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Chapter 1
Introduction
1. Statement and Significances of the problem
Japanese encephalitis (JE) is a viral disease. It can cause serious
inflammation of the brain, which may lead to permanent brain damage (Easmon,
2013), and many cases has a high mortality rate. However, 1 in 250 patients infected
by the virus develops serious and severe symptoms, which causes fatal in some cases
(Newson, 2012; Susan L. Hills, 2014). The great majority of cases only produce a
mild, influenza-like illness with no effect on the brain.

This disease is mostly

prevalent in Southeast Asia and East Asia, but it is uncommon among tourists and
short-term visitors in the areas to be affected. Nowadays, there is no specific
treatment for this disease. Vaccination is the only effective option of preventing
infections.
In Thailand, an epidemic transmission of JE was the first reported in
1969 when an outbreak leading to 685 cases occurred in the Chiang Mai valley.
During the 1980’s, northern and central provinces consistently reported JE disease. In
1989, the Ministry of Public Health introduced a JE vaccination program (Expanded
Program on Immunization; EPI) providing two doses of killed JE vaccine (18 and 24
months) and a booster (2.5-3 years) (Ferguson, Kurane, Wimalaratne, Shin, & Wood,
2007; Monath, 2002; Thomas SJ, 2004).
The Government of Pharmaceutical Organization (GPO) has imported
and later produced the vaccine using Beijing-14-2-2 strain as JE (Beijing)-GPO
vaccine. The GPO also developed a sandwich

ELISA technique for quantifying

antigen content in the vaccine. Generally, antibody production uses an animal based
technique. To produce a large amount of antibody, a large number of laboratory
animal was used. A reduction cost of the care and use of laboratory animals are
attractive features. Cell culture-based technique has been introduced to prepare an
1
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antibody. Optimal design and development to scale-up production of monoclonal
antibody are necessary to understand cell growth, metabolism, and antibody
production rates. This study has investigated only the influence of different culture
media for cell growth and the antibody yield.
In this study, monoclonal antibody was produced in laboratory scale (1
liter of culture medium). The horseradish peroxidase (HRP) enzyme was used to
conjugate to antibody. The conditions were optimized to potentiate the conjugation of
enzyme. The conjugation conditions have been studied. As expected, the pH buffer
and the molar ratio of the enzyme to antibody play a significant role in successful
conjugation.
This study focuses on the optimal condition of antibody production and
conjugation efficiency of the IgG antibody with optimal conditions. HRP conjugated
IgG is an in-house reagent that often used for this purpose (QC control); therefore,
the conjugation process has to be repeatable and reproducible.

3

2. Objectives and Goal of the Study
In this study, we optimized conditions for antibody production and the
optimal conditions for conjugation of IgG to HRP enzyme. Our specific objectives
were to:
1. Investigate growth and antibody production rate of hybridoma cells in
different media (RPMI medium vs. CD medium).
2. Produce and purify IgG antibody from hybridoma cells.
3. Characterize the purified antibody.
4. Evaluate the effect of pH buffer and molar ratio of antibody for efficient
conjugation.

3. Scope of the Study
From this study, we hypothesized different media do not affect cell
growth but antibody production rate. The optimal conditions (pH buffer and molar
ratio of antibody to enzyme) can be used for efficient conjugations. To investigate
these hypotheses, cell growth and the antibody production rate were determined by
cell counting and indirect ELISA. The activity of conjugated antibody was confirmed
by direct ELISA.

4

Figure 1 Conceptual framework of this study

Chapter 2
Literature Reviews

1. Japanese encephalitis
Japanese encephalitis (JE) is a viral disease. It can cause serious
inflammation of the brain, which may lead to permanent brain damage, and in those
cases have a high mortality rate. However, about one person in 250 infected by the
virus develops serious and severe symptoms and this may be fatal in some cases. The
great majority of cases only produce a mild, influenza-like illness with no effect on
the brain. More than three billion people live in JE endemic areas. Japanese
Encephalitis Virus (JEV) is estimated to cause 45,000 human cases of disease and
10,000 deaths per year (Solomon & Winter, 2004; van den Hurk, Ritchie, &
Mackenzie, 2009). This disease is the most prevalent in Southeast Asia and East Asia,
but it is uncommon among tourists and short-term visitors in the areas affected.
JEV is a single-stranded RNA virus that belongs to the family
Flaviviridae and it measures around 40-50 μm in diameter and structurally it is
spheroidal and of cubic symmetry. The genome is of ~11 kb with positive strand
(+strand) and a 5’ cap, but it lacks a 3’ poly a tail. The genome can be divided into
two parts: structural (S) and nonstructural (NS) genes. Structural genes are three in
number and are involved in antigenicity since they are expressed on the virus coded
by capsid protein and involved in capsid formation: Core (C), pre Membrane (prM)
and Envelope (E). Among all three, the E gene is the most important and is the most
studied one. There are seven NS genes: NS1, NS2a, NS2b, NS3, NS4a, NS4b and
NS5. These are involved in virus replication (Saxena, Tiwari, Saxena, Mathur, &
Nair, 2013) (Figure 2). Also, the JEV is closely related to West Nile and Saint Louis
encephalitis viruses (Susan L. Hills, 2014). JEV is transmitted to humans through the
bite of infected mosquitoes , primarily Culex tritaeniorhynchus, Culex vishnui and
5
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Culex gelidus (Hasegawa, Tuno, Yen, Nam, & Takagi, 2008). The virus is maintained
in an enzootic cycle between mosquitoes and amplifying vertebrate hosts, primarily
pigs and wading birds (Figure 3). The incubation period in human is from 5 to 15
days.

7

Figure 2. Schematic diagram of Japanese encephalitis virus genome and protein
organization. 11 kb of ssRNA JEV genome can be divided into four regions – 5’CAP
and 5’UTR, structural Protein coding gene regions, nonstructural Protein coding gene
regions and 3’UTR. Whole genome was translated by host machinery and was
cleaved by viral proteases resulting in a single protein. These single proteins can be
assembled together to give rise to structural complexes made up of capsid (C), matrix
(M) and envelope (E) proteins. The nonstructural proteins involve in virus replication
mechanism within infected cells.
Source : Sojan, A., et al. (2011). Japanese Encephalitis Virus: Innate and Adaptive
Immunity, Flavivirus Encephalitis. Accessed 5th May 2014. Available from:
http://www.intechopen.com/books/flavivirus-encephalitis/japanese-encephalitis-virusinnate-and-adaptive-immunity

