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produced by the scintillation events by optical ab-
sorption.2 Absorption by colored compounds changes
the shape and endpoint of the energy spectrum of
scintillation events produced in the sample.

In a screening assay, colored samples may appear as
false positives unless the count data are corrected for
quench. Accurate, quench corrected results may be
obtained by correcting the observed CPM by a factor
derived from a quench correction curve relating the
sample’s counting efficiency to a quench indicating
parameter (QIP). This parameter is typically derived
from the shape or endpoint of the radionuclide
spectrum, and changes in a predictable way as a
function of the concentration and strength of the
quenching substances present in the sample.

Correction of variably quenched CPM results to
absolute activity (disintegrations per minute or DPM)
requires the assessment of absolute counting effi-
ciency. However, the types of applications for which
SPA was designed generally do not require the
calculation of DPM. Calculation of quench cor-
rected CPM (QC-CPM) is easier and provides accu-
rate results for most SPA experiments, although
DPM can be calculated if required by previously
counting the unquenched standards in a calibrated
liquid scintillation counter to determine absolute
efficiency. Excessively quenched samples may ex-
tend beyond the usable range of the quench correc-
tion curve; hence, QC-CPM values calculated for
these samples are based on extrapolations from the
quench curve and should not be used.

Packard Instrument Company has developed the
TopCount for high volume applications which re-
quire quantitation of radioisotopic and luminescent
labeled samples. TopCount is ideally suited for SPA
experiments. Its single photomultiplier and reflec-
tive optics design3 allows TopCount to simulta-

Abstract

Scintillation Proximity Assay (SPA) is a homoge-
neous assay technique which allows the activity of
samples, some of which may be colored, to be
assayed directly. Count data must therefore be cor-
rected for color quench to obtain accurate results.
The TopCount® Microplate Scintillation and Lumi-
nescence Counter utilizes a well established single
photomultiplier, time-resolved scintillation count-
ing design and a proven method of measuring quench
which is not affected by different colors in the
sample. As a result, the quench measurements used
in TopCount are accurate for samples containing
different colors. Consequently, a single quench curve
can be used to correct for variations in count rate due
to colored samples, regardless of their actual color.
This paper describes quench correction methods and
details a typical quench correction protocol. The
paper also demonstrates the capability of the Top-
Count to correct color quenched samples encoun-
tered in a typical SPA application.

Introduction

Scintillation Proximity Assay is a commercially
available technique that was developed to perform
assays in a homogeneous format.1 SPA minimizes
the amount of sample handling, since assays can be
performed without separation steps. SPA is emi-
nently suitable for high throughput screening assays
commonly used in drug discovery. A potential draw-
back to homogeneous assays is that because there is
no separation step, the quantitation of the radionu-
clide must be performed in the presence of all
components of the original sample which may con-
tain varying amounts and types of color.

These colored components may decrease the CPM
observed when the sample is counted in a liquid
scintillation counter. This “quenching” effect occurs
when the colored compound attenuates the light
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neously count up to 12 wells of a standard 96-well
microplate, thus dramatically increasing through-
put. The TopCount incorporates two QIP's based on
the sample (tSIS) and an optional external standard
(tSIE).4 tSIS is appropriate for quench correction of
colored SPA samples. This parameter is calculated
as the endpoint of the mathematically transformed
sample spectrum5 and is not affected by the actual
color of the sample. Consequently, quench curves
determined with different colors are essentially iden-
tical, and only one quench curve need be determined
to correct for quenching by any color.

Quench curves for five different color dyes obtained
on TopCount with [125I]-PVT SPA beads are shown
in Figure 1. The data points for all five dyes lie on the
same curve. Thus with a quench curve for just a
single color, TopCount can reliably correct for color
quench present in crude samples, regardless of the
actual color of the sample. The study described
below demonstrates that quench correction on Top-
Count is independent of the absolute color of the
sample and that a single quench curve can be used to
correct for a variety of colors in a real assay.

Methods

Making Quenched Standards
The yellow dye tartrazine (Sigma #T-0388) is pre-
ferred as the color quenching reagent for construct-
ing quench curves because it has an absorption
spectrum that overlaps the emission spectrum of the
scintillant in SPA beads. Color quenching solutions

Quenching Solution Number [tartrazine], mg/mL

1 0.0000

2 0.0018

3 0.0025

4 0.0037

5 0.0050

6 0.0075

7 0.0100

8 0.0150

9 0.0200

10 0.0300

11 0.0400

12 0.0800

Table 1.
Range of tartrazine solutions used to construct a color
quench curve. 50 µL aliquots of the appropriate solution
will produce a range of quench levels between
0% and 90% quenching.

were made by diluting a tartrazine stock solution (0.5
mg/mL in 50 mM MOPS buffer, pH 7.2) to give a
range of quench solutions as shown in Table 1.

