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Cyclic AMP (cAMP) is a natural chemoattractant of the social amoeba Dictyostelium discoideum. It is detected by cell
surface cAMP receptors. Besides a signalling cascade involving phosphatidylinositol 3,4,5-trisphosphate (PIP3), Ca2+
signalling has been shown to have a major role in chemotaxis. Previously, we have shown that arachidonic acid (AA)
induces an increase in the cytosolic Ca2+ concentration by causing the release of Ca2+ from intracellular stores and
activating inﬂux of extracellular Ca2+. Here we report that AA is a chemoattractant for D. discoideum cells differentiated for
8–9 h. Motility towards a glass capillary ﬁlled with an AA solution was dose-dependent and qualitatively comparable
to cAMP-induced chemotaxis. Ca2+ played an important role in AA chemotaxis of wild-type Ax2 as ethyleneglycolbis(b-aminoethyl)-N,N,N’,N’-tetraacetic acid (EGTA) added to the extracellular buffer strongly inhibited motility. In
the HM1049 mutant whose iplA gene encoding a putative Ins(1,4,5)P3-receptor had been knocked out, chemotaxis was
only slightly affected by EGTA. Chemotaxis in the presence of extracellular Ca2+ was similar in both strains. Unlike
cAMP, addition of AA to a cell suspension did not change cAMP or cGMP levels. A model for AA chemotaxis based
on the ﬁndings in this and previous work is presented.
[Schaloske R H, Blaesius D, Schlatterer C and Lusche D F 2007 Arachidonic acid is a chemoattractant for Dictyostelium discoideum cells; J. Biosci.
32 1281–1289]

1.

Introduction

Dictyostelium discoideum cells utilize cAMP as a
chemoattractant for aggregation (Gerisch and Malchow
1976). After sensing a cAMP gradient, the cells polarize and
ultimately move towards the source of the chemoattractant.
Many of the signalling components that constitute the
sensing and polarizing machinery have been identiﬁed and
many of the events downstream of receptor stimulation have
been resolved spatially and temporally (for reviews see
Soll et al 2002; Williams and Harwood 2003; Kimmel and
Firtel 2004; Ma et al 2004; Manahan et al 2004; Montell

and Devreotes 2004; Parent 2004; Postma et al 2004; Heid
et al 2005). It is well established that a signalling cascade
involving phosphatidylinositol 3,4,5-trisphosphate (PIP3)
plays a prominent role in the efﬁciency of chemotaxis.
Additionally, Unterweger and Schlatterer (1995) have
previously shown that intracellular Ca2+ signalling plays
a major role in cAMP-induced chemotaxis. This has since
been called into question by Traynor et al (2000) who
employed a mutant strain, HM1049, devoid of a putative
inositol 1,4,5-trisphosphate (Ins([1,4,5])P3)-like receptor,
which displays chemotaxis without detectable changes in
the cytosolic free Ca2+ concentration ([Ca2+]i). The authors,
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therefore concluded that chemotaxis does not require Ca2+
signalling. However, we have recently shown that this
mutant does perform Ca2+ signalling upon stimulation with
cAMP (Schaloske et al 2005). Moreover, the mutant cells
do not display proper chemotaxis towards cAMP under
conditions where the Ca2+ homeostasis is disturbed and Ca2+
signalling is abolished. This argues for Ca2+ as an important
player in cAMP chemotaxis.
In D. discoideum the unsaturated long-chain fatty
acid arachidonic acid (AA) induces Ca2+-inﬂux and a
concomitant rise in cytosolic Ca2+ (Schaloske and Malchow
1997; Schaloske et al 1998). Ca2+-inﬂux is strongly blocked
by inhibitors of Ca2+-transport ATPases and V-type H+
ATPases indicating that intracellular acidic Ca2+ stores are
crucially involved (Schaloske et al 1998).
In theory, D. discoideum cells could perform chemotaxis
in a gradient of AA through the potential of AA to
induce an increase in [Ca2+]i. We used Ax2 wild-type and
HM1049 mutant cells to show that AA elicits a chemotactic
response in D. discoideum cells. The response was dose
dependent. AA chemotaxis was affected by changes in
the Ca2+-homeostasis in both the strains albeit to different
degrees. We also show that stimulation of D. discoideum
cells with AA does not alter cGMP or cAMP levels,
suggesting that chemotaxis towards AA is independent of
these cyclic nucleotides.

