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Summary 

Haemoglobin-free human erythrocyte  ghosts that  were prepared in the pres- 
ence of EDTA and were then exposed to Ca 2÷ showed a substantial loss of 
phosphatidylinositol phosphate and phosphatidylinositol diphosphate, mea- 
sured either chemically or by loss of 32p from the lipids of prelabelled mem- 
branes. At the same time there was, as reported previously (Allan, D. and 
Michell, R.H., (1976) Biochim. Biophys. Acta 455, 824--830), an approxi- 
mately equivalent rise in the diacylglycerol content  of the membranes. Analysis 
of the 32P-labelled water-soluble material released during this process showed 
that  the major products were inositol diphosphate and inositol triphosphate. 
No change was seen in the phosphatidylinositol or phosphatidate content  of 
the membranes, and there was no Ca2÷-activated loss of 32p from the phospha- 
tidate of prelabelled membranes: this suggests that  Ca 2÷ did not  activate phos- 
phoinositide phosphomonoesterases or phosphatidate phosphomonoesterase in 
human erythrocyte  membranes. It is concluded that  human erythrocyte  mem- 
branes contain at their cytoplasmic surface a Ca2÷-activated phosphodiesterase 
that  is active against both phosphatidylinositol phosphate and phosphatidylino- 
sitol diphosphate. Rabbit erythrocytes also contained this enzyme, but in these 
cells there was also evidence for the presence of a Ca2÷-activated phosphatidate 
phosphomonoesterase. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Introduction 

We reported previously that  an increase in the intracellular Ca 2÷ concentra- 
tion in erythrocytes of several, but not  all, mammals leads both to an increase 
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in their diacylglycerol content  and to echinocytosis and the budding off  of 
microvesicles [1--5]. In our earlier experiments we were unable to identify the 
pre-existing membrane glycerolipid which was the source of this small quanti ty 
of diacylglycerol, though there were some indications that  it might come from 
a metabolically discrete pool of phosphatidylcholine at the inner surface of 
the membrane [2--4]. However, later experiments in which we at tempted to 
confirm that  phosphatidylcholine was indeed the source of this diacylglycerol, 
mainly by trying to demonstrate a Ca2+-dependent transfer of radioactivity 
from phosphatidylcholine to diacylglycerol in membranes from fat ty acid- 
labelled erythrocytes,  have been uniformly unsuccessful. Indeed, in these 
experiments we have not  even observed any changes in the fat ty acid turnover 
of well-washed human erythrocytes on t reatment  with a Ca 2÷ ionophore, in 
contrast to the observations of Rasmussen and his colleagues [6]. 

The initial experiments on this problem were done with intact erythrocytes,  
a system in which it is not  possible to effectively use the acidic extraction 
procedures that  are needed for extraction of  phosphatidylinositol phosphate 
and phosphatidylinositol diphosphate; these lipids were therefore ignored. Sub- 
sequently, however, it has proved possible to study Ca2÷-activated diacylgly- 
cerol production in haemoglobin-free ghosts prepared in the presence of EDTA 
or ethyleneglycol-bis-(/3-aminoethylether)-N,N~-tetraacetic acid (EGTA) [4], 
and this has allowed us to analyse the Ca2*-treated membranes for these two 
minor, but highly charged, lipids. The evidence reported below appears to 
demonstrate that  hydrolysis of these two lipids by a membrane-bound phos- 
phodiesterase is the major process involved in Ca2+-activated production of 
diacylglycerol in human erythrocytes.  

Materials and Methods 

Human blood, stored in acid citrate/dextrose medium, was obtained usually 
1 week after bleeding, from the Regional Blood Transfusion Centre...The ery- 
throcytes were sedimented and washed in 0.9% saline solution as described pre- 
viously. Labelling with 32p was carried out  by incubation of packed cells (50 
ml) with 50 ml of HEPES/Ringer solution [3] containing 11 mM glucose and 
2 mCi [32p]phosphate. After incubation at 37°C for 90 min the cells were cen- 
trifuged and the supernatant solution discarded. EDTA was added to a final 
concentration of  5 mM and the cells were lysed in 10 vols. 20 mM Tris • HC1 
buffer (pH 7.5) containing 0.1 mM EDTA. 'Ghosts '  were sedimented at 15 000 
× g for 10 min in a MSE 18 centrifuge and were washed with the lysingsolution 
until they were white (usually 4--5 washes}. These 32p-labelled erythrocyte  
ghosts, packed to approximately the same volume as that  of the original cells, 
were divided into three portions and were incubated either (a) for 10 min at 
2°C, (b) for 10 min at 37°C, or (c) for 10 min at 37°C with the addition of 0.5 
mM CaCl2. The reactions were quenched by addition of 7 vols. distilled water 
at 2°C and the ghosts were again sedimented. 

