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GENERAL INFORMATION

Materials Supplied

Item Number Item Quantity Storage

700031 PBS Assay Buffer (10X) 1 bottle/5 ml 4°C

701761 Protein Aggregation Dye 1 vial/10 µl 4°C

701762 Protein Aggregation NEG Control 1 vial/300 µl -20°C

701763 Protein Aggregation POS Control 1 vial/180 µl -20°C

400017 96-Well Solid Plate (black) 1 plate RT

400023 Foil Plate Cover 1 ea RT

If any of the items listed above are damaged or missing, please contact our 
Customer Service department at (800) 364-9897 or (734) 971-3335. We cannot 
accept any returns without prior authorization.

! WARNING: THIS PRODUCT IS FOR RESEARCH ONLY - NOT FOR
HUMAN OR VETERINARY DIAGNOSTIC OR THERAPEUTIC USE.
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Safety Data
This material should be considered hazardous until further information becomes 
available. Do not ingest, inhale, get in eyes, on skin, or on clothing. Wash 
thoroughly after handling. Before use, the user must review the complete Safety 
Data Sheet, which has been sent via email to your institution.

Precautions
Please read these instructions carefully before beginning this assay.
This kit may not perform as described if any reagent or procedure is replaced or 
modified.

If You Have Problems
Technical Service Contact Information

Phone: 888-526-5351 (USA and Canada only) or 734-975-3888
Fax:  734-971-3640
Email: techserv@caymanchem.com

In order for our staff to assist you quickly and efficiently, please be ready to supply 
the lot number of the kit (found on the outside of the box).

Storage and Stability
  This kit will perform as specified if stored as directed in the Materials Supplied 
section (see page 3) and used before the expiration date indicated on the outside 
of the box.

Materials Needed But Not Supplied
1. A plate reader capable of measuring fluorescence with excitation and 

emission wavelengths of 490 and 550 nm, respectively
2. Adjustable pipettes and a multichannel or repeating pipette
3. An orbital microplate shaker
4. A source of ultrapure water is recommended. Pure water - glass-distilled 

or deionized - may not be acceptable NOTE: UltraPure Water is available for 
purchase from Cayman (Item No. 400000).
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INTRODUCTION

Background
 Protein aggregation is the process by which native, partially unfolded, or misfolded 
proteins associate to form oligomers, often due to exposed hydrophobic 
regions.1-3 It can occur in cell-free preparations, as well as in vivo, where it is 
associated with a variety of diseases, including systemic amyloidosis, prion 
diseases, and Parkinson’s disease.1 Protein aggregates can form in biotherapeutic 
formulations, such as human γ globulin and recombinant human IFNβ, by a wide 
variety of stimuli, including temperature changes (freeze/thaw cycles, long-term 
storage, etc.) and mechanical stress either in the manufacturing processes or 
during handling of the end product.1,4 These aggregates can be subvisible, in the 
range of 0.1 to 50 µM, or visible and may induce immunogenicity and adverse 
immune responses in patients, potentially affecting safety and efficacy.1,2,5

Analytical and biophysical techniques to detect and characterize aggregates, such 
as dynamic light scattering (DLS), light obscuration, size-exclusion chromatography 
with multi-angle light scattering (SEC-MALS), and sedimentation velocity 
analytical ultracentrifugation (SV-AUC) are not high throughput and require 
expensive equipment and skilled technicians.2,6,7 Cayman’s high-throughput, 
microplate-based assay format allows screening of different production, 
processing, and storage conditions to ensure the result is a stable and particle-
free formulation. Monitoring the level of aggregates generated can also be used 
to optimize solubilization and refolding methods to produce high recovery of 
bioactive proteins in their native conformation from bacterial inclusion bodies.8

