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Resolution of the phosphoinositide-specific phospholipase C
isolated from porcine lymphocytes into multiple species
Partial purification of two isoenzymes

Helen R. CARTER* and Anthony D. SMITHt
Department of Chemical Pathology, The Middlesex Hospital Medical School, Mortimer Street, London WIP 7PN, U.K.

Phospholipase C isolated from porcine mesenteric lymph node lymphocytes was distributed between the
soluble and particulate fractions. Enzyme activity was found predominantly in the soluble fraction with
optimal activity at pH 5.5. Gel filtration chromatography of the soluble phospholipase C revealed that it
was composed of multiple species of enzyme activity. The activity associated with the particulate fraction
had optimal activity at pH 7.0, as also did one of the species of soluble phospholipase C. Cellulose
phosphate chromatography resolved the major soluble form into two species designated PLC-A and PLC-B.
Both phenyl-Sepharose chromatography and hydroxyapatite chromatography purified these species still
further. PLC-A and PLC-B demonstrated similar activities against phosphatidylinositol with a pH optimum
near 5.5. The phospholipase C activities were abolished against this substrate by the addition of 1 mM-EDTA.
When assayed in the presence of Ca2+-EDTA buffers providing a range of Ca2+ free concentrations, both
enzymes exhibited optimal activity near 10-3 M free Ca2+, but PLC-B was inhibited above this concentration
more than PLC-A. PLC-B exhibited markedly lower activity against phosphatidylinositol 4,5-bisphosphate,
suspended as liposomes of the pure phospholipid, than did PLC-A.

INTRODUCTION

Stimulation ofmany tissues with a number of agonists
has been shown to result in a rapid turnover of
phosphoinositides (Michell, 1975; Michell et al., 1981;
Berridge, 1984; Hawthorne, 1985). This enhanced
metabolism occurs not only in response to hormone
stimulation, but also in cell lines stimulated with growth
factors such as platelet derived growth factor (Berridge
et al., 1984; Hasegawa-Sasaki, 1985), in T-lymphocytes
stimulated with mitogenic lectins (Fisher & Mueller,
1968; Hui & Harmony, 1980; Hasegawa-Sasaki &
Sasaki, 1983; Taylor et al., 1984) and in B-lymphocytes
stimulated with anti-Ig antibodies (Maino et al., 1975;
Guy et al., 1985; Coggeshall & Cambier, 1984;
Bijsterbosch et al., 1985).

Since its initial discovery (Kemp et al., 1959)
phospholipase C (EC 3.1.4.10) activity has been found
predominantly in the soluble fraction of all tissues
studied to date. In some cases, where assayed with
exogenous Ptdlns, membrane-associated activity may
also be detected (Friedel et al., 1969; Keough &
Thompson, 1972; Abdel-Latif et al., 1980). In addition,
membrane-bound phospholipase C activity can also be
demonstrated by stimulating the enzyme present in
membrane preparations to act upon endogenous
phosphoinositides by adding deoxycholate (Lapetina &
Michell, 1973) or Ca2+ (Downes & Michell, 1981). In
other cases, evidence has been presented that membrane-
bound phospholipase C activity is modulated by a
GTP-binding protein, the nature of which remains to be

elucidated (Cockcroft & Gomperts, 1985; Wallace &
Fain, 1985; Uhing et al., 1985).

Purification studies have been largely confined to the
soluble activity and homogeneity has been achieved for
a single form of phospholipase C isolated from rat liver
(Takenawa & Nagai, 1981) and one of the two forms
isolated from sheep seminal vesicles (Hofmann &
Majerus, 1982). In many tissues, multiple forms of
phospholipase C appear to exist, as demonstrated in rat
liver, kidney and brain (Hirasawa et al., 1982; Nakanishi
et al., 1985), human platelets (Chau & Tai, 1982; Banno
et al., 1986) and bovine heart (Low & Weglicki, 1983).
Hofmann & Majerus (1982) demonstrated that the two
forms isolated from seminal vesicular glands were
immunologically distinct.

