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A lateral ﬂow assay using DNA aptamer-based sensing for the detection of dopamine in urine is reported.
Dopamine duplex aptamers (hybridized sensor with capture probe) are conjugated to 40-nm Au nanoparticles
(AuNPs) with 20T linkers. The detection method is based on the dissociation of the duplex aptamer in the
presence of dopamine, with the sensor part undergoing conformational changes and being released from the
capture part. Hybridization between the complementary DNA in the test line and the conjugated AuNP-capture
DNA produces a red band, whose intensity is related to the dopamine concentration. The minimum detectable
concentration obtained by ImageJ analysis was < 10 ng/mL (65.2 nM), while the visual limit of detection is
estimated to be ~50 ng/mL (normal range of dopamine in urine of 52–480 ng/mL or 0.3–3.13 μM). No cross
reactivity to other stress biomarkers in urine was conﬁrmed. These results indicate that this robust and userfriendly point-of-care biosensor has signiﬁcant potential for providing a cost-eﬀective alternative for dopamine
detection in urine.

1. Introduction
Biomarkers present in the body that are related to conditions of
stress are very important diagnostic tools [1–3]. Recently, rapid and
low-cost detection of stress biomarkers in biological ﬂuids has received
increasing attention [4–6]. An important biomarker is dopamine, a
member of catecholamine neurotransmitter group that plays a signiﬁcant function in human mental and physical processes [7]. Dopamine controls many biological functions, such as regulating movements, cognition, motivation, mood [8,9] and even addictive behaviors
[7]. Disturbances in dopamine levels may lead to neurodegenerative
diseases, such as Alzheimer's, Parkinson's and Huntington's diseases
[10,11]. Individuals suﬀering from these diseases have lower dopamine
concentrations in their body compared to healthy individuals [12].
Therefore, monitoring dopamine levels is important for early diagnostics and treatment of these diseases. The development of methods
for simple and low-cost point-of-care measurement of dopamine levels
could assist patients with impaired release of this important chemical
by providing in-home self-monitoring.
Conventional methods utilized for the detection of dopamine and
other biomarkers are relatively laborious techniques using sophisticated equipment and procedures, such as electrochemical detection
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[13–15], chemiluminescence [16,17], high performance liquid chromatography (HPLC) [18,19], colorimetry [20,21] and ﬂuorescence
[22,23]. These methods, while providing high sensitivity are not suitable for rapid on-site screening device for dopamine detection.
Microﬂuidic paper-based lateral ﬂow assay (LFA) devices provide a
robust, cost eﬀective and user-friendly POC system to detect and
measure the target biomarker [24]. LFAs have been used in a wide
range of qualitative and semi-quantitative monitoring of protein biomarkers, pathogens and food allergens [25–27]. The antibody-antigen
binding reaction is one of the most commonly employed detection
methods in LFAs, with the pregnancy test kit being a very widely utilized example [28,29]. Antibodies have played a critical role in the
research and development of biomarker diagnostics, but do exhibit
some limitations, such as high immunogenicity, short shelf life, high
cost, time-consuming production with variations in batches and reduced selectivity for low molecular weight compounds [30,31].
Recently, aptamers have been developed as alternative probes in
LFAs and other formats. Aptamers are single strand DNA or RNA oligonucleotides (ssDNA, ssRNA) synthesized in vitro by sequential evolution of ligands by exponential enrichment (SELEX) process from an
existing library of DNA or RNA molecules [30]. Aptamer-based lateral
ﬂow assays/sensors have been reported for the detection of proteins
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3. Experimental

[32–34], cancer cells [35], toxins [36] and nucleic acids [37]. Aptamers
are typically used in conjunction with gold nanoparticles (AuNPs) for
simple yet sensitive colorimetric detection in POC devices [38]. Aptamer-modiﬁed AuNPs have been applied for the detection of various
analytes [39,40] in biological ﬂuids. Recent advances in aptamer-based
LFAs can be found in the article by Jauset-Rubio et al. [41].
Among reports on dopamine detection using aptamers, they have
been either not tested in biological ﬂuids [17,20,42] or have not utilized POC-compatible platforms, such as LFA [43–46]. The goal of this
work is to develop methods that could overcome these limitations by
incorporating conjugated AuNP-aptamer in LFA platform. The proposed
aptasensor allows for a sensitive and easy technique to detect and
quantify dopamine in vitro. An aptamer with speciﬁc aﬃnity to dopamine [47] was utilized in a duplex format with a partially complementary DNA. Increasing dopamine concentration in urine leads to
increasing dissociation of the duplex and concomitant hybridization
(and signal intensity) of the sensor DNA on the test line of the LFA. To
the best of our knowledge, this is the ﬁrst report of aptamer-based LFA
strip biosensor for dopamine detection in urine. Urine has been selected
as the bioﬂuid to be investigated since dopamine is known to be stable
in this medium [48].

