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Accurate and sensitive tools that enhance the drug discovery process are an indispensible part of
developing efficacious and safe small-molecule therapies. Building assays to assess these small
molecules involves labeling technologies that require a number of different detection methods
depending on the molecule of interest. For high sensitivity and precise assays that minimize expensive
reagent consumption, dedicated optical channels for fluorescence, fluorescence polarization (FP),
fluorescence resonance energy transfer (FRET), and time-resolved fluorescence resonance energy
transfer (TR-FRET) are required.

Using a portfolio of drug discovery assays from Life Technologies, the high performance capabilities of
a new multi-mode microplate detection technology were demonstrated. Among other applications, the
BioTek Synergy™ NEO is designed to increase detection flexibility, speed and performance amenable
to various elements of preclinical drug discovery, including target identification and validation, primary
and secondary screening, selectivity profiling, and lead optimization. Synergy™ NEO's patented Hybrid
Technology™ combines filter- and monochromator-based systems in one compact unit. An optional
integrated plate stacker with a 6-second plate exchange time increases efficiency and walk-away
automation. In addition to the precision, sensitivity, and read speed of the NEO detection options, ease
of setup and use are a hallmark of this microplate reader.

Synergy™ NEO Patented Hybrid Technology™ Optical System
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GeneBLAzer® Beta-Lactamase Reporter Technology — FRET (bottom)

Assay Principle

GeneBLAzer® Beta-lactamase Reporter Technology provides a highly accurate, sensitive, and easy-
to-use method of monitoring cellular response to drug candidates or other stimuli. The core of the
GeneBLAzer® Technology is a Fluorescence Resonance Energy Transfer (FRET) substrate that generates
a ratiometric reporter response with minimal experimental noise. In addition to the dual-color (blue/
green) readout of stimulated and unstimulated cells, this ratiometric method reduces the absolute and
relative errors that can mask the underlying biological response of interest. Such errors include variations
in cell number, transfection efficiency, substrate concentration, excitation path length, fluorescence
detectors, and volume changes. The GeneBLAzer® Beta-lactamase Reporter Technology has been
proven in high-throughput screening (HTS) campaigns for a range of target classes, including G-protein
coupled receptors (GPCRs), nuclear receptors, and kinase signaling pathways!.
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Synergy™ NEO Detection Principles and Parameters

= Monochromator Optics
= Bottom fluorescence
= Fixed, 16 nm band pass for fluorescence
||
Bottom
FL
Ex1:409 nm Em1:460nm
GeneBLAzer® FRET
Ex2:409 nm Em2:530nm
409/460 409/530 Blanked Emission
Gen5™ Protocol Parameters {Blue_DS51) (Green_D52) Data Ratio
Optics Position Bottom Bottom - -
Gain 100* 100* — —
Read Speed Normal - - -
Blank Transformation X-CFC X-CFC —_ -
Ratio Transformation (Emission Ratio) — — DS1/DS2*1 —
Custom Transformation {Response Ratio) - - - Stim/Unstim
* Default Gain was used. It is Gainbe il for each reader.

Method Summary

GeneBLAzer® assay protocols for Estrogen Receptor (ER) alpha and beta were followed using Division Arrested
(DA) cells in agonist mode. Briefly, dose response of ER alpha and ER beta DA cells plated at 2x10* cells/well in black
clear-bottom 384-well standard volume (100 pL) microplates (Corning P/N 3712) were determined over 2 runs for two
different stocks of 17B-estradiol agonist run as 16-point 3-fold serial dilutions in replicates of 8 starting at 1 pM (ER-
a) and 10 nM (ER-B3) agonist. Each plate included 16 replicates of cell free controls (CFC) for blank correction, and 32
replicates of non-stimulated (8 puL Assay Medium w/0.5% DMSO) and stimulated (5x17B-estradiol) controls for Z' and
response ratio validation. NEO was controlled by Gen5™ v 2.01.14 software as shown preceding. Plates were read
after 2 and 4 hour incubation times.

