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Figure 12: Octet® R4 system protein-protein binding kinetics method 
showing biosensor and sample trays setup with four biosensors used 
in-tandem for three concentration points plus reference well. This design 
can be used for one run, two assays and two replicates. A second run with 
a second column of biosensors would be needed to achieve four repli-
cates. Assay buffer in columns 1, 3-5; Biotin-HCD64 at 5 µg/mL in col-
umn 2; humanized IgG1k in columns 6&7 (assay buffer for references). 
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Figure 13: Octet® R8 system protein-protein binding kinetics method 
showing biosensor and sample trays setup with eight biosensors used 
in-tandem for three concentration points plus reference wells. The design 
is for one run, two assays and four replicates. Assay buffer in columns 1, 
3-5; Biotin-HCD64 at 5 µg/mL in column 2; humanized IgG1k in columns 
6 & 7 (assay buffer for references).

Data Analysis for Kinetics Performance Comparison 
(Large Molecules)

In the Octet® Analysis Studio Software version 12.2 Home 
Tab, the data file was loaded by double clicking the experi-
ment data folder in the Experiment Explorer window. In the 
Preprocessed Data Tab, under Reference Sample Tab, the 
reference subtraction was done as below by columns, by 
selecting the samples on the sample plate map: 

a. 	Octet® R8 system: two references were averaged in  
each assay

b. 	Octet® R4 and R2 sytem: only one reference was  
available in each assay

Data was processed and fitted using a 1:1 binding model 
(Refer to the Data analysis user guide for data processing).

Protein-Small Molecules 
Characterization Performance 
Comparison

The binding of small molecules to proteins can also be 
measured efficiently on Octet® instruments. In a typical 
experiment, a biotinylated protein target is immobilized 
onto a high-capacity SSA (Catalog # 18-5057) Biosensor 
surface followed by an exposure of this surface to a 
solution of the small molecule in a microplate well. The 
association of the small molecule to the target protein on 
the biosensor is measured over time. Assuming that the 
biosensor is pre-immobilized with the biotinylated target 
protein, the assay begins with an initial baseline prior to 
the association step. The dissociation step of the assay has 
to be acquired off the same initial baseline buffer well. 
Ideally, successful analysis requires a robust, well-
characterized system including a stable, active, and 
purified protein, and a stable, non-aggregating small 
molecule compound. Compounds that bind to the target 
protein and those with no binding should be used as 
positive and negative controls. Successful analysis also 
requires a biotinylated target protein; typically with ~1 
molar equivalent of biotin per protein (refer to Sartorius 
Technical Note: “Biotinylation of Protein for 
Immobilization onto Streptavidin Biosensors”). Optimal 
results are obtained when the sample matrix is identical to 
the assay buffer used for baselines and dissociations. 

The solubility of the compounds to be tested is also a 
crucial factor — compounds that form aggregates can 
produce misleading and anomalous results. Additionally, 
the sample matrix or buffer used to dilute the samples and 
the assay buffer used for recording baselines and 
dissociation data should be identical, to avoid introducing 
artifacts into the data. Since most small molecules require 
some amount of organic solvent to dissolve, matrix 
matching to include an identical amount of the organic 
solvent used is critical to the success of the assay. The 
experimental setup requires two sets of assays; one, the 
binding assay between the target protein and the small 
molecule and two, the reference assay. The reference assay 
steps and samples are identical to the binding assay except 
that no active protein is immobilized on the biosensors. The 
reference assay data is subtracted from the binding assay 
data during data analysis to determine binding specificity. 
The biosensors are typically blocked with biocytin. 
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Materials and Method

For the protein-small molecule characterization study 
comparison on the three configurations of modular Octet 
systems, the following reagents were used. Octet® SSA 
Biosensors (Cat # 18-5057), biotinylated carbonic 
anhydrase, biocytin, furosemide (0.1 µM–30 µM) (in-house), 
assay buffer (PBS+0.5% DMSO) (in-house). For the 
protocol for carbonic anhydrase-coated biosensors and 
biocytin-blocked biosensors, refer to Sartorius Technical 
Note “Small Molecule Binding Kinetics.”

