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Short single-stranded nucleic acids called aptamers are widely being explored
as recognition molecules of high affinity and specificity for binding a wide
range of target molecules, particularly protein targets. In biolayer interfer-
ometry (BLI), a simple Dip-and-Read approach in which the aptamer-coated
biosensors are dipped into microplate wells is used to study the interactions
between an aptamer and its target protein. Here we describe the protocol for
the analysis of the interaction between a well-characterized anti-thrombin RNA
aptamer with thrombin (Basic Protocol). We also report on the protocol for the
affinity screening of a panel of anti-thrombin RNA aptamers with a single phos-
phorodithioate (PS2) modification, whereby the position of the modification
along the RNA backbone is varied systematically (Support Protocol). The PS2
modification uses two sulfur atoms to replace two non-bridging oxygen atoms at
an internucleotide phosphodiester backbone linkage. The PS2-modified RNAs
are nuclease resistant and several in vitro and in vivo assays have demonstrated
their biological activity. For example, combining the PS2 with the 2’-OMe mod-
ification affords increased loading of modified small interfering RNA (siRNA)
duplexes into the RNA-induced silencing complex (RISC) as well as enhanced
gene-silencing antitumor activity. © 2016 by John Wiley & Sons, Inc.
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INTRODUCTION

Nucleic acid-protein interactions are very important for many biological processes (Guille
and Kneale, 1997; Draper, 1999; Gosai et al., 2015; Jankowsky and Harris, 2015). Direct
measurement of nucleic acid-protein interactions plays an important role in designing
specific nucleic acids such as aptamers; the design of nucleic acid binding proteins has
also been an important goal for biotechnology (Ellington and Szostak, 1990; Tuerk and
Gold, 1990). Traditionally, assaying specific nucleic acid-protein formation in vitro often
involves the use of specific labeling or modification of the components of the complex
to provide a unique signal that can be used to assess the affinity of the interaction
(Ceglarek and Revzin, 1989; Fried, 1989; Murphy et al., 2001). Biolayer interferometry
(BLI) is a biosensor-based technique that doesn’t need radio or fluorescent labeling
of the compounds of a complex provided that one of the partners is immobilized on
a solid support. Unlike standard endpoint assays such as the electrophoretic mobility
shift assay (EMSA; Fried, 1989; Yang et al., 1999), BLI enables monitoring of binding
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Figure 7.25.1 The principle of biolayer interferometry (BLI). (A) Schematic drawing of the light
interference on a biomolecule-bound layer and an internal reference layer of a fiber-optic biosensor.
(B) The wavelength shift of the interference pattern caused by the target binding is measured in
real time (provided by Dr. Sriram Kumaraswamy and Dr. Gemma Milan from FortéBIO, a division
of Pall Life Sciences).

interactions in real time and is generally applicable to the study of any molecules that
express affinity for one another, including proteins, nucleic acids, and carbohydrates.
The wealth of information provided by BLI includes qualitative data such as binding
specificity, quantitative data such as stoichiometry, dissociation constants (Kp), and
kinetics parameters.

Principle of Detection

The principle of BLI detection relies on the optical analytical technique that is sensitive
to the interference between waves of light. In BLI, white light is directed down the
fiber-optic biosensor towards the two interfaces separated by a thin layer at the tip of the
fiber: The ligand-coated layer of the surface of the tip and an internal reference layer
(Fig. 7.25.1A). Light is reflected from both layers and the reflected beam interference is
detected via a charge-coupled device (CCD) array detector. When the tip of a biosensor
is dipped into a 96-well microplate containing a sample analyte such as protein, the
protein binds to immobilized aptamer on the biosensor surface. As more proteins bind to
the surface of the biosensor, the interference pattern of the reflected light changes more
significantly, creating a wavelength shift (nm) that is reported in real time on a sensorgram
(Fig. 7.25.1B). Monitoring the interference pattern in real time provides kinetic data on
molecular interactions.

The protocols described herein include a binding kinetic assay for studying functional
aptamer-protein interactions (see Basic Protocol) and for affinity screening of modified
aptamers (see Support Protocol).

ANALYSIS OF FUNCTIONAL APTAMER-PROTEIN INTERACTIONS

This protocol describes the setup and step-by-step procedures for studying functional
aptamer-protein interactions. In this protocol, aptamers are immobilized on the BLI
biosensor tip surface on the Forté BIO Octet RED96 system (Fig. 7.25.2) equipped with a
Data Acquisition and Data Analysis 7.0 workstation. The protocol can easily be adapted
to other Octet systems such as Octet RED384. All assays used to develop this protocol
were performed with streptavidin-coated biosensors (FortéBIO, cat. no. 18-5020) that
were designed to efficiently capture the biotin-labeled aptamers, owing to the extremely
high affinity of the biotin-streptavidin interaction (association constant 10> M'). In
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Figure 7.25.2 The Octet RED96 system.

addition, the interaction between streptavidin and biotin is non-covalent, but is rapid,
stable, and essentially irreversible.