Studies of the lymphocyte phospholipase C previously
reported include those by Allan & Michell (1974a,b) on
an unpurified soluble preparation. In addition, we have
shown that two forms separable on cellulose phosphate
produce different proportions of cyclic and non-cyclic
monophosphate products (Carter et al., 1986). In view of
the important role of stimulated metabolism of the
phosphoinositides it was of interest to investigate further
the nature of this phospholipase C activity, especially
from a tissue in which its activity ultimately results in
growth and cell division. In the present study we report
the resolution and partial purification of several species
of phospholipase C from porcine lymph node lympho-
cytes. There are two major soluble forms of the enzyme
and a third species which may represent a form that is
associated with, or derived from, the membrane.
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MATERIALS AND METHODS

Materials
Phosphatidylinositol, isolated from wheatgerm, was

obtained from Lipid Products, Nutley Ridge, Surrey,
U.K. L-3-Phosphatidyl[2-3H]inositol (specific radio-
activity 15.6Ci/mmol) and [32P]P1 (carrier-free) were
purchased from Amersham International. Phosphatidyl-
[2-3H]inositol 4,5-bisphosphate (specific radioactivity
3.6 Ci/mmol) was obtained from Du Pont (U.K.), New
England Nuclear Products Division. Unlabelled
Ptdlns(4,5)P2 was prepared from Folch fraction I by the
ion-exchange method of Hendrickson & Ballou (1964).
Schleicher and Schiill concentrating thimbles (cut-off Mr
10000) were from Anderman and Co., East Molesey,
Surrey, U.K. Sephacryl S-200, phenyl-Sepharose, PD-10
Sephadex G-25 prepacked columns and Mr markers were
obtained from Pharmacia. Cellex-P and Bio-Gel HT
were from Bio-Rad Laboratories and anion-exchange
cellulose DE-52 was purchased from Whatman Bio-
chemicals. All other chemicals were supplied by Sigma
Chemical Co. or BDH Chemicals.

Isolation of phospholipase C
Pig mesenteric lymph nodes, obtained immediately

after slaughter, were processed within 2 h. The isolation
procedure was based on that originally described by
Allan & Michell (1974a). Briefly, the nodes were
dissected from surrounding tissue, cut into small pieces
(5 mm), and placed in homogenization buffer (50 mm-
Tris/HCl/1 mM-EGTA/0.1 M-NaCl/1004M-PMSF/
200 #M-DTE, pH 7.2) which was kept at 4 °C on ice.
Thereafter all procedures were carried out at 4 'C. The
tissue was homogenized in a Waring blender at full speed
for two periods of 15 s. This method of tissue disruption
was a compromise between speed, convenience and yield
of viable cells; cell viability was 70-80 % asjudged by the
Trypan Blue exclusion test. The resulting dispersion was
filtered through a coarse mesh sieve and centrifuged at
500 g for 10 min. The sedimented cells were washed
twice with the homogenization buffer, resuspended and
pelleted in 10 ml plastic tubes, resulting in 3 ml of packed
cells in each tube. By light microscopy 85% of the cells
were lymphocytes, the remainder being erythrocytes and
non-lymphocytic leucocytes. The cells were disrupted by
three cycles of freezing and thawing in liquid N2. Pellets
were stored frozen at -20 'C, showing no appreciable
loss of activity for up to 6 weeks. The pellets were thawed
as required, centrifuged at 4 'C for 1 h and 150000 g and
the resulting supernatant used immediately as the crude
enzyme preparation.

Assays for phospholipase C
Routinely, non-radioactive PtdIns (0.6, lmol) and

[3H]Ptdlns (15000 d.p.m.) were dried and dispersed by
vortex-mixing into 50 mM-Tris/maleate/NaOH/ 1 mm-
CaC12, pH 5.5. The assay tubes were equilibrated to
37 'C and 10,1 of crude enzyme preparation or 50,1 of
column fractions were added, resulting in a final assay
volume of 0.5 ml. The incubation continued for 10 min
and was stopped by the addition of 1.8 ml of
chloroform/methanol/conc. HCI (100: 200:0.3, by vol.)
followed by 0.6 ml of chloroform and 0.6 ml of water.
After separation of the phases, 1 ml of the aqueous phase
was taken for scintillation counting. Phospholipase C
assays utilizing Ptdlns(4,5)P2 were similar, with the

exception that the assays were stopped by extraction with
2.5 ml of chloroform/methanol/conc. HCI (50:50:0.3,
by vol.) followed by 0.75 ml of 1 mM-EDTA in
0.1 M-HCI.
When the Ca2+ requirement of the enzyme was

investigated, the Ca2+ free concentration was regulated
by means of Ca2+-EDTA buffers made in 50mM-
Tris/maleate/NaOH adjusted to pH 5.5 or pH 7.0
(Raaflaub, 1960).

