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We utilized hiqh specific activity, [32P]-labelled liqar& to w: 
msasure the btiing of Ins(1,3,4,5 
frombwineparathyroidqlands. I 

P4 aml Ins(1,4,5)P3 to membxanes Prepared 
[ 2P]Ins(1,3,4,5)P4 bound rapidly aml 

reversiblytoparathyroidmembranes,andtheb~datacouldbefittedby 
the interaction of the liqaki with two sites, one with IQ=6.8~10-~ M and 
-26 fmol/mgproteinanda second, lmeraffinity site, withK&=4.1x10m7 M 
and~O0 frml/nqprotein. InsP5 was lo-20 fold less potent than InsP4, 
and Ins(1,3,4 

1 
P3 and Ins(1,4,5)P3 were nearly lOOO-fold less potent in 

diS@aCinq [3 P]Ills(1,3,4,5)P4. [32P]IE(1,4,5)P3, On the Other hand, bound 
to a single class of sites with I$~=7.6xlO-~ M and -34 fiml/mg. While the 
bindinq of [32P]Ins(1,4,5)P imreas& markedly on raisinq pH frcnn 5 to 8, the 
binding of [32P]Ins(1,3,4,5~P4 decreased by75% overth.isranqeofpH. Thus, 
[32P]-labelled Ins(1,3,4,5)P4 and Ins(1,4,5)P3 may be used to identify 
distimtbindingsiteswhichmayrep resent physiolcqically relevant 
intxacellularreceptors forInsP3 andInsP4 inparathyroidcells. 
Q 1989 Academic Press, Inc. 

Receptor-mediated activation of phos@oinositide hydrolysis by cafe- 

mcbilizing hormones leads to the formation of irxxitol (1,4,5)trisphc6@mte 

(InsP3)(cf.l) and inositol (1,3,4,5)tetrakis@ms#1ate (InsP4)(2). The former 

relmm* frmnon-mitocho~ial stores (3),leadinqtotransient 

increases incytc6olicCaft, while the latter is probably also involved in 

the regulation of the cytc5olic Ca* concentrationbypmnotinqtherefillinq 

of intracellularcattstores, either fxantheextmcellularspace (4,5) or 

from the cytosol (6). Theeffects ofInsP3 andInsP4 onintracellularcatt 

dynamic.5 may be mediated by birding to putative intracellular receptors (7,8), 

whichregulate tmnsmmbranemovemntofcalcimions. 

LIbwhmcorrespondenceshouldbeaddmssed. 
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l'heparathymidoallisunusual inthathighextracellularCa++ 

w~~~onsperseprcpmtetransient,foll~bysustained,increasesin 

cytosolic Ca* (9,10), as al as the intracellular acfxmlation of InsP3 (11) 

and InsP4 (12). Inthepmsent studies, wehaveusedrecentlydeveloped, 

[32P]-labelled InsP3 (13) and InsP4 (14) to determine x&&her distinct binding 

sites for these biologically active inositol phcephates could be identified in 

membranesfrumbovineparathymidglamls. 

4,5-~[32P]Ins(1,4,5)tr~te (specific activity of 41-107 Ci/rmml 

byselfdisplacemesltdetermination)wasabtainedfrcwNew~landNuclear 

Corp. (E!ostm, MA) (thanks to J. G. Ekeming) and the unlabelled Ins(1,4,5)P3 

and InsP5 frcan Calbiochem (San Diego, CA). Ins(1,3,4)P3 was a generous gift 

frcmR. F. Irvine, Cambridge,U.K. Othermgentswere frmsources 

previously cited (14). 

[32P]Ins(1,3,4,5)tetrakisphcephate was prepared as previously 

described, by phosphorylation of [32P]Ins(1,4,5)tris@x6phate, using a 

partially purified 11x(1,4,5)-kinase prepared frm rat brain (14). The 

radio&m&al purity, as determined by HPLC, was always at least 95%, with 

less than 1% contamination by [32P]Ins(1,4,5)P3. 