Here we describe how to perform kinetic characterization of the interaction between the
anti-thrombin RNA aptamer and thrombin (White et al., 2001) using the BLI-based Octet
RED96 system. The crystal structure of this aptamer in complex with thrombin has been
determined (Long et al., 2008).

Materials

Water, molecular biology grade (DNase, RNase, and Protease are not detectable;
Phenix Research Products, cat. no. W-8001-1000)

1x assay buffer (20 mM HEPES-KOH, 125 mM NaCl, 2 mM CaCl,, and 0.05%
Tween 20, pH 7.4)

10x PBS (Sigma-Aldrich, cat. no. P5493-1 liter)

Streptavidin (SA) Dip and Read biosensors (FortéBIO, a division of Pall Life
Sciences, cat. no. 18-5020)

Thrombin (Haematologic Technologies, cat. no. HCT-BFPRCK)

Anti-thrombin aptamer sequence:
5'-biotinTEG-GGGAACAAAGCUGAAGUACUUACCC-3' (all U and C are
2’-F-modified nucleosides, synthesized at AM Biotechnologies)

96-well black microtiter plate (only the black plate is suitable;

Greiner Bio One, cat. no. 655209)

Disposable reagent reservoirs (Vistalab Technologies, cat. no. 3054-1002)

50 to 300 nL BioPette Plus Autoclavable Multichannel pipets, 8 channels (Labnet,
manufacturer number P4808-300 and P4808-10)

Octet RED96 system with Data Acquisition and Analysis software (see Fig. 7.25.2;
FortéBIO, a division of Pall Life Sciences)

1. Ready instrument for BLI assay.

Turn on the instrument at least 1 hr in advance to allow the lamp to warm up. This is
necessary to minimize noise and drift in optical signal during the experiment.
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Figure 7.25.3 The structures of biotin and BiotinTEG.

2. Prepare 1x assay buffer(s) for studying the aptamer-protein interaction by mixing
the following:

1 mL. 1 M HEPES-KOH, pH 7.4
750 wL 5 M NaCl

150 uL 1 M CaCl,

25 pL Tween 20

48.1 mL water

50 mL total volume.

In general, the buffer should be used throughout the assay. The buffer for the aptamer-
thrombin interaction contains 20 mM HEPES-KOH, 125 mM NaCl, 2 mM CaCl,, and
0.05% Tween 20, pH 7.4.

3. Prepare biotinylated aptamer stock solution.

Aptamer molecules are readily biotinylated in the course of oligonucleotide synthesis
by the phosphoramidite method using commercial biotin phosphoramidite. Following
standard deprotection and desalting, the conjugate obtained without further purification
can be directly used for preparing the aptamer stock solution. The typical concentration
of the aptamer stock solution should be around 10 uM.

Although the biotin moiety (Fig. 7.25.3) can be incorporated at the terminus (generally
at the 5 terminus) of an aptamer, we have found that the long arm chain, covalently
attached to biotin such as BiotinTEG (Glen Research, cat. no. 10-1955) that is depicted
in Figure 7.25.3, can improve binding kinetics and increase binding capacity at the
biosensor surface.

Determine proper aptamer concentration for optimal loading of aptamer on the
streptavidin biosensors

The 96-well plate format used on the Octet platform allows for rapid testing of several
experimental parameters at once, minimizing time spent on assay development. To deter-
mine the proper concentration of aptamer in the loading step, several concentrations of
aptamer are loaded onto the biosensor. An association step is performed for each aptamer
concentration using a high concentration of thrombin target such as 10 to 20 pM. A
zero concentration of aptamer biosensor should also be run as a control for determining
whether the thrombin binds non-specifically to the biosensor.

4. Design plate map diagram (Fig. 7.25.4).
5. Prepare sensor tray.

Based on the map diagram shown in Figure 7.25.4, we will run eight independent assays
including a control assay in one experiment.
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Figure 7.25.4 Plate map diagram for optimization of aptamer loading on the streptavidin biosen-
sors.

Figure 7.25.5 Flowchart to show how to pre-wet the BLI biosensors. BLI, biolayer interferometry.
Pipet 200 L per well of 1x assay buffer into wells of Column 1 of a 96-well black
flat-bottom microplate (Fig. 7.25.5A).

The buffer used for hydration should be the same as that used throughout the assay.

Insert hydration plate into biosensor tray (Fig. 7.25.5B). Align biosensor rack
over the hydration plate (Fig. 7.25.5C) and load streptavidin biosensors into wells
(Fig. 7.25.5D), taking care not to scrape or touch the tips of the biosensors. Hydrate
all biosensors at least 10 min.

