Automated High Throughput Calcium Flux Assays using the ImageTrak™
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Introduction

High throughput screening laboratories have developed numerous assay formats for screening compound libraries for activity at G protein-coupled
receptors (GPCRs), including both direct binding assays and functional assays. The advantage of functional assays is that in addition to potency data,
they also provide information on a compound’s pharmacological efficacy. Agonist stimulation of GPCRs coupled to the Gqu1 class of G proteins leads
to a rapid increase in intracellular calcium concentration. This calcium flux can be detected by pre-loading cells with a calcium-sensitive dye such as
Fluo-4. Since the calcium response occurs within seconds of agonist addition, instruments suitable for performing this assay must be capable of
simultaneous compound addition and signal acquisition.

The ImageTrak™ is an epifluorescent CCD-based imaging instrument with integrated MiniTrak™ liquid and plate handling system designed for
automating all steps in a calcium flux assay. Liquid handling is performed using the 96-channel MultiPosition Dispense (MPD) module compatible with
96-, 384- and 1536-well plates. The instrument architecture is configured such that liquid is added to the top of the plate, and multi-wavelength excitation
and emission light is transmitted through fiber optic bundles that view the base of the plate via patented contact imaging.

A next generation ImageTrak™ instrument — the CellLux™ is now being launched with major hardware and software improvements to the ImageTrak™
for running kinetic cellular assays (calcium, membrane potential and ion channel assays).

Calcium flux assays typically utilize cells stably transfected with the GPCR of interest. One of the most common cells lines employed is HEK293 cells.
Since HEK293 cells are poorly adherent, they must be cultured in plates coated with an attachment matrix such as poly-D-lysine when used in assays
requiring wash steps. The new CellEx™ Poly-D-Lysine coated 384-well clear-bottomed plates from PerkinElmer are designed for performing calcium flux
assays on the ImageTrak™. The assay has been validated using HEK293 cells expressing the muscarinic M3 receptor, and demonstrates suitable response
and precision necessary for high throughput screening applications.

Experimental Procedures and Materials

Cell Culture

HEK293 cells stably transfected with the muscarinic M3 receptor were cultured in an incubator at 37° C with 5% CO:. Versene was used to dissociate
the cells from the flask. Cells were seeded when they reached 60-80% confluency.

Cell growth medium: DMEM/F12 1:1, 10% HI FBS, 2 mM L-Glutamine, 0.5 mg/ml Geneticin
Assay Reagents

Fluo-4 AM (Molecular Probes, Catalog number F-14201)

Cell loading medium: DMEM/F12 1:1, 2 mM L-Glutamine

Dye loading medium: DMEM/F12 1:1, 2 mM L-Glutamine, 2.5 mM Probenecid

Wash buffer: 1X HBSS, 20 mM HEPES, 2.5 mM Probenecid

ATP solution: ATP in wash buffer

Carbachol solution: Carbachol in wash buffer

Microplates

The assay was performed in Cell[Ex™ Poly-D-Lysine coated 384-well plates (PerkinElmer LAS, Catalog number 6005672). For comparison studies,
poly-D-lysine coated plates with comparable specifications were obtained from three different competitors.

Plate Seeding

Cells were seeded at the desired number per well in 384-well pates and incubated at 37° C with 5% CO: overnight. Assays were performed 18-20 hours
after seeding.

Assay Protocol

The assay was performed following the general guidelines provided with the Fluo-4 AM dye. HEK293 M3 cells were incubated in CellEX™ Poly-D-Lysine coated
plates overnight at 37° C with 5% CO.. The plates were removed from the incubator the following day and the growth medium removed by aspiration using the
ImageTrak™. Fluo-4 AM dye in 25 pL of loading medium was added and the cells incubated at 37° C for up to 60 minutes. The dye was removed and the cells
washed with 40 uL of wash buffer 2-3 times using the ImageTrak™. The cells were stimulated by adding 25 pL of wash buffer followed by 25 uL of agonist

d solution. The fl was d every two seconds for 1 minute starting 10 seconds before agonist addition. The first 5 readings are the
basal level followed by the calcium response.

Protocal

All of the plate and liquid handling steps of
the assay are performed on the ImageTrak™.
The fully-automated assay protocol is defined
using the WinPREP® automation software.
The protocol commands can be customized
and optimized using the visual interface
shown in Figure 1.

Figure 1. WinPREP* user interface enables assay protocols to be defined on the ImageTrak™
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Data Analysis

Data was analyzed using the AssayPro™ 2 data analysis software. AssayPro™ 2 is an integrated software package for organizing, storing and analyzing
data generated on the ImageTrak™. The software performs all of the standard statistical tests on data ated in high ing, such as Z*
calculation. Dose-response curves can be fitted by non-linear regression with automatic calculation of ECso/ICso. The data can be displayed in real time as
it is acquired as shown in Figure 2.

Figure 2. Calcium response from quadrant 1 of a CellEx™ Poly-D-Lysine coated 384-well plate displayed using AssayPro™ 2 software

Fluo-4 AM Dye Loading Optimization

A series of experiments were carried out to determine the optimal parameters for Fluo-4 AM dye loading. The standard assay protocol was followed, and
three parameters were varied in the dye-loading step: incubation time, incubation and dye Incubation was carried out at either
room temperature or 37° C for between 30 minutes and two hours. Three concentrations of dye were tested (1.25, 2.5 and 5 uM). The response (+1SD)
shown in Figure 3 was most sensitive to the dye concentration, and was greater when the incubation was at 37° C. The optimal loading time was between
30 and 60 minutes. The results indicate the assay can be preformed using 2.5-5 pM dye incubated for up to 1 hour at either room temperature or 37° C.
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Figure 3. Optimization of the Fluo-4 AM dye loading step in the calcium flux assay

Wash Step Optimization

A study was performed to determine the optimal number of wash steps needed to achieve satisfactory assay precision as measured by Z’ value. Cells were
seeded at a range of densities from 7,500-15,000 cells/well in a CellEX™ Poly-D-Lysine coated plate. The following day the cells were approximately 70%
confluent when seeded at 7,500 cells/well, and essentially 100% confluent when seeded at 12-15,000 cells/well. Following the dye loading step the cells
were washed from 0-3 times and then stimulated with 100 pM carbachol. The Z’ value of the max-min response was calculated using AssayPro™ 2 as
plotted in Figure 4. Z” values >0.5 were obtained for all cell densities with either 2 or 3 washes.