tricine, pH 7.0, 5 mM KCl, 100 µM CaCl2). The ﬁnal cell
density amounted to 4×105 cells/ml. Of this cell suspension
250 µl was transferred onto a cover slip. After the cells had
settled for 30 min, chemotaxis was monitored with a 16× or
25× objective using an inverted Zeiss IM microscope and a
CCD camera (Panasonic). Chemotaxis was recorded using
an analogue video recorder (Sony). A borosilicate capillary
ﬁlled with sodium arachidonate (Sigma, Munich, Germany
or Fluka, Buchs, Switzerland) dissolved in nitrogensaturated H2O was placed in the vicinity of the cells to
initiate chemotaxis. Nitrogen-saturated H2O was used for
controls.
For determination of [Ca2+]e, cells were washed in a
buffer containing 5 mM tricine, pH 7.0, 5 mM KCl, 1 mM
ethyleneglycol-bis
(b-aminoethyl)-N,N,N′,N′-tetraacetic
acid (EGTA) (Fluka, Buchs, Switzerland) and placed
directly onto a cover slip at t6.5.
The mean velocity of amoebae towards a capillary
ﬁlled with AA or cAMP (Roche, Mannheim, Germany)
varied during the course of this study. The variability of
AA chemotaxis correlated with the variability of cAMP
chemotaxis. However, experiments aiming to show the
dose dependence or compare Ca2+ versus EGTA incubation
were performed within a short period of time to ensure
comparability.
2.3

2.

Materials and methods

Unless otherwise indicated, all reagents used were of
analytical reagent grade.
2.1

Cell culture

D. discoideum strains Ax2 and HM1049 were cultured
as described (Schaloske et al 1998; Traynor et al 2000).
HM1049 cells were grown in the presence of 10 µg/ml
blasticidin S (ICN Biomedicals, Eschwege, Germany)
(Traynor et al 2000). Exponentially growing cells were
washed twice in cold Sørensen phosphate (SP) buffer (17
mM Na+/K+ phosphate, pH 6.0) to induce differentiation.
Amoebae were suspended in SP buffer at 2×107 cells/ml and
shaken at 150 rpm and 23°C until use. Time, in hours, after
induction of development is designated tx.
2.2

Chemotaxis assay

Chemotaxis was measured as described previously
(Schaloske et al 2000; Schlatterer and Malchow 1993).
Unless otherwise indicated, 20 µl of a cell suspension
(2×107 cells/ml) were diluted in N-[2-hydroxy-1,1-bis
(hydroxymethyl)ethyl]glycine (tricine) buffer (5 mM
J. Biosci. 32(7), December 2007

Determination of the total cAMP and cGMP
concentrations

Cell suspensions (2×107 cells/ml in SP buffer) were
transferred into an aerated cuvette and the extinction due
to light scattering was monitored at 500 nm in a Zeiss
PM6 spectrophotometer as described by Gerisch and
Hess (1974). During development, cell suspensions display
light-scattering oscillations that are accompanied by
oscillations of the cAMP- and cGMP-concentrations. To
avoid interference of autonomously generated oscillatory
increases in the cyclic nucleotide concentrations with
the potential AA-induced cyclic nucleotide production,
we collected samples at appropriate time points during
the oscillatory cycle. The amount of cAMP and cGMP
(intracellular and extracellular) in the presence or absence
of AA was measured using enzyme immunoassays
(Amersham Pharmacia Freiburg, Germany) speciﬁc for
cAMP and cGMP, respectively. Samples were prepared
as described (Lusche et al 2005a,b; Lusche and Malchow
2005).
2.4

