Biosensors and Bioelectronics 310 (2026) 118875

Contents lists available at ScienceDirect

Biosensors and Bioelectronics

journal homepage: www.elsevier.com/locate/bios

ELSEVIER

A widely used CRP aptamer does not bind CRP, revealing a general route to
surface-driven pseudoaffinity in biosensors

Quan Duc Le™"®, An Thi Hoai Le ™", Tong Ye Wang """, Svetlana M. Krylova ™",

Noah A. Clark “®, David Seghetti-Hebble “©, Ken-Ichiro MatsunagaCl , Michiko Kimoto ¢,
Ichiro Hirao ¢, Sergey N. Krylov *"

@ Department of Chemistry, York University, 4700 Keele Street, Toronto, Ontario, M3J 1P3, Canada

b Centre for Research on Biomolecular Interactions, York University, 4700 Keele Street, Toronto, Ontario, M3J 1P3, Canada

¢ Mlumina, Inc., 2945 Wilderness PL, Boulder, CO, 80301, USA
4 Xenolis Pte. Ltd., 85 Science Park Drive, #02-08 the Cavendish, Singapore, Republic of Singapore

ARTICLE INFO ABSTRACT

Keywords: Aptamer sequences are often reused in biosensors and diagnostics without independent confirmation of binding
Aptamers activity, even though rigorous validation requires quantitative solution-phase testing by orthogonal methods.
Biosensors

Here, we re-examined a DNA sequence reported in 2010 to bind C-reactive protein (CRP) with a K4 of 3.5 nM by
surface plasmon resonance (SPR) and subsequently adopted in many CRP aptasensor studies. We tested this
sequence by two orthogonal solution-phase methods and by SPR. In solution-phase assays, we found no
detectable binding of the reported aptamer to native CRP. In SPR, we found that CRP binds strongly to
streptavidin-containing sensor surfaces even in the absence of immobilized DNA, whereas the reported sequence
produced no measurable ligand-specific SPR response under lower-background capture conditions. Thus, the
originally reported affinity is best explained by surface-driven pseudoaffinity rather than true aptamer-CRP
recognition. More broadly, this case does not merely add another example of aptamer nonbinding, but reveals
a general route by which nonbinding aptamers can acquire apparent affinity through surface-driven pseu-
doaffinity and then be propagated through the biosensor literature as validated molecular recognition reagents.
This study underscores the need for orthogonal solution-phase validation before aptamers are reused in biosensor
development and related analytical applications.

Surface-driven artifacts
Solution-phase binding
Surface plasmon resonance
C-Reactive protein (CRP)

1. Introduction microarrays (Tombelli et al., 2005). This portability of sequence, com-

bined with the perceived analogy to antibodies, has created a culture in

Aptamers are short oligonucleotides selected in vitro to recognize
specific molecular targets through noncovalent interactions (Ellington
and Szostak, 1990; Tuerk and Gold, 1990). Their stability, chemical
simplicity, and ease of modification have made them attractive molec-
ular recognition elements for biosensors and related diagnostic assays
(McKeague and DeRosa, 2012; Song et al., 2012). Aptamers are often
viewed as synthetic analogues of biologically produced antibodies
(Keefe et al., 2010). Once an aptamer sequence is published, it becomes
easy for other researchers to obtain the same oligonucleotide and
incorporate it into diverse assay formats such as lateral-flow tests,
nanoparticle-based colorimetric assays, electrochemical sensors, and

which published aptamers are frequently reused without independent
confirmation that they bind the intended target under the new assay
conditions (McKeague and DeRosa, 2012; Phung et al., 2020; Villalonga
et al., 2022). As a result, qualitative claims of binding and even specific
reported equilibrium dissociation constants (Kq) can persist and propa-
gate through the literature long after the original report without inde-
pendent verification of the underlying molecular interaction (McKeague
et al., 2015). Systematic re-examinations in recent years have revealed
that several widely cited aptamers for small molecules, metal ions, and
proteins show no detectable binding or drastically weaker affinity when
tested in carefully controlled homogeneous assays (Bottari et al., 2020;
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Ruscito and DeRosa, 2016).

One recurring theme in these failed validations is that the original
evidence for binding was obtained from surface-based or nanomaterial-
based readouts rather than from quantitative solution assays (Zara et al.,
2021). In many diagnostic formats, aptamers are immobilized on func-
tionalized supports, for example, thiol-modified gold films,
streptavidin-coated substrates, dextran-based surface plasmon reso-
nance chips, or nanoparticle surfaces, while the analyte (target) in so-
lution interacts with this composite interface of DNA, linker chemistry,
and substrate material (Balamurugan et al., 2008; Pichon et al., 2015).
Under these conditions, the apparent signal can arise from nonspecific
adsorption of the target to the surface, to linker molecules, or to the
nanomaterial, from electrostatic interactions with highly charged pro-
teins, from aggregation of the target, or from buffer components and
cofactors that interact with the interface (Lichtenberg et al., 2019;
Frutiger et al., 2021). Multiple studies have revisited canonical aptamers
that showed strong responses in such formats, including sequences for
antibiotics, pesticides, environmental toxins, metabolites, and metal
ions, and have found that the observed sensor signals were dominated by
target adsorption or matrix effects rather than true aptamer-target
binding (Ruscito and DeRosa, 2016; Shi et al., 2023; Wu et al., 2023;
Zhang and Liu, 2021; Lopez and Liu, 2021; Tao et al., 2020; Zong and
Liu, 2019; Stangherlin et al., 2025). Because these surface-driven arti-
facts are dictated by common chemistries and assay geometries, they can
be reproducible across laboratories, allowing nonbinding or weakly
binding sequences to acquire the appearance of genuine affinity and
become entrenched in the biosensor literature.

