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Chapter I 

Introduction 

1.1) Background Information/ Statement of the Problem 

 Nowadays new technique such as biosensor plays an important role for 

detection of DNA especially electrochemical biosensor (1) because it is easy to 

invent, rapid, specific, cost effective, less time-consuming, and can detect DNA semi-

quantitatively. Although polymerase chain reaction (PCR) using together with agarose 

gel electrophoresis and real time-PCR techniques are generally used to identify the 

gene-associated diseases (2, 3), detection of DNA by electrophoresis is time-

consuming and can vary upon many factors such as agarose gel quality, or type of 

running buffer. Moreover, quantitative analysis of the amplification product by real-

time PCR technique is very expensive and requires sophisticated instrument and 

technical skill. So, the electrochemical biosensor technique has been developed to 

replace gel electrophoresis procedure. Basic biosensor consists of two main parts. 

First part is the recognition part. Biomolecule that is specific to the target such as 

nucleic probe is immobilized on the transducer. In this part, the reaction between 

specific target and immobilizing probe will create the indicated signal that can be 

detected by the second part. The second part is a transducer that can convert the 

indicated signal from the previous part to a readable signal such as light or electrical 

signal (4, 5). The transducer can be modified to gold electrode to increase efficiency 

of detection (6, 7), or using the electroactive indicator as mediator to transfer electron 

from the reaction to the electrode, or use DNA intercalator that can bind to DNA and 

causes change in electron transfer to electrode such as Hoechst 33258 as a label (8). 

However, all of these methods need difficult steps of immobilizing the DNA probe on 

the surface of the electrode before hybridization. To reduce immobilization step, the 

aggregation phenomenon of the target DNA with of Hoechst 33258 to determine 

presence and absence of DNA in the solution was implemented (9, 10). Hoechst 

33258 can bind to minor groove of DNA so, it’s more specific to dsDNA than 

ssDNA.  

 In this study, we applied electrochemical technique with DNA aggregation 

induction by Hoechst 33258 to detect commonly expressed gene, -actin, and 
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compared its correlation and efficiency with conventional agarose gel technique. 

Finally, this technique was applied to detect a gene of interest, receptor for advanced 

glycation endproducts (RAGE).  RAGE is a receptor which upon binding to some 

types of its specific ligands will cause pathological effects in many types of chronic 

degenerative diseases such as diabetes, atherosclerosis and cancer (11-14). Human 

liver carcinoma (HepG2) and human cervical cancer (HeLa) cell lines which were 

previously reported to have RAGE gene expression (15) will be used for semi-

quantitative detection of RAGE gene expression in this study. Thereafter, the degree 

of gene expression in both cell lines will be compared by using the relative copy 

numbers.  

 

1.2) Objectives 

1. To semi-quantitatively detect commonly expressed gene, -actin, by 

electrochemical biosensor technique and compared its correlation and efficiency with 

conventional agarose gel technique 

2. To apply electrochemical biosensor technique to detect a gene of interest, receptor 

for advanced glycation endproducts (RAGE) 

1.3) Key words: electrochemical biosensor, DEP chip, Hoechst 33258, gene 

expression, RAGE, -actin  
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Chapter  II 

Literature review 
 

2.1 Technology for gene detection and application  

  There are several methods to detect DNA.  

  2.1.1) Conventional agarose gel electrophoresis. This is one of the most 

well-known tools developed to detect several types of genes. However, it is time-

consuming and has low sensitivity because the detection of product depends on gel 

electrophoresis step that can be varied, not only in type of agarose gel but also in 

buffer and the applied voltage.  

  2.1.2) Real time PCR. The technique has been introduced in order to 

accelerate the speed of detection and enhance process efficiency. Real time PCR is a 

quantitative determination that can detect a real product at a real exponential phase 

and can be used to detect chronic disease such as diabetes (2) and cancer (3), etc. 

However, this technique requires a sophisticated instrument and high level of 

technical skill. Furthermore, chemicals are expensive.  

  2.1.3) Biosensor technique. This new technology has been applied for 

detecting nucleic acid, enzyme, antibody, etc. Generally, biosensor consists of two 

main parts as shown in figure 1. The first part is recognition part. This part contains  

biological substances that are specific to target analysis  such as nucleic acid, enzyme, 

antibody which are immobilized on the transducer. The second part is transducer 

which can convert specific signals to readable signals such as light, current or 

frequency (4, 5).  

  

 

Figure 1 Electrochemical biosensor (4). 

   2.1.3.1) Principle of biosensor. Detection by biosensor consists of three 

steps. Firstly, the biological substance that is specific to the target is immobilized on 
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the transducer. Secondly, the target binds specifically to immobilized substance and 

this is called biological recognition. This part will generate the indicated signal from 

the reaction such as electron, ion, gas, thermal, light or mass, etc. Finally, the 

transducer converts indicated signals from step two to readable signals, this step is  

called physical transduction. The appropriate transducer is an important factor for 

detecting indicated signals efficiently. For examples, if the indicated signal is an 

electron, the transducer is an electrode and if the indicated signal is ion, the transducer 

is ISE (ion selective electrode), etc. In general, good transducer should be sensitive 

and can response rapidly to indicated signals. 

   2.1.3.2) The main transducers. Transducers which are used in the 

biosensor technique are (a) optical biosensor, this technique depends on the optical 

property such as absorption, transmission, reflection, fluorescence and luminescence; 

(b) piezoelectric crystal biosensor depends on quartz crystal, the frequency of 

vibration is affected by mass of a material adsorbed on the surface; and (c) 

electrochemical biosensor (16, 17), which can be subclassified into three types. The 

first type is amperometric that measures a change in electric current as a result of 

electron transferring from sample to the electrode by oxidation or reduction reaction. 

The second type is potentiometric, a measuring instrument is developed to capture a 

change in voltage or electric potential, this technique is based on pH or p(ion). The 

last type is conductimetric in which capture conductivity or change in conductance/ 

resistance of the solution is measured, but this technique is unpopular (18, 19).  

  Each type of biosensor can be applied to detect DNA. However, the 

amperometric biosensor is widely used to detect gene or DNA hybridization or 

expression than the others. This is because most reactions give an electron directly 

(depended on redox reaction) and the process is fast and cost-saving (7, 20-23). 

  2.1.3.3) The electrochemical DNA biosensor or genosensor. The 

DNA probes that are specific with the DNA target are immobilized on an electrode. 

The electrode for detecting DNA hybridization mostly uses carbon, gold and mercury 

electrode (20). However, amalgam,  mercury film carbon, and other solid electrodes 

can also be used as DNA electrode  in the DNA hybridization sensors (24). After that, 

indicated signal that is generated from the hybridization is transduced into a current 

signal for displaying or analyzing as depicted in figure 2.  
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Figure 2 DNA Hybridization of conventional electrochemical DNA biosensor with 

DNA probes (21). 

 

  2.1.3.4) Detection of DNA hybridization with electrochemical 

biosensor. There are two categoriess (25), the first one is label free or direct detection 

that depends on the direct guanine oxidation signal (indicator-free), and the second 

one is label based or indirect detection that is dependent on electroactive hybridization 

indicator.  

  A) Label free or direct detection 

  Guanine residue plays an important role in detecting guanine oxidation signal 

because it is electrochemical oxidation molecules in DNA that are more reactive than 

other bases (26). This technique consists of three crucial steps as shown in figure 3, 

carbon and mercury electrode were used to detect the signal. Regarding those steps, it 

can be categorized as follows: Immobilization of guanine probe on the electrode, 

hybridization with complementary target DNA, and detection of the current via 

guanine oxidation signal by voltammetry.  
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Figure 3 Three steps of electrochemical DNA biosensor detection of guanine 

oxidation signal (25). 

  The signal decreases when hybridization occurs. This is because guanine in the 

hybridized form or dsDNA is hidden in duplex structure and hard for the oxidation 

process to take place while guanine in ssDNA can be oxidized easier (27, 28). 

However, guanine probes cannot detect its target containing guanine bases because 

they themselves interfere the guanine probes signal. Thus, inosine-substituted probes 

(guanine free) that bound to cytosine residue are adopted instead of guanine probes. 

Consequently, the signal increases after hybridization because the signal depends 

solely on the target guanine (29). In addition to carbon and mercury electrode, 

modifying probe to gold can increase the efficiency of hybridization detection and 

mismatch oligonucleotide (30). As a result, guanine oxidation signal is applied to 

detect not only DNA hybridization or discrimination between complementary DNA 

and mismatch DNA (29) but also telomerase activity that is a biomarker for cancer 

cells (31), RNA hybridization for detection of the fecal indicator bacterium 

Escherichia coli for water-quality monitoring (32), apolipoprotein E (apoE) sequences 

in PCR samples (33) and the Catechol-O-methyltransferase (COMT) Val108/158 Met 

polymorphism that is related to schizopheria (34).  
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                       B) Label based or indirect detection 

This detection technique is introduced as a better alternative for 

electrochemical detection. It depends on electroactive indicators for detecting DNA 

hybridization. It consists of four basic steps; a) immobilization probes (ssDNA) on the 

electrode, b) hybridization between probes and specific targets, c) reaction between 

the indicator and dsDNA on the electrode surface, and d) transduction to current via 

voltametry as illustrated in figure 4. There are many types of  indicators as following.  

 a) Cationic metal complexes  

Cationic metal complexes consist of Co(phen)3
3+

, Co(bpy)3
3+

, Fe(bpy)3
3+

, 

[Ru(NH3)6]
3+

 and Ru(bpy)3
2+

, etc (35-37). These indicators
 
are mostly used as 

mediator for transporting electrons from the guanine oxidation to electrode as shown 

in figure 5. However, Yang and Thorp (38) applied this method to detect trinucleotide 

Repeat Expansion. The currents is detected from the oxidation of the immobilized 

guanines by Ru(bpy)3
3+

 that would increase with the number of repeats at tin oxide 

electrode. 