8

Figure 3. Transmission cycle of Japanese encephalitis virus. JEV is transmitted in
an enzootic cycle between Culex mosquitoes and amplifying vertebrate hosts,
primarily pigs and wading birds like water fowls and egrets. Human is served as a
dead-endhost in the JEV transmission cycle, which means this disease is not
transmitted between human and human.
Source : Saxena, S., et al. (2013). Japanese Encephalitis Virus: The Complex
Biology of an Emerging Pathogen, Encephalitis. Accessed 5th May 2014.
Available
from
:
http://www.intechopen.com/books/encephalitis/japaneseencephalitis-virus-the-complex-biology-of-an-emerging-pathogen
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2. Japanese Encephalitis Vaccine
The first generation of japanese encephalitis vaccines became available
in the 1950s as inactivated vaccine. One of them was an inactivated mouse brainderived vaccine (the Nakayama or Beijing-1 strain), made by BIKEN and marketed
by Sanofi Pasteur as JE-VAX, until production ceased in 2005. The other vaccine was
cultivated in primary hamster kidney cells (the Beijing-3 strain). The Beijing-3 strain
was the main variant of the vaccine used in the People's Republic of China from 1968
until 2005 (Halstead & Thomas, 2010). These vaccine have limited use in developing
countries because of it high cost and eventually has been discontinued (Tauber et al.,
2007). Then, three second-generation vaccines have entered markets since then, SA1414-2, IC51 and ChimeriVax-JE. The live-attenuated SA14-14-2 strain was introduced
in China in 1988 (Halstead & Thomas, 2011). This generation, used chimeric
technology, was created by joining nucleic acid fragments from one strain to another
strain, e.g. a recombinant vaccinia virus expressing prM and E genes of JEV (Nalca,
Fellows, & Whitehouse, 2003; Yasuda et al., 1990) or recombinant yellow fever virus
expressing prM and E genes of JEV(Chambers, Nestorowicz, Mason, & Rice, 1999).
In 1990, CDC started JE vaccination in endemic provinces in Thailand,
starting from 8 provinces in the northern area and extending to more provinces in
other regions, guided by incidence data from disease surveillance. Both EPI based
schedule (2 doses at 18 months) and catch-up schedule at school entry were
implemented. In mid 1990’s, JE vaccination was taken to the consideration by the
Advisory Committee on Immunization Practices (ACIP). Finally, ACIP was pushed
for extension of EPI based schedule and recommended nationwide JE vaccination as
part of EPI program.
The vaccine used in Thailand is a local product, produced by
Government of Pharmaceutical Organization (GPO) using Beijing-14-2-2 strain as JE
(Beijing)-GPO vaccine. This vaccine was derived from mouse brain.
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3. Quality control of Japanese Encephalitis Vaccine
Quality control (QC) is one part of good manufacturing practice
(GMP), the practice is required to comply with the guidelines recommended by
agencies that control authorization and licensing for manufacture and sale of drug
products or pharmaceutical products (Mowat, 1999). QC concerns about taking
samples during production processes and testing to ensure quality in the
manufacturing process.
In 1988, World Health Organization adopted the “Requirements for
japanese encephalitis vaccine for human use” (WHO, 1988) guideline for
manufacturers for the licensing of vaccines. Manufacturers have to provide the
authorities with extensive data on the safety and efficacy of the new product (Maas,
de Winter, Venema, Oei, & Claassen, 2000) such as, sterility test, identity test, protein
content, potency or even antigen content.
Antigen content is one of the key QC item used in quantitation of the
bulk vaccine in the manufacturing process. WHO recommends testing in every
process of vaccine production (WHO, 2002). To quantify antigen content in vaccine,
European Pharmacopoeia recommends the use of a suitable immunoassay method,
preferably used monoclonal antibody.
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4. Immunoassays
Immunoassay is a biochemical test that measures the presence or
concentration of a macromolecule in a solution through the use of an antibody.
Enzyme-linked immunosorbent assays (ELISAs) or enzyme immunoassays (EIAs)
use enzymes as labels for immunoassay.
ELISA is based on the basic immunology concept of an antigen
binding to its specific antibody, which allows the detection of very small quantities of
antigens such as proteins, peptides, hormones, or antibody in a fluid sample. ELISA
makes use of enzyme-labeled antibodies to detect the biological molecules (Lequin,
2005). The antigen is immobilized on the surface of plastic plate and then an excess of
another protein (normally bovine serum albumin or skim milk) is added to block all
the other binding sites. The coated antigen is allowed to bind with a sample antibody,
which is subsequently detected by a secondary, enzyme-conjugated antibody (Figure
4, middle) (Lequin, 2005). The most commonly used enzymes are horseradish
peroxidase (HRP), alkaline phosphatase (AP) or glucose oxidase. These enzymes
employ detection often because they produce an observable color that can be
measured by absorbance. Four types of ELISA are 1) direct ELISA, 2) indirect
ELISA, 3) competitive ELISA and 4) sandwich ELISA.
The direct ELISA is a method that an antigen is coated onto a plate and
is detected by an antibody that is directly conjugated to an enzyme. The indirect
ELISA is a method that an antigen coated onto a plate is detected in two steps. First,
an unlabeled primary antibody, which is specific for the antigen, is applied. Then, an
enzyme-labeled secondary antibody binds to the first antibody. The secondary
antibody is usually an anti-species antibody and often a polyclonal antibody. This
type

is the most popular technique for ELISA. In sandwich ELISA, a primary

antibody or captured antibody is used for capturing the antigen. Then, the labeled
secondary antibody binds specifically to the antigen in different epitopes (Figure 5).
In competitive ELISA, the basis is different from the 3 types above. Competitive
ELISA uses enzyme labeled antigens that compete with unlabeled antigens. Hence,
unlebeled antigens had a limited number of binding sites on antibody molecules that
are attached to a solid phase. After removal of unbound antigens, enzyme activity is
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determined (Figure 5). The advantage and disadvantage of different types of ELISA
are summarized in Table 1.

13
Table 1. Comparison of Direct, Indirect, Sandwich and Competitive ELISA Methods.

Advantages

•
•

Disadvantages

•
•

Advantages

•
•

•

Direct ELISA Detection
Quick because uses one antibody so steps are retrench.
Cross-reactivity of secondary antibody is eliminated.
Labeling primary antibodies is time-consuming and
expensive.
No signal amplification.
Indirect ELISA Detection
A wide variety of labeled secondary antibodies are available
commercially.
Adaptable because many primary antibodies can be made in
one species and the same labeled secondary antibody can be
used for detection.
Signal amplification because each primary antibody contains
several epitopes that can react with labeled secondary
antibody.

•

Cross-reactivity with the secondary antibody, resulting in
nonspecific signal.
An extra incubation step is required in the procedure.

Advantages

•

Sandwich ELISA Detection
Higher specificity, since two antibodies are used.

Disadvantages

•

Disadvantages

•

•
•

Advantages

Disadvantages

Difficult to optimize and test match pair of antibodies.
Antigen must contain at least two epitopes.
Require a pair of antibodies.

•

Competitive ELISA Detection
Crude or impure samples may be used.
High reproducibility.

•

Lower overall sensitivity and specificity.

•

14

Figure 4. The schematic of ELISA
(Top)

Sandwich ELISA

(Middle)

Indirect ELISA

(Bottom)

Direct ELISA

Source : Racaniello, V. (2010). Detection of antigens or antibodies by ELISA
Accessed 22th Fabuary 2014. Avialable from :
https://www.abfrontier.com/front/images/cs/antib_hybrid_img.gif
Edited by Pisuttinusart, N. (2014)
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Figure 5. The competitive ELISA.
Source : Wild, D. (2001). An Introduction to immunoassay.

Accessed 26th

October 2014, Available from :
http://salimetricseurope.blogspot.com/2012/08/salimetrics-publish-introductionto.html
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5. Antibody
5.1 Principle of antibody
The antibody is a glycoprotein which is important in an adaptive
immunity. Antibody is a part of human immune system that is found in blood or body
fluid. It is produced from plasma cells that are activated by foreign objects, called
antigen, such as virus or bacteria. The main function of the antibody is to neutralize
antigen. Antibody can also activate complement system and effector cells. There are
five antibody isotypes, known as IgA, IgD, IgG, IgE and IgM, which are categorized
based on their heavy chains (Janeway & Travers, 1996).
Antibody contains a binding site that can bind with antigens. This
region is called Fab (fragment of antigen binding). It is composed of one constant and
one variable domain from each heavy and light chain of the antibody (Putnam, Liu, &
Low, 1979). The variable domain can also call as FV region, which is important in
antigen bindings (Janeway & Travers, 1996).
5.2 Immunoglobulin G Structure
Immunoglobulin G is an antibody molecule. The IgG antibody appears
as Y shaped molecule with an angle of about 90 degree between their variable arms,
called Fab (fragment of antigen binding). The length of one variable arm is about 10
nanometer (Noll, Lutsch, & Bielka, 1982). IgG antibodies are large molecules of
about 150 kDa and are 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) (Schroeder & Cavacini, 2010). The two heavy chains are linked together by one
or more disulfide bonds, and each of light chain is linked to heavy chain by a single
disulfide bond. The Fc regions of IgG bear a highly conserved N-glycosylation site. In
addition, small amount of these N-glycans also bear bisecting N-Acetylglucosamine
and α-2,6-linked sialic acid residues (Stadlmann, Pabst, Kolarich, Kunert, & Altmann,
2008) (Figure 5).
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Figure 6. Structure of IgG antibody (Thompson, 2010)
Source : Thompson, J. (2010). Web Resources for Human A&P Students.
Accessed 22th October 2014. Avialable from :
http://apbrwww5.apsu.edu/thompsonj/Anatomy%20&%20Physiology/2020/2020%20
Exam%20Reviews/Exam%202/Ab%20diagram-giant.bmp
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6. Hybridoma technology
Antibody molecules are secreted by plasma cells, which are derived
from B-lymphocytes. Each antibody is made by a different lymphocyte and it is
derived from plasma cells. If a single cell can be selected and grown it in the cultures,
then the cells can be a source of large amount of identical antibody against a single
antigenic determinant: a monoclonal antibody (mAb). Unfortunately, antibodysecreting cells cannot be maintained in a culture medium for a long time.
It is well known that antibody can bind to antigen specifically. Thus, it
has been applied to diagnostic and therapeutic use (Yau, Lee, & Hall, 2003). Since
1980, monoclonal antibody has been developed into a beneficial and profitable group
of product resulting in the high specificity and sensitivity. The original method for
production of mAb is hybridoma technology. This original methods based upon the
work carried out in the 1970’s by Kohler and Milstein (Kohler & Milstein, 1975). The
method involves immunization an animal with antigen, leading to an immune
response. The spleen was isolated and splenocytes was then fused with myeloma cells
using polyethylene glycol to produce a hybridoma. Splenocytes are unable to survive
in culture, In contrast, the unfused myeloma cells and hybridomas (Kohler &
Milstein, 1975) are able to proliferate. The hybridomas are selected in hypoxanthine,
methotrexate, thymidine (HMT) or hypoxanthine, aminopterin, thymidine (HAT)supplemented media. Myeloma cells have been genetically engineered (HGPRT-/-) so
they are unable to synthesize the enzyme hypoxanthine guanine phosphoribosyl
transferase (HGPRT). HAT and HMT contain aminopterin and methotrexate,
respectively, that block the de novo synthesis of DNA. This causes the cells to rely
only on the salvage pathway to synthesize their DNA. The salvage pathway requires
HGPRT to allow complete synthesis of DNA. The unfused myeloma cells are
HGPRT negative. Thus, they cannot replicate their DNA and die. Unfused spleen
cells cannot grow definitely because of their limited life span. Only fused hybrid cells
are able to grow indefinitely in the media because the spleen cell provides HGPRT
enzyme and the myeloma cell is maintain the immortal properties (Figure 7) (Noble,
2011).