6. Prepare sample tray: Pipet 200 wL per well 1x assay buffer into Columns 1, 3, and
5 as shown in Figure 7.25.4.

A multichannel pipet is recommended for transferring the buffer volume.

i. Dilute biotinylated anti-thrombin aptamer to 100 nM in 1x assay buffer
(400 nwL). Heat solution to 90°C 5 min, then slowly cool to room tempera-
ture over ~2 hr. Perform dilutions of biotinylated aptamer in 1x assay buffer to
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Table 7.25.1 Experiment Settings for Determining the Aptamer Loading Concentration

Assay step Step data Assay time Flow Sample plate
number name (sec) (RPM) column

1 Baseline 60 1000 1

2 Loading 300 1000 2

3 Baseline2 100 1000 3

4 Association 300 1000 4

5 Dissociation 300 1000 5

Figure 7.25.6 The internal layout of the Octet System consists of a biosensor stage (left position)
and a sample microplate stage (right position). The eight-channel optical manifold can acquire up

to eight

il.

iii.

biosensors for parallel processing.

yield aptamer concentrations of 50, 25, 12.5, 6.3, 3.2, 1.6, and 0.0 in 200 pL.
Pipet each dilution into each well of Column 2 of sample plate depicted in
Figure 7.25.4.

Prepare thrombin protein to a 12.5 nM concentration in 1.6 mL assay buffer (for
example, if your stock thrombin protein concentration is 1000 nM, add 20 pL
[20 pL = (12.5 x 1600)/1000] stock solution into 1.6 mL assay buffer). Pipet
200 pL per well into each well of Column 4 of the sample plate depicted in
Figure 7.25.4, except for the last well, which contains only binding buffer.
Place sample plate on the sample plate stage inside the Octet system with well
Al toward the back right corner (Fig. 7.25.6, right position). Place biosensor
hydration assembly on the biosensor stage (Fig. 7.25.6, left position). Make sure
both tray and sample plate are securely in place.

7. Set up assay in the instrument software.

For details, refer to the Octet Data Acquisition User Guide. Table 7.25.1 shows an example
of the settings for a kinetic assay, which can be used for optimization of aptamer loading.
Steps consist of baseline (equilibration), loading (immobilize the biotinylated aptamer
on the biosensor containing the streptavidin [SA]), baseline 2 (remove unbound aptamer

from the biosensor and to assess drift caused by non-specific binding, aggregation,

or buffer effects), association (the binding interaction of thrombin to the immobilized
aptamer is measured), and dissociation (the biosensor is dipped into buffer solution that
does not contain thrombin).

8. Run assay.

An example of the sensorgram output for the anti-thrombin aptamer loading determina-

tion is shown in Figure 7.25.7. The shape of individual loading curves can be seen.

Current Protocols in Nucleic Acid Chemistry




——100 nM
—50nM
——25nM
—12.5nM
—6.3nM
—3.2nM
~—1.6nM
~—0.0nM

Binding (nm)

0 60 120 180 240 300 360
Time (sec)
A: Baselinestep B:Loadingstep

Figure 7.25.7 Sensorgram traces showing the baseline and loading steps of the anti-thrombin
aptamer at 8 concentrations.
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Figure 7.25.8 Sensorgram traces showing all the steps using anti-thrombin aptamer at 8 con-
centrations.

9. In the Octet Data Analysis software, process data.

Figure 7.25.8 shows the raw data trace for determining the anti-thrombin aptamer
concentrations for a loading experiment. The relative signal of the analyte thrombin
binding at each corresponding aptamer concentration can be clearly differentiated.
The concentration of the biotinylated aptamer for a binding kinetics experiment can be
selected based on the analysis of Figures 7.25.7 and 7.25.8. The loading concentration
to be selected for an assay should be the lowest concentration of aptamer at which an
acceptable signal in the thrombin protein association step is generated. In the loading
step, higher concentrations of aptamer such as 100 nM quickly saturate the biosensor
(Fig. 7.25.8). In this example, the 25 nM aptamer loading concentration is appropriate.
In addition, the loading time is estimated to be ~ 100 sec. The 300 sec association time
is too long for a 25 nM aptamer concentration.

10. Determine non-specific binding of thrombin to the biosensor.

From Figure 7.25.8, the non-aptamer loaded sensor shows a flat response even in the
presence of thrombin, suggesting that non-specific binding of thrombin to the biosensor
is negligible.

11. Set up second experiment to confirm aptamer loading concentration and thrombin
binding concentration.

Biophysical
All the assay parameters are the same, except for the assay times shown in Table 7.25.2. Analysis of
Figure 7.25.9 shows the sensorgram output for all the assays based on the raw data. Nucleic Acids
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Table 7.25.2 Experimental Settings for Verifying Loading Concentration Assays

Sample
Assay step Step data Assay time Flow plate
number name (sec) (RPM) column
1 Baseline 60 1000 1
2 Loading 100 1000 2
3 Baseline2 100 1000 3
4 Association 100 1000 4
5 Dissociation 300 1000 5
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Figure 7.25.9 Sensorgram traces showing all the steps using aptamer at 8 concentrations.

Buffer
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O Thrombin protein (uM)

Figure 7.25.10 Plate map diagram for aptamer-protein kinetics experiment.

