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Introduction
The path for a newly identified target to a therapeutic is long and complex.1 Critical to bridging the translation gap referred to as 
the “valley of death”, is confirming the relevance of the biological target and its ability at rescuing the phenotype.2 The first step 
in lead identification and critical to target validation is to identify and characterize the potential drug target(s) associated with the 
disease. Once the target has been identified, biological and screening assays are developed to identify the drugs that alter the gene-
expression levels or disrupt interactions of the target with other molecules. The lack of high-quality assays in early drug discovery 
is a major challenge within the “valley of death”, and developing high-quality assays is crucial for finding the best drug targets and 
avoiding potential problems in later stages of the development process. High-quality assays should be designed in a way that 
identifies molecules that exhibit the correct mechanism of action. Assays must also have high specificity, sensitivity and throughput 
while remaining robust to ensure high reproducibility from experiment to experiment and over time.3 Developing high-quality assays 
is an iterative process with many optimization steps including optimizing numerous factors which may not have been known a priori. 
This includes orientation of the detection reagents in the immunoassay, concentration of the detection reagents, incubation time, 
concentration of proteins and other key reagents or enzymes, and the various buffer compositions.4 Assay development usually 
involves many manual steps with multiple iterations utilizing numerous software programs for protocol development, metadata 
management, subsequent analysis, and visualization. Such manual assay handling, variability in conditions, and non-integrated 
software tools during assay optimization potentially leads to errors and unreliable data. The process of manual assay development 
is not easily repeatable and it is hard to optimize over time. The assay development teams are working in a silo and often only 
communicate with downstream groups by handing over the new assay once it is done without visibility into how they have come to 
develop their assay. This “throwing it over the wall” principle leads to double efforts of the downstream groups having to develop the 
test once again to make it fit for their purposes, e.g., high throughput screening. This is time and resource intensive, and it does not 
foster collaboration and streamlining of the workflows. 

In this white paper, we will show how we combined software automation, lab automation, and high throughput chemistries to 
develop high quality assays that can be used to screen for drugs that can disrupt protein-protein interactions (PPI). We report the 
development of an integrated, automated, and optimally configured end-to-end assay development solution for PPIs. Upfront  
assay planning and protocol development was done through TIBCO® Spotfire® software which was configured to generate a  
step-by-step transcript for the JANUS® G3 Assay Development workstation. The workstation automates the manual steps of the 
workflow, including pipetting and plate reading, on the VICTOR® Nivo™ multimode plate reader. We automated the loading of the raw 
results, then subsequent joining with the metadata and we created a recommendations engine within PerkinElmer Signals VitroVivo™ 
software. These suggestions empower the user with optimal combinations and concentrations of reagents for the assay, as well 
as data analysis at the back end of the workflow through a graphical interface instead of complex statistics in a workbook while 
keeping all data analysis steps traceable and comprehensible for the scientist.
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Materials & Methods
Proteins 

His-TNFR2 was purchased from Sino Biological (cat# 10417-H03H). FLAG-tagged TNFα was purchased from LSBio (cat# LS-63884). 
Adalimumab was purchased from MedChemExpress (cat# HY-P9908), Etanercept was purchased from MedChemExpress (cat# 
HY-108847), Trastuzumab was purchased from MedChemExpress (cat# HY-9907), IgG1 was purchased from Athens Research and 
Technology (cat# 16-16-090707-1M). Untagged TNFα was purchased from Prospec Bio (cat# CYT-233). Anti-TNFα test sample was 
purchased from BioLegend (Cat# 502801). 

HTRF

HTRF® (a TR-FRET technology) was used to assess molecular interactions by coupling two biomolecules with either a donor (long-lived 
fluorescence) or an acceptor (short-lived fluorescence) fluorophore. When the biomolecules are in proximity, energy transfer between the 
two fluorescent dyes can be measured and is proportional to the number of biomolecules interacting. In this assay, the His-tagged TNFR2 
is captured by either the anti-His Europium cryptate donor (cat# SHI2KA0), anti-His Terbium cryptate donor (cat# SHI2EA0), or anti-His d2 
acceptor (cat# SHISDA0). The FLAG-tagged TNFα is captured by either an anti-FLAG Europium cryptate donor (cat# SFG2KA0), anti-FLAG 
Terbium cryptate donor (cat# SFG2EA0), or anti-FLAG d2 acceptor (cat# SFG2DA0). When TNFR2 binds TNFα, the acceptor and donor 
dyes come into proximity. Upon excitation at 320 nm of the donor, FRET (Fluorescence Resonance Energy Transfer) occurs, resulting in 
light emission at 665 nm (see example in Figure 1). 

