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Antibody Titration Protocol

Introduction 
Antibody titration is the first step in any panel optimization and needs to be conducted before using 
the reagents in a multicolor experiment. It aims to find the concentration of antibody that best resolves 
a positive signal from the background and ensures saturation of all binding sites with minimal antibody 
excess. Incorrect antibody titer can lead to non-specific binding, wasted reagents, and/or suboptimal 
data resolution and quality. Determination of optimal antibody concentrations is necessary for each 
experimental paradigm, sample type, cell preparation condition, staining protocol, and reagent lot. 

Optimal antibody concentration is a function of the relationship between the number of antibodies and 
the number of antigen binding sites. As such, the saturating concentrations determined through titration 
are applicable across all flow cytometers.

Materials
•	 Flow Staining Buffer (1x) (Tonbo, catalog TNB-4222-L500)
•	 1X PBS or DPBS
•	 V-bottom 96-well plates (dilutions are made in 96-well plate for accuracy, consistency, and 

practicality)
•	 Multichannel pipette with a range 15-300 µL 
•	 Centrifuge with plate adapters
•	 Paper towels
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Protocol
Antibody Dilution Preparation
1.	 Determine the antibody stock concentration by referring to the antibody product sheet or certificate of 

analysis. Antibodies typically come with use recommendations in μL/test or μg/mL. 
NOTE: To find the Ab stock concentration if using cFluor® reagents, use this link to our CoA finder: 
https://cytekbio.com/pages/certificate-of-analysis-locator

2.	 Calculate the antibody and buffer volume required for the first dilution.  
	 • For antibodies which come as mg/mL, start dilutions at 1000 ng/test, in a final volume of 300 μL.  
	 • For antibodies that come as μL/test, start dilutions at double the recommended volume in a final 
	    volume of 300 μL. 

3.	 Prepare the first dilution for each antibody to be titrated in its designated well. We recommend an 
8-12-point titration in 96-well plates.

4.	 Add 150 μL of stain buffer to the remaining wells.
5.	 Perform 2-fold serial dilutions. Using a multichannel pipette, set to 150 μL, mix the antibody and buffer in 

the first column and transfer half the volume (150 μL) to the second column. Using the same tips, mix 5 
times before transferring 150 μL to the next column. 

6.	 Repeat for all wells and remove 150 μL from the last well.
7.	 Store in the dark until cells are ready.

Cell Preparation
1.	 If the cells are not already diluted in staining buffer, centrifuge 5 min at 400xg, decant supernatant, and 

resuspended in staining buffer at 2x106 cells/mL. Make sure you have enough cells for all titration wells and 
use the same cell number for each well. 
NOTE: If titrating antibodies for rare or low expressing markers, you may need to increase the total number of 
cells being stained by increasing the initial cell concentration.

2.	 Add 100 μL of sample to your titration wells, such that the final volume is 250 μL. This volume must match 
the volume that will be used in the experimental samples.

3.	 Pipette up and down to mix, avoiding the formation of bubbles.
4.	 Incubate for 20 min at room temperature in the dark.
5.	 Centrifuge 5 min at 400xg, decant supernatant, and blot on paper towels.
6.	 Resuspend in 200 μL of staining buffer.
7.	 Repeat steps 6 and 7 twice.
8.	 Store the plate at 4°C in the dark until the samples are analyzed. 

NOTE: If any details differ from your specific staining conditions, follow the steps (temperature, incubation 
time, washes, fixation, permeabilization, etc.) of your own protocol.