 

Figure 4 The four steps- indirect detection by using electroactive indicators for 

detection DNA hybridization (25). 
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Figure 5 Guanine oxidation mediated by a ruthenium complex in solution in 

electrochemical DNA biosensor with DNA probes (21). 

 

      b) DNA intercalators   

DNA intercalators are the molecules that can bind DNA in different ways. The 

properties of intercalator are imperative for high sensitivity gene detection. Various 

types of intercalators were compared in order to select an appropriate intercalator for 

the DNA sensor (1).  

  (a) Organic dyes  

Examples of organic dyes are acridine orange and methylene blue. 

Acridine orange is used to detect hybridization and specific sequences of 

Trichoderma harzianum which is difficult to culture (39). However, the 

electrochemical signal derived from acridine orange is small and can bind with 

dsDNA and ssDNA. Thus, this dye has low sensitivity and is not appropriate for 

discriminating dsDNA from ssDNA. Methylene blue can bind specifically to guanine 

bases and is used as mediator to transfer electron to the electrode (40) or used to 

distinguish dsDNA from ssDNA using hairpin DNA probe (41). The result shows that 

methylene blue can bind to dsDNA better than ssDNA or used for gene sequence 

related to Trichoderma harzianum (42) and used for recognition of native yeast DNA 

sequence (43). 
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  (b) Antibiotics  

Antibiotics such as daunomycin and mitoxantrone (MXT) are anti-

tumor antibiotics. The daunomycin bound to dsDNA by intercalating and bound to 

ssDNA by electrostatic interactions. It separates the dsDNA from ssDNA by detecting 

different electrochemical signals. In addition, the electrochemical signal of 

daunomycin is not influenced by the oxidation derived from oxygen and 

oligonucleotide probes (44).  Daunomycin is applied for detecting the hybridization of 

DNA and capturing low-molecular weight compounds (toxins, pollutants, drugs) that 

has affinity for nucleic acids (18, 45). Mitoxantrone can bind tightly to major groove 

of DNA in reversible redox process in cyclic voltammetry (46).  

  (c) Bisbenzimide dyes 

Example of bisbenzimide dyes is Hoechst 33258, which structure is 

shown in figure 6.  

  

Figure 6 Structure of Hoechst 33258. 

(http://en.wikipedia.org/wiki/Hoechst_stain; access on 18/09/2553) 

 

  Originally, Hoechst 33258 is a fluorescent dye mostly used to detect 

DNA or tracking DNA replication (47).  It can bind effectively within a minor groove 

(48, 49) of double strand DNA at A-T rich region (figure 7) (48, 50-52).  

 

http://en.wikipedia.org/wiki/Hoechst_stain
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Figure 7 Hoechst 33258 binding to minor groove of DNA (53). 

 In the electrochemical detection, electrochemically active dye plays an 

important role. In the free form, it is oxidized on the electrode to give an electron to 

produce electrochemical signal which can be measured as anodic current peak (8, 53). 

The anodic current peak is measured via linear sweep voltammetry (LSV). This dye is 

widely used to detect hybridization of the interested gene or DNA (1, 54) because it 

can bind to dsDNA more specific than ssDNA according to minor groove property. 

The anodic signal will decrease when hybridization occurs comparing to without 

DNA in the solution.  In addition electrode can be modified to gold to increase 

efficiency (55). 

However, all of the electrochemical biosensors that were mentioned above 

require immobilizing step of capturing probe on the electrode which is difficult to 

prepare and time-consuming. Kobayashi, et al. (9) has developed electrochemical 

DNA biosensor for  DNA quantification without immobilizing probe on the electrode. 

This help reducing time and cost by using Hoechst 33258 as a redox active compound 

to aggregate with DNA that was previously amplified by polymerase chain reaction 

(PCR). The Hoechst 33258 is commonly used because the effect of DNA aggregation 

by this molecule is better than the others (56). The anodic current signal was 

measured by linear sweep voltammetry (LSV) and was reversely proportional to DNA 

concentration. In other words, if there is a large number of DNA in the solution, the 

anodic current signal will decrease because there is a small amount of free Hoechst 

33258 left in the solution. On the other hand, if the amount of DNA in the solution is 

low, the anodic current peak will increase as shown in figure 8.     
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Figure 8 Electrochemical DNA biosensor without immobilizing probe using 

Hoechst 33258 (9). 

 

 The electrochemical biosensor using Hoechst 33258 has been applied for 

detecting DNA in many areas such as detection of bovine constituents in feedstuff 

(10), detection of single nucleotide polymorphisms (SNPs) of clinically important 

alleles by using disposable electrochemical printed (DEP) chip as demonstrated in 

figure 9 (57), identification of meat species by using DEP chips with loop mediated 

isothermal amplification technique (58). The electrochemical biosensor aggregated 

with Hoechst 33258 is easy to use, cheap, and helpful in reducing time of testing 

because it eliminates immobilizing step which can reduce operating expenses for 

specific probes. Moreover, when it is used in conjunction with PCR, it can increase 

the efficiency of detection.  



12 

 

 

Figure 9 Disposable Electrochemical Printed (DEP) chip for SNP detection (57). 

 

  However, most of the electrochemical biosensor techniques are applied to 

detect DNA hybridization with electroactive indicator. In this study, we has modified 

the label-free electrochemical biosensor by using disposable electrochemical printed 

(DEP) chip, Hoechst 33258, and linear sweep voltammetry (LSV) for semi-

quantitative detection of gene expression. The technique will be modified to detect 

commonly expressed gene, -actin, that is a housekeeping gene and compare its 

correlation and efficiency with conventional agarose gel electrophoresis technique. 

Finally, this technique is applied to detect a gene of interest, receptor for advanced 

glycation endproducts (RAGE), which is a receptor which upon binding to some types 

of its specific ligands will cause pathological effects in many types of chronic 

degenerative diseases  

 

2.2 Receptor for Advanced Glycation Endproducts (RAGE)  

  RAGE is a member of the immunoglobulin superfamily of cell surface 

molecules which locates on chromosome 6 in the MHC class III region (59). The full 

RAGE receptors consist of 5 domains. The first domain is cytosolic domain or 
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cytoplasmic tail which is responsible for signal transduction. The second one is 

transmembrane domain which anchors the receptor in the cell membrane. The third is 

variable domain which binds the RAGE ligands, and the last two parts are constant 

domains (figure 10).  

 

 

Figure 10 Schematic representation of RAGE. Domains of RAGE are shown 

with corresponding amino acid numbers (60). 

 

The full length RAGE cDNA consists of 11 exons. RAGE can occur in many 

isoforms as a result of alternative splicing (61). The spliced forms lead to change in 

the protein coding region of RAGE, for example, protein changes in the ligand-

binding domain of RAGE or the removal of the transmembrane domain and cytosolic 

tail. In human lung and cultured aortic smooth muscle cells, there are 19 naturally 

occurring RAGE splicing. Most of the alternative spliced form is RAGEv1 and it is 

named as esRAGE or soluble RAGE (sRAGE) (60, 62, 63). However, the most 

abundantly expressed form of RAGE in lung tissues and smooth muscle cells is full 

length. In human brain, there are three established RAGE isoforms (64) such as full 

length RAGE (RAGE), secretory RAGE (sRAGE), and N-truncated RAGE 

(NtRAGE), but the most abundant form of RAGE in the hippocampus is RAGEv1 .  

  RAGE is normally found as surface receptor in endothelial cells, vascular 

smooth muscle cells, leukocyte, macrophages, the nervous system, lungs, muscles, 

peritoneum and the kidneys. RAGE is normally expressed at low levels in most tissue 

except lung (65). It can bind to multiligands (66, 67); such as advanced glycation end-

products (AGEs) (68), amphoterin or HMGB1 (69), S100/calgranulin family (70), 
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Mac-1 (M2,CD11b/CD18) or leukocyte integrin (71) and Amyloid-β-protien (72, 

73). Upon binding to its ligands, AGE can trigger signal transduction that leads to 

pathogenesis. RAGE implicates with various chronic pathologies depend on its ligand 

(74) such as diabetes, inflammation (75), cancer, macrovascular disease, Alzheimer’s 

disease (AD) or amyloidoses (76). Ligands of RAGE and the associated 

pathophysiological settings are shown in figure 11.  

