APPLICATION NOTE

HIGH CLASS HTRF® PERFOR-
MANCE FOR APPLICATIONS IN
RESEARCH, ASSAY DEVELOP-
MENT AND SCREENING.

Spark’s enhanced fluorescence optics applied for TR-FRET assays.

OTECAN.



INTRODUCTION.

Homogeneous Time-Resolved Fluorescence (HTRF),
a time-resolved fluorescence resonance energy
transfer (TR-FRET) assay system developed by
Cisbio Bioassays, part of Revvity’s portfolio, is a
highly reliable assay technology for studying
molecular interactions. Based on the energy transfer
between a long-lived europium or terbium cryptate
donor and a variety of red or green acceptors, it
combines the advantages of TRF and FRET, and
requires detection instruments with excellent
sensitivity and results uniformity.

Tecan’s Spark® multimode reader platform is well
suited to HTRF assays, with a number of features -
including automated Z positioning and integrated
dichroicmirrors-toensureoptimalassayperformance
for the wide range of TR-FRET based technologies.
The system’s Fusion Optics combine the sensitivity
of filters and the flexibility of monochromators in
one instrument, allowing the operator to freely
choose which optical system to use for both
excitation and emission. HTRF measurements with
the Spark can be performed with any combination
of filter- and monochromator-based optics.
Although filter-based optics are recommended
for optimal HTRF measurement sensitivity and
uniformity, monochromators can be useful for assay
development. For example, the spectral scanning
and tuneable bandwidth capabilities make it easy to
optimize the excitation and emission parameters for
a specific assay chemistry.

The Spark reader is available with either a standard
or an enhanced fluorescence module, the latter
using a high power flash lamp and red-shifted
detector to deliver improved performance for
fluorescence applications at low light levels. In
addition, the enhanced fluorescence module
permits measurements in 1,536-well plates, has a
monochromator with tuneable bandwidths and
offers assay readiness for HTRF applications (see
Table 1).

Parameter Filters Monochomators
Standard X -
Enhanced X X

Table 1: HTRF compatibility of Spark’s optics configurations.

This application note summarizes the performance
of the Spark reader with enhanced fluorescence
optics for HTRF assays. All available optics
configurations of the Spark’s Fusion Optics system
meet the requirements for HTRF certification and

are HTRF-compatible. Unless otherwise stated,
the data presented was acquired using filter-based
optics, as recommended for high performance
HTRF measurements.

MATERIALS AND METHODS.

The performance of the Spark multimode reader
was assessed with several HTRF assays: the HTRF
Reader Control Kit (RCK), the Human Tumor
Necrosis Factor-alpha (TNF-a) assay and the
Cyclic Adenosine 3’,5-Monophosphate (cAMP)
HiRange assay. All kits were used according to the
manufacturer’s instructions.

Materials.

e Spark multimode reader with enhanced
fluorescence optics module (Tecan)

* HTRF Reader Control Kit
(Cisbio Bioassays, Revvity)

* HTRF Human TNF-a Assay Kit
(Cisbio Bioassays, Revvity)

« HTRF cAMP HiRange Assay Kit
(Cisbio Bioassays, Revyvity)

* 96-well half area plates (white)
(Greiner Bio-One)

* 384-well small volume plates (white and black)
(Greiner Bio-One)

HTRF Reader Control Kit (RCK).

The HTRF Reader Control Kit provides an easy
and straightforward method for assessing overall
reader performance. It can be used to confirm the
general suitability of a reader for HTRF assays, to
optimize the measurement settings, and to assess
and validate its performance in comparison to other
readers.

Human TNF-a Assay Kit.

TNF-a is a cytokine secreted by activated
macrophages and monocytes, and is an acute-phase
inflammatory marker. The assay kit allows detection
and quantification of TNF-a in cells, and is ideal for
assessing the sensitivity of a reader at low HTRF
signal intensities.

cAMP HiRange Assay Kit.

cAMP is one of the most important intracellular
messengers, and is involved in numerous biological
processes. The assay kit is designed for the direct
quantification of cAMP using a competitive
immunoassay. It can be is used to determine the
dynamic range of a reader.



Methods.
Table 2 summarizes the recommended measurement
settings for the Spark reader.

