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The diagnosis of heart failure in emergency settings requires rapid and sensitive detection of brain

natriuretic peptide (BNP), a low-abundance biomarker of heart failure with a clinical rule-out threshold of

100 pg mL−1 (0.03 nM). The current gold standards for BNP testing in clinical practice all rely on

immunoassays that necessitate cold-chain storage for antibodies, limiting their utility at the point-of-care.

We now propose an enzyme-free, isothermal amplification strategy employing a dual-aptamer system to

measure BNP at clinically relevant levels. Upon simultaneous binding to the target BNP, both of the

aptamers release their complementary DNAs, consequently triggering a cyclic amplification reaction. The

resulting secondary DNA structures can be detected via a lateral flow test (LFT) format, providing visual

readouts close to the patient in 30 min at room temperature. This work advances the field by combining

the specificity of aptamers with the simplicity of LFTs, offering the sensitivity of conventional immunoassays

while eliminating any enzymatic steps. This work bridges the gap between lab-based immunoassays and

POC needs, offering a reliable, equipment-free alternative for heart failure diagnosis in resource-limited

settings. Future studies will validate its performance with blood samples for clinical deployment.

Introduction

Heart failure remains the primary cause of mortality
worldwide, imposing the highest cost on the healthcare
sector.1 Brain natriuretic peptide (BNP) is the gold-standard
biomarker for managing heart failure due to its high negative
predictive value.2,3 Normal levels of BNP (<100 pg mL−1) can
be 98% accurate for excluding heart failure in emergency
settings,4 permitting the development of tests that can rule
out heart failure in symptomatic patients. To enable its use at
the point-of-care (POC), BNP tests also need to be rapid
(result within 30 minutes), allowing for timely clinical
decision-making at the patient's bedside or in outpatient
settings.5 Such a test could help streamline the diagnostic
process, reducing the need for unnecessary hospital
admissions and thus improve resource utilization.6

BNP is a neurohormone secreted in response to
overloaded ventricular stress to maintain cardiovascular
homeostasis, so that its levels directly correlate with the
severity of heart failure, making it a highly specific biomarker
for diagnosing and monitoring this condition.2,7 Optical
sensors for BNP, using fluorescence or chemiluminescence,

Raman spectroscopy, and surface plasmon resonance have
achieved ultra-high sensitivity down to 50 pg mL−1 – although
generally these lab-based methods require bulky and costly
instrumentation.8 Electrochemical BNP sensors are self-
contained combined devices that can be more easily
miniaturized. However, nonspecific binding, as well as the
need for costly redox reagents and significant expertise, have
limited their application in POC for BNP.9

Existing lab-based immunoassays for BNP POC testing
require dedicated devices or analyzers, which leads to challenges
in bringing the testing capabilities close to the patient, outside
of centralised laboratories, while maintaining the high
performance levels required for clinical decision-making.10

Assays under development have aimed to improve specificity,
although they are challenged by the substantial cross-reactivities
between BNP and other metabolites of the BNP precursor
(proBNP).11,12 BNP antibody-based immunoassays integrated
with high-precision detection platforms are currently the most
specific and sensitive BNP biosensors, reaching limits of
detection (LoDs) down to 1 pg mL−1.12 Nevertheless, the clinical
translation of BNP sensing to POC platforms is constrained by
long turnaround times and environment-related challenges such
as storage temperature or humidity.13

Aptamers, as nucleic acids, offer useful alternatives to
antibodies, with higher stability under a wider range of
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environmental conditions, while still binding to target
molecules with comparable affinity and specificity.8,14 In this
work, we address the abovementioned limitations with two
aptamers targeting different epitopes on the BNP molecule to
achieve higher specificity by lowering the risk of cross-
reactivity with other related peptides from the blood sample,
such as NT-proBNP and proBNP.15 A dual-aptamer system
could also minimise interference by ensuring that only the
target BNP molecule is captured and detected, thereby
enhancing the robustness of this POC testing. The use of
aptamers further allows the coupling of an isothermal
nucleic acid-based amplification reaction for high sensitivity,
in this case involving a catalytic hairpin assembly (CHA) as a
non-enzymatic assay.16 Such an assay provides benefits
brought by the use of aptamers, with longer shelf life/higher
stabilities and simplified workflows.17 While enzymatic
reactions can introduce variability due to differences in
enzyme activity, substrate availability, or reaction kinetics, we
aim to improve reproducibility with an enzyme-free assay.18

