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Purified glycolipid from Pseudomonas aeruginosa induced the generation of significant amounts of 12-
hydroxyeicosatetraenoic acid (12-HETE) and serotonin release from human platelets. The release of serotonin
was first observed 2 min after addition of the glycolipid and increased with time. Significant serotonin release
was obtained at glycolipid concentrations above 5 ,ug/ml and increased dose-dependently up to 100% at
glycolipid concentrations above 40 ig/mi. Glycolipid induced 12-HETE in a time- and dose-dependent manner.
12-HETE formation was first measured after 10 min of incubation and increased with time. Optimal 12-HETE
formation was obtained at a glycolipid concentration of 50 ,ug/ml; higher concentrations of glycolipid led to a
decrease in 12-HETE formation, indicating a cytotoxic effect. Stimulation of platelets with glycolipid (12-HETE
formation and serotonin release) was accompanied by calcium influx, translocation of protein kinase C,
activation of guanylylimidodiphosphate binding, and increased GTPase activity in platelet membranes within
the same concentration range.

Pseudomonas aeruginosa is an opportunistic pathogen
which causes either localized infections, such as pneumonia
in patients with cystic fibrosis, or generalized septicemia in
immunocompromised hosts who are suffering from severe
burns or cancer or receiving immunosuppressive therapy
(17, 23, 42, 47, 48, 56). Basically, the occurrence of such
diverse clinical diseases may derive either from an altered
host defense in these patients and/or a difference in virulence
of taxonomically identical P. aeruginosa strains (1, 18, 30,
32, 41, 57).

Several pathogenicity factors of P. aeruginosa have been
identified. Exotoxin A modulates lymphocyte functions; the
heat-labile (phospholipase C) (3, 4, 36, 40) and the heat-
stable (glycolipid) hemolysin (29) have been shown to induce
inflammatory mediator release from human granulocytes as
well as from mast cells (2). Alginate, the mucoid exopolysac-
charide of P. aeruginosa which is mainly present in isolates
from patients with cystic fibrosis (46), interferes with gran-
ulocyte functions, e.g., phagocytosis.

Little is known about the interaction of P. aeruginosa
pathogenicity factors and human platelets. After stimulation
with collagen, thrombin, or the Ca ionophore A23187, hu-
man platelets release mediators after degranulation of pre-
formed constituents (e.g., serotonin) or after new generation
(e.g., 12-hydroxyeicosatetraenoic acid [12-HETE]) (11, 12,
33, 38). The latter product is a potent chemotactic compo-
nent for neutrophils and may mediate leukocyte diapedesis
through the vascular endothelium (20, 51). It causes neutro-
phil degranulation and is involved in mucus secretion (10, 37,
52). Recently, we demonstrated (31) that 12-HETE alone is
sufficient to induce the expression of heat shock proteins in
human leukocytes, which may alter neutrophil responses to,
e.g., bacterial products. However, platelet-derived 12-
HETE can be rapidly incorporated into other cell popula-
tions (e.g., human leukocytes) and thereby act as a transcel-
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lular signal (6). Thus, platelet-derived mediators are

involved in inflammatory processes such as occur in bacte-
rial infections (34). Recently, Coutinho et al. (15) showed
that the phospholipase C of P. aeruginosa induces the in
vitro aggregation of human platelets. While phospholipase C
induces leukotriene formation from human granulocytes,
glycolipid proved to be inactive. However, glycolipid is a

potent stimulus for histamine release from mast cells (2).
Platelet activation is transmitted via a complex signal

transduction pathway, including an increase in intracellular
calcium, activation of protein kinase C (PKC), and G-protein
involvement (33). G-proteins represent a family of regulatory
proteins (19), all of which serve to transfer information from
the receptor to the effector system of the cell. The partici-
pation of GTP-binding proteins was demonstrated for recep-
tor-linked activation (e.g., thrombin) or stimulation with
fluoride ions (F-), which mimick the gamma-phosphate of
GTP at the GTP-binding site (5, 11, 26).

