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Specific, saturable and reversible binding of tritium-labeled inositol 1.4,5-trisphosphate (|*H]Ins(1.4,5)P;) to human
platelet b is d. The Ins(1,4,5)P;-binding sites are abundant and display high selectivity for
Ins(1,4,5) P;. Other inositol phosphates exhibit much lower affinity for this site. The specific 1*Hiins(1,4,5) P, binding
was found to be modulated by pH, lent and divalent cations. and GTP. A sharp increase ir binding oceurs at
slightly alkaline pH. The monovalent cations, Na*, X* and Li* almost double ihe binding at 30 mM. Mg** inhibits the
specific [*H]Ins(1,4,5)P; binding, At low ions of Ca**, the binding is inhibited, but at higher
than 5 mM the binding is potentiated and increases by almost 5-fold at 100 mM. Similar pattern of the effects is also
observed for M®* and Sr2*, The specific {*H}Ins(1.4,5) P, binding is specifically inhibited by GTP. Other nucleotides
also inhibit the binding but at higher jons. From ion binding studies, Ca®* potentiation seems to be
due to the conversion of the receptor from the low-affinity state to the high-affinity one. In the absence of Ca®*, the

hard plot is nonlii and and statistically can be fitted best with two equilibrium dissociation constants
(K, values), 0.19+ 0.11 and 13.2 + 18.1 nM, respectively, for high- and low-affinity binding sites. However, in the
presence of 100 mM CaCl,, the Scatchard plot reveuis only the high-affinity binding sites with a X, 4 value of

m human p

could fore exist in

0.32 + 0.15 nM. The specific Ins(1,4,5) P,
states to Jate the i Tlular Ca** cone

The initial response of many cells to hormones,
neurotransmitters, growth factors and other Ca’*-
mobxhzmg receptor agomsls in the hydrolysis of phos-

idylinositol 4,5-bisg h {PIP,) catalyzed by
phosphohpase C to generate the comessengers inositol
1,4,5-trisphosphate (Ins(1.4,5)P;) and diacylglycerol [1].
Diacylglycerol activates protein kinase C and Ins(1,4,5)-
P, causes the release of Ca?* from intracellular pools.

A it PIP,. idylinositol 4,5-bi: Ins(1.4,
5)Py. inositol 14,5-trisphosphate; Ins{2.4,5)P;, inositol 2.4,5-tris-
phosphate; Ins(1,34)P;, inositol 134-trisphesphale; Ins(1}Py, -
ositol 1-monophosphate; Ins(1,4)P;, inositol 1.4-bisphosphate;
Ins(4.5)P;, inositol 4.5-bisphosphate; Ins(1,3,4,5) £, inositol 1.34.5-
(elraklsplwsphale, Ins{1.4.5, 6)1-‘.. inositol 1 4,5,6-tetrakisphosphate;
GTPyS, 5.0-(3 ip PINHIppG, guanylyt
imidodiphosphate; BSA, bovine serum aiburin.

C orrcspond:nce 5.-B. Hwang,, M:rck Shasp & Dohme Research
De i P.O. Box 2000

o
(BUB7). Rahway. NJ 07065-0900, U.S.A.

The action of Ins(1,4,5)P; in mediating Ca®*-signaling
events is now well established in a wide variety of cell
types [1-3). In a recent series of studies by Snyder and
co-workers [4-6], specific Ins(1,4.5) P;-binding sites were
identified and characterized. Binding of [°H]Ins(1,4,5) P,
to other cell types of membrane fractions has also been
reported {7-11]. Thus, the release of intracellular stored
Ca®* induced by Ins(1,4,5)P; is a receptor-mediated
process.