Parameter Setting
Label 1 Donor
Measurement mode TR Fluorescence Intensity
Ex wavelength 320 (25) nm (Filter) /
320 (20) nm (Mono)
620 (10) nm (Filter) /
620 (10) nm (Mono)

Em wavelength

Lag time 100 us
Integration time 400 us
Flashes Recommended: 3-10 (Filter) /
50-100 (Mono)
Gain Optimal
Mirror Dichroic 510 or ‘automatic’
Z position Calculated from well
Label 2 Acceptor

Measurement mode TR Fluorescence Intensity
Ex wavelength 320 (25) nm / 320 (20) nm

(Mono)

Em wavelength 665 (8) nm / 665 (10) nm (Mono)

Lag time 100 us

Integration time 400 ps

Flashes Recommended: 3-10 (Filter) /
50-100 (Mono)

Gain Optimal

Mirror Dich roic 510 or ‘automatic’

Z position Same as Label 1

Table 2: Recommended HTRF measurement settings for the
Spark.

The Z position should be calculated from a well
containing the whole HTRF chemistry (i.e. sample/
standard, donor andacceptor). The gain optimization
function must be set to ‘optimal’ in both labels
to guarantee optimal signal resolution for both
emission wavelengths. In addition, the operator
should make sure that the assay is run within the
linear detection range of the instrument, indicated
by an optimal gain value of between 80 and 220. If
the gain calculation exceeds a value of 220, a higher
target molecule concentration or switching to the
filter optics is recommended. To achieve the fastest
possible measurement speed, mirror selectionand Z
positioning can be pre-optimized, then set manually.

RESULTS.

Reader Control Kit.

The Spark reader exhibited excellent performance
for RCK measurements in white 96-well, half area
plates, which is the basis for the successful HTRF
certification of any reader. All acceptance criteria
for reader certification were met (Table 3, data not
shown).

Parameter Criteria
% CV Std O <10

% CV Low Control <10

% CV High Control <10

AF Low (%) =15

AF High (%) =600
S/B =40

Table 3: HTRF performance criteria for the RCK in white
96-well, half area plates.

To further assess the instrument performance, the
RCK was also measured in white (Table 4a) and
black (Table 4b) 384-well, low volume plates (filling
volume: 20 ul/well).

Flashes 1 5 10 25 50 75 100
s/B 546 631 579 590 589 568 568
% CV Std O 43 26 1.8 11 1.2 1.0 11
AF Low (%) 39 38 36 37 36 36 36
AF High (%) 1060 1097 1060 1069 1072 1083 1087
% CV Low 3.9 3.1 1.4 1.2 11 1.6 1.2
% CV High 25 1.4 1.4 1.4 11 1.2 0.9
Z’ value 091 095 095 095 096 096 0.97

Table 4a: RCK performance criteria measured in white 384-well
plates.

Flashes 1 5 10 25 50 75 100
s/B 379 323 326 324 337 336 320
% CV Std O 8.2 47 29 25 1.4 1.5 1.2
AF Low (%) 39 40 38 39 41 38 40
AF High (%) 1237 1207 196 1N189 1170 1151 1146

% CV Low 8.7 4.1 1.6 24 13 1.8 1.2
% CV High 49 09 N 1.0 0.7 09 13
Z’ value 082 096 096 096 097 097 0.95

Table 4b: RCK performance criteria measured in black 384-well
plates.

The results clearly show that increasing the flash
number reduces the measurement variation (lower
CVs) and Z’ values. A higher flash number is therefore
recommended when the best possible measurement
sensitivity is required, while the flash number can be
reduced to improve measurement speed.



Human TNF-a Assay.

The Human TNF-a Kit requires exceptional reader
sensitivity, with a detection limit of 20 pg/ml needed
to meet the manufacturer’s validation criteria. The
sensitivity of the assay is calculated using four
calibrator solutions, and measurements performed
with the Spark showed excellent linearity, as
indicated by correlation coefficients (R? values) of
>0.999 in both white and black plates (Figure 1).

Figure 1: Linearity of the TNF-a dilution series using black and
white plates.

As summarized in Figure 2, the detection limit in
white plates is exceptionally low, and easily meets
the sensitivity criteria of the assay kit, even when
using a single flash. When using black plates, the
flash number should be set to at least 10 to achieve
acceptable sensitivity and minimize results variation.

