory site (5) 

and inhibits ATPsynthesis in the membrane, while hydrolytic sites are not af- 

fected. An anti-OSCP antibody specific to the pig or beef species prevents the 
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activating effect of OSCP on the reconstitution of the ATP-synthase activity 

by reassociation of Fl to Fl- and OSCP- depleted submitochondrial particles. 

MATERIALS AND METHODS 

Previously described procedures were used to obtain the various fractions 
from pig heart mitochondria (61, urea treated submitochondrial particles (ETP- 
U) (71, submitochondrial particles (8) from mitoplasts (91, Fl (lO),OS-ATPase 
and OSCP by adaptation of the methods of Serrano et al (111 and Senior (121 
respectively. Beef heart complex V was prepared according to Stigall et al 
(13). Spinach chloroplasts were prepared with the method of Binder et al (14). 
Rat liver mitochondria were kindly prepared by Dr. Baggetto following Schnei- 
der (15). Mitochondrial preparations of S. cerevisiae and A. niger were gifts 
of Drs. Somlo and Letoublon respectively. E. coli membrane fractions were 
from Dr. Manai. Fl purified from E. coli was a generous gift of Prof. Hanstein 
These cooperations are gratefully-edged. 

net ATP synthesis (171, ATP-J'P; exchange and CY - PIATP hydrolysis (81 
Protein concentration ( ) ATPase activity ayjg hysteretic inhibition (51 

were as previously described. NaDodSD4 polyacrylamide (14 %) gel electropho- 
resis was performed according to Laemmli (181. The transfer of subunits onto 
nitrocellulose sheets was by the method of Towbin et al (19). The imnune com- 
plex detection and preparation of monoclonal antibodies against 01 and B 
subunits of Fl were as previously reported (20). 

Monoclonal antibodies against OSCP resulted from a fusion of SP2-0 myelo- 
ma cell lines with spleen cells from a Balblc mouse inznunized with pig heart 
OS-ATPase complex. Female mice, 4-6 weeks old, received several intraperito- 
neal injections : first with 200 1-19 of OS-ATPase complex in 100 ~1 PBS [lOmM 
phosphate buffer (Na), 0.9 % NaCl, pH 7.21 emulsified with an equal volume of 
complete Freund's adjuvant. Then every fortnight 2OOug of complex in 200 p1 
PBS were injected. Three days after the fourth injection, mice were sacrified 
and spleens removed for cell fusion as described by Kshler and Milstein [211. 
The positive clones were selected by solid-phase radioimmunoassay using Fl and 
OS-ATPase complex adsorbed on Terasaki plates (201. Antibodies were purified 
following Ey et al (22). 

RESULTS AND DISCUSSION 

1 - Detection of well conserved antigenic sites from the variant ones in the 

ATPase-ATPsynthase complex. 

Three anti-B subunit and one anti-a subunit monoclonal antibodies have 

been prepared (201 after imnunisation against the pig heart Fl. Two of them 

5Gll and 19D3 had a much stronger reaction with the active conformation of Fl 

than with depolymerized Fl. Table I shows that 5611 was the only one to cross 

react with the B-subunits of all species studied while 19D3 reacted with all 

but may be A. niger. In the latter case, a very faint reaction has been obser- 

ved. Therefore a clear distinction between a positive or a negative reaction 

cannot be made until Fl can be purified from A. niger. This means that some 
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Table I - Recognition of antigenic sites of,different species by monoclonal antibodies 
prepared against the pig heartmitochondrial ATPase-ATPsvnthase 

5611 8 + + + + + + t 

19D3 % t t t (‘1 t t t 

14D5 B t t t 

2uD6 a t t t 

28181 OSCP t + 

5D6Dl OSCP + t 

a The signs + and - respectively indicate recognition or absence of recognition of the 
corresponding subunit in each species by the monoclonal antibody tested. The parenthesis 
means that a very faint reaction has been observed. 

b The specificity of recognition was tested as described in Moradi-Adli et al (20) 
except that the subunits were separated by polyacrylamide (14 %I gel electrophoresis 
performed in the presence of NaDodS04 (18). 

parts essential for the active conformation of Fl are well conserved over the 

phylogenic scale. This result is in agreement with the homology of about 70 % 

found between the primary sequences of B subunits of Fl-ATPase from beef, E. - 

coli (23) and chloroplasts (241. The anti-8 14D5 and anti-o 20D6 only recogni- 

zed mammalian species. 