Membraneswereprepared fromeitherfreshor frozenparathyroidglands 

frm calves or adult cows as follows: Afterthetissuewas carefullytrinnned 

of fat at O'C, it was finely minced, and any fat was aspirated frcsn the 

supematant prior to hcmqenization. The minced tissue was then resuspended 

in 0.25 M sucrcee, l~dithiothreitol, 0.5nMEXXA, 5~MHepes-mpH7.0 and 

homogenized, first inapolytronandthenwithaPotterhamogenizer. The 

hmcgenalz was sedimented for 10 minutes at 1OOOxg and the supernatant saved. 

The supernatant was then sedimented at 35OOOxg for 20 minutes to yield a crude 

menWanepellet,whichwas resuspended in 0.25 M sucrose, lOnlMKCl,llm 

dithiothreitol, 5nWHepes-IQHpH7.O,wash~oncewiththesamebuffer, 

recentrifuged and kept at -70°C until use. 
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!lkehuffe.r forbindingstudiescontaimdthe follchngcomponents ina 

final volume of 250 ul/tutxx KC1 (100 nW), NaCl (20 nM), EDNA (1 IM), BSA 

(O.l%), sodium phosphate, pH 7.2 (25 mM) as well as membranes (0.8-1.4 q 

proteiq/tube), [32P]Ins(1,3,4,5)P4 (4.5-7.2 nCi/tube) or [32P]Ins(1,4,5)P3 

(4.1-7.3 nCi/tube) and varying wncenkationsoftheapprapriateunlabelled 

inositolphoqhates. Bindi.nqstudieswere tzxdu&d at 0°C for the indicated 

timeintends, andthereactionwasstgpedbydilutingthesanpleswith3ml 

of ice-cold phoqhate-buffered saline (pH 7.01, containing phytic acid (1 M4) 

and filtering through Whahan GF/B filters, followed by rapid washing with 2 x 

3ml ofthe samesolution. 

"LIW' data analysis cxmplter program (15). 

Binding of [32P]Ins(1,3,4,5)P4 to bmine paxathymid ma&rams was 

rapid, with apparent equilibrium reached by 20 minutes at 0°C (Figure 1). 

80 

60 
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Fimre 1: Association rate for the birding of [32~]ms(1,3,4,5)~4 to bovine 
pazathymidnmhanes. [32P]Ins(1,3,4,5)P4 was incubated with lx&fine 
paxaUq?mid menbzanes at O'C for the times shcwn, and ba& a& free tmcer 
w2reEsepala~asdescribedinMaterialssndElethods. lainb~the 
mean _+ SE4 for 3-4 determinations in tm separate nmhane Keparaticns, If  
not-, emorhrswmsmaller+&anthe&nt.BSmimlspecificbindinq 
averaged282cgan. SpecificbiMingwascalculatedbysuWm%hqtheaamk 
bcnIrKlinulepr?zSmoeofan~ (2 x 10-6 M) of UnlabEued m3(1,3,4,5) 
frullthetotalaxmtsbouI& Norqecific binding averaged 33% of total bmmd 
ccuntsurriertbge~tions. 
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Fiaure 2: A. Displacement of [32P]Ins(1,3,4,5)P4 frun bovine parathyroid 
men33ranes by InsJ1,3,4,5)P4 and other inceitol @cqhatee. W&ranee were 
ixzubated with [ 2P]Ine(l,3,4,5)P4 as well as the indicated coxenhations of 
the inceitol phoe@ates shawn for 20 minutee at 0°C. Results~exp~as 
the percent of the maximal bidirq of [32P]Ins(l,3,4,5)P4 in the a&exe of 
addedunlabelledinasitol~~andrepresentthe~of5-6 
detenhationein3eeparatemeabranepnzparations. Errorbars (km) shawn 
for IneP4 are rep resfntative of thcee dzeervezl with the ather irz6itol 
Ftee, which were in all cases less than _+ 10%. 

Ihe Scdtcbaxd plot of the In~(1,3,4,5)P4 binding data frQn one 
kpneenhtiveexperknent. 

under these conditions, nonspecific binAiq was 33% of total birdirq. 

