
Introduction 
The immune response must be highly 
controlled in order to both adequately fight 
infection and disease, and at the same time 

minimize damage to the host cells. Type 1 T helper (Th1) cells are critical for the defense against pathogens 
by inducing the inflammation response. In addition to their role in fighting pathogens, Th1 cells can help to 
kill tumor cells by releasing cytokines that activate death receptors on the tumor cell surface.1 However, the 
T-cell inflammation response must be controlled to prevent excess tissue damage. For example, Th1 cells 
have been implicated in the tissue destruction that occurs during many autoimmune diseases. Therefore, 
negative regulators have evolved to keep the immune response in check. The T-cell immunoglobulin mucin 
(TIM-3) protein negatively regulates Th1 cells through interaction with its ligand, the β-galactoside-binding 
protein, Galectin-9 (Gal-9).2 TIM-3 is a receptor expressed in a fraction of T cells, NK cells, monocytes, and 
dendritic cells.3 Gal-9 binds to the N-terminal immunoglobulin variable (IgV) domain of TIM-3 through its 
two carbohydrate recognition domains.3 The TIM-3/Gal-9 interaction elicits a complex response, which 
both limits tissue inflammation and stimulates immunity.4 Recent studies have shown increased levels of 
Gal-9 in humans infected with different viruses and increased expression of TIM-3 during chronic viral 
infection.1 Despite its importance in reducing the excess inflammation responses, the TIM-3/Gal9 interaction 
can also reduce the effectiveness of the host’s ability to fight infection and cancer progression. Therefore, 
these proteins have recently become strong candidates as therapeutic targets. Straightforward, robust assays 
to search for antibodies or small molecules that interfere with TIM-3/Gal-9 binding are highly desirable. 
Previous studies have shown that TIM-3 and Gal-9 interaction can be detected in vitro using SPR.3 In this 
application note, we show how to develop a fast and easy method for screening inhibitors of the TIM-3  
and Gal9 interaction using AlphaLISA® technology. 
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AlphaLISA is a fast, easy, highly sensitive, homogeneous (no-wash) 
assay that can be performed in a microplate format. Alpha assays 
require two bead types: Donor beads and Acceptor beads. The 
Donor beads convert ambient oxygen to singlet oxygen upon 
illumination at 680 nm. The singlet oxygen can then diffuse 
approximately 200 nm in solution. If an Acceptor bead is within 
that distance, energy is transferred to the Acceptor bead, resulting 
in light production at 615 nm. If the Donor bead is not in  
proximity of an Acceptor bead, no signal is produced. In an 
Alpha protein-protein interaction assay, one protein is captured 
on the Donor beads, and the other protein is captured on the 
Acceptor beads. 

Alpha also offers advantages specific to the study of protein-protein 
interactions. Because the singlet oxygen can travel up to 200 nm or 
more in solution, the distance between the Acceptor and Donor 
beads can be very large and generate signal, enabling the study of 
full-length proteins and large protein complexes. In comparison, 
traditional FRET requires a distance of ~10 nm or less between 
fluorophores. Alpha technology can also detect binding across 
broad range of affinities, with dissociation constants ranging from 
picomolar to low millimolar. Since the assay is homogeneous, 
transient interactions can also be studied. As each bead has multiple 
binding sides, low affinity interactions can be studied using 
nanomolar concentrations of protein or other binding partners. 
Alpha technology has been used to study a variety of interactions, 
including protein-protein, protein-peptide, protein-small molecule, 
protein-nucleic acid, and others. The availability of many Alpha 
toolbox beads enables the quick and easy development of 
binding assays.

Figure 1 shows an example of an Alpha assay designed to  
detect the TIM-3/Gal-9 interaction. A biotinylated Gal-9 binds  
to Streptavidin-coated Donor Beads while a His-tagged TIM-3  
is captured by anti-His AlphaLISA Acceptor beads. Upon Gal-9 
binding to TIM-3, an Alpha signal can be detected. 

Figure 1. AlphaLISA Schematic of TIM-3/Gal-9 assay.

Materials and Methods

Instrumentation
All AlphaLISA measurements were performed on the PerkinElmer 
EnVision® Multimode Plate Reader. 

