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ABSTRACT

Crude plasma membranes of corn (Zea mays L.) roots were obtained
according to MI De Michelis and RM Spanswick (1986 Plant Physiol 81:
542-547). This preparation, which contained tightly sealed vesicles dis-
playing Mg-ATP dependent HI-transport, was purified by phase parti-
tioning. The percentage of inside-out vesicles (10%) was determined from
the Mg-ATPase latency, revealed with lysophosphatidylcholine. A Triton
X-100 treatment described previously (JP Grouzis, R Gibrat, J Rigaud,
C Grignon 1987 Biochim Biophys Acta 903: 449-464) was applied to
phase-partitioned plasma membranes. The percentage of catalytic sites
freely accessible to Mg-ATP increased to 50% after Triton X-100 treat-
ment. Treated vesicles remained capable of electrogenic H+-pumping, as

demonstrated by Mg:ATP-dependent quinacrine fluorescence quenching
and oxonol absorbance shift. As expected from the large increase of the
catalytic sites accessibility, increases of the dye responses were observed.
Concanavalin A binding was estimated from microelectrophoretic meas-
urements of individual vesicles. Statistical analysis of concanavalin A bind-
ing and Mg-ATPase latency suggest that treated membranes have lost
their asymmetric structure.

The plant plasma membrane contains a vanadate-sensitive Mg-
ATPase which operates in the electrogenic extrusion of H + (26).
It has been well demonstrated that plasma membrane prepara-
tions from various plant tissues isolated by phase partitioning are
highly purified (18). Unfortunately, these preparations consist
mainly of sealed right-side out vesicles, where the H+-ATPase
catalytic sites are inaccessible to Mg-ATP (17). Furthermore,
active H + -transport by inside-out plasmalemma vesicles of ce-
reals is particularly difficult to study, most likely due to leakiness
of the membrane (27) following purification by sucrose gradient
centrifugation or by phase partitioning (6). Recently, a differ-
ential centrifugation method has been described to obtain tightly
sealed plasmalemma vesicles from corn roots, exhibiting Mg:ATP-
dependent H+-transport (9). In a previous paper (13), we have
shown that the crude plasmalemma fraction isolated according
to this method contained only approximately 30% inside-out
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vesicles. We have also described a method, using Triton X-100
treatment, to increase this proportion up to 65%, while main-
taining the tightness of the vesicles to H+ (13). Similar Triton
X-100 treatment of phase-partitioned plasmalemma has been
previously reported (7). In this paper, we have further investi-
gated the effect of Triton X-100 treatment on Mg-ATPase la-
tency, vesicle sidedness, H+-transport, and membrane potential
of corn root plasma membrane purified by phase partitioning.
After Triton X-100 treatment, all the vesicles bound Con A while
half of the Mg-ATPase catalytic sites remained freely accessible
to Mg-ATP. These data are consistent with the assumption of
the loss of membrane asymmetric structure.

MATERIALS AND METHODS

Preparation of Microsomal Vesicles. Microsomes were pre-
pared according to De Michelis and Spanswick (9). Briefly, 5 d
old corn (Zea mays L.) roots were gently chopped with razor
blades and ground with mortar and pestle in 4 ml per g fresh
weight of grinding medium containing 0.5% BSA, 25 mM BTP3-
Cl (pH 7.6), 250 mm sucrose, 2 mm DTT, 2 mm MgSO4, 2 mM
ATP, 10% glycerol, 2 mm EGTA, and 1 mm PMSF. The ho-
mogenate was filtered and centrifuged for 10 min at 13,000g.
Crude microsomes in the resulting supernatant were pelleted for
30 min at 80,000g. To obtain KI-washed microsomes, crude mi-
crosomes were resuspended in grinding medium containing 250
mM KI, incubated on ice for 15 min, and then sedimented for
30 min at 80,000g. Crude and KI-washed microsomes were finally
resuspended in a medium containing 0.2% BSA, 2 mM BTP-CI
(pH 7.0), 250 mM sucrose, 10% glycerol, 1 mm DTT, and were
stored in liquid N2.

Phase Partition. Crude or KI-washed microsomes were puri-
fied using a two-phase system composed of 6% (w/w) Dextran
T500, 6% (w/w) polyethylene glycol 3350, 250 mm sucrose, 10
mM K+-phosphate (pH 7.8), 1 mm ATP, 1 mm EDTA, and 30
mM NaCl at 0°C. One mg of membrane protein was added to 8
g phase system and vigorously mixed by shaking. The phase
settling was facilitated by centrifugation for 5 min at 4,000g in a
swinging bucket centrifuge. The purified plasma membranes were
collected in the upper phase, diluted five-fold in 2 mm BTP-Cl
(pH 7.0) containing 250 mm sucrose and 1 mm DlTI, and then
pelleted for 35 min at 80,000g. Pellets were resuspended in re-
suspension medium and stored in liquid N,.

