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Abstract
Protein quantification is traditionally performed through enzyme-linked immunosorbent assay (ELISA), which involves long preparation times. To overcome this, new
approaches use aptamers as an alternative to antibodies. In this paper, we present a
new approach to quantify proteins with short DNA aptamers through polymerase chain
reaction (PCR) resulting in shorter protocol times with comparatively improved limit
of detection. The proposed method includes a novel way to quantify both the target
protein and corresponding short DNA-aptamers simultaneously, which also allows to
fully characterise the performance of aptasensors. Human leptin is used as a target
protein to validate this technique, because it is considered an important biomarker for
obesity-related studies. In our experiments we achieved a lowest limit of detection of
100 pg/mL within less than two hours, a limit affected by the dissociation constant
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of the leptin aptamer, which could be improved by selecting a more specific aptamer.
Because of the simple and inexpensive approach, this technique can be employed for
Lab-On-Chip implementations and for rapid ‘on-site’ quantification of proteins.

Keywords–Aptamers, protein quantification, leptin, qPCR, target-induced
disassociation
Protein detection is traditionally performed through enzyme-linked immunosorbent assay
(ELISA), 1 which is commercially available for a wide number of target molecules. Despite
being an established method for protein analysis, ELISA suffers from certain disadvantages,
the major one being the laborious and time consuming steps in high-resource settings.
Aptamer-based methods are a popular alternative to ELISA, which relies on antibodies.
Aptamers are selected through systematic evolution of ligands by exponential enrichment
(SELEX), 2,3 an in-vitro process by which aptamers are selected from a large sequence library
based on affinity to the target. Consequently, aptamers present several advantages when
compared to antibodies: good affinity and specificity combined with selection through rapid
in-vitro synthesis 4 and simpler workflow. A significant advantage of DNA-based aptamers
is the ability to be detected and amplified through polymerase chain reaction (PCR), thus
offering theoretical limits of detection of just a few target copies.
In this paper, in order to overcome the limitations of ELISA methods and lab-based
aptamer methods, we propose a novel aptasensor for protein quantification involving DNA
amplification through PCR. This also includes a novel way to amplify short DNA aptamers,
enabling simultaneous quantification of aptamers and leptin through a single quantitave
PCR (qPCR) amplification. Moreover, aptamer quantification helps to fully characterise
the performance of aptasensors, which is normally evaluated at the end, making optimisation challenging. 5 The use of short aptamers is a further barrier to assay characterisation,
since short sequences cannot be amplified by PCR. Our method overcomes this by indirect
amplification of short aptamers. Among the advantages of the proposed method are the low
number of reagents needed and the quick preparation not requiring washes and long incu2

bation times, making it a rapid, low cost and easy assay for protein detection. The absence
of magnetic beads as employed in previous works, 6? makes this method a candidate choice
for Lab-on-Chip implementations.
Aptamers combined with qPCR amplification have been previously used for detection
purposes. Aptasensors involving immobilised aptamers and qPCR have been developed
for ochratoxin A 7 and aflatoxin B1; 8 while aptasensors based on rolling cycle amplification
have been successfully developed for Vibrio parahaemolyticus 9 and adenosine triphosphate. 10
However, no aptasensor has been developed for leptin. In this paper, we employ an aptasensor
combined with PCR amplification to detect leptin for the first time. But despite being
validated on leptin, the present aptasensor technique can be employed to detect any protein
target, provided a suitable aptamer exists. Therefore, our work is also a contribution towards
general protein detection with aptasensors using NA amplification. Leptin is a small protein
involved in metabolism and body weight regulation whose deficiency results in obesity and
type 2 diabetes. 11 Leptin is produced by the adipose tissue and its receptors are expressed
mainly in the hypothalamus, where leptin affects the dopamine pathway responsible for
appetite and food intake. 12 Leptin has been proposed for use in therapies for leptin-deficient
patients 13 and is a potential biomarker in obesity management therapies, as leptin resistance
leads to obesity 14 and since leptin levels vary in relation to dieting therapies. 15 Additionally,
leptin is a biomarker for estimating the risk of ischemic heart disease in type 2 diabetes
patients, 16 and to differentiate between Crohn’s disease and ulcerative colitis. 17
Current methods to detect leptin involve the use of antibodies, and aptamer-based techniques have never been used to quantify leptin before. ELISA 18 is the most widely used
method to detect leptin in serum and plasma; other immunoassays for leptin have been developed using optical 19,20 and electrochemical 21–24 techniques. The availability of a quick assay for leptin quantification has research and clinical significance: a rapid detection method
can accelerate research into the physiological mechanisms through which leptin regulates
energy balance and immune response, which still remain poorly understood. 11 Moreover,
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given that leptin levels change at a greater rate compared to weight loss under an energy
restricted diet, 12 monitoring leptin concentration during dieting therapies can provide personalised insights on the success of the intervention. Developing a quantitative protein test
for point-of-care testing can improve healthcare in many applications and transform the area
of proteomics. Given the potential to perform label-free nucleic acid amplification and with
further optimisation, the proposed method can be translated into a point-of-care platform
with high sensitivity and portability, and reduced costs, complexity and time-to-result, as
demonstrated in previous works. 25,26

