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STRUKTUR NANO EMAS DALAM MEMEDIASI DIAGNOSIS PERUBATAN 
BERPRESTASI TINGGI DALAM BIOMARKER PENYAKIT DARAH 

MANUSIA 

ABSTRAK 

Penyelidikan semasa telah dijalankan dengan menggunakan tiga jenis protein penyakit 
darah manusia yang berbeza iaitu C-Reaktif Protein (CRP), protein untuk sistem 
pembekuan darah dan juga protein untuk kanser kulit. Dua jenis elektrod berlainan telah 
digunakan dalam penyelidikan ini. Elektrod dengan jurang ~100 nm telah direka dan 
diubahsuai untuk menyelidik aktiviti biopengesanan sasaran iaitu CRP. Manakala, protein 
untuk sistem pembekuan darah dan juga protein untuk kanser kulit telah dikaji dengan 
menggunakan elektrod interdigitated (IDE) yang mempunyai struktur seperti jari dengan 
permukaanya meliputi zink oksida. Nanorod emas dengan panjang 119 nm dan lebar 25 
nm telah digunakan untuk meningkatkan status biopengesanan sasaran iaitu CRP. Nano-
urchin emas (GNUs) dengan garis pusat 60 nm disatukan dengan strategi ‘streptavidin-
biotinylated aptamer’ untuk menguji kemampuan mengesan protein sistem pembekuan darah. 
Tambahan pula, struktur nano emas dengan diameter 30 nm telah diaplikasikan dalam kes 
pengujian protein kanser kulit. Dalam kes ini tiga jenis kajian telah dilakukan iaitu dengan 
adanya struktur nano emas, tanpa struktur nano emas dan dengan struktur nano emas 
terkumpul. Pengujian fizikal telah dilakukan dengan menggunakan mikroskop daya atom,  
mikroskop elektron imbasan, 3D nano-profilometri, mikroskop berkuasa tinggi and UV–Vis 
spektroskopi. Pengujian dari segi elektrikal telah dijalankan untuk menganalisis perbezaan 
prestasi dengan adanya struktur nano emas, tanpa struktur nano emas dan dengan struktur 
nano emas terkumpul untuk menangkap sasaran protein kanser kulit. Teknik amperometrik 
dengan voltan linear 0 hingga 2 V pada voltan 0.1 V voltan telah digunakan untuk mengkaji 
kebolehan interaksi dikalangan protein penyakit darah manusia. Pengesanan ini menyerlah ke 
tahap pico- hingga julat femtomolar. Oleh itu, novel yang diketengahkan dalam penyelidikan 
ini adalah penggunaan nanostruktur emas yang berbeza dan juga strategi yang digunakan 
untuk meningkatkan sistem pengesanan. Oleh itu, prestasi tinggi sensing ini boleh 
mengurangkan had pengesanan pico-kepada julat femto-molar dan memegang prestasi 
cemerlang dalam aplikasi biopengesanan. 
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GOLD NANOSTRUCTURES IN MEDIATING HIGH-PERFORMANCE 
MEDICAL DIAGNOSIS OF HUMAN BLOOD DISEASE BIOMARKERS 

ABSTRACT 

The current research was carried out using three (3) different human blood disease 
biomarkers which were C-reactive protein (CRP), blood clotting factor IX (FIX) and 
squamous cell carcinoma antigen (SCC antigen). Two different types of dual probing 
system electrode were utilized in this research. A nano gapped electrode with the gap of 
~100 nm was designed and modified to capture the target, CRP. Meanwhile, factor IX 
and SCC antigens were diagnosed by using an interdigitated electrode (IDE), which had 
finger like structure with the zinc oxide surface. In order to increase the amount of antigen 
to be captured a gold nanorod (GNR) of a 119 nm in length and 25 nm in width was 
integrated in CRP detection system. In addition, gold nano-urchins (GNUs) with 60 nm 
in diameter was integrated into a streptavidin-biotinylated aptamer strategy in Factor IX 
diagnosis technique. Whereby, dispersed and agglomerated state of gold nanoparticles 
with 30 nm was used in SCC antigen detection scheme. The physical characterization for 
the sensing surface and gold nanostructures was properly carried out atomic force 
microscopy, scanning electron microscopy, 3D nano-profilometry, high-power 
microscopy and UV–Vis spectroscopy. A comparative analysis in the existence and non-
existence of gold nanostructures utilization was performed using electrical 
characterization. The amperometric measurement by a linear sweep voltage of 0 to 2 V 
at 0.01 V step voltage was implemented to study the sensitivity and specificity of the 
blood biomarker interaction. Current research using three different biomarkers which 
responsible for three different blood disease reveals a lower limit of detection as 
compared to real concentration of specific biomarkers in human serum. The obtained 
detection limit as low as pico- to femtomolar range was due to the conjugation of gold 
nanostructures with antibody (Probe) and the strategy used like streptavidin-biotinylated 
aptamer for Factor IX detection. Hence, the highlighted novelty of the research is the 
utilization of different gold nanostructures and also the strategy applied to enhance the 
detection system. Hence, gold mediated high-performance sensing able to lower the limit 
of detection down to pico- to femto-molar ranges and hold an outstanding performance 
in biosensing application. 
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CHAPTER 1 : INTRODUCTION 

1.1 Research Background 

Blood is the essential living tissue in an individual body which encompasses of 

solid and liquid portions. The liquid part is made of water, salts and protein, called plasma 

and more than half the blood is plasma (Jankowska et al., 2020). Red blood cells, white 

blood cells and platelets are in the solid part of blood. Blood disease and disorders affect 

one or more parts of the blood and dysfunctioning the blood. Mainly, the disorders are 

generated due to the gene malfunctions. Whereby, there are other causes involved, such 

as lack of nutrients in diet and side effects of the medicine (Parnetti et al., 2019).  

There are few human blood disorders for an instance bleeding disorder as 

haemophilia, blood cancer (Jankowska et al., 2020), eosinophilic disorders (Wu et al., 

2019) known as hematologic diseases. Blood studies with health and disease are defined 

as ‘hematology’, includes red blood cells, white blood cells, platelets, blood vessels, bone 

marrow, lymph nodes, spleen, bleeding and coagulation proteins (hemostasis and 

thrombosis). At present era, healthcare system is facing new challenges, which need a 

magnificent technology development to decline the mortality rate (Subash C.B. Gopinath 

et al., 2020).  It is due to the fatal diseases with the rate increment by the human blood 

diseases that can be observed apparently. Robust development in the medical diagnosis 

of human blood disorder is going on primarily to cut-down the death rate. Therefore, 

emphasizing on primary and rapid diagnosis of blood disorders is as vital as the discovery 

of diagnostic and prognostic biomarkers to predict the risk factors. Whereby, molecules 
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