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The binding of concanavalin A and of fluorescein 5'-isothiocyanate indicate similar amount of fight-side-out and 
inside-out vesicles in plasma membrane vesicles from either glucose-starved or glucose-fermenting yeast cells. These 
vesicles contain low-activity and high-activity states of the ATPase, respectively. Unmasking of latent active sites can 
explain the limited ATPase activation (about 2-fold) woduced by several detergents on both kinds of vesicles. On the 
other hand, lysoldmSldmthli¢ acid (oleoyl) produces a 7-fold activation of the ATPase in vesicles from glucese-starved 
cells. This effect is ~__s~fc,jmpaaied by a change in K ,  of the enzyme and probably reflects a direct action of the detergent 
on the ATPase. A similar activation and K m change call be obtained by sonication of the vesicles, although in this case 
soybean plmspholipids are required for maximal activity. Apparently the low-activity state of the yeast plasma 
membrane ATPase can be activated not only by. glucose metalmlism 'in vivo" (mechanism unknown) but also by some 
detergents and physical treatments 'in vitro'. Experiments with purified ATPase from glucose-starved cells also indicate 
that lysopimeqdmtidk acid (oleoyl) speciflcaBy activates the enzyme. These results suggest a note of caution on 
eonsidering rite usual intefpretatioa of the effects of detergents on membrane enzymes, which only take into account the 
unmaski_ng of latent active sites. 

lnCeduetion 

The activation of membrane enzymes by detergents 
has usually been inteipreted in the light of the classical 
work of De Duve on the structure-linked latency of 
lysosomal enzymes [1]. Unmasking of latent active sites 
in sealed right-side-out plasma membrane vesicles, by 
disruption of the permeability barrier to substrate, seems 
to explain the activation of the animal Na +/K+-ATPase 
[2] and plant H+-ATPase I3] by some detergents. The 
yeast H+-ATPase is also activated by detergents [4] but 
the mechanism is unknown. Although unmasking of 
latent actiCe sites may also be operative, it is important 
to examine whether other mechanisms are at work. 

Abbreviations: LPAoi, L-a-lysophosphatidic acid (3,-oleoyl); LPA, 
eL-a4ysophosphatidic acid (,t-myristoyl); LPC~I, L - a - l y ~ t i -  
dylglycerol (¥-oleoyl); LPG, t.-a-lysophosphatidylglycerol (7- 
palmitoyl and stearoyi); LPCol, L-a-lys0phosphatidylcholine (¥- 
oleoyl); LPC, L-.a-lysophosphatidykholine (y-palmitoy| and stearoyl); 
SDS, sodium dodecylmlfate; FITC, nuorescein 5'-isothiocyanate; Con 
A, concanavalin A; DOC~ deoxycholic mid. 

~ :  R. Serrano. European Molecular Biology Labora- 
tory. Meyerhofstrasse 1, Postfach 10 22 09, 6900 Heiddberg, F.R.G. 

Detergents could remove inhibitory molecules or di- 
rectly act on membrane enzymes altering their aggrega- 
tion state, conformation or lipid environment [5]. These 
alternative mechanisms are particularly attractive in the 
case of membrane enzymes which, like the yeast plasma 
membrane ATPase [6], may exist in different regulatory 
states. The enzyme from glucose-fermenting cells exists 
in a high-activity state while in glucose-starved cells a 
low-activity state is observed. The mechanism of inter- 
conversion is unknown [6]. As demonstrated for another 
regulated enzyme, the Ca2+-ATPase of animal plasma 
membranes [7], the addition of some lipids and deter- 
gents may mimic the effects of physiological regulatory 
mechanisms such as calmodulin binding or protein 
kinase phosphorylation. Apparently, the constraints on 
the enzyme activity inherent to regulated membrane 
enzymes can be released by interaction with particular 
lipids. Additional compfications in the ease of the yeast 
ATPase are its requirement for acidic phosphofipids [8] 
and the reluctance of yeast plasma membranes to be 
disrupted by detersents [4]. 