Material and Methods
Materials and reagents
Leptin was purchased from Thermo-Fisher as part of the Invitrogen Leptin Human ELISA
Kit (Catalog no. KAC2281); lysozyme was also purchased from Thermo-Fisher. A leptin
binding buffer (50 mM Tris pH 8.0, 140 mM NaCl, 1 mM MgCl2 (pH 7.5)) is used in the
sample incubation step. The chemicals used to prepare the buffers where purchased from
Sigma-Aldrich. The oligonucleotide sequences were purchased from IDT DNA Technologies.
Primers were synthesised with standard desalting, while the leptin adaptor with HPLC
purification. The leptin aptamer is taken from Ashley and Li 27 . The adaptor is designed to
have 100bp from the Green Fluorescent Protein (GFP) gene with an extra 26bp for aptamer
binding, while the complex sequence is designed to contain the forward adaptor sequence
and the reverse aptamer sequence. The adaptor forward and reverse primers are taken from
Neuzil et al. 28 . All the oligonucleotide sequences can be found in the Supporting Information
file. For qPCR, we used the SYBR Green FastStart Essential DNA Green Master from Roche
LifeScience.
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Protocol
The proposed method is illustrated in Figure 1a, b and c. Adaptors are incubated at 95 ◦ C
for 5 minutes to disrupt the secondary structures and then mixed with aptamers, in a 1:1
(v/v) ratio. After mixing gently, they are incubated at 37 ◦ C for 15 minutes to generate
the aptamer-adaptor complex by hybridization. The adaptor-aptamer complexes are mixed
with leptin and leptin binding buffer in a 1:1:8 (v/v) ratio and incubated at 37 ◦ C for 30
minutes.
This protocol relies on the amplification of the aptamer-adaptor complexes elongated by
polymerase (Figure 1b), which is inversely proportional to the leptin concentration. The
method for amplification of the elongated complexes was developed to optimise a previous
version of this assay which employed magnetic beads (see Supporting Information), but was
found to be inferior to the presented protocol. After incubation with leptin, 5 µL of DNA
template are mixed with 10 µL of FastStart Essential DNA Green Master and 3 µL of DRf
water and incubated at 60 ◦ C for 10 minutes to allow the elongation of the sequences forming
the complexes (Figure 1b). Finally, 2 µL of forward and reverse primer mix at 5 µM (10x)
are added to obtain a 20 µL reaction. The optimal primer amount of 0.5 µM was found by
titrating primer concentrations between 0.3 µM and 0.7 µM. The forward primer anneals to
the adaptor part of the complex, while the reverse primer to the aptamer part, which allows
for complex amplification without amplifying free adaptors (Figure 1c).
The PCR cycling conditions were pre-incubation at 95 ◦ C for 600s and 45 cycles of 3-step
amplification at 95 ◦ C for 10s, at 60 ◦ C for 10s and 72 ◦ C for 10s. Fluorescence measurements
were taken after each annealing step.

