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ABSTRACT 

 

 

Development of Biosensor Surfaces for Liver Cancer 

Detection 

 

Muhammet GYLYJOV 

 

Department of Bioengineering 

Master of Science Thesis 

 

Supervisor: Prof. Dr. Cem Bülent ÜSTÜNDAĞ 

Co-supervisor: Dr. Özgür YILMAZ 

 

Hepatocellular Carcinoma (HCC) is one of the biggest causes of cancer related 

death worldwide. HCC is generally caused by acute or sub-acute injuries caused by 

Hepatitis B, C that proceed into cirrhosis. Early detection of HCC is very crucial 

for patient survival and several biomarkers have been discovered for HCC 

detection. There are several biomarkers for specific HCC detection such as alpha-

fetoprotein (AFP), des-γ-carboxy prothrombin (DCP) and glypican-3. Among those 

biomarkers AFP is the most researched biomarker. However, AFP has low 

sensitivity, especially in the early stages of the disease. Studies have shown that 

AFP frequently fails to detect early-stage HCC, resulting in reliable results largely 

in later stages when the tumor burden is higher.  

In this thesis, it is hypothesized that the usage of peptides can increase sensitivity 

of AFP biosensors. Antibody-like peptides bind to their target with high selectivity 

and selectivity. Peptides are simpler in structure, smaller, and can withstand a wider 

range of environmental changes such as pH and temperature. This thesis focuses on 

the peptide sequences derived from Complementarity Determining Region (CDR) 

of human anti-AFP antibody and their chemical immobilization into various 

surfaces for later use in HCC biosensors. The peptides were synthesized using solid-

phase peptide synthesis methods and immobilized on magnetic microbeads and 
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gold surface. Synthesized SYVIH and YTSALLP peptides had high purity of %95.4 

and %96.9 respectively. The optimal binding capacity of SYVIH and YTSALLP 

peptides on magnetic microbeads was found to be 52 mg and 59.8 mg per milligram 

of beads. CV results of SYVIH peptides immobilized on gold electrodes were 

measured as 4.4 mA and addition of AFP protein decreased the current signal to 

3.04 mA.  This methodological approach aims to improve the sensitivity and 

specificity of biosensors with AFP biomarker, potentially improving the detection 

and monitoring of HCC. 

Keywords: Alpha-fetoprotein, biosensor, hepatocellular carcinoma, peptide, solid-

phase peptide synthesis 
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ÖZET 

 

 
Karaciğer Kanseri Tespitine Yönelik Biyosensör 

Yüzeylerinin Geliştirilmesi 
 

Muhammet GYLYJOV 

 

Biyomühendislik Anabilim Dalı 

Yüksek Lisan Tezi  

 

Danışman: Prof. Dr. Cem Bülent ÜSTÜNDAĞ 

Dr. Özgür YILMAZ 

Eş-Danışman: Dr. Özgür YILMAZ 

 

Hepatoselüler Karsinom (HSK), dünya çapında kansere bağlı ölümlerin en büyük 

nedenlerinden biridir. HSK genellikle Hepatit B ve Hepatit C'nin neden olduğu ve 

siroza dönüşen akut veya sub-akut hasarlardan kaynaklanır. HSK’nın erken teşhisi, 

hasta için hayati önem arz etmektedir ve HSK’nın teşhisi için çeşitli biyobelirteçler 

keşfedilmiştir. Alfa-fetoprotein (AFP), des-γ-karboksi protrombin (DCP) ve 

glikan-3 gibi çeşitli biyobelirteçler HSK’nın teşhisi için keşfedilen 

biyobelirteçlerden bazılarıdır ve biyobelirteçler arasında AFP en çok çalışılan 

biyobelirteçtir. Ancak AFP, özellikle hastalığın erken evrelerinde düşük spesifiteye 

sahiptir. Önceki çalışmalar AFP’yi tespit etme yöntemlerinin HSK’nın erken 

evrelerinde hastalığı saptamada sıklıkta başarısız olduğunu ve büyük ölçüde 

tümörün daha tehlikeli olduğu sonraki evrelerde güvenilir sonuçlar verdiğini 

göstermiştir.  

Bu tezde, peptitlerin kullanımının AFP biyosensörlerinin hassasiyetini 

artırabileceği varsayılmaktadır. Peptitler antikorlara ziyade yapı olarak daha basit, 

daha küçük ve pH, sıcaklık gibi çevresel değişikliklere daha dayanıklıdır. Bu tez, 

insan anti-AFP antikorunun tamamlayıcılık belirleme bölgesinden (CDR) türetilen 

peptit dizilerin sentezine ve sentezlenen peptitlerin daha sonra HSK 

biyosensörlerinde kullanılmak üzere çeşitli yüzeylere kimyasal olarak 
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immobilizasyonuna odaklanmaktadır. Peptitler katı faz peptit sentezi yöntemini 

kullanılarak sentezlenerek manyetik mikroboncuklara ve altın yüzeye immobilize 

edilmişlerdir. SYVIH ve YTSALLP peptidleri sırasıyla %95,4 ve %96,9 yüksek 

saflık oranında sentezlenmiştir. SYVIH ve YTSALLP peptitlerinin manyetik 

mikroboncuklar üzerindeki optimum bağlanma kapasitesi bir miligram boncuk 

başına 52 mg ve 59.8 mg olarak bulunmuştur. Altın elektrotlara immobilize edilen 

SYVIH peptitlerinin CV sonuçları 4.4 mA olarak ölçülmüş ve AFP proteini ilavesi 

akım sinyalini 3.04 mA'e düşürmüştür. Bu metodolojik yaklaşım, AFP 

biyobelirteçli biyosensörlerin duyarlılığını ve özgüllüğünü artırarak HSK'nin 

tespitini potansiyel olarak geliştirmeyi amaçlamaktadır. 

Anahtar Kelimeler: Alfa-fetoprotein, biyosensör, hepatosellüler karsinom, katı 

faz peptit sentezi, peptit
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1 

INTRODUCTION 

 

1.1 Literature Review 

Hepatocellular carcinoma (HCC) has one of the highest mortality rates among 

cancer types. According to GLOBOCAN 2022 data there are 866 thousand 

incidents and 758 thousand deaths worldwide in 2022, making it the third deadliest 

cancer type [1]. HCC is the last stage of event chains that consist of tissue 

inflammation, fibrosis and cirrhosis. Cirrhosis, Hepatitis B and C viruses, diabetes 

and non-alcoholic fatty liver disease pose great risk for HCC development [2]. 

Unfortunately, the diagnosis of HCC is mostly given in the last stages of cancer 

making the treatment more challenging. Early detection of HCC is very important 

with treatment success varying from 30-50% while in the late stages of the disease 

the treatment success drops significantly [3].   