Release of Ca®* into the cytosol from the dense
tubular system [12] is though to be one of the imyportant
steps in platelet acuvahon Since agorusts such as ADP
and tk bin appear io i with so]e]y at
the level of the plasma a signal d
mechanism is required to link events on the cell surface
with events in the dense iubular system. The potential
for Ins(1.4,5)P; to perform this role is suggested by the
observation that thrombin [12 -27]), ADP [21,22], col-
lagen {23}, and platelet-activating factor [24,25] are able
to decrease platelet PIP, levels and increase formation
of Ins(1,4,5) ;. Ins(1,4,5) P, has ulso been demonstrated
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to trigger Ca’* release from internal stores and cause
secretion of dense granular content {26] in saponin-per-
meabilized platelets. To data, no studies examining
specific Ins(1.4,5)P; receptors in platelets have been
reported. Here, we demonstratz the existence of a
specific Ins(1,4,5) P, receptor in isolaied human platelet
membranes. The affinity of the receptor in human
platelets is quite different from the one previously iden-
tified in rat cerebellar homogenates [5] The specific
Ins(1.4,5) P, binding to receptors is modulated by either
monovalent or divalent cations. GTP also specifically
regulates binding to the specific Ins(1,4,5)P; receptor,
which appears 1o exist in multiple conformational states.

Materials and Methods

Materials

p{1(n)-’Hlnositol 1.4,5-trisphosphate ([*Hilns(1,4,
5)P,) was obtained from NEN-DuPont (Boston, MA)
with a specific activity of 20 Ci/mmol. Unlabeled myo-
inosito} 1,4,5-trisphosphate (Ins(1,4,5)P;), myo-inositol
2,4,5-triphosphate (Ins(2,4,5)P,), myo-inositol 1,3,4-tri-
phosphate (Ins(1,3,4)P;), myo-inositol 1,3,4,5-tetrakis-
phosphate (Ins(1,3,4,5)P,), myo-inositol 1.4,5,6-tetrakis-
phosphate (Ins(1,4,5,6)P,) and myo-inositol 4,5-bis-
phosphate (Ins(4,5)P,) were purchased from Calbio-
<hem. myo-Inositol 1,4-bisphosphate (Ins(1,4)P;) and
niyo-inositol 1-monophosphate (Ins(1) P) were obtained
from Sigma. Suramin, Trypan blue and 8-(4-anilino-5-
sullo-1-naphthylazo)-1-naphthol-3,6-disulfonic acid (L-
451,167) were obtained from Chemical Data Depart-
ment, Merck Sharp & Dohme Research Laboratories.
Guanosine 5'-triphosphate (GTP) and adenosine 5'-tri-
phosphate (ATP) were purchased from Pharmacia Inc.
(Piscataway, NJ), Sigma, Calbiochem (San Diego, CA),
and Boehringer Mannheim Biochem. (Indianapolis, IN).
Chemically synthetic ATP by phosphorylation of
adenosine was obtained from either Sigma or Pharmacia.
G ine 5'-diphosphate (GDP), g ine 5'-0-(3-
thiotriphosphate) (GTPyS), guanylyl imidodiphosphate
(pINH}ppG), cytidine 5'-triphosphate (CTP), inosine
5’-triphosphate (ITP), and uridine 5’-triphosphate
(UTP) were obtained from Boehringer Mannheim Bio-
chem.

Methods

Preparation of human platelet membranes. Human
platelets were prepared from freshly drawn venous blood
into 0.1 volume of 3.8% sudium citraie foliowing exacily
the same procedure described previously for rabbit
platelets [29). The cells were then lysed in a Na*-free
medium containing 5 mM MgCl,, 10 mM Tris and 2
mM EDTA at pH 7.0 {28). The lysed membranes were
then further fractionated with a 0.25, 103 and 1.5 M
discontinuous sucrose density gradient ai a speed of
63500 x g for 2 h. The membranes fractionated at the

interface of 0.25 and 1.03 M (membrane fraction A)
and of 1.03 and 1.5 M (membrane fraction B) were
collected separately [29]. Membrane fraction A con-
tained higher activity of alkaline phosphatase and lower
activity of antimycin-insensitive NADH-cytochrome-c
reductase than membrane fraction B {29,30]. Also,
membrane fraction A is enriched with either glyco-
protein and/or glycolipid (Hwang, S.-B., unpublished
data), therefore, membrane fraction A is likely a plasma
membrane-enriched fraction, wherecas membrane frac-
tion B is enriched with the dense tubular system. Mem-
brane fraction B was about 2-fold enriched in receptor
sites for Ins(1,4,5)P; and was therefore used throughout
the experiments. The protein content in the prepared
membranes was determined by the method of Lowry et
al. [31] with bovine serum albumin (BSA) as the stan-
dard. The prepared membranes were stored at —80°C
and thawed before use.

