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Chapter |

Introduction

1.1 Importance and rationale

The swine industries are important for economy worldwide because the
consumption has been much higher. However, gastrointestinal tract disease is one of
the most important causes of economic loss. Porcine epidemic diarrhea (PED) is an
enteric disease characterized by watery diarrhea, vomiting, weight loss, dehydration
and metabolic acidosis (Kim and Chae, 2003), caused by Porcine Epidemic Diarrhea
virus (PEDV). The infection of PEDV affects all age of pigs, PED caused high morbidity
but low mortality in grower pigs (Olanratmanee et al., 2010). Transmission of PEDV is
more by Fecal-oral transmission and contaminated equipments or feed. PEDV is a
member of the Coronaviridae family (Callebaut et al., 1982) that also includes other
swine viruses such as Transmissible Gastroenteritis Coronavirus (TGEV), Porcine
Respiratory Coronavirus (PRCV). It is a RNA virus, positive-sense, enveloped, linear
single stranded RNA virus and ranged in diameter from 70 to 190 nm (average 100
nm). Although it was first reported in England in 1971 (Wood, 1977), subsequently
isolated in Hungary, Germany, Canada, it has become increasingly problematic in Asia
such as China, Korea, Japan and Thailand (Pospischil A, 2002).In 1995, PEDV was first
reported in Thailand (aa33, 1995)

There are no specific treatments for PED. Symptomatic treatment for diarrhea
is recommended. In addition, effective commercial PED vaccines are not available
(Pospischil A, 2002). Therefore, good hygiene seems to be an only method to
prevent a spreading of PED in the farm.

Basic clinical signs of PED are similar to those of Transmissible Gastroenteritis
Coronavirus (TGEV), therefore the laboratory diagnosis is necessary for PED
identification. Many techniques have been elucidated to detect of PEDV, such as
enzyme-linked immunosorbant assays (ELISA) or Immunofluorescence antibody test

(IFA), immunofluorescence test (IFT), immunohistochemistry (IHC) or polymerase



chain reaction (PCR) (Guscetti et al, 1998a). However, these techniques are
expensive, time-consuming and cannot be carried out in the farm.

Monoclonal antibody (MAb) is an important component used in many
diagnostic test kits, such as ELISA, Snap test and latex agglutination test. MADb is
monospecific antibody produced by hybridoma cell obtained from fusion between
plasma cells of immunized animal and myeloma cells. Plasma cell can produce
specific antibody while, myeloma cell is immortal, therefore hybridoma cell can
produce specific antibody and immortal. MAb has monovalent affinity and binds to
specific epitope. The use of MAb can decrease an error caused by antigenic cross-

reactivity or nonspecific pathogen (Kim et al., 1999).

1.2 Objective of study

To prepare monoclonal antibody from hybridoma cells against Porcine

epidemic diarrhea virus.

1.3 Hypothesis

1. The hybridoma cells can be prepared for Porcine epidemic diarrhea virus.
2. Monoclonal antibodies from hybridoma cells can detect Porcine

epidemic diarrhea virus.

1.4 Keywords

Hybridoma cell, Myeloma cell, Monoclonal antibody, PED Virus

1.5 Research merits

1. The hybridoma cells have specificity to detect Porcine epidemic
diarrhea virus.
2. The Porcine epidemic diarrhea virus monoclonal antibodies can be

applied for detection of PEDV antigen in swine.



1.6 Thesis framework

The experiment was performed as following diagram.

Purified PEDV K9 | =2 | Proteinassay | = Immunization

- Myeloma cells

v e

Fused by polyethylene glycol Antibodies test

HAT selective medium

Hybridoma cells = ====== > Backup

| 1

Limiting dilution | =™ | Hybridoma cells producing
MAD
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Subclass identification of MAb




Chapter Il

Literature review

2.1 Porcine epidemic diarrhea virus
2.1.1 Characteristics of PEDV

Porcine epidemic diarrhea (PED) is an enteric disease of swine caused by the
porcine epidemic diarrhea virus (PEDV). The disease was clinical characterized by
vomiting, severe enteritis, water diarrhea, dehydration. In suckling pig, the disease can
be acute with high mortality of up to 100% while in growing pig, the disease is mild
with high morbidity but low death loss, resulting in economic losses to the swine
industry.

The PEDV is a member of the family Coronaviridae, subfamily Coronavirinae ,
order Nidovirales, genus Alphacoronavirus (Pensaert and De Bouck, 1978). It is a
single-stranded RNA virus, positive-sense, enveloped, range in diameter from 70 to
190 nm (average 100 nm). The structure of PEDV gene is comprised of genes coded
for glycosylated peplomer (S) protein, envelope (E) protein, glycosylated membrane
(M) protein and unglycosylated RNA-binding nucleocapsid (N) protein (Chen et al,
2008). The virus is stable between pH 5.0 and 9.0 at 4°C and between pH 6.5 and 7.5
at 37°C.

The PEDV and the transmissible gastroenteritis virus (TGEV) belong to the
group 1 of the family Coronaviridae as shown in Tablel, caused an enteric disease
that was similar and difficult to distinguish clinically. Both viruses cause destruction of
villus within jejunum and ileum thus reducing the absorptive surface, with loss
nutrients and electrolytes resulting in dehydration(Debouck and Pensaert, 1980).
Specific laboratory diagnostic test is necessary to identify the viruses (Jung et al,
2003).