 

Ligand for receptor for AGE Physiologic/ pathophysiologic impact 

    

Advanced glycation endproducts        Diabetes, renal failure, amyloidoses, 

      (e.g. CML-adducts) inflammation,  

  oxidant stress, aging 

    

Amyloid-b peptide and b sheet    Alzheimer' s disease, amyloidoses 

fibrils   

    

S100/ calgranulins  Development, neurite outgrowth 

  inflammation, tumour biology 

 

Figure 11 RAGE ligands and their pathophysiological state (68). 

 

 2.2.1) Advanced Glycation Endproducts (AGEs) 

 This is the common ligand for RAGE. Normally, AGEs are usually formed in 

hyperglycemia especially in diabetic condition (14), prolonged inflammation, aging 

and oxidative stress condition (77). They are formed through three pathways as 

illustrated in figure 12.  
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Figure 12 Diagram of advanced glycation end product (AGE) formation(14). 

 

The first pathway is glycation pathway. This pathway depends on glucose 

concentrations, time and temperature. There are several steps of AGE formation. 

Glucose will bind with protein and form Schiff base. Then, it will be transformed into 

Amadori products and to intermediary glycation products before becoming AGEs. 

The second pathway is polyols pathway in which the glucose is transformed by 

adolase reductase to sorbitol. Then, sorbital is converted to 3-deoxyglucosone by 

sorbitol dehydrogenase. After that, protein will bind with the intermediate product to 

form AGE and the last pathway is glycoxidation, which depends on oxidative stress 

and leads to form glyoxal and methylglyoxal which are unstable, so, they can rapidly 

react with protein and form AGE. 

 AGEs- RAGE interaction (78) 

 The mechanism is reduction in endothelial nitric oxide synthase (eNOS) that 

results in nitric oxide (NO) reduction; activation of nicotinamide dinucleotide 

phosphate  (NAD(P)H) oxidase  which catalyzes the chemical reaction and provides 

reactive oxygen species (ROS); activation of RAS p21 which is a GDP/GTP binding 

G protein that leads to activation of MAP kinase signaling; activation of P38 mitogen-
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activated protein kinases (p38 MAP kinase) ; and activate cell division cycle 42 

protein (Cdc 42) to activate Rac which is a subfamily of the Rho family of GTPases 

and small (~21 kDa) signaling G proteins. The latter four pathways can activate 

transcription factor such as nuclear transcription factors (NF-B) to increase 

transcription of endotheli, intercellular adhesion molecule-1 (ICAM-1), vascular 

adhesion molecule-1 (VCAM-1), vascular endothelial growth factor (VEGF), 

Interleukin-6 (IL-6), tumor necrotic factor (TNF-) and RAGE. All of the proteins 

cause functional and structural changes manifestations which lead to symptoms of 

diabetic vascular complications (79) as shown in figure 13. 

 

Figure 13 Effects of AGEs-RAGE interaction (79). 

 

http://en.wikipedia.org/wiki/Rho_family_of_GTPases
http://en.wikipedia.org/wiki/G_protein
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AGE binds to RAGE in diabetes complication alters cellular properties especially 

in vascular homeostasis (11) and causes many implication such as atherosclerosis 

(12, 80), cardiovascular disease (81), renal glomerulus (82) and inflammation 

(83, 84). 

           2.2.2) Amphoterin (HMGB1) ligand 

 Amphoterin (HMGB1) ligand or a high-mobility group box1 is a nonhistone 

chromosomal DNA-binding protein. It is normally found in nucleus.  

 HMGB1- RAGE interaction 

 Amphoterin is released by necrotic cell (85) acting as a mediator in tissue 

injury and inflammation (86, 87). In addition, amphoterin is expressed and secreted 

by cancer cells. It causes cellular activation and results in increase expression of 

cytokine and growth factor, NF-B. In tumor, the HMGB1 is implicated in tumor 

formation, progression and metastasis. High level of HMGB1and RAGE appear in 

several solid tumor implicate with metastasis tumors (88) except for corresponding 

tumor tissue of non-small cell lung cancer that expresses RAGE at low level (89). 

Thus, the HMGB1-RAGE axis is related to inflammation and cancer (90). In addition, 

the RAGE-amphoterin reaction plays an essential role in the migration of monocytes 

through the endothelium (91). 

 2.2.3) S100/ calgranulin family ligand 

 S100 proteins has a low molecular weight (~11 kDa) that can bind with 

calcium via EF hand motifs (92). An EF-hand is a helix-loop-helix motif that 

coordinates Ca
2+

 binding. It is expressed in vertebrates exclusively, display a cell-

specific distribution, and regulate a large variety of intracellular activities such as cell 

proliferation, differentiation and shape, membrane trafficking, Ca
2+

 homeostasis, 

protein phosphorylation, transcription, cytoskeleton dynamics. S100 proteins consist 

of many members (93) especially, S100A11 and S100B which is secreted from 

astrocytes and neuron (94, 95). They are the best characterized proteins (96). 

 S100/ calgranulin family- RAGE interaction (97) 

 S100A11 binding with RAGE stimulates inflammation-induced chondrocyte 

hypertrophy (80, 87, 98). S100B binding with RAGE leads to neuronal survival (99, 
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100) neurite extension1, neuronal injury or apoptosis (101), stimulation of IFN-γ- 

inducible protein expression in monocytes3 (102). In addition, S100 protein family 

such as S100P has been shown to mediate tumor growth, drug resistance, and 

metastasis through RAGE binding because S100P is specifically expressed in cancer 

cells in adults. So, blocking S100P-RAGE interaction shows effective therapy for 

cancer (103, 104) 

 2.2.4) MAC-1or leukocyte integrin 

 MAC-1 (M2, CD11b/CD18) was originally described as a cell surface 

marker for macrophages (105). Mac-1 plays roles in inflammatory process and 

contributes to emigration from the vessel (106). The recruitment of leukocytes from 

the circulation into surrounding tissues at sites of inflammation or injury requires 

multisteps; step one , adhesive and signalling events; step two, including selectin-

mediated capture and rolling; step three, leukocyte activation; step four,  integrin-

mediated firm adhesion and step five, their subsequent transendothelial migration 

(107). 

 

Figure 14 Leukocyte recruitment in inflammation (108) 
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 MAC-1or leukocyte integrin- RAGE interaction  

the RAGE–Mac-1 interaction related to leukocyte migration. In vitro, RAGE-

dependent leukocyte adhesion to endothelial cells is mediated by a direct interaction 

of RAGE with the 2-integrin (Mac-1) involving in the transcription factor NF-B 

(109) and the interaction is increased by the proinflammatory RAGE-ligand such as 

ligand, S100-protein. So, The RAGE– Mac-1 interaction is a novel pathway of 

leukocyte recruitment relevant in inflammatory disorders associated with increased 

RAGE expression (71). 

 2.2.5) Amyloid-β-peptide (Aβ) and β-sheet fibrils ligand 

 Amyloid-β-peptide composes of 39-43 amino acids. It is neurotoxic and induces 

oxidative stress in endothelial cells (110). Excessive accumulation of Aβ in central 

nervous system (CNS) leads to Alzheimer’s disease (111).  

 Amyloid-β-peptide-RAGE interaction (73, 112) 

 This interaction leads to the transportation of amyloid  across the blood- brain 

barrier (BBB) into central nervous system (CNS) and expression of proinflammatory 

cytokines and endothelin-1. To confirm the role of RAGE in BBB transportation of 

A, the homogenous RAGE null mice were studied (80). The result found that the 

BBB transport of A was invisible in RAGE null mice (72) so RAGE was related to 

transportation of A across BBB.  
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Figure 15 Potential strategy to prevent RAGE activation in Alzheimer’s disease 

across blood–brain barrier (112). 

 Figure 15 suggests that adding RAGE inhibitors (item 1), or sRAGE mimetics 

(item 2) into the circulation will reduce full length RAGE activation by endothelial 

cells at the blood–brain barrier (step 3)  and promote A transport from brain to the 

periphery by Low-density lipoprotein-related protein (LRP-1) (step 4). This will 

reduce the effects of other RAGE inflammatory ligands (S100/calgranulins and 

AGEs) in the brain and circulation (step 5). 