Binding of [’H]Ins(1,4,5)P; to human platelet mem-
branes. Binding of [*H]Ins(1,4,5)P; to human platelet
membranes was performed as previously described [27).
To assess the affinity of [*H]Ins(1,4,5) P, and the maxi-
mal detectable receptor sites on the isolated human
platelet membranes, 100 pgg of membrane protein was
incubated with 0.1 to 12 nM [*H]Ins(1,4,5)P; in an
incubation medium containing 20 mM Hepes, 1 mM
EDTA at pH 8.0 (in the absence of Ca®*) or in a
medium containing 20 mM Hepes, 100 mM CaCl, at
pH 8.0 (in the presence of Ca?™). After 0.5 min (in the
presence of Ca*) or 1 h (in the absence of Ca’*)
incubation at 6°C, the bound and unbound [*HlIns(1,
4,5) P, were separated through a Whatman GF/C filter
under the house vacuum. The filter was then washed
with 20 ml wash buffer containing 20 mM Hepes, 0.1%
BSA at pH 8.0. The nonspecific binding was determined
from total binding of [*H]Ins(1,4,5)P; in the presence
of excess (1000-fold) unlabeled Ins(1,4,5) P;. The bound
and unbound [*H]Ins(1,4,5) P, were separated through a
Whatman GF/C filter under the house vacuum. The
filter was then washed with 20 ml wash buffer contain-
ing 20 mM Hepes, 0.1% BSA at pH 8.0. The nonspecific
binding was determined from total binding of
[PH]ins(1,4,5) P, in the presence of excess (1000-fold)
unlabeled Ins(1,4,5) P;. The specific binding was defined
as the difference between (otal binding and nonspecific
binding. Saturation b g data were lyzed by the
method of Scatchard {327 The K, values and the num-
ber of the receptor sites werz determined by using
programs of EBDA and LIGAND from Elsevier-Bio-
soft, Cambridge, U.K. in an IBM AT computer.

To assess the comparative potencies of several

lected co to displace [*H]Ins(1,4,5)P; from
binding su&s 0.2 nM [*H]Ins(1.4 5)1’3 was incubated
with 100 pg of membrane proiein in the absence of
Ca?* at 0°C for 1 h. The bound and unbound
[*H}Ins(1,4,5) P, were separated as described above. The
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Fig. 1. pH dependence of [*H]Ins(1.4.5) P, binding. 100 ug membrane
protein was mixed with 1 pmol [’H]Ins(1.4.5)#, (final concentration
of 1 nM) with 50 mM sodium acetate buffer (@), Hcpes buffer (X).
Tris-HC buffer (@), or sodium borate buffer () at the indicated pH
in the presence of 1 mM EDTA. The reaction mixture was incubated
for 2 h at 0°C. Data are from a single experiment performed in
iriplicate.

inhibition by ihe compound was normalized as percent
inhibition by the equation described elsewhere [33). The
ED,, was defined as the ion of inhit
quired to achieve 50% inhib of the specific bind-
ing. The assays were routinely carried out in triplicate.

Results

pH dependence of [*H]Ins(1,4,5)P; binding
At pH values below 6.0, no significant specific bind-
ing of [3H]lns(n 4 S)I’3 was obsened (Fig. 1). However,
ically at pH values
above 6.0 with a half-ma:umum at around pH 7.0 and
maximum at pK 8.0 and then slightly decreased at pH
values above 8.0.