19

Figure 7. The schematic of hybridoma technology for monoclonal antibody .
Source : Datta, K. (2012). Monoclonal Antibodies in Therapeutics. Accessed 19th
September 2014. Available from :
http://www.abfrontier.com/cs/antibodyHybridoma.do
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7. Antibody Production
Two basic approaches for monoclonal antibody production have been pursued:
(1) in vivo production by growing hybridoma cells as ascites tumors in mice or rats.
At the laboratory scale mouse and rat hybridoma cells can be grown as ascites tumors
in rodents (Rener, 1985). Such a production method becomes less appropriate as the
amount of produce needed increases. Although the yield of monoclonal antibodies in
ascites fluid is very high, typically 50 mg per mouse. To produce 1 kg of monoclonal
antibody then requires 20,000 mice. According to ethical and practical consideration,
there is likely to be a problem of batch-to-batch variations between animals as well as
contamination of the products by non-specific murine immunoglobulin and
(potentially) murine viruses from the host. These issues are particularly important for
therapeutic products. An alternative approach for producing mAb (2) in vitro is to
grow the hybridoma cultures in batches as a closed system and to purify the mAb
from the culture medium. The advantage of batch tissue-culture methods is relatively
easy to perform, have relatively low start up costs, have a start-to-finish time (start-tofinish about 10 days). Thus, mAb is then harvested from the medium. The
disadvantages of these methods are that large volumes of tissue-culture media must be
processed. The mAb concentration achieved is lower than in vivo production (around
a few micrograms per milliliter) (Ozturk, 1990).
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Table 2 Comparison of advantage and disadvantage between two approaches for
antibody production.
Animal based technique
Advantages

Disadvantages

•

Higher yield.

•

Lower cost compared to cell based technique.

•

Ethical considerations.

•

Batch-to-batch variations between animals.

•

Contamination of host immunoglobulin and adventitious
agent.

•

Ascites fluid contains more of various of proteins.
Cell based technique

Advantages

•

Reduce contamination from host adventitious agent and
immunoglobulin.

Disadvantages

•

Reduce the number of animals used.

•

Cultured medium contains less of various of proteins.

•

Lower yield.

•

Higher cost.
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8. Cell based technique for antibody production
Cell culture technology has been widely applied in the field of cellular
and molecular biology. Cell cultures are utilized in cytogenetic, biochemical, and
molecular laboratories for diagnostic as well as research studies. In most cases, cells
or tissues must be grown in culture for days or weeks to obtain sufficient numbers of
cells for analysis or different purpose, such as protein expression (Phelan, 2001).
An important factor influencing the growth of cells in culture is the
choice of tissue culture medium. Many different recipes for tissue culture media are
available and the experiment should be determined which medium best suits for their
needs. Together with providing nutrients, medium is generally supplemented with
animal serum. Various growth factors, hormones and proteins that present in serum
are presumed to be responsible for growth-stimulating activity in culture media
(Mariani et al., 1991). Since the cell culture medium was supplied with animal serum,
the possibility of bovine IgG contamination in serum medium should be concerned.
Reducing or removing serum from cultured medium become a priority. Chemically
defined medium (CD medium) has been developed and optimized for cell growth and
recombinant protein expression by a variety of nonsterol requiring cells (including
hybridoma producing antibody). The composition of CD medium usually contains
inorganic salts, HEPES, sodium bicarbonate buffers, essential and non-essential
amino acids, vitamins, recombinant human insulin, other organic compounds, trace
elements, and surfactants (Sigma-Aldrich Corporation, St. Louis, MO, USA). These
compositions provide several vitamins, amino acids and some growth factors that are
required for optimal growth. The advantage of CD medium is lot-to-lot consistency
and reduced dependence on animal or plant components, whose supply can be
uncertain (Serrato, Hernandez, Estrada-Mondaca, Palomares, & Ramirez, 2007).
Furthermore, CD medium is compatible with downstream processing and improve
biosafety by reducing risk of contamination by adventitious agents (Brown, 1999;
Keenan, Pearson, & Clynes, 2006).
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9. Purification of antibody
Proteins of interest and other macromolecules can be purified from
crude or complex mixtures by a variety of methods. Most

purification

methods

involve some forms of chromatography whereby molecules in solution (mobile phase)
are separated based on differences in chemical or physical interaction with a
stationary phase (solid phase). The porous resin material is used in gel filtration to
separate molecules based on size (also called size-exclusion chromatography or SEC).
In ion exchange chromatography, molecules are separated according to the strength of
their overall ionic interactions with a solid phase material (Karlström & Hober, 2006).
Affinity chromatography is based on specific binding interactions between molecules.
A particular ligand is chemically immobilized or “coupled” to a solid support so that
when a complex mixture is passed though the column, those molecules having
specific binding affinity to the ligand become bound. Biological interactions between
ligand and target molecule can be a result of electrostatic or hydrophobic interactions,
van der Waals' forces and/or hydrogen bonding (Grodzki & Berenstein, 2010). After
other sample components are washed away, the bound molecule can be eluted or
stripped from the ligand. To elute the target molecule from the affinity medium, the
interaction can be reversed, either specifically using a competitive ligand, or nonspecifically, by changing the pH, ionic strength or polarity, resulting in a purified
protein from the original sample (Ehle & Horn, 1990).
Protein A/G was immobilized on an inert matrix. Protein A/G derived
from Staphylococcus aureus have been used for many years to purify antibodies from
a variety of species (Hjelm, Hjelm, & Sjoquist, 1972). Because of high selectivity and
stability of protein A and G, this method becomes a popular choice for the
purification of antibodies from a wide range of sample sources, including serum,
ascitic fluid, and hybridoma cell culture supernatants (Gagnon, 1996).
The binding of antibodies to protein A/G is mediated, at neutral or
alkaline pH values, through hydrophobic interactions involving a highly conserved
histidine residue located in the protein A/G binding site of IgG. The elution of IgG
from immobilized protein A/G is commonly achieved by lowering the pH using an
acidic buffer. Protein A/G-purified antibodies are then typically neutralized with a
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basic buffer, dialyzed against a neutral buffer, or desalted to avoid acid-mediated
hydrolysis and denaturation (Gagnon, 1996).

10. Conjugated antibody
A conjugated antibody is a monoclonal or polyclonal antibody linked
to a label and used for detection in a diverse range of assay techniques. Conjugated
antibodies have been linked to a variety of reporter such as enzyme or fluorescent
labels for use in protein detection, protein purification, cell sorting, and microscopy
applications. Commonly used conjugated antibodies utilize enzymes such as
horseradish peroxidase and alkaline phosphatase, or fluorescent molecules such as
fluorescein isothiocyanate (FITC), tetramethylrhodamine isothiocyanate (TRITC),
cyanine (Cy3), or phycoerythrin (R-PE). Conjugated antibodies are produced in a
variety of reporter, making them compatible with a broad range of applications such
as ELISA, immunofluorescence, immunohistochemistry or western blot.
11. Theory of enzyme conjugation
Conjugated system is a molecular entity which represents an
alternating single and multiple bonds (Gold & International Union of Pure and
Applied Chemistry., 1987). Hydrazides and alkoxyamines are aldehyde-reactive
chemical groups commonly used as biomolecular probes for labeling and crosslinking
carbonyls (oxidized carbohydrates) on glycoproteins and other polysaccharides
(Hayworth, 2012; Hermanson, 2013).
Aldehydes (R-CHO) and ketones (R-CO-R') are reactive varieties of
the more general functional group called carbonyls, which have a carbon-oxygen
double-bond (C=O). The polarity of this bond makes the carbon atom electrophilic
and reactive to nucleophiles such as primary amines (Hermanson, 2013). Normally,
aldehydes do not occur in proteins or other macromolecules, but they can be created
by periodic acid treatment. Sodium periodate (NaIO4) is a well-known agent for
effectively oxidizing vicinal diols (Figure 8); the two hydroxyl groups occupy vicinal
positions, in carbohydrate sugars contained protein (glycoprotein) to yield reactive
aldehyde groups (Hayworth, 2012). Carbonyl groups such as aldehydes, ketones and
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glyoxals react spontaneously with amino groups to form Schiff base intermediates
that are in equilibrium with their free forms. The interaction is pH-dependent.
In conjugation process, the electrophilic oxygen atoms of aldehydes
from activated horseradish peroxidase would be targets of nucleophilic attack by an
amine group from the antibody. The end result of this reaction is a compound in
which the C=O double bond is replaced by a C=N double bond. A Schiff base is a
relatively labile bond that is readily reversed by hydrolysis in aqueous solution
(Hermanson, 2013). The formation of Schiff bases is enhanced at alkaline pH values,
but it is still not completely stable unless reduced to secondary or tertiary amine
linkages. Thus, addition of sodium cyanoborohydride to a reaction in which Schiff
base formation has occurred results in complete reduction of the labile Schiff base
intermediate to a chemically stable bond (Hermanson, 2013) (Figure 9).
The optimum pH for the conjugation reaction is alkaline, although
good yield can be performed at pH 7 to 10. At the high end of this range (pH 9–10),
the formation of the Schiff bases is more efficient, and the yield of conjugation or
immobilization reactions can be dramatically increased (Hornsey, Prowse, & Pepper,
1986).
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Figure 8. The reaction scheme of oxidizing vincinyl diols with periodic acid
treatment.