Results
Dose Response of ER-a DA cells Dose Response of ER-p DA cells
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LogEC50 | -2.359 2.275 LogEC50 | -1.093 -1.009
EC50 0.004379 0.005305 EC50 0.08071 0.09784
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DA cells Z RR
ER-a P1_R1 0.685 2.25

2|




Application Guide

LanthaScreen® Terbium- and Europium-based Assay — TR-FRET

Assay Principle

Time Resolved-Fluorescence Resonance Energy Transfer (TR-FRET) assays are less susceptible to compound
interference than other assay formats and may be applied to multiple target classes, making them a preferred
fluorescent assay format in drug discovery laboratories. The LanthaScreen® Assay platform offers two sets of FRET
donor/acceptor pairs: Terbium/Fluorescein and Europium/AlexaFluor® 647. When donor and acceptor labeled
molecules are brought into proximity, energy transfer takes place causing an increase in acceptor fluorescence and

a decrease in donor fluorescence. The donor species used in a TR-FRET assay has a fluorescent lifetime that is many
orders of magnitude longer than background fluorescence or scattered light, thus energy transfer can be measured
after the interfering signal has completely decayed (time resolved). This characteristic decreases assay interference and
so increases data quality. The TR-FRET value is determined from the ratio of the FRET-specific acceptor signal to that of
the donor signall.

Synergy™ NEO Detection Principles and Parameters

Dual Emission: TR-FRET
Direct optics, high quality data
= PMT selection:
+ Top = red-shifted. Used for highest wavelength in dual assays (e.g. 665 nm)
+ Side = low noise. Used for lowest wavelength in dual assays (e.g. 620 nm)

Top simultaneous

—_ &
oo | Top: cube #41, EM : 620/665 - LanthaScreen® Eu
I zl\\ Top: cube #42, EM : 495/520 - LanthaScreen® Th

Bottom: cube #11, EX: 330 — LanthaScreen® Eu
Bottom: cube #12, EX: 340 - LanthaScreen® Th

UL

Top PMT  Side PMT Raw Emission Ratio RRatio

Gen5™ Protocol Parameters - LanthaScreen® DS1 DS2 Data In Data In* Data In*
Gain Option Auto Auto = — - =
Gain Setting (same well Side & Top) High Well | High Well - - - -
Gain Scale Value 1000 1000 — — = =
Read Speed - — Normal — - —
Plate Movement Delay - - 0 - - -
Measurements/well — — 100 — — —
Read Height (mm) - - 8.75 - - -
Light Source - - Xenon, Low — - -
TRF Parameters (delay/collection time psec) - - 100/200 - - -
Ratio Transformation (Emission Ratio) — — — DS1/DS2*1 — —
Custom Transformation (Response Ratio) — — — — X/MEAN(STD5)
Custom Transformation (Assay Window) — — — — — STD1/STD5

*STD1 and STD5 are high and low ion wells respectively and will be assay dependent

Method Summary

Optimized read parameter settings were determined using the kinase binding assay format by running five dilutions
of either Tb or Eu acceptor (Fl-poly-GT or Kinase Tracer 236 respectively) in replicates of 10 against 2 nM Th-anti-GST
or Eu-anti-GST donor dispensed to black and white 384-well low volume microplates (e.g. Corning # 3673, #3676). Two
measurement/well options (10 and 100) at several gain configurations were analyzed to find reader settings congruent
to the best assay performance results as calculated for Response Ratio (RR, normalized TR-FRET assay window), Z’, and
CV%. Optimal detection settings and data reduction parameters for Gen5™ v 2.01.14 software are shown preceding.
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Results
LanthaScreen® Eu Precision (CV%) as a Function of
White or Black Plate and Detection Measurement/Well
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Omnia® Kinase Assays — Fluorescence (kinetic)

Assay Principle
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LanthaScreen® Tb Z' as a Function of
White or Black Plate and Detection Measurement/Well
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LanthaScreen® Response Ratio (Assay Window) as a Function of
White or Black Plate and Detection Measurement/Well

=NEO Tb White 100miw

=NEOTb Black 10 mw.