Most of these re-examinations concluded that binding validation
requires at least two orthogonal solution-based methods that rely on
different physical principles and can independently confirm complex
formation and determine K4 values equal within the defined error limits
(Shi et al., 2023; Tao et al., 2020; Kim et al., 2009; Catasti et al., 1997).
Because Kgq values are not measured directly but inferred from
assay-specific observables in the absence of reference standards,
orthogonal confirmation is essential for defensible K4 determination. We
recently introduced a roadmap that outlines how to select and combine
suitable quantitative solution-based assays depending on the nature of
the target and the number of sequences that require validation, from a
few in reassessment of published aptamers to dozens or more in new
selection campaigns (Le et al., 2026).

Reflection on the need for rigorous solution-based validation
prompted us to examine how frequently developers of aptasensors, one
of the most widespread applications of aptamers in biosensing and di-
agnostics, verify binding of the sequences they adopt. We conducted six
case studies involving aptasensors reported for three protein targets and
three small-molecule targets and found that none of 209 publications
reported independent auditable quantitative solution-phase verification
of binding for the aptamer construct used under homogeneous condi-
tions prior to device construction (Krylov et al., 2026). Moreover, nearly
all reports also lacked characterization by standard surface-based
methods such as surface plasmon resonance (SPR) or biolayer interfer-
ometry (BLI) and instead relied solely on device output as evidence of
recognition. Among these case studies, aptasensors intended to detect
C-reactive protein (CRP) attracted particular attention because a large
fraction of reported aptasensors relied on the same published aptamer
sequence without independent verification of binding by any method
(Phung et al., 2020; Villalonga et al., 2022; Liu et al., 2019; Huang et al.,
2010; Whitehouse et al., 2024; Sinha et al., 2019; Chen et al., 2025;
Zhang et al., 2025; Chang et al., 2025).

CRP is a Ca®*-dependent pentameric acute-phase protein that binds
phosphocholine on microbial and damaged cell membranes and serves
as a major biomarker of systemic inflammation in clinical diagnostics
(Volanakis, 2001; Salazar et al., 2014; Thompson et al., 1999). A widely
cited DNA aptamer for CRP emerged from a 2010 in vitro selection
report in which CRP was immobilized, and binding was characterized by
SPR in a surface format that ultimately yielded an apparent Kq of
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approximately 3.5 nM (Huang et al., 2010). The originating report did
not provide raw sensorgrams, replicate traces, or fitting parameters, and
it did not include an EDTA kill control to confirm Ca?" dependence. It
also did not include a scrambled-sequence negative control. The osten-
sibly high affinity, together with the sequence's short length, ease of
biotinylation, and compatibility with streptavidin-based immobiliza-
tion, led to its rapid adoption as a generic CRP recognition element
across multiple sensing platforms. It is now routinely used as the default
CRP-binding ligand in lateral-flow strips, electrochemical sensors,
fluorescence assays, microarrays, and nanoparticle-based devices, often
in complex matrices such as serum or plasma (Phung et al., 2020;
Villalonga et al., 2022; Liu et al., 2019; Huang et al., 2010; Whitehouse
et al., 2024; Sinha et al., 2019; Chen et al., 2025; Zhang et al., 2025;
Chang et al., 2025). In most of these reports, analytical performance is
inferred from sensor calibration curves or signal changes, while the
underlying aptamer-CRP interaction is assumed rather than verified. As
a result, the sequence has acquired the reputation of a validated affinity
reagent and underpins a substantial and expanding body of CRP apta-
sensor literature, despite the absence of independent confirmation of its
binding in homogeneous solution.

To address this question, we designed an experimental strategy that
applies rigorous, orthogonal, solution-based evaluation to the canonical
CRP aptamer. Guided by the methodological criteria established in our
solution-phase assay roadmap (Le et al., 2026), we assessed binding
using two independent homogeneous techniques: nonequilibrium
capillary electrophoresis of equilibrium mixtures and fluorescence
anisotropy, each implemented in both direct and competitive formats. A
validated CRP-binding SOMAmer was used as an internal positive con-
trol for binding competence and buffer compatibility and also served as
a tracer in the competitive assays (Le et al., 2025). In parallel, we
reproduced the original SPR protocol used to report the 3.5 nM Ky,
allowing us to distinguish genuine aptamer recognition from surface- or
streptavidin-mediated pseudoaffinity. Thus, the aim of this work was not
simply to show that a published aptamer fails validation, but to deter-
mine how a widely reused CRP aptamer acquired an apparently
convincing affinity in a biosensor-relevant surface format and was
subsequently propagated as a validated recognition element. This inte-
grated approach was designed to determine whether this aptamer forms
a specific complex with native CRP and whether the originally reported
SPR affinity reflects ligand-specific recognition or surface-driven
pseudoaffinity.

