
Homogeneous Binding Assay for High Throughput 
Antibody Screening

The study of antibodies against a wide range of protein targets 
is an expanding area for both antibody-based immunodiagnostic 
applications and therapies for diseases such as cancer and 
autoimmune disorders. Monoclonal antibodies are generated by cell 
lines that secrete specific antibodies into the growth media and rapid, 
sensitive screening of supernatants for these antibodies is central to 
the drug development programme.

Homogeneous binding assays
Although ELISA and flow cytometry have been the traditional assays 
of choice for antibody screening, they have many disadvantages 
particularly for cell surface antigens expressed at low levels. 
Both assay formats involve tedious and time consuming wash steps, 
require large numbers of cells and are slow to acquire data. To address 
these limitations homogeneous or “mix-and-read” assays have been 
developed and coupled with appropriate high sensitivity detection 
systems. This approach has significantly enhanced high throughput 
antibody screening studies. Homogeneous antibody binding assays 
involve the addition of all the assay constituents to one well and 
incubating. In these assays, soluble antigens may be presented on 
coated polystyrene beads whereas cell surface antigens are added as 
a cell suspension. Once binding reaches equilibrium, the amount of 
antibody bound to each bead or cell is determined using a fluorescent 
conjugate. The high sensitivity of this approach allows screening of 
supernatants much earlier than ELISA or flow cytometry, using as little 
as 5 µL of sample. The method also reduces reagent requirements 
which is beneficial in the study of high cost or low abundance antigens.

Analysis of homogeneous binding assays
Mirrorball® and the ABI 8200 (FMAT® ) contain specific design features for 
the analysis of homogeneous binding assays. They offer high sensitivity 
through the use of laser excitation and PMT detection, which allows the 
detection of low affinity antibodies and low abundance antigens. Both 
systems have optics that excludes background fluorescence during 
scanning to dramatically increase the signal to noise ratio on the relevant 
target. In this application note, we compare the performance of two 
platforms, Mirrorball and ABI 8200 using a cell-based homogeneous 
binding assay established for antibody screening. In addition, we 
demonstrate the advantages of Mirrorball’s multi-laser capabilities for 
the detection of cells irrespective of antibody labelling and highlight its 
advantages for the development of high content screening using multi-
epitope or multi-cellular cultures.

Methods

Cell lines and cell culture
In this study, the binding of anti-EGFR antibodies to live human A431 cells 
was compared using Mirrorball and ABI 8200 systems. A431 cells were 
cultured in EMEM (EBSS) (Sigma) supplemented with 10% FBS, 2 mM 
Glutamine (Sigma), 1x Non-essential Amino Acids (NEAA) (Sigma) and 
100 U/mL penicillin + 100 U/mL streptomycin. A431 cells were cultured to 
80% confluency and harvested using Trypsin 0.25% with EDTA, washed 
and resuspended in media. Culture reagents were purchased from Life   
Technologies unless otherwise stated.

Antibodies and reagents
The detection antibody, mouse anti-human epidermal growth factor 
antibody (anti-EGFR antibody), was purchased from Merck Chemicals 
Ltd (#GR01). Goat anti-mouse IgG, AlexaFluor 647 detection conjugate 
(#A21235) was supplied by Life Technologies. 

CFSE labelling
5(6)-Carboxyfluorescein diacetate N-succinimidyl ester (CFSE) (Sigma) 
was dissolved in DMSO at 100 mM. CFSE (10 nM) was added to cells 
and incubated at room temperature for 10 minutes. Following incubation 
the reaction was stopped by the addition of 4% FBS in PBS (2 mL). 
Following further incubation at 37°C for 10 minutes, the cells were 
washed and centrifuged at 1000 x g for 5 minutes.
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EGFR assay set up 
 