For experiments 1 and 2, 5 µL of TNFR2, 5 µL of TNFα, and 10 µL of the detection reagent mixture were added to an OptiPlate-384 
(PerkinElmer cat # 6007290) (Assay Plate) using the JANUS G3 workstation and incubated for 1 hour prior to reading the plate on the 
VICTOR Nivo plate reader. For experiment 3, 5 µL TNFR2, 5 µL TNFα, 5 µL of Donor, and 5 µL of acceptor were added to the OptiPlate-384 
plate using the JANUS G3 workstation and incubated for 1 hour prior to reading the plate on the VICTOR Nivo plate reader. For 
experiment 4, 5 µL of the competitor, 5 µL TNFR2, 5 µL TNFα, and 5 µL of the detection reagent mixture was added to the OptiPlate-384 
assay plate using the JANUS G3 workstation and incubated for 1 hour prior to reading the plate on the VICTOR Nivo plate reader.  

JANUS G3 Assay Development Workstation

Figure 1: Example of HTRF PPI Assay Schematic

Figure 2: The JANUS G3 Assay Development Workstation
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The JANUS liquid handling workstations have played a definitive role in the liquid handling industry for more than 15 years. The JANUS 
G3 Assay Development workstation (Figure 2) has been specifically developed to support automated assay development workflows. 
This workstation can autonomously prepare even the most complex assay plate in either a 96 or 384 well plate. The JANUS G3 Assay 
Development workstation is equipped with:

• VariSpanTM pipetting arm, to prepare assay plates accurately and precisely with channel independent liquid level detection

• Integrated gripper, to move assay plates and labware across the deck and in and off the VICTOR Nivo plate reader

• VICTOR Nivo plate reader, to read the assay plate

• Plate shaking capability, to ensure accurate mixing in well plates 

• Expanded deck, to enable assay plate preparation of the most complex workflows

VICTOR Nivo Plate Reader

The VICTOR Nivo plate reader is a high-performance filter-based multimode plate reader system that can be equipped with all major 
detection technologies – Absorbance, Luminescence, Fluorescence Intensity, Time-Resolved Fluorescence, Fluorescence Polarization, 
and Alpha. It is a compact, light-weight instrument designed for life science research laboratories performing routine low-throughput 
assays, or assay development work, and with diverse application requirements. In our set-up it is directly connected to the JANUS G3 
workstation automating the step between pipetting and reading the experiment result.

Informatics

All software used in this study which is not part of an instrument is part of PerkinElmer’s Informatics portfolio and can be licensed or 
subscribed to directly from PerkinElmer Informatics (https://perkinelmerinformatics.com/). Software configurations described here are 
part of the full solution offered by PerkinElmer. We have used Signals VitroVivo software for data analysis and the underlying TIBCO 
Spotfire software for the plate layout design and creation of the JANUS WinPREP automation program. At the time of writing the 
following software versions were used and tested. 

• PerkinElmer Signals VitroVivo Software 3.0

• TIBCO Spotfire Software 10.10 LTS

Since both software components are programmed to be backwards compatible, newer versions will also be usable for the tasks described here. 

Plate Layout Tool (GUI)