It was the purpose of our study to analyze the effect of
glycolipid on inflammatory mediator release from platelets.
In this regard, serotonin release and 12-HETE formation
were studied. We demonstrate that glycolipid, an extracel-
lular product of P. aeruginosa, activates human platelets for
the release of inflammatory mediators (serotonin and 12-
HETE) which may activate or alter the responsiveness of
additional cells involved in the inflammatory host response.
In this regard, platelet activation by P. aeruginosa extracel-
lular products, e.g., the glycolipid, may contribute to the
fatal outcome of P. aeruginosa infections in cystic fibrosis
(10, 20, 37, 56). Since platelet activation is mediated via
defined steps of the signal transduction pathway (33), studies
of G-protein and PKC activation as well as calcium influx
may help to understand signaling in glycolipid-stimulated
human platelets. The knowledge of the precise signal trans-
duction pathway as well as the cross-signaling between
various cell types may lead to new concepts in the therapy of
P. aeruginosa infections.
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MATERIALS AND METHODS

Materials. [,y-32P]ATP (5 Ci/mmol) and [3H]serotonin (5-
hydroxytryptamine, creatinine sulfate; 30.4 Ci/mmol) were
purchased from New England Nuclear Corp. DE-52 cellu-
lose was from Whatman. Synthetic leukotrienes were a
generous gift from Merck-Frosst, Pointe Claire, Quebec,
Canada. The P. aeruginosa glycolipid was kindly donated by
G. Doring, Institut fur Hygiene, Universitat Tubingen, Tub-
ingen, Germany.

P. aeruginosa bacteria were cultured in the medium
described by Hauser and Kamovsky (24), containing 7%
K2HPO4, 3% KH2PO4, 0.1% MgSO4- 7H20, 1% (NH4)2
S04, and 30% glycerin (94%), pH 7.4. The glycolipid was
isolated from culture supernatants as described by Jarvis and
Johnson (28). Purification was performed by the method of
Johnson and Boese-Marrazo (29) with the following modifi-
cation: the precipitate containing the glycolipid was solubi-
lized in ethanol (98%) and was washed three to four times in
the presence of charcoal. The crystallization process was
performed as described by Johnson and Boese-Marrazo (29).
The glycolipid preparation was free of additional substances
other than sodium chloride; e.g., it was free of lipopolysac-
charide (LPS) as verified by spectroscopy at the institute of
biochemistry in Hannover, Germany, by Reinhard
Kownatzki (unpublished data). Additional experiments (data
not shown) were performed with rhamnolipids Rl and R3,
donated by C. Syldatk, Technische Universitat Braunsch-
weig, Braunschweig, Germany (53); identical results were
obtained.

P. aeruginosa LPS was prepared from P. aeruginosa
PAClR as described by Darveau and Hancock (16). The
concentration of 2-keto-3-desoxyoctonate (KDO) was deter-
mined by the method of Osborn (45), and LPS concentra-
tions were estimated by using a value of 2.4% (wt/vol) KDO
in the LPS of P. aeruginosa PAClR (13). The solvents used
were of high-pressure liquid chromatography grade, ob-
tained from local suppliers. All other chemicals were from
Sigma, Deisenhofen, Germany.

Buffer. The buffer used for washing the platelets and for
mediator release consisted of 137 mM NaCl, 8 mM Na2
HPO4, 3 mM KCl, and 3 mM KH2PO4, pH 7.4 (modified
Dulbecco's phosphate-buffered saline [PBS]). Buffer A con-
sisted of 20 mM Tris-HCl (pH 7.5), 0.5 mM EGTA (ethylene
glycol tetraacetic acid), 0.5 mM EDTA, 1 mM dithiothreitol,
and 1 mM phenylmethylsulfonyl fluoride.

Preparation of cells. Platelets were prepared from venous
blood of healthy donors. The blood was anticoagulated with
EDTA (0.15%) and centrifuged at 200 x g for 25 min to
obtain platelet-rich plasma (PRP). The PRP was centrifuged
at 1,300 x g at 4°C. The platelets were washed twice and
resuspended in PBS to a final concentration of 2 x 108 cells
per ml. The purity of the platelets was 98%. Viability of the
cells was assayed by light miroscopy with trypan blue
exclusion, as well as by the analysis of lactate dehydroge-
nase (LDH) release from stimulated and nonstimulated cells.
Analysis of LDH (EC 1.1.1.27) was carried out as described
previously (33).