We have investigated the mechanism of detergent 
activation of the yeast plasma membrane ATPase by 
testing the effects of different detergents and by corre- 
lating ATPase activation with the sidedness of plasma 
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membrane vesicles. Our results indicate that unmasking 
can only explain part of the detergents effects and that 
some detergents and physical treatments (sonication) 
may directly activate the ATPase. 

Materials and Methods 

Chemicals. Con A, horseradish peroxidase, ovalbu- 
rain, FITC, LPAol, LPG, LPC, LPCol, lauric acid, 
deoxycholic acid, sodium octylsulfate, oleic acid, 
alamethicin, amphotericin B and gramicidin D were 
obtained from Sign& Crude soybean phospholipids 
were obtained as phosphatidylcholine type II-S (Sigma) 
and purified as described [9]. Ovalbumin, LPA and SDS 
were from Serva and Triton X-100 from Merck. LPGol 
was synthesized by Lipid Products (U.K.). All lipid 
solutions were prepared in 10 mM "Iris and 1 mM 
EDTA (pH 8.0 with HCI). Soybean phospholipids were 
sonicated to clarity under nitrogen in a bath Sonifier 
(Laboratories Supplies Co., New York). 

Membranes. Yeast plasma membranes were purified 
from strain BWG1-7A [10] grown in YPD medium to 
late exponential phase (absorbance at 660 tun about 2). 
The cells were harvested and washed with water, Plasma 
membranes from non-fermenting cells were prepared by 
differential and sucrose gradient centrifugation as de- 
scribed [11]. Plasma membranes from glucose-ferment- 
ing cells were prepared by the same procedure but the 
cells were incubated for 10 rain at room temperature 
with 2~ glucose before homogenization [6]. Vesicle pre- 
parations were stored at - 7 0 ° C  in buffer I (GTED 
buffer: 20~ glycerol, 1 mM EDTA, 1 mM di- 
thioerythritol and 10 mM Tris adjusted to pH 7.5 with 
HCI). 

Assay of A TPase activity. The final assay volume of 1 
ml contained 30 lag plasma membrane protein and the 
indicated amounts of detergents or phospholipids. Buffer 
composition was: 5 mM MgSO4, 50 mM KNO3, 5 mM 
sodium azide, 0.2 mM ammonium molybdate and 50 
mM 4-morpholineethanesulfonic acid (pH 5.7 with Tris). 
Unless otherwise indicated, the ATP concentration was 
2 raM. Incubations were carried out at 30 °C for 10 rain 
and Pi production was determined as described [12]. 

Sonication of plasma membrane vesicles. Plasma mem- 
branes were diluted to 0.2-2 mg/ml in buffer I. Aliquots 
of 200-300/~! were sonicated in 1.5 ml Eppendorf tubes 
immersed in ice. A B-12 Branson Sonifier with microtip 
was employed at setting 5 (60 watts). Pulses of t 5 s were 
followed by 1 rain cooling periods. 

Protein determination. The method of Bradford [13] 
was used, with the Bio-Rad Protein Assay Reagent and 
bovine T-globulin as standard. 

FITC binding. Aliquots of 6.25 #g plasma mem- 
branes in 12.5 lal sodium borate buffer (50 mM, pH 
8.65) were preincubated for 5 min at room temperature 
in the absence (intact vesicles) or presence (opened 

vesicles) of 0.25 mg/ml LPC. Then 12.5/.tl of 80 #M 
FITC in the same buffer was added and the samples 
further incubated for 2 h at room temperature in the 
dark, The labelled samples were solubilized for 10 min 
at room temperature with 25 #l SDS-sample buffer [14] 
containing 40 mM dithiothreitol, 0,5 mM phenylmethyl- 
sulfonyl fluoride and 10 mM EDTA. Aliquots of 12 #l 
were separated by SDS electrophoresis [14] in the dark 
on 8~ polyacrylamide gels. The transilluminated fluo- 
rescent bands were photographed using a Polaroid 
camera fitted with a Wratten No. 12 filter. The gel was 
then stained with Coomassie blue R-250. 

