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SUMMARY

Rabbit erythrocyte ghosts were transformed from echinocytes to discocytes
by 1 mM Mg-ATP at 259C. This shape tEansformation was completely inhibited
by either 0.5 mM neomycin or 10 uM Ca Either agent could also transform
discocytic ghosts formed by pre1ncub%t1on with T mM Mg-ATP back to echinocytes.
Under identical conditions, 10 uM Ca¢* or 0,5 mM neomycin inhibited the for-
mation of 3ZP labeled disphosphatidylinositol by 80% in the presence of T mM
Mog-1 ¥ - ZP] ATP, cCa¢t and neomycin also decreased diphosphatidylinositol pre-
Tabeled with 32Pp by 80%. The results of this study suggest that Mg-ATP induces
an echinocytic-discocytic shape transformation by stimulating the formation of
membrane diphosghatidylinosito] through phosphorylation of a membrane substrate,
Neomycin and Cact may produce shape changes by deﬁreasing the Tevels of diphos-
phatidylinositol, The effects of neomycin and Ca?t on the phospharylation of
bands 2 and 3 proteins and other phospholipids were also determined.

INTRODUCTION

Human erythrocyte ghosts are transformed from echinocytic to discocytic
or cup-shaped forms in the presence of Mg-ATP (1,2,3). Mg-ATP can also speci-
fically induce folding of unsealed freeze-thawed erythrocyte membrane fragments
(4,5). Birchmeier and Singer (6) proposed that Mg-ATP induced membrane shape
changes were mediated by a Mgz+ kinase which phosphorylates a membrane site,
possibly band 2 of spectrin. Mg-ATP dependent shape transformations in erythro-
cyte membranes are inhibited by low concentrations of Ca2+ (2,3,4), Ca2+ in
the presence of A23187 converted discocytic ghosts, preincubated with Mg-ATP,
to echinocytes and also stimulated dephosphorylation of erythrocyte membranes
by 25% (3). It was suggested that ca?t may induce these shape changes by

stimulating a membrane Ca2+ phosphatase activity which dephosphorylates the

1. The abbreviations used are: EGTA, ethylene-glycol bis (g-aminoethyl ether)-N;
N'-tetraacetic acid; SDS, sodium dodecylsulfate; PA, phosphatidic acid; DPI,
d1ph05phat1dy11nos1to1 TPI, tr1phosphat1dy11nos1to]
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site phosphorylated by a Mg2+ kinase activity. Presently, the effect of Ca2+

on phosphorylation of spectrin is controversial (6,7,8) and therefore it is
uncertain whether spectrin is the site of phosphorylation involved in initiating
shape transformations. In addition, other workers have shown that relatively
high concentrations of Ca2+ (> .5 mM) can stimulate dephosphorylation of membrane
diphosphatidylinositol and triphosphatidylinositol indicating the possibility
that these phospholipids may be involved in shape regulation (9,10,11).

In this study, neomycin and Ca2+ were found to inhibit and reverse Mg-ATP
dependent shape changes in rabbit erythrocyte ghosts. Therefore, the effects
of both neomycin and Ca2+ on Mg-ATP dependent phosphorylation of membrane pro-

teins and phospholipids were compared under conditions in which they affect

shape to identify the phosphorylated site involved in regulating membrane shape.

MATERIALS AND METHODS

Materials. [ ¥ —32P]-ATP was obtained from New England Nuclear and A23187
was obtained from Calbiochem (California). L-a-phosphatidylinositol 4-mono-
phosphate (DPI), L-a~phosphatidylinositol 4,5, diphosphate (TPI), L-a-phospha-
tidic acid (PA), and neomycin sulfate were obtained from Sigma (Missouri).

Preparation of Rabbit Erythrocyte Ghosts. Heparinized blood was obtained
from male and female rabbits. Erythrocytes were separated and washed free of
plasma and white cells in isotonic saline. Ghosts were prepared by washing
the erythrocytes twice in 20 mM Tris HC1, pH 7.6 at 20,000 x g for 15 minutes
at 59C. Ghosts were used within one hour of preparation.