About This Assay
Cayman’s Protein Aggregation Assay Kit provides a fast and convenient method 
to determine the level of protein aggregation in a purified antibody solution or 
other protein solutions after generating an appropriate standard curve using 
the protein-of-interest. The assay uses a Protein Aggregation Dye that binds to 
exposed hydrophobic regions, resulting in an increase in fluorescence, which can 
be easily quantified using a fluorescence plate reader at excitation and emission 
wavelengths of 490 and 550 nm, respectively. Aggregated and unaggregated 
antibody solutions are included as positive and negative controls, respectively. 
The limit of the detection of the the assay is less than 1% aggregation.
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4. Protein Aggregation POS Control
This vial contains 180 µl of Protein Aggregation POS Control (Item No. 
701763), a partially aggregated antibody, to serve as a positive control and/
or 10% aggregation on a standard curve. This vial contains enough POS 
control antibody for creation of a standard curve in duplicate or two single-
point standard curves. Thaw the Protein Aggregation POS Control and use 
a mini- or microcentrifuge to consolidate the liquid at the bottom of the 
vial, then mix 170 μl of the Protein Aggregation POS Control into 510 µl of 
PBS Assay Buffer (1X) by gentle pipetting. NOTE: Do not mix via vortex; it will 
result in increased aggregation.

5. Protein Aggregation Standard Curve
Prepare the aggregated antibody standards according to the scheme shown 
in Figure 1 (see page 10) and Table 1 (see page 11), using the Protein 
Aggregation POS Control as the 10% aggregated standard and the Protein 
Aggregation NEG Control as the diluent for all other standards. NOTE: 
Protein concentration should remain constant and only percent aggregation 
should be varied in the standard curve. NOTE: Do not mix via vortex; it will result 
in increased aggregation.

PRE-ASSAY PREPARATION

Preparation of Assay-Specific Reagents

1. PBS Assay Buffer (10X)
This vial contains 5 ml of PBS Assay Buffer (10X) (Item No. 700031). Mix the 
entire contents of the bottle with 45 ml of pure water to make PBS Assay 
Buffer (1X). 

2. Protein Aggregation Dye
This vial contains 10 μl of Protein Aggregation Dye (Item No. 701761). 
Thoroughly mix 3 µl of the dye into 1.4 ml of PBS Assay Buffer (1X). 
This diluted dye is stable for one day when stored at room temperature, 
protected from light.

3. Protein Aggregation NEG Control
This vial contains 300 µl of Protein Aggregation NEG Control (Item No. 
701762), a monomeric antibody, to serve as a negative control and/or 0% 
aggregation on a standard curve. The vial contains enough NEG control 
antibody for creation of a standard curve in duplicate or two single-point 
standard curves. Thaw the Protein Aggregation NEG Control and use a mini- 
or microcentrifuge to consolidate the liquid at the bottom of the vial, then 
mix 280 μl of the Protein Aggregation NEG Control into 840 µl of PBS Assay 
Buffer (1X) by gentle pipetting. NOTE: Do not mix via vortex; it will result in 
increased aggregation.
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Figure 1.  Preparation of protein aggregation standards

Tube ID

A B C D E F G

POS Control NEG 
Control

Background

% Aggregation

10 8 4 2 1 0 NA

Volume of 
Diluted NEG 

Control

0 100 250 250 250 0 0

Starting 
Volume (µl)

680 1,200 250

Transfer Out 
Volume (µl)

400 250 250 250 0 850 0

Remaining 
Volume (µl)

280 250 250 250 500 250 250

Table 1.  Preparation of protein aggregation standards
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Sample Preparation
1. Measure protein concentration of your sample. It is recommended to use 

Cayman’s Protein Determination (BCA) Kit (Item No. 701780) or a similar 
protein determination assay to measure the total protein concentration. 

2. Dilute antibody/protein of interest to 0.25 mg/ml using PBS Assay Buffer 
(1X).

3. For the best quantitative results, we recommend preparing your own 
aggregation standard curve by mixing 100% aggregated antibody/protein 
of interest with 100% non-aggregated antibody/protein in appropriate 
amounts.

ASSAY PROTOCOL

Plate Set Up
There is no specific pattern for using the wells on the plate. It is recommended 
that two wells be designated as background wells and two wells designated for 
each standard. In lieu of the standard curve, two wells for the Protein Aggregation 
NEG Control (low signal) and two wells for the Protein Aggregation POS Control 
(high signal) may be used when quantifying % aggregation is not required. It is 
suggested that the contents of each well are recorded on the template sheet 
provided on page 21. A typical layout of samples to be measured in duplicate is 
shown in Figure 2, below. 
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Figure 2.  Sample plate format
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  Pipetting Hints

• It is recommended that a multichannel pipette be used to deliver 
reagents to the wells. This saves time and helps maintain more precise 
incubation times.