Statistics

Statistics were done with the aid of the SigmaStat® program.
Statistical signiﬁcance was assumed at P-values < 0.05.
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(A)

3.1 Arachidonic acid induces chemotaxis.
Chemotaxis of amoeboid cells in a spatial gradient can be
monitored microscopically upon insertion of a capillary
ﬁlled with chemoattractant in a ﬁeld of cells attached to a
cover slip. Using an AA-containing solution in the capillary,
we observed a chemotactic response of the wild-type Ax2
amoebae 7.8 ± 0.6 hours after induction of development
(23 independent experiments). Chemotaxis proceeded
until cells formed ﬁrst cell-to-cell contacts approximately
9 h after induction of differentiation. Controls performed
with a cAMP solution in the capillary showed that the
cells had reached aggregation competence before they
responded to AA (data not shown). As depicted in ﬁgure
1A, cells elongated and formed pseudopodia after sensing
the AA gradient resulting in a polarized shape with a distinct
leading edge. Controls performed with the solvent did not
induce chemotaxis. Migration of the cells towards the
AA-ﬁlled capillary resembled the response of the cells to
cAMP (ﬁgure 1B).
The velocity of the cells was dependent on the dose of
AA applied (table 1). At a 50 µM concentration of AA in the
capillary the velocity amounted to 5.1 µm/min whereas at
100 µM AA the velocity reached 11.1 µm/min. Increasing
the dose to 150 µM AA did not lead to a higher velocity
of the cells (6.36 ± 4.08 µm/min, n=4) as compared to
100 µM AA. In some experiments the cells responded
chemotactically to AA at a concentration of 25 µM
(5.12 ± 3.26 µm/min; n=6). The velocity of the cells at
100 µM AA was in the same range as the response of the
cells to 100 µM cAMP (Schaloske et al 2005; Schlatterer
and Malchow 1993; Wessels et al 2004).

(B)

3.2 AA-induced chemotaxis depends on Ca2+ inﬂux and
Ca2+ release from Ca2+ stores
We have previously shown that, upon addition of AA, the
cells respond with a rapid Ca2+-inﬂux that crucially relies
on Ca2+ release from Ca2+ storage compartments. Both
events lead to a rise in [Ca2+]i (Schaloske and Malchow
1997; Schaloske et al 1998). To investigate whether Ca2+
is required for proper chemotaxis towards AA, we added
EGTA to the extracellular buffer. Wild-type Ax2 cells were
tested either in the presence of 0.1 mM CaCl2 (standard
condition) or 1 mM EGTA. The data are summarized in
table 1. The chemotactic velocity of cells incubated for
roughly 1 h with 1 mM EGTA was signiﬁcantly reduced,
by 58%. Under these conditions not only is extracellular
Ca2+ completely chelated but intracellular Ca2+-stores are
also depleted to some extent (Schlatterer et al 2004). The
EGTA-treated cells assumed a circular shape but were still

Figure 1. AA-induced chemotaxis of wild-type cells. Differentiation of cells was induced as described in §2. A capillary containing
100 µM AA in (A) or 100 µM cAMP in (B) was inserted in the
vicinity of the cells. The buffer contained 0.1 mM CaCl2. In both
cases cells oriented towards the capillary and migrated to the tip.
The experiments were performed at t8. Videorecording was done at
a 40-fold magniﬁcation. The bar represents a distance of 10 µm.

able to conduct oriented movement towards the capillary
as shown in ﬁgure 2. Thus, AA-induced chemotaxis can
basically be maintained by release of Ca2+ from intracellular
stores. We also tested the mutant strain HM1049, devoid of
a putative Ins(1,4,5)P3-receptor, iplA, and found that the
J. Biosci. 32(7), December 2007
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Table 1. AA-induced chemotaxis in the presence and absence of extracellular Ca2+
Strain