TIBCO Spotfire software was configured as a graphical user interface (GUI) to interactively design plate layouts and add metadata by 
user input. The GUI takes a stepwise approach to guide the user through the process of creating and annotating the plate map which is 
used downstream as input for the data analysis step in Signals VitroVivo software. The second use of the GUI is to automatically create 
an input file for the JANUS liquid handler robot to perform the individual pipetting steps of the workflow experiments. Using a single GUI 
for both automation and annotation reduces errors and speeds up the entire process compared to manual configuration steps using 
non-integrated software tools. Hard-coded data transformations and pre-defined dataset dimensions allow the guided GUI workflow to 
be used in a consistent manner and in a highly reproducible way with minimal training efforts for the users. By making substantial use 
of the interactive visual display of the TIBCO Spotfire software a constant visual inspection of the underlying data acts as data quality 
control along the entire workflow of creating the plate map. Detailed and overview visualizations are always available side by side and 
synchronized in real-time to help visual inspection of the data during the creation process and for documentation purposes as a saved 
Spotfire file including the user entered data embedded in the file. Additional documentation of this step in the overall workflow is possible 
by exporting the user configured plate map layout using Spotfire’s integrated PDF export tool with high quality and high-resolution 
rendering of the graphics and tabular views. 

PerkinElmer Signals VitroVivo Software

PerkinElmer Signals VitroVivo software is used for analyzing the data for all read outs produced by VICTOR Nivo Multimode Microplate 
Reader from the PPI experiments conducted. In the setup described here we used three iterative experiment outputs to get to the optimal 
combination and concentration of assay reagents and conditions by using the Signals VitroVivo software as a recommendation engine 
for each step without it being a black box. In a fourth step we used the software to calculate curve fits and extract IC50 values from 
these fits. Here we created four workflows in the Signals VitroVivo software, one for each experiment step described below. Workflows 
for all experiments convert the raw output file of VICTOR Nivo plate reader into a table and combine it with the plate layout metadata 
generated using the above-described Plate Layout Tool (GUI). The combination of data and metadata allows for direct calculation of 
recommendations or curve-fits pre-defined in a workflow consisting of 3 main steps and the equivalent Signals VitroVivo apps (Figure 3). 
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Figure 3: Three main steps of the underlying the Signals VitroVivo workflows. Parsing raw data from the 
plate reader; joining with metadata, performing calculations, and creating visualizations automatically in 
the underlying TIBCO Spotfire software.

Step 1:

Data Import app. In this app a pre-configured file parser was used to read the output file of the VICTOR Nivo instrument and convert it 
directly into a data table without further manual interaction from the user. The workflow brings the stored parser and the Data Import app 
together for a consistent execution of the initial loading by any user.

Step 2:

Editable Data Grid app. In this app the users are guided through a simple and again pre-configured sequence of steps to combine 
metadata from the plate map GUI with the data table from step 1 in a consistent and repeatable way. The metadata is joined with the 
plate reader data to create the input for the next step in the workflow.

Step 3:

Calculations Explorer app. This app takes the input data table from the previous steps and performs multiple configurations and 
calculations inside the TIBCO Spotfire software and the underlying statistics engine TERR before again joining the data together and 
automatically create and configure visualizations to display the results. The Calculations Explorer app is configured to automate the 
creation of an entire visual analytics dashboard.

All three steps and the associated workflows are stored in a JSON format inside the Signals VitroVivo software and the results of the 
workflow runs are stored in Spotfire dxp files with embedded data. This way it is guaranteed that a user is always using the exact same 
steps to analyze the data and stores the intermediate steps and end results of all experiments described here.

Workflows for experiments 1-3 are following the same sequence. In the first step the result file from the plate reader is read and parsed 
as a data table into the Signals VitroVivo software. In the second step the plate map file from the GUI is joined with the data table from 
step one adding the well content annotation. The third step calculates signal to background ratios across replicates and additional 
individual calculation based on the workflow.

The first two iterations are recommending the optimal assay conditions based on KPI (key performance indicator) calculations and 
ranking of the KPI results. This method ensures a normalized view on the data irrespective of the assay components. On the other hand, 
the calculation of the KPI results is not a black box and easy to follow for the scientist.

We chose to create the KPI and ranking method to be agnostic of the type of PPI assay developed and yet consistent across multiple 
assays developed using our Assay Development Workstation approach. Using KPI ranking allowed the data analysis workflow to be 
documented, reproducible and raises the data quality of the entire method. This way the data can be used in FAIR data environments.5 

The workflow for experiment 4 created IC50 values based on 4 parameter curve fits calculated using the Signals VitroVivo’s built-in curve 
fit engine which also evaluates the quality of the fit. Being able to titrate the new assay on a log scale was important as a last step in the 
assay development and needs to be done consistently across many assays developed. Only then can quality measures for developed 
assays be compared and optimized over time leading to improved assays for downstream use in applications for High Throughput 
Screening. The ability to also use the Signals VitroVivo software for these downstream experiments only added to the consistency and 
reproducibility and FAIRness of data. Automating and interconnecting not only the scientific workflows, but also the data flows means 
getting a step closer to the automated lab of the future approach.

