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SUMMARY 

1. Haemoglobin-free erythrocyte ghosts were prepared in 40 imosM bicarbo- 
nate buffer, pH 7.4, containing 1 mM EDTA (40 imosM/1 mM EDTA). The ghost 
preparation was highly permeable on preparation but partially resealed on incubation 
in media containing Ca 2 +. 

2. A partially purified preparation of phospholipase C from Clostridium 
welchii caused an increase in observed Mg 2 +-ATPase activity, reflecting a change 
in the permeability of the ghosts to substrate. The phospholipase did not decrease 
Mg 2 +-ATPase even at the highest levels tested. Mg 2 +-ATPase activity could there- 
fore be used as a permeability indicator in these experiments. 

3. Both (Ca 2 +, Mg 2 +)- and (Na +, K +, Mg 2 +),ATPase activities of the ghosts 
were progressively lost as a result of the phospholipid hydrolysis induced by phospho- 
lipase C. 

4. When a haemolysin in the commercial preparation was destroyed by heat- 
treatment, deactivation of the (Ca 2 +, Mg 2 +)-ATPase and (Na +, K+, Mg 2 +)-ATPases 
were still observed but permeability changes were greatly reduced. 

5. The products of phospholipase action were not inhibitory to the (Ca 2 +, 
Mg 2 + )-ATPase. 

6. Lysolecithin brought: about a reactivation of the (Ca 2+, Mg2+)-ATPase 
which was superimposed upon permeability changes in the preparation. 

7. Reactivation of the (Ca 2+, Mg 2+)-ATPase was brought about by a non- 
lyric, mixed lipid preparation without significant effect upon permeability. 

8. Human erythrocyte tCa 2 + ~  , Mg2+)-ATPase therefore appears to be an 
enzyme which responds to pe~urbation of the lipid environment in the membrane 
and is a "lipid-dependant" enzyme. 

Abbreviation: EGTA, ethyleneglycol-bis(aminoethyl)-tetraacetic acid. 
* Present address: Departmeri~:0f Endocrine Research, Mayo Clinic, Rochester, Minn. 55901, 

U.S.A. 
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INTRODUCTION 

One of the most interesting ways in which the roles of phospholipids in mem- 
brane structure and function have been explored has been the treatment of membranes 
with phospholipases. Modifications induced by such treatments include alterations 
in the activities of certain membrane-bound enzymes. The (Na +, K +, Mg 2 +)-ATPase 
activities of many membrane preparations have been fairly extensively studied in this 
respect but studies of the role of lipids in (Ca 2 +, Mg 2 +)-ATPase activities have been 
restricted almost exclusively to experiments with sarcoplasmic reticulum prepara- 
tions. 

The present work investigates the effects of manipulation of membrane lipids 
upon the (Ca 2+, Mg 2+)-ATPase activity, using two different membrane preparations 
of well-defined properties. Phospholipid hydrolysis was accompanied by a decrease 
in (Ca 2 +, Mg 2+)-ATPase activity; reactivation could be achieved by the addition of 
lipids. 

ATPases can show latency, depending upon the permeability of the ghost 
preparation. By the use of ghost preparations of known permeability, by the use of 
haemolytic and haemolysin-inactivated phospholipase preparations and by the use 
of lytic and non-lytic phospholipids, permeability effects were distinguished from 
true deactivation-reactivation phenomena. 

MATERIALS AND METHODS 

Chemicals 
Phospholipase C (Clostridium welchii, type I) and other fine chemicals were 

obtained from Sigma Chemical Co., London. Phosphorylcholine was obtained as a 
Cd 2 + salt and converted to the free acid with Dowex 50W-XS. This was immediately 
neutralized with NaHCO3 to pH 7.4 and stored at --20 °C until required. 

/:~/ds 
Phosphatidylcholine was prepared from egg yolks by chromatography on 

alumina [I]. The material gave a single spot on thin-layer chromatography in the 
same position as authentic phosphatidylcholine. 

