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ABSTRACT

Dengue heamorrhagic fever (DHF), caused by dengue virus (DENV) infection,
is one of the public health problems in Thailand and regional regions. Four serotypes of
DENYV are co-circulated in endemic areas. Early detection of DENV infection can be done
by time-consuming virus isolation, sophisticated RT-PCR and NS1 antigen assay. The
first two methods are also able to identify DENV serotype.

This study aimed to develop a new serotyping assay based on NS1 capture
ELISA, designated as “a serotyping-NS1-ELISA”, by using serotype-specific anti-NS1
monoclonal antibodies (Mabs). Since anti-NS1 Mabs to DENV1, DENV2, and DENV4
have been previously generated, at first, we then generated anti-NS1 Mabs specific to
DENV3 in this study. The immuno-affinity purified NS1 protein of DENV3 was used to
immunize BALB/c mice. After three-performed fusions and screening, 10 hybridoma
clones producing anti-NS1 Mabs to DENV3 were finally obtained. The generated anti-
NS1 Mabs can be divided into 2 groups. One is a cross-reactive group that contained 2
Mabs (D3NS1- 5F3, D3NS1-381), which are reactive to DENV1 and DENV3, IgG1l
isotype, and recognize to linear epitopes. The other is a DENV3-specific group that
contained 8 Mabs (D3NS1-7, D3NS1-46, D3NS1-95, D3NS1-37, D3NS-101, D3NS1-177,
D3NS1-189, and D3NS1-239), which are 1gG2b isotype and recognize conformational
epitopes.

All anti-NS1 Mabs to four DENV serotypes were selected for serotype-
specificity based on NS1 capture ELISA. Two anti-NS1 Mabs specific for each serotype
that gave highest serotype-specific reactivity were scaled-up, purified, and applied to the
same assay. Finally, one serotype-specific anti-NS1 Mab from each serotype was chosen as
a detection antibody to develop a serotyping-NS1-ELISA (i.e., DINS1-84, D2NS1-3D1,
D3NS1-46, and D4NS1-4). The optimal concentration of those Mabs in the assay was 25
pg/ml. Detection limits of the serotyping-NS1 assay for DENV1 to DENV4 were 4.4, 15.8,
2.9, and 1.7 ng/ml, respectively. The developed assay could correctly identify NS1 of four
DENYV serotypes which derived from infected Ps clone D, HEK 293T, and C6/36 cells. In
infected Vero cells, the assay can identify NS1 of DENV1, DENV2, and DENV4, but not
DENVa3. Evaluation of the serotyping-NS1-ELISA should be further performed in clinical
samples. This study has demonstrated that it is possible to utilize dengue NS1 specific
Mabs to developed ELISA that is capable of identifying and quantifying DENV serotypes.

KEY WORDS: DENGUE VIRUS (DENV)/ NS1/ SEROTYPING / ELISA /
MONOCLONAL ANTIBODIES
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CHAPTER |
INTRODUCTION

Dengue hemorrhagic fever is a major arboviral disease, one of the public
health problems in tropical and subtropical regions around the world. The disease
causes by infection with dengue virus (DENV). A broad spectrum of illness was
found by DENV infection, ranging from asymptomatic, undifferentiated fever, mild
febrile dengue fever (DF) to more severe forms with plasma leakage, dengue
hemorrhagic fever (DHF), and dengue shock syndrome (DSS) (1). Up to 100 million
cases of DENV infections worldwide were found every year, which result in 250,000
to 500,000 cases of DHF and 24,000 deaths (2).

At present, no protective vaccine or specific antiviral treatments is
available for DF/DHF. Clinical diagnoses are sometimes not enough to differentiate
DENYV infection from another viral infection. Laboratory testing is thus essential and
supportive for case confirmation as well as epidemiological control. Nowadays,
laboratory diagnoses of DENV infections are based on four basic methods; 1) virus
isolation which is the “gold standard” for diagnosis and serotyping of DENV
infections, but it is laborious and time-consuming; 2) the detection of viral RNA
genome (by reverse transcription- polymerase chain reaction; RT-PCR) which offers
the sensitive, specificity and early diagnosis but it is expensive and specialized
technician is required; 3) the detection of anti-dengue antibodies (IgM and/or 1gG),
which is the most common assay but it is not early diagnosis since the antibody level
elevated on several days after virus infection (1, 3, 4); 4) the detection of dengue NS1
protein, which is the latest method, that can provide early detection and ease of used.
Various assays were established to detect the level of dengue NS1 antigen in dengue
patient sera. Those of which were mainly developed to detect NS1 of known serotype
either DENV1 specific (5, 6), DENV?2 specific (7-9) or across four serotypes (10, 11).
So far, commercial dengue NS1 antigen capture ELISA and rapid

immunochromatographic test are available (11-14). However, none of NS1 capture
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ELISA formats is capable of differentiating dengue NS1 of 4 serotypes in patient sera
simultaneously.

Seroepidemiological studies have shown that subsequent infections by
DENV of different serotype from the primary infection may increase the risk of more
severe manifestations (15). The risk of disease severity and major epidemic in a
population may depend on the serotype and strains of dengue virus being transmitted
(16) (17). Therefore, information of serotypes associated with current and previous
epidemics would be important for epidemiological study, prediction of outbreaks, and
also effective disease surveillance of our country and regional endemic areas. This
study is therefore aiming at establishing a new assay that could identify dengue
serotype in ELISA format based on dengue NS1 antigen which is designated as a
“serotyping-NS1-ELISA”. The assays were developed based on our previously
established NS1 capture ELISA (10). Monoclonal antibodies specific to NS1 of each
DENYV serotype were used to differentiate DENV serotype in the assay. As panels of
anti-NS1 Mabs to DENV1, DENV2, and DENV4 have been available in our research
group, therefore Mabs to NS1 of DENV3 were produced in this study. All anti-NS1
Mabs to all four serotypes were characterized for their serotype-specificity by NS1
capture ELISA. Only one anti-NS1 Mab of each serotype that give the good reactivity
and serotype-specificity were selected to develop the serotyping-NS1-ELISA. Then
the assay was validated for serotype specificity by using secreted NS1 obtained from

infected cell cultures.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Immunology) / 3

CHAPTER I
OBJECTIVES

The objectives of this study were as followed,

2.1 To generate anti-NS1 Mabs specific to DENV 3

2.2 To establish a new serotyping-NS1-ELISA to detect DENV NS1
and to identify DENV serotypes simultaneously by using serotype-specific anti-NS1
Mabs
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CHAPTER Il
LITERATURE REVIEW

3.1 Molecular biology of DENV

DENV belongs to the genus Flavivirus in family Flaviviridae. DENV
consists of four serotypes (DENV1 to DENV4), which are transmitted to humans
through the bites of two mosquito species: Aedes aegypti and A. albopictus. It is an
enveloped; positive-single stranded RNA virus. The viral genome is approximately
11,000 bases long, encoding single open reading frame (ORF). Gene arrangement of
dengue genome is 5° C-prM/M-E-NS1-NS2a-NS2b-NS3-NS4a-NS4b-NS5 3°. After
co- and posttranslational by viral and host protease, three structural proteins (capsid
(C), pre-membrane (prM), and envelope (E)) and seven nonstructural proteins (NS1,
NS2a, NS2b, NS3, NS4a, NS4b and NS5) were obtained. All members of flaviviruses
have common group of epitopes on the envelope protein that result in extensive cross-
reactions in serological tests. Infection with one dengue serotype provides lifelong
immunity to that virus, but there is no cross-protective immunity to the other
serotypes. (18, 19)In contrast, memory B-cell producing antibodies that recognized the
first serotype may cause enhancement of subsequently infection with the heterologous

serotype by antibody-dependent-enhancement (ADE) theory (20).

3.2 Epidemiology of dengue virus infection

The global epidemiology and transmission dynamics of dengue viruses
were changed dramatically in Southeast Asia during World War I1. By the end of the
war, most countries in Southeast Asia were hyperendemic (when multiple dengue
virus serotypes co-circulate in a community), and a few years later epidemic dengue
hemorrhagic fever (DHF) emerged in the region. The first recorded epidemic of DHF
occurred in Manila, Philippines in 1953-1954, followed by Bangkok, Thailand in
1958 and Malaysia, Singapore, and Vietnam in the 1960s(21). The World Health
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Organization (WHO) classifies dengue as a major international public health concern
because of the expanding geographic distribution of both the virus and the mosquito
vector, the increased frequency of epidemics, the cocirculation of multiple virus
serotypes, and the emergence of dengue hemorrhagic fever in new areas(2) (22).

In Thailand, DHF was first reported in 1950. In 1958, first epidemic of
DF/DHF was reported in Bangkok, with 2,158 reported cases, 300 death cases, an
incidence rate of 8.87 cases/100,000 population. The disease then spread throughout
the country of Thailand up till now (23). The incidence of DHF in Thailand at week
no.18 ™ of 2006 to 2010 was show in Table 3.1 (24). The data demonstrated that

number of cases reported of DHF in 2010 increased nearly 2 fold compared to 2009.

Table 3.1 The incidence of DHF in Thailand at week no.18 ™ of 2006 to 2010

Year 2010 2009 2008 2007 2006
DHF (cases) 15,047 8,856 12,942 7,448 6,366
Death(cases) 18 8 14 7 9
Incidence
rate/100,000 23.69 13.97 20.60 11.85 10.20
population
Mortality
0.12 0.09 0.11 0.09 0.14
rate (%)
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3.3 Nonstructural protein 1 (NS1)

NS1 is a highly conserved glycoprotein (45-55 kDa) which is expressed in
three forms: an intracellular form that colocalizes with the viral replication complex, a
membrane associated form and a secreted form (sNS1) (25). NS1 possesses not only
group-specific but also type-specific determinants and it was identified as a soluble
complement-fixing (SCF) antigen in infected cell cultures (26). Although no precise
function of NS1 is yet to be fully defined, previously studies have shown that NS1 is
involved in viral RNA replication (27, 28) and is expected to play a significant role in
pathogenesis of DHF through its complement activation property (10, 29). Several
studies implicated correlation between NS1 protein and severity of dengue disease in
the bloodstream where the level of NS1 proteins was higher in patients with DHF than
in those with DF (7). Furthermore, NS1 proteins were found circulating from the first

day after the onset of fever up to day 9, once the clinical phase of the disease is over

().

3.4 Laboratory diagnosis of dengue virus infection

For the diagnosis of DENV infection, it must be considered for the timing
of the clinical course of dengue patients, as well as possible quantitative patterns of
the tested parameters, and the advantages and limitation of each method. Additionally,
the sensitivity, accuracy and rapidity of diagnosis must be balanced against the cost
and availability of the tests (3). At present, four basic methods were used to diagnose
DENYV infection in patient sera. It is including 1) virus isolation and identification, ii)
detection of viral RNA genome by molecular techniques, iii) detection of DENV
specific antibodies or serological diagnosis and iv) detection of DENV antigen (NS1).
The first three methods are conventional and used by most laboratories for the
diagnosis of dengue virus infection. The last one has just established and commercial
available recently.
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3.4.1 Virus isolation and identification

Virus isolation is widely used as a gold standard for diagnosis of DENV
infection. The isolation of viruses from clinical samples can be performed in two
major methods; i.) In vivo amplification through intracerebral inoculation of 1- to 3-
day-old baby mice, and adult or larval mosquitoes inoculation. Generally,
Toxorhynchites spp. mosquitoes were used to inoculation since their large size and
non-biting habitat (1, 4). ii.) In vitro amplification through mammalian cell cultures
(primarily LLC-MK2 cells, Vero, and BHK21 cell lines), and mosquito cell cultures
(C6/36(Aedes albopictus), AP-61 (Aedes pseudocutellaris), Tra-284 (Toxorhynchites
amboinensis)) (3). Among these, the most widely used is virus isolation with the
C6/36 cell line since it has provided a rapid, sensitive, and cost-effective method for
dengue virus isolation. Also, many serum specimens can be processed easily, making
the method ideal for routine virological surveillance (30). On the other hand, this
system is less sensitive than mosquito inoculation (4). After virus isolation, the viral
antigen can be easily identified by using immunofluorescence (IF) staining in infected
cells with DENV-specific or even serotype-specific monoclonal antibodies to identify
dengue serotype (31). The process can be taken for 7 to 10 days before the results
come out. The advantage of this technique is that new isolate viruses from patient
sera can be obtained for further studies of basic virology, molecular epidemiology or
pathogenesis of DENV (32). However, it is time-consuming procedure, and requires

the facilities of mosquito, cell culture, as well as skill laboratory professionals.

3.4.2 Molecular diagnosis

Molecular diagnosis becomes more widely used in viral diagnosis field
since this technique has been developed over the past decade. Therefore, this
technique is much more reliable for the detection and characterization of various
pathogens and has been replaced the virus isolation method as it provides more
sensitive and rapid detection. Detection of viral RNA is based on reverse transcription
(RT)-PCR method. Several studies have been developed and evaluated various RT-
PCR methods for DENV identification (33-43). The molecular diagnosis can be
performed in four major methods: i.) Two-step nested RT-PCR, which is using two
sets of primers analogous to the C/prM regions(34)or to E/ NS1 regions(43) as the
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target sequence for dengue virus detection. The drawback of this method is easy to
cross-contaminations that lead to false positive results, and required 2 steps of RT-
PCR to increase the detection sensitivity. ii.) Single step multiplex RT-PCR, which is
maximized simplicity and minimized the risk of sample cross-contamination
compared to the two-step RT-PCR as the reaction can be complete in one step (38).
iii.) Nucleic acid sequence based amplification (NASBA), an isothermal RNA-specific
amplification assay, which amplify viral RNA of all four DENV serotypes by a set of
universal primers and type the amplified products by serotype-specific capture probes
(44). iv.) Real-time RT-PCR, in which the RT-PCR product were detected real time on
a Light Cycler instrument with 5’-nuclease technology. This technique could quantify
the amount of viral RNA and the detection limits ranging from 8.6 to 16 RNA copies
per assay (45). The molecular assays offer more sensitive, specific and rapid
alternative than the conventional virus isolation. They also provide early detection of
dengue virus infection and serotyping, which only one acute-phase serum sample was
required for assay. However, the drawbacks of these molecular methods are including
high-cost performance, requirement of special equipments and expertise, and the ease

of cross-contamination which leads to false-positive results.

3.4.3 Serological diagnosis

There are several methods for measuring anti-dengue virus antibodies i.e.;
haemagglutination inhibition test (HI), neutralization tests (NT), dot-blot
immunoassay, complement-fixation test (CF), anti-human IgM capture ELISA (MAC-
ELISA), and anti-human IgG capture ELISA (GAC-ELISA) (1). Among these, HI test
and the IgM/IgG capture ELISA are the most widely used for the routine diagnosis of
DENYV infections (46, 47). HI test is capable of differentiating primary (HI > 1:2560)
and secondary (HI < 1:2560) infection. Fourfold or greater changes in HI titer
between acute and convalescent sera are considered as confirmed recent infections (1).
The HI test has recently become less popular due to the complexity of samples /
reagents preparation and cross-reactivity to other related flaviviruses.

