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Introduction

Living organisms, composed of multiple different tissues and cell types, are highly
dynamic in nature. Imaging in a live cell format is therefore a critical tool for
laboratories across a wide variety of research disciplines. The methods in which
cells have been studied has seen many changes since Antonie van Leeuwenhoek
first used a microscope to observe blood flow in the capillaries of the ears of
living rabbits in the 17" century.”? A vast number of early cellular analyses were
performed as an end point experiment, where cells are incubated with a test
molecule for a designated amount of time before a microplate read or imaging step
is performed to determine the effect. While providing an easy to follow protocol,
many times the true effect of a treatment, as expressed by an accurate EC, value
(Figure 1), can be missed if the incubation period is too short or too long.
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Figure 1. Apoptotic cell percentages determined from kinetic monitoring of variable concentrations of
camptothecin incubated with HT1080 cells. EC, values calculated from each area under the curve for
the full drug titration following 8, 16, 24, 36, and 48 hour incubations.

Evaluating treatment effects on test cell models using kinetic assays, where
monitoring is performed throughout the entire incubation period, provides greater
biologically relevant insight into cellular responses (Figure 1). In addition to

being able to detect signal modulations from a cellular event over time, kinetic
imaging assays also allow for observations of changes in cellular morphology
and phenotype. The combination of both types of information yields a more
holistic approach to fully understand the effects that molecules have on the cells.
Kinetic imaging can also be used to determine appropriate incubation times for
incorporation into downstream higher throughput end point assays. This technique
has led to a number of discoveries, including proving the existence of hemogenic
endothelium®#5, demonstration of lineage instruction by cytokines®, as well as
numerous breakthroughs in the fields of neurogenesis” &%, and immunology.' 23



Furthermore, the combination of kinetic live imaging with conventional fluores-
cence microscopy techniques has become an integral part of cellular analysis
methodologies. Fluorescence imaging relies on illumination of fluorescent mol-
ecules with a defined wavelength of light ideally near the peak of the fluorophore
excitation spectrum, and detection of light emitted at a longer wavelength. Com-
monly used live cell fluorescent molecules, such as fluorescent probes or dyes,
and fluorescently labeled proteins have provided a range of tools to investigate
virtually any cellular process of interest.

Fluorescent probes

A wide range of fluorescent probes have been developed for use in live cell kinetic
imaging. These can broadly be divided into probes that 1) stain entire cells or
intracellular structures for identification purposes, 2) track changes to a specific
cellular structure, or 3) track phenotypic changes within a cell.

The first category of fluorescent probes are designed to label entire cells or
subcellular organelles for enumeration. Examples include dyes such as DRAQS
(Biostatus Limited, Leicestershire, UK), MitoTracker (Thermo Fisher Scientific,
Waltham, MA) and Cytopainter (Abcam, Cambridge, UK) which label nuclei,
mitochondria, and lysosomes, respectively. Whereas CellTracker dyes (Thermo
Fisher Scientific, Waltham, MA), label the entire cell for easy identification.

The second set of probes is used to track changes to a particular cellular
organelle. One of the most common events this type of probe is used for detects
changes in mitochondrial membrane potential. Probes such as the cell permeable
TMRE accumulate in active mitochondria with high membrane potential, while,
depolarized or inactive mitochondria with decreased membrane potential fail to
sequester TMRE.

Finally, a large number of probes have been developed to track a variety of
phenotypic cellular events such as apoptosis, necrosis, autophagy, and oxidative
stress. Here probes produce a fluorescent signal in response to phenotypic
changes.



For instance, fluorogenic apoptotic probes either bind to molecules present dur-
ing stages of apoptosis, such as external exposure of phosphatidylserine, or are
cleaved by these molecules, such as cleavage by caspase-3 to create a fluores-
cent final product. Necrosis probes such as propidium iodide are non-permeable
cellular dyes, and therefore, only after the cell membranes of necrotic cells are
compromised can the dye enter the cells, bind to cellular nucleic acids, and create
a fluorescent signal.