3 Abbreviations: BTP, 1 3-bis(tris(hydroxymethyl)amino)propane;
lysoPC, lysophosphatidylcholine; PMSF, phenylmethylsulphonylfluor-
ide.
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Triton X-100 Treatment. The medium used is the resuspension
medium. Purified plasma membranes were incubated with stir-
ring for 10 min at 0°C in the presence of various Triton X-100
concentrations. Thereafter, they were sedimented for 35 min at
80,000g, resuspended to eliminate Triton X-100, and sedimented
again. Finally, pellets were resuspended in resuspension medium
and stored in liquid N2.
Enzymic Marker Assays. Nucleoside phosphate hydrolysis was

assayed in a 0.5 ml reaction volume as indicated below. Reactions
were started by addition of 1 to 10 jig protein, incubated for 30
min at 26°C, unless otherwise indicated. Reactions were stopped,
and Pi was assayed, by addition of 1 ml Ames reagent (1) con-
taining 0.1% SDS (w/v).
The plasma membrane Mg-ATPase activity was operationally

defined as the vanadate-sensitive, molybdate-insensitive Mg-ATP
hydrolysis (10). The assay medium contained 50 mm BTP-Cl (pH
6.5), 100 mM KCI, 5 mM BTP-ATP, 5 mM MgSO4, and 0.1 mM
Na-molybdate with or without 0.25 mm orthovanadate. The basal
activity (i.e. the activity of inside-out vesicles) is the activity
measured in the presence of 10 mm NH4Cl and in the absence
of the permeabilizing agent lysoPC. Ammonium chloride was
added to dissipate the pH gradient, in order to obtain maximal
Mg-ATPase activity. Reversion of quinacrine quenching (not
shown) indicated that 10 mM NH4Cl was effective in dissipating
the pH gradient. The Mg-ATPase activity of both inside-out and
right-side-out vesicles is measured in the presence of 10 mM
NH4Cl plus 0.1 mm lysoPC (13). The latent activity (i.e. the
activity of right-side-out vesicles) is the difference between the
activities measured with and without lysoPC. The latency is the
latent activity expressed as a percentage of the activity in the
presence of lysoPC.

Golgi concentration was estimated by latent IDPase according
to Green (12), except that the latency was tested by addition of
lysoPC rather than by storage for 3 d at 4°C. The assay medium
contained 50 mM BTP-Cl (pH 7.2), 100 mM KCI, 5 mm Na-IDP,
5 mM MgSO4, and 0.1 mm Na-molybdate. Latent IDPase is the
difference between the activities measured in the presence and
in the absence of 0.1 mM lysoPC

Mitochondrial contamination was estimated by azide-sensitive
Mg-ATPase. The assay medium contained 50 mm BTP-Cl (pH
8.5), 100 mM KCl, 5 mM BTP-ATP, 5 mM MgSO4, 0.1 mm Na-
molybdate, and 0.1 mm lysoPC with or without 1 mM NaN3.

Tonoplastic contamination was estimated by NO3- -sensitive
Mg-ATPase. The assay medium contained 50 mM BTP-Cl (pH
8.5), 5 mM BTP-ATP, 5 mM MgSO4, 0.1 mm Na-molybdate, 0.1
mM lysoPC, and 100 mm KCl or KNO3. Nitrate-sensitive Mg-
ATPase is the difference between the activities measured in the
presence of KCl and KNO3 (21).

Proton Transport Assays. The specific initial rate of fluores-
cence quenching of quinacrine was used to monitor the initial
H +-pumping activity (5). The assay medium (2 ml) contained 50
mM BTP-Cl (pH 6.5), 100 mm KCl or KNO3, 5 mm BTP-ATP,
0.1 /.M valinomycin, 10 AM quinacrine, and 40 to 400 itg mem-
brane protein. After incubation for 20 min at 26°C, the reaction
was started by addition of 5 mM MgSO4. Fluorescence was re-
corded at excitation/emission wavelengths of 423/500 nm with a
Jobin-Yvon JY3-CS apparatus. The initial rate of quenching was
linear with protein concentration (at least up to 200 ,ugml-1)
and thus can be expressed in specific units (% quenching min1
mg- protein).
Membrane Potential Detection. The anionic probe oxonol VI

was used for monitoring the membrane potential, positive inside,
generated by the electrogenic H +-pumping. This induced a shift
of the absorption spectrum, due to an additional binding of the
permeant dye on the inner layer of membrane, following its
potential-dependent accumulation inside the vesicles (3). The
amplitude of the shift depends on (a) the binding of oxonol to

