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Inositol(1,3,4,5) tetrakisphosphate plays an important role in calctum
mobilization from Entamoeba histolytica
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Abstract Calcium release from internal stores of Entamoeba
histolytica, a parasitic protozoan, was observed by measuring
fluorescence of Fura-2. Emptying of inositol(1,4,5)trisphosphate
(Ins(1,4,5)P,)-sensitive calcium pools in permeabilized E. his-
tolytica did not significantly affect subsequent calcium release by
inositol(1,3,4,5)tetrakis-phosphate (Ins(1,3,4,5)P,). Similarly,
prior depletion of Ins(1,3,4,5)P sensitive stores did not have any
influence on subsequent calcium release by Ins(1,4,5)P;. The ECs,
for calcium release was 0.15 pM with Ins(1,4,5)P; and 0.68 uM
with Ins(1,3,4,5)P,. In conclusion, the Ins(1,3,4,5)P,-sensitive
calcium store in E. histolytica is separate and independent from
the Ins(1,4,5)P;-sensitive pool.
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1. Introduction

Entamoeba histolytica, a parasitic protozoan, causes the dis-
ease amoebic dysentery which is prevalent in tropical countries.
This organism invades human tissue through adhesion and
subsequent lysis of host cells and extracellular matrix [1]. Secre-
tion of proteolytic enzymes from the extracellular granules of
this parasite is an essential component of its cytolytic system.
The involvement of extracellular calcium, protein kinase C and
calmodaulin in the secretory activities of E. histolytica has been
demonstrated [2,4]. The existence of Ins(1,4,5)P;-responsive
calcium pools in E. histolytica and specific binding of
[*H]Ins(1,4,5)P, to E. histolytica membranes have recently been
documented [5].

In this study, we demonstrate the unique role played by
Ins(1,3,4,5)P, in mobilization of intracellular caicium in this
parasite.

2. Materials and methods

2.1. Materials

Ins(1,4,5)P;, Ins(1,3,4,5)P,, Ins(4,5)P,, Ins(1)P;, calcium ionophore
A23187, heparin, and Fura-2 were purchased from Sigma Chemical
Co., USA. Ins(2,4,5)P, was from Boehringer-Mannheim.
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Abbreviations: ECs,, concentration causing half-maximal effect; [Ca**],
ambient free calcium concentration.

2.2. Cell culture

E. histolytica trophozoites were maintained in complete TYI-S-33
medium. The TYI-S-33 medium (trypticase, yeast extract, iron, serum)
consisted of a nutrient broth (TYI), a vitamin-Tween 80 mixture and
bovine serum. Log phase cultures (48 h) were harvested.

2.3. Determination of [Ca®* ]

E. histolytica trophozoites were harvested (300 x g, 10 min) and
washed once in modified Hank’s buffer and resuspended in an intracel-
lular type buffer as described [5]. Aliquots (1 ml) of the cell suspension
(0.2-0.3 mg protein) were permeabilized by the addition of 20 ug/ml
saponin for 1 min (33°C) directly in the spectrofluorimeter cuvette
immediately before the addition of test substances. Changes in the
fluorescence of Fura-2 (4 uM) were observed in a Hitachi F-3010
spectrofluorimeter. Excitation and emission wavelengths were set at
340 nm and 500 nm, respectively. [Ca**] measured in this system was
the amount of free calcium in the permeabilized preparation [5,6].
Changes in total calcium were calibrated by the addition of known
amounts of CaCl,. Autofluorescence of calcium ionophore A23187 was
subtracted from all measurements done with this compound. [Ca®"] is
calculated assuming a K, of Fura-2 for calcium as 224 nM [7]. Data
from these experiments were fitted to the equation: v = V_/1+(X/[s]),
where V,, is the calcium release response at maximal inositol phosphate
concentration, v is the calcium release given by different inositol phos-
phate concentrations [s}, K is the ECs, value for inositol phosphates,
and 4 is the Hill coefficient [6].