Assay Workflow Comparison for Protein—Small Molecules 
Kinetics Method Setup 

Figure 14 shows the general assay setup which applies to 
either sample binding assay and reference assay. The time 
required for each step of the kinetic assay is shown. Each 
assay contains a short equilibrium step at the beginning, 
followed by six cycles of baseline, association, and 
dissociation for each concentration level. To enable double 
reference subtraction for kinetics analysis, two columns of 
biosensors must go through the same sample plate with 
the same assay setup sequentially. The first column of 
biosensors was SSA coated with biotin-carbonic anhydrase 
while the second column of biosensors are SSA blocked 
with biocytin. The order can be switched. The total time for 
one assay was about 30 min and multiple assays (at least 
two assays) were included in one run. The assay was 
performed at 1000 rpm shaker speed at 25⁰C. Sample 
reference subtraction must be done within each assay, 
while biosensor reference subtraction must be done within 
adjacent assays. However, each run can include up to six 
assays (three pairs) considering the total run time. The 
overall baseline performance of biosensors will change 
along the experimental time but double reference 
subtraction in data analysis will compensate for this change. 

Figure 14: Protein-small molecules binding kinetics method developed 
in Octet® BLI Discovery software. 

Figures 15 to 17 show the biosensor tray maps on the left 
panel and the sample plate maps on the right panel, which 
were designed to compare protein–small molecule binding 
kinetics on the three configurations of the modular Octet® 
system. For the assay on the Octet® R2 system (Figure 15 
left panel), three sets of two paired SSA Biosensors were 
used. The first column of biosensors from each set (protein 
ligand biotinylated carbonic anhydrase coated SSA) was 
used to acquire data for binding of the furosemide (small 
molecule analyte, 330.7 Da) which was plated in increasing 
concentrations across the plate (Figure 15 right panel). The 
second column of biosensors from each set (biocytin-
blocked SSA) serves as a negative control when used in the 
same workflow. For the assays on Octet® R4 and R8 
systems, two sets of four paired SSA Biosensors and a single 
set of eight paired SSA biosensors were used (Figures 16 
and 17 left panels). 

https://www.sartorius.com/download/1291550/octet-small-molecule-binding-kinetics-tech-note-en-l-sartori-1--data.pdf
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Figure 15: Octet® R2 system protein-small molecules assay setup:  
One run; six assays and two runs in total. The assay workflow is similar to 
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this example, a total of three replicates of data is acquired sequentially 
using two columns of biosensors for each replicate. Biosensors in column 
1 and 2 dip into sample plate rows A-B, biosensors in columns 3 and 4 dip 
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Figure 16: Octet® R4 system protein-small molecules assay setup: One 
run; four assays. The assay workflow is similar to the Octet® R8 system 
workflow except that only four biosensors are used at a time. The first two 
columns of biosensors are used to dip into sample wells on rows A–D 
while the next two columns are dipped into sample wells E-H to acquire 
data for the set of replicates.
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Figure 17: Octet® R8 system protein-small molecules binding kinetics 
setup: One run; two assays. In assay 1 biosensors in column 1 are first 
used to acquire data for the binding of furosemide (analyte) to the 
protein (ligand). The sample plate has furosemide at dose response 
concentrations across the right half of the plate and as assay buffer 
across the left half of the plate). Note that in this example, the biosensors 
come pre-immobilized with the biotinylated carbonic anhydrase already. 
In the second assay, a second batch of biosensors (with biocytin blocked) 
are similarly dipped into the samples on the tray with identical assay 
workflow as the first column of biosensors.