 In conclusion, RAGE is related to pathology because it can bind to multiligands 

such as AGE, HMGB1, S100 family, Mac-1and A protein and cause signaling 

induction of the deleterious cascades. The RAGE variants occur from alternative 

splicing and RAGE variants from each organ are different. In addition, there are many 

studies supporting that the soluble RAGE has an ability to neutralize AGE actions 

(113) or can be used as therapeutic targets for cardiovascular diseases (114), reduced 

risk for AD (112), coronary artery disease, and hypertention (115-118). 
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Chapter III 

Materials and Methods 

3.1) Materials 

Equipments      Manufacturers, Country 

1)   -20 
o
C Freezer      Sanyo Electric, Japan  

2)   -80 
o
C ULT Deep Freezer    IlShin Lab, Korea 

3)   4 
o
C Refrigerator      Sharp , Japan 

4)   Analytical Balance     Mettler Toledo, Switzerland  

5)   Auto pipette       Gilson, France  

6)   Block heater       Wealtec, USA 

7)   Cell Culture Flask (25 cm
2
)    SPL Life Sciences, Korea 

8)   Centrifuge tube 15, 50 ml    Corning, USA 

9)   CO2 incubator      Sheldon Manufacturing, USA  

10) DEP chip (SP-P and EP-N model)   BioDevice Technology, Japan 

11) DNA Chip Tester       BioDevice Technology, Japan 

12) Disposable Serological pipette    Corning, USA  

      (5, 10 ml) 

13) Electrophoresis power supply    Bio-Rad, USA 

14) Gel documentation (Gel Doc)    Syngene, UK  

      systems 

15) Gel Electrophoresis Apparatus    Bio-Rad, USA  

16) Glasswares       Pyrex, USA 

17) Microcentrifuge      Denver Instrument, USA  

18) Microcentrifuge tubes (1.5 ml)    Bio-Rad, USA 

19) NanoDrop       Bioactive, USA 

      (UV-Visible Spectrophotometer)  

20) PCR tubes       Bioscience, USA 
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21) Six-well plates              Corning, USA 

22) Syringe filter      Corning Life Sciences, USA 

23) Thermal Cycler (PTC-200)             MJ Research, USA 

24) Vacuum Concentrator              Thermo Electron, USA      

      (DNA SpeedVac)                                     

25) Vortex Mixer                                    Finepcr, Korea  

26) Water Bath                                           Memmert, Germany 

 

Chemicals       Manufacturers, Country 

1) Agarose gel       Research Organics, USA 

2) Ampicillin       Atlantic, Thailand 

3) Bacto tryptone       Biobasic, Canada 

4) Diethyl pyrocarbonate (DEPC)     Sigma Aldrich, USA 

5) DNA ladder 100 bp       Fermentas, Canada 

6) Dulbecco’s modified       HyClone, USA 

   Eagle’s medium (DMEM) 

7) EDTA-Trypsin 0.25% (1X)     HyClone, USA  

8) Ethanol         Merck, Germany  

9) Ethidium bromide       Sigma Aldrich, USA  

10) Fetal bovine serum (FBS)     HyClone, USA 

11) Maxiprep kit        Invitrogen, USA 

12) NucleoSpin
®
 RNA II      Macherey-Nagel, Germany 

13) Phosphate buffered saline (PBS)    HyClone, USA 

14) Potassium phosphate           Biobasic, Canada 

       (Monobasic, anhydrous) 
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15) Potassium phosphate   Biobasic, Canada 

      (Dibasic, anhydrous) 

16) Primer           Pacific Science, France 

17) Taq DNA polymerase kit       Fermentas, Canada 

18) Tri-RNA Reagent       Farvogen, Taiwan 

18) Verso cDNA synthesis kit       ABgene, UK 

19) Yeast extract         Biobasic, Canada 

 

3.2) Methods 

 The methods used in this study can be divided into five parts according to the 

diagram below.



       2
4 

               
 

 

 
3.2.1 HeLa cell lines HepG2 cell lines 

  RNA extraction 

300 ng 300 ng 1,200 ng 1,200 ng 

 RT-PCR  

6-well plate 6-well plate 

  RNA dilution 
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            3.2.1) Extraction of RNA and RT-PCR amplification 

HeLa and HepG2 cell lines were cultured in 25 sq.cm flasks with 10% FBS 

DMEM at 37 °C under 5% CO2. Then, HeLa and HepG2 cells were seeded in six-

well plate at a cell density of 1×10
6
 cells/well in complete growth medium, 

incubated overnight at 37 °C under 5% CO2, and total RNA was extracted by two 

techniques. The first technique is Tri-RNA reagent and the second is nucleospin 

RNA II kit, then RNA concentration was measured by NanoDrop. For Tri-RNA 

protocol, firstly, wash cells 2 times with 1X PBS, then, add Tri-RNA reagent 1 

ml, then transferred 1 mL of cell suspension to 1.5 ml new tube. Add 200 µl 

chloroform, mix by inversion and vortex. Then, incubate at room temperature for 

15 minutes. After that, centrifuged the mixture at >12,000 x g for 15 minutes at 4 

ºC and carefully removed the supernatant into a 1.5 ml new tube, add 500 µl cold 

isopropanol into the  supernatant tube and gently mixed by inversion. Then, 

incubate at -20 ºC for 30 minutes and centrifuged the mixture at >12,000 x g for 

15 minutes at 4 ºC. Removed and discarded the supernatant and dried by placing 

the top of the tube on RNASE free paper. Then, resuspended the RNA pellet in 1 

mL 70% ethanol. (RNA from this step can be kept for 1 year at -20 ºC). 

Centrifuged the mixture at >7,500 x g for 5 minutes at 4 ºC, removed and 

discarded the supernatant. Air-dried the pellet by placing the top of the tube on 

RNase free paper for 30 minutes and speed vac for 1 minute. Then, resuspended 

RNA pellet in 30 µl RNase-free water (DEPC treated water). After that, incubated 

at 65 ºC for 10 minutes and stored RNA at -20 ºC or - 80 ºC. For RNA isolation 

by commercial kit, the method was as described by the manufacturer’s manual 

(119). Cells were lysed by incubation in a lysis buffer that contains large amounts 

of chaotropic ions in order to inactivate RNases. The lysis buffer created 

appropriate binding conditions which favored adsorption of RNA to the silica 

membrane. Contaminating DNA which also bound to the silica membrane was 

removed by an rDNase solution which was directly applied onto the silica 

membrane during preparation. Simple washing steps with two different buffers 

removed salts, metabolites and macromolecular cellular components and pure 

RNA was finally eluted under low ionic strength conditions with RNase-free 

water. Then, total RNA from two techniques were diluted to two concentrations of 
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300 ng/µl and 1,200 ng/µl. Then, RNA was reversed to cDNA in a total volume of 

20 µl per reaction by Verso cDNA synthesis kit at 42 °C 30 min for 1cycle, and 

inactivation at 95 °C 2 min for 1 cycle. 

3.2.2) Creating standard curves for RAGE and β-actin genes  

RAGE and -actin fragments were cloned into pcDNA3.1/V5-His TOPO TA 

expression kit and pGEM-T easy vector kit. The total sizes (inserted cDNA + plasmid 

vector) were 6,764 bp and 3,671 bp respectively. The recombinant plasmid were 

transformed into E.coli. Then, the bacteria containing cloned RAGE and β-actin 

plasmids were cultured in Lysogeny broth (LB) or Luria broth, incubated overnight at 

37
o
C with vigorous shaking. After that, plasmids were extracted by Maxiprep kit. The 

extracted plasmids were checked by gel electrophoresis and the right plasmid was 

used to make a 10-fold dilution for making 5 concentrations of standards. RAGE 

standards were 10
9
, 10

7
, 10

5
, 10

3
, and 10 copies and -actin standards were 10

9
, 10

8
, 

10
7
, 10

6
, 10

5
 and 10

4 
copies to cover the applicable concentrations from samples. 

Various standard concentrations will be amplified by PCR in the same run of the 

samples and used for creating standard curves with agarose gel electrophoresis and 

electrochemical biosensor methods.  

For standard calculation  

Standard concentrations were calculated according to Applied Biosystems (120) 

1. Calculate the mass of a single plasmid molecule 

 

Note: Plasmid size is plasmid + insert 

2. Calculate the mass of plasmid containing the copy number of interest  
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For example 

Copy of interest is 10
9
 copies × mass from step one = mass of plasmid DNA 

3. Calculate the concentrations of plasmid DNA needed to achieve the copy 

number of interest. Divide the mass needed (calculated in step 2) by the volume 

to be pipette into each reaction. 

In this example, 5 µl of plasmid DNA solution was pipetted into each PCR reaction. 

 

4. Prepare a serial dilution of the plasmid DNA by using following formula 

 

3.2.3) Polymerase chain reaction (PCR) amplification 

Since non-specific PCR product can interfere DNA detection by 

electrochemical DNA biosensor, the design of specific primers is necessary.  

   3.2.3.1) Design specific primers for RAGE gene depends on RAGE   

   specificity and % A-T. 

      1. Exon 1-3, product size 332 bp 

      Forward    5’- AGC AGT TGG AGC CTG GGT G- 3’ 

      Reverse     5’- GGA CTC GGT AGT TGG ACT TGG - 3’ 

      % A+T = 40.06 

      2. Exon 4-7, product size 383 bp  

      Forward (RAGE F1) 5’ – GTGGGGACATGTGTGTCAGAGGGAA - 3’                           

      Reverse (RAGE R1) 5’ - TGAGGAGAGGGCTGGGCAGGGACT -3’  

      % A+T = 38.38   
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     Product size 216 bp  

      Forward (RAGE F1) 5’ – GTGGGGACATGTGTGTCAGAGGGAA - 3’ 

      Reverse (RAGE R2 inner ) 5’-     

      TGGGCTGAAGCTACAGGAGAAGGTG  -3’  

      % A+T = 41.20 

   3.2.3.2) Primer for -actin gene, product size 656 bp 

       Forward 5’- ACGGGTCACCACACTGTGC- 3’  

       Reverse   5’- CTAGAAGCATTTGCGGTGGACGATG - 3’  

       % A+T = 46.0 

   3.2.3.3) Optimization of PCR conditions 

RAGE gene  

1) Condition for first primers, product size 332 bp: 

    1200 ng RNA of HeLa and HepG2 cell lines were used to test the condition. 

