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ABSTRACT

Hepatitis B Virus (HBV) is hyperendemic in sub-Saharan Africa, and of the 292 million
people chronically infected with HBV worldwide, approximately 30% reside in Africa
- an approximation that is likely underestimated because of poor surveillance. Chronic
HBV infection is a significant risk factor for the development of hepatocellular
carcinoma (HCC), and correspondingly, the predominant strain circulating in South

Africa - subgenotype A1 - is associated with hepatocarcinogenic potential.

Studies have demonstrated that HBV genotypes vary in their clinical manifestation and
disease progression, accompanied by differences in expression of HBV viral proteins.
Hepatitis B surface antigen (HBsAg) is one of the first virological biomarkers to appear
upon the onset of HBV infection, and plays an indispensable role both in the viral life
cycle as the major HBV surface protein, and in the clinical setting as an indicator of HBV
infection, disease progression and treatment response. HBsAg is the term used to
collectively refer to small- (S-HBs), middle- (M-HBs) and large (L-HBs) surface
antigens, and distinct differences in the proportion of these antigens have been
observed extracellularly and intracellularly. Additionally, variations in the subcellular
localisation of HBV viral proteins have been shown to influence the severity of HBV
infection and its associated hepatocarcinogenesis. However, no studies have
comparatively analysed the differences in S-HBs, M-HBs and L-HBs expression or their
subcellular localisation, within the HBV strains predominantly circulating in South
Africa. Thus, the aim of the study was to determine the subcellular localisation of
HBsAg in HCC cells transfected with wild type subgenotypes A1, A2 and D3, and further
characterise the relative proportions of S-HBs, M-HBs and L-HBs expressed

intracellularly and extracellularly.

To achieve this, human HCC (Huh7) cells were transiently transfected with 1.28 mer
replication competent plasmids containing HBV wild type subgenotypes A1, A2 or D3.
Supernatants were collected on days 1, 3 and 5 post-transfection and transfected Huh7
cells were harvested on day 5 post-transfection. Using the Thermo Scientific
Subcellular Protein Fractionation Kit for Cultured Cells, Huh7 cell pellets were then
fractionated into cytoplasmic, membrane, soluble-nuclear, chromatin-bound nuclear

and cytoskeletal fractions. The identity of each fraction was confirmed with fraction-
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specific housekeeping proteins and the subcellular fractionation protocol was
optimised to provide pure, enriched fractions suitable for downstream Western
blotting analysis. HBsAg was detected using a mouse monoclonal antibody targeted
towards the S-domain of HBsAg, thus all forms of HBsAg were successfully detected.
HBsAg was found to localise exclusively within the membrane fraction with
subgenotype A1l exhibiting the lowest expression and subgenotype D3 the highest. To
determine the expression of HBsAg extracellularly, supernatants collected on days 1, 3
and 5 from the culture of transfected Huh7 cells were precipitated for HBsAg using a
PEG precipitation protocol developed and optimised for this study. Extracellular
HBsAg was secreted the highest from cells transfected with subgenotype A1l. This

result was confirmed with an HBsAg enzyme-linked immunosorbent assay (ELISA).

A novel finding in this study was differences in the proportions and glycosylation
patterns of S-HBs, M-HBs and L-HBs extracellularly and intracellularly between the
different subgenotypes. It was observed that S-HBs is consistently expressed in the
highest proportion, with variable expression in M-HBs and L-HBs expression between
the subgenotypes. Furthermore, there was generally a lower proportion of
glycosylated S-HBs and biglycosylated M-HBs, with nonglycosylated and glycosylated
L-HBs expressing at a ratio of approximately 1:1. The relative proportions of S-HBs to
M-HBs and L-HBs as well as their rates of glycosylation have important implications

for HBV viral infectivity and the associated host immune response.

An HBeAg ELISA was also performed to determine the rate of HBeAg expression over
days 1, 3 and 5 post-transfection. HBeAg expression increased over each consecutive
day, and subgenotype A1 was noted to have the highest expression. The comparatively
high extracellular HBeAg and HBsAg expression in association with low intracellular
HBsAg expression in subgenotype A1l would seem to indicate that this strain has high
production and secretion efficiency of HBV viral proteins - characteristics which may
allow subgenotype Al to circumvent the immune system, establish chronic HBV

infection and ultimately result in HCC.
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CHAPTER 1: INTRODUCTION

1.1. The Hepatitis B Virus: Classification and Epidemiology

Hepatitis B virus (HBV) has successfully infected a third of the world’s population,
confirming its position as a global health challenge (V). Indicated by HBV surface antigen
(HBsAg) prevalence, of the 2 billion people showing evidence of past or present HBV
infection (anti-HBsAg-positive), roughly 292 million people are chronically infected, of
which 10% have actually been diagnosed and 1.6% receiving antiviral treatment (2).
Chronic HBV infection is a significant risk factor for the development of hepatocellular
carcinoma (HCC), which is the 7t most common cancer. The burden of HBV varies
geographically, with Africa and the Asia-Pacific region accounting for a
disproportionate 68% of chronic HBV infections (3); this is a result of high rates of
perinatal mother to child transmission of HBV genotypes B and C in Asia (4-9) and
genotype E in Africa (7). HBV vaccination coverage in these regions is also not optimal,

and Africa in particular was delayed in initiating an HBV vaccination programme (©).

The HBV burden in Africa is difficult to ascertain because of underreporting as well as
the poor quality of serosurveys conducted, particularly within the sub-Saharan region
(2.7), However, currently available modelled data for sub-Saharan Africa indicates HBV
prevalence at approximately 10% in the central regions, 5% in the east, 9.8% in the
west and 8.5% in southern sub-Saharan Africa; HBV is hyperendemic in those regions
with a prevalence of 28%. Northern African regions are of relatively low endemicity
(<2%) (Figure 1). Of the 292 million chronically infected, approximately 30% reside
in Africa - which is likely underestimated owing to the lack of serosurveillance (2).
HBsAg prevalence is higher in rural areas versus urban areas (7), low income versus
high income countries (2), and chronic infection is higher in men versus women (°-11),
HBYV is multi-faceted, with several viral factors including genotype, viral mutations and

viral loads influencing clinical manifestation and disease progression.
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Figure 1. Estimated global prevalence of HBV

This figure shows the estimated prevalence of HBV infection worldwide, indicated by estimated HBsAg
prevalence. The relative size of the black circles indicates the number of infected individuals and the red
areas indicate areas of hyperendemicity. HBsAg prevalence of <2.5% indicates low endemicity, >2.5
moderate endemicity and >5% indicative of highly endemic regions. Africa and the West Pacific region
are shown as having the highest endemicity. Reprinted from The Lancet Gastroenterology and
Hepatology, Razavi-Shearer et al. Global prevalence, treatment, and prevention of hepatitis B virus
infection in 2016: a modelling study. Copyright (2018), with permission from Elsevier.

As the prototype member of the family Hepadnaviridae, HBV is a small double stranded
DNA pararetrovirus, whose only known natural hosts are humans and greater apes (12).
Hepadnaviruses include two species-specific genera infecting mammals such as
ground squirrels, woolly monkey and orangutans (orthohepadnaviruses) as well birds
such as ducks, herons and storks (avihepadnaviruses) (12 13), Hepadnaviruses can be
reliably dated to their origins in fish over 400 million years ago (14), and a recent study
in Nature described the sequencing of the oldest viral genomes ever recovered in
human remains, revealing the existence of HBV since at least the Bronze age (15). This
long-lived nature of HBV has allowed it to evolve efficient methods that enable it to
circumvent both the host immune system and various treatment modalities. HBV has
employed extremely effective transmission and infection strategies enabling it to

successfully replicate and persist in humans for thousands of years (16).




1.2. Clinical Manifestation and the Natural History of HBV

Consistent with all hepadnaviruses, HBV causes hepatotropic infections specifically
isolated in liver tissue (16). HBV infection may result in liver disease spanning a wide
range of clinical manifestations such as acute and chronic hepatitis, as well as cirrhosis

and HCC (13),

HBV is transmitted through percutaneous or mucosal exposure to infected blood and
body fluids (1), and presents with high-titre viremia at a concentration of approximately
108 - 109 particles circulating per ml of blood in infected individuals (17, 18),
Furthermore, only a minimal amount HBV virions circulating in the bloodstream is
required to infect hepatocytes (19). The primary route of transmission varies according

to the geographical endemicity of HBV infection.

In highly endemic regions where HBV affects more than 8% of the population, HBV is
primarily acquired via perinatal transmission of neonates at birth from infected
mothers. Regions with high to intermediate endemicity generally have horizontal
transmission in children through close personal contact with HBV-infected people,
whereas in low-endemicity regions the primary route of transmission is via risky
behaviour during adolescence and adulthood (29). Additionally, progression towards
chronic infection is inversely proportional to the age at which acute infection occurs
(21); whereby adults have a less than 5% risk of chronic infection, infants and children
under 5 years having up to a 35% risk of infection, and more than 90% of neonates

eventually developing chronic hepatitis B infection (20),

HBV is a highly transmissible virus, capable of resisting extreme conditions (22) and can
survive outside the body for an indeterminate period of time while still retaining the
capability to infect a susceptible host (1-23), A number of viral antigens can be found in
serum following infection with HBV, and an accurate diagnosis of the clinical forms of
HBYV infection and its associated disease is based on multiple biochemical, histological
and clinical findings (13). Generally, HBV infection is not considered directly cytopathic,
with hepatitis and any subsequent histological alterations in the liver as a result of the

host’s immune-mediated response (16.24). The natural history and progression of HBV



infection is influenced by the complex interplay of the virus and the host immune

response.

Different phases of chronic HBV each presenting with characteristic biochemical and

virological profiles have been described by the European Association for the Study of

the Liver (EASL), and are summarised in Figure 2:
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Figure 2. Major phases of HBV chronic infection

Schematic illustration of the various stages of chronic HBV infection. ALT, Alanine aminotransferase;
HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; IL, interleukin; TNF-a, tumour
necrosis factor-a. Reprinted from Antiviral Research, Gish et al. 2015, Chronic hepatitis B: Virology,
natural history, current management and a glimpse at future opportunities. Copyright (2015), with

permission from Elsevier.

The risk of cirrhosis and HCC development is variable, with a 2 - 5% annual risk of HCC
in patients with cirrhosis (2%). Progression towards HCC is currently the main concern
for patients diagnosed with chronic hepatitis B and may develop even in those patients
who have been successfully treated. There is increased risk of developing HCC in
patients with one or more host (including cirrhosis, chronic necroinflammation of the
liver) or viral (such as high DNA and HBsAg levels, genotype of the virus, and the

presence of HBV variants) risk factors (26),



1.3. HBV Structure and Biology

In 1965, Blumberg and colleagues noticed infectious particles in the sera of
haemophiliac Australian Aboriginal patients. The particles were initially termed
“Australia antigen” and was later recognised as the envelope proteins of HBV (7). Five
years later, the small HBV DNA virus was identified using electron microscopy by Dane
et al. 18), owing to the name of the HBV virion, the Dane particle. The HBV virion, is a
spherical structure roughly 42 nm in diameter, enveloped in a lipid bilayer containing
transmembrane viral envelope proteins; or HBsAg (24.28), Beneath this lipid envelope is
an icosahedral viral nucleocapsid core composed of hepatitis B core antigen (HBcAg),
encasing the partially double-stranded HBV 3.2 kb DNA genome, which is covalently
linked to a reverse transcriptase. HBV can be classified as a pararetrovirus, replicating
via reverse transcription of an RNA intermediate, similar to traditional RNA

retroviruses (12, 16),

1.4. HBV Genome and Viral Proteins

The HBV genome consists of a small 3.2 kb partially double-stranded DNA strand,
found in a relaxed circular conformation (29). The strands overlap at the 5’ end with a
complete minus strand and an incomplete plus strand with a variable position of the 3’
end. During viral replication, the HBV endogenous polymerase completes the genome
via the addition of nucleotides, creating a full covalently closed circular DNA (cccDNA)
(30,31) conformation. This cccDNA is a minichromosome providing the template for viral
transcription, generating mRNA transcripts of 3.5 kb, 2.4 kb, 2.1 kb and 0.7kb each. The
HBV genome consists of four overlapping, frame-shifted open reading frames (ORFs),
namely viral transcriptase/polymerase, core, X and surface ORFs, which encode for the

seven HBV proteins (32 (Figure 3) .



Figure 3. Schematic illustration of the organisation of the hepatitis B virus genome

Reprinted from Antiviral Research, Gish et al. 2015, Chronic hepatitis B: Virology, natural history,
current management and a glimpse at future opportunities. Copyright (2015), with permission from
Elsevier.