PEDV was first reported in the Europe in the early 1970 and was first isolated

in 1977. The epizootic outbreaks are distributing in several Europe and Asia countries



including England, Hungary, Korea, Thailand and other countries (Figure 1)(Puranaveja
et al,, 2009). The PED outbreaks are ongoing to United stated in 2013 (Huang et al,,
2013)

Table 1 Classification and diseases caused by Coronaviruses

Group Virus member Host Disease
Group 1 | - Canine coronavirus (CCV) Dog Enteritis
- Feline enteric coronavirus (FECV) Cat Enteritis
- Feline infectious peritonitis (FIPV) Cat Peritonitis
- Human coronavirus 229E Human Respiratory disease
(HCV-229E)
-Porcine epidemic diarrhea virus Pig Enteritis
(PEDV)
-Transmissible gastroenteritis virus Pig Enteritis
(TGEV)
- Porcine respiratory coronavirus Pig Respiratory disease
(PRCV)
Group 2 | - Murine hepatitis virus (MHV) Mouse Hepatitis, enteritis,
- Rat coronavirus (Rt CoV) encephalomyelitis
- Sialodacryodenitis virus (SADV) Rat Respiratory disease
- Bovine coronavirus (BCV) Rat Respiratory disease
- Human coronavirus OC43 Cattle Enteritis
(HCV-0C43) Human Respiratory disease
-Porcine haemagsglutinating
encephalomyelitis virus (HEV) Pig Encephalomyelitis
Group 3 | - Infectious bronchitis virus (IBV) Chicken | Respiratory disease
, nephritis
- Turkey coronavirus (TCV) Turkey Enteritis




2.1.2 Location of outbreaks

Starting in 1971s, Porcine epidemic diarrhea was first described as a
devastating enteric disease in feeder and growing pigs in United Kingdom (Wood,
1977). During the 1978s and 1990s, the PEDV was identified in Belgium (Pensaert and
De Bouck, 1978), with a following results 14 percent of sow serum and 50 percent of
fattening pigs were positive antibodies of PEDV. In 1990, PED was founded as the
cause of watery diarrhea in Spain, the PEDV antibody was detected in 55 percent of
breeding farm and on one farm the virus became enzootic in sows (Carvajal et al,,
1995).In 1993, an acute outbreak of PED was distributed in Netherlands with an
epidemic diarrhea severe persistent in fattening pigs and pregnant sows but absent in
suckling pigs (Pijpers et al., 1993). In The Czech Republic, an acute outbreak of PED in
old weaner was described by Smid and others (Smid et al., 1992). In 1995, 92 fecal
samples from nursing piglets on 19 farms in Hungary were positive for PEDV (Nagy et
al,, 1995). In Italy, an epidemic of diarrhea in all ages of pigs, was reported in 2006s
(Martelli et al., 2008). However, outbreaks of PED in Europe are rare while outbreaks
of PED in Asia are often more acute and high mortality of which resembles TGE
outbreaks.

In Asia, the situation of PED developed differently. The disease was first
reported in Japan as from 1983 (Takahashi et al., 1983). The mortality ranging from 30
to 100% in nursing piglets .The virus has subsequently been reported in Korea, China,
Thailand, Philippines and Vietnam. PED in Korea was described in 2000 and widely
prevalent in suckling pigs, much more similar to of TGE (Chae et al., 2000). In 2005,
PEDV was isolated in China and caused acute outbreaks over 10 provinces in
southern china and over 1,000,000 piglets died. 100% of piglets after birth was illness
and 80%-100% was death (Jinghui and Yijing, 2005). In 1995, PEDV was first reported
In Trung province of Thailand (auas#3, 1995) but the disease did not spread to other
farm. During the late 2007, the several outbreaks of PED were reported throughout
the country with 8 provinces in Thailand had positive antibodies of PEDV and 100%

of newborn piglets were subsequently lost. Phylogenetic analysis of Thai PEDV strain



revealed a close relationship with Chinese strain (Puranaveja et al,, 2009). In the
United stated, the first PED identified in June 2013, starting from the state of Ohio
where PEDV has rapidly spread throughout the country, resulting in high morality in
nursing piglets from 17 states (Wang et al,, 2014). In addition, USA PEDV strains

showed similarity with Chinese strains.
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Figure 1 Location of PEDV outbreaks in several Europe and Asia countries including

Korea, China, Thailand, Philippines, Vietnam and ongoing to United states.

2.1.3 Molecular and genetic

PEDV has linear plus-single stranded RNA genome with 5’cap and
3’polydenylate tail. The virus is enveloped virus, length of genome was found to be
28 kb (excluding the polydenylate tail). The structure of gene contained seven open
reading frames (ORFs) that encode for four structural proteins including glycosylated
peplomer (S) protein (150-220 kDa), envelope (E) protein (7 kDa), glycosylated
membrane (M) protein (20-30 kDa) and unglycosylated RNA-binding nucleocapsid (N)
protein (58 kDa) and three open reading frames (ORFs) for non- structural proteins

such as ORF 1a, ORF 1b and ORF3, as shown in Figure 2 (Lee et al., 2010).



The polymerase gene is composed of 2 ORFs (ORF 1la and ORF 1b), the ORF
la gene encodes for three proteases and one growth factor while the ORF 1b
express one polymerase domain, one helicase domain and one meal ion binding
domain (Kocherhans et al., 2001).

The ORF3 is located between S protein and E, M, N protein. It encodes an
accessory proteins of which the sequences are different between other

coronaviruses. The ORF3 is thought to be accounted for virulence.

PEDV Genome

KUA(A/G)AC

Figure 2 Structure of PEDV genome containing seven open reading frames (ORFs)
which encode for four structural proteins (S, E, M and N protein) and 3 non-

structural proteins (ORF 1a, ORF 1b and ORF3).

Spike protein or S protein consists of 1383 amino acid of 150-220 kDa. It
belongs to type 1 of glycoprotein and is composed of signals peptide, neutralizing
epitopes, transmembrane domain and short cytoplasmic domain. Spike protein is a
protein on viral surface, interacting with host cell receptors and mediates a viral
entry into host cell by membrane and associates with attenuation in vivo and

adaptation in vitro. The S protein can be divided into N-terminal subunit (S1) and



membrane-anchored subunit (52) domains (Bosch et al., 2003).The S protein of PEDV
is comprised of S1 domain necessary for receptor-binding (Lee et al., 2011).

