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Abstract

Viral hepatitis, characterized by hepatic inflammation, is predominantly
caused by hepatoviruses such as Hepatitis A virus (HAV) and Hepatitis E
virus (HEV). This study aims to develop a rapid, in vitro diagnostic tool for
detecting HAV and HEV infections using an antigen-based Lateral Flow
Immunoassay (LFIA). The proposed diagnostic kit utilizes recombinant
capsid proteins of HAV and HEV, which serve as specific antigens to
capture anti-HAV/HEV IgM and IgG antibodies from patient serum
samples. These antigens were produced by cloning the respective capsid
protein genes into ‘Escherichia coli’ expression systems, followed by
purification and validation through enzyme-linked immunosorbent assay
(ELISA) to confirm antigenicity. Optimization of the ELISA protocol
enabled clear serological differentiation between infected and uninfected
human sera. Crossreactivity studies confirmed high specificity of the
antigens, with negligible response against non-target hepatitis viruses.
Statistical analysis further substantiated significant differences in optical
density (O.D.) values between target-specific and non-specific interactions.
Development of the LFIA device is ongoing, with current efforts focused
on optimizing assay sensitivity, visual clarity, and consistency in
differentiating positive and negative results.

Keywords: Hepatitis A, Hepatitis E, ELISA, LFIA, Diagnostics.
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Chapter 1
Introduction

1.1 Hepatitis

Hepatitis is a term used to describe a condition of the liver where it
succumbs to inflammation due to factors like viral infection, alcohol
consumption, autoimmune diseases, etc. Viral Hepatitis is a liver
inflammation caused by infection with a group of viruses. The most
common family of viruses is the hepatovirus family. The family members
include hepatitis types A, B, C, D, and E [1,2], each having different
transmission methods, disease progressions, and potential health
complications. Hepatitis can range from an acute to a chronic condition that
may lead to severe liver damage, cirrhosis, or even fatal conditions like
liver cancer [3,4]. Vaccination or some lifestyle changes can help prevent
the occurrence of infection. However, some might require antiviral
treatments to manage symptoms and initiate the self-healing process of the
liver to prevent long-term damage. If not treated in time, it may lead to
permanent liver damage and even death. Viral hepatitis is one of the
significant causes of hepatitis cases in the world. Annually, around 300
million people are affected, which results in around 3.5 million deaths [5].
The fiercest types are B and C, of which B is the most notorious, affecting
around 250 million people yearly [5]. Hepatitis A and E cause acute
Hepatitis and can be cured in a few months. Both are transmitted through
contaminated food and water (fecal-oral route) [6,7,8].

As mentioned earlier, hepatitis can be of two types, chronic and acute.
Based on recent studies, it was found that almost all cases of acute viral
hepatitis are caused either by hepatitis A or E, making them the epicenter
of those infections. Even though not fatal, they can severely damage the
liver, causing digestive problems, and sometimes a rare, life-threatening
condition called “fulminant hepatitis”. This can occur when a new acute
infection occurs and requires urgent medical attention, since a person can

go into sudden liver failure [9].



Symptoms of hepatitis are very vague at the early stages and might not give
the impression of infection. The early symptoms include muscle and joint
pain, fever, loss of appetite, abdominal pain, dark-coloured urine, itchy
skin, etc. After a few days, these symptoms worsen, and additional
symptoms like yellowing of the eyes and skin (jaundice), vomiting, and
nausea appear. If not treated, they can lead to liver failure and even prove
fatal in some cases [9].

Current treatments for viral hepatitis are limited. They are generally
provided once the type of hepatitis is identified through medical
diagnostics. Generally, type A virus is thrown out of the body by itself; rest
and proper diet help. D and E are somewhat life-threatening and may
require antiviral drugs and even a liver transplant in some cases.

For type B, antiviral medications like entecavir, tenofovir, lamivudine, and
adefovir are used to suppress the virus and prevent liver damage. Direct-
acting antivirals (DAA) treat hepatitis C [10]. These include sofosbuvir,
ledipasvir, velpatasvir, elbasvir, grazoprevir, and glecaprevir [11].
Although liver transplantation may be needed in later stages of infection,

when the liver is too severely damaged [12].
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Figure 1.1. Schematic Representation of viral hepatitis along with the
proportions of all types contributing to acute hepatitis.



1.2 Hepatitis A

Hepatitis A or Hepatovirus A is a virus species in Picornavirales, family
Picornaviridae, genus Hepatovirus [13]. It is non-enveloped and has a
positive strand of ssSRNA as its genetic material [14]. Various human
genotypes are numbered I-III, including six subtypes - 1A, 1B, IIA, IIB,
HIA, and IIIB [14]. It is mainly transmitted through the fecal-oral route,
sometimes through blood, and uses vertebrates like humans as its
replication hosts [15].

Hepatitis A diagnosis is done by detecting specific anti-HAV IgM
antibodies formed within 1-2 weeks of infection and persist for a few
weeks [16]. The capsid proteins of HAV are formed from 60 copies of four
primary capsid proteins [17]. The highly immunodominant protein is Ag2,
based on the high number of antibodies formed against its amino acids [18].
We aim to use genetic engineering to express the HAV Ag2 gene, one
wild-type variant, and one codon-optimized variant in recombinant E. coli

cells.

1.3 Hepatitis E

Hepatitis E or Hepatovirus E belongs to the family Hepeviridae [19]. Like
HAV, it also has a positive strand of ssSRNA as its genetic material. Its
genome is divided into four major types - Genotypes 1,2,3,4 [20]. It
encompasses various major open-reading frames that Agl encodes for
three capsid proteins [21,22,23]. The transmission route is the same as
HAYV, through the fecal-oral route and blood [24]. For diagnosis, anti-HEV
IgM antibodies developed in the body against HEV infection during the
first weeks of infection are detected [25]. Out of the three classes described
earlier, the truncated portion of Agl was the most immunodominant [26]. It
was the protein of interest for purification to be used as an antigen in

immunological tests.



1.4 Enzyme-linked immunosorbent assay (ELISA)

Early detection of these infections is essential to prevent further damage.
Detection methods exist for all variants, primarily based on the serological
reaction between antigen and antibody. The most reliable serological test
used in immunodiagnostics is ELISA [27]. It detects the amount or
presence of an antigen or an antibody in any sample (mostly body fluids)
[27,28]. It is based on the principle of specific antigen and
antibody (conjugated with a substrate) binding, where it utilizes an enzyme
that catalyzes a color-changing reaction of the conjugated antibody’s
substrate, providing a detectable and measurable signal.

ELISA tests can be broadly classified into four main types: direct,
indirect, sandwich, and competitive. These types are classified based on
antigen-antibody binding and detection, leading to sensitivity, specificity,
and application variations.