Specificity of {*H]Ins(1,4,5)P; binding

The {*H]Ins{1,4,5) P;-binding site markedly differen-
tiates among various inositol phosphates and is highly
specific for Ins(1,4,5)P;. As howvn in Fig. 2, unlabeled
Ins(1,4,5) P, inhibited [?H]Ins(1,4 S)P3 bmdmg 50% at
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Fig. 2. Inhibition of {*Hlins(1.4,5)7; binding to human platelet
membranes. Membrane protein (100 pg), 0.2 nM [*HlIns(1.4.5) P, and
the indicated concentration of inositol analogs were added to the
medium containing 20 mM Hepes, | mM FDTA at pH 8.0, The data
points are the averages of two or three experiments, each runs in
triplicate. Error hars are S.D. values.

P, (Table I). Ins(1)P, was about 10-times more potent
than Ins(1,4) P, in human platelet membranes, which is
different from that in rat brain, where Ins(14)P, is a
much more potent inhibitor than Ins(3) P, {5}
Several ‘,Mrmacologlcal agems known to influence
Tlul: di ion we:2 tested. Dantro-
lene (1 mM), verapamil (10 and 100 zM), and 8-(dieth-
lami y1-3.4,5-tri (10 and 100
M) did not affect [*H)Ins(1,4,5) P, binding to human
platelet membranes. However, heparin inhibited *H}-
ns(1,4,5) P; binding with an EDy, of approx. 1 pg/ml.
Several other polyani also inhibited the binding of
[*H]Ins(1.4.5) P, binding to human platelet membranes.
Suramin was the most potent inhibitor with an EDs, of
0.67 uM, followed with Trypar blue (EDg =54 pm)
and then L-451167 (ED,; = 15 pM) (Fig. 3).

Effects of nucleotides on the [*H]Ins(1,4,5)P; binding

As shown in Fig. 4, GTP potently inhibited the
binding of [*H]Ins(1,4,5)P; to human platelet mem-
branes with an EDy, around 75 pm. Two nonhydro-
lyzable analogs, GTPyS and p[NH]ppG showed roughly
about the same potency (data not shown). Other

TABLE
Inhibition of hindinz of FPH)Ins(1,4.5)P, to human platelet membranes

0.3 nM. Of a variety of inositol p

Ins(1,4,5)P, was the most potent inhibitor of binding
with Ins(2,4,5) P, being the next potent, which inhibited
[*H]Ins(1,4,5) P, binding 50% at 6 nM. Ins(1,3,4)Py,
Ins(1,3,4,5) P;, Ins(1,4,5,6) Py, Ins(4,5) P, Ins(1,4) P, and
Ins(1)P,, were much less potent inhibitor of binding.
The order of potency was Ins(4,5)P, > Ins(1)P, >
Ins(1,3.4) P; > Ins(1.4,5,6) P, > Ins(1,3,4,5) P, > Ins(4,5)-

C EDy (M)
o Ins(1,4,5) P, 334.107%°
Ins(24,5) Py 5.97-10~°
Ins(1,3.4) Py 6.51-1077
Ins(1.3.4.5) P, 1.84-107°
Ins(2,4.5.6) Py 1.06-107¢
Ins(1.4) Py 470-107°
Ins(4.5) Py 304-1077
Ins(1)Py 3.54-1077
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Fig. 3. Inhibition of [*H]Ins(14,5)P; hinding to human platelet

membranes by sumarin, Trypan blue and L-451167. Experiental

conditions are idenlical to those described in Fig. 2. Data points are
the means of triplicate determinations.

nucleotides also showed inhibitory effects but at a higher
concentration. ATP, CTP, UTP and ITP showed roughly
the same potency with an EDg, of 630 pM, which is
about 10-times higher than that of GTP. GDP is even
less potent with an EDs, value higher than 1 mM (Fig.
4). Nuc'eotides from different sources showed roughly
identical potency to compete against the [*H]Ins(1,4,5)-
P, binding to its binding site.