Ax 2

Ax 2

Experimental condition

50 µM AA +
Ca2+

100 µM AA +
Ca2+

100 µM AA +
Ca2+

100 µM AA +
EGTA

100 µM AA +
Ca2+

100 µM AA +
EGTA

Velocity (µm/min)

5.1 ± 0.6

11.1 ± 0.96

5.16 ± 0.66

2.16 ± 0.18

10.62 ± 0.54

7.98 ± 0.66

4/23

8/23

4/16

3/12

-6

P (t-test)

<2e

ne/nc

4/26

HM1049

<0.001

<0.007
3/10

2+

The buffer contained either 100 µM Ca or 1 mM EGTA. Chemotaxis measurements were performed as described in §2. Data are
presented as means ± SD, ne/nc= number of experiments / number of cells.

Figure 2. Impairment of AA-induced chemotaxis by EGTA. Chemotaxis as displayed in the upper panel was done as described in
ﬁgure 1. In the lower panel cells were recorded in the presence of 1 mM EGTA. The bar represents a distance of 10 µm.

average velocity of HM1049 cells incubated in EGTA was
reduced by only 25% as compared with cells under standard
conditions (table 1).
3.3 AA does not induce formation of cGMP and cAMP
Chemotaxis of D. discoideum towards cAMP critically
depends on the transient intracellular production of the
second messengers cAMP and cGMP, and both compounds
have been shown to be involved in the regulation of Ca2+
homeostasis (Menz et al 1991; Wessels et al 2000; Veltman
et al 2003; Van Haastert and Devreotes 2004; Lusche et
al 2005a,b; Lusche and Malchow 2005; Stepanovic et al
2005). To determine whether cAMP and cGMP are involved in
AA-induced chemotaxis we measured the total concentration,
i.e. an average of the intracellular and extracellular
concentration, of both compounds after stimulation of the
cells with AA during the differentiation period when AA
induced chemotaxis. In Ax2 cells the concentration of cAMP
J. Biosci. 32(7), December 2007

and cGMP reaches a maximum 90 s and 10 s after stimulation
of the cells with cAMP and cGMP, respectively (Wurster
et al 1977). Basal levels were restored after 180 s and
30 s, respectively. Figure 3 shows that the level of neither
cyclic nucleotide was altered after stimulation with AA.
The mean concentration of cAMP and cGMP amounted to
3 ± 4 pmol /107 cells and 1.8 ± 2 pmol/107 cells (n=28 of
4 independent experiments), respectively. Thus AA-induced
chemotaxis does not require increased cAMP or cGMP
synthesis.
4.

Discussion

Stimulation of Dictyostelium cells with cAMP causes
release of Ca2+ from InsP3 and fatty acid-sensitive Ca2+
stores, which subsequently leads to Ca2+ inﬂux across the
plasma membrane (Flaadt et al 1993b; Schaloske et al
1998). Moreover, the rise in cytosolic Ca2+ (Schlatterer
et al 1994b; Sonnemann et al 1997; Yumura et al 1996)
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Figure 3. AA does not stimulate a rise in cGMP and cAMP. Determination of cAMP and cGMP was performed as described in §2 . For
each cyclic nucleotide one representative experiment out of 4 is shown. Data for all time points are the means of duplicates. The addition
of AA is indicated by an arrow.