Reagents
His-tagged TIM-3 was purchased from Sino Biological  
(# 10390-H03H) and Gal-9 was purchased from R&D Systems  
(# 2045-GA-050). Non-His tagged TIM-3 was purchased from R&D 
Systems (# 2365-TM-050) and His-tagged Gal-9 was purchased 
from BioLegend (# 557304). The Anti-TIM-3 antibody was 
purchased from R&D Systems (# AF2365) and the anti-Gal-9 
antibody was purchased from R&D Systems (# AF2045). AlphaLISA 
Streptavidin-coated Donor beads (# 6760002) and Anti-His 
AlphaLISA Acceptor beads (# AL128) were used for detection. All 
assays were run in ProxiPlate™-384 SW (# 6008350) microplates. 
Universal Buffer (# AL001C), Immunoassay Buffer (# AL000C), PBS 
(Lonza # 17-516F), Casein (Millipore # 70955-3), and BSA 
(Sigma-Aldrich # A7284-50mL) were also used during development 
of this assay. The PPI buffer (protein-protein interaction buffer) 
consists of 50 mM HEPES, 100 mM NaCl, 0.5% Triton X-100, 
and 0.5% BSA.

Biotinylation of Gal-9 and TIM-3
Biotinylation of proteins was performed with the ChromaLink™ 
biotinylating reagent using standard biotinylation and purification 
procedures. Briefly 0.05 mg of TIM-3 and 8.7 μL of biotinylating 
reagent (2 mg/mL) were mixed together at a 1:20 molar protein/
biotin ratio. 50 μg of Gal-9 and 5.7 μL of biotinylating reagent  
(2 mg/mL) were mixed together at a 1:10 molar protein/biotin 
ratio. The reaction volume was completed to 100 µL with PBS 
pH 7.4, and the reaction was incubated for two hours at room 
temperature (~23 °C). Purification of the biotinylated proteins 
was performed using a Zeba 0.5 mL desalting column. The ratio 
of biotinylation of the final product and the protein recovery 
were determined from absorbance readings at 354 nm and  
280 nm, respectively.

AlphaLISA Assays
The protocol used for optimization is outlined in Figure 2. In  
brief, 5 µL of 4X TIM-3 and 5 µL of 4X Gal-9 were added to the 
ProxiPlate first. Then 10 µL of a mixture of 2X anti-His Acceptor 
beads (10 µg/mL final) and 2X Streptavidin Donor beads (20 µg/mL 
or 40 µg/mL final) were added and incubated for 90 minutes 
(unless otherwise specified). All reaction components were diluted 
into the assay buffer stated in each figure legend. For competition 
experiments, 5 µL of 4X competitor protein was added to the plate, 
followed by 5 µL of 4X Gal-9 and 5 µL of 4X TIM-3. Finally, 5 µL of 
a mixture of 4X anti-His Acceptor beads (10 µg/mL final) and 4X 
Streptavidin Donor beads (20 µg/mL final) was added and the entire 
reaction incubated for 90 minutes in PBS with 0.005% casein.
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Data Analysis
The data were analyzed using GraphPad software. The binding 
curves were generated using nonlinear regression (assuming there 
is one binding site and none of the signal comes from non-specific 
binding), using a four-parameter logistic equation (sigmoidal 
dose-response curve with variable slope). The inhibition curves 
were generated using log (inhibitor) vs. response — Variable slope  
(four parameters). 

Figure 2. AlphaLISA Protocol used for initial optimization. 

Results and Discussion

Titration of Proteins
When designing an AlphaLISA protein-protein interaction assay, 
the first step is to titrate several concentrations of the two proteins 
together using at least two bead configurations. In this case, both 
TIM-3 and Gal-9 were biotinylated and captured by Streptavidin 
Donor beads and tested with binding to either His-tagged TIM-3 
or His-tagged Gal-9 that were captured by anti-His acceptor 
beads. Using the protocol from Figure 2, a cross-titration of the 
two proteins was tested with concentrations ranging from 0.1 nM 
to 100 nM. The raw AlphaLISA signal is shown in Figure 3. We 
were unable to detect significant binding with the His-tagged 
Gal-9 and biotinylated TIM-3 (Figure 3A). However, we did detect 
an interaction with a signal to background of ~13 at 3.125 nM 
His-tagged TIM-3 and 100 nM biotinylated Gal-9 (Figure 3B). As a 
better visual representation, Figure 3C shows the data from 3B 
graphed as a function of His-tagged TIM-3 concentration. At 
concentrations higher than 3.125 nM of His-tagged TIM-3, 
there is a clear hook effect, and 100 nM biotinylated Gal-9 shows 
the highest signal to background. The hook effect occurs when 
you have saturated your beads with analyte. Excess analyte 
disrupts associations between Donor and Acceptor beads 
beyond the hook point. 

Add 5 µL of 4X TIM-3

Add 5 µL of 4X Gal-9

Read plate on EnVision

Add 10 µL of a mixture of 2X anti-His AlphaLISA  
Acceptor Beads (10 µg/mL final) and 2X Streptavidin  

Donor Beads (20 µg/mL final) 

Incubate 90 minutes at 23 °C

Figure 3. Initial Cross-titration of Two Proteins. Several concentrations of each protein were titrated in Universal buffer. Then 10 µg/mL (final) anti-His Acceptor beads and 
20 µg/mL (final) Streptavidin Donor beads were added and the reaction was incubated for 90 minutes and read on the EnVision. The raw data and heat map from titrating 
His-tagged Gal-9 with biotinylated TIM-3 (A) and from titrating His-tagged TIM-3 with biotinylated Gal-9 (B) illustrating how the second configuration yielded better 
results. The data from (B) were then graphically represented in (C).

