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The plasma membrane H*-ATPase activity from corn seedlmg roots is shown to be stimulated 3- to 4-fold’ by the addition of lysophosphatldylcho- :

line (lysoPC). This eﬂ'ect clearly differs from that of othier. detergerits by both the magnitude and the absence of inhibition at higher concentrations.

LysoPC decreases the apparent K, for MgATP, increases. V., of the ATPase réaction but does not change ils pH opiimum.. On the contrary,
the acid phosphatase activity associated with plasma membranies is not-influenced’ by lysoPC. ‘A lysoPC stimulation is also demonstrated for the -
solublhzed preparation of the H*-ATPase, It is assumed:that lysoPC stimulation of the plant plasma membrane H*-ATPase is not only due to::

permeablhzatlon of the vesrcles for Mg,ATP butalsoto d:rect action on the enzyme

Lysophosphatidyl cholme; Enzyme activation; H* -ATPase; Plant plasma membrane

1. INTRODUCTION

" The plant blasma mem‘brane\H*-ATPase is ‘a proton -

pump hydrolyzing. ATP and generating a protonic
potential. This enzyme belongs to the E1-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.

The llpld 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 prepau a-
tions of p]ants and yeast [4,6].

LysoPC is a non-denaturing detergent whrch is

especially suitable for H*-ATPase solubilization [7],
‘and therefore the enzyme stimulation in vesicular
preparations by this detergent could be explamed asa
"result of an increase in. permeability which: enharces
substrate accessibility to the active site of the enzyme
[8]. Alternatlvely, lysoPC could dlrectly stlmulate the
enzyme activity. .
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The present paper is devoted to the investigation of

the lysoPC stimulation. of the . plasma . membrane*y

H*-ATPase actlvny from corn seeding roots.”

‘ 2 MATERIALS AND METHODS

Corn (Zea mays L hybrid Dneprovsky 247. MV) was grown on 1‘

mM CaSOj solution in the dark at 26°C for 8'days. Plasma mémbrane

preparatlons were isolated from etiolated corn seedhng roots by cen-:

trifugation ' of  the: microsomal fraction. (80000 x g “pellet) in " the

discontinuous-sucrose gradient [9] in: the presence of 0. 5 mM PMSF

and:- 10 mM DTT.

Thie activity of H*-ATPase.was assayed mamly accordmg to [10] m*
1-ml.of the incubation medium contamrng 20-50 «g of membrane-
protein, 50 mMKCI, § mM sodrum azide, 0.2 mMammonium molyb-:
date and 50 mM MES (pH 6.50; adjusted with Tris). The reaction was-
started by the addition of an equimolar mixture of MgS04 and ATP:
up to the final concentration of 3 mM and was carried out at 30°C for-

15 min. After the addition of 1 mlof 0.2 M sodium acetate buffer (pH‘

4.20) containing 0.15% ammomum molybdate, 0.5% SDS and 0.2 ml

of SnCl; solution (19:mg SnCl; x 2H,0 and 0.1 ml of acetic acid ad-

justed to 25 ml with distilled water) color development continued for
10 miin. After the addition of 0.3 ml 2.2% citric acid to prevent addi-

tional.color development due to non-enzymatic: ATP hydrolysis, ab-
sorbance was measured at 750 nm. The acid phosphatase activity was’
. assdyed ina final volume of 1. ml containing 20-50 x#g of membrane’
protein in'50 mM MES (pH S: 0, adjusted'with Tris): The reaction was |

started by the addition of an equimolar mixture of MgSO; and p-NPP

to a final concentration of 2.5 mM: After 15 min incubation at 30°C:

the reaction was stopped with 2:ml 0,.2:M NaOH ¢ontaining 0 5%

SDS, and p-NP. production was measured at 400 nm.

Solubilization of H*-ATPase was carried out wrth lysoPC [7] or
zwittergent- 3-14- [5] and supematants were used wuhout further‘

punfxcatron

Kinetic parameters of the hydrolytic reaction were estlmated by a-

non-linear regression prograrm [11]. The protein concentration was

measured according to Bradford [12]. All experiments were repeated‘

4-8 times in triplicate and average values = SE presented. . .
LysePC and MES were obtained from:Sigma; Tris, Tnton X-IOO,

SDS, sodiuin cholate; sodium azide, T PMSF and octyl aM:«:;snc‘.e from

Serva and zwmergem 3-14 from Calblochem : i

s
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tiflect of different detergents on the plasma membrane H=ATPase adtivity