The PCR tube contained 10X Taq Buffer, 1.5 mM MgCl2, 10 mM dNTPs , 10 

µM primers   and 1.25 U Taq DNA polymerase  under PCR conditiion of pre-

denaturation at 95 °C 5 min, denaturation at 95 °C 30 sec, annealing between 

50-59 °C for 30 sec, extension at 72 °C 30 sec, and post extension at 72 °C 5 

min. 

2) Condition for F1 and R1 primers (product size 332 bp) and F1 and R2 

primers (product size 216 bp).  

The experiments were done in two conditions. 

       2.1) 10X Taq Buffer, 1.5 mM MgCl2 (1.5 mM MgCl2 for - actin), 10 

mM dNTPs, 10 µM primers and 1.25 U Taq DNA polymerase under PCR 

conditiion of pre-denaturation at 95 °C 5 min, denaturation at 95 °C 30 sec, 

annealing temperature optimization between 59-63 °C for 30 sec, extension at 

72 °C 30 sec, and post extension at 72 °C 5 min.  

       2.2) 10X Taq Buffer, 1.0 mM MgCl2 (1.5 mM MgCl2 for - actin), 10 

mM dNTPs, 10 µM primers and 1.25 U Taq DNA polymerase under PCR 

conditiion of pre-denaturation at 95 °C 5 min, denaturation at 95 °C 30 sec, 
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annealing temperature optimization between 59-63 °C for 30 sec, extension at 

72 °C 30 sec, and post extension at 72 °C 5 min. 

- actin  

   Condition for - actin contained 10X Taq Buffer, 1.5 mM MgCl2, 10 mM 

dNTPs, 10 µM primers and 1.25 U Taq DNA polymerase and amplification 

condition was pre-denaturation at 95 °C 5 min, denaturation at 95 °C 30 sec, 

annealing temperature optimization between 58-61 °C for 30 sec, extension at 

72 °C 45 sec and post extension at 72 °C 15 min. 

   3.2.4) RNA concentration and PCR condition for electrochemical 

biosensor 

 The samples were amplified for 30 cycles by Thermal Cycler in 50 µl reaction 

mixture. For RAGE gene, the PCR mixture composed of 5 µL cDNA of either 300 ng 

or 1200 ng that reached concentration to 75 ng/ 5 µl and 300 ng/ 5 µl respectively. 

Each PCR reaction contained 10X Taq Buffer, 1.0 mM MgCl2 (1.5 mM MgCl2 for - 

actin), 10 mM dNTPs , 10 µM primers and 1.25 U Taq DNA polymerase  under PCR 

conditiion of pre-denaturation at 95 °C 5 min, denaturation at 95 °C 30 sec, annealing 

at 65 °C 30 sec, extension at      72 °C 30 sec, and post extension at 72 °C 5 min. The 

- actin amplification condition was pre-denaturation at 95 °C 5 min, denaturation at 

95 °C 30 sec, annealing at 58 °C 30 sec, extension at 72 °C 45 sec and post extension 

at 72 °C 15 min. The same concentration of cDNA from HeLa and HepG2 were used 

for amplification of both RAGE and - actin genes. 

   3.2.5) Electrochemical biosensor detection 

3.2.5.1) Optimization of conditions for detection. Stock solution 

(200 µM) of Hoechst 33258, [2-( 4-hydroxyphenyl ) -5- (4-methyl-1-piperazinyl ) - 

2,5 – bi (1H-benzimidazole)] was prepared by dissolving Hoechst 33258 in high 

purity distilled water which has been filtered through 0.2 µm syringe filter, then 

divided into small aliquots and kept in the dark at -20 °C. Appropriate phosphate-

buffered saline (PBS) concentration and pH were tested with 25, 50, 100 and 200 mM 

at pH 6.4, 7.4 and 7.8. Just before use, Hoechst 33258 stock solution was diluted in 

various PBS and then mixed with negative PCR products and positive PCR product 
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(10
9
 copies) to reach the final Hoechst 33258 concentration of 20 µM. The mixture 

was incubated in heat box at 37°C for 25 sec, and then 20 µl was loaded on working 

electrode of the disposable electrochemical printed (DEP) chips both SP-P and EP-N 

model in figure 16 and measured by biosensor device as shown in figure 17. The 

results from using two DEP models were compared. 

 

Figure 16 Disposable electrochemical printed (DEP) chips (A) square working 

electrode SP-P model and (B) round working electrode EP-N model 

(http://www.biodevicetech.com/products/depchip/dep_ep.shtml  access 

on18/09/2553 ).  

 

  

 

Figure 17 (A) biosensor device and (B) biosensor connector 

      Both SP-P and EP-N model consist of three electrodes which are working 

electrode, reference electrode and counter electrode, but there are different shapes of 

working electrode. SP-P chip model consists of square carbon working electrode of 

area 3.04 mm
2
 and EP-N chip model consists of round carbon working electrode of 

area 2.64 mm
2
. The detection program is multichannel DNA chip tester (measurement 

program) using linear sweep voltammetry (LSV) as shown in figure 18, scan rate is 

100 mV/s, initial electric potential was 1,000 mV, and final electric potential was 

1000 mV. The changes in anodic current were recorded and anodic current peak was 

A B 

A B 
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used for further calculation. The appropriate concentration of Hoechst 33258 was 

selected between 20 µM and 50 µM. 

Linear sweep voltammetry (LSV) 

       The voltage change from v1 to a value v2 (linear increase with time).  

 

Figure 18 Linear sweep voltammetry (LSV) 

  3.2.5.2) Precision of electrochemical biosensor method.  

 The precision of electrochemical biosensor method was evaluated using -actin 

gene and RAGE gene at two concentrations. For within day, the -actin DNA 

standards were tested at low level (10
4
 copies) and high level (10

9
 copies) and 

measured repeatedly for 10 times. Likewise, RAGE DNA standards were tested at 

low level (10 copies) and high level (10
9
 copies) and measured repeatedly for 10 

times in a single day. For between day precision study, the -actin DNA standards 

were tested at low level (10
4
 copies) and high level (10

9
 copies) and measured 

repeatedly for 3 times a day for 10 days. Likewise, RAGE DNA standards were tested 

at low level (10 copies) and high level (10
9
 copies) in the same manner. 

    3.2.6) Electrophoresis detection of DNA 

PCR products of RAGE and - actin from the same tubes that have been used 

for electrochemical biosensor detection were loaded on 2% agarose gel and run in 1X 

Tris-acetate and EDTA (TAE) buffer with 90 V for 35 min. The agarose gel was 

stained with ethidium bromide and specific bands measured with Gel Documentation 

(Gel Doc) system. 
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     3.2.7) Comparison between electrochemical biosensor technique and 

agarose gel electrophoresis technique. To detect commonly expressed gene, -actin, 

by electrochemical biosensor technique and compared its correlation and efficiency 

with conventional agarose gel technique. HeLa and HepG2 cDNA both at 300 ng and 

1200 ng were amplified for -actin gene by PCR. Each cDNA dilution from two cell 

lines was measured in triplicate (n=12). After that, PCR product from the same tubes 

were detected by electrochemical biosensor and conventional agarose gel 

electrophoresis. Then, the copy numbers of β-actin gene were determined from 

electrochemical biosensor and agarose gel electrophores to compare sensitivity and 

the correlation between two techniques.    

  Electrochemical biosensor aggregation with Hoechst 33258 was applied 

for detection of RAGE gene from HeLa and HepG2 by using cDNA from the same 

tube of -actin gene amplification. The copy number of RAGE gene was interpolated 

from standard curve and RAGE gene expression was calculated in relative to -actin 

gene. When different concentrations of cDNA were used, the relative values or 

estimated RAGE cDNA concentration from HeLa and HepG2 were analyzed by 

paired t-test. 
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Chapter IV 

Results 

4.1) Optimization of PCR condition 

 4.1.1) The first primers (product size 332 bp). 

      The RAGE primers were checked for specificity with NCBI primer blast program. 

Although these primers have high A-T percentage, they can amplify several of genes 

as illustrated in figure 19. 

NCBI/ Primer-BLAST : results: Job id=JSID_01_65041_130.14.22.21_9000 more...  