Direct ELISA: The target antigen is directly immobilized on the 96-well

plate, and a labeled antibody (enzyme-conjugated) with affinity to the
immobilized antigen is used to detect [27,28].

Indirect ELISA: The antigen is immobilized just like direct ELISA, but a

primary antibody specific to the antigen is added first, and then a secondary
antibody conjugated with an enzyme having affinity for the Fc portion of
the primary antibody is used for detection [29] (Fig. 1.2).

Sandwich ELISA: Instead of an antigen, a primary antibody is coated onto

the 96-well plate. The antigen from the sample is added, which binds to the
coated antibody. After washing, the primary antibody is added, followed by
a secondary antibody conjugated with an enzyme, or a secondary antibody
is added directly [29].

Competitive ELISA: In competitive ELISA, inhibition of binding between

the antigen and antibody occurs. The reference antigen is pre-coated on the
96-well plate. The sample containing an unknown antigen titer is incubated
with a known titre of labeled antibody (conjugated to an enzyme), and then

added to the wells. Both antigens compete for binding to the limited



quantity of labeled antibodies. The more antigen in the sample, the more it
will bind to the labelled antibody and be washed off. This will result in a
weaker output signal as the amount of labeled antibody bound to the plate
is inversely proportional to the concentration of antigen in the sample [29].
ELISA is a reliable technique for detection purposes, but it takes
time, substances, and expertise, which most people lack. Rapid antigen

tests have been developed to confirm the positivity of a disease.

Substrate

o - Iy |—Fy
L}

L} )
Antigen Conjugated
Primary secondary
antibody antibody
uv ’ ’

spectrophoto el
meter

Figure 1.2. Schematic Representation of Indirect ELISA. Antigen is
immobilised in the 96-well plate and then incubated with primary and
enzyme-conjugated secondary antibody. The color formation following the
addition of substrate is quantified using a plate reader.



1.5 Lateral flow immunoassays (LFIA)

LFIAs are the modern revolutionary medical diagnostics techniques that
help rapidly detect molecules from a biological sample. LFIAs can be used
for qualitative and semi-quantitative detection of various analytes such as
antigens, antibodies, and haptens without needing professional skills and
expensive instruments [30,31]. Biological samples may include hormones
[32], pathogenic microorganisms [33,34], drugs [33], pesticides [35],
biotoxins, and other targets [36,37]. LFIAs have a wider range of
applications in point-of-care areas, such as hospitals, veterinary clinics,
farms, dairies, labs, and other fields (Fig.1.3) [38,39].

LFIAs were first derived from the latex agglutination test
established by Plotz and Singer [40]. The early application of LFIA was for
determining human chorionic gonadotropin (hCG) in pregnant women’s
urine and serum/plasma in the late 1980s. These have gained attention due
to their ease of use, affordability, and fast results. Later, LFIAs gained
greater insight into detecting infections by quantifying the antigens and the
antibodies from the patient’s biological samples, significantly promoting
the development of immune diagnostic technology [41].

Rapid tests are based on an immunological assay, LFIA (Lateral
flow immunoassay). The basic principle is the same as ELISA. However,
here, the antigen and the antibody conjugation yield a quicker response
(within 2-3 min) and are highly sensitive to the concentration of
antigen/antibody, but are not quantitative. It does not require expertise, is

relatively cheaper, and is easier to set up than ELISA (Fig. 1.4) [42,43].
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Figure 1.3. Schematic Representation of various advantages of lateral flow
immunoassay.

Components of LFIA

A typical lateral flow immunoassay consists of four major components: a
sample pad, a conjugate pad, an analytical pad, and an absorbent pad.
Collectively, they formed the basis of immunoflow.

Sample pad: A dried sample pad can be used for loading. The sample may
be blood, serum, urine, saliva, tears, etc.

Conjugate pad: The sample from the sample pad travels to the conjugate
pad that contains conjugated detection labels such as gold nanoparticles.
These gold nanoparticles can be conjugated to antigens or antibodies.
These will play an important role in detecting the antigens and antibodies
from the sample.

Analytical pad: This is the region where most of the magic happens. The

analytical pad is mainly made up of nitrocellulose membrane or nylon




membrane. It has a higher affinity for proteins and hence can uptake
antigens and antibodies. The serological reaction between the Ag/Ab and
conjugated Ag/Ab results in aggregation and color formation. This
indicates a positive reaction, referring to the presence of Ag/Ab in the
sample. A pro test line with an Ag/Ab and an anti-human IgG antibody as a
control is incubated to confirm the sample flow throughout the kit. This
line should form a color every time, regardless of whether the sample is
positive.

Absorbent pad: It absorbs the excess flow at the end to avoid spillage from
the kit.

Two types of LFIA are practised in the scientific community: sandwich and
competitive LFIA.

Sandwich LFIA:

The target analyte (protein, virus, hormone) must have at least two epitopes
for binding to the antibody. The antigen will get sandwiched between two
antibodies, one on the test strip and the other on the visualization antibody,
mainly one conjugated with the gold nanoparticle.

Competitive LFIA:

This is used when the analyte is small (like drugs or toxins) and hence only
has one epitope for binding to the antibody.

Here, the analyte in the sample competes with an immobilized analyte on
the strip for a limited amount of labeled antibody.

The visual difference comes when both kits are developed. The
sandwich one will have two colored lines, test and control, depicting
positivity. Only one line at the control site represents the negativity of the
analyte for which the test is conducted. In a competitive one, positivity is
assessed by only one colored line at the control line site. If both lines are
formed, the sample is negative for the given analyte. This occurs because
the antigen/antibody competes with the labelled antigen/antibody and
leaves no binding site for the Ag/Ab at the test line, leaving it blank.
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Figure 1.4. Schematic Representation of a typical antigen-based LFIA. The
serum sample is loaded on the sample pad and flows from there to intereact
with the gold conjugate to form a gold-Ag-Ab complex. This complex will
interact with the antigen at the T (test line) and the capture antibody at the
C (control line).

Antigen detection-based tests are more common than antibody ones
as they can be used for the early detection of diseases. However, they are
known to give a lot of false positives due to their lower sensitivity and
potential crossreactivity with other pathogen proteins. Also, antibodies
against specific antigens are expensive to make. The other option of
antibody detection is the prime focus of this project, as neither A nor E is
fatal, and early detection is needed. The purified antigen can capture anti-
HV IgM antibodies formed within 4 days of infection and yield specific

and accurate results.