Unglycosylated RNA-binding nucleocapsid protein or N protein, 150-220 kDa,
has a structure of helical nucleocapsid and genome associated with phosphoprotein.
N protein is important for regulation of RNA synthesis, transcription, virus budding and
may be induction of cell-mediated immunity.

Glycosylated membrane protein or M protein is a triple-spanning structure
consisting of glycoprotein with a long carboxy-terminal domain (C-terminal) inside
and a short amino-terminal domain (N-terminal) outside. M protein is necessary for
viral assembly process. (Song and Park, 2012).

Envelope protein or E protein is a small protein linked to viral envelope and
plays a role in virus assembly in a pre-Golgi compartment before progressing to the

Golgi apparatus and release on the host cell (Xu et al., 2013).

2.1.4 Phylogenetic

Phylogenetic analyses based on the S genes, M genes and ORF3 genes have
been used to classify PEDV.

PEDV can be divided into 3 groups base on phylogenetic analysis of partial S
genes, G1, G2 and G3. PEDV in group G1 can be further classified into 4 subgroups,
G1-1, G1-2, G1-3 and G1-4. As shown in Table 2.(Temeeyasen et al., 2014).

Phylogenic analysis of complete M gene can result in separation of PEDV into
3 groups, G1, G2 and G3. (Puranaveja et al,, 2009) while the analysis of ORF3 genes
generated 3 groups of PEDV which are G1, G2 and G3, as shown in Table 2
(Temeeyasen et al., 2014)



Table 2 Phylogenetic analyses based on the S genes, M genes and ORF3 genes

Group/ S M ORF3
Gene
G1 Chinese strain, Thai strain, Thai strain ,
Korea strain, Chinese strain Chinese strain
Thai strain, Korean strains
Europe strain
G2 Korea strain Korean strains, Chinese strain,
Japanese strain, Korea strain,
Chinese strain Belgium strain
,Thai strain
G3 Korea strain Russian strain, Chinese strain
Chinese strain

2.1.5 Transmission

The spread of PED can be achieved by oral-foecal transmission. Clinical signs
of can be observed on day 4-5 after being infected. The virus can also contaminate
persons, fomites and equipment. After PED outbreak, PEDV may disappear or

become enzootic in farms (Pospischil A, 2002).

2.1.6 Zoonotic Potential

PEDV only causes disease in swine and has not affected the meat or meat
products. PED is not transmissible to human and other species. Antibodies to the

virus have not been found in other animal species (Pospischil A, 2002).

2.1.7 Clinical presentation

Clinical presentations caused by PEDV is highly vary and also dependent on

previous exposure, immunological and outbreaks status of the farm. The principle
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clinical signs are watery diarrhea which may be flocculent, vomiting, severe enteritis,
weight loss, dehydration and metabolic acidosis. Clinical signs of PEDV are similar in
all ages of pigs infected, starting as early as within 12-24 hours after infection or 2-4
days at the herd level.

In suckling pigs, PED can result in 80-100% death loss. The high mortality in
piglets might be due to 1) intestinal villi of suckling pigs are longer than older pigs,
more surface of enterocytes were infected of PEDV. 2) replacement rate of
enterocytes are slowly compared to older pigs 3) the colon of suckling pigs have less
ability to reabsorb water, nutritions and electrolytes than older pigs.

Clinical sign of PED are similar to TGE, however, PED may spread more slowly

than TGE and recover within 7-10 days(Pospischil et al., 2002).

2.1.8 Pathology

Infected of enterocytes of small intestine can be observed as early as 12 to
18 hours post inoculation and maximum reached within 24 and 36 hours post
inoculation. The stomachs are empty because vomiting. The intestines are light
yellow water-like content and thin walled.

After virus infected enterocytes, the virus was expresses viral protein in
enterocytes and increased replication of mRNA within 12-24 hours post inoculation.
PEDV cause a release of epithelial cells from the intestinal villus together with
billions of virus particles to infect more cells (Pensaert and Callebaut, 1994). The
virus damages enterocytes, resulting in decrease of absorptive surface. The damage
of intestinal surface leads to loss of nutrients and electrolytes resulting in watery

diarrhea, dehydration and death (Kim and Chae, 2003).

2.1.9 Diagnosis

Due to similarity to TGE, PED cannot be diagnosed by clinical signs alone.
Many laboratory tests have been used to identify PEDV including
immunohistochemistry (IHC), immunofluorescence test (IFT), electron microscopy

(EM), indirect fluorescent antibodies (IFA), reverse transcriptase polymerase chain
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reaction (RT-PCR) and enzyme-linked immunosorbant assay (ELISA) (Pospischil et al.,
2002).
However, These techniques are time-consuming, expensive, low sensitivity,

low specificity and limited to be used only in laboratory (Song and Park, 2012).

2.1.10 Treatment and prevention

The specific treatments of PED are not available. Good hygienes are
recommended for PED prevention.

PEDV is stable at pH 5.0 and 9.0 at 4°C and between pH 6.5 to 7.5 at 37°C.
PEDV loses infectivity when heated to 60°C for 30 minutes. The virus can survive in
fresh feces at 4°C for 1 week, in dry feces at 25°C for 1 week, wet feed at 25°C for 4
week, in slurry at 25°C for 2 week and drinking water at 25°C for 1 week.

PEDV is inactivated by chloroform, sodium carbonate (4% anhydrous or 10%
crystalline), 2% sodium hydroxide, 1% formalin, phosphoric acid, ionic detergents and

non-ionic detergents (Pospischil et al., 2002).

2.1.11 Vaccine

Maternal antibodies via colostrum can help suckling pigs in protection of
PEDV until 13 days old. The time protect of immunity depends on titer of
mother(Song and Park, 2012).

