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Pembangunan Karbon Nanotiub Berbilang Dinding Terintegrasi Transistor 

Kesan Medan Sebagai Biopenderia Protein HIV-1 Tat Bersensitiviti Tinggi 

ABSTRAK 

Virus kurang daya tahan imun (HIV) telah menjangkiti hampir 35 juta orang di seluruh 

dunia. Pelbagai ujian telah dibangunkan untuk mengesan kehadiran HIV semasa 

peringkat awal penyakit ini untuk mengurangkan risiko penyebaran ke manusia lain. 

Protein HIV-1 Tat adalah salah satu protein yang terdapat dalam HIV yang dilepaskan 

dengan banyak kira-kira 2 hingga 4 minggu selepas jangkitan. Pengesanan tahap awal 

penyakit boleh dicapai dengan mengesan protein Tat dalam individu berisiko tinggi. Ini 

mengurangkan risiko pandemik HIV. Transistor kesan medan dengan kawalan belakang 

(BGFET) telah dibangunkan untuk menjadi biosensor untuk pengesanan awal HIV. 

Protein Tat telah digunakan sebagai sasaran manakala untaian terpisah RNA aptamer 

telah dipilih sebagai prob pengesanan. Interaksi yang mengikat di antara untaian 

terpisah RNA aptamer dan protein HIV-1 Tat pada peranti biopenderia telah disahkan 

menggunakan ujian warna. Ujian ini berjaya menunjukkan interaksi berlaku antara 

untaian terpisah RNA aptamer dan HIV-1 Tat yang ditunjukkan oleh perubahan warna 

nanopartikel emas dari merah jambu kepada ungu. BGFET dibuat bersesuaian dengan 

molekul biologi menggunakan bahan nanokarbon seperti tiub karbon multi-dinding 

(MWCNT) sebagai tapak tetap biomolekul. Rawatan pengoksidaan menggunakan asid 

telah dijalankan untuk menambah kumpulan berfungsi kepada permukaan MWCNT 

dan kemudiannya dicirikan melalui mikroskop elektron pengimbasan pelepasan bidang 

(FESEM) dan X-ray difraksi (XRD). Analisa spektroskopi fotoelektron sinar-X (XPS) 

menunjukkan peningkatan ketara ~ 2.91% dalam kumpulan oksigen secara keseluruhan 

dan kenaikan ~ 1% diperhatikan pada kandungan karboksil terdiri daripada ikatan C = 

O dan O-C = O. Interaksi yang mengikat antara untaian terpisah RNA aptamer dan 

protein HIV-1 Tat dicirikan oleh analisis pengubah inframerah Fourier (FTIR) dan 

kuantifikasi elektrik isyarat semasa (Id) di atas voltan kawalan belakang (Vgs). 

Pencapaian had kepekaan interaksi antara aptamer dan HIV-1 Tat pada peranti yang 

dibuat adalah 600 pM. Untuk memastikan interaksi yang tulen dari aptamer dengan 

HIV-1 Tat, protein HIV-1 lain iaitu Nef dan p24 telah diinteraksikan dengan aptamer 

dan mereka memperlihatkan gangguan yang dapat diabaikan dengan peralihan voltan 

pintar 3.5 mV dan 5.7 mV, masing-masing menunjukkan signal yang 4 kali dan 2.5 kali 

lebih rendah daripada interaksi HIV-1 Tat. 
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Development of Multiwalled Carbon Nanotube Integrated Field Effect Transistor 

for Highly Sensitive HIV-1 Tat Protein Biosensor 

ABSTRACT 

Human immunodeficiency virus (HIV) has infected almost 35 million people 

worldwide. Various tests have been developed to detect the presence of HIV during the 

early stages of the disease in order to reduce the risk of transmission to other humans. 

The HIV-1 Tat protein is one of the proteins present in HIV that are released 

abundantly approximately 2 to 4 weeks after infection. Early stage detection of the 

disease can be achieved by detecting Tat protein in high risk individuals. This mitigates 

the risk of a HIV pandemic. A back gated field effect transistor (BGFET) has been 

developed to be a biosensor for the early detection of HIV. Tat protein has been used as 

the target while split RNA aptamer has been chosen as the detection probe. The binding 

interactions between split RNA aptamer and HIV-1 Tat protein on a biosensor device 

was validated using colorimetric assay. The assay successfully demonstrated the 

interaction occurred between split RNA aptamer and HIV-1 Tat indicated by the 

changes of gold nanoparticles color from pink to purple. BGFET was made 

biocompatible by using carbon nanomaterials like multiwalled carbon nanotube 

(MWCNT) as biomolecules immobilization site. Acid oxidation treatment was 

conducted to functionalize MWCNT with carboxyl functional groups and subsequently 

characterized through field emission scanning electron microscopy (FESEM) and X-ray 

diffraction (XRD). X-ray photoelectron spectroscopy (XPS) analysis had profound 

~2.91% increment in overall oxygen group and ~1% increment was noticed with a 

specific carboxyl content owing to C=O and O–C=O bonding. The binding interaction 

between split RNA aptamer and HIV-1 Tat protein was characterized by Fourier 

transform infrared (FTIR) binding analysis and electrical quantification of current 

signal (Ids) over a gate voltage (Vgs). The attainment of sensitivity with aptamer and 