Using this integrated strategy, we found no evidence that the ca-
nonical CRP aptamer binds native pentameric CRP in homogeneous
solution. Across all NECEEM and FA assays, the aptamer produced no
measurable complex formation under any tested conditions, consistent
with a Kq far above 1 pM. In competitive formats, the unlabeled aptamer
did not displace the CRP-binding SOMAmer tracer, providing no indi-
cation of specific competition for CRP. Replication of the original SPR
protocol independently in two laboratories revealed that the previously
reported Ky of approximately 3.5 nM was dominated by nonspecific
adsorption of CRP to the streptavidin-modified surface; when surface
conditions were adjusted to suppress this adsorption, the aptamer pro-
duced only baseline-level responses. Together, these observations indi-
cate that the reported CRP aptamer does not exhibit detectable ligand-
specific recognition of native CRP and that the originally reported af-
finity is best explained by a surface-driven pseudoaffinity rather than
genuine CRP-aptamer binding.

The implications of this finding extend well beyond a single aptamer-
target pair. The CRP case reveals a general route by which nonbinding
sequences can acquire apparent affinity through surface-driven pseu-
doaffinity and then be propagated through reuse and citation as vali-
dated recognition reagents. Preventing such propagation requires
systematic validation of aptamer-target interactions under homoge-
neous conditions, the use of multiple orthogonal solution-based methods
where feasible, and transparent reporting of the evidence supporting
any claimed affinity. Establishing and following such standards is
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essential to ensure that diagnostic technologies relying on aptamers are
grounded in genuine molecular recognition rather than reproducible
artifacts.

2. Results and discussion
2.1. NECEEM direct binding assay

To establish notation, we refer to the validated CRP-binding
SOMAmer as S49; all fluorescently labeled ligand derivatives, whether
SOMAmer or aptamer (APT), are denoted with an asterisk (e.g., S49*,
APT*). Our prior work confirmed robust CRP recognition by S49* in the
SOMAmer buffer (40 mM HEPES, 1 mM CaCly, 1 mM MgCly, pH 7.5) (Le
et al., 2025). In the present study, we re-evaluated this interaction in the
published CRP aptamer buffer (10 mM Tris-HCl, 50 mM NaCl, 2 mM
CaCly, pH 7.5) using the same NECEEM assay format (Huang et al.,
2010).

We conducted the NECEEM experiment with 10 nM S49* alone and
with 300 nM CRP to directly assess complex formation in both
SOMAmer and aptamer buffers (Fig. 1A and B). Consistent with our
previously published results for this same CRP-S49* binding pair in the
SOMAmer buffer, addition of CRP caused a pronounced loss of the free
S49* peak and the appearance of a slower-migrating species corre-
sponding to the CRP-S49* complex. The selective formation of this
single 1:1 complex in the aptamer buffer confirms that CRP recognition
by S49* is preserved across buffer systems and that NECEEM workflow
reliably detects this binding pair in free solution. These observations
remain fully consistent with the independently validated nanomolar
affinity of CRP-binding SOMAmers and provide a rigorous benchmark
for comparison with the published CRP aptamer. In our prior NECEEM
study of the CRP-S49 interaction, the first two stepwise dissociation
constants were determined as K41 = 3.0—7.8 nM and
Kg2 = 41—160 nM, reported as 95% accuracy confidence intervals (Le
et al.,, 2025). In the present study, the fixed-concentration NECEEM
experiment with S49* was used as a positive control for CRP binding
competence and buffer compatibility, not as a de novo NECEEM-based
determination of Kq for S49*.

In contrast, the fluorescently labeled published CRP aptamer (APT*)
showed no evidence of complex formation with CRP at the same con-
centrations (Fig. 1C and D). APT* consistently produced only the single
peak corresponding to the free aptamer, and its position, shape, and
intensity remained unchanged upon the addition of 300 nM CRP. No
slower-migrating species or loss of free-aptamer signal was observed.
These data indicate that the aptamer does not form a stable complex
with CRP in solution at concentrations where a genuine high-affinity
interaction would be easily detectable. If binding occurs at all, it must
be too weak or transient to produce any observable peak shift within the
NECEEM measurement time.

To directly test whether CRP-ligand recognition requires Ca%", we
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performed an EDTA kill-rescue experiment using the validated S49
SOMAmer tracer (Section S1). In Ca2+—containing SOMAmer buffer,
S49* formed a clear CRP complex peak as indicated by NECEEM.
Addition of 5 mM EDTA eliminated this complex and returned nearly all
signal to the free S49* peak, consistent with Ca®* chelation disrupting
binding. Reintroducing Ca®* (10 mM) fully restored the complex peak.
This reversible loss and recovery of binding confirms that CRP-ligand
interactions are strictly Ca>" dependent. Some published aptasensor
applications using this aptamer employed binding or measurement
buffers that lacked Ca®" and, in some cases, included EDTA, conditions
under which native CRP would not be expected to form specific ligand
complexes.

2.2. NECEEM competitive binding assay

To test whether the published CRP aptamer could compete with a
known CRP binder, we used a NECEEM-based competitive format with
fluorescent SOMAmer S49* as a tracer. As a reference competitor, we
employed a second CRP-binding SOMAmer, S50 (unlabeled), which is
known to bind CRP at a site overlapping that of S49*. In this assay,
10 nM S49* tracer was pre-equilibrated with 300 nM CRP, after which
the unlabeled competitor (S50 or APT) was introduced across a range of
concentrations to assess its ability to displace the tracer.