Lysolecithin (l-acyl-sn-3-glycerylphosphorylcholine) was prepared from the 
phosphatidylcholine by a method essentially that of Kates [2] using Crotalus ada- 
manteus venom. The material gave a single spot on thin-layer chromatography in the 
same position as authentic lysolecithin. The lipid was dissolved in chloroform and 
stored at --20 °C under N 2. 

A fraction of lipids (designated as mixed lipid fraction) derived from ox liver 
was kindly donated by Dr R. H. Michell. This fraction represents material remaining 
in solution when 5 vol. ethanol are added'to I vol. of a chloroform solution of total 
liver lipids of ox [3] and contains those phospholipids (approx. 75 ~o phosphatidyl- 
choline, approx. 20 ~o phosphatidylethanolamine and approx. 5 ~o sphingomyelin) 
which are principally the ones hydrolysed by phospholipasc C [4], together with 
neutral lipids (cholesterol, glycerides). This lipid preparation was stored at --20 °C 
under N2. 
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Suspension of lipids for reactivation purposes 
Several methods were used for the suspension of the mixed lipid fraction in 

0.01 M Tris buffer (pH 7.4): viz. evaporation of an ether solution from above the 
buffer, dialysis of a deoxycholate-solubilized suspension, and sonication of the dried 
material into the buffer. Sonication yielded the most effective suspension and a soni- 
cation time of 5 min was adequate (the mixture was cooled to 0 °C after each 0.5 min 
of the sonication). The sonicated lipid suspension was kept at 0 °C and adjusted to a 
concentration of 5 pmol phospholipid per ml. There was no apparent change in the 
composition of the mixture due to the sonication. 

The chloroform solution of lysolecithin was evaporated and the dried material 
dispersed with brief sonieation in 0.01 M Tris buffer, pH 7.4, to a final concentration 
of 2 pmol phospholipid per ml, and stored at 0 °C. 

Preparation of erythrocyte ohosts 
These were prepared from 0 + human blood by haemolysis and washing in 

40 imosM bicarbonate buffer, pH 7.4, containing 1 mM EDTA, as described previ- 
ously [5]. The final pellet was washedtwice with 10 vol. of 40 imosM bicarbonate 
buffer, pH 7.4, to essentially remove EDTA. The ghost concentration was adjusted to 
2 #mol phospholipid per ml and the ghosts were then stored in sealed containers at 
0 °C. Ghosts were also prepared and stored at 80 imosM in bicarbonate buffer [ 6]. 

Treatment of ghosts with phospholipase C 
Phospholipase C was dissolved in 40 or 80 imosM bicarbonate buffer con- 

taining 11 mM CaC1 z. 0.4 ml phospholipase solution of the appropriate concentra- 
tion was added to 4 ml of ghost suspension (2/~mol phosphofipid per ml). Control 
incubations contained all components except the phospholipase. The mixtures were 
incubated at 30 °C for 30 min. Phospholipase action was stopped, except where indi- 
cated, by the addition of a slight excess (1.2 mM) ethyleneglycol-bis(aminoethyl)- 
tetraacetic acid (EGTA). This chelates the Ca 2 + necessary for the action of the phos- 
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pholipase. Ghosts were sedimented at 15 000×# for 10 min, and washed twice in 
bicarbonate buffer (pH 7.4) of the appropriate osmolarity which contained no Ca 2 + 
or EGTA. The extent of phospholipid hydrolysis could be varied from 0 to 70 ~o 
by varying the concentration of phospholipase C (Fig. 1). 

Heat treatment of phospholipase C 
The phospholipase was dissolved at a level of 1 mg/ml in 40 imosM/11 mM 

Ca 2+ buffer (or 80imosM/11 mM Ca 2 ÷ buffer as appropriate). The solution was 
heated at 56 °C for 20 min and then cooled to 0 °C. This treatment inactivates a hae- 
molysin often found in commercial C. welchii phospholipase C preparations [7]. 
In our hands, heat treatment also greatly reduced a non-specific phosphatase activity 
which is sometimes present. The heat-treated material was then diluted with 40 imosM/ 
11 mM Ca 2 ÷ buffer to yield an appropriate concentration of phospholipase C and 
0.1 vol. was added to 1 vol. of ghost suspension. 

