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Peranti Pengesan Tindakbalas Imun Berdasarkan Interdigit Mikro-Elektrod
Emas Bebas Label Untuk Penanda-Bio Barah Prostat

ABSTRAK

Barah prostat ialah sejenis barah yang merebak secara senyap dan tidak.bergejala di
dalam kelenjar prostat. la merupakan barah kedua tertinggi yang sering~didiagnosis di
seluruh dunia dengan catatan 28% kematian dalam kalangan pesakit, YWalaupun dengan
pengenalan proses saringan barah pada beberapa puluh tahun yang-lalu, teknik saringan
tersebut tidak mampu dicapai oleh kalangan pesakit yang tinggal-dickawasan pedalaman
kerana sifat proses saringan yang kompleks dan tidak mudah-alih. Pembangunan
platfom bio-pengesan bebas label dan mudah-alih/smenggunakan penanda-bio
berpiawaian emas seperti antigen spesifik prostat~ telah dilancarkan untuk
menyelesaikan masalah ini, seperti mana juga dengan.pembangunan peranti pengesan
tindakbalas imun berdasarkan interdigit mikro-elektrod emas yang dilakukan dalam
hasil kajian ini. Dalam kajian ini, peranti interdigit mikro-elektrod dipilih berdasarkan
daya pengesannya yang unggul, mudah-alih, dan daya pembuatan massa yang bagus.
Peranti pengesan ini difabrikasi di dalam makmal menggunakan teknik fotolitografi
berpiawai yang menghasilkan mikro-elektrod bersaiz 10 pum dan jurang interdigit
bersaiz 10 um, diintegrasi dengan elektrod kaunter emas dan elektrod rujukan samaran
emas pada substrat silikon dioksida. Untuk menjadikan peranti pengesan-bio, dua
skema modifikasi pada permukaan transduser dilakukan. Skema 1 melibatkan
modifikasi lapisan monosterkumpul sendiri menggunakan proses ‘amino-silanisasi’
daripada bahan kimia, 3-aminopropyltriethoxysilane dan imobilisasi antibodi
monoklonal yang specifik kepada antigen spesifik prostat di atas permukaan silikon
dioksida, manakala. Skema 2 menggunakan tindakbalas ‘thiolasi’ oleh asid 16-
merkaptoundekanoik dan imobilisasi antibodinya di atas mikro-elektrod emas.
Kejayaan proses modifikasi ini disahkan menggunakan teknik mikroskopi tenaga atom,
pengukuran ~sudut hubungan air, spektroskopi fotoelektron bertenaga x-ray dan
voltammetri Kitaran. Pengukuran kuantitatif terhadap peristiwa ikatan antigen spesifik
prostat di atas transduser dilakukan menggunakan teknik Spektroskopi Impedans
Elektrokimia dalam mod Faradaic (kehadiran spesies redoks) dan mod bukan-Faradaic
(tanpa spesies redoks). Pengukuran mod Faradaic dilakukan dengan mengukur
perubahan rintangan pemindahan caj di dalam sistem elektrokimia apabila peristiwa
ikatan sasaran berlaku, manakala dalam mod bukan-Faradaic, pengesanan dilakukan
dengan mengukur perubahan kapasitans dua lapisan. Pengesanan sasaran bio dalam
mod Faradaic menghasilkan julat pengesanan linear 5000 ng/ml ke 0.5 ng/ml dengan
had pengesanan pada 0.377 ng/ml dengan menggunakan pengesanan Skema 1.
Sementara itu, dengan menggunakan Skema 2, pengesanan sasaran mod Faradaic
menghasilkan julat pengesanan linear 100 ng/ml ke 0.01 ng/ml dan had pengesanan
pada 0.01 ng/ml. Dalam mod bukan-Faradaic, julat pengesanan linear yang dihasilkan
lalah daripada 5000 ng/ml ke 0.5 ng/ml dan had pengesanan pada 0.5 ng/ml.
Pengamatan terhadap tahap kebolehulangan, kekhususan dan kestabilan alat pengesan

XX



sasaran bio tersebut menunjukkan prestasi yang unggul untuk terus dibangunkan untuk
direalisasikan sebagai platfom peranti titik penjagaan yang berkesan.
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Label-Free Gold Interdigitated Microelectrodes Immunosensor for Prostate
Cancer Biomarker

