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E¥ Introduction n Single Cell Analysis

G-protein coupled receptors (GPCRSs) are the largest family of plasma membrane receptors. To analyze histamine induced changes, fluorescence intensity was calculated for individual
They are activated by a huge variety of different molecules outside the cell and activate cells over the whole time series. The maximum and minimum fluorescence intensity value
intracellular. signal traqsduction pathways, which ultimgtely lead to different cellular responses, af eefé:gxfsqlhvn:a:nd deﬁ[mé:fgq' \T:Ii em(?w)w(;n;—unTi nc)élf:r'# ?czll?:zﬁal tgznéecsg 8 r:/c;ITuteo (EP ?hcel' f;e;)e:r%einof
such as the increase of intracellular calcium concentration. Dysregulation of GPCR signaling, value was 22 nM for histamine (Figure 1).

particularly fluctuations 1n calcium homeostasis signaling, has been implicated 1n different

diseases, e.g. cancer and Alzheimer’s disease. Currently about 34% of all FDA approved drugs The analysis of individual objects can provide more detailed information than whole-

population data. It allows, for example, the identification of heterogeneous subpopulations

target GPCRs indicating their importance for therapeutic treatments.-. Thus, in vitro cellular of low and high responders, or false positives (Figure 2).

GPCR measurements are considered a hallmark assay to understand the kinetics and
mechanisms of actions to 1dentify new drugs. Here we show how to analyze fast changes in
intracellular calcium levels upon GPCR stimulation and inhibition using a fluorescence 1maging

assay on the Opera Phenix® Plus high-content screening system. Compounds are added using . - - .

the on-board liquid handling module which transfers an agonist solution from a compound plate L i i L UL (1;HM
to the assay plate. Acquisition frame rates of up to 100 frames per second allow the monitoring 18000 3
: . : : : : : 0.1nM
of rapid changes 1n intracellular calcium concentration and dedicated image analysis tools of ! — .
Harmony® software enable quantification of information from these image sequences. o ®
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Cell Culture and Staining Table 1: Materials 5000 . ¢ i
CHO_K]‘ AequoScreen® HIStamme I_!l CE”S Cells CHO-K1 AequoScreen® Histamine H1 (PerkinElmer i ' ) o] g high
were seeded at 3.5E4 cells per well in 150 pl #ES-390- i B° 2 g g ®  response
growth medium in a CellCarrier-96 Ultra Growth Medium  Hams F12 (Carl Roth #9108.1) i _— s 3 low
plate. After overnight incubation the medium Calcium Dye Cal-520®, AM (AAT Bioquest; Biomol #ABD-21130) Ll o
was removed, and cells were stained for 30 Aaonist Histami Si #H7250 i 9 25415773 9 25415773 9 25415773 9 254157 73 9 254157 738 9 25 41 57 73
inutes with 50 pl of 1 uM Cal-520® in gonis stamine (Sigma ) Object No
LS h di Th h Ici d Antagonist Pyrilamine (Sigma #P5514)
gro_ch mel Iu_m' en t |e CadCII:l)'Im s | of Buffer DPBS without MgCI2 and CaCl2 (Sigma #D8537)
?ta“;]mg >0 ll::tlon dv_vas rep daF:e by 15(11 HT O Microplate (Assay | CellCarrier-96 Ultra, Tissue Culture Treated Figure 2. Analysis of individual cells. (A) Image panels show the respective time points with the minimum (left) and
f[lerih e? rgg)vf’l‘limje’celsum ’?hne iLnCCuuba?cgic Drci)g rato E/:::plate é:::r;zgzr ;:#fl:c)):tijr?ﬁzzPerkinElmer p— maximum (right) Cal-520 intensity. Single objects were 1dentified and grouped into two populations of cells with either a
: _ H _ (Compound Plate) ’ low or high Cal-520 fluorescence intensity. The baseline established threshold was 2x the average minimum value of all
ITE?Q.I ng. F(I)rtF < agg.atg.omsl;c assa%/, .t 1ed Microplate Seal for =Aluminium Sealing Foil (Porvair #229572) cells. Cells below this threshold are pseudocolored red and above this threshold, green. With increasing histamine
>taining solution adal Ior:ca hy C.OII::_S Ine C_ompounc_ﬂ Plate _ concentrations, the number of high intensity cells increases; and the timepoint to reach a maximum response decreases from
va Ir:Ii?auniiEc;n cffl:c]é:agg nniigu‘fese tIRe Istlt;(i)l‘:in Pipettor Tips 200 pL i'ea_r RTborSaCk (Perkf”hE'”_“er_:6oogﬁ81) 3.72 s at 0.1 nM histamine to 1.08 s at 10 pM histamine. In the minimum time point images (left panel) three high intensity
PY ' 9 JIEGL 833;1?@?5&,‘;\: ery;ﬁﬂqlfétc)lgg&' Handling cells were identified. (B) The calcium flux response for individual cells is shown. Each spot represents the maximum

solution was replaced with 150 pl of fresh
medium containing pyrilamine at the same
concentrations.

intensity of one cell over the time course. This corresponds to the difference of the maximum and minimum intensity values
(max-min). The max-min values increase with increasing histamine concentrations. Cells with a high minimum value (2x of
the average minimum values of all cells) are marked as dark spots in the graph. Among the high responders a few cells with
extremely high response could be 1dentified. These outliers, with max-min values around 5x higher than the threshold, are
cells with a high minimum value at the same time (highlighted with dark spots). In the images (marked as 1-3) these outliers
can be 1dentified as “round cells”. Furthermore, for the cell outlined 1n 2, a decrease in fluorescence intensity over time was
identified. Therefore, the analysis of single cell responses allows the identification of false positive and negative results.