There are several biomarkers for the detection of HCC such as alpha-fetoprotein 

(AFP), des-γ-carboxy prothrombin (DCP) and glypican-3. Among those molecules 

AFP is the most widely studied one [4]. AFP is a 70 kDa protein produced in a yolk 

sac and fetal liver during fetal development [5]. AFP plays a huge role in the 

development of HCC by blocking apoptotic signals and suppressing immune 

response in the human body [6], [7]. Unfortunately, in the early stages AFP as a 

biomarker isn’t very reliable due to low sensitivity. Studies have shown that AFP 

shows reliable results largely in later stages when the tumor burden is higher [8], 

[9]. 

Magnetic microbeads are spherical molecules that usually consist of iron or nickel 

core with surface modifications. Magnetic beads are widely used in nucleic acid 

purification and separation [10]. Due to lack of chemical waste, magnetic 

microbeads are more appealing compared to traditional separation techniques. This 

property also makes them a great candidate for ligand immobilization for biosensor 

surfaces. Magnetic beads can be easily manipulated through external magnets that 

can immobilize the ligand without extra chemicals [11]. 
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Biosensors are devices that quantitively or qualitatively detect the metabolic 

processes and/or target biomolecules in a living organism. Biosensors use a 

bioreceptor on the sensor surface to recognize a target analyte and generate a signal 

(eg. optical, electrochemical, acoustic). This signal is then converted and displayed 

by a processor. Biosensors have gained popularity in biomedical applications due 

to the need for noninvasive, sensitive, and accurate detection systems [12], [13]. 

Peptides, biomolecules consisting of several amino acid chains, are involved in 

many physiological and metabolic activities in the human organism. They play key 

roles in transporting and intercellular communication [14],[15]. Antibody-like 

peptides are widely used in biotechnology and medical fields. Peptides are simpler 

in structure, can be easily modified, more stable and can achieve higher sensitivity 

and selectivity than antibodies. Additionally, the synthesis of peptides is much 

simpler than antibodies which makes them more appealing in the scientific field 

[16], [17]. 

 

Figure 1.1 Schematic representation of peptide synthesis and their immobilization 

steps 
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1.2 Objective of the Thesis 

The objective of this thesis is to synthesize, purify, and characterize peptides 

derived from the complementarity determining region (CDR) region of the human 

anti-AFP antibody, designed by HPEPDOCK for AFP detection. The peptides 

synthesized by solid-phase peptide synthesis (SPPS) method were then 

immobilized on magnetic microbeads and gold surface for further biosensor 

applications (eg. Magnetic bead-based enzyme linked immunosorbent assay 

(MELISA), microfluidics). The widespread impact of this thesis is to develop a 

peptide-based biosensor surfaces which are capable of binding to AFP with high 

selectivity and sensitivity. 

1.3 Hypothesis 

The hypothesis of this thesis is to synthesize, purify, characterize peptides that show 

affinity towards AFP molecule and immobilize them into magnetic microbeads and 

gold surface. Peptide usage will increase the sensitivity and selectivity for AFP 

targeting and enable the production of more affordable and more durable biosensor 

surfaces. As a result of this thesis, preliminary studies will be carried out to develop 

biosensor surfaces with AFP-specific peptides. 
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2 

GENERAL INFORMATION 

 

2.1 Hepatocellular Carcinoma 

Hepatocellular carcinoma (HCC) is one of the leading causes of cancer-related 

deaths worldwide. According to GLOBOCAN 2022 data (Figure 1.1) there have 

been over 758 thousand recorded deaths worldwide from liver cancer making it the 

third deadliest cancer [1]. The number of people with HCC varies throughout 

countries and can be attributed to different risk factors present in various countries. 

Hepatitis B and C infections pose great risk for the development of HCC [18]. HCC 

is generally caused by acute or sub-acute injuries in the liver that develop into 

fibrosis and cirrhosis. HCC development without preexisting cirrhosis is observed 

less frequently. HCC is the final stage of a progressive hepatic carcinogenesis 

sequence, starting with regenerative nodules, dysplastic nodules and evolving into 

HCC [19]. The treatment and management of HCC is complicated due to treatment 

resistance high chance of recurrence. Early forms of HCC can be treated with 

surgical operations such as liver resections. Chemotherapy and immunotherapy are 

required to treat advanced stages of HCC [20]. 

Figure2.1 Incidence and mortality rates of different cancer types worldwide [1] 

2.1.1 Risk Factors 

Cirrhosis and chronic liver disease are the most prominent risk factors for the 

development of HCC, with excessive alcohol consumption and viral hepatitis being 
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the major global risk factors.  Diabetes mellitus has a direct impact on the liver 

since it plays an important part in the metabolism of glucose. Diabetes can cause 

chronic hepatitis, fatty liver, liver failure, and cirrhosis which can further develop 

into HCC [21]. Another health factor regarding HCC is obesity, which is associated 

with a variety of hepatobiliary diseases. The relative risk of HCC is 117% for 

overweight individuals and 189% for obese individuals. Another factor that can 

influence HCC development is the sex of an individual, with males having a higher 

likelihood of HCC with the ratio of 2:1-4:1. This increase in the likelihood can be 

associated with higher indulgence in alcohol and tobacco, and males having higher 

body mass index (BMI) than females. Additionally, males have a higher chance of 

being infected by hepatitis [22], [23].  

2.1.2 Diagnosis 

Early diagnosis of HCC is key for successful treatment of the disease. Various 

imaging devices such as magnetic resonance image (MRI) and computer 

tomography (CT) is used to detect abnormalities in the human liver. A recent meta-

analysis of the diagnostic performance of CT and MRI for assessing HCC indicated 

that MRI has a greater per-lesion sensitivity than multidetector CT and should be 

the preferable imaging modality for the detection of HCC in patients with chronic 

liver disease. If the diagnosis is still questionable, a serum AFP level of more than 

400 ng/ml has a significant positive predictive value. Percutaneous biopsy should 

only be performed on nodules that are radiologically abnormal on CT or MRI for 

HCC [24], [25]. 

2.1.3 Pathophysiology of HCC 

Pathophysiology of HCC includes the accumulation of genetic alterations in pre-

neoplastic hepatocytes, which result in malignant tumor formation that can appear 

as single of multiple lesions [26]. The liver lobule contains hepatocytes, 

cholangiocytes, and non-parenchymal cells such as Kupffer cells and hepatic 

stellate cells (HSCs). Toxin exposure and immunological responses can stimulate 

Kupffer cells and HSCs, resulting in inflammation and necrosis [27]. This process 

can result in liver fibrosis and cirrhosis, affecting blood flow and increasing the risk 

of liver failure. 
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Figure2.2 Schematic representation of HCC carcinogenesis [28] 

The tissue environment is crucial for tumor formation and growth. The tumor 

stroma consists of fibroblasts, macrophages (such as liver resident Kupffer cells and 

other tumor-infiltrating cells), leukocytes, hepatic stellate cells (HSCs), endothelial 

cells, pericytes, neutrophils, and dendritic cells [29].  Each of these cells generates 

growth factors, cytokines, chemokines, free radicals, and other tumorigenic 

substrates that aid in tumor development and progression. 