is controlled by the ﬁlling state of the Ca2+ stores (Flaadt
et al 1993a; Schaloske et al 2000; Schlatterer et al 2004).
Ca2+ has been shown to be a major regulator of chemotaxis
in D. discoideum: (i) reduction of [Ca2+]i by the intracellular
application of the Ca2+ chelator 1,2-bis (2-aminophenoxy)ethane-N,N,N′,N′-tetraacetic acid (BAPTA) abrogates
chemotaxis towards cAMP in wild-type cells (Unterweger
and Schlatterer 1995), (ii) wild-type Ax2 cells are able
to chemotax to a capillary ﬁlled with the Ca2+ ionophore
A23178 (Malchow et al 1982), (iii) several Ca2+/calmodulinbinding proteins have been linked to chemotaxis (Gauthier
and O’Day 2001), (iv) Ca2+ is known to regulate the actin
cytoskeleton and thus represents an important component
for the polarization of cells during the oriented movement
towards the source of the chemoattractant (Condeelis 2001;
Furukawa et al 2003; Newell 1995; Newell et al 1995),
(v) the mutant HM1049 which is devoid of the iplA gene
encoding a putative Ins(1,4,5)P3-receptor (Traynor et al
2000) shows severe cAMP chemotaxis defects when [Ca2+]i,
[Ca2+]e or the Ca2+ content in the stores are altered artiﬁcially
(Schaloske et al 2005).
Our previous studies attributed a major role in the
regulation of cAMP-induced Ca2+ ﬂuxes to long-chain fatty
acids released through phospholipase A2 (PLA2) activity
(Schaloske and Malchow 1997; Schaloske et al 1998):
(i) PLA2 inhibitors reduce cAMP-induced Ca2+ inﬂux
(Schaloske and Malchow 1997); (ii) exogenously added
AA can substitute for endogenous fatty acids to release

Ca2+ primarily from acidic Ca2+-storage compartments
(Schaloske et al 1998); (iii) AA induces capacitative Ca2+
inﬂux across the plasma membrane (Schaloske et al 1998);
(iv) AA induces a rise of [Ca2+]i (Schaloske et al 1998). AAinduced Ca2+ inﬂux and cAMP-induced Ca2+ inﬂux are not
additive indicating that both agonists act through overlapping
pathways (Schaloske and Malchow 1997). Taking this body of
evidence, we hypothesized that AA could evoke chemotaxis
in D. discoideum cells in a manner similar to cAMP.
Recently, two studies using inhibitors of PLA2 and two
independent knock-out strains for a homologue of the
Ca2+-independent group VI PLA2 showed that at least one
out of 14 putative Dictyostelium PLA2s (plaA) is involved
in chemotaxis (Chen et al 2007; Van Haastert et al 2007).
Cells lacking the plaA that is localized in the cytosol do
aggregate and form fruiting bodies. However, aggregation is
defective in the presence of low concentrations of the PI3K
inhibitor LY294002, unlike in similarly treated wild-type
cells. Exogenously added AA partially reverses this effect.
In addition, the authors showed that PlaA and PI3K1/PI3K2,
respectively, are components of pathways acting in parallel.
The reported mutant and new mutants of the remaining
putative PLA2s will help to identify the pathways leading
to chemotaxis. Mutant analysis will also facilitate the
identiﬁcation of the fatty acid or fatty acid derivative that is
ultimately involved in the pathway leading to chemotaxis.
Our data support the hypothesis that AA induces
chemotaxis in D. discoideum. Chemotaxis towards AA
J. Biosci. 32(7), December 2007
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was qualitatively comparable to that towards cAMP. Cells
oriented within the AA gradient and migrated directly
towards the capillary tip.
Extracellular application of 1 mM EGTA caused a
signiﬁcant reduction in the chemotactic speed of wild-type
cells towards AA. This result is somewhat different from
the results for cAMP chemotaxis where application of up to
5 mM EGTA did not lead to a decrease in chemotactic
velocity (Lusche et al 2005a). However, since AA chemotaxis
still proceeded in the presence of extracellular EGTA albeit
at a reduced velocity, we suggest that the release of Ca2+
from intracellular stores is basically sufﬁcient to provide for
Ca2+ signal that is necessary for chemotactic orientation and
motility. Ca2+ inﬂux might enhance the proper establishment
of the Ca2+-gradient inside the cell which is necessary for
locomotion (Unterweger and Schlatterer 1995).
HM1049 cells showed chemotaxis towards AA similar to
wild-type cells when measured under standard conditions.
However, AA chemotaxis of the mutant was less affected
by incubation with EGTA as compared with the wild-type.
Recently, we have shown that basal [Ca2+]i was lower
in HM1049 cells, yet, chemotaxis towards cAMP under
standard conditions still persisted. Furthermore, cAMPinduced Ca2+ ﬂuxes across the plasma membrane as well as
across the membranes of intracellular stores were decreased.
We therefore concluded that HM1049 is the minimal
solution for chemotaxis towards cAMP with regard to Ca2+
(Schaloske et al 2005). It is consistent with the ﬁnding that
HM1049 cells are also more robust than the wild-type with
respect to the Ca2+ required for chemotaxis towards AA. In
this context, it should be mentioned that AA-induced Ca2+
ﬂuxes were also decreased in the mutant (Schaloske et al
2005).
We do not have an easy explanation for the ﬁnding that
the Ca2+ requirement for AA chemotaxis is less pronounced
in the HM1049 mutant. We hypothesize that HM1049 cells
are more sensitive to minute changes in [Ca2+]i. This might
be due to the lack of a desensitizing signal transduction
component. Differential expression analysis of proteins
involved in chemotaxis could provide clues about the
differences between the wild-type and mutant strains.
Alternatively, a Ca2+-binding protein involved in chemotaxis
might possess different binding characteristics in wild-type
and mutant cells.
AA- and cAMP-induced chemotaxis differ in their
requirement of the second messengers cAMP and cGMP.
While cAMP-binding to its receptor causes a transient
increase in the concentration of both cyclic nucleotides,
we did not detect an increase after application of AA. AA
appears to circumvent the cyclic nucleotide-mediated steps
in the signalling cascade leading to chemotaxis. By contrast,
cyclic AMP-induced cAMP- and cGMP-production
regulates Ca2+-inﬂux and [Ca2+]i ( Menz et al 1991; Wessels
J. Biosci. 32(7), December 2007

