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Specific, saturable and reversible binding of tritium-labeled inositol 1,4,5-trisphosphate (13Hllns(I,4,b')P3) to human 
platelet membranes is demonstrated. The Ins(1,4,5)/~-binding sites are abundant and display high selectivity for 
Ins(IA,5)P 3. Other in~i to l  phosphates exhibit much lower affinity for this site. The specific [3Hllns( l ,4 ,5)P 3 binding 
was found to be modulated by pH, monovulent and diw,~ent cations, and GTP.  A sharp increase in binding occurs at 
slightly alkaline pH. The monovalent cations, Na ÷. K + and Li + almost double the binding at 30 raM. Mg  2~ inhibits the 
specifg [3Hllns(I,4,5)P3 binding. At low concent-ratioos of Ca z+, the binding is inhibited, but  at concentrations higher 
than 5 ~ the binding is potentiated and increases by almos! S-fold at 100 raM. Similar  pattern of the effects is 
observed for Mn  z+ and Sr  2+. The specific 13H|lns(I,4,5)P~ binding is specifically inhibited by GTP.  Other  nucleolides 
also inhibit the binding but at higher concentrations. From s~lturation binding studies, Ca 2+ potentiation seenm to ha 
due to the conversion of the receptor from the low-affinity state to the high-affinity one. In the absence of Ca z÷, the 
Scatchard plot is nonlinear and concave, an,! statistically con be fitted best with two ¢quilibrimn dissociation constants 
(K d values), 0.194-0.11 and 13.24- 18.1 nM, respectively, for high- and low-affinity binding sites. However, in the 
presence of 100 mM CaCI z, the Scatchard plot reveals only the high-affinity binding sites with a K d yatlue of 
0.32 4- 0.IS nM. The specific Ins(Ic4,5)P 3 receptor in human plateicts could thereloR exist in multiple conformational 
states to regulate the inWacellular Ca z+ concentration. 

The initial response of many cells to hormones, 
neurotransmitters, growth factors and other Ca 2+- 
mobilizing receptor agonists in the hydrolysis of phos- 
phatidylinositol 4,5-bisphosphate (PIP 2) catalyzed by 
phospholipase C to generate the comessengess inositol 
1,4,5-trisphosphate (lns(L4,5)P3) and diacylglycerol [1]. 
Diacylglycerol activates protein kinase C and ins(1,4,5)- 
P3 causes the release of Ca 2+ from intracellulas pools. 

Abbreviations: PIP 2, phosphaddylino~itol 4,5-hisphosphatc; Ins(l.4+ 
5)P z, inositol 1,4,5-trispho~phate; lnq2.4,S)P 3, in~itol 2.4,5-tfis- 
phosphate; Ins(l,3,4)P 3, ino~itol L3,4-tfis~h~phal¢; ]ns(l)P 1, m- 
osilol l-monophosphate; Ins(l,4}P 2. inositol 1.4-bisphosphale; 
lns(4.5)P:, in~ilol 4,S-bisphosphale; Ingl,3.4,5)P 4, inositol 1,3,4,5- 
tetrakisphosphate; Ins(l.4.5,6)P 4, inosilol ] 4,S,6-tetrakisph~phate; 
GTPyS, guano6ine S'-O-{3-dfiotdphosphate); p{NHIPpG, guanylyl 
imidodiphosphate; BSA. bovine s e ~  ~ibuntin. 

Correspon&'nce: S.-B. Hwang, Merck Sharp & Dohme Research 
Laboratories, Department of Biochemical Regulation. P.O. Box 2000 
(80a7), Rahway. NJ 07065-0o~0, U.S.A. 

The action of Ins(l ,4,5)P 3 in mediating CaZ+-signaling 
events is now well establisbed in a wide variety of cell 
types [I-3].  In a recent series of studies by Snyder and 
co-workers [4-6], specific Ins(1,4,5) P3-binding sites were 
identified and characterized. Binding of [3H]Ins(1A,5)P3 
to other cell types of  membrane fractions has also been 
reported [7-11]. Thus, the release of intracellular stored 
Ca 2+ induced by Ins(1,4,5)P 3 is a receptor-mediated 
process. 

