
DIRECT CONJUGATION OF FAB MONOCLONAL ANTIBODY SPECIFIC  

TO AFLATOXIN B1 AND GOLD NANOPARTICLES FOR  

IMMUNODETECTION

By

Arpon Kaeoprathana 

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree 

Master of Science Program in Pharmaceutical Sciences 

Program of Pharmaceutical Sciences 

Graduate School, Silpakorn University 

Academic Year 2012

Copyright of Graduate School, Silpakorn University

   ส
ำนกัหอ

สมุดกลาง



DIRECT CONJUGATION OF FAB MONOCLONAL ANTIBODY SPECIFIC  

TO AFLATOXIN B1 AND GOLD NANOPARTICLES FOR  

IMMUNO DETECTION 

By

Arpon Kaeoprathana 

A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree 

Master of Science Program in Pharmaceutical Sciences 

Program of Pharmaceutical Sciences 

Graduate School, Silpakorn University 

Academic Year 2012

Copyright of Graduate School, Silpakorn University

   ส
ำนกัหอ

สมุดกลาง



  Fab   1 
 

 
 
 
 
 
 
 
 
 
 

 
  
 
 
 
 
 
 
 
 
 
 
 

 
 

  
 2555 
 

   ส
ำนกัหอ

สมุดกลาง



 The Graduate School, Silpakorn University has approved and accredited the 

thesis title of “Direct Conjugation of Fab Monoclonal Antibody Specific to Aflatoxin 

B1 and Gold Nanoparticles for Immunodetection” submitted by Arpon Kaeoprathana 

as a partial fulfillment of the requirements for the degree of Master of Science in 

Pharmaceutical Sciences. 

                                                                 …………………………………………. 

 (Assistant Professor Panjai Tantatsanawong, Ph.D.) 

                                                                              Dean of Graduate School 

 ............../............../............. 

The Thesis Advisor 

1. Assistant Professor Wisit Tangkeangsirisin, Ph.D.  

2. Assistant Professor Siripan Limsirichaikul, Ph.D.  

The Thesis Examination Committees 

………………………….….….. Chairman  

(Assistant Professor Sathit Niratisai, Ph.D.) 

............../.............../.............

………………………….……… Member  

(Assistant Professor Punchapat Sojikul, Ph.D.) 

............../.............../.............

………………………….……… Member 

(Assistant Professor Wisit Tangkeangsirisin, Ph.D.) 

............../.............../.............

………………………….……… Member   

(Assistant Professor Siripan Limsirichaikul, Ph.D.) 

............../.............../.............

   ส
ำนกัหอ

สมุดกลาง



d 

52361208 : MAJOR : PHARMACEUTICAL SCIENCES 

KEY WORD : GOLD NANOPARTICLES / CONJUGATION / FAB ANTIBODY /  

AFLATOXIN B1 

 ARPON KAEOPRATHANA : DIRECT CONJUGATION OF FAB 

MONOCLONAL ANTIBODY SPECIFIC TO AFLATOXIN B1 AND GOLD 

NANOPARTICLES FOR IMMUNODETECTION. THESIS ADVISOR : ASST. PROF. 

WISIT TANGKEANGSIRISIN, Ph.D., ASST. PROF. SIRIPAN LIMSIRICHAIKUL, Ph.D. 

107 pp.  

       Gold nanoparticles is one of the perfect metals for studying the optical 

properties and most widely applied in biomedicines, biotechnology and diagnostic 

applications. The objectives of this study is to synthesize gold nanoparticles (AuNPs) 

using Turkevich method and conjugated to Fab fragment of antibody specific to aflatoxin 

B1 (Fab-MB2) that performed in our laboratory, then gold nanoparticles and their 

conjugates (Au-MB2) were characterized using UV-visible spectroscopy, FTIR, direct-

ELISA and indirect-ELISA. Fab fragment antibody was successfully purified using 

protein G-affinity chromatography and immobilized onto the surface of gold 

nanoparticles by directly adsorbing. The maximum absorption spectra ( max, A520,) of Au-

MB2 shifts from 520 to 531 nm. The effect of factors such as pH and concentration of 

Fab-MB2 has been studied. Increasing pH does not affect size and the color 

appearance. The presence of aggregates was proved by UV-visible spectroscopy, in 

which the color change observed depend on the concentration of Fab-MB2. The ratio of 

absorptions at 630/562 nm (A630/A562) is expected to be reduced as the degree of 

aggregation decreases. Therefore, the optimal molar ratio for conjugation was 0.7 of 

Fab-MB2 to AuNPs. Zeta potential measurements reveal the Au-MB2 remained stable 

after conjugation. In addition, the results of FTIR study clearly suggested that Fab-MB2 

molecules were immobilized on surface of AuNPs and proved the specific binding of 

Au-MB2 to its specific antigen. Indirect-ELISA was used to confirm the specific binding 

of Au-MB2 to AFB1-BSA. Finally, the Au-MB2 was successfully prepared and could be 

potentially used for versatile applications.  

Program of Pharmaceutical Sciences                  Graduate school, Silpakorn university  

Student’s signature………………………………………….……............Academic Year 2012 

Thesis Advisor’s signature 1..……………..……..……….. 2..................................................   

   ส
ำนกัหอ

สมุดกลาง



e 

52361208 :  

 :  /  / Fab  /  1

   :  Fab 

 1 

.  : . . .    . .

.  . 107 . 

 

 

  

  

 Fab  1 

  Fab  protein G-

affinity chromatography  

, FTIR, direct-ELISA  indirect-ELISA 

 520  531   pH 

 Fab  pH 

  

 Fab   

630  562  

 Fab   0.7  (zeta 

potential)    

FTIR  Fab 

 Indirect-ELISA 

  1 

 Fab 

 

 

 

                           

 ……………………………………………........................  2555 

 1..………………….…….. 2....................................... 

   ส
ำนกัหอ

สมุดกลาง



f 

ACKNOWLEDGEMENTS 

This thesis could not successfully complete without the kindness of many 

people. First and foremost, Asst. Prof. Wisit Tangkeangsirisin, Ph.D., who gave me to 

opportunity to gain the practical skills and experience I need to become a more 

successful individual. His truly scientist intuition has made him as a constant oasis of 

ideas and passions in science, which exceptionally inspire and enrich my growth as a 

student, a researcher and a scientist want to be. I am indebted to him more than he 

knows. Without his encouragement and valuable guidance this thesis would not have 

materialized. 

 This thesis is partially supported by Faculty of Pharmacy, Silpakorn 

University and Graduate School, Silpakorn University for the financial support. I would 

like to especially thank for Assoc. Prof. Manee Luangtanaanan, Ph.D. and all of staff at 

the department of pharmaceutical technology for giving me the place and equipments. I 

gratefully acknowledge Asst. Prof. Sathit Niratisai, Ph.D., Asst. Prof. Punchapat Sojikul, 

Ph.D. and Asst. Prof. Siripan limsirichaikul, Ph.D. for their constructive comments on 

this thesis. I am thankful that in their activity, they accepted to be members of the 

reading committee.  

 Special thanks also to all my graduate friends, Ms. Sirikul Dangmanee, Mr. 

Tharatree Srichan and Mr. Nuttapat Pisuttinusart for providing a stimulating and fun 

filled environment. 

 My graduation would not be achieved without best wish from my parents, 

Mr. Sithichai and Ms. Somthawin Kaeoprathana, who always gives me greatest love. I 

wish to thank my sisters, Ms. Siraporn and Ms. Supree Kaeoprathana, for their love and 

always beside me during the happy and hard moments to push me and motivate me. 

Especially, I would like to deepest gratitude to Mr. Premchai Chengchalard who 

persistent confidence in me, has taken the load off my shoulder. I owe his for being 

unselfishly let his intelligence and ambitions collide with mine. Finally, I would like to 

thank everyone who was important to the successful realization of thesis, as well as 

expressing my apology that I could not mention personally one by one. 

 

 

 

   ส
ำนกัหอ

สมุดกลาง



g 

CONTENTS 

 Page 

English Abstract ............................................................................................................  d 

Thai Abstract  ................................................................................................................   e 

Acknowledgements .......................................................................................................  f 

List of Figures ...............................................................................................................  h 

Chapter 

 1       Introduction ...................................................................................................  1 

    2       Literature Reviews ........................................................................................  5 

   3       Materials and Methods .................................................................................  25 

    4       Results... .......................................................................................................  41 

 5       Discussion .....................................................................................................  71 

References ...................................................................................................................  74 

Appendix .......................................................................................................................   88 

List of Abbreviations......... ............................................................................................   89 

List of Definitions......... .................................................................................................   92 

Biography ......................................................................................................................  107 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   ส
ำนกัหอ

สมุดกลาง



h 

LIST OF FIGURES 

Figure                                                                                                      Page 

2.1 

2.2 

2.3 

 

2.4 

2.5 

 

3.1 

3.2 

3.3 

3.4 

3.5 

4.1 

4.2 

 

4.3 

 

4.4 

 

4.5 

4.6 

4.7 

4.8 

 

 

4.9 

The basic structure of immunoglobulin G (IgG)………………………………… 

Schematic of phage display panning procedure………………………………... 

Protein binding to gold nanoparticles can occur through several types of 

interaction…………………………………………………………………...... 

Standard layout of immunochromatographic strip assembly…........................ 

Schematic showing the distribution of ions around a charged gold 

nanoparticles in solution…………………………….…………………….…. 

Construction of plasmid pComb3XSS for the production of Fab-MB antibody 

Flow chart for production of the Fab-MB2……………………………………….. 

Schematic and flow chart in purification procedure…………………………….. 

Illustration of indirect-ELISA method……………………………………………… 

Schematic representation of the direct and indirect-ELISA method................. 

SDS-PAGE and silver staining analysis of the fractions of purified Fab-MB2. 

Time-lapse images are showing the color of gold solution after addition of 

tri-sodium citrate...................................................................................... 

Maximum absorbance spectra ( max) and optical color of colloidal gold 

nanoparticles in different medium……………………………………........ 

Distribution graph of the gold nanoparticles by particle analyzer based on 

dynamic light scattering (DLS) method………….........................……… 

Zeta potential measurements of colloidal gold nanoparticles at pH 7……….. 

Effect of pH in colloidal gold nanoparticles (Au-NPs)………………………….. 

Stability of conjugation conditions in salt-induced aggregation test…………... 

Ratio of absorbance of aggregated forms at 630 nm vs. non-aggregated 

forms at 562 nm after adding 10% NaCl vs. the molar ratio of Fab-

AFB1 antibodies in colloidal gold nanoparticles…………………………. 

The maximum absorption spectra of colloidal gold nanoparticles and 

conjugated gold nanoparticles were prepared in different molar ratios 

(Fab-MB2/AuNPs)……………………………………………………………. 

 

8 

11 

 

15 

19 

 

23 

26 

27 

29 

31 

39 

46 

48 

 

49 

 

52 

 

53 

54 

55 

57 

 

 

59 

 

   ส
ำนกัหอ

สมุดกลาง



i 

Figure                                                                                                      Page 

4.10 

 

4.11 

 

4.12 

 

4.13 

 

4.14 

4.15 

4.16 

 

4.17 

4.18 

 

FTIR spectra of Fab-MB2, Au-MB2 and AuNPs in the spectral window 500-

4000 cm-1……………………………………………………….….….............  

FTIR spectrum of sodium citrate solution and colloidal gold nanoparticles 

(AuNPs)……………………………………..………………………............... 

The unconjugated Fab-MB2 detection in conjugation solutions using indirect-

ELISA..................................................................................................... 

Direct-ELISA detection of immobilized Fab-MB2 on gold nanoparticles with 

diluted Au-MB2....................................................................................... 

Indirect ELISA measuring Au-MB2 specific binding to AFB1-BSA................. 

Representation of the Au-MB2 sensitivity on 120 ng AFB1-BSA..................... 

FTIR spectra of Au-MB2 and the complex formation with specific antigen 

(Au-MB2+AFB1-std)................................................................................  

Comparison of FTIR spectra of aflatoxin B1 standard 500 ng………………… 

Chemical structure of aflatoxin B1..............……………………………………... 

 

61 

 

63 

 

64 

 

65 

 

66 

66 

68 

 

69 

70 

 

 

 

 

 

 

 

 

 

 

 

   ส
ำนกัหอ

สมุดกลาง



1 

CHAPTER 1 

INTRODUCTION 

1. Statement and Significance of the Problem 

Aflatoxins contamination widely occurred in agro-product and food. The 

quality of contaminated products were reduced through discoloration and reduction of 

nutritional value [1]. Four major aflatoxins are known as B1, B2, G1 and G2. Aflatoxin 

B1 is mainly produced by Aspergillus flavus and Aspergillus parasiticus. It has been 

recognized as an important public health problem in many country [2, 3]. The effect of 

aflatoxin B1 on carcinogenicity and hepatotoxicity depends on the duration and level of 

exposure [4]. International Agency for Research on Cancer (IARC) of the World Health 

Organization (WHO) accepted and classified aflatoxin B1 as Group 1 (carcinogenic to 

humans) [5]. Additionally, when animals intended for dairy production consume 

aflatoxin-contaminated feed, a metabolite, aflatoxin M1 is excreted in the milk [6, 7]. The 

enormous public health and economic implications of mycotoxin contamination have 

been a matter of considerable concern, especially in developing countries that produce 

mycotoxins under poor storage conditions [3, 7]. The aflatoxin B1 contamination posts 

the important food safety problems in both developed and developing countries. 

 Conventional analytical methods include thin-layer chromatography (TLC), 

high-performance liquid chromatography (HPLC)-based assay and gas chromatography 

(GC) were used to monitor aflatoxin B1 levels [8]. These methods are sensitive, 

quantitative and reliable, but sufficiently complicated for routine use and clean-up often 

lead to inconsistent results and poor sensitivity [9-11]. There is a need for inexpensive 

alternative approaches to detect aflatoxin B1 in lots of foods and feeds. ELISA methods 

are well- favored as high throughput assays with low sample volume requirements and 

often less sample clean-up procedures compared to conventional methods such as TLC 

and HPLC. ELISA is the most widely used laboratory method because it is rapid,
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specific, sensitive and portable for use [12]. The antibody chosen for ELISA method 

should bind to the antigen with high-affinity. However, aflatoxin B1 is mycotoxin but not 

an antigen. The interaction with the specific antibody occurred via similar chemical 

groups. This so-called matrix effect or matrix interference commonly occurs in ELISA 

methods resulting in underestimates or overestimated in mycotoxin concentrations in 

commodity samples [13, 14]. Additionally, the limit of ELISA usually needed long 

operation time, tedious sample preparation, expensive instrument (microplate reader, 

and washer) and professional skills or theoretical knowledge [11]. Therefore, the 

technology of the immunochromatographic test, also called lateral flow test or strip test, 

has been used in mycotoxin testing [11, 15]. The strip tests were basically designed as 

visual judgement and have been a popular platform for rapid immunoassays since their 

introduction in the mid-1980s [16]. Results are quick and easy to interpret, usually 

without the help of an instrument. The most commonly used particulate detector 

reagents in lateral flow systems are colloidal gold [17] which was optimized in this 

study. 

 Colloidal gold nanoparticles (suspensions of gold nanoparticles) are widely 

used in the immunolabeling technique. It has strong ability to conjugate with 

biomolecule through electrostatic or hydrophobic interactions. Turkevich J. et al. in 1951 

and Frens G. in 1972 introduced a sodium citrate reduction of chloroauric acid (HAuCl4) 

[18-20]. The basic principle of Turkevich method is that the gold ions are reduced to 

gold atoms by adding a certain amount of reducing agent to a gold solution [21]. It is 

available to get gold nanoparticles in different sizes by changing the proportion of 

chloroauric acid to reducing agent during the reaction [22]. Immunolabel gold conjugate 

plays an important role in clinical observation or diagnosis, and is widely used [23-25].  

 A high affinity Fab antibody specific to aflatoxin B1 can be prepared in our 

laboratory using phage display technology [26]. Therefore, in this study, the gold 

nanoparticles will be used to conjugate with such an antibody for further application. 

The conditions have to be optimized to potentiate the conjugation of gold nanoparticles. 

The conjugation conditions have been studied. As expected, the pH and the 

concentration of the buffer play significant roles. The buffer can changed the nature of 
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the ions adsorbed on the gold nanoparticles because it can contribute to changes in the 

ionic strength of the conjugation solution. It is a general practice to adjust the pH of the 

reaction buffer to slightly more basic than the isoelectric point of antibody to be 

conjugated as this may maximize protein density on the gold nanoparticles surface [27, 

28]. The optimal concentration of antibody is very important to prevent aggregation 

formation of gold nanoparticles. The resulting electrostatic interaction provides an 

interparticle force strong enough for the particles to stay separated. The color of 

colloidal gold nanoparticles was retained red after salt-induced. The conjugation solution 

was immediately changed to grayish pink or dark blue depending on the degree of 

aggregation. This rapid result can be directly observed by the naked eyes. The 

aggregation of particles measured by a red to blue color change and the formation of a 

new absorption spectra (A600-A750) [29]. In general, the addition of strong electrolyte as 

sodium chloride or surfactant caused the gold nanoparticles to change color and 

aggregation faster [30].  

