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The plasma membrane H*.ATPase activity from corn seedling roots is shown to be stimulated 3- to 4-fold by the addition of lysophosphatidylcho- 
line (lysoPC). This effect clearly differs from that of other detergents by both the magnitude and the absence of inhibition at higher concentrations. 
LysoPC decreases the apparent Km for MgATP, increases Vm~ of the ATPase reaction but does not change its pH optimum. On the contrary, 
the acid phosphatase activity associated with plasma membranes is not influenced by lysoPC. A lysoPC stimulation is also demonstrated for the 
solubilized preparation of the H*-ATPase. It is assumed that lysoPC stimulation cf the plant plasma membrane H"-ATPase is not only due to 

permeabilization of the vesicles: for MgATP, but also to direct action on the enzyme. 
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1. INTRODUCTION 

The plant plasma membrane H*-ATPase is a proton 
pump hydrolyzing ATP and generating a protonic 
potential. This enzyme belongs to the El -E2 family of  
transport ATPases, controls cell elongation and 
nutrients uptake and shows close similarity to the 
plasma membrane H*-ATPase  of fungi [1,2]. When 
considering different ways of regulation, the effects of  
lipids on this integral enzyme are of  special interest. 

T h e  lipid dependence of the plasma membrane 
H +-ATPase activity has been previously demonstrated, 
both on partially delipidated [3] and solubilized 
preparations [4,5]. The enzyme reactivation by the dif- 
ferent phospholipids revealed that the lysoPC was the 
most powerful activator in plasma membrane prepara- 
tions of plants and yeast [4,6]. 

LysoPC is a non-denaturing detergent which is 
especially suitable for H÷-ATPase solubilization [7], 
and therefore the enzyme stimulation in vesicular 
preparations by this detergent could be explained as a 
result of  an increase in permeability which enhances 
substrate accessibility to the active site o f  the enzyme 
[8]. Alternatively, lysoPC could directly stimulate the 
enzyme activity. 
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The present paper is devoted to the  investigation of 
the lysoPC stimulation of the plasma membrane 
H*-ATPase activity from corn seeding roots. 

2. MATERIALS AND METHODS 

Corn (Zea mays L., hybrid Dneprovsky 247. MY) was grown on 1 
mM CaSO4 solution in the dark at 26~C for 8 days. Plasma membrane 
preparations were isolated from etiolated corn seedling roots by cen- 
trifugation of the micros0mal fraction (80 000×g pellet) in the 
discontinuous sucrose gradient [9] in the presence of 0.5 mM PMSF 
and 10 mM DTT. 

The activity of  H*-ATPase was assayed mainly according to [10] in 
1 ml of the incubation medium containing 20-50/~g Of membrane 
protein, 50 mM KCI, 5 mM sodium azide, 0.2 mM ammonium molyb- 
date and 50 mM MES (pH 6.50, adjusted with Tris). The reaction was 
started by the addition of an equimolar mixture of MgSO4 and ATP 
up to the final concentration o f  3 mM and was carried out at 30~C for 
15 rain. After the addition of I ml of 0.2 M sodium acetate buffer (pH 
4.20) containing 0.15070 ammonium molybdate, 0.5070 SDS and 0.2 ml 
of SnCI2 solution (19 mg SnClz× 2H20 and 0.q ml of acetic acid ad- 
justed to 25 ml with distilled water) color development continued for 
10 rain. After the addition of 0.3 ml 2.2070 citric acid to prevent addi- 
tional color development due to non.enzymatic ATP hydrolysis, ab- 
sorbance was measured at 750 nm; The acid ph0sphatase activity was 
assayed in a final volume of t ml containing 20-50/~g of  membrane 
protein inS0 mM MES (pH 5;0, adjusted with Tris). The reaction was 
started by the addition of an eqnimolar mixture of MgSO4 and p-NPP 
to a final concentration of 2.5 raM. After 15 rain incubation at 30°C 
the reaction was stopped with 2 ml 0.2 M NaOH containing 0.5% 
SDS, and p-NP production was measured at 409 rim. 

Solubilization of H*-ATPase was carried out withlysoPC 17l or 
zwittergent 3-14 [5] and supernatants were used without further 
purification. 

Kinetic parameters of the hydrolytic reaction were estimated by a 
non-linear regression program [11]. The protein concentration was 
measured according to Bradford [12]. All experinaents were repeated 
4-8 times in triplicate and average values ± SE presented. 