Figure 9. The reaction scheme of reductive amination.

Chapter 3
Materials and Methods

1. Cells Culture

1.1 Clonal reselection
Hybridoma cell was established in-house (unpublished data) by The
Government Pharmaceutical Organization (GPO, Thailand). Cells were propagated in
RPMI-1640 supplemented with 5% fetal bovine serum, 20 mM L-glutamine and 10
mM sodium pyruvate (all from Gibco Laboratories, Grand Island, NY) with 5x105
cells/ml and reselected in a 1X HAT medium (Gibco Laboratories, Grand Island, NY)
by limiting dilution technique in 96-wells plate for 7 days. After HAT selection, cell
was continue cultured in 1X HT medium (Gibco Laboratories, Grand Island, NY) for
2 weeks with 5x105 cells/ml. Five positive clones were selected by growth rate,
morphological observation and antibody concentration. Antibody concentration was
checked by indirect ELISA. Positive cell was given a new name as “S10”. This
procedure was performed by Arpon Keawprathana. The cells were maintained at
37°C in 5% CO2, humidified incubators (Heraus, UK). Cells were passaged every 4
days with fresh medium with a dilution factor 1:4. For long term storage, cell
concentration 2.5x106 cells/ml were resuspended in RPMI-1640 +10% FBS, 20 mM
L-glutamine, 10 mM sodium pyruvate and 10% of dimethlysulfoxide (DMSO) and
stored under liquid nitrogen.
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1.2 Growth characterization and cells viability
For proliferation assay, the cells were seeded at a density of 2.5x105
cells/ml in both of RPMI supplemented with 5% FBS and Chemically-Defined
medium supplemented with 20 mM L-glutamine and 10 mM sodium pyruvate in 24well plate. Cell numbers were counted in a heamocytometer every day. Fresh medium
was added (1 volume of starter volume) at day 4. Cell viability was determined using
the trypan blue dye exclusion method. The trypan blue solution was prepared as 0.4%
from the powder (Fluka, Germany) in PBS. Fifty microliter of cell suspension was
mixed with 150 μL of trypan blue solution, then live and dead cells were counted.
Cells were counted at least 3 fields per 1 sample, three independent samples were
used. Viability of the cell was calculated by equation as followed;
Viability =

Live cell
×100
Live + Dead cell

Average number of live cells were used for doubling time calculation. Doubling time
was calculated by multiplication rate and population doubling time equation as
followed (Davis, 2002):

Multiplication rate (r) =

3.32×( log(Nfinal )- log (Ninitial ))
T2 -T1

Population doubling time (hours) =
whereas;

1
r

log(Nfinal) = log (final cell number)
log(Ninitial) = log (initial cell number)
T2 = Time at Number cells of Nfinal were counted
T1 = Time at Number cell of Ninitial were seeded
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1.3 Antibody production rate
Cell supernatant were sampled in each time point. Antibody was
quantified by indirect ELISA, divided by cell number and converted to microgram
antibody by comparison to standard curve produced by known quantities of purified
antibody. Each time point was performed in triplicate.

1.4 Effect of inoculum size for antibody production
For inoculum size study, S10 cells were seeded at a density of 2.5x105
cells/ml or 5x105 cells/ml in Chemically-Defined medium supplemented with 20 mM
L-glutamine and 10 mM sodium pyruvate in 24-well plate. In order to simulate the
scale-up production, a fresh medium was not added into this experiment. Cell
numbers, viability and antibody concentration were determined as described
previously.

1.5 Scale-up Antibody production
S10 cells were cultured in completed RPMI (RPMI medium +5%
Serum + 20 mM L-glutamine + 10 mM sodium pyruvate) and spun at 1,500 rpm, 5
minutes. The cells were washed once with Dulbecco's Phosphate Buffered Saline (DPBS, Gibco Laboratories, Grand Island, NY) and used as starter cultures in completed
CD medium (CD medium + 20 mM L-glutamine + 10 mM sodium pyruvate)
approximately final cell concentration 5x105 cells/ml in 1 liter of medium. Cells were
cultured in T-175 tissue culture flask with 200 ml culture medium and maintained in
37 ◦C, 5% CO2, humidified incubator for 6 days. At day 6, cells and supernatant were
collected and spun at 3,000 xg, 4 ◦C, 5 minutes. The supernatant were collected and
placed on ice or -20 ◦C until required.

2. Purification of IgG antibody
The supernatant was thawed and filtered through 0.45 μM cellulose acetate
membrane at ambient temperature. The filtrate was concentrated approximately up to
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10 fold (10X) by using ultrafiltration technique (Amicon, Ireland) with 10 kDa cut off
membrane (Millipore, UK). The stirred cell was sealed, placed on a magnetic stirrer,
cooled on ice and attached to nitrogen gas supply. The supernatant was filtered with
stirring under 20-35 psi pressure. The retentate supernatant (concentrated medium)
and filtrate were collected and checked for the presence of antibodies using an
indirect ELISA and stored at -20 ◦C until required.
Fifty mililiters of concentrated medium was thawed overnight at 4◦C and
filtered through 0.2 μM cellulose acetate membrane. Hitrap® Protein G HP column
(GE Healthcare, UK) was washed with 10 column volumes of deionized water and
equilibrated with 15 column volumes of phosphate buffer (20 mm, pH 7.4) prior to
loading the concentrated medium. Concentrated medium was passed over a protein G
column overnight with a flow rate 0.5 ml/minute and flow-through (50 ml) was
collected, then the column was washed with 15 column volumes of phosphate buffer
(20 mM, pH 7.4). The IgG antibodies was eluted with 15 column volumes of GlycineHCl (0.1 M, pH 2.4) and the eluted fractions were collected in tubes and neutralized
to neutral pH (approx. 7.0) with Tris-HCl (1 M, pH 9.0) (approx. 70 μL of Tris-HCl
per 1 ml of elution buffer). All fractions were checked for the presence of antibody
using indirect ELISA method and the purity of the antibody was checked on a
coomassie blue stained gel. The positive fractions were combined into a sterile tube
and concentrated by centrifugation using 10 kDa cut off centrifugal column
(Millipore, UK). Retentate sample was washed 2 times with carbonate-bicarbonate
buffer (0.2 M, pH 9.4) and final concentration of antibody was determined by using
MicroBCA. The IgG solution was diluted to 2 mg/ml and added equal volume of
100% Glycerol to final concentration 1 mg/ml and stored at -20 ◦C.
The specific activity and percent yield in each step of purification were
calculated as compared to the initial starting material.

specificity =

%Yield=

Calculated activity
Total protein

Calculated activity
× 100
Initial calculated activity
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3. Protein quantification by MicroBCA
The assay was performed by MicroBCA™ kit (Pierce, USA) in a flat bottom
microtitre plate. One microliter of protein sample was diluted with deionized water to
final volume 50 μl and followed by adding 50 μl of BCA working reagent; 25 parts of
Reagent A, 24 parts of Reagent B and 1 part of Reagent C. The plate was sealed by
syran wrap and incubated in hybridization oven at 55 ◦C for 45-60 minutes. Plate was
removed and cooled at ambient temperature. Optical density at 560 nm (OD560) was
measured with a microplate reader (Biohit, Finland) and converted to milligram
protein by comparison with a standard curve produced using known quantities of
bovine serum albumin (BSA).
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4. Enzyme-Linked Immunosorbent Assay

4.1 Indirect ELISA
A 96-wells half area microtitreplate (Corning, NY) was coated with
1:5 dilution of JE reference vaccine (World Health Organization; WHO) in phosphate
buffer (20 mM, pH 7.4), 25 μl per well and incubated overnight at 4 ◦C. Next day, the
wells were blocked with 150 μl of 3% BSA in phosphate buffer saline (PBS) and
incubated at 37 ◦C for one hour. After incubation, the wells were emptied and then
incubated with 50 μl of diluted sample and incubated at 37 ◦C for another hour. After
sample incubation, the solution was removed from wells and washed 5 times with tap
water. After washing step, plate was incubated with 50 μl of 1:2,500 diluted HRP
conjugated goat anti mouse IgG (KPL, USA) incubation at 37 ◦C was continued for
another hour. After secondary antibody incubation, the wells were emptied and
washed 5 times with tap water and added with 50 μl of ABTS substrate solution
(Calbiochem, USA) and incubated in dark environment for 15-45 minutes.
Absorbance at 405 nm was measured by a microplate reader (Biohit, Finland).