In the SOMAmer buffer (Fig. 2A), the S49*—~CRP complex peak pro-
gressively decreased in intensity as the concentration of S50 was
increased from 0.15 to 1500 nM, accompanied by a corresponding in-
crease in the free S49* peak; a similar trend was observed in the aptamer
buffer (Fig. 2B), and at the highest S50 concentration the free S49*
signal was restored to the level observed in the absence of CRP, con-
firming efficient displacement of S49* and validating the NECEEM
competitive assay design.

Under identical conditions, we then evaluated unlabeled APT as a
competitor. In the SOMAmer buffer (Fig. 2C), increasing APT concen-
tration (50-5000 nM) produced only minimal changes in the electro-
pherograms: the S49*-CRP complex peak remained essentially
unchanged, with only a slight increase in the free S49* peak at the
highest APT concentrations. A similar pattern was observed in the
aptamer buffer (Fig. 2D), where the complex and free ligand signals
were largely invariant and only a modest increase in free S49* was
detected at elevated APT levels, likely reflecting weak or nonspecific
oligo-oligo interactions rather than genuine competition for CRP (Sec-
tion S2).

Taken together, these results show that while S50 efficiently dis-
places S49* from CRP and thus confirms the feasibility and sensitivity of
the NECEEM-based competitive assay, the unmodified aptamer APT
does not measurably compete with S49* for CRP binding under either
SOMAmer or aptamer buffer. This competitive NECEEM experiment was
intended to validate the assay design and provide a functional positive-
control benchmark, not to determine new NECEEM-based K4 values for
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Fig. 1. Direct NECEEM analysis of S49* and APT* binding to CRP. Electropherograms show 10 nM fluorescent ligand alone (black) or with 300 nM CRP (red);
running buffer (RB) = sample buffer (SB). (A) S49*-CRP binding assay in SOMAmer buffer; (B) S49*-CRP binding assay in aptamer buffer; (C) APT*-CRP binding
assay in SOMAmer buffer; (D) APT*-CRP binding assay in aptamer buffer. (For interpretation of the references to color in this figure legend, the reader is referred to
the Web version of this article.)
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Fig. 2. NECEEM-based competitive binding assay for displacement of S49* from CRP by S50 or APT. Electropherograms show 10 nM S49* pre-equilibrated with
300 nM CRP and titrated with increasing concentrations of unlabeled competitor. (A, B) Unlabeled SOMAmer S50 in SOMAmer buffer (A) or aptamer buffer (B). (C,

D) Unlabeled APT in SOMAmer buffer (C) or aptamer buffer (D).

S$49 or S50.

2.3. Fluorescence anisotropy binding assay

To validate our findings with an orthogonal solution-phase method,
we assessed CRP binding by fluorescence anisotropy (FA) in both direct
and competitive formats.

In the direct FA assay (Fig. 3A and B), 10 nM S49* or APT* was
incubated with CRP (0, 100, or 300 nM) in either SOMAmer or aptamer
buffer. In both buffers, the addition of CRP produced a clear increase in
the FA signal for S49* (black trace), consistent with the formation of a
higher-molecular-weight S49*-CRP complex, whereas the FA of APT*
remained unchanged up to 300 nM CRP, indicating no detectable
binding (red trace).

In the competitive FA assay (Fig. 3C and D), 10 nM S49* was pre-
equilibrated with 300 nM CRP, and the unlabeled competitor oligonu-
cleotide (S50 or APT) was titrated in both buffers. Increasing S50 con-
centration produced a concentration-dependent decrease in FA toward
the free S49* baseline (black trace), consistent with displacement of
S49* from CRP and a corresponding shift of the fluorophore from a
slower tumbling CRP-S49* complex to a faster-tumbling free S49*
species. In contrast, the addition of the unlabeled APT up to 500 nM did
not measurably alter the FA signal (red trace). To address the possibility
that this negative result reflected a DNA synthesis error, we repeated the
competitive FA assay using the same aptamer sequence synthesized by
an independent vendor (Section S3); the FA profiles were indistin-
guishable, further arguing against detectable CRP binding by the re-
ported aptamer.
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Fig. 3. Fluorescence anisotropy (FA) analysis of S49* and APT* binding to
CRP. Direct binding assays (A, B) were performed with 10 nM S49* or APT*
incubated with 0-300 nM CRP in SOMAmer buffer (A) and aptamer buffer (B).
Competitive assays (C, D) were performed with 10 nM S49% +300 nM CRP
while titrating 5-500 nM unlabeled competitor (S50 or APT) in SOMAmer
buffer (C) and aptamer buffer (D).
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Taken together, these FA data corroborate the NECEEM results and
demonstrate that, although the S49/S50 pair engages specific CRP
binding in solution, the reported CRP aptamer does not bind detectably
to CRP or compete with S49* under any tested condition. The direct and
competitive FA experiments with S49/S50 were likewise intended to
validate the assay logic and provide a positive-control benchmark for
comparison with the reported aptamer, rather than to establish new FA-
based Kq4 values for the SOMAmers.