Serotinin release from human platelets. Washed platelets
were resusgended at a concentration of 109/ml in PBS
containing [3H]serotonin (0.2 p.Ci/108 cells). The suspension
was incubated for 30 min at 37°C; during this time, 75% of
the [3H]serotonin was incorporated. The labeled platelets
were washed twice in PBS and finally suspended at a
concentration of 2 x 108/ml. After stimulation at 37°C, the
release of [3H]serotonin was determined after mixing the cell

suspension with 0.5 ml of paraformaldehyde (3% in PBS).
The samples were centrifuged (1,200 x g, 10 min, 4°C), and
the supematants were analyzed by liquid scintillation spec-
trometry. The release of [3H]serotonin was expressed as a
percentage of the total bound [3H]serotonin present within
the platelets (33).
12-HETE generation from human platelets and 12-HETE

analysis. Human platelets (108) were suspended in 0.5 ml of
PBS buffer. For stimulation, CaCl2 (final concentration, 0.8
mM), MgCl2 (final concentration, 1.0 mM), and the gly-
colipid were added and incubated at 37°C. The supernatants
of stimulated cells were analyzed for 12-HETE content as
described previously (30, 33).
Loading cells with fura-2. The acetoxymethylester of

fura-2 was added to 2 x 108 platelets in HEPES buffer (145
mM NaCl, 5 mM KCl, 1 mM Na2HPO4, 1 mM CaCl2, 0.5
mM MgSO4, 5 mM glucose, 10 mM HEPES [N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid, pH 7.4]) at a final
concentration of 3 ,M. The cells were incubated at 37°C
with intermittent mixing to allow complete uptake of the
dye. After 30 min, the cells were washed in HEPES buffer.

Fluorescence measurements. Freshly loaded platelets were
spun down and resuspended at a concentration of 2 x 107/ml
in HEPES buffer supplemented with CaCl2 (0.8 mM) and
MgCl2 (1.0 mM). A Perkin-Elmer spectrofluorometer was
used with the excitation wavelength set at 340 nm, and the
emission was measured at 510 nm (21, 55). Stimuli were
added as indicated in the Results. Maximum fluorescence
values (Fm,) were obtained by adding digitonine up to a final
concentration of 5 pg/ml, thus permeabilizing the cells for
calcium entry and ensuring that essentially all fura-2 was
complexed with calcium. Minimum fluorescence (Fmm) was
subsequently obtained by adding EGTA up to a final con-
centration of 6.6 mM, to chelate free calcium and to ensure
that essentially no fura-2 was complexed with calcium.
Assay for PKC activity. Human platelets (2 x 108) were

preincubated for 10 min at 37°C in PBS and subsequently
stimulated with stimuli such as Ca ionophore A23187 or
glycolipid for the indicated times. Activation of the cells was
stopped by centrifugation at 1,000 x g for 10 min; the cells
were then resuspended in 1 ml of bufer A and sonicated
(amplitude, 50 p,m; sonifier 250; Branson Power Company)
twice for 10 s each. PKC activity was assayed as described
previously (33).

Binding of Gpp(NH)p and GTPase activity. Human plate-
lets (2 x 108) were incubated in the presence of glycolipid,
NaF, or thrombin or in the absence of any stimulus for the
indicated times at 37°C. The assay was performed as de-
scribed previously (33). Guanylylimidodiphosphate [Gpp
(NH)p] binding was expressed in counts per minute bound to
the membranes (10 ,g per assay) (9). Membrane-bound
GTPase activity was reported as 32P released from
[y-32PJGTP, expressed in counts per minute.

Statistics. Data show mean values + standard deviation
(SD) for at least three individual experiments with cells from
different donors. Significance was examined with Student's t
test for independent means.

RESULTS

Glycolipid-induced mediator release. Since, among the
hemolysins, the heat-stable glycolipid has proinflammatory
activities (2), experiments were carried out to analyze the
effect of purified glycolipid on serotonin release and 12-
HETE formation. It is evident from Fig. 1A that glycolipid
induced significant serotonin release in a dose-dependent
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FIG. 1. Platelet activation by glycolipid from P. aeruginosa. (A)
Dose-response of serotonin release. Glycolipid (0 to 100 ,ug/ml) was
incubated with cells for 10 min at 37°C. (B) Kinetics of serotonin
release. Platelets (108) were incubated with glycolipid (25 p.g) for up
to 20 min. (C) Dose-response of 12-HETE formation. Glycolipid (0
to 100 pLg/ml) was incubated with cells for 60 min at 37°C. (D)
Kinetics of 12-HETE formation. Platelets (108) were incubated with
glycolipid (15 ,ug/ml) for up to 60 min at 37°C. Data represent mean
values + SD for four individual experiments. Values for unstimu-
lated cells were subtracted from all other values for serotonin
release and 12-HETE formation (see text).

