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Abstract :

Paper-based analytical devices (PADs) have recently received renewed interest for point-of-
care testing since they are simple, inexpensive, portable and disposable. They have been extensively
used for applications ranging from environmental analysis to clinical diagnosis. Herein, we
concentrated on the development of PADs for biomedical applications. First, paper-based biosensor
coupled with electrochemical detection for non-enzymatic determination of glucose was developed. A
screen-printed carbon electrode modified with cobalt phthalocyanine, graphene and an ionic liquid
(CoPc/G/IL/ISPCE) shows excellent conductivity and fast electron transfer kinetics. Additionally, this
sensor was successfully applied to quantify glucose level in human serum.

Moreover, a label-free electrochemical DNA sensor based on pyrrolidinyl peptide nucleic acid
(acpcPNA)-immobilized PAD was developed. acpcPNA was covalently immobilized onto partially
oxidized cellulose paper and served as a sensor probe for Mycobacterium tuberculosis (MTB)
detection. The paper-based electrochemical DNA sensor was used to quantify a synthetic
oligonucleotide of MTB by measuring the electrochemical signal, corresponding to the fractional
change in the charge transfer resistance (R.) obtained from electrochemical impedance spectroscopy
(EIS). The acpcPNA probe exhibited very high selectivity for the complementary oligonucleotides over
the single-base-mismatch, two-base-mismatch and non-complementary DNA targets. In Addition, this
DNA sensor platform was successfully applied to detect the PCR-amplified of extracted MTB DNA
from clinical samples. The concept of label-free electrochemical immunosensor was also used for C-
reactive protein (CRP) detection. SPCE was modified by electrodeposition of gold nanoparticle onto
electrode surface following by the immobilization of anibody. The change of R after the addition of
CRP at the electrode surface was investigated by EIS. This proposed immunosensor provided a high
sensitive platform without any interference such as bilirubin, bovine serum albumin, and myoglobin.
Furthermore, this immunosensor was successfully applied in a human serum

Not only electrochemical detection, but we also developed paper-based biosensor combined
with colorimetric assay for DNA detection. The colorimetric paper-based DNA sensor was used to
determine Middle East respiratory syndrome coronavirus (MERS-CoV), MTB and human
papillomavirus (HPV). AgNPs were used as a colorimetric reagent for DNA detection based on
acpcPNA-induced nanoparticle aggregation. The DNA target can be used to detect the color change
of AgNPs. In addition, the multiplex paper-based DNA sensor was designed for simultaneous
detection of MERS-CoV, MTB and HPV. From these results, the proposed paper-based biosensors
show the potential to be an alternative device for sensitive, low-cost, simple and disposable in the field
of biomedical applications.
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