  
Input PCR template  

none   
Specificity of primers  

Target templates were found in selected database: NCBI Transcript Reference Sequences 
(Organism limited to Homo sapiens)  

Detailed primer reports  

Primer pair 1 

 
Sequence (5'->3') Length Tm GC% 

Forward primer AGCAGTTGGAGCCTGGGTG 19 56.30 63.16% 

Reverse primer GGACTCGGTAGTTGGACTTGG 21 54.26 57.14% 

 
>NM_172197.1 Homo sapiens advanced glycosylation end product-specific receptor (AGER), 
transcript variant 2, mRNA  
product length = 290 

Forward primer  1   AGCAGTTGGAGCCTGGGTG  19 

Template        39  ...................  57 

 

Reverse primer  1    GGACTCGGTAGTTGGACTTGG  21 

Template        328  .....................  308 

 

>NM_001136.3 Homo sapiens advanced glycosylation end product-specific receptor (AGER), 
transcript variant 1, mRNA  
product length = 332 

Forward primer  1   AGCAGTTGGAGCCTGGGTG  19 

Template        39  ...................  57 

 

Reverse primer  1    GGACTCGGTAGTTGGACTTGG  21 

Template        370  .....................  350 

 

>XR_115124.1 PREDICTED: Homo sapiens hypothetical LOC100508411 (LOC100508411), partial 
miscRNA  
product length = 208 

Forward primer  1     AGCAGTTGGAGCCTGGGTG  19 

Template        1748  GTTG.......G.....G.  1766 

 

Forward primer  1     AGCAGTTGGAGCCTGGGTG  19 

Template        1955  .....A...CC........  1937 

 

>XR_109406.1 PREDICTED: Homo sapiens hypothetical LOC100506609 (LOC100506609), partial 
miscRNA  
product length = 208 

Forward primer  1     AGCAGTTGGAGCCTGGGTG  19 

Template        1748  GTTG.......G.....G.  1766 

 

Forward primer  1     AGCAGTTGGAGCCTGGGTG  19 

Template        1955  .....A...CC........  1937 

 

>XR_111719.1 PREDICTED: Homo sapiens hypothetical LOC100508411 (LOC100508411), partial 
miscRNA  
product length = 208 

Forward primer  1     AGCAGTTGGAGCCTGGGTG  19 

Template        1748  GTTG.......G.....G.  1766  

Figure 19 The designed RAGE primers are specific for various genes. 
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     When RNA from two cell lines were amplified RAGE gene in the same run with 

RAGE cDNA standard under condition 1.5 mM Mg
2+

 and annealing temperature at 

50 °C, the result shows that HeLa and HepG2 cell line have two non specific bands so 

this condition cannot be used for amplification RAGE gene (figure 20).  

 

 

Figure 20 RAGE gene amplification for RAGE cDNA standard and HeLa and 

HepG2 RNA 

            4.1.1.1) Optimization of annealing temperature under condition of 1.5 

mM Mg
2+

 

      The annealing temperature gradient at 50 °C, 53 °C, 56 °C and 59 °C were 

used to optimize annealing temperature as shown in figure 21. 

 

 

Figure 21 PCR products obtained when the annealing temperature gradient at      

50 °C, 53 °C, 56 °C and 59 °C were used for HepG2 and HeLa respectively. 
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       From the results, there were two non specific bands found at all the 

temperatures used, so these cannot as well be used for amplification of RAGE 

gene. Thus, these primers are not suitable for RAGE gene amplification and design 

of the new primers was done.  

         4.1.2) F1 and R1 primers (product size 383 bp).  

 These primers are specific for major variants of RAGE, both variant one and 

two (figure 22). 

 

Figure 22 Blast for RAGE primers, F1 and R1 shows specificity for variants 1 and 2. 

       4.1.2.1) Optimization of annealing temperature under condition of 1.5 

mM Mg
2+

 

           The range of annealing temperature was 62 °C – 66 °C. From the result, 

there was two non-specific bands all the temperature that means cannot use these 

conditions as shown in figure 23.  
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Figure 23 RAGE gene amplification of HeLa cell line and HepG2 cell line at     

62 °C, 63 °C, 64 °C, 65 °C and 66 °C respectively. 

            4.1.2.2)  Optimization of annealing temperature under condition 1.0 

mM Mg
2+

 

            The range of annealing temperature was 63°C – 66 °C. At 63 and 64 °C, 

two faded non-specific bands were detected whereas at 65 °C and 66 °C gave one 

specific band (figure 24). However the temperature at 65 °C is better because the 

band at 65 °C is sharper than at 66 °C. 

 

 

Figure 24 RAGE gene amplification of HeLa cell line and HepG2 cell line at  

63 °C, 64 °C, 65 °C and 66 °C respectively. 
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  4.1.3) F1 and R2 primers (product size 216 bp). 

      Similar to F1 and R1 primer, F1 and R2 primer are specific for amplification 

of both RAGE variants one and two (figure 25). 

 

Figure 25 Blast for F1 and R2 primers showed specificity for RAGE variants 1 and 2. 

 

       4.1.3.1) Optimization of annealing temperature under condition of 1.5 

mM Mg
2+

 

           The range of annealing temperature was 62 °C – 66 °C. Two non-specific 

bands were observed at all the temperature tested (figure 26).  
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Figure 26 RAGE gene amplification with F1 and R2 primers of HeLa cell line 

and HepG2 cell line at 62 °C, 63 °C, 64 °C, 65 °C and 66 °C showed non specific 

amplification. 

       4.1.3.2) Optimization of annealing temperature under condition of 1.0 

mM Mg
2+

 

           The range of annealing temperature was 61 °C – 65 °C. From the result, 

there were two non-specific bands at 61- 64 °C whereas amplification at 65 °C 

gave one specific band (figure 27).  

 

Figure 27 RAGE gene amplification with F1 and R2 primers of HeLa cell line 

and HepG2 cell line at 61°C-65°C. 
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       From condition of F1 and R1 primers and F1 and R2 primer, the proper 

annealing temperature is 65 °C so RNA of HeLa and HepG2 were amplified by 

two primer sets to choose the best primer set. The results in figure 28 showed that 

at 65 °C annealing temperature, F1 and R1 primers were better than F1 and R2 

primers because the former gave specific amplified RAGE gene product. Thus, F1 

and R1 primers were used.  

 

 

 

  Figure 28 Comparison of RAGE gene amplification by (A) F1 and R1 primers 

and (B) F1 and R2 primer at 65 °C annealing temperature respectively. 

 

       4.1.4) -actin primers (product size 656 bp). 

       -actin gene was tested for optimized annealing temperature from 58 °C – 

61 °C. The result from figure 29 showed that the temperature at 58 °C is the 

best. 
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 Figure 29 -actin gene amplification of HeLa cell line and HepG2 cell line at 

58 °C, 59 °C, 60 °C and 61 °C respectively. 

 

4.2) Condition for electrochemical biosensor 

               4.2.1) Appropriate RNA concentration from HeLa cell line and HepG2 

cell line for electrochemical biosensor 

      Total RNA of HeLa and HepG2 cell lines were extracted by commercial kit and 

Tri-RNA protocol. Extracted RNA was diluted to 1200 ng and 1600 ng and used for 

amplification of RAGE gene (figure 30).  

 

 

 Figure 30 RAGE gene amplification for1200 ng and 1600 ng RNA of HeLa cell line 

and HepG2 cell lines respectively by using (A) commercial kit and (B) Tri-RNA 
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      The result showed that the commercial kit was better than Tri-RNA because it 

gave one specific band. The proper concentration is 1200 ng RNA because there are 

smear band less than 1600 ng and 1200 ng RNA had one specific band whereas 1600 

ng RNA appeared to have non specific band. Then, 300 ng RNA and 1200 ng RNA 

was amplified for RAGE gene (figure 31). The result showed that 300 ng was 

invisible on agarose gel separation, but 1200 ng was visible. So, this two 

concentrations were use to compare sensitivity between conventional gel 

electrophoresis and electrochemical biosensor. In addition, the PCR condition for 

RAGE gene and -actin gene were as mentioned above. 

 

 

Figure 31 Separation of RAGE gene amplification for 1200 ng and 300 ng RNA of 

HeLa and HepG2 cell lines upon agarose gel electrophoresis. 

4.3) Optimization of conditions for electrochemical biosensor detection  

 4.3.1) Appropriate phosphate-buffered saline (PBS) concentration and 

pH  

       PCR product of RAGE gene was mixed with 25, 50, 100 and 200 mM PBS at pH 

6.4, 7.4 and 7.8 to reach the final Hoechst 33258 concentration of 20 µM. The 

mixture was loaded on EP-N chip, and anodic current (microampere) was measured 

by linear sweep voltammetry (LSV). The anodic current peaks were plotted in line 

chart as shown in figure 32.  
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Figure 32 Anodic current peak of RAGE positive PCR products when various PBS 

conditions were used. 

 The results showed that PBS at 50 mM at pH 7.4 gave the highest anodic 

current peak. RAGE gene negative control PCR product (0 copy) were  also tested in 

the same manner and the results were shown in figure 33. Then, the anodic current 

peak of positive and negative were compared as shown in figure 34 

 

Figure 33 Anodic current peak of RAGE negative PCR products when various PBS 

conditions were used. 
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 Figure 34 Comparison of anodic current peak from EP-N chip of RAGE positive and 

negative PCR products when various PBS conditions were used. 

 For electrochemical detection using Hoechst 33258, the greater the difference 

between positive anodic current peak and negative anodic current peak, the better the 

sensitivity of detection as shown in table 1. 

