Designing the perfect SPR experiment
Abstract
In this paper, the SPR measurement and analysis of the interaction between CD16a and IgG Fc
fragment using the IBIS MX96 SPR imager is described. This interaction was also measured using other
SPR platforms and the results were published previously.
We demonstrate here that using the multiplex SPR imaging setup used by the IBIS MX96 is ideally
suited for the optimization and subsequent measurement of this type of interaction. The MX96 greatly
saves optimization and analysis time costs because of the simultaneous interrogation of many
immobilization conditions with just a few analyte injections. In contrast, optimizing and analyzing the
same set using a non-imaging system with just a few flow channels requires much more time and
material. Designing the perfect SPR experiment becomes much easier using the MX96.
Previously reported results were compared with the results obtained in the study presented here.
A good overall correlation of on-rate and on-rate was found between the SPR platforms.
The measurements performed in this study were used to identify key points in the design of a perfect
SPR experiment.
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Introduction
Over the past twenty-five years, Surface Plasmon Resonance (SPR) has become the go-to technology
for studying the interaction of biomolecules. The technology’s high sensitivity combined with the
potential for a robust hardware setup has lent itself perfectly for integration in academic, R&D, biotech
and pharma laboratories world-wide.
The first SPR systems were designed for obtaining reliable kinetics parameters studying one particular
interaction. Therefore, these systems focused on reliability, accuracy and precision rather than
throughput. Many systems available to date still maintain this focus. However, with industry
demanding increased throughput, SPR manufacturers were challenged to develop high-throughput
systems. IBIS Technologies has been the avant-garde for developing reliable, accurate and highthroughput SPR systems. Pioneering the field of high-throughput SPR measurements, we introduced
the first commercially available imaging system in 1995, culminating in the state-of-the art MX96 SPR
imager it produces today.
As with the application of any technology, some knowledge, skill and training is required to correctly
set up, perform and analyse the results of an experiment and so too, SPR has its caveats.
In this paper we identify some of these caveats and explain how to tackle them in order to obtain the
best results possible.
We will look into the following:
Choice of sensor surface
Choice of ligand density
Choice of analyte concentration
Choice of interaction parameters (association and dissociation times)
Data processing and analysis
A model interaction was chosen for the experiments. Human CD16a (FcγRIIIa) was used as ligand and
captured to the sensor surface. Human IgG Fc fragment was used as analyte and injected over the
ligand to allow and measure binding to the CD16a.
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On-rate and off-rate of this interaction was already published in an application note by Nicoya (link to
application note). In the application note, the CD16a-IgG Fc interaction was measured using an
OpenSPR™, Biacore™ 3000 and Octet™ Red96 system manufactured by Nicoya, GE Life Sciences and
Molecular Devices-FortéBio, respectively. We used the IBIS MX96 imager (IBIS Technologies BV,
Enschede, The Netherlands) to measure the interactions. In this paper, the MX96 results will be
compared to the previously reported results.