1.4.1. HBV Polymerase/Reverse Transcriptase

The HBV polymerase gene has the longest ORF encoding a large viral polymerase of
approximately 800 amino acids, and is composed of four subdomains; the terminal
domain involved in viral encapsidation and DNA synthesis, a spacer domain, the
reverse transcriptase domain catalysing genome synthesis, and a carboxy terminal
domain that has ribonuclease H activity critical for degrading pregenomic RNA

(pgRNA) and facilitating replication (13,33),

1.4.2. HBcAg and HBeAg
The C gene encodes either the viral nucleocapsid HBcAg or hepatitis B e antigen
(HBeAg) depending on whether translation begins at the core or precore regions,

respectively. HBcAg has the intrinsic ability to assemble into capsids around the



ribonucleoprotein complex constituted by pgRNA and the polymerase, and can also

assemble into empty capsids (34-36),

Full translation of the C gene results in the formation of HBeAg which is secreted in
large excess of the virions. HBeAg is the only protein modified post-translationally
prior to secretion, and is an accessory protein not required for viral structure stability,
secretion, infectivity or replication (37-39), Despite much investigation the true function
of HBeAg remains largely unknown, but it is highly conserved evolutionarily amongst
Hepadnaviridae, increasing the likelihood that it plays a critical role in HBV
propagation (40.41), HBeAg is suspected to play an immunomodulatory and tolerogenic
role to enable immune escape, and is a serological marker indicating active HBV

replication (42 43),

HBeAg is clinically used as an indicator of HBV infectivity, disease severity and
treatment response (42). Normally, the presence of HBeAg antibodies (anti-HBe) and
disappearance of HBeAg is correlated with the clearance of HBcAg from hepatocytes,
HBV DNA from serum, and stabilisation of normal hepatic histology (4). In some cases,
HBV infection and liver damage persist, despite the presence of anti-HBe. These
instances have been attributed to translational defects, which result in the failure of
HBeAg secretion. Such patients often develop aggressive forms of chronic hepatitis,
characterized by flare-ups and exacerbated liver disease. It has been thought that this
is due to the lack of HBeAg mediated immune tolerance, leading to a potent

inflammatory immune response (44).

1.4.3. HBV X Protein

The X ORF encodes for the hepatitis B X protein (HBx), which is not required as a
structural protein, but is necessary for cccDNA transcription and is plays a key role in
viral replication(16), While not much is definitively known about the HBx protein, it has
been implicated as playing a critical role in oncogenesis and the development of HCC.
Studies describe HBx as having the capacity to modulate apoptosis and the cell cycle,

as well as regulation of various signal and transduction pathways (4> 46),



1.4.4. HBsAg

A unique feature of HBV infection is that infected hepatocytes produce numerous types
of virus-related particles, including infectious virions and non-infectious subviral
particles, which are primarily composed of HBsAg and host-derived lipids (47). HBsAg
is unusually complex, consisting of three structurally related but functionally distinct
surface proteins, termed small (S-HBs), middle (M-HBs) and large (L-HBs) surface
antigens (13.48), These surface proteins do not solely constitute the viral envelope, but
also spontaneously assemble into sphere and filament-shaped subviral particles

lacking any viral capsid or genome (49 (Figure 4).

Figure 4. Electromicrograph of HBV viral particles

The 42 nm particle is the HBV virion, surrounded by 22 nm tubular filaments and spherical subviral
particles. Reprinted from Hepatology, Liang 2009. Hepatitis B: The Virus and Disease. Copyright (2009),
with permission from Wiley and Sons.

HBsAg is coded by the S gene, which is divided by three in-frame translation initiation
sites, giving rise to the PreS1, PreS2, and S domains. S-HBs is coded by the S domain,
M-HBs by the PreS2 and S domains, and L-HBs by the PreS1, PreS2 and S domain (50),
The PreS1 domain contains an N-terminal myristoylation site which is essential for
viral infectivity and binding to the primary HBV receptor (51.52), Additionally, the PreS1
domain contains immunodominant epitopes recognised by T cells and B cells, and the

PreS2 domain includes an epitope recognised by B cells (53.54),



Similar to typical membrane proteins, HBsAg assembly occurs through a series of steps
at the endoplasmic reticulum (ER); firstly, S-HBs is inserted into the ER followed by
partial translocation into the ER lumen, crossing the ER membrane via four
transmembrane domains (3%). This results in a transmembrane configuration consisting
of an amino acid loop at the cytosolic side of the ER membrane, and an inner luminal
loop (5¢) containing the conformational epitope of HBsAg known as the “a” determinant
- the major antigenic HBV epitope that is especially clinically significant (43) (57). S-HBs
is the smallest envelope protein and contains low affinity binding sites for heparan
sulphate proteoglycans (HSPG), which are believed to bring the virus in close enough
proximity to hepatocytes to allow for binding of HBV to its primary hepatocyte

receptor 58 59), N-glycosylation at asparagine residue 146 occurs in roughly half of S-

HBs proteins, giving rise to 25 kDa nonglycosylated and 27 kDa glycosylated forms (69),

The transmembrane topology of M-HBs is identical to that of S-HBs, and the N-terminal
of the PreS2 domain in translocated into the ER lumen (61, M-HBs is N-glycosylated at
asparagine residue 146 on the S domain and asparagine residue 4 on the PreS2 domain,
resulting in either a 33 kDa monoglycosylated conformation or a 36 kDa biglycosylated
form (69), M-HBs has been reported to bind to human serum albumin (62), but the role of
M-HBs in the viral life cycle remains uncertain and it does not appear to be necessary
for HBV propagation. The absence of M-HBs in vivo in infected hepatocytes does not

disrupt viral particle secretion, morphogenesis or infectivity (63).

L-HBs plays an indispensable role in the viral life cycle, where the envelopment of
mature nucleocapsids and virion budding is strictly dependant on the presence of L-
HBs(28), Indeed, absence of L-HBs completely stops the production of new virions(64),
and studies with duck HBV show that absence of L-HBs results in shuttling of the viral
genome back to the nucleus, whereas capsids are generally secreted as enveloped
virions when L-HBs is expressed (65 66). Furthermore L-HBs is an essential component
for viral entry as its PreS1 domain binds to the sodium taurocholate co-transporting
polypeptide (NTCP), a bile receptor located on the membrane of hepatocytes that
grants hepatotropic specificity to HBV (¢7). The PreS1 domain is myristoylated at
glycine residue 2 to confer binding ability, and L-HBs has nonglycosylated and
glycosylated forms of 39 kDa and 42 kDa respectively (68).



HBV surface proteins budding intracellularly from post-ER pre-Golgi membranes (69
70), without enveloping of nucleocapsids, appear as octahedral spherical subviral
particles 22 nm in diameter, or as filamentous particles of variable length. S-HBs and
M-HBs are the major components of the spherical particles, which contain low amounts
of L-HBs, while the relative amount of L-HBs is higher in filaments and greatest in the
viral envelope (59, Spherical subviral particles self-assemble initially in a filamentous
form within the perinuclear space, which is part of the ER. The filaments are then
packed and transported via ER-derived vesicles to the ER-Golgi intermediate
compartment (ERGIC) (71), The vesicles are released into the ERGIC lumen and the
filaments unpacked and converted into spherical particles, followed by secretion
through the Golgi apparatus and out the cell via the constitutive cellular secretory

pathway of vesicular transport (47.69),

Distinct from the secretory pathway of spherical subviral particles, filaments are
instead assembled within the same intracellular compartment and secreted via the
same secretory pathway as virions (72-74), Like other retroviruses and enveloped RNA
viruses, studies show that HBV maturation and secretion is dependent on intraluminal
maturing endosomal multivesicular bodies (MVBs) (75.76), These MVBs form part of the
host sorting complex machinery known as ESCRT (Endosomal Sorting Complexes
Required for Transport), and are generally involved in the sorting of ubiquitinated and
misfolded proteins targeted for degradation (7). To further emphasise that the
mechanism of spherical particle assembly is distinct and independent of the ESCRT
pathway, endocytic host receptors strongly bind to L-HBs but does not recognise S-HBs
(78, 79), and inhibition of ESCRT sorting complexes does not disrupt the release of
spherical subviral particles (75). How the ESCRT system mediates HBV viral budding is
unclear but it is likely similar to the mechanism used by the human immunodeficiency
virus (HIV) in macrophages, whereby ESCRT complexes are recruited and MVBs are

assembled around HBV virions prior to secretion via exosome (80,

Persing et al. documented a study where a high proportion of L-HBs tends to result in
retention of L-HBs within the infected cell (1), The inability of infected hepatocytes to
secrete L-HBs as filaments or otherwise appears to influence the direct cytopathic

effect known as “ground glass” hepatocytes (71.72) — the histopathological hallmark of
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chronic HBV infection indicating the presence of ER congested with HBsAg (82).
Retention of HBsAg within the ER can cause ER stress which is a pro-apoptotic and pro-

carcinogenic response (82-84),

Figure 5 provides a schematic illustration of S-HBs, M-HBs and L-HBs. Subviral
particles are produced up to 100000-fold in excess relative to virions and it is
suspected that this overproduction allows subviral particles to act as decoys,
overwhelming the host immune response and eliciting an immunomodulatory effect
advantageous for the virus (47); subviral particles are strongly immunogenic and induce
a potent protective immune response - a property which contributed towards the

development of an effective HBV vaccine (85,
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Figure 5. [llustration of the transmembrane domains present in small, middle and large

hepatitis B surface antigen

The red dotted line indicates the “a” determinant. The black dotted line indicates the myristoyl group at
the amino-terminus of the large hepatitis B surface antigen. The blue dotted line indicates the PreS1
domain involved in the binding of HBV to the NCTP located on hepatocytes. The small black dots indicate
N-linked glycosylation sites; Note that there is a difference in the number of glycosylation sites
depending on the genotype. Genotype A and genotype D express one and two glycosylation sites in the
PreS2 domain, respectively. Reprinted from Virus Research, Cao et al. 2019. Cryo-EM structure of native
spherical subviral particles isolated from HBV carriers. Copyright (2019), with permission from Elsevier.

HBsAg is extensively observed and measured as a principal marker of HBV infection

(86,87) as research shows that HBsAg concentrations can be correlated to viral loads (88),
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When quantified, HBsAg has important clinical significance in that it allows for the
distinction between acute and chronic infections, as well as the monitoring of disease
progression and treatment response (62). Unfortunately, the efficacy of this technique
is diminished by the presence of HBsAg mutations, which produce false-negatives and
allow mutant variants to develop unnoticed (8%). HBsAg quantitative assays contain
antibodies specific to the S domain “a” determinant epitope (62), resulting in the
collective targeting of all three forms of HBsAg (88). Since S-HBs is the primary
constituent of the viral envelope and is secreted in high amounts from infected
hepatocytes (62 90), it plays an essential diagnostic role in the detection of HBV (89).
However, it is important to differentiate between the different types of HBsAg, as S-

HBs, M-HBs and L-HBs each contribute differently to viral propagation.

1.5. HBV Replication Cycle

Following the binding of the virus to the hepatocyte via the NTCP receptor (67) the
virion enters the host cell via endocytosis. The viral envelope is removed and the
nucleocapsid is actively transported to the nuclear pore, after which the viral DNA is
released into the nucleoplasm and converted into cccDNA (24 91), The DNA is
transcribed and the RNA is translated into proteins. Thereafter, the pgRNA together
with the viral polymerase is assembled into the core particle. This is followed by the
synthesis of the double-stranded HBV DNA genome through reverse transcription of
the pgRNA. The nucleocapsid, consisting of HBcAg and the viral genome is enveloped
by the HBsAg proteins and host-derived lipids in the ER, resulting in the formation of

the mature virion that is secreted via MVBs (2492) (Figure 6).
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Figure 6. Schematic diagram of the HBV life cycle

Reprinted from Antiviral Research, Gish et al. 2015, Chronic hepatitis B: Virology, natural history,
current management and a glimpse at future opportunities. Copyright (2015), with permission from
Elsevier.

1.6. HBV Genotypes and Subgenotypes

HBYV replicates at high rates using a viral polymerase that lacks proofreading ability
during reverse transcription (®3) and is therefore prone to mutagenesis under the
influence of diverse and dynamic selection pressures; this has resulted in the evolution
of HBV into a pool of quasispecies, genotypes and mutants (16). These viral quasispecies
possess varying replication fitness in different environments, allowing HBV to adapt to
internal and external selection pressures, such as those from the host immune system
and medical interventions like antiviral treatments and vaccination - granting HBV a

significant survival advantage (36).
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High sequence heterogeneity is a feature of HBV, and phylogenetic analysis based on
an intergroup divergence of 27.5% over the complete genome and 24% over the S gene,
has led to the division of HBV into nine genotypes, designated upper cases letters A-I
and a putative tenth genotype, designated ] (°4 95). These different genotypes have a
distinct geographical distribution (Figure 7). Sequence variability of between 4% and
7.5% over the complete genome and a high phylogenetic bootstrap support allows HBV
genotypes to be further classified into subgenotypes, with distinct geographical
distributions (% 93), Genotypes A, B, C, D and F can be divided into at least 35
subgenotypes (°> %), Clinical evidence indicates that HBV genotypes influence liver
disease progression and response to antiviral therapy, with virological characteristics

and clinical manifestations even differing among subgenotypes (7. 94,

> e B/G,D\,A\ >>>>> B
B, A/B;) p—* . R =
AZ,BG,C D F\ " ‘ 4
‘. U 2 ; ’6\ ; - X
\ ‘ : , \¥‘ ) N =2 \“____/:_' ___// _%)\;, 3 \‘\
é CAéDG ‘ j\ = % (_\D (sz By
&y \ . WP
F H A Aa/[“/;f\u L) N B, k.
A ( ‘V\‘E'v! 3 A / L’ng
c e AB,C
(F) ) o 1
(F) . kg
‘ \B,.C.D)
AD
AB.CD/

Figure 7. Geographical distribution of hepatitis B virus genotypes and subgenotypes

HBYV genotypes have distinct geographical distributions. Genotype I and ] are not shown as they have
not been confirmed by the International Committee on Taxonomy of Viruses. Reprinted from the Journal
of Hepatology, Locarnini et al. 2015. Strategies to control hepatitis B: Public policy, epidemiology,
vaccine and drugs. Copyright (2015), with permission from Elsevier.