Several PED vaccines are currently available in South Korea, Japan and China.
Types of vaccines are killed or attenuated. At present, the use of vaccine is not quite
popular among swine industry, due to the PEDV strain is different from wild type

PEDV. The failure of vaccine can also be proven in secondary outbreaks.
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2.2 Methods for diagnosis of PED
2.2.1 ELISA for detection of antibodies against PEDV

The detection of PEDV by ELISA was first reported by Hofmann and Wyler,
1990. ELISA is commercially available in Asia and Europe, however it was found with
low sensitivity at detection of infected pig in the USA. The ELISA has some
disadvantage due to (1) PEDV N protein is conserved and mostly used to coat ELISA
plate, However it becomes more variable at longer period of infected time while S
protein can provide higher sensitivity and specificity M protein is cross-reacted with
other virus (Knuchel et al., 1992). (2) Sensitivity and specificity of ELISA depends upon
quality of antibodies. Monoclonal antibodies can result is high specificity (Rodak et

al., 2005). (3) ELISA was occasionally present negative results(Guscetti et al., 1998b).

2.2.2 RT-PCR for detection of PEDV

Reverse transcriptase polymerase chain reaction (RT-PCR) consists of single
and multiplex RT-PCR. This technique is convenient, rapid and sensitive for detection
of PEDV. Multiplex real time RT-PCR detects N gene of PEDV which is highly
conserved, resulting in no cross-reaction with TGEV and other diarrhea causing virus
such as rotavirus, reovirus and enterovirus. However, the efficiency of multiplex real-
time RT-PCR is highest level on day 1 after PEDV infection and decreased until death
(Kim et al,, 2007). The sensitivity of RT-PCR depended on conditions of RNA
extraction and RT-PCR protocol as there are many factors in specimen inhibiting

enzyme reactions (Ishikawa et al., 1997).

2.2.3 In Situ Hybridization (ISH) for detection of PEDV

In Situ Hybridization is a technique for localizing specific of nucleic acid
targets within a histologic section. In situ hybridization requires DNA probes
complementary with conserved region of PEDV gene for localizing PEDV infected site
in swine intestine (Kim and Chae, 2000). The hybridization signal has been detected

in the enterocyte of jejunum and ileum but not those of cecum, colon and rectum.
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Part of intestine showing positive for PEDV are vary depends on age of pig, duration
of infection and strain of virus. The disadvantages of ISH include (1) radioactive labels
are short half-life probe. (2) Biotin probe provides non-specific reaction and (3)

Formalin fixation can denature antigens (Jung and Chae, 2005).

2.2.4 Immunohistochemistry for detection of PEDV

Immunohistochemistry (IHC) is method to detect antigens in cells of a tissue
section by the interaction of target antigens with specific antibodies tagged with
visible label on biological tissues. The intestinal of PEDV infected pig was investigated
by the streptavidin-biotin (SAB) technique and the primary antibody used was rabbit
anti-PEDV. The small intestine, the virus was observed in the crypts, lamina propria
and payer’s patches of jejunum and ileum greater than duodenum. The site of PEDV
replication was clearly different from that of TGEV (Sueyoshi et al., 1995). However,

Immunohistochemistry require sample of intestinal of dead pigs.

2.2.5 Electron microscopy (EM) for detection of PEDV

Electron microscopy (EM) is a technique for visualizing virus particle in
sample. The PEDV was observed at amplification of 19,000X - 25,000X in cytoplasmic
vacuoles or microvilli, as shown in Figure 3. EM can be used to measure size of viral
particle of 70-140 nm. However, EM requires an experienced person and specific

immune serum to identify viral particle(Martelli et al., 2008).
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Figure 3 A: PEDV located in intestinal mucosal cells on villi of jejunum, detected by
immunohistochemistry, B: PEDV located in enterocytes of jejunum, detected by

transmission electron microscope. (Sueyoshi et al., 1995).

2.3 Monoclonal antibodies
2.3.1 Antibody Structure and Function

Antibodies belong to a group of glycoprotein secreted by specialized B
lymphocytes known as plasma cells. Antibodies react specifically with antigens,
which are responsible for production of specific antibodies. The antibody-antigen
complexes are eliminated through phagocytosis by macrophages.

An antibody is a Y shape molecule, as shown in Figure 4. Each Y molecule
(~150 kD) contains four polypeptides. Two identical copies of a polypeptides called
heavy chain (~55 kD) and light chain (~25 kD), both of which are linked by disulfide
bonds and noncovalent bonds. The ligsht and heavy chains are associated to form an
antigen-binding site at the tip of the arms. The light chains consist of one variable
and one constant region while heavy chains consist of one variable and three
constant regions. The Y shaped molecule can be cleaved by papain at hinge region,

generating Fab and Fc fragments as shown in Figure 4 (Lipman et al., 2005).
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Figure 4 A: Structure of antibody molecule, Immunoslobulin, B: Immunoglobulin

after being cleaved by papain.

In mammal, antibodies are divided into five class of immunoglobulin (Ig) ,
including 1eG, IeM, IgA, IgD, and IgE, due to type of heavy chains and number of Y

units per immunoglobulin, as shown in Table 3



Table 3 Class, function and properties of antibody.

Charact IsG IsM IgA IgE IgsD
eristics
Light KorA KorA KorA KorA KorA
chain
Heavy Y u a £ 5
chain
Concentr | 8-16 mg/ml 0.5-2 1-4 10-400 0-0.4
ation in mg/ml mg/ml mg/ml mg/ml
serum p
Function Secondary Primary Protects rotects

response response mucous against

membranes
Valence
2 10 2,4 or 6 2 2

Structure o

The roles of antibodies are two steps (1) when arm of antibodies binding with
epitope on an antigen at antigen-binding domains (Fab), making each antibody
molecule forming antibody-antigen complexes and antigens is removed through
phagocytosis by macrophages. (2) Constant region of the heavy chains (Fc) generates
biological effector functions such as activation of natural killer cell, classical

complement pathway and phagocytosis.
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2.3.2 Polyclonal antibodies

Polyclonal antibody (PAb) is antiserum produced by numerous B lymphocytes
of animal. PAb is mixture of different antibodies with high sensitivity but low
specificity. PAb can be produced only in vivo, meaning that the method requires
animal. Rabbits are frequently animal of choice for PAb production. Immunization
starts with injection of antigen subcutaneously and the boosters are carried out for 3-
8 months. Blood is collected from ear of rabbit and serum is obtained by
centrifugation. Purification of PAb can be achieved by ammonium sulfate

precipitation followed by ion exchange chromatography.