2.4. Surface plasma resonance binding assay

To reassess the binding behavior originally reported for the CRP
aptamer, we conducted surface plasmon resonance (SPR) measurements
using the same assay configuration and buffer formulation as described
in the initial publication (Huang et al., 2010). In that work, biotinylated
APT was immobilized on a streptavidin-coated CM5 chip and CRP was
injected as the analyte. To test whether the observed responses truly
reflected CRP-APT binding, we repeated the experiment but used a
streptavidin-coated CM5 sensor chip without aptamer immobilization.
When CRP was injected at concentrations from 0 to 40 nM over this
streptavidin surface, we observed large, concentration-dependent re-
sponses (Fig. 4), with maximal signals approaching ~2300 RU and a
clear association and dissociation phase. Kinetic fitting of the sensor-
grams using a 1:1 interaction model gave an apparent K4 of ~0.74 nM,
demonstrating that CRP itself exhibits strong non-specific binding to
surface-bound streptavidin. Additional injections over a blank CM5 chip
confirmed that CRP also binds non-specifically to the carboxymethyl
dextran matrix. Thus, the large SPR signals obtained in the original
configuration can be largely attributed to non-specific interactions of
CRP with dextran and streptavidin, rather than to specific recognition of
CRP by the aptamer. This comparison helps explain the disagreement
with Huang et al. (2010): although the original study reported an
apparent Kq of ~3.5 nM in the same overall SPR configuration, our
controls show that CRP can generate strong nanomolar-range apparent
binding in that format even without immobilized aptamer, indicating
that the reported affinity was most likely dominated by surface-driven
pseudoaffinity. A cautionary control evaluating CRP non-specific
adsorption to a streptavidin planar chip is presented in Section S4,
where the resulting ligand-independent apparent kinetics and affinity
are reported.

3000
—fitted curved kon = (7.1 £ 0.01) x 10° M"'s"
[CRP], (nM) kog = (5.2 + 0.02) x 10% s°*
2500 + 0 Ky=(7.4 £ 0.1) x 10" M (95% Cl)
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Fig. 4. Apparent high-affinity binding of CRP to a streptavidin surface in the
absence of immobilized aptamer. Sensorgrams show injections of CRP
(0-40 nM) over a streptavidin-coated CM5 chip lacking APT, with large,
concentration-dependent responses arising from non-specific CRP-streptavi-
din/dextran interactions.
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To minimize the contribution of non-specific CRP-surface in-
teractions observed on streptavidin/dextran, we reconfigured the SPR
assay using a neutravidin-coated chip. As an alternative to streptavidin-
coated surfaces, neutravidin-based capture layers (e.g., Sensor Chip NA)
are widely used because deglycosylated, acidic avidin derivatives such
as neutravidin/neutralite avidin retain high biotin affinity but exhibit
markedly reduced non-specific binding, and are often recommended as
lower-background alternatives to streptavidin in immobilization and
affinity-capture formats (Meyer et al., 2006; Marttila et al., 2000).
Biotinylated S49 and the reported CRP aptamer were immobilized in
quadruplicate on separate regions of interest (ROIs) on a
neutravidin-functionalized planar carboxymethyldextran chip. CRP was
injected at 1, 3.16, 10, 31.6 and 100 nM in the same buffer system used
in the original aptamer paper, supplemented with 800 nM C-5 modified
oligonucleotide polyanionic competitor to further suppress non-specific
binding (Gold et al., 2010). Under these conditions, S49 exhibited
robust, concentration-dependent binding with clean association and
dissociation phases (Fig. 5A) and global 1:1 Langmuir fits yielded a
mean Ky of 2.0 & 0.03 nM (95% CI), consistent with high-affinity, spe-
cific recognition of CRP. In contrast, the cited aptamer produced only
minimal responses that were statistically indistinguishable from base-
line, even at 100 nM CRP (Fig. 5B), precluding meaningful kinetic
analysis.

Together with the NECEEM and FA measurements, these SPR data
provide convergent evidence that the reported CRP aptamer sequence
does not form a detectable, specific complex with CRP under any of the
conditions we tested. Consequently, the originally reported Kq values
are most plausibly explained by surface-driven pseudoaffinity arising
from nonspecific CRP-surface interactions rather than a genuine high-
affinity CRP-aptamer interaction.

More broadly, these findings illustrate how surface chemistry can
generate apparent affinity for a nonbinding aptamer and thereby pro-
mote the propagation of surface-driven pseudoaffinity in the literature.
Because streptavidin is widely used to immobilize biotinylated aptam-
ers, and streptavidin-coated surfaces are prone to nonspecific adsorption
of abundant serum proteins, many streptavidin-based aptasensors may
be susceptible to surface-driven artifacts when operated in complex
clinical matrices. Taken together, our SPR experiments show that
neutravidin-coated sensors provide a substantially cleaner background
for CRP than conventional streptavidin/dextran surfaces while still
supporting high-affinity capture of biotinylated ligands. We therefore
recommend that future SPR studies aimed at determining K4 values for
CRP-aptamer interactions employ neutravidin-based capture layers
whenever possible, particularly in experiments using serum-like
matrices. Such surfaces should help minimize background-driven arti-
facts and improve confidence that the extracted kinetic and equilibrium
parameters reflect ligand-specific recognition rather than nonspecific
CRP-surface interactions.