Figure 2: TNF-a detection limits with different flash numbers
in black and white plates.

The detailed results obtained in white and black
plates with varying flash numbers are summarized
in Tables 5a and 5b.

Flashes 1 5 10 30 50 75 100
DL [pg/mI] 120 44 34 0.9 0.9 14 0.2
CV Std O [%] 6.2 29 23 14 14 1.5 12

R? value 0.9960 0.9971 0.9969 0.9972 0.9963 0.9976 0.9955

Table 5a: TNF-a assay performance with different flash numbers
in white plates.

Flashes 1 5 10 30 50 75 100
DL[pg/ml] 315 152 142 121 82 71 77
CVStdO[%] 126 63 53 45 38 31 3.3

R? value 0.9976 0.9895 0.9972 0.9989 0.9969 0.9986 0.9978

Table 5b: TNF-a assay performance with different flash numbers
in black plates.

cAMP HiRange Assay.

As shown in Figure 3, the AF values obtained with the
cAMP dilution series are inversely proportional to the
cAMPconcentration,resultinginasigmoidal curvethatis
typicalofcompetitiveassays. Thedetailed measurement
results are summarized in Table 6. In each case, a
sufficient dynamic range with a signal-to-noise (S/N)
ratio of 220 was achieved, with EC50 values of 13.3 and
14.2 nM in white and black plates, respectively.

Figure 3: Competitive cAMP curves measured in both black
and white plates (50 flashes).

White Black
S/N 34.7 27.7
EC,, [nM] 13.3 14.2

Table 6: Quality parameters of cAMP assay measured in white
and black plates with the 50 flashes.

The fastest possible measurement times were also
determined for full 96- and 384-well plates, as
shown in Table 7. In this context, ‘fastest possible’
measurements were performed with manual mirror
selection and Z position, but with the gain set to
‘optimal’ for both HTRF labels.

Flashes 1 3 5 10 30 50 75 100
96-well 0:27 0:38 0:42 0:53 1125 218 3:.09 3:59
384-well 0:41 122 1:38 217 416 7:32 10:50 14:08

Table 7: HTRF measurment times with different flash numbers in
96- and 384-well plates (all wells).

It should be noted that the total measurement
time is dependent on the individual, user-defined
requirements for HTRF measurements. Typically,
best possible performance and lowest results
variation will be achieved with higher flash numbers.
If analysis time is critical, the flash number can be
reduced to below the default value.



CONCLUSION. Although the kits tested here all use a europium
donor, reliable and sensitive quantification can
also be performed using HTRF assays employing a
terbium donor, with both red and green acceptors
(data not shown).

The Spark - with its unique Fusion Optics - provides
a versatile, high performance detection system
for HTRF assays. It meets the kit manufacturer’s
sensitivity, uniformity and dynamic range criteria
for HTRF-compatible instruments, and is therefore

certified for the HTRF assay technology. ABBREVIATIONS.
cAMP cyclic adenosine monophosphate
For most HTRF measurements, a combination of DL detection limit
100 us lag time and 400 us integration time offers EC effective concentration
the best sensitivity, largest dynamic range and Em emission
lowest measurement variation. However, modifying Ex excitation
the settings for lag and integration times can further HTRF Homogeneous Time Resolved
improve the assay window or sensitivity. The flash Fluorescence
number also directly influences the measurement Mono monochromator
CVs; lower flash numbers can be used to accelerate RCK Reader Control Kit
measurements, while higher flash numbers may S/N signal-to-noise
be used to improve sensitivity and measurement TNF tumor necrosis factor

variation. For the filter-based optics on both the
excitation and emission sides, the optimal flash
number is 5 to 10 flashes per well, while 75 to 100
flashes is optimal for entirely monochromator-based
measurements.

It is strongly recommended that HTRF assays are
performed using the instrument’s filter-based optics
for the best possible sensitivity and uniformity. The
monochromator-based optics will provide limited
sensitivity, and are only HTRF-certified for use with
white microplates. When choosing to measure with
the monochromator optics the operator should
ensure to work within the linear detection range
of the instrument, as indicated by an optimal gain
value of 80 to 220.
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