Run aptamer-thrombin kinetics experiment

12. Design plate map diagram (Fig. 7.25.10).

13. Pre-wet biosensors as described in step 5.

14. Prepare sample tray:

i. Pipet 200 wL per well of 1x assay buffer into each well of Columns 1, 3, and 5
as shown in Figure 7.25.10. Use multichannel pipet to transfer buffer volume.

ii. Dilute biotinylated anti-thrombin aptamer to 25 nM in 1x assay buffer
(1600 wL). Heat solution to 90°C 5 min, then slowly cool to room temperature
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Figure 7.25.11 Sensorgram traces showing all the steps at 8 concentrations of thrombin.

15.

16.
17.

over ~2 hr. Pipet 200 L into each well of Column 2 of sample plate as shown
in Figure 7.25.10.

iii. Dilute thrombin protein to a 12.5 nM concentration in 1 x assay buffer (400 L).
Perform dilutions of thrombin in 1 x assay buffer to yield concentrations of 6.3,
3.2, 1.6, 0.8, 0.4, 0.2, and 0.0 nM. Pipet 200 pL per well into each well of
Column 4 of sample plate as shown in Figure 7.25.10.

Place sample plate on the sample plate stage inside the Octet system with well Al
toward the back right corner (see Fig. 7.25.6). Place biosensor hydration assembly
on the biosensor stage (see Fig. 7.25.6). Make sure both tray and sample plate are
securely in place.

Set up assays in the instrument software based on Table 7.25.2.

Run assay.

Process kinetic data

18.

19.

20.

21.

In the Octet Data Analysis software, load raw data.
Figure 7.25.11 shows raw sensorgram output of the eight assays.

Select parameters for data processing; the following parameters are generally rec-
ommended for a standard aptamer-protein interaction:

i. Subtract reference well. Well 4H in the sample tray contains a 0.0 concentration
of thrombin protein. Subtract all data of assay 1 through 7 from data of assay 8.
ii. y-axis alignment (select baseline 95 to 99.8 sec).
iii. Use inter-step correction and Savitzky-Golay filtering.

Process data.
Figure 7.25.12 shows aligned association and dissociation steps.
Analyze data: In the analysis tab, select 1:1 model for curve fitting.

According to the literature reports, aptamer binding to thrombin has been demonstrated
to have 1:1 stoichiometry. Figure 7.25.13 shows the real and fitted traces of aligned
association and dissociation.
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Figure 7.25.12 Processed data for aptamer binding to thrombin (only aligned association and
dissociation steps are shown).
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Figure 7.25.13 Analyzed data for aptamer binding to thrombin using a 1:1 binding model. Curve
fit overlays are shown as red thin lines over traces.

AFFINITY SCREENING OF A LARGE NUMBER OF MODIFIED APTAMERS

Aptamers are isolated from a vast library consisting of some 10'? to 10'* randomized
oligonucleotide sequences. Typically hundreds of aptamer sequences are produced ini-
tially with varying affinities for their respective protein target. Comparative sequence
analysis is therefore necessary to identify the winning aptamer sequence. In order to
develop new aptamer therapeutics or diagnostics, the selected aptamer sequence needs to
be optimized. The ability to characterize mutations or substitutions in the optimization
of the lead aptamer candidates is essential for improving affinity and/or other proper-
ties such as improved nuclease resistance. The Octet System provides a solution for
rapidly screening and identifying binding interactions between aptamer-protein pairs.
After completion of the assay, the association rate, dissociation rate, and affinity (K,, Kq,
and Kp, respectively) of aptamer-protein interactions can be determined. This support
protocol describes how to screen a large number of phosphorodithioate (PS2) modified
aptamers based on the anti-thrombin aptamer studied above. For screening purposes or
qualitative analyses, measuring binding curves for a single thrombin concentration is
often sufficient. Here, a dilution series of four thrombin concentrations is measured in
terms of association.

Additional Materials (also see Basic Protocol)

20 PS2-anti-thrombin aptamers (shown in Table 7.25.3; synthesized and
characterized at AM Biotechnologies)

Current Protocols in Nucleic Acid Chemistry




Table 7.25.3 Anti-Thrombin Aptamer Sequences with PS2 Modification Positions

Number PS2-modified aptamer sequences with 5'-BiotinTEG

5'-GGGAACAAAGCUGAAGUACUUACCC-3'

5'-GpsoGGAACAAAGCUGAAGUACUUACCCT-3
5'-GGps;GAACAAAGCUGAAGUACUUACCCT-3'
5'-GGGps;AACAAAGCUGAAGUACUUACCCT-3
5'-GGGAps; ACAAAGCUGAAGUACUUACCCT-3'
5'-GGGAAps; CAAAGCUGAAGUACUUACCCT-3
5'-GGGAACps; AAAGCUGAAGUACUUACCCT-3'
5'-GGGAACAps; AAGCUGAAGUACUUACCCT-3'
5'-GGGAACAAps; AGCUGAAGUACUUACCCT-3