 This study focuses on the conjugation efficiency of the Fab antibody with 

optimal conditions. Although gold is an expensive metal, the cost of the assay is kept 

low as a result of the use of small amounts of gold nanoparticles [31]. The conjugated 

gold nanoparticles could be the new material for simplicity of the assay design.     

2. Objectives and Goal of the Study 

 In this study, we optimized the conditions for Fab fragment specific to 

aflatoxin B1 to gold nanoparticles by directly conjugation. The different pH and 

concentration of antibody in conjugation reactions were optimized. Our specific 

objectives were to: 

1. Synthesize and characterization gold nanoparticles. 

2. Evaluate the effect of pH and determine the optimal concentrations of Fab-MB2 for 

forming of stable gold nanoparticles. 

3. Investigate binding affinity and specificity of Fab-MB2 on gold nanoparticles. 

 The Fab antibody with high specific to aflatoxin B1 was selected from phage 

display technology by Rutairat Putkhum et al. in 2008. The expressed Fab antibody can 
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detect aflatoxin B1 as low as 2 ng, which is corresponded to 4 ppb of aflatoxin B1-BSA. 

The study demonstrated the Fab antibody has highly sensitive based on ELISA [26]. 

However, the fundamental weakness of ELISA that it need a long time due to several 

cycles of consecutive binding and washing steps. They are too complicated and too 

tedious to carry out in routinely use. We preferred method of choice for increasing value 

of Fab antibody that was performed in our laboratory. The purpose of this study is to 

decrease complicate steps of ELISA. The conjugated gold nanoparticles can be applied 

as novel materials for aflatoxin B1 detection and versatile application of antibody. 

3. The Research Hypotheses 

 For the current study we hypothesized that the optimal conditions (pH and 

concentration of Fab-MB2) can be used for formation stable gold nanoparticles and 

does not affect to the specific of Fab-MB2. To investigate this hypothesis, the 

successful immobilization of Fab antibody onto gold nanoparticles was confirmed with 

UV-visible spectroscopy, Fourier transform infrared spectroscopy (FTIR) and indirect-

ELISA. These methods are popular and recommended for improving surface coverage 

with biomolecules [32]. In addition, the stability of particles in the colloids was measured 

by Zeta potential analyzer. The stability of conjugated gold nanoparticles presents an 

important factor in the further development as lateral flow test [33, 34].  

 

 

   ส
ำนกัหอ

สมุดกลาง



 

5 

CHAPTER 2 

LITERATURE REVIEWS 

1. Introduction to aflatoxin B1 

Aflatoxins are secondary metabolites produced by Aspergillus flavus and 

Aspergillus parasiticus. Four major type of aflatoxins are B1, B2, G1 and G2, which are 

named for their respective innate fluorescent properties (Blue, Green) and mobility in 

chromatograms [12]. Aflatoxin B1 is a toxin metabolite produced mainly by A.flavus and 

A. parasiticus that contaminate a wide range of agricultural products such as corn, rice, 

peanuts, beer and milk. It was metabolized by the liver after entering to the body. 

Aflatoxin M1 is a major metabolite of aflatoxin B1 in humans and animals, which may 

be present in the milk of dairy cows fed with aflatoxin B1 contaminated feed. Aflatoxin 

M1 is also present in the milk of human nursing mothers consuming foodstuffs 

containing toxin [6, 7]. Since liver and kidney are the major organs of excreting 

metabolites of aflatoxin B1 [35, 36]. Internatinal Agency for Research on Cancer (IARC) 

lists aflatoxin B1 in Group 1 human carcinogen. The carcinogenicity of aflatoxin B1 has 

been demonstrated in a wide range of mammals, including some rodents, nonhuman 

primates and fish by International Programme on Chemical Safety (IPCS)/WHO 1998 

[37]. Age, sex and nutritional status all affect the degree of toxicity. Aflatoxin B1 is a 

highly toxic compound (LD50=0.5-10 mg/kg body weight) for most species, although it is 

extremely toxic (LD50 <1 mg/kg) for some highly susceptible species such as pigs, dogs, 

cats, rainbow trouts and ducklings [38, 39]. 

2. Method for analyzing aflatoxin B1 

Currently, thin-layer chromatography (TLC) and high performance liquid 

chromatography (HPLC) have been employed for toxin detection. These methods are 

sensitive, but cumbersome and needed an extensive clean up of samples and required 

a laboratory equipped with proper instruments [9, 36]. Enzyme linked immunosorbent 
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assay (ELISA) was first developed by Chu and Ueno (1977) for aflatoxin B1 detection 

with a sensitivity of 0.2 – 2 ng/0.5 mL sample [40]. The ELISA has been adopted as 

official or standard method for determination of aflatoxin B1/total aflatoxins by the AOAC 

International of the European Standardization Committee (CEN). In particular, methods 

for measuring aflatoxins in maize (AOAC Official Method 991.31 and 2005.08), aflatoxin 

B1 in baby food (2000.16) [41]. Moreover, it is a useful diagnostic tool in medicine, 

clinical immunology [42] and  plant pathology [12, 43], as well as a quality control check 

for raw materials in various industries.  

Immunoassays are biochemical tests that rely on the specific recognition of 

antibody by corresponding antigen to be detected. ELISA is based on the principle of 

antigen-antibody interaction. This assay allows easy visualization of the results. The 

antigen or antibody was labeled with an enzyme by chemical conjugation. Therefore, 

the performance of ELISA is critically dependent on the binding properties of the 

antibody used in the analysis, and identification of suitable antibody is often a major 

hurdle in assay development. The antibody can be produced by animal immunization, 

hybridoma technology and recombinant techniques. The complexity and costs 

associated with the production of antibody are pitfalls that have limited in the 

development and application of immunoassay. According to the nature of label, 

immunoassays can be classified as label-free immunoassay, enzyme immunoassay, 

fluorescent immunoassay, chemoluminescent immunoassay, bioluminescent 

immunoassay and metalloimmunoassay [44]. These methods are generally quantified by 

measuring the specific activity of a label. The conjugation of biomolecules, such as 

proteins or nucleic acids onto colloidal nanoparticles are widely used for example as 

signal transmitters or/and as capture reagents in diagnostic and therapeutic methods 

[45]. Immunonogold labeling is a novel immunolabelling technique applied to specific 

antigen-antibody reaction. It has extraordinary sensitivity and selectivity and has many 

advantages such as convenient to produce, inexpensive, easy to operate and no 

radioactive contamination [46, 47].  
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3. Antibody production 

3.1 Immunoglobulin G and Fab fragment structure 

Immunoglobulin G (IgG) is antibody molecules. The IgG antibody 

appears as Y shaped molecules with an angle of about 90 degrees between their Fab 

arms. The length of one Fab arm amounts to about 10 nm [48]. IgG antibodies are 

large molecules of about 150 kDa composed of four peptide chains. Each IgG molecule 

consists of 2 identical light chains (MW. ~25 kDa) and two identical heavy chains (MW. 

~50 kDa) [49]. The two heavy chains are linked to each other by one or more disulfide 

bonds (Figure 2.1), and each light chain is linked to one heavy chain by a single 

disulfide bond. 

The Fab fragment is a heterodimer of heavy chain and light chain, linked 

together through a disulfide bond. It is a fragment of an immunoglobulin molecule. The 

Fab fragment contains an antigen binding site. In comparison to a full-length antibody, 

Fab fragment can be easily expressed in bacterial expression systems. The advantage 

of working with Fab is mostly related to the fact that this is a stable, well-characterized 

protein fragment. Disulfide bonds are an important component of the Fab fragments. 

For instance, in the immunogold labeling, the Fab fragment can be directly self-

assembled onto hydrophilic gold via the terminal thiol groups. Papain is primarily used 

to generate Fab fragments [50], but now it can be produced using recombinant 

technology. In this study, the Fab fragment of monoclonal antibody was used the phage 

display technology to produce and characterize recombinant antibody against aflatoxin 

B1 (Fab-MB2). 
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Figure 2.1 The basic structure of immunoglobulin G (IgG). Disulfide bonds are 

represented as (a), and the polypeptide linker of the scFv is represented in 

(b).  

 VL: variable domain light chain 

 VH: variable domain heavy chain 

 CL: constant domain light chain 

 CH: constant domain heavy chain 

 Fc: Fc fusion 

 F(ab’)2: dimeric antigen binding fragment 

 Fab: antigen binding fragment 

 scFv: single chain antigen binding fragment.  

Source: Peterson, E., S.M. Owens, and R.L. Henry. (2006). "Monoclonal Antibody Form 

and Function: Manufacturing the Right Antibodies for Treating Drug Abuse." AAPS 

journal. 8, 2: 383-390. 
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  3.2 Phage display technology 

Phage display technology uses genetically engineered phage, viruses 

that infect bacteria to display and produce fragments. This technique was first 

introduced in 1985 by George Smith. The starting point is usually a library of peptides, 

protein or antibodies. The construction of phage library is accomplished by inserting 

DNA fragments into phage genomes or phagemid. All five capsid proteins from the 

phage (pIII, pVI, pVII, pVIII and pIX) can be used to display target molecules. The 

choice of pVIII or pIII is related to the choice of the type of display, either polyvalent or 

monovalent display [51]. This technology is a system for selecting target molecules 

based on their affinity and specificity. It is a high throughput selection of antibody from a 

diverse library of displayed antibodies on the basis of molecular recognition for in vitro 

antibody selection, called “panning” [26].  

Animal immunisation followed by hybridoma technology has been used 

to generate monoclonal antibodies against a variety of antigens. Antibody production 

using traditional hybridoma technology takes a minimum of 5-6 months. Phage display 

allows isolation of antibodies within three weeks [52]. This technology is a quick and 

inexpensive method of antibody production. There are multiple advantages of using 

phage display technology over conventional hybridoma technology. First, the use of 

laboratory animals for production of antibodies is significantly reduced. Second, 

antibodies were generated against self-antigen, which is rarely possible using 

hybridoma technology. Third, it is easier to manipulate the in vitro selection using phage 

display than the in vivo selection. Fourth, it is possible to perform genetic manipulation 

such as attaching immunotoxins and labeling molecules, all of which can be of great 

potential in human therapy [53]. 

Here, the Fab fragment of monoclonal antibody specific to aflatoxin B1 

(Fab-MB2) were prepared in our laboratory according to the previously study by 

Putkhum in 2008 [26]. The Fab fragment displayed on filamentous phage using 

phagemid vector (pComb3XSS). The display of Fab fragment can be achieved by fusing 

one chain to the C-terminus of pIII and expressing the other chain unfused and 

secreted into the periplasmic space of E.coli XL1-blue where the two chains then 
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associate. The specific clone was selected through a panning procedure that allows the 

isolation of target-specific Fabs from Fab libraries. At the end, the selected clone was 

forwarded and developed in this study for further application.  

3.3 Panning procedure 

Panning consists of several rounds of binding phage to an antigen 

immobilized to a few well in microtiter plate and subsequent reinfect into E.coli for 

greatly enhances the number of specific, strong-binding Fab. Phage library was 

incubated on antigen pre-adsorbed to a solid support. The unbound phage particles 

were washed out whereas the bound phages were then removed under strict elution 

conditions. Several rounds of panning were carried out to enrich antigen binders and to 

ensure that Fab fragments with the strongest binding affinities are isolated (Figure 2.2) 

[26, 51, 54]. The selected Fab fragment was produced by introducing pComb3XSS into 

special strains of E.coli (XL1-blue), which are characterized by the presence of an F-

plasmid. 
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Figure 2.2 Schematic representation of phage display panning procedure. 

(top) Phage libraries were incubated with a surface immobilized AFB1-BSA.  

(right) Unbound phage particles were washed and eluted. 

(left) The selected phage was amplified in the viral host (E. coli XL1-Blue).  
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3.4 Expression system 

Fab gene was amplified by Putkhum et al. in 2008 using overlap PCR 

and inserted into the vector pComb3XSS. The recombinant vector was transformed into 

E.coli XL1-blue for expression and purification. XL1-Blue are amber codon (UAG) 

suppressor strains and has the lac Iq genotype to limit the background expression from 

lac promoter [55]. In the pComb3XSS, the expression of recombinant Fab fragments is 

controlled by isopropyl-1- -D-thioglactopyranoside (IPTG)-inducible lac promoter. The 

Fab fragment was expressed with the N-terminal pelB bacterial leader sequences that 

targets to the periplasm space, where protein folding as well as heterodimer association 

occurred under oxidizing conditions.   

4. Gold nanoparticles for immunolabelling substance  

Colloidal metal nanoparticles can be gold, platinum, silver, iron, copper, 

selenium, chromium, vanadium, titanium or manganese, or an alloy thereof [56]. 

Colloidal gold nanoparticles (suspensions of gold nanoparticles) was widely used in the 

labeling technique and detection system. It can accelerate antibody-antigen reaction 

which the result can be observed directly by naked eyes. Therefore, it was a 

good labeling substance. The gold conjugates are non-hazardous and can be used for 

a wide range of applications. The technique is now recognized as the method of choice 

for replaced the enzyme with antibody in immunoassay [57]. Gold nanoparticles can 

also be chemically modified by biomolecules, organic compounds, amino or mercapto 

groups. This labeling technique has the advantages of simplicity, accuracy and non-

pollution [58].  

Size, shape and composition of gold nanoparticles can be determined its 

optical efficiencies. The ruby red color can be quantitatively explained by considering 

the scattering of an electromagnetic wave from the gold nanoparticles. The light 

scattering theory falls into 2 categories. The first technique was developed by Lord 

Rayleigh, which is only applicable to small, spherical particles made of a dielectric (non-

absorbing) material [59]. The second technique was derived by Gustay Mie, which 

represents a generic solution to scattering and it can be applied to spherical particles of 

any size and composed of an absorbing or non-absorbing material [60]. Mie was the 
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first person who proposed a theoretical model to explain the optical extinction (sum of 

the absorption and scattering properties) of spherical noble metal nanoparticles [61]. 

The optical extinction of nanoparticles with a radius that is smaller than the wavelength 

of light can be adequately explained by the simplified Mie equations and is found to 

increase as the size of the nanoparticles increases [62]. 

The basic principle of chemical synthesis gold nanoparticles is that the gold 

ions are reduced to gold atoms by adding a certain amount of reducing agent to a gold 

solution of a finite concentration. It is possible to get gold nanoparticles of different sizes 

by changing the proportion of chloroauric acid to reducing agent during the reaction 

[63]. Initially, Turkevitch (1951) and Frens (1973) introduced a sodium citrate reduction 

of HAuCl4 method for the synthesis of stable gold nanoparticles [18, 20]. After that, 

there were several reported methods require of potentially harmful chemicals such as 

hydrazine [64] and sodium borohydride (NaBH4) [65, 66] in synthetic processes. These 

harmful chemicals are highly toxic to living organisms and the environment [67]. For 

biological risks of reducing agent, the “green” synthesis of gold was presented. Plant 

extracts are continuously explored for the production of metal nanoparticles. For 

example, gold nanoparticles were synthesized using Semecarpus anacardium leaf 

extracts in water by Raju and co-workers [68]. The particles were of different shapes 

and sizes. Biosynthesis is highlight of the intersection of nanotechnology and 

biotechnology. Sastry and coworkers [69] reported the extracellular synthesis of gold 

nanoparticles by fungus Fusarium oxysporum and actinomycete Thermomonospora sp.. 

Nair and Pradeep [70] reported the growth of nanocrystals and nanoalloys using 

Lactobacillus. Gold nanoparticles of 20-100 nm were synthesized within human 

embryonic kidney (HEK-293), human cervical cancer (HeLa), human cervical cancer 

(SiHa) and human neuroblastoma (SKNSH) cells by Anshup et al. in 2005. Differences 

in the cellular metabolism of cancer and normal cells were manifested, presumably in 

their ability to carry out the reduction process and have implications to cancer 

diagnostics [71]. Other chemical methods including irradiation were exploited as seeds 

and fresh Au (III) ions were reduced onto the surface of the seed particles by reducing 

agents such as ascorbic acid [22, 72].  
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Nguyen Ngoc Long et al. synthesized gold nanoparticles via a 

photochemical method. They found that the size of nanoparticles can been controlled by 

varying the ratio between the amount of HAuCl4 and Triton X-100, and X-ray irradiation 

duration. The X-ray irradiation time was set up to 40 or 60 minutes to guarantee the 

complete reduction of gold precursor solution. Triton X-100 has been use as a particle 

stabilizer and reducing agent into HAuCl4 solution tremendously affected the formation 

and growth of the gold nanoparticles [73]. Furthermore, type of particle stabilizers, type 

of solvents, reaction conditions, pH, temperature, etc., play crucial roles in determining 

the final size of the particles [22, 46].  

