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Introduction

Here we present a novel process management pipeline
during aptamer drug development involving 1.)
development and synthesis of aptamer sequences, 2.)
96-well solid phase plate synthesis including 2’-Fluoro
(2’F) and 2’-O-Methyl (2’OMe) RNA aptamers, and 3.)
the screening of aptamer-protein interaction via
surface plasmon resonance (SPR) kinetics on a BiOptix
404pi (Figure 1) to both validate the synthesis and
determine which 2’ modifications could be tolerated at
each position of the aptamer.

From the full data set, an overview of the
variant data can be visualized. The controls
showed that lack of HPLC purification or plate
position did not significantly affected binding.
A number of aptamer variants display clear
kinetic differences compared to the parental
sequence (Figure 6). A number of variants
lost binding when the 2’ position was modified.
Two variants display considerably faster on
and off rates whereas most modifications did
not have a significant affect.
Figure 1. BiOptix 404pi SPR Instrument. The 404pi
can handle three 96 or 384-well plates.
Assay reagents can be sampled multiple times
from each well leading to high through-put SPR
analysis.
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Figure 2. Orange circles denote differences
between natural RNA (2’-OH), 2’-Fluoro (2’F) and
2’-O-Methyl (2’OMe) modified nucleotides. The
2’ modification enhances nuclease stability in
the oligonucleotide.
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Figure 6. Processed data of each 2’OMe
replacement. The full set was zeroed from -10 to -5
within the baseline, cropped to the 740 total seconds,
and the injection baseline was allowed to float. The
black curves are buffer runs, colored curves represent
aptamer variants and controls.

Utilizing this approach was not only relatively
quick and automated, but it allowed us to
determine whether a nucleotide was likely
involved in direct interaction with the target.
Modifications could be mapped back onto both sequence and structure to elucidate key
structural and binding components. For instance, data from the subset of 2’OMe
modifications from nucleotides 9 to 15 (Figure 7A) suggest alterations at positions 12 and 13
inhibit binding. In addition, modifications directly next to these nucleotides (positions 11 and
14) alter binding kinetics by increasing both on and off rates. Taken together, the data
suggests this portion of the aptamer is likely a single stranded loop and these nucleotides
may interact directly with the target (Figure 7B).
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Aptamers are short oligonucleotides that are designed
to bind protein targets with high affinity and specificity.
To be successful as therapeutic agents, aptamers must
also satisfy the following requirements: economic
synthesis, tolerability, and stability. The last of these
requirements is central to this study as “natural” RNA
aptamers are susceptible to nuclease degradation
leading to minimal in vivo exposure. Fortunately it has
been shown that modifications at the 2’- position of
ribose can greatly increase resistance to nucleasemediated degradation compared with natural 2’-OH
(RNA; Figure 2). These modifications can be
incorporated into a pool during selection or can be
introduced to a specific binding variant oligonucleotide
molecule after selection. Post-selection modifications
at the 2’-position often affect both affinity and
specificity in non-intuitive ways. Panels of modifications
therefore must be screened in a high throughput and
consistent manner1.
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Figure 7. Subset analysis. (A) Response curves of the 2’OMe modification subset from nucleotides 9 through 15 compared to
buffer only and parental aptamer. (B) Minimum free energy predicted structure of the parental aptamer with base pair
probability (or single stranded loop). Red positions are likely to be found in the predicted structure (paired or unpaired).

Methods
This SPR method (Figure 3) describes the
screening of aptamer (analyte) interactions
with protein target (ligand) for qualitative
information (binding vs. no binding), and also
quantitative information (kinetics and affinity).
The protocol was much faster than alternative
methods such as filter, flow cytometry, or gel
shift binding analysis. In addition, the kinetic
information was invaluable to assess the effects
of single nucleotide variations across the length
of an aptamer sequence.
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Software developed by Altermune
Technologies was utilized to create a
panel of oligonucleotide sequences
that were synthesized by 96 well plate
solid
phase
phosphoramidite
chemistry by Boston Open Labs. The
panel consisted of sequences where
at individual positions across the
length of the oligonucleotide, a
natural
RNA
nucleotide
was
converted to either a 2’F or 2’OMe
version, or a 2’F was converted to a
2’Ome (Figure 4).

Synthesized aptamers were resuspended within the synthesis plate, diluted to 100 nM in binding
buffer and heat denatured prior to loading on the instrument. The 404pi sensor chip was set to 4x4
mode, 100 uL/min flow rate, and 20°C block/sensor temperatures. After conditioning, protein
ligand was covalently immobilized on the chip surface by EDC/NHS (Figure 5). The protein chip
was equilibrated for 1 hour with running buffer and signal auto zeroed when stable. This entire
process took about 4 hours.
For the screening assay, the flow rate was set to 20 uL/min with a loop of a 30 sec baseline (buffer
only), 100 uL association (300 sec; aptamer injection), 400 sec dissociation (buffer only), and a 4 uL
regeneration (12 sec). Four samples were assayed in parallel consisting of either buffer, control, or
aptamer. For each channel, a buffer blank was injected after every two aptamers as a reference
to subtract background signal drift. Each loop took approximately 18 minutes with an overnight,
fully automated run time of 9 hours for 96 total samples. The data were processed with Scrubber.
Though not listed specifically, it was imperative to first optimize assay conditions prior to the full
screening assay to ensure protein was adequately immobilized and could be regenerated such
that subsequent binding reactions had similar kinetics. In addition, volumes, flow rates, incubations
and controls were optimized to ensure all four channels responded similarly for the assay duration.
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Figure 3. The 404pi instrument utilizes biosensor chips that contain
four sensor areas (A-D) where the plasmon resonance of planepolarized light (A) hitting the sensor (B) changes dependent on
interactions of molecules at the gold chip surface which can be
detected (C). The signal change over time of one ligand:analyte
pair can be recorded and compared with a different
ligand:analyte pair (E). Each chip sensor area contains four
microfluidic channels that can be controlled independently (4x1)
or in referenced series (2x2) (F).
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Figure 4. Aptamer Panel Design. A total of 79
oligonucleotides were synthesized including positive
and negative controls

Figure 5. The four channels of the sensor chip were controlled independently and in parallel. Each channel was conditioned, charged with
target and blocked. Screening experiments containing aptamer, control or buffer blanks were assayed simultaneously through a loop of
association, dissociation and regeneration.