Release of Ca 2÷ into the cytosol from the dense 
tubular system [12] is though to be one of  the imraortant 
steps in platelet activation. Since agonists such as ADP 
and thrombin appear to interact with platelets solely at 
the level of the plasma membrane,  a signal transduction 
mechanism is required to link events on the cell surface 
wi!h events in the dense tubular system. The potential 
for Ins(L4,5)P 3 to perform this role is suggested by the 
observation tllat thrombin [13 2~], ADP [21,22|, col- 
lagen [23], and plateict-activating factor [24,25] are able 
to decrease platelet PIP a levels and increase formation 
t,f Im( l ,4 ,5)P  3. lns(1,4,5)P 3 ha8 also been demonstrated 
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to trigger Ca 2+ release from internal stores and cause 
secretion of dense granular content [26] in saponin-per- 
meabilized platelels. To data, no studies examining 
specific lns(l,4,5)P~ receptors ;n phitelets have been 
reported. Here, we demonstrat'r the existence of a 
specific lns(1,4,5)P 3 receptor in izolated human platelet 
membranes. The affinity of the receptor in human 
platelets is quite different from the one previously idea- 
tiffed in rat cerebellar homogenates [5]. The specific 
Ins(l,4,5)/>~ binding to receptors is modulated by either 
monovalent or divalent cations. OTP also specifically 
regulates binding to the specific lns(1,4,5)P 3 receptor, 
which appears to exist in multiple conformational states. 

Materials and Methods 

Materials 
n-[l(n)-~H]lnositol lA,5-trisphosphate ([SH]lns(l,4, 

5"IP,) was obtained from NEN-DuPont (Boston, MA) 
with a specific activity of 20 Ci/mmol.  Unlabeled myo- 
inositol lA,5-trisphosphate (lns(1,4,5)Ps), myo-inositol 
2,4,5-triphosphate (lns(2,4,5)Pj), myo-inositol 1,3,4-tri- 
phosphate (Ins(1,3,4)Ps), myo-inositol 1,3A,5-tetrakis- 
phosphate (Ins(l,3,4,5)P4), myo-inositol 1A.5.6-tetrakis- 
phosphate (Ins(1,4,5,6)P4) and mya-innsitol 4,5-bis- 
phosphate (Ins(4,5)P 2) were purchased from Caibio- 
~hem. myo-lnositol 1,4-bisphospbate (lns(l,4)Pz) and 
myo-inositol 1-monophosphate ( l a s ( l )P  I) were obtained 
from Sigma. Suramin, Trypan blue and 8-(4-anilino-5- 
sulfo-l-naphthylazo)-l-naphthol-3,6-disu|fonic acid (L- 
451A67) were obtained from Chemical Data Depart- 
merit, 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. 
Guanosine 5'-diphosphate (GDP), guanosi~e 5'-0-(3- 
thiotriphosphate) (GTP~S), guany!yl imidodiphosphate 
(p[NHlppG), cytidine 5'-triphosphate (CTP), innsine 
5'-triphosphate (ITP), and uridine 5'-triphosphate 
(UTP) were obtained from Boehringer Mannheim Bin- 
chem. 

Methods 
Preparation of human platelet membranes. Human 

platelets were prepared from freshly drawn venous blood 
into 0.1 volume of 3.8% ~odium citrate following exactly 
the same procedure described previously for rabbit 
platelets [29]. The cells were then lysed in a Na+-free 
medium containing 5 mM MgCI v 10 mM Tris and 2 
mM EDTA at pH 7.0 [28]. The lysed membranes were 
then further fractionated with a 0.25, 1.03 and 1.fi M 
discontinuous sucrose density gradient at a speed of 
63 500 × g for 2 h. The membranes fractinnated 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 antirayein-insansitive NADH-cytoehrome-c 
reductase than membrane fraction B [29,30]. Also. 
membrane fraction A is enriched with either glyco- 
protein and /or  glyeolipid (Hwang, S.-B., unpublished 
data), therefore, membrane fraction A is likely a plasma 
membrane-enriched fraction, whereas membrane frac- 
tion B is enriched with the dense tubular system. Mem- 
brane fraction B was about 2-fold enriched in receptor 
sites for lns(l ,4,5)P 3 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 - 8 0 " C  
and thawed before use. 