Table 1 Anodic current peaks and the difference between positive and negative PCR 

products of RAGE from EP-N chip 
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PBS conditions 
Anodic current peak (microampere)  

Positive control Negative control Difference 

pH 6.4       

25 mM 2.37 3.47 1.1 

50 mM 2.45 3.65 1.2 

100 mM 2.38 3.57 1.19 

200 mM 2.34 3.51 1.17 

pH 7.4       

25 mM 4.72 5.94 1.22 

50 mM 5.14 7.2 2.06 

100 mM 2.78 4.2 1.42 

200 mM 2.63 3.88 1.25 

pH 7.8       

25 mM 4.71 5.91 1.2 

50 mM 4.72 6.25 1.53 

100 mM 2.6 3.72 1.12 

200 mM 2.44 3.49 1.05 

  

 The results from both positive and negative controls showed that PBS at 50 

mM, pH 7.4 provided the highest anodic currents at 5.14 and 7.20 microampere 

respectively and gave the highest difference. 

            Comparison EP-N chip with SP-P chip 

            Similar to EP-N chip, the same condition of PBS were mixed with positive 

and negative RAGE PCR and anodic current peak were measured and plotted in bar 

chart as shown in figure 35. 
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         Figure 35 Comparison of anodic current peak from SP-P chip of RAGE positive 

and negative PCR products when various PBS conditions were used. 

         The difference from the positive and negative anodic current peak were shown 

in table 2. 

Table 2 Anodic current peaks and the difference between positive and negative 

PCR products of RAGE from SP-P chip 

PBS conditions 
Anodic current peak (microampere) 

Positive control Negative control Difference 

pH 6.4 

   25 mM 2.00 3.01 1.01 

50 mM 2.19 3.38 1.19 

100 mM 2.09 3.24 1.15 

200 mM 1.99 3.12 1.13 

pH 7.4 

   25 mM 3.74 4.74 1.00 

50 mM 4.22 6.05 1.83 

100 mM 2.65 3.90 1.25 

200 mM 2.50 3.71 1.21 
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pH 7.8 

   25 mM 3.62 4.77 1.15 

50 mM 3.74 5.06 1.32 

100 mM 2.24 3.33 1.09 

200 mM 2.05 3.05 1.00 

 From the result, PBS at 50 mM, pH 7.4 provided the highest difference like EP-

N chip but SP-P chip gave the anodic current peak lower than EP-N and had the 

standard variation higher than EP-N. So, EP-N chip was used in this method with 

Hoechst 33258 dissolved in 50 mM PBS, pH 7.4. 

 4.3.2) Appropriate concentration of Hoechst 33258 

 In order to test whether increased Hoechst 33258 concentration can increase 

sensitivity of detection, 20 µM or 50 µM Hoechst 33258 were mixed with 50 mM 

PBS pH 7.4 and then mixed with positive and negative PCR products. 

 

Figure 36 Anodic current peak from RAGE positive and negative PCR mixed with  

20 µM and 50 µM Hoechst 33258. 
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 According to figure 36, the anodic current peak of 20 µM Hoechst 33258 

when mixed with positive and negative PCR product were 5.14 and 7.2 microampere 

respectively and difference between the two anodic current peaks was 2.06 

microampere while the anodic current peak of 50 µM Hoechst 33258 when mixed 

with positive and negative PCR product were 6.70 and 7.90 microampere respectively 

and the difference was 1.2 microampere. Since 20 µM Hoechst 33258 gave greater 

difference, this concentration was used for detection of -actin and RAGE PCR 

products. 

 

Figure 37 Line chart for anodic current peak from -actin positive and negative 

PCR product when mixed with 20 µM Hoechst 33258. 
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Figure 38 Difference in anodic current peak from -actin positive and negative 

PCR product when mixed with 20 µM Hoechst 33258. 

 From figures 37 and 38, the anodic current peaks of -actin positive and 

negative PCR product were 2.6 and 6.13 microampere respectively and the difference 

between the two current peaks was 3.53 microampere. 

  4.4) Precision of electrochemical biosensor method 

Within day precision 

-actin DNA standards at low level (10
4
 copies) and high level (10

9
 copies) 

were measured repeatedly for 10 times and coefficient of variation (% CV) was 4.68 

% and 1.88% for the high and low levels respectively. 

RAGE DNA standards at low level (10 copies) and high level (10
9
 copies) 

were measured repeatedly for 10 times and coefficient of variation (% CV) was 2.25 

% and 3.74 % for the high and low levels respectively. 
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Between day precision 

 -actin DNA standards at low level (10
4
 copies) and high level (10

9
 copies) 

were measured repeatedly for 30 times in 10 days and coefficient of variation (% CV) 

was 4.94 % and 2.02 % for the high and low levels respectively. 

RAGE DNA standards at low level (10 copies) and high level (10
9
 copies) 

were measured repeatedly for 30 times in 10 days and coefficient of variation (% CV) 

was 2.38 % and 3.89 % for the high and low levels respectively. 

4.5) Standard curves of -actin and RAGE genes 

Standard curves of -actin gene were created for both agarose gel 

electrophoresis method and electrochemical biosensor method. The results in figure 

39 showed that the lowest detectable concentration of -actin gene was10
4
 copies and 

figure 40 demonstrated bands of -actin from HeLa and HepG2 when DNA 

concentrations of 75 ng (A) and 300 ng (B) were used. The lowest concentration of -

actin DNA which can be detected by agarose gel electrophoresis was10
4
 copies 

 

 

 

Figure 39 The lowest concentration of -actin DNA which can be detected by 

agarose gel electrophoresis was10
4
 copies. 

 

 



50 

 

 

 

 

 

Figure 40 Bands of -actin from HeLa and HepG2 when different amount of 

PCR products were loaded for agarose gel electrophoresis, A) 75 ng, B) 300 

ng. The experiments were done in triplicate. 

 

Log copy number of -actin was plot versus band density from agarose gel 

electrophoresis and standard curve was created (linear equation: y = 566851.073 x + 

817029.456; R
2
 = 0.9646) as shown in figure 41 A. Standard curve of  RAGE was 

shown in figure 41 B (y = 519408.070 X + 1161581.659; R
2
 = 0.9967). 

 

 

A 
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Figure 41 Standard curve from a plot between log copy number and band  

density from electrophoretogram of the conventional electrophoresis method    

for (A) -actin gene (B) RAGE gene. 

For electrochemical biosensor detection, the current was dependent on free 

Hoechst 33258 molecules in the mixture, thus the current peak was inversely 

proportional to DNA concentration. Standard curve of -actin gene was plot between 

log copy number and anodic current peak (y = 5.8249 – 0.3523 x; R
2
 = 0.9783) as 

shown in figure 42 A. Samples were measured and copy numbers of -actin were 

determined from standard curve. Likewise, standard curve of RAGE gene was created 

from regression equation (y = 7.1590 – 0.2270 x; R
2
 = 0.9937) as shown in figure 42 

B. 

B 
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Figure 42 Standard curve of electrochemical biosensor method for semi- 

quantitative detection of (A) -actin gene (B) RAGE gene. 

 

4.6) Comparison of gene expression between two methods 

The copy numbers of β-actin gene were determined from electrochemical 

biosensor and agarose gel electrophoresis. The concentration of -actin gene (copy 

numbers) were compared between the two techniques as shown as table 3. 

A 

B 
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Table 3 Comparison of -actin gene concentration (copies numbers) obtained from 

electrochemical biosensor and conventional agarose gel electrophoresis. 

 

Measurement 

75 ng/ 5µl of cDNA 

Hela cell lines HepG2 cell lines 

No.1 No.2 No.3 No.1 No.2 No.3 

Anodic peak (µA) 

Β-actin gene 

Copy number of Β-actin 

gene (copies) 

electrochemical biosensor 

conventional PCR 

 

 

3.52 

                

3,467,369               

3,467,369 

 

3.51 

              

3,715,352 

3,548,134 

 

3.52 

                         

3,467,369               

3,467,369 

 

3.54 

              

3,090,295            

3,019,952  

 

 

3.54 

                

3,090,295 

3,019,952 

 

3.55 

                           

2,884,032 

3,019,952 

 

Measurement 

300 ng/ 5µl of cDNA 

Hela cell lines HepG2 cell lines 

No.1 No.2 No.3 No.1 No.2 No.3 

Anodic peak (µA) 

Β-actin gene 

Copy number of Β-actin 

gene (copies) 

electrochemical biosensor 

conventional PCR 

 

 

2.74 

                        

575,439,937           

562,341,325  

 

 

2.74 

          

575,439,937 

562,341,325 

 

2.75 

      

537,031,796                           

549,540,870  

 

 

2.76 

              

501,187,234           

489,778,819  

 

 

2.76 

                

501,187,234           

501,187,234  

 

 

2.77 

                        

467,735,141 

489,778,819 

From table 2, measurements from the two methods were compared and 

analyzed by Passing–Bablok regression as shown in figure 43.  

 

Figure 43  Comparison between the electrochemical biosensor and the conventional 

agarose gel electrophoressis for -actin semiquantitation using Passing–Bablok 

regression analysis. 
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The equation from Passing–Bablok regression was y = - 40383.0623 + 

1.0233 x and the slope of 1.0233 fit with 95% confidence limit of  0.9771- 1.1834 as 

shown in table 4. This result suggested that the electrochemical biosensor correlated 

well with the conventional agarose gel electrophoresis. 