Preparation of 32P-labelled phospholipids
Isolated rat hepatocytes were prepared by a collagenase

perfusion technique (Elliot et al., 1976). The cells were
incubated in a Krebs buffer, pH 7.4, containing 5 mM-
glucose, 5 mM-glutamine, 4.5 mM-lactate, 0.5 mM-pyr-
uvate and 20 ItCi of [32P]P,/ml for 2 h in an atmosphere
of 02/C02 (19: 1). At the end of the labelling period the
hepatocytes were washed and the phospholipids extracted
(Bligh & Dyer, 1959) and separated by t.l.c. on silica gel
60 (Merck) using the solvent system chloroform/propan-
1-ol/methyl acetate/methanol/0.25 00 (w/v) KCI
(25:25:25:10:9, by vol.).

Purification of phospholipase C
All purification procedures were carried out at 4 'C.

(a) Gel filtration. The crude enzyme preparation
isolated following high speed centrifugation of the
disrupted lymph node lymphocytes was passed through
a Millipore 8,um filter. The sample was loaded onto a
Sephacryl S-200 column (2.5 cm x 90 cm) in 50 mM-
Tris/HCl/ 1 mM-EGTA/ 100 1M-PMSF/200 ,tM-DTE,
pH 7.2, then eluted with this buffer at a flow rate of
18 ml/h. Fractions from peak 2 (see Fig. 1) were pooled
(sacrificing samples to the left of this peak to avoid
contamination with peak 1), concentrated and equili-
brated with 50 mM-citric acid/trisodium citrate/I mm-
EGTA/100 ,sM-PMSF/200 gM-DTE, pH 5.8, by using a
Schleicher and Schull apparatus with a thimble retaining
compounds ofMr > 10000. Complete equilibration with
the citric acid/trisodium citrate buffer was achieved by
passage through a PD-10 Sephadex G-25 column.

(b) Cellulose phosphate chromatography. The con-
centrated fractions from peak 2 were loaded onto a
cellulose phosphate column (2.5 cm x 10 cm) prepared in
50 mM-citric acid/trisodium citrate/ 1 mM-EGTA/
100 ,sM-PMSF/200,tM-DTE, pH 5.8, and eluted with
50 ml of this buffer followed by a linear 0-0.6 M-NaCI
gradient in the same buffer. Following initial character-
ization of the elution profile, it was possible to use a
smaller column (1.5 cm x 5 cm), eluting stepwise with
40 ml of 0.3 M-NaCl in the column buffer. This alteration
in elution conditions did not reduce the degree of
purification achieved for the second peak of activity that
had been retained. The two peaks of phospholipase C
activity eluting from this column were pooled separately
and equilibrated with the column buffer appropriate for
the next step in the purification protocol, either
phenyl-Sepharose or hydroxyapatite chronmatography.

(c) Phenyl-Sepharose hydrophobic interaction chroma-
tography. Samples were loaded onto a phenyl-Sepharose
column (1.5 cm x 4 cm), prepared in 50 mM-Tris/
HC1/0.5 m-NaCl/ I mm-EGTA/ I 00 pm-PMSF/200,Um-
DTE, pH 7.2, and eluted initially with 30 ml of this
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Fig. 1. Gel filtration chromatography of lymphocyte phospholipase C on Sephacryl S-200

A 15 ml portion of the soluble fraction was loaded and eluted as described in the text, and 50 ,ul aliquots from each fraction
were assayed for phospholipase C activity using Ptdlns as the substrate at pH 5.5 (0) and pH 7.0 (0). Protein concentration
was monitored by A280 ( )

buffer. The column was then eluted in a stepwise fashion
with 25% (v/v) and 50% (v/v) ethylene glycol in the
column buffer.