2.3.3 Monoclonal antibodies

In 1975, Kohler and Milstein (Kohler and Milstein, 1975) developed a
technique that antibody-producing cells can grow eternally in cell culture. In this
technique, plasma cells isolated from immunized mice were fused with myeloma
cells, resulting in hybridoma cells. The antibody produced from one hybridoma cell
is monoclonal antibody. MAb has high specificity against epitope of antigen (Harlow
1988).

2.3.4 Myeloma

Myeloma is a cancer of plasma cells which can multiply without control. The
myeloma cells can be induced in a few strains of mouse and rats. In 1972, myeloma
was first isolated from BALB/C mice after injecting mineral oil intraperitoneally
(Potter, 1972). Myeloma cells used in the production of MAb have neither antibody
production nor some specific enzymes such as HGPRT and TK.

In order to obtain myeloma cells lacking HGPRT and TK, myeloma cells
should be cultured in special medium containing 8-azaguanine and
bromodeoxyuridine. The mutant cells are able to survive via de novo pathway

(Eichmann, 2005).
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Figure 5 Myeloma cells strain X63Ag8.653, at passage 23, cultured in RPMI1640
medium containing HEPES and L-glutamine, supplemented with 20% fetal bovine

serum, incubated at 37 °C 5% CO,.
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Table 4 Myeloma cell lines used as fusion parents (Ed H and David L., 1988).

Cell line Reference Derived from Chains Secreting
expressed

Mouse Line

P3- Kohler and Milstein P3K Grammal leG1

X63Ag8 | (1975) kappa

X63Ag8. | Kearney et al. (1976) | P3-X63Ag8 None No

653

Sp2/0- Kohler and Milstein P3-X63Ag8 x None No

Agld (1976) BALB/C None

Shulman et al. (1978)

FO De St.Groth and Sp2/)-Agld None No
Scheidegger (1980)

NSI/1- Kohler et al. (1976) P3-X63Ag8 Kappa No

agd-1

NSO/1 Galfre and Milstein NSI/1-Agd-1 None No
(1981)

FOX-NY | Taggart and Samloff NSI/1-Agd-1 Kappa No
(1984)

2.3.5 Hybridoma

Hybridoma cell is a somatic cell hybrid created by fusion between plasma
cell and myeloma cell. The resulting hybridoma cells can be produce antibody and
survive in vitro forever. Antibody produced from one hybridoma cell is so called

monoclonal antibody (Harlow 1988).



2.3.6 Polyethylene glycol (PEG)

In 1975, Polyethylene glycol (PEG) was first used to fuse the mammalians
cells by Pontecoro (Pontecorvo, 1975). PEG is quick and manageable to fusion
mammalians cells. PEG at the concentration of more than 35% can induce cell
agelutination and cell-to-cell contact, leading to subsequent cell fusion which
generates single cell of two or more nuclei (JACOBSON, 1983). Fused cells can have
abnormal chromosome number, either odd or even number, resulting in the failure

of cell division during mitosis.

2.3.7 Hybridoma selection

The selection of hybridoma cell is achieved by using selective medium, HAT,
containing hypoxanthine, aminopterin and thymidine.

Normal animal cells can synthesize nucleotide by de novo pathway and
salvage pathway. Aminopterin blocks the activation of tetrahydrofolate, resulting in
the inhibition of purine synthesis by de novo pathway. Aminopterin treated cells can
use only salvage pathway to synthesize purine. The myeloma deficient in HGPRT
and TK cannot survive via salvage pathway while B lymphocytes can use salvage
pathway for purine synthesis.  However, B lymphocytes are immortalized. In HAT
medium, unfused myeloma cells and unfused B cells eventually die. Only
hybridoma cells can survive and grow in HAT medium due to the immortal property

and purine synthesis via via salvage pathway (figure 6) (Harlow 1988).

21



No drug selection

HAT medium

hy poxarthine. gmincpterin, thy migine

e

Myeloma (HGPRT . TK)

Myeloma (HGPRT TK) Hybridoma cell B cell
Lencucpathuny. Désoucpathuny Lesoucpatiuusy
v v v
Died Survived Died
Immortaitzed)

Figure 6 Hybridoma cells in selective medium: HAT containing hypoxanthine,

aminopterin and thymidine.
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Chapter llI
Materials and Methods

Chemicals

AUl chemicals and culture reagents were purchased from Sigma-Aldrich
(St Louis, Mo, USA), JR Scientific (Woodland, CA, USA) and Invitrogen Life
Technologies (Carlsbad, CA, USA). Myeloma cells strain X63Ag8.653 was kindly
obtained from Department of Immunology, Faculty of Medicine Siriraj Hospital,
Mahidol University. PEDV strain K-9 and monoclonal antibody against PEDV was gifts
from Dr.Suphot Wattanphansak.

3.1 Purification of PEDV strain K-9 vaccine

One bottle of PEDV strain K-9 vaccine from Korea was dissolved in 5 ml of
Phosphate buffered saline (PBS) and subjected to centrifugation at 200000xg at 4°C
for 1 hour. The pellet was harvested, resuspended in PBS and re-centrifuged at the
same conditions. Finally the pellet containing virus was collected, resuspended in

Iml of PBS. The virus was determined by RT- PCR using PEDV specific primers.