Cancer-associated fibroblasts and dendritic cells are crucial in tumor-stromal 

interactions and tumor immune survelience in HCC and other cancers. Cancer-

assosiated fibroblasts produce crucial cytokines and growth factors for the 

development of tumors such as epidermal growth factor (EGF), hepatocyte growth 

factor (HGF), fibroblast growth factor (FGF), interleukin 6 [30]. Dendritic cells 

process antigens and present them to invading cytotoxic T lymphocytes, which can 

reduce recurrence of HCC. HBV-encoded X protein and HCV non-structural 

proteins promote HSC activation and proliferation,which can the develop into 

cancer-associated fibroblasts in response to liver injury. Hypoxia promotes HCC 

proliferation, angiogenesis, metastasis, and chemo- and radioresistance [31]. 

2.1.4 Treatment 

Unfortunately, HCC is frequently diagnosed after patients have developed 

symptoms and some degree of liver dysfunction. At this point, there is hardly any 
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effective medication that can enhance survival. Additionally, the morbidity 

associated with treatment methods is high. Currently, there are various surgical and 

nonsurgical treatment methods available that can improve survival rates. The best 

results are obtained when patients are appropriately chosen for each 

treatment option. To have the best possible outcome, patients with HCC must 

receive a multidisciplinary approach, regardless of the treatment method [32], [33]. 

Table2.1 Summary of results of studies in the management of early HCC [3] 

HCC stage Treatment arms Overall survival 

Resection 

Early 

HCC ≤5 cm, no portal 

hypertension 
50–70% 

HCC >5 cm or portal 

hypertension 
35–55% 

Liver transplantation 

Early Milan 70–80% 

Early or intermediate Down-staged 60–70% 

Ablation 

Early 

Radiofrequency ablation 70% 

Percutaneous ethanol 

injection 
60% 

Microwave ablation 65% 

Cryoablation 40% 

Table2.2 Summary of results of studies in the management of intermediate and 

advanced HCC [3] 

HCC stage Treatment arms 
Overall survival 

(months) 

Transarterial therapies 

Intermediate 

TACE 26–32 

TACE plus brivanib 26 

TACE plus sorafenib 21 

TACE plus orantinib 31 

  TACE plus sorafenib 13 

Transarterial radioembolization 

Advanced 
TARE 8–9 

TARE plus sorafenib 12 

Surgical treatment of HCC includes resection and liver transplant. Resection is 

described by removing a part of the liver. Patients with a single tumor restricted to 

the liver, no radiologic signs of vascular invasion, and normal liver function qualify 

for this treatment. Surgical resection is the preferred treatment for noncirrhotic 
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individuals and has the highest cure rate [34]. Orthotopic liver transplantation is the 

most effective cure for individuals with decompensated cirrhosis, and HCC is the 

only solid cancer that can be treated with transplantation [35].  

Nonsurgical treatments include transarterial chemoembolization (TACE), 

transarterial radiation (TARE) and microwave ablation. TACE treatment consists 

of administering a highly concentrated dosage of chemotherapeutic drugs via 

selective catheterization of the tumor feeding arterial branch. The embolization of 

the tumor microcirculation after infusion prolongs cytotoxic effect, reducing the 

systemic toxicity of chemotherapy in patients [36]. TARE using Yttrium-90 (Y90) 

is an increasing area of study because of its advantages in early, middle, and late-

stage hepatocellular carcinoma. The treatment method and dosimetry goals are 

determined by treatment aim, which includes curative therapy, bridge to transplant, 

and disease downstaging [37].  

2.2 Alpha-Fetoprotein (AFP) 

The most common biomarker of HCC is Alpha-fetoprotein. AFP is 70 kDa protein 

produced in a yolk sac and fetal liver during fetal development. It is assumed to be 

a fetal version of serum albumin that transports fatty acids and cells. AFP is 

available in monomeric, dimeric, and trimeric forms [5]. Bergstrand and Czar 

discovered AFP in human fetal sera in 1956. It functions as a transporter for a 

variety of ligands, including bilirubin, fatty acids, and possibly some medicines. Its 

levels often fall significantly after birth and stay low for the rest of life [38]. Since 

its discovery as an oncofetal biomarker, it has been utilized for HCC screening, 

diagnosis, prognosis, and treatment evaluation. Furthermore, it serves as an 

indicator in some new criteria for selecting liver transplant beneficiaries. Over the 

last decade, there has been some advancement in the use of AFP based on clinical 

and basic research [39]. In addition to being a biomarker for HCC and liver 

transplant, it could be used for immune treatment and to define HCC molecular 

classes. However, even if a low-level cutoff is used (10–20 ng/mL), the sensitivity 

value of AFP is around 60% and the specificity is still inadequate. Furthermore, 

serum AFP levels remain normal in 15–30% patients with advanced HCC [9]. To 

combat these drawbacks several strategies were utilized.  



9 

 

Figure 2.3 3D structure of AFP [40] 

AFP blocks the transmission of apoptotic signals and inhibits apoptosis. AFP 

interacts directly with the amino acid residues Glu-248, Asp-253, and His257 of 

loop-4 of caspase-3 molecules in the cytoplasm, inhibiting the caspases signaling 

cascade and preventing tumor necrosis factor-related apoptosis-inducing ligand 

(TRAIL) and other leukocyte-secreted molecules from inducing apoptosis in HCC 

cells [6]. Research also found that AFP activates the PI3K/ AKT signaling pathway 

that stimulates the expression of proliferation-related oncogenes and metastasis-

related genes [7]. Furthermore, AFP suppresses immune function by inhibiting 

lymphocyte and macrophage function which aids HCC cells to evade immune cells 

and survive to metastasis stage [41].  

2.3 Antibody 

Antibodies are Y shaped proteins secreted by B cells that selectively bind to their 

target proteins (antigens). There are two types of antibodies depending on their 

selectivity. Monoclonal antibodies bind only to one specific antigen while 

polyclonal antibodies can bind to a family of antigens. The high affinity of 

antibodies towards antigens makes them a promising candidate for biosensors and 

drug applications. Antibodies have been utilized in cancer detection and treatment. 

Monoclonal antibodies (mAbs) can kill tumor cells by direct action (for example, 

receptor blockage), immune-mediated cell death mechanisms, payload delivery, 

and antibody-specific effects on the tumor vasculature and stromal cells [42], [43]. 