For research use only. Not for use in diagnostic procedures.
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Experiment 1: Selection of Detection Reagents 
When optimizing an HTRF protein-protein interaction assay, the first step in the process was to determine the optimal detection reagents.6 
For this study, we chose the TNFR2-TNFα interaction as our model system. We had already identified two recombinant tagged proteins, 
His-TNFR2 and FLAG-TNFα. This system could also be used to screen recombinant proteins if they have not already been identified. 
Since we are using a His-tagged and FLAG-tagged protein, the options for the detection reagents are Anti-His-Europium, Anti-His-Terbium, 
Anti-FLAG-Europium, and Anti-FLAG-Terbium for the donors and Anti-His-d2 and Anti-FLAG-d2 as the acceptors. One example of the 
setup is shown in Figure 1. For the first experiment, we chose a broad range of protein concentrations to test with the different detection 
reagent options. A cross titration of the four protein concentrations will be performed with each of the detection reagent mixes. The initial 
experiment will not only give information about the signal to background for the different detection reagents but can also give the user 
an estimate of the Hook point for each protein, which is the saturation point for each protein binding to the detection reagent. Based 
on the data from experiment 1, the user will decide on which detection reagents to use and will be able to decide on a range of protein 
concentrations to test for experiment 2. 

Designing the Plate Map

On the Sources tab of the GUI, the user will input the protein names and four concentrations into the correct locations in Source Plate 1. 
Then the user will input the names and concentrations of the detection reagents into the correct locations in the Trough. For this assay, 
the detection reagent mixes have different buffers. Therefore, wells A-D contain the proteins in Europium PPI buffer and wells E-H contain 
the proteins in Terbium PPI buffer. 

Next, on the Addition tabs, the user will input the well number and the volume to be dispensed from either Source Plate 1 or the Trough 
into the destination assay plate well (Figure 5). For example, Addition 1 is adding His-TNFR2 to the assay plate. Since 100 nM of His-
TNFR2 will be tested with 0, 1, 10, and 100 nM FLAG-TNFα and with more than one detection reagent mix, multiple wells of 100 nM 
His-TNFR2 need to be dispensed into the assay plate. 100 nM His-TNFR2 in Eu PPI buffer was in Well 1 of the Source Plate and 100 nM 
His-TNFR2 in Tb PPI buffer was in well 5 of the Source Plate. Well 1 (5 µL) is assigned to Assay Plate wells A1 though A12 for Detection 
Mix #1 and I1-I12 for Detection Mix #3. Well 5 (5 µL) was assigned to the Assay Plate for wells E1-E12 for Detection Mix #2 and M1-M12 
for Detection Mix #4. 

Figure 4: Sources Tab in GUI for Experiment 1. User inputs names of 
proteins or detection reagents and concentrations in respective wells of 
the Source plates.

Figure 5: Addition 1 Tab. In the Addition tabs (1-4), the user will 
select wells from each Source Plate to be pipetted into the assay plate. 

For research use only. Not for use in diagnostic procedures.
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Addition 2 is for dispensing 5 µL of FLAG-TNFα into the appropriate well. Addition 3 is for dispensing 10 µL of the detection reagents into 
the appropriate wells. For experiment 1, there is no Addition 4. 

Next, the Review and Export tab (Figure 6) is used to double check that the correct wells from the Source Plate and Trough are added 
to the correct wells in the Assay Plate. The “Export” tab will then export the CSV file for the JANUS G3 workstation to read and pipet the 
correct reagents and volumes into the destination assay plate. The CSV file is saved in a location where the user can access it when 
starting the JANUS WinPREP protocol. 

Finally, the Assay Layout screen (Figure 7) shows the reagents that will be dispensed into each well. The “Export” tab creates a plate 
layout CSV file that will be used later in the Signals VitroVivo workflow and analysis. 