Table 4 Passing–Bablok regression analysis showed good correlation between gel 

electrophoresis and electrochemical biosensor methods. 

Passing and Bablok regression 

Variable X  Gel_electrophoresis 

Gel electrophoresis 

Variable Y  Electrochemical_biosensor 

Electrochemical biosensor 

Sample size 12 

  Variable X  Variable Y  

Lowest value 3019952.0000 2884032.0000 

Highest value 562341325.0000 575439937.0000 

Arithmetic mean 264542593.3333 264811332.5833 

Median 246663476.5000 235725246.5000 

Standard deviation 273973541.6295 274753377.9307 

Standard error of the mean 79089349.0053 79314468.3545 

 

Regression Equation 

y  = -40383.0623  + 1.0233  x  

Intercept A  -40383.0623 

95% CI  -39556395.3207 to 139521.9713 

Slope B  1.0233 

95% CI  0.9771 to 1.1834 

Cusum test for linearity No significant deviation from linearity 

(P>0.10) 

4.7) Application for detection of gene of interest   

Electrochemical biosensor aggregation with Hoechst 33258 was applied for 

detection of RAGE gene from HeLa and HepG2, using cDNA from the same tube of 

-actin gene amplification. The copy number of RAGE gene was interpolated from 

standard curve and RAGE gene expression was calculated in relative to -actin gene, 

the results were shown in table 5.    

Table 5 Determination of RAGE gene concentrations in HeLa and HEPG2 cell lines 

by estimation of copy number of RAGE relative to β-actin (RAGE/ β-actin). 
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Measurement 

75 ng/ 5µl of cDNA 

Hela cell lines HepG2 cell lines 

No.1 No.2 No.3 No.1 No.2 No.3 
Anodic peak (µA) 

RAGE gene 

Β-actin gene 

Copy number 

(copies) 

RAGE gene 

Β-actin gene 

Estimated RAGE 

gene concentration 

 

 

6.36 

3.52 

                           

 

3,311          

3,467,369                

0.0009549 

 

6.36 

3.51 

 

         

3,311 

3,715,352             

0.0008912 

 

 

6.37 

3.52 

                     

 

3,020 

3,467,369   

0.0008710                         

 

6.44 

3.54 

 

 

1,479 

3,090,295                        

0.0004786 

 

 

6.44 

3.54 

             

 

1,479 

3,090,295    

0.0004786          

 

6.45 

3.55 

              

 

1,318 

2,884,032   

0.0004570           

 

Measurement 

300 ng/ 5µl of cDNA 

Hela cell lines HepG2 cell lines 

No.1 No.2 No.3 No.1 No.2 No.3 
Anodic peak (µA) 

RAGE gene 

Β-actin gene 

Copy number 

(copies) 

RAGE gene 

Β-actin gene 

Estimated RAGE 

gene concentration 

 

 

5.86 

3.52 

                           

 

524,807          

575,439,937                

0.0009120 

 

5.86 

3.51 

 

 

524,807 

575,439,937 

0.0009120 

 

 

5.87 

3.52 

                     

 

478,630 

537,031,796 

0.0008913                         

 

5.94 

3.54 

 

 

234,423 

501,187,234 

0.0004677 

 

 

5.95 

3.54 

             

 

257,040 

501,187,234 

0.0005129         

 

5.96 

3.55 

              

 

190,546 

467,735,141 

0.0004074           

When different concentrations of cDNA were used, the relative values of 

estimated RAGE cDNA concentration from HeLa and HepG2 were analyzed by 

paired t-test shown in table 6 according to the following hypothesis.  

 H0: no difference between two values 

 H1: difference between two values  

   = 0.05 

If significant (2- tailed) value   means accept H0 

If significant (2- tailed) value   means reject H0 

 

 



5
6
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The result from table 6 showed no statistically significant difference between 

RAGE gene copy numbers when 75 ng or 300 ng of DNA were used (p= 0.761) or 

accept H0 because of 0.761  0.05. The average RAGE gene expression of HeLa and 

HEPG2 were 0.0009051 and 0.0004670 respectively. So, HeLa cells expressed twice 

more RAGE gene than HepG2 cells. 

When the same samples of RAGE cDNA at various concentrations were 

measured semi-quantitatively, the results demonstrated that the electrochemical 

biosensor was more sensitive than the conventional electrophoresis method (figures 

41). The lowest concentrations of RAGE gene band which can be visualized was 10
4
 

copies (figure 44) but the lowest detection in linearity range of electrophoresis method 

was 10
6 

copies (figure 41 B) compared to10 copies for the biosensor method  (figure 

42 B). RAGE gene was expressed more in HeLa cells than in HepG2 (figure 45). 

 

 

 

   Figure 44 The lowest concentration of RAGE DNA which can be detected by   

   agarose gel electrophoresis was10
4
 copies. 
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Figure 45 RAGE DNA from HeLa and HepG2 could be detected only at       

application of 300 ng (B), not at 75 ng (A), the experiments were done in triplicate. 
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Chapter V 

Discussion and Conclusion  

5.1) Discussion 

 Electrochemical biosensor using electrochemical indicator for direct or indirect 

detection is faster than guanine oxidation because the signal that is generated by the 

former is higher and sharper than the latter signal (25). There are many types of 

indicators for this technique but using intercalator as the indicator especially Hoechst 

33258 is more useful than other types (1). Since Hoechst 33258 binds to minor groove 

of double strand DNA at A-T rich region better other region (49, 51, 52) and bind 

specifically to dsDNA, it is used for detection the hybridization between specific 

target and immobilizing probes in the reaction (55).  

  Electrochemical biosensor detection depends on the immobilizing probe on the 

electrode. Thus, this technique inducing with Hoechst 33258 was applied for 

detection of DNA. This technique is fast and easy to perform because it shortcuts the 

probe immobilizing step. There was a study that used electrochemical biosensor for 

detecting gene expression in plant tissues but they used enzyme-linked DNA 

hybridization assay (121). In this study, the precision of electrochemical biosensor is 

less than 5% that means good method performance (122). The electrochemical 

biosensor aggregation with Hoechst 33258 was applied for detection of gene 

expression of the highly expressed gene, -actin, and compared with conventional 

agarose gel electrophoresis method. The technique was then applied to detect the gene 

of interest which was lowly expressed, RAGE gene, from HeLa and HepG2 cell lines. 

The result from this study demonstrated that, the electrochemical biosensor is faster 

than conventional electrophoresis method as shown in table7 because it can reduce 

time for electrophoresis and ethidium bromide staining, overall time for detection 

gene by biosensor technique is thirty minutes while agarose gel electrophoresis needs 

more than one hour. Particularly, electrochemical detection was more sensitive than 

the electrophoresis method because it can detect RAGE gene at the lowest level of 10 

copies whereas the gel electrophoresis method can detect semi-quantitative only at 

concentration over 10
6 
copies.  

Table 7 Comparison of two techniques 
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 Conventional method  Electrochemical biosensor  

Sensitivity  

can be visualized at 10
4

 

copies and can detect 

semi-quantitatively at 10
6

 

copies 

can detect semi-quantitatively 

at 10 copies 

 

 

Time per test  more than hour  thirty minutes  

Cost per test (10 tests)  130 baht  114 baht  

 

 This technique is sensitive and easy to use because it does not require specific 

skill and reduces cost and time; however it requires one specific band of PCR 

amplification product, because the non specific band may interfere with the 

electrochemical signal. Therefore, specific primers are needed for DNA amplification. 

For RAGE gene, design of specific primers was rather difficult because it has many 

variants (60), thus limits the design for appropriate length of product and the selection 

for A-T rich region. In this study, PCR was performed with 30 cycles which was 

effective to avoid PCR saturation. For Hoechst 333258, beside A-T region, pH of 

buffer can affect the efficiency of Hoechst 33258 (123). Normally, the working pH 

for Hoechst 33258 is pH 7.4 which is physiological condition (124, 125) and there is a 

study using Hoechst 33258 for staining plant cell protoplasts. They found that the 

optimum pH is pH 7.5 (126). So, pH 7.4 - 7.5 is suitable for Hoechst 33258 dye. For 

detection process, the different DEP chips between EP-N and SP-P model were used 

in order to compare the anodic current peak. The result shows that EP-N chip is better 

than SP-P because the mixture on SP-P with square working electrode can flow out 

the working electrode that causes low anodic current peak and high standard deviation 

(S.D.) and air bubble on electrode must be avoided because it can cause error signal. 

In addition culture condition may cause changing RAGE expression because there are 

studies about RAGE expression in podocytes in the glomerulus which found that 

interaction of cells with plastic and coated dishes and/or their exposure to high levels 

of growth factors in fetal serum can upregulate RAGE antigen selectively in vitro 
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where as in vivo mesangial or renal tubular cells normally do not appear to express 

RAGE, even in disease states (82, 127-129).  To increase efficiency of 

electrochemical biosensor using Hoechst 33258, electrode could be modified from 

carbon to gold (56) but the cost will increase.  

 

5.2) Conclusion 

 The electrochemical method can be used for semi-quantitative detection of gene 

expression and can be adapted for the rapid screening method of many genes 

including the lowly expressed genes of interest.  
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