Fluorescent proteins

While the bulk of kinetic fluorescence live cell imaging is typically accomplished
through the use of fluorescent probes, incorporation of genetically encoded
fluorescent protein tags (fluorescent proteins) also plays a vital role. Prasher
and colleagues™first reported the cloning of green fluorescent protein (GFP)
from Aequorea victoria, eventually leading to the 2008 Nobel Prize in Chemistry.
Over the last decades dozens of fluorescent proteins have been engineered with
excitation and emission spectra spanning from the ultraviolet to near infrared
range of the visible spectrum imaging.'® 61778 Not only can fluorescent proteins
be engineered to emit different color signals, they can be targeted to specific
subcellular locations, such as the nucleus, nuclear membrane, or mitochondria.
The wide range of spectral properties and the ability to direct their localization
makes these proteins ideal for use in multiplexed cellular assays, as a variety of
targeted and phenotypic phenomena can be tracked at the same time.

The incorporation of kinetic live cell fluorescence imaging provides an ideal
method to monitor a wide range of cellular phenomena that can take place over
seconds, hours, days, or even weeks. In the remaining portion of this application
compendium we describe how different fluorescent kinetic live cell assay
procedures can be optimized and performed using the Agilent BioTek cellular
imaging and automation instrumentation.



Instrumentation
Agilent BioTek Lionheart FX automated microscope

Lionheart FX automated microscope is a compact, inclusive microscopy system
for a broad range of imaging workflows. It has up to 60x air; 60x and 100x oil
immersion magnification, with fluorescence, brightfield, color brightfield, and
phase contrast channels for maximum application reach. Environment controls
including incubation to 40 °C, CO,/0, control and a humidity chamber optimize
conditions for kinetic live cell imaging applications.

Agilent BioTek Cytation 7 cell imaging multimode reader

Cytation 7 cell imaging multimode reader combines automated digital upright
and inverted widefield microscopy with conventional multimode microplate
reading. The inverted microscope provides sample visualization from 1.25x to
60x magpnification in fluorescence, brightfield and color brightfield; the upright
microscope with reflected light imaging enables applications such as ELISpot or
fast slide scanning and ROl detection workflows.

Agilent BioTek Cytation 5 cell imaging multimode reader

Cytation 5 cell imaging multimode reader combines automated digital
microscopy and conventional microplate detection in a configurable, upgradable
platform. The microscopy module offers up to 60x magnification in fluorescence,
brightfield, high contrast brightfield, color brightfield and phase contrast imaging;
temperature control to 65 °C and CO,/0, control facilitate live cell imaging
workflows.

Agilent BioTek BioSpa live cell analysis system

BioSpa live cell analysis system is configured with the Agilent BioTek automated
incubator and Agilent BioTek cytation imager to automate kinetic live cell analysis
workflow in up to 8 microplates or other labware. Temperature and CO,/0,
control, plus humidity monitoring support live cell imaging workflows. Liquid
handling can be integrated for further process automation.

Agilent BioTek Autoscratch wound-making tool

The AutoScratch wound-making tool automatically creates reproducible scratch
wounds in cell monolayers grown in microplates. The simple pushbutton
operation and tool-free scratch pin manifold exchange make it easy to process
either 96- or 24-well plates, which are commonly used in migration and invasion
assays. The compact system features an onboard, pre-programmed cleaning
routine to keep the scratch pins free of cell buildup and avoid contamination.



Kinetic Fluorescence Live Cell Assays
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Figure 2. Dynamic color change of Premo

FUCCI cell cycle sensor. FUCCl is a fluorescent,

two-color sensor of cell cycle progression and
division in live cells. Cells change from red in
the G1 to yellow in the G1/S interphase and
greenin S, G2, and M phases, as geminin and
Cdt1, fused to one green and red fluorescent
proteins respectively are expressed at specific
points in the cell cycle.

Figure 3. Overlaid pre-processed high contrast
brightfield, GFP, and RFP images before (A)
and after (B) object masks are applied through
cellular analysis.