The supernatant solutions were retained and evaporated to a volume of 
about 1 ml under reduced pressure at 40°C. 5 ml 10% trichloroacetic acid was 
added to each sample and precipitated protein was removed by centrifugation. 
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Trichloroacetic acid was removed by four extractions with 4 vols. diethylether.  
The aqueous solutions were evaporated to dryness and the residues were redis- 
solved in 0.5 ml distilled water and stored at --20°C. 

Lipids were extracted from the sedimented ghosts by addition of 3.75 vols. 
chloroform/methanol /concentra ted HCI (20 : 40 : 1, v/v) and the resulting 
single-phase system was partit ioned by addition of  1.25 vols. each of chloro- 
form and distilled water [7].  The lower {chloroform) phase from each sample 
was evaporated to dryness under reduced pressure at 30~C and was redissolved 
in 2--3 ml chloroform. Each sample was dried under a stream of N2, dissolved 
in 0.5 ml chloroform and stored at --20°C. 

Chromatography of lipids. Phosphatidylinositol,  phosphatidylinositol  phos- 
phate and phosphatidylinositol diphosphate were separated by  paper chromatog- 
raphy on formaldehyde-treated Whatman No. 1 chromatography paper using n- 
butanol/water/acet ic  acid (4 : 5 : 1, v /v)as  solvent [8].  Papers were treated with 
Nile blue to stain lipids. The spots provisionally identified as phosphatidylinositol 
phosphate and diphosphate were radioactive and moved in positions identical 
to those of the phosphatidylinositol  phosphate and diphosphate present in an 
inositide-rich fraction from bovine brain (Folch fraction I/II, see ref. 9). The 
spot  provisionally identified as phosphatidylinositol  co-chromatographed with 
phosphatidylinositol purified from bovine liver [10] and was not  radioactive. 
Phosphatidate was separated from other phospholipids by chromatography on 
formaldehyde-treated papers in n-butanol/water/~ormic acid (5 : 4 : 1, v/v) as 
described previously [2,3] or by thin-layer chromatography on silica gel H 
plates in benzene/diethyl  ether/ethanol/acetic acid (250 : 200 : 10 : 1, v/v). In 
the latter solvent phosphatidate just moved from the origin, whereas all the 
other  phospholipids stayed at the origin. Phosphatidate,  phosphatidylinositol  
phosphate and phosphatidylinositol  diphosphate were the only lipids which 
were radioactive. 

Chromatography of water-soluble products of lipid breakdown. 10-pl-sam- 
ples of the concentrated aqueous fractions from ghosts incubated with or with- 
out  Ca 2÷ were mixed with an alkaline hydrolysate (1 M NaOH at 100°C for 45 
min) of  Folch fraction I/II: this hydrolysate had been deionised with Dowex- 
50 W (H ~ form) and it contained mainly inositol tr iphosphate together with 
some glycerophosphate and inorganic phosphate [11].  The mixed samples were 
separated on Whatman No. 1 papers in the following systems: 

(a) High voltage electrophoresis in pyridine/acetic acid buffer (pH 3.5) at 60 
V/cm for 100 min as described by Thompson and Dawson [12].  

(b) Phenol saturated with water/ethanol/acetic acid (100 : 12 : 10, v/v) for 
8--15 h [12].  

(c) n-propanol/concentrated ammonia/water  (5 : 4 : 1, v/v) for 8--20 h [13].  
Phosphorus-containing spots were revealed by spraying papers with an am- 

monium molybdate/HClO4 mixture followed by exposure to ultraviolet light 
[14].  

Measurement of radioactivity in lipids and water-soluble derivatives. Chro- 
matograms of lipids or of  water-soluble derivatives were autoradiographed by 
placing the chromatograms in contact  with Kodak X-ray film for 2--4 days. For 
quantitative measurement of phosphate content  and 32p content ,  spots were 
cut  out  and digested in 0.8 mM 70% HC104 in the presence of a drop of 5% am- 
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monium molybdate  until the digest was colourless. Phosphate was determined 
in a final volume of  5 ml by the procedure of Galliard et al. [15]. After dilu- 
tion of samples to 10 ml with distilled water, radioactivity was measured by 
C~renkov counting in a Philips scintillation counter. 