membranes and the concentrations of membranes and oxonol
and (b) the membrane potential of these vesicles. Dye response
depends also on the percentage of active vesicles (tightly sealed
inside-out vesicles, i.e. impermeable to small ions, and sustaining
an ATPase capable of electrogenic H +-pumping) (27). The max-
imum amplitude of the absorbance shift and the isosbestic point
were observed at 622 and 602 nm, respectively. Absorbance was
time-recorded at 622 nm (A622,) and 602 nm (A6021) with a
diode array spectrophotometer Hewlett-Packard HP 8451A and
was numerically stored. To avoid interactions of oxonol with
BSA, membranes were washed in BSA-free resuspension me-
dium. The assay medium (2 ml) contained 50 mM BTP-SO4 (pH
6.5), 50 mm K2SO4 or indicated salts, 5 mM BTP-ATP, 80 to
200 Ag membrane protein, and 4 /M oxonol. The absorbance of
the membrane suspension (due to turbidity) was measured at
602 and 622 nm before oxonol addition and is noted as D602 and
D622, respectively. After incubation for 20 min at 26°C, the total
(bound plus free) and bound oxonol concentrations were deter-
mined according to Bashford et al. (4) and designated OXT and
OXb, respectively:

OXT = (A602 =o-D602)/-f602 (1)

OXb = (A622 =- D622)/(E6b622 - Ef622) (2)

where Ef6O2, Ef622, and Eb622 are the molar absorbance coeffi-
cients of, respectively, free oxonol at 602 and 622 nm, and bound
oxonol at 622 nm (Ef602 = 85 L* mmol 1, Ef622 = 21 L * mmol -1,
and Eb622 = 105 L * mmol- 1). The reaction was started by addition
of 5 mm MgSO4. Traces presented are the absorbance at 622 nm
corrected for dilution due to successive additions as follows, and
noted (A 622):

622= A622 X A602=0A6021 (3)
The increment of bound oxonol (AOXb) after membrane ener-
gization was calculated as follows:

AOXb = (A22 - A622,=O)/(Eb622 -E622) (4)
Microelectrophoretic Measurements. A Rank Brothers Mark

II apparatus fitted out with an ultrathin-walled cylindrical glass
cell (2) and an ultramicroscope illumination device was used for
measuring the microelectrophoretic mobility of single vesicles.
Very small particles (e.g. single plasmalemma vesicles) could be
detected as brilliant points against a dark field. The medium
(25°C) contained 25 mm Tris adjusted to pH 6.5 with Mes (Tris
is a univalent cation at this pH), 10 /LM CaCl2, 10 .tM MnCl,
and Con A when indicated. The zeta potential was calculated
from the mean microelectrophoretic mobility of 50 vesicles, un-
less otherwise indicated, with the help of the Helmholtz-Smo-
luchowski relation (15). The classical Gouy-Chapman relation
was used to calculate the electrostatic charge density from the
zeta potential (11, 20). The electrostatic surface charge of 150
or 300 vesicles was determined in order to study the distribution
of this parameter. The Ross's Maximal Likelihood Program,
distributed by the Statistics Department of Rothamsted Exper-
imental Station (Herts, U.K.), was used for statistical analysis
(24).
Other Methods. The results are given as means of four or more

independent repetitions, and the confidence limits are 95%. Pro-
teins are determined according to Schaffner and Weissman (25).

Chemicals. The sources of the compound studied were as fol-
lows: lysophosphatidylcholine: Sigma; oxonol VI: Molecular
Probes; polyethylene glycol: Union Carbide; Dextran T500:
Pharmacia. All other chemicals were analytical grade.

RESULTS

Distribution of Membrane Markers after KI Washing and Phase
Partitioning. Table I shows the distribution of various membrane
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Table I. Enzymic Markers and Protein Distributions at Successive Purification Steps
Assays were performed at 26°C, unless otherwise indicated. Specific activities are given as ,mol * mg

protein minm- . Vanadate inhibition is given as % inhibition for 0.25 mM vanadate at 26°C. Protein is given
as mg per 100 fresh weight.

KI-Washed Phase Partition- Triton X-100-TreatedMicrosomes Purified PlasmalemmaMicrosomes PlasmalemmaPlasmalemma

Vanadate-sensitive
Mg-ATPasea
At 260C 0.33 0.39 ± 0.07 0.99 ± 0.16 2.0 ± 0.3
At 300C 0.43 0.59 1.57 3.0
At 380C 0.85 1.04 2.40 4.6

Vanadate inhibitiona 70 79 90 93
Latent IDPase 0.20 0.22 ± 0.05 0.07 ± 0.03 0.01
NO3 --sensitive Mg-

ATPasea 0.18 0.11 ± 0.03 0.04 ± 0.02 NDb
N3- -sensitive Mg-

ATPasea 0.17 0.12 ± 0.07 Undetectable ND
Protein 30 21 2.85 0.98

a Assayed in the presence of 0.1 mm lysoPC. b Not determined.

markers, assayed in the presence of lysoPC, after KI washing
and phase partitioning. Potassium iodide washing resulted in an
increase (approximately 25%) of the plasmalemma Mg-ATPase
activity. Potassium iodide washing caused, respectively, a 38 and
a 29% decrease of the tonoplastic and mitochondrial Mg-ATPase
activities, while latent IDPase was not significantly affected. Phase
partitioning of KI-washed microsomes led to a high degree of
plasmalemma purification, as indicated (a) by the 2.5-fold in-
crease of the plasmalemma Mg-ATPase and (b) by the strong
reduction of the tonoplastic Mg-ATPase (64% decrease), the
latent IDPase (68% decrease), and the quasi-elimination of the
mitochondrial Mg-ATPase. The inhibition ofMg-ATP hydrolysis
by 0.25 mm vanadate increased after KI washing and phase par-
titioning, indicating an elimination of nonplasmalemma Mg-
ATPases.