Anti-EGFR antibody was serially diluted in culture medium and                
20 µL added to wells of a 384 well microplate (Costar #3712). For the 
Mirrorball system, a suspension of CFSE labelled A431 cells containing 
1 x 105 cells/mL and 6 nM anti-mouse IgG AlexaFluor 647 conjugate 
was prepared. For the ABI 8200 platform, a suspension of A431 cells 
containing 4 x 105 cells/mL and 6 nM anti-mouse IgG AlexaFluor 647 
conjugate was prepared. The assay was started by adding 20 µL of 
cell suspension to each well. Microplates were incubated at 37oC for 
two hours before the amount of cell bound anti-EGFR was determined 
by scanning on the respective Mirrorball and ABI 8200 systems. Final 
concentrations for the Mirrorball and ABI 8200 were 2,000 cells/well or 
8,000 cells/well respectively and 3 nM detection conjugate (Fig.1).

 

Fig.1.  Schematic diagram of EGFR assay set up for Mirrorball. Assay set up for ABI 8200 was 
identical apart from the addition of 20 µL unlabelled A431 cells  at 4 x 105 cells/mL.

Mirrorball data acquisition and scanning 
 
Microplates were scanned using 488 and 640 nm lasers as specified. 
Objects in each well were identified “on-the-fly” using TTP LabTech 
patented thresholding algorithms and both morphological and 
fluorescence parameters were reported as described previously by 
Bowen and Wylie (1). Whole well scanning was performed and data 
visualised in a variety of ways including histogram or scatter plots, 3D 
fluorescence intensity profiles, or whole well images using the Mirrorball’s 
Cellista™ software.

ABI 8200 data acquisition and scanning 
 
Samples were scanned using a 640 nm laser. FL1 counts and total 
fluorescence were exported into an Excel file and processed as described 
by Lee et al (2) . Data were acquired from a 1 mm2 area in the centre  
of each well. 

 

Results  
In order to compare the sensitivity of detection of anti-EFGR antibodies 
using Mirrorball and the ABI 8200, A431 cells were incubated with serial 
dilutions of anti-EFGR antibody and AlexaFluor 647 conjugated goat anti-
mouse IgG. For Mirroball analysis, cells were pre-stained with CFSE, to 
allow cell recognition irrespective of the amount of antibody binding, and 
plated at 2,000 cells per well in 384 well microplates. For the ABI 8200 
comparison, 8,000 A431 cells were plated per well.

Figure 2 shows that the detection sensitivity of Mirroball is comparable to 
that of the ABI 8200, starting at 5 ng/mL anti-EGFR antibody conjugate, 
with concentration dependent increases in fluorescence being observed. 
Both methods of detection demonstrate a reduction in fluorescence 
mean intensity at concentrations above 100 ng/mL as a result of the well 
documented ‘hook effect’ (2). Here, excessive primary antibody saturates 
the assay, preventing the true readout of bound fluorescence from the 
detection antibody. 

 
Fig.2. Antibody concentration dependent increases in the mean fluorescence of 
A431 cells. Comparable detection sensitivity of anti-EFGR antibody is observed with 
Mirrorball and the ABI 8200 system.

 
Mirrorball’s multi-laser capability provides an additional advantage in 
that object recognition is not compromised because of low antibody 
binding. With its single 640 nm laser, the ABI 8200 can only detect cells 
once the fluorescence intensity is above the background cut-off level. 
Using Mirrorball however, by counterstaining with CFSE (488nm), cell 
numbers can be reliably detected irrespective of antibody staining (Fig. 3). 
Reliable readout of cell number increases assay robustness by allowing 
identification of variable cell addition or growth.
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Fig.3. Mirrorball enables detection of CFSE labelled cells allowing recognition of 
cells irrespective of the amount of antibody binding. Cells are not detected using 
the single laser ABI 8200 unless antibody binding is above the background limit of 
detection.

