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SPAchip® cell-based Assays- Image Analysis Pipeline

Reference Software: Harmony 5.1 (Revvity)

Image acquisition:

Follow the instructions in the user protocol of the corresponding CytoCHECK SPAchip® detection kit to select
the parameters and conditions for obtaining the images of your experiment. 

1.Select brightfield channel so that you can easily focus your sample and help you when segmenting the
image if it is needed. For SPAchips shining in green and cells marked in red, commercial Alexa488 and
calcein red channels are suggested. 

2.Take at least four planes in Z axis within a separation of approximately 1µm (3µm as total slice size).
Maximum projection will be useful for image segmentation. 

3.Define 4 fields to capture the images inside each culture well. 
4.Try to work under the minimum possible exposure time and power of laser so as not to compromise the

viability of living cells and optimize the procedure. Each channel could need different exposure parameters.
5.Take one test with the defined conditions before going through the next working block to assure cells and

chips are correctly focused in your whole plate. 

Image Analysis:

Define the input image(s):

Upload the original input image data from your selected experiment as the first step of your image analysis.
These images will be analyzed by the following image analysis steps. If different Z-stacks were acquired,
decide if individual planes will be analyzed separately, or if an analysis of the maximum projection is preferred. 

Preprocess the image (if needed):

The quality of the images can be improved using a filter mask to adjust saturation, smooth the image to reduce
the noise, etc.
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Find total SPAchip®:

Select “Find Spots” using the appropriate fluorescence channel (depending on the SPAchip® detection kit).
Adjust parameters such as relative spot intensity, splitting sensitivity, detection sensitivity, and background
correction to optimize the total of spots detected.
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SPAchip® intracellular detection via cell segmentation:

i. Nuclei Segmentation:

Select “find nuclei” building block to detect nuclei in a nuclei-stained image using the appropriate fluorescence
channel (for example, stained with Hoechst 33342 for live cells). Test the different methods and values such as
common threshold, area size, splitting coefficient, individual threshold, and contrast, to find the right nuclei
segmentation for your specific cell type. If needed, to improve the detection of “find nuclei” step (and if for
example small or big areas are detected as nuclei), use “select population” and adjust area size and circularity
parameters of the nuclei.
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ii. Cell Segmentation:

Select “find cytoplasm” building block to detect the cytoplasm around the previously detected nuclei. Use the
appropriate fluorescence channel (for example, stained with Cellmask). Test the different methods and adjust
parameters as needed to comprise the whole cell size (it will vary depending on the cell line). Restrict the region
size and optimize the common and individual threshold to optimize the segmentation results.

iii. Select Cell Population (if needed):

Use “select population” to remove cells within the borders of the well.
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iv. Define intracellular SPAchip®:

Define the cell as the region of interest (ROI) to include only the spots inside the cells. To define the cells, select
nuclei and cytoplasm as restrictive areas. Calculate morphology properties of spots: size area (μm²), roundness,
and ratio width to length. Calculate intensity signal of the spots. We recommend restrict the intracellular
SPAchip® to detected spots within the following parameters: size area >5 and <20 μm² ; roundness > 0.5-0.6 and
ratio width to length > 0.5-0.6 but the criteria will be defined depending how restrictive the analysis need to be.

iv. Define extracellular SPAchip®:

First, define the cell as the region of interest (ROI) to include only the spots inside the cells. To define the cells,
select nuclei and cytoplasm as restrictive areas to outline the mask region. Then, use select population and use
inverted mask in order to invert the mask region; the selected spots will not overlap the mask region, comprising
the extracellular SPAchip®. Calculate morphology properties of spots: size area (μm²), roundness, and ratio width
to length. Calculate intensity signal of the spots. We recommend restrict the extracellular SPAchip® to detected
spots within the following parameters: size area >5 and <20 μm² ; roundness > 0.5-0.6 and ratio width to length
> 0.5-0.6 but the criteria will be defined depending how restrictive the analysis need to be. 
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Calculate and measure SPAchip® Spot Intensity Properties

Export corrected and uncorrected intensity values and their standard deviations of both intracellular and
extracellular SPAchip®. The fluorescence channel was previously selected during spot detection step.
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Intracellular CytoCHECK SPAchip® pH GREEN Single Detection 
(Cal51 Cells)

Quantitative and Statistical Data Analysis:

Perform the desired quantitative and statistical analysis using a statistical program package such as GraphPad
Prism 10.

1. Image Analysis (described above): select SPAchip® fluorescent channel signal and measure the intensity of
segmented Regions of Interest (ROIs) in every SPAchip® with the image analysis software. 

2.Quantify the mean fluorescence of extra and intracellular SPAchip® populations. 
3.Export your data to a spreadsheet software. 
4.To quantify intracellular pH, use the fluorescence of the calibration wells to plot fluorescence units vs

calibration pH. Interpolate the values of the sample wells to obtain the intracellular pH value of the sample
wells.

Calibration curve interpolation / normalization to control conditions.
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An example of statistical data analysis is described below: 

Use fluorescence intensity values corresponding mean values of all objects per condition and error bars
representing standard deviations. For statistical analysis, perform multiple comparisons analysis using Two-
way ANOVA test. For compound interpolation, linear regression can be performed in order to obtain the pH or
Calcium values for the different drug treatment at different concentrations and times. Graphs can be plotted
using normalized values of relative fluorescence units (RFU) calculated by image analysis (SPAchip® Spot
Intensity values) following the methodology stated in the previous sections.

A4Cell can help you:

We understand this process can be very long and tedious. To help you our experts in image analysis have
generated different pipelines (Harmony 5.1 (Revvity)) that can speed up the process. So, you can get your
desired results. Please feel free to contact us at: info@a4cell.com.
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