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ABSTRACT

The abstract presents the first molecular imprinted polymer
(MIP)-based N-terminal pro-B-type natriuretic peptide (NT-
proBNP) sensing electrode using LG9 peptides as the template
molecule for clinical study. The MIP-based sensing electrode is an
electrochemical polymerized o-phenylenediamine (o-PD) film,
which can accomplish the detection in 25 min., exhibit a sensitivity
of 8.24x10"" (ng/mL)"! and the limit of detection (LoD) of 14.55
pg/ml in the concentration of NT-proBNP from 0.01 to 1.25 ng/ml.
and be reused over than 6 times. As compared to other sensing
techniques, the presented electrode exhibits excellent characteristics
including high specificity and sensitivity, short testing time, and low
cost suitable for ICU applications.
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INTRODUCTION

Recent studies have found the importance of NT-proBNP
combined with troponin and lactate assays for decision-making to
guide immediate treatment and further diagnosis in patients who
might have acute myocardial infarction or myocardial injury caused
by other etiologies [1-3]. NT-proBNP test has been identified as an
independent risk factor for pulmonologists not only to rule out
cardiac dyspnea but also to predict mortality in patients with severe
COVID-19, thereby improving individual risk stratification [3].
Although MIP-based sensing technique can exhibit superior
characteristics such as high specificity and sensitivity for blood test,
the main drawback of this technique is that recognition sites can be
easily damaged during the elution process due to agile 3D protein
structures and non-cross-linked imprinted film, thereby degrading
device performance. Using small or fragmental peptide instead of a
full one or protein as the template molecule for the complexity
reduction of the electrode fabrication can well resolve the reliability
issue [4]. In this work, we develop, characterize, and apply
microfabricated MIP-based NT-proBNP sensing electrodes using
LG-9 peptides, LQESPRPTG, as the template molecule for serum
test. Its high specificity and sensitivity, low limit of detection (LoD)
and cost-effective characteristics can improve the diagnostic,
therapeutic and prognostic aspects of patients potentially with heart
failure syndromes requiring intensive cardiac care.

EXPERIMENTAL

Fig. 1 shows the fabrication flow and measurement set up of
the NT-proBNP sensing electrode where electrochemical
polymerization of 0-PD film is performed using conventional silicon
process and linear sweep voltammetry (LSV) measurement is
performed via a three-electrode configuration in the potassium
ferricyanide solution (Fig. 1 (a) and (b)). Higher current response of
the MIP film after the elution process as compared to that of non-
imprinted film (NIP) film indicates the LG9 peptides have been
successfully embedded in the 0-PD film to form a MIP electrode
(Fig. 1(c)). The major fabrication processes include 1) Ti (10nm)/Au
(30nm) electrode deposition and patterning on a SizN4(800nm)
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Figure 1: (a) The fabrication processes of the MIP-based Troponin
T sensor, (b) Measurement set up: sensor immersion in the blood
serum for 10 min (left) and LSV measurement using a three-
electrode configuration in the mixture of the ImM [Fe(CN)s]*™,
ImM [Fe(CN)s]* and 0.1M KClI solutions, and (c) I-V response of

LSV measurement.

/Si02 (500nm) /Si substrate, 2) electrochemical polymerization of o-
phenylenediamine film onto the Au electrode in an acetate buffer
solution (0.5M, pH 5.2) containing 7.5 mM o-phenylenediamine and
1 pg/ml of LG-9 peptides using cyclic voltammetry from 0 to 1.1V,
3) LG-9 peptide removal in the solution of NaOH/Ethanol. Fig. 2
shows liquid chromatography—mass spectrometry (LC/MS)
analyses of the LG9 peptide/PBS and the NT-proBNP solution
digested with thermolysin @65°C for 15min. The existence of both
signals, i.e., 984.500 and 492.756 representing LG9 peptide
molecule with one and two positive charges respectively indicates
the protease digestion is effective.

RESULTS AND DISCUSSION

Fig. 3 shows the sensor characterization and blood test results.
The sensor electrode exhibits two sensitivity, i.e. 6.36x10 and
8.24x10" in the high (>3 ng/ml)/ low (<1 ng/ml) concentration
region, respectively, as shown in Fig. 3(a). The derived LoD for the
sensing electrode is based on the following equation [5]:
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Figure 2. The profile of the LC/MS. (a) LG9 solution, (b) NT-
proBNP solution digested with thermolysin for 15min.
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Table 1. Comparison of NT-proBNP biosensing methods.

D. Harpaz et al. [6] University Hospital* M. Karimi et al [7] This Work
Sensor type SPR ECLIA* ( C}gﬁ?{?gﬁ;ﬁ;ﬁgry) Electrochemical (LSV)
Recognition element Antigen-Antibody Antibody with ECL Antigen-Antibody MIP
Testing time 15 min 60 min 70 min 25 min (15 min+10 min) [5]
Reusability One time One time One time Multiple times
Measurement Range 127.5 pg/ml 3.59 pg/ml 6 pg/ml 14.55 pg/ml
Storage temp./lifetime 4°C/short 4°C/short 4°C/short Room temp./Long
Cost High High Moderate Low

*ElectroChemiLuminescence ImmunoAssay, ECLIA, https.//diagnostics.roche.com/global/en/products/instruments/cobas-e-411.html

where o is the standard deviation of the electrode response in the
blank solution, and s is the slope of the curve of the sensor output
vs. analyte concentration. The LoD was estimated to be ca. 14.55
pg/mL, indicating that the electrode was quite adequate for clinical
requirements. Fig. 3(b) and (c) shows the same current response for
each NT-proBNP concentration and lower current difference in
response to the bovine serum albumin (BSA)/PBS solution
indicating the sensor can exhibit excellent reusability and specificity
respectively.

Fig. 3(d) shows the correlation of 4 sets of blood test results
measured by the MIP sensor and ECLIA methods indicating 94.5%
matching in terms of detected NT-proBNP concentration. The detail
measurement of the NT-proBNP using the MIP sensor in the serum
can be referred to our prior work [5]. The results validate not only
the effectiveness of the MIP sensor in comparison with the formal
examinations in a tertiary university-affiliated hospital but also the
feasibility of the NT-proBNP test for doctors’ therapeutic guidance
and prognosis assessment. Table I lists the comparison of the present
NT-proBNP sensing technologies, among which the MIP-based
sensor can exhibit the advantages of high specificity and reusability,
short testing times, and cost effective with long storage time [6,7].
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Figure 3: Semsing electrode characterization and blood test
results: (a) sensitivity measurement of MIP sensor response, (b)
reusability tests: the MIP sensor response immersed repeatedly in
the NT-proBNP PBS solutions with different concentrations, i.e. 2
ng/mL and 0.05 ng/mL, (c) specificity test: the sensor response in
the NT-proBNP PBS and BSA/PBS solution, respectively, and (d)
statistic correlation of 4 sets of blood test results measured by the
MIP sensor and ECLIA methods indicating 94.5% matching in
terms of detected NT-proBNP concentration.
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CONCLUSION

A MIP-based NT-proBNP sensing electrode has been
successfully developed. The electrode exhibits superior
characteristics such as rapid response, good reusability, and high
specificity. The clinical blood test results have validated that it is
feasible to apply the electrode in clinical applications for detecting
heart failure status by monitoring the NT-proBNP concentration
accurately.
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