The ability to determine kinase activity and the effects of compounds that modulate this activity is essential for the
development and screening of potential drugs against these enzymes. Omnia® Kinase Assays use the chelation-
enhanced fluorophore (CHEF) called Sox, an unnatural amino acid, which is incorporated into a kinase-specific peptide
substrate. Upon phosphorylation of the peptide by the kinase of interest, Mg?* is chelated to form a bridge between
the Sox moiety and the phosphate group that is added by the kinase to the specific tyrosine, serine or threonine
residue on the peptide. The fluorescence intensity is directly proportional to the amount of peptide phosphorylation!™.

Step 1: mix

OH

kinase, ATP.
—

Mg?-

Step 2: read

| ®

p

Excitation
360 nm

Emission
485 nm
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Synergy™ NEQO Detection Principles and Parameters

Single PMT Measurement

= PMT selection:
* Top = red-shifted, for all single

wavelengthassays Gen5™ Protocol Parameters - OMNIA® 360/485
Top: Optics Position Top
; Gain 35%
Read Speed Normal
— Delay after plate movement 0
e Cube # 3 Measurements per data point (m/w) 10
I Light Source Xenon (low)
Temperature 30°C
| Cube # 113 (EX:360/EM:485) Kinetic Run Time 1:00:00
/ Kinetic Interval** 0:00:30
/ *Itis recomnzended Gain be determined for each reader using AutoScale
** Interval will be assay dependent based on plate map

L.

Ly

Method Summary

Demonstration of kinase inhibition was accomplished using active Tyr JAK2 kinases JH1/JH2 and JH1/JH2 V617F run at
two concentrations (50 ng/well and 12.5 ng/well) with and without 1 uM staurosporine, a potent kinase-specific inhibitor,
in replicates of three following the kit insert instructions. The assay was run in 384-well Corning white microplates (#3574)
at a volume of 20 puL/well. Kinetic data was collected at the fastest interval (30 seconds) for the plate map over a one
hour period.

Results
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Predictor™ hERG - Fluorescence Polarization

Assay Principle

The Predictor™ hERG Fluorescence Polarization Assay Kit provides a set of validated components to perform hERG
channel biochemical binding studies in the absence of radioligands. The assay was designed to identify potential hERG
channel blockers by producing data that accurately correlates with patch-clamp electrophysiology studies. The assay is
based on the principle of fluorescence polarization, where a red-shifted fluorescent tracer displays a high polarization
when bound to the hERG channel and a low polarization when displaced by compounds that bind to the channel™.

Synergy™ NEO Detection Principles and Parameters

Fluorescence Polarization
= Specialized optics:
* FPcube beam splitter
* Non-standard high-transmission filters

Top simultaneous:

!

I e

700 nm

Polarizing beam splitter

Cube # 4

Cube # 62 - hERG
EX: 530/EM: 580

Top Side
Gen5™ Protocol Parameters - Predictor™ PMT PMT
Gain* 97 119 —
Read Speed - - Normal
Plate Movement Delay - - 0
Measurements/well** — — 10-200
Read Height (mm) — — 10.25
Light Source - - Xenon, Low
G Factor = — | Fixed value: 1

* It is recommended Gain be determined for each reader.
**Higher measurements/well can result in greater precision & specificity but slower read times|

Method Summary

Following the kit insert, two plates of data were run with 2 sets of compounds on each plate. Compounds were titrated
as 16-point 3-fold serial dilutions in replicates of four with a starting concentration of 1x10* nM. Bound (NC) and dis-
placed (PC) controls were run in replicates of 16 on both plates. Blank wells were assayed for optional data correction,
but were not used in the final results analysis. Each plate was read every hour starting at 2 hours of incubation up to 5
hours of incubation. Data was generated for 6 individual measurement/well settings (10, 25, 50, 100, 150, and 200) to cor-
relate detection sensitivity to read speed. Pharmacology endpoints for instrument validation include Z', assay window,

precision, and IC, data.