Assay validation
The assay was validated on human saliva. Samples were centrifuged at 15,000×g for 10
minutes to remove debris. To remove nucleic acids which could interfere with the assay,
the sample was prepared following Xuan et al.. 29 5% PEI was added to the supernatant
5

Figure 1: Proposed method for aptamer-based protein quantification. (a) The affinity of the aptamer is higher
for leptin than for the adaptor, which gets displaced from the complex as leptin binds to the aptamer. (b)
The complexes not displaced by leptin are incubated with polymerase enzyme (see Materials and Methods)
to elongate the complexes and create the target DNA for PCR amplification. (c) The elongated complexes–
inversely proportional to leptin concentration–are amplified with a forward primer binding to the adaptor
part of the elongated complex, and a reverse primer binding to the aptamer part of the complex.

to a concentration of 0.5% (w/v) followed by incubation for 10 minutes and centrifugation
at 15,000×g f for 10 minutes. 474 g/l of ammonium sulfate was added to the supernatant
with stirring for 20 minutes. After centrifugation at 17,000×g for 20 minutes, the pellet was
washed three times with ammonium sulfate at 70% to remove excess PEI and resuspended in
DRf water. Assay specificity was assessed by comparing the complex displacement between
leptin and lysozyme, a protein present in high concentrations (µg/mL) in saliva. 30 To measure
recovery, saliva samples were spiked with different concentrations of synthetic leptin (0.1
ng/mL, 1 ng/mL, 10 ng/mL and 100 ng/mL).

Results
To assess the specificity of the primers, a standard curve were built for the adaptor-aptamer
complexes (Figure 2a), which are also used to calculate the leptin concentration from standards during assay optimisation. The primers also had higher specificity to complexes compared to free adaptors (see Supporting Information).
To solve the issues associated to a previous version of this assay employing magnetic
beads (for protocol and results, see Supporting Information), to reduce the limit of detection
and the assay preparation time, the method presented here was developed without magnetic
beads. To optimise the previous assay, a novel method which was developed to indirectly
6

(a) Standard curve for complexes

(b) Standard curve for leptin controls.

Figure 2: Standard curves for the quantification of aptamer-adaptor complexes (a) and leptin (b).

quantify aptamers is now used to quantify leptin, which is inversely proportional to the
number of leftover complexes. Including a sample for the amount of initial complexes formed
after the first hybridization between aptamer and adaptor allows to adjust for the inefficiency
of complex formation due to different ambient conditions: this is done in the same assay thus
eliminating the need for further reagents. Without magnetic beads, the preparation time is
reduced from two hours to less than one hour. Aptamers and adaptors were incubated 37 ◦ C
for 15 minutes. The formed complexes are then incubated with leptin in concentration 10
ng/mL, 1 ng/mL and 0.1 ng/mL. Amplification curves for leptin concentrations are shown
in Figure 3.

Figure 3: Amplification of leptin standards in concentrations of 10, 1 and 0.1 ng/mL. A negative control
with no leptin (0 ng/mL) is included for calibration purposes.
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The complex formation efficiency greatly affects the performance of the assay, as it determines the amount of complexes available for leptin displacement. The concentration of
aptamer and adaptor was optimised by testing the 16 combinations of 330 nM, 3.3 nM,
330 pM, 3.3 pM. When a ratio greater than 2:1 (adaptors:aptamers) is kept, all aptamers
form complexes; since the amount of complexes is proportional to the amount of aptamer
and adaptor, the optimal concentration was chosen as 330 nM and 3.3 nM for adaptors and
aptamers respectively. Detailed results are presented in the Supporting Information.
The choice of buffer influences how well complexes are formed and retained. The leptin
binding buffer, TGK buffer (25 mM Tris pH8, 192 mM glycine, 5 mM K2 HPO4 27 ) and Guo
buffer (10 mM Tris, 120 mM NaCl, 5 mM KCl, 20 mM CaCl2 pH 7.0 8 ) were tested: TGK
buffer and distilled water produced the best results in terms of complex retention, but with
the leptin binding buffer higher repeatability was achieved. The pH of the leptin binding
buffer influenced the ability for leptin to displace the complexes. Nine pH values from 2.5
to 8.3 were tested, with 2.5 and 3.0 producing better linearity and separation between the
standard concentrations (results shown in the Supporting Information). To increase complex
formation, we tried two rounds of incubation to improve the hybridization between adaptors
and aptamers. The first round of incubation was done between aptamers and adaptors at
37 ◦ C for 15 minutes. For the second round, an aliquot from round 1 and an aliquot of
adaptors were mixed in equal volumes and incubated again at 37 ◦ C for 15 minutes. The
second round only slightly increased the amount of complexes formed. Incubation times do
not affect the performance of the assay: aptamer, adaptor and leptin were incubated with
TGK for 10, 30, 45 and 60 minutes at 37 ◦ C and the amount of complexes was constant
regardless of the incubation time. Results from these extra analyses can be found in the
Supporting Information.
The inter-assay variability is shown in Figure 4. In 40% of the experiments, the control
sample (0 ng/mL) showed later amplification compared to the leptin standards; such assays
were marked as invalid and discarded. This indicates that ambient conditions strongly affect

