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Recently, considerable interest has been eupreaaed concerni~ the 

role of the mitochondrial edenoainatriphoaphataae (ATPaae) in the 

process of oxidative phoaphorylation. Lardy and Wellman (1953), Pullma% 

et al. (1960), Seluyn and Chappell (1962), and more recently Kattman and -- 

King (1963) have described tha preparation and properties of soluble 

AWaae ayatema from mulian mitochodria and the obligatory partici- 

pation of this activity in oxidatlve phoaphorylation in beef heart rite- 

chondria has been demonatrated (Pullman, et al., 1961). There have 

been, houever, no reports in the literature of any similar studies &al- 

lng with the corresponding aolubillaed ATPaae from plant dtochondria, 

although -roua inveatlgationa have been carried out with pertlculate 

preparations. 

In this cvnication, we wish to report tbe partiel purification 

and l ome of the properties of a soluble, magnesium dependent and 2,4- 

dinitrophenol @I@)-atimlated ATPaae from cebbme mitochondria. Ad- 

ditional results suggest that this activity is closely related to a 

possible phoaphorylated lntermadiate in the procaaa of ouidative 

phoaphorylation. 

*Supported by the Oregon Agricultural Erperiment Station; taken in part 
from a theaia preaented by T. 6. Peterson in 1963 in partial ful- 
fillrnt of the requiremanta for tha &A. degree at Oregon State 
University. 

"p resent address: DepartPnt of Biochemistry and Biophysics, University 
of California, Davis, California. 
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'Ike ritochondria uere prepared from cabbage, Braaafca olaracea, by 

wdificatlonr of the procedure de8cribed prcviou8ly (Freebairn ad 

Rewart , 1957). The mitochondrial pellet wua mapende& in 0.05 1 Tria- 

acetate buffer, p3 6.2 and then added rlouly to 10 volur8 of cold ace- 

tom. The residue raa collected and transferred to a Bkhmr funnel, 

warhed profuraly with acetone aad finally with dry ethyl ether. All 

operation8 with organic rolventr wsre carried out at -18OC. The ace- 

tom powder wa8 allowed to dry in the air for aeverd minute8 at room 

temperature and quid be stored at -18Oc in vacua at leart a wnth with- -- 

out dgnificant 1088 in Al'Pme activity. 

RESDL'fSAWDDISCUSSIOM 

Solubllfzation and Purification of the A!fPan. The acetolw povder 

wa8 extracted with u-butanol at -18'C for 24 hourr. 'fhir treatmt 

appear8 to rewve acetona insoluble pho8pholipida 8Bd greatly f8cili- 

tataa 8olublliaation of the enxyw. The dxture (ca. 5 wl n-butanol/ 

grr acetoua powder) ~88 Initially ground to a howgemoua conrirtency 

with a wrtar and pestle and then wchanically 8tirred for the duration 

of the extrmtion period. The residue wa8 centrifuged doun, warhed 

several tiw8 with dry ethyl ether and then dried a8 before. Ex- 

traction of the n-botaool treated acetone powder uar carried out at O°C 

with a solution containing 0.05 W !fri8-acetate buffer (pE 8.2), 5 x 10m3 

W Cy8teailWm1, and 1O'3 W ATP. The extract from 6.0 gram8 of the II- 

butanol treated powder was centrifuged at 105,000 xg for 60 minute8 at 

O°C and then chrautographed on a 2.2 x 60 cm colrrrm of DIME-cellulose. 

Ih results are ahoun in ?&ure 1. l%e enzyw after chraiatography was 

approximately 15-fold purified over the ATPaae activity present in the 

whole mitochondria. Prior to carrying out enzym6tic a88aya on the 

eluant fractions, the atrikirrg obrervatlon wa8 made that 8om8 of the 
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hoolion No. 

PfGuBE 1: DgAg-cellulose chromatography of soluble extracts from P- 
butanol treated acetone powder from cabbage aitochondria. 

Linear gradient elution of the crude extract was carried out at 4'C 
accordieg to BkGllvery (1960) ard adapted to a NaCl-Tris-PCl-mercapto- 
ethanol elution system. Tha concentration gradient was from 0 to 0.6 M 
NaCl in O.OlH Tris-ml, pN 8.2. The flou rate vas 60 ml/k. 