1.6.1. Genotype A

Genotype A is the predominant strain found in Africa, prevailing in central, eastern and
southern Africa - whereas genotype D dominates in northern Africa and genotype E is
common in western Africa. In regions where at least two genotypes circulate, co-

infection has been reported (7)
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1.6.1.1. Subgenotypes A1 and A2

The bulk of research relating to the clinical outcomes of HBV genotype in Africa has
been conducted on genotype A, with the majority of African genotype A strains
sequenced having been found to be subgenotype A1, which is mostly found in eastern
and southern Africa, including South Africa (7). Subgenotype A2 is the predominant
genotype A strain circulating within Europe, but has also been detected in South
Africans (7). A study on southern African patients found that the mean age of infection
was 6.5 years younger in those infected with genotype A compared to a non-A
genotype. Those infected with subgenotype Al are less frequently HBeAg positive,
possess an increased chance of early seroconversion of HBeAg to antibodies against
HBeAg (°7), and have significantly lower levels of HBV DNA compared to those infected
with subgenotype A2 or genotype D (98). A 2005 study, in southern African patients with
HCC or asymptomatic carriage, showed that subgenotype A1l exhibited a higher
hepatocarcinogenic potential compared to subgenotype A2 and genotype D (99).
Compared to genotype D, infection with subgenotype A1 has also been found to cause
elevated levels of liver inflammation as well as higher expression of apoptosis

biomarkers in HBV-infected HCC patients (100),

In vitro characterisation of subgenotype A1 demonstrated decreased replication levels
compared to A2 (101), as well intracellular accumulation of replicative intermediates
and HBcAg, possibly contributing to liver necroinflammation (192), This may play a role
in the development of HCC, where Huh?7 cells transfected with subgenotype Al exhibit
higher levels of ER stress and prolonged activation of the unfolded protein response

compared to Huh7 cells transfected with subgenotype A2 or D3 (103),

1.6.2. Genotype D and Subgenotype D3

Genotype D is widely distributed throughout Northern Asia and Northern Africa, as
well as parts of Europe and the United States. This genotype is associated with early
seroconversion, a higher incidence of inactive carrier patients, as well as severe liver
disease and HCC in younger patients, when compared to genotype A (104), Patients
infected with subgenotype D3 have shown evidence of persistent HBV infection, as well

as low levels of HBV DNA and HBsAg (105),
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1.6.3. The Role of HBsAg and HBeAg in Different Genotypes and Subgenotypes

Virological differences in HBV antigen expression intracellularly and extracellularly
between genotypes have been documented both in vitro and in vivo. Studies also show
that HBV antigens vary in their subcellular localisation between different genotypes;
HBeAg (103) and HBcAg has been found in the cytoplasm, nuclear (196) and membrane
compartments of the cell; HBsAg is generally found within the ER or Golgi
compartments, with some studies showing expression of HBsAg within the cytoplasm,
although this appears to be frequently associated with chronic HBV infection (84 107-109),
Increased localisation of HBV antigens within the perinuclear space seems to indicate
accumulation of antigens within the ER (87.103), often resulting in ER stress, apoptosis

and an increased risk of hepatocarcinogenesis (83,84 103,109),

Sugiyama and colleagues observed higher extracellular HBsAg expression in
subgenotype A2 compared to subgenotype Al and genotype D, which expressed the
lowest. However, they found that genotype D not only expressed extracellular HBeAg
the highest, but also induced higher levels of ER stress (102). A different study by
Hassemer et al. found that genotype D HBsAg expression is higher than genotype A
expression both intracellularly and extracellularly (87). Additionally, M-HBs and L-HBs
were expressed in higher proportions intracellularly versus extracellularly, with L-HBs

generally existing in higher proportion to M-HBs.

An investigation conducted using the same replication competent plasmids used in the
present study found that, when compared to genotype A, D3 replicated at low levels,
evidenced by low HBsAg and HBV DNA expression. Subgenotype Al expressed HBV
DNA, HBeAg and HBsAg the highest when compared to subgenotypes A2 and D3.
Research surrounding the virological differences between genotypes A and D is sparse

and conflicting (87,101,102),
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1.7. Rationale
Changes in HBsAg expression are shown to influence detection, viral pathogenicity and
disease progression (44 110), Differences in the mode of expression of HBsAg may

account for their differences in hepatocarcinogenic potential.

1.8. Aims and Objectives
The aim of this study was to compare the expression, subcellular localization and
release of the S-HBs, M-HBs and L-HBs and their relative ratios in vitro for

subgenotypes A1, A2 and D3, circulating in South Africa.

Following transfection of Huh7 cells with replication competent plasmids for

subgenotypes Al, A2 or D3, the objectives of the study were to:

(1) Optimise subcellular fractionation and polyethylene glycol (PEG) precipitation
methods used in the study for the detection of intracellular and extracellular HBsAg
respectively

(2) Determine the intracellular expression of L-HBs, M-HBs, S-HBs in the nucleus,
cytoplasm and membrane of the cell

(3) Determine the extracellular expression of HBV proteins L-HBs, M-HBs, S-HBs, and
HBeAg
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CHAPTER 2: MATERIALS AND METHODS

2.1. Ethics

An ethics waiver was obtained for the study from the University of the Witwatersrand
Human Research Ethics Committee (Medical), Johannesburg, South Africa (Clearance

Certificate Number: W-CJ-170308-2) (Appendix I: Figure 31, p91).

2.2. Materials

The following materials were used during this study:

(1) The following replication competent plasmids containing full-length HBV DNA were
used in this study, provided by Dr. Nimisha Bhoola, Hepatitis Virus Diversity Research
Unit, Department of Internal Medicine, School of Clinical Medicine, Faculty of Health
Sciences, University of the Witwatersrand, Johannesburg, South Africa:

(i) Wild-type subgenotype Al 1.28 mer plasmid (A1-WT)

(ii) Wild-type subgenotype A2 1.28 mer plasmid (A2-WT)

(iii) Wild-type subgenotype D3 1.28 mer plasmid (D3-WT)

(2) The following control plasmids used in this study were kindly donated by Professor
Hans Will, Heinrich-Pette Institute for Experimental Virology and Immunology,
University of Hamburg, Germany:

(i) Wild-type subgenotype D3 1.28 mer replication competent plasmid containing a
cytomegalovirus (CMV) promoter (D3-WT (CMV+)

(ii) Plasmid expressing the GFP reporter gene (eGFP)

(iii) Plasmid expressing the pCDNA™4/TO mammalian expression vector only
(Invitrogen by Life Technologies Corporation, Thermo Fisher Scientific, Waltham,
Massachusetts, USA).

(3) Human hepatocellular carcinoma (Huh7) cells were kindly donated by Prof. Charles
M Rice, Centre for the Study of Hepatitis C, The Rockefeller University, New York, NY,
USA.

(4) Subcellular Protein Fractionation Kit for Cultured Cells (Pierce Biotechnology,
Thermo Fisher Scientific).

(5) Primary and secondary antibodies used in this study are listed in Table 1 below. The

mouse monoclonal antibody against the S region of HBsAg (mAbHB1) was kindly
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donated by Dr. Dieter Glebe, Justus-Liebig University, Giessen, Germany). All
secondary antibodies are conjugated to horseradish peroxidase (HRP) and recognise
immunoglobulin G (IgG) heavy and light (H+L) chains.

(6) Murex HBsAg Version 3 (Diasorin S. p. A, Saluggia, Italy)

(7) ETI-EBK PLUS (Diasorin)
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Table 1. Antibody information

Antibody
Antibody Proprietary Name Target Size of Target Supplier
Dilution
Primary rat monoclonal anti- Heat shock protein 90 (Hsp90) Abcam*
Anti-Hsp90 antibody [16F1] 90 kDa 1:100000
Hsp90 antibody (cytoplasmic fraction) (ab13494)
Primary rabbit monoclonal anti- Anti-Calreticulin antibody Endoplasmic reticulum Abcam
48 kDa 1:100000
Calreticulin antibody [EPR3924] (membrane fraction) (ab92516)
Primary mouse monoclonal anti- Anti-Nuclear Matrix Protein p84 Nuclear Matrix Protein p84 Abcam
90 kDa 1:10000
Nuclear Matrix Protein p84 antibody [SE10] (soluble-nuclear fraction) (ab487)
Primary mouse monoclonal anti- | Anti-Histone H3 antibody [1B1B2] - Histone H3 Abcam
15 kDa 1:100000
Histone H3 antibody ChIP Grade (chromatin-bound nuclear fraction) (ab195277)
Primary mouse monoclonal anti- | Anti-Cytokeratin 18 antibody [CK- Cytokeratin-18 Abcam
48 kDa 1:100000
Cytokeratin 18 antibody 18] (cytoskeletal fraction) (ab82254)
Primary mouse monoclonal anti- | Mouse monoclonal antibody against 42 kDa, 36 kDa
L-HBs, M-HBs and S-HBs 1:5000 -
HBsAg antibody the S region of HBsAg (mAbHB1) and 25 kDa
Primary rabbit polyclonal anti- Abcam
Anti-GFP antibody Green fluorescent protein (GFP) 27 kDa 1:25000
GFP antibody (ab6556)
Secondary goat anti-mouse Goat anti-mouse IgG (H+L)-
Mouse primary antibody - 1:5000 Bio-Rad**
antibody (HRP) conjugate
Secondary goat anti-rabbit Goat anti-rabbit IgG (H+L)-HRP
Rabbit primary antibody - 1:5000 Bio-Rad
antibody conjugate
Goat anti-rat IgG (H+L)-HRP Abcam
Secondary goat anti-rat antibody Rat primary antibody - 1:5000
conjugate (ab97057)

*Abcam plc., Cambridge, Massachusetts, USA **Bjo-Rad Laboratories, Hercules, California, USA
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2.3. Methodology

Figure 8 provides an overview of the flow of the methodology used in this study. 1.28
mer replication competent plasmids for subgenotypes Al, A2 and D3, previously shown
to express HBV DNA and proteins (101), were used in this study. Plasmid DNA was
extracted on a large scale and transiently transfected into cultured Huh7 cells. These cells
were harvested and subcellularly fractionated to determine the intracellular expression
of HBsAg using Western blotting. Extracellular expression of HBsAg was determined
using an enzyme-linked immunosorbent assay (ELISA) and polyethylene (PEG)
precipitation of supernatants and analysed using Western blotting. Extracellular

expression of HBeAg was determined using ELISA.

Plasmid
Preparation

1

Transfection

Intracellular —

Expression
| ' N\
subcellular ELISA PEG
Fractionation Precipitation
Western Western
Blotting Blotting

Figure 8. Flow diagram illustrating an overview of the methodology in this study
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2.3.1. Plasmid Preparation

Figure 9 illustrates the methods used to prepare the 1.28 mer replication competent
plasmids for transfections. Plasmid DNA was extracted from cultured Escherichia coli
(E. coli) cells transformed with either one of the following: subgenotype A1, A2, D3, D3
(CMV+) replication competent plasmids, eGFP-expressing plasmid or pCDNA™4/TO-
expressing plasmid. Restriction digestion was performed to confirm the size and

orientation of the HBV DNA and sequencing done to confirm integrity of the HBV DNA.

Plasmid DNA
Extraction
Al-WT, A2-WT, D3-WT,
D3-WT (CMV+), eGFP, pPCDNA™4/TO
A\ 4
Restriction
Digestion
BamHI
EcoNI
Xbal
A\ 4
Sequencing

‘ BLAST

Multiple Sequence Alignment

Figure 9. Flow diagram illustrating the methods used for preparation of 1.28 mer

replication competent HBV plasmids
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2.3.1.1. Plasmid DNA Extraction

2.3.1.1.1. Growth of bacterial colonies

A 2 pl glycerol stock aliquot, containing One Shot® TOP10 chemically competent E. coli
cells (Invitrogen) transformed with either one of the various 1.28 mer HBV DNA
replication competent plasmids or the control plasmids, was streaked on a 2X Yeast
extract and Tryptone (YT) agar plate (Appendix IV, A9 and A10, p98), supplemented
with 100 mg/ml ampicillin (Appendix IV, A2, p96) or 50 mg/ml kanamycin (Appendix
IV, A3, p96), and incubated at 37 °C overnight. Except for the kanamycin-resistant
eGFP control plasmid, all plasmids used were ampicillin-resistant. Agar plates
supplemented with either antibiotic ensured bacterial cultures resistant to either
antibiotic would only grow under antibiotic selection. For the negative control, 2X YT
agar plates containing either 100 mg/ml ampicillin or 50 mg/ml kanamycin were

incubated overnight at 37 °C without glycerol stock.