4.2 Direct ELISA
A procedure of direct ELISA is adapted from the indirect ELISA
procedures. Briefly, the microtitreplate was coated with an antigen, 1:5 dilution of JE
reference vaccine (World Health Organization; WHO) in phosphate buffer (20 mM,
pH 7.4), 25 μl per well and incubated overnight at 4 ◦C. Next day, the wells were
blocked with 150 μl of 3% BSA in PBS and incubated at 37 ◦C for one hour. After
incubation, the wells were emptied and then incubated with 50 μl of diluted
conjugated antibody (concentration of conjugated antibody was stated in result
section) and incubated at 37 ◦C for an hour. After conjugated antibody incubation, the
wells were emptied and washed 5 times with tap water. After washing step, the plate
was incubated with 50 μl of ABTS substrate solution (Caibiochem, USA) and
incubated in dark environment for 15-45 minutes. Absorbance at 405 nm was
measured by a microplate reader (Biohit, Finland).
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5. Protein analysis

5.1 SDS-PAGE and Coomassie blue staining
To determine the purity and size of protein, the protein solution was
loaded onto 12.5%T acrylamide separating gel and 4%T acrylamide stacking gel. The
sample was mixed with 5X sample buffer (0.5 M Tris-HCl pH 6.8, 5% (v/v) SDS,
50% (v/v) glycerol with/without 100mM DTT, 0.05% Bromophenol blue). After
boiling at 94 ◦C for 5 minutes, 30 μl of the each sample was loaded onto the gel and
electrophoresed with tris-glycine buffer at constant 35 mA until the bromophenol blue
dye reached the bottom of the gel. Protein bands were visualized by staining gel with
coomassie blue reagent (0.25% (w/v) Brilliant Blue-R 250, 40% (v/v) methanol and
7% (v/v) Acetic acid) and destining overnight with destain solution (50% (v/v)
Methanol, 5% (v/v) Acetic acid)
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5.2 Silver staining
Before electrophoresis, the glass plate, spacer plate and combs were
thoroughly cleaned with detergent and rinsed several times with deionized water. The
solutions were prepared by using deionized water as well. The oxidizer, silver reagent
and developer solutions were freshly prepared.
Step 1. Fixative solution

: 50% MeOH, 10% Acetic acid

Step 2. Wash solution

: 10% MeOH, 5% Acetic acid

Step 3. Oxidizer

: 3.4 mM K2Cr2O7 and 3.2 mM HNO

Step 4. Silver reagent

: 12 mM Silver nitrate

Step 5. Developer

: 0.28 M Na2CO3, 25 μl of Formalin (37%)

Step 6. Stop solution

: 3% Acetic acid

After separating proteins by SDS-PAGE, the gel was fixed in a fixative
solution for 20 minutes followed by washing for 30 minutes with wash solution. The
gels were washed with deionized water for 5 minutes to remove the remaining acid
and sensitized in oxidizer solution for 5 minutes. The yellowish gel was washed with
deionized water several times prior to staining with silver reagent for 20 minutes.
After incubation, the silver reagent was discarded and developer solution was added.
This step requires at least two changes of the solution to prevent precipitated silver
salt on the gel surface. Under alkaline condition in developer step formaldehyde can
reduce ionic silver to metallic silver. When the desired intensity of protein bands was
achieved, the developer was discarded and the gels were continued shaking in stop
solution for 5 minutes prior to rinsing with deionized water for another 5 minutes.
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5.3 Dot blot
In order to determine antibody binding with different forms of antigen,
Japanese encephalitis reference vaccine (WHO) was treated with denaturing solvent
to give a different form of protein.
1. Native form
2. Reduced form by treating with β-mercaptoethanol (final conc. 1% v/v, 10
minutes)
3. Denatured form by treating with sodium dodecyl sulfate (final conc. 2%
v/v, 10 minutes)
4. Denatured form by heat treatment (95◦C, 5 minutes)
After treatment, ten microliter of antigen was spotted onto activated
polyvinylidene fluoride (PVDF) membrane (Millipore, UK). The membrane was
dried at ambient temperature. Then, the membrane was wet again with 100%
methanol followed by washing in phosphate buffer saline plus 0.05% (v/v) of Tween®
80 (PBST) and blocked with 3% BSA in PBS overnight. Next day, membrane was
incubated with JE-conjugated antibody with 1:1,000 dilution for 2 hours. After
antibody incubation, membrane was washed with PBST 3 times, 15 minutes each
cycle. Followed by detection with Metal-Enhanced DAB Substrate™ kit (Pierce,
USA).
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5.4 Binding activity analysis
In order to determine a percentage of antibody binding activity,
Japanese encephalitis reference vaccine (WHO) was treated with solvents to give
different forms of protein as mentioned above (subheading 5.3).
After treatment, antigen was diluted with phosphate buffer, pH 7.4
with 1:10 dilutions and coated onto microtitreplate plate at 4 ◦C, overnight. Next day,
the wells were blocked with 150 μl of 3% BSA in phosphate buffer saline (PBS) and
incubated at 37 ◦C for one hour. After incubation, wells were emptied and then
incubated with 50 μl of 1:2500 diluted JE antibody and incubated at 37 ◦C for another
hour. After antibody incubation, the solution was removed from wells and washed 5
times with tap water. After washing step, the plate was incubated with 50 μl of 1:2500
diluted HRP conjugated goat anti mouse IgG (KPL, USA) at 37 ◦C for 1 hour. After
secondary antibody incubation, the wells were emptied, washed 5 times with tap
water and 50 μl of ABTS substrate solution (Calbiochem, USA) was added and
incubated in dark environment for 15-45 minutes. Absorbance at 405 nm was
measured by a microplate reader (Biohit, Finland).
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6. Enzyme Conjugation

6.1 Effect of buffer on enzyme conjugation
The pH value of the enzyme conjugation reaction was adjusted to 7.2
and 9.4 by using phosphate buffer and carbonate-bicarbonate buffer system,
respectively. The reaction was performed in a microcentrifuge tube. The IgG solution
was washed twice by centrifugation using 10 kDa cut off centrifugal column
(Millipore, UK) with phosphate buffer (20 mM, pH 7.4) or carbonate-bicarbonate
buffer (0.2 M, pH 9.4) to remove any leftover of glycerol prior to conjugation. The
EZ-Link™Plus Activated Peroxidase (Thermoscientific, USA) was dissolved in the
same buffer as IgG solution. The IgG solution (total 1 mg) was added to the reaction
tube, adjusted volume to 400 μl with buffer and incubated at ambient temperature for
15 minutes. Forty microliters of 5M Sodium cyanoborohydride in 1N of NaOH
solution (Thermoscientific, USA) was added to the reaction and incubated overnight
at 4 ◦C. After incubation the reaction was quenched by adding 90 μl of 1M Tris-HCl,
pH 9.0 and incubated at ambient temperature for an hour. After quenched, an equal
volume of 100% Glycerol was added and the conjugated IgG was stored at -20 ◦C.
The activity of conjugated antibody was quantified by direct ELISA (subheading 4.2).

6.2 Effect of molar ratio on enzyme conjugation
After the study of buffer condition, it shown that pH 9.4 was an
optimum condition for conjugation. Further study is to investigate molar ratio on the
conjugation enzyme to antibodies. The

EZ-Link™Plus Activated Peroxidase

(Thermoscientific, USA) was dissolved in carbonate-bicarbonate buffer (0.2 M, pH
9.4). The IgG solution (0.5 mg and 1 mg) was added to each reaction tube (contained
1 mg of enzyme) to give a final molar ratio of Ab to enzyme of 1:8 and 1:4. Reactions
were continued by following the pH conjugation procedures.
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7. Statistical analysis and Data presentation
Experiments were performed in at least independent triplicate and
repeated at least twice. The result was showed as mean ± SEM as indicated. Student’s
two-tailed t-test was used to determine the difference between two groups.
Significance was accepted at p-value <0.05. All statistical analysis was performed
using Sigma Plot V.8.0 software. The graphic illustration was presented by using
GraphPad Prism V.6.0 software.
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Chapter 4
Results
1. Clonal reselection
After receiving the hybridoma cells, the cells were maintained in completed
RPMI + 5% FBS. To preserve the HAT sensitivity and ensure the IgG production
ability, cells were reselected in HAT medium for 2 passages, five days for each
passage followed with HT medium for another 2 weeks. Culture supernatant from
each clone was colleted and screened for antibody production by indirect ELISA
(Fiugre 10) as described in Chapter 3, subheading 4.1. A healthy, positive clone
number 10 was selected and defined as S10 (Fiugre 11). For long term storage, cells
were resuspended in cryopreservation medium (RPMI+10% serum, 10% DMSO) and
aliquoted of 1 ml into each cryotube. Cryotubes were left in a styrofoam container
overnight at −70 ◦C before transferring into liquid nitrogen.