3. Results

3.1. Calcium release by Ins(1,4,5)P; and Ins(1,3,4,5)P, from
permeabilized E. histolytica

Ins(1,3,4,5)P, could release calcium within 20 s of its addition
from the permeabilized cells. Also, a prior addition of
Ins(1,3,4,5)P, did not inhibit calcium release by a subsequent
(time interval 30 s) addition of Ins(1,4,5)P; (Fig. 1A). In con-
trast, the addition of a saturating dose (2 M) of Ins(1,4,5)P;
resulted in a marked (>75%) inhibition of calcium release by
a second dose of 2 uM Ins(1,4,5)P, (Fig. 1B). The initial rates
of calcium release by the two compounds were also similar.
Prior addition of a saturating dose of Ins(1,4,5)P; did not influ-
ence calcium release by Ins(1,3,4,5)P, (Fig. 1C,1D). In Fig. 1C
and 1D additions were made in the reverse order to that fol-
lowed in Fig. 1A but the effects of both Inositol phosphates
remained almost similar. Simultaneous addition of saturating
doses of Ins(1,4,5)P; and Ins(1,3,4,5)P, resulted in a 2 fold
increase in calcium release over that induced by either one of
these compounds (Fig. 2), but this enhancing effect was not
observed when the time interval between the first and second
additions was longer (about 30 s) (Figs. 1A and 2). Fig. 3
demonstrates the dose-response relationship of Ins(1,4,5)P;
and Ins(1,3,4,5)P, in releasing calcium from the internal stores
of permeabilized E. histolytica. ECy, for calcium release by
Ins(1,4,5)P; and Ins(1,34,5)P, was 0.15+0.09 uM and
0.68 + 0.33 uM, respectively. Calcium release by Ins(1,3,4,5)P,

0014-5793/95/$9.50 © 1995 Federation of European Biochemical Societies. All rights reserved.

SSDI0014-5793(95)00265-0



S. Raha et al. | FEBS Letters 362 (1995) 316-318

(1-4.5 uM) was only slightly reduced by prior addition of satu-
rating doses of Ins(1,4,5)P;. In contrast, Ins(2,4,5)P; which
releases calcium with a potency almost equal to Ins(1,4,5)P; in
E. histolytica [5), released little calcium after a saturating dose
of Ins(1,4,5)P; (91.33 + 15% inhibition). Ins(4,5)P, could re-
lease some calcium at high concentrations but not immediately
following an addition of Ins(1,4,5)P, (data not shown).

3.2. Comparison of the sizes of Ins(1,4,5) P and
Ins(1,3,4,5) P releasable calcium pools

Tonophore A23187 could release 79.0 £ 27.0 nmol Ca**/mg
protein from E. histolytica trophozoites. When added after
maximal doses of either Ins(1,4,5)P, or Ins(1,3,4,5)P,, iono-
phore could release still more calcium. However, when iono-
phore was added after additions of maximal doses of both
Ins(1,4,5)P; and Ins(1,3,4,5)P,, no further calcium could be
released (data not shown). Ins(1,4,5)P, and Ins(1,3,4,5)P, re-
leased 55.00 + 11.42% and 48.35 * 4.36%, respectively, of the
ionophore releasable pool.

3.3. Sensitivity to inhibitors

Calcium release by both Ins(1,4,5)P; and Ins(1,3,4,5)P, could
be inhibited by heparin. However, calcium release by
Ins(1,3,4,5)P, was found to be more sensitive to heparin than
that by Ins(1,4,5)P,. Ins(1,3,4,5)P,-induced calcium release
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Fig. 1. Calcium release from permeabilized E. histolytica trophozoites
by Ins(1,4,5)P; and Ins(1,3,4,5)P,. Changes in calcium concentration
were measured by changes in Fura 2 fluorescence. The inositol phos-
phates were added after a 3 min ATP-dependent calcium sequestration.
Further experimental details are given in section 2. Additions were (A)
2 uM Ins(1,3,4,5)P, followed by 2 uM Ins(1,4,5)P; (B) 2 uM
Ins(1,4,5)P; followed by 2 uM Ins(1,4,5)Ps; (C) 4 uM Ins(1,4,5)P; fol-
lowed by 1 uM Ins(1,3,4,5)P,; (D) 2 uM Ins(1,4,5)P, followed by 4 uM
Ins(1,3,4,5)P,. The time interval between two additions was about 30
s—1 min and the second addition is made before recovery from the first
addition. Data are representative of at least five individual experiments.
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Fig. 2. Effect of prior addition of Ins(1,3,4,5)P, on subsequent release
of calcium from permeabilized E. histolytica by Ins(1,4,5)P;. Experi-
mental conditions are similar to that described in Fig. 1 and in section
2. Column 1, 2 uM Ins(1,4,5)P5; column 2, simultaneous (within 5 s)
addition of 4 uM Ins(1,3,4,5)P, and 2 uM Ins(1,4,5)P;; column 3, 2 uM
Ins(1,4,5)P; added 30 s after addition of 4 uM Ins(1,3,4,5)P,; column
4, 2 uM Ins(1,4,5)P, added 30 s after addition of 2 uM Ins(1,4,5)P,.
Data are presented as mean + S.D. of 3-6 experiments. *Significantly
different from column 1 (P<0.05). NS not significantly different from
column 1 (P> 0.05).

could be completely abolished by a 10 min preincubation with
heparin (100 ug/ml) whereas similar treatment resulted in only
about 45% reduction in Ins(1,4,5)P;-induced calcium release.