Binding of [JH]lns(1,4,5)P 3 to human platelet mem- 
branes. Binding of [SH]Ins(l,4,5)P3 to human platelet 
membranes was performed as previously described [27]. 
To assess the affinity of [SH]lns(l,4,5)P3 and the maxi- 
mal detectable receptor sites on the isolated human 
platelet membranes, 100 / t g  of membrane protein was 
incubated with 0.1 to 12 nM [SHIlns(1,4,5)P 3 in an 
incubation medium containing 20 raM Hepes, 1 mM 
EDTA at pH 8.0 (in the absence of Ca 2+) or in a 
medium containing 20 mM Hepes, 100 mM CaCI z at 
pH 8.0 (in the presence of Ca2÷). After 0.5 rain (in the 
presence of Ca 2+) or 1 h (in the absence of Ca 2+) 
incubation at 0 o C, the bound and unbound [3H]Ins(l, 
4,5)Pz were separated through a Whatman G F / C  filter 
under the house vacuum. The filter was then washed 
with 20 ral wash buffer containing 20 mM Hepes, 0.1% 
BSA at pH 8.0. The nonspeeific binding was determined 
from total binding of [SH]Ins(l,4,5)Pj in the presence 
of excess (1000-fold) unlabeled Ins(1.4,5)P 3. The bound 
and unbound [~H]lns(1,4,5)P3 were separated through a 
Whatman G F / C  filter under the house vacuum. The 
filter was then wasbed with 20 ml wash buffer contain- 
ing 20 mM Hepes, 0.1~ BSA at pH 8.0. The aonspecific 
binding was determined from total binding of 
[SH]lns(l,4,5)P3 in the presence of excess (1000-fold) 
unlabeled lne,(1,4,5)P 3, The specific binding was defined 
as the difference between total binding and nonspecific 
binding. Saturation binding, data were analyzed by the 
method of Scatchard [327 The K d values and the num- 
ber of the receptor sit~s were determined by using 
programs of EBDA and LIGAND from Elsevier-Bin- 
soft, Cambridge, U.K. in an IBM AT computer. 

To assess the comparative potencies of several 
selected competitors to displace [SH]lns(1,4,5)P3 from 
binding sites, 0.2 nM [SH]Ins(1A,5)Pj was incubated 
with 1130 pg of membrane protein in the absence of 
Ca 2+ at O°C for 1 h. The bound and unbound 
[3H[Ins(1A,5)P~ were separated as described above. The 
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Fig. 1. pH dependence of [~Hllns(l.4,5)P3 binding. 100 ~g membrane 
protein was mixed wilh 1 pmol [SHllns(l.4.5)P~ (final concentration 
of 1 nM) with S0 mM sodium acetate buffer to). Hcpe.s buffer (×). 
Trls-HCl buffer 0I), or sodium borate buffer t&) at the indicated pH 
in the presence of I mM EDTA. "rite reaction mixtu~ was incubated 
for 2 h at 0°C. Data are from a single experiment performed in 

tripli~te. 

inhibition by the compound was normalized as percent 
inhibition by the equation described elsewhere [33]. The 
ED~0 was defined as the concentration of inhibitor 
required to achieve 50% inhibition of the specific bind- 
ing. The assays were routinely carried out in triplicate. 

R e s u l t s  

pH dependence of [~H]Ins(I,4,5)P2 binding 
At pH values below 6.0, no significant specific hind- 

ing of [3H]lns(i,4,f)P3 was observed (Fig. 1). However, 
specific binding increased dramatically at pH values 
above 6.0 with a half-maximum at around pH 7.0 and 
maximum at pH 8.0 and then slightly decreased at pH 
values above 8.0. 

Specificity of [SH]ln$(l,4,5)P3 binding 
The |3Hllns(lA,5)P3-binding site markedly differen- 

tiates among various inositol phosphates and is highly 
specific for lns(l,4,5)Pj. As e~O.r,'n in Fig. 2, unlabeled 
Ins(1,4,5)P 3 inhibited [3Hllns(l,4,5)P3 binding 50% at 
0.3 nM. Of a variety of inositol phosphates examined, 
lns(1,4,5)P3 was the most potent inhibitor of binding 
with lns(2,4,5)P3 being the next potent, which inhibited 
[~H]lns(1,4,5)P~ binding 505~ at 6 nM. lns(1,3,4)P3, 
ins(1,3,4,5)p4, Ins(1,4,5,6)pd, Ins(4,5)P2, Ins(1,4)P 2 and 
ins(l)P~, were much less potent inhibitor of binding. 
The order of potency was Ins(4.5)P 2 > Ins(1)P~ > 
Ins(l.3.4)P~ > lns(L4.S.6)P4 > Ins(l.3.4.5)P, > Ins(4.5)- 
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Fig. 2. Inhibition of [~Hllns(l.4,5},~ binding to human platelet 
membranes. Membrane protein (100/zg). 0.2 nM [ 3 Hltns(1.4,5) P3 and 
time indicated concemration of in~itol analoD~ w~e added to the 
medium containing 20 mM H epes, I mM FI3TA at pH 8.0. The data 
points are the averages of two or three experiments, each runs in 

triplicate. Error bars are S.D. val~. 

Pz (Table I). Ins(1)P I was about lO-times more potent 
than [ns(l,4)P 2 in human platelet membranes, which is 
different from that in rat brain, where Ins~l,4)P 2 is a 
much more potent inhibitor than lns(1)P t [5]. 

