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Abstract

The purpose of this study was to examine the ability of type I- (porcine pancreas andNaja mocambique mocambique venom), type II-
(bothropstoxin-I, bothropstoxin-II, and piratoxin-I), and type III- (Apis mellifera venom) secretory phospholipases A2 (sPLA2s) to induce
human neutrophil chemotaxis, and the role of the cell surface proteoglycans, leukotriene B4 (LTB4), and platelet-activating factor (PAF),
in mediating this migration. The neutrophil chemotaxis assays were performed by using a 48-well microchemotaxis chamber. Piratoxin-I,
bothropstoxin-I,N. m. mocambique venom PLA2 (10–1000�g/mL each), bothropstoxin-II (30–1000�g/mL), porcine pancreas PLA2
(0.3–30�g/mL), andA. mellifera venom PLA2 (30–300�g/mL) caused concentration-dependent neutrophil chemotaxis. Heparin (10–300
U/mL) concentration-dependently inhibited the neutrophil migration induced by piratoxin-I, bothropstoxin-II, andN. m. mocambique and
A. mellifera venom PLA2s (100�g/mL each), but failed to affect the migration induced by porcine pancreas PLA2. Heparan sulfate (300
and 1000�g/mL) inhibited neutrophil migration induced by piratoxin-I, whereas dermatan sulfate and chondroitin sulfate (30–1000�g/mL
each) had no effect. Heparitinase I and heparinase (300 mU/mL each) inhibited by 41.5 and 47%, respectively, piratoxin-I-induced
chemotaxis, whereas heparitinase II and chondroitinase AC failed to affect the chemotaxis. The PAF receptor antagonist WEB 2086
(3-[4-(2-chlorophenyl)-9-methyl-6H-thienol-[3,2-f] [1,2,4]-triazolo-[4,3-a] [1,4]-diazepine-2-yl]-1-(4-morpholynil)-1-propionate) (0.1–10
�M) and the LTB4 synthesis inhibitor AA-861 [2-(12-hydroxydodeca-5,10-diynyl)-3,5,6-trimethyl-1,4-benzoquinone] (0.1–10�M) sig-
nificantly inhibited the piratoxin-I-induced chemotaxis. Piratoxin-I (30–300�g/mL) caused a concentration-dependent release of LTB4. Our
results suggest that neutrophil migration in response to sPLA2s is independent of PLA activity, and involves an interaction of sPLA2s with
cell surface heparin/heparan binding sites triggering the release of LTB4 and PAF. © 2002 Elsevier Science Inc. All rights reserved.
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1. Introduction

PLA2s play an important role in inflammatory processes
since they provide precursors for pro-inflammatory lipid
substances such as arachidonic acid-derived mediators and

PAF [1]. sPLA2s purified from snake and bee venoms, as
well as from porcine pancreas, have largely been employed
as pharmacological tools to investigate the role of these
proteins in diverse physiopathological processes [2]. Ac-
cording to their primary structure, venom PLA2s have been
subdivided into three main groups, namely type I (purified
from Elapidae and Hydrophidae venoms), type II (purified
from Crotalidae venoms), and type III (purified from bee
and wasp venoms). The endogenous PLA2s isolated from
mammalian pancreatic juice have been classified as type I,
whereas those purified from platelets and human synovial
fluid have been classified as type II [1]. Furthermore, type II
PLA2s can be subdivided into Asp-49 PLA2s and Lys-49-
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like proteins. The former contains an aspartic acid residue at
the calcium binding site and high enzymatic activity,
whereas the latter contains lysine at position 49 and very
little or no enzymatic activity. The presence of an aspartic
acid residue at position 49 is believed to be crucial for
calcium binding and thus for their catalytic activity [3,4].