B

A

C



4

Buffer and Bead Concentration Optimization
Once the optimal configuration and protein concentrations 
were chosen, various buffers were tested to determine if the 
signal to background for the assay could be increased. While 
holding TIM-3 concentration constant at 3 nM, biotinylated 
Gal-9 was titrated in Universal Buffer, Immunoassay buffer, or 
PPI buffer (Figure 4A). The concentration of Streptavidin Donor 
beads was increased to 40 µg/mL (final) and Universal Buffer 
was compared with PBS (Figure 4B). The increase in Streptavidin 
Donor bead concentration did not affect the assay; however, 
the PBS increased the signal significantly over Universal Buffer. 
Although the PBS increased the signal, the background was also 
high and therefore, buffer additives were tested to see if the 
background could be lowered in PBS. 

The addition of BSA or casein has previously been shown  
to help lower background and remove non-specific binding. 
Therefore, the assay was tested using 0.1% BSA in PBS and 
0.01% Casein in PBS and compared with the Universal buffer. 
As shown in Figure 5, the addition of 0.01% Casein to the 
buffer significantly increased the signal to background for the 
binding assay. Lowering the amount of casein from 0.01% to 
0.005% improved the signal to background; however, under 
these conditions, increasing the Donor beads to 40 µg/mL final 
did not produce a significant improvement (Figure 6). 

Figure 4. Buffer and Bead Concentration Optimization. A) Three different buffers 
were tested with increasing concentrations of biotinylated Gal-9: Protein-Protein 
Interaction buffer (PPI), Universal Buffer (UB), and Immunoassay Buffer (IAB).  
B). A higher concentration of streptavidin Donor beads (40 µg/mL final) was tested 
in Universal Buffer (UB) and PBS. 

B

A

Figure 5. Buffer Optimization. The addition of 0.1% BSA or 0.01% casein to PBS 
was tested and compared with Universal Buffer (UB). 

Figure 6. Testing two different Streptavidin Donor bead concentrations. Donor 
bead concentrations were compared in 0.005% casein in PBS. 

Verifying Specificity of Interaction
Prior to further optimization of the assay, it is important to be sure 
that the signal seen in the assay is specific to the interaction 
between the two proteins of interest and not a product of 
non-specific bridging of the beads. One way to confirm specificity  
is to titrate in a non-tagged version of one of the proteins to see if 
it can compete off the tagged version of the protein, leading to a 
decrease in signal. To test the specificity of the TIM-3/Gal-9 
interaction in this assay, we incubated 3 nM His-tagged TIM-3 and 
50 nM biotinylated Gal-9 with increasing concentrations of 
unlabeled Gal-9. As shown in Figure 7, the unlabeled Gal-9 
effectively competed off the biotinylated Gal-9, strongly 
suggesting that the signal seen in the assay is specific to the  
TIM-3/Gal-9 interaction. 
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Figure 7. Verifying the specificity of the TIM-3/Gal-9 interaction. 3 nM His-tagged 
TIM-3 and 50 nM biotinylated Gal-9 were incubated with increasing concentrations of 
unlabeled Gal-9 in the presence of 10 µg/mL anti-His Acceptor beads and 20 µg/mL 
Streptavidin Donor beads in PBS with 0.005% casein for 90 minutes. 

Other Protocol Optimization Steps
After protein concentrations and buffers have been optimized and 
the specificity of the interaction is confirmed, there are a few other 
possible steps of the assay that can be further optimized. For 
example, incubation time can have a large effect on the signal to 
background if the binding reaction has not come to equilibrium 
during the time of the assay. To test whether or not the binding of 
TIM-3 to Gal-9 is at equilibrium after one hour, the proteins were 
incubated with the beads at one hour, two hours, four hours, and 
24 hours (Figure 8A). The overnight incubation resulted in a 
significant increase in the signal to background for the interaction, 
indicating that the binding is slow and does not complete 
after one hour. The binding may be slowed down by the 
addition of the beads. 

Another optimization step that can be performed is to test the 
order and timing of reagent addition steps. In case the beads  
were slowing down the reaction, we tested incubating the 
proteins first in the absence of beads and then either adding both 
beads or sequentially adding the beads with a short incubation 
step in between. We tested three different protocols: 

 •  Protocol 1: Standard protocol shown in Figure 2 with the 
exception of incubating for 24 hours instead of 90 minutes. 

