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Abstract

The FlexiFilterTM plate, designed for use in the
TopCount® Microplate Scintillation and Lumines-
cence Counter, permits the investigator to use the
solid support media most appropriate for a particular
assay. Many assays used in pharmaceutical and
biotechnology research involve the capture of la-
beled complexes on a variety of filter media which
then must be counted to determine the amount of
specific binding or activity. The TopCount has been
designed to count compounds captured on filtration
or hybridization media directly in the microplate
format with dramatically improved throughput. This
application note describes the FlexiFilter plate and
its use in TopCount. Results are presented for several
exemplary assays.

Introduction

Many microplate assays important in drug discov-
ery, molecular biology, and biotechnology involve
the binding or uptake of radioisotopic or lumines-
cent labeled compounds to target macromolecules or
whole cells.1 Examples include receptor binding,
enzyme activity assays (reverse transcriptase, ki-
nases), cell proliferation assays, and DNA and RNA
hybridizations (dot blots). A common feature of all
of these assays is that the labeled complex must be
separated from the excess tracer. This is typically
done by capturing or immobilizing the complex on
a suitable solid support and washing away the
unreacted labeled compound. Once separated, the
material captured on the solid support must be
assayed by autoradiography, liquid scintillation
counting (LSC), or luminometry. In some cases, the
solid support is used to specifically bind the assay
components, while in other cases, it is used as the
filtration medium. Assay performance is highly de-
pendent on the type of support material used (glass
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fiber, nylon, nitrocellulose, phosphocellulose or other
suitable material). Even differences in the same type
of media made by different suppliers may be subtle
enough to affect assay performance.

Until recently, the analysis and quantitation of bound
samples immobilized on solid supports required
time consuming and expensive sample preparation.
Individual samples had to be cut from the membrane
and counted in individual scintillation vials. Alter-
natively, membranes can be analyzed by autoradiog-
raphy, which suffers from long, variable exposure
times, non-linearity, and poor quantitation. The
TopCount Microplate Scintillation and Lumines-
cence Counter and FilterMate® Harvester can elimi-
nate many of these problems by permitting the
preparation and analysis of samples directly in the
microplate format. The FilterMate can be configured
to simultaneously harvest 96 samples onto a variety
of glass fiber filtermats and integrated filtration
plates (UniFilterTM plates). Commercially available
dot blot manifolds permit the preparation of various
other immobilization assays on membranes in the
microplate format. The TopCount can be used to
analyze both isotopic and luminescent labels with
multiple detectors. Reagent usage and sample prepa-
ration time can be dramatically reduced and overall
assay throughput increased by a factor of 100. Fur-
thermore, accurate quantitation can be achieved over
a wide dynamic range.

There are two methods available for analysis of
filters or membranes in the TopCount. One is the
UniFilter filtration plate, which contains integrated
GF/BTM or GF/CTM (Whatman®) filter disks. Recep-
tor complexes or cells can be harvested and counted
directly in the UniFilter plates using the FilterMate
harvester and TopCount. UniFilter plates are avail-
able in 96- and 24-well formats.

Packard Instrument Company   800 Research Parkway, Meriden, CT 06450   Tel: 1-800-323-1891  203-238-2351   FAX: 203-639-2172

PAN0069   5/95   Printed in U.S.A.                                                               © 1995 Packard Instrument Company



2

FlexiFilter, the newest method of counting filters,
expands the applications of the TopCount by allow-
ing any solid support filter or membrane to be
analyzed. The FlexiFilter plate, shown in Figure 1,
is a microplate format tray designed to hold the solid
support of the user’s choice. It consists of a carrier
plate compatible with TopCount’s 20 plate stacker
and bar code I.D. system; a tray to hold the filter; and
a collimator which permits easy filter positioning
and accurate counting in the TopCount. The filter
holding tray and collimator, which come in contact
with liquids, are made of a solvent-resistant plastic
which permits long-term reuse, thus reducing assay
costs. The three parts are keyed to permit easy
location and positive positioning of the filter as well
as assembly of the plate.