Two anti-OSCP monoclonal antibodies were recently obtained. Fig. 1 de- 

monstrates that 2B181 and 5D6Dl react only with a peptide of OS-ATPase that 

migrates as OSCP. Since identical autoradiograms were obtained with either 

purified OSCP or intact mitochondria, it can be concluded that these monoclo- 

nal antibodies are specific to OSCP. Besides, we see in Table I that the two 

anti OSCP antibodies against the pig heart protein only cross-react with beef, 

heart OSCP. Therefore OSCP appears more specific to a species than the Fl sub- 

units, although an homology of sequences has been reported for OSCP from beef 

heart and the 6 subunit of E. coli (26). It should be added that a polyclonal 

antibody raised against the pig heart OSCP did not cross react with the 6 sub- 

unit of E. coli either. 
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Coomassie Blue 

staining autoradiography 

OS-ATPase F1 OSCP 5DsD1 28181 

OSCP-w 

Figure 1 : Recognition of OSCP by the monoclonal antibodies 28181 and 5D6Dl. 
The peptides were separated by NaDodS04 polyacrylamide (14%) gel electrophore- 
sis according to Laemmli (18) using 20 ug of OS-ATPase or Fl and 8 ug of OSCP. 
The gels were either stained with Coomassie blue or transferred on nitrocellu- 
lose sheets (19). The autoradiography was performed after incubating succes- 
sively the nitrocellulose with the antibodyligulture supernatant), with 
rabbit anti-mouse inmmnologlobulin and with I-protein A as previously 
described in (20). The autoradiography shown here was made after transfer of 
OS-ATPase to nitrocellulose. 

Whether or not OSCP was denatured by urea-NaDodS04, its reactivity with 

the anti-OSCP antibodies was the same. This means that the antibodies are 

specific to a sequence rather than to a conformation. 

2 - Action of one anti-B antibody on the ATPase-ATPsynthase complex. 

Since 5611 recognizes a determinant on the 6 subunit common to all spe- 

cies, it appeared interesting to study its effects on the complex. Table II 

shows that l.lvM 5611 inhibits net ATP synhtesis or ATP32Pi exchange by 30 

to 55 % in submitochondrial particles prepared from mitoplasts, while under 

the same conditions the hydrolysis of ATP was not inhibited. In fig. 2, we see 

that preincubation of Fl (0.5pMl with 5611 (0.9!1 M) does not effect its rate 

of ATP hydrolysis either. In contrast, the binding of 5611 to Fl partially 

prevents the ADP-induced hysteretic inhibition of the ATPase activity (5) and 

therefore prevents the conformational change responsible for the hysteretic 
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Table II - Effects of 5611 on ATP synthesis and hydrolysis in submitochondrial 
particles 

Net ATP synthesisa ATP-32Pi exchange c/-32P]ATP 
hydrolysis a 

Control 340 247 5080 

5Gllb 151 173 5730 

~e~c~~~~~t~~~~:s;;~)aSA~~~qpqT~xf~~~~~s~;;~dCoyr~~~pd;;l:~z~~~~~~~y/TBSp;~~ein. 

were as previously deicribed. 

b Submitochondrial particles (150 ugi preincubated for 1 h at 30' C with 
purified antibody 5611 (1.1 IJM, final concentration) in 150 ~1 of 0.14M Na- 
phosphate pH 7.5. The molecular weight of the IgG was taken as 150,000. 

inhibition of Fl (25). In conclusion, we can say that anti4 antibody 5611 

recognizes a conformation involved both in the ATP-synthase activity and in 

the regulation of Fl by ADP. This conformation does not appear to be related 

to the ATP hydrolytic activity. 