HIV-1 Tat interaction on the fabricated device was 600 pM. To ensure the genuine 

interaction of aptamer with HIV-1 Tat, other HIV-1 proteins, Nef and p24 were 

interacted with aptamer and they displayed the negligible interferences with gate 

voltage shift of 3.5 mV and 5.7 mV, which shows 4 and 2.5 folds lesser than HIV-1 Tat 

interaction, respectively. 
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CHAPTER 1 : INTRODUCTION 

1.1 Background 

 Implementing electronic devices as the medium for biological reaction 

detection has captivated great interest among researchers nowadays. The current trend 

of biosensing is moving towards the realization of point-of-care diagnostic systems 

which involve the integration of all the analytical stages on a single chip. Biosensor is 

an analytical device that utilizes biological component to act as molecular recognition 

unit. It combines the biological component and modern micro or nano electronic to 

form a powerful analytical tool for the application in pharmaceutical, medical, 

environmental and food analysis. There are a several devices that has been developed as 

biosensor such as field effect transistor (FET) (Bronder et al., 2015; Cheng et al., 2014; 

Rim et al., 2013), interdigitated electrode (IDE) (Azizah, Hashim, Gopinath, & 

Nadzirah, 2016; Huy et al., 2011; W. Zhang, Patel, Schexnider, Banu, & Radadia, 

2014), surface acoustic wave (SAW) device (Crivianu-Gaita, Aamer, Posaratnanathan, 

Romaschin, & Thompson, 2015; Klauke, Gronewold, Perpeet, Plattes, & Petersen, 

2013; Ten et al., 2016), glassy carbon electrode (GCE) (Moyo, Okonkwo, & Agyei, 

2014; Pilehvar et al., 2014; Q. Wang, Zhang, Lin, & Weng, 2011), screen printed 

electrode (SPE) (Cavallini, Micheli, & Carrara, 2011; Hayat, Andreescu, & Marty, 

2013; Kara et al., 2010) and etcetera. These portable and time-efficient devices are very 

efficient for rapid bacteria and virus detection hence reduce the analysis time, diagnose 

early and prevent epidemic of infectious disease. 
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FET is the most common device that has been developed for biosensing 

purposes due to its captivating ability which can quantify the field effect charges from 

biomolecules and translate it into a readable signal (Im, Huang, Gu, & Choi, 2007; D. 

S. Kim et al., 2003; Poghossian, Schultze, & Schöning, 2003; Veigas, Fortunato, & 

Baptista, 2015). FET has been developed as good and reliable biosensor with good 

sensitivity and selectivity (Dai, Gao, Lu, Li, & Wang, 2013a; Gao, Lu, Wang, & Li, 

2016; Katsura, Yamamoto, Maehashi, Ohno, & Matsumoto, 2008; D.-S. Kim et al., 

2004). The FET consists of a three-electrode system (source, drain and gate) and a 

channel. When supplied with voltage bias, electron will flow from drain to source via 

channel. The gate voltage supplied will either enhance or deplete the current flow 

through the channel. There are several type of FET that are available including junction 

field effect transistor (JFET), metal oxide semiconductor field effect transistor 

(MOSFET), metal semiconductor field effect transistor (MESFET), back gate field 

effect transistor (BGFET), ion sensitive field effect transistor (ISFET) / solution gate 

field effect transistor (SGFET) and etc. For biosensor purposes, deoxyribonucleic acid 

(DNA) or protein biomolecules interaction will be conducted at the surface channel as 

shown in Fig. 1.1. Deposition of material and immobilization of biomolecules taking 

place on the channel will result in changes in the electron density on the channel surface 

(Poghossian, Cherstvy, Ingebrandt, Offenhäusser, & Schöning, 2005). Any changes on 

the channel surface will be reflected on the drain current result (K. Y. Park, Kim, & 

Choi, 2005). With several modifications on the device using suitable material and 

proper surface modification, FET can provide a highly sensitive, rapid and label free 

detection.  
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Figure 1.1 Schematic diagram of BGFET for DNA/protein biosensor. 

 

 

A lot of studies have implemented the use of nanomaterial integrated with FET 

to function as an active site for biomolecules immobilization and reaction while 

optimizing its sensitivity. Carbon based materials are the material that have been used 

commonly on FET for the purpose of enhancing its signal. Carbon nanotube (CNT) is a 

biocompatible material that has been studied for integration with FET for biomolecules 

interaction sensing purposes. There are two types of CNT that is commonly used which 

are multiwalled carbon nanotube (MWCNT) and single walled carbon nanotube 

(SWCNT). CNT most intriguing characteristic that makes it a promising material in 

biosensor device is due to its long hollow tube structure with layers of wall made out of 

carbon ring that provide a huge surface area for interaction. Its surface can be 

functionalized to generate any types of functional groups for vast immobilization of 

biomolecules. Besides, its fast electron transfer kinetic enables it to convey the 

biological reaction signal effectively. There is abundance of research showing the 

fabrication of CNT-FET for highly sensitive biomolecules detection (Croce Jr, 

Vaddiraju, Chan, Seyta, & Jain, 2011; Maehashi et al., 2007; Oh et al., 2013; Pourasl et 

al., 2014; Stefansson, Kwon, & Ahn, 2012).  
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