Detecting cell cycle phase through incorporation of cell cycle/fluo-
rescent protein fusions

Assay principle

The Premo Fluorescence ubiquitination cell cycle indicator (FUCCI) technology
(Thermo Fisher Scientific, Waltham, MA) is based on two cell cycle-regulated
proteins, geminin and Cdt1, fused to a green (emGFP) and red (TagRFP)
fluorescent protein, respectively.’ As Cdt1 and geminin are present only during
specific phases of the cell cycle, the fluorescent protein chimeras are similarly
dependent. Ubiquitination by specific ubiquitin E3 ligases target the chimeric
constructs for degradation and display temporal regulation of activity, resulting
in the cycling of geminin and Cdt1 levels during the cell cycle. Geminin-GFP is
degraded in the G1 phase, while the presence of Cdt1-TagRFP is indicated by
red fluorescence within nuclei. During the S, G2, and M phases, Cdt1- TagRFP is
degraded and only geminin-GFP remains, resulting in green-fluorescent nuclei.
During the G1/S transition, when Cdt1 levels are decreasing and geminin levels
are increasing, both proteins are present, giving a yellow-fluorescent nuclear
signal. This cyclical color change (red to yellow to green) can be used to track
progression through the cell cycle and division (Figure 2).

Method summary

Following transfection with the FUCCI sensor using BacMam 2.0, and treatment
with potential cell cycle inhibitors, cells are kinetically monitored for cell cycle
progression by capturing images every 90 minutes using a 4x objective and the
high contrast brightfield, GFP, and RFP imaging channels of the Agilent BioTek
cellular imagers. The high contrast brightfield channel captures total cells within
an image, while the GFP channel captures cells in the S, G2, and M phases, and
the RFP channel captures cells in the G1 and S phases.

Analysis and results

Following capture, all images are pre-processed to remove background signal
(Figure 3A). Then using the change in signal in the high contrast brightfield
channel, primary object masks are automatically placed around all cells in the
image (Figure 3B).




Figure 4. (A) Expanded primary masks
during the secondary masking process.
Subpopulations using peak RFP and/or GFP
signals then identify cells in (B) G1; (C) G2/M,;
or (D) S cell cycle phases.

Figure 5. (A) Kinetic cell numbers counted for
total, G1 (red), G2/M (green), and S (yellow)
phase cells. (B) Percent of total cells for G1,
G2/M, S cell cycle phase cells.

During secondary masking, primary masks are dilated to capture the GFP and
RFP signal (Figure 4A). Subpopulation analyses were conducted to identify cells
inthe G1 or G2/M phases Cells with a minimum peak signal from the Cdt1-
TagRFP protein, captured using the RFP imaging channel, within the secondary
masks were identified as being in G1 (Figure 4B), while cells with a minimum
peak signal from the Geminin-GFP protein within the secondary masks, captured
using the GFP imaging channel, were identified as being in the G2/M phase
(Figure 4C). During the S phase, when both cell cycle fusion proteins are present,
cells appear yellow. To meet the criteria of bring in the S phase, cells had to meet
the minimum peak signal from both proteins (Figure 4D).

Following analysis, total, G1 (red), G2/M (green), and S (yellow) cell counts

are then determined at each timepoint during the incubation period. Final red
and green cell counts are calculated by subtracting the yellow cells from initial
determined red or green cell numbers to avoid double counting (Figure 5A). Red,
green, and yellow cell percentages are then computed by dividing subpopulation
cell counts by the total cell value at each timepoint (Figure 5B). Final kinetic plots
then reveal the stage of cell cycle arrest accomplished by the added compound.

A B

SO0~ B0+

n'-—'JN

—=— Rad Cells

—— Green Celis

== Total Cells
== [Red Cells
—— Green Calls

“hiih/‘/

0= T = T T T T T T T 1

0 20 40 60 80 100 120 O 2 40 60 80 100 120
Time (Hours) Tirme (Hours)

v Yellow Colls

g

Call Number

% of Total Cell Numbe
¢
‘%’;

(=]

Recent publications using Agilent BioTek microscopes

1. Mehta, Sunali, et al. “Dephosphorylation of YB-1 Is Required for Nuclear
Localisation During G2 Phase of the Cell Cycle”
Cancers, vol. 12, no. 2, Jan. 2020, p. 315. Doi: 10.3390/cancers12020315.