Basic form of deactivation - reactivation experiments 
4 ml of ghost suspension in 40 imosM buffer was added to 0.4 ml of 40 imosM 

bicarbonate buffer, pH 7.4; 11 mM Ca 2+, containing appropriate amounts of phos- 
pholipase C. The mixture was incubated at 30 °C for 30 min and then chilled on ice. 

For reactivation 2 ml of appropriate lipid in 0.01 M Tris/HC1 buffer, pH 7.4, 
was added and the mixture kept at 0 °C for 30 min. Aliquots of the mixture were 
then taken for enzyme and lipid determinations. 

Lipid extraction, phospholipid and cholesterol determinations 
These have been described previously [6]. The extent of phospholipid hydro- 

lysis was calculated relative to a constant feature of membrane composition, in this 
case cholesterol content. Under the conditions employed for phospholipid hydrolysis 
and subsequent isolation of the treated ghosts, all the cholesterol of the membranes 
was sedimented at 15 000×g for 10 min. Cholesterol content has also been used as a 
reference for other parameters in many of the present experiments, prior to calcula- 
tion of percentage changes. This corrects for any losses of membrane material. 

ATPase activities 
Aliquots were removed and treated for ATPase activity in one of the following 

assays. In early deactivation experiments: Mg2+-ATPase: 100 mM NaC1, 30mM 
Tris/HCl, pH 7.4 0.1 mM ouabain, 1 mM EDTA; (Na +, K +, MgZ+)-ATPase: 
100 mM NaC1, 30 mM Tris/HCl, pH 7.4, 30 mM KC1, 1 mM EDTA; (Ca 2÷, Mg 2 +)- 
ATPase: 100 mM Tris/HCl, pH 7.4, 1 mM C a  2 +. In deactivation -reactivation experi- 
ments: Mg2+-ATPase: 100 mM Tris/HCl, pH 7.4, 1 mM EGTA. All incubations 
contained 3 mM ATP plus 4 mM Mg 2 + and were carried out in a final volume of 
2 ml. Incubation was normally for 2 h at 30 °C and reaction was then halted with 
2 ml of cold 15 ~ trichloroacetic acid. After centrifugation 2 ml of the supernatant 
was used for determination of inorganic phosphate [8]. 

(Ca 2+, Mg2+) - and (Na +, K +, Mg2÷)-ATPase activities were obtained by 
subtracting the basal Mg 2 +-ATPase level from the levels obtained in the presence of 
the appropriate ions. Appropriate controls were carried out lacking enzyme or 
substrate. 
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On preparation, 40 imosM: 1 mM EDTA ghosts had Mg2+-ATPase, (Na +, 
K+)-ATPase, and (Ca 2+, MgZ+)-ATPase levels of approximately 300, 300 and 700 
nmol/h per/~mol membrane phospholipid respectively. 80-imosM ghosts had levels 
for all three ATPase activities of approximately 30-50 nmol/h per/~mol membrane 
phospholipid. These ATPase activities are consistent with values reported previously 
[5, 6]. ATPase activities are reported in the text as percentage of the activity of con- 
trol ghosts which had been incubated in the absence of phospholipase C. 

RESULTS 

Phospholipase C treatment of 40 imosM/1 mM EDTA ghosts 
As prepared, these ghosts are essentially free from intracellular contaminants 

and are permeable to small molecules. They have high ATPase activities which are 
non-latent, since the substrate (Mg-ATP) is able to reach the inside face of the ghost. 