2.3.1.1.2. Small-scale inoculation of medium

A colony for each of the experimental and control plasmids was inoculated in 5 ml 2X
YT medium (Appendix IV, A11, p98) supplemented with either 5 pl 100 mg/ml
ampicillin or 50 mg/ml kanamycin and allowed to incubate at 37 °C for 8 hours while
shaking constantly at 200 rpm. The negative control included 5 ml 2X YT medium
supplemented with either 5 pl 100 mg/ml ampicillin or 50 mg/ml kanamycin and

allowed to incubate in the absence of a bacterial colony.

2.3.1.1.3. Large-scale inoculation of medium

A 3 ml aliquot of the bacterial culture was inoculated into 300 ml Luria-Bertani (LB)
medium (Appendix IV, A4, p96) supplemented with either 300 pul 100 mg/ml ampicillin
or 50 mg/ml kanamycin, incubated at 37 °C for 16 hours and shaking constantly at 200
rpm. The negative control included 10 ml LB medium supplemented with either 10 pl
100 mg/ml ampicillin or 50 mg/ml kanamycin, incubated in the absence of bacterial

inoculation.

2.3.1.1.4. Plasmid DNA extraction
Purified plasmid DNA was prepared on a large-scale using the Plasmid DNA
Purification NucleoBond® Xtra Maxi EF (Macherey-Nagel GmbH & Co. KG, Diiren,
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Germany) plasmid DNA extraction kit, following the manufacturer’s protocol with a

modification in the dehydration step.

Bacterial cells were harvested from the LB culture by centrifugation at 6000 x g for 15
min at 4 °C using an Eppendorf 5804 R refrigerated centrifuge (Eppendorf,
Barkhausenweg, Hamburg), and the supernatant discarded. The bacterial pellet was
resuspended in 12 ml Resuspension Buffer RES-EF containing RNase A (Appendix IV,
A8, p97) and pipetted up and down until there were no visible clumps. The suspension
was mixed with 12 ml Lysis Buffer LYS-EF by gently inverting the tube five times and
incubated at room temperature for 5 min. A NucleoBond® Xtra Column Filter placed
within the NucleoBond® Xtra Column was set over a 500 ml conical flask, equilibrated

with 35 ml Equilibration Buffer EQU-EF and allowed to empty by gravity flow.

The lysed bacterial suspension was then neutralised with the addition of 12 ml
Neutralisation Buffer NEU-EF and the tube inverted gently until the crude lysate
became a colourless and low-viscosity homogenate, followed by incubation on ice for
5 min. To ensure a homogenous suspension, the tube was inverted three times before
the lysate was poured into the prepared filter, which simultaneously cleared and
loaded the lysate onto the surrounding column while being allowed to drain by gravity
flow. The filter and column were washed with 10 ml Filter Wash Buffer FIL-EF and
emptied by gravity flow, after which the filter was discarded. Next, the column was
washed with 90 ml Wash Buffer ENDO-EF, allowed to empty, and finally washed with
45 ml Wash Buffer WASH-EF, emptied by gravity flow and the flow-through discarded.

Plasmid DNA was collected into a clean 50 ml polypropylene tube by eluting the
column with 15 ml Elution Buffer ELU-EF, the column allowed to drain by gravity flow
and subsequently discarded. The eluted plasmid DNA was precipitated via the addition
of 10.5 ml 100% (v/v) isopropanol (Saarchem (Pty) Ltd. By Merck Chemicals &
Laboratory Supplies (Pty) Ltd., Wadeville, Gauteng, South Africa), the suspension
thoroughly vortexed and centrifuged at 15000 x g for 30 min at 4 °C, and the
supernatant discarded. The resulting pellet was dehydrated by briefly vortexing with
5 ml endotoxin-free 70% (v/v) ethanol (EtOH) and centrifuged at 15000 x g for 5 min

at room temperature, after which the supernatant was gently removed, and the pellet
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allowed to dry overnight at room temperature. The dried DNA pellet was then
reconstituted in 300 pl 10 mM tris(hydroxymethyl)aminomethane (Tris) pH 7.5
(Appendix IV, A5, p97) incubated at 37 °C for 30 min while shaking at 200 rpm.
Dissolved plasmid DNA was transferred to a sterile 1.5 ml microcentrifuge tube and
incubated at 37 °C for 30 min while shaking vigorously at 600 rpm to ensure complete
homogenization of the suspension, following which the plasmid DNA was stored at -20

°C until used.

The yield and purity of the extracted plasmid DNA was determined by UV
spectrophotometry using a NanoDrop 1000 UV/VIS Microvolume Spectrophotometer
and analysed using the Nanodrop 1000 UV/VIS version 3.7 software (Thermo Fisher
Scientific), by determining the optical density at an absorbance of 260 and 280 nm.
Plasmid DNA with an Az60/Az2s0 ratio of 2 1.8 was considered pure DNA. Agarose gel
electrophoresis was used to determine the integrity of the extracted plasmid DNA (for

a detailed protocol, please refer to Appendix 1], A, p94).

2.3.1.2. Restriction Digestion

2.3.1.2.1. Restriction digestion of plasmid DNA

To confirm the size and orientation of the extracted HBV DNA, single digests were
performed using BamHI, EcoNI and Xbal restriction enzymes (Fermentas Molecular
Biology Tools, Thermo Fisher Scientific). Table 2 summarises the reaction conditions
used in this protocol. Restriction digestion reaction tubes were briefly vortexed and
centrifuged, then incubated at 37 °C for 3 hours. The reaction was stopped by addition
of 3 ul Blue/Orange 6X Loading Dye (Promega Corporation, Madison, Wisconsin, USA).
The size and orientation of the 1.28 mer HBV DNA was confirmed using agarose gel

electrophoresis (please refer to Appendix 111, A, p94).
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Table 2. Restriction digestion reaction set-up used to confirm size and orientation of
HBV DNA

Volume (pul)
Concentration Reagent Restriction Digestion Reaction
Nuclease-Free Water 7.0 7.0 7.0
10X Buffer BamHI 1.0 - -
10X Buffer R - 1.0 -
10X Buffer Tango - - 1.0
10U0/ul Restriction Enzyme: BamHI 1.0 - -
10U0/ul Restriction Enzyme: EcoNI - 1.0 -
10 U/ul Restriction Enzyme: Xbal - - 1.0
1ug Plasmid DNA 1.0 1.0 1.0

Nuclease-free water and restriction enzyme buffers were purchased from Thermo Fisher Scientific.

2.3.1.2.2. Expected results
Table 3 summarises the expected results of each restriction digestion reaction for the

1.28 mer HBV DNA replication competent plasmids containing wild-type HBV
subgenotype either A1, A2 or D3.
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Table 3. Expected fragment sizes following restriction digestion of 1.28 mer HBV

plasmid DNA

Restriction Enzyme Fragment Sites
Recognition Site Positions (bp)
Restriction Restriction Enzyme
Subgenotype
Enzyme Recognition Site
A1l A2 D3 Al A2 D3
488 28 488 806
1372
HBV 1400 1400 912
BamHI 8235 1850
2904 1504
5013
pCDNA™4/TO - - - 5013
537 536 536 881 881
HBV 1641 1640 1104 1104
EcoNI 8195
2879 2878 1238 1238
pCDNA™4/TO - - - 5012 5012
247 246 247 151
786
HBV 2684 1990 2430 951
Xbal 1644
2140 5805 1328
5805
pCDNA™4/TO 1059 1059 1059 5805

2.3.1.3. Sequencing and Bioinformatics

2.3.1.3.1. Sequencing

Sequencing of the purified plasmid DNA was done by the Central DNA Sequencing
Facility, University of Stellenbosch (Stellenbosch, Western Cape, South Africa) to
confirm the presence and orientation of the 1.28 mer HBV in the plasmid DNA. Table

4 shows the primers that were used for sequencing.

27



Table 4. Sequencing primers (700 bp) used to confirm the presence and orientation of HBV DNA within each plasmid

Vector or HBV Region Covered of Size of Sequencing
Primer Name Primer Sequence Primer Binding Site
Primer HBV Fragment (bp)

Post-Bglll 5’-CCG ATA CAG AGC TGA GGC-3’ HBV 2036-2042 1298-1998 700
pCR-BGH3.1R 5’-TAG AAG GCA CAG TCG AGC-3’ Vector 1089-1106 1064-1764 700
2497F 5-TTC CTT GGA CTC ATA AGG TG-3’ HBV 2497-2516 2556-315 700
3188F 5’-AGT CAG GAA GGC AGC CTA C-3’ HBV 3188-3206 3196-275 700
591F 5’-ATT GCA CCT GTA TTC CCA TCC-3’ HBV 591-611 634-1334 700
TO-F 5’-GGT TCC GCG CAC ATT TCC-3’ Vector 5039-5056 1064-1864 700
1040F 5-TGG TTA CCCTGC CTT AAT GCCTT-3 HBV 1038 - 1060 1083-1073 700

Table adapted from Bhoola, et al, 2014.



2.3.1.3.2. Bioinformatics analysis

FinchTV version 1.4.0., a free software developed by Geospiza Inc., (downloaded from:
https://finchtv.software.informer.com/1.4/), was used to analyse the integrity of the
sequences using the DNA chromatogram function. Following automatic sequence
alignment using the Nucleotide BLAST sequence analysis tool (available on the NCBI
website at: https://blast.ncbi.nlm.nih.gov/Blast.cgi), the sequences were manually
aligned and edited using GeneDoc, Multiple Sequence Alignment Editor and Shading
Utility version 2.6.002, also freely available. Lastly, all the sequences were aligned using

MEGA 7.0.26 (available from: https://www.megasoftware.net/).
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2.3.2. Transient Transfection of Huh7 Cells
Figure 10 illustrates an overview of the methods used for transient transfection of Huh7

cells with the various 1.28 mer replication competent plasmids.

Cell Culture of Huh7 Cells

Transient Transfection

l

Confirm Transfection Efficiency with eGFP
Collect Supernatants on Days |, 3,5
Harvest Cells on Day 5

Figure 10. Flow diagram illustrating the methodology established for cell culture and

transient transfection of Huh?7 cells.

2.3.2.1. Cell Culture of Huh?7 Cells
Huh7 cells were cultured in culture flasks containing complete growth Dulbecco’s
Modified Eagle’s Medium (DMEM) (1X) + GlutaMAX (Gibco™ by Life Technologies, Thermo
Fisher Scientific) supplemented with 10% (v/v) foetal bovine serum (FBS) (Gibco™), 2%
(v/v) Penicillin-Streptomycin (10000 U/ml) (Gibco™) and 1% (v/v) 100X Minimum
Essential Medium Non-Essential Amino Acids (MEM NEAA) (Gibco™) (Appendix 1V, B1,
p98). Cells were maintained in a humidified incubator at 37 °C containing 5% (v/v) CO2
and passaged upon reaching ~70% confluency by detaching the cells with 0.25%
Trypsin-EDTA (1X) (Gibco™) for 5 min, and the reaction stopped by addition of complete
growth DMEM. Prior to transient transfection, cells were tested for contamination using
the LookOut™ Mycoplasma PCR Detection Kit (Sigma-Aldrich, Merck (Pty) Ltd, St. Louis,
USA) (for the detailed mycoplasma detection protocol, please refer to Appendix III, B,
p94).
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2.3.2.2. Transient Transfection of Huh7 Cells

Twenty-four hours prior to transfection, cultured Huh7 cells at ~70% confluency were
counted using a haemocytometer and either 6 x 10> cells or 1.2 x 10° cells were plated on
a either a 6 cm or 10 cm culture dish, respectively, then placed in a humidified incubator
at 37 °C containing 5% (v/v) CO2. The next day, cells were transfected with DNA for either
A1-WT 1.28 mer, A2-WT 1.28 mer, D3-WT 1.28 mer, D3-WT (CMV+) 1.28 mer, eGFP or
the pCDNA4/TO vector, complexed with 45 pl TransIT®-LT1 Transfection Reagent (Mirus
Bio Corporation, Madison, Wisconsin, USA), in triplicate, and allowed to incubate at 37 °C
in a humidified incubator containing 5% (v/v) COz2. Cells in the 6 cm dish and 10 cm dish

were transfected with 7.5 pg and 10 pg DNA, respectively.