Materials and Methods
SPR Sensor
Nowadays, most suppliers of SPR sensors offer a wide variety of surface chemistries. Choosing
the best surface chemistry for an experiment is one of the most important steps toward obtaining high
quality, reliable results and depends on a number of factors.
Ligand tag
Using a tag to capture the ligand on the sensor surface is usually preferred to covalent
coupling of the ligand since the tag can be designed and positioned in such a way that capturing the
tag will not influence binding of the analyte. Covalent coupling, while straightforward in many
respects, may lead to a large proportion of partially active ligand due to cross linking of the analyte
binding moiety, leading to undesired low functional ligand densities and less accurate apparent
affinities.
Be aware though, that using a tag capture approach can also lead to undesired effects. For
example, while a histidine tag is ideal for chromatography based purification, using a histidine tag in
SPR experiments often leads to drift during an experiment due to poor affinity of the capture agent
(NTA or anti-histidine).
The Nicoya study used biotinylated CD16a and the biotin tag was used to capture the CD16a
on a streptavidin sensor (Streptavidin Sensor Chip, SA sensor chip and High Precision Streptavidin SAX
Sensor for the OpenSPR™, Biacore™ and Octet™ systems, respectively). We also used a biotin capture
approach for our experiments. CD16a-biotin was purchased from SinoBiological (cat# 10389-H27H1B). The biotin-streptavidin bond is a well-understood and often used tag system with exceptional
affinity (KD ≈10-14 M). Using dedicated expression systems, ligand protein can be biotinylated with a
single biotin at a position chosen such that it does not sterically hinder binding of the analyte.
Alternatively, so-called minimal biotinylation protocols have been developed for biotinylating native
ligand proteins.
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Ligand density
To obtain reliable responses, the ligand density on the sensor surface must be sufficiently high.
Usually, the SPR sensor manufacturer offers a variety of dextran densities to increase the amount of
bound ligand per surface area. Here too, the choice of ligand density can affect the outcome of a
measurement: a too-high ligand density may lead to rebinding of the analyte, resulting in an off-rate
that is apparently slower. While the rebinding effect is most visible in the dissociation phase, be aware
that it also affects the association phase, since dissociation also takes place during association. So the
net effect of rebinding leads to an apparent affinity dissociation constant KD that is lower than what it
should be.
Most SPR operators choose to tune the ligand density to a response (estimated Rmax) of about
100 RU. A more modern approach is to tune Rmax to the lowest reliable response possible. Since the
IBIS MX96 imager can interrogate an entire array of up to 96 ligand spots at once, we were uniquely
able to evaluate multiple ligand densities in the same experiment by applying different ligand
concentrations during the array creation phase. For the experiments, we used a P-type (low dextran
density, planar) STREP sensor manufactured by SensEye™ (link to manufacturer here).
The array layout was as follows.
CD16a,
µg/mL
A
B
C
D

1
10.42
0.00
0.00
10.42

2
5.21
0.01
0.01
5.21

3
2.60
0.02
0.02
2.60

4
1.30
0.04
0.04
1.30

5
0.65
0.08
0.08
0.65

6
0.33
0.16
0.16
0.33

7
0.16
0.33
0.33
0.16

8
0.08
0.65
0.65
0.08

9
0.04
1.30
1.30
0.04

10
0.02
2.60
2.60
0.02

11
0.01
5.21
5.21
0.01

12
0.00
10.42
10.42
0.00

CD16a dilutions were prepared with HBS-EP buffer (0.01 M HEPES, 0.15 M NaCl, 3 mM EDTA, 0.005%
Tween-20, pH 7.4). All 48 spots on the array were created at once by off-line continuous flow
microspotting where 100 µL of the diluted ligand per spot was flowed over the P-STREP SensEye™ for
30 minutes.
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After creating the array, the SensEye™ was transferred to the IBIS MX96 and evaluated using the
imaging option of the MX96 for proper ligand immobilization and cleanliness. The SPR reflectivity
image of the array produced by the MX96 is shown below.
Although some minor artefacts are visible, the quality of the produced array is sufficient and may be
used for the interaction measurements.