Thus, we introduce a new BNP assay strategy in a lateral
flow test (LFT) format that is easy-to-use, easy-to-read, and
more economical for widespread use in POC settings.
Inspired by non-competitive enzyme-linked immunosorbent
assay (ELISA), in which the target is sandwiched between a
capture and a detection antibody,19 we show the
development of a DNA circuit incorporating a pair of BNP
aptamers that recognise the same target in parallel but at
different epitopes.20,21 This new design creates a
homogeneous detection assay for BNP using a matched
aptamer pair (Fig. 1A).

The binding event triggers amplification through a
CHA strategy in an isothermal and enzyme-free reaction
(Fig. 1B).22 Recruiting more than one single affinity probe
enhances the detection specificity, whilst isothermal enzyme-
free amplification provides the ability to incorporate the
process in simple biosensors,23 here using LFT strips for
rapid and equipment-free visual readouts.24

Results and discussion
Characterisation of CHA signal on nPAGE

We selected two existing BNP aptamer sequences with the
least cross-competition that both undergo conformational
changes when binding with BNP.21 This strategy releases
complementary DNA sequences (initiators), previously hidden
by both aptamers, which are then able to bind to other
components of the CHA circuit (Fig. 1B). In the reaction
pathway, CHA is initiated by a single-strand DNA initiator,
which can sequentially open two participating hairpins via
the toehold-mediated strand displacement.17,25 The signal is
accumulated while the cascading CHA disassembles more
and more hairpin 1 (H1) and hairpin 2 (H2) into H1 :H2
duplexes. The H1 functions as the molecular beacon (H1MB)
when modified with fluorescein isothiocyanate (FITC) on the
5′ end and black hole quencher 1 (BHQ1) on the 3′ end to
ensure quenching of the fluorophore when H1 was properly

folded at the initial stage. In our new design, initiators
trigger the CHA reaction only after both aptamers (aptamer 1
and aptamer 2) are bound to BNP as the conformational
recognition changes their shapes to displace the initiators
from the aptamer pairs (Fig. 1A). Experimentally, the
proposed CHA cascade integrating dual aptamers was
validated through native polyacrylamide gel electrophoresis
(nPAGE), while performance of the CHA was evaluated by
fluorescence intensities of the product band. Analysis of the
CHA signal from the nPAGE images was done by ImageJ for
fluorescence quantification, which was also confirmed by
H1MB fluorescence.

In Fig. 2A, the band intensities of CHA products in lanes
2–11 showed that the products built up with decreasing levels
of aptamer 1&2. No breathing effect of the hairpins was
observed from the lane 12, as H1 and H2 failed to open each
other in the absence of initiators, indicating that there was