Several :vt'armacological agents known to influence 
intracelhilar calcium disposition were tested. Dantro- 
lene (1 mM), verapamil (10 and 100 ~tM), and 8-(dieth- 
ylainino)octyl-3,4,5-trimethoxybenzoate (10 and 100 
FM) did not affect [3H]Ins(1,4,5)P3 binding to human 
platelet membranes. However, heparin inhibited [3H]- 
[ns(l,4,5)P 3 binding with an EDge of approx. 1 /~g/ml. 
Several other polyanions also inhibited the binding of 
[3H]lns(I.4.5)P3 binding to human platelet membranes. 
Suramin was the most potent inhibitor with an EDs0 of 
0.67 tiM, followed with Trypan blue (EDs0 = 5.4 .am) 
and then L-451167 (EDge = 15 gM) (Fig. 3). 

Effects of nucleotides on the [3Hllns(l,4,5)Ps binding 
AS shown in Fig. 4, GTP potently inhibited the 

binding of [3H]tns(l,4,5)P3 to human platelet mem- 
branes with an EDso around 75 .gin. Two nonhydro- 
lyzable analogs, GTPyS and p[NH]ppG showed roughly 
about the same potency (data not shown), Other 

TABLE l 
Inhibition of biadln:~ of [3tlllm(l.4.5)Pj to human plarelet membranex 

Compound EDge (M) 

Ins{f,4,S)p 3 3.34.10 -l° 
1ns(2.4,5) p 3 5.99-10 .9 
Ins(l,3,4) P~ 6.51 "|0 -'s 
Ins(l.3,d.5)P4 1.84"10 -6 
Ins(l,4,5,6)p a L06-10 -6 
ins(1.4)p z 4.90-10 -6 
Ins(d.5) P~ 3.04.10 -7 
lngliP~ 3-54 "10-7 
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Fig. 3. Inhibition of [3H]lns(l.4,5)P~ hinding to h u ~ n  plalelet 
membranes by sumarin. Trypan blue and L-451167. Experimental 
eondttions ;ire idcnlical to those described in Fig. 2. Data points are 

the means of t riplicatc determinations. 

nucleotides also showed inhibitory effects but  at  a higher 
concentration.  ATP,  CTP,  U T P  and ITP showed roaghly 
the same potency with an ED~0 of 630 /~M, which is 
about  10-times higher than that  of GTP.  G D P  is even 
less potent  with an EDen value higher than 1 m M  (Fig. 
4). Nucleotides from different sources showed roughly 
identical potency to compete  against  the [3H]Ins(1,4,5)- 
P3 binding to its binding site. 

Ionic modulaOon on the [SH]lns(l,4,5)Ps binding 
Ions modulated the specific binding of [3H]In.s(1,4, 

5)P~ to human platelet  membranes.  As shown in Fig. 5. 
monovalent  cations, including Na+.  K + and Li +, 
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~--~ ATP x 
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I I I I -  I 
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Fig. 4, Inhibition o[ [~HJtns(l.4.5)P 3 binding to human platelet 
membran~ by nucleotldes. Experimental ~nditions are idenlieal to 
those described in Fig 2. Data points and error bar~ are means and 

S.D. values ol two or three experiments, each runs in t ripli~ate. 
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Fig, 5. Ionic modulation of ~pecifie [3HIIns(L4.S)P~ (0.2 nM) binding 
In human plalelet m~nnbranes II00 pg membrane protein/ml). Ca 2. 
lib U), M~ 2. ( ~ - - ~ . ) .  Mn 2+ ( o - - o ) ,  Sr 2. 
( w - - v ) ,  Na* (£3 El). Li '  ( v - - ~ ) .  and K + 
i n - - m )  ions were added to a reaction mixture which conlains 20 
mM Hepes at pH 8.0. The point with zero concentration of ions was 
performed with the eddalon of S mM EDTA to the reaction mixture. 

potent iated the [~H]Ins(1,4,5)P~ binding in a concentra-  
tion range between I and  100 m M  with a m a x i m u m  
around 30 raM. However,  a t  concentrat ions  higher t han  
100 raM,  monovalent  ca t ions  inhibi ted the binding.  