ITonic modulation on the [*H}Ins(1,4.5)P; binding

Tons modulated the specific binding of [EH]In_s(1,4,
5) P, 1o human platelet membranes. As shown in Fig. 5,
monovalent cations, including Na*, K* and Li*.
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Fig. 5. Ionic modulation of specific [YH)Ins(1.4.5) P, (0.2 nM) binding
to human platelet membranes (100 xg membrane protein/ml). Ca?*

m—m, Mz} (& a), Mn** (o o), Sri*
(v v), Na* (@ ) Li' (% v). and K*
(® @) ions were added to a reaction mixture which contains 20

mM Hepes at pH 8.0. The point with zero concentration of ions was
performed with the addition of 5 mM EDTA to the reaction mixture.

potentiated the [*H]Ins(1,3,5) P binding in a concentra-
tion range between 1 and 100 mM with a maximum
around 30 mM. However, at concentrations higher than
100 mM, monovalent cations inhibited the binding.

Divalent cations modulated the [*HlIns(1,4,5)P,
binding in a different manner. At concentrations as low
as 100 pM, Ca®* and Mg" significantly inhibited the
binding. The inhibitory effect by Mg?* increased with
increasing Mg?* concentration. At 3 mM, Mg®* totally
abolished the specific [*H]Ins(1,4,5)P; binding to hu-
man platelet membranes. Ca*, on the other hand,
inhibited the binding with concentrations between 30
pM and 3 mM and potentiated the binding at con-
centrations above 10 mM with a maximum around 100
mM. Similar patterns of the effects were also observed
for Mn** and Sr®* (Fig. 5). The inhibition and/or
potentation of the [*H]Ins(1,4,5)P; by Mn** occurred
at lower concentrations than Ca**. A significant inhibi-
tion was observed at a concentration of Mn”* as low as
10 pgM, which was the Ca* concentration demon-
strated by Pietri et al. [37] to be able to control the
properties of the Ins(1,4,5) P, binding in the permeabi-
lized hepatocytes and/or the liver plasma membranes.
Sr2* was less potent. It significantly inhibited the bind-
ing at concentration greater than 0.3 mM and potenti-
ated the binding al or above 30 mM.
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Reversibility of {'H]Ins(1,4.5}P, binding and Ca’ *-in-
duced degradation off"H]Ins(1.4.5)P,

The binding of [’H]Ins{1.4.5)P, to human platelet
membranes was fast. {n the absence of 1| mM EDTA,
the association of {*H|lns(1.4.5) P; reached a maximum
around 30 min (Fig. 6A). The bound {*Hjlns(1.4.5)P;
could be displaced with unlabeled Ins{1.4,5) P; after the
binding has reached an equilibrium (Fig. 6B). No de-
gradation of [*H}Ins(1,4.5) P, was observed even up to 2
h incubations at 0° C in the absence of Ca®* and with |
mM EDTA.

In the presence of 100 mM CaCl,, the association of
[*H]Ins'1.4,5) P, with human platelet membranes was
too quick to be resolved wiith the filtration technique
used here. Even at 30 s, the |*H]fns(1,4,5) P, binding
already reached the maximum. However, the binding
dropped after 5-10 min incubation. This vould be due
to the degradation of [*H]ins(1.4.5)P; in the presence
of €aCl, (Fig. 6C). [’Hilns(1.4,5)P, was quickly
metabolized. Even at 1 min incubations, about 25% of
[*H]Ins(1.4.5) P, was metabolized, mainly inte Ins(1)P,
in the presence of 100 mM CaCl,. Degradation was not
inhibited by 20 mM LiCl,.

Saturation binding studies
To assess the affinity of Ins(1.4.3) P, binding and the
number of recognition sites on the isolated human