Figure 6: Review Tab. In the Review tab, an overview of the Source plates 
and each addition step to the assay plate is shown. The user will click on the 
“Export” button to create the CSV file for the Janus to read. 

Figure 7: Assay layout tab. In the Assay layout tab, an overview of the as-
say plate is shown with each reagent listed that will be pipetted into a well. 
The user will click on the “Export” button to create the plate layout CSV 
file to be used in the Spotfire analysis. 

JANUS Automation & VICTOR Nivo Plate Reading

Once the plate map has been generated in the GUI, the user will pipet the required reagents into the Source Plate and Trough and add 
these to the JANUS workstation deck (Figure 8). The user will open the WinPrep software and open the template that has been created 
for HTRF PPI Assay Development. The user will add tips, the Source Plate, the Trough, and the Assay Plate to the locations on the deck 
specified in the template. Then the user hits the green “Run” button. The WinPrep software (Figure 9) will prompt the user to select the 
appropriate CSV file for the experiment (Experiment #1). 

For research use only. Not for use in diagnostic procedures.
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Figure 8: Generic WinPrep template for running Experiments 1-4. 
Generic deck layout is used for all experiments in the workflow. 

Figure 10: Gripper on the Janus will move the assay plate to the VICTOR 
Nivo reader after the desired incubation time has elapsed. 

Figure 9: WinPrep prompt screen for CSV file exported from Spotfire GUI 

Once the JANUS workstation is finished pipetting the reagents into the Assay Plate, the plate is incubated for 1 hour at room temperature 
inside the workstation. After the hour has elapsed, the Gripper will move the plate to the VICTOR Nivo Plate reader (Figure 10) for 
measuring the HTRF signal in each well. The VICTOR Nivo Plate reader will measure the fluorescence at 620 nM (donor fluorescence) and 
665 nm (acceptor fluorescence). A csv file is generated with the raw counts for each well and is automatically exported using the JANUS 
WinPREP software. 

For research use only. Not for use in diagnostic procedures.
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PerkinElmer Signals VitroVivo Software Data Analysis

After the data has been generated, the user reopens the Signals VitroVivo workflow page inside the Spotfire software and opens the pre-
configured HTRF PPI Experiment 1 workflow. The user imports the raw data file from the plate reader, hits the apply button, and then 
hits next. The user then imports the plate layout file from the GUI, hits apply, and hits next. At this point, the software will automatically 
calculate the HTRF ratio (665 nm signal /620 nm signal * 10000) for each condition in the plate. In addition, the software will find the 
background wells for each detection reagent mix by finding the no protein wells and use these values to calculate a signal to background 
for each condition. 

The Signals VitroVivo software will also determine if there are spurious results. For example, in this model system, two of the detection 
reagents mixes (Anti-His-Tb/Anti-FLAG-d2 and Anti-His-Eu/Anti-FLAG-d2) gave a high signal with only one of the proteins (Wells L1, 
L5, L9 and P1, P5, P9). Therefore, these two detection reagents should be excluded. The software recognizes this and excludes them 
automatically from the analysis. After spurious results are excluded, Signals VitroVivo Calculation Explorer is configured to look for the 
condition that has the highest signal to background and lowest %CVs between replicates and ranks the different conditions. Figure 11 
shows an example for the dashboard of Experiment 1 in the software prepared and created by a workflow in the PerkinElmer Signals 
VitroVivo software. In the upper left-hand corner, the user can see which wells have been excluded (circles are included and squared 
are excluded). The upper right-hand corner shows the signal to background for the individual wells. The bar graph in the lower part of 
the dashboard shows the rankings for the different conditions. In this case, 10 nM of TNFR2 and 10 nM TNFα with Anti-His-d2/Anti-
FLAG-Europium gave the best signal to background and lowest %CV among the replicates. Therefore, Anti-FLAG-Eu/Anti-His-d2 and 
concentrations around 10 nM for each protein were chosen for further optimization. 