8

the assay performance, and that a standard curve with negative control should be always
included for reliable quantification.
The specificity of the assay was assessed through interference with lysozyme, shown in
Figure 5. For fixed leptin concentration (62.5 pM), the assay did not respond to varying
concentrations of lysozyme, as the variation in fluorescence from the reference point is significantly lower than for varying concentrations of leptin with fixed lysozyme concentration
(62.5 pM).
The assay was validated on human saliva spiked with 1, 10 and 100 ng/mL of leptin
standards. A control sample of saliva without added leptin was included to adjust for the
influence of leptin already present in the sample. Table 1 shows that while there is a 3cycle difference between 100 and 1 ng/mL, recovery is poor due to the late amplification of
the control sample (0 ng/mL). Later amplification of the unspiked saliva sample compared
to the 0.1 ng/mL standard indicates a suboptimal specificity of the aptamer for leptin, as
complexes are displaced by interfering proteins present in the saliva sample.

Figure 4: Repeatability of assay for leptin standards. The error bars represent the standard error.

Table 1: Recovery and interference experiment for leptin in human saliva sample.
Sample

Human saliva

Spiked concentration (ng/mL) Cq mean ± SE
100
10
1
0.1
0

47.27
43.98 ± 0.53
42.76 ± 1.7
30.47
41.13 ± 1.69
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Detected concentration (ng/mL) (mean ± SE)

Recovery

3.63
5.36 ± 0.39
0.4 ± 0.3
0
N/A

4%
54%
40%
0%
N/A

Figure 5: Comparison of the response of the assay to varying concentrations of leptin (6.25, 62.5, 625 pM)
with added lysozyme (62.5 pM), and to varying concentrations of lysozyme (6.25, 62.5, 625 pM) with added
leptin (62.5 pM). The reference points at 6.25 pM have been shifted slightly apart along the y-axis for better
visibility.

Discussion
Aptamers exhibit promising advantages over antibodies for detection of molecular targets:
smaller molecular size, ability to select aptamers under in vitro conditions and greater tolerance to room temperature (including reversibility of denaturation due to temperature). A
major advantage of nucleic acid-based aptamers is the possibility of amplification through
qPCR, thus resulting in very low limits of detection.
Despite these advantages, commercial aptamer detection kits are still not widely available
and a lot of the work involving aptamer-based detection is still in research. There are multiple
reasons behind this. While aptamers have a clear edge over antibodies in terms of storage,
preparation and methodology, comparatively, antibodies have better affinity to the target.
This has led to challenges in repeatability when aptamers are used. 31 There have also been
suggestions that the performance of antibodies is still better than aptamers if sensitivity,
repeatability and stability are combined together. 31
However, these considerations apply to lab-based environments. For detection in the
field or ‘on-site’, aptamers seem a better choice than antibodies, due to low detection limits,
molecular amplification capability and greater robustness to changes in ambient conditions
such as temperature. Hence, in this paper, we presented a simplified, quantitative aptamer10