Fig. 1 Schematic illustration of BNP biosensing via CHA reaction circuit.
(A) Pre-initiation phase, the initiator is insulated by dual aptamers in a
single pot to prevent self-activation, as it is designed to be partially
complementary with both aptamer 1 and aptamer 2 (binding sites
separated by the red ‘i’ in the figure for visual emphasis). (B) BNP-
induced and dual aptamers binding-catalysed hairpin assembly and
disassembly cascades, triggered by the released initiators. The number
marks the length (in nucleo) of each segment corresponding to the
colour coding, which is consistent with the design of the sequences
(colour matching means either complementary or sequences derived
from the same source). (C) LFT integration with sample loading onto the
test strips for biosensing of the CHA signal, followed by two drops of the
washing buffer (WB, ca. 54 μL). The FITC/biotin-labeled hairpin duplexes
are captured by anti-FITC antibodies at the test line, indicative of the
presence of the marker.
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no circuit leakage.26 When the aptamer pair was introduced
with decreasing concentration, the intensity of the bands
created by the reactions increased. The band of CHA products
disappeared from lane 2 and 3 when aptamer 1&2 were supplied
in excess to saturate all the free initiators. Beyond the 1.2 : 1
ratio of [aptamer 1&2] : [initiators], aptamer 1&2 are abundant
enough to capture all the initiators, hence inhibiting the
activation of CHA reaction. Aptamer 1 : initiator and aptamer 2 :
initiator duplexes end up at the same position after gel
electrophoresis (demonstrated by lane 12 and 13 in Fig. S1).
These appear as the topmost band in lane 2, which intensified
as more aptamer 1&2 was added to bind with the initiators. The
band intensities of the remaining H1 and H2 also demonstrate
that the less aptamer 1&2, the more CHA reactions were
triggered as more initiators were released to assemble the final
product of H1 :H2 duplexes, so that less hairpins are left. The
mean signals of CHA products were fitted into a Boltzmann
curve (Fig. 2B, also known as the 4-parameter logistic curve).
The fit supports the finding that to manipulate the CHA signal
effectively, the concentration of aptamer 1&2 needs to be
comparable to that of the initiators (more details about the
Boltzmann curve and relevance to fitting and analysis are
provided in SI).27

Homogeneous CHA using fluorescence

As confirmation of the reaction mechanism, the CHA signal
was monitored through fluorescence reading of FITC on a
H1MB probe. For each one-pot reaction, both H1MB and H2
were supplied at 150 nM in a 1 : 1 ratio. Fig. 3A shows a
similar reaction profile when varying the concentrations of

the initiators. To ensure a broader responsive range, the
input of initiators was kept constant at 100 nM while varying
aptamer 1&2. This approach by fluorescence reading returns
an inflection point at around 90 nM (x0, inflection point in
blue, Fig. 3A), consistent with the 82 nM from the nPAGE
analysis (x0, Fig. 2A). Given the supply of both hairpins at
150 nM, the curve for initiators turns to be steepest at 43.9
nM (inflection point in orange), and dual aptamers at 90.9
nM. This approximate ratio of 2 : 1 ([aptamer 1&2] : [initiator])
can serve as a guideline of the critical amount of aptamers
and initiators needed in order to make the CHA signal most
sensitive to fluctuations in the predictor variable.

The initiators that are bound by either aptamer will not be
able to participate in any downstream reactions, whereas only
unbound initiators will be free to set off the CHA. The
relative fluorescence intensities of H1MB signify the number
of H1MB unzipped and contributed to the CHA, which can
be used to predict the remainders that are not involved. Since
the starting concentrations of initiators are the same and the
fluorescence signals were all calibrated by the CHA reaction
supplied with 100 nM of free initiator, any decline in signal
in the presence of aptamer 1&2 can be ascribed to binding-
induced suppression of the CHA.

This approach allowed us to provide concentrations of the
bound and free initiators, from which the binding curve can be
plotted accordingly (Fig. 3B). The green curve illustrates the fact
that less [initiators] will be free if the concentration of [aptamer
1&2] rises. On the contrary, the purple curve in Fig. 3B depicts
that more [initiator : aptamers] complexes will be formed as
[aptamer 1&2] increases. To quantitatively analyse the binding
interaction between the initiator and the dual aptamers, the