To overcome the shortcomings of antibody new detection molecules for biosensor 

surfaces such as aptamers and peptides have been designed. 
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Figure 2.4 Schematic representation of a structure of an antibody [44] 

2.3.1 Aptamers 

Aptamers are small oligonucleotide or peptide molecules that act like antibodies 

that bind to their target with high affinity. Unless explicitly stated otherwise, 

aptamer refers to nucleic acid aptamers. The name aptamer comes from the Latin 

words "aptus" (fitting) or "aptare" (to fit) and the Greek word "meros" meaning part 

[45]. Aptamers' ability to fold into or around the complex surfaces of a target 

molecule allows them to pick a wide range of targets, even those that other affinity 

reagents find difficult to bind. Aptamers can target peptides, proteins, metabolites, 

small organic compounds, carbohydrates, biological cofactors, metal ions, toxins, 

viruses, pathogenic bacteria and yeast, and mammalian cells [46]. Peptide aptamers 

have high affinity and selectivity to the protein it binds and can reduce the risk of 

false positive results. Additionally, peptides are chemically and thermally more 

stable making them durable for the environmental changes [47]. 

2.4 Solid-Phase Peptide Synthesis (SPPS) 

Solid-phase peptide synthesis (SPPS) is a widely used method for the synthesis of 

peptides developed by Robert Bruce Merrifield in 1963 [48]. The principle of SPPS 

includes anchoring the peptide into a solid resin and growing by coupling the amino 

acids on N-terminal. SPPS has various advantages, such as high yield, simplicity of 

automation, and the capacity to rapidly synthesize complicated peptides and peptide 

libraries. However, it has limitations, including the possibility of incomplete 

reactions and difficulty in synthesizing long peptide chains due to aggregation or 

steric hindrance [49]. 
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Figure 2.5 Schematic representation of SPPS procedure [50] 

SPPS starts with covalently bonding the C-terminal of an amino acid onto a solid 

resin. After the first amino acid is anchored, the peptide chain is expanded using a 

series of coupling and deprotection steps. To prevent side reactions, the amino acids 

are coated at the N-terminus with a temporary protective group, such as 

fluorenylmethyloxycarbonyl (Fmoc). During each cycle, the deprotection group of 

each amino acid is removed, typically with piperidine, exposing the amine group. 

The next amino acid in the cycle is then activated by a coupling reagent such as 

hexafluorophosphate benzotriazole tetramethyl uronium (HBTU). The cycle is 

repeated until the last amino acid is added. Following the addition of the last amino 

acid, the peptide chain is then cleaved from the resin using trifluoroacetic acid 

(TFA). Finally, after synthesis the peptide undergoes characterization and 

purification steps, after which the finished peptide is ready to use [48], [51], [52], 

2.5 Magnetic Beads 

Magnetic beads are effective tools for purifying, detecting, and analyzing analytes 

from complex matrices. Magnetic beads' superparamagnetic properties make them 

suitable for a variety of analytical applications [53]. The beads typically consist of 

core and surface coating. The core of magnetic beads can be made from pure metals 
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(copper, iron, nickel), or metal oxides (iron oxide, copper oxide). Surface coating 

of the magnetic beads is typically made out of nonpolymeric stabilizers 

(alkanesulphonic and alkanephosphonic acids, lactobionic acid, lauric acid) or 

polymeric stabilizers (alginate, chitosan, dextran, polyethylene glycol) [54]  

There are several applications of magnetic beads in the fields of biotechnology and 

medical diagnostics. One of the most widely used applications of magnetic beads 

is the purification of various biomolecules, especially nucleic acids. The usage of 

magnetic beads in the purification process offers possibility process automation, 

scalability and the capability to move particles form well to well and avoiding the 

cross-contamination [11]. Recently, Xu et al proposed a novel system for 

purification of DNA samples via external neodymium magnet in multi-laminar 

microfluidic environment. 

Furthermore, magnetic beads are used in immunoassays by modifying their surface 

with various antibodies and aptamers. Magnetic beads can be easily manipulated 

with a magnet, their surface can be modified to increase specificity and sensitivity 

and have high surface-to volume-ratio. These qualities made magnetic beads 

attractive for biosensor applications. Huergo et al immobilized recombinant 6xHis-

tagged SARS-CoV-2 Nucleocapsid protein on a nickel beads and conjugated with 

horse radish peroxidase thus making a magnetic-bead enzyme-linked 

immunosorbent assay (MELISA) [55]. 

2.6 Biosensor 

Devices containing biological sensing elements in various fields of biomedicine, 

drug discovery, food safety are called biosensors. The first biosensor was invented 

by Clark and Lyons in 1962 for glucose measurement. This biosensor used the 

strategy of electrochemical detection of oxygen or hydrogen peroxide using a 

glucose oxidase electrode for glucose measurement. Since then, advances in 

electrochemistry, nanotechnology and bioelectronics have led to various 

developments in the application and construction of biosensors. Today's biosensors 

can generate a specific signal by modifying the surface with different components 

(enzyme, antibody, DNA, cell, aptamer) [13] 
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2.6.1 Optical Biosensors 

Optical biosensors utilize light to detect target objects and the environment. Within 

the evanescent field, analytes are recognized by co-receptors fixed to the surface of 

a waveguide. Phase, amplitude, resonance momentum, changes corresponding to 

object concentration and biomolecular conformation can be evaluated. The 

refractive index changes with the addition of a biological sample. These changes in 

the refractive index enable the detection of the material at hand[56]. Optical 

biosensors have advantages such as high sensitivity, specificity, reliability and the 

potential to be integrated on a single chip [57]. Moreover, incorporation of 

nanomaterials like gold nanoparticles (AuNPs), quantum dots (QDs), and graphene 

oxide (GO) significantly enhances sensitivity and specificity of these types of 

biosensors. Optical biosensors can be classified as surface-plasmon resonance 

(SPR), fluorescence, luminescence, optical waveguide etc. [58]. 

 

Figure 2.6 Schematic representation of components of an optical biosensor [56] 

Surface Plasmon Resonance (SPR) Biosensors:  Surface plasmon resonance 

(SPR) biosensors work on the principle that incoming light at a given angle induces 

surface plasmons, coherent oscillations of electrons at the interface between a metal 

and a dielectric (e.g., glass) substrate. When target molecules bind to antibodies or 

aptamers attached to a metal surface, the local refractive index changes. SPR is one 

of the most often utilized techniques in the field of on-the-spot detection of cancer 

biomarkers because of its non-destructive nature, rapid and real-time evaluation of 

the intended biomarker with great selectivity and repeatability [59], [60]. As an 

example, for SPR biosensor Wang et al employed the dual signal amplification 

strategy using AuNP-antibody and antibody-QD conjugates for increased 

sensitivity towards AFP, carcinoembryonic antigen (CEA) and cytokeratin 

fragment 21-1 [61]. 
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Chemical Luminescence Biosensors: Chemical luminescence occurs when light 

is emitted from an exergonic chemical reaction that yields an intermediate in its 

singlet excited state, undergoing radiative decay. Several chemiluminescence-

based biosensors have been developed for the quantitative multiplex analysis of 

organic molecules (hormones, drugs, etc.), proteins and nucleic acids. Huang et al 

developed a biosensor where AFP was sandwiched between gold immobilized 

primary antibody and HRP modified secondary antibody which utilized 

chemiluminescence for the detection of biomarker [62]. 