based sensing (aptasensor) method using DNA amplification and ‘on-site’ calibration of
aptamer.
A barrier to optimisation of aptasensors is the inability to quantify the assay performance
at each step of the protocol, as the performance is evaluated at the end by measuring the
response of aptamers to the target. 5 The ability to quantify aptamers allows optimisation of
sensors and assays used. When developing the method with magnetic beads (see Supporting
Information), we found the need to quantify the amount of aptamers that did not bind to the
beads for optimisation purposes. However, given the short sequence (26bp), we could not
amplify the aptamer directly and therefore developed a method to quantify them indirectly
by hybridization with the adaptor and elongation of the complex into fully dsDNA, as shown
in Figure 1. The simplified protocol without magnetic beads presented in this work was
developed with the elongated complexes as the target analyte for leptin quantification. This
technique is also useful for quantifying short aptamers–especially for optimisation purposes–
and for out-of-lab, on-site applications, where different ambient conditions can affect the
efficiency of complex formation and assays.
We have demonstrated, to the best of our knowledge, the first aptasensor for detection
of leptin and compared its performance and characteristics to other sensors in the literature
and to a commercially available ELISA (Table 2). Our aptasensor provides an improvement
in reaction times and ease of preparation, while also using a very low sample volume.
Conformational changes to the aptamer-adaptor complexes, which are related to leptin
concentration in the unknown sample, are detected using two methods: with and without magnetic beads. The first method (with beads) involves amplification of the adaptors
displaced from the complexes by leptin binding to the aptamer (Figure S-2). Figure S-3
shows successful amplification of leptin concentrations from 1 ng/mL to 0.01 ng/mL. An
amplification of negative control is also observed, thus limiting the detection range to about
0.01 ng/mL. The second method (without beads) involves amplification of the remaining
aptamer-adaptor complexes after interaction with leptin, which are inversely proportional to
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the amount of leptin molecules that have interacted with the complexes (Figure 1). In this
case, no amplification of the negative control was observed, suggesting that the detection
limit of the aptasensor could be lowered further, provided that the affinity of the aptamer
for leptin is high enough to allow repeatability at low target concentrations.
The assay is validated on human saliva spiked with leptin, showing an increasing number
of displaced complexes for increasing leptin concentrations (Table 1). As specificity is an
important issue in aptasensors, 32 we evaluated the specificity of our assay by comparing
the response to leptin and to lysozyme. As shown in Figure 5, the variation in displaced
complexes is greater for varying leptin concentrations than for varying concentrations of
lysozyme, which we chose as an interfering protein given the high concentrations in human
saliva.
To characterise and understand the performance of the aptasensor, the kinetics of the
different reactions are shown below (L is leptin, Ap is aptamer, Ad is adaptor). The first
reaction to consider is between the DNA aptamer and leptin:
K1

[L] + [Ap]*
)[ApL]

K1 =

1
[ApL]
=
,
[Ap][L]
Kd,Ap

(1)

Kd,Ap = 1.5 ± 0.25 µM 27

(2)

where, Kd,Ap and K1 are the dissociation constant of the aptamer and equilibrium constant
of the leptin-aptamer reaction, respectively. The dissociation constant Kd,Ap indicates the
affinity of the aptamer towards leptin. The second reaction involves formation of complexes
between the aptamer and adaptor:
K

2
a[Ap] + b[Ad]*
)c[ApAd]

K2 =

[ApAd]c
[Ap]a [Ad]b

a=b=c=1

=

[ApAd]
1
=
,
[Ap][Ad]
Kd,Ad

(3)

Kd,Ad = 14.3 nM

(4)

where a, b, c are stoichiometric units of aptamer ([Ap]), adaptor ([Ad]) and aptamer-adaptor
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complexes ([ApAd]) respectively; and Kd,Ad and K2 are dissociation constant and equilibrium
constant of the aptamer-adaptor reaction. Kd,Ad was estimated by fitting a logistic function
to the aptamer-adaptor binding curve (Figure S-1). When leptin is introduced in a test
solution containing [ApAd] complexes, leptin will displace the adaptor from the complex
and bind to the aptamer if K2  K1 . The reaction between unknown concentrations of
leptin and complexes, where x ≤ 1 is the unknown stoichiometric proportion of leptin ([L])
in relation to amount of complexes, can therefore be modelled by equations 5 and 6.
K3

[ApAd] + x[L]*
)x[ApL] + (1 − x)[ApAd] + x[Ad]

(5)