• Before pipetting each reagent, equilibrate the pipette tip in that 
reagent (i.e., slowly fill the tip and gently expel the contents, repeat 
several times).

• Do not expose the pipette tip to the reagent(s) already in the well.

General Information
• The final volume of the assay is 110 µl in all the wells.
• Use the diluted assay buffer in the assay.
• All reagents must be equilibrated to room temperature before beginning the 

assay.
• It is not necessary to use all the wells on the plate at one time.
• It is recommended that the samples be assayed at least in duplicate, but it is 

the user’s discretion to do so.
• The assay is performed at room temperature.
• Monitor fluorescence with excitation and emission wavelengths of 490 and 

550 nm, respectively.

Performing the Assay
1. Add 10 μl of diluted Protein Aggregation Dye to all wells.
2. Add 100 μl PBS Assay Buffer (1X) to the background wells.
3. Add 100 μl of standard curve control dilutions, or samples at 0.25 mg/ml, in 

duplicate to the appropriate wells.
4. Shake for 1 minute at 400 rpm with an orbital microplate shaker.
5. Cover plate with the Foil Plate Cover (Item No. 400023) and incubate for 15 

minutes at room temperature protected from light.
6. Remove the plate cover and read the plate with excitation and emission 

wavelengths of 490 and 550 nm, respectively.
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ANALYSIS

Calculations
1. Calculate the average fluorescence (AF) of each standard and sample.
2. Subtract the AF of the background wells from each standard and sample 

value. This is the corrected fluorescence.
3. Plot the corrected fluorescence of the standards as a function of the % 

aggregation. See Figure 3 for a typical standard curve. 
4. Calculate the % aggregation of the samples using the equation obtained 

from the linear regression of the standard curve, substituting corrected 
fluorescence values for each sample.

% Aggregation of an unknown sample = (corrected fluorescence) - (y-intercept) 
slope[ ]

Performance Characteristics

Sample Data
The data shown here is an example of a standard curve (0-10% aggregation) 
typically produced with this kit using the positive and the negative controls 
provided; however, your results will not be identical to these. Do not use the data 
below to directly compare to your samples. Your results could differ substantially. 
For best quantitative results, you will need to prepare your own standard curve 
using your antibody/protein of interest (see Sample Preparation section).
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Figure 3.  Typical standard curve
The standard curve presented here is an example of the data typically produced 
with this kit, using the positive and the negative controls provided.
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% Aggregation Average Corrected 
RFU

Intra-Assay 
Precision (%)

Inter-Assay 
Precision (%)

10 44,415.8 11 9

8 33,747.3 7 6

4 19,115.0 11 8

2 11,553.8 8 11

1 8,438.3 6 18

0 4,455.5 9 11

Table 2.  Typical standard curve data

RESOURCES

Troubleshooting

Problem Possible Causes Recommended Solutions

Erratic values; dispersion of 
duplicates/triplicates

A.   Poor pipetting/technique
B.   Bubble in the well(s)

A.   Be careful not to splash the 
contents of the wells 

B.   Carefully tap the side of the 
plate with your finger to 
remove bubbles

The fluorometer exhibited 
‘MAX’ values for the wells

The gain setting is too high Reduce the gain and re-read

 No fluorescence above 
background wells detected 
in samples

A.   Protein concentration 
too low

B.   Protein sample does not 
contain protein aggregates

Verify protein concentration 
and repeat assay using 
the recommended protein 
concentration

Denatured protein, rather than soluble aggregates, will give a very high signal in 
this assay and exceed the top of the standard curve or positive control readout. 
Only purified protein without any carrier protein can be analyzed.
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NOTES

Warranty and Limitation of Remedy
Buyer agrees to purchase the material subject to Cayman’s Terms and Conditions. 
Complete Terms and Conditions including Warranty and Limitation of Liability 
information can be found on our website. This document is copyrighted. All rights 
are reserved.
This document may not, in whole or part, be copied, photocopied, reproduced, 
translated, or reduced to any electronic medium or machine-readable form 
without prior consent, in writing, from Cayman Chemical Company.
©07/26/2020, Cayman Chemical Company, Ann Arbor, MI, All rights reserved. 
Printed in U.S.A.