Triton X-100 Treatment of Phase Partitioned Plasmalemma.
The Mg-ATPase latency was determined after Triton X-100
treatment of phase-partitioned plasmalemma at various Triton
X-100/protein ratios and Triton X-100 concentrations. There-
after, Triton X-100 was eliminated by washing in the presence
of BSA, as described in "Materials and Methods." The latency
decreased from 87% to 43% after Triton X-100 treatment, what-
ever the ratio of detergent/protein (R) between 1 and 4 (w/w)
for 0.075% (w/w) Triton X-100 (Fig. 1A). The latency decreased
to 50% by varying the detergent concentration between 0.05 and
0.1% for R = 2 (Fig. 1B). The Triton X-100/protein ratio and
Triton X-100 concentration used in further experiments were 2
(w/w) and 0.075% (w/w), respectively. After this treatment, ap-
proximately 66% of the membrane protein was lost. Neverthe-
less, 80% of the total plasmalemma Mg-ATPase (i.e. the specific
activity assayed in the presence of lysoPC x protein amount)
was recovered after Triton X-100 treatment. Consequently, the
Mg-ATPase activity of phase partitioned plasmalemma, in the
presence of lysoPC, increased two-fold after Triton X-100 treat-
ment, while the latent IDPase and the tonoplastic Mg-ATPase
were completely eliminated (Table I). Finally, 20% of the total
initial microsomal Mg-ATPase activity were recovered.
Mg-ATPase Hydrolysis, Latency, and H+-Pumping at Succes-

sive Steps of Plasmalemma Purification. The basal Mg-ATPase
activity (i.e. assayed in the absence of lysoPC), its latency, and
the specific initial rate of quinacrine quenching were measured
in parallel runs at successive purification steps. The basal activity
did not increase (Table II) after KI washing and phase partition,
in spite of the three-fold enrichment in plasmalemma Mg-

100

80

a
4-J

I I i IF
A

0
_~~~~~~~-

60 _

40

20

0

0 0 * *_

I I
0 1 2 3 4

0
0

0

0 25 50 75 100

(Triton)/(protein) w/w (Triton X-100) x 103 w/w

FIG. 1. Effect of various Triton X-100 treatments on the Mg-ATPase
latency of plasma membranes purified by phase partition. Basal plas-
malemma Mg-ATPase activity (v) was assayed as described in "Materials
and Methods." Latency is calculated as 100 * (v,,,yc - v)/v,s,,pc. where
vl,,,pc is the activity assayed in the presence of 0.1 mm lysoPC. A,
Membranes were treated with 0.075% Triton X-100 at various Triton X-
100/protein ratios, as described in "Materials and Methods;" B, mem-
branes were treated with 2 mg Triton X-100 per mg protein at various
Triton X-100 concentrations.

ATPase (Table I). Subsequent Triton X-100 treatment induced
a nine-fold increase of the basal activity (Table IL). The ATPase
latency of crude microsomes (69%) slightly increased after KI
washing (75%), increased further after phase partition (89%),
and strongly decreased after Triton X-100 treatment (51%). The
kinetics of quinacrine quenching after energization of similar
protein amounts of KI-washed microsomes, phase-partitioned,
and of Triton X-100-treated plasmalemma vesicles, are shown
in Figure 2. The specific initial rate of quenching, measured in
the presence of 100 mm KNO3, was not significantly modified
after KI washing and phase partitioning (Table II). The impor-
tant feature is the eight-fold increase of the initial H+-transport
after Triton X-100 treatment. Triton X-100 treatment increased
the stimulation of the basal Mg-ATPase activity (data not shown)
by 10 mm NH4Cl from 7% (untreated vesicles) to 20% (treated
vesicles), probably by improving membrane tightness to H + (13).
Membrane Potential of Energized Vesicles. Addition of MgSO4

to KI-washed microsomes caused an increase of the oxonol ab-
sorbance in the presence of ATP (Fig. 3, trace a), whereas no
response was detected in the absence of ATP (Fig. 3, trace e).
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Table II. Mg-ATPase Latency and Electrogenic H+- Transport at Successive Steps of Plasma Membrane
Purification

Basal activity and latency of Mg-ATPase were assayed as described in "Materials and Methods." Latency
is calculated as 100 * (v,yspc - v)lvlvs(pc where v and v ys(,pc are the activities in the absence and presence of
0.1 mM lysoPC, respectively. Specifical initial rates of quinacrine quenching and the Mg-ATP-dependent
spectral shift of 2 SLM oxonol (Ox,) were measured as described in "Materials and Methods."