1.6 Gold nanoparticles

Gold nanoparticles are one of the most heavily exploited nanomaterials in
industries from 1-100 nm [44]. They are produced in various shapes, sizes,
0.D., etc [45]. These properties determine their applications. Pharma,
nanotechnology, healthcare, like kit development, gene therapy,
immunosensing, drug delivery, tumor detection, etc., are some places
where these particles are used extensively [46]. Gold nanoparticles for
healthcare are prepared individually but are often conjugated to some
biological agents for use. Antigen/antibody-conjugated AuNPs are
primarily used in the healthcare industry, especially in developing kits
[47]. Citrate-coated and pegylated AuNPs are used for the conjugation of
antigen/antibody. Different methods have been employed for their
chemical synthesis, including the Turkevich method, which is the most
reliable and yields stable AuNPs. It uses a specific molar ratio of trisodium
citrate to chloroauric acid for the synthesis of citrate-derived gold
nanoparticles containing a negative charge that is stable at neutral pH (Fig.
1.5). Absorbance is a crucial aspect when it comes to determining the
intensity of the band formed during kit development and should be higher
than 4 (O.D.) for proper detection (Fig. 1.6) [48].
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Figure 1.5. Schematic Representation of AuNPs synthesis. The gold
solution is prepared in autoclaved distilled water and heated in a glass
beaker at 100 °C. Sodium citrate is added in a ratio of 2:1 to gold and
stirred and heated for 1 hour. Formation is considered when a colour
change to red is observed, followed by confirmation analysis by spectra.

O O Protein Expression
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I — I
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Sequencing of Insert ELISA LFIA

Figure 1.6. Schematic Representation of antigen preparation. The plasmid
and insert were digested with restriction enzymes and ligated to form a
recombinant plasmid, which was then transformed into an expression
vector and sent for sequencing. The protein is expressed and purified. The
purified protein is then used for ELISA and LFIA.
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Chapter 2
Objectives

This study was based on three primary objectives designed and
experimented with chronologically.

The three main objectives of the study were as follows:

1. Cloning, expression, and purification of structural proteins of HEV and

HAV.

2. ELISA for detecting antigenicity of the purified protein of HAV and
HEV.

3. Development of lateral flow-based rapid detection kit for HAV and
HEV.

13
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Chapter 3

Materials and Methods

3.1 Materials

HEV Agl gene and HAV Ag2 gene, primers specific for HEV Agl and
HAV Ag2 genes, Taq polymerase, dNTPs, Ndel and Xhol restriction
enzymes, Pfu DNA polymerase, T4 DNA ligase, plasmid extraction mini
kit, plasmid gel purification kit, agarose gel electrophorectic apparatus,
DH5a cells, pET43a vector, Ethidium bromide (EtBr). Luria Bertani
broth, Luria Bertani agar, Bradford reagent, PMSF (Phenylmethanesulfonyl
fluoride), Tris-Cl, Ni-NTA beads, Tween 20, Sodium hydrogen phosphate
(Na2HPOg4), Sodium dihydrogen phosphate (NaH2PO4), Sodium chloride
(NaCl), Sodium dodecyl sulphate (SDS), Commassie brilliant blue G-250,
B-mercaptoethanol, Acrylamide (C3HsNO), N, N’-Methylene bis-
acrylamide (MBAA), Tetramethyl ethylene diamine (TEMED),
Ammonium sulphate ((NH4)2SO4), dialysis membrane, Phosphate Buffer
Saline (PBS), Urea (CH4N:0), Imidazole, SDS electrophoresis apparatus,
staining and destaining solution. 96-well plate, Bovine serum albumin,
skim milk, goat anti-human IgM secondary enzyme conjugated antibody,
TMB (3,3',5,5'-Tetramethylbenzidine), sulphuric acid (H2SO4). Gold
chloride (AuCls), Sodium trihydrate citrate, sample, conjugate, analytical,

and absorbent pad.

3.2 Cloning of Agl gene of HEV and Ag2 gene of HAV

The complete Agl gene was obtained from our collaborators. It was used
to amplify the truncated portion of the Agl gene, consisting of the
immunodominant region. Pfu DNA polymerase amplified the template
DNA using forward (HEV916F) and reverse (HEV917R) primers. The
PCR cycles were programmed for an initial denaturation at 95 °C for 5
minutes, final denaturation at 92 °C for 30 seconds, annealing at 50 °C for

30 seconds, and extension at 72 °C for 50 seconds. The Final extension was

15



set for 10 minutes at 72 °C. The PCR products were confirmed on an
agarose gel, purified, and subjected to double digestion using Ndel and
Xhol restriction enzymes. The digested inserts were ligated with Ndel and
Xhol double-digested pET43a, followed by transformation in DH5a.

The HAV Ag2 gene was artificially synthesized and double-digested using
Ndel and Xhol restriction enzymes. The plasmid was also double-digested
using the same restriction enzymes. The obtained inserts and vectors were
ligated, followed by transformation into DHS5a cells. The recombinant
clones were screened by colony PCR, plasmid PCR, and final confirmation

with DNA sequencing.

3.3 Expression and purification of Agl (HEV) and Ag2 (HAV) protein

The confirmed recombinant plasmids were transformed into E. coli
(Rosetta) expression strains. The transformed colonies were inoculated in 6
mL of LB agar for 14 hours to express the desired protein. Secondary
culture (400 mL) was inoculated by adding about 4 ml of primary culture
for 3 hrs. O.D. of the secondary culture reached 0.8 after two and a half
hours. About 0.5 mM of ITPG was added and incubated at 37 °C for four
hrs. After 4 hours, the cells were subjected to lysis. Solubilization buffer (8
M urea, 300 mM NaCl, and 50 mM Tris-base, pH 8.0), about 5 ml, was
used to solubilize the obtained pellet. The solubilization was subjected to
centrifugation at 12500 rpm for 25 minutes. The supernatant was stored at
4 °C for purification. Purification was done using a gravity-based Ni-NTA
column. 5 ml of solubilized protein was added to the column and
equilibrated at room temperature for 2 hrs. Different buffers containing 8
M urea, 300 mM NaCl, 50 mM Tris-base, pH 8.0, and varying
concentrations of imidazole, 20, 50, 100, 250, 500 mM, were used. The

eluted samples were collected and confirmed using an SDS-PAGE gel.
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3.4 Dialysis of purified Agl of HEV and Ag2 of HAYV protein

Dialysis was performed using a dialysis membrane with the purified
protein. Dialysis of about 1 mL of protein was done after precipitation by
ammonium sulphate (1 M for HEV and 2 M for HAV). This was incubated
at room temperature for 2 hours, and the precipitate obtained was
solubilized in 8 M urea. This final solubilized protein was used for dialysis
against 1X PBS (phosphate buffer saline) (1L) for 12 hours. The dialyzed
protein was further used for immunoassays after confirmation by SDS

PAGE.