The administration of different snake venom PLA2s into
animals in vivo evokes local inflammatory effects charac-
terized mainly by an increase in vascular permeability and
oedema formation, which take place by mechanisms depen-
dent and independent of the catalytic activity [5–9]. Both-
ropstoxin-I and bothropstoxin-II are Asp-49 and Lys-49
type II PLA2s, respectively, isolated from Bothrops jarar-
acussu snake venom [10–12], whereas piratoxin-I is an
Lys-49 type II PLA2 isolated from Bothrops pirajai snake
venom [13]. Although the Asp-49 PLA2s usually contain
high phospholipase activity, bothropstoxin-II has only low
enzymatic activity, whereas bothropstoxin-I and piratoxin-I
are completely devoid of enzymatic activity. Bothrops-
toxin-I, bothropstoxin-II [14], and piratoxin-I [15] markedly
increase vascular permeability in rats through extensive
mast cell degranulation, a mechanism dependent upon the
cationic charge content of these PLA2s. Recently, these
proteins have been shown to promote in vivo rat pleural
leukocyte infiltration by mechanisms unrelated to pleural
mast cell activation and enzymatic activity [16]. In this
study, we describe the ability of type I (from both porcine
pancreas and Naja mocambique mocambique venom), type
II (bothropstoxin-I, bothropstoxin-II, and piratoxin-I), and
type III (from Apis mellifera venom) PLA2s to induce in
vitro human neutrophil chemotaxis. The role of cell surface
proteoglycans mediating the PLA2-induced neutrophil che-
motaxis and the involvement of LTB4 and PAF were also
investigated in this study.

2. Materials and methods

2.1. PLA2s and other drugs

Bothropstoxin-I (pI 8.2, MW 13,720), bothropstoxin-II
(pI 8.2, MW 13,975), and piratoxin-I (pI 8.3, MW 13,825)
were all isolated and purified in house according to previous
studies [10,11,13]. Bothropstoxin-I and piratoxin-I have
been shown to be enzymatically inactive (�1.0 nmol/min/
mg), whereas bothropstoxin-II has residual enzymatic ac-
tivity (1.02 nmol/min/mg), as monitored spectrophotometri-
cally by the hydrolysis of a synthetic substrate 4-nitro-3-
(octanoyloxy) benzoic acid, according to a previous study
[17]. The PLA2s purified from N. m. mocambique venom
(pI 8.8), A. mellifera venom (pI 10.5), and porcine pancreas
(pI 6–7) were obtained from the Sigma Chemical Co.; they
have an enzymatic activity of 79.2 � 1.0, 9.0 � 0.1, and
23.8 � 0.7 nmol/min/mg, respectively, as measured using
4-nitro-3-(octanoyloxy) benzoic acid.

Heparitinase I, heparitinase II, chondroitinase AC, and

heparinase were prepared from Flavobacterium heparinum,
as previously described [18,19]. Heparan sulfate from bo-
vine pancreas was prepared as described [20]. Chondroitin
sulfate from whale cartilage was purchased from the Seika-
gaku Kogyo Co. fMLP, Histopaque, MEM, and dermatan
sulfate were obtained from the Sigma Chemical Co. Heparin
was obtained from Akzo Nobel Ltda. WEB 2086 (3-[4-(2-
chlorophenyl)-9-methyl-6H-thienol-[3,2-f] [1,2,4]-triazolo-
[4,3-a] [1,4]-diazepine-2-yl]-1-(4-morpholynil)-1-propi-
onate) was obtained from Boehringer.

2.2. Human neutrophil isolation

Blood from healthy donors was anticoagulated with 0.1
vol. of 3.8% (v/w) sodium citrate. Neutrophils were ob-
tained by centrifugation of blood (300 g for 28 min at 21°)
on a Ficoll-Hypaque gradient. The gradient zone containing
the neutrophils was removed and washed once with MEM
(pH 7.2). Contaminating erythrocytes were disrupted by
hypotonic lysis. After centrifugation (300 g for 10 min at
21°), the resulting pellet was suspended in MEM supple-
mented with ovalbumin 0.1% (MEM/OVA). The final cell
suspension (2.0 � 106 cells/mL) contained 95% neutro-
phils. Cell viability (�98%) was assessed by the trypan blue
dye exclusion test.