KI-Washed Phase Parti- Triton X-100-
Microsomes tion-Purified Treated Plasma-

Plasmalemma lemma

Basal Mg-ATPase activity
(Amol min-' mg protein) 0.10 0.10 ± 0.01 0.11 + 0.02 0.98 ± 0.09

Latency (%) 69 75 89 51
Initial rate of quinacrine quenching

(%Y min -'mg -protein) 50 50 ± 25 29+ 13 246 ± 83
Mg-ATP dependent specific spectral

shift of oxonol
(L g ') NDa 0.49 ± 0.08 0.40 + 0.18 2.46 ± 0.89

a Not determined.

FIG. 2. Mg-ATP-dependent H transport by membrane vesicles at
successive steps of plasmalemma purification. Quinacrine quenching (40
,ug protein) was measured as described in "Materials and Methods." The
reaction was started by addition of 5 mm MgSO4 (closed arrows) and
thereafter the pH gradient was dissipated by addition of 10 A.LM gramicidin
(open arrows). Traces are the quenching of quinacrine fluorescence Fl
F0, where F, and F are the fluorescence before and after addition of
MgSO4, respectively. a, KI washing; b, phase partitioning; c, Triton X-
100 treatment.

Addition of gramicidin did not completely reverse the dye re-
sponse. Furthermore, when the Mg-ATP-dependent absorbance
change was small, addition of gramicidin induced a further in-
crease of the dye response (Fig. 4, trace c). This is probably due
to interactions between oxonol, membranes, and gramicidin. In
the absence of valinomycin, the Mg:ATP-dependent oxonol re-
sponse was maximum in the presence of SO42- (Fig. 3, trace a),
strongly depressed when SO42- was replaced by Cl- (Fig. 3,
trace c), and was not detected in the presence of NO3- (Fig. 3,
trace d). This sequence is precisely the one observed for plant
membranes' permeability to anions (SO42- << Cl- < NO3-)
(8, 23). When membrane permeability for K+ was increased by
addition of valinomycin, the dye response in SO42- was de-
creased (Fig. 3, trace b), indicating that K+ short-circuited the
pump and thereby decreased its influence on the membrane po-
tential. Thus, the anionic selectivity and valinomycin effect on
the dye response are consistent with its membrane potential de-
pendence.

Time-course of absorbance changes of 3.5 /LM oxonol by Mg-
ATP at successive steps of membrane purification are shown in
Figure 4. The dye response was not modified after KI washing

FIG. 3. Effect of various anions on the electrogenic H -transport by
the Mg-ATPase. KI-washed microsomes (80 Ag protein in each case)
were incubated for 20 min at 26°C in a medium (pH 6.5) containing 5
mM BTP-ATP (traces a to d). 2.5 /.LM oxonol and: a, 50 mm BTP-SO4
and 50 mm K,S04; b, 50 mm BTP-S04 and 50 mM KWS04 plus 0.1 UM
valinomycin; c, 50 mm BTP-Cl and 100 mm KCI; d, 50 mM BTP-NO,
and 100 mm KNO3; e, 50 mm BTP-SO, and 50 mm K,S04 in the absence
of BTP-ATP. Electrogenic H- pumping was initiated by addition of 5
mM MgSO4 (closed arrows) and thereafter membrane potential was dis-
sipated by addition of 10 g.M gramicidin in DMSO (open arrows). The
effect of the same DMSO aliquot (8 ,ul) is indicated by half-closed arrows.
Traces represent the oxonol absorbance at 622 nm corrected for dilutions
due to successive additions, as described in "Materials and Methods."

of crude microsomes (traces a and b), decreased after phase
partition (trace c), and strongly increased after Triton X-100
treatment (trace d), as already observed with quinacrine. The
fraction of the dye bound to membranes (Ox,) can be deduced
from the absorption spectrum as described in "Materials and
Methods." Titration by oxonol of nonenergized membrane showed
that Ox, increased linearly with concentration of free oxonol
(OXf) and with protein concentration (data not shown).Mg-ATP-
dependent dye binding (AOx,,) increased also linearly with Ox,
and protein concentrations (data not shown). Thus, Ox,, and
AOx, can be expressed in specific units (mol bound oxonol per
mol free oxonol and per g * L- protein, i.e. L g '). The
variability of the values of Ox,, (i.e. in the absence of Mg-ATP)
obtained from the different titrations was high, but the mean
values of OXb at successive steps of purification were not signif-
icantly different (2.15 ± 0.47 L * g- ' for KI-washed microsomes,
1.76 + 0.83 L g -' for phase partition-purified plasmalemma,
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FIG. 4. Electrogenic effect of Mg-ATP dependent H -transport at
successive steps of membrane purification. Membranes (80 Ag protein
in each case) were incubated in the presence of 3.5 /uM oxonol as de-
scribed in "Materials and Methods." Electrogenic H--transport was in-