Fig. 6. (A) Association of specific |*HlIns({1.4.5) 2, binding to human
platsler membranes. |’ H]Ins(1.4,5)P; (0.17 nM) was incubated in a
suspension of t:man platclct membranes (100 pg) at 0°C. in a
medium of 20 mM Hepes, 1 mM EDTA (pH 8.0), which was sampled
at various time intervals for filiration and then radioactivity counting.
The data points are the means of triplicate delerminations. The solid
line is the best fit of the data points with two observed association
rate constants (k) of 0.152 min"! and 1.56 min' using the program
KINETIC from Elsevier-Biosoft. Cambridge. UK. in an IBM AT
computer. {B) Dissociation of specific [*Hllns(14.5)P; binding to
human platelet membranes. Dissociation was started at equilibrium
conditions (2 h incubation at 0°C) by the addition of 0.2 pM
unlabeled [ns(1,4,5)F, to an iacubation medium to have 0.17 nM
{*HlIns(1.4,5}P; and 100 pg membrane protein in a reaction mixtre
of 20 mM Hepes, 1 mM EDTA ai pH 8.0. The dala points are the
means of triplicate determinations. The solid curve is Lhe best fit of
the data points with two dissociation rate constants (k_,) of 0.566
min' and 1.144-10"2 min~" using the program KINETIC as de-
scribed in Fig. 6A. (C) Association and degradation of
{*H)lins{1.45)P,. The experiments for the association of
(*Hilns(1.4.5)#, (0.17 aM) to human platelet membranes were per-
formed in an idenlical procedure as those described in Fig. 6A, excepl
that the assays were performed in an incubaton niedium of 166 mM
CaCl,. 20 mM Hepes (pH 8.0). For the degradation experiments. the
r-action mixlure was incubated in the exact same way as described
above, but 500 x] reaction mixture was added 10 75 ul 10% trichloro-
acetic acid and then incubated for 10 min a1 0° C. The precipitate was
removed by i ion and was washed
three times with 5 ml ethyl ether. The agueous phase was then
separated in a HPLC system with a column of Partisii 10-SAX
(Whatman} eluted with a step gradient ammonium format=.
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platelet membranes, 100 pg of membrane protein was TABLE lI

incubated with 6.01 10 12 nM [‘H]Ins(1.4.5)P_,. Fig. 7 Equilibrium dissociation cosstants (K ;) and maximal detectable receptor
shows the binding isotherm of {*H]ins(1,4,5)P; 10 hu- sites (B, 4 or [*H]Ins1,4.5)P; on human platelet membranes

man platelet membranes in the presence of 1 mM - —

EDTA. The specific binding was saturable at around loric conditions (l:l'\'l) (o eng protein)
10-15 nM (Fig. 7A). The nonspecific binding was non- i

saturable and linear with the concentration of ! n;[:dghEan:Aily 01931 0113 2958+ 64(n=5)
[*H]Ins(1,4,5) P; and was about 5-10% of total binding. Low affinity 1215 £18.07 8465413 (n - 5)

The Scatchard plot obtained by plotting the bound/free 100 mM CaCl, 032 + 015 3365 +980 (n="5)

ratio of the labeled Ins(1.4.5)P; as a function of the
Ins(1,4,5) P, concentration that is bound to the receptor
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0.165 4
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Fig. 7. (A) Specific binding of [’H]Ins{l.4,5)l’_, to human platelet membranes. 100 pg membrane protein was added to tubes containing

I"H]ins(1.4.5) P, ranging from 0.01 to 12 nM in medium containing 20 mM Hepes, 1 mM EDTA at pH 8.0. Data points were the averages of

triplicate and three independenl experiments were given in the same curve. (B) Scatchard plot of the specific {*HiIns(1.4,5)7; binding to human

platelet memhbranes. Data points wese obtained liom Fig. TA. K, and B, were calculated with the LIGAND program from Elsevier-Biosoft in
an IBM AT compuler. The solid curve is the best fit of the data points with two Ky values.
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Fig. 8 (A) Specific binding of [*H]Ins(1.4.5)P; to human platelet membranes. 100 pg of membrane protein was added (o tubes containing 0.01 1o 4
aM ["HlIns(1.4.5) 7, in a medium containing 20 mM Hepes, 100 mM CaCl, ut pH 8.0. Data points were the averages of triplicale experiments. (B)
Scatchard plot of the specific [JH]lns(1.4,5)PJ binding to human platelet membranes. Data points were obtained from Fig. 8A.



revealed a nonlinear but concave curve (Fig. 7B), which
can be statistically best fitted with two equilibrium
dissociation constants (K,) of (.19 and 33 nM. The
maximal detectable binding sites B, for high and low
affinity obtained from Fig. 7B are 332 and 567 fmol /mg
protein, respectively. The mean and standard deviation
(S.D.) from several repeated experiments were listed in
Table II. The variations for the high-affinity binding
site in the determination of K, and B, are less than
that for the low-affinity binding site. This could be due
to the filtration technique we used to separate the
bound and unbound tritium labeled ligand. Since it
takes about 30 s to wash the filter with 20 ml wash
buffer, some of the ligand bound to the low-affinity site
could be washed away.