Fig. 2 Characterisation of CHA reaction final products by nPAGE. (A) nPAGE image of CHA performance supplied with decreasing levels of
aptamer 1&2, the text in yellow indicates the bands of the expected size. Lane 12 suggests there is no circuit leakage given no-show of
spontaneous hybridisation products when 150 nM of H1 and H2 are mixed together; lane 11 is the positive control when there is no aptamers, the
initiators are free to trigger the CHA circuit; lane 2 is the negative control when the [initiators] : [aptamer 1&2] are added in a 1 : 2 ratio, all the
initiators are detained from the CHA activation, and thus the product band disappears. The two bands appearing at the bottom in every lane are
the surplus H1 and H2, with the brighter one being H2 because the unconsumed H1 is still folded and quenched by BHQ1. Lane 1 is a 100 bp
ladder. (B) Plot of the quantitated band intensities, with standard deviation of each set of triplicate results as the error bars. The Boltzmann fit (also
known as the 4-parameter logistic fit) of the means reports an R2 of 0.992, and an X0 of 81.57 as the inflection point of the sigmoidal curve, and
the regression is predicted as y = −0.003 + 1.008/{1 + exp[(x − 81.568)/12.393]}.
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data were fitted to the Hill equation (purple curve, R2 = 0.994),
noting that the binding between initiator and aptamers does
not start at 0 nM of initiators (analysis with the Hill equation is
presented in details in SI). Given the Hill equation from
Fig. 3B, a Hill coefficient (parameter n) of 2.78 specifies the
degree of cooperativity, where n > 1 indicates positive
cooperativity.28 This could indicate that there is more than one
site on the initiator for aptamer binding, and the binding of

one aptamer enhances the affinity of other binding sites on the
same initiator for the second aptamer to bind. This
corresponds to the design of the initiator (listed in Table S1) as
its 5′ half is designed to be complementary to the recognition
region within aptamer 2, with its 3′ half complementing the
recognition segment of aptamer 1.21

Conversely the sigmoid in purple revealed that at minimal
[aptamer 1&2] concentrations, initial binding occurs slowly
because few [initiators] are bound, and at maximal [aptamer
1&2] concentrations, the response approaches saturation as the
binding sites are mostly occupied. The system responds most
dynamically to variations in [aptamer 1&2] concentration when
it is partially saturated, i.e., halfway between the START (15 nM,
baseline response) and END values (123 nM, plateau response).
This is calculated to be ca. 70 nM of [initiators] when the system
achieves its highest sensitivity.29 Furthermore, parameter k from
the Hill equation (Fig. 3B) refers to the dissociation constant,
suggesting that half of the [initiators] would be bound once the
concentration of [aptamer 1&2] reaches 105 nM. Experimentally,
each aptamer binds with the initiator in a 1 : 1 fashion, and so
[aptamer 1&2] concentration needs to be doubled in order to
capture the same amount of [initiators].

Using a threshold background as 3 times the standard
deviation of the baseline, 0.10 a.u. for nPAGE and 0.09 a.u.
for the one-pot fluorescence, allowed us to determine a
corresponding limit of detection (LoD) of [aptamer 1&2] as
108 nM and 124 nM, respectively. In acute settings, the BNP
LoD should be below 100 pg mL−1, corresponding to 0.03 nM
(ref. 1 and 7) and thus we adopted the LFT format to detect
the interaction between aptamers and BNP to reach this
important metric.

Optimisation on LFT strips

H1 was modified with 3′FITC, and H2 with 3′Biotin, such that
only the H1 :H2 hybrid can be captured onto the test line of
a commercial strip, containing an anti-FITC antibody,24

whilst the control line hosts an anti-streptavidin antibody to
capture streptavidin-gold particles flowing with the sample.
Aiming for a visual signal down to 0.03 nM of BNP required
at least 0.06 nM of aptamer 1&2. We first minimized the
leakage signal on LFT strips which suggested that any levels
of H1 and H2 above 0.14 nM will generate a false positive
signal even in the absence of initiators (see SI Note in SI).
Fig. 4A shows that at 0.14 nM of H1 and H2, the background
leakage caused by spontaneous hybridisation between
hairpins was not observed, whereas the signal appeared at
the test line if 0.06 nM of initiators was supplied. Decreasing
concentrations of aptamer 1&2 from 0.24 nM down to 0.10
nM, showed no test line signal as most initiators were
sequestered by aptamers. In contrast, as soon as the BNP
level rose to an extent that the accessible aptamer 1&2 fell
under 0.10 nM, the CHA signal re-appeared as those released
initiators become abundant enough for CHA activation. In
this case, 0.10 nM of aptamer 1&2 is considered the LoD of
LFT with a linear relationship above (R2 = 0.930, Fig. 4B). The