O 0 N9 N Lt AW

10 5'-GGGAACAAAps; GCUGAAGUACUUACCCT-3
11 5'-GGGAACAAAGps; CUGAAGUACUUACCCT-3'
12 5'-GGGAACAAAGCps; UGAAGUACUUACCCT-3'
13 5-GGGAACAAAGCUps; GAAGUACUUACCCT-3'
14 5'-GGGAACAAAGCUGps; AAGUACUUACCCT-3
15 5'-GGGAACAAAGCUGAps; AGUACUUACCCT-3'
16 5-GGGAACAAAGCUGAAps; GUACUUACCCT-3'
17 5'-GGGAACAAAGCUGAAGyps; UACUUACCCT-3'
18 5'-GGGAACAAAGCUGAAGUps; ACUUACCCT-3
19 5'-GGGAACAAAGCUGAAGUAps; CUUACCCT-3
20 5'-GGGAACAAAGCUGAAGUACps, UUACCCT-3'

Buffer

@ Biotin-aptamer (25 M)
O Thrombin protein (uM)

EOOOEOEOER

Figure 7.25.14 Plate map diagram for 20 PS2-aptamer affinity screenings.

1. Design plate map diagram (Fig. 7.25.14) for affinity screening.
Pre-wet biosensors (see Basic Protocol, step 5).

Prepare sample tray (see Basic Protocol, step 6).

> won

Place sample plate on the sample plate stage and place biosensor tray on the biosensor
stage (see Figure 7.25.6).

9]

Set up assays in the instrument (refer to Table 7.25.2).

6. Run assay.
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Figure 7.25.15 The relative binding affinities determined by BLI involving a library of RNAs with
single-PS2 substitutions based on the native aptamer (1) against thrombin. Blue bars represent
enhanced binding, and orange bars represent decreased binding. The numbering given on the x
axis is described in Table 7.25.3. BLI, biolayer interferometry.

7. Process kinetic data.

Kinetic characterization of each aptamer by BLI allowed affinity ranking of PS2-aptamers
with respect to their native counterpart 1. Figure 7.25.15 shows the relative Kp of each
variant plotted against the position of each PS2 substitution. For most positions, a single
PS2 substitution had only a relatively small effect on protein binding. However, the aptamer
with PS2 substituting the phosphate between Ul7 and Al8 (aptamer 18) that resulted in
an ~1000-fold enhanced binding affinity (KpP>? = 2.0 pM) relative to the native aptamer

(aptamer 1; KpF?? ~ 2000 pM).

COMMENTARY

Background Information

The study of nucleic acid-protein interac-
tions is currently one of the most rapidly grow-
ing areas of molecular biology. Functional nu-
cleic acid molecules such as aptamers (Tuerk
and Gold, 1990; Osborne and Ellington, 1997;
Keefe et al., 2010) show a broad range of
applications in therapeutics, biosensor, diag-
nostics, and research. Quantitative determina-
tion of aptamer binding affinities can be es-
tablished by a number of techniques such as
the filter binding assay (Woodbury and von
Hippel, 1983) and the gel-shift assay (Fried,
1989), which often involve radio-labeling of
nucleic acids or aptamers. Recent advances in
bioanalytical methods include the ability to de-
velop label-free bioanalytical methods such as
surface plasmon resonance (SPR; McDonnell,
2001) and acoustic measurements (Cooper and
Whalen, 2005; Godber et al., 2005) for the
characterization and analysis of biomolecular
interactions. These systems have their limi-
tations since many of them use microfluidics
that can become clogged when working with
samples that contain cells or particles (Con-
cepcion et al., 2009). Biolayer interferometry
(BLI) has been designed to minimize these

limitations, while maintaining the ability to
accurately measure biomolecular interactions
in real time, without the need for labeling. BLI
measured in real time provides the ability to
monitor binding specificity, rates of associa-
tion and dissociation, or concentration with
precision and accuracy.

Most aptamers derived from large ran-
dom libraries are capable of binding pro-
tein molecules with high affinity and speci-
ficity (Ellington and Szostak, 1990; Tuerk and
Gold, 1990). Nevertheless, the spectrum of ap-
tamer applications can be broadened by chemi-
cally modifying their structure. The phosphate
backbone of nucleic acid plays a crucial role
in nucleic acid-protein interactions (Varani,
1997; Draper, 1999). Phosphate groups are
typically well exposed on the surface of nu-
cleic acids and thus readily available for con-
tacts to binding partners. PS2-DNAs are ca-
pable of binding proteins with higher affini-
ties than their native phosphate counterparts
as observed by several research labs (Marshall
and Caruthers, 1993; Tonkinson et al., 1994,
Yang et al., 1999, 2011; Volk et al., 2002;
Yang and Mierzejewski, 2010; Zandarashvili
etal., 2015). In the case of RNA, the improved
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gene silencing activities in vitro and in vivo
(Yang et al., 2012; Wu et al., 2014) as a result
of introducing two PS2 linkages at the 3’
end of sense strand siRNAs were suggested
to be a consequence of the higher affinity of
PS2-RNA for Ago2 protein, caused by a hy-
drophobic effect (Pallan et al., 2014). Invok-
ing a hydrophobic effect that drastically in-
creases the binding affinity between a protein
and a modified RNA is the focus of current
investigations (Abeydeera et al., 2016).

