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High Throughput Luminescence Assays Using Six Detectors

Abstract The interest in non-separation (homogeneous)

. T . assays has led to the development of non-isotopic,
The TopCourit! Microplate Scintillation and Lumi- luminescence assays which are safer to use and

nescence Counter has been widely used for ultraypich 4o not require separation steps. One example
sensitive, single photon, luminescence countingig | cLite™ (Packard Instrument Company), a

The measurement of two wells simultaneously anqgqrter gene assay based on the production of
the automatic processing of 30 or more m|croplateE1

: . ciferase which emits a photon when triggered by
has madethe_TopCountldeal f_orrapld, accurate, an appropriate substrateAn example of a cell
sensitive luminescence counting.

viability assay using luminescence technology is
_ _ _ . CytolLite™ (Packard Instrument Company), inwhich
The growing use of luminescence assays in highhe luminescent signal is proportional to the number
throughput screening programs has led to the ergf cells in a growing culturéBoth of these assays
hancement of multiple detector luminescence countproduce signals that are stable over long periods of
ing capabilities on the TopCount. Six simultaneouslytime. The TopCount is well suited for these assays
COU.ntIng dete.CtOl'S a”OW eXtremer accurate anq:)ecause of its low background and h|gh photon
rapid processing of luminescent samples. Use of thigounting dynamic range. With a background of
feature in conjunction with stableIuminescentchem-approximate|y 20 counts per second (CPS) and an
istries permits the unattended and automated Pr&accurate measurement of over 20 X PSS,
cessing of many thousands of samples in a dayropCount has a #@ynamic range. In addition, two

Studies described below using advanced, long halfor six detectors and a stacker enhance throughput for
life chemistries demonstrate the performance of thignyitiple-plate assays.

high throughput method.

Recent advances in electronic technology have dra-
Introduction. matically enhanced the suitability of TopCount for
: _ _ lyminescence-based functional cell assays. These
Functional assays based on genetic regulation a'}'ﬁdvances now allow the simultaneous luminescence
cellular growth have become an important part ofeqnting of up to six samples with the same low
high throughput screening programs for pharmaceug ¢ ground and high dynamic range. With six detec-
tical development. Examples include reporter gengy g counting simultaneously, it is possible to count
assays, where gene regulation is assessed by 1§ antire microplate in less than one minute. Detec-
production of enzymes that can be detected directly, normajization ensures that the results from each
or indirectly, and cell proliferation assays, whereyeecior are within +/- 5% of the other detectors. The
radiolabeled thymidine is incorporated into replic conapility to read up to six wells at the same time
ating strands of DNA. New instrumentation, such a%ermits the assaying of a far greater number of

the TopCount and the FilterMate Universal picroplates in a given period of time. In addition to
Harvester, have permitted the development of trugerg|l gains in screening efficiency, this feature

high throughput screening programs based on thgya\s true multiplate processing of luminescence
above applications, where thousands of samples Cahmples having limited signal durations. For

be assayed in microplates unattended. example, the Luciferase Assay SystérfPromega
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Corporation) produces a luminescence signal whiclror LucLite, a stock solution of luciferase was
lasts only a few minuteédn a single or dual detector diluted in 1 mM MgCJ from a concentration of
system, it is only possible to process one or twdb00 ng/mL to 2.5 ng/mL. Ten microliter aliquots of
microplates before significant signal decay océurs.the diluted luciferase were dispensed into wells of an
With six simultaneously counting detectors on theOptiPlate inthe manner described above. The LucLite
TopCount, it becomes possible to measure mangubstrate containing luciferin was reconstituted
more microplates before signal decay becomes sigaccording to the kit instructions and 100 yL added to
nificant. Experiments detailed below demonstrateeach well containing luciferase. Blank wells

the performance of this feature. (luciferin minus luciferase) for each detector were
included. The plate was sealed and counted in the

Methods TopCount as previously detailed.