3 - Action of the anti-OSCP 2BlBl antibody on the reconstitution of ATP 

synthesis in Fl-depleted particles. 

Table III shows that our preparations of urea treated submitochondrial 

particles (ETP-U) are well depleted from active Fl since the ATP synthesis is 

No FI 

d 
2 .L 2 

lmin 

Recordings of the rate of ATP hydrolysis after preincubation of Fl 
and absence of AOP + Mg*+ and 5611. Fl (0.5 uM) was pre- 

incubated with 5611 (0.9 uM) in 0.14 M Na-phosphate, pH 7.5 for 1 hr at 30°C 
or alone in the same buffer. The ATP hydrolysis was measured with a regene- 
rating system as in Di Pietro et al (5). Hysteretic inhibition was recorded 
after a further preincubation of Fl alone or (Fl + 5611) for 10 min with 0.2 
n+I ADP and 1.5 mM Mg 504. Values indicate the activity expressed as umoles 
ATP hydrolyzed/min/mg protein present as Fl. 
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Table III - Effect of 2BlBl on the reconstitution of ATP synthesis from 
depleted submitochondrial particles, Fl and OSCP 

Preincubation conditions ATP synthesisa % inhibition induced 
by 28181 

ETP 350 

ETP + 281-81 330 5% 

ETP-IJ 1-2 

ETP-IJ + Fl 23 

ETP-U + OSCP + F1 50 

(ETP-u + 2 61~1) + oscp + ~1~ 50 0% 

ETP-U + (28181 + OSCPI + Fib 25 96 % 

The particles (ETP or ETP-U) were preincubated for 30 min at 3O'C at a concen- 
tration of 0.3 mg protein/ml of buffer containing 5 r&l AOP, 6 KM MgCl 50 

e units (Sigma, type F 3001, 0.25 M sucrose, f ' 0 mM 
Pi, pH 7.5 in the presence or absence of the 

antibody 28161 (1 PM). OSCP (1 pg) and Fl (60 ug) were 
then added.The net ATP synthesis was initiated ten min later by adding 10 rrM 
succinate and stopped after 4 min by adding 4 % perchloric acid. 

a Net ATP synthesis (expressed as nmoles ATP formed/min/mg protein present 
as ETP or ETP-U) was measured as described in (171. 

b The components in parenthesis were preincubated together for 30 min before 
addition of the other components. 

almost nil. Reassociation with Fl increases ATPsynthesis from 1.2 to 23 nmol 

ATP/min/mg protein, but in the presence of 1 U g OSCP, the rate reached 50 nmol 

ATP/rnin/mg protein. The OSCP concentration chosen was about three times lower 

than the one giving the optimal activation of ATP synthesis in order to ensure 

a complete complexation of OSCP with the purified antibody during the preincu- 

bation time used in these experiments. 

The antibody 28181 had no effect on the succinate-dependent net ATP syn- 

thesis of ETP or of ETP-depleted from Fl and OSCP by urea treatment and re- 

constituted with Fl and OSCP except if the antibody was preincubated with OSCP 

before the reconstitution. 

This antibody binds to ETP or to purified FO-Fl complex as demonstrated 

by solid-phase or competitive radioimnunoassays as well as by electronmicros- 

copy (not shown here). Therefore, the epitope recognized by this antibody is 
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accessible from the surface of the inner mitochondrial membrane. However, the 

binding of the antibody to this epitope does not interfere with ATP synthesis 

or proton translocation in functional ETP. When 2 BlBl is preincubated with 

purified OSCP, it prevents the activating effect of OSCP on the reconstitution 

of ATPsynthesis. In this case, the antibody may modify the conformation of 

OSCP and prevent an efficient reconstitution or hinder the interaction between 

OSCP and either FO or Fl. The identification of the epitopes recognized by the 

anti o and anti OSCP antibodies will enable us to give precise information on 

the organization of the functional complex. 
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