3.1. Materials and solutions
Dopamine aptamer, TE buﬀer pH 8 and nuclease-free (NF) water
were purchased from Integrated DNA Technologies (Coralville, Iowa).
40 nm Au nanoparticles were purchased from Nanocomposix (San
Diego, CA). Dopamine protein (≥98%) and cortisol protein (≥98%)
were purchased from Fitzgerald (Acton, MA). Artiﬁcial urine was obtained from Pickering Laboratories (Mountain View, CA).
The following items were purchased from Millipore Sigma (St.
Louis, MO): serotonin (≥98.0%), neuropeptide Y (NPY; human,
≥95%), sodium phosphate tribasic (Na3PO4• 12H2O), sodium chloride,
magnesium chloride, Tween 20, Triton X-100, bovine serum albumin
(BSA), cysteamine, sucrose, HCl, sodium saline citrate 20× (SSC), tris2-carboxyethyl phosphine hydrochloride (TCEP), 6-mercapto-1-hexanol
(MCH) and phosphate buﬀered saline (PBS). Tris buﬀer (pH 8), nitrocellulose (NC) membrane (Millipore HF135), and cellulose ﬁber
sample pad (CFSP001700), were purchased from MilliporeSigma (St.
Louis, MO). Glass ﬁber pads (8950) were purchased from Ahlstrom
(Helsinki, Finland). Streptavidin was obtained from IBA (Göttingen,
Germany). DNA Sequences used in this study are shown in Table 1.

2. Biosensor design principles
3.2. Preparation of AuNPs-aptamer conjugate
The duplex dissociation mechanism oﬀers a useful approach for
small molecules detection [47,49]. In this approach, a capture aptamer
strand (DNA3) that is attached to the AuNP via a 20T linker (DNA1) can
hybridize with a region of a free aptamer (DNA2) in solution in order to
act as a sensor probe. The thermodynamic stability of the hybridized
duplex aptamer is tuned to result in dissociation in the presence of the
target.
As illustrated in Fig. 1a, in the absence of the target the two strands
are hybridized, while in presence of the target, the sensor probe undergoes conformational changes leading to dissociation from the capture probe (Fig. 1b). The binding reaction and displacement of the
strands occur in the solution phase. The assay response in the LFA
format is shown schematically in Fig. 2a, with both test and control
lines functionalized with streptavidin and biotinylated complementary
oligomers. Test and control zones contain cDNA3 and cDNA1 that are
complementary to the capture part of the duplex and to the linker,
respectively. When the sample solution contains dopamine, target interactions dissociate the DNA2 from the conjugated thiol-capture probe,
leading to the hybridization of the capture probe to its complementary
strand in the test line (Fig. 2b). In the absence of the target, the capture
probe remains as a part of the duplex and thus results in no hybridization with the immobilized complementary oligomer at the test
zone (Fig. 2c). At the control line, a red band is produced by the hybridization between thiolated 20T and biotinylated 20A to indicate that
the assay works properly.

The AuNPs-aptamer conjugates was prepared based on the covalent
bond between the thiolated DNA strands and AuNPs via a gold-sulfur
reaction. Brieﬂy, prior to conjugation 5 μL thiolated aptamer 100 μM is
folded into the tertiary structure by adding to 45 μL folding buﬀer
(1 mM MgCl2, 1X PBS pH 7.4). The solution is heated at 90 °C for 5 min
and then allowed to cool down to room temperature for ~15 min. Fifty
microliters of thiol aptamer (10 μM) is activated with 2 μL TCEP 20 mM
and then incubated for 1 h at room temperature. The mixture of 40 μL
AuNP (OD = 7.5) with 2 μL activated aptamer was incubated in dark
ambient overnight (at least 8 h). The mixture is aged by adding NaCl
1 M in a dropwise fashion (0.5 μL) with a gentle vortex within a 20 min
time interval until a ﬁnal concentration of 200 mM NaCl was reached
(see Supplementary Material Figs. S1 and S2). Adding salt in the aging
process increases the concentration of counterions and reduces the repulsive force between the DNA strands, leading to higher DNA loading
on the AuNP surface [50]. The freshly prepared mixture was refrigerated for 24 h. Unconjugated thiol-aptamers were removed by
centrifugation at 12,000 rpm for 10 min. The pellets were washed with
NF water for 3 cycles. To block unoccupied sites on the AuNPs surface,
2 μL MCH 28 μM was added to 50 μL conjugated AuNP-aptamer. After
1h incubation, the mixture was washed for 3 cycles at 12,000 rpm for
10 min to remove the excess MCH.