Detector Uniformity Results

Inany multiple detector system, itis critical that each _ _

detector produces the same results for a series &tetector Uniformity

similar samples. The six luminescence detectors oithe TopCount measures microplate wells in a col-
the TopCount are normalized using a stable luminesamn-wise manner, with each detector measuring a
cent source to ensure that each will produce compaet of two columns containing a total of 16 samples
rable results. To evaluate detector uniformity, aeach. Table 1 summarizes the counting results of the
stock solution of CytoLite activator solutowas  PicoPlate containing 96 identical samples of the
prepared by diluting 10x in water. Twenty microli- CytoLite activator solution. Each detector’s average
ters of the diluted activator was added to each well o€PS is within +/- 4% of the overall average CPS.
a 96-well white microplate (PicoPIlate Packard This is well within the variation expected from
Instrument Company), followed by 180 uL of etha- pipetting and confirms that the TopCount’s detectors
nol, which produces a stable luminescent signal. Thare normalized to give a minimum of variation.
plate was sealed with TopSealYAself-adhesive

cover film and counted on the TopCount in the % Difference
forward orientation for 0.1 minutes per well using all Average CPS| Average CPS
- ) Detector n-16 =96 from Overall

six detectors. For low backgrounds or very high - - Average CPS
luminescence CPS, black LitePldatégPackard 1 143480 144153 0.47
Instrument Company) can be used.

2 143499 144158 -0.046
Linearity and Sensitivity 3 143018 144159 0.79
Both CytoLite and LucLite were used to evaluate] 4 140394 144158 261
signal linearity and sensitivity for each detector over 5 144762 144158 0.42
a series of concentrations. For CytoLite, a series gf ¢ 149794 144158 391

dilutions of the activator solution was prepared
ranging from 1xto 0.01x. Twenty microliter aliquots Analveis of detector unif Téltb/fe 19-6| _ |

H H H H H nalysis or aetector unirormity ror uminescence samples.
of the qpproprlate d"““‘_’” were dlspe_nsed into wells Uniformity calculated as percent difference from overall
of awhite polystyrene microplate (Opthla‘tfPack- average counts per second (CPS).
ard Instrument Company) such that six columns

(one for each detector) on the plate contained a fullinearity and Sensitivity

dilution series plus an assay blank. Luminescenifter measuring the signal produced by identical

signal was triggered in each well by the addition ofseria| dilutions of the CytoLite activator solution,

180 pL ethanol. The plate was sealed and counted #jution curves were constructed for each detector

the TopCount as previously detailed. and superimposed on one another (Figure 1). These
results show that, over a wide range of count rates,
each detector will give the same results as all of the
others. Moreover, signals measured by one detector
can be accurately compared to those measured by
another. This means that only a single calibration
curve is required per assay.
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Figure 1.
Serial dilutions of CytoLite activator measured with each of six detectors on TopCount. Net CPS values are calculated by
subtracting an assay blank composed of 20 L deionized water and 180 pL ethanol.

Serial dilutions of luciferase were measured usings not significant. Figure 2 shows the results graphi-
the LucLite reporter gene assay kit. The raw dataally. As with the CytoLite assay, the results demon-
from each of the six detectors are listed in Table 2strate that over a wide linear dynamic range, each of
For the dilution series as a whole, the C.V. valughe six detectors produces a statistically identical
averages 6.6%, and no single value exceeds 10%ljlution curve. In this experiment, 2.5 pg of lu-
even at low count rates. Given that these results amferase was accurately detected, although by opti-
spread over a dynamic range of greater than foumizing the protocol, as little as 10 fg luciferase can
orders of magnitude, the variation between detectorbe detected using LuclLite.

Lucﬁgase Det.1 Det.2 Det.3 Det4 Det.5 Det 6,
5000 1640078 1532994 1417141 1716459 1651383 1509157
2500 564717 483063 547206 491971 546373 534648
500 51121 52605 58506 56860 56864 54235
250 20571 21736 22607 22916 21773 20859

50 2835 2120 2385 2342 2197 2215
25 1069 893 982 917 968 900

5 177 174 187 186 173 165
25 73 78 84 78 78 63
Blank 41 51 51 45 42 4

Table 2.
CPS of luciferase dilutions measured on TopCount using six detectors. Blank samples consist of
10 uL 1 mM MgCl, + 100 pL reconstituted LucLite substrate.
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Figure 2.
Dilution curves of luciferase measured with LucLite kit on TopCount using six detectors.
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