Assuming all the leptin has reacted with ApAd complexes, we get the equilibrium constant
of the whole reaction, which depends on the dissociation constants of aptamer-leptin and of
aptamer-adaptor:

x
Kd,Ad
[ApL]x [Ad]x
=
K3 =
[L]x [ApAd]x
Kd,Ap

(6)

K3 , which determines the affinity of the complex for leptin, is dependant on the proportion
x of leptin and the ratio of the dissociation constants Kd,Ad and Kd,Ap . Hence, higher the
proportion of leptin in the test sample, higher will be the affinity; similarly, lower Kd,Ad will
result in greater affinity towards leptin.
The main limitation of this aptasensor is the high dissociation constant of the leptin
aptamer. Complexes consisting of an aptamer and a single strand DNA adaptor have been
used before with good results attributable to the high specificity affinity of the aptamer to
the target molecule. 8 However in this paper, the aptamer used has comparatively low affinity
to leptin (the dissociation constant Kd is about 1.50 ± 0.25 µM 27 ), which limits the lowest
limit of detection of this aptasensor. To improve assay sensitivity, an aptamer with higher
affinity to leptin can be selected through in silico post-SELEX, 33 by which aptamer-protein
interactions can be predicted by using machine learning algorithms to create a DNA library
from mutations of the original aptamer. The proposed method can be easily modified to work
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with different aptamers, as it would only require the modification of the adaptor sequence
and an updated pair of primers.
Higher sensitivity can also be achieved by immobilising aptamers or adaptors on a solid
support material and removing excess sequences after each hybridization step; however, this
would increase the assay complexity and the preparation time. Sensitivity and specificity
can also be improved by implementing a sandwich assay. 34
Another factor affecting assay performance is the complex stability. The disassociation
constant of the complexes is affected by a number of factors, including the length of the
hybridisation bases (Figure 1a), since a greater length of the contact between the aptamer and
adaptor would render the complexes more stable. Increased complex stability can improve
the specificity of the assay, but also compromise the binding of the aptamer with leptin, which
only occurs if the complex is displaced. Other factors to consider for an optimal compromise
between specificity, sensitivity and assay complexity are incubation temperature, incubation
time and solution ionic strength. 35
The assay was tested on saliva, which highlighted the need for further optimisation to
detect leptin in real-world samples. The presence of inhibitors in saliva is the main factor
affecting detection accuracy and sensitivity, since several proteins are present in high concentrations – while other proteins such as leptin in much smaller amounts. 36 The development
of an aptamer with higher specificity for leptin could minimise the impact of inhibitors and
improve the assay performance in saliva. There are other issues related to the use of saliva as
a diagnostics sample such as viscosity and the presence of food debris, which can be tackled
by further sample processing.
The stability of the aptamer-DNA has not been considered in previous works on aptasensors, even though the potential loss of complexes, hence aptamers, due to changes in ambient
condition is possible in the field. This causes the release of aptamers, loss of DNA adaptors
and will undermine the repeatability of results. When an unknown leptin sample is introduced, it may also interact with the free aptamers, which would lead to incorrect reading of
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the leptin concentrations or number of molecules. This problem is addressed in this paper
by ‘on-site’ calibration for the number of complexes formed and lost due to reasons other
than the presence of leptin, which is achieved by including a negative control and standard
curve in every assay. This will lead to better quantification of leptin and will indicate the
‘starting point’ and maximum limit of quantification.
Table 2: Comparison of leptin quantification methods. (LoD: limit of detection; HoT: hands-on time; TtR:
time to result).
Reference

Assay type

LoD

Imagawa, 1998 18
ELISA
0.78 pg/mL
He, 2015 19
Chemiluminescent immunosensor 0.3 pg/mL
Tanaka, 2013 20
Waveguide-mode sensor
100 ng/mL
Dong, 2014 21
Electrochemical immunosensor
30 pg/mL
Cai, 2019 22
Electrochemical immunosensor
0.036 pg/mL
Chen, 2010 23
Electrochemical immunosensor
10 ng/mL
Ojeda, 2013 24
Electrochemical immunosensor
0.5 pg/mL
Commercial ELISA ELISA
15.6 pg/mL
Our assay
Optical (qPCR) aptasensor
100 pg/mL b
Our assay w beads Optical (qPCR) aptasensor
10 pg/mL b
a