Fig. 1. DNA duplex dissociation approach: (a) AuNP functionalized with duplex strand; (b) aptamer dissociation from capture strand in presence of dopamine.
2
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Fig. 2. Duplex dissociation design for aptamer-based lateral ﬂow test strip: (a) structure of the test strips; (b) positive test in presence of dopamine; (c) illustration of
the negative control.

3.4. Assembly of aptamer-based LFA strips and sample preparation

Table 1
Sequences utilized in this study.
Name

Sequence (5' - 3')

# of bases

DNA1
DNA2

Thiol – TTT TTT TTT TTT TTT TTT TT
CTC TCG GGA CGA CGC GAG TTT GAA GGT TCG TTC GCA
GGT GTG GAG TGA CGT CGT CCC
CGT CGT CCC GAG AG
Biotin / AAA AAA AAA AAA AAA AAA AA
Biotin / CTC TCG GGA CGA CG

20
57

DNA3
cDNA1
cDNA3

The test strip for dopamine detection in artiﬁcial urine consists of
four components: sample pad, blocking agent pad, NC membrane
(Millipore HF135 – 35 mm × 20 cm) and wicking pad. All four parts
are mounted on an adhesive backing card with 2-mm overlap to ensure
liquid transfer between the membrane and the pads. Individual test
strips with dimensions of 5 mm × 60 mm were formed using a guillotine cutter (CM4000, BioDot, Irvine, CA). Complementary probes
were dispensed (Biojet AD1500) in the test and control zones at 15 and
20 mm distance from the beginning of the NC membrane. The test line
was formed by dispensing solution three consecutive times, with a
drying step between each printing. The control line solution was dispensed in a single printing.
Sample pads (5 mm ×10 mm) were made from cellulose ﬁber
membranes (CFSP001700) soaked in a buﬀer solution (0.15 mM NaCl,
0.05 M Tris and 0.25% Triton X-100 (pH 8). Blocking pads were soaked
in a diﬀerent buﬀer (5% BSA, 20 mM Na3PO4, 10% sucrose and ﬁnally
adding 0.25% Tween20). Both pads were soaked for 30 min in their
respective buﬀers and then dried at 45 °C for 90 min. The incorporated
sample buﬀer in the sample pad assists the migration of the dispensed
solution into the membrane. Blocking agents were used to reduce
nonspeciﬁc binding of the aptamer to the NC membrane. To avoid the
eﬀect of moisture on ﬂow rate, the test strips were dried at 60 °C for
10 min and stored at room temperature in boxes containing silica desiccant.
The aptamer-based test strip was applied to the analysis of

14
20
14

3.3. Preparation of streptavidin-biotin-DNA conjugates
The test line solution was prepared by adding 69 μL biotin-complementary DNA (10 μM) into 23 μL streptavidin (1 mg/mL).
Streptavidin was dissolved in PBS (pH 7.4) solution. The mixture was
incubated at room temperature for 1 h and then centrifuged at
6000 rpm with a centrifugal ﬁlter (cutoﬀ of 30 kDa, Millipore) for
20 min to remove excess aptamers. PBS was then added to the mixture
up to its initial volume prior to centrifugation. The control line solution
was prepared by adding an equal volume of streptavidin (1 mg/mL) to
the control probe DNA (10 μM), followed by adding 12.5% SSC 20X
into the solution after 1 h incubation in ambient. Optimization for the
ratios of streptavidin to complementary DNA (cDNA) process were
performed and the corresponding data is provided in the supplementary
material (Figs. S3–S5).
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dopamine in urine samples. A dopamine protein stock solution was ﬁrst
prepared by dissolving 1 mg into 10 μL HCl 0.1 M and then 990 μL
artiﬁcial urine is added. The solution is subsequently diluted with artiﬁcial urine for desired concentrations. 300 μL dopamine solutions in
diﬀerent concentrations were added to the (~5 μL) washed and blocked
conjugated AuNP-aptamer pellets. Samples containing dopamine in
diﬀerent concentrations were incubated for 10 min at room temperature in dark ambient. 80 μL of solution were dispensed on the sample
pad of the test strips and the results were recorded after 15 min.