Con A binding. Aliquots of 2 lag plasma membrane in 
10 lal buffer I were incubated for 5 rain at room 
temperature in the absence (intact vesicles) or presence 
(opened vesicles) of 1 mg/ml SDS. After dilution with 
50 mM sodium bicarbonate, triplicate aliquots of 100/~1 
containing up to 0.2 ~g plasma membrane protein were 
incubated for 1.5 h at room temperature in the wells of 
a Nunc microtitre plate. Non-bound material was dis- 
carded and the wells washed twice with blocking buffer 
(1.2~ polyvinyipyrrofidone and 0.1~ gelatin in phos- 
phate-buffered saline) and incubated for 1.5 h with 250 
#! of this buffer. The wells were washed twice with 
binding buffer (0.1 mM CaCI2, 0.1 mM MnCI2 and 20 
mM sodium phosphate, pH 6.8) and incubated for 1 h 
with 100 ~,1 of this buffer containing 6.25 #g/ml  Con A. 
After washing three times with binding buffer, three 
times with blocking buffer and three more times with 
binding buffer, each well was incubated for I h with 100 
/~! of 6.6 #g /ml  horseradish peroxidase in binding 
buffer and extensively washed as after the binding of 
Con A. Bound peroxidase was assayed with 200 ~1 of 
0.5 mg/ml O-phenylenediamine and 0.01~ H20: in 20 
mM sodium phosphate (pH 6.5J. After 5-10 rain the 
peroxidase reaction was stopped with 50 ~i 2 M H2SO4 
and the absorbance of each well determined at 490 nm 
using a Cambridge Technology microtitre plate reader. 

Electron microscopy. Specimens were prepared for 
electron microscopy after diluting the glycerol buffer 
more than 10-fold. Negative staining was performed for 
30 s with 1% uranyl acetate pH 5.5 on glow-discharged 
carbon-collodion grids. Micrographs were taken in a 
Philips EM 301 electron microscope operating at 80 kV 
with a magnification of 25 000 x .  

Purt]wation and delipidation of A TPase. The ATPase 
was purified [111 from either glucose-starved or 
glucose-fermenting cells and delipidated 18] as de- 
scribed. 

Results 

Sidedr,'ss o/yeast plasma membrane vesicles 
Plasma membrane vesicles from glucose-fermenting 

or glucose-starved cells were assayed for their sidedness 
by two methods which gave comparable results for both 
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membrane types. The first method utilizes the binding 
of FITC to the cytoplasmically oriented active site of 
the ATPase. Site-directed mutagenesis has demon- 
strated that Lys-474 in the active site of the ATPase [15] 
is the only target for FITC in yeast plasma membrane 
vesicles under the experimental conditions described in 
Methods (Portillo, F. and Serrano, R., unpublished 
data). Above pH 8 FITC has two negative charges and 
is unlikely to cross the permeability barrier of the yeast 
plasma membrane. As indicated in Fig. 1, the dominant 
polypeptide labelled under our experimental conditions 
was the 100 kDa ATPase band [15]. In addition, with 
both vesicle preparations the fluorescence of this band 
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Fig. 1. Determination of the sidedmmis of yeast plasma membrane 
vesicles by the ___m.:.>~_ _~bility of F1TC binding sites, Vesicles from eillter 
&luco~fermcnting (lanes 1 and 2) or glucose-strayed (lanes 3 and 4) 
cells were labelled with FITC after preincubation in the absence 
(lanes 1 and 3) or presence (lanes 2 and 4) of the detergent LPC. 
Arrows at the rislst side indicate the position of the 100 kDa ATPase 
band. Arrows at the left side indicate the positions of origin, front and 
nmlecular size standards 0tDa indicated). (A) Transilluminated fluo- 
regent bands. Front contains free FITC. (B) Coomassie blue R-250 
stained gel to show similar loading of the lan.'s. "[he A'l'Pase is the 

major protein in the preparation. 
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Fig. 2. Determination of sidedness of yeast plasma membrane vesicles 
by the accessibility of Con A binding sites. (A) eesides from glucose- 
fermenting cells. (B) Vesicles from glucose-starved cells. Circles, no 

SDS treatment. Triangles, vesicles treated with SDS. 

was about doubled by treatment with LPC, indicating 
that the detergent exposed latent sites in the ATPase. 
These results suggest similar proportions of closed in- 
side-out plus broken vesicles (directly accessible to FITC 
without detergent) and closed fight-side-out vesicles 
(only labelled after opening with detergen0. Similar 
results were obtained with LPC concentration from 0.25 
to 1 mg/ml, suggesting that maximum accesibility was 
obtained. Lower LPC concentrations were less effective. 