Divalent  ca t ions  modula ted  the [3Hllns( l ,4 ,5)P3 
binding in a different manner .  A t  concentrat ions  as  low 
as  100 # M ,  C a  2÷ and M g  ÷ significantly inhibi ted the 
binding. The  inhibi tory effect by M g  2+ increased with 
increasing M g  2÷ concentrat ion.  A t  3 raM,  M g  ~+ total ly 
abolished the specific [3H]Ins(1,4,5)P3 binding to hu- 
man platelet  membranes .  C a  2÷, on the  other  hand,  
inhibited the b inding  with concentrat ions  between 30 
/ ,v l  and 3 m M  and potent ia ted  the b inding  at  con- 
een t ra t io , s  above 10 m M  with  a max imum around 100 
raM.  Similar pa t te rns  of  the effects were also observed 
for M n  z÷ and Sr z+ (Fig. 5). The  inhibit ion a n d / o r  
polenta t ion of  the [3HIIus(1.4,5)P3 by  M n  2+ occurred 
a t  lower concentrat ions than  Ca  2÷. A significant inhibi- 
t ion was observed a t  a concentra t ion of  M n  2+ as  low as 
10 t iM,  which was the  Ca  2+ concentra t ion demon- 
strated by Pietri  et al. [37] to be able to control  the 
properties of the lns ( l ,4 ,5 )P  3 binding in the permeabi-  
lized hepatocytes  a n d / o r  the liver p la sma  membranes .  
Sr 2÷ was less potent .  It  significantly inhibi ted the bind-  
ing  a t  concentrat ion greater  than  0.3 m M  and  potenti-  
a ted  the binding at  or above 30 m M .  
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Revemibili(v of [ 'HJlns(I.4.5)P, binding and Ca" +-in- 
duced degradanon of[~ H] lns( l. 4,5 )P~ 

The  binding of [~li'jlns(1.4.5)P~ to human  platclet 
membranes  ',','as fast. In  the absence of I m M  E D T A ,  
the a~sociation of {~H]Insfl,4,5)P~ reached a maximum 
around 30 rain (Fig. 6A). T h e  bound [3H]Ins(l ,4.5lP3 
could be displaced with unlabeled lns{1,4,5)Pj after the 
b inding has reached an  equil ibrium (Fig. 6B). N o  de- 
gradat ion of [3H]Ins(1.4,5)P: was observed even up  to 2 
h incubations at 0 ° C  in the absence of Ca  2÷ and  with 1 

m M  E D T A .  
In  the presence of 100 m M  CaC12. the association of 

[3H]lns/ i ,4 ,SI /~  with h u m a n  platelet  membranes  was 
too quick to be resolved with the filtration technique 
used here. Even at 30 s, the ~3H]In~I,4,5)P~ binding 

a l ready reached the maximum.  However,  the b ind ing  

d ropped  after  5 -10  mill incubation.  This  ~.ould be due  
to the degradat ion  of  [3H]Ins( l ,4 ,5)P 3 in the presence 
of CaCI 2 (Fig. 6C). [Jl-I] lns(l ,4,5)P 3 was quickly 
metabolized.  Even at  1 rain incubations,  about  25% of 
[3Hllns(1,4,5)p~ was metabol ized,  main ly  into l n s ( l ) P  t 
in the presence of 100 m M  CaCi  2. Degrada t ion  was not 

inhibi ted by  20 m M  LiC] 2. 

Saturation binding studies 
T o  assess the affinity of  lns(l,4,5)P~ b ind ing  a n d  the 

number  of [ecognition sites on the isolated human  

Fig. 6. (A) A ~ i a t i n n  of specific l;Hllnsll.d.S)P~ binding to human 
platelel memhranes. IJH]lns~l,4.5)P~ 10.17 nM) was incubated in a 
suspension of L ~man platclct mcmbrane~ (1o0 pg) at o°c.  in a 
medium of 20 mM Hepc~ ! mM EDTA [pH 8.0). which was ~mpled 
at various time intervals for filtration and then radioactivity couming 
The data points are the means 0f triplicate del©rminations. The solid 
line is the best fit of Ihe data points with two observed association 
rate constants (k,,h,) of 0.152 mill l and ! .56 rain -q us;ng the program 
KINETIC from Elsevicr-Bio~oh. Cambridge. U.K. in art IBM AT 
computer. (B) Dissociation of specific [JHIIns(IA,5)P1 binding to 
human platclcl membranes. Dissociation was started at equilibrium 
~ndaions (2 h i~ubetion at 0°C) by the additi~ of 0.2 pM 
unlabeled Ins(t,4,5)P~ to an mcubatlon medium Io have 0.17 nM 
[3HIIns(IA,5IP~ and t0O ~tg membrane protein in a rcaclion mixture 
of 211 mM Hcp~, ] mM EDTA at pH 8.0. The dale points are the 
means of triplicale determinations. The ~Iid curve is Ihe best fit of 
she data points with two dissociation rate constants (k_ ~) of 0.5[~6 
rain "1 and 1.144.10 " rain -I  using the program KINETIC as de- 
scribed in Fig. hA. (C) Ass~iaUun and degradation of 
[~H]insft.4,5)P]. The experiments for the ass~ianon of 
[JH]IustL4,S)PI (0.17 nM) to human platelet membranes were pep 
formed in an idenlical procedure ~ those described in Fig. hA. excepl 
that the assays were performed in an i~ubatton mcdmm or IGO rant 
C a C [  2 ,  20 mM Hepes (pit 8.OL For the degradation experiments, the 
r-acrion mixture was incubated in the exact same way as de.scrihed 
above, but 500/~l reaction mixlure was added to 75 ~11o% muhlnro- 
acetic acid and then incubated for l0 loin al O°C. The p~ipaale  was 
removed by ~nlrlfugatlon and supematant was ~pealediy washed 
three time~ with 5 ml ethyl ether. The aqueous pha~e was then 
separated in a HPLC system with a column of Partisil IC~SAX 