3.5 Enzyme-linked immunosorbent (ELISA) assay to confirm
antigenicity of the Agl and Ag2
In ELISA, the antigen was coated onto the surface of a well of 96-well
plates. The antigen is diluted in carbonated buffer (pH 9.6) for better
binding to the well surface overnight at 4 °C. The antigen is added to the
well at a concentration. After overnight incubation, the wells are washed
with 1X PBS solution containing Tween-20 at least 3 times to remove
unbound antigens. Blocking was done to block the uncoated surface of the
well using a blocking solution. The blocking solution contained skim milk
in 1X PBS containing Tween-20. The blocking solution was added to the
wells and incubated at 37 °C for two and a half hours. Wells were again
washed with 1X PBS solution containing Tween-20 at least 3 times. The
positive and negative sera from AIIMS Bhopal were used for primary
antibodies. These serums were diluted in a ratio of 1:1000 with the
standard diluent. About 100 puL of the diluted solution was added to the
wells and incubated at 37 °C for 1 hr.

Wells were later washed with 1X PBS solution containing Tween-
20 at least 5 times to remove unbound antibodies. The specific anti-
HEV/HAV IgM antibodies from a positive patient will, if present,

recognize the antigenic protein and bind to it. HRP conjugated secondary
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Antibody, namely, Goat anti-human IgM antibody, was used. The
secondary antibody will bind specifically to the anti-HEV IgM antibody
bound to the antigen. The secondary antibody is conjugated with the
enzyme HRP, which will produce color once the substrate, 3,3',5,5'-
Tetramethylbenzidine (TMB), is added. The Antibody dilution in the ratio
1:2000 was used, and diluted secondary antibody was added to each well.
The secondary antibody is allowed to bind for 1 hr at 37 °C. The wells are
again washed with 1X PBS solution containing Tween-20 at least 5 times
to remove unbound antibodies. Substrate TMB was added to each well.
The enzyme will reduce the substrate if the secondary is still present in the
well, bound to the primary antibody. Substrate is added to each well and
incubated at room temperature for 20 minutes. The reaction was stopped
after 20 minutes by adding 50 pL of stop solution (2 M H2SOs). The O.D.
is taken at 450 nm in a plate reader to determine positive and negative

samples.

3.6 Conjugation of antigen with gold nanoparticles

Gold nanoparticles (AuNPs), OD1, 20 nm, were centrifuged at 14,000 rpm
for 20 min. The supernatant was discarded, and the pellet was suspended in
half the volume of 0.1X PBS buffer. Protein was added to the solution and
incubated on the rotary motor for 30 minutes. The conjugation was
confirmed by the spectral analysis of the conjugated AuNPs using a UV
spectrophotometer in the 400-600nm range. The conjugated AuNPs were
further stored at 4 °C.

3.7 Synthesis of gold nanoparticles

To generate high optical density gold nanoparticles, we sought to
synthesize them using the Turkewich method. Turkewich is a chemical
method for synthesizing gold nanoparticles that uses sodium citrate and
chloroauric acid (HAuCls) in a specific molar ratio. Firstly, the gold

solution was prepared by adding 0.25 mM of HAuCl4 into 95 mL of
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autoclaved distilled water in a clean flask. The solution was heated up to
100 °C, and 1 M of sodium citrate was added in a dropwise manner so that
the ratio of HAuCls4 to sodium citrate would be 1:2. The reaction was
stirred using a magnetic stirrer for about an hour at 100 °C. The change in
color from yellow to red indicated gold nanoparticle formation. Spectral

analysis was done to confirm the formation of gold nanoparticles.

3.8 Scanning Electron Microscopy

Scanning Electron Microscopy (SEM) is done to observe and confirm the
size and morphology of the synthesized gold nanoparticles. Gold
nanoparticles can be formed in various sizes and shapes. DLS can help us
determine the size range, but fails to pinpoint the exact size and even the
shape of the nanoparticles. SEM uses electron beams to scan the particles’
surface and helps us accurately observe the size and shape of the

nanoparticles.

3.9 Conjugation of antigen to gold nanoparticles

The conjugation plays a vital role in developing better lines on the NC
membrane. The ratio by which the antigen and the AUNPs are mixed
affects the overall conjugation. A conjugation method was employed to
study the effect of different antigen volumes, where the volume of AuNPs
was kept the same, but the volume of the antigen was changed. The ratios
used were 1:10, 2:10, and 3:10 for the antigen and AuNPs. Each study was
performed in duplicate with a volume of 500 pL and was subjected to
spectral analysis. While performing conjugation, the constant problem of
precipitation of conjugates in the solution hampered the flow of gold
particles on the NC membrane. To tackle this obstacle, a blocking agent
was added. For this study, about 5 mg of a blocking agent was added to
500 pL of O.D. 10 AuNPs. Later, about 100 pL of antigen (HEV) was
added to maintain the ratio of 2:10. Spectral analysis was done, and the

graph for the same was plotted.
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3.10 Aggregation studies of gold nanoparticles and antigen
Due to aggregation between the antigen and the AuNPs, precipitation
hampers the flow of conjugated AuNPs on the NC membrane. Blocking
can be done to avoid this, so a blocking agent is used. A blocking agent is
assumed to coat the extra charge off the AUNPs (i.e., the negative charge
(imparted through citrate) and hence aggregation is prevented.

For this experiment, 3 MCTs containing 5 gm of a blocking agent
in 400 pL of AuNPs (O.D. 10), 5 gm of a blocking agent in 400 pL of
AuNPs (0.D. 10), and 100 pL of antigen. A control was also kept with 400
puL of AuNPs (O.D. 10) and 100 pL of antigen. The observation was done
after incubating for 10 minutes at RT. Aggregation was noted when

precipitation was observed against a clear solution.

3.11 Dipstick assembly

Before kit development, a special assay is done to confirm and optimize a
few parameters. The dipstick assay determines the optimal flow rate, serum,
antigen, and gold conjugate concentration. For this assay, nitrocellulose
membranes are cut out (0.5cm in width each) and loaded with different
antigen concentrations ranging from 2, 4, 8, 12 pL using a micropipette in
the form of a dot. Furthermore, the serum volume is also optimized by
adding different volumes of 1:100 dilutions ranging from 40-120 pL. The
antigen-loaded NC is added to the gold-conjugated and serum-containing

solution to observe the flow and development.

3.12 Lateral immunoflow Kit development and assembly

The main objective of this research was to develop a rapid, affordable,
easy-to-use antigen-based kit. As mentioned before, the kit comprises four
different parts. Each part was processed differently before assembling the
final kit. The following treatments were given individually to the

components.
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Sample pad: Pad in Tris buffer saline (TBS) (pH 7.5) plus 1% BSA, 0.1%
Tween 20, and incubation for 30 min at RT, followed by drying and
incubation at 37 °C for 1 hr.