Figure 1.
FlexiFilter plate: A) reusable carrier plate, B) filter holding
tray, C) filter media, D) collimator, E) “keyed” corner.

The filter may be pre-cut to the size and geometry of
the FlexiFilter with a cutting template or may be cut
to size after collection or hybridization of the labeled
material. The filter is then placed into the tray and the
collimator is snapped on. The appropriate scintilla-
tion cocktail or luminescent substrate can be added to
the sample through the collimator  using a multi-
channel pipette. This method permits very rapid
sample preparation. An alternative to using liquid
scintillation cocktail is the use of a meltable plastic
scintillator, FlexiScintTM (Packard Instrument Com-
pany). A piece of pre-cut FlexiScint is placed on the
filter and heated so that it melts into the sample. This
eliminates the use of scintillation cocktail, prevents
the migration of soluble compounds, and produces
solid instead of liquid waste. After applying a cover
film such as Top-Seal-A®, the FlexiFilter is counted
directly in the TopCount.

The filter holding tray and collimator are each avail-
able in two configurations designed to maximize
counting efficiency and reduce optical crosstalk for
low and high energy radionuclides, as well as lumi-
nescent labels. For assays and labels requiring maxi-
mum light collection efficiency, the holding tray has
individual highly reflective white spots to maximize
signal. A solid black filter holding tray and collima-
tor are also available for assays or labels with high
energies or signal levels, and are designed to provide
maximum protection against crosstalk. Recommen-
dations for the choice of tray and collimator are given
in Table 1.

Described within this application note are several
experiments conducted to demonstrate the basic
performance of the FlexiFilter in TopCount and its
practical performance for a variety of assays.

Label
Solid Support

Tray
Collimator

H-3, I-125 White White

C-14, S-35,
P-33, P-32,

Luminescence
Black Black

Table 1.
Recommended tray/collimator combinations.

Methods

General Use
The following general protocol is recommended for
preparing and analyzing samples in the FlexiFilter.
The procedures may be modified as required for
specific applications.

1. If harvesting or spotting does not leave an easily
visualized pattern of the sample locations on the
filter or membrane, designate and lightly mark
two diagonally opposing wells (i.e., A1 and H12)
with pencil, ink or by impression. This allows the
filter to be easily aligned in the FlexiFilter once
it has been cut to size. Be sure to choose an
appropriate marker that does not dissolve in
solutions used in the protocol or interfere with
light transmission.

2. Process the filter or membrane using standard
protocols.
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3. Align the collimator of the FlexiFilter over the
filter so that the marked locations are centered in
the alignment holes. Using a sharp knife or blade,
cut the filter to size. Most filters are easier to cut
when dry.

4. Place the filter in the filter holding tray, properly
orienting the complementary keyed corners. Snap
the collimator in place over the filter. Ensure that
the keyed corners are aligned and that the marked
locations are centered within the appropriate
wells. Depending on the filter being used, add
10-35 µL of cocktail or luminescence substrate to
each well. Thicker filters will require greater
volumes. Do not overfill the tray; it is only
necessary to fully wet the filter with cocktail.

5. Seal the plate with TopSeal-A press-on adhesive
cover film (Packard Instrument Company) prior
to loading in the TopCount.

Basic Performance
Counting efficiency and crosstalk were evaluated by
spotting and drying samples of [3H]-DNA, [ 14C]-
thymidine, and [32P]-ATP onto individual sheets of
GF/C® (Whatman) glass fiber filters. The filters
were placed into the filter holding tray and covered
with a collimator, both chosen according to Table 1.
Twenty-five microliters of MicroScint-O® lipophilic
scintillation cocktail was added using a multichan-
nel pipette. TopSeal-A was placed on each plate. The
plates were loaded and counted in the TopCount.
Parallel aliquots of each radionuclide were assayed
for DPM in a traditional Tri-Carb LSC.