Determination of Mg-ATP Dependent Ghost Shape Changes. The rate of Mg-ATP
dependent shape changes in ghosts was determined by measuring the flow time of
erythrocyte ghosts suspensions in Cannon-Manning semi-micro viscometers at
250C as previously described (3). The medium contained in a final volume of
1 ml; 25 mM imidazole, pH 7.0, 1 mM EGTA, 10 ng A23187, 5 mM MgC]Z and 1.2 mg
of membrane protein. Shape changes were also monitored by phase-contrast
microscopy at 1250x.

Phosphorylation and Dephosphorylation of Ghost Membrane Proteins and Lipids.
Membranes were phosphorylated in medium (final volume 0.5 ml) containing 25 mM
imidazole HC1, 1T mM EGTA, 5 mM MgClp, 5 ug A23187, 1 mM [ ( -32p]-ATP and 300 ug
of membrane protein for 15 minutes at 25°C. Neomycin and CaCl2 were varied in
this medium and free Ca jon concentration was calculated as previously described
(84). The reaction was stopped either of two ways to measure labeled lipids or
proteins: (i) By the addition of 3 ml of cold 5% trichloroacetic acid, 0.5 mM
NasATP and 0,5 mM K,HPO4., The tubes were centrifuged at 4,000 rpm for 15
minutes at 59C and %he pellet was washed again with 3 mi of cold Hy0. Lipids
were extracted from the pellets according to Alan and Michell (10) and separated
by thin layer chromatography on Silica Gel 60 plates (E. Merck) according to
Schacht (12). Labeled 1ipids were detected by autoradiography and identified
using 1ipid standards. Labeled spots were scraped from the plates and counted
in 10 m} of Aquasol. (ii) By the addition of 3 ml of cold 25 mM imidazole HCT,
pH 7.0 and 1 mM EGTA. The tubes were centrifuged at 20,000 x g for 15 minutes
at 50C and the pellets were solubilized in 0.1 m1 of 1% SDS, 0.2%-mercaptoethanol,
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15% glycerol, and .002% bromophenol blue. Samples (50 A} were applied to 1.5 mm
thick 5% SOS polyacrylamide gels and proteins were separated by electrophoresis
according to Fairbanks et al. (13) at 109C and pH 7.4. The gels were stained
for 10 to 15 minutes in staining solution (13) and bands 2 and 3 were cut from
gels. Gel slices were dissolved with 0.2 ml of HC104 and 0.4 ml of Hy0y in
glass scintillation vials at 70°C and counted in 10 ml of Aquasol,

To study the effects of neomycin and calt on prephosphorylated ghost pro-
teins and 1ipids, ghosts were preincubated for 15 minutes at 25°C under the phos-
phorylation conditions above except that 0.2 mM rather than 1.0 mM [ Y —32P]-ATP
was used. After this preincubation, 2 mM cold Nap, ATP was added to all tubes
to reduce further phosphorylation and 10 uM Ca2* or 0.5 mM neomycin were added
as indicated. The tubes were further incubated for 15 minutes at 259C and the
reaction was stopped and analyzed for labeled proteins and 1ipids as above.

RESULTS

Inhibition and Reversal of Mg-ATP Induced Shape Changes by Neomycin and Ca2+.

Previousiy, it was reported that the rate of Mg-ATP dependent echinocytic-
discocytic shape transformations can be readily determined by measuring the
specific viscosity of ghost suspensions (3). In the presence of T mM Mg-ATP,
the specific viscosity of suspensions of rabbit ghosts decreases and levels off
after 10-15 minutes at 25°C (Fig. 1). This viscosity decrease is associated
with a complete echinocytic to discocytic shape transformation. The viscosity
or shape changes induced by Mg-ATP were half-maximally inhibited by 0.3 mM
neomycin and completely inhibited by 0.5 mM neomycin. Although not shown, 10 M

2+ completely inhibited Mg-ATP induced viscosity or shape changes of rabbit

Ca
ghosts.