In addition, the process of gold nanoparticles prepared by physical methods 

as laser ablation which gold target in water were pulsed laser irradiation at 532 nm, 10 

ns, 10 Hz or wavelengths (260 nm). The gold nanoparticles are rapidly colliding with 

inert gas in a low-pressure environment, while its limitation is the availability for 

expensive equipment [72]. Other physical method is thermolysis of gold (I), gold 

nanoparticles at 180°C for 5 hour under nitrogen atmosphere promoted the product with 

an average diameter of 20 nm [74]. Furthermore, radiolysis of gold salts, 

photochemistry and sonochemistry have been used to prepare a variety of gold 

nanoparticles. This innovation represents a significant improvement; that is an 

environmentally friendly method and does not use toxic chemicals. However, the 

synthesis of nanoparticles with desired size/shape has enormous importance. Chemical 

method (also called “Turkevich method”) is probably the easiest method to synthesis 

gold nanoparticles in single step. The reproducible preparation of stable nanoparticles is 

a broad size range (diameters between 10 and 150 nm), the size of synthesis gold 

nanoparticles depended on citrate to gold ratio [18, 22]. Therefore, the Turkevich 

method is the most commonly used procedure to synthesize gold nanoparticles for 

various applications [75].  

5. Theory of conjugation and stability of gold nanoparticles 

In the original meaning, a conjugated system is a molecular entity which 

represented as a alternating single and multiple bond [76]. The biomolecule was 

conjugation onto surface of gold nanoparticles, resulting in the formation of conjugated 
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gold nanoparticles. Colloidal gold nanoparticles also provide a surface for easy 

bioconjugation by various ligands, especially antibodies and its fragments. The 

conjugation proceeds through a number of rather poorly understood processes. As 

shown in Figure 2.3, the protein-gold interaction depends on several forces: (a) the 

electronic attraction between the negatively charged gold particles and the abundant 

positively charged site on the protein molecule, (b) an adsorption phenomena involving 

hydrophobic pockets on the protein binding to the metal surface, and (c) the potential 

for covalent binding of gold to free sulfhydryl groups, if present [28, 77]. 

 

Figure 2.3 Protein binding to gold nanoparticles can occur through several types of 

interaction. 

Many researchers discussed that the colloidal gold is typically conjugated 

through electrostatic or hydrophobic interactions, and this has limited the range of 

conjugates to antibodies [28, 78, 79]. Researchers generally have accepted the theory 

that mechanisms related to the residues of three particular amino acids play an 

important role in conjugating proteins to gold nanoparticles. Each of these amino acids-

lysine is highly positively charged and therefore naturally attracted to a negatively 

charged gold particle, Tryptophan works through hydrophobic interactions and cysteine 

creates dative bonds through the formation of sulphur bridges with the gold surface [80]. 

Mocanu and co-workers, for example, investigated the effect of cysteine on 

surface of gold nanoparticles. They found that cysteine was mediated aggregation of 

gold nanoparticles. The aggregation formation was visualized via TEM and AFM image. 
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The results indicate that the affinity of gold nanoparticles towards cysteine, as well as 

towards other amino acids, lead to the development of new detection methods for 

analytical purposes, medical diagnostics and biosensors [81]. In the Monica Campas 

and Ioanis Katakis work, a protocol for the characterization of such bionanomodules 

was proposed. It is further demonstrated that thio-modified oligonucleotides can be 

conjugated to surface of gold nanoparticles, resulting in stable modified colloidal gold 

nanoparticles. The stability of the conjugation depends on the kinetics and 

thermodynamics of the aggregation [82]. 

The optimal conditions for conjugated gold nanoparticles have been widely 

studied. As expected, the type, pH and concentration of salt in conjugation solution play 

a significant role, not only because the salt may change the nature of the ions adsorbed 

on gold nanoparticles, but also it can contribute to the changes in the ionic strength of 

the conjugation solution [83]. Colloidal gold nanoparticles exists a balance between 

negative charge repulsion and the attractive forces which could cause coagulation. The 

color of solution can be used to show the correlation between the color a substance 

absorbs and the color it appears [84]. If the negative charges are removed, the 

nanoparticles start to agglomerate. If a strong electrolyte is added, the ions of the salt 

shield the negative charges on the nanoparticles, allowing them to aggregate into larger 

size of nanoparticles. The formation of agglomerates and aggregates are reflected in a 

change of the optical property and the absorbance peak [85]. Therefore, the color of 

solution turns to a deep blue.  

6. Application of conjugated gold nanoparticles 

In this literature review, we focuses on the application of gold nanoparticles 

based biosensing. The strong optical scattering property of gold nanoparticles take 

advantage to label target tissue that has been respected from patients. It has useful 

applications in medical and research. The conjugated gold nanoparticles have been 

used as the visual indicator in immunochromatographic strips test. The applications 

ensure user-friendly and rapid detection.     
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6.1 Immunosensors based on gold nanoparticles 

Gold nanoparticles potentially possess the ability in biodetection because 

of their large surface area and suitable electrical conductivity. Wang et al. [86] and 

Vidottil et al. [87] study, the antibody can be immobilized on the surface of gold 

nanoparticles and the interface was used for electrocatalysis of redox processes by 

facilitating electron transfer between redox proteins and bulk electrode material. Gold 

nanoparticles were referred to as one of the important choice of the immobilization 

surface. Nano-scale surfaces of gold nanoparticles have recently been used for 

obtaining enhanced sensitivity of immunosensors [88]. In their investigation, an 

electrode for detection of aflatoxin B1 was developed by Liu et al. in 2006. They 

proposed the concept for the determination of aflatoxin B1 based on bio-electrocatalytic 

reaction on electrode. The electrode was fabricated by means of self-assembling 

horseradish peroxidase (HRP) and aflatoxin B1 antibody molecules onto gold 

nanoparticles functionalized biorecognition surfaces. They showed an acceptable 

accuracy compared with the result obtained from ELISA. The presence of gold 

nanoparticles provided a favorable microenvironment similar to what obtains under 

physiological conditions [89]. The immunosensing procedure has been developed and 

its simplicity, adaptability and sensitivity have been demonstrated. 

The detection limit and sensitivity of the immunoassay were greatly 

improved due to the bioelectrocatalyic reaction of the labeled enzyme. Minghui Yang et 

al. [90] demonstrated that an immunoassay based on gold nanoparticles increases the 

level of Staphylococcal enterotoxins detection. The gold nanoparticles immunosensor 

gave a signal lager than a similar assay without gold nanoparticles. The limit of 

detection was found to be ~0.01 ng/mL, which is more sensitive than traditional ELISA 

[90]. Therefore, gold nanoparticles have been extensively used as matrices for the 

immobilization and alternatively applied in food [15], pharmaceutical [91], chemistry and 

diagnosis tools [92]. 

6.2 Gold nanoparticles in biomarker and bioimaging 

Gold nanoparticles have been extensively used for electron microscopy 

(EM) because of their size, density and electrical properties, which are ideal for 
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enhancing the contrast of images and for electrochemical biosensors [90]. Large 

particles can be easily observed at the lower magnifications, so that a good labeling 

pattern is obtained [93]. The large particles are also more distinct over electron-dense 

structures than the small ones. A tight control of the average particle size and a narrow 

distribution of sizes allow creating very efficient probes that emit narrow light in a very 

wide range of wavelengths [94]. This helps with creating biomarkers with many and well 

distinguished colors. The choice of a particular particle size is therefore a compromise 

depending on what information is wanted. In double-label experiment, more than one 

probe is needed to observe an immunoreaction at several magnification levels or to 

visualize more than one immunoreaction. These considerations demonstrate the need 

for a wider choice of labels with a well-defined size of narrow range [93]. 

Gold nanoparticles and its conjugates can be used for real-time 

detection of the penetration of gold into living cells (e.g., cancer cells) at the level of a 

single particle [95]. The cellular uptake in histology was assessed by electron 

microscopy and atomic emission spectroscopy. Conjugated gold nanoparticles can be 

used to support applications as diverse as drug delivery [96], gene transfection [97] and 

a variety of heat and radiation based therapeutics [88]. Newman et al. were conjugation 

the Fab fragment of a Tn-H monoclonal antibody on small gold nanoparticles. The 

conjugated gold nanoparticles were labeled with isolated thin filaments from the flight 

muscle of Lethocerus indicus (water bug). The distribution of gold nanoparticles seen in 

electron microscope images of negatively stained. The thin filaments show that the site 

of tropomyosin and troponin, which are arranged periodically along the actin helix [98]. 

At the heart of applications is a need to know the dynamics of nanoparticle cellular 

uptake and localization (i.e., cell membrane, cytoplasm or nucleus). 

6.3 Lateral flow assay 

Lateral flow immunoassay test or strip test, also known as the 

immunochromatography assay is an extremely versatile and fast method for visual 

detection of target molecule in a sample. It is constructed with three main elements: 

conjugate pad, membrane and absorbent pad (Figure 2.4). This technique has been 

developed rapidly and become user-friendly in terms of simplification, visual evaluation 
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and on-site screening [37]. Nowadays, it has become the format of choice for many 

testing situations such as ovulation [99], drug use (both therapeutic and illicit) [100], 

infectious disease [101], environmental health [102], and even in the bio-defense and 

forensics markets [103]. The most familiar example of gold nanoparticles in sensing is 

the home pregnancy test [104].  

 

 

Figure 2.4 Standard layout of immunochromatographic strip assembly.  

Source : Assadollahi, S., et al. (2009). "From Lateral Flow Devices to a Novel Nano-

Color Microfluidic Assay." Sensors. 9: 6084-6100. 
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7. Characterization of unconjugate and conjugated gold nanoparticles 

The gold nanoparticles can be characterized using a variety of traditional 

techniques including UV-visible spectroscopy, Fourier transform infrared spectroscopy 

(FTIR), particle size analysis (DLS) and zeta potential measurement. These physical 

methods can be used for the direct characterization of molecular conjugation. The 

general concept here is to measure the change in the particle’s drag force as molecules 

conjugate onto the surface [105].  

7.1 UV-visible spectroscopy 

Spectroscopy is defined as the branch of science that is concerned with 

the investigation and measurement of spectra produced when matter interacts with or 

emits electromagnetic (EM) radiation. Depending on the wavelength of the 

electromagnetic used and the type of interaction with matter that occurs (absorption, 

scattering, etc.) different spectra are measured from which a lot of information can be 

inferred [106]. The spectroscopy methods are most relevant in the characterization of 

nanometerials (particles and surfaces) [31, 107].  

The technique is based upon the interaction of electromagnetic radiation 

with matter. Electrons in atoms or molecules can be raised, or excited, from one energy 

state to another by the absorption of electromagnetic radiation. The transition of an 

electron from one energy state to another is permitted only if the energy of the radiation 

is equal to the energy difference between the two states. An absorption spectrum is a 

plot of absorbance of electromagnetic radiation passing through a sample vs. 

wavelength (or energy) [108]. The range of electromagnetic radiation chosen to analyze 

a sample depends upon the energy required to cause transitions within the absorbing 

species [109]. The absorption band is due to electrons confined at the particle surface 

that oscillate at a specific frequency, commonly referred to as the surface plasmon 

resonance frequency [110]. To give some examples, the plasmon band of a 20 nm gold 

particle absorbs at 520 nm resulting in a red solution [60, 111]. The plasmon absorption 

effect occurs for particles up to approximate 50 nm in diameter and scales with particle 

volume. Optical properties of gold nanoparticles depend on the refractive index near the 

nanoparticle surface. As the refractive index near the nanoparticle surface increases, 
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the nanoparticles spectrum shifts to longer wavelengths (known as red-shifting). 

Particles were visualized by absorbance in solution at nanomolar and picomolar 

concentrations [112].  

UV-visible spectroscopy has been used as a common tool to monitor 

gold nanoparticles aggregation, because the aggregation causes a shift or broadening 

of the surface plasmon resonance of the gold nanoparticles. This tool allows assay 

monitoring by quantifying the color shift of the plasmon resonance wavelength. The 

aggregation level can be detected when the level is significant enough to cause a color 

change [113].  

7.2 Visible color of colloidal gold nanoparticles 

A colloidal gold nanoparticles is a red solution that strongly absorbs light 

at 520 nm (green light) [75]. The red color of the solution is the result obtained when 

the green and blue components of white light are removed. The color of the solution 

represents a composite of all colors transmitted (not absorbed) by the particles.  When 

nanoparticle aggregates, the wavelengths of light absorbed change [114]. The 

conduction electrons near each particle surface become delocalized and are shared 

amongst neighboring particles [115]. Aggregation of gold nanoparticles occurs when we 

add electrolyte to the colloid gold solution, as it leads to the formation of clusters of 

particles. The nanoparticles initially red in color shift to the blue or purple. The color of 

particles changes in a similar way to the change of color associated with changing size 

or shape of the particles [109]. The color of conjugatation solutions was observed and 

determined at which protein concentration the gold nanoparticles surface is saturated 

and no aggregation occurs [31, 78, 116]. This can be observed by an increase 

absorbance at longer wavelength compared to the unconjugated gold nanoparticles [82, 

107].  
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7.3 Fourier Transform Infrared (FTIR) spectroscopy 

The FTIR can be efficiently used also to detect relevant biospecific 

interactions of the type “recognizing molecule-target molecule” (e.g., using antigen-

antibody biospecific pairs) at the molecular level. It is a tool for the determination of 

surface concentrations of monomolecular layers and chemical binding properties of 

surface modifications [117]. In Mirghani et al study, for example, FTIR was developed 

for the determination of aflatoxins in groundnut and groundnut cakes using mainly pure 

standard aflatoxins for calibration as standard practice. This standard method is 

recognized by official organizations such as British Standards Institute (previously the 

Tropical Products Institute), the Association of Official Analytical Chemists, the American 

Oil Chemists’ Society (AOCS) and the American Association of Cereal Chemists. FTIR 

is a new analytical tool as a rapid, easy and convenient method [118]. The FTIR 

difference spectroscopy is capable of revealing the effect of binding molecule onto gold 

nanoparticles [119]. 

7.4 Dynamic light scattering (DLS) 

Dynamic light scattering (DLS) is an analytical tool for measuring the 

hydrodynamic size of nanoparticles and colloids in liquid environment. It can be used as 

a very convenient and powerful tool for bioconjugatation and biomolecular binding 

studies. Gold nanoparticles are extraordinary light scatterers at or near their surface 

plasmon resonance wavelength [113]. The general concept is to measure the change in 

particle dimensions as ligand molecules attach to the surface. The molecular surface 

density can be quantified based on the change in the particle’s physical size [120].  

7.5 Zeta-potential measurement 

Zeta potential is a parameter characterizing electric properties of 

interfacial layers in dispersions or emulsion [121]. The electrostatic potential generated 

by the accumulation of ions at the surface of the colloidal particles (Figure 2.5). The 

electrostatic potential at the shear plane of a particle is related to both surface charge 

and the local environment of the particle. Zeta potential is commonly used as an 

important parameter in colloid science to understand the colloid electrostatic interactions 
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[122]. The surface charge, more specifically the surface charge density, plays an active 

role in colloidal stability. For suspensions in water and other highly polar liquids 

electrostatic repulsion is more common. The big particle size, low zeta-potential of gold 

nanoparticles in water caused instability of particles [36]. A dividing line between stable 

and unstable aqueous dispersions is generally taken at either +30 or -30 mV. The 

particles with zeta potentials more positive than +30 mV and more negative than -30 

mV are normally considered stable [123]. The zeta-potential value is a key parameter to 

maintain the stability of suspension because it indicates a repulsive force between 

nanoparticles which keep the gold nanoparticles away from each other [124]. 

 

 

Figure 2.5 Schematic showing the distribution of ions around a charged gold   

nanoparticles in solution. 
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In this study, gold nanoparticles characterization is necessary to 

establish understanding and control of nanoparticles synthesis and applications. The 

formation of gold nanoparticles can be observed by a change in color since small 

nanoparticles of gold are ruby red [19, 61, 107]. A layer of absorbed citrate anions on 

the surface of the nanoparticles keep the nanoparticles separated. The presence of the 

colloidal gold nanoparticles can be detected by UV-visible spectroscopy [77]. The size 

and shape of nanoparticles determine the spectral position of the plasmon band as well 

as its width [125]. The evidence for the presence of surface-bound target molecule is 

provided FTIR measurements [126]. Zeta potential was be the indicator of surface 

charge, which determined particle stability in dispersion. The zeta potential was 

measured using the principle of electrophoretic mobility in an electric field [127]. The 

activity of antibody on gold was measured by Indirect-ELISA. All these characterization 

methods prove the successful conjugating of antibody onto gold nanoparticles.  
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CHAPTER 3 

Materials and Methods 

1. Production of Fab monoclonal antibody against aflatoxin B1 (Fab-MB2) 

1.1 Selected clone 

The Fab fragment of monoclonal antibody specific to aflatoxin B1 was 

cloned into pComb3XSS phagemid vector and transformed into Escherichia coli strain 

XL1-blue. The Fab antibody clones are selected and modified by Rutairut Putkum [26] 

using phage display technology, named as Afl15. Afl-15 clone expresses the chimeric 

mouse/human Fab fragment monoclonal antibody against aflatoxin B1 into the 

periplasm. The recombinant clone contains a 6X His Taq, HA Taq, amber stop codon 

and bacteriophage gene lll, respectively. The gene lll of phagemid vector in Afl-15 clone 

was digested by restriction endonuclease reaction. The original construct and modified 

construct are shown in Figure 3.1. The glycerol stock of the Afl-15 without gene III were 

kept in -80°C which labeled in “Fab-his Mung Bean”. Fab-his Mung Bean #2 was 

streaked on LB agar plates. The single colony was cultured and checked for the 

presence of antibody by ELISA for further experiments.  