Table 2
Stress biomarkers concentration ranges in urine under healthy physiological conditions [1].

4. Results and discussion

Biomarker

Concentration in urine (ng/mL)

Cortisol
Dopamine
Epinephrine
Norepinephrine
Serotonin

1–100
52–480
0–20
15–80
5–23

intensities of the test lines by subtracting the background color. The
resultant graph on Fig. 3b shows the mean value and standard error for
each concentration calculated from 5 replicated experiments. The LOD
based on ImageJ analysis is a few ng/mL (< 10 ng/mL). A fairly linear
increase in signal is observed up to 500 ng/mL, beyond which saturation is observed.
To evaluate the speciﬁcity of the biosensor to dopamine, the test
strips were challenged by other stress biomarkers that exist in urine:
cortisol, epinephrine norepinephrine and serotonin. The ranges of
healthy physiological concentrations of these biomarkers in urine are
shown in Table 2 [4]. The same concentration of 500 ng/mL was used
for all dispensed biomarkers. This is the high end of dopamine, and
much higher than other normal concentration of stress biomarkers in
human urine samples in order to have as challenging test as possible.
Assay preparation and measurement conditions were the same for
all tests. A main urine solution (300 μL) was prepared for each biomarker at the same concentration of 0.5 μg/mL. Then ~5 μL of conjugated AuNP-duplex aptamer solution was added. After 10 min incubation in dark ambient, 80 μL of sample solution was dispensed on
the test strip sample pad. 15 min after sample dispensing the results
were recorded and analyzed. As shown in the inset photos of Fig. 4, a
strong test line was observed for the dopamine test. For the other biomarkers, essentially no signal was visually observed. The intensity of
the test line (peak area) was analyzed by ImageJ for 5 sets of experiments for each biomarker. The bar chart of Fig. 4 contains average
detected peak areas of the test line for each biomarker along with the
standard error. The signal from dopamine is seen to be ~10× that of
the other biomarkers, which produced signals approximately the same
as the control case. This result showed that the lateral ﬂow test strips
designed for dopamine detection in urine by incorporating the duplex
aptamer can be used successfully for selective dopamine recognition.

We have incorporated into our biosensor a dopamine aptamer reported by Nakatsuka et al. [47] to have a dissociation constant Kd of
150 nM. The overall sample preparation for the conjugation of AuNPaptamers was the same as described above. Solutions of 80 μL with
various dopamine concentrations were dispensed on sample pads of the
test strips. The capture component of the synthesized dopamine aptamer followed the aptamer reported by Nakatsuka et al. [47]. We have
incorporated the capture part as a complementary DNA on the test zone
of the strip.
The principles and conﬁguration for LFA-based detection using the
dissociation of a duplex aptamer upon capture of dopamine was illustrated in Fig. 2. The direct local dispensing of DNA on NC membrane is
not useful because the DNA molecules are washed away by the liquid
sample migrating through the membrane. Streptavidin is known to be
immobilized on NC membranes through electrostatic absorption. Biotinylated DNA3 (complementary to capture DNA2) was bound to
streptavidin and immobilized on the test line. A separate control line,
using streptavidin-biotin-20A as a complementary sequence to the 20T
linker of DNA1, is formed at a 5-mm distance from the test line.
Dispensing 80 μL of the ﬁnal solution containing conjugated AuNPduplex aptamer and dopamine in various concentrations produced a red
band in the test zone through the hybridization between the conjugated
aptamer to its immobilized complementary on the test zone. The excess
conjugated AuNP-duplex molecules continue to ﬂow through the
membrane by capillary action. At the control zone hybridization between the control cDNA1 probes (20A) and the linker on the AuNP
duplex (20T) conﬁrms the validity of the assay. As shown in Fig. 3a, at a
dopamine concentration of 30 ng/mL the test line is very faint by visual
observation, essentially the same as the control (no dopamine) case.
The ﬁrst clear visual observation of a red band at the test zone is at a
concentration of 50 ng/mL. The test line color intensity is observed to
increase with subsequent increasing dopamine concentrations in the
sample tested up to 500–600 ng/mL. More accurate estimates of signal
intensity were obtained using the ImageJ [51] program to measure the
color intensity of each test line. The results are used to measure the

4.1. Stability of test trips and conjugated AuNP-Aptamer solutions
The stability of the biosensor was considered. The stability of the
conjugated AuNP-aptamer solutions was evaluated using optical
Fig. 3. Detection results of the test strips
using duplex DNA aptamer sensing with
diﬀerent dopamine concentrations (ng/mL)
in 80 μL test samples: (a) visual observation
of the eﬀect of dopamine concentration
(control, 30–600 ng/mL) on color intensity
of the test line; (b) peak area value of intensity calculated by ImageJ analysis to
quantify dopamine presence (control,
10–600 ng/mL) at 15 min. Error bars indicate the standard error over ﬁve independent experiments. (For interpretation
of the references to color in this ﬁgure legend, the reader is referred to the Web
version of this article.)