Conjugate pad: Pad in Phosphate buffer (pH 7.4) plus 1% BSA plus 2%
Sucrose plus 0.2% Tween 20 for 30 min at RT, followed by drying and
incubation at 37 °C for 1 hr. Spraying of AuNPs on the conjugate pad
(10 pl /em) and drying for 15 min at 37 °C

Attach to the plastic backing card and incubate at 37 °C for 15 min
Analytical pad - Nitrocellulose membrane, Control line, sprayed with Goat
anti-human IgG / IgM(1- 2mg/mL) at a 1 uL/cm rate. Test line, Ag (1-2
mg/mL) at a rate of 1 uL/cm

Absorbent pad: Drying of the pad at 37 °C for 1 hr.

After the components were ready, they were assembled using sterile
forceps in a plastic cassette designed for kit development. The tests were

then carried out to determine whether the kit works.

21



22



Chapter 4
Results and Discussion

4.1 Cloning, Expression, and purification of Agl (HEV) and Ag2 (HAYV)
protein

The plasmid isolation was carried out and the gel analysis of the same
showed bands at 7.7 kb near the ladder (Fig. 4.1.1). The isolated plasmid
underwent sequential digestion with Ndel and with Xhol resulting in 2
bands at the end in the gel reporting the isolated empty vector with sticky
ends, suitable for insert ligation (Fig. 4.1.1.). The insert was prepared by
amplifying the desire truncated part of the gene from the whole gene of
HEV-Agl using the gene specific primers resulted in generation of a
fragment which was observed in the gel run above 750 bp of the ladder
(Fig. 4.1.2), as the truncated gene was 720 bp long. For HAV, the bands
were observed around 900 bp on the gel. The digestion using the restriction
enzymes Ndel and Xhol of the amplified insert of HEV and HAV genes
resulted in a fragment with overhangs specific for the empty vector double
isolated earlier. Both were run on a gel for confirmation and later used for

ligation reaction (Fig. 4.1.2 and Fig. 4.1.3).
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Figure 4.1.1. Agarose gels for plasmid preparation (A) pET42a (7.7 kb)
plasmid was isolated using plasmid isolation kit (B) single digestion of
pET42a using restriction enzyme Ndel, and (C) Double digestion of
pET42a (5.5 kb) with restriction enzymes Ndel and with Xhol resulting in
an empty plasmid and an insert.
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Figure 4.1.2. Insert preparation of HEV Agl. (A) PCR product of HEV
Agl (720 bp) above the 750 bp mark of the ladder, (B) Analytical gel of
double-digested plasmid and insert.
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Figure 4.1.3. Insert preparation for HAV Ag2. (A) Insert (HAV Ag2) was
isolated, showing a band around 900 bp. (B) Double digestion of the insert
with the help of restriction enzymes Ndel and XAol results in overhangs.

4.2 Colony and Plasmid PCR

Colony and plasmid PCR confirmed the successful ligation and cloning of
the ligated recombinant plasmid in the cloning cells. Colony PCR
represented bands of insert (720 bp) and the band in the positive control.
Colonies representing clones 1, 2, 9,12 were selected for plasmid PCR (Fig.
4.2.1). Plasmid PCR of clones chosen 1, 2, 9, 12 revealed bands of 720 bp
as expected when ran on an agarose gel (Fig. 4.2.1). For HAV, Colonies 8,
9, 10 showed positive colony PCR results with bands of 900 bp as observed
on the gels. Confirmation of the exact clones from positive colonies was
done by plasmid PCR using the same primers. It resulted in all clones
showing bands of HAV Ag2, suggesting that the vector had taken up the
insert (Fig. 4.2.2).
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Figure 4.2.1. Colony and Plasmid PCR. (A) Colony PCR of the clones
showed all clones had HEV Agl truncated gene, (B) Plasmid PCR of the
selected clones from the colony PCR results (1, 2, 9, 12) using the same set
of primers to confirm presence of HEV Agl truncated gene in the vector
with bands of size 720 bp.
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Figure 4.2.2. Colony and Plasmid PCR results for HAV Ag2. (A) Colony
PCR showing positive inserts in clones 8, 9, 10 with a band size of 900 bp,
(B) rPlasmid isolation from the clones using plasmid isolation kit, (C)
Plasmid PCR of clones 8, 9, 10 confirms the insert presence in the vector.
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4.3 Expression and Purification of HEV Agl and HAV Ag2 Proteins
The recombinant plasmid, verified by DNA sequencing, was transformed
into E. coli Rosetta cells for HEV and HAV. The protein expression was
carried out using 1 mM IPTG. An expression gel was run to check the
expression of the proteins. A band was observed for HEV (Fig. 4.3.1) and
HAV (Fig. 4.3.2) in the induced pellet fraction, suggesting the expression
of both genes. The inclusion bodies of Agl and Ag2 were centrifuged after
sonication and solubilized in 8§ M urea buffer. Purification was done using
a Ni-NTA column, wash, and elution buffers. All fractions were collected
and run on a gel. Purified bands were observed for HEV in the fractions E1,
E2, and E3 containing 100, 250, and 500 mM of imidazole (Fig. 4.3.3), and
in fractions E2 and E3 containing 250 and 500 mM of imidazole for HAV
(Fig. 4.3.4).
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Figure 4.3.1. Expression gel for HEV Agl. Lane 1 represents the protein
marker, Lane 2 represents the uninduced pellet, Lane 3 represents the
uninduced supernatant, Lane 4 represents the induced pellet, and Lane 5
represents the induced supernatant. A band is observed in the induced
pellet fraction, confirming the successful production of HEV Agl protein.
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Figure 4.3.2. Expression gel for HAV VP3. Lane 1 represents the protein
marker, Lane 2 represents the uninduced pellet, Lane 3 represents the
uninduced supernatant, Lane 4 represents the induced pellet, and Lane 5
represents the induced supernatant. A band is observed in the induced
pellet fraction, confirming the successful production of HAV Ag2 protein.

