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Two Methods of Harvesting Receptor Binding Assays

Abstract

Ligand-receptor binding studiesarewidely used
for receptor characterizationandinhighthrough-
put drug screening, but are hampered by ineffi-
cient sample preparation and counting. The
TopCount MicroplateScintillation Counter, based
onanovel radioisotopecounting method, signifi-
cantly improves counting throughput by using
multiple detectors, and facilitates automation of
sample handling by using standard microplate
formats. This paper describes the application of
TopCount toligand-receptor binding studiesand
comparestheperformanceof TopCounttothat of
traditional liquid scintillation counting (L SC).

[ ntroduction

Receptor binding studiesareusedto characterize
receptorsand to eval uate potential pharmaceuti-
cal agents by assessing their ability to interfere
withthespecific binding of aradiolabeledligand
to its receptor. After attaining equilibrium with
receptors, excess free ligand must be separated
rapidly from the bound receptor- ligand
complex. Separation has been traditionally car-
ried out onacell harvester using glassfiber filter
media. Filterscontai ning thereceptor-ligand com-
plex are typicaly punched out into vials for
counting in a discrete sample LSC or agamma
counter. After counting, itisnecessary to dispose
of individual vialsand, inthe caseof LSC, large
volumesof scintillation cocktail. The expensive
and time consuming nature of these operations
has limited the use of ligand-receptor binding
studiesinhighthroughput pharmaceutical screen-
ing studies.

The development of the TopCount Microplate
Scintillation Counter makesit possibletosignifi-
cantly expandtheuseof receptor binding studies.
In conjunction with multiple sample harvesters,
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TopCount increases sample throughput and de-
creases the amount of labor and waste. Sample
processing equi pment andfilter plateshavebeen
designed to fully isolate discrete sample posi-
tions, thus preventing physical migration of the
labeledligandsinthescintillationfluid. Crosstalk
duetoligand migrationor optical effectsisinsig-
nificant.

In this paper, anumber of studies are described
which demonstrate the use of TopCount for
receptor binding assays. TopCount providesre-
sultsequivalent tothoseobtained withtraditional
L SC methods, with reduced handling and dis-
posal costs and without the optical crosstalk or
ligand migration problemsassociated with scin-
tillation counting from continuousfilter mats.

M ethods

Cell Harvesters.

Two filtration manifolds were used with Top-
Count for filtration onto glass fiber mats. One
harvester, manufactured by Brandel (model M PR-
24), can filter samplesfrom avariety of tube or
well formats, 24 at atime, onto acontinuousfilter
mat (e.g., GF/B or GF/C). The diameter of the
filter diskis14 mm. A punchand deposit device
(Brandel model MPDR-24) was used to transfer
individual filter diskstoseparatewel lsof aPackard
24-well PicoPlate. Ligand migrationinthescin-
tillation fluid, which could cause loss of signal
and crosstalk between samples, is prevented by
the physical isolation of thefilter disks.

Filter diskscan be punched into deep or shallow
well PicoPlates with the Brandel punch. Dry
filterscanbecountedintheshallow well platesby
adding up to 150 pl of organic cocktail (Micro-
Scint-O) tothewells. Alternatively, moistfilters
may be counted without drying by using an
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Relative | corea | K . NSB/B, (ratio)
Efficiency tion 5mg 25mg
Brandel 119% (R 1.3210.21| |MicroScint-O,1ml |1046/2772 (38%) | 236/451 (52%)
punch/ 0.99 TopCount
deposit 90% 1.68|0.20 | | MicroScint-20, 1 ml |1171/3313 (35%) | 152/406 (37%)
Micro_M_ate& 0.96 TopCount
UniFilter-24 56% 1.81|0.22| |UltimaGold, 3 ml LSC235/3589 (34%) | 315/760 (41%)
MicroMate & 0.98
UniFifter-96
Table 1. Table 2.

Correlation of results of benzodiazepine competition assays
performed with various harvesting/counting methods. Relative
efficiency was determined from the linear regression of the
count rate for the method indicated versus the count rate for the
filters counted in conventional LSC vials. The correlation
coefficient of the regression is indicated. K, and B were
determined by Scatchard analysis. When the filters were counted
in LSC vials, K, ranged from 1.24 to 1.74, and B, ranged from
0.17 to 0.22.

emulsifying cocktail, MicroScint-20 or -40, al-
thoughthecounting efficiency may belower than
withMicroScint-O. Larger volumesof scintilla-
tion cocktail (1.0 ml) may be added tofiltersin
deepwell plates, and the plates can be sealed and
incubated with shaking to solubilize ligandsin
either organicor emulsifying cocktails.