2.3. Chemotaxis assay

The neutrophil migration assay was performed using a
48-well microchemotaxis chamber as previously described
[21]. Briefly, 50 �L of the neutrophil suspension (2.0 � 106

cells/mL) was added to the upper compartment of the mi-
crochemotaxis chamber (Neuro Probe) and separated from
the PLA2s (dissolved in MEM) in the lower compartment
by a polycarbonate filter (PVP-free; 25 � 80 mm; average
pore size, 5 �m; Poretics Products –Osmonics). MEM was
substituted for the chemotactic agents to measure random
migration. fMLP (1 � 10�8 M, dissolved in MEM) was
used as a positive control. The loaded chambers were incu-
bated for 1 hr at 37° in a 5% CO2 atmosphere. After
incubation, the filters were removed, fixed in methanol, and
stained with Diff-Quick (Baxter Healthcare Corp.). Chemo-
taxis was quantified by counting neutrophils that migrate
completely through the filter in five random HPFs (1000�)
per well. Triplicate wells were always run.

2.4. Influence of heparin and other glycosaminoglycans
on human neutrophil chemotaxis

The influence of heparin (10–300 U/mL), heparan sul-
fate (0.03–1 mg/mL), dermatan sulfate (0.03–1 mg/mL),
and chondroitin sulfate (0.03–1 mg/mL) on human neutro-
phil chemotaxis in vitro was studied by adding different
concentrations of these substances to the lower or upper
compartment of the microchemotaxis chamber, which con-
tained the chemoattractant or neutrophils, respectively.
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2.5. Incubation of human neutrophils with
F. heparinum enzymes

Human neutrophils were incubated with heparitinase I,
heparitinase II, chondroitinase AC, or heparinase (300
mU/mL each) for 30 min at 37° in a 5% CO2 atmosphere.
After incubation, the cells were washed, suspended in
MEM/ovalbumin, and used for the chemotaxis assay. Con-
trol experiments where neutrophils were incubated with the
enzyme vehicle ethylene diamine acetate (EDA) buffer (0.1
M) were also performed.

2.6. LTB4 measurement

LTB4 in the supernatants of neutrophils stimulated with
fMLP (1 � 10�8 M), piratoxin-I (3–300 �g/mL), bothrop-
stoxin-II (3–300 �g/mL), and A. mellifera venom PLA2

(3–300 �g/mL) was measured using the Cayman Chemical
LTB4 EIA kit.

2.7. Statistical analysis

Data are presented as means � SEM and were analyzed
by ANOVA and the Dunnett’ s test. A P value of less than
0.05 was considered to indicate significance.

3. Results

3.1. Human neutrophil chemotaxis induced by
different PLA2s

Figure 1 shows that type II PLA2s such as piratoxin-I and
bothropstoxin-I (10–1000 �g/mL each) and bothrops-
toxin-II (30–1000 �g/mL each) caused concentration-de-
pendent neutrophil migration, as compared with spontane-
ous migration. Similar results were observed for the type I
PLA2s such as those purified from porcine pancreas (0.3–
100 �g/mL) and N. m. mocambique venom (10–1000 �g/
mL) as well as for the type III PLA2 (purified from A.
mellifera venom, 30–300 �g/mL; Fig. 1).

