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Aptamers - short nucleic acid sequences that bind to a particular 
protein target - have recently been investigated for their potential 
clinical uses. 2’-fluoro-arabino nucleic acid (FANA) aptamers are 
highly specific, resistant to degradation, and have low 
immunogenicity, which make them ideal subjects for therapeutic 
treatments of SARS-CoV-23. The S1 subunit of SARS-CoV-2 contains 
a receptor binding domain (RBD) that binds to the ACE2 enzyme on 
the surface of host cells, allowing the virus to enter the cell1. Thus, 
aptamers that interfere with this interaction have the potential to 
block viral infection. Previous research has identified a FANA 
aptamer that bound to the RBD of the SARS-CoV-2 Wuhan strain, 
blocking infection in a human airway epithelium model2. However, 
past research has also revealed the possibility of an aptamer that 
binds to the S1 subunit of SARS-CoV-2 and blocks infection, even 
without binding directly to the RBD, though the aptamer-binding 
mechanism is still unknown3. Thus, our research is focused on 
identifying FANA aptamers that bind tightly to the SARS-CoV-2 
XBB.1.5 variant’s S1 subunit and/or RBD, with the potential to block 
viral infection. While there are numerous methods to make 
aptamers, we identified these aptamers following the systematic 
evolution of ligands by exponential enrichment (SELEX) protocol, 
which involves repeating selection cycles until we identified 
aptamers with tight binding affinity. After seven selection cycles, we 
identified 32 potential aptamer sequences using Sanger 
sequencing and compared the properties of the most promising 
aptamers. We found that FANA-R7-31 bound very tightly to 
XBB.1.5-S1 with a KD (i.e. equilibrium dissociation constant) of 76 ±
11 pM, but had a fast half-life of 10 minutes. Based on this data, we 
decided to analyze the properties of FANA-R7-17 and FANA-R7-18 
as well, due to their similarities in motifs with FANA-R7-31, and 
FANA-R7-3 and FANA-R7-23, which contained a variety of motifs 
that were different from FANA-R7-31. Of all the aptamers tested 
thus far, FANA-R7-17 binds the tightest to XBB.1.5-S1 with a KD of 
46 ± 15 pM and a half life of about 21 minutes. FANA-R7-17 also 
bound to XBB.1.5-RBD with a KD of 1.4 ± 0.1 nM, stronger than the 
start material (FNST) but weaker than it bound to the S1 protein. 
Therefore, FANA-R7-17 presents the greatest potential as an 
aptamer to the SARS-CoV-2 XBB.1.5 variant, which allows for future 
research to determine the aptamer’s ability to block infection in a 
human airway epithelium model. 
*These two authors contributed equally to this research.

• FANA-R7-17 is a strong aptamer to the S1 
subunit of the SARS-CoV-2 XBB.1.5-S1 variant but 
does not exhibit universal binding to the Wuhan 
or Omicron 1.1 variants.

• FANA-R7-31 also exhibits potential as an 
aptamer, though does not have as strong 
binding as FANA-R7-17.

• FANA-R7-3, FANA-R7-23, and FANA-R7-18 do not 
bind strongly to the XBB.1.5-S1 variant. 

• Phylogenetic relatedness and similarity in motifs 
do not seem to predict aptamer strength.

1. Compare the properties of FANA-R7-17 binding 
to XBB.1.5-S1 vs. XBB.1.5-RBD.

2. Use restriction enzymes to shorten parts of the 
3’ and 5’ ends to determine if the truncated 
aptamer maintains tight binding to SARS-CoV-2 
XBB.1.5-S1.

3. Test FANA-R7-17 in a human airway epithelium 
model to determine if infection of host cells by 
SARS-CoV-2 XBB.1.5-S1 is reduced or inhibited.
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Figure II.  XNAs with modified sugars.4 HNA, 1,5- anhydrohexitol 
nucleic acid; FANA, 2‘-fluoro-arabinonucleic acid; TNA, α-l-
threofuranosyl nucleic acid; LNA, 2‘-O, 4‘-C-methylene-β-d-
ribonucleic acids (locked nucleic acids).

Figure III.  SELEX approach used to select FANA aptamers with tight binding to SARS-CoV-2 XBB1.5-S1. 
The protocol used a DNA template containing a 40-nucleotide random region flanked by two fixed 
sequences at the 5’ end (19 nucleotides) and 3’ end (38 nucleotides). The FANA starting material 
produced using Primer 1 was 79 nucleotides long, composed of 20 DNA nucleotides on the 5’ end and 
59 FANA nucleotides. DNA template and FANA starting material were separated based on size on a 
denaturing polyacrylamide gel.