Fiugre 10. Antibody concentration of each selected clone.
Each healthy hybridoma clone was selected. Antibody concentrations in culture
supernatants were quantified by indirect ELISA. (n=3)
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Fiugre 11. Cell morphology of S10 cells.
Cells were cultivated in RPMI supplemented with 5% serum, 20 mM L-glutamine and
10 mM sodium pyruvate. Cells were visualized under a phase contrast microscope, at
100X magnification.
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2. The effect of different culture media on cell growth, cell viability and
monoclonal antibody production rate of hybridoma cells.
Chemically defined medium (CD medium) has been developed and applied in
large-scale monoclonal antibody production, but not all hybridoma cell lines can
achieve high yield in CD medium. (Even, Sandusky, & Barnard, 2006; Gorfien et al.,
2000; Li et al., 2002). Here, we investigate whether the type of medium, CD or RPMI
could affect cell growth, cell viability and antibody production rate. Therefore, cells
were cultured in RPMI medium or CD medium. Cell numbers were counted in a
heamocytometer every day. Fresh medium was added (1 volume of starter volume) at
day 4. Cell viability was determined using the trypan blue dye exclusion method. Cell
supernatants were sampled in each time point and antibody was quantified by indirect
ELISA.
The data obtained from growth study and cell viability of the hybridoma cell
line are presented in Fiugre 12. For all culture conditions examined, fresh medium
was added at day 4. The viable cell concentrations increased in a logarithmic pattern
and hit the plateau phase at day 5 and 6 for CD medium and RPMI medium,
respectively. The highest cells yield was reached at day 5 for CD medium and day 6
for RPMI medium. Cell viability of cell cultures in RPMI medium starts to decrease
after day 3 and increasing after fresh medium was added. Similar to RPMI medium,
cell viability in CD medium starts to decrease at day 3 and decreased towards the end
of the experiment. The doubling time of hybridoma cells is 42.1 ± 5 hours and 43.9 ±
2 hours in serum medium and CD medium, respectively (calculated from day 1 to day
3, due to decreasing of cell viability). This difference is not statistically significant at
95% confidence level using student two-tail test (p value = 0.76).
An accumulative concentration of monoclonal antibody was increased
gradually by the time elapsed as presented in Fiugre 13. In both media, the highest
concentration of antibody was 95.7 μg/mL at day 7 for RPMI medium and 88.8
μg/mL for CD medium. This difference is considered to be statistically significant at
95% confidence level (p<0.05).

42

Fiugre 12. Growth and viability of S10 hybridoma in different media
Cells (2.5x105 cells/ml) were cultivated in RPMI-1640+5% FBS supplemented with
20 mM L-glutamine and 10 mM sodium pyruvate () or Chemically-defined medium
supplemented with 20 mM L-glutamine and 10 mM sodium pyruvate (z). Fresh
medium was added at day 4. (n=3)
Panel A, Cell numbers were determined by heamocytometer.
Panel B, Cell viability was calculated as defined in method section using dye
exclusion method.
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Fiugre 13. Accumulative antibody concentration from S10 hybridoma in
different media
Cells (2.5x105 cells/ml) were cultivated in RPMI-1640+5% FBS supplemented with
20 mM L-glutamine and 10 mM sodium pyruvate () and Chemically-defined
medium supplemented with 20 mM L-glutamine and 10 mM sodium pyruvate (z).
Antibody concentration was determined by indirect ELISA, compared to a standard
curve. *; p<0.05. (n=3)
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3. The effect of initial cell number on cell growth, cell viability and
monoclonal antibody production rate of hybridoma cells in chemical
defined medium.
The hybridoma cell was cultivated in different initial cell numbers using CD
medium. Many reports suggested that the initial cell number may affect the cell
growth (Hu & Wang, 1987; Ozturk, 1990; Rodriguez, Perez, Casanova, & Martinez,
2001). Here, we hypothesized that the lower inoculum size resulted in lower cell yield
and antibody concentrations.
The data obtained from growth studies and cell viability of the hybridoma
cells in different initial cell numbers are presented in Fiugre 14. For all culture
conditions examined, the viable cell concentrations increased in a logarithmic pattern
and hit the plateau phase. The highest cells yield was reached at day 6 for the initial
cell number 5x105 cells/ml and day 7 for initial cell number 2.5x105 cells/ml. Cell
viability of cell cultures starts to decrease at day 4 until the end of the experiment.
An accumulative concentration of monoclonal antibody was increased
gradually by the time elapsed as presented in Fiugre 15. In both conditions, the
highest concentration of antibody in day 7 was 85.4 μg/ml and 51.2 μg/ml for the
initial cell number 5x105 cells/ml and 2.5x105 cells/ml, respectively. This difference
was considered to be statistically significant at 95% confidence level (p<0.05).
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A)

B)

Fiugre 14. Growth and viability of S10 in different initial cell number
Cells (2.5 x 105 (z) and 5 x 105 () cells/ml) were cultured in Chemical defined
medium supplemented with 20 mM L-glutamine and 10 mM sodium pyruvate. (n=3)
Panel A, Cell numbers were determined by heamocytometer.
Panel B, Cell viability was calculated as defined in method section using dye
exclusion method.
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Fiugre 15. Antibody concentration of S10 in different initial cell number
Cells (2.5 x 105 (z) and 5 x 105 () cells/ml) were cultured in Chemical Defined
medium supplemented with 20 mM L-glutamine and 10 mM sodium pyruvate.
Antibody concentration was determined by indirect ELISA. (n=3)
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4. Scale-up production of monoclonal antibody
The scale-up production process, monoclonal antibody was produced in
completed CD medium with an initial cell number of 5x105 cells/ml. Cells were
cultured for 6 days without adding of a fresh medium (batch experiment). In day 6,
cultured medium was collected, centrifuged to remove hybridoma cells, filtered
through a 0.45 micron membrane to remove any insoluble protein and stored at -20 ◦C
until required.

5. Purification of IgG antibody
The general procedure for antibody purification with Protein G
chromatography was performed as followed in Fiugre 16.

Fiugre 16. Schematic and flow chart of monoclonal antibody purification step.
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Briefly, one liter of cultured medium was centrifuged, filtered through a
0.45 and 0.22 micron membrane and concentrated by ultrafiltration up to 10 folds.
The low molecular weight proteins (<10 kDa) were separated from retentate
supernatant which means the IgG (MW 150 kDa) should be retained in retentate
supernatant. The retentate supernatant (concentrated medium) and filtrate were
applied to ELISA to check for the presence of an antibody. The absorbance of the
concentrated medium and filtrate were compared with negative control (culture
medium without cells).
Forty milliliter of concentrated medium was purified by Hitrap® Protein G
HP column (GE Healthcare, UK). The IgG was eluted in an acidic elution buffer
(0.1M glycine-HCl buffer, pH 2.7). The presence of an antibody in eluted fraction
was confirmed by indirect ELISA (Fiugre 17). Also, the eluted fractions could be
detected on 12% SDS-PAGE under non-reducing condition and the protein bands
were visualized by silver staining (Fiugre 18).
IgG was barely visible in the crude, flow-through and wash fraction, but
clearly visible in the eluted fractions. Purity of eluted fraction was analyzed by
creating a profile plot using imageJ™ program version 1.45S (Wayne Rasban, NIH,
USA). The profile plot represented the relative intensity of the content of rectangle
drawn over each lane. The peaks in the profile plot were corresponded to the protein
bands in the original image (Fiugre 17). Higher peaks represent higher intensity of
proteins. The purity of protein bands were calculated from this profile plot by the
peak area compared to total peak area. Only fraction with a purity greater than 95%
were pooled. After elution, fractions were pooled and concentrated. Buffer was
switched from glycine-HCl buffer to carbonate-bicarbonate buffer pH 9.4 as
described in Chapter 3. Then, IgG solution was quantified by MicroBCA method.
This method has been optimized for use with diluted protein samples (0.5-10 μg/ml).
The concentrated IgG was quantitied by comparing to a standard curve produced by
using known quantities of BSA. IgG was diluted to 1 mg/ml in 50% glycerol and
stored at -20 ◦C. The total concentration of IgG was approximately 5.8 mg, purified
from 400 ml of cultured medium. Hence, one liter of culture medium would give a
yield approximately 14.5 mg of purified antibody.
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The specific activity of the IgG can be calculated from the calculated
activity (Absorbance at 405 nm in ELISA multiplied with dilution and volume)
divided by total protein (mg). The result indicated specific activity of antibody. It was
increased as the purification processes. The specific activity of concentrated medium
was defined as 100%.We achieved IgG antibody with specific activity of 1.43x107
units/mg and the yield was 272.13% (Table 3).