Results 

Human erythrocyte ghosts 
The inositide and phosphatidate concentrations of the human erythrocyte 

ghosts are shown in Table I. When ghosts were kept in the lysing solution con- 
taining EDTA there was little change in their content  of these lipids, even 
during incubation at 37°C. However, there was a rapid loss of phosphatidylino- 
sitol phosphate and diphosphate when Ca 2÷ was added in excess of the EDTA. 
As can be seen from Table I, about three-quarters of the phosphatidylinositol 
diph0sphate and two-thirds of the phosphatidylinositol phosphate disappeared 
within 10 min when Ca :÷ was available. The total decrease in concentration of 
the two lipids was about 13--15 nmol per ml of packed ghosts, a figure that 
coincides rather closely with the increase in 1,2-diacylglycerol content  that is 
observed under the same conditions (see refs. 1--4). The decrease in phospha- 
tidylinositol phosphate and diphosphate content  was also detected in Ca :÷- 
treated ghosts prepared from 3:P-labelled cells (Table II). There was no evi- 
dence for any change in the concentration of phosphatidylinositol or of phos- 
phatidate and as observed earlier [2], there was no change in the radioactivity 
of phosphatidate on exposure to Ca 2÷. 

Examination of the aqueous phase after incubation of the ghosts with Ca :+ 
revealed three major radioactive species that  were identified as inositol triphos- 
phate, inositol diphosphate and inorganic phosphate. These identifications 
were based on the following evidence: 

(a) Following high voltage electrophoresis, two major radioactive spots were 
seen. One moved with an identical mobility to inorganic phosphate, whilst the 

T A B L E  l 

I N O S I T O L  L I P I D  A N D  P H O S P H A T I D A T E  C O N C E N T R A T I O N S  1N H U M A N  E R Y T H R O C Y T E  

G H O S T S  

V a l u e s  are  e x p r e s s e d  as m o l a r  percentages  o f  the total  cell  phosphol ip ids  a n d  are m e a n s  ± S.D.  f o r  t h e  

number  of  exper iments  indicated; the values  from each e x p e r i m e n t  were  t h e m s e l v e s  m e a n  v a l u e s  f r o m  3 
o r  4 r e p l i c a t e  assays.  T h e  t o t a l  phosphol ip id  conten t  o f  the packed washed ghost  p r e p a r a t i o n s  was  1 6 0 0  z 

1 0 0  n m o l  p e r  m l .  

Incubat ion  cond i t i ons  M o l a r  p e r c e n t a g e  o f  total  phosphol ip ids  

Phosphat idyl-  Phosphatidyl-  P h o s p h a t i d y l -  Phos-  

i n o s i t o l  i n o s i t o l  m o s i t o l  phatidate  
phosphate  d iphosphatc  

10  m i n  a t  2°C, n o  Ca 2+ 0 .9  -* 0 .2  0 . 7 5  -* 0 . 0 5  0 .4  -* 0 . 0 7  2 .0  ± 0 .2  

(3)  ( 3 )  (3)  (3 )  
10  r a i n  a t  3 7 ° C ,  n o  Ca 2+ 0 .9  z 0.1 0 . 8  ± 0.1 0 .4  ± 0 . 0 3  2.1 ± 0 .2  

(3 )  (5 )  ( 5 )  (3 )  
10 r a in  a t  3 7 ° C ,  0 . 5  m M  Ca 2+ 0 .8  ± 0.1 0 . 2 5  ± 0.1 * 0.1 ± 0 . 0 3  * 2.1 ± 0 .2  

(5)  (5 )  (5 )  (3 )  

* T h e s e  v a l u e s  are signif icantly dif ferent  from the e q u i v a l e n t  v a l u e s  f r o m  incubat ions  w i thout  Ca 2+ 

(P < o .01 ) .  
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other had a mobil i ty of 1.17 -+ 0.02 relative to inorganic phosphate and coin- 
cided with the inositol triphosphate spot  in the hydrolysate of the Folch frac- 
tion I/II. Only the former spot  was seen in the aqueous fraction from ghosts 
which had not  been treated with Ca 2÷. Radioactivity in inorganic phosphate 
was increased following incubation of ghosts at 37°C either with or without  
Ca ~÷. There was also a third radioactive spot that was sometimes partly sepa- 
rated from the front of  the inorganic phosphate spot  and which was in the 
position expected of  inositol diphosphate. 