4. Discussion

The cytolytic activities of E. histolytica require secretion of
proteolytic enzymes from its internal granules [1]. The secretory
process is calcium-dependent [3]. We have recently demon-
strated calcium release from internal stores of permeabilized
E. histolytica by Ins(1,4,5)P; and specific binding of
[*H]Ins(1,4,5)P, to crude membrane fractions of this parasite
[5]. We now demonstrate a novel role for Ins(1,3,4,5)P, in
calcium signalling of E. histolytica.

Ins(1,4,5)P;, an important second messenger, is active in vari-
ous eukaryotic cells, including most vertebrates [8], plants [9],
and unicellular eukaryotes [5,10]. In most mammalian cells, a
large part of the Ins(1,4,5)P, formed through phospholipase C
action is 3-phosphorylated to Ins(1,3,4,5)P, [8], and rapid for-
mation of Ins(1,3,4,5)P, is observed after agonist stimulation
[11]. However, the exact role played by Ins(1,3,4,5)P, in celtular
calcium homeostasis still remains controversial. In some cells,
Ins(1,3,4,5)P, fails to release calcium by itself [12,13]. Calcium
release by Ins(1,3,4,5)P, in some other studies resulted from the
presence of Ins(1,4,5)P; through increased conversion by the
3-phosphatase [14]. Moreover, release of calcium by
Ins(1,3,4,5)P, takes place from the Ins(1,4,5)P;-sensitive stores
as Ins(1,3,4,5)P, acts as a many fold weaker inducer of calcium
release [15,16].

The effects of Ins(1,3,4,5)P, observed by us in permeabilized
E. histolytica are clearly different on several accounts.
Ins(1,3,4,5)P, released calcium by itself from intracellular stores
which are clearly not sensitive to Ins(1,4,5)P,, as prior addition
of either one of them has no significant effect onsubsequent
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Fig. 3. Dose-dependent calcium release by Ins(1,4,5)P; and
Ins(1,3,4,5)P, from permeabilized E. histolytica. Experimental details
are similar to that described in Fig. 1. Data are presented as the mean
of at least three experiments. ®, Ins(1,4,5)P; alone; A, Ins(1,3,4,5)P,
alone; A, Ins(1,3,4,5)P, added before recovery from a saturating dose
of Ins(1,4,5)P;.

calcium release by the other. Furthermore, simultaneous appli-
cation of saturating doses of Ins(1,3,4,5)P, and Ins(1,4,5)P,
resulted in an almost 2 fold increase in calcium release over that
produced by a saturating dose of Ins(1,4,5)P; alone (Figs. 1 and
2). Even though EC;, for Ins(1,3,4,5)P, is 4 fold higher than the
EC,, for Ins(1,4,5)P,, a maximal dose (45 uM) of either of
these inositol phosphates released almost similar amounts of
calcium (Fig. 3). The ionophore releasable calcium pool, which
is about 70% of the total calcium pool [5] in this parasite,
consisted of two parts. One was sensitive to Ins(1,4,5)P; and the
other was sensitive to Ins(1,3,4,5)P,. This independent and
prominent role played by Ins(1,3,4,5)P, in E. histolytica has not
been observed in studies using mammalian cells [15,16].
Ins(1,3,4,5)P, influences entry of calcium into the cell [17,18]}
and the putative Ins(1,3,4,5)P, receptors have been located on
human platelet plasma membranes {19]. Involvement of
Ins(1,3,4,5)P, in the movement of calcium from Ins(1,4,5)P;-
insensitive to Ins(1,4,5)P;-sensitive stores has also been pro-
posed [20-22].

Our results suggest that Ins(1,4,5)P, and Ins(1,3,4,5)P, act on
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two different calcium stores in E. histolytica, and that they can
release calcium independently from their respective stores.
Whether a link exists between Ins(1,4,5)P;-sensitive and
Ins(1,3,4,5)P,-sensitive calcium stores in E. histolytica is yet to
be worked out.
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