1.2 Production of Fab-MB2 

A production procedure for Fab-MB2 expression is present in Figure 3.1. 

Successful antibody production depends upon careful planning and implementation with 

respect to several important steps as shown in Figure 3.2.  

For large scale expression, a single colony of Fab-MB2 was inoculated 

in a 5 mL of 2xTY broth containing 100 g/mL ampicilin. After overnight growth at 37°C 

in a shaking incubator at 200 rpm, 1 mL of the culture was inoculated into 1 liter of 

2xTY broth containing 100 g/mL of ampicilin. One liter of inoculated culture was 

divided into three 1-L baffled flasks. After cultivation for 8 hours at 37°C in 200 rpm 
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shaking incubator, the IPTG was added to the culture with 0.25 mM final concentration 

and growth was continued for 16 hours at the same conditions. In the following day, the 

cell debris was removed by centrifugation at 10800 x g (SORVALL® RC28S ultrafuge) 

for 90 minute at 4°C, and then placed on ice. 

 

 

Figure 3.1 Construction of plasmid pComb3XSS for the production of Fab-MB antibody. 

The N-terminal of pComb3XSS was modified by restriction enzyme 

digestion, Afl15; original plasmid (Top), Fab-MB2; modified plasmid (bottom).  
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Figure 3.2 Flow chart for production of the Fab-MB2  

 The supernatant was prefiltered through glass fiber prefilters (type 13400; 

130 mm, Sartorius) to prevent the clogging of the final filter, and simultaneously filtered 

with a 142 mm cellulose acetate membrane filters (0.45 m pore size) in a stainless 

steel holder (Sartorius, Germany). The filter inlet tubing and filter holder were sterilized 

by autoclaving. The filtrate was concentrated to approximately 10 folds (10X) by 

ultrafiltration using 10 kDa-cutoff Diaflo® ultrafilter in a series 8000 stirred cell (Amicon, 

Ireland). The stirred cell was sealed, placed on a magnetic stir plate, cooled on ice and 

attached to a pure nitrogen pressure supply. The filtrate was filtered with stirring under 

20-30 psi pressure. The concentrated filtrate was checked for the presence of Fab-MB2 

using ELISA (described below) and stored at -20 °C until further purification.

  Bioburden in the unfiltered supernatant, filtrates and concentrated were 

monitored by plate count method. For total plate count analysis, 0.1 mL from each serial 

dilution was plated in duplicate onto LB agar. These plates were incubated at 37°C for 

overnight before counting the resulting colony-forming unit. 
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 2. Purification Fab-MB2 using affinity chromatography   

Affinity chromatography is a separation technique based on a reversible 

interaction between a protein and a specific ligand coupled to a chromatography matrix. 

The general procedure for antibody purification with their ligands is as follows in Figure 

3.3.  

 The Fab-MB2 antibodies were purified from 90 mL of 10X concentrated 

supernatant using 1 mL HiTrap® Protein G HP affinity column (Amersham, UK). The 

sample was filtered through 0.2- m cellulose acetate filter membrane (Sartorius, 

Germany) on a vacuum glass filter funnel (Pall, USA) before passing through the affinity 

chromatography column. The column was equilibrated with 10 column volumes (CV) of 

binding buffer (0.1 M phosphate buffer pH 7.4). The sample conditions (pH and ionic 

strength) were adjusted with the binding buffer. The concentrated filtrate was diluted in 

binding buffer before directly loaded onto equilibrated column using a peristaltic pump 

P-1 (Pharmacia, Sweden). For best results, the flow rate was set at 3 mL/min during 

sample application. After that, the column was washed with 6 column volume of binding 

buffer. Fab-MB2 antibody were eluted with elution buffer (0.1M glycine-HCl, pH 2.7). 

The neutralization buffer (1M Tris-HCl, pH 9) were pre-added into each fraction tubes. 

After elution, the column is regenerated by washing with the binding buffer subsequently 

with ultra-pure water. The column was filled with 20% ethanol to maintain the stability of 

the protein G. The purity of eluted fractions was monitored in 12% SDS-PAGE and 

detected by silver staining. Fractions containing purified Fab-MB2 antibodies were 

pooled and concentrated and desalted into ultra-pure water using Amicon™ Ultra-15 

centrifugal filter. (Milipore; 10,000 MW CO). The eluted fractions were also checked for 

the presence of antibodies by ELISA.  
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Figure 3.3 Schematic and flow chart in purification procedure. 
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The specific activity and the percent yield in each step of purification were 

calculated as compared to the initial starting material (concentrated filtrate). 

Specific activity = 
Total activity

Total protein
 

% Yield = 
Total activity

Initial total activity
 x 100 

3. ELISA 

In this study, ELISA was being the main method for determining of the 

presence of Fab-MB2 in purification steps, the residue Fab-MB2 after conjugation and 

the residue AFB1-BSA in immunoreactions. The ELISA procedure, for accurate 

quantitative results, the A405nm was used for calculating the binding activity of Fab 

antibody. Standards (triplicates) and blank were performed in every plate to ensure 

accuracy.  

3.1 Preparation of Fab-MB2 standard for quantitative results 

The concentration of Fab-MB2 was determined by the Bicinchoninic Acid 

(BCA) method (MicroBCA™ Protein Assay Kit, PIERCE). The Fab-MB2 was diluted to 

7.06 ng/ L in 3% BSA/PBS. Standard solution was aliquoted to 30 L per tube and 

freezed at -20°C. The standard solution was diluted into 50 L of serial concentration 

(0, 0.25, 0.5, 0.75, 1, 2, 3, 4 nM) in PBS pH 7.4 and incubated into coated well as well 

as primary antibody (Figure 3.4; step 3). The absorbance of reaction was read at 405 

nm, A405nm, were plotted against Fab-MB2 standard (0-4 nM) to reveal a linear 

relationship. The concentration of the sample was determined by this standard curve.  

3.2 Determination of Fab-MB2 in purification fraction 

Indirect-ELISA is illustrated in the following diagram in Figure 3.4. This 

illustrate was used for ELISA experiment. A 96-well half area plates (Costar EIA/RIA, 

Corning, NY) was coated with aflatoxin B1 – BSA conjugate (AFB1-BSA) (Sigma, USA) 

in 120 ng per well and incubated overnight at 4°C (step 1). The coated plates were 
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blocked with 170 L 3% BSA in PBS (step 2). After 1 hour incubation at 37°C, the wells 

were emptied, and incubated with 50 L per well of the diluted sample fractions for 1 

hour at 37°C (step 3). The concentrated medium was diluted in PBS of the ratio of 

1:250, 1:100 for the flow through fraction, 1:10 for the washout unbound fraction, each 

sample fractions were tested in triplicate to ensure the reproducibility. The triplicate 

blank wells contained PBS as negative controls. After sample binding, unbound 

antibody was removed from the plate and washed 8 times with distilled water. After 

washing, plate was incubated for 1 hour at 37°C with HRP conjugated goat anti-Human 

IgG antibodies (GE Healthcare) diluted 1:2500 in 3% BSA/PBS (50 L per well) (step 

4). Plate was washed 8 times with distilled water, added 50 L of ABTS substrate 

solution (Calbiochem, USA) and incubated in dark room for 15 minutes (step 5). A405 

was read in the microplate reader (BIOHIT BP800, Finland).  

 

 

Figure 3.4 illustration of indirect-ELISA detection.  
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4. Protein analysis 

4.1 SDS-PAGE 

To determine the purity of Fab-MB2 obtained after each purification step, 

samples were separated onto a 12% polyacrylamide gel with a 4% stacking gel. 

The gel was prepared as following: 

Stacking gel  

dH2O     

0.5 M Tris-HCl, pH6.8  

10% SDS   

Acrylamide/Bis solution (30%T, 2.7%C)  

10% APS   

TEMED 

1.50 

0.625 

25.00 

0.325 

20.00 

3.75 

mL 

mL 

L 

mL 

L 

L 

Resolving gel  

dH2O     

1.5 M Tris-HCl, pH 8.6  

10% SDS   

Acrylamide/Bis solution (30%T, 2.7%C)  

10% APS   

TEMED 

1.67 

1.25 

0.05 

2.00 

0.04 

7.50 

mL 

mL 

mL 

mL 

mL 

L 

 The samples were mixed with sample buffer (0.06 M Tris-HCl pH 6.8, 2% 

SDS, 10% glycerol, 0.025% bromphenol blue and 5% 2-mercaptoethanol). After boiling 

at 95°C for 5 min, 15 L of the samples were loaded from the top into wells within the 

stacking gel (BIO) and run at 100 mV for 50 min (Bio-rad, USA). Running buffer was 

prepared by diluting 10X running buffer (30 g Tris, 144 g Glycine and SDS 10 g 

dissolved in 1 L distilled water) in distilled water, adjusted pH to 8.3 with 1 M NaOH 

before used. 
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4.2 Silver staining 

The glass plates, spacers, combs and upper buffer reservoir of the gel 

apparatus were thoroughly cleaned with detergent and rinsed with ultra-pure water (18 

M  cm). The ultra pure water was used in all the solution below as well as for all the 

wash steps. The oxidizer, silver reagent and developer solutions should be freshly 

prepared. 

Step 1. Fixative solution  : 50% methanol, 10% acetic acid and ultra-pure water 

Step 2. Wash solution      : 10% methanol, 5% acetic acid and ultra-pure water 

Step 3. Oxidizer        :  3.4 mM potassium dichromate and 3.2 mM nitric acid 

Step 4. Silver reagent       :  12 mM silver nitrate 

Step 5. Developer       :  0.28 M sodium carbonate and 25 L (of 37% v/v)  

          formaldehyde  

Step 6. Stop solution  :  3% acetic acid 

 The gel was fixed for 20 min in a fixative solution, and then washed for 30 

min in wash solution. After that, the gel was soaked with oxidizer from step 3 for 5 min. 

The yellowish gel was washed by rinsing gel with ultra-pure water and placed in silver 

reagent for 20 min. The bands developments are achieved by rinsing the gel with 

agitation in developer solution. This step requires at least two changes of the solution to 

prevent precipitated silver salts on surface of the gel. Under alkaline condition in 

developer step, formaldehyde can reduce ionic silver to metallic silver. The reaction was 

stopped in 3% acetic acid when a slightly yellowish background appears. 

4.3 Protein quantification by Micro BCA 

The protein assay was performed by Micro BCA™ assay kit (Pierce, 

USA). Bovine serum albumin (BSA) solutions are protein concentration reference 

standards for use in this assay kit. The albumin standard is precisely formulated at 2 

mg/mL in an ultra-pure 0.9% sodium chloride solution provided by the manufacturer. 

The standard solution was diluted in ultra-pure water to 2, 4, 6, 8 and 10 g/ L. Ten 

microliters of each standard dilution and concentrated Fab-MB2 antibody sample was 

added into a flat-bottom well of microtiter plate (NUNC, Denmark), containing 40 L of 

ultra-pure water. Fifty microliters of working reagent (A:B:C reagent; 25:24:1) was added 
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to wells, the plate was incubated at 60°C for 45 minutes in hybridization oven (Biometra 

model OV3, Germany). After that, the plate was cooled down and the intensity of color 

was measured at A562nm by microplate reader (BIOHIT BP800, Finland)  

The slope of standard curve were plotted between an absorbance 

versus standard protein concentration, the linear equation was performed by Microsoft 

Office Excel version 2007. The concentration of concentrated Fab-MB2 antibodies can 

be calculated from OD value in the equation of the standard curve.   

5. Preparation of gold nanoparticles 

Gold nanoparticles were prepared with the standard citrate method, which 

was pioneered by Turkevich J. et al. in 1951 [20] and refined by Frens G. in the 1972 

[18]. Typically, 1 mL of 12.7 mM Gold (III) chloride solution (HAuCl4, Aldrich) in 24 mL 

ultra pure water. The solution was boiled and stirred vigorously in a flask connected to a 

water-cooling column and subsequently adding 0.98 mL of 38.8 mM sodium citrate 

freshly prepared under constant stirring. After that, the color had changed from blue to 

ruby red. The hot plate stirrer was reduced to a half of original heating. It was boiled for 

another 20 min. Then the heating source was removed. The solution was continuously 

stirred until it had cooled to room temperature. The particles were stored until used at 

4°C in amber bottle to protect from light.  

6. Effect of pH and concentration of Fab-MB2 on conjugation reaction 

The pH value of the colloidal gold solution for Fab-MB2 conjugation was 

adjusted to 7, 9 and 11 with 0.1 M HCl or 0.2 M Na2CO3. The concentration of Fab-

MB2 was determined by the Bicinchoninic Acid (BCA) method (MicroBCA™ Protein 

Assay Kit, PIERCE). The experiment was performed in microtiter plate because of its 

convenient and small scale and simultaneous assay. The dilution series was made of 

the Fab-MB2 antibody (0-30 g) in the microtiter plate. After 10 min reaction time at 

room temperature, the difference in absorbance at 562 nm and 630 nm was recorded 

with the microplate reader. The optical properties of colloidal gold nanoparticles were 

monitored using the NaCl method (salt-induced). UV-visible spectrophotometer was also 

used to observe the change of gold nanoparticles aggregates. The amount of Fab-MB2 
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necessary to prevent aggregation was deduced graphically from the lower concentration 

at which, after a large decrease, the optical density became constant. 

7. Conjugation with the optimum conditions 

 The optimum concentration of Fab-MB2 antibody for coating onto 1 mL gold 

nanoparticles is 40 g/mL. The Fab-MB2 was added in molar ratio of Fab-MB2 (14.4 

M) to gold nanoparticles (20.32 M) is 0.708 (R = 0.7). With gentle stirring, the purified 

Fab-MB2 was rapidly added to colloidal gold solution (20.32 M; pH 9). After stirring at 

room temperature for 30 min, the conjugated particle was stabilized by BSA (0.1% W/V) 

as the stabilizing protein. The conjugated gold nanoparticles were centrifuged at 13700 

x g, 4°C (Himac CT15RE tabletop centrifuge Hitachi koki, Japan). The residual antibody 

was measured using indirect-ELISA, and the pellet was resuspended in 100 L storage 

buffer (PBS containing 0.1% BSA and 0.1% sodium azide, pH 7.4).  

8. Characterizing gold nanoparticles 

8.1 UV-visible spectrophotometer 

The maximum absorbance wavelength ( max) of colloidal gold 

nanoparticles was measured on an Agilent 8453 UV-visible spectrophotometer in the 

absorbance mode (200-800 nm) using 10 mm path length trUView™ cuvette (Bio-Rad, 

USA). The cuvette was cleaned before each use by rinsing with ultra-pure water. The 

stability of colloidal gold can be observed and monitored with UV-visible spectra. The 

aggregation of gold nanoparticles was induced by adding NaCl solution (salt-induce). 

Aggregation could be roughly estimated by visual scoring of color change (from red to 

blue) and measured by spectrophotometer at 630 nm.  

8.2 Size determination of gold nanoparticles 

Dynamic light scattering (DLS) is based on the light scattered by 

(colloidal) particles which are undergoing random thermal motions. In this study, Particle 

size range was estimated using a dynamic light scattering device (Horiba, LA-950). For 

the DLS calculation, the mean diameters were weighted according to the number of 

particles of each size, not by the intensity of the signal. The colloidal gold nanoparticles 
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were concentrated 5-fold for this measurement. The fraction cell cuvette was rinsed with 

ultra-pure water before particle measurements were made. The fraction cell-cuvette was 

filled with 8 mL of ultra-pure water (blank solution) and wiped it with a Kimwipe to 

remove any liquid on the outside of the fraction cell. Two milliliter of prepared particles 

was loaded with a pipette into a fraction cell without remove the blank solution. 

8.3 Zeta-potential measurement  

Zeta potential is electric potential in the interfacial double layer at the 

location of the slipping plane versus a point in the bulk fluid away from the interface. 

Particles dispersed in a liquid often have a charge on the surface. The zeta potential 

value related to the stability of colloidal dispersions, a high zeta potential can confer 

stability of the colloid. One point five milliliter of the sample particles from DLS 

measurement was filled in the 2.5 mL plastic cuvette and carefully inserted the metal 

electrode into the cuvette until it is covered. The sample particles should be filled slowly 

to avoid air bubbles from being created. After that, the trap door opened and connected 

the cable lead to the top of the electrode system, and placed the cuvette in the holder. 