3.2. Effect of heparin and other glycosaminoglycans

The human neutrophil migration induced by piratoxin-I,
bothropstoxin-II, N. m. mocambique venom PLA2, and A.
mellifera venom PLA2 (100 �g/mL each) was concentra-
tion-dependently inhibited by heparin (10–300 U/mL), as
observed when heparin was incubated with the PLA2s in the
lower compartment of the microchemotaxis chamber (Fig.
2). Using the same experimental conditions, heparin failed
to significantly affect neutrophil migration induced by the
porcine pancreas PLA2 (14.3 � 1.3, 13.9 � 0.9, 12.1 � 0.8,
11.7 � 0.9, and 10.7 � 1.0 neutrophils/HPF, for control and
10, 30, 100, and 300 U/mL of heparin, respectively; N � 3).
Incubation of neutrophils with heparin in the upper com-

partment of the microchemotaxis chamber also markedly
inhibited piratoxin-I (100 �g/mL)-induced chemotaxis
(25.0 � 1.6, 26.0 � 2.9, 13.8 � 3.7, 12.2 � 2.3, and 8.9 �
1.4 neutrophils/HPF, for control and 10, 30, 100, and 300
U/mL of heparin, respectively; N � 4). For further studies,
piratoxin-I was routinely used.

The incubation of the polyanion heparan sulfate (300–
1000 �g/mL) in the lower compartment of the microche-
motaxis chamber significantly inhibited the neutrophil mi-
gration induced by this PLA2 (Table 1). Conversely, the
polyanions dermatan sulfate and chondroitin sulfate (30–
1000 �g/mL each) had no effect on the piratoxin-I-induced
neutrophil migration (Table 1).

Incubation of heparin, heparan sulfate, dermatan sulfate,
and chondroitin in the lower compartment of the microche-
motaxis chamber affected neither spontaneous migration
(N � 8; Table 2) nor fMLP (1 � 10�8 M)-induced neutro-
phil chemotaxis (N � 3; Table 2). Added in the upper
compartment, heparin (300 IU/mL) also failed to affect
spontaneous migration (4.7 � 0.3 and 4.5 � 0.2 neutro-
phils/HPF for control and treated, respectively) and fMLP-
induced chemotaxis (49.5 � 2.2 and 53.8 � 8.9 neutrophils/
HPF for control and treated, respectively).

3.3. Effect of the F. heparinum enzymes heparitinase I,
heparitinase II, heparinase, and chondroitinase AC

Previous incubation (30 min at 37°) of either heparitinase
I (300 mU/mL) or heparinase (300 mU/mL) with neutro-
phils significantly inhibited piratoxin-I (100 �g/mL)-in-
duced chemotaxis (Fig. 3). At the same concentrations,
heparitinase II and chondroitinase AC had no effect on
neutrophil migration induced by piratoxin-I (Fig. 3). The
spontaneous migration and fMLP (108 M)-induced neutro-
phil chemotaxis were not modified when neutrophils were
pretreated with any of the F. heparinum enzymes (N � 3;
Table 2).

3.4. Effect of WEB 2086 and AA-861 [2-(12-hydroxydodeca-
5,10-diynyl)-3,5,6-trimethyl-1,4-benzoquinone]

Previous treatment of neutrophils (37o, 30 min) with
either the PAF receptor antagonist WEB 2086 (0.1–10 �M)
or the LTB4 synthesis inhibitor AA-861 (0.1–10 �M) con-
centration-dependently inhibited the piratoxin-I (100 �g/
mL)-induced neutrophil chemotaxis (Fig. 4). The co-incu-
bation of WEB 2086 with AA-861 (1 �M each) reduced by
75% (P � 0.01) the piratoxin-I-induced chemotaxis. Sup-
pression of chemotaxis was observed when both compounds
were co-incubated at a concentration of 10 �M each.

3.5. LTB4 measurement

Incubation (37°, 1 hr) of neutrophils with piratoxin-I
caused a concentration-dependent LTB4 release in the cell
supernatant (86.2, 186.6, and 506.7 pg/mL for 30, 100, and
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300 �g/mL, respectively; N � 2 in duplicate) compared
with basal release (6.7 pg/mL). Similar results were ob-
served for bothropstoxin-II (85.0, 80.0, and 142.1 pg/mL for
30, 100, and 300 �g/mL, respectively; N � 2 in duplicate),
A. mellifera venom PLA2 (98.8, 331.7, and 426.0 pg/mL for
30, 100, and 300 �g/mL, respectively; N � 2 in duplicate),
and fMLP (239.9 pg/mL for 1 � 10�8 M; N � 2 in
duplicate).