Interaction Measurements
Human IgG Fc fragment was purchased from Abcam (cat# Ab90285). Kinetics measurements were
performed at concentrations of 1000, 500, 250, 125, 62.5 and 31.25 nM, prepared in HBS-EP. 100 µL
analyte was allowed to associate for 2 minutes using IBIS’ back-and-forth mixing mode and then
dissociate for 16 minutes under continuous flow of fresh running buffer at a rate of 1 µL per second,
returning to baseline level.
Data was processed using IBIS’ SPRintX software and analyzed in Scrubber2™ software (BioLogic
Software Pty Ltd, Australia).
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Measurement considerations
Expected response levels
Once the ligand has been immobilized, the ligand density can be measured by comparing the RU
level of the ligand spot with that of the reference surface. Assuming a 1:1 binding mode, 100 percent
active surface and the same molecular mass for both ligand and analyte, a ligand density of 100 RU
will also yield an Rmax of 100 RU. Knowing the molecular weight of the analyte allows calculating
expected responses. Be aware that actual responses may be lower since ligand activity could have
been decreased due to the immobilization method chosen. Also take note that any tag present on the
analyte will increase its molecular weight and therefore the signal. A special case are Fc-tagged
analytes; effectively, these are dimers and will exhibit binding kinetics that do not adhere to the default
1:1 Langmuir model but rather to a biphasic model. In fact, any analyte that has multimeric binding
properties towards its ligand (eg. IgG molecules) will exhibit non-1:1 binding kinetics to a certain extent.
Nonspecific binding
The purpose of an SPR measurement is to only measure the interaction between analyte and ligand.
Non-specific binding occurs when analyte not only binds to ligand but also to the SPR sensor and can
be caused by molecular forces such as hydrophobic interactions, charge interactions and hydrogen
bonding between the analyte and the sensor surface.
Also, be sure to verify that the analyte does not contain a tag directed to the capture surface. If this
cannot be avoided then deactivate / block the sensor surface so that nonspecific binding cannot take
place or at least is minimized. In some cases analyte will nonspecifically bind to the reference surface
despite deactivating the sensor. If the nonspecific binding kinetics is slow and differs sufficiently from
the specific kinetics then the reference surface can still be used to subtract the nonspecific binding
from the specific binding. Sometimes, albumin or even dextran is added to the running buffer to
reduce nonspecific binding.
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Interaction times
Selecting interaction times that yield reliable results and are practical is in many ways a “chicken-andegg” issue. How can one program a dissociation time that yields enough slope information to reliably
determine the off-rate if the actual off-rate is not yet known?
Almost always some pilot experiments are needed to optimize the interaction times. As a very general
rule of thumb for most antibody-based interactions, good starting times are 5 minutes for the
association and 10 minutes for the dissociation. Another guideline is the so-called five-percent rule for
the dissociation: one can reliably determine the off-rate if the dissociation response has decreased by
5 percent.
Regeneration
Often, the affinity of the measured interaction is very good or the off-rate of the measured interaction
is very slow. In such instances it becomes impractical to wait for the complex to dissociate completely
and so, after measuring the dissociation, a regeneration buffer is flushed over the ligand-analyte
complex that causes chemical dissociation of the complex.
The regeneration buffer should be chosen such that all analyte is completely removed while
maintaining full activity of the ligand. Over the years, many strategies and regeneration buffers have
been used for optimizing the regeneration phase (see this link). More often than not, a low-pH buffer
such as 10 mM glycine pH 2 will work but it is advised to empirically optimize the regeneration
condition for each ligand-analyte complex. The IBIS MX96 can scout many different regeneration
conditions very quickly.
In this light, a major caveat with array-based systems is exposed: while an array-based system is ideally
suited for screening many different ligands at once, the chosen regeneration condition may work for
some ligands but may be less effective or destructive for others. Because of this, measurement
strategies have been developed where there is no need for regeneration. The MX96 can employ a socalled kinetic titration, where increasing concentrations of analyte are injected over the array without