The IgM/IgG capture ELISA has become most powerful assay for the
serodiagnosis of DENV infection due to its high sensitivity, specificity, simplicity,and

feasibility for automation. The assay required paired sera to detect rising of antibody
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titer. Two patterns of immune response are distinguished: primary and secondary (1).
The levels of antibodies starting appeared on day 3 to 5 of fever in most patients and
prolonged for several weeks or months. In acute serum of primary infection, IgM
levels are significantly high whereas IgG levels are absent to low. In contrast to
secondary infection, IgM levels are significantly low while high level of 1gG can be
detected in acute sera and markedly increased in convalescent sera. In a single acute
specimen, differentiated primary versus secondary DENV infection can be performed
by comparing the ratio of optical density (OD) values of dengue- IgM: 1gG antibodies.
Primary infection is identified when IgM: IgG ratio is equal to or greater than 1.8,
while a ratio less than 1.8 is defined as a secondary infection (3, 46). Commercial
IgM and/or 1gG-ELISA Kkits are available and the rapid immunochromatographic test
has been developed and evaluated for dengue diagnosis both IgM and IgG detection
(3). However, the tests are still expensive for the rural areas of the developing
countries. Though the serodiagnostic techniques for DENV infection have been far
more developed, it could not be denied that the antibody detection is not the early
diagnosis as the level of antibody lately elevated on several days after virus infection.
Additionally, during dengue infections, monotypic IgM responses frequently do not
correlate with the virus serotype isolated from a patient. Therefore, MAC-ELISA
cannot be reliably used to identify the infecting virus serotype.

3.4.4 Antigen diagnosis

Recently, NS1 antigen was found in blood circulation at the acute phase of
DENYV infected patients, and the level of NS1 is correlated to the disease severity (10,
48). Therefore, detection of NS1 in patient sera might be used as a valuable diagnostic
tool since it provides early detection compared to detection of anti-dengue antibodies.
In addition, NS1 could be detected even when viral RNA was negative in RT-PCR or
in the presence of IgM antibodies (5). These data suggest that detection of NS1 might
be covering the window period in the absence of viral RNA and anti-dengue
antibodies. Several research groups have established assays to detect the level of
dengue NS1 antigen in dengue patient sera. Most of them are developed in several
formats of capture ELISA as summarized in Table 3.2. Those were mainly developed
to detect NS1 of known serotype either DENV1 specific (5, 6), DENV2 specific (7-9)
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or across four serotypes (10, 11). These assays used a pair of antibodies (either
polyclonal or monoclonal antibody), one is to capture NS1 antigen from patient sera,
and the other is to detect the captured NS1 antigen. Cross serotype or serotype
specific feature of NS1-capture ELISA depend upon the properties of both capture and
detect antibodies used for development. Our In-house NS1-ELISA by Avirutnan
(2006) has been developed based on the advantage of having two different isotypes of
mouse Mabs, IgM and IgG.

Two commercial NS1 capture ELISA, The Platelia™ Dengue NS1
Antigen Kits (Bio-Rad Laboratories, Marnes La Coquette, France) and The Pan-E
dengue early ELISA test (Panbio Diagnostics, Brisbane, Australia) has been launched
and evaluated (11, 12, 49, 50). The sensitivity of Platelia™ Dengue NS1 Antigen kits
was ranging from 72% to 93.4% and specificity of these tests was 98.4% to 100 %
compared to RT-PCR and/ or virus isolation (11, 12, 49). For The Pan-E dengue early
ELISA test, overall sensitivity was 63%. whereas the specificity of the NS1 assay was
100% (50). Some studies were done to compare both the Panbio and Bio-Rad NS1
antigens tests for their sensitivity and specificity (51-53). The results suggested the
high specificity of both the Bio-Rad assay and the Panbio assay. The sensitivity
analysis of the Bio-Rad assay tends to higher than the Panbio assay (87.4% versus
60.4% and 83.2% versus 64.9%, respectively) (51, 52). Concerning about the ease of
used, the Bio-Rad assay is more comfortable as it was one step sandwich format,
comparing to two-step format in the Panbio assay.

Recently, two rapid immunochromatographic test, Dengue NS1 Ag
STRIP(Bio-Rad Laboratories) and SD Dengue DUO (NS1/IgM/IgG) strip has been
lanched and evaluated (13),(14). The comparison study showed that NS1 rapid tests
from both companies had moderate sensitivity (61.6% and 62.4%, respectively) with
100% specificity. However, the sensitivity could be improved to 75.5% to 83.7%
when the results of IgM/IgG from SD Dengue DUO were combined in the test
interpretation (54). In comparison of an immunochromatographic test (Dengue NS1
Ag STRIP-BioRad) and two commercial NS1 ELISA assays (pan-E Dengue Early
ELISA-Panbio and the Platelia Dengue NS1 Ag test-BioRad) in patients sera (Dengue
NS1 Ag STRIP) and commercial NS1 ELISA assays (pan-E Dengue Early ELISA, the
Platelia Dengue NS1 Ag test) were compared (52), the results indicated that the
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sensitivity of the BioRad-NS1 ELISA (87.4%) on acute serum samples was higher
than that of BioRad-NS1 rapid strip test after 15 minutes (81.5%) and 30 minutes
(82.4%). Both tests had a specificity of 100%. While the Panbio-NS1 ELISA showed
the lowest sensitivity (60.4%) but high specificity (97.9%). From the results above, it
seems that the BioRad-NS1 ELISA is more sensitive than the Panbio-NS1 ELISA.
Combination of the Panbio-NS1 ELISA with DENV IgM antibody detection may
improve the sensitivity for the diagnosis of DENV infection (50, 52).

Although all the available commercial NS1 test kits can be used for the
early detection of dengue viral infections, however, none of them could identify
DENV serotypes. In addition to ELISA, dot blot immunoassay (DBI) was also
developed to detect NS1 in patient’s samples (55). Of 55 PCR-positive patient serum
samples treated with acid to release the immune-complex-associated NS1 antigen, 43
samples (78%) were found to be positive for DENV NSL1 antigen by DBI.
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Table 3.2 Summary of the various NS1-capture ELISA formats for detection of

NS1 antigen

Detection
Authors Dengue o
(year) Ref ELISA format it limit for
year) specificity )
P NS1 protein
x mouse-anti DENV2NS1 Mab-HRP ,I1gG2b
Quuetal 9 DENV2 3 ng/ml
NS1 ng/m
(2009) / serum
I mouse -anti DENV2NS1 Mab,lgG1
+ mouse -anti NS1 Mab-HRP (CR)
Cross-
Dussart * i
reactive
etal. 11 NS1/serum Not shown
(2006) mouse -anti NS1 Mab DENV1 to
I DENV4
x mouse -anti DENVINS1 Mab-HRP ,1gG1
n . 6 DENV1 5 ng/ml
NS1 ng/im
(2006) / serum g
I mouse -anti DENV1INS1 Mab,lgG1
DENV1 =
50 ng/ml
Goat-anti mouse IgG-HRP
) Cross- DENV2 =
Avirutnan * mouse -anti NS1 Mab - 2E3, I1gG1 reactive 50 ng/ml
etal. 10 (CR)
DENV1to DENV3 =
(2006) NS1 / serum
Y mouse -anti NS1 Mab — 2E11, IgM DENV4 120 ng/ml
(CR) DENV4 =
160 ng/ml
-+
* Goat-anti Rabbit Igs-HRP
Alcon I
etal 5 Rabbit-anti NS1 pAb serum DENV1 1 ng/ml
(2002) NS1 /serum
Y mouse -anti NS1 pAb (purified)
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Auth b Detection

uthors engue o
(vear) Ref ELISA format it limit for
year) specificity )

NS1 protein

Young +

etal. * Goat-anti mouse Igs-HRP

(2000) & A mouse -anti DENV2 NS1 Mab (1H7.4)

. 7,8 DENV2 4 ng/ml
leraty NS1/serum
etal. Y Rabbit - anti NS1 pAb serum

(2002)
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CHAPTER IV
MATERIALS AND METHODS

Materials:

4.1 Cell culture

C6/36, a mosquito cell line from Aedes albopictus (ATCC CRL-1660) was
cultured at 28°C in a complete medium containing L-15 medium (GIBCO BRL), 10%
tryptose phosphate broth (TPB) (SIGMA), 10% fetal bovine serum (FBS)(GIBCO
BRL), 100 U/ml penicillin and 100 pg/ml streptomycin.

Ps clone D, a swine fibroblast cell line was cultured at 37°C in L-15
medium containing 10%TPB, 10%FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin.

HEK 293T, a human embryonic kidney cell line, was cultured in RPMI
1640 (GIBCO BRL) supplemented with 10% FBS, 100 U/ml penicillin and 100 pg/ml
streptomycin at 37°C in 5% CO, incubator.

Vero , an African green monkey kidney epithelial cell line (ATCC CCL-
81), was cultured in MEM medium (GIBCO BRL) supplemented with 3% FBS, 100
U/ml penicillin and 100 pg/ml streptomycin at 37 °C in 5% CO, incubator.

Hybridoma cell lines secreting mouse monoclonal antibodies were
cultured in IMDM medium (GIBCO BRL) supplemented with 10% FBS, 100 U/ml
penicillin and 100 pg/ml streptomycin at 37°C in 5% CO; incubator.

4.2 Viruses

Prototype strains of each serotype of dengue viruses were used in this
study. There are including DENV 1-Hawaii strain, DENV2-16681 strain, DENV3-H87
strain and DENV4-H241 strain. In addition, Japanese encephalitis virus (JEV),
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Nakayama strain, was also included as a representative of other Flaviviruses. All
viruses were maintained in the laboratory of Division of Medical Molecular Biology,

Faculty of Medicine Siriraj Hospital, Mahidol University.

4.3 Antibodies

a) Rabbit anti-mouse Igs conjugated with HRP (P260, Dakopatts,
Denmark)

b) Goat anti-mouse IgG conjugated with HRP (A3673, Sigma)

¢) Mouse polyclonal antibodies (pAbs) to NS1 protein of DENV (anti-
NS1 pAbs).

d) Anti-NS1 Mabs: all hybridoma clones producing anti-NS1 Mabs used
in this study are listed in Table 4.1. All clones were produced in our lab previously

(56-58).
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Table 4.1 Lists of anti-NS1 Mabs

_ Se_r(_)t_ype Type of
No. | Ref. | Anti-NS1 Mabs | Isotypes specificity by " b
DE| A2 epitopes
1 64 DINS1-53 IgG1 DENVI1 Conformation
2 DINS1-84 IgG1 DENVI Conformation
3 D2NS1-1B10 IgG1 DENV2 Linear
4 D2NS1-2G6 1gG2a DENV2 Linear
5 D2NS1-1C5 1gG3 Negative Conformation
Conformation
6 D2NS1-2D6 1gG2b DENV2 (dimer specific)
41 Conformation
7 D2NS1-3A2 I1gG1 DENV2 (dimer specific)
Conformation
8 D2NS1-3D1 IgGl DENV2,1(w) (dimer specific)
9 D2NS1-4D4 1gG2a DENV2 Linear
10 D2NS1-1A4 IgG2a DENV2 Conformation
11 D4NS1-4 I1gG2b DENV4 Conformation
12 D4NS1-9 I1gG2b DENV4,1(w) Linear
Conformation
13 | 67 | D4NS1-24 IgG1 DENV4 (dimer specific)
14 D4NS1-26 IgGl1 DENV4,3(w) Linear
Conformation
15 D4NS1-181 IgG1 DENV4 (dimer specific)
16 41 NS1-3F (1F11) [gG2a DENVI1 to 4 Linear
17 NSI1-1F (2E11) IgM DENVI1 to4,JEV | Linear

*Identified by Dot blot assay, using dengue infected C6/36 cell culture supernatants
®Identified by Western blot analysis, using dengue infected C6/36 cell lysates treated

by heat and/or reduced condition or none
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Method:

4.4 Production of hybridoma clones producing Mabs specific to NS1 of
DENV3

4.4.1 Preparation of DENV3 NSlantigens for mouse immunization

A swine fibroblast Ps clone D cells were infected with DENV3 (strain
H87) at MOI of 0.1. After 5 or 6 days post infection, culture supernatant, containing
dengue virions and secreted NS1, was harvested and clarified by centrifugation at
10,000 rpm for 1 hour. The clarified supernatant was ultracentrifuged at 45,000 rpm
for 4 hours to precipitate virions. The supernatant containing secreted NS1 protein
was further subjected to a 10-ml column of Sepharose 4B beads coupled with anti-
NS1 Mab (2E11) at the flow rate of 0.3 ml/min at 4 °C. The NS1-bound column was
washed with 1xPBS (500 ml) at the flow rate of 1 ml/min. The DENV3 NSI1 proteins
were eluted from the column with 20 mM diethylamine (DEA) in PBS, pH 11.6 (50
ml) at 0.5 ml/min. All 1-ml eluted fractions were determined for the protein
concentration by Bio-Rad Protein Assay (Bio-Rad Laboratories). Purity of the eluted
fractions was assessed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and Western blot analysis to anti-NS1 Mab (1F11). The purified
DENV3 NSI1 protein was used as an immunogen to immunize mice and also as the
antigen in indirect ELISA to screen the hybridoma clones producing anti-NS1 Mabs
specific to DENV3.

4.4.2 Mouse immunization and the generation of hybridoma clones

(This section was performed by Dr. Watchara Kasinrerk, Department of
Medical Technology, Faculty of Associated Medical Sciences, Chiang Mai
University)

a) Mouse immunization

Two BALB/c mice were intraperitoneal immunized with purified DENV3

NS1 protein at 20 pg/dose for 3 doses at 2 weeks interval. The first and second
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immunizations were performed by using the complete Freund’s adjuvant and
incomplete Freund’s adjuvant, respectively. In the following injections, the
immunized protein was diluted in PBS. Mouse sera were collected before
immunization (as pre-immune sera) and at 2 weeks after the third immunization (as
immune sera). The sera were detected for the presence of anti- NS1 antibody by
DENV3 NSl1-coated indirect ELISA. When the antibody responses to NS1 antigens
were detected in mouse sera, the mouse was sacrificed at the 7th days after the last
immunization. Fusion of immunized mouse spleen cells and myeloma cells was then
performed to generate hybridoma clones.

b) Fusion procedure

The viable spleen cells from immunized mouse and the myeloma cells
were mixed at the ratio of 2:1 in IMDM culture medium. The mixture was
centrifuged at 300g for 10 min at room temperature. The IMDM medium was
carefully removed. The cell pellet was well dispersed and warmed at 37°C in water
bath for 5 min. The 1.5 ml of 50% PEG solution, pre-warmed at 37°C, was slowly
added. Cells were resuspended by gently stirring the tube for 1-2 mins by hands.
One ml of the pre-warmed IMDM was added to the cell suspension and leaved for 1
min, followed with 3 ml additional media for 1 min more with continuous gentle
stirring. Finally, 16 ml of pre-warmed IMDM were added over the next 2 min. The
cell suspension was centrifuged at 300g for 10 min at room temperature. The
centrifuged tube was incubated at 37°C for 5 min before removing all of supernatant.
The cell pellet was slightly resuspended in 10 ml of 1x HAT medium and transferred
into 90 ml HAT medium. After this step, the fused cells were grown by 2 protocols,
standard and modified protocols.