manner. At a glycolipid concentration of 20 ,ug/ml, serotonin
release was approximately 40%. Concentrations above 40
,ug/ml released 100% of serotonin, which may be the result of
cytotoxicity. In additional experiments, platelets were stim-
ulated with glycolipid at concentrations ranging from 0.1 to
10 ,ug/ml. Glycolipid concentrations as low as 5 pg/ml
induced significant serotonin release (12% + 4%) from
human platelets (data not shown). As was apparent from
kinetic studies, serotonin release from platelets had occurred
after only 2 min of incubation with glycolipid (25 jig/ml) (16%
± 4%) (data not shown). In Fig. 1B it is shown that serotonin
release increased steadily up to 62% ± 11% within 10 min,
and prolonged incubation (20 min) led to 78% ± 6% seroto-
nin release.
For comparison, the time kinetics of 12-HETE formation

with 15 ,ug of glycolipid per ml are presented in Fig. 1D (the
value for unstimulated platelets, 12 ± 8 ng/108 cells, was
subtracted). Glycolipid-induced 12-HETE formation showed
a linear increase, which reached 13 ± 4 ng of 12-HETE after
incubation for 10 min. With prolonged incubation, a flatten-
ing of the curve is shown, with values of 22 ± 7 ng of
12-HETE after 20 min, 38 ± 7 ng after 60 min (Fig. 1D), and
43 ± 6 ng after 120 min of incubation (data not shown).
Increasing amounts of glycolipid induced 12-HETE forma-
tion in a dose-dependent manner (Fig. 1C) (value for unstim-
ulated platelets was subtracted). At a glycolipid concentra-
tion of 20 ,ug/ml, 150 ± 28 ng of 12-HETE was released; at 50
,g/ml, generation increased up to 180 ± 42 ng within 60 min.
A further increase in the glycolipid concentration reduced
the amount of 12-HETE formed to 50 ± 7 ng, suggesting
cytotoxic damage of the cells. Lactate dehydrogenase re-
lease above 5% ± 3% was not detected.
To rule out mediator release by glycolipid-associated LPS,

additional experiments were performed with purified P.
aeruginosa LPS at concentrations ranging from 10 ng/ml to

10
Time [min]
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FIG. 2. Kinetics of the decrease in cytosolic PKC activity after
stimulation with glycolipid (25 ,ug/ml) (a), Ca ionophore A23187
(10-' M) (*), or PBS (x). Platelets (108) were incubated for up to 20
min at 37°C. PKC activation was determined as described in
Materials and Methods. A decrease in cytosolic PKC activity
represents activation of this enzyme. Data represent mean values ±
SD for four individual experiments.

10 ,ug/ml. A high dose (10 jig/ml) of LPS induced the
formation of 30 ± 10 ng of 12-HETE per 108 cells, compared
with 12 ± 8 ng/108 cells in unstimulated platelets. At low
doses of LPS, no significant 12-HETE formation was ob-
served in human platelets. It is obvious that such high
amounts of LPS would be detectable by spectroscopy.

Analysis of signal transduction. Obviously, the activation
of platelets for inflammatory mediator release (serotonin and
12-HETE) proceeds via defined pathways of the signal
transduction cascade (33). For this purpose, the activation of
PKC was studied. PKC is found in the cytosol in its inactive
form; after activation, the PKC is translocated to the mem-
brane. Therefore, the activation of PKC can be measured as
a decrease in cytosolic PKC.

In subsequent experiments, glycolipid and the Ca iono-
phore A23187 were studied for comparison. For this pur-
pose, human platelets were incubated with glycolipid (25
,ug/ml) or A23187 (10-7 M) for up to 30 min. As is evident
from Fig. 2, both stimuli, the glycolipid and the Ca iono-
phore A23187, induced a decrease in cytosolic PKC activity
after 15 min of incubation down to 80% ± 12%. No further
decrease was obtained with incubation for up to 20 min. The
activation of the PKC in the presence of buffer was only
marginal over time. To rule out PKC inactivation by the
glycolipid, partially purified PKC from unstimulated plate-
lets was incubated with the glycolipid or the Ca ionophore
A23187. Inactivation of PKC was not obtained (data not
shown). As a further control, cytosolic preparations from
untreated cells were mixed with cytosolic preparations from
untreated or glycolipid-treated cells, incubated, and then
assayed for PKC activity; no differences were observed. Our
data show that a decrease in cytosolic PKC activity is
observed in parallel with 12-HETE formation and with an
increase in serotonin release.

G-proteins are essential regulators of ligand- and non-
ligand-induced cell activation (19). Sodium fluoride (NaF)
has been shown to be a potent stimulus of mediator release
(12-HETE and serotonin) by its action on G-proteins (5, 11,
33). The next set of experiments were carried out to study
the involvement of G-proteins in the platelet cellular re-
sponse to purified glycolipid.