8.4 Fourier Transform Infrared (FT-IR) characterization 

FTIR spectra of Fab-MB2 onto gold nanoparticles as well as protein 

labeled gold nanoparticles were measured using Nicolet FTIR spectrometer, model 

Magna IR750; DTGS detector; Nichrome source. The conjugated solutions were 

centrifuged at 13769 g for 5 min. Supernatant was discarded, and 25 L of pellet was 

spreaded on silicon window and dried in a desiccator (at least 12 hour at ambient 

temperature). The silicon window was generated and disclosed in U.S. Patent Number 

5,463,223 [128, 129]. Spectra were measured in the absorbance mode using universal 

sample holder and recorded with 100 scan at a resolution of 4.0 cm-1 and rate of 1 

spectrum per 32 s. A background scan was performed using the receptive empty silicon 

window. This background window was rinsed with ultrapure water and dried in the same 

as sample preparation. The unconjugated gold was directly spreaded on silicon window 

without centrifugation. The AFB1-std standard and purified Fab-MB2 were prepared as 

well as unconjugated gold. After immunoreactions, the residue AFB1-std was removed 

from the reaction and the pellet was prepared as described above. The FTIR intensities 
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refer it the peak height. The scanned wavenumber range was 400-4000 cm-1. Baseline 

was corrected for all spectra and analysis was performed with Omnic 4.1 software 

(Nicolet Instrument Corp.). 

9. Control experiment 

The model of negative control was used to confirm the cross-reactivity in 

immunoreaction experiments. Under the same conjugation conditions, BSA was used as 

negative control to replace Fab-MB2. The BSA-conjugated gold nanoparticles (Au-BSA) 

was performed to immunoreactions experiment in parallel. This is to check for non-

specific binding and false positive results. Indirect-ELISA is a method for confirming the 

specific binding of Fab-MB2 on gold nanoparticles (Figure 3.5B). The 120 ng of AFB1-

BSA was immobilized into the 96-well plate overnight at 4°C. Plate was blocked with 

3%BSA in PBS at 37°C for an hour. After that, the Au-BSA was also added into the 

plate by the same method above. The conjugated gold nanoparticles solutions were 

carefully removed from the well using pipette tips. The HRP conjugated goat anti-

Human IgG antibodies 1:2500 was added into well. The plate was washed, and ABTS 

solution was added to each well and incubated for 30 min at dark place. The plate was 

read at A405nm on a microplate reader. 

10. Immunoassay  

10.1 Indirect-ELISA for unconjugated Fab-MB2 antibody detection 

As illustrated in Figure 3.4, AFB1-BSA was coated onto 96-well plate as 

previously described in step 1, then 170 L of 3% BSA/PBS was added to each well as 

step 2. After incubation, the wells were emptied, and incubated with the supernatant of 

conjugation solution for 1 hour at 37°C. Conjugated gold nanoparticles were separated 

by centrifugation at 13700 x g at 4°C. The unbound antibody was added into microtiter 

plate as primary antibody in step 3. On incubation, the HRP conjugated goat anti-

Human IgG antibodies (GE Healthcare) bind to the unbound Fab-MB2. Finally, the color 

was quantified by A405nm. The unconjugated Fab-MB2 antibody of each conjugation 

solutions was determined using a Fab-MB2 standard curve (A405 vs. Fab-MB2 antibody 
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standard, 0-4 nM). All samples and each standard concentration were tested in triplicate 

for individual experiment. 

10.2 Detection of Fab-MB2 antibody on surface of gold nanoparticles by 

direct- ELISA 

Conjugated gold nanoparticles (Au-MB2) were diluted 1:20 in 0.1 M 

sodium carbonate buffer (pH 8.0) and added into well of a polystyrene microtiter plate 

and incubating at 4°C overnight. The coated solutions were carefully removed from the 

well using pipette tips. The plate was then blocked with 3%BSA/PBS for an hour and 

subsequently washed three times before the addition of 50 L (1:2500) of the goat anti-

Human IgG-HRP conjugate antibody. After incubation for another 1 hour at 37°C, the 

plate was again washed three times and added 50 L of ABTS substrate solution. After 

15 min of incubation at dark place, the absorbance caused by reaction of the substrate 

and bound enzyme was measured in a microplate reader at 405 nm (Figure 3.5A). 

Samples were considered positive if absorbance values were higher than the mean of 

negative control.  
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Figure 3.5 Schematic representation of the direct and indirect-ELISA method. AFB1-

BSA; aflatoxin B1 conjugated BSA, Fab-MB2; Fab fragment specific to 

aflatoxin B1, Au-MB2; Gold nanoparticles was conjugated with Fab-MB2, 

Au-BSA; Gold nanoparticles was conjugated with BSA, G&Human; Goat 

anti-Human IgG-HRP conjugate antibody, ABTS; substrate solution of HRP. 

(A)  Steps of direct-ELISA for Fab-MB2 detected.  

(B) Steps of indirect-ELISA, this assay can be investigated the specific 

binding of Au-MB2 to AFB1-BSA. BSA was used to conjugate onto gold 

nanoparticles as control to replace Fab-MB2. 

 

 

(A) 

(B) 
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11. Immunoreaction of Au-MB2 with specific antigen (AFB1-BSA) 

 Specific binding of conjugated gold nanoparticles (Au-MB2) to specific 

antigen (AFB1-BSA) was investigated using indirect-ELISA (Figure 3.5B). The initial 

concentration of the conjugated gold nanoparticles was diluted 1:50, 1:100, 1:250, 

1:350, 1:450, 1:500 and 1:1000 in PBS pH 7.4. The 120 ng AFB1-BSA was coated into 

each well of microtiter plate. After incubation overnight at 4°C, the coated solutions 

were emptied and blocked with 170 L 3% BSA/PBS at 37°C for 1 hour. After remove 

blocking solution, the wells were incubated with the dilution of Au-MB2 for 1 hour at 

37°C. After that, the next procedures were performed as previously described in 

subheading 3.2. 
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CHAPTER 4 

RESULTS  

1.  Production of Fab monoclonal antibody specific to aflatoxin B1 (Fab-MB2) 

1.1 Selected clone  

Fab-his Mung Bean clone was cultured and stored in 25% glycerol by 

Putkam [26]. A loopful glycerol stock of Fab-his Mung Bean was streaked on a LB agar 

plate supplemented with 100 g/mL ampicilin (LB-AMP). Five colonies from LB-AMP 

plate was individual by culturing in 5 mL 2xTY containing 100 g/mL ampicilin at 37°C 

with shaking at 200 rpm. As cell grows for 8 hour, 1.25 L of 1M IPTG was added into 

each culture. The cultures were harvested 16 hours after the IPTG induction. 

Supernatant of each culture was added into the microwells which coated with AFB1-

BSA 60 ng/well. ELISA is the main method for detected the presence of the antibody as 

described in “Materials and Methods”.  

The Fab-his Mung Bean was obtained from Putkam [26]. The clone is 

an Escherichia coli strain XL1-blue containing a pComb3XSS phagemid vector. The 

vector contains the Sfi l cassette for cloning of Fab-MB2 sequence. His 6x and HA tags 

allow further purification and detection. An amber stop codon (TAG) is positioned 

between the Fab fragment and pIII. It was introduced to turn off expression of the pIII 

fusion protein by switching to a non-suppressor strain of E.coli.  In Putkam’ s study, the 

Fab-MB2 was produced in the suppressor strain of E.coli XL1-blue. To accomplish this, 

geneIII was deleted from the pComb3XX by Bsi WI and Nhe I restriction enzymes and 

inserted back for further study (in new name “Fab-his Mung Bean”). The single colony 

of Fab-his Mung Bean was selected and labeled in new name “Fab-MB2”. The Fab 

antibody is secreted into the culture medium which the optimal concentration of IPTG in 

the culture medium is 0.25 mM. This is used to cultivate the selected clone and the 

conditions for production of Fab antibody have been consistent with Putkam study [26].  
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1.2 Production of Fab-MB2 antibody 

The cultivation of pre-culture (first liquid culture) was always used for 

inoculation of liquid culture in a scale-up process. A change in fermentation scale may 

associate with a loss in productivity. Fab-MB2 clone was pre-cultured in small scale of 

2xTY broth before used to inoculation in pilot scale. IPTG was added into the culture 

after incubated for 8 hour in shaking incubator and induced to turn on the lac operon. 

As described in the Chapter 3, the conditions of cultivation were investigated and 

discussed in Putkam study [26], whereas the cultivation conditions were used for Fab-

MB2 production in the further experiments. 

 1.3 Sterile filtration and Ultrafiltration concentration of supernatant  

The Fab-MB2 antibody have been successfully expressed and secreted 

in E.Coli (strain; XL1-blue). In every batch processes, the microbial level was checked 

using bioburden test for evaluation its ability to monitor the growth of microorganisms 

after filtration steps. In the large-scale filtration, 142 mm disc filter and stainless steel 

holder are used for effective sterilization by auto-claving at 121°C for 15 minute. The 

microorganisms were not detected in 100 L of filtrate supernatant using total plate 

count method. The bioburden level was used to determine the microorganisms that are 

present on the product and also used to quantify in each batch processes. 

The supernatant was 10-fold concentrated by ultrafiltration. The low 

molecular weight molecules (<10 kDa) were separating from the culture filtrate which 

means that the molecules larger than the membrane pore size were retained at the 

surface of the membrane. The filtrate was applied to ELISA which was carried out in the 

same manner as the antibody determination (Figure 3.4). The ELISA A405 value for the 

filtrate was compared with negative control (A405=0.19). The mean A405 of filtrate was 

not different from that obtained for the negative control. The result of ELISA shows that 

the Fab-MB2 can not pass-through to the filtrate from membrane. 
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2.  Purification Fab-MB2 using affinity chromatography 

 The Fab-MB2 antibody was purified by HiTrap® Protein G HP affinity column 

which was equilibrated with phosphate buffer. The fractions were confirmed for the 

presence of antibody by ELISA. The purified Fab-MB2 can be detected on 12% SDS-

PAGE under reducing condition and the protein bands were visualized by silver staining 

(Figure 4.1A). ImageJ 1.45S (Wayne Rasband, National Institutes of Health, USA) was 

used to calculated the percent purity of purify fractions (Figure 4.1B), and only fractions 

with purity greater than 98% were pooled. 

  2.1 Measurement of the presence of Fab-MB2 antibody by indirect-ELISA 

Although it is difficult to directly determine the activities of the Fab-MB2 

antibody, the amount of Fab-MB2 antibodies produced could be estimated by their 

absorbance of indirect-ELISA. Each fraction was sampled and checked for the presence 

of Fab-MB2 via ELISA method using the affinity activity by compared Fab-MB2 antibody 

standard. The result was shown in Table 4.1. Each standard concentration was tested 

in triplicate for individual experiment and linear equation was y = 0.2549x + 0.066 (r2 = 

0.9709). The Fab-MB2 antibody standard was prepared as described in Chapter 3. The 

standard was aliquot and kept at -20°C.   

The specific activity of the Fab-MB2 in each fraction was compared by 

ELISA on antigen. For each fraction, the total activity (Total A405nm in ELISA) was 

divided by total protein (mg). The result indicated specific activity of antibody in each 

purify fraction, its value increase as the purification progresses. The specific activity of 

initial starting medium (concentrated medium) is defined as 100%. By following the 

process described in this study, we achieved  98% pure Fab-MB2 antibody with a 

specific activity of 1.25 x 105 units/mg and a yield is at 17.27% (Table 4.1).  

 2.2 SDS-PAGE analysis 

The single band of Fab-MB2 antibody obtained in the SDS-PAGE were 

compared with the prestained protein marker (Broad Range P77088, Biolabs), the 

molecular weight was 29 kDa, consistent with Putkum’ s study [26]. A single band at the 
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correct molecular weight for the expressed Fab fragment was shown in Figure 4.1A, 

indicating its relative purity. Quantity of proteins was clearly visible in the crude but 

much less appeared in flow-through and wash fraction for the silver stained SDS-PAGE 

gel. The number of bands decreases in proportion to the step of purification, and the 

amount of protein of interest increases as a proportion of the total protein present. The 

figure 4.1A was analyzed and created the profile plot by ImageJ program (NIH, USA). 

The profile plot represents the relative density of the contents of the rectangle over 

each lane. The peaks in the profile plot (Figure 4.1B) correspond to the dark bands in 

the original image (Figure 4.1A). Higher peaks represent darker bands. ImageJ image 

software was used to calculate percentage purity of samples on SDS-PAGE by 

densitometry. The area percentage of elute fraction peak was approximately 98% of the 

total peak area of its profile plot. The elute fractions were pooled together and Micro 

BCA analysis was then performed to determine concentration of Fab-Mb2 antibody. 

After that, the Fab-MB2 was aliquoted and stored at -20°C after adding glycerol to 50%. 

We found that glycerol has no effect on conjugation efficiency.  
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Table 4.1 Purification profile of Fab-MB2  

Fraction Fraction vol. 

(mL) 

Micro BCA

Total protein (mg) 

Indirect-ELISA 

Total absorbance 

% yield Specific activity 

Concentrated medium 100.00 620.00 145.60 x 10³ 100.00 234.84 

Flow through 100.00 577.50 87.10 x 10³ 59.82 150.91 

Washout unbound 10.00 83.00 0.20 x 10³ 0.14 2.44 

Concentrated pool fractions 

(Elute fraction 1-11) 
0.28 0.20 25.15 x 10³ 17.27 125,750.00 

Total protein: The quantity of protein present in a fraction is obtained by determining the protein concentration of a part of each 

fraction and multiplying by the fraction's total volume. 

Total activity: The specific activity for the fraction is obtained by measuring the absorbance in the volume of fraction used in the 

assay and multiplying by the fraction's total volume. 

Specific activity: This parameter is obtained by dividing total activity by total protein. 

Yield: This parameter is a measure of the activity retained after each purification step as a percentage of the activity in the 

concentrate medium. The amount of activity in the initial extract is taken to be 100%. 
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Figure 4.1 SDS-PAGE and silver staining analysis of the fractions of purified Fab-MB2. 

MW; Molecular Weight 

(A) Fractions was separated by 12% SDS-PAGE and stained with silver. 

 Lane M contained the prestained protein marker, Crude: 13X concentrated 

medium (1 l), Flow T: Flow through (10 l), Wash: Washout unbound (10 

l), Elute: fraction number 1-5 and 11 (10 l each) 

(B) Densitometric analysis of purified Fab-MB2 shown in (A) was measured by 

plotting profile with ImageJ (National Center for Biotechnology Information, 

NCBI).  

 

 

High MW 

 

 

 

 

Low MW 

(A) 

(B) 
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2.3 Protein quantification by MicroBCA assay 

The eluted fractions were pooled and concentrated by centrifugation 

5000 rpm at 4°C using Amicon™ Ultra-15 centrifugal filter column (Milipore; 10,000 

MWCO). Buffer exchange was used to remove any elution buffer and to ensure a high 

protein concentration of purified antibody for MicroBCA analysis. The concentrated Fab-

MB2 was performed by MicroBCATM assay kit (Pierce, USA), the kit has been optimized 

for use with dilute protein samples (0.5-20 g/mL). The Fab-MB2 was concentrated to 

the minimum volume and subsequently exchanged buffer by adding an equal volume of 

ultra-pure water and concentrated to 200 L (approximate 179X). The intensity of the 

colored reaction product is a direct function of protein amount that can be determined 

by comparing its absorbance value to a standard curve (y=0.1058x + 0.142, r2=0.9846). 

A sample of one of the BCA results is shown in Table 4.1. The concentration of 

concentrated Fab-MB2 is 0.7 g/ L, purify from 920 mL of induced culture medium. 

3.  Synthesis gold nanoparticles 

 Colloidal gold nanoparticles were prepared by standard method as described 

by Turkevich [20] and Frens [18]. The reduction of a tetrachloroauric solution has been 

initiated by adding aqueous solutions of trisodium citrate (38.8 mM) to a final 

concentration of 1.52 mM to tetrachloroauric solution [130]. The color of the solution 

had changed from pale yellow (t=0 min) to ruby red within 5 min (Figure 4.2). It showed 

that the gold solution is reduced to gold nanoparticles. The color of the colloidal gold 

nanoparticles is related to the size of the particles, which is directly dependent on the 

amount of tri-sodium citrate used in the preparation process.   
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Figure 4.2 Time-lapse images are showing the color of gold solution after addition of tri-

sodium citrate. 

4.  Characterization of gold nanoparticles 

 4.1 UV-Visible spectroscopic study of AuNPs 

The optical color of the colloidal gold nanoparticles and its diluted are 

shown in Figure 4.3B. The color of diluted colloidal gold nanoparticles faded from ruby 

red to slightly red. The maximum absorbance wavelengths ( max) of these colloids are 

520 nm (Figure 4.3A). It was found that colloidal gold nanoparticles diluted in ultra-pure 

water were well-dispersed, while aggregation was formed when diluted with phosphate 

buffer saline [131] (Figure 4.3B). The aggregation of gold nanoparticles is observed by 

the color change and the absorbance in range A600-A700 increase (Figure 4.3A and B). 
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Figure 4.3 Maximum absorbance spectra ( max) and optical color of colloidal gold 

nanoparticles in different medium.  

(A)   max compared in different diluents.  

(B)  Optical color of colloidal gold nanoparticles, the gold nanoparticles 

were diluted in PBS and ultrapure water. The color of gold 

nanoparticles in PBS has changed from ruby red to purple 

immediately. After 1 minute, the color is faded and become to blue. 

However, ultrapure water does not affect the color of colloidal gold 

nanoparticles. 