Fig. 2 shows the effects of phospholipase action on the ATPase activities of 
this membrane preparation. The activity of MgZ+-ATPase progressively increased 
to a maximum at about 20 % hydrolysis of membrane phospholipids (Fig. 2a). The 
ATPase level reached was about 250 ~o of the control. Further phospholipase action 
had little effect on Mg 2 +-ATPase activity. Both (Na +, K +, Mg z+)-ATPase (Fig: 2b) 
and (Ca 2 +, Mg 2+)-ATPase (Fig. 2c) showed an initial increase at low levels of phos- 
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Fig. 2. Action of  phospholipase C preparations on ATPase activities in 40 imosM/l  m M  E D T A  
ghosts. For  details see Materials and Methods. a, b and c represent experiments using the partially 
purified phospholipase C preparation, d, c and f represent experiments with this preparat ion heat 
treated at 56 °C for 20 rain. Data  are derived f rom four separate experiments. 
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pholipid hydrolysis. The maximum levels of activation achieved were lower than for 
Mg 2 +-ATPase however. Further hydrolysis resulted in the progressive loss of both 
(Na +, K +, Mg2+) - and (Ca 2+, Mg2 +)-ATPase activities. 

Heat treatment of the phospholipase C preparation, in order to reduce its 
haemolysin activity, modified the response of the membrane ATPase activities. The 
initial increase at low phospholipid hydrolysis levels shown by all three ATPase 
activities was absent or less prominent (Figs 2d, 2e, 2t'). Mg 2 +-ATPase activity re- 
mained essentially constant (Fig. 2d). However, both (Na ÷, K +, Mg2÷)-ATPase 
and (Ca 2 ÷, Mg 2÷)-ATPase decreased progressively with increasing phospholipase 
treatment. 

The increases in all three ATPase activities were seen only with haemolysin- 
containing phospholipase preparations. These increases may have been due to 
changes in ghost permeability. Before ATPase hydrolysis can occur, the substrate 
(Mg-ATP) must reach the inner face of the ghost membrane. 

C. welchii phospholipase C requires Ca 2÷ for its activity; this Ca 2+ is present 
during incubation of ghosts with the phospholipase and may therefore reduce permea- 
bility to the ATPase substrate. Experiments where 40 imosM/1 mM EDTA ghosts 
were incubated for 30 min at 30 °C in the presence of 1 mM Ca 2 + resulted in ATPase 
levels which are considerably less (Table I, Expt b) than those of controls incubated 
without Ca 2 + (Table I, Expt a). After treatment with sufficient phospholipase to give 
approximately 15 ~o hydrolysis of membrane phospholipids, Mg 2 +-ATPase activity 
was fully restored, but only when the incubation was stopped with the Ca 2 + chelator, 
EGTA (Table I, d). EGTA alone was unable to bring about the restoration of maxi- 
mal Mg 2 +-ATPase activity (Table I, Expt c), suggesting that the effects of Ca 2 ÷ on 
permeability are exerted from the inner face of the membrane. The effects of Ca 2 + 
in reducing permeability, and the subsequent unsealing after treatment with phospho- 

TABLE I 

EFFECTS OF Ca 2 + ON APPARENT ATPase LEVELS 

Incubation was carried out at 30 °C for 30 rain in the presence or absence of  Ca 2+ (1 mM) and phos- 
pholipase C, as appropriate. In Expts c and d, the incubation was terminated by 1.2 mol EGTA per 
mol Ca 2 +. All ghosts were then diluted, washed twice and resuspended in Ca 2 +-free buffer (40 imosM 
bicarbonate, pH 7.4) and sampled for ATPase activities as described in Materials and Methods. In 
Expt e, phospholipase action was terminated by dilution, washing and resuspension in Ca2+-free 
buffer. When phospholipase action was stopped with EGTA (d) 17 ~o hydrolysis of phospholipids 
occurred. Washing with Ca2+-free buffer alone (e) allowed phospholipid hydrolysis to continue to 
28 %. 

Expt Details of  treatment 

Incubation Stop and wash 
EGTA/buffer 

Ca 2 + Phospholipase C 

Specific activity 
(nmol/h/#mol membrane choles- 
terol) 

Mg2+-ATPase (Na +, K+)- 
ATPase 

a 310 330 
b + 135 150 
c + + 155 180 
d + + + 300 230 
e ÷ + 115 153 
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lipase C followed by EGTA, have been generally confirmed by [l+C]sucrose exclu- 
sion experiments (Bramley, T. A., unpublished). 