50

Pooled fractions

Fiugre 17. ELISA analysis of the each fraction.
Each fraction in purification steps was checked for the presence of an antibody by
indirect ELISA. The volume of each fraction was;
Concentrate medium, Flow through

40 ml

Wash 1, Wash 2

10 ml

Elute 1-8 and Late elute (each)

1 ml

All fractions except for wash fraction were diluted to 1:10 with 1% BSA and
quantified by indirect ELISA.
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A)

B)

5

6

7

Fiugre 18. non reduced SDS-PAGE analysis of the fractions of purified IgG.
Each fraction was resolved on 12% non-reducing SDS-PAGE and protein bands were
visualized by silver stain.
Panel A, Lane 1: Concentrated medium (2 μL), Lane 2: Flow through fraction (2 μL),
Lane 3: Washed fraction (5 μL), Lane 4: Molecular weight standard, Lane 5-7: eluted
fraction 1,5 and late eluted, respectively (2 μL).
Panel B, A plotting profile of eluted fractions from panel A with ImageJ™ program.
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Table 3 Purification profile of IgG
Fraction

Concentrated medium

Purified antibody

Fraction vol. (ml)

40

0.52

Total protein (mg)

112

5.83

3.05x107

8.34x107

100

272.13

2.73x105

1.43x107

Calculated activity
(arbitary unit)
Yield (%)
Specific activity
(units/mg)

Definition;
Total protein: The quantity of protein present in a fraction is obtained by
determining the protein concentration and multiplying by the total fraction volume.
Calculated 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 total
fraction volume.
Specific activity: Parameter that is obtained by dividing of total activity by total
protein.
Yield: This parameter is a measure of the activity retained after purification step as
percentage of the activity in the concentrated medium. The amount of activity in the
initial medium is defined as 100%
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6. Characterization of purified IgG
Due to poor the separation ability of non-reducing SDS-PAGE, the bands
of purified IgG were separated on 12.5% SDS-PAGE under reducing condition
compared with protein molecular weight standard. The theoretical molecular weight
of IgG was 150 KDa (50 KDa for each heavy chain and 25 KDa for each light
chain). We found that the MW of heavy chain was 50 KDa and 25 KDa for light
chain, respectively (Fiugre 19). Quantity of purified antibody was defined by
MicroBCA method. The profile plot was created by ImageJ™ program as described
above. The peaks in the profile plot showed the purity of purified antibody of
approximately 98%.
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Fiugre 19. Reduced SDS-PAGE of purified IgG
IgG was resolved on 12.5% reducing SDS-PAGE and protein bands were visualized
by coomassie blue stain.
Panel A, Lane 1: molecular weight standard and lane 2: purified IgG (2 μL).
(*,expected band of heavy chain (50 KDa) and light chain (25 KDa))
Panel B, A plotting profile of purified IgG from panel A with ImageJ™ program.
.
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7. Binding analysis of antibody to vaccine by Dot Blot
Our preliminary study on western blot showed no band on the membrane.
We hypothesized that the antibody can bind to vaccine only in the native form. To
test our hypothesis, we experimented with the binding of antibody to the different
forms of vaccine. The vaccine was treated with different solvents to denature or
reduce the structure of the antigen. After treatment, treated vaccine was spotted onto
PVDF membrane, probed with anti-JE vaccine antibody and detected by DAB
substrate. The results indicated that anti-JE vaccine could not bind other forms of
vaccine except for the native and the reduced form.

Fiugre 20. Dot blot analysis of vaccine.
Vaccine was treated with different denaturing agents and spotted onto PVDF
membrane, probed with vaccine specific IgG and detected with Metal Enhanced
DAB® substrate.
C: control, H: heat (95 C, 5 minutes), S: SDS (0.1%, 10 minutes) and M: βmercaptoethanol (1% v/v, 10 minutes) and S/H/M; combination with all treatments.
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8. Binding analysis of antibody to vaccine by indirect ELISA
To quantify the percentage of binding activity of antibody to vaccine, the
vaccine was treated with different solvents as described above. After treatment,
treated vaccine was coated onto ELISA wells. A comprehensive analysis of the
binding was performed by indirect ELISA as described in Chapter 3 subheading 5.4.
The binding of control vaccine was defined as 100%. The antibody bind vaccine in
the native form and reduced form (β-ME treatment) but not the denatured forms
(heat or SDS treatment).

Fiugre 21. A comprehensive analysis of the binding of purified antibody to
different forms of vaccine.
Each treatment of vaccine was coated onto microtitre plate using a dilution of 1:10
with phosphate buffer pH 7.2 and quantified with indirect ELISA.
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9. Antibody conjugation
Since the pH of reaction in the conjugation process plays a crucial role un
forming a Schiff base bond between an antibody and enzyme. An experiment was
carried out to examine the effect of pH in the conjugation process using two
different pH buffer values (PBS pH 7.2 and Carbonate pH 9.4) and the molar ratio
of enzyme to antibody was kept at 4:1 molar ratio (0.5 mg of enzyme (44 KDa) and
0.5 mg of antibody (150 KDa)) as recommended by manufacturer. The high pH
(9.4) showed the successful conjugation (Fiugre 22). After study of pH effect, we
further studied the molar ratio of antibody to the enzyme in conjugation process.
Our study revealed that 8:1 molar ratio (1 mg of enzyme and 0.5 mg of antibody)
was an optimal molar by increase the activity twice as much as molar ratio increase
(Fiugre 23).
The success of the conjugated antibodies can be monitored by directELISA. The

efficiency of conjugated antibodies was performed with two-fold

dilution starting from 1:200 to 1:25600.
To determine the K' of conjugated antibody (antibody concentration that
binds to half the antigen at equilibrium). The K' was calculated by GraphPad Prism
V.6.0 software based on equation;
Y=

Bmax ·X
(K'+X)

whereas;
Bmax is the maximum specific binding in the same units as Y. It is the
specific binding extrapolated to very high concentrations of antibody, and so its
value is almost always higher than any specific binding measured in the experiment.
K' is the equilibrium binding constant, in the same units as X. It is the
antibody concentration needed to achieve a half-maximum binding at equilibrium.
The K' value of 4:1 and 8:1 molar ratio were 0.020 and 0.043,
respectively. This result indicated that molar ratio of enzyme affected the efficiency
of conjugated antibody.
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Fiugre 22. Effect of buffer on conjugation reaction of antibody.
Vaccine was coated on microtiter plate. The conjugated antibody was diluted and
performed direct ELISA using each buffer as negative control. Graph was plotted as
a function of an absorbance versus dilution of antibody. (n=3)
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A)

B)

Fiugre 23. Effect of molar on conjugation reaction.
The conjugated antibody was diluted (starting from 1:200 to 1:25600 and dilution
was converted into microgram of antibody) and subjected to direct ELISA. Graph
was plotting as function of an absorbance versus microgram of antibody in different
conditions (4:1 molar ratio () and 8:1 molar ratio (z)). The sigmoidal fit curve,
Bmax and K' were calculated by GraphPad Prism V.6.0 software. (n=3)
Panel A, Sigmoidal curve fit by plotting X axis in logarithm scale.
Panel B, Specific binding of conjugated antibody by plotting X axis in linear scale.