In the presence of 100 mM CaCl,, [*HlIns(1,4.5) P,
was quickly degradated. However, the [H]Ins(1,4,5)P,
binding reached a maximum within 30 s, where more
than 80% of [*H}Ins(1,4,5)#; remained in the original
form. To access the affinity of Ins(1,4,5)P; binding to
human platelet membranes, the bound and unbound
[JH]Ins(I,fl,S)P3 were separated after 30 s incubation of
[*H]Ins(1,4,5) P, with humar olatelet membranes. Un-
der these conditions, the specific binding was highly
potentiated. It was again readily saturable and reached
near maximum around 3 nM [*H]Ins(1.4,5) P; (Fig. 8A).
The Scatchard plot of the specific binding in 100 mM
CaCl, is linear (Fig. 8A) indicating a single class of
high-affinity binding sites. Results from several re-
peated experiments are summarized in Table 1I. It
showed a X, value of 0.32 1 0.15 aM (2= 5) and B,
of 3.365 + 0.98 pmol/mg protein. The K, value in 100
mM CaCl, is slightly higher than the one witi high
affinity in the absence of CaCl,. This could be due to
the nonequilibrium binding situation here by separating
the bound and unbound [*H]Ins(1,4,5)P; in 30 s, The
affinity could therefore be underestimated. The B,,,
value in the presence of 100 mM CaCl, (Table II) is
about 3-fold higher than the sum of B, with both
high and low affinity in the absence of Ca®*. Again, this
could be due to an underestimation of B, of low
affinity due to the disadvantage of filtration techniques.

Discussion

Here, we have demonstrated the specific Ins(1,4,5) P,
binding to human platelet membranes and its modula-
tion by pH, monovalent and divalent cations and GTP.
The specific Ins(1,4.5)P; binding has an optimal pH
around 8.0. Monovalent cations including Na*, K* and
Li* examined here potentiate the binding, whereas
Mg** inhibits the binding. Ca’*, Mn®** and Sr?" in-
hibit the bidning at low ions, but dramati-
cally p the binding at higher ions. As
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of binding sites but not the maximal number of receptor
sites. Therefore, similar to the receptor of platelet-
activating factor [36}, multiple conformational states of
a single type of Ins(1,4,5) Py receptor could also cxist in
human platelet membranes. Similar effects of Ca’* on
the control of the interconversion of the Ins(1.4,5)P,
receptor from a low-affinity to a high-affinity state have
also been reported in permeabilized rat hepatocytes and
liver plasma membranes {37]. However, the Ca?* con-
centration required to potentiate the [*HJins(1,4.5)2,
binding in human platelet membranes is about 10-100-
times higher than that reported in liver plasma mem-
branes. The physiological significance of this Ca®*-in-
duced potentiation apparently need to be further eluci-
dated.

Monovalent cations have been demonstrated to alter
[ns(1.4.5) P;-stimulated Ca®* release from liver micro-
somes [38]. Calcium release process stimulated by
Ins(1,4.5) P, appears to be electrogenic {38,39]. Monova-
lent cationic Is of high cond have also
been detected in sarcoplasmic reticulum vesicles [40}.
Ins(1.4.5) P;-stimulated Ca2* release is therefore thought
to be charge compensated by the inward entry of mono-
valent cations [38.41]. Activation of platelets by ADP
[42,43] or platelet-activating factor (Hwang, S-B., un-
published data) is associated with Na* influx. Potentia-
tion of the specific [*H}lns(1.4,5)P; binding to human
platelct membranes by Na* suggests the possible role
of the influxed Na* on the mobilization of the intra-
cellular Ca?* upon activation of platelets.