Binding of Gpp(NH)p to platelet membranes. The binding
of Gpp(NH)p, a nonhydrolyzable GTP analog, indicates one
parameter for G-protein activation (39). Gpp(NH)p binding
was determined after stimulation of intact cells with purified
glycolipid. Cells stimulated with NaF (12.5 or 20 mM), a
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TABLE 1. Stimulation of Gpp(NH)p binding and
GTPase activit

Stimulus Incubation Gpp(NH)p GTPase activitytime (min) binding (cpm) (cpm)
Thrombin

2 U/ml 10 3,765 ± 200* 24,563 ± 460*
3 U/mil 10 4,108 + 430* 28,565 ± 510*

NaF
12.5 mM 10 2,700 + 120* 27,870 + 430*
20 mM 10 4,300 ± 380* 29,547 + 370*

PBS 5 211 29 2,390 + 110
10 245 ± 15 3,428 ± 100
20 231 15 2,900 + 260

Glycolipid
5 jg/ml 10 757 ± 18* 10,601 + 90*
25 p,g/ml 5 2,590 ± 159* 21,680 ± 340*

10 3,424 ± 220* 21,007 ± 270*
20 3,389 ± 190* 21,340 ± 430*

a Values are means ± SD for at least three independent experiments. *,
Significantly different from buffer control (P < 0.05).

direct G-protein activator, with thrombin (2 or 3 U/ml), or
with buffer (PBS) served as controls. The incubation pro-
ceeded for 5, 10, or 20 min at 37°C. Gpp(NH)p binding was
maximal after 10 min of incubation. At a glycolipid concen-
tration of 25 ,ug/ml, the values for Gpp(NH)p binding were
2,590 ± 159, 3,424 ± 220, and 3,389 ± 190 cpm after 5, 10,
and 20 min of incubation, respectively. As is apparent from
Table 1, thrombin, NaF, and purified glycolipid induced an
increase in Gpp(NH)p binding in a dose-dependent manner
for up to 10 min of incubation.
GTPase activity. In parallel to the binding of Gpp(NH)p to

platelet membranes, the activity of GTPase (8, 39), which
terminates the binding of GTP to the G-proteins, was deter-
mined. The glycolipid, thrombin, and NaF induced a signif-
icant increase in GTPase activity compared with the basal
level (buffer control) (Table 1). After only 5 min of stimula-
tion, maximal enzyme activity was detected in glycolipid (25
,g/ml)-stimulated platelets. Dilution of the stimulus concen-
tration led to a reduction in GTPase activity. Our data thus
emphasize that the glycolipid affects G-protein activities.

Induction of Ca2e influx. An important prerequisite for
mediator induction is the influx of Ca2", which is regarded as
a second messenger for cellular activation. In subsequent
experiments, the effects of thrombin (2 U/ml) and glycolipid
at various concentrations were analyzed. It is apparent from
Fig. 3 that glycolipid induced an increase in Ca + influx in a
dose-dependent manner. Actually, we did not quantitate the
intracellular Ca2+ concentrations (Ca21i); therefore, digito-
nine was added to determine the maximal increase in Ca2 i.
Similar to thrombin, low doses of glycolipid (1, 5, and 25
,ug/ml) caused a short-lived calcium influx, whereas a high
dose (125 p,g/ml) caused a sustained influx. We suggest that
the short-lived Ca2" influx indicates a reversible process,
while the sustained influx leads to inactivation of cellular
responsiveness and consequently to cell death.

DISCUSSION

Recently, we have shown that P. aeruginosa induces
inflammatory mediator release from human granulocytes and
mast cells in correlation to expression and secretion of the
heat-labile hemolysin (phospholipase C) (2). The heat-stable
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FIG. 3. Calcium influx after platelet activation with thrombin,
glycolipid (125, 25, 5, and 1 pLg/ml), and PBS (control). Experiments
were carried out as described in Materials and Methods. The traces
show representative determinations performed on at least three
experiments.

hemolysin, the glycolipid, proved to be a potent stimulus for
the release of the preformed mediator histamine from mast
cells, but it did not induce leukotriene generation (a newly
formed mediator). Owing to these discrepancies, we ana-
lyzed the effect of glycolipid on mediator release from
human platelets, e.g., preformed serotonin as well as newly
formed 12-HETE. Our experiments, performed with purified
glycolipid, indicate that concentrations of 5 to 20 ,ug/ml are
effective for significant 12-HETE formation. One may spec-
ulate that 5-lipoxygenase, the essential enzyme in leukotri-
ene formation in human granulocytes, is differently regulated
than platelet 12-lipoxygenase, which is responsible for the
formation of 12-HETE (34). In addition, these results clearly
show that the sensitivity of the cells (granulocytes and
platelets) to glycolipid may differ. To support this hypothe-
sis, additional experiments are necessaxy.