Kd

HoTa

83 pM
N/A
N/A
N/A
N/A
N/A
N/A
N/A
1.5 µM
1.5 µM

N/A
15 hrs +
100 µL
N/A
44 hrs +
100 µL
N/A
24 hrs +
400 µL
N/A
8 hrs +
N/A
78 hrs +
N/A
13 hrs +
N/A
95 min +
50 µL
1 hr 20 min 3 hrs
10, 100 µLc
10 min
1 hr 45 min 10 µL
1 hr
3 hrs
10 µL

TtR

Sample

Hands-on time excludes incubation time and optical reading (the qPCR in the proposed methods takes 1
hour), which are included in the time to result. b The LoD is based on the standard curve. c 10 µL for
plasma and serum, 100 µL for supernatant.

Conclusion
The simplicity and versatility of aptamers in terms of preparation, storage and methodology
makes them ideal candidates for out-of-lab, fast detection of proteins. A significant advantage
of aptamers include the ability to form complexes with oligonucleotides which can be used
to detect molecular targets at low concentrations.
In this paper, an aptamer based detection method has been presented as a proof-ofconcept. Preliminary results indicate accurate, fast detection of leptin, with time-to-result
shorter than commercially available ELISAs. The lowest limit of detection is enough to detect
salivary leptin concentrations, 37 but could be improved if an aptamer with lower Kd is used.
Our future is focused on optimising the calibration step and successively translating this
work flow on a Lab-On-Chip described earlier 38,39 to develop an affordable and ultrasensitive
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assay for point-of-care testing. We are currently working on the implementation of the assay
presented in this paper as a cartridge 40 compatible with the device described by Toumazou
et al. 38
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Serum leptin levels are independently related to the incidence of ischemic heart disease
in a prospective study of patients with type 2 diabetes. Cardiovascular Diabetology
2015, 14, 62.
(17) de Carvalho, L. G. F.; Lima, W. G.; Coelho, L. G. V.; Cardoso, V. N.; Fernandes, S.
O. A. Circulating Leptin Levels as a Potential Biomarker in Inflammatory Bowel Diseases: A Systematic Review and Meta-Analysis. Inflammatory Bowel Diseases 2020,
27, 169–181.
(18) Imagawa, K.; Matsumoto, Y.; Numata, Y.; Morita, A.; Kikuoka, S.; Tamaki, M.;
Higashikubo, C.; Tsuji, T.; Sasakura, K.; Teraoka, H.; Masuzaki, H.; Hosoda, K.;
Ogawa, Y.; Nakao, K. Development of a sensitive ELISA for human leptin, using monoclonal antibodies. Clinical Chemistry 1998, 44, 2165–2171.
(19) He, Y.; Sun, J.; Wang, X.; Wang, L. Detection of human leptin in serum using chemiluminescence immunosensor: Signal amplification by hemin/ G-quadruplex DNAzymes
and protein carriers by Fe3O4/ polydopamine/ Au nanocomposites. Sensors and
Actuators, B: Chemical 2015, 221, 792–798.

18

(20) Tanaka, M.; Yoshioka, K.; Hirata, Y.; Fujimaki, M.; Kuwahara, M.; Niwa, O. Design
and fabrication of biosensing interface for waveguide-mode sensor. Langmuir 2013, 29,
13111–13120.
(21) Dong, F.; Luo, R.; Chen, H.; Zhang, W.; Ding, S. Amperometric immunosensor based
on carbon nanotubes/chitosan film modified electrodes for detection of human leptin.
International Journal of Electrochemical Science 2014, 9, 6924–6935.
(22) Cai, J.; Gou, X.; Sun, B.; Li, W.; Li, D.; Liu, J.; Hu, F.; Li, Y. Porous graphene-black
phosphorus nanocomposite modified electrode for detection of leptin. Biosensors and
Bioelectronics 2019, 137, 88–95.
(23) Chen, W.; Lei, Y.; Li, C. M. Regenerable leptin immunosensor based on protein G
immobilized au-pyrrole propylic acid-polypyrrole nanocomposite. Electroanalysis 2010,
22, 1078–1083.
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