Supernatants from each sample were collected on days 1, 3 and 5, and replaced with fresh
complete growth DMEM on days 1 and 3 post-transfection. Transfection efficiency was
estimated day 1 post-transfection by calculating the number of cells that were
successfully transfected with eGFP using the FLoid™ Cell Imaging Station (Thermo Fisher
Scientific), with fluorescent and brightfield images captured using the FLoid™ Cell
Imaging Station Software. Supernatants were aliquoted into 2 ml microcentrifuge tubes

and stored at -70 °C for downstream ELISA and polyethylene glycol (PEG) precipitation.

Transiently transfected Huh7 cells were harvested 5 days post-transfection by
trypsinization for 5 min at 37 °C in a humidified incubator containing 5% (v/v) COz,
following which the cell suspension was transferred to a 1.5 ml microcentrifuge tube and
centrifuged at 500 x g at 4 °C for 5 min using a Sigma 1-14K refrigerated microcentrifuge
(Sigma Laborzentrifugen GmbH, Osterode, Germany). The supernatant was discarded,
and the cells were washed with 1 ml ice-cold phosphate buffered saline (PBS) (Appendix
IV, B2, p98) at 500 x g at 4 °C for 5 min. The supernatant was carefully discarded to leave
the cell pellet as dry as possible and the pellet immediately stored at -70 °C until further

used for subcellular fractionation or whole cell lysis.
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2.3.3. Expression of HBV Proteins
2.3.3.1. Intracellular Expression of HBV Proteins
Figure 11 illustrates an overview of the methods used to determine the intracellular

expression of S-HBs, M-HBs, L-HBs within transiently transfected Huh7 cells.

Detection of
Intracellular HBV
Protein Expression

\ 4

Subcellular
Fractionation

Cytoplasm (CP)-,
Membrane (M)-,
Soluble-Nuclear (SN)-,
Chromatin-Bound (CBN)-,
Cytoskeletal (CS)-Fractions

Western Blotting

HBsAg: L-HBs, M-HBs, S-HBs

Figure 11. Flow diagram illustrating the methods used to quantify the extracellular

expression of HBsAg

2.3.3.1.1. Subcellular Fractionation
Subcellular fractionation was conducted using the Subcellular Protein Fractionation Kit
for Cultured Cells (Thermo Fisher Scientific). Figure 12 provides a summary of the

subcellular fractionation protocol used in this study.
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+ Cytoplasmic + Membrane + Nuclear + Chromatin-Bound + Cytoskeletal
Harvest & Extraction Buffer Extraction Buffer Extraction Buffer Extraction Buffer Extraction Buffer
Store at-70 -C —_— —_— —_— —_ —_—
—
Huh7 Cells ( ' ' ( '
Cytoplasmic Membrane Soluble-Nuclear Chromatin-Bound Cytoskeletal
Fraction Fraction Fraction Nuclear Fraction Fraction

Figure 12. Schematic illustration of subcellular fractionation protocol used in this study
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The manufacturer’s protocol was modified to achieve optimal purity of the extracted
fractions. Buffer volumes were scaled according to the estimated packed cell volume
(PCV) of each Huh7 pellet; with the volume of the cytoplasmic (CEB) : membrane (MEB) :
nuclear (NEB) : chromatin-bound nuclear (CBEB): pellet (PEB) extraction buffers
maintained at a volume of 100 : 100 : 50 : 50 : 50 pl respectively, prepared per 10 ul PCV.
All buffers and samples were kept on ice throughout, and all incubations were conducted
at 4°C while gently mixing on a horizontal shaker, unless otherwise noted. Samples were

vortexed on the highest setting at each vortex step.

Frozen Huh7 pellets were defrosted on ice for 30 min, after which the pellet was initially
lysed by gentle resuspension in cold CEB (Appendix IV, C1, p99), selectively
permeabilising the cell membrane to release the soluble cytoplasmic contents. The
suspension was incubated at 4 °C for 10 min, centrifuged at 500 x g at 4 °C for 5 min and

the supernatant containing the cytoplasmic extract (CPE) was immediately collected.

The resulting pellet was gently resuspended in cold MEB (Appendix IV, C2, p99), which
solubilises the plasma, mitochondria, ER and Golgi membranes, but does not dissolve the
nuclear membrane. The suspension vortexed for 5 seconds and incubated at 4 °C for 10
min, then centrifuged at 3000 x g at 4 °C for 5 min and the membrane extract (ME)

collected.

Cold NEB was then gently mixed with the pellet (Appendix IV, C3, p99), lysing pelleted
intact nuclei to release the soluble-nuclear extract (SNE) containing nuclear envelope and
soluble nucleoplasmic proteins. The suspension was vortexed for 15 seconds and

incubated at 4 °C for 30 min, centrifuged at 5000 x g at 4 °C for 5 min and the SNE collected.

The pellet was carefully resuspended in CBEB (Appendix IV, C4, p99), which digests
nucleic acids and shears chromatin to release chromatin-bound proteins. The suspension
was vortexed for 15 seconds and incubated at room temperature for 15 min without any
shaking, then vortexed again for 15 seconds, centrifuged at 16000 x g at 4 °C for 5 min and

the chromatin-bound nuclear extract (CBNE) collected.

The remaining insoluble pellet was mixed with room temperature PEB (Appendix IV, C5,

p99) which isolates cytoskeletal proteins. The suspension was vortexed for 15 seconds,
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incubated at room temperature for 20 min without shaking and centrifuged at 16000 x g

at 4 °C for 5 min, followed by collection of the cytoplasmic extract (CPE).

Extracted fractions were mixed with an appropriate volume of 4X Laemmli Buffer
(Appendix 1V, D5, p101,), heated at 95 °C for 5 min and stored at -20 °C until used for
downstream Western blotting analysis. A 50pl aliquot of each fraction was reserved for

protein quantification.

2.3.3.1.2. Whole Cell Lysis

Frozen Huh7 pellets were defrosted on ice for 30 min and the cells disrupted by gently
flicking the tube. The pellet was resuspended in 100 pl SDS Total Cell Lysis Buffer Working
Solution (Appendix IV, C8, p100), briefly vortexed to lyse the cells, and incubated at 99 °C
for 5 min. Samples were briefly centrifuged to collect condensation and then sonicated
three times for 5 min each using a Eumax Memory Quick Ultrasonic Cleaner (Kwun Wah

International Limited, Hong Kong).

Whole cell lysates were mixed with an appropriate volume of 4X Laemmli Buffer
(Appendix 1V, D4, p36), heated at 95 °C for 5 min and stored at -20 °C until used for
downstream Western blotting analysis. A 20 pl aliquot of each lysate was reserved and

diluted with 30 ul PBS (Appendix IV, B2, p34) for protein quantification.

2.3.3.1.3. Protein Quantification
Protein concentration of subcellular fractions and whole cell lysates was determined
using the Pierce™ BCA Protein Assay Kit (Thermo Fisher Scientific) according to the

manufacturer’s microplate procedure.

An aliquot of 25 pl of prepared bovine serum albumin (BSA) standards (each at a
concentration of 2000-, 1500-, 1000-, 750-, 500-, 250-, 125-, 25-, 0 ug/ml) and 25 pl of
each sample of unknown concentration were pipetted on to a 96-well microplate, in
duplicate. Two hundred microlitres of BCA working reagent (Appendix IV, C9, p100) was
then added to each well and thoroughly mixed on an orbital shaker at 200 rpm for 30
seconds. The plate was then wrapped in aluminium foil and incubated at 37 °C for 30 min,
following which the plate was cooled to room temperature for 10 min. The absorbance of

the standards and unknown samples were measured at 562 nm using the Thermo
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Scientific™ MultiSkan™ FC Microplate Photometer (Thermo Fisher Scientific). The
measured absorbance of each BSA standard was plotted against their known
concentration to generate a standard curve, allowing for the extrapolation of each

unknown sample concentration.

2.3.3.1.4. Western Blotting

Sodium Dodecyl Sulphate Polvacrylamide Gel Electrophoresis to Resolve Subcellular

Fractions

A 5 pl aliquot of Precision Plus Protein™ WesternC™ Standards (Bio-Rad) (Appendix V,
Figure 36, p108) was used as a reference. An aliquot of 10 pg of whole cell lysate or 12
ug of each fraction were loaded on to the prepared 12% (v/v) SDS-PAGE gel (Appendix
IV, D10, p101). The electrophoresis module was placed in a Mini-PROTEAN® Tetra Cell
System (Bio-Rad) filled with 1X SDS Running Buffer (Appendix IV, D12, p102) and the
samples allowed to run through the stacking gel at 80 V for ~30 min. The samples were
then separated according to molecular weight while running through the separating gel

at 100 V for ~95 min.

Transfer of Proteins from the SDS-PAGE Gel to the Nitrocellulose Membrane

The nitrocellulose membrane, filter paper and sponges were pre-soaked in 1X Wet
Transfer Buffer (Appendix IV, D22, p104) prior to assembling the “transfer sandwich”.
The transfer sandwich was assembled as illustrated in Figure 13, from the black side to
the clear side of the cassette: sponge, filter paper, gel, nitrocellulose membrane, filter,
sponge. Any bubbles between the gel and membrane were removed by gently rolling a
glass pipette over the filter paper prior to tightly closing the cassette. The cassette was
placed in the Mini Trans-Blot® module (Bio-Rad), with the resolved gel facing the
cathode. The transfer module was then placed Mini-PROTEAN® Tetra Cell filled with 1X
Wet Transfer Buffer and the transfer conducted at 60 V for 75 min.
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Figure 13. Schematic diagram illustrating the assembly of the Western blot "transfer

sandwich”

Efficiency of the transfer was determined by staining the nitrocellulose membrane with
25 ml Ponceau Stain (Appendix IV, D8, p101) for 5 min while shaking continuously, after
which the membrane was washed with 50 ml Milli-Q water for 10 min shaking
continuously. Colorimetric detection for the successful transfer of proteins was captured
using the SYNGENE G:BOX Chemi XRG gel doc system, and GeneSys V1.5.9.0 software for

fluorescence and chemiluminescence (SYNGENE, Synoptics Group, Cambridge, UK).

Immunodetection

Following confirmation of successful transfer, the membrane was blocked in 25 ml 5%
(w/v) Blocking Buffer (Appendix IV, D3, pD3100) at room temperature for 1 hour while
shaking continuously. The membrane was then incubated, overnight at 4 °C while gently

shaking in primary antibody (please refer to Table 1) diluted in 25 ml Blocking Buffer.

The next day, the primary antibody was removed, and the membrane washed three times
with 25 ml TBS-T (Appendix IV, D16, p103) at 10 min for each wash, while shaking
continuously. The nitrocellulose membrane was then incubated, at room temperature for
1 hour while gently shaking, with 25 ml Blocking Buffer containing 1:10000 Precision
Protein™ StrepTactin-HRP conjugate (Bio-Rad) and the appropriate secondary antibody
(please refer to Table 1).
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Finally, the membrane was washed with TBS-T for 10 min, three times and 600 pl
SuperSignal® West Dura Extended Duration Substrate working solution (Appendix IV,
D13, p102) was added dropwise across the membrane to develop the protein signal of
interest. The membrane was placed between two overhead projector sheets and
enhanced chemiluminescent detection of bound proteins was captured with the

SYNGENE G:BOX Chemi XRG gel doc system, and GeneSys software.

Intoxication of Nitrocellulose Membrane

Following successful detection of the proteins of interest, HRP conjugated to the
secondary antibody was quenched in 25 ml Stripping Buffer (Appendix IV, D14, p102) at
room temperature for 1 hour, and washed with TBS-T for 10 min, three times. The
stripped membrane was either re-probed with a new primary antibody or stored at 4 °C

in TBS-T.

Western Blot Quantification

Western blot densitometry was conducted using Image Studio Lite version 5.2, a freely
available software designed by LI-COR for Western blot quantification and analysis

(available from: https://www.licor.com/bio/products/software/image_studio_lite/).

2.3.3.2. Extracellular Expression of HBsAg and HBeAg
Figure 14 illustrates the methods used to determine the expression and quantification of
extracellular HBsAg and HBeAg expression, using Western blotting and ELISA,

respectively.
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HBsAg: L-HBs, M-HBs, S-HBs

Figure 14. Flow diagram illustrating the methodology employed to quantify extracellular

expression of HBsAg and HBeAg.

2.3.3.2.1. Enzyme-Linked Immunosorbent Assay (ELISA)

HBeAg ELISA

The ETI-EBK PLUS HBeAg ELISA kit provides a direct, non-competitive “sandwich”
immunoassay that involves the capture of HBeAg between antibodies; i.e., the formation
of an antibody-antigen-antibody complex. Microwells precoated with multiple mouse
monoclonal antibodies bind to analyte containing HBeAg, and an HRP-conjugated enzyme
tracer also containing mouse monoclonal HBeAg antibody allows for the detection of

captured HBeAg.