Fig. 3 Fluorescence measurements of CHA signal via hairpin probe
H1MB. The fluorescence readouts were calibrated by signal from the
positive control (100 nM initiator + 150 nM H1MB + 150 nM H2) after
subtracting the background signal (150 nM H1MB + 150 nM H2). (A)
The Boltzmann curve in orange describes the changes in CHA signal
with regards to increasing concentrations of initiator from 0 to 100
nM, given constant source of H1MB and H2 both at 150 nM, with an R2

of 0.998 and an x0 of 43.9; the Boltzmann curve in blue depict the
range of CHA signal responding to 0–200 nM of aptamer 1&2,
provided with 100 nM of initiators and 150 nM of hairpins, with an R2

of 0.976 and an x0 of 90.9. Error bars are standard deviations of
triplicate results. (B) At the same value of y (relative fluorescence of
H1MB), two x values (concentrations of [initiators] and [aptamer 1&2])
can be derived from (A), and the two corresponding x values are
plotted as shown by the green sigmoidal curve in (B); where the
[initiators] are free to open H1MB to signal, the rest [initiators] bound
by the [aptamer 1&2] can also be plotted to scrutinise the binding
curve between them as illustrated by the purple sigmoidal curve. The
fit-ted Hill equation reports a Kd value of 104.52 and a Hill coefficient
(n) of 2.78, with an R2 of 0.994.
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linear correlation between [aptamer 1&2] concentrations and
signal intensity could also serve as a calibration for
monitoring of BNP levels among patients with chronic heart
failure for prognosis.30 For a POCT device, a one-pot reaction
with a binary output is preferred, where “0” indicates a BNP
level below a clinically relevant threshold (lower than 100 pg
mL−1) and “1” above. From the BNP binding assay (see SI),
we determined the Kd between BNP and the two aptamers to
be ca. 14 nM. With the concentration of BNP and aptamers
being 0.03 nM and 0.10 nM, the bound aptamer-BNP
concentration would be as low as 0.21 pM approximately,
suggesting that formation of aptamer-BNP complexes is
extremely limited. The Kd value implies that the supply of
free aptamer and BNP should approach 14 nM for the
binding events to be significant. An LFT visual response
for 0.03 nM of BNP occurred for optimised
concentrations [aptamers (2.25 nM), initiators (1.5 nM),
and hairpins (3.5 nM)] (Fig. 4C).

The dissociation constant for the interaction between BNP
and our dual-aptamer system was 14 nM. In comparison,
existing panel of BNP aptamers reported Kd values stretching
from 12.5 to 139 nM,31 placing our system within a competitive
range, while offering the added advantages of enzyme-free
amplification and LFT compatibility. Although other systems,

including antibodies for example, can have much better Kd
values (e.g. 1.0 ± 0.4 nM and 0.33),32,33 when coupled with
CHA, it is sufficient to achieve a clinically relevant LoD of 0.03
nM, as the reaction amplifies the signal from even a small
number of initiators released from the aptamer binding events.

Moreover, our dual-aptamer approach enhances specificity
by targeting distinct epitopes simultaneously, thereby reducing
off-target binding and the likelihood of cross-reactivity with
related peptides such as NT-proBNP, which is a common
source of false positives in single-probe BNP assays.34

While the commercial LFT strips employ anti-FITC and
anti-streptavidin antibodies for signal capture, these are used
solely for universal reporter detection and do not interact
with BNP. They have been extensively developed to enable
lyophilisation onto the nitrocellulose membranes. Such a
process is challenging to carry out for new markers as it
requires lengthy and prohibitive optimisations, which
aptamers are able to circumvent.