Sample Acquisition
1.	 Warm up your Cytek instrument and verify that it is clean and passing QC, as outlined in the User Guide or 

Quick Reference Guide.
2.	 Open a Default Experiment and rename it in SpectroFlo® software. You will use the Default Raw Worksheet 

to acquire your data.
3.	 Ensure CytekAssaySettings are selected. Adjust FSC, SSC, and SSC-B gains to place the cell populations on 

scale. Adjust FSC threshold to exclude debris. 
4.	 Acquire the samples in plate mode if a AMS or ASL is present. Alternatively, transfer samples to tubes for 

acquisition. Ensure enough events are recorded for each sample to clearly identify the positive populations. 
NOTE: For rare or low-density antigens, you may need to collect many more cells than for most lineage 
markers.
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Data Analysis: Calculation of Stain Index and Percentage of Positive Populations
1.	 In the SpectroFlo® software, rename the raw worksheet to ‘Titration Analysis’.
2.	 Perform data cleanup by gating the population your antigen should be expressed on using a FSC vs. SSC 

plot. Exclude doublets via a single cell gate using FSC-H vs. FSC-A. 
 
 
 
 
 
 
 
 
 
 
 
 

3.	 Verify fluorescence signal stability by checking the peak detector vs. time on a dot or pseudocolor plot. 
Look up the peak detector in either the Fluorochrome Selection Guidelines, in our online spectrum viewer, 
or in the panel builder in the Cytek Cloud. You should observe consistent signal across time. 
 
 
 
 
 
 
 
 
 
 
 
 

4.	 Create a histogram for the peak detector for the fluorochrome being titrated and set a gate on the negative 
and positive peaks. 
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5.	 Confirm that the positive peak has the expected full spectrum profile, and that the negative does not 
contain any unexpected signatures. 
 
 
 
 
 
 
 
 
 
 
 
 
 

6.	 Create a statistics table with the % of positive and negative events in the parent gate, and the Median (MFI) 
and rSD for the positive and negative populations. 

7.	 Export the statistics table and calculate the stain index for each dilution, use the batch analysis function. You 
may need to adjust the gates between each sample iteration. Export as a .CSV file to obtain the statistics for 
each titration. Stain Index is the difference between the positive and negative medians divided by two times 
the robust standard deviation of the negative population (MFIpos-MFIneg)/(2 x rSDneg).

8.	 To help visually compare the dilutions, it can help to concatenate the fcs files. A third-party software needs 
to be used for this step. 
 
 
 
 
 
 
 
 
 
 
 

9.	 Plot the stain index value against the Ab concentration for each dilution. 
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10.	Inspect the plot for the optimal concentration range. Low concentrations result in insufficient staining and 
a lower stain index (0.5 – 8 ng/test above). Saturating concentrations are when all the antigen binding sites 
are bound by antibody, without excess unbound antibody and minimal non-specific binding. At saturating 
concentrations, the stain index is at its peak and plateaus (16 – 64 ng/test above). Concentrations over the 
saturation phase may decrease the stain index due to higher background (125 – 1000 ng/test above). See 
the figure below for further details. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

11.	Plot the percentage of positive cells against Ab concentration and ensure the chosen antibody 
concentration captures all positive cells.

 
 
 
 
 
 
 
 

Calculation of Antibody Optimal Titer
•	 The optimal titer is defined by the antibody concentration that best resolves the positive signal at 

saturation. The optimal titer lies on the plateau area, and it can be defined with statistical criteria using a 
non-linear regression analysis to model the data. In general, the concentration of reagent to use should be 
at least 2-fold above a concentration which gives at least 90% of the saturating staining.

•	 For the CD4 example shown (SK3 clone), 32 ng/test provides maximal resolution.
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General Recommendations
•	 Always titrate antibodies on the same cell type and under the same experimental and staining conditions 

used in the experiment. Titration is temperature, time, and experimental condition dependent.
•	 If certain samples or treatments will have higher expression of a particular marker, use that condition for 

antibody titrations.
•	 Titration can be tissue-specific, independently of the cell type.
•	 Include unstained cells as a control for comparison for background staining.
•	 Follow the same staining protocol used for the multicolor samples, including monocyte/FC blocking, 

fixation, and/or permeabilization.
•	 Viability dyes also need to be titrated. Make sure enough dead cells are included in the process. Select the 

dye concentration that gives you low background, close to the emission observed in unstained cells. 
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