The other method for sidedness assessment is more 
quantitative and relies on the ability of Con A to bind 
to exposed mannose residues on the external face of the 
plasma membrane. The assay detects accessible man- 
nose residues associated with plasma membrane vesicles 
bound directly to the wells of microtitre plates. As 
shown in Figs. 2A and B, there is reasonably linear 
binding of Con A up to about 80 ng of plasma mem- 
brane protein. Higher amounts of vesicles led to de- 
creased Con A binding. This probably reflects weak 
binding of some vesicles when the microtitre plate is 
saturated. When the vesicles were pretreated with SDS 
they exhibited higher binding of Con A, suggesting that 
the detergent has exposed latent Con A binding sites. 
The relative binding of Con A to intact and SDS-opened 
vesicles suggest that the proportion of right-side out 
plus broken vesicles (directly accessible to Con A 
without detergent) is about 60% and 50% for the plasma 
membranes from glucose-fermenting and glucose- 
starved ceils, respectively. Similar results were obtained 
with SDS concentrations from I to 4 mg/nd,  suggesting 
that maximal accessibility was obtained. Lower SDS 
concentrations were much less effective. The identity of 
the shape of the Con A-binding profdes (including the 
point of saturation at 80 ng protein) of intact and 
S D ~ e d  vesicles indicates that, after dilution, the 
SDS bad little effect on either the binding of lysed 
plasma membrane vesicles to the microtitre plates ~r on 



the binding of Con A to the exposed carbohydrate. 
Control experiments indicated that the measured Con A 
binding, both in intact and SDS-opened vesicles, is 
completely inhibited by 25 mM methyl a-mannoside, 
suggesting that it is specific for membrane carbohydrate. 

Activation of plasma membrane A TPa by detergents 
The results of sidedness determi,:ttions suggested 

that about half of the ATPase active sites may be latent 
and therefore that detergents, by disrupting the permea- 
bility barrier to ATP, could activate the enzyme by a 
factor of about 2. In a previous investigation [4] the 
ATPase activity of detergent-treated vesicles was as- 
sayed in the presence of an excess of soybean phos- 
pholipids. This was required to counteract the removal 
of essential acidic phospholipids [8] by the high 
concentrations of detergent employed. Under these 
conditions different detergents such as Triton X-100, 
octyl glUcooide, Zwittergent-14, LPC and DOC produced 
a 3-4-fold activation of the ATPase [4]. However, the 
interpretation of these detergent effects is complicated 
by the fact that, in addition to the permeabilization of 
the vesicles, endogenous phospholipids are exchanged 
with the soybean phosphofipids added in the assay, it 
has been shown that soybean phospholipids are better 
activators of delipidated ATPase than yeast plasma 
membrane phospholipids [8]. 

We have tested the effect of low concentrations of 
detergents which could increase the permeability of the 
vesicles to ATP without delipidating the ATPase [16]. 
These experiments were performed with plas~ em- 
brane vesicles from both glucose-fermenting mi,. glu- 
cose-starved cells, which exhibit high- and low-activity 
states of the ATPase, respectively [6]. As indicated in 
Fig. 3, mild detergents such as Triton X-100, sodium 
octylsulfate, lauric acid and EK)C in concentrations up 
to 20/~g/ml had no effect on ATPase activity. On the 
other hand the strong anionic detergent LPAol produced 
maximal activation, 2-fold in the vesicles from glucose- 
fermenting cells and 7-fold in the vesicles from glucose- 
starved cells. In the fh-st case the saturated homolog 
LPA was equally effective while in the second case LPA 
was much less effective than LPAol (3-fold versus 7-fold 
activation). The two regulatory states of the ATPase 
also differed in their response to other detergents. LPC 
was inactive with the low-activity state but increased the 
ATPase of the high-activity state 1.6-fold. On the other 
hand, LPG and LPCol produced similar activation with 
both membrane preparations (about 1.6-fold). SDS and 
LPGol activated 1.6-fold m vesicles from glucose-fer- 
menting cells and 3-fold in vesicles from glucose-starved 
cells. 