(b) After  chromatography in the phenol solvent (see Materials and Methods) 
inorganic phosphate,  migrating at an R F of 0.24--0.27, was the only radioactive 
material detected in the aqueous fractions from ghosts that had not  been 
exposed to Ca 2÷. Incubation at 37°C increased the intensity of this spot  on 
autoradiographs, both in the presence and absence of  Ca 2÷. In the presence of 
Ca 2÷, however,  the aqueous fractions contained two new components  with 
R F values of about  0.02 and 0.05; these are similar to the quoted values for 
inositol tri- and diphosphates [12].  These radioactive spots coincided with 
phosphorus-containing spots derived from the hydrolysate of Folch fraction 
I/If. 

(c) The best separation of  the water-soluble radioactive products  (Fig. 1) was 
obtained by chromatography in the n-propanol/ammonia/water system (see 
Methods). Only inorganic phosphate was apparent in the samples that had not  
been exposed to Ca ~÷. and its quanti ty increased during incubation at 37°C. In 
the samples that  had been exposed to Ca 2÷ there were two clearly resolved 
additional components .  These moved in exactly the same positions as the two 
components  of  the hydrolysed Folch fraction I/II, with mobilities relative to 
inorganic phosphate typical of  inositol diphosphate (RPi 0.79} and inositol 
tr iphosphate (Ret 0.59) (see ref. 13). Most of  the radioactivity of  the aqueous 
phase was recovered as inositol triphosphate, inositol diphosphate and inor- 

rIQ 

n~in 

Orjqin Inositol ] Pi / so!vent 
triphosphate I front 

Inositol 
diphosphote 

Fig. I .  R a d i o a u t o ~ r a m  o f  the  labeUed p h o s p h a t e s  re leased  on  Ca 2+ t r e a t m e n t  o f  ghos t s  that  had b e e n  
pre labe l led  wi th  32p.  The  water - so lub le  p h o s p h a t e s  w e r e  separated  in so lvent  c (see  Materials  and Meth-  
ods) .  T he  upper  lane Ls f r o m  a sample  k e p t  at  0°C unt i l  e x t r a c t i o n  ( zero  t i m e ) ,  the  cen t ra l  lane f r o m  a 
s ample  i n c u b a t e d  at  37°C for  10  mln  in the  p r e s e n c e  o f  E D T A  (Cont ro l ) ,  and the  l o w e r  lane f r o m  ghosts  
incubat ed  wi th  0 .5  m M  Ca 2+ for  10 rain (+Ca2+). Th e  ident i t i e s  o f  the  inos l to l  p h o s p h a t e s  were  estab-  
l ished by  c o m p a r i s o n  w i t h  the  c o m p o n e n t s  o f  an alkal ine h y d r o l y s a t e  o f  a Fo lch  f r ac t ion  I / I f  m i x e d  ino- 
slt ide f rac t ion  f r o m  brain ( see  tex t ) .  
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T A B L E  I I I  

T H E  E F F E C T  O F  Ca 2+ ON T H E  L I P I D  C O M P O S I T I O N  O F  R A B B I T  E R Y T H R O C Y T E  G H O S T S  

P R E P A R E D  IN E D T A  

S a m p l e s  o f  32p- label led  ghost s  w e r e  in c u b ate d  at 37°C fo r  10 m i n  e i ther  in the  presence  o f  E D T A  or  o f  

0 ,5  Ca 2+ (see Mate r ia l s  and Me th od s ) .  Va lues  are expres sed  as m e a n s  -+ S.D. of  f o u r  assays  and are derived 
f r o m  one  o f  th ree  s imi la r  e x p e r i m e n t s  w h i c h  gave essent ial ly  ident ica l  resul ts .  