2. Van den Berg, Jeroen. Product of the Surrounding:
Location Dependent Effects on DNA Double Strand Break Responses.
Utrecht University, 2019.



Figure 6. (A) Overlaid pre-processed high
contrast brightfield, GFP, and RFP image.
(B) High contrast brightfield image only
showing object masks automatically applied
using change in brightfield signal during
cellular analysis.

Kinetic live cell imaging of apoptosis and necrosis

Assay principle

The Kinetic Apoptosis Kit (Abcam, Cambridge, UK) is based on two separate
technologies to detect apoptotic and necrotic cellular activity, respectively. pSIVA-
IANDB (Polarity Sensitive Indicator of Viability & Apoptosis) is an Annexin Xll-based
polarity sensitive probe for the spatiotemporal analysis of apoptosis. External
plasma membrane phosphatidylserine (PS) exposure is a hallmark phenomenon
occurring early during apoptosis. When PS translocates to the outer membrane
leaflet, binding of pSIVA-IANBD to PS can then occur. The IANBD labels are then
exposed to the nonpolar lipid environment of the membrane which results in a
'switching on’ of the IANBD green fluorescence signal. Propidium iodide (PI), as
previously explained, is a fluorescent intercalating necrosis probe which is non-cell
permeable. Only when cell membranes of necrotic cells are compromised can the
dye enter the cells, bind to cellular nucleic acids, and create a fluorescent signal.

Method summary

The pSIVA-IANDB and PI fluorescent probes were added to media at
concentrations of 10 yL/mL and 5 pyL/mL, respectively, and used to create an
8-point titration of camptothecin ranging from 10,000 to 0 nM by serial 1:4
titrations. Media containing compound and probes was then added to wells
containing 2000 HT-1080 cells per well. Cells were kinetically monitored for
induction of apoptosis and necrosis by capturing images every 2 hours over a
48 hour time period using a 4x objective and the high contrast brightfield, GFP,
and RFP imaging channels of the Agilent BioTek cellular imagers. The high
contrast brightfield channel captures total cells within an image, while the GFP
channel captures the green pSIVA-IANDB signal from apoptotic cells, and the
RFP channel captures the Pl signal from necrotic cells.

Analysis and results

Following capture, all images are pre-processed to remove background signal
(Figure 6A). Then using the change in signal in the high contrast brightfield
channel, primary object masks are automatically placed around all cells in the
image (Figure 6B).
A




Figure 7. (A) Expanded primary masks
during the secondary masking process.
Subpopulations using integral GFP or RFP
signals then identify (B) apoptotic; or (C)
necrotic cells.

Figure 8. Kinetic percent (A) apoptotic; and
(B) necrotic cell curves following 48 hour
incubation of camptothecin (2500-0 nM) with
HT-1080 cells. Area under the curve values
then plotted in terms of camptothecin
concentration to determine compound
effectiveness to induce (C) apoptosis;

or (D) necrosis.

During secondary masking, primary masks are dilated to capture the GFP and RFP
signal (Figure 7A). To identify apoptotic or necrotic cells subpopulation analyses
were conducted. Cells with a minimum integral signal from the pSIVAIANDB
probe, captured using the GFP imaging channel, within the secondary mask were
identified as being apoptotic (Figure 7B), while cells with a minimum Pl integral
signal, captured using the RFP imaging channel, within the secondary mask were
identified as being necrotic (Figure 7C).

Following analysis, percent apoptotic and necrotic cells within each image at
each timepoint is determined by dividing the apoptotic or necrotic cell numbers
by the total number of cells counted per image, and expressing each value as a
percentage. These values can then be plotted over time to visualize the effect
that varying concentrations of the test molecule, in this case camptothecin, has
to induce apoptosis (Figure 8A), and necrosis (Figure 8B) on the cell model. Using
the kinetic plots, Agilent BioTek Gen5 can also calculate the area under each
kinetic curve, generating one total area value for the curve corresponding to the
concentration of camptothecin tested. These numbers can then be plotted in
relation to camptothecin concentration to create an EC,, value demonstrating the
ability of the compound to induce apoptosis (Figure 8C) and necrosis (Figure 8D).
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Figure 9. (A) 4x image of labeled cells prior to
stimulation with object masks placed using
basal Fluo-4 signal. (B) Fluo-4 signal within

object masks at 15 seconds post ATP addition.