iWhatman) eluled with a step gradient am~nium to--at e. 
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platelet membranes ,  100 ,ug of membrane  protein was 
incubated with 0.01 to 12 n M  [~H]Ins(L4,5)P~. Fig. 7 
shows the binding isotherm of [~Hllns(l,4,5)/~a to hu- 
man platelet membranes  in the presence of 1 m M  
EDTA.  The specific binding was saturable  at a round 
10 15 nM (Fig. 7A). The  nonspecific b inding was non-  
sa turable  a n d  l inear  with the concen t ra t ion  of  

{bH]lns(l,4,5)P~ and  was about  5-10% of total binding. 
The  Scatchard plot obtained by plot t ing the b o u n d / f r e e  
ratio of the labeled lns(l.4,5)/~a as a function of the 
lns(],4,3)P~ concentrat ion tbat  is bound  to the receptor  

TABLE I t  

Equihbrium di~r~ianml (onsttmts (Kd) and maximul detectable re~ptor 
site.~ (B,,,o.) or [~H]I.~¢I 4 5)/~¢ on human p/atelet membranes 

Ionic conditions K a B,,~ 
(nM) (fmol/mg protein) 

1 mM EDTA 
High affinity 0.1933. 0.113 295.8_+ 64(n=5} 
Lowaffinity 13.15 _+lg.07 846.5+413(o 5) 

I00mMCaCI 2 0.32 _+ 0,15 3365 +980(0 5) 

1 O0 - 

5O- 

O 

o 

• 1 mM EDTA 

i i i 

5 10 ~ 5  
{[bH] InsP3} nM 

l 8 

0.186 • 

o.lg5- 

~ o.124 ° 

0.093- • 

B • 

~o 0.062- • 
.%. • 

0,031 • 

9 ~ J i I i t i : 
9.95 1,99 2.98 3.98 4.97 5.97 6.96 7.98 

Bound lO-13mol/mg protein 

Fig 7. (A) Specific binding of [bH]lns(l,4,5)/~ to human platelet membranes. 100 pg membrane protein was added to tubes containing 
lbH]lns(l,4,5)Pj ranging from O.Ol 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 e×pedments were given in the same cu~e. (B) Scatchard plot of the sp~ific [3HIIas(I.4,5)P3 binding to human 
platelet membranes. Data points ~e~e obtained ;~c,.m Fig. 7A. K d and Bm~ were calculated with the L|OAND program from Elsevier~Biosol~ in 

an IBM AT compuleL The solid curve is the best fit of the data points wlth two K, I values. 

300- 

200- 

1GO 

A 

0 

I I I I I 

1 2 3 4 

([3H] InsP3} nM 

1.914 

1,012 - 

~-~ 9.899 - 

0.607 - 

o 0.408 - 

9.292 - 

0 

B 

i , i ~ i J , J 

410 820 1.23 1.84 2,05 2.46 2.78 3.28 
Bound 1 o-lZmorlmg protein 

Fig. 8 (A) Specific binding of [ 3Hllns( 1.4,5)P z to human plaldet membrancs. 100 ttg nf membrane protein was added to tahes containing 0.01 Io 4 
nM I z HIIns(L4,5)P3 in a medium containing 20 mM Hepes, 100 mM CaCI2 at pH 8.0. Data points were the a,~rages of triplicate cxpertmems. (B) 

Scalchard ph)t of the specific [3H]lnsll.4.5)p3 binding to human platelet membranes. Data pninls were obtained from Fig. 8A. 