P h o s p h a t i d  y l inos i to l  p h o s p h a t e  
and d i p h o s p h a t e  

Phosphat idate  

No Ca 24 +0 .5  m M  Ca 2+ No  Ca 24 +0 ,5  m M  Ca 2+ 

Percent  of  t o t a l  l ipid P 3.3 ± 0 .2  1.7 ± 0.1 3 .5  ± 0 .2  0.9 ± 0.1 

c p m  6 7 8  ± 57 145  ± 21 808  ± 4 120 ± 8 

ganic phosphate (Table III) and no other components  were seen on radioauto- 
grams (Fig. 1). The loss of  radioactivity from phosphatidylinositol phosphate 
and phosphatidylinositol  diphosphate on treatment  with Ca 2÷ was largely 
accounted for by the appearance of  radioactivity in inositol tr iphosphate and 
inositol diphosphate (Table II): in three experiments,  an average of 70% of the 
radioactivity lost from phosphatidylinositol  phosphate and 80% of that  lost 
from phosphatidylinositol  diphosphate were recovered in the corresponding 
inositol phosphates. 

Rabbit erythrocyte ghosts 
When 32P-labelled rabbit  ghosts were prepared in an identical fashion to 

human ghosts (see Materials and Methods) and then exposed to Ca 2÷, phospha- 
tidylinositol phosphate and diphosphate were again broken down (Table III) 
with the production of water-soluble products  which included inositol triphos- 
phate. However, there was also a loss of  up to 80% of the 32p of  membrane 
phosphatidate on t reatment  with Ca 2÷, with a corresponding large increase in 
the 32P i content  of the aqueous supernatant fraction (data not  shown). It 
appears therefore that  diacylglycerol produced in rabbit  ghosts during exposure 
to Ca 2÷ is derived both from phosphatidylinositol  phosphates and from phos- 
phatidate. 

Discussion 

When we first found that e i ther  an increase in the cytosolic Ca 2÷ concentra- 
tion in intact human erythrocytes  or exposure of  ghosts to Ca :÷ led to a rise in 
the membrane content  of 1,2-diacylglycerol, we suggested that  this lipid might 
be derived from some of the phosphatidylcholine of  the membrane [2--4].  The 
results reported here have not  supported this idea. Instead, they provide strong 
evidence that  diacylglycerol is produced through the hydrolysis by a Ca 2÷- 
activated phosphodiesterase of  membrane-bound phosphatidylinositol  phos- 
phate and diphosphate. This conclusion is supported by: (a) the approximate 
equivalence between the loss of  phosphatidylinositol  phosphate and diphos- 
phate and the accumulation of  1,2-diacylglycerol; (b) the identification of  ino- 
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sitol phosphate and inositol triphosphate, rather than inorganic phosphate, as 
the major water-soluble products of  polyphosphoinosi t ide breakdown; (c) the 
lack of  any detectable change in the concentrations of  phosphatidylinositol or 
phosphatidate following exposure to Ca ~÷. Ca:÷-dependent loss of  phosphati- 
dylinositol phosphate and diphosphate and accumulation of  1,2-diacylglycerol 
in human erythrocytes  treated with A23187 has been reported in a recent 
paper by Lang et al. [16]. They assumed, however, that the decreases in phos- 
phatidylinositol phosphate and diphosphate labelling were the results of  phos- 
phomonoesterase activity, and that diacylglycerol accumulation was therefore 
a quite distinct event: our information indicates that these two changes are 
simply different expressions of the same enzymatic reaction. 

There was no evidence, using human ghosts, that Ca :÷ activated any of the 
phosphomonoesterases directed against phosphatidylinositol phosphate and 
diphosphate or phosphatidate. These activities may instead be activated by 
Mg 2÷, since it was observed that ghosts prepared in the presence of  EDTA and 
1 mM MgCl2 had rather lower concentrations of  phosphatidylinositol phos- 
phates than those prepared in EDTA (Allan, D., unpublished work). 

The situation was somewhat  different in rabbit  cells (Table III), where Ca :÷ 
not  only stimulated a diesterase which attacked phosphatidylinositol phos- 
phate and diphosphate but  also activated the breakdown of phosphatidate to 
1,2-diacylglycerol. This is in agreement with the results reported by Garrett et 
al. [17]. From our previous results it is also apparent that  there are some spe- 
cies (e.g. pig, sheep, ox) whose erythrocytes  do not  show either of these Ca :÷- 
dependent  mechanisms for production of  1,2-diacylglycerol in their membranes 
[ 5]. The reason for these differences between various species is not  known, but  
it does seem that there is a general correlation between the ability of  erythro- 
cytes to generate 1,2-diacylglycerol in response to a raised intracellular Ca :÷ 
concentrat ion and their capacity to undergo Ca:÷-induced echinocytosis and 
microvesiculation [ 5]. 