Critical Parameters and
Troubleshooting

The density of immobilized aptamer on the
biosensor surface is critical for obtaining high-
quality kinetic data. The immobilization of a
saturated amount of aptamers on the biosen-
sor surface is not recommended. An excess
of aptamer bound to the biosensor can lead
to data artifacts due to crowding, steric hin-
drance, and possible aggregation on the sur-
face. Over-saturation of the biosensor may also
promote non-specific interaction. On the other
hand, if the loading density of the immobilized
aptamer is too low, the signal in the protein
binding association step may be too low to de-
tect. Ideally, the loading curve in the loading
step should show a gradual increase in sig-
nal and should not be allowed to reach satu-
ration (see Figure 7.25.7, aptamer concentra-
tion 100 nM). In the association step, running
the association step for a long time should be
avoided as weaker and non-specific interac-
tions could occur. Conversely, the dissociation
step should be run long enough to observe de-
cay in the binding response, particularly for a
high-affinity binding interaction.

Non-specific binding is often observed in
any assay under any conditions because bi-
ological molecules tend to interact with sur-
faces. Although the biocompatible layer on the
biosensors greatly mitigates non-specific bind-
ing, some consideration must be given to mini-
mize buffer effects. Generally, pre-wetting the
biosensor for at least 10 min in the assay buffer
will greatly reduce non-specific binding. Be
sure to use the same buffer for baseline, as-
sociation, and dissociation steps during the as-
say. When non-specific binding occurs, proper
assay optimization and buffer selection can
minimize the effects. In most assays measur-
ing nucleic acid-protein interactions, blocking
agents such as BSA (up to 1% to 2%) and/or
non-ionic detergents such as Tween 20 (up to
0.09%) can be added.

Always include a reference sample (protein
concentration = 0) with every kinetics exper-
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iment to allow for subtraction of background
signal and assay drift. The reference biosensor
is used to subtract non-specific binding of pro-
tein to the biosensor.

Anticipated Results

Using the protocols presented here, steps
to set up an aptamer-protein kinetics assay
are simple and straightforward using the Octet
REDY6 system. In addition, for screening pur-
poses or qualitative analyses, measuring bind-
ing curves for a single protein concentration is
often sufficient. However, when reliable, accu-
rate kinetic constants are required, a dilution
series of at least four protein concentrations
(see Figure 7.25.14) should be measured in
the association step.

Time Considerations

The amount of time required for testing one
single aptamer or several aptamers for a single
target assay varies little when using the Octet
RED96 instrument. Generally, a reliable bind-
ing affinity characterization (such as K,, Kg,
Kp) can be achieved within 1 day if no opti-
mization is needed, such as loading concen-
tration and trouble-shooting the non-specific
binding.

Acknowledgments

The authors kindly appreciate Drs. Sri-
ram Kumaraswamy and Gemma Milan from
FortéBIO, a division of Pall Life Sciences for
providing the image of Figure 7.25.1.

Literature Cited

Abeydeera, N.D., Egli, M., Cox, N., Mercier,
K., Conde, J.N., Pallan, P.S., Mizurini, D.M.,
Sierant, M., Hibti, FE., Hassell, T., Wang, T.,
Liu, EW., Liu, H.M., Martinez, C., Sood, A K.,
Lybrand, T.P., Frydman, C., Monteiro, R.Q.,
Gomer, R.H., Nawrot, B., and Yang, X. 2016.
Evoking picomolar binding in RNA by a single
phosphorodithioate linkage. Nucleic Acids Res.
44:8052-8064. doi: 10.1093/nar/gkw725.

Ceglarek, J.A. and Revzin, A. 1989. Stud-
ies of DNA-protein interactions by gel elec-
trophoresis. Electrophoresis 10:360-365. doi:
10.1002/elps.1150100514.

Concepcion, J., Witte, K., Wartchow, C., Choo,
S., Yao, D., Persson, H., Wei, J., Li, P., Hei-
decker, B., Ma, W., Varma, R., Zhao, L.S.,
Perillat, D., Carricato, G., Recknor, M., Du,
K., Ho, H., Ellis, T., Gamez, J., Howes,
M., Phi-Wilson, J., Lockard, S., Zuk, R.,
and Tan, H. 2009. Label-free detection of
biomolecular interactions using BioLayer inter-
ferometry for kinetic characterization. Comb.
Chem. High Throughput Screen 12:791-800.
doi: 10.2174/138620709789104915.

Cooper, M.A. and Whalen, C. 2005. Profiling
molecular interactions using label-free acoustic

Biophysical
Analysis of
Nucleic Acids

7.25.13

Supplement 67


http://dx.doi.org/10.1093/nar/gkw725
http://dx.doi.org/10.1002/elps.1150100514
http://dx.doi.org/10.2174/138620709789104915

Aptamer-Protein
Interaction by
Biolayer
Interferometry

7.25.14

Supplement 67

screening. Drug Discov. Today Technol. 2:241-
245. doi: 10.1016/j.ddtec.2005.08.014.