It seems that in vesicl~ from glucose-fermenting 
cells detergent activation of the ATPase (l.6-2-fold) 
can be explained by opening of right-side-out vesicle, 
with LPA and LPAol being the most effective, on  the 
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Fig. 3. Activation of the yeast pla_~ma membrane kTPase by deter- 
gents in vesicles from glucose-fermenting (A) or glucose-starved (B) 
cells. Assays included 30 pg plasma membrane protein and the 
indicated amounts of detergents, o .  LPA: O. LPAol; /,, LPG; a. 
LPGol; n LPC; I LPCol; O, s~xtium dodecylsulfat¢; v, lauric acid; 

v, deoxycholic acid: x, Tnton X-IO0 or sodium octylsulfat¢. 

other hand, a direct activation of the ATPase by LPAol 
has to be invoked to explain the large activation (7-fold) 
produced by this detergent in vesicles from glucose- 
starved cells. Other detergents such as LPA, SDS and 
LPGol also activate the low activity state of the ATPase 
slightly more (3-fold) than expected from the sidedness 
(2-fold) and therefore they could also directly activate 
the enzyme, although to lower extent than LPAol. Con- 
sistent with the notion of vesicle opening followed by 
direct activation of the ATPase at higher LPAol 
concentrations is the observation that 6-8 #g of this 
detergent activate about 2-fold regardless of the physio- 
logical state. Further activation by higher amounts of 
this detergent (up to 15-20 /~g) is only observed in 
vesicles from g l ~ s t a r v e d  cells. 

This interpretation was supported by the kinetic 
properties of the detergent-activated enzyme. Detailed 
kinetic studies utilizing ATP concentrations from 0.I to 
10 mM have indicated that the yeast plasma membrane 
ATPase exhibits slightly sigmoidal kinetics [17]. 
However, as indicated in Fig. 4, in the range from 0.5 to 
3 mM ATP the double-reciprocal plots are approxi- 
mately linear and Vma ~ and apparent K= values can be 
extrapolated. Although these K,~ values lack theoretical 



230 

06/  f // 
0A ~ 6 

K,-  0,Stun K~= 3mM 

2.0 1.5 1.0 0.5 0 0.5 1.0 1.5 2.0 
1 

[ATP] (mH -1} 

Fig. 4. Double-reciprocal plots of the effect of ATP concentration on plasma membrane ATPase activity. Open symbols, vesicles from 
glucose-fermenting cells. Closed symbols, vesicles from glucose-starved cells. Circles, no additions or treatments. Squares, vesicles sonicated for 45 s 
and assayed with 200 pg sonicated soybean phospholipids. Triangles, assay included 20 /tg LPAol. The inset shows the kinetics of the 
glucose-activated enzyme in a different scale. The upper line of the insert corresponds to the lower one of the main graph, where it is repeated to 
show the kinetic differences between the activation of the ATPase by either glucose 'in vivo' or LPAol and sonication 'in vitro'. Each point 
represents the average of two determinations differing in less than 10~. The straight fines were fitted by the least-squares method (finear regression 
coefficients, r = 0.993-0.997). In the case of closed squares and triangles no evidence for saturation was obtained in the concentration range 
explored (0.5-3 mM) and therefore the K m must be greater than l0 mM. Similar values (within 10~) for the K m were obtained with three diffe/e~t 

membrane preparation of glucose-starved and glucose-fermenting cells. 

value [17], they provide estimates of the affinity of the 
enzyme for ATP. As indicated in Fig. 4, LPAol not  only 
increases Vm~ but also the apparent  K m of the ATPase  
in the low-activity state (from 3 m M  to more than 10 
raM; an accurate estimate could not be obtained for the 
later). This supports a direct hateraction of the detergent 
with the enzyme which alters its kinetic properties. In 
the case of the high-activity state LPAol does not mod- 
ify the K m of the ATPase  (see insert of Fig. 4) and 
therefore the increase in Vma,~ can reasonably be attri- 
buled to permeabilization of the vesicles. As is apparent  
from Fig. 4, the physiological activation of the ATPase 
by glucose results in both a decrease of the apparent  
K m (from 3 to 0.5 raM) and an increase of  V,,~. 
Clearly, the mechanism of activation of LPA,~! ' in  vitro' 
is different from that of  glucose ' in  vivo'. 