4. Discussion

This study shows that all of the types of sPLA2 assayed
here (piratoxin-I, bothropstoxin-I, bothropstoxin-II, and
those purified from N. m. mocambique and A. mellifera

venoms and mammalian pancreas) were able to attract hu-
man neutrophils in vitro by a mechanism possibly involving
interactions of these proteins with cell surface glycosami-
noglycans of the heparin/heparan sulfate family that ulti-
mately lead to the release of chemoattractant mediators such
as LTB4 and PAF.

Plasma membranes of mammalian tissues contain fixed
anionic sites that confer an overall electronegative charge to
these structures. These negative sites are constituted primar-
ily by different sulfated glycosaminoglycans, depending on
the cell type studied [22,23]. In polymorphonuclear leuco-
cytes, the glycosaminoglycans were identified as heparan
sulfate, chondroitin sulfate, and dermatan sulfate, with
chondroitin sulfate being the principal component [24,25].
It is known that interaction of sulfated glycosaminoglycans

Fig. 1. Human neutrophil chemotaxis in vitro induced by bothropstoxin-I (10–1000 �g/mL; panel A), bothropstoxin-II (30–1000 �g/mL; panel B),
piratoxin-I (10–1000 �g/mL; panel C), N. m. mocambique venom PLA2 (10–1000 �g/mL; panel D), A. mellifera bee venom PLA2 (30–1000 �g/mL; panel
E), and porcine pancreas PLA2 (0.3–100 �g/mL; panel F). fMLP (1 �10�8 M)-induced neutrophil chemotaxis (solid bars) is also shown as a positive control.
Data represent means � SEM of 3 experiments (each in triplicate). Key: (*) P � 0.05, and (**) P � 0.01, compared with MEM.
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with basic proteins triggers a wide range of biological re-
sponses [26–30], including the release of storage granule
contents from neutrophils [31]. Our results showed that
heparin (a sulfated glycosaminoglycan) concentration-de-
pendently inhibited the neutrophil-induced chemotaxis
when this molecule was incubated with sPLA2s in the lower
compartment of the microchemotaxis chamber. Incubation
of heparin with neutrophils in the upper compartment also
markedly inhibited piratoxin-I-induced chemotaxis. Al-

though we have no further evidence to predict the exact
mechanisms by which heparin inhibits sPLA2-induced neu-
trophil chemotaxis, previous studies demonstrated that hep-
arin binds to bothropstoxin [32] and to the Lys-49 PLA2

from Bothrops asper venom [33,34] inhibiting their myo-
toxic activity. The increased vascular permeability induced
by bothropstoxins and piratoxin-I in rats and rabbits is also
inhibited by heparin [14,15]. It is suggested that heparin
binds to a substrate binding site of PLA2 that is not a part of

Fig. 2. Inhibitory effect of heparin (10–300 IU/mL) on human neutrophil chemotaxis induced by piratoxin-I (100 �g/mL), bothropstoxin-II (100 �g/mL),
A. mellifera bee venom PLA2 (100 �g/mL), and N. m. mocambique venom PLA2 (100 �g/mL). The dashed lines represent spontaneous migration. Data
represent means � SEM of 3 experiments (each in triplicate). Key: (*) P � 0.05, and (**) P � 0.01, compared with the control (untreated cells).