revealed a nonlinear but concave curve (Fig. 78), which 
can be statistically best fitted with two equilibrium 
dissociation constants (Kd) of 0.19 and 3,3 nM. The 
maximal detectable bir, ding 3ires Bma , for high and low 
affinity obtained from Fig. 7B are 332 and 567 fmo l / mg  
protein, respectively. The mean and standard deviation 
(S.D.) from several repeated experiments were listed in 
Table 11. The variations for the high-affinity binding 
site in the determination of K d 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. Sint:c 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 CaCI 2, [JHllns(l,4,5)Pa 
was quickly degradated. However, the [3H]lns(1,4,5)P~ 
binding reached a maximum within 30 s, where more 
than 80% of [3H]lns(1,4,5)P3 remained in the original 
form. To  acce,~s the affinity of Ins(1.4,5)/~3 binding to 
human platelet membranes, the bound and unbound 
[3H]Ins(1,4,5)P3 were separated after 30 s incubation of 
[3H]Ins(l,4,5)P3 with humar. 91atelet membranes. Un- 
der these conditions, the specific binding was highly 
potentiated. It was again readily saturable and reached 
near maximum around 3 nM [3H]Ins(1,4,5)Pt (Fig. 8A). 
The Scatchard plot of the specific binding in 100 mM 
CaCI z is linear (Fig. 8A) indicating a single class of 
high-affinity binding sites. Results from several re- 
peated experiments are summarized in Table 11. It 
showed a K,l value of 0.32:1:0.15 nM (n ~ 5) and B ~ ,  
of 3.365 + 0.98 p m o l / m g  protein. The Kd value in 100 
mM CaCI 2 is slightly higher than the one witii high 
affinity in the absence of CaCI 2. This could be due to 
the nonequilibrium binding situation here by separating 
the bound and unbound [3H]Ins(l,4,5)P 3 in 30 s, The 
affinity could therefore be underestimated. The B ~  
value in the presence of 100 mM CaCI 2 (Table II) is 
about 3-fold higher than the sum of B ~  with both 
high and low affinity in the absence of Ca 2+. 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)Pj 
binding to human platelet membranes and its modula- 
tion by pH, monovalent and divalent cations and t3TP. 
The specific Ins(1,4,5)/~ binding has an optimal pH 
around 8.0. Monovalent cations including Na +, K ~ and 
Li + examined here potentiate the binding, whereas 
Mg  2+ inhibits the binding. Ca 2+, Mn  2+ and Sr 2~ in- 
hibit the bidning at low concentrations, hut  .Jramati- 
tal ly potentiate the binding at higher concentrations. As 
demonstrated in Seatehard plots, this potentiation effect 
by Ca 2+ seems to be due to the increase in the affinity 
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of binding sites but not the maximal number of receptor 
sites. Therefore. similar to the receptor of platelet- 
activating factor 136], multiple conformational states of 
n single type of lns(l,4,5)P~ receptor could also exist in 
human platelet membranes. Similar effects of Ca 2+ on 
the control of the interconversion of the lns(l.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 2 + con- 
centration required to potentiate the [3H]Ins(l,4,5)P, 
binding in human platelet membranes is about 10-100- 
times higher than that reported in liver plasma mem- 
branes. The physiological significance of this Ca2+-in - 
duced potentiation apparently need to be further eluci- 
dated. 

Monovalent cations have been demonstrated to alter 
lns(l,4.5)/~:stimulated Ca ~* release from liver micro- 
somes [38]. Calcium release process stimulated by 
Ins(1,4,5)/'~ appears to be electrogenic [38,39]. Monova- 
lent cationic channels of high conductance have also 
been detected in sarcoplasmic reticuhim vesicles [40]. 
Ins(1.4,5l/~:stimulated Ca z+ release is therefore thought 
to he charge compensated by the inward entry of mone- 
vaient 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 [3H]lns(1,4,5)Pj binding to human 
platelct membranes by N a  ~ suggests the possible role 
of the influxed Na + on the mobilization of the intra- 
cellular Ca 2 + upon activation of platelets. 

Similar to Ins(1,4,5)P 3 receptors in rat brains [5], 
binding of [3H]Ins(1,4,5)Pz to human platelet mem- 
branes is inhibited by low concentrations of Ca z+ and 
is sensitive to the pH value of the assay medium. Ca 2+ 
sensitivity for the release of Ca z+ in response to 
lns(1,4,5)P 3 from permeabilized cells [37,44,451 and iso- 
lated membrane vesicles [46] has been previously re- 
ported, althoug~h such effects are not universally ob- 
servable [26,47]. Also, the elevation of intracelhilar pH 
appears to be intimately linked with stimulus-response 
coupling [48,491 and forms an essential step in the 
cascade of events required to increase cytoplasmic free 
Ca 2+ in platelets [26,50]. A calcium-mediator protein, 
calmedin, has recently been isolated [48], which enables 
Ca 2+ 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( lA,5)P:media ted  Ca 2+ release is 
also self-regulated by levels of eytnsolic-free Ca 2+ and 
that the influence of pH on Ca z* release [26] may 
directly affect on lns(1,4,5)P3 interactions with its re- 
ceptors. 