The other filtration manifold, aMicroMate 196
Cell Harvester (Packard Instrument Company),
simultaneously harvestseither 24 or 96 samples
instandard microplateformat into 24- or 96-well
UniFilter plates. Thesefilter plates contain dis-
crete glassfilter disks, physically isolated from
each other to prevent optical crosstalk and physi-
cal migration of theradioligands. Sincethefiltra-
tion and counting aredonein the sameplate, the
handlingandtransferring of individual filter disks
is completely eliminated. The diameters of the
filter disks are 14 mm and 7 mm, respectively.
UniFilter platesarecurrently availablewith GF/
B and GF/C glassfiber filters (Whatman). Uni-
Filter platesmay becounted by dryingthefilters,
addingMicroScint-O (aslittleas20l in96-well
platesand 125 pl in 24-well plates) to the wells
and sealing with TopSeal-S. Alternatively, Mi-
croScint-20 or -40 may be used.

Assays.

Somestudiesweredonewiththe[*H] benzodiaz-
epineNENQuest DrugDiscovery System (NEN-
DuPont, #NED-002). Samples prepared from
thiskit containabout 1 mg of receptor homogenate
per tube. The assays were performed according
totheprotocol ssuppliedwiththekit. Thebinding
of the [*H] flunitrazepam agonist was inhibited
by unlabeled flunitrazepam. Receptorswerehar-
vested onto GF/B glassfiber filters, andthefilters

Counts obtained withTopCount and conventional LSC for
maximum binding (B,) and non-specific binding (NSB) samples
in a ®H receptor binding assay with large tissue masses as
indicated. After harvesting on a Brandel system, filters (GF/B)
were extracted for 24 hours in the scintillation cocktails
indicated and counted on TopCount or conventional LSC.

were dried and counted on TopCount with
MicroScint-O. In some cases, the filters were
solubilized before conventiona L SC counting,
and DPM resultswerecal cul ated. Then, absolute
TopCount efficiencies could be determined by
correlationtotheconventional L SCresults. Top-
Count CPM were normalized to DPM valuesto
prepare Scatchard plotsof theresults. Results of
these assays with various harvesting and count-
ing methodsare summarizedin Table 1.

Other experiments were done with *H-labeled
ligands and receptor homogenate preparations
containing up to 25 mg of tissue per tube. The
receptors were harvested onto GF/B or GF/C
filtersand counted with MicroScint-O or Micro-
Scint-20. The TopCount resultswere correlated
to conventiona LSC CPM results (Table
2).

Brandel Harvester and PicoPlates.

To evaluate the uniformity of the harvesting,
punching, and counting operation using the
Brandel equipment, 24 replicates of the maxi-
mum binding standard of the [*H] benzodiaz-
epinekit wereprepared and harvested ontoaGF/
B filter mat, which was punched into a 24-well
shallow PicoPlate. MicroScint-O (150 ul) was
added to each well, and the plate sealed and
countedin TopCount. Individual filter diskswere
thenremoved, solubilized, and countedinatradi-
tional LSC. With TopCount we observed an
average absolute counting efficiency of 57%,
withaCV of 4.5%.

A benzodiazepine competition curve was pro-
duced with TopCount using similar procedures,
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Correlation of CPM obtained with TopCount and conventional
LSC in [*H] benzodiazepine receptor competition experiments
performed with a Brandel harvester. The slope of the linear
regression line is 1.19, and R? = 0.99.

and a parallel set of samples was prepared for
L SC. Figure 1 showsthe correlation of the raw
counting resultsfrom thetwo methods. Thecor-
relationwasexcellent (Table 1), and theslopeis
dlightly greater than one, indicating a slightly
greater efficiency for TopCount. Thisefficiency
ishigher thanthat obtainedin conventional LSC
due to optimized sample counting geometry.
Figure2 depictsthecompetition curvesprepared
fromtheraw data. Thecurvesare superimposed,
confirming the excellent correlation between
TopCount and the conventional counter.

Another experiment doneusing theBrandel har-
vester and punch/deposit system involved the
assay of atritiated ligand-receptor system con-
taining approximately 700 pg of protein per
sample. Figure 3 showsthe correlation between
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Competition curves obtained with TopCount and conventional
LSC for [®H] benzodiazepine receptor assays performed with a
Brandel harvester.