 •  Protocol 2: Instead of adding 10 µL of a mixture of 2X 
Acceptor and 2X Donor beads, 5 µL of the 4X anti-His 
Acceptor beads were added first followed by 5 µL of  
4X Streptavidin Donor beads. 

 •   Protocol 3: Added 5 µL 4X TIM-3, 5 µL 4X Gal-9, and 5 µL  
of 4X anti-His Acceptor beads and incubated for 23 hours. 
Then, added 5 µL of 4X Streptavidin Donor beads and 
incubated the entire reaction for an additional one hour. 

As shown in Figure 8B, adding the proteins and beads in  
one step resulted in the best signal to background after 
overnight incubation. 

Figure 8. Protocol Optimization. A) 3 nM His-tagged TIM-3 was incubated with 
increasing concentrations of biotinylated Gal-9 in the presence of 10 µg/mL anti-His 
Acceptor beads and 20 µg/mL Streptavidin Donor beads for one hour, two hours, 
four hours, and overnight (24 hours) in PBS with 0.005% casein. B) Three different  
protocols (described in Results text) were compared with various addition steps.  
All experiments were performed in PBS + 0.005% casein. 

B

A

Although the signal to background increased at longer times 
(especially for the overnight incubation), the % CVs increased 
significantly for the replicates. For example, the average % CV  
for overnight incubation was 38%. One explanation for the high 
variation in the data is that the proteins are not stable when 
incubated for this long at room temperature. Various protein 
stabilizers could be tested to see if they could improve the  
% CVs for longer incubation times. However, for our purposes,  
the short incubation time (90 minutes) was determined to be  
the most accurate and convenient time for the assay. In addition, 
adding in the beads sequentially did not improve the assay. 
Therefore, the final optimized assay includes adding all reagents  
at the same time and incubating for 90 minutes. 

Screening Inhibitors of TIM-3/Gal-9 Interaction
The ultimate goal of developing this assay is to use it to screen for 
potential inhibitors of the TIM-3/Gal-9 interaction. This fast and 
simple assay can easily be adapted to screen for inhibitors in a 
high-throughput manner. In order to test the ability of this assay 
to detect inhibitors of the interaction, various concentrations of 
anti-TIM-3 or anti-Gal-9 blocking antibodies were incubated with 
the protein pair and detection reagents. The final protocol for the 
competition assay is shown in Figure 9A. As shown in Figure 9B, 
both an anti-TIM-3 antibody and an anti-Gal-9 antibody effectively 
compete off the signal from the TIM-3/Gal-9 interaction. As a 
control, a generic Goat IgG antibody was used to illustrate the 
specificity of the assay and did not compete off the signal. 
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Figure 9. Inhibiting the TIM-3/Gal-9 interaction with specific antibodies. A) Final 
optimized protocol used for screening inhibitors of the TIM-3/Gal-9 interaction. 
B) Proof of concept competition experiment using specific TIM-3 and Gal-9 
antibodies. This assay was performed in PBS + 0.005% casein. 
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Add 5 µL of 4X TIM-3

Add 5 µL of 4X Gal-9

Add 5 µL of 4X inhibitor

Read plate on EnVision

Add 5 µL of a mixture of 4X anti-His AlphaLISA  
Acceptor Beads (10 µg/mL final) and 4X Streptavidin  

Donor Beads (20 µg/mL final) 

Incubate 90 minutes at 23 °C

A
Conclusions

In this application note, we describe the development of a fast 
and easy AlphaLISA assay for detecting the TIM-3/Gal-9 
interaction. We showed how testing multiple assay configurations 
and buffer optimization can significantly improve signal to noise of 
the assay. Finally, we showed how to set up a fast and easy 
AlphaLISA assay to screen for inhibitors of the TIM-3/Gal-9 
interaction.

References

1.  Knutson KL, et al. Tumor antigen-specific T helper cells in 
cancer immunity and immunotherapy. Cancer Immunol 
Immunother. 2005; 54(8):721-8.

2.  Zhu C, et al. The TIM-3 ligand galectin-9 negatively regulates  
T helper type 1 immunity. Nat Immunol. 2005; 6(12):1245–52. 

3.  Kikushige Y, et al. A TIM-3/Gal-9 Autocrine Stimulatory Loop 
Drives Self-Renewal of Human Myeloid Leukemia Stem Cells 
and Leukemic Progression. Cell Stem Cell 2015; 17, 341–352. 

4.  Isabel Sada-Ovalle, et al. The Tim3–Galectin 9 Pathway 
Induces Antibacterial Activity in Human Macrophages Infected 
with Mycobacterium tuberculosis. J Immunol 2012;  
189: 5896-5902.




