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1. Introduction

Laster et al. [1] observed that the extent of hydrol
ysis of erythrocyie membrane phospholipid by phos
pholipase C from Bzeills cereus was related to the ex-
tent of haemolysis of the eryihrocytes. They also noted
that the extent of phospholipid hydrolysis vas decreas-
ed if the hypotonically-lysed ghosts were restored to
isotonic sonditions or were incubated at 37°C in the
lysing medinm. They suggesied that phospholipase C
might act at the inner face of the membrane or alier-
natively that during hasmolysis the membrane stmc-
ture may be modified so as to make the phospholipid
molecules more accessible 1o the enzyme. From simpi-
lar experiments with both phospholipase A, Wood-
ward and Zwaal |2} concluded that during the process
of ghosi formation from intact erythrocytes there was
a change in membrane structure which made polar
head groups of phosphohpms more readily avnilable
to phospholipase C.

Several observations made in this laboratery during
studies of erythrocyte membrane structure have em-
phasised that Bacillus cerens phospholipase C wih
hydrolyse phospholipids in erythrocyte membranes
only if the epzyme is introduced when the ghost is pez-
- meable so that it may penetrate into or through the
membrane.

2. Experimental and results
Pinase contrast microscope observations (fig. 1) of

 the action of ; phospholipase C on erythrocyte ghosts
prepa:ed in arange of haemdysmg buffers of dszezeni

- Noniz-ﬂo?lamd Publishing ‘Company | ms?erdam

osmolarities showed that not all of the ghosts display-
ed the denss dropiets and reduced dimmetlsss character-
istic of ghosts modified by phospholipase C [3]. The
proporiion: which were modified depended on the
osmelarities of the hasmolysing buffers and correlated
closely with the exient of hydrolysis of phospholipid
in the ghost preparation (fig. 2). This is convenienily
expressed as a perceniage of the maximum phospho-
lipid hydrolysis {(about 707%) atizined when ali ghosts
in the preparation wers modified {i.e. ghosts prepared
in 20 imosM bufifer). The unmodified ghosts were ap-
preciably darker than the modified ones suggesting
that they had reiained haemoglobin. W sn the sample
was suspended in a 5% solntion of bovine setom 2l-
bummin {fig. 1b) unmodified ghosis appeared less dark
than the surrounding medium thus indicating that
they were also impermeable to albumin. Centrifugal
fractionatior. of this snspension facilitated the isola-
tion of 2 pure sample of modified ghosts {fig. 1c). On
the basis of phospholipid to cholesterol ratios the
phospholipids of these ghosts were found to have
been hydrolysed 10 the maximum extent. The overall
extent of phospholipid hydrolysis in each preparation
in fig. 2 can be acconnted for in terms of a maximum
hydrolysis of phospholipid in the psoneable ghosts
and none in the impermeable ones,

In another experiment erythrocytes were haemol-
ysed 2t 25°C in 80 imosM buffer and phospholipase
€ was added to samples of the ghosts at different

- times aftes haemolysis. Phiase contrast micrographs
© {fig. 3) showed that the proporiion of ghosts which -

was not susceptible to enzyme attack increased as ‘
the iime interval between haemolysis and-addition of

~ phespholipase C was increased. Such ghosts-were very °
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Fig. 1. Phase contrast micrographs of phospholipase C treared
pig erythrocyte ghosts. After incubation with phospholipase
C {xee fig. 2) a sample of the ghosts was suspended in a) hae-
mo-ysing bufier (60 noshi) and b) haemolysing buffer con-
tairing 5% B3.A. The ghosis which have excluded BSA appear
pale due 1o their lower intvinal refractive index. ¢ Fraction
of permeable ghosts obtained by sedinentation (103,080 g

X 30 min) of preparation as in b) threngh iaver of heamol-
ysing buffer containing 10% BSA Magnification X 1100.

dark and the membranes were evidently impermeable
to haemoglobin. There was a close correspondence
between the proportion of haemoglobin-permeable
ghosis wnd the overall level of phospholipid lnydrol-
*»is eXpressed as a percentage of maximuem hydrol-
ysis (fig. 4). It is suggested that under the conditions
-of this experiment haemolysed cells were able to re-