Experiment 2: Optimization of Protein Concentrations

The goal for Experiment 2 was to optimize the concentrations of each protein. In experiment 1, we found that 10 nM for each protein 
gave the highest signal to background and 100 nM was clearly Hooking in the assay. Therefore, we chose a narrow range of protein 
concentrations centering around 10 nM (80, 40, 20, 10, 5, 2.5, 1.25, 0 nM) for each protein and performed a cross-titration. As with 
experiment 1, the goal was to find the best combination with the highest signal to background that was not over the Hook point of the 
assay. As with Experiment 1, in the Sources tab of the GUI (Figure 12), the user will input the protein names and eight concentrations into 
the correct locations in Source Plate 1. Then the detection reagent mix chosen from Experiment 1 is placed in the Trough Well 1. 

Figure 11: Signals VitroVivo software dashboard inside the Spotfire soft-
ware for results from Experiment 1. The upper left panel shows an overview 
of the plate and highlights (shown as squares) any wells that are excluded 
from the rank order analysis. The upper right panel shows data for signal 
to background for each well. Lower panel shows the rank order and recom-
mendation for the next experiment based on signal to background and % 
CVs. The higher the bar the more favorable the underlying conditions of 
the test.

Figure 12: Sources Tab in GUI for Experiment 2
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Figure 13: The Signals VitroVivo software dashboard for results from Experiment 2. The 
upper left panel shows an overview of the plate. The upper right panel shows data for signal to 
background for each well. Lower panel shows the rank order and recommendation for the next 
experiment based on signal to background and % CVs. The higher the bar the more favorable 
the underlying conditions of the test.

Figure 14: Sources Tab in GUI for Experiment 3.

 Figure 15: The Signals VitroVivo software dashboard for results from Experiment 3. 
The upper left panel shows a table of the rank order analysis as a table. The upper right 
panel shows data for signal to background for each well. Lower panel shows the rank 
order and recommendation for the next experiment based on signal to background and 
% CVs as a bar graph. The higher the bar the more favorable the underlying conditions 
of the test.

Figure 13 shows an example for the dashboard of Experiment 2 in the Signals VitroVivo software. From this data, we chose to move 
forward with 10 nM His-TNFR2 and 5 nM TNFα (highest bar on the left-hand side of the chart).

Experiment 3: Optimization of Detection Reagents

The goal for Experiment 3 was to optimize the concentrations of the detection reagents. In experiment 2, we found that 10 nM for His-
TNFR2 and 5 nM for TNFα gave the highest signal to background. As with previous experiments, in the Sources tab of the GUI (Figure 14), 
the user inputs the protein names and concentrations into the correct locations in Source Plate 1 and for this experiment, the donor and 
acceptor names and concentrations. Two concentrations of each protein (10 nM and 0 nM His-TNFR2, 5 nM and 0 nM of FLAG- TNFα) 
are placed into the first columns of the Storage Plate. The zero protein wells are used to calculate the background for each condition. 
Different concentrations of anti-FLAG-Eu and anti-His-d2 (2X, 1X, 0.5X, and 0.25X) are placed in column 2 of the Storage Plate. A cross-
titration of the different reagent concentrations is performed. For this assay, there were four addition steps. Addition 1 was 5 µL His- 
TNFR2, Addition 2 was 5 µL of FLAG- TNFα, Addition 3 was 5 µL of each Donor concentration, and finally Addition 4 was 5 µL of each 
Acceptor concentration. The JANUS workstation pipetted each addition step, and the plate was read on the VICTOR Nivo Plate reader. 
Each condition was performed in duplicate. 

The Signals VitroVivo software then calculated the HTRF ratio and determined the signal to background for each condition using no 
protein at each condition as the background. From the data shown in Figure 14, 2X Donor and 2X Acceptor gave the best overall signal to 
background. Therefore, the final overall assay condition selected is 10 nM His-TNFR2, 5 nM FLAG-TNFα with 2X Anti-FLAG-Europium and 
2X Anti-His-d2. 

For research use only. Not for use in diagnostic procedures.
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Experiment 4: Validation of the Assay

Finally, it was important to validate the assay. For this, different competitors can be used to show the specificity of the signal. For TNFR2-
TNFα interaction, a dose response of an untagged protein (TNFα) was used to show specificity of the signal. Next, known competitors are 
tested. Since both Adalimumab and Etanercept are known TNFα binders, these were used as positive controls for the assay. In addition 
to positive controls, it was important to test negative controls. For this, total human IgG1 and Trastuzumab (a HER2 receptor binder) were 
used as the negative controls for TNFR2-TNFα interaction. Finally, we included a test sample (BL_anti-TNFα) which is a TNFα antibody. At 
the start of this test, it was unclear if this antibody would bind TNFα in such a way as to compete with the TNFR2-TNFα interaction. 