itiated by addition of 5 mM MgSO4 (closed arrows), and thereafter mem-
brane potential was dissipated by addition of 10 ,uM gramicidin in DMSO
(open arrows). The effects of the same DMSO aliquot (8 ,ul) is indicated
by half-closed arrows. Traces represent the oxonol absorbance of 622
nm corrected for dilutions due to successive additions, as described in
"Materials and Methods." a, Crude microsomes; b, KI-washed micro-
somes; c, phase partition-purified plasmalemma; d. Triton X-100-treated
plasmalemma.
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FIG. 5. Electrostatic charge density of plasma membranes as a func-
tion of Con A concentration. The microelectrophoretic mobility of 50
vesicles was measured as described in "Materials and Methods." The
electrostatic charge density was calculated from the electrophoretic mo-

bility with the help of the Helmholtz-Smoluchowski and Gouy-Chapman
relations (see text). (@), In the absence of sugars and (A), in the presence
of 5 mm a-methyl-D-glucopyranoside and 5 mm a-methyl-D-mannoside.
The bars are the standard deviations for P = 0.05.

and 2.29 + 1.56 L * g -for Triton X-100-treated membranes).
The value of AOXb (additional binding after Mg-ATP addition)
remained nearly unchanged after phase partition but strongly
increased after Triton X-100 treatment (Table II). These results
suggest that the modifications of the dye response after vesicle
energization at the different steps of plasmalemma purification
were truly related to different membrane potentials or propor-
tions of active vesicles and not to different binding properties.
Con A Binding to Phase Partition Purified Plasmalemma, Treated

or Not with Triton X-100. The mean electrostatic surface charge
density was decreased 50% in the presence of 2 AM Con A (Fig.
5). This effect was due to a specific binding of the lectin to the
glucidic cell-coat, as it was prevented by addition of a-methyl-

D-mannoside and 1-0-methyl-ca-D-glucopyranoside. The disso-
ciation constant of binding sites is 0.4 /LM (13). The distribution
of the surface charge density in the absence of Con A of 150
vesicles, not treated and treated with Triton X-100" is shown in

Figure 6. The mean surface charge densities were 393.10 +
98.10 -6 elementary charge per A'2 before treatment with Triton
X-100 and 305.10'6 ± 82.10'6 elementary charge per A2 after
treatment with Triton X-100. In the presence of 1.0 uM Con A.
the mean surface charge densities of untreated (n = 300 vesicles)
and Triton X-100-treated vesicles (n = 150 vesicles) were 203.10
+ 79.10-6 elementary charge per A' and 209.10 6 + 43.10
elementary charge per A2, respectively. The data were fitted to
normal distributions, or linear combination of normal distribu-
tions, and Chi-squared tests were used to evaluate the quality of
the fits (Table III). In the absence of Con A, it is highly probable,
for both Triton X-100-treated and untreated vesicles, that there
was a single Gaussian population. In the presence of Con A. the
best fit for untreated vesicles was obtained for two mixed pop-
ulations, each normally distributed with means equal to 327.10 '
+ 47.10 -6 elementary charge per 'A (14% of the vesicles) and
179.10 6 ± 47.10 -6 elementary charge per A'2 (86% of the ves-
icles). Nevertheless, in the presence of Con A and for Triton X-
100-treated vesicles, it is again highly probable there was a single
population with a normal distribution.

DISCUSSION
Purity of Plasmalemma after Phase Partition and Triton X-100

Treatment. After phase partitioning of KI-washed microsomes,
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FIG. 6. Effect of Con A on the distribution of the electrostatic charge

density of plasmalemma vesicles untreated and treated with Triton X-
100. Plasmalemma was purified by phase partitioning. The electropho-
retic mobility of vesicles was measured in the absence (discontinuous
line) or in the presence (continuous line) of 1.0 ,uM Con A, as described
in "Materials and Methods." The electrostatic charge density was cal-
culated with the help of Helmholtz-Smoluchowski and Gouy-Chapman
relations (see text). Bar graphs. observed frequencies of the distribution
per interval of 40 10 -6 e A-2; smooth lines, calculated normal distri-
butions (best fit to the observed ones) with means and standard deviations
indicated in Table III. A, Untreated plasmalemma (n = 150 vesicles in
the absence of Con A. and n = 300 vesicles in its presence); B, Triton
X-100-treated plasmalemma (n = 150 vesicles in the absence or in the
presence of Con A).
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Table III. Statistical Analysis of the Effect of Con A on the Electrostatic Charge Distribution of Triton
X-100-Untreated and Treated Vesicles

The analysis of the data of Figure 6 was performed with Maximal Likelihood Program (see text). The
reported values are those which gave the best fit to the observed data. Observed parameters M, S, N: mean,
standard deviation, and number of vesicles, respectively. Theoretical distributions were calculated as normal
populations or sum of two normal populations 1 and 2, with parameters Ml, SI, Ni, and M2, S2, N2.
Electrostatic charges are given in e -2A 106.