Cell Proliferation Assay
A cell culture plate was prepared by plating CTL-4
cells at approximately 8000 cells/well into three
rows of eight wells. The cultures were stimulated
with decreasing amounts of IL-2 starting at 32 units/
mL in triplicate and pulsed with [3H]-thymidine
24 hours prior to harvesting. The cultures were
harvested onto a standard thickness self-aligning
filtermat (Packard part number 6005412) using an
appropriately configured FilterMate harvester. After
drying, the filtermat was cut to fit in the FlexiFilter
plate using the cutting template and a sharp blade.
The filtermat was placed in the tray and the collima-
tor placed over the filter. Twenty-five microliters of
MicroScint-O was added to each well in the FlexiFilter
plate. The plate was sealed with TopSeal-A self-
adhesive cover film and counted in the TopCount.
Finally, all active well spots were removed, placed
into scintillation vials and assayed for DPM in
an LSC.

Receptor Binding with FlexiScint Meltable
Plastic Scintillator
A leukotriene LTB-4 receptor binding assay (DuPont
NEN®) using a [3H]-LTB-4 ligand was incubated
according to manufacturer's procedures. The sample
was harvested onto a Whatman GF/C glass fiber
filter on the FilterMate harvester (Packard Instru-
ment Company). The filter was thoroughly dried
at 90 oC for 30 minutes. A sheet of FlexiScint
was placed over the filter and placed at 90 oC for
15 minutes. Duplicate samples were prepared for
analysis by standard LSC.

A receptor binding assay was selected because many
ligands are soluble in scintillation cocktail. With
time, the radioactive ligands migrate from well to
well across the filter. This results in an even distribu-
tion of label and loss of distinct sample spots,
resulting in compromised results. The use of the
solid, meltable scintillator prevents this migration.
In addition, the filters are easy to handle and can be
safely disposed of as solid waste.

Kinase Assay
A kinase assay was performed with the FlexiFilter
using a protein kinase C (PKC) assay kit (RPN.77,
Amersham® Corporation). This kit measures the
amount of PKC in a sample by the degree of phos-
phorylation of a specific peptide with [32P]-ATP. For
this assay, we used [33P]-ATP (BF.1000, Amersham).
Because of its identical biological functionality, 33P
can replace 32P in many assays. Dilutions of PKC
(P-8289, Sigma®) were used to generate several
levels of specific kinase activity. Samples were
prepared and incubated generally according to the
assay kit instructions. Because this assay kit is
designed for use with conventional LSC, scale-
down of some reagent volumes was required. After
stopping the phosphorylation, 10 µL aliquots were
spotted onto a pre-cut sheet of phosphocellulose
binding paper in a filtration manifold and washed.
The binding paper was dried and placed into the
FlexiFilter plate. The standard LSC protocol calls
for counting 125 µL aliquots of reaction mixture.
The use of 10 µL for TopCount represents a reduc-
tion of greater than 90% in reagent use. After adding
25 µL MicroScint-O to each well and sealing, the
plate was counted in the TopCount. Finally, the
individual spots were removed and counted in
an LSC.
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Radiolabeled Dot Blot
To evaluate the performance of the FlexiFilter
for dot blots labeled with 32P, DNA from unknown
samples of a hepatitis-B virus (HBV) producing cell
line were spotted onto a nylon membrane in a
microplate dot blot manifold. Control samples, con-
sisting of 100, 500, and 1000 pg of cloned HBV-
DNA, were spotted into wells E1, E3, and E5. Each
well was then hybridized with HBV-cDNA labeled
with 32P to 5x108 CPM/µg. The membrane was then
washed, and exposed to X-ray film for four hours.
The membrane was then cut and placed in the
FlexiFilter plate. Ten microliters of MicroScint-O
scintillation cocktail was added to the wells using a
multichannel pipette. The blot was then counted on
the TopCount for one minute per sample to deter-
mine the activity in each well.

