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Abstract 
With [“‘Cloleate-1abeled phosphatidylcholine as a substrate for phospholipase D the hydrolytic activity was measured by phosphatidic acid 

formation and the transphosphatidylation activity was measured by the phosphatidylethanol formed in the presence of ethanol. The pH optimum 
was 6.5 with dimethylglutarate as the buffer. EGTA inhibited the transphosphatidylation activity to a greater extent than the hydrolytic activity. 
In contrast CaCl,, BaCI,, MgC& and SrCI, stimulated the hydrolytic activity without effecting the transphosphatidylation activity. BeCI, another 
member of the group Ha transition metals was a very potent inhibitor of both the hydrolytic and transphosphatidylation activity. GTPyS, an activator 
of G protein-mediated events, was an inhibitor of both activities. 
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1. Introduction 

The enzymatic properties [I J, and cell biological re- 
sponses of phospholipase D [2-51, have been reviewed. 
A major justification for this intense interest is the poten- 
tial of phospholipase D for the production of diacylglyc- 
erol, believed requisite for protein kinase C activations 
[6]. As a consequence, the bulk of these observations 
have been derived with a common paradigm using intact 
cells containing labeled endogenous substrates. There 
are a few reports employing subfractions obtained from 
broken cells or tissue homogenates. A diversity of the 
effects of several divalent cations have been reported. In 
a few instances G protein couplings for phospholipase D 
activity have been observed. Therefore, we decided to 
characterize some of the properties of phospholipase D 
residing in isolated rat brain plasma membranes since 
these membranes would be the expected site of phospho- 
lipase D activation in response to perturbants. 

2. Materials and methods 

Rat brain plasma membranes were prepared utilizing an aqueous 2 
phase partitioning procedure [7], S-Nucleotidase activity was used as 
a plasma membrane marker [8], and glucose-6-phosphatase activity was 
used as an endoplasmic reticulum marker [9]. Phospholipase D activity 
was measured with an incubation mixture containmg 50 mM dimeth- 
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.dbbreviatwns: PtdA, phosphatidic acid; PtdETOH, phosphatidyl- 
ethanol; DG, diacylglycerols. 

ylglutaric acid pH 6.5, 10 mM EDTA, 25 mM NaE where indicated 
0.3 M ETOH, 2.5 mM [‘4C]phosphatidylcholine, 4 mM oleate and 
approximately 80 /g membrane protein as previously described [lo], 
protein measurement was according to the classical procedure of Lowry 
et al. [I I], and inorganic phosphate by a published method [12]. 
Phosphatidic acid, the hydrolytic product, and phosphatidylethanol, 
the transphosphatidylation product formed in the presence of ethanol, 
were separated by thin layer chromatography (TLC) [13]. I-Palmitoyi- 
2-[‘4C]oleoyl glycerol-3-phosphocholine was purchased from New Eng- 
land Nuclear (Boston, MA), and diluted with carrier phosphatidyl 
choline to yield a specific activity of approximately 500 dpm/nmol, 
Silica gel 60 TLC plates were the product of Merck, Darmstadt. The 
phosphatidylethanol standard for TLC was prepared as described [lo]. 
The other routine reagents were obtained from several suppliers. All 
experiments were carried out on at least 2 separate occasions and all 
incubations were in duplicates. 

3. Results 

3.1. General properties 
There was a four- to sixfold enrichment of 5 nucleoti- 

dase activity and an absence of glucose-6phosphatase 
activity in the isolated plasma membranes (data not 
shown). Maximal phospholipase D activity, measured 
both as hydrolysis and transphosphatidylation, was ob- 
tained with dimethylglutarate buffer at pH 6.5. The 
measured activity at pH 7 was reduced 80% to 90% with 
all buffers tested including dimethylglutarate, MES, 
HEPES and Tris and product formation was linear up 
to 100 pug of membrane protein (data not shown). The 
maximum phosphatidylethanol formation was obtained 
in the presence of 200 mM ethanol (data not shown). 

3.2. Effect of divalent cations 
It was of interest to determine if the plasma membrane 
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3.4. Phorbol esters and amphiphilic cations 
Low concentrations of phorbol myristate acetate and 

phorbol dibutyrate, from 10 ,uM to 100 PM, did not 
influence phospholipase D activity, however, at 1 mM 
there was complete inhibition (data not shown). Several 
amphiphilic cations had been shown to activate phos- 
pholipase D activity of cultured cells 1131. There was a 
doubling of phospholipase D activity in the presence of 
1 mM oleylamine but not in the presence of an equivalent 
amount of either sphingosine or chlorpromazine (data 
not shown). 