Pipette 75 µL of a 20 mg/mL solution of [125I]-PVT
SPA beads into 12 wells of a 96-well white micro-
plate, such as the OptiPlate® (Packard Instrument
Company) or Microlite® plate (Dynatech Laborato-
ries). 50 µL aliquots of the appropriate quenching
solution (see Table 1) are then dispensed into the
wells to produce a 12 point quench curve. 50 mM
MOPS buffer pH 7.2 is added to all wells to bring the
final volume to 200 µL. The plate is then sealed and
thoroughly mixed for approximately two minutes,
and the beads are allowed to settle overnight. Figure
2 summarizes the final microplate layout in this
experiment.

1 2 3 4 5 6 7 8 9 10 11 12

A 12 4

B 11 3

C 10 2

D 9 1

E 8

F 7

G 6

H 5

Figure 2.
Plate map for construction of quench curve. Numbers
correspond to quenching solutions given in Table 1.

Figure 1.
Count rates versus tSIS observed with [125I] labeled SPA
beads on TopCount with various concentrations of five
different colors of dye.
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Notes: 1) When setting up a quench curve, the
labeled bead that is used and the weight
that needs to be added to each well should
be the same as that used in the screening
assay.

2) Location of the various quenched stan-
dards in the microplate is arbitrary.
Quench curves can be made using any
wells and with up to ten replicates for
each standard. The locations of the stan-
dards are defined in the TopCount soft-
ware using the Plate Mapping feature.

Setting Up a Counting Protocol
On the TopCount, as on all commercial LSC's,
quench correction protocols are programmed as
“DPM” assays, where the user enters the absolute
DPM value of the quenched standards into the
instrument prior to counting them. When unknown
samples are assayed, quench corrected results are
reported as “DPM.” Because SPA assays generally
require only the calculation of QC-CPM, the
unquenched “reference CPM” value must be entered
into the software. The following procedures are
required to set up a quench correction curve:

1. Using the Plate Map function, select only the
unquenched standards (Standard #1).

2. Count the unquenched standards in CPM mode to
ascertain the reference CPM.

3. Change the data mode to “DPM” and enter the
reference CPM into the software as the “Standard
Set DPM.” Enter the number of replicates per
standard.

4. Using the Plate Map function, select all of the
quenched standards.

5. Assay the entire quenched standard set to produce
a quench correction curve based on tSIS.

6. QC-CPM can be recorded on the data printout and
in an ASCII disk file by programming a custom
output cell.

7. Extrapolated values can be easily determined by
recording the “FLAG” data output field, where an
“E” flags an extrapolated value. A spreadsheet
macro can be used to automatically eliminate
those values from the data or to warn the user of
potential problems with those results.

Further details regarding quenched standards and
instrument setup can be found in the TopCount
Operation Manual and instructions provided by
Amersham.

Sample Screening Assay
An angiotensin II SPA receptor binding assay was
used to simulate a typical screening assay. For the
simulation, a sample screening level of >20% inhi-
bition of binding was chosen to represent a hit in the
assay. Forty-one B

0
 samples were prepared in ran-

dom wells in a microplate. In another group of 45

Figure 3.
Microplate layout for simulated screening assay. Figures represent the final concentrations in mg/mL of the following dyes: T =
tartrazine, MO = methyl orange, CSB = Chicago Sky Blue, RG = reactive green, AV = alizarin violet, RR = remazol red. All dye
concentrations are in mg/mL.
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Results

Figure 4 shows the quench curve obtained with the
tartrazine quenched standards and [125I]-PVT SPA
beads (1.5 mg beads per well).

CPM and QC-CPM values for the angiotensin II
screening assay are shown in Tables 2 and 3, respec-
tively.

The data stored on disk were imported into a spread-
sheet program for analysis. Both uncorrected and
corrected results were converted to % inhibition
values. Wells where % inhibition exceeded the 20%
screening limit were determined and are displayed in
Tables 4 (CPM) and 5 (QC-CPM).

Discussion

Observing the uncorrected (CPM) data, a total of 48
positives, of which 38 are false, were detected. By
correcting for color quench interference (QC-CPM),
it was possible to reduce the number of positives
from 48 to 10, all of which were actual positive
samples. Therefore, the number of false positives
was reduced from 38 to 0 by correcting for interfer-
ences caused by color quench, demonstrating the
ability to eliminate false positives caused by color
quenching.

wells, B
0
 samples containing 50 µL of various con-

centrations of different colored dyes were prepared.
In four of the remaining wells, cold angiotensin II
was added to give ~50% inhibition. The last six wells
contained various colored dye solutions as well as
cold angiotensin II, yielding a total of ten inhibited
(positive) samples. The final volume of all wells was
200 µL. Figure 3 summarizes the final microplate
layout.