Thus the highly permeable 40 imosM/1 mM EDTA ghosts had partially 
resealed on incubation in the presence of Ca 2 + such that only one half to one third 
of their ATPase activities were demonstratable. When the permeability barrier was 
abolished by treatment with a haemolysin-containing phospholipase C (compare 
Figs 2a and 2d) by lysolecithin (see later) or by conventional detergents (Coleman, 
R., unpublished), Mg2+-ATPase activities increased by approximately 200--300 %. 
Mg 2 +-ATPase activity, therefore, could be used to monitor changes in permeability 
in these experiments since it was not inactivated by treatment with CI. welchii phos- 
pholipase C. Thus a rise in observed Mg 2 +-ATPase activity indicates increased per- 
meability. A fall in one of the other ATPase activities, unaccompanied by a fall in 
Mg2+-ATPase, must therefore indicate an inactivation. Both (Na ÷, K+, Mg2+) - 
ATPase and (Ca 2÷, Mg2+)-ATPase were decreased by phospholipase treatment 
even under conditions of increased permeability. 

Effects of phospholipid hydrolysis products on (Ca 2 +, My 2 +)-ATPase activity 
A sonicated preparation of diglycerides, isolated from the hydrolysis products 

of phospholipase C digestion of purified egg yolk lecithin, had no inhibitory action 
action on (Ca 2 +, Mg 2+)-ATPase activity at concentrations equivalent to the amount 
of membrane phospholipid hydrolysed. Phosphorylcholine was not inhibitory and 
was not hydrolysed by endogenous phosphatases in sufficient amounts to cause 
significant contribution of Pi in ATPase determinations. 

Fatty acids may be liberated by the action of lipases on the diglycerides pro- 
duced by phospholipase C action, although human erythrocytes are low in such endo- 
genous lipase activity [9]. Fatty acids have been shown to be strongly inhibitory 
to certain enzymes [10, 11 ] but are avidly removed by defatted albumin. The presence 
of defatted albumin (up to 10 mg/ml) during phospholipase C treatment, however, 
failed to prevent deactivation of (Ca 2 +, Mg 2 +)-ATPase. 

Reactivation of (Ca 2 +, My 2 +)-ATPase by added lipids 
These experiments were carried out in order to see whether the deactivation 

of the (Ca 2 +, Mg 2 +)-ATPase by haemolysin-inactivated phospholipase C could be 
reversed by adding back lipid to the system. 

A phospholipase concentration of 12.5/zg//~mol membrane phospholipid 
was employed in these experiments. This gave 75-80 % loss of (Ca 2 +, Mg 2 +)-ATPase 
activity and 35-40 % hydrolysis of membrane phospholipids. It was insufficient how- 
ever to cause appreciable hydrolysis of the added reactivating lipids. Levels of phos- 
pholipase C which gave complete hydrolysis of membrane lipids were not used since 
they were found to cause hydrolysis of the lipids added for reactivation, thereby 
nullifying their ability to reactivate. 

The addition of the mixed lipid preparation to the phospholipase-treated ghosts 
brought about marked reactivation of the (Ca 2+, Mg2+)-ATPase (Fig. 3). This 
increase cannot be due to an increase in ghost permeability since there was no signifi- 
cant increase in Mg 2 +-ATPase. It must therefore be due to a genuine reactivation 
of the (Ca 2+, Mg2+)-ATPase, demonstrating the lipid dependence [ll, 12] of this 
membrane-bound enzyme in the human erythrocyte. 
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Fig. 3. Effects of mixed lipid and lysolecithin on ATPase activities of phospholipase-treated 40 
imosM/1 mM EDTA ghosts. 4 ml of ghosts were incubated with heat-treated phospholipase C 
(12.5/~g/mol membrane phospholipid) for 30 min at 30 °C. 2 ml of mixed lipid (5 ,umol/ml) or lyso- 
lecithin (2 pmol/ml) in buffer were added and incubated for 30 min at 0 °C. For other details see 
Materials and Methods. Column heights represent means of 6-9 separate measurements; vertical 
bars represent S.E. Significance of the difference of means (P) from the appropriate non-phospholi- 
pase-treated preparations was calculated using Student's t test. N.S., not significant (P > 0.1). 