A greater susceptibility to delipidation of the low-ac- 
tivity state of  the ATPase  may  explain the differential 
response of  the two states of  the enzyme to detergents. 
We have observed that t reatment  of  the vesicles with 
high concentrations of  bile salts inactivates the low-ac- 
tivity state much more than the high-activity state, the 
effect being reversed by addition of soybean phos- 
pholiplds (see Table I), Therefore, LPC and LPCol 
activate the high-activity state by unmasking latent 
ATPase but fail to do the same with the low-activity 

state probably  because in addit ion of  unmasking they 
removed essential lipids from the enzyme. 

Other  compounds  tested as activators of the yeast 
p lasma  m e m b r a n e s  A T P a s e  included oleic acid, 
amphoter ic in  B, alamethicin and gramicidin D. All of 
them were without effect at low concentrat ions (up to 
10 / t g / m l )  and inhibited the enzyme at higher con- 
centrations.  

TABLE I 

Reactivation of purified and delipidated A TPase by lysophusphol~pids 

ATPase was purified from either glucose-starved or glucose ferment- 
ing cells and delipidatex by cho|ate treatment 18]. 10 pg enzyme were 
incubated with either soybean phospholipids (100 pg) or the indicated 
lysophospholipids (10 pg) and ATPasc acti~-h~ determined as indi- 
cated in Methods. Re~lt., zac the average of two determinations 
differing in less than 1(~. n.d., not determined. 

Lipid addition ATP~se activity 
i P tool- ram- l mg protein - 1 ) 

enzyme from enzyme fro~ 
glucose.starved glucose-fermenting 
ceBs cells 

None 0,06 0.6 
Soybean phospholipids 2.0 3.4 
LPAol 1.0 1.7 
LIN3ol 0.25 n.d. 
LPG 0,20 1.8 



Activation of plasma membrane A TPase by sonication 
A fortuitous observation unravelled aaother mecha- 

nism for activation of the low-activity state of the 
ATPase: :,onication of the vesicles. As indicated in Fig. 
5 (circles), sonication results in about 2-fold activation 
and the addition of soybean phospholipids in the assay 
of the sonicated vesicles results in 4-fold activation. In 
the case of the high-activity state (Fig. 5, triangles) 
sonication did not affect the activity and if soybean 
phospholipids were included in the assay of the soni- 
cared vesicles only a 1.6-fold activation was observed. 

As the exogenous phospbolipids had no significant 
effect on unsonicated vesicles, these results suggest that 
sonication somehow facilitates the subsequent interac- 
tion of the ATPase with the exogenous phospholipids. 
Replacement of the endogenous phospho3pids by 
soybean phospholipids could explain the small activa- 
tion observed with vesicles from glucose-fermenting cells 
because the latter lipids satisfy slightly better the 
requirements of the yeast ATPase [8]. As depicted in 
Fig. 6 sonication not only reduces the size of membrane 
vesicles but also generates particulate structures too 
small to be vesicles. These structures could contain 
delipidated ATPase susceptible to activation by exoge- 
nous soybean phospholipids. The large activation (4- 
fold) observed in the case of vesicles from glucose- 
starved ceils requires a different explanation because 
replacement of endogenous phospholipids by soybean 
phospholipids can only activate 1.4-2-fold [8]. As indi- 
cated in Fig. 4, sonication induces the same change in 
apparent K m as LPAol. Therefore sonication seems also 
to directly modify the ATPase. 