The Source Plate was set up using eight different concentrations of each competitor as shown in Figure 16. Three wells of the Trough 
were pipetted with His-TNFR2, FLAG- TNFα, and the detection reagent mixture (2X Anti-His-d2 and 2X Anti-FLAG-Europium). For this 
assay, there were four addition steps. Addition 1 was 5 µL of each of the competitors. Next, Addition 2 was 5 µL of His- TNFR2, Addition 3 
was 5 µL of FLAG- TNFα, and finally Addition 4 was 5 µL of the detection reagent mix. Each assay data point was performed in triplicate. 
The JANUS workstation pipetted each addition step, and the plate was read on the VICTOR Nivo plate reader. 

Next, the Signals VitroVivo software calculated the HTRF ratio for each well, performed a curve fit using a 4-parameter fit, and calculated 
the IC50 values for each competitor. All steps are pre-defined in a repeatable workflow saved in the software and shared amongst end 
users to ensure consistency of the calculations and visual representations. As shown in Figure 17, the untagged TNFα competes showing 
that the signal is specific to the TNFR2-TNFα interaction. Both Adalimumab and Etanercept complete with IC50 values around 1 nM. The 
negative controls (IgG1 and Trastuzumab) do not compete, also showing that the signal decrease seen is specific to the interaction of the 
therapeutic antibodies with TNFα. Finally, the test sample (BL_anti-TNFα) also competes with an IC50 values of 9.7 nM showing that the 
assay can be used to screen for new potential therapeutic antibodies that bind to either TNFα or TNFR2 and disrupt the interaction. 

Figure 16: Sources Tab in GUI for Experiment 4.

Figure 17: The Signals VitroVivo software dashboard for results from 
Experiment 4. The curve fit for each competitor is shown with a dotted line 
for the IC50 value. A table with the curve fit analysis statistics for each  
competitor is also shown on the dashboard. All calculations and  
visualizations are automatically generated by a pre-configured workflow  
in the Signals VitroVivo’s Calculation Explorer app.
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Summary

In this white paper we present an end-to-end assay development solution for PPI that is fully integrated, automated, and optimally configured. 
This assay development solution utilizes TIBCO Spotfire software (which is part of the Signals VitroVivo software), the JANUS G3 Assay 
Development workstation, the VICTOR Nivo multimode plate reader and Signals VitroVivo software. The Spotfire software provides a plate 
map and step-by-step transcript for the JANUS G3 Assay Development Workstation. The workstation automates the pipetting and plate 
reading on the VICTOR Nivo plate reader. The Signals VitroVivo recommendations engine performs data analysis on the assay and makes 
suggestions for the optimal combination and concentrations of reagents for further development in preconfigured reusable workflows. All data 
and metadata for all steps and iterations are collected and recorded for review and documentation purposes in the Signals VitroVivo software. 
The above solution is a complete end-to-end solution for assay development.

We showed proof-of-concept by testing an HTRF protein-protein interaction assay with the TNFR2-TNFα interaction as our model system. 
Using already identified recombinant tagged proteins, His-TNFR2 and FLAG-TNFα, we chose the optimal combination of detection reagents 
(experiment 1), optimized protein concentrations (experiment 2), and optimized the detection reagent concentrations (experiment 3). We fully 
validated the assay (experiment 4) with competitor proteins and showed that the assay signal is specific to the TNFR2-TNFα interaction.

To drive efficiency and alleviate the discovery “valley of death” we focused on creating an assay development workflow designed to optimize 
assay conditions ahead of a high throughput screen. Unlike traditional approaches wherein the assay is developed and optimized for 
robotics, we developed a pre-configured, integrated, automated solution for homogenous no-wash PPI immunoassays. We have enabled a 
walk-away automated workflow for assay development with PPI as a model system, demonstrating high degree of data consistency and 
electronic documentation. 
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