For the standard protocol, fused cell suspension, approximately 5 x 10
cells (in 100 ml HAT media), were gently mixed and aliquoted into 10 plates of 96-
well cultures plate at 100 pl/well (approximately 5x 10° cells/well) and incubated in
humidified 5% CO, incubator at 37°C . Whereas, in the modification protocol, the
fused cells were directly plated on a 60-mm dish to allow the attachment of the
fibroblast cells which were sometimes found overgrowth to hybridomas. After 3-4
days in a CO, incubator, the suspended hybridoma cells were harvested and grown in

separated wells of the 96-well culture plates (approximately 10° cells in 100 pl of each
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well). Fused cells in 96-well plates obtained from both protocols were incubated in a
humidified 5% CO, incubator at 37°C. At the day 5 of fusion, 150 pl of the 1 x HT
medium was added into each well to select only the hybridoma cells. Usually,
hybridoma cells can be observed on the day 7 of fusion by an inverted microscopy.
After 1-2 weeks, culture supernatants were collected and analyzed for the presence of
antibody to NS1 protein by DENV3 NS1-coated indirect ELISA. Single cell cloning
of the hybridoma clones obtained from positive wells were performed by limiting
dilution. Three experiments of cell fusion were performed for this study, fusion I and
IT were performed according to a standard protocol, while fusion III were done by a
modified protocol. To promote cell growth during cell fusion, the commercial
condition media (BM condimed, Roche) was used for a standard protocol, whereas the
modified BW condition medium (provided by Dr. Watchara Kasinrerk) was applied
instead for a modified protocol. The fused cells in 96-well plates for each fusion were
separately grown and incubated in 2 labs (Chiang Mai and Siriraj lab). Whereas, the
harvested culture supernatants were analyzed for anti-NS1 antibody solely at Siriraj

lab.
c) Limiting dilution

After positive culture supernatants have been identified by ELISA, the
positive hybridoma cells were cloned to be single cell by limiting dilution. Briefly,
the hybridoma cells from an individually positive well were counted for viable cells
by trypan blue staining. Cells were diluted in IMDM culture media supplemented
with 10% BM condimed (10%BM-IMDM) and plated into two 96-well tissue culture
plates in the desired concentrations. In each culture plate, cell concentrations were
composed of 4 cells/well, 2 cells/well and 1 cell/well. The plates were incubated in
5% CO; at 37°C for 1-2 weeks. Cell growth was observed in each well under the
microscopy. Culture supernatants from wells containing cell growth were collected
and determined for anti-dengue Mabs production by DENV3 NSl-coated indirect
ELISA. If more than 80% of collected supernatants gave positive results, 2-3 positive
hybridoma clones obtained from initial single cell per well were selected and
expanded for producing anti-NS1 Mabs. The hybridoma clones were also stored as

frozen cells in liquid nitrogen. In case, a few collected supernatants gave positive to
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NS1 protein and those were not obtained from initial single cell per well, then the
second limit dilution was performed in the same manner to obtain single-hybridoma

cells.

4.4.3 Screening of hybridoma clones producing anti-dengue Mabs by
DENV3 NS1-coated indirect ELISA

Purified DENV3 NS1 protein (at 2.5 ug/ml in carbonate buffer, pH 9.6, 50
ul) were coated on 96-well ELISA plate at 4°C overnight. The DEA elution buffers
were used as a negative control antigen. After blocking with 2% bovine serum
albumin (BSA), hybridoma culture supernatants or diluted immunized mouse sera (50
ul) were added for 1 hour. After washing, the antigen-antibody complexes were
detected by rabbit anti-mouse immunoglobulins conjugated with horse-radish
peroxidase (HRP) (Dako). The color reaction was developed by addition of 100 pl
of 0.1M citrate buffer, pH 5.0 containing o-phenylene diamine (OPD) 0.6 mg/ml and
3% H,0,. The reaction was stopped by 4M H,SO4 (100 pul). Color intensity was
measured by ELISA reader at 492 nm. AOD492 were obtained from subtraction
between dengue NSI and the negative control antigen, of which over 0.2, was

considered as positive.

4.4.4 Characterization of Mabs specific to NS1 protein of DENV3
a) Dot enzyme immunoassay (DEIA)

Specificity of Mabs to DENV serotypes (type-specific) or flavivirus group
(group-specific) was determined by dot enzyme immunoassay. Culture supernatants
derived from C6/36 cells infected by each of DENV serotype 1 to 4 or Japanese
encephalitis viruses (JEV) were separately dotted onto nitrocellulose membrane. Non-
infected cell culture supernatant was also added to the experiment as a negative
control antigen. The membrane was blocked in 5% skim milk/PBS for 1 hour and 3-
times washed by PBS. The dotted membranes were reacted to tested hybridoma
supernatants at 4°C overnight. After washing, the membrane was further incubated

with the 1:1000 diluted rabbit anti-mouse Igs-HRP for 1 hour at room temperature.
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Antigen-antibody complex was detected by addition of chromogenic substrate solution
(DAB-H,0,-NiCl,) containing 0.06 mg/ml of diaminobenzidine (DAB) in PBS, 2
pul/ml of H,O;, and 5 pl of 8% NiCl, for approximately 5 min in dark. Positive

reactivity was visualized as a dark-brown dot on the membrane.
b) Western blot analysis

The assay was used to determine the type of NS1 epitopes as recognized
by anti-NS1 Mabs and to ensure specificity of those Mabs to dengue NSI protein.
DENV3-infected cell lysates were treated with B-mercaptoethanol reducing agent to
disrupt disulfide bond formation on NS1 protein and heated at 95 °C to obtain
monomeric form of NS1 or non-heated to maintain the NS1 dimer. The other set of
cell lysates were treated as non-reduced condition under heat or non-heat treatment.
The treated cell lysates were separated by 12% SDS-PAGE and were transferred to
nitrocellulose membrane (PROTRAN®, Germany) in a Towbin buffer (25 mM Tris,
192 mM glycine, 20% v/v methanol, and 0.1% SDS) for 2 hours using a SemiPhor
semi-dry transphor unit (Amersham Bioscience, Sweden). After transferring the
protein, the blotted membrane was blocked with 5% skim milk/PBS for 1 hour at
room temperature, followed by 3-time washing with PBS for 5 min each. The blotted
membranes were then reacted with tested Mabs at 4°C overnight. After washing, the
blotted membrane was further incubated with 1:1000 diluted rabbit anti-mouse Igs-
HRP for 1 hour in dark. To visualize the antigen-antibody complexes were visualized
by adding chromogenic substrate solution (DAB-H,0,-NiCl,) for approximately 5
min in dark. The relative molecular size of reactive protein bands were estimated by
comparing with standard protein molecular weight markers separated on the same

polyacrylamide gel.

¢) Determination of immunoglobulin isotype

(This section was performed in the laboratory of Dr.Watchara Kasinrerk,
Department of Medical Technology, Faculty of Associated Medical Sciences, Chiang
Mai University)

Immunoglobulin isotype of anti-NS1 dengue Mabs was determined by
ELISA isotype kit (SIGMA). Briefly, 50ul/well of 1:1000 diluted anti-mouse 1gGl1,
IgG2a, IgG2b, 1gG3, IgA and IgM in carbonate-bicarbonate buffer pH 9.6 were coated
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in 96-well plate at 4°C overnight. The plate was 4-time washed with 0.05% Tween in
PBS and blocked with 50 pl/well of 2% BSA-PBS at 37°C for 1 hour. After washing,
50 ul of hybridoma supernatants were added into each anti-immunoglobulin isotype
and further incubated at 37°C for 1 hour. Normal mouse serum at the dilution 1:1000
was used as positive control immunoglobulins. After 1 hour incubation, the plate was
washed and 1:2000 diluted HRP-conjugated rabbit anti-mouse immunoglobulins were
added for 1 hour. After washing, the antibody complexes were visualizes by addition
of OPD substrate solution at 50 pl/well for 10-20 min in dark. The reaction was
stopped by 4M H,SO, and measured its absorbance at 492 nm by ELISA reader.
Specific isotype of tested monoclonal antibodies were determined by the highest

optical density (OD) obtained from the reaction.

4.5 Determination of serotype specificity of anti-NS1 Mabs to each
DENYV serotype in NS1 capture ELISA

To determine the specificity of anti-NS1 Mabs to DENV serotypes, the
NS1 capture ELISA was performed using NS1 from each of DENV serotype as
antigens.  All tested Mabs (in culture supernatant format) were including anti-NS1
Mabs specific to DENV1, DENV2 and DENV4 which have been previously generated
in Medical Molecular Biology Unit (Table 4.1) as well as new anti-NS1 Mabs to
DENV3 which were obtained in this study. A prototype strains of each DENV
serotype, i.e., Hawaii strain for DENV1; 16681 for DENV2; H87 for DENV3; and
H241 for DENV4, were infected to Ps clone D cells. Culture supernatants derived
from those infected cells were used as sources of NSI antigen for each DENV
serotype. Briefly, purified anti-NS1 Mab 2E11 (IgM isotype) (at 5 ug/ml, 100 ul)
were coated on 96-well ELISA plate at 4°C overnight. Then, the plate was blocked
with 200 pl of 1% BSA in PBS for 1 hour at 37°C. After washing with 0.05% Tween
in PBS, infected Ps clone D cell culture supernatants containing NS1 from each
DENV serotype and mock infection (as a negative control antigen) (100 ul/well) were

separately added and incubated for 1 hour at 37°C. After washing wells, the each of
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tested anti-NS1 Mabs or anti-NS1 polyclonal antibodies, pAbs, as a positive control,
were subsequently added to all serotypes and mock wells and incubated for 1 hour at
37°C. After washing, 100 pl of 1:2000 diluted HRP conjugated goat anti-mouse I1gG
in 1% BSA in PBS were added and incubated for 1 hour at 37°C. Reaction color was
developed by addition of 100 pl of OPD substrate solution and incubated further at
room temperature for 15 min. The reaction was stopped by addition of 100 ul of 4M
H,SO4. Color intensity was measured by ELISA reader at 492 nm. AOD492 higher
than 0.2, was considered as positive. Two hybridoma clones for each serotype that
clearly recognized serotype-specific and gave highest AOD reading were selected to
produce in large scale of serotype-specific anti-NS1 Mabs for further development of

the serotyping-NS1-ELISA.

4.6 Large - scale production of serotype specific anti-NS1 Mabs

The production of anti-NS1 Mabs were enlarged by 2 methods, in vivo
mouse ascitic fluid and in vitro hybridoma cell culture in serum-free media (SFM).
All selected hybridoma clones producing serotype specific anti-NS1 Mabs were firstly
subjected to the in vivo mouse ascitic fluid. The clones that failed to the first methods

were then adapted to culture in SFM.

For mouse ascitic fluid production, the selected hybridoma cells (5-10
x10° cells / dose) were intraperitoneally injected into BALB/c mice which have been
7-10 days pre-treated with pristane. Ascitic fluids were harvested at 1-2 weeks after
inoculation and clarified by centrifugation at 1,000 rpm for 10 min. The clarified

ascitic samples were divided into 1-ml aliquots and stored at -20°C.

For in vitro cell culture technique, hybridoma cells were initially cultured
in IMDM medium supplemented with 10% FBS (10% FBS-IMDM). To adapt cells
into serum-free media, hybridoma cells were sub-cultured into the mixture of 25%
Hybridoma SFM (Gibco BRL) and the original culture media, and allowed the cells to
grow well in this media composition. The adapted hybridoma cells were further sub-

cultured in the same manner into a modified media in which the percentage of SFM is
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stepwise increased to 50%, 75% and 100%. Finally, the cells were adapted solely in

SFM culture medium and grown in a large volume as desired, ready to be purified.

4.7 Purification of Mabs by Protein G affinity chromatography
Mouse immunoglobulin G (IgG) in mouse ascetic fluids or in SFM culture
supernatants were purified by Protein G affinity column chromatography. Briefly,
HiTrap Protein G HP column (Amersham Bioscience, Sweden) was initially
equilibrated with a binding buffer (20 mM sodium phosphate buffer, pH 7.5). Then,
SFM cultured supernatants or 10-times diluted ascitic fluids were applied to the pre-
equilibrated column, allowing the binding of IgG to the protein G matrix. After
washing with the binding buffer, the bound antibody was eluted from the column with
the elution buffer (0.1 M Glycine-HCI, pH 2.7) and immediately neutralized with 1M
Tris-HCI1 pH 8.2. The eluted fractions were measured for the protein absorbance at
OD280. The peak fractions containing purified antibody were pooled and dialyzed in
PBS. The concentrations in mg/ml of IgG antibody were calculated by OD280/1.35.
Purified anti-NS1 Mabs were used for development of dengue serotyping-NS1-ELISA

system.

4.8 Development of dengue serotyping-NS1-ELISA system

4.8.1 NS1 capture ELISA to ensure serotype-specificity of purified
anti-NS1 Mabs

The NS1 capture ELISA was performed similar to the method in 5 with
some modification. Briefly, purified anti-NS1 Mab 2E11 (IgM isotype) (at 5 pg/ml,
100 pl in carbonate buffer, pH 9.6) were coated on 96-well ELISA plate at 4°C
overnight. After blocking with 1%BSA in PBS for 1 hour at 37°C, Neat DENV
infected Ps clone D cell culture supernatant containing NS1 from each DENV serotype
and mock infection (as a negative control antigen) (100 pl/well) were separately added

and incubated for 1 hour at 37°C. After washing wells, each of purified serotype-
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specific anti-NS1 Mabs (at 50 ug/ml, 100 ul) were subsequently added to a set of
capture NS1 antigen (containing 5 wells for each DENV serotype and mock) and
incubated for 1 hour at 37°C. Purified anti-NS1 pAb at the same concentration was
also included as a positive control antibody. After washing, 100 pl of 1:2000 diluted
goat anti-mouse IgG conjugated with HRP were added and incubated for 1 hour at
37°C. Reaction color was developed by OPD-H,O, substrate. The reaction was
stopped by addition of 4M H,SO,. Color intensity was measured by ELISA reader at
492 nm. One of two anti-NS1 Mab from each serotype that provides higher AOD
reading and yet serotype-specificity was selected for the development of serotyping-

NS1-ELISA.