In the past it has usually been assumed that any rapid changes in the 32p 
content  or concentrat ion of  phosphatidylinositol  phosphates in cells was the 
result of  activation of  a phosphomonoesterase/phosphokinase cycle (see, for 
example, refs. 16 and 17). However, the results presented here at least raise the 
possibility that modulation of  the intracellular Ca 2÷ concentrat ion may control, 
along with its many other effects, the rates of  turnover of  the entire headgroups 
of  these two lipids. Although controlled by a different stimulus, this would be 
entirely analogous to the similar control  that  is exerted over the turnover of  the 
headgroup of  phosphatidylinositol  by various cell surface receptors [ 18,19].  

It is interesting that  in the present s tudy we found evidence for substantial 
CaS÷-activated phosphodiesterase activity directed against phosphatidylinositol 
phosphate and diphosphate but  saw no indication of  CaS÷-activated phosphati- 
dylinositol breakdown, despite that  fact that all three inositol lipids appear to 
be largely confined to the inner leaflet of  the erythrocyte  plasma membrane 
[20,21].  Previous studies of  the activation of diacylglycerol production in 
human ghosts by Ca 2÷ has emphasised the great sensitivity of  this reaction to 
low concentrations of  Ca 2÷, a feature in which the. plasma membrane polyphos- 
phoinositide phosphodiesterase of  the erythrocyte  shows a very marked resem- 
blance to the soluble phosphatidylinositol-specific phosphodiesterase of  the 
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lymphocyte  [22] and probably of  other  cells. Once again this emphasises the 
very close similarities between the various soluble and membrane-bound ino- 
sitol lipid phosphodiesterases from different sources (see discussion in refs. 19 
and 22). It will be most  interesting to see whether  the plasma membranes of 
cells other than the ery throcyte  possess a polyphosphoinosi t ide phosphodies- 
terase which is under control by Ca 2÷. 

What is probably a similar Ca: +-activated breakdown of  phosphatidylinosi- 
tol phosphate and diphosphate to diacylglycerol has also been observed in 
some other tissue which are more physiologically complex than erythrocytes.  
For example acetylcholine induces a Ca:+-dependent loss of  label from 32p_ 
labelled phosphatidylinositol  diphosphate in iris smooth muscle and a con- 
current, gain in the labelling with 3:p of phosphatidate and phosphatidylinosi- 
tol [23,24].  Similar metabolic events probably also occur in synaptosomes 
exposed to the Ca :÷ ionophore A23187 [25]. Such changes can be unders tood 
in terms of a Ca:÷-dependent cleavage of phosphatidylinositol phosphate and 
diphosphate by a phosphodiesterase: this gives diacylglycerol which can then 
be converted to phosphat ida te ,  as in the human erythrocyte,  and thence to 
phosphatidylinositol.  

The Ca:÷-activated breakdown of phosphatidylinositol  phosphates described 
here results in the removal of the entire lipid head group, thus converting an 
extremely hydrophilic lipid into a hydrophobic  one, 1,2-diacylglycerol. Con- 
sidering that the lipids at tacked are likely to be located in the inner leaflet of 
the plasma membrane, then the diacylglycerol is probably generated initially 
in the inner leaflet, although the possibility exists that  this hydrophobic  lipid 
could diffuse across the membrane and ultimately equilibrate between the two 
leaflets. 

Polyphosphoinosit ides are po ten t  chelators of  Ca :÷ and it is paradoxical that 
one response of erythrocytes  to an influx of  Ca 2. is to activate an enzyme 
which specifically degrades these lipids, thus removing from the inner aspect of 
the plasma membrane some of the most avid binding sites for Ca :+ and other 
divalent cations. 

Our previous studies have clearly linked diacylglycerol production in ery- 
throcytes  with the occurrence of echinocytosis and membrane microvesicula- 
tion [1--5,26,27] so that  we must now suggest that  these changes may be 
associated also with the breakdown of polyphosphoinosit ides which leads to 
the diacylglycerol accumulation. The removal of  the highly charged, bulky 
headgroups of phosphatidylinositol  phosphate and diphosphate from two 
apposed membrane surfaces could facilitate fusion of these membranes. This 
could augment the fusing effect  of  1,2-diacylglycerol produced simultaneously. 
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