4

Analytical Biochemistry 596 (2020) 113637

S. Dalirirad and A.J. Steckl

5. Summary and conclusion
A simple, robust and user-friendly lateral ﬂow test strip was successfully developed for the detection of dopamine in urine. Duplex
dissociation presented a reliable approach for developing a test strip for
small molecule detection such as dopamine. Dissociation of the aptamer
from the duplex occurs in the presence of the target when the aptamer
undergoes conformational changes. Therefore, increasing target concentration in the sample leads to greater dissociation and eventually
increased binding in the test zone. ImageJ analysis of the limit of detection of dopamine in artiﬁcial urine on the test strip was found to
be < 10 ng/mL while the visual LOD was ~50 ng/mL. The intensity of
the test line increases nearly linearly with dopamine concentration in
urine up to values of 500–600 ng/mL. This covers the reported physiological concentration range of dopamine in urine. The selectivity of
the dopamine assay against other stress biomarkers was demonstrated.
The test strip assay developed for dopamine detection in this study has
strong potential for use as a reliable point-of-care device, with simple
operation that can be completed in ~15 min.
Fig. 4. Selectivity of the dopamine test strips in the presence of other stress
biomarkers in urine (0.5 μg/mL, 80 μL) using ImageJ peak area detection:
average and standard error for n = 5 replicates.

CRediT authorship contribution statement
Shima Dalirirad: Methodology, Investigation, Writing - original
draft, Writing - review & editing. Andrew J. Steckl: Conceptualization,
Writing - review & editing.

measurements (35 days) and the test strips were analyzed by ImageJ
(30 days). To assess aptamer solution stability, 5 samples of conjugated
AuNP-aptamer were prepared under the same procedure as described in
Sec 3.2 by adding 2 μL duplex aptamer to 40 μL AuNP (OD = 7.5)
followed by aging and blocking process. The samples were stored at
4 °C and the optical measurements were performed at 5-day intervals.
As shown in Fig. 5a, all samples provided the same absorption at
260 nm (aptamer absorption) and 525 nm (AuNP absorption), indicating the stability of aptamers and AuNPs with no degradation or
aggregation up to day 35. To measure the stability of the test strips,
50 strips were prepared by immobilizing the complementary DNA on
the test and control lines. The as-prepared test strips from the same
batch were stored in boxes containing silica desiccant to eliminate
humidity side eﬀects.
The intensity of the test lines was evaluated using ImageJ at 15 min
after dispensing 80 μL samples containing 0.1 μg/mL dopamine in the
urine, see Fig. 5b. Fully dried test strips formed by Day 2 provided a
slightly higher intensity in test lines compared to Day 0. The intensity of
the test lines started to decrease slightly after 25 days of storage in the
nitrogen-ﬁlled box. As the aptamers have a quite long shelf-life stability, by changing the storage condition to a sealed bag containing silica
desiccant packs, the stability of the test strips will increase to suﬃcient
levels for commercial purposes.
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Optimizing the loading density of aptamer on AuNPs surface.
For the optimum concentration of aptamer in AuNP solution, aptamer (10 µM) in different
volumes (10, 8, 6, 4 and 2µl) was added to the 40µL AuNPs (OD=7.5). The optimization was
performed based on obtaining good visual intensity of a red band for the test line in control samples
(no dopamine). After dispensing 80µL sample solutions (conjugated AuNP-aptamer) on the
sample pad, the intensity of the control line decreased for the sample contained 2 µL of 10 µM
aptamer. It was found out that the 2 µL aptamer is sufficient for providing hybridization in the
test zone. The minimum amount of loading density was required for increasing the assay
sensitivity. Overloading of aptamers on AuNPs surface requires more dopamine in sample, which
leads to a lower sensitivity of the assay. By decreasing the aptamer volume to 1.5 or 1 µL in 40
µL AuNPs, the solutions aggregated in the aging process.