4.8.2 Optimization of the serotyping-NS1-ELISA

Four purified serotype-specific anti-NS1 Mabs and NS1 antigen of its
homologous serotype at various concentrations were applied in NS1 capture ELISA in a
checker board manner. Anti-NS1 Pab at 25 pg/ml, as a positive control antibody, was
also included. DENV infected cell culture supernatants obtained from each serotype
were used as sources of NS1 antigen in the assay. Experiments were performed with 3-6
replicates. The mean OD readings obtained from each antibody concentration were

plotted with various dilutions of NS1 antigen.

4.8.3 Detection limit of the assay

To determine the detection limit of the serotyping-NS1-ELISA for each
DENV serotype, the mean OD reading of each serotype-specific Mab at optimal
concentration were analyzed with NS1 of its homologous serotype at various
concentrations. The mean OD readings were obtained from duplicate samples in
three independent experiments. The NS1 antigens obtained from DENV infected cell
culture supernatants were determined for their initial concentrations by NS1 capture
ELISA using the purified NS1 of each serotype as a standard protein to set a standard
curve prior to apply in this study as shown in Table 4.2. Mock-infected culture
supernatant was used as a negative control antigen. The cut-off value of the assay was

obtained by mean OD reading of mock antigen + 2 standard deviation (SD). Detection
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limit of each serotype in the assay was the lowest NS1 concentration which gave the

OD reading above the cut-off.

Table 4.2 Concentration of dengue NS1 antigen in infected Ps clone D cell culture

supernatants
DENVINSI DENV2NSI1 DENV3NS1 | DENV4NSI
Lot No. concentration | concentration | concentration | concentration
(ng/ml) (ng/ml) (ng/ml) (ng/ml)
1 484.5 8091 6002 3431
2 557.3 7564.7 7064 150

4.9 Validation of the serotype specificity of dengue NS1 from various

cell types in serotyping-NS1-ELISA

Culture supernatants obtained from DENV infected various cell types
including Ps clone D cell, C6/36 cell, Vero cell, and HEK 293T cell, were used as
sources of NS1 antigens to apply in the serotyping-NS1-ELISA. NSI antigen of each
DENYV serotype was separately captured by cross reactive anti-NS1 Mab 2E11 Each
of serotype-specific anti-NS1 Mab at the optimal concentration were added to all four
NSI1 antigens obtained from each cell type, followed with rabbit anti-mouse IgG
conjugated HRP. Reaction color was developed by OPD-H,0; substrate. The reaction
was stopped with 4M H,SO4. Color intensity was measured by ELISA reader at 492

nm.

4.10 Statistical analysis

Data analysis was performed using software package Stat View for

Windows version 5.0 (SAS Institute Inc., NC).



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Immunology) / 27

CHAPTER V
RESULTS

5.1 Production and characterization of hybridoma clones producing
Mabs specific to DENV3 NS1 protein

5.1.1 Preparation of DENV3 NS1 antigens for mouse immunization

To produce Mabs specific to NS1 protein of DENV3, culture supernatants
containing secreted NS1 protein from Ps clone D cells infected by DENV3 in 1% FCS
containing media were harvested at 6 days post-infection. The clarified supernatants
were purified through an anti-NS1 Mab (2E11) affinity column as described in
Material and Methods (section 4.4.1). From 950 ml of starting culture supernatant, we
got a total of 1,083 pg of purified protein eluted from the affinity column, as
determined by Bio-Rad protein assay kit. It is approximately 1.14 ug of DENV3 NS1
protein per ml of culture supernatant. The purified DENV3 NS1 proteins from peak
eluted fractions 20, 21 and 22 were verified by SDS-PAGE (Fig.5.1A) and Western
blot analysis to anti-NS1 Mab (1F11). In SDS-PAGE, as shown in Fig 5.1A, the
result demonstrated that the eluted fractions contained 80-kDa dimeric NS1 (under
non-heat condition) or 45-kDa monomeric NS1 (under heat condition) and a 30-kDa
unknown protein. As approximately 50% of NS1 protein was contained in each eluted
fraction, so the ultimate amount of purified NS1 should be about 541 pg (from 950 ml
culture) or 0.57 pg /ml culture supernatant. Both forms of NS1, but not a
contaminant protein, were reactive with Mab 1F11 as shown in Western blot analysis
(Fig. 5.1B). In addition, the small protein of approximately 10 kDa, which reacts with
Mab 1F11, was also observed with the monomeric form of NS1. It might be the
degraded product of NS1 protein which occurred under heat treatment. Although the
DENV3 NS1 was partially purified, but this protein preparation could be used as an

antigen for mouse immunization and hybridoma screening in ELISA.
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For mouse immunization, the eluted fractions of high protein
concentration (> 50 pg/ml) were dialyzed against a large volume of PBS to remove
DEA in eluted buffer which is toxic to mice. The dialyzed protein was used for mouse
immunization. The fractions containing lower protein concentrations (~10-49 pg/ml)
were pooled, aliquot and kept at -20°C to be used as NS1 antigen in hybridoma
screening by ELISA.

Heat + + + = - - Heat + + + - = -
M 20 21 22 20 21 22 M 20 21 22 20 21 22 A
'll — s
e oomal @RS — mNS1
- — 30 kDa
I ——— — ~10 kDa

A) B)

Figure 5.1 Purification of DENV3 NS1 proteins by immunoaffinity chromatography.
A) SDS-PAGE of NS1 protein from eluted fractions followed by Coomassie staining.
B) Western blot analysis to anti-NS1 Mab 1F11. The eluted fractions 20-22 were
treated with heat or non-treated as indicated above each lane. Lane M: Pre-stain
broad-range protein MW marker (Bio-Rad). dNS1: dimeric NS1, mNS1: monomeric
NS1.
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5.1.2 Mouse immunization and detection of anti-dengue NS1 antibody

from immunized mouse sera

Two six-week old BALB/c mice (A and B) were immunized at 2-week
interval with purified DENV3 NS1 antigens at 20 pg /dose for 3 doses as described in
the method section. Mouse sera were collected before immunization (as pre-immune
serum) and at 2 weeks after the last immunization (as immune serum). Both
immunized mouse sera were serial diluted and determined for anti-NS1 antibody by
DENV3 NS1-coated indirect ELISA. High titer of anti-NS1 antibody (more than
1:204,800) were obtained in both mice. Mouse B gave higher OD reading at the same
dilution compared to that of mouse A (Fig. 5.2). In addition, immunized mouse sera
were further analyzed by Western blot analysis using DENV3 infected C6/36 cell
lysates as shown in Fig. 5.3. Only immunized mouse sera from both mice, but not the

pre-immune ones, reacted with NS1 protein.

2.5
2 F
AN .
o —A— Mouse A Pre-immune serum
g 1.5 A —A— Mouse A Immune serum
@) —B— Mouse B Pre-immune serum
1 A —#— Mouse B Immune serum
0.5
M\m vl e I v |
O = T = T T
Q Q ) Q Q
P & P & L
S N N R A A
R N N .\q/ '»Q’

Mouse serum dilution

Figure 5.2 Detection of anti-NS1 antibody in immunized mouse sera by DENV3
NS1-coated indirect ELISA. Mouse sera from non-immunized (Pre-immune serum)
or immunized mice (Immune serum) A and B were 4-fold serial diluted. The X-axis
indicated the dilution of mouse sera from 1:200 to 1:819,200. OD492 on the Y-axis
represented the reactivity of mouse sera with DENV3 NS1 antigen by indirect ELISA.
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Figure 5.3 Determination of anti-NS1 antibody from immunized mouse sera by
Western blot analysis. Sera from mouse A and B were reacted with  DENV3- infected
C6/36 cell lysates strips under non-heat condition. P and | are pre-immune serum and
immune mouse serum at 2 weeks after the 3 injection, respectively, at dilution 1:500.
Anti-NS1 Mab (1F11) was included as a positive control anti-NS1 Mab. Dimer NS1
(dNS1) of approximately 80 kDa is indicated on the right.
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5.1.3 Selection and screening of hybridoma clones producing anti-
dengue antibodies by DENV3 NS1-coated indirect ELISA

To generate hybridoma clones, three fusions were performed from both
immunized mice, A and B (Fusion | from mouse B, Fusion Il and Il from mouse A).
One week after the final immunization, fusion of the spleen cells from each mouse and
myeloma cells were performed to generate hybridoma clones in 96-well tissue culture
plates in two laboratories (at Chiang Mai lab and Siriraj lab). A total of 809 fusion
supernatants, which were obtained from Fusion | = 24, Fusion Il = 68, and Fusion Il
= 717, were collected to determine anti-dengue antibody by the DENV3 NS1 coated
ELISA. As shown in Table 5.1, although a large number of fusion supernatants were
obtained especially from Fusion Il comparing to others, only 8% of those
supernatants were positive to DENV3 NS1 in ELISA. The results showed that 4 out
of 24 supernatants (16.7%) from Fusion I, 1 out of 68 supernatants (1.5%) from
Fusion Il, and 61 out of 717 supernatants (8.5%) from Fusion IlI were reactive to
DENV3 NS1 antigen by ELISA. A total of 17 positive hybridoma clones from three
fusions were selected to perform single cell cloning by limiting dilution based on high
OD reading in ELISA. Supernatants from those selective clones were tested with all
four DENV serotypes and JEV by DEIA. The results were shown in Fig. 5.4. Most of
the selected hybridoma clones were DENV3-specific, except clone A381 and 5F3,
which were DENV1 and DENV3 cross reactive. Clone BW91 and BW165 weakly
reacted with DENV4 dot antigen (Fig. 5.4). During the limiting dilution step, 5 clones
died or lost reactivity to dengue NS1 (i.e., BW91, BW123, BW165, BW176, and
A181). Therefore, 12 hybridoma monoclones were finally obtained in this study. Ten
of twelve clones were dengue NS1-specific as determined by ELISA and DEIA (i.e.,
5F3, A381, BW37, BW101, BW177, BW189, BW239, A7, A46, and A95), while the
other two clones were DENV-negative by DEIA (i.e., 1E8 and 3G3). To clarify
reactivity of these two clones, Western blot analysis was performed as shown in Fig.
5.5. The results demonstrated that both 1E8 and 3G3 did not react with dengue NS1.
Thus, both of them were then excluded for further characterization. The results of
hybridoma screening and limiting dilution were summarized in Table 5.1. Two
identical monoclones (designated as A and B) from each single hybridoma clone

number were grown and expanded for a medium scale of culture supernatant
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(approximately 50-100 ml). Then the cells were frozen stored in liquid nitrogen.

Culture supernatants of each generated clones were further characterized.

D1D2D3D4JEM D1 D2 D3 D4JEM

BW 101 el | e " ] A7
BW123 [N T TS TV A4
BW 37 ISE L L TP DT IR ] ass
BW1%e [EEEWFT] BETTT Y TS pwiss
w177 OO ST TIPS T T T BW239
A181 DAy o] Y T A3sl
3G3 IS I | 6668 " T] 1F11
1E8 el ] [T T '] sEs

BWIl [ BW 165

Figure 5.4 Reactivity of culture supernatants obtained from hybridoma clones to four
serotypes of DENV (D1 to D4) and Japanese encephalitis virus (JE) by DEIA. Tested
hybridoma clones obtained during limiting dilution step were indicated on both sides.
1F11 was used as a positive control anti-NS1 Mabs. M was a negative control antigen

derived from mock infection.
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66— - }-&ul . — aNs1
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Figure 5.5 Reactivity of generated Mabs to DENV3 NS1 protein by Western blot
analysis. DENV3- infected C6/36 cell lysates were separated in SDS-PAGE under
non-reduced, non-heated condition then, reacted with culture supernatant from
selected hybridoma clones. Lane 1: 1F11 (as a positive control anti-NS1 Mab), 2:
3G3, 3: 1E8, 4: A46, 5: BW37, 6: BW101, 7: A95. Position of dimer NS1 (dNS1) is

indicated on the right. Lane M: standard protein molecular weight markers in kDa.
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5.1.4 Characterization of Mabs specific to NS1 protein of DENV3

Ten hybridoma clones, which generated the DENV3 NS1-reactive Mabs
by ELISA and DEIA as shown in Table 5, were systematically renamed as D3NS1-
5F3, D3NS1-381, D3NS1-7, D3NS1-46, D3NS1-95, D3NS1-37, D3NS1-101,
D3NS1-177, D3NS1-189, and D3NS1-239, as shown in Table 5.2.  All 10 Mabs were
characterized for serotype-specificity, immunoglobulin isotypes, and recognition to

NS1 epitope types as followed.
(1) Determination of dengue serotype specificity

Reactivity of anti-NS1 Mabs to DENV serotypes or flavivirus group was
determined by DEIA and Western blot analysis.

a) By DEIA. Culture supernatants obtained from C6/36 cell infected with
each of DENV1 to DENV4 or Japanese encephalitis virus was separately dotted onto
nitrocellulose membrane. Non-infected cell culture supernatant or (mock) was also
added to the experiment as a negative control antigen. The dotted strips were reacted
with all generated anti-NS1 Mabs. 1F11 was used as a control anti-NS1 Mab that
cross-reactive to 4 DENV serotypes. As shown in Fig. 5.6, eight anti-NS1 Mabs,
which are D3NS1-7, D3NS1-46, D3NS1-95, D3NS1-37, D3NS-101, D3NS1-177,
D3NS1-189, D3NS1-239, were DENV3-serotype specific, whereas the other two
Mabs (D3NS1- 5F3, D3NS1-381) were cross-reactive to DENV1 and DENV3.

b) By Western blot analysis. Cell lysates obtained from C6/36 cells
infected with each serotype of DENV were separated by SDS-PAGE under non-
reduced/non-heated condition and blotted onto nitrocellulose membrane. Mock
infected cell lysate was also included as a negative control antigen. The blotted
membranes were reacted with all generated anti-NS1 Mabs and control Mab 1F11. As
shown in Fig. 5.7, all Mabs were reactive to NS1 protein. Eight of ten Mabs reacted
with DENV3 NS1, whereas the other two Mabs reacted with NS1 of DENV1 and
DENV3 (i.e., D3NS1-381 and - 5F3). This result is similar to that obtained from
DEIA. We therefore concluded that among 10 anti-NS1 Mabs, 8 of them were
DENV3-specific, whereas D3NS1- 5F3 and D3NS1-381 were DENV1 and DENV3-

cross-reactive.
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Figure 5.6  Determination of serotype specificity of generated anti-NS1 Mabs by
DEIA. Culture supernatants obtained from DENV or JEV infected C6/36 cells were
used as dot antigens. D1-D4: DENV1 to DENV4, respectively. JE: Japanese
encephalitis virus, M: Mock cells culture supernatants. 1F11: DENV-cross reactive

anti- NS1 Mab (control Mab)
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Figure 5.7 Determination of serotype specificity of generated anti-NS1 Mabs by
Western blot analysis. D1-D4: cell lysates derived from C6/36 cells infected with
DENV1 to DENV4, respectively. M: uninfected cell lysates. Tested anti-NS1 Mabs
were indicated on left and right. 1F11: anti-dengue NS1 Mab (cross reactive to 4

serotypes). Dimeric form of NS1 (dNS1) was indicated by arrows.
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(2) Determination of immunoglobulin isotype

Culture supernatants containing anti-NS1 Mabs from ten hybridoma
clones were determined for their immunoglobulin isotype by ELISA isotyping kit. The
results indicated that 8 anti-NS1 Mabs (i.e., D3NS1- 7, - 46, - 189, - 239, - 177, - 101,
- 95, and - 37) were exhibited 1gG2b isotype, while the other two anti-NS1 Mabs (i.e.,
D3NS1-381 and - 5F3) were IgGL1.