3. Conclusion

In this work, we systematically re-examined a widely cited DNA
sequence reported to bind C-reactive protein with low-nanomolar af-
finity. Using two orthogonal solution-phase methods, NECEEM and
fluorescence anisotropy, each in direct and competitive formats with a
validated CRP-binding SOMAmer tracer, we observed no detectable
binding of the reported aptamer to native CRP under any condition
tested. Replication of the original SPR assay further revealed strong,
low-nanomolar apparent binding of CRP to streptavidin-containing
sensor surfaces in the absence of any immobilized ligand, whereas the
aptamer itself produced only baseline-level responses under lower-
background neutravidin capture conditions. Taken together, these
data show that the originally reported 3.5 nM “aptamer-CRP” Ky is best
explained by surface-driven pseudoaffinity rather than genuine molec-
ular recognition. Although additional orthogonal methods such as ITC
could provide further confirmatory support, the present conclusion rests
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Fig. 5. SPR analysis of CRP binding to immobilized oligonucleotides on a neutravidin-CMDP surface. Biotinylated ligands (A) S49; (B) APT were captured on the
surface and CRP was injected at concentrations of 1, 3.16, 10, 31.6 and 100 nM in the original aptamer buffer supplemented with a polyanionic competitor to further
suppress non-specific binding. Errors shown for ko, ko, and Ky values are standard errors of fitting and do not include other sources of uncertainty.

on concordant evidence from multiple complementary solution-phase
and surface-based assays rather than on any single experimental format.

Beyond this specific case, our findings show how a nonbinding
sequence can acquire the status of a canonical reagent through surface-
driven pseudoaffinity and citation cascades, thereby revealing a con-
crete mechanism by which erroneous affinity claims can persist and
spread in the biosensor literature. By clarifying this failure mode in a
widely reused CRP aptamer lineage, the present work may also help
prevent further misallocation of effort and resources toward CRP apta-
sensor development based on a nonbinding recognition sequence. Our
SPR results further indicate that lower-background neutravidin capture
conditions provide a cleaner platform for evaluating CRP-ligand in-
teractions than streptavidin-based surfaces, and we therefore recom-
mend their use in future SPR studies of CRP-aptamer interactions where
feasible.

More broadly, this work reinforces the need to treat quantitative
solution-phase validation, ideally using multiple orthogonal methods
and appropriate negative controls, as the primary standard for estab-
lishing aptamer-target interactions intended for analytical or diagnostic
applications. Implementing such validation as routine practice will help
prevent the propagation of ghost affinities, improve the reliability of
aptamer reagents, and ensure that emerging diagnostic technologies are
grounded in bona fide molecular recognition rather than reproducible
artifacts.
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Section S1. Calcium dependence of the SOMAmer-CRP complex demonstrated by EDTA “kill> and Ca?*
“rescue” experiments.
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Figure S1. Calcium dependence of the SOMAmer—CRP complex demonstrated by EDTA “kill” and Ca?*" “rescue”
experiments.

To confirm the calcium dependency of the SOMAmer—CRP interaction, a calcium chelation and rescue experiment was
performed (Figure S1). Upon addition of 5 mM EDTA to the sample buffer, the S49*—CRP complex peak (red trace) decreased
markedly, accompanied by a corresponding increase in the free S49* peak, indicating dissociation of the complex due to
calcium removal. Subsequent addition of 10 mM Ca?* successfully restored the S49*—CRP complex peak and reduced the free
S49* signal back to baseline levels (blue trace). These results clearly demonstrate that the formation and stability of the
SOMAmer—CRP complex are calcium-dependent, consistent with the known calcium requirement for CRP’s structural
integrity and ligand-binding activity.
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Section S2. Oligo-Oligo Control Study and potential complementary regions between S49 and APT
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Figure S2. Oligo—oligo control for potential nonspecific interactions between SOMAmer and aptamer sequences.

To evaluate potential nonspecific hybridization between oligonucleotides, control experiments were conducted by mixing the
fluorescently labeled SOMAmer (S49*) with increasing concentrations of either unlabeled aptamer (APT) or unlabeled
SOMAmer (S50) in the absence of CRP (Figure S2). In the presence of 0-500 nM APT, the electropherograms showed that
the S49* peak remained largely unchanged. However, at higher APT concentrations (1500 and 5000 nM), a slight increase in
the free S49* peak was observed, consistent with the behavior seen in the competition assays. This increase likely results from
transient or weak nonspecific interactions between S49* and APT. During electrophoretic separation, partial dissociation of
transient S49*—APT complexes could release free S49*, which migrates within the free ligand zone, leading to an apparent
increase in signal intensity despite a constant total S49* concentration. In contrast, increasing concentrations of unlabeled
SOMAmer (S50) had no measurable effect on the S49* signal, indicating minimal or no duplex formation between the two
SOMAmers under the tested conditions. We therefore view S49—-APT heterodimer formation as a minor side reaction that can
slightly perturb tracer behavior under extreme competitor conditions.
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Figure S3. Oligo—oligo control with nonbinding aptamer (R6) to assess nonspecific interaction.

