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A simple protocol to detect cell stress and toxicity
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Multiplexing sensors to monitor Ca2+ signaling in stressed and healthy cells
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Single-color detection of cell stress on fluorescent plate readers
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1. Transduce cells with red Ca2+ sensor and
green cell stress sensor.
2. Stress cells by expressing rhodopsin P23H
mutant.
3. Use green fluorescence to identify healthy
and stressed cells in a single well.
4. Use red fluorescence to monitor Ca2+
dynamics in stressed and healthy cells by
stimulating Gq signaling.

Stress Sensor

Two-color stress sensor for high content or plate reader analysis
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Screen for chemical stress
HEK293T cells transduced with the cell
stress sensor were treated with increasing concentrations of chemotherapeutics
with adverse side affects. The percent
change in fluorescence over time is plotted as mean ± S.D. The dashed black
line is the vehicle control and shaded
gray area is the standard deviation of the
vehicle control. Note that drugs with
decreasing fluorescence at 10 µM were
cytotoxic, causing cell death.
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Detection of chemical stress
HEK293T cells transduced with
the cell stress sensor were treated
with either the antibiotic tunicamycin or the SERCA pump inhibitor
thapsigargin. Fluorescence was
monitored over an 8 hour period.
The percent change in fluorescence over time is plotted as
mean ± S.D. The Z' is 0.74 after 8
hours of treatment.
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A reversible detector of cell stress
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Reversible detection of cellular stress
HEK 293 cells transduced with the
two-color cell stress sensor were treated
with thapsigargin. The constitutive red fluorescence and the stress-induced green
fluorescence were monitored over 22
hours using the Biotek Lionheart imaging
system. The percentage of stressed cells
is calculated by comparing the green and
red fluorescence from each cell throughout the time-course. Note that the green
fluorescence induced by cell stress diminishes as the cells recover from the stress.
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Monitoring Ca2+ signaling in stressed and unstressed cells
HEK293T cells co-expressing the green cell stress sensor and the red Ca2+ sensor, were transfected with
the rhodopsin P23H mutant to stimulate cell stress. Top: Images of the cells pre and post stimulation of Gq
induced Ca2+ signaling. An unstressed cell is outlined in a solid line and a stressed cell is outlined in a
dashed line. The Green channel indicates the level of cellular stress while the red channel indicates the
levels of cytoplasmic Ca2+. Bottom: Plots indicating the level of cell stress (green) and Ca2+ (red) in a
stressed and unstressed cell.

Using cell stress to detect cardiotoxicity
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Two-color stress sensors for plate reader and image based analysis
The two-color stress sensor contains a constitutively expressed nuclear localized red fluorescent protein and
a stress induced nuclear localized green protein. This allows ratiometric detection of cell stress and easy cell
segmentation and analysis for high content data. The data above compare cell stress induced by wild type
and mutant versions of either the rhodopsin or SOD proteins. The bar plot compares data gathered on a plate
reader (n=3 wells). The box plot compares imaging data (n=287 - 359 cells depending on condition).
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Gq stimulation of Ca2+
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The cell stress sensor is a genetically-encoded
fluorescent biosensor that produces very bright
fluorescence when the cell endures endoplasmic
reticulum (ER) stress or undergoes the unfolded
protein response (UPR). A broad host of both
chemical compounds and genetic mutations can
induce ER stress. The UPR is one of the major stress
pathways within the cell, which allows the stress
sensor to detect a wide range of stress inducing
stimuli, some whose primary target is not the ER.
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Detecting drug toxicity in Cor.4U cardiomyocytes
Cor.4U cardiomyocytes from Ncardia were transduced with the two-color stress sensor. Cells were treated
with different cardiotoxic compounds and imaged after 24 hours. Left: Epifluorescence images. Individual
cells were identified using the red nuclear signal and cellular stress levels were assessed by quantifying
green fluorescence. Right: Box plot and dot-plot of cell stress data gathered from the images at the left.
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