Table 1
Effect of the glycosaminoglycans heparan sulfate, dermatan sulfate, and chondroitin sulfate upon human neutrophil migration in vitro induced by
piratoxin-I (100 �g/ml)

Control Neutrophils/HPF

Concentration of glycosaminoglycan

30 �g/mL 100 �g/mL 300 �g/mL 1000 �g/mL

Heparan sulfate 25.8 � 2.2 23.0 � 1.4 22.6 � 1.1 17.5 � 1.2* 10.6 � 1.2*
Dermatan sulfate 21.6 � 1.4 25.4 � 2.2 30.4 � 5.6 30.0 � 6.2 27.3 � 3.5
Chondroitin sulfate 24.8 � 1.2 28.6 � 1.9 28.8 � 3.1 27.8 � 3.2 22.4 � 2.2

Chemotaxis is expressed as the mean number of migrated neutrophils per high-power field (HPF). Data represent means � SEM of 3 experiments, each
of which was carried out in triplicate.

* P � 0.01, compared with the control.
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the enzymatic site [35,36]. This specific heparin-binding
site is located in the carboxyl terminal region, and both
electrostatic and non-electrostatic interactions are suggested
to be involved in this binding [33,37]. We employed other
glycosaminoglycans and showed that heparan sulfate (but
not chondroitin sulfate and dermatan sulfate) inhibited neu-
trophil chemotaxis. This suggests that the interaction of
members of the heparin/heparan sulfate family with PLA2 is
not based on a non-specific electrostatic interaction due to
the basic character of the proteins, but rather a specific
recognition component may be involved. This is in agree-
ment with Lomonte et al. [34], who observed that heparan
sulfate and low-molecular weight heparin, but not a variety

of heparin-derived disaccharides or chondroitin sulfate,
caused neutralization of PLA2 from B. asper venom. The
lack of effect of heparin on the neutrophil chemotaxis in-
duced by porcine pancreas PLA2 may reflect the fact that
mammalian pancreatic PLA2 (but not types II and III PLA2)
lack the characteristic carboxyl extension, and that they
usually activate cells via specific receptors [1,38,39].

The findings that PLA2 contains a heparin binding site
that is distinct from its catalytic site suggest that heparin
might regulate the interaction of PLA2 with heparin-like
molecules on cell surfaces [40]. Indeed, treatment of human
neutrophils with either heparinase or heparitinase I (but not
with chondroitinase AC and heparitinase II) resulted in a
decreased number of migrated cells, reinforcing the sugges-
tion that PLA2-induced chemotaxis occurs via heparin/
heparan sulfate binding with the neutrophil surface. Al-
though the quantification of heparin/heparan sulfate on the
neutrophil suspensions treated with F. heparinum enzymes
could not be performed in our study, previous studies have
indicated that such enzymes can selectively remove cell
glycosaminoglycans from certain cell types including hu-
man neutrophils [41–43].

The PLA2-induced neutrophil chemotaxis was associated
with large amounts of LTB4 in the supernatant of stimulated
neutrophils, and was attenuated markedly by both the li-
poxygenase inhibitor AA-861 and the PAF receptor antag-
onist WEB 2086, strongly indicating that both LTB4 and
PAF mediate neutrophil chemotaxis induced by sPLA2s.
Previous studies showed that type-II PLA2s with preserved
enzymatic activity attach to cell heparan sulfate, generating
arachidonic acid and prostaglandin E2 in a mammalian cell
line [42,44]. However, our findings that enzymatically in-
active Lys-49 PLA2s such as piratoxin-I and bothrops-
toxin-I induced a marked neutrophil chemotaxis may sug-
gest that cell chemotaxis is unrelated to the enzymatic
activity of sPLA2s. This is surprising since phospholipase
activity of endogenous PLA2s is recognized as crucial to the
release of chemoattractant mediators from membrane-

Table 2
Effect of different treatments on either spontaneous migration or fMLP
(10�8M)-induced human neutrophil migration

Treatments Neutrophils/HPF

Spontaneous fMLP

Control 3.9 � 0.5 29.5 � 3.0
Heparin (300 IU/mL) 4.0 � 1.2 32.5 � 6.6
Heparan sulfate (1 mg/mL) 5.8 � 0.9 35.2 � 2.0
Dermatan sulfate (1 mg/mL) 6.2 � 1.5 33.7 � 3.4
Chondroitin sulfate (1 mg/mL) 5.9 � 1.0 30.5 � 3.5
Control (EDA 0.1 M) 4.6 � 1.8 41.1 � 7.1
Heparinase 4.8 � 0.2 47.0 � 9.5
Heparitinase I 5.2 � 1.0 45.4 � 8.8
Heparitinase II 5.5 � 0.8 44.3 � 7.5
Chondroitinase AC 5.9 � 0.7 45.9 � 8.2