(3) Determination of the epitope types on NS1 protein as recognized by
anti-NS1 Mabs

The types of NS1 epitope recognized by anti-NS1Mab were characterized
as linear or conformation by Western blot analysis. The DENV3- infected C6/36 cell
lysates were treated with SDS-sample buffer containing p-mercaptoethanol (f-ME)
reducing agent to destabilize disulfide bond formation, or no B-ME to maintain
disulfide bonds on NS1 protein. The treated lysates were heated at 95 °C to generate
monomeric form of NS1 (45-kDa) or non-heated to stabilize the NS1 dimer (80-kDa).
Those treated lysates were subjected to SDS-PAGE, transferred to Western blot, and
reacted with anti-NS1 Mabs. The Mabs that recognize a linear epitope type can react
with any forms of NS1 either treated or untreated conditions. In contrast, the Mabs
that recognize a conformational epitope type selectively react with certain forms of
NS1, mainly in the non-reducing condition. The results were shown in Fig.5.8. The
control anti-NS1 Mab 1F11, which recognize a linear epitope of NS1 protein, can
react with NS1 under four treated conditions. D3NS1-381 and D3NS1-5F3
recognized all forms of treated NS1 protein similar to Mab 1F11 thus both Mabs
recognized linear epitopes on NS1. Whereas, 8 out of 10 generated Mabs reacted with
only the dimeric NS1 protein regardless to reducing condition, suggesting that those

anti-NS1 Mabs recognized the conformational-dependent epitope on NS1 protein.
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Figure 5.8 Western blot analysis of dengue NS1 epitope types as recognized by anti-
NS1 Mabs. DENV3 infected C6/36 cell lysates (lane 1-4) were treated or non-treated
with reducing agent (B-ME) and/or heat as shown above each lane. Mock infected cell
lysates (lane 5) was used as a negative control antigen. Tested anti-NS1 Mabs were
indicated on the right. 1F11 was used as a positive control anti-NS1 Mab. Dimeric
NS1 (dNS1) and monomeric NS1 (mNS1) were indicated by arrowheads.
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Table 5.2 Characteristics of the generated anti-NS1 Mabs
Generated . Serotype Serotype
Designated o o )
hybridoma Isotypes | specificity by | specificity by | Type of epitopes
Mabs name
clones DEIA Western blot
Conformation
A7 D3NS1-7 1gG2b DENV3 DENV3 ) o
(dimer specific)
Conformation
A46 D3NS1- 46 1gG2b DENV3 DENV3 ) -
(dimer specific)
Conformation
A95 D3NS1- 95 1gG2b DENV3 DENV3 ) -
(dimer specific)
Conformation
BW37 D3NS1- 37 1gG2b DENV3 DENV3 ) -
(dimer specific)
Conformation
BW101 D3NS1-101 | 1gG2b DENV3 DENV3 ) -
(dimer specific)
Conformation
BW177 D3NS1- 177 | 1gG2b DENV3 DENV3 ) -
(dimer specific)
Conformation
BW189 | D3NS1-189 |1gG2b | DENV3 DENV3 / -
(dimer specific)
Conformation
BW239 | D3NS1-239 |1gG2b | DENV3 DENV3 _ -
(dimer specific)
DENVS, DENV3, )
5F3 D3NS1-5F3 | IgGl Linear
DENV1 DENV1
DENVS, DENV3, )
A381 D3NS1-381 | IgG1 Linear
DENV1 DENV1
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5.2 Selection of anti-NS1 Mabs that exhibited serotype specificity to
each DENV serotype by NS1 capture ELISA

Since the objective of this study is to develop the new assay to identify
dengue serotype based on NS1 capture ELISA, we therefore determined serotype
specificity of anti-NS1 Mabs by the same method. Anti-NS1 Mabs which were
obtained from each DENV immunization; i.e., D3NS1 Mabs (in this study), DINS1,
D2NS1, and D4NS1 Mabs (available in Medical Biotechnology Unit from our
previous research works) (See the references in Table 4.1), were applied in this
experiment. The assay was modified from the in-house NS1 capture ELISA which
was established by Avirutnan et al (10) (Fig 5.9A). Briefly, the capture anti-NS1 Mab
2E11 (IgM isotype and cross-reactive to 4 DENVs) was coated on ELISA wells.
Instead of the mixture of NS1 of 4 DENV serotypes as did in the in-house format,
individual NS1 of each DENV serotype infected culture supernatant was separately
added into four capture wells (Fig 5.9B). An additional well of mock culture
supernatant was also included as a negative control antigen. Each of tested anti-NS1
Mab (IgG isotype) was then added to those five wells of reactions, followed with an
anti-mouse 1gG-HRP to detect the target anti-NS1 Mab which bound on the complex.
This modified assay was called a serotype-specific NS1 capture ELISA.

To investigate serotype-specificity of the available anti-NS1 Mabs, all
tested Mabs (in culture supernatants) were applied in the serotype-specific NS1
capture ELISA to react with NS1 of each serotype. The results were shown in Fig.
5.10. Two anti-NS1 Mabs from DINS1 group were reactive to DENV1, although
very weak positive were found with DENV2 by DINS1-53 Mab (Fig 5.10A). For
anti-NS1 Mabs in D2NS1 group, 3 of 5 tested Mabs (2D6, 2G6 and 1A4) were
DENV2-specific. Anti-NS1 Mab D2NS1-1B10 was cross-reactive to DENV1,
DENV?2, and DENV3, in which DENV2 showed strongest reactivity among others. In
contrast, D2NS1-1C9 Mab showed no reactivity to all serotypes in this assay (Fig
5.10B), indicating the loss of reactivity of this Mab. In the group of D3NS1 Mabs, 8
out of 10 anti-NS1 were DENV3- specific, whereas the other two anti-NS1 Mabs
D3NS1-5F3 and D3NS1-381 were cross-reactive to DENV1 and DENV3. D3NS1-
381 Mab showed weakly reactivity to DENV2, whereas, D3NS1-5F3 Mab gave
comparative high background to mock culture supernatant (Fig. 5.10C). For anti-NS1
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Mabs in DANS1 group, 4 out of 5 tested Mabs showed specific reactivity to DENV4
NS1 (i.e., D4NS1- 4, -24, -26 and -181). In contrast, D4NS1-9 Mab was cross-
reactive to DENV1, 2 and 4 (Fig. 5.10D). In this ELISA system, mouse polyclonal
antibody to dengue NS1 protein (Pab) was used as a control antibodies to ensure the
existence of NS1 antigens from four serotypes used in the assay.

From the above results, we found that most of anti-NS1 Mabs were
serotype-specific and can be used to differentiate their corresponding serotype from
others. Two serotype-specific anti-NS1 Mabs which gave highest OD readings were
selected from each serotype for up-scale production in mouse ascitic fluids. The
selected clones were included D1INS1-84, D1INS1-53 (for DENV1-specific), D2NS1-
1A4, D2NS1-2G6 (for DENV2-specific), D3NS1-7, D3NS1-46 (for DENV3-
specific), and D4NS1-4, DANS1-24 (for DENV4-specific).

A) In-house NS1 capture ELISA B) Serotype-specific NS1 capture ELISA

JE T S S
A A A

mouse-anti NS1 Mab-2E3,
1gG1 (CR), 50 ug/mi

NS1 / serum 0 o "»
Y mouse-anti NS1 Mab-2E11,
’_'{¢ IgM (CR), 5 ug/ml FQ 3 2L 2L XL
F _A4¥Y _4¥ _43¥
)-Y—L mouse-anti-NS1Mab o DENV1NS1 anti
“€¥ (2E11,IgM,CR) antigen
X Goat-anti-mouselgG-HRP o DENV2 NS1 antigen
A mouse-anti-NS1Mab 3 DENV3 NS1 antigen
(1gG, tested)
M Mock antigen . DENV4 NS1 antigen

Figure 5.9 The concepts of NS1 capture ELISA. A) In-house NS1 capture ELISA.
The assay detects NS1 of all 4 serotypes by the use of cross-reactive anti-NS1 Mabs.
B) Serotype-specific NS1 capture ELISA. The tested Mab was separately added to
captured NS1 of four DENV serotype. Mock antigen was included as a negative

control.
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Figure 5.10 Serotype-specific NS1 capture ELISA to determine serotype specificity
of tested anti-NS1 Mabs. NS1 in culture supernatants from DENV1 to DENV4
infected Ps cells were captured by anti-NS1 Mab (2E11). NS1 antigens from each
DENYV serotype were shown in different colored as indicated below. Mock indicated
culture supernatant derived from non-infected Ps cells. Anti-NS1 Mabs in culture
supernatants for each group, DINS1 (A), D2NS1 (B), D3NS1 (C), D4NS1 (D) were
applied as detected Mabs in the assay. Mouse polyclonal antibody to DENV NS1

(Pab) was included as a positive control antibody.
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5.3 Large — scale production of serotype specific anti-NS1 Mabs
From the ELISA results, 2 anti-NS1 Mabs that were serotype-specific and
gave high OD reading were selected for each serotype. Of the 8 hybridoma clones
producing serotype-specific anti-NS1 Mabs (D1NS1-84, -53, D2NS1-1A4, -2G6,
D3NS1-7, -46, and D4NS1-4,-24), 7 Mabs were succeeded to induce ascitic fluid in
BALB/c mice. Whereas, one hybridoma clones, DINS1-53 could not induce mouse
ascitic fluid with unknown reason. The volume of mouse ascitic fluid obtained from
each clones were varied from less than 1 ml to several mls. The anti-NS1 Mabs were
then purified from mouse ascetic fluid by Protein G affinity chromatography. Total
amount of purified anti-NS1 Mabs in mg were varied in each clone (in a range of 1 to
6 mg per ml of ascites). The discrepancy among purified anti-NS1 Mabs per ml of
obtaining mouse ascitic fluid as induced by each hybridoma clone was shown in Table
5.3. These purified Mabs were further analyzed in SDS-PAGE. The results in Fig.
5.11 showed that the purified Mabs contained heavy chain (~50 kDa) and light chain
(~25 kDa) bands under reducing condition. Next, these purified anti-NS1 Mabs were

used for development of a serotyping-NS1-ELISA.

Table 5.3 Discrepancy of scale-up and purification of anti-NS1 Mabs

Concentration
The volume of | Total amount ]
o . of anti-NS1
_ mouse ascitic of purified
No | Anti-NS1 Mabs | Isotype ] : ) Mab / ml of
fluids obtained anti-NS1 )
mouse ascites
(ml) Mabs (mg)
(mg/ml)
1 | DINS1-84 IgG1 3.7 5.0 14
2 | D2NS1-1A4 gG2a 2 2.2 1.1
3 | D2NS1-2G6 gG2a 2 12.5 6.3
4 | D3NS1-7 IgG2b 4 24.4 6.1
5 | D3NS1-46 1gG2b 2 10.7 54
6 | DANS1-4 1gG2b 4.5 28.8 6.4
7 | DANS1-24 IgG1 1.3 4.3 3.3
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Figure 5.11 SDS-PAGE analysis of purified anti-NS1 Mabs. Mouse ascitic fluid (lane
A) or Protein-G affinity purified anti-NS1 Mabs (lane P) were separated and analyzed
by SDS-PAGE. The proteins were stained with coomassie blue R250. The selected
anti-NS1 Mabs were indicated on the top. Lane M demonstrated standard protein
molecular weights (in kDa). Two forms of reduced immunoglobulins; heavy and light

chains were indicated by arrows.
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5.4 Development of a novel serotyping-NS1-ELISA for identification

of dengue serotypes

5.4.1 Selection of one purified anti-NS1 Mabs of each DENV serotype
in serotype-specific NS1 ELISA

To ensure the serotype-specificity and reactivity of the purified anti-NS1
Mabs, 7 purified anti-NS1 Mabs specific to DENV1 to DENV4 were applied at a
fixed concentration of 50 pg/ml in a serotype-specific NS1 capture ELISA (Fig 5.9B).
Anti-NS1 Mab D1NS1-53, which could not be obtained from mouse ascitics, were
purified from hybridoma cell culture supernatant containing 10% FCS by NH;SO,4
precipitation, followed with protein-G affinity chromatography. The smeared band of
purified anti-NS1 Mab was observed in SDS-PAGE, indicating the low quality of the
purified protein (data not shown). However, we also included this purified DINS1-53
to the serotype-specific NS1 capture ELISA as well. Purified anti-NS1 Pab (at 25
pg/ml) was used as a control antibody reactive to all four serotypes. The results
showed that purified Mabs still reacted specifically with their homologous serotype
(Fig 5.12). For DINS1 Mabs, D1NS1-84 showed strong reactivity to DENV1 NS1
antigen compared to D1INS1-53 (Fig. 5.12A). For D2NS1Mabs, although D2NS1-1A4
gave OD reading a bit lower to NS1 from DENV2 than D2NS1-2G6, but it gave less
background to mock culture supernatant and NS1 of other serotypes as shown in Fig.
5.12A. In D3NS1 Mabs, D3NS1-46 showed comparable high reactivity, but lower
background OD reading comparing to D3NS1-7 (Fig. 5.12B). Within D4NS1 Mabs,
D4NS1-4 gave higher reactivity than DANS1-24 (Fig. 5.12B). We finally selected
only one anti-NS1 Mab from each serotype, i.e., DINS1-84, D2NS1-1A4, D3NS1-46,
and D4NS1-4, which gave highest reactivity and low background for further
development of a serotyping-NS1-ELISA.
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Figure 5.12  Serotype-specific NS1 capture ELISA using purified serotype-specific
anti-NS1 Mabs. NS1 in culture supernatants from DENV1 to DENV4 infected Ps cells
as shown in different color bars were captured by anti-NS1 Mab (2E11). Mock
indicated culture supernatant derived from non-infected Ps cells. Purified anti-NS1
Mabs at 50 pg/ml were applied as detected Mabs in the assay. A. DINS1 and D2NS1
Mabs, B. D3NS1 and D4NS1 Mabs. Mouse polyclonal antibody to DENV NS1 (Pab)

were included as positive control antibodies.
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5.4.2 Optimization of serotype-specific anti-NS1 Mabs’ concentrations
in NS1 capture ELISA of each homologous serotype