Experimental
Materials

Both sequences of the aptamers against BNP were selected
from an aptamer-based ELISA-like microplate assay21

Fig. 4 Biosensing of CHA signal on LFT strips, where each result is representative of three independent LFT measurements (n = 3). (A)
Visualisation of LFT results and signals quantified; first strip is the negative control, indicating no leakage signal when there are only H1 (3′FITC)
and H2 (3′Biotin), whilst the last strip is the positive control, showing that the test line is the strongest when the [aptamer 1&2] concentration is 0
nM; the test line disappears when the [aptamer 1&2] is beyond 0.10 nM. (B) Relative optical density of the test-line signals standardised by that of
the control-line signals, the linear equation is fitted across the triplicate LFT results from 0–0.10 nM of [aptamer 1&2] (as the test signal disappears
beyond 0.10 nM), with an R2 of 0.930 and the standard deviations being the error bars. (C) LFT integration with sample loading onto the test strips
for biosensing of the CHA signal, followed by two drops of the washing buffer (WB, ca. 54 μL) for the ease of dilution. The FITC/biotin-labeled
hairpin duplexes are captured by anti-FITC antibodies at the test line, with digital responses of the LFT achieved at the BNP threshold after dilution
with the WB.
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(sequences listed in Table S1). All DNA oligonucleotides used
in this study were purchased from IDT (Integrated DNA
Technologies, Inc., Coralville, Iowa), with HPLC purification.
Human BNP (1–32, Cat. No. 3522) was purchased from Tocris
(Bio-Techne Ltd., UK). 40% acrylamide/bis-acrylamide
solution 29 : 1, TEMED, and ammonium persulfate (APS) were
purchased from Bio-Rad (Bio-Rad Laboratories Ltd., UK).
UltraPure™ 10× TBE buffer (Tris-boric-EDTA), 6× DNA gel
loading dye, SYBR™ Gold, and UltraPure™ DNase/RNase-
free distilled water were obtained from Invitrogen
(ThermoFisher Scientific). Reaction buffer (pH 8.0, 5 mM
Tris-HCl, 0.5 mM EDTA, 100 mM NaCl, 20 mM KCl and 50
mM MgCl2) was kept unchanged for all the different
experiments described to sustain the optimal buffered
conditions for catalytic efficiency. Low volume 384-well
microplates (black, flat bottom) were purchased from
Corning (Corning Life Sciences). LFT strips were ordered
from Ustar Biotechnologies Ltd. (U-Star Disposable Nucleic
Acid Detection Strips, Type 3; Hangzhou, Zhejiang, China).

Design of CHA sequences and characterisation of CHA
thermodynamics

The initiator (34 nt) sequence was adapted from the BNP
aptamer sequences, with its 5′ half partially complementary
to the aptamer 2 sequence, and its 3′ half partially
complementary to the aptamer 1 sequence. H1 (52 nt) was
designed with a hairpin stem of 18 bp, and a loop of 6 nt,
with a 10 nt single-strand overhang serving as the toehold
region for hybridisation with the initiator. H2 (45 nt) was
designed with a 12 bp stem, a 10 nt hairpin loop, and an 11
nt overhang as the toehold to hybridise with the H1. Once
opened, the duplex of H1 : initiator has 28 bp and H1 :H2 has
33 bp being fully complementary. The length of each CHA
building block has been adjusted so that the differences in
molecular weight of the designed DNA sequences could be
clearly distinguishable on a 15% nPAGE.

The Gibbs free energy (ΔG) of hairpin formation and its
melting temperature (Tm) were predicted using
OligoAnalyzer™ tool.35 Likewise, the ΔG for each bimolecular
interaction among combinations of the initiator, H1, H2,
aptamer 1, and aptamer 2 was also analysed through the
hetero-dimers function of OligoAnalyzer™ tool (detailed in
Fig. S2). For each possible dimerisation, the Tm needs to be
well above room temperature (≫25 °C), whilst the ΔG needs
to be negative for the CHA reaction to proceed spontaneously.
Considering the hybridisation stability of each duplex, the
length of the complement and the GC content have also been
accommodated for the CHA reaction to operate optimally
below the Tm,36 i.e., under its Tm, H1 would be in a partially
folded state, allowing interactions with the initiator strand
and H2 subsequently.