(d) Hydroxyapatite chromatography. Fractions of the
first peak derived from cellulose phosphate chroma-
tography (PLC-A) were pooled and equilibrated with
0.01 M-sodium phosphate/100 ,uM-PMSF/200 ,tM-DTE,
pH 6.8, and loaded onto a column (1.5 cm x 5 cm) of
hydroxyapatite prepared in this buffer. The fractions
containing the second peak of phospholipase C activity
which eluted from the cellulose phosphate column with
0.3 M-NaCl (PLC-B) were pooled and brought to
equilibrium with 0.05 M-sodium phosphate/100/tM-
PMSF/200 ,tM-DTE, pH 6.8, and allowed to run into a
column of hydroxyapatite also prepared in this buffer.
Both columns were eluted with 30 ml of the respective
column buffer followed by a linear concentration
gradient of sodium phosphate from the starting
concentration to 0.4 M with an otherwise similar buffer
composition.

Other methods
SDS/polyacrylamide-gel electrophoresis was ac-

cording to the method of Laemmli (1970) using a 5-15%
linear gradient of polyacrylamide and a 3% stacking gel.
Proteins were visualized using Coomassie Brilliant Blue
R-250. Protein determination of column eluates was
routinely assessed by the absorbance at 280 nm, or
measurements were made using the method of Lowry
et al. (1951) using bovine serum albumin to calibrate
the standard curve.

RESULTS
Distribution of activity

Phospholipase C activity was found predominantly in
the soluble fraction under all the assay conditions used.
When the thawed cells, used for enzyme preparation,
were centrifuged at 150000 g for 1 h, some phospholipase
C activity remained with the particulate fraction: 14.5%

of the pH 7.0 activity as opposed to 1.9% of the total
pH 5.5 activity. When the phospholipase C assay was
carried out in the presence of sodium deoxycholate
(0.005-0.2%) the activity at pH 5.5 was severely
inhibited at all concentrations, with total inhibition at the
higher concentrations tested. In contrast the activity
detected at pH 7.0 was stimulated 2-fold, optimally with
0.1% sodium deoxycholate, and not inhibited over the
range tested. However, the pKa of deoxycholate is near
pH 6, so that these results may reflect differential effects
of the ionized and un-ionized forms of the bile acid on
the enzyme rather than different sensitivities to de-
oxycholate of the pH 5.5 and pH 7.0 activities.

Stability of phospholipase C
During enzyme isolation and purification procedures

the buffers used routinely contained EGTA, PMSF and
DTE in an effort to retain as much activity as possible.
Enzyme activity was stable for several months (-20 °C)
in the form of frozen lymphocyte pellets, but was far less
stable once isolated as the soluble fraction. The activity
assayed at pH 5.5 was judged to have a half-life of
approx. 6 days when stored at 4 °C in the crude form of
isolated cytosol. This was markedly reduced as the
purification procedures progressed, making an accurate
assessment of purification achieved somewhat difficult.
The activity assayed at pH 7.0 in the soluble fraction was
extremely labile and could not be detected after 3 days
storage, possibly explaining the rather variable recovery
of this enzyme species. The labile nature of this activity
precluded any attempt at purification in the present
study.

Purification of phospholipase C
An initial attempt to remove the bulk ofcontaminating

proteins in the crude preparation of cytosolic phospho-
lipase C by precipitation with (NH4)2S04, as often used
by other groups (Takenawa & Nagai, 1981; Hakata
et al., 1982), resulted in an extremely poor recovery of
phospholipase C activity. A poor recovery was also
noted by Low & Weglicki (1983) and may possibly be
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Fig. 2. Cellulose phosphate chromatography of phospholipase C
peak 2 eluted from gel-filtration chromatography
resolves the two species PLC-A and PLC-B

Peak 2 eluting from Sephacryl S-200 was pooled,
concentrated and equilibrated with the column buffer. The
sample was loaded and eluted with a 0-0.6 M-NaCl
gradient (broken line) in column buffer as described in the
text, and 50,l aliquots from each fraction (4 ml) were
assayed for phospholipase C activity at pH 5.5 (A) and
protein was monitored by A280 (A)-

accounted for by loss of some species of phospholipase
C activity.

Gel filtration chromatography resolved the phospho-
lipase C activity of the crude preparation into a number
of peaks (designated 1-4 in Fig. 1). All peaks were
apparent when the profile was assayed at pH 5.5, but
only peak 4 could be detected at pH 7.0. When the
protease inhibitors PMSF and EGTA were included in
both homogenization and elution buffers, peak 3
disappeared, without detectable increase in any other
peaks. The apparent Mr of each peak was assessed from
calibration of the column with standard Mr marker
proteins: peak 1, 300000; peak 2, 175000; peak 3, 57000;
peak 4, 11000.