Various concentrations of serotype-specific anti-NS1 Mab and NS1
antigen of each homologous serotype were performed in NS1 capture ELISA in a
checkerboard manner as duplicate for 2-3 separated experiments. The selected four
serotype-specific anti-NS1 Mabs at various concentrations (from 5 to 75 pg/ml) were
applied. Culture supernatants of each DENV infected Ps cells, as a source of NS1
antigen, were 2-fold diluted from 1:4 to 1:8 and 4-fold diluted from 1:8 to 1: 32,768.
Mock antigen at dilution 1:4 was used as a negative control. Purified anti-NS1 Pab at
25 pg/ml was used as a positive control antibody. As shown in Fig.5.13 (A-D), in each
homologous serotype, the similar patterns of reactivity of anti-NS1 Mabs at various
concentrations with different dilutions of NS1 antigen were observed. It is observed
that the reactivity pattern of anti-NS1 Pab (at 25 pg/ml) were concomitant to that of
serotype-specific Mabs DINS1, D3NS1 and D4NS1 (Fig. 5.13A, C, and D),
suggesting the comparable sensitivity of serotype-specific Mabs and Pab to NS1 of
those 3 serotypes. In contrast, anti-NS1 Pab showed superior reactivity to the D2NS1-
1A4 Mab with DENV2 NS1 antigen (Fig 5.13B). This result suggested that anti-NS1
D2NS1-1A4 is less sensitive to DENV2 NS1 antigen than the anti-NS1 Pab.
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Figure 5.13(A-D) NS1 capture ELISA of anti-NS1 Mabs with NS1 antigens of
homologous serotype. NS1 antigen in culture supernatants obtained from Ps cells
infected with DENV1 to DENV4 (A to D, respectively) were diluted from 1:4 to

1:32768 as shown in the X-axis. Anti-NS1 Mabs were applied at concentrations of 5

to 75 ug/ml, as shown by different dot colors. Pab [25] represents the anti-NS1
polyclonal antibody at 25 pg/ml. Each data represented for the mean OD + SD of the

3 to 6 replicates.
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5.4.3 Selection of alternative anti-NS1 Mabs specific to DENV2

According to the DENV2 ELISA results (Fig. 5.13B), D2NS1-1A4 gave
poor reactivity to DENV2 NS1 Ag compared to anti-NS1 Pab. Therefore we looked
for another hybridoma clones producing DENV2 serotype-specific anti-NS1 Mabs
which are available in our frozen stock to test for their specificity and reactivity in
DENV2-specific NS1 capture ELISA. Four more anti-NS1 Mabs in hybridoma cell
culture supernatants were selected, i.e., D2NS1-3D1, D2NS1-3A2, D2NS1-4D4 and
D2NS1-1C5, and applied in serotype-specific NS1 capture ELISA. The results
showed that all Mabs were DENV2-specific (Fig 5.14A). To compare the reactivity of
anti-NS1 Mabs with NS1 antigens at lower concentrations, those anti-NS1 Mabs, (in
culture supernatant) as well as purified D2NS1-1A4 at 75 pg/ml, and anti-NS1 Pab (at
dilution 1:1000) were reacted with three dilutions of NS1 in culture supernatants from
DENV?2 infected cells (i.e., 1:4, 1:128, and 1:512) by NS1 capture ELISA (DENV2-
specific). The results indicated that D2NS1-3D1 gave better reactivity than others,
especially at low levels of NS1 antigen (at dilution of 1:128 and 1:512). However,
D2NS1-3D1 is still less reactivity to DENV2 NS1 antigen than anti-NS1 Pab
(Fig.5.14B).
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Figure 5.14 Selection of anti-NS1 Mabs specific to DENV2. A) Serotype-specific
NS1 ELISA. NS1 in culture supernatants from DENV1 to DENV4 infected Ps cells
as shown in different color bars were captured by anti-NS1 Mab (2E11). Mock
indicated culture supernatant derived from non-infected Ps cells. Anti-NS1 Mabs in
culture supernatants (as shown on the X-axis) were applied as detected Mabs in the
assay. Anti-NS1 Pab (at dilution 1:1000) was used as a control antibody.
B) DENV2-specific NS1 capture ELISA. NS1 in culture supernatants derived from
DENV?2 infected cells were diluted at 1:4, 1:128 and 1:512 (as shown on the X-axis)
were captured by anti-NS1 Mab (2E11). D2NS1 Mabs in culture supernatant (neat),
purified D2NS1-1A4 Mab (75 pg/ml) and anti-NS1 Pab (at dilution 1:1000) as
indicated on the right were applied to detect the captured NS1 antigen.
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5.4.4 Investigation of purified D2NS1-3D1 Mab’s reactivity in
DENV2-specific NS1 capture ELISA

The selected D2NS1-3D1 Mab was up-scaled in mouse ascitic fluid and
purified through Protein-G affinity chromatography. The purified D2NS1-3D1 Mab
in various concentrations (from 5 to 75 ug/ml) were reacted with diluted DENV2 NS1
antigens in infected cell culture supernatants by NS1 capture ELISA. In comparison
with D2NS1-1A4 Mab (Fig.5.15A), D2NS1-3D1 gave less reactivity than D2NS1-
1A4 at high concentration of NS1 (dilution 1:4). In contrast, at low concentration of
NS1 (clearly seen at dilution 1:128), D2NS1-3D1 gave higher reactivity than D2NS1-
1A4 (Fig. 5.15B). These results indicated that D2NS1-3D1 could better detect NS1
even at low level, which could be found in some DENV patient’s sera. Therefore,

D2NS1-3D1 Mab were selected to use in a serotyping-NS1-ELISA.
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Figure 5.15 Comparison of NS1 ELISA between two D2NS1 Mabs. A) D2NS1-1A4.
B) D2NS1-3D1. Purified Mabs at dilution 10 to 75 pg/ml were applied. DENV2 NS1
in culture supernatant at various dilutions as shown in the X-axis was used as antigens

in the assay. Anti-NS1 Pab at 25 pg/ml, Pab [25], was used as a control antibody.
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5.4.5 Detection limit of the assay

As the above results, it seems that the serotype-specific anti-NS1 Mabs at
any tested concentrations gave comparable reactivity to NS1 of their homologous
serotype in NS1 capture ELISA. Therefore, we selected 25 pg/ml of four serotype-
specific Mabs to establish the serotyping-NS1-ELISA and determine the detection
limit of the assay. The initial concentrations of NS1 in culture supernatants of four
DENYV serotypes were determined by NS1 capture ELISA using the purified NS1 of
each serotype as a standard protein. In Table 5.4, the divergence in the initial
concentrations of NS1 among four serotypes was observed. NS1 concentrations from
DENV2, DENV3 and DENV4 were in a range of 3-8 pg/ml, whereas that obtained
from DENV1 was less than 1 pg/ml. The concentrations of NS1 from diluted culture
supernatants of each DENV serotype were then calculated as shown in Table 5.4. To
determine the detection limit of the assay, the serotype-specific anti-NS1 Mab at 25
pg/ml were reacted with various dilutions of culture supernatants containing NS1 in
serotyping-NS1-ELISA. The mean OD readings of each serotype-specific anti-NS1
Mab were plotted against NS1 concentrations which were converted from
corresponding dilutions. The results were demonstrated in Fig. 5.16. The cut-off
value of each serotype-specific assay was determined by the mean OD reading
obtained from negative control antigen (mock) + 2 standard deviation (SD). Our
results indicated that the OD cut-off values of serotyping-NS1-ELISA for DENV1
was 0.56 and that for DENV2 to DENV4 were 0.16 (Fig.5.16A to D). Detection limit
of the assay was determined by the lowest concentration of NS1 that gave OD reading
above the cut-off value. Thus, it was 4.4, 15.8, 2.9 and 1.7 ng/ml for DENV1 to
DENV4, respectively (Fig.5.16A to D).
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Table 5.4 NS1 concentrations in culture supernatants obtained from Ps cells

infected by each DENV

DENV1 NS1 DENV2 NS1 DENV3 NS1 | DENV4 NS1
Dilution* concentration | concentration | concentration | concentration
(ng/ml) (ng/ml) (ng/ml) (ng/ml)

(Lot no.2) (Lot no.1) (Lot no.1) (Lot no.1)
neat 557.3 8091 6002 3431
1:4 139.3 2,022.8 1,501.5 857.8
1:8 69.7 1,011.4 750.8 428.9
1:32 17.4 252.8 187.7 107.2
1:128 4.4 63.2 46.9 26.8
1:512 11 15.8 11.7 6.7
1:2,048 0.3 4.0 2.9 1.7
1:8,192 0.1 1.0 0.7 0.4
1:32,768 0.02 0.2 0.2 0.1

* DENV-infected culture supernatants were diluted with 1% BSA.
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Figure 5.16 (A-D) Bivariate line charts of serotype-specific anti-NS1 Mabs (at 25

pg/ml) against various concentration of homologous serotype NS1 antigen.

Concentrations of NS1 (ng/ml) in log scale were shown on the X-axis. The data sets

were obtained from mean OD reading of duplicate samples in 3 independent

experiments. Solid line represented the OD cut-off of the assay. Numbers above an

arrow indicated the detection limit of NS1 antigen (in ng/ml) for each serotype. A)
D1NS1-84 Mab, B) D2NS1-3D1 Mab, C) D3NS1-46 Mab and D) D4NS1-4 Mab.
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With the combination of cross-reactive and serotype-specific anti-NS1
Mabs as has been selected and optimized from the above results, the “serotyping-NS1
-ELISA” has been firstly established in this study. The final format of the assay after
optimization was included 1) the capture anti-NS1 Mab 2E11 (IgM, cross-reactive) at
5 ug/ml, 2) Tested DENV NS1 antigen, 3) four individual serotype-specific anti-NS1
Mabs at 25 ug/ml (IgG isotype, including DINS1-84, D2NS1-3D1, D3NS1-46, and
D4NS1-4) as a detection antibody for each serotype and 4) the HRP-conjugated anti-
mouse 1gG (1:2000), as shown in Fig. 5.17. DENV serotype of tested sample was
identified according to the serotype-specific anti-NS1 Mab that gave highest reactivity
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Figure 5.17 The serotyping-NS1-ELISA. The target NS1 antigen was captured by
anti-NS1 Mab 2E11 in four separated wells. Individual serotype-specific anti-NS1
Mab was added into each well to detect NS1 of the homologous serotype. All antigen-

antibody complexes were finally detected by G-anti-mlgG-HRP.
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5.5 Validation of the serotyping-NS1-ELISA using dengue NS1

derived from infected cell culture system

To validate the established serotyping-NS1-ELISA for identification of
DENYV serotype, culture supernatants from various cell types infected by each DENV
serotype were used as sources of NS1 antigens to be detected. Four cell types were
tested in the assay, including C6/36 mosquito cell, Vero cell, HEK 293T cell, and Ps
clone D cell which was used to develop this assay. As shown in Fig. 5.18, four
serotype-specific anti-NS1 Mab reacted with NS1 of homologous DENV serotype
which were obtained from HEK 293T, C6/36, and Ps Clone D cells. In DENV
infected Vero cells, NS1 of DENV1, DENV2 and DENV4 can be specifically detected
by DINS1-84, D2NS1-3D1, and D4NS1-4 Mabs, respectively. In contrast, DENV3
NS1 was detected by two anti-NS1 Mabs, D2NS1-3D1 and D3NS1-46. D2NS1-3D1
Mab gave higher reactivity to DENV3 NS1 than D3NS1-46, thus this tested NS1
should be identified as DENV2 according to the interpretation of our assay, which was
wrong. The results indicated that the serotyping-NS1-ELISA was completely specific
for DENV1, DENV2, and DENV4, but less specificity to DENV3 which was

dependent on certain cell types.
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Figure 5.18 Serotype specific reactivity of dengue NS1 derived from HEK293T,
C6/36, PS clone D, and Vero cell in the serotyping-NS1-ELISA. Mouse polyclonal

antibody to dengue NS1 (Pab) were included as positive control antibodies.
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CHAPTER VI
DISCUSSION

Laboratory diagnosis of DENV infection can be performed by various
approaches, such as virus isolation in mosquitoes or in cell culture system, detection
of viral genome by RT-PCR and detection of antibody to DENV. Recently, detection
of NS1 antigen of DENV becomes a promising diagnostic assay for the early stage of
DENYV infection. Several commercial DENV NS1 assays are available in the market
both in ELISA and immunochromatographic rapid test format and they were evaluated
in individuals at different regions of the world (11-14, 50, 53, 59, 60). Those assays
are composed of cross-reactive anti-NS1 antibodies which detect NS1 of DENV
across four serotypes, lacking serotype identification. Although DENV1-specific NS1
ELISA (6) and DENV2-specific NS1 ELISA (9) have been developed previously, but
the other two serotypes (DENV3 and DENV4) have not yet done. In this study, we
have firstly established a serotyping-NS1-ELISA which is able to detect NS1 of
DENV and identify DENV serotypes simultaneously, based on the use of anti-NS1
Mabs that are specific to each serotype of DENV.

The anti-NS1 Mabs that specific to DENV1, DENV2, and DENV4 have
been previously produced and characterized in our laboratory (56, 57). In this study,
anti-NS1 Mabs to DENV3 were then generated. Various formats of immunogens
have been used to induce anti-NS1 antibodies in immunized mice including
recombinant NS1 proteins (61) or plasmid DNA containing NS1 gene (56). But we
selected the secreted NS1 protein obtained from Ps cells infected by DENV3 which is
a native immunogen for mouse immunization. This format of NS1 was found to be a
promising antigen for production of anti-NS1 Mabs to DENV4 previously (58).
Purification of NS1 from DENV3-infected cell culture supernatant by one-step
immune-affinity column resulted in a 30-kDa unknown protein co-purified with NS1
protein. This contaminant protein might be resulted from FCS containing in culture

supernatant as it was disappeared when DENV-3 infected cell culture supernatant
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were subjected to purification of NS1. However, the level of purified NS1 from
serum-free culture supernatant was low, we thus moved forward to immunize mice by
using the partial purified NS1 protein and demonstrated the high titer of obtaining
anti-NS1 antibodies in mouse sera as determined by ELISA (Fig. 5.2) as well as its
reactivity to NS1 protein as shown by Western blot analysis (Fig. 5.3).