Draper, D.E. 1999. Themes in RNA-protein
recognition. J. Mol. Biol. 293:255-270. doi:
10.1006/jmbi.1999.2991.

Ellington, A.D. and Szostak, JW. 1990. In
vitro selection of RNA molecules that bind
specific ligands. Nature 346:818-822. doi:
10.1038/346818a0.

Fried, M.G. 1989. Measurement of protein-
DNA interaction parameters by electrophoresis
mobility shift assay. Electrophoresis 10:366-
376. doi: 10.1002/elps.1150100515.

Godber, B., Thompson, K.S., Rehak, M.,
Uludag, Y., Kelling, S., Sleptsov, A., Frog-
ley, M., Wiehler, K., Whalen, C., and
Cooper, M.A. 2005. Direct quantification
of analyte concentration by resonant acous-
tic profiling. Clin. Chem. 51:1962-1972. doi:
10.1373/clinchem.2005.053249.

Gosai, S.J., Foley, S.W., Wang, D., Silverman, .M.,
Selamoglu, N., Nelson, A.D., Beilstein, M.A.,
Daldal, F,, Deal, R.B., and Gregory, B.D. 2015.
Global analysis of the RNA-protein interaction
and RNA secondary structure landscapes of the
Arabidopsis nucleus. Mol. Cell 57:376-388. doi:
10.1016/j.molcel.2014.12.004.

Guille, M.J. and Kneale, G.G. 1997. Methods for
the analysis of DNA-protein interactions. Mol.
Biotechnol. 8:35-52. doi: 10.1007/BF02762338.

Jankowsky, E. and Harris, M.E. 2015. Specificity
and nonspecificity in RNA-protein interactions.
Nat. Rev. Mol. Cell. Biol. 16:533-544. doi:
10.1038/nrm4032.

Keefe, A.D., Pai, S., and Ellington, A. 2010. Ap-
tamers as therapeutics. Nat. Rev. 9:537-550. doi:
10.1038/nrd3141.

Long, S.B.,Long, M.B., White, R.R., and Sullenger,
B.A. 2008. Crystal structure of an RNA ap-
tamer bound to thrombin. RNA 14:2504-2512.
doi: 10.1261/rna.1239308.

Marshall, W.S. and Caruthers, M.H. 1993. Phos-
phorodithioate DNA as a potential therapeu-
tic drug. Science 259:1564-1570. doi: 10.1126/
science.7681216.

McDonnell, J. M. 2001. Surface plasmon res-
onance: Towards an understanding of the
mechanisms of biological molecular recogni-
tion. Curr. Opin. Chem. Biol. 5:572-577. doi:
10.1016/S1367-5931(00)00251-9.

Murphy, K., Shimamura, T., and Bejcek, B.E. 2001.
Use of fluorescently labeled DNA and a scan-
ner for electrophoretic mobility shift assays.
BioTechniques 30:504-506, 508.

Osborne, S.E. and Ellington, A.D. 1997. Nucleic
acid selection and the challenge of combina-
torial chemistry. Chem. Rev. 97:349-370. doi:
10.1021/cr960009c.

Pallan, P., Yang, X., Sierant, M., Abeydeera, N.,
Hassell, T., Martinez, C., Janicka, M., Nawrot,
B., and Egli, M. 2014. Crystal structure, sta-
bility and Ago2 affinity of phosphorodithioate-
modified RNAs. RSC Adv. 4:64901-64904. doi:
10.1039/C4RA10986D.

Tonkinson, J.L., Guvakova, M., Khaled, Z., Lee, J.,
Yakubov, L., Marshall, W.S., Caruthers, M.H.,
and Stein, C.A. 1994. Cellular pharmacology
and protein binding of phosphoromonothioate
and phosphorodithioate oligodeoxynucleotides:
A comparative study. Antisense Res. Dev. 4:269-
278. doi: 10.1089/ard.1994.4.269.

Tuerk, C. and Gold, L. 1990. Systematic evo-
Iution of ligands by exponential enrichment:
RNA ligands to bacteriophage T4 DNA
polymerase. Science 249:505-510. doi: 10.1126/
science.2200121.

Varani, G. 1997. RNA-protein intermolecular
recognition. Acc. Chem. Res. 30:189-195. doi:
10.1021/ar960035x.

Volk, D.E., Yang, X., Fennewald, S.M., King, D.J.,
Bassett, S.E., Venkitachalam, S., Herzog, N.,
Luxon, B.A., and Gorenstein, D.G. 2002. So-
lution structure and design of dithiophosphate
backbone aptamers targeting transcription fac-
tor NF-kB. Bioorg. Chem. 30:396-419. doi:
10.1016/S0045-2068(02)00510-2.