The lytic phospholipid,  lysolecithin, b rought  abou t  a dramat ic  increase. At  
the same time there was a marked rise in  Mg 2 +-ATPase (Fig. 3). 

Whilst  the addi t ion  of a large a m o u n t  of  lysolecithin to bo th  treated and  
untreated ghosts brought  abou t  a comparable  increase in  bo th  Mg 2+- and  (Ca 2 +, 
Mg 2 ÷)-ATPases, the addi t ion  of  smaller amount s  of  lysolecithin had a propor t iona-  
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Fig. 4. Effects of lysolecithin concentration on ATPase activities of control and phospholipase- 
treated 40 imosM/l mM EDTA ghosts. 4 ml of ghosts were incubated with or without heat-treated 
phospholipase C (12.5 pg/mol membrane phospholipid) at 30 °C for 30 min. 2 ml of sonicated lyso- 
lecithin were added containing the amount of lysolecithin shown and incubated for 30 min at 0 °C. 
For other details see Materials and Methods. Solid columns, phospholipase C treated; open columns, 
incubated controls. 
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tely smaller effect on the (Ca 2 +, Mg 2 +)-ATPase of the phospholipase-treated ghosts 
(,Fig. 4). Thus the activating effects of lysolecithin upon (Ca 2 +, Mg 2 +)-ATPase are 
due to reactivation superimposed upon permeability changes. 

Phospholipase treatment of 80-imosM ghosts 
Ghosts prepared at 80 imosM are considerably less permeable to small mole- 

cules than those prepared in 40 imosM/l mM EDTA. They contain residual haemo- 
globin and intracellular enzymes and their ATPase activities often represent only 
about 10-15 % of maximum; removal of latency can often therefore induce increases 
of the order of 600 % in apparent ATPase levels. 

Treatment of 80-imosM ghosts with haemolysin-inactivated phospholipase 
brought about an increase in MgZ+-ATPase; sonication of the treated material 
demonstrated however that the majority of the activity was still latent (Fig. 5). 
(Ca 2+, Mg 2+)-ATPase was apparently lost completely as a result of phospholipase 
treatment, but brief sonication revealed the presence of latent activity at intermediate 
levels of hydrolysis. The initial and dramatic loss of (Ca 2 +, Mg 2 ÷)-ATPase is there- 
fore probably the result of deactivation of the more permeable proportion of the 
ghost preparation. It remains to be established whether sealed ghosts are inactivated 
without resealing or whether sealed ghosts are first unsealed and then deactivated. 
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Fig. 5. Action of  heat-treated phospholipase C on ATPase activities of 80-imosM ghosts. O,  Mg z+- 
ATPase; ©, (Ca 2+, MgZ+)-ATPas¢. Points are derived from 5 Expts. A, MgZ+-ATPase; A, (Ca z+, 
MgZ+)-ATPase, after sonication for 5 s at 0 °C. 

D I S C U S S I O N  

(Ca 2 +, Mga+)-ATPase can be deactivated by several widely differing treat- 
ments such as low ionic strength, sonication and excess detergent [5, 6]. Deactivation 
brought about by phospholipase C treatment can therefore indicate little alone about 
the nature of (Ca 2 +, Mg 2 +)-ATpase or its membrane environment. Cha et al. [13], 
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in a study of the relationship of (Ca 2 +, Mg 2 +)-ATPase to Ca 2 + uptake in erythrocyte 
membrane fragments, had briefly observed a deactivation by both phospholipases A 
and C, but had not attempted to distinguish between denaturation and deactivation 
of the enzyme. 

In the present study it was shown that the products of phospholipase action 
did not appear to inhibit (Ca 2 +, Mg 2 +)-ATPase activity nor was the inhibition due to 
the effect of haemolysin. The reappearance of the ATPase on the addition of lipid 
demonstrated for the first time that deactivation rather than denaturation had occur- 
red. 