Renaturation of hairpins and one-pot CHA

Hairpin samples were reconstituted from stock solutions to
desired concentration (600 nM) in reaction buffer. Then the

hairpin sample was heated to 90–95 °C for 10 minutes to
fully denature any secondary structures, followed by gradual
cooling at a rate of 0.02 °C s−1 down to room temperature in
a thermal cycler, over the course of 1 hour. This allowed the
H1 and H2 to reform in their most stable and intended
configuration. The hairpin samples were stabilised at the
final temperature (25 °C) for an additional 15 min to ensure
complete and steady renaturation.37 All the CHA reaction
mixtures ended up with a total volume of 40 μL containing
the initiator, H1 and H2 in a 1 : 1 ratio, and the aptamer 1&2
or not in the reaction buffer. The final concentrations of both
hairpins (150 nM, 10 μL each) and initiators (100 nM, 10 μL)
were held constant across the reactions while the aptamer
1&2 (10 μL) concentrations changed: 0 nM, 50 nM, 60 nM, 70
nM, 80 nM, 90 nM, 100 nM, 110 nM, 120 nM, 200 nM. The
reaction tube was incubated for 30 minutes at room
temperature (see Fig. S4 for optimisation data).

Non-denaturing gel electrophoresis

nPAGE was used to evaluate the performance of the CHA,
where the appearance and intensity of new bands were
studied to assess the interactions among the CHA
components and how they were regulated by changing
inputs. For each individual reaction mixture, the DNA
solutions (10 μL) were mixed with 6× DNA loading buffer (2
μL) before loading into the 15% nPAGE (casted from 40%
(w/v) acrylamide/bis-acrylamide solution 29 : 1). The
electrophoresis was run in 1× TBE buffer (pH 8.0) at a
constant voltage of 110 V for 90 minutes. The gels were
imaged using Syngene PXi (Syngene, Frederick, MD) after
staining with SYBR Gold (dsDNA and ssDNA dye) for 5
minutes. Imaging parameters were set as follows: UltraSlim
– blue light transilluminator (excitation) and Filt 525 nM
(emission), with an exposure time of 800 ms.

Fluorescence-based measurement

The fluorescent intensities of FITC-functionalised H1MB were
read from the bottom of 384 well plates by the Synergy™ HT
Gen5 Microplate Reader (BioTek® Instruments, Inc., Agilent,
Santa Clara, California, United States) with the filter set of
485/20 nm and 528/20 nm for excitation and emission. Data
were collected every minute.

Optimisation of dual-aptamer regulated CHA signal on LFT

To visualise the CHA signal on LFT strips, FITC and biotin
were respectively incorporated onto the 3′ ends of H1 and
H2. After CHA (30 min), 2.25 μL reaction mixtures from each
sample were deposited on LFSs, with 54 μL of the running
buffer from the manufacturer (Ustar Biotechnologies Ltd.) to
move the sample through the test and control lines (see Fig.
S5 for optimisation data of the washing buffer volume). After
10 minutes, the LFT outcomes were imaged.
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Conclusions

We present a novel BNP assay that employs dual aptamers to
associatively trigger non-enzymatic nucleic acid-based
cascades. In the presence of target BNP, the aptamer pair can
coordinate the reaction circuit through the release of a single
initiator. A key advantage of this one-pot format is the
potential for application at POC. Incubation is as rapid as a
lateral flow test, up to 30 minutes at room temperature. By
porting the system onto a LFT strip, we established the
possibility of POC BNP testing at the clinical significance
level. Our novel BNP assay avoids the use of any antibody or
enzymes for target recognition and signal amplification,
while the dual BNP aptamers approach provides potential for
high selectivity, generating a viable prototype for the POC
diagnostics of BNP with clinically significant cut-off values.
This assay targets whole blood/serum to align with the
emergency department workflows, and so the future work
will focus on the validation of this developed test with
clinical samples.
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