Fluorescence Biosensors: Fluorescence is the emission of photons by molecules 

after absorbing electromagnetic energy. Fluorescence is a great tool for bioanalysis 

that provides an understanding of biological mechanisms, structures and molecular 

interactions. Fluorescence biosensors can achieve sensitivity that reaches the level 

of a single molecule [63]. Several AFP biosensors were developed utilizing 

fluorescence as their detection method. Xu et al. developed a simple and sensitive 

biosensor utilizing fluorescence resonance energy transfer (FRET) for the 

simultaneous detection of multiple tumor target markers integrated by MoS2 

nanosheets with multicolored gold nanoclusters [64]. Guo et al. developed 

biosensors for detection of cancer biomarkers of AFP and CEA using ZnO 

nanowire-integrated microfluidic devices [65]. 

2.6.2 Electrochemical Biosensors 

Electrochemical biosensors detect the electrical signal generated by biological 

reactions. In general, electrochemical biosensors work on the principle that many 

enzyme catalysis reactions consume or produce ions or electrons, causing some 

changes in the electrical properties of the solution that can be detected and used as 

a measurement parameter [66].  The high selectivity of electrochemical signals is 

one of their greatest advantages. Electrochemical biosensors can measure three 

types of electric signal such as current, potential difference and impedance, which 

are called amperometer, potentiometer, impedance biosensors. These types of 

biosensors have gained huge interest from researchers due to their sensitivity, 

portability, affordability and versatility [67]. Moreover, the surface of the electrode 

can be modified with nanomaterials such as carbon nanotubes (CNTs) and gold 

nanoparticles (AuNPs) to further increase their sensitivity and stability [68]. 

Additionally, electrochemical biosensors can be designed in various formats, 
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including disposable strips, microfluidic chips, and wearable devices, catering to 

different application needs [69]. 

 

Figure 2.7 Schematic representation of components of an electrochemical 

biosensor [67] 

Impedance Biosensors: Impedance-based electrochemical biosensors use the 

current response to a small AC voltage to detect changes in resistive and reactive 

properties at the electrode's surface. Impedance biosensors are ideal for point-of-

care applications because they are inexpensive, easily miniaturized, and require 

simple instrumentation [70]. Numerous impedance-based biosensors have been 

developed for the detection of AFP biomarkers. Ciu et al designed an impedimetric 

biosensor by modifying glassy carbon electrode with poly3,4-ethyldioxythiophene 

[71]. Taheri et al imprinted plastic antibodies into the electropolymerized 

polypyrrole on a fluorine-doped tin oxide electrode for the detection of AFP and 

CEA [72]. 

Amperometric Biosensors: Amperometric biosensors monitor the current 

associated with oxidation or reduction of an electroactive species involved in the 

recognition process.  An amperometric biosensor may be more attractive because 

of its high sensitivity and wide linear range [73]. Glucose biosensors are the most 

extensively researched amperometric biosensor, where glucose oxidase catalyzes 

the reaction between glucose and oxygen to produce gluconolactone and hydrogen 

peroxide [74]. Yuan et al designed an amperometric biosensor for AFP detection 

by immobilizing primary antibody on Fe3O4@Au nanoparticles with HRP and gold 

nanoparticle conjugated secondary antibody for signal amplification [75]. 

Potentiometric Biosensors:  Potentiometric biosensors perform by tracking the 

change in potential at an ion-selective electrode (ISE) in response to the contact of 

the target analyte with a specific recognition element immobilized on the electrode 

surface [76]. Potentiometric sensors are small, have a rapid response, simple to use, 
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inexpensive, and resistant to color and turbid interferences [77] Qiang et al 

developed a potentiometric biosensor by immobilizing anti-AFP antibody on the 

surface of platinum disk electrode using gelatin-sliver film as a carrier [78]. 

Cyclic Voltammetry (CV): Cyclic voltammetry (CV) is a powerful and versatile 

electrochemical technique widely used to analyze the redox behavior of molecular 

species. The common applications of CV include the assessment of drug quality, 

determination of phenols and antioxidants, and detection of various biomolecules 

[79]. The applied voltage generates a potential for chemical reaction on the 

electrode surface, where the reactive molecule moves to the electrode surface for 

mass interaction, and the electrode receives the signal, resulting in a current flow 

across the electrode that can be measured cyclically.  Conventional CV 

measurements are performed with a three-terminal configuration of cells that 

includes a working electrode, a counter electrode, and a reference electrode. The 

electrochemical reaction takes place in working electrode and ends the cycle at 

counter electrode, and reference is used as a reference point for other two electrodes 

[80].  

 

Figure 2.8 Simplified CV circuit diagram [81] 

Figure 1.8 represents typical CV voltammogram where the sample starts its 

reduction and reaches its peak anodic current at Epa until it reaches its switching 

potential. Following the switching potential, the sample starts its oxidation and 

reaches its cathodic peak current at Epc until it reaches the starting point.  
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Figure 2.9 A CV voltammogram example [82] 
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3 

MATERIALS AND METHODS 

 

3.1 Materials 

Chemicals: Distilled water, Rink Amide MBHA resin (with Norleucine), 11-

Mercaptoundecaonic Acid. Acetic Anhydrous, Acetonitrile, Alpha fetoprotein 

(AFP), Bicinchoninic acid (BCA) Assay Kit, Biotin, Dimethyl Formamide (DMF), 

Dynabeads M-280 Streptavidin Magnetic Microbeads, Ethanol, Ethanolamine, 

Ferrocyanide, Fmoc-Alanine-OH, Fmoc-Histidine-OH Fmoc-Isoleucine-OH, 

Fmoc-Leucine-OH, Fmoc-Serine-OH, Fmoc-Threonine-OH, Fmoc-Tyrosine-OH, 

Fmoc-Valine-OH, Hexafluorophosphate Benzotriazole Tetramethyl Uronium 

(HBTU), N-Hydroxysuccinimide (NHS), N,N-Diisopropylethylamine (DIEA), N-

(3-Dimethylaminopropyl)-N-Ethylcarbodiimide Hydrochloride (EDC), Phosphate 

Buffered Saline (PBS), Piperidine, Pyridine, Streptavidin,  Trifluoracetic Acid 

(TFA), Triisopropylsilane (TIPS). 