Data Analysis For Kinetics Performance Comparison 
(Small Molecule)

In the Octet® Analysis Studio version 12.2 Home Tab, the 
data file was loaded by double clicking the experiment data 
folder in the Experiment Explorer window. In the Prepro-
cessed Data Tab, under the Reference Sensor Tab, biosen-
sors were selected on the biosensor tray map by right 
clicking and selecting Subtract Reference by Pairs > Left.

Under the Reference Sample Tab, samples on the sample 
plate map were selected by right clicking and selecting 
Subtract Reference by Columns.

a. 	Octet® R8 system: in each assay, only one reference 
is used while the other is changed to sample prior to 
sample reference subtraction. In other words, two 
references can serve as the back-up for each other  
in case of abnormal binding

b. 	Octet® R4 and R2 system: only one reference is 
available for use in each assay 

Data was processed and was fitted using a 1:1 binding model 
(Refer to the Octet® Software Data Analysis User Guide for 
data processing)
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Protein A Test

Precision %CV

Conc. Level Octet® R8 Octet® R4 Octet® R2

500 µg/mL 1.8% 2.1% 2.8%

1500 µg/mL 5.7% 4.2% 3.6%

Precision % Recovery

Conc. Level Octet® R8 Octet® R4 Octet® R2

500 µg/mL 102.6% 101.5% 100.6%

1500 µg/mL 102.1% 98.2% 105.2%

Table 3: CV and recovery percentages of the two unknown samples as 
calculated from the standard curves generated on the Octet® R2, R4  
and R8 systems.

Modular Octet® Configuration

Octet® R2 Octet® R4 Octet® R8

Number of replicates for each 
standard/sample concentration 4/16 4/16 4/16

Number of standard/sample 
concentrations 8/2 8/2 8/2

Number of runs needed 1 1 1

Number of ProA Biosensors 8 8 16

Total run time (hours) 2 1 0.5

Table 4: Comparison of the total number of assay runs, biosensors  
and time required to test eight concentrations for a standard curve 
with four replicates and two concentrations for precision samples with 
16 replicates on Octet® R2, R4 and R8 systems.

Residual Protein A Detection and Quantitation  
on the Modular Octet® R Series

Modular Octet® Configuration

Octet® R2 Octet® R4 Octet® R8

Number of RPA Biosensors 40 40 40

Number of detection 
reagents usage times 10 10 5

Total run time (hours) 2 1 0.5

Table 5: Biosensors, run time and reagent usage time comparisons 
between the modular Octet® R series instruments for RPA testing.

Results 

Quantitation Performance Comparison  
on Modular Octet® R Series

The comparison of quantitation of two unknown samples on 
the three configurations of the Octet® R series of systems 
showed all modules gave comparable results in terms of 
reproducibility in binding curves from the different standard 
replicates (Figures 18 A-C). Similarly, a comparison of RPA 
detection on the modules show good comparability in 
response signals for all samples tested (Figure 19). Addition-
ally, the IgG quantitation standard curve precision and fit is 
also comparable across the three modular Octet® R series 
systems (Table 2). In terms of precision %CV obtained from 
the unknown samples, the three modules again show cross 
comparability. The percentage recovery of the unknown 
sample concentrations plotted on the standard curves gen-
erated on the three modular Octet® systems do not show any 
significant variation (Table 3). Therefore, we conclude that 
the three Octet® R series modules show comparable quanti-
tation performance. 

However, the total assay time required to run the same num-
ber of standards replicates and unknown samples during IgG 
quantitation and in RPA detection varies between each of 
the Octet® R series modules (Tables 4 and 5).  