(A) 

(B) 
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 4.2 Particle size analysis 

Dynamic light scattering (DLS) is based on the light scattered by 

(colloidal) particles which are undergoing random thermal motions. The scattered light 

fluctuations are related to the diffusion coefficient of a specific particle, which in turn can 

be converted to particle diameter [132]. Figure 4.4 shows the particle size distribution 

ranges from 35 to 60 nm by DLS with either larger particles or agglomerates up to 60 

nm. The larger sizes are attributed to the particles that were counted as single particles. 

Therefore, the agglomerate particles were possible from the micrograph. The mode 

peak of the DLS distribution is found at 46.8 nm. Nevertheless, the particles up to 60 

nm were detected. This can be explained by the agglomeration of the gold 

nanoparticles when the sample was centrifuged and concentrated to small volume. 

Unfortunately, the particle dispersions are very sensitive to changes by ionic strength. It 

has been established that centrifugation can induce polarization of the electrical double 

layer surrounding charged colloids, indicating the formation of gold nanoparticles 

clusters is a consequence of centrifugation. To understand this result, Roca et al. 

hypothesized as the polarized particles are forced to the bottom of the tube and 

distance between nanoparticles decreases, their electrical double layers can overlap 

and clusters form [133]. Although the distribution of particles size is not a single phase, 

the size of synthesized gold nanoparticles was in the nano-range, their optical 

properties are not change. In comparison of initial gold nanoparticles and centrifuged 

gold nanoparticles, the color of centrifuged gold nanoparticles change to deep red with 

increasing density. For the particle size analysis, the gold nanoparticles solution was 

concentrated by centrifugation. Particle size below 30 nm was not measured accurately. 

In our case, we expected to have the particle size below 30 nm in diameter. According 

to the manufacturer’ s recommended that the LA950 laser diffraction size analyzer 

provides the widest dynamic range (0.01-3000 m). For the small particle sensitivity, it 

was accurately measure upper 30 nm diameter particles. As previously described in 

Sereemaspan’ s study [130], we expected the synthesized  gold nanoparticle size was 

15-20 nm, and possibly as small as 9 nm. Therefore, the particle size of 60 nm results 

from centrifugation. 
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However, the synthesized gold nanoparticles were used to conjugate 

with the Fab-MB2 antibody without concentrating. The observed max at 520 nm also 

suggests that the sizes of gold nanoparticles are indeed within the nanometer region. It 

can be used for applications as previously described in literature review [32, 72, 92, 96, 

100, 106].  

 4.3 Zeta-potential measurement 

The zeta potential is the electrostatic potential that exists at shear plane 

of a particle, is related to both surface charge and the local environment of the particle 

[122]. The nanoparticles with zeta potential values  +30 mV or  -30 mV are usually 

considered stable [134]. High zeta potential values indicate high degree of electrostatic 

repulsion, whereas low zeta potential values indicate high degree of van der Waals 

attraction, which subsequently causes sample flocculation [135]. In this study, the zeta 

potential of colloidal gold nanoparticles (AuNPs) is -35.97 mV (SE = 1.02) which is 

granted by the deprotonated and negative citrate ions adsorbed onto the gold 

nanoparticles surface (Figure 4.5A).  
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Figure 4.4 Distribution graph of the gold nanoparticles by particle analyzer (Horiba LA-

950) based on dynamic light scattering (DLS) method. 
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Figure 4.5 Zeta potential measurements of colloidal gold nanoparticles at pH 7  

(A)  Gold nanoparticles (AuNPs) in ultrapure water.   

(B)  Gold nanoparticles were conjugated in molar ratio 0.7 of Fab-MB2 to 

AuNPs. The conjugated gold nanoparticles (Au-MB2) were resuspended 

in ultrapure water. 

(A) 

(B) 
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 4.4 The effect of pH on the conjugation process  

Typically, a gold nanoparticles in nano-range are ruby red. Larger 

particles turn ruby red to blue or purple. After pH was adjusted with Na2CO3 to 7, 9 and 

11, the color of solution does not obviously change (Figure 4.6A). The max of colloidal 

gold nanoparticles at pH 7, 9 and 11 are 520 nm (Figure 4.6B), suggesting that 

increasing pH does not affect the size of gold nanoparticles. 

           

 

Figure 4.6 Effect of pH on colloidal gold nanoparticles (AuNPs).  

(A) The color of colloidal gold nanoparticles adjusted pH 7, 9 and 11 with   

0.2 mM Na2CO3.  

(B) Maximum absorbance of the gold nanoparticles adjusted pH 7, 9 and 11. 

The aggregation of gold nanoparticles is observed by the color change 

from red to purple (A600-A750). The conjugated solution of molar ratio 0.34 at pH 11 does 

not change the color (Figure 4.7), indicating that the surface of gold nanoparticles 

contain enough proteins to prevent salt-induced aggregation. Taken together, elevation 

of pH increases conjugation of Fab-MB2 antibody on surface of gold nanoparticles.  

(A) (B) 

max= 520 nm 
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Figure 4.7 Stability of conjugation conditions in salt-induced aggregation test. The color 

of colloidal gold nanoparticles was changed by added 5% NaCl. Gold 

nanoparticles were conjugated at different pH (7, 9 and 11) and molar ratios. 

The number of molar ratio (Fab-MB2/AuNPs) is 0.05, 0.07, 0.18, 0.25 and 

0.34 

 

 

 

 

 

 

 

 



56

5.  Studies of optimal conditions for preparation of Au-MB2 using salt-induced 

aggregation  

 The optimal antibody concentrations were usually determined in a series of 

dilutions in a titration experiment, which gives the minimum amount of Fab-MB2 

antibody that is necessary to stabilize the conjugated particles. Ultrapure water was 

used to adjust the volumes for conjugates with different ratios of Fab-MB2 to gold 

nanoparticles. Optimal Fab-MB2 antibody concentration was selected as a color 

appearing after an equal volume of 10% NaCl was added to conjugation solution. 

Antibodies adsorbed to the surface of nanoparticles with the effect of inhibiting 

aggregation, even strong electrolyte (10% NaCl) is added. Figure 4.8 show that the 

molar ratio of Fab-MB2 to AuNPs less than 3.5 could not protect the conjugated 

nanoparticles from salt-induced aggregation. By taking the ratio of absorbance (R) at 

both wavelengths as follow:  

                                      R =  

A562nm is absorbance collected for non-aggregated form and A630nm is 

absorbance collected for aggregated form, gold nanoparticles stability can be quantified. 

The peak at 562 nm is expected to be reduced and the A630nm increased as particles 

aggregate. As shown in Figure 4.10, as the antibody concentration increases, the 

degree of aggregation decreases.  

 5.1  Determination of concentration of Fab-MB2 on gold nanoparticles 

The antibody for conjugation reaction should be affinity purified and of 

the highest quality. The minimal amount of antibody necessary to stabilize the gold 

nanoparticles is determined in small scale. If there is not enough antibody to stabilize 

the gold nanoparticles, the conjugtion solution will change from ruby red to blue or 

purple, indicating the increase in the size of the gold nanoparticles (see figure 4.7A). It 

is recommended that the antibody should be added more than 10% of the initial amount 

of antibody that is necessary to stabilize the conjugated particles [28]. The electrostatic 

potential of colloid is very sensitive, the volume and concentration of antibody are also 

important to the stability of gold nanoparticles.  

Absorbance 630 

Absorbance 562 
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In general, for optimun conjugation, it is recommended that colloidal gold 

nanoparticles be maintained at or slightly higher than the isoelectric point (pI) of the 

antibody [136]. The isoelectric point of the Fab-MB2 antibody was determined using 

GeneRunner version 3.05, the calculated pI is 7.8. The pH of colloidal gold 

nanoparticles was adjusted with 0.2 M sodium carbonate solution, to approximately 9 

before conjugation. 

The concentration of the Fab-MB2 was selected as previously described 

(Heading 5; Figure 4.8). It was performed in microtiter plate. A 1.016 M colloidal gold 

nanoparticles was prepared from stock solution (0.508 mM) for conjugation with the 

Fab-MB2. The pH of the colloidal gold nanoparticles was adjusted to 9 with 0.2 M 

sodium carbonate buffer. Gold nanoparticles (50 L; 1.016 M; pH 9) was conjugated 

with the series of Fab-MB2 (molar ratio 0-10.6) into the row of microplate. The 

concentration of Fab-MB2 was chosen since it was the lowest concentration that 

ensured the stability of conjugated gold nanoparticles.  

 

Figure 4.8 Ratio of absorbance of aggregated forms at 630 nm vs. non-aggregated    

forms at 562 nm after adding 10% NaCl vs. the conjugated gold 

nanoparticles in different molar ratio of Fab-AFB1 to AuNPs.  

   

 



58

 5.2  Conjugated with optimal conditions  

The pH of a 0.02 mM colloidal gold nanoparticles (1 mL) was adjusted 

at 9. A 40 g Fab-MB2 was added into adjusted solution during stirring. The molar ratio 

of Fab-MB2 to gold nanoparticles is 0.7, a 1.41 mM Fab-MB2 was conjugated onto 0.02 

mM gold nanoparticles, pH 9. After conjugation, the BSA was added to stabilize the 

conjugated gold nanoparticles. The unconjugated antibody was removed by 

centrifugation and the pellet of conjugated gold nanoparticles was resuspended in 100 

L PBS pH 7.4 (supplement with 1% BSA and 1% sodium azide) and stored at 4°C, 

protected from light.   

6.  Characterization of conjugated gold nanoparticles (Au-MB2) 

 6.1 UV-visible spectroscopic study of Au-MB2 

The color of conjugated solution was not changed from red to purple or 

gray, it was showed that the amount of Fab-MB2 was sufficient. The max for the Fab-

MB2 antibody coated gold nanoparticles solution is 531 nm, an 11-nm increase. The 

red shift of the absorption peak indicated a successful conjugation between Fab-MB2 

molecules and gold nanoparticles (Figure 4.9). 
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Figure 4.9 The maximum absorption spectra of colloidal gold nanoparticles and 

conjugated gold nanoparticles were prepared in different molar ratios from 

0-10.6 (Fab-MB2/AuNPs). 

 6.2 Zeta-potential measurement 

Colloidal gold is formed in solution by the balance between electrostatic 

repulsion and Van der Waals attraction among the particles [137]. After the gold 

nanoparticles were conjugated with the Fab-MB2 antibody and BSA was used as a 

stabilizing agent, the zeta potential changed slightly, from -35.97 to -34.21 mV (S.E. = 

1.82) (Figure 4.5B). The charge on gold nanoparticles shifted to negative values, 

indicating partial ionization of carboxylic groups of the capping agents. Greater zeta 

potential indicates more space between particles. The results were used to confirm the 

modification on gold nanoparticles surface and revealed that the gold nanoparticles are 

highly stable.  
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 6.3 FTIR study of conjugated gold nanoparticles (Au-MB2) 

Fourier Transform Infrared (FTIR) spectroscopy has been successfully 

applied to characterize organic and inorganic of various materials. This technique is the 

most versatile, fast, inexpensive and conclusive method for surface and bulk 

characterization [138]. Specific regions in the analysis spectra corresponded to the 

amount of protein in the sample. The region that gives the best correlation for protein 

accumulation is the amide I band (1500-1700 cm-1) that belongs importantly to 

absorption peak of protein. The main target of experiment was to find a method to 

prove the Fab-MB2 immobillized on gold nanoparticle and the complex formation.  

The spectra of pure Fab-MB2 represents typical FTIR absorption regions 

of protein, including the stretching modes of amine N-H between 3692 and 3006 cm-1 

(on the background of very broad adsorption of carboxylic and alcoholic O-H groups in 

side chains centered at about 3416 cm-1) (Figure 4.10 spectrum A.). Spectrum A 

contains symmetric and antisymmetric vibration bands of -CH2 and -CH3 groups of 

amino acid side chains at 2940 cm-1. The strong typical amide I and amide II bands 

showed at 1652 and 1546 cm-1, respectively (stretching C=O and bending N-H, 

respectively) [139]. The C-NH2 stretching of side chain primary amines (near 1410 cm-1, 

as well as various weaker bands related to C-N, C-O and C-C-O vibrations of the 

protein backbone and amino acid residues (under 1326 cm-1) [140]. 
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Figure 4.10 FTIR spectra of Fab-MB2 (spectrum A), Au-MB2; conjugated gold nanoparticles at molar ratio 0.7 (spectrum B) and AuNPs; 

colloidal gold nanoparticles (spectrum C) in the spectral window 500-4000 cm-1.  
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The peak intensity of conjugated gold nanoparticles (Au-MB2) increases 

at 1589 cm-1, that is assigned to the N-H bending of amides present in the Fab-MB2 

(Figure 4.10 spectrum B.). After immobilization of Fab-MB2, the appearance of 

characteristic peaks of carbonyl (C=O) stretching of amide I band at 1650 cm-1 and N-H 

bending of amide II band at 1589 cm-1 indicates the successful immobilization of the 

antibodies onto gold nanoparticles. Also, a strong band between 3600 and 2750 cm-1 is 

due to the amide group of the Fab-MB2, further confirms the immobilization of 

antibodies. The broad band is composed of two strongly overlapping bands from O-H 

and N-H signal (in the gray region). In addition, the strong band at 1400 cm-1 of 

conjugated gold (Au-MB2) (Figure 4.10 spectrum B) revealed to C-N stretching of amide 

but the antibody (Fab-MB2) had a weak signal at this point, indicating the carbonyl 

adsorption onto gold nanoparticles. 

FTIR spectrum of gold nanoparticles represents typical broad O-H 

absorption between 3600 and 2750 cm-1, centered at 3366 cm-1. The strong peak at 

1581 cm-1 is assigned to the antisymmetric stretching of C=O group [141, 142]. The 

symmetric stretching of C=O group at 1390 cm-1 is clearly present and suggesting a 

very stable carboxylic group of citrate capped gold nanoparticles (Figure 4.10 spectrum 

C.). In the similar study of pure sodium citrate with no aromatic part, the molecular 

structure of the sodium citrate was confirmed by the following frequencies of vibrations: 

a medium stretching vibration of water molecule at 3220 cm-1, a strong asymmetric 

vibration of the C=O group at 1550 cm-1 which proves the existence of the citrate as a 

salt, a strong stretching symmetric vibration of the C=O group at 1416 cm-1 (Figure 4.11 

red spectrum). The spectra of colloidal gold nanoparticles allowed the assignment of 

1581 and 1390 cm-1 bands as the antisymmetric and symmetric stretching of the COO- 

anion, respectively, and the band at 836 cm-1 as the C-O stretching of that anion 

(Figure 4.11 blue spectrum). The FTIR spectra of the sodium citrate proved the 

presence of the trisodium citrate on the gold surface [143]. The observed positive shift 

of the antisymmetric stretching peak (1581 cm-1 AuNPs to 1652 cm-1 Fab-MB2) and the 

negative shift of the symmetric stretching peak (1410 cm-1 Fab-MB2 to 1390 cm-1 

AuNPs) is strong evidence of coordination through an ionized carbonyl group [144]. 

These results clearly suggest that Fab-MB2 were immobilized on surface of gold 

nanoparticles through the electrostatic interaction.  
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Figure 4.11 FTIR spectrum of sodium citrate solution (red spectrum) and colloidal gold 

nanoparticles (AuNPs) (blue spectrum), was dried on silicon window. 

7.  Quantification of Fab-MB2 loaded on gold nanoparticles by Indirect-ELISA  

 In this study, indirect-ELISA is an analytical method for the detection and 

quantification of the unconjugated antibody in conjugated solution. The unconjugated 

antibody was calculated according to the equation that obtained from the slope of 

standard curve (y=0.2685x + 0.1878, r2=0.9440) and plotted vs. molar ratio of 

conjugated gold nanoparticles. The data was fit to a four-parameter sigmoidal model by 

version 11.0 SigmaPlot (Figure 4.12). The four-parameter logistic (4PL) nonlinear 

regression model is commonly used in bioassay or immunoassay analysis as ELISA or 

dose-response. For this analysis, the result revealed the saturation concentration points 

above 3.53 in molar ratio (3.59 M Fab-MB2 to 1.016 M gold nanoparticles, pH 9). 
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Figure 4.12 The unconjugated Fab-MB2 detection in conjugation solutions using 

indirect-ELISA. The data was fit to a four-parameter sigmoidal model by SigmaPlot 

version 11.0. 

 The results demonstrate that conjugated gold nanoparticles in 0.7 molar 

ratio (Fab-MB2/AuNPs) effectively prevented the color change and can be used for 

formation stable antibody layers on gold nanoparticles. Although the surface of gold 

nanoparticles can be coated at higher concentrations, the 0.7 molar ratio of Fab-MB2 to 

AuNPs is enough for immunoreactions between AFB1-BSA and Fab-MB2 antibody 

coated on gold nanoparticles.  