Similar to Ins(1,4.5)P; receptors in rat brains (5],
binding of [*H}Ins(1,4,5)P; to human platelet mem-
branes is inhibited by low ations of Ca** and
is sensitive 10 the pH value of the assay medium, Ca**
sensitivity for the release of Ca®* in response to
Ins(1,4,5) Py from permeabilized cells [37,44,45] and iso~
lated membrane vesicles {46] has been previously re-
ported, aithough such effects are not universally ob-
servable [26,47]. Also, the elevation of intracellular pH
appears to be intimately linked with stimulus-response
coupling [48.49} and forms an essential step in the
cascade of events required to increase cytoplasmic free
Ca®* in platelets [26,50}. A calcium-mediator protein,
calmedin, has recently been isolated [48], which enables
Ca®* to inhibit Ins(1,4,5)P, binding to purified recep-
tors from rat cerebellar membranes. Whether an identi-
cal or similar protein exists in human platelets is not yet
known. But it seems to be clear that in human platelets
the mechanism of Ins(1.4,5) P,-mediated Ca®* release is
also self-regulated by levels of cytosolic-free Ca* and
that the influence of pH on Ca*" release [26] may
directly affect on Ins(1,4,5)P; interactions with its re-
ceplors.

in spite of the similar inhibitory activity of the

demonstrated in Scatchard plots, this po effect

by Ca?* seems to be due to the increase in the affinity

Icium and the pH ivity on the Ins(1,4,5)P; bind-
ing between rat brains and human platelets, binding of
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Ins(1.4,5) P, to buman platelet membranes is also in-
hibited by Mg?'. but potentiated by Ca®*, Mn** and
Sr2* at high concentrations. Mg?* al a similar con-
centration shows an inhibitory effect. Also the differ-
entiation between Ins(1,3,4,5)P, and Ins(1)P, or be-
tween Ins(1.4) P, and Ins(1)P; in human platelets (Fig.
2) is not as pronounced as that in rat brains (Fig. 3 in
Ref. 5). In fact, Ins(1) P, is more potent than Ins(1,4)P,
and Ins(1,3,45)P, in inhibiting the [*H[Ins(1,4,5)P;
binding to human platelet membranes. These results
suggest that Ins(1,4,5) P; receptors are different between
human platelets and rat brains. The liver Ins(1,4,5)P,
receptors also displays some properties different from
those of the brain receptor [37}. However, from the
results we have, we cannot distinguish between whether
the differences are due to the tissue specificity or due 10
the species variation,

Here, we observed that GTP and nonhydrolyzable
analogs, GTPyS and p[NHjppG specifically inhibit the
specific {*H]Ins(1,4,5) P, binding. Specificity of GTP on
the inhibition of a radioligand receptor binding is gen-
erally correlated with those receptors coupled to guanyl
nucleotide regulatory protein (G-protein) in receptors
from plasma membranes [49,50]. Also, a series of poly-
anionic compounds that inhibit the coupling of the
«,-adrenergic receptors and the B;-adrenergic receptors
to G-proteins [51-53] also potently inhibit the binding
of [*H]Ins(1.4.5)P; to human platelet membranes with
potencies comparable to those in inhibiting the binding
of [*'HJUK 14304 to the a-adrenergic receptors [53).
The molecular cloned Ins(1,4,5) P; receptor [54] is also
found to span the plasma membrane seven times and
have an extraceliular amino terminus and an intra-
cellular carboxyl terminus, a general feature for those
plasma membrane receptors coupled to G-proteins.
However, in the reconstituted vesicles of the purified
Ins(1,4,5)P; binding protein, a single protein is able to
mediate both the recognition of Ins(1,4,5) P; and calcium
transport {55). Apparently, the biological significance of
these effects of GTP on the binding of [*H]Ins(1,4,5) P,
needs to be further elucidated.
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