4. Dhx~ssio~ 

The phospholipase D activity of post nuclear super- 
nates of HL 60 cells was estimated by measuring 
phosphatidylethanol formation and found maximally ac- 
tive in the presence of 5 mM Ca’ and 100 ,uM GTPyS 
[15]. The phospholipase D activity of canine cerebral 
cortical microsomes was stimulated at 20 ,uM GTPyS 
but was inhibited slightly by Ca2’ and Mg2’ [16]. Milli- 
molar Ca2’ and Mg2+ inhibited the phospholipase D ac- 
tivity of membranes prepared from human amniotic tis- 
sues [ 171, rat brain frontal cortex and primary cultures 
of this tissue [18], as well as rat sciatic nerve [19]. Mg’” 
but not Ca*’ stimulated the phospholipase D activity of 
rat brain synaptic membranes incubated at a pH of 7.2 
1201. A partially purified rat brain phospholipase D activ- 
ity was stimulated by millimolar concentrations of Ca*’ 
and Fe” [21]. GTPyS stimulated phospholipase D activ- 
ity of membranes prepared from hepatocytes [22-241, 
and there may be an additional enhancement of this 

Table 2 
The effkct of Ba”, Ca”, Mp?+ and S?’ upon the phospholipa~ D 
activity of rat brain plasma membranes* 

PtdA PtdETOH DG 

N.A. 32.15 + 5.1 3.75 + 2.5 44.3 + 15 
+ 0.2 M ETOH 6.2 ?I 1 24 k 2.2 15.2 + 11.3 
2 mM CaCl, 38.9 It 4.5 3.3 f 1.2 50.5 + 9.8 
2 mM CaCI, + 0.2 M ETOH 6.1 + 1.8 28.6 f 2.5 14.3 zk 7.5 
6 mM CaCI, 48.3 rt 4.7 2.2 + 0.61 35.2 + 7.5 
6 mM Ca2C1, + 0.2 M ETOH 7.8 + 1.3 24.3 2 1.6 14.9 + 3 
2 mM MgCl, 42.8 + 1.5 2.4 k 0.6 48.3 + 2.9 
2 mM MgCl, + 0.2 M ETOH 9.63 k 2.6 32.5 + 1.8 14.1 t 3.4 
6 mM MgC& 58.9 k 5.5 3.9 * 0.6 38.9 + 8.3 
6 mM MgCl, + 0.2 M ETOH 7.3 + 0.14 25.9 f 3.2 8.3 L?: 1.5 
2 mM BaCl, 37.2 It 2.2 1.9 f 0.5 44.9 k 16.4 
2 mM BaC1, + 0.2 M ETOH 5.5 Yk 1 27.2 I!I 1.3 9.9 z!z 17 
6 mM BaCl, 50.9 k 8.5 4.4 + 0.8 42.6 + 4.3 
6 mM BaCl, + 0.2 M ETOH 9.1 * 2.1 31.9 + 12 14.2 k 2.3 
2 mM SrCI, 45.9 + 3.7 4.1 f2 23.6 zk 3.4 
2 mM SrCI, + 0.2 M ETOH 7.8 + 0.6 26.9 + 0.4 14.1 I!I 0.8 
6 mM SrCl, 63.8 -Lt 7 3 452 1.9 k 4 
6 mM SrCIz + 0.2 M ETOH 17.2 k 1.9 42.1 f 1 7.8 -I 1 

*Values expressed as nmol productimg protein/h 
N.A. = No additions 

GTPYS (PM) 

Fig. 2. The inhibition of rat brain plasma membrane phospholipase D 
activity by GTPyS. The experimental details are provided in the text. 
Open symbols represent incubations in the presence of 0.2 M ETOH 
and filled symbols in the absence of ETOH. Squares indicate PtdA 
formation, circles indicate PtdETOH formation and triangles repre- 
sents DC formation. 

GTPyS stimulation by soluble proteins 125-271. The 
properties of the rat brain plasma membrane phospho- 
lipase D is different from the above. There is a lack of 
GTPyS stimulation, indeed there is a profound inhibi- 
tion, which is unaltered by the presence of rat brain 
cytosol (Fig. 2). There are no inhibitions by millimolar 
Ca” or Mg+ but rather a stimulation which is also 
found with BaZ’ and Sr” (Table 2). These observations 
indicates that the properties of phospholipase D resident 
in different membranes prepared from different cells or 
tissue may not be identical. Therefore, comparisons of 
observations made with different perturbants in different 
cell systems occasionally may be more complicated than 
originally believed. 

The four stimulator-y cations are transition metals 
members of the group II a, Be’+ the other member of this 
group is a robust inhibitor (Fig. 1). Industrial exposure 
of workers to beryllium dust results in a pathological 
condition [28]. Be*’ inhibits nuclear protein phosphoryl- 
ation [29], and microsomal cytochrome p-450 hydroxyla- 
tions [30]. The fluoride salt of beryllium, in a manner 
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similar to aluminium fluoride, will bind to G proteins 
and ATPases [31]. Perhaps an inhibition of phospholi- 
pase D thus reducing a cells capacity to produce dia- 
cylglycerol or phosphatidic acid in response to receptor 
occupancy is a contributory factor to beryllium toxicity. 
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