Fig. S1 Optimizing the loading density of aptamer on AuNPs solutions - adding different volumes
(10, 8, 6, 4 and 2µL) of dopamine aptamer 10µM solutions into 40µL AuNPs solution.

1

After optimizing the final concentration of aptamers (476 nM) in conjugated AuNP-aptamer
solution, NaCl at different concentrations (0, 40, 60, 80, 100, 120, 160, 200 and 220 mM) was
added to the solutions. To find out the optimum concentration of NaCl needed for aging, 0.5 µL
NaCl (1M) was added dropwise every 20 min to the solutions. After aging and incubation for at
least 12 h at 4°C, the samples were centrifuged at 12000 rpm for 10 min. Then the supernatant was
characterized by UV-Vis spectrometry for free aptamers absorption. As shown in Fig. S2,
increasing the amount of salt in solutions results in a monotonic decrease in the absorbance at
260nm, which indicates the decrease of free aptamers in solutions and an increasing loading
density of aptamers on AuNPs surface.

Fig. S2 UV-Vis spectra at λ = 260 nm for optimizing the NaCl in solutions for stabilizing the
conjugated AuNP-aptamer at different concentrations (0, 40, 60, 80, 100, 120, 160, 200
and 220 mM).

The concentration of free aptamers in supernatant did not show much additional change by adding
more than ~150-200 mM NaCl in samples. Therefore, 200mM was chosen as the optimum amount
of NaCl in solution for aging process.
Preparation and Optimization of the test and control zone

2

To optimize the hybridization of conjugated aptamer to its complementary DNA string on the test
and control lines, the ratio of streptavidin to complementary DNA was investigated. Streptavidin
(1mg/mL, in PBS) was added to complementary DNA (C-DNA) 10µM in different volume ratios
(2:1, 1:1, 1:2, 1:3, 1:4, 1:6) of streptavidin to C-DNA. Streptavidin and C-DNA were prepared in
PBS and TE buffer, respectively, and then dispensed by Biojet for immobilizing on the
nitrocellulose membrane. As shown in Fig. S3, the ratio of 1:3 streptavidin to C-DNA provides
good performance of red band intensity in both test and control zones.

Fig. S3 Optimization the molar ratio of streptavidin to biotin complementary aptamer in test and
control lines: (a) 2:1; (b)1:1; (c)1:2; (d)1:3; (e)1:4; (f) 1:6.
The intensities of the red bands in both test and control lines depend on the capture of the
conjugated AuNPs. To obtain a sharp line with good intensity in both control and test zones, PBS,
saline-sodium citrate (SSC) 20Í and a combination of the two were investigated to provide no
spreading effects, faster hybridization and having no negative effects on assay sensitivity. The
initial steps of preparation the test and control line solutions were conducted as described in the
main text. The buffers were added to the solutions after 1h incubation in ambient and centrifuging.
As shown in Fig. S4a, both test and control lines which were produced using PBS experienced
some spreading effect. Three consecutive dispensing steps with 10 min time interval between each
printing for immobilizing were needed to provide good hybridization. Incorporating SSC 20Í in
both test and control line dispensing solutions eliminated the need for multiple line printing on test
and control zones as it provided a sharp band with a good intensity in a single printing step.
However, the use of SSC 20x led to a reduction in assay sensitivity. As shown in Fig. S4b,

3

resuspending the conjugated streptavidin-C DNA with SSC 20Í results in hybridization and line
formation in the test region even in the case of a sample containing high dopamine concentration
(0.5 mg/mL). On the other hand, utilizing PBS for resuspension of centrifuged samples results in
no line formation and thus could maintain the sensitivity of test strips (Fig. S4a).

(a)

(b)

Fig. S4 Investigating buffers for providing a sharp band in test and control zones by testing
sensitivity with 0 and 0.5 mg/mL dopamine in artificial urine; test and control zones made
with (a) PBS, (b) SSC 20Í.
Further studies were performed to determine the effect of reducing the concentration of SSC 20Í.
As shown in Fig. S5, decreasing the final concentration of SSC 20Í in test line solutions even
down to 1% still results in some level of C-DNA hybridization with conjugated aptamer-AuNP for
control samples (which do not contain dopamine). Therefore, while the use of SSC 20Í does
improve the line formation, it has a negative effect on assay sensitivity even at greatly reduced
concentrations in the final solution. Therefore, incorporation of SSC 20Í use was limited to the
control line, while the test line solutions were made using PBS.

Fig. S5 Investigating the effect of reducing concentrations of SSC 20Í in test line solutions.
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