After sealing and shaking for four to five hours at
room temperature, the plate was then counted in the
TopCount using the quench correction curve
produced with tartrazine to correct all samples to
QC-CPM. Data were output to the printer and stored
on disk.

Figure 4.
[125I]-PVT SPA tartrazine quench curve.

1 2 3 4 5 6 7 8 9 10 11 12

A 1342.8 4578.0 4572.3 3527.3 3127.7 2458.8 3783.5 5094.5 4837.3 4431.8 4460.5 2164.0

B 4738.6 2331.8 3609.6 4762.3 4309.8 4376.8 4826.6 2523.0 1801.4 4238.8 3185.0 4159.3

C 2890.8 1149.1 4850.4 2722.0 1628.4 2315.9 2296.4 4681.1 2582.6 3111.6 3573.6 4175.4

D 4759.0 1952.8 3548.6 1428.8 3776.0 4751.8 2319.4 4696.0 1814.0 1509.5 4045.4 2387.8

E 1699.8 4813.7 1504.6 2425.7 2681.8 2782.3 4845.6 3983.2 3940.6 4308.5 3033.6 1524.5

F 4727.4 2950.6 4352.4 4439.0 4829.8 4086.8 1973.2 4665.2 4603.8 3150.8 3224.8 1879.4

G 4194.4 4798.7 1788.2 3482.3 4736.6 4701.0 4383.4 3310.3 4616.0 3372.0 4251.8 2712.7

H 4835.4 3411.4 4728.2 4931.9 4301.6 897.1 3224.0 4781.3 3984.0 4535.9 1675.8 2259.0

Table 2.
Raw CPM values in the simulated angiotensin II screening assay.
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1 2 3 4 5 6 7 8 9 10 11 12

A 5594.7 6249.3 5951.7 5833.3 5789.8 6008.6 5989.1 7522.7 6174.3 6267.4 5856.8 2864.1

B 6473.9 6241.1 6334.3 6186.1 6261.8 6123.2 6252.8 5928.7 2953.4 5747.7 5295.9 5639.7

C 6297.5 5776.2 6330.1 5497.4 2845.8 3043.9 6229.5 6089.3 5663.7 5293.3 5842.1 5565.7

D 6448.3 3264.7 6049.6 6001.4 6036.7 6119.9 5519.7 6039.8 5893.7 2715.6 5672.0 5616.4

E 3039.9 6620.3 6012.8 3146.0 5806.4 6528.9 6295.2 6144.4 5785.9 5715.3 5183.3 5716.2

F 6436.0 6891.0 6436.6 5933.0 6149.9 5945.9 5774.6 6144.4 5988.3 5261.2 5263.5 2825.0

G 6421.8 6611.4 3111.9 6094.0 6056.7 6253.2 6208.3 5987.2 5971.0 5763.9 5755.1 5182.2

H 6503.8 5508.2 6124.7 6414.1 6280.0 6806.8 5612.9 6230.4 6030.3 5969.4 6290.5 5871.0

1 2 3 4 5 6 7 8 9 10 11 12

A - - - - - - - - - - - +

B - - - - - - - - + - - -

C - - - - + + - - - - - -

D - + - - - - - - - + - -

E + - - + - - - - - - - -

F - - - - - - - - - - - +

G - - + - - - - - - - - -

H - - - - - - - - - - - -

Table 5.
Positive samples based on quench corrected % inhibition values.

Table 3.
QC-CPM values in the simulated angiotensin II screening assay.

1 2 3 4 5 6 7 8 9 10 11 12

A + - - + + + - - - - - +

B - + + - - - - + + - + -

C + + - + + + + - + + + -

D - + + + - - + - + + - +

E + - + + + + - - - - + +

F - + - - - - + - - + + +

G - - + + - - - + - + - +

H - + - - - + + - - - + +

Table 4.
Positive samples based on uncorrected % inhibition values.
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SPA is covered by U.S. Patent No. 4568649, European Patent No. 0154734,
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Conclusions

The TopCount Microplate Scintillation and Lumi-
nescence Counter is well suited for counting colored
samples in Scintillation Proximity Assays. Many of
these samples may be colored due to components in
the original sample. The TopCount’s single-PMT,
total reflection design allows high sample through-
put and accurate quench correction for colored
samples regardless of their actual color. A basic
protocol for creating and counting color quenched
SPA standards is given. The results of a simulated
screening assay using these standards demonstrate
that false positives due to colored compounds in the
sample can be significantly reduced by correcting for
quench using tSIS.

A thorough discussion of SPA assay protocols is
beyond the scope of this paper. Detailed information
on preparing and using SPA quench curves in spe-
cific assays may be obtained by contacting Amersham
International.