Instruments: Fume Hood was used for solid phase peptide synthesis. LC/MS 

Machine in Bilkent University National Nanotechnology Research Center (UNAM) 

was used for mass characterization of peptides. SHIMADZU Preparative Liquid 

Chromatography System with Thermo Scientific Hypersil GOLD C18 column (250 

mm x 10.0 mm, 12 µm) was used for HPLC analysis. BioTek UV-Vis Plate Reader 

in Dr. Esin AKÇAEL’s Genetic Engineering laboratory was used for UV 

measurements. EBTRO Potentiostat in Assoc. Dr. Prof. İlke GÜROL’s Biophysics 

laboratory was used for CV measurements. 

3.2 Peptide Synthesis 

To select peptides with affinity for alpha fetoprotein (AFP) biomarkers, an 

extensive literature search was conducted and peptide sequences for AFP were 

identified from the literature. The peptides were taken from research on CDR region 

of human anti-AFP antibody, sequence of which was mapped by Hansen et al [83].  

Identified peptide sequences were then undergone docking using the AutoDock 

CrankPep program, docking operations were docked here using the HPEPDOCK 

server by Dr. Sefer BADAY and his team with the help of Dr. Özgür YILMAZ and 
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his team.  The sequences that had most affinity via docking have been selected as 

affinity molecules for AFP detection. Biotinylated SYVIH (Serine-Tyrosine-

Valine-Isoleucine-Histidine) and YTSALLP (Tyrosine-Threonine-Serine-Alanine-

Leucine-Leucine-Proline) peptides sequences have been selected and solid-phase 

peptide synthesis method been used to synthesize peptides. The synthesis was done 

in a fume hood with access to nitrogen gas. Before synthesis, 20% piperidine/DMF 

(v/v), Acetic anhydrous/pyridine/DMF (1:1:10) (v/v/v) solution was prepared. 

 

Figure 3.1 Structure of NH2-YTSALLP-CONH2 sequence 

 

Figure 3.2 Structure of NH2-SYVIH-CONH2 sequence 

The protocol of peptide synthesis is as follows: 

1.  0.022 mmol rink amide MBHA resin (with Norleucine) was placed in the 

column and 5ml of DMF was added.  

2. After an hour when the resin was swollen, DMF was removed from the 

column via vacuum. 

3. The column was washed with 10 ml of DMF 3 times. 

4. 1.5 ml of acetic anhydrous/pyridine/DMF (1:1:10)(v/v/v) solution was 

added into the column and waited for 10 minutes. 
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5. The solution was removed via vacuum and washed with 10 ml of DMF 2 

times. 

6. 2 ml of 20% piperidine/DMF (v/v) was added into the column and waited 

for 10 minutes and removed via vacuum twice. 

7. The solution was removed via vacuum and washed with 10 ml DMF 3 times. 

8. 0.121 mmol Fmoc-x-OH amino acid and 52 mg of HBTU was dissolved in 

3ml of DMF and added into the column and stirred for 30 seconds. 

9. 48 µl of DIEA was added into the column and stirred for 30 seconds and 

left for 1.5 hour minimum. 

10. After the amino acids were added, steps 4-9 are repeated for each amino 

acid. 

11. For biotin addition N-alpha-Fmoc-N-epsilon-(4-methyltrityl)-L-lysine was 

added and then 1% TFA solution in dichloromethane is used to break the 

methyltrityl protection group. After the color changed from white to 

yellow to white again the column was left overnight. 36,64 mg biotin, 80.8 

mg HBTU, 85.2 µL DIEA in 6 ml of DMF was added and left overnight. 

12. After adding biotin, the column was washed with 10 ml DMF and vacuum 

dried. 

13. 4 ml of TFA/H2O/TIPS (95:2.5:2.5)(v/v/v) was prepared. 2 ml of the 

solution was added into the column twice to terminate the peptide synthesis. 

3.2.1 Peptide Characterization and Purification 

Synthesized peptides were sent to Bilkent University National Nanotechnology 

Research Center (UNAM) for liquid chromatography/mass spectroscopy (LC/MS) 

to determine the molecular mass. If the obtained results correspond to theoretical 

value, then peptides are purified using gradient HPLC.  

Peptides synthesized by solid state synthesis method are purified by RP-HPLC. It 

is performed on SHIMADZU Preparative Liquid Chromatography system with 

Thermo Scientific Hypersil GOLD C18 column (250 mm x 10.0 mm, 12 µm). In 

this step, peptides are prepared in high concentrations by dissolving in acetonitrile 

and distilled water. The syringe tip is passed through a filter (0.45 µm), transferred 

to a clean vial and injected into the device. Elution is performed using an 

acetonitrile/water gradient containing 0.08% trifluoroacetic acid. The acetonitrile 

concentration is increased from 1% to 100% over 55 min at a flow rate of 5 ml/min. 
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Column temperature is set to 40 °C and injection volume is set to 5000 µl. Detector 

response peaks are observed at a wavelength of 214 nm. During elution, when the 

detector peaks, peaks thought to be peptide peaks are collected in glass test tubes in 

the fraction collection area of the device. They are then transferred to clean glass 

containers and placed in a lyophilizer. After a 37-hour program, the solvents are 

completely evaporated and dried. The samples are then stored at -20 °C. 

The purity of peptides is determined by analytical HPLC. For this procedure, an 

acetonitrile/water gradient containing 0.08% trifluoroacetic acid (TFA) is used as 

eluent. Acetonitrile is injected at a flow rate of 1 ml/min for 55 min, increasing the 

concentration from 1% to 100%. The injection volume is 25 µl and the column 

temperature is set to 40 °C. The purity of the peptides is calculated at 214 nm 

wavelength. The synthesis of peptides is evaluated by mass spectroscopy analysis. 

3.3 Peptide Immobilization on Magnetic Beads 

When the synthesized peptide achieves <%95 purity, then peptides are immobilized 

on commercially acquired Dynabeads M-280 Streptavidin. SYVIH and YTSALLP 

peptide showing AFP affinity was selected in the modelling for binding to 

Streptavidin coated MMBs. To determine the amount of peptide bound to MMBs, 

100 µg of Streptavidin-coated MMBs and different concentrations of the peptide 

were used in a final volume of 100 µl. The presence of extra unbound peptides in 

the supernatant of the mixture, which reached saturation after binding to the 

available MMBs, was determined by BCA assay.  
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Figure 3.3 Schematic representation of peptide immobilization onto magnetic 

microbeads 

Peptide conjugation to streptavidin-coated magnetic beads was performed as 

follows. 

1. Magnetic beads were resuspended and 80 µl of 10 mg/ml MMB suspension 

was transferred to a vial and kept on the magnetic rack for 3 minutes. The 

supernatant was removed from the medium and MMBs were separated with 

the help of a magnet. 

2. 80 μl of previously prepared PBS-T (0.1% Tween 20) buffer, pH 7.4 was 

added to the MMBs and vortexed for 10 seconds to suspend. 