Observed Parameters Used for Fitting Chi-Squared
Conditions Parameters

M S N Ml SI NI M2 S2 N2 Obs. P = 0.05

Untreated, 0 Con A 393 98 150 392 100 150 0 19.8 27.6
Untreated, + Con A 203 79 300 200 69 300 0 76.5 40.1
Untreated, + Con A 327 47 42 179 47 258 24.3 37.7
Treated, 0 Con A 305 82 150 304 82 150 0 20.5 27.6
Treated, + Con A 209 43 150 208 41 150 0 23.7 25.0

30% of the total plasmalemma Mg-ATPase activity (i.e. the ac-
tivity assayed in the presence of lysoPC x protein amount) pres-
ent in the crude microsomal fraction, and 10% of the proteins
were recovered (Table I). The Mg-ATP hydrolysis was almost
completely inhibited by vanadate, and the specific activity in the
presence of lysoPC (2.4 Amol mmin * mg protein at 38°C)
was approximately 3-fold higher than the one in crude micro-
somes. This value is close to the 3.6-fold enrichment of the plas-
malemma Mg-ATP hydrolysis of oat roots, assayed in the pres-
ence of Triton X-100, obtained after phase partitioning by Hodges
and Mills (14). Phase partitioning of KI-washed microsomes led
to the elimination of 80% of tonoplast Mg-ATPase, almost 100%
of mitochondrial Mg-ATPase, and 70% of the latent IDPase
activity. These results are in agreement with the ones generally
obtained for plasmalemma from various tissues and various phase
systems (7, 14, 28). Furthermore, approximately 66% of mem-
brane protein was eliminated after Triton X-100 treatment, which
completely eliminated the latent IDPase. Nevertheless, approx-
imately 80% of the Mg-ATPase was recovered, and thus its
specific activity was increased 2-fold. Such differing solubilizing
powers of Triton X-100 on individual membrane components has
been already described (19). Finally, the overall purification scheme
leads to a 6-fold enrichment of the crude microsomal Mg-
ATPase. The specific activity in the presence of lysoPC (4.6 ,umol
* mg- I protein * min- I at 38°C, Table I), as well as the elimination
of contaminants, is the same range as the ones obtained with a
similar method by Clement et al. (7) for corn shoot plasmalemma
(i.e. 3.3 ,mol mg - protein * min- at 38°C).

Effect of Phase Partition and Triton X-100 Treatment on Mg-
ATPase Latency and Electrogenic H+-Pumping. Contrary to the
Mg-ATPase activity observed in the presence of lysoPC, the basal
one did not vary after phase partitioning, while the enzyme la-
tency increased from 69 to 89% (Table II). It has been well
demonstrated that this latency is due to the permeabilization of
right side out vesicles sealed to Mg-ATP, the proportion of which
significantly increases after phase partitioning (18). We have
previously (13) shown that lysoPC is a suitable permeabilizing
agent, which does not directly interact with the enzyme as do
Triton X-100 and other surfactants, when used to reveal its la-
tency. Thus, the latency determined with lysoPC gives the true
proportion of right side out vesicles. On the other hand, the
basal Mg-ATPase activity in 80,000 pellets from corn roots is
entirely due to inside out vesicles (and not to open membrane
fragments or leaky right side out vesicles) (13). Thus, Mg-
ATPase latency at the successive steps of purification indicates
that the final percentage of inside out vesicles is three-fold lower
than the initial one (from 31% in crude microsomes to 11% after
phase partitioning). Finally, the three-fold enrichment in plas-
malemma ATPase (demonstrated in the presence of lysoPC,

Table I) is counteracted by the three-fold decrease of the pro-
portion of inside out vesicles (Table II). This explains the con-
stancy of the basal specific plasmalemma Mg-ATPase activity of
various tissues generally observed after phase partitioning (7, 14,
28).

Triton X-100 treatment resulted in a large increase of the basal
Mg-ATPase activity and in a diminution of its latency (from 90
to 50%, Table II). These results indicate an increase in the pro-
portion of catalytic sites freely accessible to Mg-ATP. This in-
crease is likely not due to the permeabilization of right side out
vesicles after Triton X-100 treatment, because of the simulta-
neous increase of specific rate of quinacrine quenching, and Mg-
ATP dependent oxonol binding (Table II; Figs. 2 and 4). Fur-
thermore, the initial rate of quinacrine quenching and the oxonol
absorbance shift were in the same range when expressed per unit
of basal Mg-ATPase activity for treated and untreated purified
vesicles (approximately 250% quenching * ,umol ' Mg-ATP hy-
drolyzed and 3 ml * min - Amol - Mg-ATP hydrolyzed, from
Table II). In summary, Triton X-100 treatment, followed by its
elimination as described in "Materials and Methods," leads to
tightly sealed purified vesicles, as previously reported for non-
purified plasma membranes (13). Triton X-100 elimination, al-
though not checked directly, seems satisfactory, owing to the
elimination of the direct inhibiting and permeabilizing effects of
this detergent as we have demonstrated previously (13).