(C) Kinetic plot of total Fluo-4 signal ratio over
the entire length of the kinetic experiment.
Dashed line illustrates time of ATP injection.

Characterizing calcium mobilization using kinetic live cell imaging

Assay principle

Mobilization of intracellular calcium stores following G protein coupled receptor
(GPCR) activation is critical for cells to respond to intercellular and environmental
cues. Binding of a signal molecule to a GPCR activates the associated trimeric
GTP-binding protein (G protein), comprised of an a-subunit, and a B- and y-subunit
complex. Activation of the Gs and Gg sub-family of a-subunits triggers the release
of intracellular calcium stores into the cytoplasm, which propagates the signal by
regulating calcium-dependent proteins®. Fluo-4 is a calcium indicator that has
been used extensively for detecting changes in calcium levels. Fluo-4 AM (Thermo
Fisher Scientific, Waltham, MA) is an acetoxymethyl ester derivative of Fluo- 4 that
can permeate cell membranes. Once the Fluo-4 AM molecule is inside the cell,
nonspecific esterases cleave the lipophilic blocking groups, forming a charged
compound that is less likely to leak out of cells. In the presence of calcium, the free
Fluo-4 exhibits increased fluorescence at 494/506 nm.

Method summary

Fluo-4 AM, 4 uM, was added to plated cells and allowed to permeate the cells for
one hour before unincorporated probe was removed and replaced with DPBS.
The plate was then inserted into a BioTek imager where kinetic fluorescent
imaging took place using a 4x objective and the GFP imaging channel at a rate
of 3 frames per second. Baseline images were captured at this rate for a total of
5 seconds. At that time the in-line injectors were used to dispense ATP to a final
concentration of 10 uM while the plate was still in the imaging position. Kinetic
imaging then commenced at the same rate for an additional 30 seconds to
monitor the effect on calcium signaling.

Analysis and results

Following capture, all images are pre-processed to remove background signal.
Basal Fluo-4 signal from stained cells above background, as measured by the GFP
channel, is used to place object masks around all cells (Figure 9A). In this manner,
the total Fluo-4 signal from each cell is captured and quantified over the entire
incubation period (Figure 9B). Total fluorescence from all objects within images
following ATP stimulation is then divided by the total average total fluorescence
from images of basal signal prior to stimulation to generate a normalized relative
fluorescence ratio. When plotted over time, the level of calcium mobilization can
then be observed (Figure 9C).



Figure 10. Single cell calcium mobilization
characteristics. (A) Images of plug set around
cell 2 at six time points. (B) Cells 1 and 2
exhibited similar activation profiles. A rapid
spike in calcium mobilization occurred 5-7
seconds post ATP injection (10 pM final)
(dashed line), followed by a gradual decline in
Fluo-4 fluorescence over 6-8 seconds before
calcium levels spiked again.

Figure 11. (A) 4x image of Hoechst 33342 and
Fluo-4 stained cells. (B) Stained cells following
ATP stimulation with primary nuclear masks
using Hoechst 33342 signal and secondary
masks using Fluo-4 signal. (C) Plot of percent
responding cells per treatment demonstrating
calcium mobilization effectiveness.