3. The resulting MMB suspension was transferred to different vials as 10 µl. 

Then different concentrations of peptide solutions were added to the vials 

with MMB suspension to a final volume of 100 µl and gently mixed for 30 

minutes at room temperature. Then the suspension was kept in magnet for 

3 minutes and the supernatant was transferred to a separate vial. 

4. The supernatants were used to determine the amount of unbound peptide.  

5. For calibration, different concentrations of peptides were mixed in PBS 

solution to a final volume of 100 µl.  

6. The washing process was repeated 3 times with PBS. The supernatant was 

resuspended and kept on the magnet for 3 min and then the supernatant was 

separated for characterization. 

 

3.3.1 BCA Assay 

25 µl of peptide solution and supernatant of peptide-bead solution was added onto 

MicroWell™ 96-well plate. 200 μl of prepared BCA stock solution was added onto 

bead solutions, mixed and the samples were incubated at 37°C for 30 minutes and 

the absorbance of all samples was measured at 562 nm with BioTek UV-Vis Plate 

Reader. 

A calibration curve was plotted from the absorbance of the peptide solution, 

establishing the relationship between peptide concentration and absorbance in the 

form of an equation. The obtained equation was then used to determine the 

concentration of the supernatant of peptide-bead solution and the amount of peptide 
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in the supernatant was then calculated. The peptide amount was then subtracted 

from the initial peptide amount and the amount of peptide bound to magnetic beads 

is obtained. 

3.4 Peptide Immobilization on Gold Surface 

Gold electrodes were manufactured, and plasma treated by Assoc. Prof. Ilke 

GÜROL’s team. SYVIH peptide was selected to modify gold electrodes. Different 

concentrations of peptide (0.05,0.1,0.15.0.2 mg/ml) were added to coat gold 

electrodes. Before surface modification 10 mM 11-mercaptoundecaonic acid, 20 

mM N-(3-dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride (EDC) and 

10 mM N-hydroxysuccinimide (NHS), and 10 mM ethanolamine solutions were 

prepared. 

 

Figure 3.4  Schematic representation of peptide immobilization onto a gold 

surface 

The modification of the gold surfaces was performed as follows: 

1. Gold electrodes were washed with ethanol.  

2. After washing the electrode surface, 25 μl of 10 mM 11-

mercaptoundecaonic acid was added onto the gold surface.  

3. After waiting overnight at 4℃, gold electrodes were washed with ethanol 

and dried via nitrogen. 

4. The electric current of the acid modified electrode surfaces was measured. 

5. 25 μl of 20 mM N-(3-dimethylaminopropyl)-N-ethylcarbodiimide 

hydrochloride (EDC) and 10 mM N-hydroxysuccinimide (NHS) solution 

was added onto the electrode surface. 
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6. After incubating for 1 hour at room temperature, gold electrodes were 

washed with PBS and dried via nitrogen. 

7. 25 μl of Streptavidin (1 mg/ml) dissolved in water was added onto the 

electrode surface. 

8. After incubating for one hour at room temperature, gold electrodes are 

washed with PBS and dried via nitrogen. and the electric current is 

measured. 

9. The electric current of the streptavidin modified electrode surfaces are 

measured. 

10. 25 μl of 10 mM ethanolamine is added onto the electrode surface. 

11. After incubating for half an hour at room temperature, gold electrodes were 

washed with PBS and dried via nitrogen. 

12. Biotinylated peptide was added onto the surface modified electrodes. 

13. After waiting for half an hour at room temperature, gold electrodes were 

washed with PBS and dried via nitrogen. 

3.4.1 CV Measurements 

CV measurements of the modified electrodes were taken in Assoc. Prof. Dr. Ilke 

GÜROL’s biophysics laboratory. The electric current of the surface modified 

electrodes was measured with an EBTRO Potentiostat device. 25 μl ferrocyanide 

solution was added on chips and their CV measurements were taken after each new 

molecule is immobilized. For final CV measurement of gold surface with AFP, 25 

μl of 12000 pg/ml AFP solution was added onto a gold surface. The relationship of 

the voltage and the current was plotted, and the graph is smoothed using Origin Pro. 
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4 

RESULTS AND DISCUSSION 

 

4.1 Peptide Characterization 

4.1.1 Results for YTSALLP peptide 

The analytical HPLC result of the YTSALLP peptide chromatogram, and the peak 

value table of the chromatogram are shown. When the chromatogram and table are 

analyzed, it is observed that the purity peak of the peptide comes at 18.5 minutes.  

As a result of analytical HPLC, the purity value of the peak of the peptide was 

measured as 96.9%. 

 

Figure 4.1 HPLC chromatogram of biotinylated YTSALLP peptide 

Table 4.1 HPLC peak table of biotinylated YTSALLP peptide 

 

To confirm that the mass of synthesized peptide corresponds to its theoretical value, 

it was analyzed by mass spectrometry. The mass spectrum showed a mass-to-charge 

ratio of 1117.6. The theoretical value was calculated using “PepCalc.com peptide 

calculator” which calculated the theoretical mass of the peptide as 1117.36 g/mol. 
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It can be inferred that the synthesized peptide has correct sequence due to its 

experimental and mass value similarity [84], [85].  

 

Figure 4.2 Mass spectrum of biotinylated YTSALLP peptide 

4.1.2 Results for SYVIH peptide 

The analytical HPLC result of the SYVIH peptide chromatogram, and the peak 

value table of the chromatogram are shown. When the chromatogram and table are 

analyzed, it is observed that the purity peak of the peptide comes at 16 minutes.  As 

a result of analytical HPLC, the purity value of the peak of the peptide was 

measured as 95.4%. 

 

Figure 4.3 HPLC chromatogram biotinylated SYVIH peptide 
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Table 4.2 HPLC peak table of biotinylated SYVIH peptide 

 

To confirm that the mass of synthesized peptide corresponds to its theoretical value, 

it was analyzed by mass spectrometry. The mass spectrum showed a mass-to-charge 

ratio of 971.53. The theoretical value was calculated using “PepCalc.com peptide 

calculator” which calculated the theoretical mass of the peptide as 971.18 g/mol. It 

can be inferred that the synthesized peptide has correct sequence due to its 

experimental and mass value similarity [84], [85].  

 

Figure 4.4 Mass spectrum of biotinylated SYVIH peptide 

4.2 BCA Assay 

Tripathi et al sought to create an antibody-bead system with high antibody coupling 

efficiency and minimize prep-to-prep variations to decrease the cost of the 

antibody-bead system for further biosensor applications by determining the amount 

of antibody required to saturate a fixed amount of beads [86]. To minimize the 

peptide consumption and create an optimal biosensor surface for AFP detection we 

sought to optimize the coupling efficiencies of peptide on our bead-peptide system. 
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To determine the binding efficiency of the peptides to beads a fixed amount of beads 

were coupled with different concentrations of peptides. Both peptides had similar 

graph to the one plotted by Tripathi et al and the optimal bead-peptide conditions 

were discovered. 