Chapter 5
Discussions

In this study, we optimized the condition for IgG production and HRP
conjugation by amine reactive method. The IgG antibody was prepared in our
laboratory by using hybridoma technology. Hybridoma cells were obtained from the
Government Pharmaceutical Organization (GPO). The cells were used to characterize
growth, viability and antibody production rate in different culture conditions. Then,
the cells were used to produce IgG antibody. The IgG antibody was purified using
Protein G affinity chromatography. This affinity chromatography technique allows us
to purify the IgG in a single step and to yield sufficient amount of IgG. Purity of IgG
was calculated by densiometric technique of SDS-PAGE gel. Our calculation revealed
that the purity of purified IgG was 98%. Therefore, the purified IgG was used to
conjugate to HRP enzyme with optimal pH and molar condition.
Generally, basal medium (RPMI-1640) was supplemented with serum, which
could be difficult to eliminate during the purification processes. Therefore, CD
medium has been developed and optimized for growth and expression of recombinant
proteins. Also, the reason to study the type of medium was suggested by many
reports, a better cell and antibody yield when using Chemically Defined medium
(Even, Sandusky, & Barnard, 2006; Gorfien et al., 2000).
In the growth study, in the first 3 days, we found no difference in growth rate
between both media. However, after adding a fresh medium, we found that the growth
rate in Chemically Defined medium was higher than that of the serum medium. These
results are similar to previous reports (Gorfien, et al., 2000; Serrato, Hernandez,
Estrada-Mondaca, Palomares, & Ramirez, 2007). Cell viability of both media reached
a maximum viability at day 3.
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After day 3, cell viability started to decrease. This is probably due to a buildup of waste products (lactate and ammonia) (Sadettin, 1990). In RPMI-1640 medium,
after adding a fresh medium, cell viability increased for 2 days and decreased toward
the end of experiment. Considering the overall of cell viability, the type of medium
does not influent to cell viability. Therefore, calculation of doubling time is based on
incline phase of cell viability. The type of medium does not influent significantly the
doubling time of hybridoma cells. A concentration of antibody for RPMI medium and
CD medium reached the highest concentration in day 7 and there are statistically
different compared with both media (p<0.05). For growth studies in day 5 and 6 using
CD medium and RPMI medium, cells hit the plateau phase and then the cell viability
started to decreases. The IgG antibody was produced continuously during both the
growth and decline phase. The highest concentration was obtained at the end of the
culture. Since the production did not stop after ceasing of cell growth, we concluded
that antibody production was not growth associated. This conclusion was
corresponded to Sadettin studied (Sadettin, 1990).
Further study use CD medium as a basal medium for the antibody production.
Since the CD medium is a protein free medium, CD it offers the advantage of lot-tolot consistency and reduced dependence on animal or plant components whose supply
can be uncertain (Brown, 1999; Serrato, et al., 2007). Furthermore, CD medium is
compatible with downstream processing (Keenan, Pearson, & Clynes, 2006).
Moreover, the possibility of bovine IgG contamination in serum medium should be
concerned. A study of Schuler and Reinacher (Schuler & Reinacher, 1991) had found
that bovine IgG was contaminated during purification. As discussed above, the
presence of bovine IgG can affect to the specificity of monoclonal antibody for use in
further study.
In order to purify the IgG, the cultured medium was loaded into a
chromatography column. Due to the large amount of cultured medium volume,
cultured medium was first subjected to ultrafiltration prior to the purification process.
For purification of IgG antibody, we decided to use protein G chromatography.
Because of high selectivity and stability of protein G, this method becomes a popular
choice for the purification of antibodies from a wide range of sample sources
(Gagnon, 1996). During the purification process, approximately 17% of IgG antibody
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bound to the column and the excess was retained in the flow-through. The binding
capacity can be increased by passing the flow-through into the column again. In this
studied, forty hundred milliliters of cultured medium produced IgG approximately 5.8
mg. Hence, one liter of culture medium will give a yield of approximately 14.5 mg of
purified antibody. The yield of antibody from scale-up experiment is different from
the growth experiment. This is probably caused by a change of culture vessel. A
change of culture vessel affects antibody production rate, due to dissolved oxygen and
thickness of medium in vessel (Meilhoc, Wittrup, & Bailey, 1990; Ogawa, Kamihira,
Yoshida, Iijima, & Kobayashi, 1992; Sadettin, 1990).
After antibody purification, we further characterized size, purity and binding
activity of purified IgG. SDS-PAGE gel reveal that purity level of purified antibody
was acceptable for further study (98% pure) and conform size compared to theory.
Binding activity analysis showed that antibody bound to vaccine in the native and
reduced forms only. This is probably due to during a hybridoma was generated, an
antigen that use to immunize the mouse (viral particles) are still intact. Resulting
antibody could be recognizes only native form of vaccine. Also, envelope
glycoprotein contained multiples disulfide bond in molecules (Lin & Wu, 2003). The
result from dot-blot analysis suggested that the antibody could bound to another
epitopes, where they do not contain a disulfide bond.
Another application is conjugation of antibody to HRP enzyme. Successful
conjugation of antibody depends on many factors. We were able to identify two
parameters that have a great effect to the reaction; pH value and molar ratio of
enzyme to antibody. Our study revealed that pH buffer and molar ratio had an effect
on conjugation efficiency. In high pH, Schiff formation between C=N is more faster
and stable than natural pH (Hayworth, 2012; Hermanson, 2013). For this reason, the
conjugation process in the high pH buffer could be successful. Also, 8:1 molar ratio of
enzyme to antibody is an optimal molar for efficiency conjugated antibody compared
to 4:1 molar ratio. Thus, more molecules of enzyme could be attached to antibody
molecule.
Amine reductive method that used in this studies is zero-length crosslinking
method (Hermanson, 2013). These compounds mediate the conjugation of two
molecules by forming a direct bond containing no additional atoms. The antibody
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molecules can be conjugated with enzyme with optimal molar. Otherwise, if the molar
of enzyme is too much, it could block a binding site of antibody. If the molar of
enzyme is too low, then a signal should be low due to limited enzyme molecule. Our
conjugation study model uses Horseradish peroxidase (HRP). As HRP is the smallest
molecule and most stable of the three most popular enzyme labels (HRP, alkaline
phosphatase (AP), and B–galactosidase). Also, HRP has a faster catalytic rate than AP
(Abolade & George, 2008).
To further confirm the success of conjugation between IgG and HRP enzyme,
the binding of conjugated IgG was quantified using direct ELISA. The free enzyme
was washed off in washing step of ELISA. The remaining of conjugated IgG, bind
directly to antigen and react with substrate. For calculating the efficiency of
conjugated antibody, K' constant can be used to indicate the conjugation efficiency.
Our calculation revealed that K' of 4:1 molar ratio and 8:1 molar ratio are 0.020 and
0.043, respectively. It was concluded that molar ratio of enzyme affect the efficiency
of conjugated antibody. The reason that this study uses 8:1 molar ratio that is it
suitable for our assay system.
In conclusion, CD/RPMI medium does not affect cell growth and viability
except for antibody production. Also, we successfully produced, purified,
characterized and conjugated antibody specific to JE vaccine. The conjugated
antibody can detect the JE vaccine in a range of dilution from 1:200-1:12800.
Therefore, the conjugated antibody can be applied for the use with direct ELISA,
which can reduce time, compared to indirect ELISA. The drawback of direct ELISA
is nonspecificity, compared to another type of ELISA (indirect ELISA and sandwich
ELISA). In addition, method validation is needed to ensure the validity of the data
collected. Further studies should be performed to fix that possibility. Our current
research focused on the production, purification and conjugation. Further studies on
other parameters, such as, a molar ratio of enzyme to antibody, a storage condition
and stabilizer are needed to improve higher efficiency of conjugation. The overall of
results in this study was summarized in Table 4.
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Table 4 The overall of results in this study.
Description

Result

Culture medium

Chemically defined medium

Inoculum size

5.0x105 cells/ml

Production

6 days, 37 ◦C, 5% CO2

Total yield

14.5 milligram
(calculated from 1 L of cultured medium)

Specificity

1.43x107 units/mg

(estimated) Purity

98%

Molecular weight

Conformed

in vitro binding

Native and Reduced

Optimum pH for conjugation

9.4 (Carbonate buffer)

Optimum molar ratio for conjugation

8:1 (enzyme to antibody)
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List of Abbreviations

◦

C

Celsius Degree

μL

microliter

ABTS

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)

APS

Ammonium persulfate

BCA

Bicincroninic acid

BSA

Bovine serum albumin

CD

Chemically defined medium

DMSO

Dimethylsulfoxide

ELISA

Enzyme-linked immunosorbent assay

FBS

Fetal Bovine Serum

HRP

Horseradish peroxidase

IgG

Immunoglobulin G

KDa

lilodalton

mAb

Monoclonal antibody

mcg

microgram

mL

milliliter

mM

millimolar

MW

Molecular weight

PBS

Phosphate buffer saline

psi

pound force per square inch

rpm

round per minute

RPMI-1640

Roswell Park Memorial Institute medium-1640

SDS

Sodium dodecyl sulphate
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SDS-PAGE

Sodium dodecyl sulphate-Polyacrylamide gel electrophoresis

SE

Standard error

TEMED

Tetramethylethylenediamine

WHO

World Health Organization
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Appendix

0.1 M Phosphate buffer, pH 7.4
Phosphate buffer, consist of a mixture of monobasic sodium phosphate
(Na2HPO4.H2O) 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
asensitive 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
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 pH
meter.

60X ABTS solution
Weight out 5 mg of ABTS in 367 mg of deionized water.
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10X Citrate buffer
Weight out 10.5 g Citric acid in 1 L of deionized water

ABTS develop substrate
Mix 17 ul of 60x ABTS, 100 uL of 10x citrate buffer pH 4.0 and 1.7 ul of hydrogen
peroxide (30% H2O2). Adjust volume to 1 mL with deionized water.
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