Activation of delipidated A TPase 
We previously reported [8] that LPAol is a better 
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activator of purified and detipidated ATPase than LPG. 
We interpreted this observation as evidence of a 
requirement for unsaturated fatty acyl chains in the 
acidic lysophospholipids. The results of the present 
work, suggesting that LPAol directly modifies the 
ATPase, and the availability of LPGol prompted a 
reinvestigation of the effect of lysophospholipids in 
purified and delipidated enzyme from either glucose- 
starved or glucose-starved or glucose-fermenting cells 
(Table I). Although delipidation was less effective in the 
case of enzyme from glucose-fermenting cells (see 
above), some general conclusions can be made. It is 
clear that lysophospholipids are less effective than phos- 
pholipids in terms of reactivating the delipidated en- 
zyme. This may be related to their character of strong 
detergents. On the other hand, it seems that the super- 
iority of LPAol over LPG as an activator is only 
observed with enzyme from glucose-starved cells and in 
this case LPAol is still much better than LPGol. There- 
fore the lack of unsaturated fatty acyl chain does not 
explain the difference between LPG and LPAol previ- 
ously reported [8]. LPAol seems to specifically activate 
the purified ATPase from glucose-starved cells by a 
mechanism wl~ich is independent of the phospholipid 
requirements of the enzyme. 

Discussion 

The ability of Con A to bind to the carbohydrate 
present in the external face of eukaryotic plasma mem- 
branes provides a convenient method to ascertain the 
sidedness of vesicles. In the past either the binding of 
[34C]Con A to vesicles [18], the effect of Con A binding 
on the microelectrophoretic mobility of vesicles [19] or 
the binding of vesicles to immobilized Con A [19] have 
been utilized. We have developed a simple ELISA-like 
method based on the binding of Con A to vesicles 
bound to the wells of microtitre plates. Multivalent, 
bound Con A is then detected by interaction with the 
glycoprotein horseradish peroxidase. Sidedness c~ - 
termination by this simple, non-radioactive method has 
been validated by comparison with FITC binding to the 
active site of the ATPase fac:,ag the cytoplasmic side of 
the membrane. Sidedness of plant [19] and animal [20] 
plasma membrane vesicles has also been estimated from 
the effect of trypsin on ATPase activity, with the pro- 
teinase causing inactivation of the enzyme only in in- 
side-out vesicles. However, in the case of the yeast 
ATPase limited trypsin digestion may actually activate 
the enzyme [21] and there are concerns about trypsin 
permeabili~ng the vesicles to ATP [19,20]. Therefore 
assays based on Con A binding seem to most reliable 
for sidedness determLr~ticm and the p r ~ u r e  devd- 
oped in the present work, with vesicles bound to micro- 
titre plates, may provide a simpler alternative to prod- 
ous methods. 
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Fi& 6. Electron mi~ographs of plasma membrane vesicles Irom gJuc~se-fermentm8 cells (A and C) and glucose-starved cells (B and D) without 
somcation (A and B) or after 45 s sonica(ion (C and D). Ear indicates 1 pm. 



Once vesicle sidedness has been reliably estimated, it 
is possible to determine if the activation of the yeast 
plasma membrane ATPase by detergents can be explain 
by unmasking of latent active sites in right-side-out 
vesicles. The first point to discuss is the specificity of 
the detergent effect on vesicles from either glucose-fer- 
menting or glucose-starved cells, containing high- and 
low-activity states of the ATPase, respectively [6]. In the 
former case the maximum activation observed (about 
2-fold) is compatible with unmasking because there 
seems to be similar proportions of inside-out and right- 
side-out vesicles in plasma membrane preparations. 
However, under the conditions of low detergent con- 
centration in the present experiments this degree of 
activatiop is only observed with strong detergents such 
as SDS and lysophospholipids and their maximal effect 
is ac, hieved by 6 - 8 / t g  detergent per 30 #g of plasma 
membrane protein. Triton X-100 and DOC are ineffec- 
tive, in accordance with the reluctance of yeast plasma 
membranes to be solubilized by these detergents [4]. 
Higher concentrations of t l - ~  detergents do lyse plasma 
membrane vesicles but then the ATPase becomes de- 
lipidated and inactivated [4]. The slightly higher ef- 
ficiency of LPA and LPAol over all the other detergents 
may suggest a better disruption of the permeability 
barrier to ATE LPAol does not modify the Km of the 
ATPase for ATP and therefore it does not see'n to 
directly modify the active site of the enzyme. Activation 
by sonication and soybean phospholipids is smal! and 
can be explained by exchange of endogenous phos- 
pholipids by soybean phospholipids, which are slightly 
better activators of the ATPase [8]. 