To determine if Caz+ and neomycin can reverse Mg-ATP dependent shape changes,
ghosts were first preincubated for 15 minutes with 1 mM Mg-ATP to produce a
maximal decrease in viscosity. After this time, the effect of added neomycin

+ . . . + L. .
2 on the viscosity was determined. Ca2 or neomycin increased the vis-

and Ca
cosity of these ghosts to the Tevels observed in ghosts not preincubated with
ATP within 15 minutes (Table 1). The increase in viscosity is correlated

with a complete discocytic-echinocytic shape transformation. These studies
were carried out at Tow ionic strength (2'40 mM) to reduce the rate of reseal-

ing in order that neomycin and Ca2+ could penetrate to the inside of the prein-

cubated ghosts. For instance, it was found that 0.5 to 1.0 mM neomycin had no
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FIGURE 1: Inhibition of Mg-ATP dependent viscosity changes of erythrocyte
ghost suspensions by neomycin, Viscosity was determined at 259C in the presence
of 1 mM ATP and the following concentrations of neomycin: 0 (e ), 0.1 M (&),

0.2mM (M), 0.3 mM (©) and 0.5 mM (A). Viscosity was also determined in
the absence of ATP (D).

effect on the shape of intact rabbit erythrocytes in isotonic saline indicating
that neomycin must penetrate to the cytoplasmic membrane surface to affect shape
(not shown).

The Effect of Neomycin and Ca2+ on the Phosphorylation of Ghost Proteins.

In agreement with others (8,14), the only two erythrocyte membrane proteins
highly phosphorylated in the presence of Mg2+ and [ ¥ -32P]-ATP under conditions
similar to those used here were band 2 of sSpectrin and band 3. Ca2+ slightly

inhibited phosphorylation of bands 2 and 3 and neomycin stimulated phosphoryla-

TABLE I

THE EFFECT OF NEOMYCIN AND Ca2+ ON THE SPECIFIC VISCOSITY
OF GHOSTS PREINCUBATED WITH 1 mM Mg-ATP

Additions Specific Viscosity
none 0.58
0.5 mM Neomycin 0.92
10 .M ca?t 0.89
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TABLE 11

THE EFFECT OF NEOMYCIN AND Ca2® on Mg®'-DEPENDENT 2p
LABELING OF ERYTHROCYTE MEMBRANE PROTEINS

CPM/Gel Slice®
Additions
Band 2 Band 3

I. During Ghost Phosphory-

lationd

none 620 381

0.5 mM Neomycin 2183 1310

10 oM ca®? 585 357
II. After ghost Phosphory-

lation

none 2615 1600

0.5 mM Neomycin 2688 1780

10 M ca?” 2415 1575

aGhosts were phosphorylated for 15 minutes at 25%C with above additions.

thosts were prephosphorylated for 15 minutes at 25%C, and then further
incubated for 15 minutes at 259C with above additions (See Methods for
other conditions).

CResults are representative of at least three separate experiments.

tion of bands 2 and 3 approximately 3.5 fold (Table II). The slight inhibition
of phosphorylation of bands 2 and 3 by Ca2+ is probably an indirect effect
(i.e. due to a slight reduction in ['X —32P]—ATP concentration resulting from
stimulation of Ca+Mg~ATPase activity in these membranes). Ca2+ or neomycin
were found not to have any effect on 32P labeling of proteins prephosphorylated

with MgZt-1 ¥ -3%py-ate.

2+ 3

The Effect of Neomycin and Ca” on the Zp Labeling of Ghost Lipids.