Luminescent Dot Blot
New glow luminescent chemistries2 have permitted
the development of dot blots based on the detection
of luminescent probes, eliminating the use of radio-
nuclides for many assays. One example is the clini-
cal analysis of genomic DNA for human leukocyte
antigen (HLA) compatibility to prevent tissue rejec-
tion in human bone marrow transplants. In this
experiment, specific HLA sequences present in
donor lymphocyte DNA were isolated, amplified
using Polymerase Chain Reaction (PCR*), and spot-
ted on a nylon membrane. The samples were then
probed with an 18 base-pair oligonucleotide con-
taining the nucleotide-sequence of one HLA allele
and labeled at the 3' end with digoxigenin (GeniusTM,
Boehringer-Mannheim®). The blot was then incu-
bated with an alkaline phosphatase labeled anti-
digoxigenin antibody and placed in the FlexiFilter.
Signal was generated by the addition of the alkaline
phosphatase-specific substrate AMPPDTM. The lu-
minescent blot was counted in the TopCount for six
seconds per well, two wells simultaneously, fol-
lowed by a 15 minute exposure to X-ray film.

Discussion

Basic Performance
Table 2 summarizes general counting efficiency and
crosstalk data for the FlexiFilter. These results dem-
onstrate that the use of the FlexiFilter and TopCount
will provide excellent absolute counting efficiencies
for samples immobilized on filter media. Further-
more, the design of the FlexiFilter plate virtually
eliminates crosstalk caused by photon transmission.

Figure 2.
Stimulation curves, [3H]-thymidine uptake of CTL-4 cells in
response to IL-2.

Nuclide Efficiency Crosstalk

H-3 20.7% 0.00%

C-14 83.0% 0.00%

P-32 86.7% 0.48%

Table 2.
Counting efficiency and crosstalk data. Efficiency was
calculated by dividing the TopCount CPM by the LSC
DPM. Crosstalk was determined by dividing the average
CPM of the eight wells surrounding the active well by the
CPM of the active well. Crosstalk includes optical and
radiation components.

Cell Proliferation Assay
Based on the results of the LSC assay, an absolute 3H
counting efficiency of 25.9 % was calculated for cell
proliferation samples counted in the TopCount us-
ing FlexiFilter. The assay results are summarized in
Figure 2.

The excellent correlation (R2 = 0.98) and superim-
posed stimulation curves demonstrate that cell pro-
liferation experiments can be quickly and easily
harvested and counted on TopCount using the Flexi-
Filter plate. Results obtained using the FlexiFilter
are equivalent to those produced using traditional
equipment.
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Figure 4.
TopCount and LSC dose-response curves for 33P PKC
assay.

Figure 3.
A comparison of [3H]-LTB-4 displacement as measured by a
filtration assay using liquid scintillation cocktail (MicroScint-
O) or the new meltable plastic scintillator, FlexiScint.
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Figure 5.
Autoradiograph of 32P dot blot. Wells E1, E3 and E5 contain 100, 500 and 1000 pg of
cloned HBV-DNA, respectively.

duced similar results with good assay range, demon-
strating that even assays not originally designed for
microplates can be converted to the TopCount. Fur-
thermore, because of its lower energy and increased
commercial availability, 33P is an attractive alterna-
tive to 32P for assays on the TopCount involving
phosphorylation or hybridization. A counting effi-
ciency of 55% was calculated for the 33P samples.

Radiolabeled Dot Blot
Figure 5 is a photograph of the X-ray film obtained
by autoradiography of the 32P dot blot, showing the
locations where hybridization occurred.

Receptor Binding Assays
Figure 3 compares results of a leukotriene B-4
receptor binding assay using FlexiScint meltable
plastic scintillator and scintillation cocktail using
the FlexiFilter. The samples were counted soon after
cocktail addition so that ligand migration was not a
factor. The B/B

o
 values from the two methods are

identical.