Lyse.PC and MES were obtained from Sigma; Tris, Triton X-100, 
SDS, sodium chelate, sodium azide, PMSF and octyl glucoside from 
Serva and zwittergent 3-14 from Calbioehem. 
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3. RESULTS AND DISCUSSION 

The effects of several detergents on the H+-ATPase 
activity of plasma membrane preparations have been 
tested (Table I). All detergents used stimulated the en- 
zyme activity at concentrations below their CMC, pre- 
sumably due to permeabilization of right-side out 
vesicles for mgATP. The effect of  lysoPC clearly dif- 
fered from other detergents by the highest order of 
magnitude, strong stimulation at the low detergent/ 
protein ratio and the absence of the inhibitory action at 
high concentrations, which is in agreement with the 
data of other groups [13,14]. This 3-4-fold stimulation 
apparently could be explained, not only by membrane 
permeabilization, but also by direct interaction of 
lysoPC with the enzyme molecule. This suggestion was 
further supported by experiments with combined action 
of detergents. When lysoPC was supplied to the reac- 
tion mixture containing Triton X-100 at the concentra- 
tion generally employed for studies of the ATPase 
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latency, an additional stimulation was observed (not 
shown). 

The lysoPC stimulatory effect was also shown with 
solubilized H+.ATPase preparations (Table If), Sti- 
mulation in such latency-free systems is strong evidence 
for a direct lysoPC effect on the enzyme. This effect 
was higher in preparations solubilized with zwittergent 
3-14 than with lysoPC in which lysoPC was already 
presented in a sub-optimal concentration. Reactivation 
of the zwittergent 3-14 solubilized enzyme by lysoPC 

Table 11 

Effect of lysoPC on the H +-ATPase solubilized with lysoPC and zwit. 
tergent 3-14 

Detergent used for 
solubilization 

ATPane activity 
(.amol/rng protein/h) 

- lysoPC + 50~M lysoPC 

LysoPC 58.69 ± 6,65 67.64 :t: 2,98 
Zwittergent 3-14  25 .27 :1 :3 .48  4 5 . 0 9 : 1 : 6 . 1 0  
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exceeded that obtained by soybean phospholipids (not 
shown), 

We have investigated the influence o f  lysoPC on  
some properties o f  H+-ATPase,  The maximal stimula- 
tion by lysoPC occurred at pH 6,5, which ¢oin¢ided 
with the pH opt imum of  the enzyme, but the effect 
reversed to inhibitory at pH > 7,0 (Fig, 1), LysoPC also 
did not  change tile sensitivity of  tile enzyme to its 
specific inhibitor vanadate,  

We also found that lysoPC had no effect on the acid 
phosphatase activity o f  plasma membrane  (Table III). 
These data  conf i rmed the specific action of this phos- 
pholipid on the plasma membrane H+-ATPase.  

No deviations f rom Michaelis kinetics were found in 
the range 0.15-3 mM of  MgATP both with and without 
lysoPC (Fig. 2), LysoPC increased both  Vmax (from 
20.5 to 50.4 /~M/mg/h)  and affinity o f  enzyme to 
sutstrate as concluded f rom the apparent  Km reduction 
(from 0.70 to 0.52 raM). This observat ion supports the 

Table Ill 
Comparison of H +-ATPase and a¢id phosphatase activities of plasma 

membrane from corn roots 

Additions ATPase Acid phosphatase 
(,amol/mg protein/h) ~mol p-NP/mg 

protein/h) 

None 16.42 ± 1.4-9 10.4")- ± i,04 
+ 50,aM lysoPC 46.95 + 2,97 11.85 ± 1,03 
+ O,1 mM vanadate 5.86 + 0.41 8,14 ± 1,04 
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hypothesis proposed by Serrano [15] that  lysophospho- 
lipids could  induce a transition of H+-ATPase to the ac- 
tive state. It has been recently shown that the 
s t imulatory effect of  lysoPC on the I-I+-ATPase 
hydrolyt ic  function is accompanied by an increase o f  
the active H + transport [16]. 

Specific stinlulation of  the H+.ATPase  by lysoPC 
shows that it is impossible to determine the vesicles' 
sidedness, based on the stimulation of  the enzyme ac- 
tivity by [ysoPC as it has been shown previously [8]. 
Tile specific effect of  tile lysoPC on tile plasma m0m.. 
brane ATPas¢,  demonstrated above, suggests its possi- 
ble regulatory role in vivo. This assumption can be con- 
f i rmed by the correlation between lysoPC levels and 
ATPase  activity in the plasma membrane o f  oat roots 
and coleoptiles [17]. Recently the new lipid factor  struc- 
turally similar to lysoPC, namely 1.O.alkyl.2.acetyl.sn. 
glycerol-3-phosphocholine, has been isolated from 
plant tissues, which increased proteinkinase and 
H+-ATPase  activities [181. Stimulation by  this sub- 
stance o f  both hydrolytic and transport  act ivi ty  o f  
H+-ATPase  was comparable  to the effect of lysoPC 
[16]. Endogenous phospholipase A2 producing lysoPC 
was found  in plasma membranes o f  oat roots and its 
part icipat ion in the regulation of  ATPase was suggested 
[141. 
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