Suhequent addition of unlabelled Ins(l,3,4,5)P4 (2x10m6 M) resulted in rapid 

dissociation of M [32P]Ins(1,3,4,5)P4, with 50% loss of bound counts 

within1minuteand90%losswithin10mhutes(notshoG@. Under 

equilibriumconditions, witha fixed czoxshation of [32P]Ins(l,3,4,5)P4 and 

increasing corxentrations of unlabelled InsP4, the IC5O for displam of 

band label was a&zproximately 10e8 M (Figure 2A). simi1ar?xsultswere 
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results, theref0re,~wnlbined. 'Ihe displacement axve was flat, occurring 

over abcut a lOOO-fold range of concentrations of unlabelled Ins(1,3,4,5)P4, 

andScatchardplotofthesedatawascunrilinear tqmards (Figure ZB). 

Analysis bythe~~~~p~~~thatthedatacouldbefitted 

byaslsmhgtwoclasses of bhling sites, with ap$arent Q's and densities of 

6.81 _+ -46 x lO-g M and 26.4 _+ 3.7 fml/ms protein and 4.12 _+ 0.91 x 1O-7 M 

and 400 _+ 171 fmol/mg protein, respectively. Irk?+P5 was about 20 fold less 

potent in rducing [32P]Ins(1,3,4,5)P4 bihng to bovine parathyroid 

me.uhranes, while Ins(1,4,5)P3 and Ins(1,3,4)P3 were about lOOO-fold less 

potent than unlabelhd InS(1,3,4,5)pq. 

The binding of [32P]Ins(1,4,5)P3 was examhed under conditions 

identical to those used with [32P]Ins(l,3,4,5)P4 (Figure 3). Data for the 

ccaqetition of unlabelled Ins(1,4,5)P3 with [32P]InsP3 for birding to bovine 

parathyroid~ranes could be fitted with a single class of birding sites, 

with K,-J = 7.67 _+ 2.03 x 10Sg Mandreceptordensityof 34.3 fmol/nypmtein. 

The affinity of InS(1,4,5)P3 for this binding site was markedly different frcnn 

100 

0 . ,Y 

10-g 

1 

10-E 10-7 

[I”sPa], h.4 

Fiaure 3: Displacement of [32P]Ins(1,4,5)P3 fma bovine parathyroid 
mix by Ins(l,4,5~P3. The experimzntal cmrxliticns were the sam as in 
Figure 2, except that [ 2P]Ins!l,4,5)P3 was used as the tracmz ard 
mmspecific binaiq was detenmned with 10e6 M Ins(1,4,5)P3. Rhts are the 
nrean_+~for5-6determinationsinthreeSeparate~~~~. 
Thesca~plotofthebindinqdataf~one vtive experiment is 
eKxminthei.nset. 
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PH 

Ficmre 4: BirA.ing of [32P]Ins(1,3,4,5)P4 a.ml [32P]Ins(1,4,5)P3 to bovine 
p+hyroidrmhanesasafunctionof#I. Birding was carried axt for 20 
mmutes at 0°C as described in Materials and Methods. Specific bi.r&ng is 
shcmforea&p?i(totalbhliqmims nonspecific bimliq with 2 x lo+ 
InsP3 or Inspq). mintsrepresentthemeanof4-6detemimticx6in2 
separate~~p~~~forInsp3and3preparati~forInspq. Data 
areqxesstAaspenzmtofthe b’ 

-%I [32P]I~(1,3,4,5)P4 anA 194 qm for [3 
at @i 7.2 [171 qxn for 

P]Ii~(1,4,5)P3]. 

that defined by using [32P]Ins(l,3,4,5)P4 as tracer, suggesting different high 

affinity birding sites for InsP3 and InsP4. This conclusion was also 

supportedbydeterminingthepHdepe&enceofthebir&ngof 

[32P]Ins(1,3,4,5)P4 and [32P]Ins(1,4,5)P3 to bovine pamthyroid me&rams 

(Fig. 4). With increasing pN from 5 to 8, the binding of Ins(l,4,5)P3 

incremd markfzdly, while that for Ins(1,3,4,5) decreased by nearly 75%. 