Results

Predictor™ hERG IC 5, Curves
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Pimozide [*H]-astemizole [PH]-dofetilide
Astemizole 3.6 1 4 1
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Terfenadine 30.9 16 127 30
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Results (Continued)

Predictor™ hERG Z-Factor and Assay Window
300-
2504 ) -
e NC_P1
o Z'P1=0.76 = PC P1
£ 2004 Assay Window P1 =128 c
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n_u
v v e n
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Comparative Dose Response
as a Function of Detection Measurements/Well
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Log [E-4031] (nM) Log [Pimozide] (nM)
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[°H]-astemizole [PH]-dofetilide
Astemizole 3.6 1 4 1
Pimozide 6.0 18 19 6
E-4031 30.6 48 75 20
Terfenadine 39.9 16 127 30
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Z'- LYTE® Kinase Assays — FRET

Assay Principle

Protein kinases and phosphatases regulate many critical biological mechanisms via protein phosphorylation and
dephosphorylation including cell growth, proliferation, differentiation and metabolism. Aberrations in the activity of the
kinases and phosphatases involved in signal transduction have been linked to many human diseases. The discovery of
hundreds of kinases and phosphatases encoded by the human genome has spurred development of rapid screening
techniques for potential drugs against these enzymes. To address this need, Z'-LYTE® technology has been developed
based on Fluorescence Resonance Energy Transfer (FRET) between a coumarin:fluoroscein FRET donor:acceptor pair.
This robust, homogenous biochemical assay employs a fluorescence-based, coupled-enzyme format and is based on
the differential sensitivity of phosphorylated and non-phosphorylated peptides to proteolytic cleavage. A ratiometric
method, which calculates the ratio of donor emission to acceptor emission following photon excitation of the donor
fluorophore at 400 nm, is used to quantitate reaction progress. The Emission Ratio remains low if the FRET-peptide is
phosphorylated (i.e. no kinase inhibition) and is high if the FRET-peptide is non-phosphorylated (i.e. kinase inhibition).
To account for the non-linear relationship between Emission Ratio and phosphorylation, a percent phosphorylation
equation is applied to the final datal".

Synergy™ NEQO Detection Principles and Parameters

Z’-LYTE® FRET — Dual Emission Filters or Top Fluorescence Monos
Top simultaneous Top Fluorescence
3 :
700 nm LJ O R B
\ cube #48 !
I z| """ \ EM: 460/528 b
iy s
EX h: H ' I
i 2
anp oo 8 © o &
potio . .
cube #16 Ex1: 400 nm 2-IYTE® FRET Em1:460 nm L
=y EX: 400 Ex2: 400 nm Em2:528 nm
= Direct optics, high quality data = Monochromoter optics
= PMT selection: = Top fluorescence
¢ Top =red-shifted. Used for highest = Fixed, 16 nm bandpass for fluorescence
wavelength in dual assays (528 nm)
¢ Side = low noise. Used for lowest
wavelength in dual assays (460 nm)
Gen5™ Protocol Parameters - Z'-LYTE® Filters Monos
Gain Option AutoScale*
Read Speed Normal
Plate Movement Delay 0
Measurements/well 10
Read Height (mm) 85 8.25
Light Source/Lamp Energy Xenon/Low [Low
Ratio Transformation (EmRatio) DS1/DS2*1
Custom Transformation (% Phosphorylation) | (1-(DS3.X*DS2.PC)-DS1.PC)/{(DS1.NC-DS1.PC}+(DS3.X*(DS2.PC-DS2.NC)) *100
Defined Data Sets DS1=400:460; DS2=400:528; DS3=EmRatio
*The assay was also optimized using Auto Gain on a high well @ Scale Value 1000. Gain should be determined for each reader & assay configuration independently.