By placing a plug around a single cell in an image during Gen5 cellular analysis,
such that only the signal from that cell is analyzed over the length of the kinetic
experiment, resulting calcium flux can be characterized for individual cells (Figure
10A). Using this method, the rate of intracellular calcium release and the interval
between spikes in calcium levels can be defined with high temporal resolution.
The resulting activation profiles can be used to compare cellular responses under
different conditions or between different cell types (Figure 10B).
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By adding a nuclear dye, such as Hoechst 33342, in addition to Fluo-4 AM

(Figure 11A), calcium mobilization per cell can also be accomplished. Gen5 places
primary masks around the nuclei of each cell within the image. Secondary masks
are then placed around GFP captured signal from the Fluo-4 probe (Figure 11B).
Total GFP signal within each secondary mask is quantified. Using a minimum
total signal value to eliminate non-responsive cells within the image, the number
of cells responding to stimulation is returned by Gen5. By dividing by the total
number of cells within the image, determined by counting Hoechst 33342 stained
cells, a percent responder cell value is calculated. This can then be plotted versus
the concentration of stimulant, or inhibitor added to the well to determine the
effectiveness of calcium mobilization.
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2D Scratch wound healing analysis of a co-cultured cell model

Assay principle

The wound healing or scratch assay is a straightforward and widely used method
to measure cell migration. In the method, once cultured cells reach confluence,

the monolayer is mechanically scratched, thus creating a cell-free zone, and for
some cell models simulates a wound area. Collective cell migration into the cell-
free zone is then kinetically imaged over time to characterize cell movement when
uninhibited or under the influence of a test molecule. Stromal cells, such as fibro-
blasts, are responsible for depositing components of the ECM, and in the solid
tumor microenvironment, influence cancer cells in migration, invasion and other
tumorigenic processes.?’ Because of the important role that stroma plays in vivo these
cells, in addition to target cancer cells, should be included when performing in vitro
cell migration studies to increase the relevance of generated data. By having each
co-cultured cell type express a separate fluorescent protein, it is easy to image and
analyze individual relative kinetic wound healing rates within the co-culture cell model.

Method summary

GFP expressing U-87 glioblastoma and RFP expressing primary fibroblasts were
diluted to concentrations of 3.0x10° cells/mL, mixed in a 1:1 ratio, and added to
wells of a 96-well plate. Following attachment to create a confluent cell monolayer,
the plate was transferred to the AutoScratch tool where pins on the robotic arm
created consistent cell free zones (scratches) within the cell layers of each well.
Plates were then placed into the BioSpa 8, with atmospheric conditions previously
setto 37 °C/5% CO,,. The BioSpa 8 software was programmed such that the plates
were automatically transferred to Cytation 5 for fluorescence imaging of the test
wells. A single 4x image was taken with the GFP and RFP channels to capture
potential movement of the U-87 and fibroblast cells, respectively, into the original
wound area. Plates were then transferred back to the BioSpa 8, and kinetic imaging
cycles were repeated every 90 minutes for a total of 48 hours.

Analysis and results

Following capture, kinetic fluorescent images were pre-processed to remove
background signal (Figure 12).

Figure 12. Fluorescent images of fibroblast and U-87 co-cultured wound healing. Kinetic images captured of uninhibited RFP expressing fibroblast
and GFP expressing U-87 cell migration after (A) 0, (B) 18, and (C) 48 hour incubations.



Figure 13. Cellular analysis of individual

co-cultured cell types within created wound.

(A) Overlaid fluorescent images of RFP
expressing fibroblastsand GFP expressing
U-87 cells immediately following wound
creation. (B) Cellular analysis of GFP signal
from U-87 cells post 3 hour incubation.

(C) Cellular analysis of RFP signal from
fibroblasts post 3 hour incubation.

Two separate cellular analysis steps were then performed to assess the migration
characteristics of each included cell. However, as neither the fibroblasts or U-87
cells form a confluent monolayer on each side of the created wound, a new
analysis method was incorporated. In the analysis step an image plug was applied
covering the areas to the left and right of the wound created by AutoScratch,
leaving only the cell-free zone. In this way only U-87 or fibroblast cell migration into
the open, uncovered areas of the image was analyzed by using changes in the GFP
or RFP signal, respectively (Figure 13).