3.2 PEDV RNA extraction

Total viral RNA was extracted by using ZR viral DNA/RNA kit ™. The process
was performed according to the manufacturer’s recommendation. Briefly, 600 pl of
viral DNA/RNA buffer was added to 200 pl of PEDV suspension. The mixture was
centrifuged at 12,000 rpm for 1 min using spin column. After adding 400 pl of
DNA/RNA Prep Buffer to the column, centrifugation at 12,000 rpm for 30 sec was
carried out. After washing twice with 700 pl and 400 ul DNA/RNA wash buffer,
followed by centrifuging at 12,000 rpm for 15 sec, PEDV RNA was eluted with 20 pl
DNase/RNase-free water. The isolated PEDV RNA was stored in -20°C until used.



3.3 The one step RT-PCR

20 pl of isolated PEDV RNA was assayed in 25 pl reaction tube containing
AccessQuick™ Master Mix, 100unit AMV Reverse Transcriptase, 3 Mmol Forward
primer (5’-TTCTGAGTCACGAACAGCCA-3’) and Reverse primer (5’-
CATATGCAGCCTGCTCTGAA-3")(Park et al,, 2007). The thermal cycling consisted of
Reverse Transcription at 48 °C for 45 min, initial denaturation at 95°C of for 2 min,
followed by 30 cycles of polymerase chain reaction (PCR) (denaturing at 94°C for 30
sec, annealing at 57 °C for 1 min and chain elongating at 72°C for 1 min) and final

chain polymerization at 72°C for 5 min. The PCR product was kept at -20°C.

3.4 Agarose gel electrophoresis

1.5% agarose gel in TAE (Tris-Acetate-EDTA; electrophoresis buffer) containing
ethidium bromide was prepared. 4 1l of PCR product from one step RT-PCR of PEDV
was applied together with 3 [l of DNA ladder of 100 bp standard (Fermentas, life

science, PA, USA). DNA electrophoresis was done at constant voltage of 120 volt for

35 min. The DNA bands were elucidated using UV illuminator.

3.5 Determination of PEDV protein concentration

PEDV protein concentration was determined by absorbance at 280 nm using
UV-visible spectrophotometer (Layne, 1957). The PEDV suspended in PBS was diluted
at 1:100 with PBS and subjected to spectrophotometer at 280 nm using PBS as blank.

The PEDV protein concentration was calculated as follows;

A280 % 100

Protein concentration (mg/ml) =

3.6 Immunization with purified PEDV

Two BALB/c mice of 7 weeks old were subcutaneously immunized with
purified PEDV. The immunization was done 3 times at 3 weeks intervals. Briefly, 0.3
ml of PBS containing 100 pg of PEDV protein in complete Freund’s adjuvant was

injected per mouse at the first immunization while the same amount of protein with
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incomplete Freund’s adjuvant was used at the second and the third immunization.
Mouse serum containing antibodies against PEDV was measured after the third
immunization using enzyme-linked immunosorbent assay (ELISA). Finally, 3 days
before fusion, the mice were intravenously injected with 50 pg of purified PEDV
without adjuvant. The mice were euthanatized, the spleens were collected and

prepared for fusion.

3.7 Preparation of Myeloma cells

The myeloma cells were cultured in RPMI 1640 medium (Sigma-Aldrich, Mo,
USA) containing HEPES and L-glutamine, supplemented with 20% fetal bovine serum
(R Scientific, CA, USA) and antibiotic-antifungal agents (Invitrogen Life Technologies,
CA, USA) at 37 °C 5% CO,. In order to obtain myeloma cells without HGPRT enzyme,
the myeloma cells were cultured in the same medium with the addition of 6.6x 10°
M of 8-azaguanine for 2 months. The myeloma cells growth was observed everyday
using inverted microscope (ZEISS Axiovert 40 CFL). The myeloma cells obtained after

being cultured with 8-azaguanine were used for cell fusion.

3.8 Preparation of spleen cells

After being euthanatized, the spleen was collected from immunized mouse
with aseptic technique. The splenocytes were washed twice with sterile PBS buffer.
The cell pellet collected after centrifugation at 1,000 rpm for 5 min at room

temperature was counted then subjected to cell fusion.

3.9 Determination of viable cells.

The cells were diluted at 1:100 with PBS. 10 Ul of 10% trypan blue was

added to 90 Ul of diluted cells and the viable cells was determined using
hemocytometer. The cell concentration is then calculated as follows:

Viable cell concentration = number of non-stained cell x 1O4x dilution factor

(cells/ml) number of square being counted
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3.10 Cell fusion

1x10" of 8-azaguanine treated myeloma cells was added to 5x10" of
splenocytes obtained from immunized mouse. The cell fusion was performed in 50
ml sterile centrifuge tube containing 1 ml of warm 50% polyethylene glycol (PEG-
4000) at 37 °C for 1 min. after fusion, 10 ml of RPMI 1640 was gentlely added and
the tube was centrifuged at 1,000 rpm for 5 min at room temperature. The pellet
was harvested and resuspended in RPMI 1640 containing HEPES and L-glutamine,
supplemented with 20% fetal bovine serum. The cells were cultured in 100 mm

sterile culture dish at 37 °C 5% CO, for 18 hours.

3.11 Selection of hybridoma cells

After being incubated at 37 °C 5% CO, for 18 hours, the fused cells were
further cultured in HAT selective medium containing RPMI 1640 HEPES, L-glutamine,
20% fetal bovine serum and Hypoxanthine-Aminopterin-Thymidine (HAT) using 96
well culture plate. The hybridoma cells were then transferred to 96 well culture
plate containing Hypoxanthine-Thymidine (HT) medium and kept for 14days. Finally,
the supernatant from each well was collected and sent for antibodies detection by

ELISA.