Protein A Test

Standard Curve Precision and Fit

Calibrator Octet® R8 Octet® R4 Octet® R2

0.5 µg/mL 10.0% 1.8% 6.4%

3 µg/mL 0.6% 0.9% 3.1%

10 µg/mL 0.7% 3.7% 3.3%

30 µg/mL 1.0% 0.8% 3.3%

100 µg/mL 1.0% 0.5% 3.7%

300 µg/mL 1.1% 0.6% 3.6%

700 µg/mL 4.4% 1.4% 2.7%

2000 µg/mL 9.2% 5.0% 6.3%

Standard Curve R2 0.9990 0.9996 0.9994

Binding Rate Separation

Conc. Level Octet® R8 Octet® R4 Octet® R2

10–0.5 µg/mL 0.035 0.033 0.033

2000–0.5 µg/mL 0.918 1.019 0.938

2000–700 µg/mL 2.471 2.533 2.486

2.472 2.535 2.488

Table 2: Standard curve precision and fit across the Octet® R2, R4 and  
R8 systems.
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Figure 18: Direct comparison of raw data obtained from the 3 modular Octet® R series. A-C show the standard dose response binding curves  
(0.5–2000 µg/mL) as well as the 500 and 1500 µg/mL concentration point unknown sample binding curve replicates (in teal).
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Kinetics Octet® R2 Octet® R4 Octet® R8

Loading nm shift 1.06 1.04 0.9

Loading nm shift %CV 4.9% 1.8% 1.2%

KD 1.65E-10 1.52-10 1.32-10

KD %CV 7.8% 5.7% 5.3%

kon 4.82E+05 5.18+05 6.29+05

kon %CV 2.6% 5.5% 2.5%

koff 7.97-05 7.98E-05 8.32-05

koff %CV 9.3% 4.3% 3.1%

Table 6: Protein-protein kinetics assay parameters obtained from the 
3 modular Octet® R series instruments when used with identical samples. 
Kinetics parameters were obtained in 4 replicate assays for each 
instrument .

Octet® R2 Octet® R4 Octet® R8

Number of replicates  
for kinetic rates 4 4 4

Number of sample 
concentrations for  
global kinetic analysis

3 3 3

Number of runs needed 4 2 1

Number biosensors 24 16 8

Total run time (hours) 8.67 3 2*

Table 7: A comparison of the total number of assay runs, biosensors and 
time required to test three concentrations of a sample with 
four replicates with a reference on the Octet® R2, R4 and R8 series 
(*elongated baseline after ligand loading) systems for the kinetics 
performance comparison.

Kinetics Performance Comparison of Large Molecules  
on the Modular Octet® R Series

During kinetic analysis on Octet® systems, the binding 
events can be observed in real time. In the kinetic perfor-
mance comparison on modular Octet systems, the associa-
tion and dissociation of the analyte hIgG1K monoclonal 
antibody on SAX2 Biosensors loaded with hCD64 ligand was 
studied. As with the quantitation performance, tight repro-
ducibility between the replicates were seen across the three 
Octet® R series modules in this instance as well (Figure 20). 
The comparability in the raw data obtained from each of the 
three analyte concentrations can be seen in Figure 20 A-C. 
The magnification of just the association and dissociation 
steps (Figure 20 D-F) shows comparable slow association 
and dissociation on the three modular Octet® systems. In 
addition, comparable loading nm shift, KD, kon and koff as well 
as their CV%s were seen across the three Octet® R series 
modules (Table 6). Therefore, we conclude that the three 
Octet® R series modules show comparable large molecule 
kinetics performance. 

However, the total assay time required to run in the same 
number of replicates varies between each of the Octet® R 
series modules (Table 7). This is because one run with 
three assays on an Octet® R2 system can generate one 
sample replicate reading, while one run with two assays on 
an Octet® R8 system can generate all four replicate read-
ings. Therefore, to get the same four replicate readings as 
an Octet® R8 system, the Octet® R4 system needs double 
the number of runs and assays, and the Octet® R2 system 
needs 4x the number of runs and 6x the number of assays. 
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Figure 20: Direct comparison of protein-protein binding raw and analyzed data as obtained from the 3 modular Octet® R Series. A-C show the full  
dose response assay with replicates overlaid. D-F show the overlay of the association and dissociation steps with replicates for the three instruments. 
Association and dissociation steps were analyzed using Octet® Analysis Studio software version 12.2, results are shown in Table 5.
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Furosemide Kinetics Octet® R8 Octet® R4 Octet® R2