Cellulose phosphate chromatography of peak -2
revealed that this peak itself was composed of two
species of phospholipase C activity in approximately
equal proportions (Fig. 2). The first peak of activity
eluting from such a column was designated PLC-A and
the second peak which eluted at about 0.2 M-NaCl was

designated PLC-B. Both species retained their initial
elution characteristics when rechromatographed on
freshly prepared cellulose phosphate columns, thereby
confirming their separate identities. The separation
achieved by this method was thought to be due to some

degree of affinity for the matrix, as cation-exchange
chromatography using carboxymethylcellulose failed to
resolve these two species. The recovery of activity
following this step was consistently high and the degree
of purification achieved for PLC-B was particularly
good. Stepwise elution with 0.3 M-NaCl was equally
effective and offered a fast and efficient stage in the
purification protocol.
PLC-A and PLC-B could be further purified by using

either phenyl-Sepharose or hydroxyapatite chroma-
tography. Both species of phospholipase C were retained
by phenyl-Sepharose and elution with 25% (v/v)
ethylene glycol was unsuccessful; both species required
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Fig. 3. Hydroxyapatite chromatography of PLC-A or PLC-B

PLC-A (a) and PLC-B (b) eluted from cellulose phosphate
were pooled, concentrated and equilibrated with the new

column buffer. Samples were loaded and eluted as

described in the text. The elution profile was followed for
protein (0) by A280 and phospholipase C activity (@) in
50S, aliquots from each fraction (4 ml). NaCl concen-

tration is indicated by the broken line.

50% (v/v) ethylene glycol for elution. These elution
characteristics for both species imply strong hydrophobic
interactions with the column matrix, possibly reflecting
their ability to interact with the membrane in vivo.
The profiles resulting from chromatography ofPLC-A

(Fig. 3a) and PLC-B (Fig. 3b) on hydroxyapatite show
the different elution conditions required for these two
species, again indicating some physical differences
between them. This technique proved to be somewhat
more effective as a purification step for PLC-B than for
PLC-A. Nevertheless, the profiles of the gels that were

run after these procedures remain complicated, and
neither protein is obtained as a homogeneous preparation
by this sequence of techniques.

Properties of phospholipase C
The activity recovered in the soluble fraction was

optimal at pH 5.5, as indicated in Fig. 4. There was a

shoulder of activity at pH 7.0 which is thought to
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Fig. 4. pH profile of the soluble lymphocyte phospholipase C
activity against Ptdlns

Phospholipase C activity upon Ptdlns was assayed over a
range of pH values using the buffers 50 mM-Tris/
maleate/NaOH (pH 5.0-8.0) and 50 mM-citric acid/tri-
sodium citrate (pH 4.5), containing 1 mM-CaCl2. Assays
were made on crude phospholipase C (A), PLC-A (A)
and PLC-B (0), under standard conditions.

represent a further species of phospholipase C activity, as
it may be resolved from the majority of pH 5.5 activity
by gel filtration and is eluted along with the activity
designated peak 4.
Using the isolation procedure described here phospho-

lipase C activity was found to be dependent upon
Ca2+, 1 mM-Ca2+ resulting in maximum stimulation of
enzyme activity. No activity was detected in the presence
of EDTA or EGTA, indicating negligible contamination
with lysosomal phospholipase C (Irvine et al., 1978;
Matsuzawa & Hostetler, 1980). Phospholipase C activity
declined rapidly when warmed to temperatures exceeding
40 °C for 10 min, and the enzyme was totally inactive
when heated to temperatures in excess of 55 'C.
The crude enzyme preparation was specific for the

phosphoinositides; there was no detectable hydrolysis
of 32P-labelled phosphatidylcholine, phosphatidyl-
ethanolamine or phosphatidic acid. Limited activity was
observed when phosphatidylserine was the substrate, but
this represented less than 2% of the activity found using
Ptdlns as the substrate. This was considerably less than
that reported to occur when the phospholipase C
isolated from human platelet cytosol was assayed for
activity against phosphatidylserine (Chau & Tai, 1982).