Figure 4. Z’Value of HEK293 M3 cells stimulated with carbachol as a function of the number of washing steps at various cell densities

Carbachol Dose-Response Curve

A dose-response curve was generated for the carbachol-stimulated calcium response. Cells were seeded in a CellEx™ Poly-D-Lysine coated plate at a
density of 15,000 cells/well and incubated overnight. The following day the media was removed and the cells loaded with 5 pM Fluo-4 AM for 1 hour at
37° C. Following two washes with buffer, a serial dilution of carbachol (0.05 nM to100 uM) was added across the plate, and the signal measured on the
ImageTrak™. The data was analyzed and plotted as the mean £1SD as shown in Figure 5 using AssayPro™ 2. The average ECs for the carbachol response
from four separate plates was 1.04 nM. Using the data from the points at the top and bottom of the curve yielded a Z’ = 0.72.

Figure 5. Dy curve of calcium response in HEK293 M3 cells

ATP Dose-Response Curve

The HEK293 cell line expresses an endogenous purinergic receptor that generates a calcium response when stimulated by ATP. A d it curve
for ATP stimulation was obtained using the same assay protocol as described for the carbachol response. Data analysis using AssayPro™ 2 is shown in
Figure 6. Data is plotted as the mean +1SD. The ECs is approximately 3 uM, of lower potency than carbachol, which is as expected for this
endogenous agonist.

Figure 6. Dose-response curve of ATP-stimulated calcium response in HEK293 M3 cells

Cell-Seeding Density Titration

The cell-seeding density was titrated to determine the impact on the total signal and assay precision. CellExX™ Poly-D-Lysine coated plates and those from
three competitors were seeded with HEK293 M3 cells over a range of 7,500-15,000 cells/well. The shape of the wells of the Cell[EX™ Poly-D-Lysine plate
is unique compared to that of a standard microplate. The wells start with a square-rounded top part and taper down to a completely round flat-bottomed well.
The surface area of the well bottom is less than standard square well microplates, so the cell-seeding density required to reach the same level of confluency
may be less for CellEX™ Poly-D-Lysine coated plates than for standard microplates. This is demonstrated in Figure 7 showing that a higher signal level with
equivalent precision is achieve at lower seeding levels with CellEx™ Poly-D-Lysine plates compared to those from competitors.

Figure 7. Carbachol stimulated response from HEK293 M3 cells as a function of cell-seeding density

Plate Precision Comparison

The performance of CellEx™ Poly-D-Lysine coated plates was compared to that of 384-well Poly-D-Lysine coated plates obtained from three competitors.
Two different lots of CellEx™ Poly-D-Lysine plates were tested. HEK293 M3 cells were seeded at 15,000 cells/well (n=96). The cells were stimulated with
100 pM carbachol and calcium flux measured on the ImageTrak™. A comparison of the max-min response (+1SD) and %CV is shown in Figure 8.

Figure 8. Carbachol induced response and %CV of HEK293 M3 cells seeded in CellEx™ Poly-D-Lysine coated plates compared to competitors’ plates

CellEx™ Poly-D-Lysine Coated Plates
Performance Consistency

Three separate lots of CellEx™ Poly-D-Lysine coated plates were tested to determine intra- and inter-plate precision and lot-to-lot variability. Four plates
from each lot were seeded with HEK293 M3 cells at 15,000 cells/well. The cells were stimulated with 100 uM carbachol and the calcium response
measured on the ImageTrak™ using the standard protocol. Figure 9 shows the average response and various %CVs for each of the lots.

Figure 9. Precision of CellEx™ Poly-D-Lysine coated plates in a calcium flux assay using HEK293 M3 cells stimulated with carbachol

Conclusions

Calcium flux assays have been optimized with all plate handling, liquid handling, and signal acquisition being performed on the ImageTrak™. HEK293
cells expressing the muscarinic M3 receptor were cultured in Cell[EX™ Poly-D-Lysine coated plates and agonist response detected using the calcium
sensitive dye Fluo-4.

M Optimal assay parameters were determined to be:
1. Fluo-4 AM dye loaded at 2.5-5 pM
2. Dye loading for 30-60 minutes at room temperature or 37° C
3. Two or three wash steps prior to agonist addition
4. Optimal cell seeding density from 7,500-15,000 cells/well

Satisfactory dose-response curves were obtained for carbachol and ATP stimulation:
1. Carbachol ECso~ 1 nM
2. ATP ECso ~ 3 uM

CV determination across and between plates showed that CellEX™ Poly-D-Lysine coated plates had performance uniformity equal to or better than
competitors’ plates.

Lot-to-lot testing of CellEX™ Poly-D-Lysine coated plates showed and average intra-plate %CV of 10% and lot-to-lot variability of 6%.

A cell seeding density of 7,500 HEK293 cells/well for the CellEX™ Poly-D-Lysine coated microplate demonstrates the equivalent Z* can be
generated with fewer cells compared to competitors’ plates saving cell culture time and costs when running a functional calcium screen.
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