Cell culture supernatants previously stored at -70 °C were thawed on ice until fluid and
diluted 1:100 with DMEM (1X) + GlutaMax™. The contents of the kit were brought to room
temperature prior to use. No reagents were dispensed into the blank well until addition

of the chromogen, and reagents were consistently dispensed in the same order and at the
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same pace. Figure 38 (Appendix VI, p110) illustrates the manufacturer’s recommended

plate layout used in this protocol.

A 50 pl aliquot of Incubation Buffer was added to all wells, followed by addition of 100 pl
either Calibrator, Control, or sample into designated wells. The Calibrator, which contains
human sera non-reactive for HBeAg, was added in triplicate. The Negative and Positive
controls - containing human sera non-reactive for HBeAg or sera containing recombinant
HBeAg expressed in E. coli, respectively - were loaded in singlicate. Samples were loaded
in duplicate. The plate was covered in a protective bag to prevent evaporation, gently
tapped to release any bubbles trapped in the reaction wells and incubated at 37 °C for 2

hours.

Using the Thermo Scientific™ Wellwash™ Microplate Washer (Thermo Fisher Scientific),
the liquid was aspirated, and each well rinsed with 300 ul Wash Buffer (Appendix IV, E7,
p105). This was repeated four times with a 30 second soak period between each cycle to
remove excess sample. After completion of this wash step, the plate was inverted and
gently tapped to ensure removal of residual Wash Buffer. Immediately, 100 pul Working
Enzyme Tracer Solution (Appendix IV, E9, p105) was added to each well, the plate covered
and gently tapped, and samples incubated at 37 °C for 1 hour.

The wash step was repeated as described above to remove excess enzyme tracer. A 100
ul aliquot of Chromogen/Substrate, which reacts with bound HRP, was dispensed into all
wells, including the blank. The plate was covered, placed in a dark area and incubated at
room temperature for 30 min. One hundred microliters Stop Solution was added to each
well and the absorbance measured at 450/630 nm within 1 hour. The Stop Solution
contains sulphuric acid, which potently inactivates HRP by lowering the pH of the reaction
and preventing any further chromogenic development. Samples non-reactive for HBeAg
remained colourless, while samples positive for HBeAg appear blue prior addition of the

Stop Solution, and yellow after.

HBsAg ELISA

The Murex HBsAg Version 3 ELISA kit is a direct, non-competitive assay which utilises
mouse monoclonal capture antibodies containing specific for different epitopes on the “a”

determinant of HBsAg. Microwells precoated with multiple mouse monoclonal antibodies
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bind to analyte containing HBsAg, and an HRP-conjugated enzyme tracer containing goat

anti-HBsAg allows for the detection of captured HBsAg.

Cell culture supernatants previously stored at -70 °C were thawed on ice until fluid and
diluted 1:100 with DMEM (1X) + GlutaMax™. The contents of the kit were brought to room
temperature prior to use. Figure 39 (Appendix VI, p111) illustrates the manufacturer’s

recommended plate layout used in this protocol.

A 25 pl aliquot of Sample Diluent was added to each well, followed by 75 pl of sample. The
Negative Control, containing human sera non-reactive for HBsAg, was added in duplicate
as 75 ul aliquots. The Positive Control, containing human sera reactive for HBsAg, was

added in a single 75 pl aliquot. The plate was covered an incubated at 37 °C for 1 hour.

Fifty microliters Conjugate, containing HRP-conjugated goat anti-HBsAg, was added to
each well and the plate gently tapped to mix the reagents prior to incubation at 37 °C for
30 min. Using the Thermo Scientific™ Wellwash™ Microplate Washer, the liquid was
aspirated, and each well rinsed with 500 pl Wash Fluid (Appendix IV, E8, p105). This was
repeated four times with a 30 second soak period between each cycle to remove excess
sample. After completion of this wash step, the plate was inverted and gently tapped to
ensure removal of residual Wash Fluid. Immediately, 100 pl Substrate Solution (Appendix
IV, E6, p105) was added to each well, the plate covered and gently tapped, and samples
incubated at 37 °C for 30 min.

Fifty microliters Stop Solution was added to each well and the absorbance measured at
450/630 nm within 15 min. Samples non-reactive for HBsAg remained pink, while
samples positive for HBsAg appeared purple prior to the addition of the Stop Solution,

and orange thereafter.

2.3.3.2.2. Polyethylene Glycol (PEG) Precipitation
This protocol was developed and optimised to achieve highly concentrated viral protein
precipitates which provide distinct bands and low background when analysed using

Western blotting.
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Cell culture supernatants previously stored at -70 °C were thawed on ice until fluid. A
1.875 ml aliquot 37% (w/v) PEG 8000 solution (Appendix IV, E4, p104) was added per 6
ml supernatant in a 15 ml polypropylene tube, vortexed briefly, and gently mixed at 4 °C

overnight on a horizontal shaker.

The following day, samples were aliquoted into 2 ml microcentrifuge tubes and
centrifuged at 18000 x g at 4 °C for 1 hour using a Sigma 1-14K refrigerated
microcentrifuge. The supernatant was carefully discarded, and the translucent pellet
thoroughly resuspended in 500 pl ice-cold PBS (Appendix IV, B2, p34), which allows for
the washing and removal of most proteins found abundantly in cell culture supernatant
that would interfere with downstream analysis, such as FBS. The samples were pooled
together and centrifuged at 18000 x g at 4 °C for 5 min, the supernatant discarded, and
each pellet carefully resuspended in 150 ul HEPES Resuspension Buffer (Appendix IV, E5,
p104). If the pellet was particularly viscous and difficult to resuspend, HEPES
Resuspension Buffer was added to the pellet (without mixing), and the pellet allowed to

dissolve at 4 °C overnight.

Samples were sonicated three times at 4 °C for 5 min each using a Eumax Memory Quick
Ultrasonic Cleaner to ensure a homogenous solution. Failure to thoroughly homogenise
the suspension will result in particulate that interferes with protein quantification.
Samples were then mixed with an appropriate volume of 4X Laemmli Buffer (Appendix
IV, D4, p100), heated at 95 °C for 5 min and stored at -20 °C until used for downstream
Western blotting analysis. A 20 pl aliquot of each sample was reserved and diluted with

30 ul PBS (Appendix IV, B2, p34) for protein quantification.

2.3.3.2.3. Protein Quantification
Precipitate concentration was quantified using samples the Pierce™ BCA Protein Assay

Kit, as per the protocol previously described in section 2.3.3.1.3, p35.

2.3.3.2.4. Western Blotting

Samples containing viral proteins extracted from during PEG precipitation were analysed
using Western blotting, as per the protocol previously described in section 2.3.3.1.4, p36.
A 10 pg aliquot whole cell lysate (used as a positive control) and 12 pg of each sample
were loaded on to the prepared 12% (v/v) SDS-PAGE gel. A 5 pl aliquot of Precision Plus
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Protein™ WesternC™ Standards was used as a reference for day 1 post-transfection
samples, and Thermo Scientific™ Pierce™ Prestained Protein Molecular Weight Marker
(Thermo Fisher Scientific) (Appendix V, Figure 37, p109) was used for day 3 and 5 post-

transfection samples.

2.3.4. Statistical Analysis

Statistical analysis was completed using the Microsoft Excel Data Analysis tool equipped
with the Analysis ToolPak. A one-way ANOVA was used as a robust test to determine if
there was a statistically significant difference in observations between two or more
independent groups. The Scheffe comparison method was conducted as a post-hoc
analysis to determine which groups specifically were significantly different. Probability

(P) < 0.05 was regarded as statistically significant.
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CHAPTER 3: RESULTS

3.1. Plasmid Preparation

3.1.1. Restriction Digestion

Following extraction of A1-WT, A2-WT, D3-WT and pCDNA™4/TO plasmid DNA from
transformed E. coli cells, restriction digestion was conducted to confirm the size and
orientation of the extracted HBV DNA, using either one of the following restriction
enzymes: BamHI, EcoNI or Xbal (Figure 15). Digested fragments were of the predicted

size, as predicted and shown in Table 3 above.

Al-WT A2-WT D3-WT pCDNA
MW
UcCB E X |UCB E X |UCB E X |UC B E X
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Figure 15. Agarose gel electrophoresis of A1-WT, A2-WT, D3-WT and pCDNA™4/TO DNA
restriction digest

Gel electrophoresis image of A1-WT, A2-WT, D3-WT and pDCNA™4/TO restriction digest fragments.
Restriction enzymes used were BamHI (B), EcoNI (E), and Xbal (X). DNA with no enzyme added was
used as a control (UC). Fragments were the expected size predicted from the DNA sequences. A1-WT full
length DNA was 8235 bp; BamHI fragments: 1372 bp, 1850 bp, 5013 bp; EcoNI fragments: 881 bp, 1104
bp, 1238 bp, 5012 bp; Xbal fragments: 2430 bp, 5805 bp. A2-WT full length DNA was 8235 bp; BamHI
fragments: 1372 bp, 1850 bp, 5013 bp; EcoNI fragments: 881 bp, 1104 bp, 1238 bp, 5012 bp; Xbal
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fragments: 2430 bp, 5805 bp. D3-WT full length DNA is 8195 bp; BamHI fragments: 806 bp, 912 bp, 1504
bp, 5013 bp; EcoNI cut D3-WT only once, producing a single fragment of 8195 bp; Xbal fragments: 151
bp, 951 bp, 1328 bp and 5805 bp. The pDCNA™4/TO mammalian expression vector contains BamHI and
Xbal restriction sites and was therefore cut once by each of these enzymes to produce a fragment of 5078
bp; digestion with EcoNI results in an uncut fragment. MW, O'GeneRuler™ 1 kb DNA Ladder. This image
was a composite; although all lanes are from a single gel with the same molecular marker, a section
between the marker and A1-WT, as well as a section between D3-WT and pCDNA was removed to
provide an accurate representation.
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3.2. Transient Transfection of Huh7 Cells

3.2.1. Mycoplasma Detection

The LookOut™ Mycoplasma PCR Detection Kit was used to confirm that Huh7 cell
cultures used in this study were free from Mycoplasma and Acholeplasma
contamination, prior to transient transfection. Test reaction tubes were pre-coated
with internal control DNA to indicate a successfully performed PCR reaction. PCR
products from cell culture supernatants and the negative control indicate successful
amplification of internal control DNA as a distinct band at ~481 bp. PCR products from

cell culture supernatant matched that of the negative control (Figure 16).

I 2 3 4
MW S N P
1000 bp »
700 bp
500 bp ——— —— ce—
400 bp
300 bp
200 bp —

Figure 16. Agarose gel electrophoresis of PCR products for Mycoplasma detection

PCR products from cell culture supernatant (S), negative control DNA (N) and a positive control (P)
containing Mycoplasm orale DNA fragments, were run on a 0.8% agarose gel. PCR products from cell
culture supernatants and the negative control indicates successful amplification of internal control DNA
as a distinct band at ~481 bp. PCR products from the sample is matched against the negative control,
confirming the absence of Mycoplasm and Acholeplasm contamination from the cell cultures. MW,
O'GeneRuler™ 1 kb Plus DNA Ladder.

3.2.2. Measurement of Transfection Efficiency with eGFP

Huh?7 cells were transiently transfected with an eGFP-expressing plasmid to determine
the efficiency of the transfection. On day 1 post-transfection, the number of eGFP-
expressing cells was compared to the number of Huh7 cells in a given field of view

(Figure 17). Transient transfection was considered successful as the number of eGFP-

expressing cells was greater than 70%.
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Figure 17. Representative photomicrographs of Huh7 cells transfected with eGFP

Comparison of bright field images of Huh7 cells (A) transiently transfected with an eGFP-expressing
plasmid to fluorescent images (B). The number of green-fluorescing cells versus non-fluorescing cells
give a measure of transfection efficiency of 270%. Brightfield and fluorescence microscopy, 40x
magnification, images captured with the FLoid™ Cell Imaging Station.
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3.3. Expression of HBV Proteins

3.3.1. Subcellular Fractionation Optimisation

The Subcellular Protein Fractionation Kit for Cultured Cells was used in this study to
fractionate Huh7 cell pellets into cytoplasmic, membrane, soluble-nuclear, chromatin-
bound nuclear and cytoskeletal fractions. The Ponceau stain in Figure 18 below shows
successfully extracted proteins and compares the whole cell lysate to the extracted
subcellular fractions. The cytoplasmic, membrane and soluble-nuclear fractions
contain mostly higher molecular weight proteins, while the chromatin-bound nuclear
and cytoskeletal fractions contain proteins of a lower molecular weight. Each

subcellular fraction was visibly distinct with equivalent bands in the whole cell lysate.