To further assess the specificity of oligonucleotide interactions, an additional control experiment was conducted using the R6
aptamer, a sequence of approximately the same length as the anti-CRP aptamer (APT) but lacking CRP-binding capability
(Figure S3). The fluorescently labeled SOMAmer (S49*) was incubated with increasing concentrations of unlabeled R6 (50—
5000 nM) in the absence of CRP. Across the entire concentration range, the electropherograms revealed no detectable change
in the migration time or intensity of the S49* peak, indicating that the R6 aptamer did not interact with or perturb the labeled
SOMAmer under the tested conditions. This result confirms that the minor signal changes observed in the S49*—APT series
arise from sequence-specific or transient oligo—oligo interactions rather than nonspecific hybridization between unrelated DNA
sequences.
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Section S3. Additional FA competitive assay with independently synthesized aptamer

To test whether the absence of competition by the reported CRP aptamer could reflect a synthesis error or batch-specific
impurity, we repeated the competitive FA assay using two independently synthesized preparations of the aptamer. The original
sequence was ordered from Integrated DNA Technologies (APT1) and from Bio Basic (APT2), and each was titrated as an
unlabeled competitor against the fluorescent S49*—CRP complex in both SOMAmer and aptamer buffers. In both buffers, S50
produced the expected concentration-dependent decrease in anisotropy, consistent with efficient displacement of S49* from
CRP. In contrast, neither APT1 nor APT2 measurably reduced the FA signal even at 500 nM competitor (Figure S4). The small
upward drift in FA observed at the highest APT concentrations remained within the experimental variability and did not
approach the free S49* baseline. These data suggest that the lack of competition is not due to a synthesis error in a single
vendor lot, and further support the conclusion that the reported CRP aptamer does not bind CRP detectably under our solution
conditions.
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Figure S4. Competitive fluorescence anisotropy assay with independently synthesized CRP aptamer. Competitive assays
were performed with 10 nM S49* + 300 nM CRP while titrating unlabeled competitor (S50, APT1 and APT2) in
SOMAmer buffer (A) or aptamer buffer (B).
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Section S4. Cautionary control: streptavidin planar chips report similar CRP Kkinetics/affinity regardless of
immobilized oligonucleotide
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Figure S5. SPR sensorgrams for CRP injected at 1, 10, 100, and 1000 nM over (A) a non-aptamer control surface, (B)
biotinylated APT, and (C) biotinylated S49 captured on a streptavidin planar chip. Similar responses and kinetics across all
surfaces indicate strong non-specific binding of CRP to the streptavidin/dextran matrix.

To determine whether the SPR responses observed on streptavidin planar chips reflect specific oligonucleotide—CRP
interactions or adsorption to the chip matrix, we compared CRP sensorgrams collected on (i) a non-aptamer control surface,
(ii) biotinylated APT, and (iii) biotinylated S49 immobilized via streptavidin on the same planar chip format (Figure S5). CRP
was injected over each surface at 1, 10, 100, and 1000 nM.

Across all three surfaces, CRP produced large, concentration-dependent binding signals with similar association and
dissociation behavior, including substantial responses even on the non-aptamer control surface (Figure S5A). Notably, the
response magnitude at 1000 nM CRP approached the same high level (~2,000 RU) on the control, APT-, and S49-
functionalized surfaces (Figure SSA—C). The close similarity of the sensorgrams indicates that the dominant contribution to
the signal arises from non-specific interactions between CRP and the streptavidin/dextran chip matrix rather than sequence-
specific recognition by the immobilized oligonucleotide.

Consistent with this interpretation, global fitting of the sensorgrams to a 1:1 Langmuir model yielded comparable apparent
kinetic parameters for the control surface and for both immobilized oligonucleotides (Figure S5, red text). Because a strong
response is already present in the absence of an immobilized binder, these fitted parameters should be regarded as effective
(matrix-dominated) adsorption/desorption kinetics rather than true molecular binding constants for APT-CRP or S49—-CRP.
Collectively, these experiments demonstrate that the streptavidin planar (dextran-containing) chip format supports substantial
non-specific CRP binding, motivating the use of alternative surface chemistries with reduced matrix interactions for
quantitative SPR validation.
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Section S5. Experimental section

Chemicals and Materials. All chemicals were purchased from Sigma-Aldrich (Oakville, ON, Canada) unless otherwise
stated. Fused-silica capillaries with inner and outer diameters of 75 and 360 pm, respectively, were obtained from Molex
Polymicro (Phoenix, AZ, USA). Human C-reactive protein (CRP), consisting of five identical non-glycosylated subunits of
206 amino acids each (M.W. = 23 kDa per subunit), was purchased from Sigma-Aldrich (Oakville, ON, Canada). A 5'-Cy3-
labeled SOMAmer S49* (SL1124; cyanine-3-4337-49-2) and an unlabeled SOMAmer S50 (SL1127 AB-H-4337-50-1)
targeting CRP were provided by SomalLogic (Boulder, CO, USA). The nucleotide sequences and chemical modifications of
these SOMAmer reagents are proprietary and therefore cannot be disclosed here; to ensure traceability, the exact SomaLogic
reagent identifiers and labeling/modification codes are provided.

The specific unlabeled anti-CRP aptamer (APT) and an Alexa Fluor 488-labeled (APT*) were synthesized by Integrated
DNA Technologies (Coralville, IA, USA) The aptamer sequence was 5'-GGC AGG AAG ACA AAC ACG ATG GGG GGG
TAT GAT TTG ATG TGG TTG TTG CAT GAT CGT GGT CTG TGG TGC TGT-3' (Huang et al., 2010). To minimize the
probability of synthesis error, the same sequence was also ordered from another vendor, BioBasic (Markham, ON, Canada).
All fluorescence-labeled ligands in this study are denoted by an asterisk (e.g., S49*, APT*).