et al 2000; Veltman et al 2003; Lusche et al 2005a,b; Lusche
and Malchow 2005; Stepanovic et al 2005) which are
determinants of cAMP-induced chemotaxis.
What are the targets of AA in D. discoideum that cause
the observed changes in Ca2+-homeostasis and initiate
the downstream events leading to chemotaxis? Different
fatty acid-regulated Ca2+ channels as direct targets have
been described for a variety of cell types (Mignen et
al 2003a; Shuttleworth 2004; Shuttleworth et al 2004;
Sneyd et al 2004). Ca2+ inﬂux via a channel similar to the
AA-speciﬁc non-store-operated arachidonate-regulated Ca2+
(ARC) channel described by Shuttleworth and coworkers
is unlikely because D. discoideum phospholipids do not
contain AA regardless of whether the cells are grown on
bacteria or in axenic medium (Davidoff and Korn 1963a,b;
Weeks and Herring 1980).
AA could induce the Ca2+ release required for Ca2+ inﬂux
from the stores either by targeting the sequestering enzymes
or by affecting Ca2+-release channels. We have shown that AA
does not affect Ca2+ or H+ ATPases (Schaloske et al 1998),
excluding the former possibility. However, AA releases Ca2+
from partially puriﬁed Ca2+-stores indicating that a Ca2+release channel might be a direct or indirect target for AA to
induce an increase in [Ca2+]i (Schaloske et al 1998).
The protein phosphatase calcineurin A might serve as
a target for AA and might be involved in the regulation of
AA-mediated Ca2+-ﬂuxes. The D. discoideum orthologue
has been shown to be activated by long chain fatty acids
in a Ca2+/calmodulin-independent manner (Kessen et
al 1999). Calcineurin has been shown to play a role in
Ca2+-homeostasis in mammalian cells (Cameron et al 1995;
Mignen et al 2003b). Still, the downstream signalling
cascade leading to AA-mediated chemotaxis and how
calcium is involved remains to be elucidated.
Mignen et al (2003a) raised the possibility that higher
concentrations of AA might lead to membrane perturbation
which subsequently might cause a non-selective leak
conductance. We cannot exclude this possibility for AA
chemotaxis, since the local concentrations of AA within
the gradient established by release of AA from the glass
capillary are unknown. However, the results of Jalink
et al (1993) render this possibility unlikely. They have
shown that D. discoideum cells respond chemotactically
to lysophosphatidic acid (LPA) at similar concentrations as
reported here for AA. No chemotaxis was observed below
the concentration of 20 mM LPA in the capillary. Maximal
chemotaxis was observed at 100 mM LPA. Their results
suggested that local concentrations of LPA near the tip were
in the nanomolar range (Jalink et al 1993). If we assume
that AA also dilutes several orders of magnitude once
released from the capillary, the chemotactic response can be
considered to be fairly speciﬁc and not due to non-speciﬁc
effects as reported by Mignen et al (2003a). The temporally
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restricted response of the cells to AA during development
supports this notion.
Dictyostelium discoideum cells start to respond
chemotactically to cAMP between 5 and 6 h after induction
of development, whereas the response to AA was restricted
to a relatively short time frame–between 8 h of development
and the time when cells form contacts with adjacent
cells. However, Dictyostelium cells show AA-induced
Ca2+-inﬂux shortly after induction of development and
Ca2+-inﬂux is quantitatively similar throughout differentiation (Schaloske and Malchow 1997). This indicates that
Ca2+-inﬂux is not sufﬁcient to promote AA chemotaxis.
The reason for the temporally restricted capability of
the cells to perform AA chemotaxis might depend on the
ﬁlling state of the Ca2+ stores. A decrease in [Ca2+]e becomes
obvious at the time when wild-type cells attain aggregation
competence. In addition, cAMP-induced Ca2+-inﬂux is not
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followed by a noticeable release of Ca2+. This might be a
direct result of an increased uptake into Ca2+ stores (Bumann
et al 1984; Schlatterer et al 2004). Ca2+ sequestering
organelles that are present during differentiation but not in
vegetative cells have been demonstrated by Schlatterer et al
(1994a). Thus, the ﬁlling state and the amount of the Ca2+
stores might be the time-dependent trigger for AA-induced
chemotaxis in this model.
4.1