3.12 Determination of antibody by ELISA

Polystyrene ELISA plate were coated with purified PEDV (250 ng/well) in 0.05 M
carbonate-bicarbonate buffer, pH 9.6 overnight at 4°C. The plates were washed with
PBS for 3 times and block with 2% bovine serum albumin (BSA) (VWR, Radnor

Corporate Center, Radnor, PA) for 1 hour at room temperature. After being washed

with 0.05% Tweens-PBS for 3times, 50 Ul of supernatant from each plate containing
hybridoma cells were added and incubated for 1 hour at room temperature. The
plate was washed with 0.05% Tween-PBS for 3 times and incubated with 50ul of
1:3000 diluted Goat anti- Mouse IgG (H+L) labeled with horseradish peroxidase

(SouthernBiotech, Birmingham, AL, USA) for 1 hour at room temperature. Finally, 100
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HU of 2, 2’ diazino bis (3 ethyl) benz-thiazoline-6 sulfonic acid (ABTS) (KPL,
Gaithersburg, MD, USA) the concentration of 0.3 ¢/L in a citric acid buffer, containing
0.01% of H,0, was added and the color developed after incubation for 30 min at
room temperature in the dark place. The intensity of the color in each well was

measured by ELISA reader (Synergy HT) at 405 nm.

3.13 Preparation of feeder cells

In order to perform limiting dilution step, the feeder cells has to be prepared
to promote the growth of the single hybridoma cell. The thymus of 1 week-old
young mouse was collected with aseptic techniques. The thymocytes were prepared
and washed twice with sterile PBS buffer. The cells collected after centrifugation at
1,000 rpm for 5 min were resuspended in RPMI 1640 containing HEPES and L-
glutamine, supplemented with 20% fetal bovine serum and kept at 37 °C 5% CO, for

18 hours before use.

3.14 Limiting dilution

After wells of hybridoma cells containing antibody have been identified. The
hybridoma cells were count and subjected to limiting dilution procedure. In brief, the
hybridoma cells were harvested after centrifugation at 1,000 rpm for 5 min at room
temperature, counted and diluted to a cell concentration of 10 cells/ml medium.
100 ML of diluted hybridoma cells were seeded to each of 96 well culture plates and
incubated at 37 °C 5% CO, forl4 days. On the second day of incubation, 50 Ul of
feeder cells (1OL1 celVml) were added to each well of hybridoma. After 14 days, the
supernatant of each well was collected and sent for antibody detection. The limiting

dilution was repeated to ensure an achievement of monoclone.
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3.15 Determination of antibody subclass by ELISA

ELISA were performed as previously mentioned except using 50ul of Goat
anti- Mouse 1gGy, 18G,,, 1eG,, and 1gGs labeled with horseradish peroxidase
(SouthernBiotech, Birmingham, AL, USA) per well as secondary antibody.

30



Chapter IV

Results

4.1 Preparation and purification of PEDV strain K9 vaccine

After centrifugation at 200,000 xg for 1 hour at 4°C, the presence of PEDV in
the pellet was confirmed by RT-PCR using PEDV specific primers and agarose gel
electrophoresis. The result was shown in Fig 7. The 700 bp PCR product of PEDV
from the 1" centrifuged and " centrifuged were shown in lane 2 and lane 3

respectively, indicating the presence of PEDV in the pellet.

1000 bp
700 bp

Figure 7 The PCR products of 700 bp of PEDV were obtained from 1™ and 2" of
ultracentrifugation (200,000 xg for 1 hour at 4°C). Lane M; 100bp marker, lane 1 ;
positive control, lane 2 ; PCR products from pellet obtained from 1"
ultracentrifugation, lane 3 ; PCR products from pellet obtained from 7

ultracentrifugation and lane 4; negative control.
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4.2 Immunization with purified PEDV.

Two weeks of after 3nd immunization with purified PEDV in complete
Freund’s adjuvant, the blood collection and serum preparation from mouse were
performed and the antibody against PEDV was diluted using ELISA and the results are

shown in the table 5

oD
Positive control 0.381
Negative control 0.093

Table 5 Absorbance at 405 nm of diluted (1:10) serum from immunized mouse,
containing PEDV specific antibody (A=0.381) served as positive control compared to

A=0.093 of the negative control using PBS instead of diluted serum.

4.3 Cell fusion and hybridoma cells preparation

After cell fusion and cultured in selective HAT medium, unfused myelomas
and B cells are gradually disappeared due to cell death. Only the hybridoma cells
can survive and rapidly grow in the culture. The growth of cells can be observed

using inverted microscope at different times after fusion as shown in fig 8-10.
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Figure 8 Myeloma cells, plasma cells and fused cells in RPMI1640 medium, on day

1 after fusion under light microscope (100X).

Figure 9 Myeloma cells, plasma cells and fused cells in HAT medium on day 12 after
fusion under light microscope (100X). The arrows indicated healthy hybridoma cells.

Dead cells comprising of unfused cells were seen among the hybridoma cells.
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Figure 10 Hybridoma cells in HT medium on day 23 after fusion, under at 100X light

microscope.

4.4 Determination of antibody by ELISA

The antibodies produced by hybridoma cells were determined on 15 days
after culturing in HT medium using ELISA. The absorbance at wavelange of 405 nm of
2-3 times above negative control defined positive. The absorbance values of all wells
tested for antibodies was shown in appendix A. The percentage of well containing
hybridoma cells and hybridoma cells were determined and the result was shown in

table 6.



Hybridoma cells

Antibody- producing

hybridoma cells

st

1" mice 100 % 1.15 %
(A1)

(864/864) (10/864)

2" mice 100 % 0.89 %
(A2)

(672/672) (6/672)

Table 6 Percentage of wells containing hybridoma cells and those containing

antibody producing hybridoma cells from mouse Al and A2.

4.5 Limiting dilution
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After fusion, 10 wells and 6 wells of antibody producing hybridoma cells were

obtained from mouse A1 and A2 respectively. According to the growth rate of

hybridoma cells, finally, only 2 wells of hybriddoma cells were selected, namely, A1/A2

and D3. The first limiting dilution of both wells generated 9 culture plates of 96 wells. The

growth of hybridoma cells were observed every day as shown in the figure 11-15.