A different situation is found with vesicles exhibiting 
the low-activity state of the ATPase (from glucose-starv- 
ed cells). Both sonication and high amounts of LPAol 
(15-20 ~tg per 30/ tg protein) produced a considerable 
(4-7-fold) activation of the ATPase and a concomitant 
change in K m (from 3 mM to more than 10 raM). 
Therefore, in addition of unmasking (which als:~ ap- 
pears to be achieved by 6-8 ~g LPAol per 30 /~g 
protein) or lipid exchange as described above, these 
treatments seem to directly modify the low-activity state 
of the ATPase. Other detergents such as LPA. LPGol 
and SDS are less effective (3-fold activation) but also 
seem to directly activate the ATPase to a limited extent. 
A similar conclusion was reached by studying the 
activation of purified and delipidated ATPase b~, differ- 
ent lipids. LPAol is a much better activator than LPGol 
or LPG, despite the fact that phosphatidylglycerol is a 
better activator than phosphatidic acid [8]. Apparently 
LPAol activates the purified ATPase by a different 
mechanism than other related lysophospholipids, sug- 
gesting that it is an specific modulator of the enzyme. 

It is tempting to speculate that the low-activity state 
of the ATPase contains structural constraints which 
inhibit its activity and which can be released by some 
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anionic detergents or sonication. The physiological 
activation of the enzyme by glucose may release these 
constraints by a different mechanism, such as protein 
kinase phosphorylation [22,23]. An important difference 
between the "in vitro' activation described here and the 
effect of glucose is that glucose fermentation 'in vivo' 
increases the Vmu and reduces the Km of the ATPase 
[6] while LPAol and sonication increase Vm~ without 
improving the affinity (actually. the Km is increased). 
Some additional factors may be missing in the 'in vitro' 
system. The effect of LPAoi may be related to that part 
of the glucose-activating mechanism which affects the 
Vm~ of the ATPase, the K,, change being caused by a 
different part of the mechanism. In this respect, it is 
interesting that both i~horbol esters [22] and acidifica- 
tion [24] modify the K,, of the ATPase without affect- 
ing its Vm~. These two factors may only affect the latter 
part of the glucose-activating mechanism. 

Recent experimental results with truncated ATPase 
genes lacking the C-terminal domain of the enzyme 
indicate that this domain is inhibitory in glucose-starved 
cells (Portillo, F., Larrinoa. 1. and Serrano. R.. unpub- 
lished data). Therefore it is possible that the postulated 
constraint which is released by either glucose fermenta- 
tion 'in vivo' or LPAol am: sonication "in vitro' involves 
the interaction of this C-terminal domain with the ac- 
tive site of the ATPase. 

LPC has recently been demonstrated to directly 
activate the plant plasma membrane ATPase under "in 
vitro" conditions [25,26]. Apparently LPC has the same 
effect on the plant ATPase as LPAol on the yeast 
ATPase. The activity of the plant plasma membrane 
ATPase is regulated during physiological responses to 
hormones by an unknown mechanism [15]. The genera- 
tion of either LPC in plants or LPAol in yeast under 
physiological conditions which resLdt in activation of 
the ATPases deserves further investigation~ Although 
some prelirmna~' attempts to demonstrate the par- 
ticipation of lipids in the activation of the yeast ATPa~ 
by glucose have been unsuccessful [8]. this negative 
result may only reflect Jimitations of the lipid prepara- 
tions employed and further work is required to explore 
this possibility. 

Regardless of the possible physiological role of the 
detergent effects seen in this and other studies [25,26], 
these results suggest a note of caution on considering 
the U'.dal interpretation of the effect of detergents un- 
masking latent membrane bound enzymes. Proper as- 
sessment of vesicle sidedness is essential for correct 
interpretation of detergent effects~ 
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