8.  Immunoreaction of Fab-MB2 on conjugated gold nanoparticles 

The goal in this experiment is to determine the specific binding of 

conjugated gold nanoparticles to aflatoxin B1. For the cross-reactivity experiment, the 

BSA was replaced in conjugation gold nanoparticles (Au-BSA). The Au-BSA was used 

as a control to determine non-specific binding of immunoreactions. Control experiment 

with BSA-conjugated gold nanoparticles was also performed in parallel. To confirm the 

specific activity of Fab-MB2 on conjugated gold nanoparticles based on direct-ELISA, 

the Au-MB2 was immobilized on the surface of polystyrene plate (microtiter plate) with 

0.2 M sodium carbonate buffer pH 8 and then HRP-conjugated goat anti-human IgG 

antibodies bound via specific adsorption to the Au-MB2. The results reveal the 
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successful of conjugation process. The Fab-MB2 on surface of AuNPs retained its 

immunoreactivity. Since the AFB1-BSA is not specific to Au-BSA, the immunoreactivity 

of Au-BSA was not detected. The results are attributed to the specific activity of the Au-

MB2 to AFB1-BSA (Figure 4.13). 

 

Figure 4.13 Direct-ELISA detection of immobilized Fab-MB2 on gold nanoparticles with 

diluted Au-MB2. No binding is seen from Au-BSA. A405nm of all date was 

subtracted with A405nm in negative control wells (0.096). 

9. Immunoreaction of Au-MB2 on aflatoxin B1-BSA conjugated 

To further investigate of Au-MB2 bioactivity, indirect-ELISA demonstrated the 

the Au-MB2 was bound to AFB1-BSA by specific binding. The Au-MB2 and Au-BSA 

were added in microtiter plate which immobilized with specific antigen (AFB1-BSA) and 

then followed with HRP conjugated goat anti-Human IgG antibody (anti-human-HRP). 

After adding the ABTS substrate, A405nm confirms the specific activity of Fab-MB2 on 

surface of conjugated gold nanoparticles. In contrast, the Au-BSA showed no change of 

A405nm due to the lack of activity with anti-human-HRP (Figure 4.14).  
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Figure 4.14 Indirect-ELISA measuring Au-MB2 specific binding to AFB1-BSA. A405nm of 

all date was subtracted with A405nm in negative control wells (0.180). 

 

 

Figure 4.15 Representation of the sensitivity of conjugated gold nanoparticles (Au-MB2) 

on 120 ng AFB1-BSA. After adding substrate to the ELISA plate, A405nm 

was read at 15 minutes without adding stopping buffer. A405nm of the 

multiple diluted Au-MB2 was subtracted with A405nm of Au-BSA 

(background) of each sample compared at 15 min. 
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According to previously described in material and method, the conjugated 

gold nanoparticles (Au-MB2, 0.7 molar ratio of Fab-MB2/AuNPs) were serially diluted 

(dilution range 1:50 – 1:1000 in PBS pH 7.4) in duplicates and added into each well of 

microtiter plate which coated with specific antigen (AFB1-BSA). The results were used 

to determine the endpoint in serial dilution of Au-MB2. The plot of A405nm versus the 

dilution of Au-MB2 shows the relative interaction of Au-MB2 to AFB1-BSA which 

decreased with Au-MB2 dilution (Figure 4.15). Study found that 1:50 dilution of Au-MB2 

showed maximum reaction compared to other dilutions in similar conditions. The 1:50 

dilution showed a six-fold increase in reactivity against of Au-BSA (negative control). 

The results indicate that the Au-MB2 is more sensitivity to AFB1-BSA, and showed 

reduced sensitivity with increasing dilutions. This result could be attributed to variation in 

the conditions at which the tests were carried out. Our comparative studies found that 

1:50 Au-MB2 dilution is the best for detection of 120 ng AFB1-BSA but 1:1000 dilution 

can be used for antigen-antibody reaction.  

10.  FTIR study on the immunoreactivity of conjugated gold nanoparticles 

 Aflatoxin B1 standard (AFB1-std) was used as antigen for 

immunoactivity test of conjugated gold nanoparticles (Au-MB2). After centrifugation, the 

pellet of the complex (Au-MB2+AFB1-std) was resuspended in PBS. Films were 

prepared form complex in PBS and dried in desiccator for FTIR study. In the present 

study the amide I and amide II absorption regions are evaluated to extract information 

on both the adsorbed amount and the secondary structure of adsorbed protein layers. 

The two absorption regions arise from two chemical groups of the protein backbone. 

The amide I band primarily represents the C=O stretching vibrations of the peptide bond 

group. The frequency of this vibration depends on the nature of the hydrogen bonding 

in which the C=O group is involved. The highly sensitive to the secondary structure 

adopted by the polypeptide chain, e.g. -helices, -sheets, turns and disordered 

structures [142, 145, 146]. The amide II region for the polypeptide conformation is 

small. Therefore, the area of this region is only used to quantify the adsorbed amount.  

The carbonyl vibration associated with the amide bonds from both of the interacting 

proteins will overlap extensively, making the interaction of spectral changes very 

complicated.  
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Figure 4.16 FTIR spectra of Au-MB2 and the complex formation with specific antigen (Au-MB2+AFB1-std). All peak intensities were 

normalization on the peak at 851 cm-1 which displays C-H out of plane for both figures. (A) Difference FTIR spectra in the 

region 600-1900 cm-1, 1 : 1700 cm-1, 2 : 1648 cm-1, 3 : 1548 cm-1, 4 : 1474 cm-1, 5 : 1415 cm-1, 6 : 1360 cm-1. (B) Complex in 

different concentration of specific standard antigen. Red : AFB1-std 1000 ng, Blue : AFB1-std 500 ng, Purple : AFB1-std 120 

ng.  

(A) 

(B) 
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The FTIR spectra of complex (Au-MB2+AFB1-std) between conjugated gold 

nanoparticles (Au-MB2) and specific antigen (AFB1-std) showed similar peaks, slightly 

diminished (Figure 4.16). The spectra are seen in the region of the amide I band in the 

complex spectra (Au-MB2+AFB1-std), indicated that the surface interaction on the Au-

MB2 and reveals two regions in the complex spectrum which differs from the Au-MB2 

spectrum (see Figure 4.16A). The differences observed in the range 1400-1460 cm-1 

(peak 5 in Figure 4.16A) display C-H bending vibration and 1648 cm-1 (peak 2 in Figure 

4.16A) corresponded to the C=O stretching of carbonyl region.  

 The band number 1 and 2 are in amide region corresponding to -sheet 

(1700 cm-1) and -helix (1648 cm-1), respectively, and extended chain structures. 

Therefore, the reflect some changes in this part which that indicated the wavenumber 

changes to a shift of the amide band [119]. The peak 1, 5 and 6 in Figure 4.16B 

showed a trend of increases peak height, suggests relative to the amount of AFB1-std 

in the immunoreactions.  

 

 

Figure 4.17 Comparison of FTIR spectra of aflatoxin B1 standard 500 ng (a) to Au-MB2 

+AFB1-std 500 ng (b) and conjugated gold nanoparticles (c). The 

normalization results on the peak at 667 cm-1 for spectrum a and b (N.a-b), 

and peak on 851 cm-1 for normalization of spectrum b and c (N.b-c). 
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 The narrow amide I band in aflatoxin B1 standard 500 ng spectra (Figure 

4.17) has a maximum at 1695.5 cm-1 characteristic for -structures typical for 

immunoglobulins. In the region 1300-1800 cm-1 (in blue area), the FTIR spectra of 

AFB1-std (Figure 4.17; spectrum a) and its complexes (spectrum b) are very similar. 

The spectrum b shows the increase in peak height, suggests that the Au-MB2 can be 

specific binding with AFB1-std. In addition, the band at 1361 cm-1 expressed for methyl 

adjacent to epoxy ring as shown in chemical structure of aflatoxin B1 [118, 147] (Figure 

4.18).  

 

Figure 4.18 Chemical structure of aflatoxin B1  

To describe the similar peak of amide I, are the result of complementarily in 

shapes. The amide I band of polypeptides has long been known to be sensitive to 

secondary structure and this has caused considerable interest in the understanding of 

the structure–spectrum relationship [148]. Comparison of spectra between the aflatoxin 

B1 standard (AFB1-std) and the complex (Au-MB2+AFB1-std) do not different in 

structure even the AFB1-std was increase. The absence of O-H and N-H peaks in the 

range 3500-3000 cm-1 suggests the coupling reaction had occurred between the 

antigenic determinant of AFB1-std to the specific site of Fab-MB2 on Au-MB2 (Figure 

4.16 and 4.17). Based on FTIR studies, it was successfully used to characterization of 

the Au-MB2 and its complex. In addition to that, the results from indirect-ELISA have 

supported that the Au-MB2 binds to the specific antigen. 
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CHAPTER 5 

DISCUSSION 

In this study, we optimized the conditions for Fab fragment specific to 

aflatoxin B1 (Fab-MB2) to gold nanoparticles (AuNPs) by directly conjugation. The Fab-

MB2 antibody was prepared in our laboratory using phage display technology. Then, the 

selected clone was expressed in E.coli. The E.coli system provides in short period of 

time to build up a high level of protein. The Fab fragment antibody was purified using 

immobilized protein G affinity chromatography that was described by Putkam [26]. The 

information obtained from Putkum’s can be applied on a large scale process for highly 

efficient production of antibody. Therefore, in this study, the Fab fragment antibody will 

be used to conjugate with gold nanoparticles for further application. Affinity 

chromatography allows the purification of Fab-MB2 in single step, yielding amounts 

sufficient for conjugation process. Densitometric calculating of SDS-PAGE gel 

demonstrated that the purity level of elute fraction was >98%. It was at acceptable 

levels for further study. Approximately 17% of Fab-MB2 bound to the column and 60% 

was retained in the flow through. The Fab-MB2 binding capacity was increased by 

repeated loading to the column. It is possible that the bacterial culture has high 

viscosity, which occurred during ultrafiltration. However, one liter of culture produced 

enough Fab-MB2 to manufacture 40 g of antibody, and yield of purified Fab-MB2 was 

acceptable. 

Gold nanoparticles were synthesized with sizes ranging 10-20 nm by 

chemical reduction method of Turkevich. This method is generally used to produce 

modestly monodisperse spherical gold nanoparticles suspended in water. Shapes and 

size of gold nanoparticles are key factors of the success of the lateral flow assay which 

is the goal of applications in further study. The gold nanoparticles were characterized by 

UV-visible spectrometry. UV-visible spectra showed a sharp and characteristic 

maximum absorption ( max) is 520 nm. The red shift in max was evidenced an increase 

size of gold nanoparticles. The size of synthesized gold nanoparticles was also 
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confirmed using dynamic light scattering (DLS) particle-size analyzer. The result 

presents that the gold nanoparticles diameters is in the nano-range. These 

characterizations are necessary to control of nanoparticles synthesis. Hence, we 

decided to work on the Turkevich method due to its fairly simple for the preparation of 

mono-dispersed stable gold nanoparticles with a single step. 

Successful conjugation of gold conjugates depends on two factors: pH value 

and concentration of Fab-MB2 antibody. The effect of factors has been quantificationally 

monitored using UV-absorbance after inducion of gold nanoparticles aggregation. It was 

found that the stability of conjugated gold nanoparticles (Au-MB2) depended on molar 

ratio between Fab-MB2 and AuNPs. Thus, the surface of gold nanoparticles can be 

coated at high concentration of Fab-MB2, the 0.7 molar ratio of Fab-MB2 to AuNPs is 

enough to detect its specific antigen in indirect-ELISA. Therefore, this molar ratio was 

chosen as the optimal conditions. It is well-known that the synthesized gold 

nanoparticles are excessively negative with anions from the process of Au3+ ion was 

reduction to from Au0. The added OH- ions affected the anion adsorption onto the 

surface of the gold nanoparticles, thereby leading to increase their electrostaticity. To 

explain this effect, electrostatics and double layer surrounding were considered using 

zeta potential measurements. Also, the ability of the Fab-MB2 to interact with the 

charged gold nanoparticles is directly related to its hydrophobic properties. The 

appearance of new peaks in FTIR results indicates that the gold nanoparticles were 

conjugated through electrostatic attraction under optimal pH value and optimal 

concentrations of Fab-MB2.  

To further confirm successful conjugation between Fab-MB2 and gold 

nanoparticles, the binding of Fab-MB2 was quantified using indirect-ELISA. Fab-MB2 

bound AuNPs as a function of increasing concentration of Fab-MB2, the unconjugated 

antibody was determined according to the equation that obtained from the slope of 

standard curve and plotted vs. molar ratio of conjugated gold nanoparticles. The 

success of conjugation was revealed by the absence of Fab-MB2 from the initial 

amounts of antibody. Then, the Fab-MB2 immobilization was investigated in terms of 

direct-ELISA. The results indicated the presence of Fab-MB2 on the surface of gold 

nanoparticles. In order to investigate of the Au-MB2 bioactivity, indirect-ELISA 
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demonstrated that the Au-MB2 was bound to AFB1-BSA by specific binding. Both 

formats of ELISA are excellent strategies to improve specific binding. Moreover, the 

biospecific interaction of Au-MB2 with aflatoxin B1 has been confirmed by FTIR. 

In conclusion, we were able to conjugate the Fab-MB2 onto surface of gold 

nanoparticles in optimal conditions. The serial dilution of conjugated gold nanoparticles 

was reacted with AFB1-BSA using indirect-ELISA. Using the minimal concentration of 

Fab-MB2, the conjugated gold nanoparticles have effectively biospecific interaction to 

AFB1-BSA and AFB1-std. The stable gold nanoparticles have the potential uses in 

biological applications as immunoassay detection. Therefore, the conjugated gold 

nanoparticles (Au-MB2) can be applied to the antibody-labeled gold nanoparticles 

applications in both basic research and clinical diagnosis. We believe that the Au-MB2 

can be developed along with a user-friendly format, a very short period of time to get 

test results and more specific to aflatoxin B1 with a lower level of detection than 

previous commercial detection methods. Our current research interests focus on the 

prepared gold conjugates against aflatoxin B1. Specifically, the goal is to develop a 

portable lateral flow dipstick for the rapid detection of aflatoxin B1.  
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LIST OF ABBREVIATIONS 

°C celsius degree 

L microliter 

2xTY 2xTY media (E. coli rich media) 

A405nm absorbance at 405 nm 

A562nm absorbance at 562 nm 

ABTS 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) 

APS ammonium persulfate 

AuNPs gold nanoparticles 

BCA bicinchoninic acid 

BSA bovine serum albumin 

dH2O distilled water 

DLS dynamic light scattering 

ELISA enzyme-linked immunosorbent assay 

EM electron microscopes 

Fab the antigen-binding fragment of antibody 

FTIR fourier transform infrared spectroscopy  

g/kg grams per kilograms 

g/L grams per liter 

GC gas chromatography  

HAuCl4 hydrogen tetrachloro aurate(III) 

HPLC high-performance liquid chromatography 

Hz hertz 

IARC International Agency for Research on Cancer 

IPTG Isopropyl thiogalacto pyranoside 

kDa kilodalton 

L liter 

LB-AMP luria broth (LB) agar supplemented with 100 g/mL ampicilin 
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LD50 lethal dose 

m meter 

mL milliliter 

mM millimolar 

mm millimeter 

mV millivolt 

MW molecular weight 

M  mega ohm 

Na2CO3 sodium carbonate 

Na2HPO4  sodium hydrogen orthophophate 

NaCl sodium chloride 

ng nanogram 

nm nanometer 

nM nanomolar 

ns nanosecond 

OL optical limiting 

PBS phosphate buffered saline 

pH potential of hydrogen ion 

pI isoelectric point 

psi pound force per square inch 

rpm revolutions per minute 

SDS sodium dodecyl sulphate 

SDS-PAGE sodium dodecyl sulfate polyacrylamide gel electrophoresis 

SE standard error 

TEMED tetramethylethylenediamine 

TLC thin layer chromatography 

UV ultraviolet 

v/v volume per volume 
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WHO World Health Organization 

x g g-force 

max maximum absorption wavelength 

% percent 
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LIST OF DEFINITIONS 

AFB1-BSA 

(Sigma A6655) 

Aflatoxin B1 molecules conjugated with bovine serum 

albumin (BSA).  

AFB1-std 

(Sigma A6636) 

Standard aflatoxin B1; mycotoxin from Aspergillus flavus 

Afl-15 Name of selected clone for Fab antibody production  

Au-BSA Gold nanoparticles conjugated with BSA 

Au-MB2 Gold nanoparticles conjugated with Fab fragment of 

monoclonal antibody specific to aflatoxin B1 

Au-MB2 + AFB1-std Complexation of the conjugated gold nanoparticles and its 

specific antigen  

AuNPs Gold nanoparticles 

Fab-MB2 Fab fragment of monoclonal antibody specific to aflatoxin B1 
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Figure 1. Isoelectric plot of Fab-MB2 by Gene Runner 
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Microorganism 

 Escherichia coli (XL1-BLUE) was used in this research. The culture was 

maintained in 25% glycerol at -80°C. The bacteria was periodically revived on Petri 

dishes using agar supported LB agar in which 100 g/mL ampicilin was added. The 

dishs were incubated at 37°C and after 24 h of growth the fresh colonies were used to 

prepare the inoculums.  