Correlation of CPM results from a receptor binding experiment
with TopCount and a parallel experiment with conventional LSC.
The receptor preparation contained 700 pg of protein per sample.
The filters (GF/B) were dried and counted with an organic cocktail
(MicroScint-O) in TopCount, but were solubilized for
conventional LSC counting. The slope of the linear regression line
is 1.12, and R? = 0.97.

the TopCount and a conventional LSC. An ex-
periment with a larger protein mass (8 mg) is
shown in Figure 4. In this experiment the same
filterswerefirst counted in ashallow well plate
with MicroScint-O on TopCount and then by
conventional L SC. Excellent counting efficien-
cies and correlations were observed in both ex-
periments.
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Figure 4.

Correlation of CPM results obtained by counting the same filters
(GF/C) from a receptor binding experiment first in TopCount
and then in conventional LSC using organic cocktails. The
receptor preparation contained 8 mg of protein per sample. The
slope of the linear regression line is 0.74, and R? = 0.99.



To study the effect of tissue mass on counting
efficiency andthepotential for ligand solubiliza-
tioninthemicroplateformat, maximum binding
samples containing either 5 or 25 mg of tissue
were harvested with a Brandel harvester and
punched into deep well PicoPlates, and 1 ml of
either MicroScint-O or MicroScint-20 wasadded
to the wells. Parallel samples were counted by
conventional LSCin6 ml plasticviaswith3ml
of an emulsifier cocktail, Packard Ultima Gold.
All the samples were allowed to stand for 24
hours to extract the ligand into the scintillation
fluid. Theresults(Table2) showthat filterscanbe
incubated in scintillation fluid to extract ligands
and obtain good counting efficienciesand ratios
of NSB/B, as good as those obtained with con-
ventional LSC, even with an extremely high
tissueload (25 mg).

MicroMateHarvester and UniFilter Plates.
ThePackardMicroMateharvester and UniFilter
plates were tested by harvesting and counting
samplesfromthe NENQuest benzodiazepinekit.
A competition experiment was performed on a
UniFilter-24 plate, and after counting on
TopCount thefilter diskswereremovedfromthe
UniFilter plate, solubilized and counted by con-
ventional LSC. Competition curves similar to
those in Figure 2 were obtained. There was a
good correlation between the two instruments
andarelativeefficiency of 90%(Tablel). TheK
and B__ determined by Scatchard analysis aré
listed N Table1.

UniFilter-96 plates were tested by performing
parallel competitionexperimentswithaUniFilter
platecountedin TopCount, andwiththe Brandel
harvester and a filter mat counted by conven-
tional L SC. Thetwoexperimentscorrel atedwell,
and the relative efficiency of the MicroMate/
TopCount systemwas56% (Tablel). Scatchard
plotsfor thetwo experimentsareshowninFigure
5andtheK andB__ valuesarelistedin Table
1. Another parallel expen ment (datanot shown)
was performed to determine whether the lower
count rate observed with the 96 plate was dueto
lower recovery during harvesting or to lower
countingefficiency. Sampleswereharvested onto
a continuous sheet of filter with a 96-well
MicroMate harvester, and the filter disks were
counted by conventional LSC. Thecount ratein
this experiment was 72% of that in the parallel
experiment with the Brandel system, indicating
that the lower count rate observed with the 96-
well platewaspartly duetolower recovery of the
receptorsonthesmaller filter area.

Conclusions

Harvesting equipment and consumablesareavalil-
able for the TopCount Microplate Scintillation
Counter which facilitate high throughput filter
binding procedures, such as receptor binding
assays. Thissystem hasbeendesignedtoprovide
good counting efficiency and uncompromised
performance. Whether harvesting with the
Brandel harvester and punchingintomicroplates
for counting or harvesting and counting in
UniFilter plates, the filter disks are physicaly
isolatedfor scintillationcountingto preventligand
migration between samples in the scintillation
cocktail, and optical crosstalk is insignificant.
Samples may be counted with a minimum of
scintillation fluid, or incubated and counted in
larger volumesof cocktail to solubilizeligands.

TheUniFilter plateisdesignedtominimizesample
handling. The one piece microplate and filter
designdlowssamplestobeharvested and counted
inthe samemicroplate. All 96 or 24 samplesare
handled as asingle unit. In addition to the time
savings and ease-of-use, there is no danger of
sample mix up becausethemicroplateformat is
mai ntai ned throughput the harvesting and count-
ing process.
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Figure 5.
Scatchard analysis of flunitrazepam binding experiments
performed with a MicroMate Cell Harvester, UniFilter-96 plate,
and TopCount, and with a Brandel harvester and a conventional
LSC. The CPM results from both instruments were divided by
the absolute efficiencies (Table 1) to calculate the results.