It was possible that the unlabelled Ptdlns, which was
derived from wheatgerm and used routinely in the assays,
might not be as effective a substrate for phospholipase C
activity as that derived from mammalian sources and
useci here as the radiolabelled [3H]Ptdlns. When
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Fig. 5. Effect of Ca2+-EDTA buffers on the two species of
phospholipase C, PLC-A and PLC-B, using Ptdlns or
PtdIns(4,5)P2 as substrate

PLC-A activity against PtdIns (a) or PtdIns(4,5)P2 (c) was
assayed over a range of Ca2+ free concentrations regulated
by Ca2+-EDTA solutions buffered to pH 5.5. PLC-B
activity against PtdIns (b) or PtdIns(4,5)P2 (d) was also
investigated in a similar way.

phospholipase C activity was compared using the
purchased PtdIns and that purified in the laboratory
from rat tissue, the soluble lymphocyte phospholipase C
hydrolysed both substrates at equal rates, confirming
previous reports (Chau & Tai, 1982; Holub & Celi,
1984).
As a function of time, the hydrolysis of Ptdlns by the

crude preparation of lymphocyte phospholipase C and
the two partially purified species, PLC-A and PLC-B,
slowed markedly at a point at which approx. 65% of the
substrate was hydrolysed. The arrest of activity at this
point may be due to the effect of accumulation of one of
the end products, diacylglycerol, on the physical state of
the substrate liposomes. Inclusion of diacylglycerol in
mixed vesicles with PtdIns strongly inhibited phospho-
lipase C activity with virtual cessation of activity when
present in a 1:1 ratio (H. R. Carter & A. D. Smith,
unpublished work). Phospholipase C activity was also
found to be directly proportional to protein concen-
tration, again diverging from a linear relationship at the
point when approx. 65% of the substrate had been
utilized. Identification of the water-soluble end products
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Fig. 6. pH profile of
Ptdls(4,5)P2

PLC-A and PLC-B activity against

PLC-A (E) and PLC-B (E) were assayed over a range of
pH values in the presence of 1 mM-CaCl2. Buffers were
50 mM-Tris/maleate/NaOH in the range pH 5.0-8.0,
and 50 mM-citric acid/trisodium citrate in the range
pH 3.5-4.5.

of phospholipase C action upon Ptdlns has been
reported (Carter et al., 1986).
Both PLC-A and PLC-B had optimal activity at

pH 5.5 when assayed with Ptdlns, with no significant
activity at pH 7.0 (Fig. 4). This was expected as these
species were derived from peak 2 (gel filtration, Fig. 1)
which demonstrated activity only at pH 5.5 when
assayed under both conditions of pH. When the
concentration of Ca2+ was controlled with Ca2+-EDTA
buffers, both PLC-A and PLC-B had optimal activity
near 10-3 M-Ca2+ (Figs. Sa and 5b), but PLC-B was more
markedly inhibited above this concentration than was
PLC-A.
When assayed using Ptdlns(4,5)P2, there was a marked

difference in the activities of PLC-A and PLC-B. Figs.
5(c) and 5(d) show the activity found with Ptdlns(4,5)P2
using Ca2+-EDTA buffers to give a range of Ca2+ free
concentrations. This is a useful distinction between the
two forms of the enzyme assayed using suspensions of
pure lipid, but may not relate to the activities in the cell,
in which the substrate is presented in more complex
mixtures. Fig. 6 indicates the pH profile of activity using
Ptdlns(4,5)P2 as substrate.

DISCUSSION
We have shown that the soluble phospholipase C

activity from porcine lymphocytes, as initially investi-
gated by Allan & Michell (1974a,b), is composed of a
number of different activities. Such multiple species have
also been found in other tissues with a variety of
different purification techniques (Hirasawa et al., 1982;
Hofmann & Majerus, 1982; Chau & Tai, 1982; Low
et al., 1984; Nakanishi et al., 1985; Banno et al., 1986).