Model

Summarizing our previous ﬁndings and the outcome of
this work, we suggest the following model for AA-induced
chemotaxis in D. discoideum cells as shown in ﬁgure 4.
The AA released from the capillary forms a gradient which
causes a rapid local rise in [Ca2+]i at the plasma membrane.
The rise in [Ca2+]i comprises a release from Ca2+ stores
located at the plasma membrane and subsequent local Ca2+
inﬂux. A small local rise in [Ca2+]i might cause local de novo
pseudopodium formation, while a higher global increase in
[Ca2+]i might suppress formation of pseudopodia at the rear
end of the cell as reported for Amoeba proteus (Gollnick
et al 1991). In the presence of EGTA Ca2+ inﬂux is abolished.
However, chemotaxis to AA still occurs. We propose that
the local rise in [Ca2+]i from intracellular Ca2+ stores by AA
is sufﬁcient to induce oriented movement of the cell. The
reduction in performance by Ax2 cells in the presence of
EGTA indicates that local Ca2+-inﬂux reinforces orientation
as previously suggested for cAMP chemotaxis (Schlatterer
and Schaloske 1996; Unterweger and Schlatterer 1995). The
reduced sensitivity of HM1049 cells to EGTA treatment
as compared with Ax2 cells seems to be an adaptation of
intracellular Ca2+ stores to the decreased receptor-mediated
Ca2+ inﬂux. It is also conceivable that AA, besides the role
in Ca2+ signaling, might exert a function in, or in parallel
to, the other pathway for chemotaxis involving PIP3, as
reported by Chen et al (2007) and Van Haastert et al (2007).
A detailed analysis of the pathways induced by AA might
thus contribute to increasing our understanding of how cells
are capable of analysing spatial and temporal gradients of
chemoattractants.
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