Method Summary

Two parallel kinase inhibition assays were performed using Tyr 1 and Tyr 6 peptide protocols to compare NEO filter and
monochromator detection modes. The first was a modified kinase inhibitor Tyr 6 peptide procedure running a 16-point
3-fold serial dilution of TuM staurosporine (inhibitor) in replicates of 4 against 2 concentrations of two JAK2 kinases: JH1/
JH2 (2600/520 ng/mL) and JH1/JH2 V617F (10,000/2500 ng/mL) at 50 pM ATP. The second was a Tyr 1 peptide profile
screen for 10-point ¥2-log dose response selectivity of Tyrphostin AG1478 against the kinase ERBB4 (Her4) run at K_app
puM ATP. 100% and 0% phosphorylation controls were run for Z', Assay Window (Response Ratio) and percent phosphory-
lation calculations. A 0% inhibition control was added to the profile assay to validate dynamic range of the screen.
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Results
Tyrphostin AG1478 tested against ERBB4 Z'-LYTE Assay
Neo - Monos Neo - Filters
ERBBA4 (HER4) (Km app pM ATP) ERBBA (HERA) (Km app pM ATP)
1 120
110 110
00| Y 00| ’—’“—-_“__‘
90|
z /",r_ ® /.
HE P /
i o : "
£ 50| £ 50|
x4 *
30| 30| :
20|
p ‘_J./l'/. 10 .___,./'/
0] 0
’ o 0o ‘1000 o000 : o 00 ‘1000 o000
i (oh) i 78 (nM)
Z’-Lyte® - Profile Selectivity Screen Filters Monos
Emission Ratio
0% Inhibition Control 1.119 0.978
0% Phosphorylation Control 1.812 1.693
100% Phosphorylation Control 0.508 0.399
Analysis
% Phosphorylation 41 42
z 0.83 0.85
Dose Response Inhibition of Dose Response Inhibition of
JH1JH2 (520 ng/mL) by Staurosporine V617F (2,500 ng/mL) by Staurosporine
40 100
~e- JH1_JH2 - Filters
§ x —+ JH1_JH2 - Monos § = >~ V617F - Filters
k5] B -#- V617F - Monos
5 F e
£
i 10 5
B M »
0 T T T T 1 0+ T T T T 1
4 -2 [] 2 4 5 4 2 ] 2 4
Log (Staurosporine) [nM] Log (Staurosporine) [nM]
JH1_JH2 -Filters __ JH1_JH2 - Monos V617F -Filters V617 - Monos
log(inhibitor) vs. response| log(inhibitor) vs. response
Best-fit values Best-fit values
Bottom 0.8477 1.195 Bottom 5.490 5.354
Top 30.24 31.05 Top 77.85 78.55
LogIC50 0.6036 0.5985 LogIC50 0.1597 0.1653
IC50 4.014 3.968 Ics50 1444 1463
S| 29.40 29.86 Span 72.36 73.19
Response E;t"io ®R) 4s8 s Response Ratio (RR) | 631 s74

Conclusions

In this guide we have demonstrated Synergy™ NEQO's capabilities over a range of Life Technologies detection
technologies. Ratiometric detection, including FRET (Z-LYTE®), TR-FRET (LanthaScreen®) and fluorescence polarization
(Predictor™) all benefit from the simultaneous measurement of donor and acceptor fluorescence or parallel and
perpendicular polarization measurements resulting in a microplate read speed commensurate with high throughput
screening. Furthermore, the design of the optical paths have used a minimal number of optical surfaces, such as the
absence of fiber optics or additional mirrors for redirecting light, which ensures high light transmission to the dual PMTs
resulting in high sensitivity detection. The fluorescence monochromators also provide high flexibility and sensitivity

for either top or bottom reading capability in a variety of microplate formats, with those for 384-well standard and low
volume microplates highlighted here. This latter capability is particularly suited to cell-based assays as described with
the GeneBLAzer® application. Other optical paths not demonstrated by this guide include filter-based bottom reading
capability for cell-based assays with a similar high sensitivity in either fluorescence or luminescence modes.
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