2

FEBS LETTERS

Augnst 1973
amerEnsing ©amplorily 20 imsM
2 D
2 100 »
2
=
ZF  pof .
= »®
= @
= HO-
&
2 -
EY—3
a 4D} °
S *
E @
= 20}
=]
E
a3 O; .3 1 e 8 0 8 11
s o 20 40 &0 B0 ICO
)

proportion of modified ghosts (V)

Fig. 2. Correlation of the extent of phospholipid hydrolysis
with the proportion of ghosts which is snodifisd by phospho-
lipase C. Pig erythrocytes were haesmolysed in a range of bi-
carbonate buffers (pl 7.4) of different osmolarities (20 imosM
to 100 imosM). The washed zhosts were incubated for 1 hr at
30°C with phospholipase C from Baciflus cerens (Makor Chem-
icals 1.td., Jerusalem, Israel) at a concenization of §7 ugfml.
The proportion of modified ghosts in sach preparation was
estimated from phase eontrast micrographs. Each point rep-
resenis an analysis of three micrographs involving a total of
about 250 ghosts. Mean standard deviation for the experiment
was below 3%. Maximal hydrolysis represents hydrolysis of
72% of memt-ane phospholipids.

gain impermeability {spontaneously reseal) and would
then resist attack by externally-located phospholipage
C. Thers was no mdication that the molecviar config-
uration of the membrane had been irreversibly mods-
fied by the process of haemolysis s0 as to make it sus-
ceptivle to phospholipase C action.

3. Discussion

This conclusion was confirmed in further experi-
ments in which erythrocytes were haemolysed and
resezaled in the presence of dextran (1.5%) and phos-
pholipase C but under conditions which limited the
enzyme action (i.e, at 0°C). Haemolysis of eryihro-
cytes in hypotonic buffer containing dexiran has been
shown to increzse the reic..tion of haemoglobin in
ghosts [5} presumably because the cells were able to
reseal rapidly after losing only a small proportion of
their haemoglobin. At the same time dextran was able
to enter the cells [6]. Consequently in the present ex-
periment it seemed likely that phospholipase C would
also have entered the cells during the brief hasmolysis
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Fig. 3. Phase comirast micrographs of phospholipase C treated
human erythrocyie ghosts. Phospholipase C was added {see

fig. ) a) before haemaolysis, b) 1 min after hasmolysis, ¢) 30
min after haemolysis and d) incubated in the absence of phos-
pholipase C. Samples for microscopy were dilnted with 80
imosM NaHCOs. The ghosts which have retained haemoglobin
appear darker due 1o their high internal refractive index. Mag-
mification X 440.

and would be present inside the resealed ghosts, When
the preparation was incubated at 20°C the ghosts
haemolysed again and dense droplets appeared on the
membranes. Control preparations to which phospho-
lipase C either was not added at all or was added after
ke initial haemolysis and resealing showed neither re-
haemclysis nor droplets.

These experiments provide sirong evidence that an
essential requirement for the hydrolysis of phospho-
itpids in erythrocyte membranes by phospholipase C
js that the enzyme must at some 1ime be abie 10 pene-
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Fig. 4. Correlation of the exrent of phost holipid hydrolysis
with the proportion of hazmoglobin-permeable ghosts. (@)

IPig exy throcy te ghosts anid (&) human ery throeyte ghosts in-
cubzted with prospholipase C (Makor Chemicals Ltd.,). (0}

Piz erythrocy tc ghosts incubated with a highly purified en-
zyme kindly supplied by Dr. R.F.A. Zwaal | 4]. Phospholipase
C {20 pgfm}) was either pies nt at the time of haemolysis or
added at different times () {ter haemeolysis in 80 imosM bi-
carbonate buffer (pH 7.4). The haemolysates were incubated
with the enzyme at 25°C tor 1 hr. The proporiion of pale
{haemoglobin-permesble) ghosts in each preparation was dster-
mined (see fig. 2) from phase conirast miciographs. The arnount
of phospholipid hydrolysis oo aired when phospholipase C was
present during haemoly sis was used as the maximal value.

trate the membrane ejther to assume a critical position
within the membrare cr o gain access to the cytoplas-
mic surface. A modification of membrene structure so
as to make phospholipid head groups more readily ac-
cessible to external enzyme is not pecessarily implicated.
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