Figure 4.3.3. Purification gel of HEV Agl. Lane 1 represents the unstained
protein ladder, lane 2 represents input, Lane 3 represents flowthrough,
Lane 4 represents Wash  buffer Lane 5 represents
Wash 2 (20 mM Imidazole), Lane 6 represents Wash 3 (50 mM Imidazole),
Lane 7 represents Elution 1 (100 mM Imidazole), Lane 8 represents
Elution 2 (250 mM  Imidazole), Lane 9 represents
Elution 3 (500 mM Imidazole), Lane 10 represents Stripping buffer Shows
that the protein has been eluted in 50, 100, 250, and 500 mM of imidazole.
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Figure 4.3.4. Purification gel of HAV Ag2. Lane 1 represents the
unstained protein ladder, lane 2 represents input, Lane 3 represents
flowthrough, Lane 4 represents Wash buffer Lane 5 represents
Wash 2 (20 mM Imidazole), Lane 6 represents Wash 3 (50 mM Imidazole),
Lane 7 represents Elution 1 (100 mM Imidazole), Lane 8 represents
Elution 2 (250 mM  Imidazole), Lane 9  represents
Elution 3 (500 mM Imidazole), Lane 10 represents Stripping buffer Shows
that the protein has been eluted in 50, 100, 250, and 500 mM of imidazole.
Shows that the protein has been eluted in 100, 250, and 500 mM of
imidazole.

4.4 Dialysis of the purified protein

The fractions containing the eluted purified protein were used for dialysis.
Dialysis was done to change the buffer, make it suitable for further use, and
increase stability. The fractions were first precipitated using ammonium
sulphate (1 M for HEV and 2 M for HAV). A precipitate was immediately
formed after the addition of ammonium sulphate. Centrifugation was done,
and the precipitate obtained was then dissolved in 8 M urea. Dialysis was
performed, and the resulting solution was run on an SDS PAGE for
confirmation. Bands were observed in the respective lanes of HEV and
HAYV, suggesting that dialysis has occurred successfully (Fig. 4.4.1 and
Fig. 4.4.2). Bands here were more purified because some unwanted
proteins remained in the supernatant after the addition of ammonium
sulphate. A few were lost in the process of dialysis. The dialyzed proteins

were used for further immunoassays.
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Figure 4.4.1. Dialysis gel of HEV Agl. Lane 1 represents the protein
marker, Lane 2 represents input, Lane 3 represents flowthrough, Lane 4
represents final dialyzed protein, and the band in Lane 4 represents the
final dialyzed protein in PBS.
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Figure 4.4.2. Dialysis gel of HAV Ag2. Lane 1 represents the protein
marker, Lane 2 represents input, Lane 3 represents flowthrough, and Lane
4 represents the final dialyzed protein. The band in lane 4 represents the
final dialyzed protein in PBS.

30



4.5 Enzyme-linked immunosorbent (ELISA) assay to confirm
antigenicity of the Agl and Ag2

ELISA was done to check the antigenicity of the dialyzed pure proteins.
ELISA results yielded a significant difference between positive and
negative samples. At an antigen concentration of 100 ng/mL and serum
dilution of 1:1000, the results obtained for HEV and HAV-infected
samples were promising compared to those of healthy samples. Fig. shows
that HEV and HAV samples have a significantly higher O.D. than the
healthy samples at the end of the ELISA reaction. This suggests that the
purified protein acts as an antigen for the anti-HEV and anti-HAV IgM
antibodies (Fig. 4.5.1 and Fig. 4.5.2). crossreactivity assays with other viral
serums of Hepatitis B virus, Hepatitis C virus, dengue, etc. resulted in the
positive result as observed by higher O.D. in HEV and HAV respective
samples than in other serum samples, suggesting that each protein has
specificity for the corresponding anti-IgM antibodies and vice-versa
(Fig. 4.5.3 and Fig. 4.5.4). ELISA against pure serum with no antigen
(Fig. 4.5.5) was also done to check if any serum gave false positive results.

The results verified that no antigen was present in the given serum samples.

Samples 0D @450nm 14
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HEV1 HEV2 H1 H2
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Figure 4.5.1. ELISA graph showing the O.D. at 450 nm of HEV-infected
and healthy sera. The graph depicts a significant difference in O.D. of
infected patient’s sera (higher values) as compared to the healthy one
(lower values).
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Figure 4.5.2. ELISA graph showing the O.D. at 450 nm of HAV-infected
and healthy sera. The graph depicts a significant increase in O.D. of
infected patients compared to healthy patients.
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Figure 4.5.3. ELISA graph showing the O.D. at 450 nm of HEV-infected,
healthy, HBV and HCV-infected sera. The graph depicts a significant
difference in O.D. of HEV-infected patients compared to those in healthy,
HBYV, and HCV-infected patient sera.
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Figure 4.5.4. ELISA graph showing the O.D. at 450 nm of HEV-infected,
healthy, HAV and dengue-infected sera. The graph depicts a significant
difference in O.D. of HEV-infected patients compared to those with
healthy, dengue, and HAV-infected patient sera.
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Figure 4.5.5. ELISA graph showing the O.D. at 450 nm of only serum
samples without antigen. HEV-infected, healthy, HBV, HCV, HAV, and
dengue-infected sera are plotted. The graph shows that the serum without
antigen values is much less significant than the abovementioned HEV-
positive values.
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4.6 Conjugation of AuNPs with protein

Conjugation was performed to develop the kit, as they are responsible for
color development after reacting with the antigen on the surface of the
nitrocellulose membrane in case of a positive match for the given sample.
Conjugation was verified using the spectral analysis performed on a plate
reader. Fig. 4.6.1. The spectral graph contains the spectra of pure AuNPs,
AuNPs in pH 6.5 buffer, and conjugated AuNPs in pH 6.5 buffer. A max
peak of pure AuNPs was observed at 518-520 nm, matching the standard
ones. A similar peak was observed in AuNPs dissolved in pH 6.5 buffer.
The conjugated AuNPs showed a right peak shift from 518 nm to 530-535
nm. This suggests that conjugation has occurred at a pH of 6.5, around the
isoelectric point of the protein (around 5.8), at which the AuNPs are also
stable. A stability assay was done by dissolving the pellet obtained after
centrifugation of the conjugated AuNPs in the storage buffer. The stability
of conjugation was validated by performing spectral analysis. The spectral
graph showed a peak at the conjugation maxima, suggesting a stable
conjugation (Fig. 4.6.2). The Same method was used for conjugation of

HAV Ag2 protein (Fig. 4.6.3).
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Figure 4.6.1. Spectral graph of conjugated AuNPs, Al represents AuNPs,
A2 represents AuNPs in pH 6.5, A3 represents AuNPs in pH 6.5, A4
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represents Conjugated AuNPs in pH 6.5, and A5 represents
Conjugated AuNPs in pH 6.5. This shows the conjugation of AuNPs with a
shift in the wavelength from 520 nm of AuNPs to 530 nm of conjugated
AuNPs.
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Figure 4.6.2. Spectral graph showing the conjugation of AuNPs in storage
buffer, Al represents AuNPs, A2 represents AuNPs in pH 6.5, A3
represents Conjugated AuNPs in pH 6.5, and A4 represents Conjugated
AuNPs in stability buffer. It shows a shift in the wavelength from 520 nm
of AuNPs to 530 nm as observed in conjugated AuNPs.
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Figure 4.6.3. Spectral graph showing the conjugation of AuNPs with HAV
Ag2, Al represents AuNPs, A2 represents AuNPs in pH 6.5, A3 represents
Conjugated AuNPs pH 6.5. It shows a shift in the wavelength from 520 nm
of AuNPs to 530 nm as observed in conjugated AuNPs.
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4.7 Synthesis of AuNPs