Figure I.  Schematic illustration of the generation of aptamers via SELEX 
protocol, which involves multiple rounds of selection to allow for the 
enrichment of tighter binding of nucleic acid species.5 Our research used 
XNA, chemically modified oligonucleotides, for this iterative process. The 
His-tagged domain of SARS-CoV-2 XBB.1.5-S1 was expressed and 
immobilized for selection on magnetic beads.

Figure 1.  Structure of SARS-CoV-2 spike protein.6 The spike (S) protein has two major domains, Subunit 1 (S1) and 
Subunit 2 (S2). The receptor-binding domain (RBD) that binds to ACE2 is amino acid Arg319-Phe541. A 13 amino acid 
single peptide (SP) is present at the start of the N-terminus, while the transmembrane domain (TM) is located near the 
C-terminus (amino acids 1214-1234).

Figure 4. Alignment of all 32 potential 
aptamer sequences recovered from SELEX 
protocol. Each highlight/outline color 
corresponds to the major motifs across 
the different sequences. These motifs 
helped inform our reasoning of the 
strongest aptamers to test. FANA-R7-31 
has strong overlap of multiple motifs with 
FANA-R7-18, though notably FANA-R7-18 
experienced much weaker binding 
compared to FANA-R7-31. FANA-R7-17 and 
FANA-R7-31 share only a few common 
motifs, but FANA-R7-17 exhibited stronger 
binding than FANA-R7-31. We also chose 
to analyze FANA-R7-23 because it 
contained multiple strong motifs, and 
FANA-R7-3 because it had an array of 
motifs in a different area of the sequence 
compared to FANA-R7-31 and FANA-R7-18, 
though neither of these aptamers ended 
up exhibiting strong binding. 
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Figure 5. Structure of aptamer FANA-R7-31 predicted 
using UNAFold webserver. This depiction uses 
parameters for folding RNA as there are no programs to 
fold FANA, as it has a different sugar structure than RNA 
or DNA. The strongest structure with the lowest ∆G 
(Gibbs free energy) is shown.

Figure 2.  Graph of bound material (aptamer or 
FNST), represented by relative radioactive counts, vs. 
concentration of XBB.1.5-S1 or RBD in a nitrocellulose 
filter binding assay. Increasing concentrations of 
protein were incubated in 1 mL of binding buffer (1.7 
mM KH2PO4, 5 mM Na2HPO4, 150 mM NaCl, 0.01% 
Tween-20, pH 7.4) containing 0.02 pmol of 32P-labeled 
aptamer for 10 min at room temperature. The 
solution was filtered over a 25 mm nitrocellulose 
membrane (presoaked in wash buffer: 25 mM Tris-
HCl, pH 7.5, 10 mM KCl) under vacuum, and then the 
filter was vacuum washed with 5 mL of wash buffer. 
Filters were counted in a scintillation counter to yield 
the counts shown on the y-axis. The KD values were 
determined by fitting the data to an equation for 
single site ligand binding (y = Bmax(x)/(KD + x), where x 
is the concentration of protein and Bmax is the 
maximum bound aptamer counts with saturating 
amounts of protein). The KD for aptamer binding to 
XBB.1.5-S1 and to XBB.1.5-RBD were averaged across 
3 experiments ± SD. One experiment each for FNST 
binding to S1 and RBD was conducted, though the KD 
was too low to determine for both. 

Figure 3.  Graph of bound aptamer, represented by 
radioactive counts bound to magnetic beads, vs. time 
in a dissociation binding experiment. Magnetic beads 
containing protein and control beads were added to 
200 uL of 1X PBS, 0.01% Tween-20, and 1 pmol of 32P-
labeled aptamer. The mixture incubated for 30 
minutes on a shaker. Then, unbound material was 
removed using magnetic separation, the beads were 
washed, and 1 mL of 1X PBS with 0.01% Tween and 1 
ug/uL Heparin was added. 100 uL of the solution was 
removed at 7 different time points. For each sample, 
the unbound material was removed using magnetic 
separation and the beads were washed with 1X PBS 
containing 0.01% Tween. A background control was 
also taken and accounted for in the counts for each 
sample. The amount of radiolabeled aptamer bound to 
the beads at each time point was measured using a 
scintillation counter. The koff was determined by fitting 
the data to an exponential decay equation. The 
equation 0.693/koff was used to calculate the half-life. 
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