White, R., Rusconi, C., Scardino, E., Wolberg, A.,
Lawson, J., Hoffman, M., and Sullenger, B.
2001. Generation of species cross-reactive ap-
tamers using “toggle” SELEX. Mol. Ther. 4:567-
573. doi: 10.1006/mthe.2001.0495.

Woodbury, C.P,, Jr. and von Hippel, P.H. 1983.
On the determination of deoxyribonucleic acid-
protein interaction parameters using the ni-
trocellulose filter-binding assay. Biochemistry
22:4730-4737. doi: 10.1021/bi00289a018.

Wu, S.Y., Yang, X., Gharpure, K.M., Hatakeyama,
H., Egli, M., McGuire, M.H., Nagaraja, A.S.,
Miyake, T.M., Rupaimoole, R., Pecot, C.V,
Taylor, M., Pradeep, S., Sierant, M., Rodriguez-
Aguayo, C., Choi, H.J., Previs, R.A., Armaiz-
Pena, G.N., Huang, L., Martinez, C., Has-
sell, T., Ivan, C., Sehgal, V., Singhania, R.,
Han, H.D., Su, C., Kim, J.H., Dalton, H.J.,
Kovvali, C., Keyomarsi, K., McMillan, N.A.,
Overwijk, W.W., Liu, J., Lee, J.S., Bag-
gerly, K.A., Lopez-Berestein, G., Ram, P.T.,
Nawrot, B., and Sood, A.K. 2014. 2’-OMe-
phosphorodithioate-modified siRNAs show in-
creased loading into the RISC complex and
enhanced anti-tumour activity. Nat. Commun.
5:3459. doi: 10.1038/ncomms4459.

Yang, X. and Mierzejewski, E. 2010. Synthe-
sis of nucleoside and oligonucleoside dithio-
phosphates. New J. Chem. 34:805-819. doi:
10.1039/b9nj00618d.

Yang, X., Fennewald, S., Luxon, B.A., Aron-
son, J., Herzog, N.K., and Gorenstein,
D.G. 1999. Aptamers containing thymi-

dine 3'-O-phosphorodithioates: Synthe-
sis and binding to nuclear factor-«kB.
Bioorg. Med. Chem. Lett. 9:3357-3362.

doi: 10.1016/S0960-894X(99)00600-9.

Yang, X., Li, N., and Gorenstein, D.G. 2011.
Strategies for the discovery of therapeutic ap-
tamers. Expert Opin. Drug Discov. 6:75-87. doi:
10.1517/17460441.2011.537321.

Yang, X., Sierant, M., Janicka, M., Peczek, L.,
Martinez, C., Hassell, T., Li, N., Li, X., Wang,

Current Protocols in Nucleic Acid Chemistry


http://dx.doi.org/10.1016/j.ddtec.2005.08.014
http://dx.doi.org/10.1006/jmbi.1999.2991
http://dx.doi.org/10.1038/346818a0
http://dx.doi.org/10.1002/elps.1150100515
http://dx.doi.org/10.1373/clinchem.2005.053249
http://dx.doi.org/10.1016/j.molcel.2014.12.004
http://dx.doi.org/10.1007/BF02762338
http://dx.doi.org/10.1038/nrm4032
http://dx.doi.org/10.1038/nrd3141
http://dx.doi.org/10.1261/rna.1239308
http://dx.doi.org/10.1126/science.7681216
http://dx.doi.org/10.1126/science.7681216
http://dx.doi.org/10.1016/S1367-5931(00)00251-9
http://dx.doi.org/10.1021/cr960009c
http://dx.doi.org/10.1039/C4RA10986D
http://dx.doi.org/10.1089/ard.1994.4.269
http://dx.doi.org/10.1126/science.2200121
http://dx.doi.org/10.1126/science.2200121
http://dx.doi.org/10.1021/ar960035x
http://dx.doi.org/10.1016/S0045-2068(02)00510-2
http://dx.doi.org/10.1006/mthe.2001.0495
http://dx.doi.org/10.1021/bi00289a018
http://dx.doi.org/10.1038/ncomms4459
http://dx.doi.org/10.1039/b9nj00618d
http://dx.doi.org/10.1016/S0960-894X(99)00600-9
http://dx.doi.org/10.1517/17460441.2011.537321

T., and Nawrot, B. 2012. Gene silencing ac-
tivity of siRNA molecules containing phos-
phorodithioate substitutions. ACS Chem. Biol.
7:1214-1220. doi: 10.1021/cb300078e.

Zandarashvili, L., Nguyen, D., Anderson, K.M.,
White, M.A., Gorenstein, D.G., and Iwahara,
J. 2015. Entropic enhancement of protein-DNA
affinity by oxygen-to-sulfur substitution in DNA
phosphate. Biophys. J. 109:1026-1037. doi:
10.1016/j.bpj.2015.07.032.

Current Protocols in Nucleic Acid Chemistry

Biophysical
Analysis of
Nucleic Acids

7.25.15

Supplement 67


http://dx.doi.org/10.1021/cb300078e
http://dx.doi.org/10.1016/j.bpj.2015.07.032