Kinase Assay
Figure 4 summarizes the assay results. A high degree
of correlation between the TopCount and traditional
LSC was obtained for the PKC assay. Despite the
considerable scaledown, TopCount and LSC pro-
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show that these samples actually contained signifi-
cantly different amounts of hybridized DNA. These
samples showed no difference by autoradiography.
The CPM results for the control wells F1, F3, and F5
(Figure 7) show that TopCount is sensitive even at
low hybridization levels.

The 100 pg spot is significantly above a typical
background of 20 CPM on the TopCount, whereas it
is barely visible on the autoradiograph. TopCount
produces quantitative, high dynamic range results in
a fraction of the time required for film methods.

The 100 pg DNA control (well E1) is barely visible,
whereas other unknown samples (wells D4, D6, and
D10) appear similar and also appear to have satu-
rated the film. This illustrates the low dynamic range
and poor quantitation inherent in using film tech-
niques. Figure 6 displays the TopCount results for
the same blot.

The TopCount CPM results correlate well with the
locations of hybridization found on the film. The
results for wells E4, E6, and E10, which differ by as
much as 30%, are particularly worth noting, as they

Figure 7.
TopCount CPM as a function of control HBV-DNA
concentration.

Figure 6.
CPM results of 32P dot blot counted on TopCount using FlexiFilter. The membrane was placed in the
FlexiFilter so that the control wells in the blot (E1, E3, and E5) appear in wells F1, F3, and F5. E4,
E6, and E10 are unknowns and are the same as D4, D6, and D10 in the dot blot (Figure 4; 100,
500 and 1000 pg of cloned HBV-DNA, respectively).
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Figure 9.
TopCount counts per second (CPS) printout of luminescent dot blot.

Figure 8.
TopCount density printout of luminescent dot blot.

Luminescent Dot Blot
Figures 8 and 9 summarize data obtained on the
TopCount for the luminescent dot blot while Figure
10 shows the corresponding autoradiograph.

Figures 8 and 9 demonstrate the ability of the Top-
Count to quantitate luminescent dot blots over a
wide dynamic range. The density printout provides
ten user-defined density levels for rapid visualiza-
tion while the CPS printout provides true quantita-
tive results. Note in particular the results for wells
F7, G7, and H7, which show that these three wells
have distinctly different binding levels of this spe-
cific HLA-oligonucleotide. The quantitative results
show that the sample in well H7 has three to four

times more activity than the samples in wells F7 and
G7. Note also the range of values from a typical assay
background of 190 CPS to a maximum signal of
2.3x107 CPS - a dynamic range of greater than six
orders of magnitude. The results for wells F7, G7,
and H7 using film (Figure 10) are indistinguishable.
In addition, film is easily saturated, limiting its
dynamic range. The results for this experiment
demonstrate how the FlexiFilter and TopCount can
be used to rapidly and accurately quantitate lumines-
cent dot blots. Furthermore, dot blots counted in the
FlexiFilter can be quickly and efficiently removed,
stripped, and recounted to determine stripping
effectiveness, and re-probed if desired.
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Figure 10.
Autoradiograph of luminescent dot blot.
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Conclusions

The FlexiFilter plate is designed to analyze many
assays in the TopCount in which the radioactive or
luminescent label is immobilized on a variety of
filter or solid support media. The FlexiFilter allows
the user to choose the medium most appropriate for
the application and, because it is reusable, the cost
for many types of assays can be significantly re-
duced. The FlexiFilter is available in several con-
figurations designed for optimum performance with
various labels.

The experiments described demonstrate that the
FlexiFilter can be used in a wide range of applica-
tions and, further, that assay performance is compa-
rable to or better than that obtained using traditional
methods. Additional advantages include high count-
ing efficiency and dynamic range, low crosstalk,
high throughput, and the ability to easily obtain
quantitative results.
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