MW WL CPE ME SNE CBNE CSE

120 kDa

85 kDa

50 kDa

35 kDa

25 kDa

20 kDa

Figure 18. Ponceau S stains of whole lysate and subcellular fractions extracted from

Huh?7 cells

Huh?7 whole cell lysate (WL) (lane 2) and subcellular fractions (lanes 3 -7) extracted using the
Subcellular Protein Fractionation Kit for Cultured Cells, was separated using SDS-PAGE and transferred
on to nitrocellulose membrane. The membrane was stained with Ponceau S stain. 10 ug whole lysate and
8 g subcellular fractions were loaded. CPE, cytoplasmic extract; ME, membrane extract; SNE, soluble-
nuclear extract; CBNE, chromatin-bound nuclear extract; CSE, cytoskeletal extract. Each subcellular
fraction was visibly distinct from the other and its equivalent bands were found in the whole cell lysate.
Whole cell lysate provided a range of proteins from 250 kDa to 10 kDa; CPE, ME and SNE mostly
contained proteins of high molecular weights, compared to the CBNE and CSE containing proteins of
lower molecular weights. MW, Thermo Scientific™ Pierce™ Prestained Protein Molecular Weight
Marker. Images included are representative.
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The manufacturer’s standard protocol recommended fractionation of fresh cell pellets;
however, the use of fresh Huh7 cell pellets was not feasible because of time constraints
and the large volume of samples used. Thus, Huh7 cell pellets were harvested and

stored at -70 °C prior to use.

Figure 19 compares the purity of subcellular fractions extracted from fresh Huh7
pellets versus Huh7 pellets previously stored at -70 °C. Western blotting analysis using
antibodies targeted towards fraction-specific organelles confirmed the purity of each
fraction, as well as confirmed that the proteins contained within each fraction were
correctly representative. Freshly harvested Huh7 cells produced almost completely
pure fractions (A), while fractions extracted from defrosted Huh7 cells (B) were not
pure, with the exception of the soluble-nuclear fraction. The cytoskeletal fraction was
particularly cross-contaminated - evidenced by the presence of Cytokeratin 18 in all
fractions. There was also slight contamination between the cytoplasmic and membrane
fractions, as indicated by the expression of the cytoplasmic-specific marker Hsp90 and
membrane-specific marker Calreticulin between the two fractions. Contaminated

fractions are highlighted with boxes in the figure.
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Figure 19. Composite Western blot image comparing subcellular fractions extracted from freshly harvested Huh7 cells versus Huh7 cells

previously stored at -70 °C

The purity of subcellular fractions extracted from Huh7 cells was validated using Western blotting against fraction-specific housekeeping proteins; CPE, cytoplasmic
extract, stained; , membrane extract; , soluble-nuclear extract; , chromatin-bound nuclear extract; , cytoskeletal extract. Subcellular fractions
extracted from fresh Huh7 cell pellets were pure (A). Dotted boxes highlight cross-contamination between fractions, indicated by the presence of fraction-specific
housekeeping proteins in other fractions. With regards to subcellular fractions extracted from defrosted Huh7 cells (B) there was slight cross-contamination between
the cytoplasmic and membrane fractions, and heavy contamination of cytoskeletal proteins in all fractions. The cytoplasmic fraction was detected using rat monoclonal
anti-Hsp90; the membrane fraction detected using rabbit monoclonal anti-Calreticulin; the soluble-nuclear fraction detected using mouse monoclonal anti-Nuclear
Matrix Protein p84; the chromatin-bound nuclear fraction detected using mouse monoclonal anti-Histone H3; the cytoskeletal fraction detected using mouse

monoclonal anti-Cytokeratin 18.
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As the other fractions were notably contaminated with cytoskeletal proteins, the
standard protocol used in this study required further optimisation to improve the
purity of the cytoskeletal fraction extracted from defrosted Huh7 cells. Table 5
summarises the tested modifications and their outcomes:

(1) Additional 500 pl PBS wash steps between extractions (B) or doubling the buffer
volume (C) did not visibly improve fraction purity and resulted in lower protein
yield

(2) Doubling centrifugation time did not improve purity (D)

(3) Doubling the incubation time of the extraction buffer improved purity of the

cytoskeletal fraction the most effectively (E)

Table 5. Summary of modifications tested to improve purity of the cytoskeletal fraction

extracted from Huh?7 cells previously stored at -70 °C

Anti-Cytokeratin 18 (48 kDa)
Condition

CPE ME SNE CBNE CSE
A. Standard Protocol —
B. PBS Wash o T——
C. Double Buffer Volume . | —
D. Double Centrifugation Time - - R d

. . -

E. Double Buffer Incubation Time

Doubling the incubation time of the cytoskeletal extraction buffer yielded the purest
cytoskeletal fraction, therefore this step was included in the subcellular fractionation
protocol used for this study. Maintaining cells in ideal conditions during culture,
harvesting and defrosting, as well as improvement of the proper extraction technique

during subcellular fractionation helped minimise unavoidable cell lysis and
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subsequent cross-contamination of fractions that occurred during the freeze-thaw

process.

Figure 20 represents subcellular fractions extracted from defrosted Huh7 cells using
the optimised protocol; the small band in the cytoplasmic fraction when stained with
the membrane-specific Calreticulin marker (boxed) indicates light cross-
contamination of membrane proteins within the cytoplasmic fraction. Cross-
contamination was not observed in fractions extracted from fresh Huh7 cell pellets,
therefore it can be speculated that membrane cross-contamination was a consequence
of the freeze-thaw process. This cross-contamination did not affect downstream

Western blotting analysis of HBV proteins.

CPE
90kDa w——e Hsp90 (Cytoplasmic)
90 kDa —

48 kDa -

48 kDa — -

15 kDa —

Figure 20. Composite Western blot image of Huh7 subcellular fractions validated with
fraction-specific housekeeping proteins

The purity of subcellular fractions extracted from Huh7 cells was validated using Western blotting
against fraction-specific housekeeping proteins; CPE, cytoplasmic extract (rat monoclonal anti-Hsp90);
, membrane extract (rabbit monoclonal anti-Calreticulin); , soluble-nuclear extract (mouse
monoclonal anti-Nuclear Matrix Protein p84); , chromatin-bound nuclear extract (mouse
monoclonal anti-Histone H3); , cytoskeletal extract (mouse monoclonal anti-Cytokeratin 18).
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3.3.2. Detection of Intracellular HBsAg

Following successful optimisation of the subcellular fractionation protocol, subcellular
fractionation was performed on Huh7 cells transfected with 1.28 mer replication
competent plasmids. Western blot densitometry analysis (section 2.3.3.1.4, p36) was
carried out to compare intracellular expression of S-HBs, M-HBs and L-HBs between

Huh7 cells transfected with one of the following: subgenotypes A1, A2 or D3.

Variable expression of each of these three antigens between the three subgenotypes
required varying exposure and saturation limits of each antigen during
chemiluminescent detection. This made it difficult to compare all antigen forms of
HBsAg for all subgenotypes at the same exposure; M-HBs especially required a longer
exposure time, however, at the point where M-HBs could be analysed, S-HBs and L-HBs
was over-exposed - as evidenced in Figure 21. The densitometry analysis software
automatically detects band saturation and does not generate a numerical value for
over-saturated bands. For example, although this was visibly observed, it cannot be
concluded quantitatively that A1-WT M-HBs expression was lower than that of D3-WT
S-HBs, because the software considered D3-WT S-HBs over-saturated. Therefore, to
allow for comparison across subgenotypes, each HBsAg form was analysed

independently at the exposure just prior to the saturation point.

Shorter exposure Longer exposure

Al A2 D3 Al A2 D3

- - <«—— L-HBs (glycosylated) (42 kDa)
<«—— L-HBs (39 kDa)

<+—— M-HBs (biglycosylated) (36 kDa)
<+—— M-HBs (monoglycosylated) (33 kDa)

— -— <«+——S-HBs (glycosylated) (28 kDa)
" <«——S-HBs (25 kDa)

T - T S wmm| <— Calreticulin (48 kDa)

Figure 21. Western blot image of intracellular HBsAg expression in HBV subgenotypes
A1, A2 and D3, over short and long exposure times

Membrane fractions extracted from Huh7 cells transfected with wild type HBV subgenotypes A1, A2 or
D3 were analysed for hepatitis B surface antigen (HBsAg) expression. Western blot densitometry
analysis of all three forms of HBsAg could not be performed at the same exposure, as some bands reached
their saturation limit before other bands were sufficiently expressed.
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3.3.3. Quantification of Intracellular HBsAg Expression

Pure subcellular fractions enriched for HBsAg were extracted, providing the
opportunity to determine localisation of HBsAg within the cell. HBsAg expression was
present exclusively in the membrane fraction (Figure 22, B) (boxed), with no HBsAg
detected in the cytoplasmic- (A), soluble-nuclear- (C), chromatin-bound nuclear- (D)
or cytoskeletal- (E) fractions. Measured band densities for HBsAg were normalised to
the housekeeping protein for the respective fraction used as a loading control, and
further normalised to D3-WT whole lysate used as a positive control. S-HBs, M-HBs and
L-HBs have two forms; S-HBs and L-HBs each have glycosylated and nonglycosylated
forms; M-HBs has a monoglycosylated and biglycosylated form. Each form for S-HBs
and M-HBs was calculated separately and summed to provide a total value for S-HBs
and M-HBs. Both forms of L-HBs were analysed as one band because of their co-

migration and close proximity on the Western blot.

HBsAg expression was highest in the membrane fraction extracted from D3-WT, where
S-HBs, monoglycosylated M-HBs and L-HBs were particularly highly expressed, as
evidenced by the saturated bands. A2-WT HBsAg was expressed the second highest,
with the nonglycosylated S-HBs expressed higher than all other forms, medium L-HBs
expression and low M-HBs expression. A1-WT HBsAg was expressed the lowest, where
nonglycosylated S-HBs was the highest HBsAg form expressed, followed by L-HBs and
low M-HBs expression. The nonglycosylated and glycosylated forms of L-HBs appear
to be expressed at approximately equal amounts in all subgenotypes, whereas the
monoglycosylated form of M-HBs is expressed slightly higher and the nonglycosylated
form of S-HBs expressed much higher than its glycosylated form.
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Figure 22, Composite Western blot images of HBsAg expression in subcellular fractions for HBV subgenotypes A1, A2 and D3

Subcellular fractions extracted from Huh7 cells transfected with wild type HBV subgenotypes A1, A2, D3 (lanes 6 - 9) were analysed for HBsAg expression. Samples
were separated using SDS-PAGE and transferred on to nitrocellulose membrane. 10 pg D3-WT whole cell lysate harvested on day 5 post-transfection (D3 WL) was
used as a positive control, and 12 pg of each sample was loaded. Each fraction was identified with a housekeeping protein antibody specific to that fraction; cytoplasmic
fraction (rat monoclonal anti-Hsp90), soluble-nuclear fraction (mouse monoclonal anti-Matrix Protein p84), cytoskeletal fraction (mouse monoclonal-Cytokeratin
18), membrane fraction (rabbit monoclonal anti-Calreticulin), and the chromatin-bound nuclear fraction (mouse monoclonal anti-Histone H3). GFP was detected
using a rabbit polyclonal anti-GFP antibody, and HBsAg detected using mouse monoclonal anti-HB1 (mAbHB1). All primary antibodies were detected using either
secondary goat anti-mouse IgG (H+L)-HRP antibody, goat anti-rabbit IgG (H+L)-HRP antibody or goat anti-rat IgG (H+L)-HRP antibody. Precision Protein™
StrepTactin-HRP conjugate was used to detect Precision Plus Protein WesternC™ Standards, and enhanced chemiluminescent detection was achieved with
SuperSignal® West Dura Extended Duration Substrate. Lanes 2 - 5 were negative controls that included negative (Huh7 cells only), negative mock (Huh7 cells treated
with transfection reagent only), pPCDNA™4/TO and eGFP fractions. GFP (lane 5) was used to measure transfection efficiency and was localised in the cytoplasmic
fraction (A). HBsAg was exclusively localised to the membrane fraction (B, continued on next page) and consists of S-HBs, M-HBs and L-HBs, with each antigen form
expressing distinct double bands differentiating nonglycosylated or glycosylated forms. Dotted boxes indicate where HBsAg expression would be expected. MW,
Precision Plus Protein™ WesternC™ Standards. Images included are representative.
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Figure 22 (continued)
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Figure 22 (continued)

57



As discussed earlier, the different exposure times necessary for viewing the expression
of the individual proteins (S-HBs, M-HBs and L-HBs) did not allow us to measure the
relative expression of each protein within each subgenotype (Figure 21). However,
because the same exposure time used for each protein was the same across all
subgenotypes, Figure 23 compares the relative expression of each protein for
subgenotypes Al, A2 and D3. HBsAg (L-HBs, M-HBs and S-HBs) expression was
significantly higher in D3-WT compared to A1-WT, whereas only M-HBs and L-HBs was
significantly higher in D3-WT compared to A2-WT. A1-WT and A2-WT express similar
levels of M-HBs and L-HBs, but S-HBs expression in A2-WT was significantly higher
than A1-WT

Intracellular HBsAg Expression
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Figure 23. Semi-quantitative analysis of intracellular HBsAg expression in A1-WT, A2-
WT and D3-WT

Image Studio Lite was used to quantify the expression of S-HBs, M-HBs and L-HBs within the membrane
fraction of either A1-WT, A2-WT or D3-WT transfected Huh7 cells. D3-WT expressed HBsAg significantly
higher than A1-WT and A2-WT. A1-WT and A2-WT were only comparable in expression of S-HBs. n=3;
error bars represent a 5% difference from the absolute value; *p < 0.05 significance between joined
groups; **p < 0.05 significance between all groups.
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Whole cell lysates extracted from Huh?7 cells transiently transfected with either Al-
WT, A2-WT or D3-WT were used as a positive control to ensure that the patterns of
HBsAg expression observed in the subcellular fractions aligned with those found in the
whole lysate. We found that whole lysate does not produce the clean, distinct bands
seen in the membrane subcellular fraction, but the overall trend of HBsAg expression
between the subgenotypes remains the same -i.e. D3-WT expresses HBsAg the highest,
followed by A2-WT and lastly A1-WT (Figure 24).