The successful synthesis of gold nanoparticles was carried out using the
Turkweich method. A color change was observed when the right amount of
citrate was added to the heated gold solution. Intial color was pale yellow
that instantly changed to black with almost changing instantly again to
wine red indicating formation of gold nanoparticles (Fig. 4.7.1). During the
spectral analysis, a peak was observed around 530 nm as depicted in Fig.
4.7.2. For comparison, the synthesized AuNPs were compared with
commercial and conjugated with HAV Ag2 protein as well. After
conjugation, a shift in peak was observed from 530 to 540 nm, confirming

the conjugation of HAV Ag2 protein with the AuNPs (Fig. 4.7.2).

(A) (B)

Figure 4.7.1. Synthesis of AuNPs. (A) Distilled water and gold chloride
solution appear yellow. (B) Gold nanoparticle formation after adding
sodium citrate is observed by changing the color to red.
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Figure 4.7.2. Spectral graph showing the conjugation of AuNPs with HAV
Ag2, Al represents commercial AuNPs, A2 represents in-house AuNPs,
A3 represents in-house AuNPs (concentrated 10 fold), A4 represents
conjugated in-house AuNPs with HAV Ag2, AS5 represents conjugated in-
house AuNPs with HAV Ag2 (concentrated 10 fold). It shows a shift in
the wavelength from 530 nm of AuNPs to 540 nm as observed in
conjugated AuNPs.

High O.D. gold nanoparticles were synthesized by changing the molar ratio
of gold nanoparticles to sodium citrate. Spectral analysis revealed a peak
around 530 nm and O.D. of around 2.5 when diluted 4 times and around
1.5 when diluted 8 times (Fig. 4.7.3), resulting in an average O.D. of 11.
Further, the synthesized AuNPs were conjugated with HAV Ag2 protein
and a shift in peak was observed from 530 nm to 540 nm, confirming the

conjugation (Fig. 4.7.4).
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Figure 4.7.3. Spectral graph showing the synthesized high O.D. AuNPs,
A1l represents in-house AuNPs diluted 4 times, A2 represents in-house
AuNPs diluted 8 times.
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Figure 4.7.4. Spectral graph showing the synthesized high O.D. AuNPs,
A1l represents in-house AuNPs diluted 4 times, A2 represents in-house
AuNPs conjugated with HAV Ag2. A shift from 530 nm to 540 nm
confirms conjugation.
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4.8 SEM of synthesized AuNPs

SEM analysis was done to confirm the exact shape and size of the
synthesized nanoparticles. The SEM images were analyzed and found to
show that the particles were below 100 nm in diameter. They were in a
range of 20-50 based on the images obtained through SEM (Fig. 4.8.1).

They were also all spherical (Fig. 4.8.1), which was ideal for conjugation.

Figure 4.8.1. SEM analysis of synthesized AuNPs. The analysis revealed
the size to be in the range of 20-30 nm.

4.9 Optimization of conjugation

The optimization ratios were used to perform the studies, and the spectral
analysis was done after plotting the graphs. The uncojugated AuNPs
showed a peak max at around 520 nm with an O.D. of around 2.2. All
ratios of the conjugated AuNPs showed a shift in the peak maxima from
520 nm to 530 nm, but the O.D. values were slightly different. The O.D.
for the 1:10 ratio had decreased less compared to the other. It was still

around 2.1. For the 2:10 ratio, the O.D. dropped to 2, which was still
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acceptable. However, for a 3:10 ratio of antigen to AuNPs, the O.D.
dropped down to almost 1.7 (Fig. 4.9.1). The optimal conjugation was

determined after DLS and aggregation studies.

2.5

Absorbance @450 nm

400 450 500 550 600
Wavelength

Figure 4.9.1. Spectral graph showing the synthesized high O.D. AuNPs
conjugation optimization. Al represents inhouse unconjugated AuNPs, A2
represents inhouse AuNPs conjugated with HEV Agl antigen in the ratio
1:10, A3 represents inhouse AuNPs conjugated with HEV Agl antigen in
the ratio 2:10, A4 represents inhouse AuNPs conjugated with HEV Agl
antigen in the ratio 3:10. A shift from 530 nm to 540 nm in A2, 3, 4
confirms conjugation.

4.10 Aggregation studies using a blocking agent

Aggregation studies were done using a blocking agent to check whether the
blocking agent successfully prevents aggregation between gold
nanoparticles and the antigen. The control MCT showed precipitation in
the solution, suggesting aggregation without a blocking agent. However,
the blocking agent added gold nanoparticles showed a clear solution,
indicating that aggregation had been prevented between the AuNPs and the

antigen, as depicted in Fig. 4.10.1. The flow was also tested later, where a

40



significantly better flow was observed compared to the one with no

blocking agent.

(A) (B) ©

Figure 4.10.1. Aggregation studies using a blocking agent. (A) Antigen
plus AuNPs, precipitation was observed, suggesting aggregation in the
solution. (B) AuNPs plus a blocking agent showed no change, (C) AuNPs
plus antigen plus a blocking agent also showed a clear solution and
suggested no aggregation.

4.11 Dipstick assembly results

A dipstick assay was performed to observe the development pattern of the
reaction between the antigen and the antibody. The preliminary tests for the
dipstick assay resulted in no significant results due to the improper flow of
conjugated AuNPs. The early flaw of precipitation would result in the
aggregation of conjugated AuNPs at the point of contact and not at the
antigen-loaded site. A blocking agent treated AuNPs, however, did not
form such lines and due to their high O.D., travelled through the NC
membrane in just a few minutes (Fig. 4.11.1). The conjugated AuNPs were
able to cover the whole membrane and hence were optimal for testing with
serum samples. The conjugated AuNPs treated with HEV-infected serum
showed a plain red front at 40 uL of the serum sample. However, at 80 and
120 puL of serum samples, a blank spot appeared at the site where the
antigen was loaded (antigen concentration- 14 pg) (Fig. 4.11.2). We tested
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the same volumes of serum for healthy patient sera samples. We found no
blank spot in the case of infected for healthy serum at any antigen
concentration and serum volumes (Fig. 4.11.3).