Gen5 then automatically calculates the normalized fraction of cells within the
original wound area, or wound confluence value. Kinetic wound confluence curves
are then plotted to ascertain any possible differences between the cell migration
patterns of the co-cultured cell models (Figure 14). When comparing the two
kinetic curves for the first six hours following wound creation (Figure 14B), in
addition to Gen5 generated maximum wound healing rates over that time, it is
clear that the U-87 glioblastoma cells had a higher initial rate (404 pm?/minute)

of migration compared to the fibroblasts (122 um?/minute), which demonstrated
relatively low migratory rates, particularly in the first four hours.
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Figure 14. Uninhibited cell migration curves of co-cultured cell models. Kinetic wound confluence
curves for GFP expressing U-87 cells and RFP expressing fibroblasts. Curves shown for (A) 48 hour;
and (B) 6 hour incubations.
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Figure 15. Overlaid pre-processed DAPI and
Texas Red images before (A) and after (B)
one hour 10 pM FCCP treatment, capturing
Hoechst 33342 nuclear and MitoTracker
probe signals, respectively.

Monitoring mitochondrial dynamics via live cell imaging

Assay principle

The cell-permeant MitoTracker probes contain a mildly thiol-reactive chloromethyl
moiety for labeling mitochondria. MitoTracker Red CMXRos is a red-fluorescent
dye that readily passes through cell membranes and accumulates in healthy, active
mitochondria. If the mitochondria membrane is depolarized or inactive, the dye
diffuses throughout the cell, and a decrease in signal is seen.

Method summary

HT-1080 cells were added to half area 96-well plates and allowed to attach. Cells
were then stained with 10 pM Hoechst 33342 and 100 nM MitoTracker Red CMXRos
for 20 minutes. The plate was then inserted into a Agilent BioTek imager to capture a
single initial image prior to treatment using a 40x objective, the DAPI imaging channel
to capture signal from the Hoechst 33342 probe, and the Texas Red channel to
capture signal from the MitoTracker probe. The plate was then removed from the
imager and washed to remove dye not taken into the cells. A titration of FCCP
ranging from 10-0 uM, using serial 1:3 dilutions, was added to the wells, and the plate
was placed back into the imager where kinetic fluorescent imaging took place every
5 minutes again using a 40x objective, and the DAPI and Texas Red imaging channels.

Analysis and results

Following capture, kinetic fluorescent images were pre-processed to remove

background signal (Figure 15).
A B

Then using the change in signal in the DAPI channel, primary object masks were
automatically placed around all cells in the image (Figure 16). Primary object masks
were automatically placed around all cell nuclei using the DAPI channel.

Figure 16. Overlaid pre-processed DAPI and
Texas Red image showing primary object
masks automatically applied using change in
DAPI signal during cellular analysis.



Secondary masks were then generated, extending out from the primary mask to
encompass the MitoTracker probe captured using the Texas Red imaging channel.
(Figure 17A). Addition of FCCP, a strong ionophore and mitochondrial uncoupler,
causes a loss of MitoTracker signal due to mitochondrial depolarization. Because
the same delta signal threshold criteria is used for the analysis of all kinetic
images, secondary mask area following a one hour treatment with 10 uM FCCP
decreases dramatically (Figure 17B).

Figure 17. Overlaid preprocessed DAPI and Texas Red image showing primary and secondary
object mask placement (A) prior to, and (B) following one hour 10 uM FCCP treatment.

Genb5 can then be used to create a ratio, expressed as a percentage, of the
average area coverage at each timepoint during the kinetic to the original average
area coverage. When plotted over time it becomes clear the effect that the
concentration of FCCP is having on mitochondrial polarization (Figure 18).

MitoTracker Signal Area Percentage Over Time

Original Signal Area Coverage Percentage

Time (Minutes)

Figure 18. Graph of kinetic normalized average MitoTracker signal coverage during 10 pM FCCP
treatment.



Finally, as previously described, Gen5 can calculate the area under kinetic curves,
generating one total area value for the curve corresponding to each concentration
of FCCP tested. These numbers can then be plotted in relation to the FCCP
concentration to create an IC, value of 4.2 uM, demonstrating the ability of the
compound to interrupt mitochondrial polarization (Figure 19).

FCCP Dose Response Curve
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Figure 19. Graph of area under the curve values plotted in terms of FCCP concentration to
determine compound effect on mitochondrial polarization.
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