Occasionally, earlier studies on some of these tissues have
revealed a single form of phospholipase C, for example
in rat liver (Takenawa & Nagai, 1981) and also from
tissues which have since been shown to possess multiple
species. It is possible that the initial stages of purification
in these cases may have employed a step, for example
precipitation with (NH4)2SO4, that may inactivate one
(or some) of the species of phospholipase C, thereby
resulting in the identification of only one form. Indeed
precipitation with (NH4)2SO4 resulted in a very poor
recovery of activity when used by us with the lymphocyte
soluble enzyme.
Our purification techniques resolved four species of

activity. Peak 3 recovered from the gel filtration step is
thought to arise as a result of proteinase activity, as the
inclusion in the elution buffers of EGTA and PMSF,
agents which would inhibit Ca2+-dependent proteinase
and serine proteinase activities respectively, results in loss
of this species. The Mr found for the remaining species
(- 300000 for peak 1 and 175000 for peak 2) are
comparable with those reported by Low et al. (1984) for
the various species isolated from tissues such as brain,
liver and heart with Mr values in the region of 420000,
290000, 150000 and 75000-110000. Although the
SDS/polyacrylamide gels of the purified preparations
remain complicated, a prominent band is present
corresponding to Mr 78000 when PLC-B is purified using
either phenyl-sepharose or hydroxyapatite. This Mr is
close to that found using SDS/polyacrylamide gels after
purification ofphospholipase C from rat liver (Takenawa
& Nagai, 1981) or sheep vesicular gland (Hofmann &
Majerus, 1982). Peak 4 was eluted from the gel filtration
column with an apparent Mr of 11000. This was
considerably smaller than expected in view of previously
published Mr values for this type of enzyme activity. It
is possible that there is some degree of association with
the column matrix, causing retardation of this species.
However chromatography on Sephadex G-200 resulted
in a similar profile to that found for Sephacryl S-200
(Carter & Smith, 1985). Alternatively, this peak may
represent a fragment originating from proteolysis,
despite the precautions taken. Another possibility is that
this small protein could represent a dissociated catalytic
unit from a complex multisubunit enzyme.
One of the more important questions remaining to be

answered concerns the relationship of the soluble and
particulate phospholipase C activities in the lymphocyte.
Very recently, it has been shown (Kamisaka et al., 1986)
that the small amount of particulate activity can be
solubilized using 0.4% deoxycholate and subjected to
several stages of purification. There is agreement
between the results of these workers and ourselves that
the membrane-associated activity exhibits more activity
at pH 7 than does the soluble form, especially in the
presence of deoxycholate. The observation of two pH
optima for the lymphocyte confirms the earlier report of
Allan & Michell (1974a), but the two pH optima may be
due to different isoenzymes rather than, as suggested
previously, to an effect of pH on the physical nature of
the substrate, since if the latter were the case it would be
expected that a similar effect would be observed with the
purified enzymes, which is not so. It cannot, however, be
excluded that interaction between the different forms
occurs in the crude supernatant, particularly between the
Mr 11000 protein and the other enzymes, and that under
these conditions both factors may play a role. We have
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yet to investigate the possibility that these different forms
of the enzyme in fact represent subunits of a complex
enzyme that is dissociated by the separation procedures
we have employed.

REFERENCES
Abdel-Latif, A. A., Luke, B. & Smith, J. P. (1980) Biochim.

Biophys. Acta 614, 425-434
Allan, D. & Michell, R. H. (1974a) Biochem. J. 142, 591-597
Allan, D. & Michell, R. H. (1974b) Biochem. J. 142, 599-604
Banno, Y., Nakashima, S. & Nozawa, Y. (1986) Biochem.

Biophys. Res. Commun. 136, 713-721
Berridge, M. J. (1984) Biochem. J. 220, 345-360
Berridge, M. J., Heslop, J. P., Irvine, R. F. & Brown, K. D.

(1984) Biochem. J. 222, 195-201
Bijsterbosch, M. K., Meade, C. J., Turner, G. A. & Klaus,
G. G. B. (1985) Cell 41, 999-1006

Bligh, E. G. & Dyer, W. J. (1959) Can. J. Biochem. Physiol. 37,
911-918

Carter, H. R. & Smith, A. D. (1985) Biochem. Soc. Trans. 13,
1215-1216

Carter, H. R., Bird, I. M. & Smith, A. D. (1986) FEBS Lett.
204, 23-27

Chau, L. Y. & Tai, H. H. (1982) Biochim. Biophys. Acta 713,
344-351

Cockcroft, S. & Gomperts, B. D. (1985) Nature (London) 314,
534-536

Coggeshall, K. M. & Cambier, J. C. (1984) J. Immunol. 133,
3382-3386

Downes, C. P. & Michell, R. H. (1981) Biochem. J. 198,
133-140

Elliott, K. R. F., Ash, R., Pogson, C. I., Smith, S. A. & Crisp,
D. M. (1976) in Use of Isolated Liver Cells and Kidney
Tubules in Metabolic Studies (Tager, J. M., Soling, H. D. &
Williamson, J. R., eds.), pp. 139-143, North-Holland,
Amsterdam