Detergent N Cone, Aghivily Rel activ,
fin\ZhH? (M) Geal mg protein i (79)
Lysolr! 0.0} : (2 A I B 10,0
0,01 1186 v 0,64 1181
0.0 23 10 {83
0.0 MR oy
0,10 LRI TR T 78
.20 LRI IR . Y 6.8
.49 IR VA W nd 1240
0,98 W22 w3 3020
TN-10 0.0 IR IR 10,0
0,16 V.33 0 1N 1443
0,40 1748 © 0,83 12%.3
0,30 10,99 & 1,08 N2
1.60 10,03 & U8 5.0
Zawittergent 0,30 - B9 v 006 1000
14 0.8 16,00 1+ 1,12 180.2
0,58 147 v 086 KRR
1.3% .03 ¢ 030 REN|]
Quyl 25 - 12,82 & 0,75 100,0
glucoside s 1299 » 061 101.3
10 15.39 % 074 120.0
25 3,72 4 020 29.0
Sodium ¢holate 14 - 7.99 = 091 100.0
2 Y9.54 w 092 9.
] 14,55 4 078 182.1
10 9.78 & 1.36 122.4
20 2.09 & 0.50 26.2
SDS kK] - 10,50 = 080 100.0
0.07 12.64 i 050 120.3
0.17 4,28 +°0.20 40.7
0.35 2.89 & 025 27.5

‘Data from [13)].

3. RESULTS AND DISCUSSION latency, an additional stimulationn was observed (not
shown).

The lysoPC stimulatory effect was also shown with
solubilized H*-ATPase preparations (Table II). 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

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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presented in a sub-optimal concentration. Reactivation
of the zwittergent 3-14 solubilized enzyme by lysoPC

Table Ii

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

Detergent used for ATPase activity

solubilization (umol/mg protein/h)

- lysaPC + 50 uM lysoPC
LysoPC 58.69 + 6.65 67.64 + 2,98
Zwittergent 3-14 25,27 = 3.48 45.09 = 6.10
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Fig. 1, Lffect of lysoPC and vanadate on pH dependence of plasme

membriane H-A'TPase. (@), no additions: {:2), (,025% lysoPC (A),

100 2eM vanadate; (A), 0.025% tyosPC -+ 100 M vanadate, Plasima

niembranes were preincubated with IysolPC and vanadate for 10 min

At 30°C, The pH of the reaction medium wis adjusted with T'ris, {AT-
Pase activity, smol mg pratein™!-h=h,

exceeded that obtained by soybean phosphalipids (not
shown).

We have iavestigated the influence of lysoPC on
some properties of H*-ATPase. The maximal stimula-
tien by lysoPC occurred at pH 6.5, which ¢oincided
with the pH optimum of the ¢nzyme, but the effect
reversed to inhibitory at pH > 7.0 (Fig. 1). LysoPC also
did not change the sensitivity of the enzyme to its
specific inhibitor vanadate,

We also found that lysoPC had no effect on the acid
phosphatase activity of plasma membrane (Table III).
These data confirmed the specific action of this phos-
pholipid on the plasma membrane H*-ATPase.

No deviations from Michaelis kinetics were found in
the range 0.15-3 mM of MgATP both with and without
lysoPC (Fig. 2). LysoPC increased both Vuax (from
20.5 to 50.4 xM/mg/h) and affinity of enzyme to
sutstrate as concluded from the apparent Ky, reduction
(from 0.70 to 0.52 mM). This observation supports the

Table 111

Comparisonof H*-ATPase and acid phosphatase activities of plasma
membrane from corn roots

Additions ATPase Acid phosphatase
(umol/mg protein/h) (wmol p-NP/mg
protein/h)
None 16.42 + 1.49 1042 = 1.04
+ 50 uM lysoPC 46.95 + 2,97 11.85 = 1.03
+ 0.1 mM vanadate 5.86 + 0.41 8.14 + 1,04
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Fig, 2. Effect of MpATP concentration on plisma membrane
H "-ATPase activity. (@), no additions; (£2), 0.025%%0 lysoPC. Plasma
membranes swere preincubated with lysoPC for 10 min at 30°C.

hypothesis proposed by Serrano [15] that lysophospho-
lipids could induce a transition of H"-ATFase to the ae-
tive state. It has been recently shown that the
stimulatory effect of lysoPC on the H*'-ATPase
hydrolytic function is accompanied by an inerease of
the active H* transport [16].

Specific stimulation 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 lysoPC as it has been shown previously [8].
The specific effect of the lvsoPC on the plasma mem-
brane ATPase, demonstrated above, suggests its possi-
ble regulatory role in vivo. This assumption can be con-
firmed by the correlation between lysoPC levels and
ATPase activity in the plasma membrane of oat roots
and coleoptiles [17]. Recently the new lipid factor struc-
turally similar to lysoPC, namely 1-Q-alkyl-2-acetyl-sn-
glycerol-3-phosphocholine, has been isolated from
plant tissues, which increased proteinkinase and
H*-ATPase activities [18]. Stimulation by this sub-
stance of both hydrolytic and transport activity of
H*-ATPase was comparable to the effect of lysoPC
{16]. Endogenous phosphelipase Az producing lysoPC
was found in plasma membranes of oat roots and its
participation in the regulation of ATPase was suggested
(14].
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