The ATPase activity was associated vith an intense yellow color- 
ation that was independent of the presence of flavin. Enzymatic assays 
were carried out by incubating 1.0 al aliquota at 30°C. for 10 minutes 
with 1.0 ml of a Pedium containing 20 prolea ATP, pN 7.4; 10 pmoles 
DgC12; and 200 pmoles Iris-DC1 buffer, pE 7.4. The eneymatic reactions 
wre stopped by the addition of 1.0 ml cold 0.8 I DIA to the reaction 
vessels. ATPase activity was estimated as the lDount of Pi formsd 
during the incubation. 

Pi assays carried out directly on dialyzed (8 hours, Iris-HCl, 
pH 7.4) eluant fractions resulted in appearance of acid-labile Pi (shad& 
curve). 

protein solutions contained a uon-dialyrable, acid-labile source of in- 

organic phosphate which was released in the presence.of the acid-ethanol 

reagent employed in the Pi assay (Dartin and Doty, 1949). The results 

of two experiaumts were in close agreeumt and showed that the acid 

labile Pi appeared only in the fractions that containad the ATPase 

activity as seen by the shaded area in Figure 1. In light of the report 

of an AIPase "coupling activity" (Pullman, et al., 1960) required for ths 
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oxiddotive synthesis of ATP in beef heart mitochoudria, it seems reasou- 

able to believe that the present enayme, possessing ATPase activity and 

an acid labile phosphate right be au intemdiate in the synthesis of 

ATF. 

Properties of the ATPase. The soluble ATPase was found to be 

marlredly stirtlated by an ATP regenerating system (Gatt and Racker, 1959). 

This observation is similar to the fiudiugs of Peuefsky, et al. (1960) -- 

with the soluble ATPase from beef heart ritochoadria. Other properties 

of the ensyms are described in Figure 2 and Table I. A uarked differ- 

ence betueen the soluble ATPase from cabbage mitochondria and the one 

24 48 
Tim* Old 

FIGURJZ 2: The effect of temperature on the stability of the soluble 
ATPase from cabbage mitochondria. 

The enzyme was stored at either 4OC +w) or 24OC co--O-) and 
then assayed at 24 and 48 hours for ATPase activity. The incubation 
conditions are the sepe as those described in Figure 1. 

from mammalian mitochondria (Racker, 1962) is the lack of the cold 

lability property for the plant enzyme as shown in Figure 2. The 

inhibition of the ATPase by ADP is consistent vith the observed 
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atimlatory effect of the ATP regenemtiog 8y8tem, sfnce the rephospho- 

rylation of ADP to ATP would prevent the accumlatlon of inhibitory 

level8 of ADP. 

Table I. The effect of Dg*, DNP and ADP on the soluble ATPese 
from cabbage mltochondria 

The incubation conditions are the sm as those described in Figure 1 
except that the incubation tfr was 20 minutes. gnxyme protein was 
present et a concentration of 0.9 - 1.0 -1-l. 

Experiwnt ATPese Activity 
HO. Incubation Medium @wles Pi/q Protein) 

1 Complete 5.82 
II Ire* 

: i lx10'5BDDP 
0.97 

1, 7.12 
,I ,+ lxlO'+lDDP 6.80 
" , + 5x10-4M DNP 6.65 

2 Complete 
II , + 3x10'% ADP 

6.02 
5.00 

" * + 5xl0'3kl ADP 3.65 
" ,+ lx10Lo'2nADP 1.90 

Although Forti (1957) reported the stiwlatlon of ATPare by DDP In a 

mftochondrisl preparation from l tlolated pea seedlings, little or no 

effect of DDP haa been observed npon Hg*-dependent ATPase from other 

plant sourcer, e.g., whole or frmnted spinach chloroplasts 

(I)altscheffsky, 1959), whole dtochondria from cabbme (Lotlikar, 1960). 

The fact that stiulatfon by DDP is observed with the solubilired A’1pqse 

in the present study suggests that either the enxyme exhibits markedly 

different properties when solubilixed or that, when confimd to the 

intact mitochondrion, the ATPase activity is largely masked and that a 

prerequisite to stiP1ation by DgP would necessarily require Pene- 

tration of the latter through the ritochoulrial w811. This penetration 

mey occur freely fn ulian mitochondria, thus explaini- the observed 

DDP stimlation. 

These results will be folloved by a wre detailed report In a 

later publication. 
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