 
Not only does Mirrorball offer high sensitivity and is comparable to the ABI 
8200, its ability to scan entire wells as opposed to a 1 mm2  area afforded 
by the ABI 8200 optics offers clear advantages as data from every cell is 
captured within the well irrespective of cell distribution (Fig. 4). As a result 
of the limited scanning area of the ABI 8200, higher cell numbers are 
required in these assays in order to obtain statistically significant results 
compared to assays run on Mirrorball. 

 

Fig 4.  Comparison of  scan area of the Mirrorball and ABI 8200 platforms. 

Using Mirrorball, the ability to use lower cell numbers per well provides 
significant savings, particularly with difficult to grow or valuable cell lines, 
as well as increasing the potential number of conditions to be scanned.  

Mirrorball’s Cellista™ software is capable of processing and presenting 
data for hit identification in a similar format to that currently accepted 
using the now obsolete ABI 8200 system (Fig. 5). This feature 
alongside Mirrorball’s ease of use enables direct transfer of pre-existing 
homogeneous assays to this system. Indeed, in this study, the EGFR 
assay set-up proved straightforward with minimal development required to 
run on a Mirrorball.

Fig 5. Hit identification in a hybridoma screen using mean fluorescence  
intensity of beads.
 

Discussion 
Homogeneous or “mix-and-read” assays are preferentially used in the 
biopharmaceutical drug discovery process, particularly in antibody 
discovery. These assays eliminate the requirement for wash and 
incubation steps and offer increased sensitivity, reduced assay time and 
higher throughput compared to alternative techniques such as ELISA. 
Equally, they rival the high sensitivity offered by flow cytometry while 
consuming significantly fewer cells and reagents through their no 
wash protocols.
 
This study comparing Mirrorball and the ABI 8200 demonstrates that 
the detection sensitivity of Mirroball is comparable to that of the ABI 
8200. Furthermore transfer of existing ABI 8200 protocols proved 
straightforward and required minimal development to run on a Mirrorball.
 
Mirrorball is the first system in its class to offer simultaneous scanning 
with multiple lasers, allowing direct correlation of fluorescence across 
lasers. When combined with appropriate fluorescent reagents, this  
unique capability allows independent identification of cells and 
multiplexing which can be successfully applied in a wide range of 
antibody screening applications. This includes analysis of multiple targets 
on a cell or analysis of markers on different cell lines such as parental  
and transformed cell lines.
 
In conclusion, TTP LabTech’s Mirrorball microplate cytometer provides 
a robust, “mix-and-read” method for the screening of antibodies against 
soluble and cell surface antigens. Automated antibody screening 
techniques, coupled with mix-and-read assays, link high sensitivity 
with rapid results and facilitate high content antibody screening for the 
development of novel biotherapeutics. Mirrorball is therefore ideal for 
replacing the discontinued ABI 8200, and can be viewed as the next 
generation system with enhanced assay capabilities. 
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Specifications

TTP LabTech’s Mirrorball® is a high sensitivity microplate cytometer for fluorescence applications. Mirrorball enables 
rapid screening of a broad range of cell and bead-based assays and is equipped with multiple lasers and data 
collection channels for multiplexed experimental protocols.

Detection technology Laser scanning fluorescence cytometry

Laser excitation Up to 3 solid state lasers in a single instrument (choice includes 405, 488, 640 nm)

Multicolour detection 2, 4 or 5 colours simultaneously using photomultiplier tubes

Laser scatter detection Single channel (beads only)

Sample format 96, 384 and 1536 SBS-format microplates

Scan area Whole well

Throughput Typically 15 - 20 minutes regardless of plate type

Control & analysis software Cellista™ 

File export Cellista™  plate files, CSV, FCS and open source TIFF(16-bit)

PC operating system Microsoft® Windows® Vista® 

Configurations Stand-alone, self-maintained workstation or fully integrated

Laser safety Class 1 laser product

Dimensions 645 mm x 513 mm x 350 mm W x D x H

Net weight Approx 60 kg (132 lbs) 

Services                              110/230V single phase 47/63 Hz 800w