the need for regeneration in between the injections.
In the experiments reported here, the dissociation rate was quite fast so that regeneration was not
needed.
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Data processing
The raw data that was generated needs to be processed prior to analysis. For MX96 data, the SPRintX
software is used for processing the data. SPR data processing entails the following.
Referencing
A reference surface on the sensor is used to measure any common mode effect such as temperature
drift, bulk refractive index jumps and potentially nonspecific binding. The reference signal is subtracted
from the interaction signal in order to remove these effects from the sensorgram. In the MX96, each
array spot has an allocated reference spot that is positioned as closely to the signal spot as possible.
The ability to place signal and reference regions and inspect the sensor surface is a unique feature of
imaging SPR.
Zeroing
The baseline levels of spots can have varying response heights.
Fitting algorithms generally need to start from 0 so all the sensorgrams need to be adjusted by
translation along the y-axis so that the average of each baseline is at y=0 RU.
Aligning
Because the ligand spots are located at different distances from the flow cell inlet, small timing
differences in analyte injections will occur and not all interactions will start at the same time when
overlaying the interactions upon analysis. The MX96 uses injection points during the interaction
measurements which allows for aligning all sensorgrams to t=0 seconds.
Blank subtraction
Also called double referencing, buffer injections (blanks) can be used to correct for differences
between the signal spot and the reference spot.
Calibration
An array will almost always have spots with different ligand densities. These differences will affect the
sensitivity of a spot for a change in refractive index. A calibration routine using running buffer spiked
with different concentrations of glycerol is performed at the end of a MX96 measurement. A
calibration curve is generated for each spot and can be used to equalize each spot’s sensitivity.
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Selecting ligand spots and analyte injections for analysis
It is apparent that data obtained from imaging SPR has the capacity for generating a lot of data in just
one experiment. For analysis, proper selections of array spots and analyte injections need to be made.
We developed a very rapid way of doing this by using the so-called tile plot function in SPRintX. Here,
all selected injections are displayed per spot or all selected spots are displayed per injection. This
allows for quickly selecting interactions with proper responses and discarding spots or injections with
undesired responses.
Sensorgram analysis
Proper data processing is key to good data analysis. Once the data is processed, data can be analyzed
and the on-rate, off-rate, Rmax and KD can be determined in a relatively straightforward fashion.
As alluded to in previous sections, a Langmuir 1:1 binding model is commonly used to fit the
sensorgrams in order to obtain the desired kinetics parameters. Other models exist and may be used,
however a great deal of caution is advised. An investigator may suspect an interaction is following a
conformational change model, and the fit model may in fact yield very good fit residuals. However,
that does not mean that the interaction is actually due to conformational change and may be fitted
just as well using e.g. a biphasic model. The dangers of model-surfing and its implications for
misinterpreting biomolecular interactions is what has led the SPR community to be very apprehensive
about using any model other than the 1:1 model.
In fact, the Srubber2™ software used for analyzing the MX96 data does not allow for any other model
for kinetics analysis.
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Results
Processing
Data was calibrated, referenced, zeroed, aligned and double referenced using SPRintX software. A
selection of spots based on their respective responses was made using the tile plot function in
SPRintX. Selections were made using criteria such as sufficient response levels and a visually good
correlation between a decrease in analyte concentration and the resulting decrease in signal (should
scale proportionally).
When performing experiments where regeneration is necessary, one must also consider the ligand
resilience toward the regeneration condition, i.e. ideally, response levels should not drop after
subsequent regeneration cycles.
Once a selection was made, kinetic analysis was performed using Scrubber2™ software.