KD (M) 6.07E-07 6.99E-07 4.93E-07

kn (1/Ms) 6.67E+04 5.96E+04 8.66+04

kdis (1/s) 4.00E-02 4.16E-02 4.26E-02

pm shift at 30 µM 133.69 118.55 151.77

KD %CV 12.6% 7.9% 4.4%

kon %CV 14.1% 5.4% 7.7%

kdis %CV 6.6% 5.1% 5.1%

pm shift at 10 µM %CV 4.5% 5.3% 2.8%

Table 8: Protein-small molecule binding characterization (carbonic an-
hydrase–furosemide) comparison chart for the 3 modular Octet® R series 
instruments. 

Octet® R2 Octet® R4 Octet® R8

Number of replicates for 
kinetic rates 6 6 6

Number of sample 
concentrations for global 
kinetic analysis

6 6 6

Number of runs needed 2 1 1

Number of biosensors 24 16 16

Total run time (hours) 6 2 1

Table 9: Comparison of the Octet® R series experimental run times  
for protein-small molecule interaction (carbonic Anhydrase binding to 
furosemide). 

Figure 21: Carbonic anhydrase–furosemide binding characterization comparison data as obtained using the 3 modular Octet® R series instruments.  
The data represents replicates of a dose response analysis of furosemide dissolved in PBS/0.5% DMSO buffer. Data was later globally fit to a 1:1 
kinetics binding model using the Octet® Analysis Studio Software (Table 7).
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Kinetics Performance Comparison of Small Molecules  
on the Modular Octet® R Series

In the kinetic performance comparison of small molecules 
on modular Octet® systems, the association and dissocia-
tion of the analyte furosemide on SSA Biosensors loaded 
with carbonic anhydrase ligand was studied. As with the 
large molecule kinetics performance, tight reproducibility 
between the replicates was seen across the three Octet® R 
series modules (Figure 21). In this case, we see the phenom-
enon of fast association and dissociation as evidenced by 
the steep on and off curves. In addition, comparable load-
ing nm shift, KD, kon and koff as well as CV%s were seen across 
the three Octet® R series modules (Table 8). Therefore, we 
conclude that the three Octet® R series modules show 
comparable small molecule kinetics performance as well. 
This set of experiments reiterate the increased time needed 
for performing the kinetic analysis on the same number of 
replicates using the Octet® R2 system relative  
to Octet® R4 and R8 systems (Table 9).
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Conclusion

To summarize, we show that the three new modular 
configurations, Octet® R2, R4 and R8 systems, show very 
comparable results for quantitation and kinetic analysis of 
biomolecules irrespective of the size. All three modules can 
be used for analyzing a whole 96-well plate of samples and  
come with sample temperature control for stable 
processing of temperature-sensitive samples. 

However, there is significant difference in the total time 
required to assay the same set of samples and replicates 
between the three modules. The Octet® R8 system 
consists of 8 channels which can simultaneously assay 
eight independent samples with eight biosensors leading 
to significant time saving. In contrast, the Octet® R4 and 
R2 systems have four and two channels each, and can only 
analyze four and two samples simultaneously, leading to 
increased time requirement respectively. The Octet® R8 
system also comes with an evaporation cover, facilitating 
longer experimental runs (up to 12 hrs) without any 
significant loss in the sample volume. 

In summary, although all the three systems show 
comparable performance, the Octet® R2 system is most 
suited to the labs and workflow steps which have low 
throughput requirements and the Octet® R4 system is 
suited to labs with higher throughput. Since these systems 
are modular, they can be upgraded to the highest-
throughput Octet® R8 system when the throughput needs 
increase, thereby futureproofing the lab and maintaining 
the initial investment within the low-throughput system. 
Octet® R8 systems are best suited for labs working on high-
throughput biomolecule analysis or within workflow steps 
requiring parallel processing of a large number of samples. 
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