Preparation of Compound Storage Plates

For the agonist assay 100 ul per well of different histamine concentrations, 40 uM - 0.4 nM in DPBS
were provided in a StorPlate-96V (four replicates) and for the antagonist assay 100 ul per well of
400 nM histamine solution in DPBS. To minimize evaporation, compound storage plates were heat-
sealed.

Automated Onboard Liquid Handling and Image Acquisition

Compound and assay microplates were transferred to the Opera Phenix Plus system to equilibrated
temperature, CO2, and regulated relative humidity. Images were acquired in non-confocal mode
using a 20x water immersion objective lens. The FITC channel was used with 10 ms exposure time
to measure one plane within a time series measurement in well-repeat mode. Each well was
processed with two consecutive image acquisition sequences with one pipetting step between the
two sequences. The first sequence included five time points with 1 fps followed by one automated

B Antagonist assay

pipetting step transferring 50 pl compound solution into the appropriate well of the assay plate. The The GPCR act_ivatri]c_)n was kinetically Calcium Flux - Pyrilamine inhibition
fast kinetic image acquisition of the second sequence was synchronized with the start of the momjcored using |stam|ne_as an
compound transfer procedure, at 68 fps for a total of 400 timepoints. agonist compound and pyrilamine as 2500 -

an antagonist. Cells were incubated
with pyrilamine in various

. concentrations together with Cal-520 E 2000= ¢ } {

B AgOIllSt Assay for one hour before GPCR activation o
with histamine. The cells were then £ 1500-

o o | - | | treated with 100 nM histamine (four =3 .
The GPCR activation was kinetically monitored using histamine as agonist compound. The times EC., determined in agonist c { + E
fluorescent dye Cal-520® crosses the cell membrane and then binds to the intracellular assay above). The presence of c 1000-
released calcium. Upon agonist stimulation, intracellular calcium release will correlate with pyrilamine lead to a dose-dependent EC50: 117nM
increase fluor_escence signal. \(arl_ous con_centratlons of the agonist histamine were decrease of the calcium release. As 500 ~— | | | | | |
transferred with the onboard liquid handling module from the compound plate to the assay for the agonist assay, the difference 4 a3 2 0 1 9
plate. With increasing histamine concentration, rising Cal-520 fluorescence was detected. between the maximum and minimum log [UM]
Correspondingly, the maximum Cal-520 fluorescence intensity is detected at an earlier fluorescence intensity values of each
timepoint with increasing histamine concentration (Figure 1). single cell was determined. The ECx,

Figure 3. Pyrilamine inhibits histamine-mediated calcium release.
Cells were pre-incubated with pyrilamine one hour prior to GPCR
stimulation with 100 nM histamine. With increasing pyrilamine

for the pyrilamine inhibition of the
calcium release was calculated as 117

A nM (Figure 3). concentration, the Cal-520 fluorescence signal decreases. The
calctum flux responses of single cells were calculated as the
difference between the maximum and minimum fluorescence
intensity values of each cell over the time course. The calculated
EC;, for the pyrilamine inhibition of the calcium release was 117
nM (n=4 wells, error bars=standard deviation).

B Time course Cal520 Intensity C Calcium Flux - Histamine stimulation

6000 N :::qm - 20097
5000+ .: 0,1pM E s n Summary
.E 4000 | — 1uM E 3000+
g [ £ o Imaging the kinetic changes of GPCR-mediated calcium release requires synchronized high frame-rate
3000+ I -/\ e imaging with compound addition. The Opera Phenix Plus system offers a tip-based liquid handling module
\“'{;9‘ X 1000- £ C50: 22nM which enables fast-response assays in which cell responses occur within milliseconds to seconds after
2000 | . | . . ' - " ' compound addition. The compounds can either be transferred from a compound plate or from a small or large
_E. 50 100 150 200 250 300 4 3 2 0 1' reservolr and a total of two pipetting steps per experiment can be defined. The system can pipette into either
Timepoint log [M] 96-well or 384-well microplates. For 96-well plates, 1-200 ul, and for 384-well plates, 1-25 ul can be

transferred with a single pipetting step. Furthermore, the dose-dependent increase 1n intracellular calcium

Fi I. Monitori Ici | time following histamine H1 t tivation. (A le 1 howt1 e : : : : :
e onitoring calerum release over time following histamine HI receptor activation. (A) Sample images showing a release upon GPCR activation can be easily quantified using the Harmony software image analysis tools. The

histamine dependent increase 1n Cal-520 fluorescence intensity. TP1 (t=0) 1s the first time point of the first sequence before

pipetting. TP 50, 85, 90, 110 and 130 correspond to 0.64, 1.16, 1.23, 1.52 and 1.82 seconds after histamine addition. (B) Mean cell-based analysis of calcium release allows robust data to be extracted even from a heterogeneous
Cal-520 fluorescence intensity in cells over time before and after addition of histamine. With increasing histamine population owing to the ability to classify each cell as non-, low- or a high-responder. With frame rates of up
concentration, the response of calcium release accelerates and the maximum of the mean fluorescence intensity in cells to 100 frames per second, synchronized compound addition and the analysis tools of Harmony software, the
increases. (C) Calculation of the EC,,, value of histamine induced calcium release in cells using the mean max-min value (n=4, Opera Phenix Plus System will enable any of your fast kinetic high-content screening applications.

error bars = standard deviation).
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