Figure: Tile plot per array spot of the measurement. Per tile, the analyte injections at different
concentrations are observed. Because of different ligand densities, spots display varying R max levels which
will be used to obtain robust kinetics parameters. The tile plot option in IBIS’ SPRintX software is a highly
effective method to quickly make selections for subsequent analysis. Deselected (grey) spots will be
excluded from further analysis.
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Analysis
Scrubber2™ software was used to perform kinetic analysis using a 1:1 binding model.
For one experiment a 10-minute association time was applied so that the interactions reached steady
state. The steady state data could then be used for affinity determination by plotting response versus
concentration and calculating the KD from the resulting sigmoidal curve.
No standard deviation or fit residuals were reported in Nicoya’s report so we cannot objectively
compare results. However, from visually inspecting Nicoya’s reported sensorgrams obtained with the
OpenSPR™ system, subjectively, we can conclude the IBIS system obtained better fits.

Figure: A selection of curve fits per array spot for the measurements are shown along with the fit
residuals. Judging by the shape of the sensorgrams and the fit residuals, the interactions seem to be
biphasic. Nevertheless, data was fitted using the 1:1 binding model with acceptable results (mean signal
of fit residual <10% of maximum sensorgram response). Bottom right shows the experiment with
prolonged association time, allowing affinity calculation from the dose-response sigmoidal curve.
Dashed lines show how the measured responses versus time are also plotted versus analyte
concentration.
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Cross-platform comparison
Average kinetics parameters were taken from the IBIS MX96 experiments and compared with the OpenSPR™, Biacore™ and Octet™ results as
reported by Nicoya.
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Figure: On-rate, off-rate and KD as measured by the different SPR platforms. Errors were not reported for the OpenSPR™, Biacore™ and Octet™
systems, suggesting these measurements were done in mono. By combining data from ligand spots and repeated analyte injections, MX96 data
is statistically very robust. The IBIS MX96 data is well within the range reported in the Nicoya application note.
Table: Average kinetics for the CD16a-IgG Fc interactions in tabulated form. As in figure above, errors were not reported for the OpenSPR™,
Biacore™ and Octet™ data.
Platform
On-rate, *1E4 M-1s-1
Off-rate, *1E-3 s-1
KD, *1E-8 M
OpenSPR™
5.57
4.16
7.47
IBIS MX96
6(1)
3.5(4)
6(1)
Biacore™ 3000
14.2
6.89
4.87
Octet™ Red96
2.68
6.08
22.6
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Figure: CD16a-IgG Fc interaction analyzed using the OpenSPR™ (A), Biacore™ 3000 (B), Octet™ Red96 (C) and IBIS MX96 (D) including 1:1 fit
curves, with analyte concentrations of 31.25, 62.5, 125, 250, 500 and 1000 nM. For OpenSPR™, Biacore™ and Octet™ fits, the fit error was not
reported. For IBIS MX96 fits, the error of the fit result is shown in parentheses. The error is rounded to a single digit and it shows the error in the
last digit of the result. Sensorgrams A, B and C were taken from the application note “OpenSPR™ vs. Biacore™ vs. Octet™ Comparison Study”
by Nicoya Life Sciences.
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Discussion
The interaction of captured CD16a with IgG Fc fragment was measured with the IBIS MX96 imaging
SPR platform. Results of kinetic analysis were compared with results reported earlier by Nicoya for
OpenSPR™, Biacore™ 3000 and Octet™ Red96.
The SPR imaging applied by the IBIS MX96 system allows for the interrogation of an entire array of
immobilized ligands at once, dramatically decreasing experiment time and increasing the number of
sensorgrams per-experiment resulting in much more reliable kinetics parameters obtained. Also,
minimal reagent consumption, experiment duration and operator hands-on times reduce the cost
compared to lower-throughput systems.
Overall, IBIS results are very comparable to both OpenSPR™ and Biacore™ results and less so with
Octet™ results.
As already reported by Nicoya, the larger differences seen in the Octet™ data could be due to a
higher immobilization level used, fitting differences, or fundamental differences in the dip and read
technique used with BLI. Unfortunately, the Nicoya application note did not report goodness-of-fit
data such as residual plots or residual standard deviations by which to examine the goodness-of-fit.
Based on the results of this comparison of different SPR platforms one could argue that a low cost /
low throughput SPR system yields the same results as the high-end instruments. However, as shown in
this paper, an imaging SPR system in general and the IBIS MX96 in particular, yields reliable high
quality array-based data for a fraction of the time and cost needed with lower-throughput systems.
Furthermore, the versatility of an imaging SPR system offers access to SPR applications that cannot be
addressed by conventional non-imaging based SPR systems.
While designing the perfect SPR experiment has its challenges, with skill, training, experience and the
IBIS MX96 it is certainly achievable.
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