32

P by 1 mM Mg>T~[ ¥ ~32P1-ATP were PA, DPT and
32

The only lipids Tabeled with
TPI, as previously found (10,15). Neomycin or Ca2+ inhibited “"P labeling of DPI
by 75 to 80% at concentrations which inhibit Mgz+ dependent shape changes

{Table III). On the other hand, Ca2+ stimulated phosphorylation of PA two-

fold and had no effect on the phosphorylation of TPI. Neomycin had no effect
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TABLE II1

THE EFFECT OF NEOMYCIN AND Ca®® on MgZ*-DEPENDENT >2p
LABELING OF ERYTHROCYTE MEMBRANE PHOSPHOLIPIDS

CPM/IncubationC
Additions
PA DPI TPI
I. During Ghost Phosphory-
Tation?
none 580 840 386
0.5 mM Neomycin 570 219 1870
10 uM CaZ’ 1180 212 420
II. After Ghost Phosphory-
lation
none 1276 1848 849
0.5 mM Neomycin 1166 466 1501
10 WM ca?* 1265 369 899

qGhosts were phosphorylated for 15 minutes at 25%C with above additions.

thosts were prephosphorylated gor 15 minutes at 25°C, and then further
incubated for 15 minutes at 25°C with above additions (See Methods for
other conditions).

CResults are representative of at Teast five separate experiments.

on the phosphorylation of PA but stimulated the phosphorylation of TPI 4 to
5 fold.
. 2+ X 32 .
If membranes were prephosphorylated with Mg~ -[ 0 -""P]-ATP, both neomycin

32

and Ca2+ decreased ““P Tabeled DPI by approximately 80% (Table III). Neither

neomycin or Ca2+ had any effect on prephosphorylated PA whereas neomycin in-

2+ 4id not

creased 32P labeling of TPI. Under these conditions, 10 uM Ca
effect S2P labeled TPI.
DISCUSSION
In this study, the hypothesis that erythrocyte membrane shape is regulated
by opposing M92+ kinase and Ca2+ phosphatase activities which phosphorylate and

dephosphorylate a cytoplasmic membrane site, respectively, was further investi-

gated (3,6). To determine the identity of this site, the effects of neomycin
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and Ca2+ on Mg—[‘x —32P]—ATP dependent phosphorylation of ghost proteins and
phosphoTipids were compared under conditions in which these agents can inhibit
and reverse Mg-ATP dependent shape transformations (Table 1). The results
found here suggest that neither band 2 or 3 proteins is the shape regulating
site. For instance, Ca2+ did not significantly inhibit phosphorylation of
these proteins whereas neomycin actually stimulated phosphorylation of these
proteins 3.5 fold (Table II). It would be expected that these agents would
inhibit phosphorylation of these site(s) to account for their inhibition of Mg-
ATP dependent shape transformations. However, both 0.5 mM neomycin and 10 uM

Ca2+ inhibited formation of 32

P Tabeled DPI and also stimulated a decrease in

DPI prelabeled with M92+-[ x -32P]-ATP (Table III). The effect of these agents
on DPI corresponds closely to their effects on Mg-ATP dependent shape transfor-
mations and therefore suggests that DPI plays an important role in membrane

shape regulation. The other two phospholipids labeled with 32P probably are

not directly involved in shape requlation because Ca2+ stimulated phosphorylation
of PA as previously reported (10) and neomycin strongly stimuiated the phosphory-
lation of TPI. The presence of Ca2+ stimulated phosphomonoesterase and phospho-
diesterase activities have been found in rabbit erythrocyte ghosts and there-
fore Ca2+ could inhibit Mg-ATP dependent shape transformations by breaking down
DPI by one or both of these enzymes. On the other hand, neomycin decreased

the amount of prelabeled DPI and simultaneously increased Tabeling of TPI

(Table II1). Therefore, neomycin may inhibit Mg-ATP dependent shape transforma-
tions by stimulating a Mg-kinase activity which further phosphorylates DPI to
TPIL.
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