Figure 11 A: Hybridoma cells “A1/A2” clone in culture medium, B: Hybridoma cells

“D3” clone in culture medium.

Figure 12 Thymus feeder cells cultured in RPMI1640 medium before transferred to

hybridoma cell at limiting dilution step.
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Figure 13 Hybridoma cells and feeder cells in RPMI1640 medium on day 1

after limiting dilution.

Figure 14 Hybridoma cells and feeder cells in RPMI1640 medium on day 7

after limiting dilution.



38

Figure 15 Hybridoma cells and feeder cells in RPMI1640 medium on day 14

after limiting dilution.

The percentage of antibody in each well with determined and the results

shown in appendix A.

According to the absorbance values, 12 wells from A1/A2 well and 12 wells
from D3 well were selected and subjected to second limiting dilution. After second
limiting dilution, 3 wells from A1/A2 and 5 wells from D3 with high absorbance
values were obtained (data were shown in appendix A). All of 8 antibody positive

wells were finally sent to subclass identification.
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4.6 Subclass identification of monoclonal antibodies.

The subclass of monoclonal antibodies were determined by ELISA using
secondary antibody goat anti- Mouse IgG; 18G,,, 18G,, and 18G5 conjugate with HRP.
4/8 clones of hybridoma with high level of antibody production were generated,

namely, “P1D3L27, “P2D3L2”, “P3AL1”", “P5AL1”, as shown in Figure. 17-20.

Figure 16 Hybridoma clone “P1D3L2” produces MAb which belongs to subclass 1gG,..
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Figure 17 Hybridoma cells “P2D3L2” produces MAb which belongs to subclass IgG;.

Figure 18 Hybridoma cells “P3AL1” produces MAb which belongs to subclass 1eG;.



Figure 19 Hybridoma cells “P5AL1” produces MAb which belongs to subclass 1gGyy,.

The antibodies produced belong to 3 subclass, lgG; (“P2D3L2", “P3AL1" ),

G, (“P1D3L2”) and 1gGyy, (“PSALL).
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Chapter V

Discussion

5.1 Preparation and purification of PEDV strain K9 vaccine

There are many techniques to purify virus such as  density gradient
centrifugation (Ali and Roossinck, 2007), specific interaction based affinity
chromatography (Hu et al., 2010), size exclusion ultra-centrifugal filter (Hensgen et al,,
2010) and charge base ion-exchange chromatography (Czermak et al,, 2008).
However, only Sucrose density gradient centrifugation has been used for PEDV
purification (Rodak et al., 1999). Unfortunately sucrose density gradient centrifugation
remains many limitations such as sucrose is toxic to cell. In addition, variation in viral
yield can be obtained with the loss of more than 90 % (Hutornojs et al.).

In the present study, the ultracentrifugation at 200000xg was chosen to purify
PEDV, instead of sucrose gradient centrifugation. In the preliminary study, the sucrose
gradient centrifugation was tried to purify PEDV, however, the particle loss of virus
was resulted (data not shown). In addition to avoid cellular toxicity caused by
sucrose, the virus K-9 vaccine was also in limited supply, leading to the use of

ultracentrifugation as a method of purification.

5.2 Preparation of hybridoma cells for PEDV monoclonal antibodies production

The immunization is an important step in the production of antibodies. In
general BALB/c mice are the most commonly used in the production of monoclonal
antibody due to genetic similarity in the group of mice (Harlow 1988).

The cell fusion performed in this study was randomly somatic cell fusion
using 50% polyethylene glycol (PEG), generating the fuse cells comprising of various
chromosome numbers. Furthermore, cells with abnormal chromosome number
usually are unstable and eventually losing their chromosome.

PEG is the most widely used substance for cell fusion, especially, with a

molecular weight between 1000 to 6000 dalton. Roos et al.,, 1983 Showed that more
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than 90% of cells were fused with 50% PEG of 1500 dalton. However, the size of PEG
and the fusion time can be varied depending on cell types (Yang and Shen, 2006).

In the present study, with 50% PEG of 4000 dalton, 100% wells containing

fused cells could be achieved. The high percentage of fused cell might be due to
the culture of fused cells in enriched medium RPMI1604 for 18 hours after fusion.
In order to obtain monoclonal antibody, the antibody producing cell or hybridoma
must be isolated to be 1 hybridoma cell per culture well by the method named
limiting dilution. The single hybridoma cell could not survive due to an insufficient
amount of growth factors in the medium. The addition of thymocyte feeder cells
could provide growth factors and suitable culture condition for growth of single
hybridoma cells.

Moreover, in thus study, it was shown that the thymocyte feeder cells can be
useful not only in the limiting dilution step, but they can be used as rescue protocol
for promotion of growth in culture containing low number of hybridoma cells.

Four monoclonal antibodies were produced in this study. The MAbs belong
to IgG1, leG2a and IgG2b subclasses. The differecnes between subclasses of IgG are
number of disulfide bond located at the hinge region of 1gG molecule. Competitive
inhibition assay is needed to be performed in the furture in order to identify the

antigen binding site of each monoclonal antibody.
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APPENDIX A

Result of antibody test of hybridoma cells from mice Al were produced

1.

antibody against PEDV after fusion.
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Result of antibody test of hybridoma cells from mice A2 were produced antibody

2.

against PEDV after fusion.
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Result of antibody test of hybridoma cells from A1/A2 were produced

3.

antibody against PEDV from limiting dilution 1.
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Result of antibody test of hybridoma cells from D3 were produced antibody

a.

against PEDV from limiting dilution 1.
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Result of production of hybridoma from A1/A2 and D3 secreting antibody
highly specific with PEDV.

1 2 3
A 0.794 0.621 0.472
B 0.39 0.43 0.374
C 0.484 0.468 0.582
D 0.562 0.605 0.683
E 0.567 0.91 0.95
F 1.006 0.849 0.926
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7. Result of subclass of hybridoma cells.
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