In addition to 12-HETE, the preformed mediator seroto-
nin is released from human platelets after stimulation with
the glycolipid. Despite the fact that serotonin release occurs
more rapidly, the kinetics of 12-HETE formation and sero-
tonin release are similar. At glycolipid concentrations above
60 p.g/ml, 12-HETE formation decreased, perhaps owing to a
cytotoxic effect, while the release of the preformed serotonin

VOL. 60, 1992



3154 KONIG ET AL.

increased up to 100%, which does not contradict a cytotoxic
effect at a high dose of glycolipid.
Only a few data exist as to the signal-transducing events in

platelet activation caused by defined pathogenicity factors of
P. aeruginosa. Human platelets respond to agonists by the
release of dense granule contents (serotonin) or by generat-
ing free arachidonic acid, the precursor of thromboxane A2
and 12-HETE (22, 33, 51). Recent studies emphasize the role
of PKC in platelet activation and regulation (33, 44, 58). It
has been suggested that PKC mediates several responses of
human platelets after activation with a variety of stimuli (43,
49, 50, 54). The direct activation of PKC by phorbol 12-
myristate 13-acetate leads only to minute serotonin release;
12-HETE formation, however, is not induced. In contrast,
the purified glycolipid induced PKC activation and mediator
release (12-HETE and serotonin) in a dose-dependent man-
ner. In addition to PKC activation, a rise in intracellular
calcium levels was observed in platelets stimulated with the
glycolipid.
Although the regulatory mechanisms which underlie the

arachidonic acid release process are not clearly understood,
a crucial role for calcium is indicated by the ability of the Ca
ionophore A23187 to generate 12-HETE and serotonin re-
lease from human platelets. These data are consistent with
earlier observations (33) that serotonin release might not be
due to the activation of PKC alone. Furthermore, it became
evident from our own work (33) as well as from that of other
investigators (12, 38, 58) that under appropriate conditions,
PKC activation and calcium mobilization also act synergis-
tically to elicit a physiological response of the platelets, e.g.,
serotonin release and 12-HETE formation.'Our data show
that glycolipid activates PKC, leads to an increase in Ca2 i,
and induces 12-HETE generation and serotonin release from
human platelets. One may assume that the synergistic action
of PKC activation and calcium mobilization is correlated to
mediator release. Nonetheless, the knowledge that PKC
exists in at least seven isoforms raises the possibility that not
all of these forms of the enzyme are equally involved in
platelet activation by the various stimuli. Furthermore, it has
been reported that the isoenzymes of PKC exhibit differ-
ences in activation by fatty acids, diacylglycerol, and phor-
bol esters (14, 25, 27, 35).

In the past, evidence has been presented that G-proteins
are involved in mediator formation following receptor-linked
cell activation (11, 39). In our study, three parameters of
G-protein involvement were considered by the different
assays (5, 39). An increase in Gpp(NH)p binding represents
an increased exchange of GTP for GDP at the GTP-binding
sites of the G-proteins. An increase in GTPase activity
indicates an accelerated inactivation of GTP into the inactive
GDP at the GTP-binding site (8). The role of G-protein
activation is represented by stimulation with sodium fluoride
(NaF) (5). With fluoride, a direct G-protein activator of
predominantly the inhibitory G proteins (Ga), or thrombin as
the stimulus, the release of serotonin and the formation of
12-HETE were observed in parallel with an increase in
Gpp(NH)p binding and increased GTPase activity (11). With
purified glycolipid, an increase in Gpp(NH)p binding and
GTPase activity was observed in a dose-dependent manner
concomitant with an enhanced induction of mediators from
human platelets. Howevef, our data do not allow discrimi-
nation of which of the G-n'rpteins are involved in 12-HETE
formation or serotonin re'lease (7, 26).
Our results support a role for G-proteins, PKC, and

calcium influx in the regulation of inflammatory mediator
release from human platelets stimulated by purified gly-

colipid. Further experiments will be directed to analyzing
the fine tuning of the cellular responses.
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