Before dilution and preparation of equilibrium mixtures, all SOMAmer and aptamer stock solutions were thermally treated
by melting and reannealing to ensure proper folding. Specifically, oligonucleotide solutions were heated at 90 °C for 2 min
and then cooled to 20 °C at arate of 0.5 °C s™'. The binding assay was performed in two different buffer systems: the SOMAmer
buffer (40 mM HEPES, 1 mM CaClz, 1 mM MgClz, pH 7.5) and the aptamer buffer (10 mM Tris-HCI, 50 mM NaCl, 2 mM
CaClz, pH 7.5) (Huang et al., 2010; Le et al., 2025). For the CE experiments, the sample buffer was always identical to the
running buffer to prevent artifacts arising from buffer mismatch. Accordingly, all dilutions of sample components were made
using the same running buffer employed for CE separation. Under these buffer conditions, C-reactive protein (CRP) remains
predominantly in its native pentameric form, consistent with previous reports demonstrating its structural stability in calcium-
containing near-physiological buffers.

Capillary Electrophoresis experiments. All CE experiments were performed using a P/ACE MDQ system (SCIEX,
Concord, ON, Canada) equipped with a laser-induced fluorescence (LIF) detection module. Fluorescence excitation was
achieved using a 488 nm solid-state laser, and emission was detected at 595 nm for Cy3-labeled SOMAmer S49 and at 520
nm for Alexa-labeled aptamer, using spectrally optimized filter sets. Poly (vinyl alcohol) (PVA)-coated fused-silica capillaries
were employed throughout this work. For experiments in SOMAmer buffer, capillaries of 50 cm total length (40 cm effective
length) were used, while those in the aptamer buffer employed shorter capillaries of 30 cm total length (20 cm effective length)
to minimize analysis time due to longer migration times in high-salt conditions. The coating procedure for the PVA capillaries
has been described previously (De Jong and Krylov, 2012).

Prior to each run, the capillary was rinsed with the running buffer at 20 psi (138 kPa) for 4 min. Separations were performed
at an electric field strength of 500 V/em (25 kV across 50 cm or 15 kV across 30 cm), with the negative electrode positioned
at the injection end. Equilibrium mixtures containing CRP and SOMAmer were first incubated for 30 min at room temperature
to allow complex formation, followed by the addition of the competitive ligand (i.e., S50 or APT) and an additional 30 min
incubation prior to injection. Samples were introduced hydrodynamically by applying a 0.5 psi (~3.5 kPa) pressure pulse for
10 s, corresponding to a 10 mm sample plug. This was followed by the injection of a 5.7 cm buffer plug using a 0.9 psi
(~6.2 kPa) pressure pulse for 30 s to advance the sample through the uncooled inlet section. The capillary temperature was
maintained at 15 °C throughout the experiments.

Fluorescence Anisotropy experiments. Assays were conducted in low-binding, black, flat-bottom 384-well microplates
(Corning® 384 Well Microplate, Millipore Sigma, Toronto, ON, Canada) to minimize background signal and sample
adsorption. Plates were sealed with optically clear film during measurements to reduce evaporation and photobleaching, and
fluorescence anisotropy signals were recorded using a Synergy H4 Hybrid Microplate Reader (BioTek, Winooski, VT, USA)
equipped with polarized optics. Cy3-labeled probes were excited at 485/20 nm and emission was collected at 590/35 nm, with
instrument gain auto-optimized before each run. All measurements were performed at 25 °C.

Surface Plasma Resonance experiments. All SPR experiments were performed at the same conditions as provided in the
original aptamer-selection paper (Huang et al., 2010). A subset of measurements was carried out at Xenolis using a Biacore
T200 instrument (Cytiva, Uppsala, Sweden). For nonspecific binding control assays, a CMS5 sensor chip was functionalized
with streptavidin via standard amine-coupling chemistry; no aptamer or SOMAmer ligand was immobilized on these surfaces.
Similar streptavidin-derived assays were also prepared at Illumina (Boulder, CO, USA) using a Carterra LSAXT HT-SPR
instrument (Carterra, Salt Lake City, UT, USA) with a SAP sensor chip and the same ligand-free format.

To avoid any non-specific streptavidin-mediated interactions during ligand-dependent binding studies, Illumina additionally
prepared a CMDP sensor chip with NeutrAvidin via standard amine coupling chemistry. In detail, a 5 nm planar CMDP chip
(Carterra) was functionalized with NeutrAvidin (Pierce) using the lawn surface preparation wizard. The carboxymethyldextran
surface was activated using freshly prepared 100 mM EDC and 25 mM s-NHS in 100 mM MES, pH 5.5, followed by coupling
of 50 pg/mL NeutrAvidin in 10mM sodium acetate, pH 4.5 (Carterra). Uncoupled groups were quenched with ethanolamine.
The average coupled NeutrAvidin level was approximately 1800 RU per region of interest (ROI). An array of 192 ligands,
mostly SOMAmer reagents along with “APT” and chip controls, was captured in duplicate to occupy all 384 ROIs using the
Capture Kinetics wizard (Carterra). S49* and APT were immobilized for 15 minutes in quadruplicate at each of three
concentrations (2.5 nM, 1.0 nM, and 0.5 nM) to ensure a condition with ideal loading density. In this format, biotinylated
aptamers or SOMAmer reagents were captured at low surface density, and CRP binding was measured using the same running
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buffer conditions, plus 800 nM Z-Block, a proprietary modified oligonucleotide used as a polyanionic competitor, allowing
evaluation of ligand-mediated binding with reduced nonspecific interference (Gold et al., 2010).
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