In the process of fusion, we got limited amount of hybridoma clones
during the first and second fusions by our conventional protocol in which the cells
after fusion were immediately diluted and plated on 96-well plates at a concentration
of 1-4 cells/well. During the cell growth, overgrowths of fibroblast cells, which might
be contaminated during spleen cells preparation, were observed over the hybridomas
in several wells. This might be the reason why less hybridoma cells were obtained.
Thus, we tried to modify the protocol to eliminate or minimize the fibroblasts in
Fusion 111 by plating cells just after fusion in a 60-mm dish for 3-4 days. This allowed
the fibroblasts attached to the dish surface, whereas hybridoma cells were suspended
in culture media and were later harvested to dilute in 1-4 cells/well and plated on 96-
well plates as a conventional protocol. Although this modified protocol can minimize
the fibroblast cells which may interfere hybridoma cell growth, but the extended
incubation time (3-4 days) in a 60-mm dish may amplify certain individual hybridoma
clones which were later separated in 96-well plates. Thus, it would have a possibility
that several positive hybridoma clones obtained from 96-well plate may be generated
from the same original clones which recognize the same epitope on NS1. If so, the
overall obtaining hybridoma clones would be less heterogeneity or diversity. As
shown in our results, approximately 700 hybridoma clones were obtained by this
modified protocol and 10 monoclones were finally obtained in fusion IlI, far more
than that obtained by conventional fusion I and Il (Table 5.1). In preliminary
characterization, 10 anti-NS1 Mabs can be classified into 2 groups based on serotype-
specificity. The first group was cross-reactive anti-NS1 Mabs (D3NS1-5F3 and
D3NS1-381), the other was DENV3-specific anti-NS1 Mabs. We found common
characteristics of anti-NS1 Mabs in each group. In cross-reactive group, 2 anti-NS1
Mabs were 1gG1, reacted with DENV1 and DENV3, and recognized linear epitopes
on NS1. In DENV3-specific group, 8 anti-NS1 Mabs were 1gG2b, reacted with

DENV3, and recognized conformational epitopes on NS1. According to the process
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of generating hybridoma clones which were done in two laboratories, it is undoubted
that we obtained 10 individual clones. But we do not know if those anti-NS1 Mabs
recognized same or overlap or discrete epitopes on NS1 protein. Further investigation
of NS1 epitope mapping by those anti-NS1 Mabs would add more information to
those Mabs.

During DENV infection, NS1 expresses in three major forms i.e.,
intracellular, cell-surface associated and secreted forms. The molecular structure of
each form is different (26).The secreted NS1 protein was reported as a hexameric
form (62), whereas intracellular and cell-surface associated NS1s were dimeric (63),
(64). Since the serotyping-NS1-ELISA is aimed to detect secreted NS1 in patient’s
sera, we therefore applied culture supernatants obtained from each serotype of DENV
infected Ps cells containing secreted NS1 as antigens for the development of the new
assay. The available anti-NS1 Mabs of DENV1, DENV2, and DENV4 and the
generated anti-NS1 Mabs of DENV3 in this study were screened for their serotype-
specificity via NS1 capture ELISA. The serotype-specific Mabs that gave highest
reactivity from each serotype were selected to develop the serotyping-NS1-ELISA.
The reactivity patterns obtained from various concentrations of serotype-specific
Mabs (ranges from 5 to 75 pg/ml) to NS1 antigens were similar among each serotype.
Reactivity pattern of the anti-NS1 Pab (at 25 pg/ml) with NS1 of DENV1, DENV3
and DENV4 were comparable to those serotype-specific Mabs. However, the
reactivity to DENV2 NS1 of anti-NS1 Pab was greater than that of DENV2-specific
anti-NS1 Mab. We speculated that since the anti-NS1 Pab was produced by
immunization of DENV2 NS1in, thus it may detect more epitopes on NS1 of DENV?2
than other serotypes. At present, the reactivity of our available anti-NS1 Mabs to
DENV2 NS1 could not overcome that of Pab. The D2NS1-3D1 Mab was selected
from other DENV2-specific anti-NS1 Mabs to develop the new assay since it could
clearly detect NS1 even at its low level.

Comparing to the inhouse-NS1 ELISA, our serotyping-NS1-ELISA is
more sensitive in term of detection limit of the assay. Detection limit of the in-house
NS1 capture ELISA were 50-160 ng/ml for DENV1 to DENV4 (10). The lowest
detection limit was found in DENV2 (50 ng/ml) compared to other serotypes

suggesting the preferential binding of this cross-reactive anti-NS1 Mab to DENV2
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NS1. Whereas, the detection limit of the serotyping-NS1-ELISA to each DENV
serotypes were in the range of 1-15 ng/ml, approximately 10-50 times more sensitive
than that of the in-house NS1 ELISA. Several possibilities could be discussed for this
sensitivity. Since the assay is composed of two antibodies, the cross-reactive epitope
recognized by the capture Mab (2E11) may be located overlapping or nearby to that
by the detected Mab (2E3) in the inhouse-NS1 ELISA, but it might be discrete from
the serotype-specific epitope in the serotyping-NS1-ELISA. Thus it would minimize
any competitive binding to NS1 protein between the cross-reactive capture and
serotype-specific detection antibodies in the serotyping-NS1-ELISA.  The other
possibility is that the serotype-specific epitopes might be well-exposed to the
serotype-specific Mab of homologous serotype. Whereas, the epitope recognized by a
cross-reactive Mab may be present to four serotypes at different levels of exposure,
which might be due to the proximity sequences around that epitope may cause the
alteration of overall conformation. In addition, a higher avidity of serotype-specific
Mabs to NS1 protein than that of the cross-reactive Mab would be another possibility
to explain the more sensitive assay.

Validation of the serotyping-NS1-ELISA in infected cell culture system
indicated that the assay can differentiate four DENV serotypes correctly when NS1s
were obtained from infected PS, C6/36 and 293T cells. Mis-interpretation was found
when NS1 was obtained from infected Vero cells, especially in DENV3. The D3NS1-
46 Mab showed less reactivity with NS1 than D2NS1-3D1 Mab (Fig. 5.18). This is
not because of the low level of DENV3 NSL1 since it could be detected at high OD
reading by anti-NS1 Pab. Thus, it might be possible that the D3NS1-46 Mab’s
binding epitope on DENV3 NS1 which is derived from Vero cells might be changed,
and thus in a consequence, it was less detected by D3NS1-46 Mab. In contrast, the
DENV3 NS1 (from Vero cells) may contain some epitopes which are more similar to
DENV2 NS1, thus it can be detected by D2NS1-3D1 Mab at substantial level. Since
the serotyping-NS1-ELISA was developed based on the use of NS1 from DENV
infected Ps cells, which obtained from a prototype strain of each DENV serotype.
Variation of NS1 protein which obtained from different cell types would be one way
to validate serotype-specificity of the assay to differentiate DENV serotypes. This

assay has been later evaluated in dengue patients’ clinical specimens as published in
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Journal of Clinical Virology (65). The study demonstrated that with the 85 specimens
from DENV infected patients, 65 were positive to one of four serotypes in our assay
(76.5% overall sensitivity). Comparing to DENV serotyping by standard RT-PCR,
our serotyping-NS1-ELISA showed 100% serotype accuracy for DENV1, 3 and 4, and
82.4% for DENV2. All 90 specimens from non-DENV individuals were negative to
our assay, indicating 100% specificity of the assay. This assay would therefore be
used as an alternative method for identification of DENV serotypes instead of the
conventional virus isolation or sophisticated RT-PCR.

The other serotype-specific NS1 ELISA has also been published by Ding
X. et al in this year (2011) (66). The authors applied 4 pairs of serotype-specific anti-
NS1 Mabs for each serotype to set up the assay. Evaluation to secreted NS1 in cell
culture supernatants was done for all serotypes, but it was not completed in clinical
specimens as no DENV4-infected patient was included. Concerning to
commercialization, our serotyping-NS1-ELISA is more economic since 5 anti-NS1
Mabs were used, whereas Ding’s NS1 ELISA, 8 anti-NS1 Mabs were required.
According to the available reagents in serotyping-NS1-ELISA format, they can be
further modified or developed to an immunochromatographic test format, which is a

rapid and easy-to-use test Kit in the future.
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CHAPTER VII
CONCLUSION

In this study, a new assay, which is designated as “a serotyping-NS1-
ELISA”, has been developed to detect NS1 protein of DENV and identify its serotype
simultaneously. The assay was modified from our previously established NS1 capture
ELISA which detected NS1 across four DENV serotypes. The in-house NS1 assay is
composed of a pair of anti-NS1 Mabs; one is coated on the ELISA well to capture
NS1 from tested samples, the other is a detection antibody to detect the captured NS1
antigen. Both anti-NS1 Mabs are cross-reactive to all four serotypes of DENV.
Modification to our serotyping-NS1 assay is that the detection antibody was replaced
with four anti-NS1 Mabs which are specific to each DENV serotypes. Therefore
serotype-specific anti-NS1 Mabs to four serotypes are the key important reagents
required to develop this new assay, In our research group, we already have three
panels of anti-NS1 Mabs which were produced against NS1 antigen of DENV1,
DENV2 and DENV4, but not DENV3. We therefore generated a panel of anti-NS1
Mabs to DENV3 in this study. The immunoaffinity-purified NS1 antigen obtained
from DENV3-infected Ps clone D cell culture supernatant were used as an antigen to
immunize mice. After 3 doses of immunization, a high titer of immunized mouse
antibodies to DENV3 NS1 antigen was detected by indirect NS1-coated ELISA.
Fusion of splenocyte and mouse myeloma cells were done to obtain hybridoma clones.
The positive hybridoma clones were screened by indirect NS1 ELISA. Limiting
dilution of those positive clones was further performed to obtain hybridoma
monoclones. Of three performed-fusions, we finally obtained 10 positive hybridoma
clones which produced anti-NS1 Mabs to DENV3 NS1. Those anti-NS1 Mabs and
their properties were summarized in Table 5.2. Characterization of D3NS1 Mabs
were included immunoglobulin isotype, serotype specificity by DEIA and Western
blot and types of recognized epitope (linear / conformation). It could be classified into
two groups, one contains 8 Mabs (D3NS1-7, D3NS1-46, D3NS1-95, D3NS1-37,
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D3NS-101, D3NS1-177, D3NS1-189, and D3NS1-239) which were 1gG2b,
recognized conformational epitopes and DENV-3 serotype specific. The other group
contains 2 Mabs (D3NS1- 5F3 and D3NS1-381) which were 1gG1, recognized linear
epitopes, and cross-reactive to DENV1 and DENVS.

Panels of anti-NS1 Mabs, including 2 DINS1 Mabs, 7 D2NS1 Mabs and 5
D4NS1 Mabs which were previously produced, and 10 D3NS1 Mabs which have been
generated in this study, were applied to determine their serotype-specificity to NS1
capture ELISA using secreted NS1 protein in culture supernatants which were
obtained from each DENV serotype as four separated antigens. One or two serotype-
specific anti-NS1 Mabs from each serotype that gave highest reactivity were selected
to expand for large scale production in mouse ascetic fluid. After protein-G affinity
purification, the purified anti-NS1 Mabs were verified their serotype-specific
reactivity in the same assay. Finally, four serotype-specific anti-NS1 Mabs for each
DENV serotype, i.e.,, DINS1-84, D2NS1-3D1, D3NS1-7, and D4NS1-4, were
obtained for the development of serotyping-NS1-ELISA. Various concentrations of
anti-NS1 Mabs (from 5 to 75 pg/ml) showed comparable reactivity with NS1 of its
homologous serotype. Therefore, all serotype-specific anti-NS1 Mabs at 25 pg/ml
were then applied to a serotyping-NS1-ELISA. The detection limits of the NS1 assay
were 4.4, 15.8, 2.9, and 1.7 ng/ml for DENV1 to DENV4, respectively. Specificity of
the serotyping-NS1-ELISA was validated by using secreted NS1 in culture
supernatants obtained from four DENV serotypes infected different cell types. The
assay could correctly differentiate all four serotypes when NS1 was obtained from
C6/36, HEK 293T, and Ps clone D cells. The assay could correctly identify NS1 of
DENV1, DENV2, and DENV4 which derived from Vero cells, but loss reactivity to
DENV3 NSL.

In conclusion, the serotyping-NS1-ELISA has been firstly developed in
this study by the use of serotype-specific anti-NS1 Mabs to each DENV serotypes.
The assay could detect NS1 of DENV and differentiate its serotype in cell culture
supernatant-derived format. Validation beyond of this serotyping-NS1-ELISA in
dengue infected patients’ specimens (65) indicated that this assay could be an

alternative method for dengue serotyping compared with standard RT-PCR.
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APPENDIX
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1. Chemical / substances

Chemicals

Absolute ethanol (C,Hs0OH)
Absolute methanol (CH3;OH)

Acetic acid glacial (CH3COOH)

Acrylamide (C3HsNO)

N, N’-Methylene bis-acrylamide
Ammonium persulfate (NH;HCO53)

Bovine Serum Albumin

Carboxy methyl cellulose (CMC)

3, 3-Diaminobenzidine

tetrahydrochloride,anhydrous (DAB)

Fetal bovine serum

Formaldehyde 40% m/v (HCOH)

Leibovitz-15 medium (L-15)
L-Glutamine

Glycine (H,NCH,CO,H)
Hybridoma-SFM

(Serum-free Hybridoma medium)

Hydrogen peroxide (H20,)

Hydrochloric acid (HCI)
Isopropanol (CH3;CHOHCHj3)
IMDM medium

R-Mercaptoethanol (HSCH,CH,OH)

Molecular

weight (g/mol)

46.07
32.24
60.05
71.08
154.20
228.20

360.10

30.026

75.27

74.015

36.50
60.10

78.13
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Source

BDH, England, UK
Lab-Scan, Thailand
Carlo Erba, Milan, Italy
Sigma, USA

Sigma, USA

USB, USA

Sigma, USA

Sigma, USA

Sigma, USA

GibcoBRL, England, UK
Carlo Erba, Milan, Italy
GibcoBRL, England, UK
Sigma, USA

USB, USA
Gibco, Invitrogen
Corporate, USA
Sahakarn-0sos (1996),
Bangkok

E. Merck, Germany
BDH, England, UK
GibcoBRL, USA

Fluka, Italy
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Chemicals Molecular
weight (g/mol)

Nickel chloride hexahydrate

(NiCl,.6H,0) 237.70

Orthro-phenylenediamine 18.1

Paraformaldehyde

Penicillin

(C16H17N204SNa) 6130 U/mg 356.40

Polyoxyethylenesorbitan monolaurate -

(Tween 20)

Potassium chloride (KCI) 74.56

Potassium dihydrogen phosphate

(KH2POy) 136.09

RPMI medium1640 -
Skim milk (Instant non fat milk powder)

Sodium azide (NaN3) 65.01
Sodium bicarbonate (NaHCO53) 84.01
Sodium carbonate (Na,COs) 105.99
Sodium chloride (NaCl) 58.44
Sodium Hydroxide (NaOH) 40.00
Sodium dodecyle sulfate

or SDS (C12H,50,SNa) 288.38

Streptomycin sesquisulfate (750U/mg)
N,N,N’,N’-Tetramethyl Methylene-

Diamine or TEMED (C4H1:NO53) 166.21
Tris (Hydroxymethyl aminomethane) 121.10
Triton X-100

Tryptose phosphate broth
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Source

Sigma, USA
Sigma, USA
Sigma, USA

Sigma, USA
Sigma, USA

E. Merck, Germany

E. Merck, Germany
GibcoBRL, USA
Mission, Thailand
E. Merck, Germany
E. Merck, Germany
E. Merck, Germany
E. Merck, Germany
E. Merck, Germany

Sigma, USA
Sigma, USA

Bio-Rad, USA
Sigma, USA
Fluka, Italy
Sigma, USA
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2. Consumable Supplies

2.1 Cellulose acetate filter membrane pore size 0.2 um,
Satorius,Goettingen,Germany

2.2 Microcintrifuge tubes (1.5 ml), Treff, Switzerland.

2.3 2 ml biofreeze bial, Costar, Cambridge, MA, USA.