A change in membrane permeability may lead to an increase in, or reappear- 
ance of, an enzyme activity on the inner surface of the membrane [5, 6, 11 ]. This was 
clearly demonstrated in the present experiments by the behaviour of Mg 2 +-ATPase. 
The marked increase in activity with the lytic phospholipid, lysolecithin, was due 
solely to an increase in membrane permeability. Lysolecithin also caused a dramatic 
increase in (Ca 2 +, Mg 2 +)-ATpase activity which was due not only to the permeability 
effect but also to a true reactivation of the deactivated enzyme. A non-lytic phospho- 
lipid preparation (of mixed lipids) brought about a reactivation of (Ca 2 +, Mg 2+)- 
ATPase in the absence of a change in permeability. Thus (Ca 2 +, Mg 2 +)-ATPase 
of human erythrocyte membranes appears to be a lipid-requiring enzyme (see refs 11, 
12 and 14 for general discussions of lipid requirements). It remains to be established 
which particular chemical and physical lipid properties are essential for reactivation 
of human erythrocyte (Ca 2 +, Mg 2 +)-ATPase. 

The lipid requirements of the (Ca 2 +, Mg 2 +)-ATPase of sarcoplasmic reticulum 
are under study in many laboratories at the present time. This membrane has a very 
simple protein composition of which the (Ca 2 +, Mg z +)-ATPase is by far the major 
protein. In addition, the enzyme is outward-facing so that the system is uncomplicated 
by latency. It is unlikely that the erythrocyte membrane (Ca 2 +, Mg 2+)-ATPase will 
constitute more than a very small proportion of the proteins of this membrane, 
however. Its specific lipid requirements may therefore be superimposed upon the 
requirements of other membrane proteins. (Ca 2 +, Mg 2+)-ATpase activity has been 
observed to be increased in membranes as their content of polyphosphoinositide is 
increased [15]. 

During the present experiments, a second (Ca 2+, Mg2+)-ATPase activity 
was observed which was maximally stimulated by Ca 2+ at 10 -6 M. It has not yet 
been clearly established whether the two activities are reflections of the same enzyme 
or are two distinct activities; however both appear to be lipid dependent, though show 
slight differences in detail (Coleman, R. unpublished). 

During a study of the lipid requirements of (Na +, K +, Mg2+)-ATPase in 
erythrocyte membranes, Roelofsen and Van Dcenen [14] observed the deactivation 
of Mg 2 +-ATPase by Bacillus cereus phospholipase C and its reactivation with added 
phospholipids. Our own studies have shown that C. welchii does not deactivate Mg 2 +- 
ATPase. The difference between these two results may be explained by the different 
substrate specificities of the two types of phospholipase C [4, 14]. In addition, the 
membrane preparations used were fundamentally different. The preparation used by 
Roelofsen and Van Dcenen [14] had been prepared in CO2-saturated distilled water, 
iyophilized, deep frozen, and suspended in very-low-tonicity buffer. These procedures 
are likely to affect adversely some aspects of the structure and function of the erythro- 
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cyte membrane; this is borne out by the absence of (Ca 2+, Mg2+)-ATPase in their 
preparation. This activity appears to be a sensitive indicator of membrane damage 

[5, 6]. 
In both the present and past experiments [5, 6] the properties of  ghost prepa- 

rations have been observed as overall phenomena and no attempt has been made to 
distinguish different ghost populations within the preparation. It is likely that some 
of the phenomena observed represent the differential response of permeable and imper 
meable ghosts in the preparation to the perturbing agent, especially, exemplified in 
the case of 80-imosM ghosts. The differential behaviour of  permeable and imper- 
meable ghosts to B. cereus phospholipase C has recently been described [16]. 

The comparison between haemolysin-containing and haemolysin-inactivated 
phospholipase C preparations points out an interesting phenomenon in that, in the 
absence of haemolytic activity, the permeability barrier of the ghosts largely persists 
despite extensive hydrolysis of membrane phospholipids. This effect can be largely 
overcome by using a haemolysin-containing preparation, indicating the usefulness of 
the haemolysin as a tool when dealing with resealed or partly resealed membrane 
preparations. 
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