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Fig. 1. Effect of protein concentration on free inositol release from 
phosphatidylinositol substrate. Reactions were carried out at pH 7.5, 

during 1 h as described in section 2. 

3. RESULTS 

Incubation of phosphatidyl[3H]inositol with increas- 
ing concentrations of human plasma in the presence of 
1 mM CaClz resulted in an appreciable release of radio- 
active water-soluble compound(s) into the reaction mix- 
ture (fig.1). The hydrolytic activity was shown to be 
linear with respect to the quantity of protein assayed up 
to 75 pg/assay. However, a concentration of 500 pg 
protein/assay (approx. 10 ~1 plasma) was chosen to be 
used in all subsequent experiments in order to improve 
sensitivity. The water-soluble labeled compound was 
identified as free inositol by anion-exchange 
chromatography (fig.2). Neither glycerophospho- 
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Fig.2. Anion-exchange chromatography of water-soluble inositol 
compounds. Reactions were carried out at pH 7.5 during 1 hand con- 
tained 10~1 of fresh plasma. Reactions were stopped and water- 
soluble inositol compounds were extracted as described in section 2. 
Samples were applied to a column of AG i-X8 resin (1 ml). The col- 
umn was first eluted with water (fractions l-5, containing free in- 
ositol) and then with a stepwise gradient of ammonium formate in 
water as follows: 0.025 M (fractions 6-10, containing glycerophos- 
phoinositol, GPI), 0.1 M (fractions 1 l-15, containing inositol cyclic- 
phosphate, cIP), and 0.2 M (fractions 16-20, containing inositol 
phosphate, IP) [28]. Upper panel shows the elution profile of authen- 

tic labeled standards. 

Fig.3. pII dependence of the free inositol-producing activity of 
human plasma. Reactions were carried out during 1 h and contained 
10 pl plasma. The buffering systems for each pH were as follows: pH 
5.0-6.0, 100 mM sodium acetate; pH 6.0-7.0, 100 mM L-histidine; 
pH 7.0-9.0, 100 mM Tris-HCI; pH 9.0-10.0, 100 mM glycine. All 

reactions were performed in the presence of 1 mM CaC12. 

inositol nor inositol phosphate was recovered, sug- 
gesting that the enzyme activity responsible for free in- 
ositol production was a phospholipase D. 

Fig.3 shows the effect of pH on the release of free in- 
ositol from phosphatidylinositol substrate. The hydro- 
lytic reaction showed a broad pH dependence, with op- 
timal activity at neutral-alkaline pH values. We examin- 
ed next the Ca2+ requirement of this reaction. When in- 
cubations were conducted in the presence of 2 mM 
EGTA, no release of free inositol was observed, in- 
dicating that this reaction was Ca2+-dependent. 

To assess the phospholipase D specificity, reactions 
were conducted with [‘4C]arachidonoylphosphatidyl- 
inositol as substrate. Analyses of chloroform-soluble 
compounds after the hydrolytic reaction by thin-layer 
chromatography revealed that only spots migrating as 
phosphatidic acid and arachidonic acid were labeled. 
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Fig.4. Thin-layer chromatography analyses of chloroform-soluble 
compounds produced after incubation of phosphatidylinositol with 
10 ,ul of human plasma for 1 h. Plates were chromato~aphed as de- 
scribed in section 2. Plates were scraped in 5-mm slices and assayed 
for radioactivity. (A) Separation of phosphatidic acid. (B) Separation 
of neutral lipids. Arrows at the top of the figures show the position 
of authentic standards. Radioactivity values corresponding to blanks 
without added cell protein have been subtracted. AA, arachidonic 
acid; PA, phosphatidic acid; MAO, monoacylglycerol (monoolein); 
DAG, diacylgIycero1 (1-stearoyl, 2-arachidonoyl-~~-~ycerol); TAG, 

triacylglycerol (trioiein). 
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Neither dia~ylglycerol nor monoacylgl~c~~ol became 
labeled (fig.4). These results show conclusively that the 
plasma activity responsible for free inositol and phos- 
phatidic acid formation is a phosphodiester~e of the 
phospholipase D-type. It is interesting to recall that 
human plasma lecithin : cholesterol : acyltransferase has 
phospholipase AZ activity 1301. This activity could be 
responsible for the release of arachidonic acid. 

To further assess the phospho~ipase D activity, we 
studied the formation of phosphatidylethanol through 
the transphosphatidylating activity of phosphohpase D 
[31]. When assays were conducted with [14C]- 
arachido~oy~phosphatidylinositol in the presence of 
175 mM ethanol, a product co-migrating with authentic 
phosphatidyleth~ol became labeled, and the radioac- 
tive content of the phosphatidic acid spot slightly 
decreased (results not shown). 

4. DlSCUSSION 

Previous studies have estabIished the presence in 
human plasma of an enzyme activity capable of 
hydrolyzing the glycosylphosphatidylinositol mem- 
brane anchor of variant surface glycoprotein from 
Trypan~~u~a brucei [24], human decay-accelerating 
factor [24] and human placenta1 alkaline phosphatase 
[25]. This enzyme activity was identified as a 
Ca’+-dependent phosphohpase D 124,251, exhibiting a 
strict substrate specificity for glycosylphosphatidyl- 
inositol and not for phosphatidylcholine, phosphatidyl~ 
ethanolamine or phosphatidyIinosito1 [24]. Never- 
theless, in this paper we have demonstrated that plasma 
phospho~ipase D is able to hydrolyze phosphatidy~- 
inositol to a significant extent. This apparent discrepan- 
cy could be explained by the different acyl chain com- 
position of the substrat~‘s lipid moiety employed by 
Davitz et al, [24] and by us in the present study. Davitz 
et al. 1241 assayed phospholipase D activity toward di- 
myristoylphosphatidy~nositol, a minor phosphatidyl- 
inositol class in mammalian membranes, where the pre- 
dominant class is 1-stearoyl, 2arachidonoylphos- 
phatidyli~osito~ [32], just the substrate used in the pres- 
ent study. As has been suggested previously [33f, it is 
possible that variations in the fatty acid composition of 
phosphatidylinositol are not relevant to its protein- 
anchoring function, but may profoundly influence the 
sensitivity of phosphatidy~i~ositol to phospho~ip~e D. 

Interestingly, the results of the present study strongly 
suggest that both phospholipases D from human plas- 
ma and phagocytic ceils [9,23] behave similarly in the 
basis of their common biochemical characteristics and 
substrate specificity. Furthermore, phosphadityl- 
inositol-hydrolyzing phospholipase D activities from 
human plasma and phagocyte cytosol elute in similar 
fractions by Sephacryl S-200 gel-filtration chromatog- 
raphy (J. Balsinde and F. MoIlinedo, unpublished 
observation). 

The physiologic~ role of this human inositol lipid- 
hydrolyzing phospholipase D is uncertain. The iden- 
tification of this enzyme activity in plasma and in the 
cytosol of peripheral blood phagocytes indicates that, 
potentially, all phosphatidylinositol-anchored proteins 
could be released by a phaspholipase D activity, ir- 
respective of their sub~ellul~ focalization. This is of 
particular interest if considered that certain glycosyl- 
phosphatidylinosito~-anchored proteins are intra- 
cellularly located 1331, and that a g~ycosylated inositol 
lipid has been implicated in the signal transduction 
mechanisms of the hormone insulin [34,35], 

The activity of the phagocytic cell phospholipase D is 
increased upon ceh activation [9,23]. It will be of in- 
terest to investigate how the plasma phospholipase D 
activity is regulated. 
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