2.4 15 ml Centrifuge Tube 3216, Costar, Cambridge MA, USA.

2.5 50 ml Centrifuge Tube 3216, Costar, Cambridge MA, USA.

2.6 6 well Tissue Culture Clusters 3524, Costar, Cambridge, Ma,USA.

2.7 24 well Tissue Culture Clusters 3524, Costar, Cambridge,Ma, USA.

2.8 96 well Tissue Culture Clusters 3599, Costar, Cambridge,Ma, USA.

2.9 25-cm? cell culture flask phenolic style cap 3055, Coring
Incorporated, Coring, NY, USA.

2.10 75 cm? cell culture flask phenolic style cap 3055, Coring
Incorporated, Coring, NY, USA.

2.11 162 cm? cell culture flask phenolic style cap 3055, Coring
Incorporated, Coring, NY, USA.

3. Instruments

3.1 Autoclave, Mode HA-240M, Tokyo, Japan.

3.2 Automatic Pipettes, Gilson, Villiers-le-B4el, France.

3.3 Beckman Microfuge E, Califonia,USA.

3.4 Beckman Optima LE-80K Ultracentrifuge, USA.

3.5 Biofreezer (-70°C), Forma Scientific, Marietta, Ohio, USA.

3.6 Bio-Rad, Econo Systems, Japan.

3.7 CO; incubator, Forma Scientific, Marietta, Ohio, USA.

3.8 Vacuum pump, Sartorius, Gottingen, Germany.

3.9 Digital, refrigerated centrifuge IEC Centra-8R, Internation
Equipment Company

3.10 Electronic analytical and Precision Balance, Sartorius, Gottingen,
Germany.
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3.11 ELISA-reader, Titer Multiskan, Flow laboratories, North Ryde,
Australia.

3.12 Filter Sterilization Unit, Sartorius, Gottingen, Germany.

3.13 Freezer (-20°C), Sanyo Medical freezer model MDF 0535, Sanyo
ElectricCo.Ltd., Japan.

3.14 Fume Hood, TOXICAP 1000, CARTATR LABX, USA.

3.15 High speed refrigerated centrifuge MTX-150, Tomy Seiko, Tokyo,
Japan

3.16 Incubator, Ehret, Germany.

3.17 Inverted microscope, Olympus CK2, Tokyo, Japan.

3.18 Laboratory centrifuge, Biofuge pico Heraeus, Kendro Laboratory
Product,Germany.

3.19 Laminar airflow equipment, NuAir Biological Safty Cabinrts, USA.

3.20 Magnetic stirrers Hotplate, Stuart Scientific, Bibby Sterilin Ltd.,
UK.

3.21 Milli-Q Plus, Millipore Corporation Massachusetts, USA.

3.22 Model J2-MC centrifuge, Beckman, California, USA.

3.23 Multichannel pipette, Biohit praline, Biohit Oyj, Helsinki, Finland.

3.24 pH meter, Orion 520A, Boston, USA.

3.25 Pipetboy acu, integra Bioscience

3.26 Power supply E-C Apparatus Corporation, St.Peterberg, Florida,
USA.

3.27 Refrigerator, Sanyo New touch, Sanyo Electric Co. Ltd., Japan.

3.28 Refrigerator, Traflo Fraame model Expo 310 PT/E, san Giorgio
Monf. (AL), Italy

3.29 Rocker, Hoefer model PR 55, Hoefer Scientific Instruments, San
Giorgio Monf (AL), Italy.

3.30 Semi-dry blotting apparatus, Hoefer™ TE77 semiphor transphor
Unit, Amersham Bioscience, Uppsala, Sweden.

3.31 Shaking water bath Julabo SW-20C, Julabo Labortecjnik.Germany.

3.32 Vertical gel electrophoretic apparatus model AE-6410E, ATTO

Corporation, Japan.
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3.33 Vortex mixer, Vortex Gene 2, Scientific Industries, Bohemia, N.Y,
USA.

4. Reagents

4.1 Cell culture: reagent
4.1.1 Phosphate buffered-saline (PBS), pH 7.4

NaCl 8.00 g
KCI 0.20 g
Na,HPO, 1.44 g
KH,PO, 0.20 g

These chemicals were mixed; well dissolved in deionized water, and
adjusted the final volume to 1 liter prior to sterilize by autoclave.

4.1.2 Tryptose phosphate broth

Dissolve 29.5 g of tryptose phosphate broth powder in 1 liter of deionized
water, and sterilized by autoclave at 121 °C for 15 min.

4.1.3 Penicillin G-Streptomycin solution

Penicillin G 301.81 mg

Streptomycin sulfate 500.00 mg

These antibiotics were mixed in 0.9% normal saline solution (Siriraj
Hospital) and stirred until completely dissolved prior to adjust 100 ml in volumetric
flask. The solution was sterilized by filtrate though 0.2 uM of cellulose acetate filter

membrane under sterile condition, aliquot and stored at —20 °C until use.

4.1.4 1M NaNj;
NaN3; (MW 65.01) Merck 6.50 g
DW 100 ml

Stirred until NaN3 completely dissolved and filtered through a 0.2 um

Millipore membrane. The solution was stored at 4°C.
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4.1.5 Cell dissociation solution

4.15.125mM EDTA in PBS
EDTA.Na2.2H,0 0.4653 g was dissolved in PBS, pH 7.4, stirred, and adjusted at a
final volume to 500 ml in volumetric flask. The reagent was sterilized by autoclave at
121 °C for 15 min.

4.1.5.2 Trypsin solution (10% Trypsin in 2.5 mM EDTA/PBS)
2 g of trypsin was dissolved in 20 ml of 2.5 mM EDTAJ/PBS, stirred until completely
dissolved and sterilized by filtrated through 0.2 uM cellulose acetate filter membrane.
The regent was diluted to the desire concentration with sterile 2.5 mM EDTA/PBS

before use.

4.2 Cell culture: media

4.2.1 Stock Leibovitz-15 (L-15) media

Leibovitz-15 medium (GibcoBRL) 1 pack
Dissolved in DW and adjusted the volume to 1,000 ml. The media was

filtered sterilely by 0.2 um Millipore membrane and stored at 4°C.

4.2.2 Maintenance medium for C6/36 and PS Clone D cells

Stock Leibovitz-15(L-15) media 80 ml
Fetal bovine serum 10 ml
Tryptose phosphate buffer 10 ml
Penicillin (5000u/ml) and

Streptomycin (1,000 ug/ml) 1.2 ml
4.2.3 Stock RPMI-1640 media

RPMI medium 1640 (GibcoBRL) 1 pack
NaHCO; 2 g

Dissolved in DW and adjusted the volume to 1,000ml. The media was

filter sterilized by 0.2 um Millipore membrane and stored at 4°C.
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4.2.4 Maintenance medium for hybridoma cells

Stock RPMI-1640 media 90 ml
Fetal bovine serum 10 ml
Penicillin (5000u/ml) and

Streptomycin (1,000 ug/ml) 1.2 ml
4.2.5 Stock Iscove’s Modified Dulbecco’s Medium (IMDM)
IMDM medium (GibcoBRL) 1 pack
NaCOs3 3.024 g

Dissolved in DW and adjusted the volume to 1,000 ml. The media was

filter sterilized by 0.2 um Millipore membrane and stored at 4°C

4.2.6 Maintenance medium for hybridoma cells

Stock IMDM medium 90 ml
Fetal bovine serum 10 ml
Penicillin (5000u/ml) and

Streptomycin (1,000 ug/ml) 1.2 ml

4.3 Dot enzyme immunoassay (DEIA)
4.3.1 Phosphate buffer saline (PBS) pH7.4

NaCl 8.00 g
KCI 0.20 g
Na,HPO,4 1.44 g
KH,PO4 0.24 g

Dissolved in DW and adjusted the volume to 1000 ml

4.3.2 Blocking buffer : 5% skimmilk (w/v) in PBS pH 7.4
Skimmed milk (Carnation) 0.5 g
Dissolved in 99.0 ml of PBS pH 7.4 and adjust the volume to 100ml
4.3.3 Chromogenic substrate

DAB (0.06 g/100ml in PBS pH 7.4) 10 ml

6% H202 (w/v) 20 ul

8% NICI2 (w/v in DW) 50 ul
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4.4 SDS-PAGE and Western Blotting Analysis
4.4.1 30.8% (w/v) Acrylamide-Bisacrylmide
Acrylamide 30.0 g
Bis-acrylamide 0.8 g
These chemicals were dissolved in deionized water, and adjusted the final
volume to 100 ml. The reagent was filtrated through 125 mm diameter-filter paper
(Whatman No.1).
4.4.2 Resolving gel buffer pH8.8.3 M Tris—HCI
Tris 36.3 g
1 M HCL 48 ml
Tris was added to 1 M HCI and adjusted the final volume to 100 ml with
deionized water. The solution was adjusted the pH to 8.8 with 1 M HCI, and stored at
4°C
4.4.3 10% (w/v) Sodium dodecyl sulfate
Sodium dodecyl sulfate (SDS) 10 g was dissolved in 100 ml deionized
water and stored at room temperature.
4.4.4 10% (w/v) Ammonium persulfate
Ammmonium persulfate 1.0 g was dissolved in deioized water and
adjusted the final volume to 10 ml
4.4.5 Stacking gel buffer pH 6.8:0.5 M Tris-HCI
Tris 6.0 g
1 M HCI 48 ml
Tris was dissolved in 1 M HCI and adjusted the final volume to 100 ml
with deionized water. The solution was adjusted the pH to 6.8 with 1 M HCI and store
at 4°C.
4.4.6 TEMED (N,N,N’,N’-tetramethylethylenediamine)
Used directly from the supplied bottle that should be stored in the dark.
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4.4.7 Loading buffer (4X reducing buffer)

Mercaptoethanol 4 ml
0.5M Tris-HCI pH 6.8 8 ml
SDS 1.6 g

Glycerol 8 ml
Bromophenol blue 4 mg

Stored at -20°C

4.4.8 Standard protein markers (broad range marker)

Protein marker 4 ul
4X reducing buffer 10 ul
Deionized water 26 ul

4.4.9 Coomassie blue staining solution

Coomassie brilliant blue R-250 0.25 g
Methanol : deionized water (1:1 v/v) 90 ml
Glacial acetic acid 10 ml

The solution was kept at room temperature.

4.4.10 Destaining solution

Glacial acetic acid 100 ml
Methanol 300 ml
Deionized water 600 ml

The solution was kept at room temperature.
4.4.11 12% Resolving gel of SDS-PAGE (for 1 PAGE)

30.8% (w/v) Acrylamide-bisacrylamide 3.99 ml
3M Tris HCI, pH 8.8 2.5 ml
10% SDS 0.1 ml
10% Ammonium persulfate 0.075 ml
TEMED 0.005 ml
Distilled water 5.905 ml

This reagent were mixed together in the bottle and used immediately
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4.4.12 3.85%Stacking gel of SDS-PAGE (for 1 PAGE)

30.8% (wi/v) Acrylamide-bisacrylamide 0.250 ml
0.5 M Tris-HCI (pH 6.8) 0.500 ml
10%SDS 0.020 ml
10%Ammonium persulfate 0.015 ml
Distilled water 1.22 ml
TEMED 0.0015 ml

4.4.13 10X Running buffer pH 8.3 (0.25 M Tris-HCI, 1.92 M Glycine,
1%(w/v) SDS)

Tris 30.3 g
Glycine 144.0 g
SDS 10.0 g

These chemicals were dissolved and adjusted the final volume to 1 liter
with deionized water. The solution was diluted to 1X with deionized water just before
use.

4.4.14 Towbin buffer (25 mM Tris, 192 mM Glycine, 20% (v/v)
Methanol, 0.1%SDS, pH 8.3)

Tris 3 g
Glycine 14.4 g
SDS 1 g

These chemicals were dissolved in 600 ml deionized water; 200 ml of
methanol was added a brought to 1 liter with deionized water. The reagent was stored
at4 °C.

4.5 Purification of monoclonal antibody

4.5.1 1M Naz2HPO4

Na2HPO4.12H20 35.81 g
Adjust volume to 100 ml by deionized water.

4.5.2 1M NaH2PO4

NaH2P0O4.H20 13.799 g

Adjust volume to 100 ml by deionized water.
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4.5.3 Binding buffer (100 mM sodium phosphate, pH 7.0)

1M Na2HPO4 5.8 ml

1M NaH2PO4 8.4 ml

Dissolved in 400 ml of DW, adjusted pH to 7.0 with HCL/ NaOH and
made up volume to 500 ml with deionized water. The reagent was filter by 0.45 pm
membrane before used.

4.5.4 Elution buffer (0.1 M Glycine-HCI, pH2.7)

Glycine 0.75 g

Dissolve in deionized water and adjust pH to 2.7 with 0.2 M HCL and
adjust volume to 100 ml with deionized water. The reagent was filtered by 0.45 um
membrane before used.

4.5.5 Neutralizing buffer (1M Tris, pH8.0)

Tris 6.057 g

Dissolve in deionized water and adjust pH to 8.0 and adjust volume to 50

ml with deionized water.

4.6 Enzyme linked-immunosorbent assay (ELISA)

4.6.1Coating buffer pH 9.6

Na,CO; 0.1696 g

NaHCO; 0.2856 g

Dissolved in 80 ml of DW, adjusted to pH 9.6 and made up to volume to
100 ml with DW

4.6.2Blocking buffer

BSA 2 g

Dissolved in 100 ml of PBS

4.6.3Diluent buffer

BSA 1 g

Dissolved in 100 ml of PBS

4.6.4 Washing buffer

Tween 20 500 ul

Dissolved in 1 litter of PBS
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4.6.5 Chromogenic substrate

O-Phenylenediamiine 6.0 mg
5-7% H202 100 ]J.l
Citrate phosphate buffer pH 5.0 10.0 ml

The solution was mixed well and used immediately.
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