In spite of the similar inhibitory activity of the 
calcium and the pH sensitivity on the Ins(1,4,5)P 3 bind- 
ing between rat brains and human platelets, binding of 
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lns (1 ,4 ,5 )P  r to h u m a n  platelet  m e m b r a n e s  is also in- 
h ib i ted  by M g  2 ' .  bu t  po ten t i a t ed  by Ca  :~ ,  M n  2+ a n d  
Sr  :~ at  high concent ra t ions .  M g  2÷ at  a s imilar  con-  
cen t ra t ion  shows  an  inh ib i to ry  effect. Also  the  di f fer-  
en t ia l ion  be tween lns (1 ,3 ,4 ,5 )P  4 a n d  Ins (1 )P l  or  be- 
t~.'een Ins(1A)P2 and  l n s ( 1 ) P  1 in  h u m a n  platele ts  (Fig.  
2) is no t  as p r o n o u n c e d  as tha t  in ra t  b ra ins  (Fig.  3 in 
Ref.  5). In  fact,  I n s ( 1 ) P  I is more  p o t e n t  t h a n  l n s ( 1 , 4 ) P  2 
a n d  Ins(1,3,4,5)P4 in i nh ib i t i ng  the  [JH]lns(1,4 ,5)P3 
b i n d i n g  to h u m a n  platele t  m e m b r a n e s .  These  results  
suggest  tha t  l n s ( l , 4 , 5 ) P  z receptors  are d i f f e ren t  be tween  
h u m a n  platelets a n d  rat  brains.  T h e  l iver l n s (1 ,4 ,5 )P  3 
receptors  also displays s o m e  proper t ies  d i f f e ren t  f r o m  
those  of  the  b ra in  recep tor  [37]. However ,  f r o m  the 
results we have,  we c a n n o t  d i s t inguish  be lween  w h e t h e r  
the  di f ferences  are  due  to  the  tissue specif ici ty or  due  In  
the  species ",ariation. 

Here ,  we observed tha t  G T P  a n d  n o n h y d r o l y z a b l e  
analogs ,  G T P y S  a n d  p [ N H ] p p G  specifically i nh ib i t  the  
specific [ JH] ln s (1 ,4 ,5 )P  3 b ind ing .  Specif ici ty o f  G T P  o n  
the  inh ib i t ion  of  a rad io l igand  recep to r  b i n d i n g  is g e n -  
eral ly corre la ted w i t h  those  receptors  coup led  to g n a n y l  
nuc leo t ide  regula tory  p ro te in  (G-p ro t e in )  in  receptors  
f rom p l a sma  m e m b r a n e s  [49,50]. Also,  a series o f  poly-  
an ion ic  c o m p o u n d s  tha t  i nh ib i t  the  c o u p l i n g  o f  the  
~2-adrenergic  receptors  a n d  the  f l2-adrenergie receptors  
1o G - p r o t e i n s  [51 53] also po ten t ly  inh ib i t  the  b i n d i n g  
of  [~H]Ins(I ,4 ,5)P~ 1o h u m a n  pla te le t  m e m b r a n e s  w i t h  
potenc ies  c o m p a r a b l e  to those  in inh ib i t ing  the  b i n d i n g  
of  [ J H ] U K  14304 to  the  ~t-adrenergic receptors  [53]. 
T h e  molecu la r  c loned  l n s (1 ,4 ,5 )P  3 recep tor  [54] is also 
f o u n d  to  s p a n  the  p l a s m a  m e m b r a n e  seven t imes  a n d  
have  a n  ex t race lh i la r  a m i n o  t e r m i n u s  a n d  a n  in t r a -  
cel lular  ca rboxy l  t e rminus ,  a genera l  feature  for  those  
p l a sma  m e m b r a n e  receptors  coup led  1o G-pro te ins .  
However ,  in  the  recons t i tu ted  vesicles of  the  pur i f ied  
In s (1 ,4 ,5 )P  3 b i n d i n g  p ro te in ,  a s ingle p ro t e in  is ab le  to  
med i a t e  b o t h  the  r ecogn i t ion  of  I n s ( 1 , 4 , 5 ) P  3 a n d  ca l c ium 
t r anspo r t  [55]. Appa ren t l y ,  the  biological  s ignif icance o f  
these effects o f  G T P  o n  the  b i n d i n g  o f  [3H] lns ( l ,4 ,5 )P3  
needs  to  be  fu r the r  elucidated.  
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