DISCUSSION 

l'hepresentresultsd emonstratethatmembranesframcalfard~ 

parathyroid glands contain binding sites for both Ins(1, 4,5)P3 and 

I=(lr3,4,5)P4- We detected a single class of binding sites for 

==(l,4,5)p3. Tkse sites were of relatively high affinity (Kd=7.6 x 10Bg M) 
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for IP3 and could be distk&shed in several ways frcan the binding sites for 

~(1,3,4,5)P4. In contra& to the sites which baM [32P]Ins(1,4,5)P3, the 

sites billing [32P]Ins(l,3,4,5)P4 appeared to fall into at least two classes- 

ahighaffinity,l~capacitysiteandaloweraffinity,highcapacitysite. 

Althcughcmrdataarecloselyfittedbyassming tsmdifferentbinaingsites, 

athermodelsaredlsopossible,suchasasingleclassofsitesshckJing 

negative coopemtivity. With the available data, we cannot definitively 

discriminatebiMepmJentardinteractiqsites. Neitherofthesites 

binding InH1,3,4,5)P4, hmeve.r,appearstocomespondtothesitebi&irq 

I=m,4,5)P3, Si.IBVeryhiC#l wncentmtions of InsP3, wellabxethose 

saturat~the sitebirdingInsP3,wererequkedtodisplace 

[32P]Ins(l,3,4,5)P 4. Thesites interactingwithInsP4 andInsP3 cmldalsobe 

differentiatedbytheeffectsofpHonbir&iq: InsP3bindingis mat 

higherpH, whilethebindingof InsP4 demxsedmarkedlyonraisitqpHfrcnn5 

to 8. The presence of distinct binding sites for Ins(1,4,5)P3 arCi 

Ins(1,3,4,5)P4 in bovine parathymid menbmnes is consistent with data on 

InsP3andInsP4binlingtobovinea~corticalmicros4mm (l4), ~~CJEJh 

thesitesinadrenal and parathyroid differ in a 4-6 fold higher density of 

sites for InsP4 in the latter. 

Since~letissuewas~loyedtoprepare~~in~present 

studies, it ispossiblethatthebindingsites for-P3 and InsP4 were 

presentinacelltypeotherthanparathyroidcellsperse. -thyroid 

glands frcm adult ams, for exaqle, contain abcut 50% fat. We obtained 

similardatausinghyperplasticparathyroidtissuefrcmneoMtdlcalves, 

hcnmver, inwhichthereislittle or no fat, suggestingthatthebinding 

sites for the inositol pho@ates were probably not in fat cells. We have 

not,~~,ruledcrutthepossibilitythatInsP3andInsPqbindtoother 

celltypesplEsentinsmllerrlmbers, suchasvasmlarcellsorfibroblasts. 

Ourdatadonotestablishwhether thebindingsites identifiedhere 

cOrreSpOnd to the putative receptors for Im(1,4,5)P3 and Ins(1,3,4,5)P4 

whicharethoplghttOmediatetheeffectsoftheseinositolFhosphateson 
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translccationofCa++ in the intact cell (3-5). Ihe sites labelled by the 

high specific activity [32P]Ins(1,4,5)P3 and [32P]Ins(l,3,4,5)P4 used here, 

however, show rapid kinetics for association and dissociation, saturability, 

specificity, high affinity and low capacity, characteristics exhibited by mmy 

bona fide receptors. 

ItisofintemtthathighextmcellLllarCa++ come&rations pmnote 

the accumlation of InsP3 (11) and InsP4 (12) in parathyroid cells Since 

Ins(1,4,5)P3 has previously been shcm to release Ca++ from nom.itocho&rial 

stores in permeabilized parathyroid cells (16), the high extracellular Cd*- 

induc&isp~incytosolicCa++ inintactparathyroidcellsmightarisefm 

binding of Ins(1,4,5)P3 to a site such as that identified here, which mediates 

releaseofintlxellularCa++. Similarly, the sustained rise in cytosolic 

C!aH &eervedathighextracellularCa~ cmcentrations,tii&isdueto 

uptakeof extracellular Cafe (9,10,17,18), might result, in part, frtxn 

intexactionofInsP4 withintracellularb~siteswhichpromate~of 

extracellularCa~. 

ExpertsecretarialhelpwaspruvidedbyMs.HilaryF&mr. Tbiswork 

was supported by NIH Grant DK36801. 
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