Effect of Triton X-100 Treatment on the Accessibility of the
Mg-ATPase Catalytic Sites and Con A Binding Sites. The fraction
of catalytic sites freely accessible to Mg-ATP increased after
Triton X-100 treatment from approximately 10 to 50% (Table
II). As previously hypothesized (13), this could be due to the
inversion of some right side out vesicles or to their randomiza-
tion. In the former hypothesis, plasma membranes would keep
their asymmetric structure (Mg-ATPase catalytic sites and lectin
binding sites exposed on opposite sides of the membrane). In
the latter, half of the catalytic and lectin binding sites of ran-
domized vesicles would be exposed outside. Microelectropho-
resis experiments show that Con A binding depolarized the mem-
brane surface (Fig. 5). The microelectrophoretic technique used
in this study allows the detection of individual particles. Thus,
the statistical analysis of the data in Figure 6 allows a direct
determination of the proportion of vesicles which bind the lectin
(i.e. right side out vesicles) or not (i.e. inside out vesicles) (13).
Approximately 86% of untreated vesicles are capable of Con A
binding (Table III), in agreement with the high proportion of
right side out vesicles determined from Mg-ATPase latency (89%,
Table II). Furthermore, all Triton X-100-treated vesicles were
capable of lectin binding and preparations contained only one
population of vesicles (Table III). On the other hand, the Mg-
ATPase latency indicates that only half of the catalytic sites of
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treated vesicles are freely accessible to Mg-ATP (Table II). These
data are consistent with a membrane randomization after Triton
X-100 treatment, which predicts that half catalytic and lectin
binding sites of each vesicle are exposed outside. It has been
demonstrated that reintegration of (Na+, K+)-ATPase in arti-
ficial vesicles leads to a random orientation of the enzyme, half
catalytic sites facing inside and half outside in each vesicle (16).
It is generally admitted that Triton X-100, around 0.1%, solu-
bilizes membranes, as indicated by the high percentage of protein
loss. For instance, Prado et al. (22) showed that the percentage
of sarcoplasmic reticulum protein recovered in supernatants in-
creased from approximately 30% at 1 mm Triton X-100 (i.e.
0.06%, w/w) to 80% at 4 mm, while the major part of the ATPase
activity was recovered in the pellets at 1 mm. The 66% protein
loss observed at 0.1% Triton X-100 (Table I) agrees with these
results. However, the remarkable feature is the presence of mem-
brane vesicles in the pellets, demonstrated by ultrastructural studies
on sarcoplasmic reticulum, even when most of protein has been
solubilized after Triton X-100 treatment (22). According to these
authors, these structures may arise from a reassembly of the
solubilized bilayer components.
We have previously hypothesized two mechanisms for explain-

ing the decrease of the Mg-ATPase latency of crude microsomes
after Triton X-100 treatment, namely the inversion of right side
out vesicles or their randomization (13). Present data are in
agreement with the randomization hypothesis. Nevertheless, the
previously reported proportion of freely accessible catalytic sites
of crude microsomes treated with Triton X-100 was significantly
higher (65 + 6%, four experiments) than the theoretical pro-
portion expected from an ideal randomization (50%). We have
repeated these experiments and observed again that Triton X-
100 treatment of crude microsomes leads to a significantly higher
proportion of accessible catalytic sites (61 + 2%, six experi-
ments) than the one observed after treatment of phase partition-
purified membranes (48 + 7%, eight experiments). A high pro-
portion of accessible catalytic sites was also observed after pu-

rification on sucrose gradient. Although the precise origin of this
difference remains unclear, it seems to be related to the method
of purification used. The hypothesis of the membrane protein
randomization still requires further independent evidence.

In conclusion, we have obtained highly purified corn root plasma
membranes after phase partitioning of KI-washed microsomes,
and a three-fold enrichment of the Mg-ATPase. Unfortunately,
the proportion of inside out vesicles decreased three-fold, and
the resulting basal activity of Mg-ATP hydrolysis and electro-
genic H+-transport remain approximately constant in spite of
the enzyme enrichment. Indeed, Mg-ATP had access to only
10% of catalytic sites of purified preparations, and thus H+-
transport studies, which necessitate high amounts of protein, are

severely impeded. Triton X-100 treatment allows a further two-
fold Mg-ATPase enrichment due to non-Mg-ATPase protein loss,
while the totality of the plasmalemma Mg-ATPase is recovered
as sedimentable vesicles. These vesicles are probably random-
ized, with half the catalytic sites freely accessible, and remain
tightly sealed. The electrogenic H+ pumping expressed per mg
membrane protein strongly increases after Triton X-100 treat-
ment. Nevertheless, its value is not significantly modified when
expressed per unit ATPase activity, as has been previously shown
for crude plasmalemma fraction (13). Thus, this Triton X-100
treatment seems useful for the studies of plasmalemma transport
with highly purified preparations.
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