4.2.1 Binding Capacity of YTSALLP 

A calibration curve was created using peptide concentrations between 0-0.4 mg/ml. 

The equation obtained from the graph was used to calculate the bound peptide 

concentration on magnetic beads. The graph has an R value of 0.9895 which shows 

good linearity and can be used to calculate unknown samples. 

 

Figure 4.5 Calibration curve of YTSALLP peptide 

The absorbance of supernatant of bead-peptide conjugation was measured to find 

the bound peptide concentration. The absorbance of supernatant was subtracted 

from initial concentration of peptide before magnetic bead conjugation to calculate 

the binding capacity. The graph was plotted for each initial concentration, and it 

was observed that peptide reaches its binding capacity at 59.8 ug/mg of bead at 

initial concentration of 0.25 mg/ml. 
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Figure 4.6 Binding graph of YTSALLP peptide 

4.2.2 Binding Capacity of SYVIH 

A calibration curve was created using peptide concentrations between 0-0.4 mg/ml. 

The equation obtained from the graph was used to calculate the bound peptide 

concentration on magnetic beads. The graph has an R value of 0.9837 which shows 

good linearity and can be used to calculate unknown samples. 

 

Figure 4.7 Calibration curve of SYVIH peptide 

The absorbance of supernatant of bead-peptide conjugation was measured to find 

the bound peptide concentration. The absorbance of supernatant was subtracted 

from initial concentration of peptide before magnetic bead conjugation to calculate 

the binding capacity. The graph was plotted for each initial concentration, and it 

was observed that peptide reaches its binding capacity at 52 ug/mg of bead at initial 

concentration of 0.25 mg/ml. 
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Figure 4.8 Binding graph of SYVIH peptide 

4.3 CV Measurements 

The CV measurements of SYVIH immobilized gold electrodes with peptide 

concentration 0.05, 0.1, 0.15, 0.2 mg/ml was taken. The maximum current for the 

gold electrodes was measured as 47.6, 46.1, 41.4 and 76.5 mA for concentrations 

of 0.05,0.1,0.15,0.2 mg/ml respectively. From the graphs it can be inferred that 

there is not a relationship that can be observed related to concentration with 

maximum current observed in 0.2 mg/ml peptide concentration. However, peptide 

immobilization with higher concentration showed better decrease in electrical 

current. This might happen dure to salts in PBS affecting the conductivity or MUA 

not fully coating the surface of the gold. 

 

Figure 4.9 CV results of biotinylated SYVIH with a concentration of 0.05 mg/ml  
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Figure 4.10 CV results of biotinylated SYVIH with a concentration of 0.1 mg/ml.

 

 

Figure 4.11 CV results of biotinylated SYVIH with a concentration of 0.15 

mg/ml

 

 

Figure 4.12 CV results of biotinylated SYVIH with a concentration of 0.2 mg/ml  



32 

CV measurements were also done to measure the relationship between SYVIH 

peptide and AFP protein. From the graph it can be inferred that the maximum 

current of a bare gold electrode is 20.5 mA and with the immobilization of 

chemicals the conductivity of the electrode decreases. The addition of MUA greatly 

inhibits the conductivity of gold electrode as the maximum current becomes 3.4 

mA. The addition of SYVIH increases the maximum current to 4.4 and the final 

addition of AFP drops the maximum current to 3.04 mA. This result was somewhat 

similar to a result found by Zhao et al which showed a decreasing current signal 

with increasing AFP concentration.  It can be inferred that there is a relationship 

between AFP and SYVIH. However, this relationship alone cannot guarantee 

SYVIH affinity and binding with AFP and further tests may be required. 

 

Figure 4.13 CV results of a bare gold electrode 

 

Figure 4.14 CV results of a gold electrode modified with MUA 
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Figure 4.15 CV results of a gold electrode modified with SYVIH peptide 

 

Figure 4.16 CV results of a gold electrode modified with AFP protein 

 

 



34 

5 

CONCLUSION 

 

The aim of this thesis is to aid in the development of a potential surface for detection 

of hepatocellular carcinoma. Peptide sequences determined from Complementarity 

Determining Region (CDR) of human anti-AFP antibody were chosen for AFP 

detection. In this thesis, the peptides were synthesized using solid-phase peptide 

synthesis method and immobilized into magnetic beads and gold electrodes. After 

immobilization of the peptides, the relationship of the surface with the peptides was 

measured.  

AFP has low sensitivity towards HCC, especially in the early stages. Studies have 

shown that AFP gives reliable results largely in later stages when the tumor burden 

is higher.  Aptamers have an advantage over due to their simplicity, stability, and 

affordability. Relying on these advantages, aptamers can be a great tool for 

increasing   the sensitivity of AFP biosensors, thus reducing the time when sensor 

can detect HCC, thus making it easier to treat. 

The peptides were synthesized using solid-phase peptide synthesis on a glass 

column on rink amide MBHA resin (with Norleucine). After the synthesis, peptides 

were modified with biotin because of its selective binding to streptavidin. Modified 

peptides were then immobilized onto magnetic microbeads and gold electrodes to 

observe their interactions with various surfaces. 

The concentration of immobilized peptides streptavidin coated magnetic 

microbeads were determined using bicinchoninic acid assay (BCA) and the 

optimum concentration of peptide per mg of bead was determined. Both YTSALLP 

and SYVIH peptides showed optimum binding at the initial concentration of 0.25 

mg/ml peptide per 0.1 mg of beads with binding of 59.8 mg/mg and 52 mg/mg 

respectively. Both peptides showed somewhat similar optimum concentration when 

conjugated with streptavidin coated magnetic beads. Peptide conjugated beads can 

be used in a variety of HCC related biosensor applications such as microchannel 

binding and magnetic enzyme-linked immunosorbent assay (MELISA) due to their 

easiness of immobilization and release using magnets. 
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SYVIH peptide also was immobilized onto gold surfaces and its cyclic voltammetry 

measurements were taken to determine its relationship with gold surface and AFP. 

CV measurements of peptide in different concentration showed somewhat irregular 

results which might be the result of PBS influence on conductivity or MUA not 

fully coating the surface. However, SYVIH immobilization on higher 

concentrations showed a greater reduction in conductivity. After immobilization 

the peptide inhibited the conductivity of the gold surface and addition of AFP 

further inhibited the conductivity. However, the addition of peptides onto gold 

surfaces in different concentrations showed somewhat different results with the 

highest concentration having highest conductivity. From the CV measurements it 

can be inferred that addition of AFP changed the conductivity of the gold electrode 

and it can show that SYVIH and AFP interacted. However, this cannot be used as 

proof that AFP selectively binds to SYVIH peptide and further analyses are needed. 
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