Chemotaxis is expressed as the mean number of migrated neutrophils
per high-power field (HPF). Data represent means � SEM of 3–8 exper-
iments, each of which was carried out in triplicate.

Fig. 3. Ability of heparinase and heparitinase I to inhibit piratoxin-I (100
�g/mL)-induced human neutrophil migration. Neutrophils were treated
with heparinase, heparitinase I, heparitinase II, or chondroitinase AC (300
mU/mL) for 30 min at 37o. Data represent means � SEM of 3 experiments
(each in triplicate). Key: (*) P � 0.01, compared with either the control
(untreated cells) or cells treated with EDA (medium for the enzymes).
Abbreviations: Hep, heparinase; HepI, heparitinase I; HepII, heparitinase
II; and CAC, chondroitinase AC.

Fig. 4. Effect of the PAF receptor antagonist WEB 2086 (0.1–10 �M) and
the lipoxygenase inhibitor AA-861 (0.1–10 �M) on human neutrophil
chemotaxis induced by piratoxin-I (100 �g/mL). Data represent means �
SEM of 3 experiments (each in triplicate). Key: (*) P � 0.05, and (**) P �
0.01, compared with either control (untreated cells).
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bound lipid precursors. One may speculate therefore that
following stimulation of heparin/heparan sulfate sites on the
neutrophil surface by the sPLA2s, an endogenous neutrophil
PLA2 is activated, causing the release of arachidonic acid
and hence eicosanoid generation. Three distinct PLA2s have
been found in various mammalian cell types, namely, type
II 14-kDa sPLA2 that is associated with neutrophil granules
[45], an 88-kDa calcium-independent PLA2 (iPLA2) [46],
and an 85-kDa cytosolic PLA2 (cPLA2) [47]. The latter is
apparently the most important PLA2 isozyme involved in
regulating the generation of the lipid mediator resulting
from cell activation [47]. This PLA2 requires a nanomolar
Ca2� concentration for activation and exhibits preferential
hydrolysis of phospholipids bearing arachidonic acid [47,
48]. Nevertheless, the possibility that Asp-49 and Lys-49
PLA2s display enzymatic activity in neutrophil membranes,
and that this activity is required to induce neutrophil che-
motaxis, may not be excluded in our study. However, this is
unlikely since Lys-49 PLA2s generally have a much lower
enzymatic activity (or are completely devoid of this activ-
ity) than do Asp-49 PLA2s (or other typical PLA2s), irre-
spective of the substrate used to measure this activity [49].
In a skeletal muscle cell culture system, bothropstoxin-I has
a very low enzymatic activity, and the contracture and
blockade of the mouse-isolated diaphragm induced by this
toxin were shown to be unrelated to this activity [50],
reinforcing our proposal that enzymatic activity does not
play an important role on in vitro neutrophil chemotaxis.
The importance of enzymatic activity on this response could
be assessed using p-bromophenacyl bromide, a commonly
used PLA2 inhibitor that acts by alkylating the His-48 res-
idue located in the active site [51]. However, this compound
has been shown to inhibit the inflammatory responses in-
duced by Lys-49 and Asp-49 variants equally [14,15], sug-
gesting it may not be a good pharmacological tool to ad-
vance our studies.

In conclusion, sPLA2s cause LTB4- and PAF-mediated
human neutrophil chemotaxis, a phenomenon that is sug-
gested to involve neutrophil glycosaminoglycan as the bind-
ing site. This induced neutrophil migration does not corre-
late with the level of enzymatic activity of these proteins.
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