Fisher, D. B. & Mueller, G. C. (1968) Proc. Natl. Acad. Sci.
U.S.A. 60, 1396-1402

Friedel, R. O., Brown, J. D. & Durell, J. (1969) J. Neurochem.
16, 371-378

Guy, G. R., Gordon, J., Michell, R. H. & Brown, G. (1985)
Biochem. Biophys. Res. Commun. 131, 484-491

Hakata, H., Kambayashi, J. & Kosaki, G. (1982) J. Biochem.
(Tokyo) 92, 929-935

Hasegawa-Sasaki, H. (1985) Biochem. J. 232, 99-109

Hasegawa-Sasaki, H. & Sasaki, T. (1983) Biochim. Biophys.
Acta 754, 305-314

Hawthorne, J. N. (1985) Proc. Nutr. Soc. 44, 167-172
Hendrickson, H. S. & Ballou, C. E. (1964) J. Biol. Chem. 239,

1369-1373
Hirasawa, K., Irvine, R. F. & Dawson, R. M. C. (1982)

Biochem. Biophys. Res. Commun. 107, 533-537
Hofmann, S. L. & Majerus, P. W. (1982) J. Biol. Chem. 257,

6461-6469
Holub, B. J. & Celi, B. (1984) Can. J. Biochem. Cell Biol. 62,

115-120
Hui, D. Y. & Harmony, J. A. K. (1980) Biochem. J. 192, 91-98
Irvine, R. F., Hemington, N. & Dawson, R. M. C. (1978)

Biochem. J. 176, 475-484
Kamisaka, Y., Toyoshima, S. & Osawa, T. (1986) Arch.

Biochem. Biophys. 249, 569-578
Kemp, P., Hubscher, G. & Hawthorne, J. N. (1959) Biochim.

Biophys. Acta 31, 585-586
Keough, K. M. W. & Thompson, W. (1972) Biochim. Biophys.

Acta 270, 324-336
Laemmli, U. K. (1970) Nature (London) 227, 680-685
Lapetina, E. G. & Michell, R. H. (1973) Biochem. J. 131,
433-442

Low, M. G. & Weglicki, W. B. (1983) Biochem. J. 215, 325-334
Low, M. G., Carroll, R. C. & Weglicki, W. B. (1984) Biochem.

J. 221, 813-820
Lowry, 0. H., Rosebrough, N. J., Farr, A. L. & Randall, R. J.

(1951) J. Biol. Chem. 193, 265-275
Maino, V. C., Hayman, M. J. & Crumpton, M. J. (1975)

Biochem. J. 146, 247-252
Matsuzawa, Y. & Hostetler, K. Y. (1980) J. Biol. Chem. 255,

646-652
Michell, R. H. (1975) Biochim. Biophys. Acta 415, 81-147
Michell, R. H., Kirk, C. J., Jones, L. M., Downes, C. P. &

Creba, J. A. (1981) Philos. Trans. R. Soc. London Ser. B
296, 123-127

Nakanishi, H., Nomura, H., Kikkawa, U., Kishimoto, A. &
Nishizuka, Y. (1985) Biochem. Biophys. Res. Commun. 132,
582-590

Raaflaub, J. (1960) Methods Biochem. Anal. 3, 301-325
Takenawa, T. & Nagai, Y. J. (1981) J. Biol. Chem. 256,

6769-6775
Taylor, M. V., Metcalfe, J. C., Hesketh, T. R., Smith, G. A. &

Moore, J. P. (1984) Nature (London) 312, 462-465
Uhing, R. J., Jiang, H., Prpic, V. & Exton, J. H. (1985) FEBS

Lett. 188, 317-320
Wallace, M. A. & Fain, J. N. (1985) J. Biol. Chem. 260,

9527-9530

Received 3 October 1986/11 February 1987; accepted 5 March 1987

Vol. 244