This indicated that the spot formation was due to some hindrance

between the binding of the conjugated antibody with the antigen at the site.

Figure 4.11.1. Dipstick assay with a blocking agent and without a blocking
agent, conjugated antigen. (1) a blocking agent conjugated antigen with 14
pg of antigen on NC, (2) a blocking agent conjugated antigen with 28 ug of
antigen on NC, (3) Without a blocking agent conjugated antigen with 7 pg
of antigen on NC, (4) Without a blocking agent conjugated antigen with 14
pg of antigen on NC, (5) Without a blocking agent conjugated antigen with
28 ng of antigen on NC.
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Figure 4.11.2. Dipstick assay with a blocking agent, conjugated antigen,
and HEV-infected sera. (1) A blocking agent conjugated antigen with 14
ug of antigen on NC, (2) a blocking agent conjugated antigen with 14 ug of
antigen on NC and 40 uL of HEV infected serum, (3) a blocking agent
conjugated antigen with 14 pg of antigen on NC and 80 pL of HEV
infected serum-blank spot was observed at the site of antigen loading, (4) a
blocking agent conjugated antigen with 14 pg of antigen on NC and 120
pL of HEV infected serum- blank spot was observed at the site of antigen
loading.
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Figure 4.11.3. Dipstick assay with a blocking agent, conjugated antigen,
and healthy sera. (1) a blocking agent conjugated antigen with 14 pg of
antigen on NC, (2) a blocking agent conjugated antigen with 14 ug of
antigen on NC and 40 pL of healthy serum, (3) a blocking agent
conjugated antigen with 14 pg of antigen on NC and 80 pL of healthy
serum- no blank spot was observed at the site of antigen loading, (4) a
blocking agent conjugated antigen with 14 pg of antigen on NC and 120
pL of healthy serum- no blank spot was observed at the site of antigen
loading.

4.12 Lateral immunoflow Kit development and assembly

Based on the dipstick assay results, the kit development proceeded. By
adding about 200 pL of infected serum, the flow in the kit was achieved.
After 10 minutes, the kit was observed for any valid line formation. Even
though significant lines were not observed in any kit, there was some
formation of blank spots and solid lines in the kit with conjugated AuNPs
of O.D. 10. No such lines were observed in the kit with conjugated AuNPs
of O.D. 1. This was a basis of proof that some reaction was happening.

With further optimization, the desired results could be obtained.
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Figure 4.12.1. Development of LFIA kit. (A) Standard kit with no serum,
(B) 200 pL of infected sera and O.D. conjugated AuNPs, no spots or lines
were detected, (C) 200 pL of infected sera and O.D. conjugated AuNPs,
mild spots at the C line and lines at the T line were detected.
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Chapter 5

Conclusion and Future Directions

The gene for HEV was cloned and expressed in pET43a. We observed that
the whole Agl region cannot be described using the generated construct.
Hence, we used a truncated region to clone and express the data. The
expressed protein was solubilized in the urea solution. It was earlier
solubilized in N-lauryl sarcosine, but the protein’s antigenicity decreased
significantly. Hence, we opted for urea. The ELISA results for urea were
first tested with different parameters to optimize them. BSA was first used
for blocking, and then the course was redirected toward skim milk. Other
blocking agents can also be used to reduce the noise-to-signal ratio. Serum
concentrations can also be changed using different dilutions and standard
diluents. We used BSA as a standard diluent as it was less antigenic
towards the antibodies. Different serum samples from those tested here can
be analyzed to define the crossreactivity further.

For hepatitis A, as mentioned earlier in the introduction, we chose
Ag2 and tried to express it, as earlier work has been done on it. Other
immunodominant capsid-forming proteins could be expressed in E. coli
and used as an antigen in the kit. As for HEV, even HAV Ag2 could be
cloned in pET28b and expressed in Rosetta cells. However, we faced the
problem of needing more protein yield from the Rosetta strain. Hence,
using BL21 (DE3) is recommended, and other expression vectors could
also be given a chance. The pellet was resuspended in urea, but other
solubilizing agents, such as N-lauryl sarcosine, can also be used. The
purified protein of HAV was first precipitated using 1 M ammonium
sulfate, but the protein failed to precipitate. Hence, the ammonium sulfate
concentration was raised to 2 M, and the protein was later dialyzed. The

same ELISA protocol as HEV was followed for HAV.
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Conjugation was the most crucial step in the kit development
process as it determines the band intensity and overall functionality. The
stability of AuNPs is essential for conjugation, and they were tested at
different pH ranges. Conjugation of both proteins was successful at this pH.
Spectral analysis of the conjugated AuNPs suggested the peak shift from
520 nm to 530 nm, confirming conjugation.

High O.D. AuNP synthesis was necessary to increase the intensity
of the line developed on the kit. The synthesized AuNPs showed a higher
O.D. at a specific molar ratio of sodium citrate and gold nanoparticles.
AuNPs were diluted to perform spectral analysis, as the instrument could
not read that much absorbance. Conjugation with the same AuNPs was
successful, and the same shift was observed.

A new approach had to be implemented as the dipstick assay results
were inadequate. The precipitation problem was hindering the output and
needed to be addressed immediately. Precipitation due to aggregation
between the gold nanoparticles and both antigens did not allow for the
smooth flow of the solution due to capillary action during the dipstick
assay and kit development. The particles would aggregate at the point of
contact, leading to aggregation at the same site and generating a color line
at the spot. This would cause serious false-positive results. To avoid this,
we took the help of a blocking agent. Studies have already shown the use
of a blocking agent to block the excess charges on the surface of the gold
nanoparticles, thereby aiding in conjugation with the respective antigen. A
blocking agent was also observed not to hinder the conjugation process
when mixed. However, there was no data on whether it affected the
antibodies present in the serum during dipstick and kit studies. Another
approach was done in parallel to this study, whose data is not included due
to insufficient data, using antibodies as the test line against the Fc region of
the anti-HV antibodies from the infected patient sera. It has already been

experimented and the basic principle behind it revolves around the fact that
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the antigen conjugated to the AuNPs will first bind to the anti-HV
antibodies from the serum on the conjugate pad and will be captured by the
capture antibody (like anti-human IgM) later on the test line will leading to
color formation at the site. In contrast, healthy serum will give a precise
flow. This method is thought to work as it requires less O.D. of AuNPs

(around 1) while giving highly specific and sensitive results.
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Primers used:

Appendix-A

Primer Used as
HEVO916F Forward primer for HEV Agl
HEVO917R Reverse primer for HEV Agl

PK998F Forward primer for HAV Ag2

PK999R Reverse primer for HAV Ag2
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