 Chromosomal genotype 

 E.coli strain XL1-BLUE F’ proA+B+ lacI q  (lacZ)M15 Tn10/recA I endAI 

gyrA96 thi-I hsdR17 supE44 relA1 lac 

Medium and buffer formula 

LB agar plates 

 Dissolve 10 g of tryptone, 10 g of NaCl, 5 g of yeast extract and 12 g of 

Bacto agar in 1 L of distill water. Adjust pH 7.4 with 10 N NaOH and sterile at 121°C 

for 15 mintues. Let the medium cool down to 50°C, add antibiotics and mix. Pour the 

medium on Petri dished and allow solidifying. Store at 4°C. 

2xTY broth 

 Dissolve 16 g of tryptone, 10 g of yeast extract and 5 g of NaCl in 1 L of 

distill water. Adjust to pH 7.4 with 10 N NaOH and sterile at 121°C for 15 minutes. 

Store at 4°C. 

IPTG (1M stock) 

 Dissolve 0.238 g of IPTG in 1 mL of distill water and filter through a 0.22 

micron syringe filter into a sterile tube. Store at -20°C. 

Phosphate buffer saline (PBS) 

 Disslove 0.524 g of monobasic sodium phosphate (Na2HPO4.H20), 4.29 g 

of dibasic sodium phosphate (Na2HPO4.7H2O) and 8.768 g NaCl in 1 L of deionized 

water. Adjust to pH 7.4. Store at room temperature. 
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Buffer for purification using affinity chromatography 

 0.1 M Phosphate buffer, pH 7.4  

 Phosphate buffer, consist of a mixture of monobasic sodium phosphate 

(Na2HPO4.H20) and dibasic sodium phosphate (Na2HPO4.7H2O).  

(a)  0.1 M monobasic dihydrogen phosphate (Na2HPO4) 

(b)  0.1 M dibasic monohydrogen phosphate (Na2HPO4.7H2O) 

 Mix 19 mL of monobasic and dibasic solutions in the proportions indicated 

and adjust the final volume to 200 mL with deionized water. Adjust the final pH using a 

sensitive pH meter. 

 0.1 M Glycine-HCl, pH 2.7 

 (a) 0.1 M Glycine: 7.5 g/l (M.W.: 75.0) 

 (b) 0.1 M Hydrochloric acid 

 Mix 50 ml of glycine and indicated volume of hydrochloric acid. Mix and 

adjust the final volume to 100 ml with deionized water. Adjust the final pH using a 

sensitive pH meter 

 1 M Tris-HCl, pH 9 

 (a) 1 M Tris base; 121.1 g/l (M.W.: 121.14) 

 (b) 1 M Hydrochloric acid 

 Mix 50 ml of Tris base and indicated volume of hydrochloric acid and adjust 

the final volume to 200 ml with deionized water. Adjust the final pH using a sensitive pH 

meter. 
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Preparation of gold nanoparticles 

 Gold solution stock (12.7 mM Gold (III) chloride solution; HAuCl4) 

 Dissolve 45.35 L of Gold (III) chloride solution (~30 wt% in dilute HCl, 

99.99%) in 5 mL ultra pure water to make a 12.7 mM stock solution of gold(III) ions that 

can be kept for years if stored in a brown bottle. 

 1% tri-sodium citrate (38.8 mM sodium citrate) 

 Dissolve 11.4 g tri-sodium citrate (Na3C6H5O7.2H2O) in 15 mL ultra pure 

water. 

 10% NaCl solution 

 Dissolve at 1 g of NaCl in 10 mL distilled water.  

 0.2 M Sodium carbonate 

 Dissolve at 0.2 g of sodium carbonate (Na2CO3) in 10 mL distilled water.  

 Storage buffer 

 PBS pH 7.4 containing with 0.1% Bovine Serum Albumin (BSA) and 0.1% 

Sodium azide (NaN3) 
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Immunoassay 

 ABTS develop substrate 

 Mix 17 L of 60x ABTS (5 mg of ABTS in 367 L of deionized water), 100 

L of 10x citrate buffer pH 4.0 (10.5 g Citric acid in 1 L of deionized water) and 1.7 L 

of hydrogen peroxide (30% H2O2). Adjust volume to 1 mL with deionized water. 
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Abstract 

Synthesis and Optimization of Fab Antibody Specific to Aflatoxin B1 Conjugated to Gold Nanoparticles 
Kaeoprathana A1, Tangkeangsirisin W2* 

 

Introduction: Gold nanoparticles was one of the perfect metals for studies the optical properties and most widely applied in 

biomedicines, biotechnology and diagnostic applications. Fab fragments of antibody specific to aflatoxin B1 were preformed in 

our laboratory. The Fab-AFB1 coated gold is affected by multiple factors. The optimal conditions were studied for preparation 

the Fab-AFB1 conjugated gold nanoparticles. The conjugated particles could be used to detect aflatoxin B1 on the basic of the 

optical property of gold nanoparticles. Materials and methods: In this study, we synthesized the colloidal gold solution by 

Turkevich method. We studied the effect of pH and concentration of Fab-AFB1 antibody on conjugated in the gold 
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nanoparticles. After inducing aggregation with salt, color changes and UV-absorbance were used to determined for the optimal 

conditions. Indirect-ELISA was used to measured the unconjugated antibody in conjugation solution for confirming conjugation 

reaction. Results: The maximum absorption spectra ( max, A520,) of coated gold nanoparticle increases from 520 to 531 nm. 

Increasing pH does not affect on size and the color shown. The optimum concentration was conjugation in molar ratio 0.71. 

Less conjugated antibody could not prevent salt-induced aggregation. Indirect-ELISA reveal the saturation concentration points 

above 3.53 in molar ratio. Conclusion: Gold nanoparticles conjugated with Fab-AFB1 antibody specific to aflatoxin B1 is 

successfully prepared and could be potentially used for versatile application. 

 

Keyword: gold nanoparticles, conjugation, Fab antibody 

 
 

Introduction  
Colloidal gold nanoparticles (suspensions of gold 

nanoparticles) are widely used in the immunolabeling 
technique. It has a very strong ability conjugated with 
biomolecule through electrostatic or hydrophobic 
interactions. Turkevich J. et al. in 1951 and Frens G. in 
1972 introduced a sodium citrate reduction of chloroauric 
acid (HAuCl4) (Frens, 1972; Kimling et al., 2006; Turkevich 
et al., 1951). The basic principle of Turkevich method is 
that the gold ions are reduced to gold atoms by adding a 
certain amount of reducing agent to a gold solution 
(Turkevich, 1985). It is available to get gold nanoparticles 
in different sizes by changing the proportion of chloroauric 
acid to reducing agent during the reaction (Sau et al., 
2001). Immunolabel gold conjugate plays an important role 
in clinical observation or diagnosis, and is widely used 
(Miura et al., 2002; Nghiem et al., 2010; Nichtl, 2004; 
Wang et al., 2005).  

A high affinity antibody specific to aflatoxin B1 can 
be prepared in our laboratory (Putkam and 
Tangkeangsirisin, 2007). Therefore, In this study, the gold 
nanoparticles will be used to conjugate with such an 
antibody for further application. Optimal conditions are 
important for conjugate developers to give consideration to 
the ways in which antibodies bind to gold nanoparticles. 
The conjugation conditions (pH and concentration of 
antibody) depend on the isoelectric point of the proteins to 
be conjugated. It is a general practice to adjust the pH of 
the reaction buffer to slightly more basic than the 
isoelectric point of antibody to be conjugated as this may 
maximize protein density on the gold nanoparticle surface 
(Geoghegan, 1988; Hermanson, 2008). In this study, the 
different pH and concentration of antibody in conjugation 
reaction were optimized.  

Materials and method 
Preparation of gold nanoparticles 
 Gold nanoparticles of 9 nm in diameter were 
prepared with the standard citrate method, which was 
pioneered by Turkevich J. et al. in 1951 (Turkevich et al., 
1951) and refined by Frens G. in the 1972 (Frens, 1972). 
Typically, 1 ml of 12.7 mM Gold (III) chloride solution 
(HAuCl4, Aldrich) in 49 ml ultra-pure water. The solution 
was boiled and stirred vigorously in a flask connected to a 
water-cooling column and subsequently adding 0.98 ml of 
38.8 mM sodium citrate under constant stirring. After the 
color had changed from blue to ruby red. It was boiled for 
another 20 min. Then the heating source was removed. 
The solution was continuously stirred until it had cooled to 
room temperature. The particles were stored until used at 
4°C.  
Preparation of Fab monoclonal antibody against 
Aflatoxin B1 (Fab-AFB1 antibody) 
 The aflatoxin B1 antibody clone was selected by 
Rutairat Putkam (Putkam and Tangkeangsirisin, 2008) 
using phage display technology. The bacterial culture was 
grown using standard scale up culturing conditions to 
produce 1 liter in 2xTY containing 100 g/ml of ampicillin, 
incubated for 8 hours in 37°C shaker (160 rpm). The 
culture were induced by adding 0.25 mM IPTG and 
incubated for 16 hours in the same conditions. The pellet 
of cellular debris were centrifuged at 8,000 rpm for 90 
minute at 4°C. The supernatants concentrated to 
approximately 100 ml by ultrafiltration using 10 kDa-cutoff 
Diaflo® ultrafilter. (Amicon, USA) Concentrated supernatant 
were subjected for further.  
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Purification Fab-AFB1 antibody using affinity 

chromatography   

 The Fab-AFB1 antibody was purified from 90 ml 
of concentrated supernatant using 1 ml HiTrap® Protein G 
HP column (Amersham, UK). Filtration the sample through 
0.2 m size of Supor® filter membrane before pass 
through the affinity column. Proteins were eluted with 
elution buffer (0.1M glycine-HCl, pH 2.7) then 
neutralization buffer (1M Tris-HCl, pH 9) were added to 
each fraction tube. The eluted fractions were monitored the 
Fab-AFB1 antibodies purity by 12% SDS-PAGE and 
detected by silver staining. The eluted fractions were also 
checked for the presence of antibodies by ELISA. The 
concentration of Fab-AFB1 antibodies was determined by 
the Bicinchoninic Acid (BCA) method (MicroBCA™ Protein 
Assay Kit, PIERCE).   
Stability of conjugation conditions in salt-induced 

aggregation test 

 The pH value of the colloidal gold nanoparticle for 
Fab-AFB1 antibody conjugation was adjusted to 7, 9 and 
11 with 0.2 M Na2CO3. The dilution series was made of 
the Fab-AFB1 antibody (0-30 g) in the row of the 
microtiter plate. After 10 min reaction time at room 
temperature, the difference in absorbance at 562 nm and 
630 nm was recorded with the microplate reader. The 
optical properties of colloidal gold nanoparticles were 
monitored using the NaCl method. Upon addition of 10% 
NaCl, the color of the colloidal gold solution changes from 
red to blue, indicating the aggregation formation. UV-visible 
spectrophotometer was also used to observe the change 
of gold nanoparticles aggregates. 
Indirect-ELISA for unconjugated Fab-AFB1 antibody 

detection 

 Each well of Costar EIA/RIA 96-well half area 
plates (Corning, NY) were coated with aflatoxin-BSA 
antigen in 120 ng/well and incubated overnight at 4°C. The 
coated plates were blocked with 170 l of 3% BSA/PBS. 
After 1 hour incubation at 37°C, the wells were emptied, 
and incubated with series of Fab-AFB1 antibody standards 
(performed in our lab) in PBS pH 7.4 (50 l each; 0-4 nM) 
for 1 hour at 37°C. Unbound antibody was removed and 
washed from the plate. The plate was incubated for 1 hour 
at 37°C with HRP conjugated goat anti-Human IgG 

antibodies (GE Healthcare) diluted 1 : 2,500 in 3% 
BSA/PBS (50 l per well). Plate was washed with distilled 
water, added 50 l of ABTS substrate solution and 
incubated in dark room for 15 minutes. Absorbance was 
read in the microplate reader (BIOHIP BP800) in 405 nm. 
For various experimental samples, the unconjugated 
antibody in conjugation solution can be added to each well 
in the same manner as the Fab-AFB1 antibody standard. 
 The unconjugated Fab-AFB1 antibody of each 
conjugation solutions were determined using a standard 
curve (A405nm vs. Fab-AFB1 antibody standard, (0-4 nM)). 
Each standard concentration was tested in triplicate for 
individual experiment.  
 

Results and discussion  
Gold nanoparticles 

 The gold nanoparticles were prepared according 
to Amornpun et al. (Sereemaspan et al., 2009). UV-visible 
spectra were recorded using a Agilent 8453 UV-Visible 
spectrophotometer, USA in the range 200-800 nm. The 

maximum absorbance wavelength ( max) for the colloidal 

gold nanoparticles is 520 nm (Figure 1.), and the max for 
the Fab-AFB1 antibodies coated gold nanoparticles 
solution is 531 nm, an 11-nm increase. The red shift of the 
absorption peak indicated a successful conjugation 
between Fab-AFB1 molecules and gold nanoparticles 
(Figure 2.). 

 

 
Figure 1: The maximum absorption spectra of colloidal  

             gold nanoparticles at pH7, 9 and 11. Every peak  

             showed the maximum absorption spectra at  

             520 nm 
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Figure 2: The maximum absorption spectra of gold  

             nanoparticles prepared in the presense of Fab- 

             AFB1 antibodies at different molar ratio.  

 

Effect of pH and concentration of Fab-AFB1 antibody 

on conjugated in the gold nanoparticles 

 Typically, gold nanoparticles in nano ranges is 

ruby red. Larger turn particles blue or purple. After pH was 

adjusted with Na2CO3 to 7, 9 and 11, the color of solution 

does not obviously change virtually. The max of colloidal 

gold nanoparticles at pH 7, 9 and 11 are 520 nm. (Figure 

1), suggesting that increasing pH does not affect the size 

of gold nanoparticles. 

The aggregation of gold nanoparticles leads to the 

color change from red to purple (A600-A750). Figure 3A and 

3B show the absorbance at A600-A750 in pH 7 and 9 

conjugated solution increase by comparing the A600-A750 of 

the unconjugated gold nanoparticles, indicating that the 

particle are aggregates. The molar ratio 0.34 of conjugated 

solution at pH 11 does not change the color (data not 

shown) and the absorbances are lower than the 

unconjugated gold nanoparticles, indicating that the 

surface of gold nanoparticles contain enough proteins to 

prevent salt-induced aggregation (Figure 3C). Taken 

together, elevation of pH increases conjugation of Fab-

AFB1 antibody surface of gold nanoparticles.   

The optimal antibody concentration were usually 

determined in a series of dilutions in a titration experiment, 

which gives the minimum amount of Fab-AFB1 antibody 

that is necessary to stabilize the conjugated particles. 

Optimal Fab-AFB1 antibody concentration was selected as 

a color appearing after an equal volume of 10% NaCl was 

added to conjugation solution. Antibodies adsorbed to the 

surface of nanoparticles with the effect of inhibiting 

aggregation, even strong electrolyte (10% NaCl) is added. 

Figure 4 shows the molar ratio of Fab-AFB1 to gold 

nanoparticles less than 3.5 could not protect the 

conjugated particles from salt-induced aggregation.  

 
Figure 3: The absorption spectra of the aggregation  

             formation of conjugated gold nanoparticles in  

             different molar ratio (R) : (A) pH 7, (B) pH 9, and  

             (C) pH 11.  
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Figure 4: Ratio of absorbance of aggregated forms at 630  

             nm vs. non-aggregated forms at 562 nm after  

             adding 10% NaCl vs. the molar ratio of Fab- 

             AFB1 antibody on gold nanoparticles.         

 

Indirect-ELISA for unconjugated Fab-AFB1 antibody 

detection 

 In this study, indirect-ELISA is an analytical 

method for the detection and quantification of the 

unconjugated antibody in conjugated solution. The 

unconjugated antibody was determined according to the 

equation that obtained from the slope of standard curve 

and plotted vs. molar ratio of conjugated gold 

nanoparticles. The saturation concentration points above 

3.53 in molar ratio (Figure 5.).    
 

 
Figure 5 : The residue antibodies detection in conjugation 

solutions using indirect-ELISA.  

 

Conclusion 
 The results demonstrate that synthesized gold 

nanoparticles with Turkevich method can be coated with 

Fab fragments of aflatoxin B1 antibody by direct 

conjugation method. An important parameter to consider 

when preparing gold nanoparticle conjugates is the amount 

of antibody bound to surface of gold nanoparticles. After 

adding 10% NaCl into the conjugation solution, the color 

change could be observed with the naked eyes 

immediately. The conjugated gold nanoparticles in 0.71 

molar ratio effectively inhibit the color change and can be 

used for formation stable antibody layers on gold 

nanoparticles. Although the surface of gold nanoparticles 

can be coated at higher concentrations, but 0.71 molar 

ratio is enough for immunoreactions between aflatoxin B1 

antigen and Fab-AFB1 antibodies coated gold (data not 

shown). Our results indicate that the optimal conditions can 

be used for preparing the Fab-AFB1 coated on gold 

nanoparticles. To confirm these results, indirect-ELISA is 

the method of choice for measuring residue antibodies 

after the conjugation antibodies on gold nanoparticles 

occurs. All that results provide only a preliminary, for 

applied to the design of materials for Aflatoxin B1 antigen 

detection and versatile application of antibody. 
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