ABSTRACT

Prostate cancer is a slowly proliferating and non-symptomatic form of malignancy in
the prostate gland. It is the second most commonly diagnosed type:. of cancer
worldwide, with 28% deaths among diagnosed cases. Although with an introduction of
cancer screening in the last few decades had saved countless lives, this.technique could
not reach out to the patients who live in rural areas due to its inherent complexities and
non-portability. Recent developments in label-free and portable biosensing platforms
using the gold-standard prostate-specific antigen are catered-towards solving this
current diagnoses loophole. Similarly, this research work-develops a label-free gold
interdigitated microelectrodes immunosensor which target-to solve these limitations in
the current cancer diagnostic technologies. Ipsthis work, an interdigitated
microelectrodes architecture is chosen due toc its- superior detection sensitivity,
portability and mass manufacturability. The device is fabricated in-house using an
established Complementary Metal-Oxide_Semiconductor fabrication process, with a
gold microelectrode size of 10 um and interdigitated gap size of 10 um, integrated with
a gold counter electrode and gold pseudo-reference electrode on a silicon dioxide
substrate. For biosensing device development, two transducer surface modification
schemes are demonstrated. Scheme % involves a self-assembled monolayer modification
using amino-silanization of~3-aminopropyltriethoxysilane and immobilization of
monoclonal antibody specific’ to prostate-specific antigen on the silicon dioxide
substrate, meanwhile Scheme 2 involves modification of self-assembled monolayer
using thiolation chemistry of 16-mercaptoundecanoic acid and immobilization of the
monoclonal antibody on gold microelectrode surface. Successful sensor’s modification
steps are validated using atomic force microscopy, water contact angle measurement,
X-ray photoelectron microscopy, and cyclic voltammetry characterization techniques.
The binding’ event of prostate-specific antigen target on device transducer is
quantitatively measured using a highly-sensitive Electrochemical Impedance
Spectroscopy technique in both Faradaic (in presence of redox species) and non-
Faradaic (in absence of redox species) modes of measurement. The Faradaic
measurement is performed by measuring the changes in charge transfer resistance in the
electrochemical double layer upon target binding, meanwhile in non-Faradaic mode, the
detection is made by measuring the changes in the double layer capacitance of the
electrochemical system. Using the detection Scheme 1, the bio-detection of prostate-
specific antigen in Faradaic mode reveals a linear detection range of 5000 ng/ml to 0.5
ng/ml, with a limit of detection at 0.377 ng/ml. On the other hand, in Scheme 2,
Faradaic measurement reveals a linear detection range of 100 ng/ml to 0.01 ng/ml and
limit of detection of 0.01 ng/ml. In non-Faradaic mode, linear detection range of 5000
ng/ml to 0.5 ng/ml and limit of detection of 0.5 ng/ml are reported. The Sensors’
reproducibility, specificity and stability studies reveal highly promising sensing
performances that warrant for future development into a point-of-care biosensing
platform.
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CHAPTER1: INTRODUCTION

1.1 Motivation

Since the first sighting on prostate cancer (PCa) by (Adams, 1853), it took the
whole 88 years to discover an androgen-ablation therapy by Charles Huggins in 1940s,
the first effective treatment to combat this disease. Furthermore, it was.-not more than
only three decades ago since the prostate-specific antigen (PSA) screening was
introduced had revolutionized our approach to tackle this endemic fatality. Albeit the
long-time taken, these medical discoveries are nothing from the sort of miracles, except
from the hard works among the scientists that led.to.these scientific breakthroughs that

had saved countless lives.

There are many interesting effects due to discovery of PSA. For a start, the
increase in the number of.‘PCa prognosis from PSA screening is apparent, which
translate to greater possibility of lives being saved. This life-saving fact holds true as
reported shows the PSA screening has increased the success rate of PCa detection to
~70-80%,«that is 50% increased before the use of PSA screening (Catalona, Smith,
Rathff, & Basler, 1993). It was also reported that the combination of PSA screening
with digital rectal examination (DRE) test have led to a greater sensitivity in detecting
the organ-confined PCa compared to DRE or transrectal ultrasound (TRUS) alone
(Brawer et al., 1992; Crawford et al., 1996; Mettlin et al., 1993). Albeit these successes,
the current PSA screening method still relies on the time-consuming and complicated
laboratory-based tests that prolong the diagnosis time. Other than that, technique such

as biopsy poses the risks of internal bleedings and infections, furthermore, not to



mention the psychological effects that lead to embarrassment among the patients. These
loopholes have led to hesitation among men to undergo such procedures, resulting in
complications to detect PCa in its early stage. Therefore, the principle motivation of this
research is to eliminate these diagnostic loopholes by transitioning the existing methods
into a label-free, portable, and highly sensitive immunosensing platform for early
detection of PCa. The term ‘immunosensing’ describes the application of a sensing
platform in this research work that incorporates the highly-specific immuno-response of

the immobilized monoclonal antibody (mAb) towards the PSA target.antigen.

1.2  Research background

An accurate diagnosis in earlier caneer stage is crucial to yield better disease
monitoring and successful treatment. for PCa. Many conventional PSA detection
methods have been developed, such-as, enzyme-linked immunosorbent assay (ELISA)
(Matsumoto et al., 1999,:2000), fluorescence immunoassay (Choi et al., 2013),
bioluminescent immunoassay (Ito et al., 2007), chemiluminescence immunoassay
(Jolly, Damborsky, et al., 2016), and time-resolved fluorescence assay (Harma et al.,
2003; Siivolaet al., 2000). Albeit their good sensitivity, these methods are complicated,
require fabels or tags, laborious, non-portable, time-consuming, and expensive. Another
interesting method, the immunochromatography test strip (ICTS) (Li et al., 2014) offers
the speed, portability, simplicity and point-of-care (PoC) testing, however it requires
high antigen loading to produce translatable output. Furthermore, most of the reported

ICTS outputs are of qualitative nature at most, and rarely semi-quantitative.