I 2 3 4 5 6 7 8
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Figure 24. Composite Western blot images of HBsAg expression within whole cell lysates
of Huh7 cells transfected with either HBV subgenotypes A1, A2, or D3

Whole cell lysates extracted from Huh?7 cells transfected with wild type HBV subgenotypes A1, A2, D3
(lanes 6 - 8) were analysed for HBsAg expression. Samples were separated using SDS-PAGE and
transferred on to nitrocellulose membrane. 10 ug of each sample was loaded. Rat monoclonal anti-Hsp90
was used as a loading control, and HBsAg detected using mouse monoclonal anti-HB1. Primary
antibodies were detected using either secondary goat anti-mouse IgG (H+L)-HRP antibody or goat anti-
ratIgG (H+L)-HRP antibody. Precision Protein™ StrepTactin-HRP conjugate was used to detect Precision
Plus Protein WesternC™ Standards, and enhanced chemiluminescent detection was achieved with
SuperSignal® West Dura Extended Duration Substrate. Lanes 2 - 5 were negative controls that included
negative (Huh7 cells only), negative mock (Huh7 cells treated with transfection reagent only),
pCDNA™4/TO and eGFP. MW, Precision Plus Protein™ WesternC™ Standards. Images included are

representative.
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3.4. Quantification of Extracellular HBeAg and HBsAg Expression
3.4.1. ELISA

Supernatants containing extracellularly expressed HBeAg and HBsAg were collected
on days 1, 3 and 5 post-transfection and quantitatively analysed using ELISA. Samples
were considered negative if absorbance measurements fell below the cut-off value
stipulated in the manufacturer’s guidelines. Negative controls (not shown) included
negative, negative mock, pCDNA™4/TO and eGFP. Measurements were normalised to

D3-WT (CMV+) HBeAg expression measured on day 5 post-transfection.

3.4.1.1. HBeAg

The ETI-EBK PLUS HBeAg ELISA kit was used to quantify extracellular HBeAg
expression in A1-WT, A2-WT and D3-WT (Figure 25). ELISA results reveal HBeAg
expression in D3-WT (CMV+) was significantly higher than A1-WT, A2-WT and D3-WT
on Day 3, however A1-WT and D3-WT (CMV+) HBeAg expression was significantly
higher than both A2-WT and D3-WT on day 5. HBeAg was significantly higher on each

consecutive day for all subgenotypes.
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Figure 25. Normalised HBeAg expression in cell culture supernatant of transfected Huh7
cells

Histogram illustrating the mean extracellular HBeAg expression in cell culture supernatants from Huh7
cells transfected with either A1-WT, A2-WT or D3-WT plasmids, measured by ELISA. Measurements
were normalised to D3-WT (CMV+) HBeAg expression on day 5 post-transfection. HBeAg expression in
D3-WT (CMV+) was significantly higher than A1-WT, A2-WT and D3-WT on Day 3, however A1-WT and
D3-WT (CMV+) HBeAg expression was significantly higher than both A2-WT and D3-WT on day 5. n=3;
error bars represent a 5% difference from the absolute value; *p < 0.05 significance; the corresponding
colour and number of asterisks indicate which days and plasmid constructs showed significantly
different expression levels.

3.4.1.2. HBsAg

The Murex HBsAg Version 3 ELISA detected the lowest HBsAg expression on day 1,
with significantly higher HBsAg expression in D3-WT (CMV+) compared to A1-WT, A2-
WT and D3-WT on day 3. Day 5 generated the highest HBsAg expression in all three
subgenotypes, with A1-WT having significantly the highest HBsAg expression
compared to A2-WT and D3-WT (Figure 26). HBsAg expression increased significantly

on each consecutive day for all subgenotypes, except for D3-WT between days 3 and 5.
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Figure 26. Normalised HBsAg expression in cell culture supernatant of transfected Huh7
cells

Histogram illustrating the mean extracellular HBsAg expression in cell culture supernatants from Huh7
cells transfected with either A1-WT, A2-WT or D3-WT plasmids, measured by ELISA. Measurements
were normalised to D3-WT (CMV+) expression on day 5 post-transfection. HBsAg expression in A1-WT
was significantly higher than A2-WT and D3-WT on day 1. n=3; error bars represent a 5% difference
from the absolute value; *p < 0.05 significance; the corresponding colour and number of asterisks
indicate which days and plasmid constructs showed significantly different expression levels.
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3.4.2. PEG Precipitation

3.4.2.1. PEG Precipitation Optimisation

To perform Western blotting analysis on the expression of extracellular HBsAg, a
precipitation protocol was developed to extract HBV viral proteins in the cell culture
supernatants collected from Huh7 cells transiently transfected with one of the

following: A1-WT, A2-WT or D3-WT 1.28 mer plasmids.

Optimisation was carried out using supernatants collected on day 5 post-transfection
from the cell culture of Huh7 cells transiently transfected with the A1-WT 1.28 mer
plasmid. Western blotting was performed as described in section 2.3.3.2.4, p36, and the
mouse monoclonal antibody against the S region of HBsAg (mAbHB1) (Table 1) was
used to detect HBsAg expression in PEG precipitates. Table 6 on the next page provides
a summary of the optimisation process, with asterisks (*) indicating the expression of

the various forms of HBsAg.

Firstly, supernatants were mixed with 37% (w/v) PEG overnight and resultant
precipitates resuspended in HEPES Resuspension buffer. Western blot analysis
revealed successful detection of HBsAg with high background, bands were visibly

distorted, and viral protein yields were too low (C).

Further review of the literature suggested that using a PEG solution containing a

greater than 8% PEG concentration would result in aggregate formation of serum

proteins present in supernatant, interfering with viral protein precipitation and

analysis. PBS wash steps were also recommended. Tested modifications produced the

following results:

(1) Precipitation using a 7% (w/v) PEG solution still produced distorted bands (A).

(2) Precipitation using a 7% (w/v) PEG solution and an additional PBS wash resulted in
most proteins being washed away, and slightly visible HBsAg-positive bands (B).

(3) Precipitation using a 37% (w/v) PEG solution and an additional PBS wash
minimised background and produced HBsAg-positive bands suitable for Western

blot analysis (D).
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Ponceau stains showed the efficiency of the protein extraction, as well as the presence
of serum protein aggregates which caused the distorted banding (indicated within
dotted boxes in Table 6). PBS washes removed most serum aggregates to produce
clean precipitates. After confirming that a 37% (w/v) PEG solution with an additional
PBS wash produced suitable bands for Western blotting analysis, larger volumes of
supernatant were precipitated to successfully increase yield (E). This resulted in bands
which revealed expression of all 3 forms of HBsAg, although the bands appeared
slightly irregular. Samples were then sonicated to properly homogenise precipitates
within the resuspension buffer, improving the appearance of the bands similar to those
observed in cell lysate (F). Table 6 below provides a summary of the optimisation

process.

Table 6. Summary of polyethylene glycol (PEG) precipitation optimisation for Western

blotting analysis of cell culture supernatants containing HBV viral proteins

A B C D E F
" .
Condition | kGonly | 7% PEG+ 37%PEG | 37%PEG+ | 37%PEG+ | 5 0PRe*
0 y PBS wash only PBS wash PBS wash s
sonication
Volume of 850 pl 850 pl 850 pl 850 pl 1700 pl 1700 pl
Supernatant " K " K “ B
& i
Ponceau S P_‘
Stain 'S
P
-
r
e
L * % k| ¥k %k
Anti-HBsAg *%
o . . * %%
*% * %
* *
1 * * R_‘ 1 3 * —

Dotted boxes indicate aggregated serum proteins.
*S-HBs

** M-HBs

***1,-HBs
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3.4.2.2. Western Blotting to Detect Extracellular HBsAg

PEG precipitation was used to extract extracellular HBsAg secreted into the cell culture
supernatants of Huh7 cells transiently transfected with one of the following: A1-WT,
A2-WT or D3-WT 1.28 mer plasmids. Supernatants collected on day 1, 3 and 5 post-
transfection were precipitated and run in duplicate for Western blotting analysis.
Measured band densities were normalised to HBsAg expression for A1-WT on Day 5;
however, no loading control (such as housekeeping proteins used to control for
intracellular expression) was included because of the difficulty in finding a protein that
is constitutively expressed extracellularly. Negative controls included negative,
negative mock, pCDNA™4/TO and eGFP. Precision Protein™ StrepTactin-HRP
conjugate was used to detect Precision Plus Protein WesternC™ Standards, and
enhanced chemiluminescent detection was achieved with SuperSignal® West Dura

Extended Duration Substrate.

Qualitative analysis of bands (Figure 27) shows that S-HBs was already expressed on
day 1 post-transfection for subgenotypes A1l and A2, although the expression was
minimal. On day 3 post-transfection, all three forms of HBsAg were expressed in all
subgenotypes; A1-WT expressed HBsAg the highest followed by D3-WT, with A2-WT
expressing the lowest. On day 5 post-transfection, HBsAg was expressed the highest
across all subgenotypes. Western blot densitometry analysis (Figure 28) revealed that
A1-WT exhibited the highest HBsAg expression, once again followed by D3-WT and
lastly A2-WT. On both days 3 and 5, the nonglycosylated S-HBs and monoglycosylated
form of M-HBs were expressed in higher proportion to their further glycosylated
counterparts. Furthermore, M-HBs was expressed much lower by A2-WT transfected

cells relative to subgenotypes A1l and D3.
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Figure 27. Western blot image of extracellular HBsAg expression in HBV subgenotypes
A1,A2 and D3

Extracellular HBsAg was extracted using PEG precipitation of cell culture supernatants from Huh7 cells
transiently transfected with wild type HBV subgenotypes A1, A2 or D3, collected on days 1, 3 and 5 post-
transfection. Samples were separated using SDS-PAGE and transferred on to nitrocellulose membrane.
10 pg D3-WT whole cell lysate harvested on day 5 post-transfection (D3 WL*) (lane 9) was used as a
positive control, and 12 pg of each sample was loaded. HBsAg consists of small- (S-HBs), middle- (M-
HBs) and large- (L-HBs) HBsAg, with each expressing distinct double bands indicating nonglycosylated
or glycosylated forms. Subgenotype A1 consistently expressed HBsAg higher than A2-WT or D3-WT, and
A2-WT consistently expressed HBsAg the lowest. The non-glycosylated form of S-HBs and
monoglycosylated form of M-HBs were expressed higher than their larger, further glycosylated
counterparts; however, HBsAg was detected using primary mouse monoclonal anti-HB1 and secondary
goat anti-mouse IgG (H+L)-HRP antibody. *indicates D3-WT whole lysate was harvested on day 5 post-
transfection. MW, Precision Plus Protein™ WesternC™ Standards for day 1; MW, Thermo Scientific™
Pierce™ Prestained Protein Molecular Weight Marker for days 3 and 5. Images included are
representative.
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Extracellular HBsAg Expression in PEG Precipitated Tissue Culture Supernatants
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Figure 28. Semi-quantitative analysis of extracellular HBsAg expression in A1-WT, A2-
WT and D3-WT on day 5 post-transfection

Image Studio Lite was used to quantify the extracellular expression of HBsAg precipitated from cell
culture supernatants of Huh7 cells transiently transfected with A1-WT, A2-WT or D3-WT, collected on
day 5 post-transfection. All measurements were normalised to HBsAg expression in D3 whole lysate
harvested on day 5 post-transfection. Extracellular expression in A1-WT was consistently higher than
A2-WT and D3-WT for all forms of HBsAg. Expression was only comparable between subgenotypes, and
not within subgenotypes; n=2.
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3.5. Comparison of Intracellular and Extracellular HBsAg Expression
Intracellular and extracellular HBsAg expression was measured on day 5 post-
transfection within the membrane fraction and cell culture supernatants of Huh7 cells
transfected with one of the following wild type HBV subgenotypes: A1, A2 or D3.
Western blot densitometry analysis reveals variable intracellular and extracellular
HBsAg expression between A1-WT, A2-WT and D3-WT. Resulting from the varying
saturation limits between subgenotypes, HBsAg expression was quantified
independently for each subgenotype, allowing for accurate representation of the
proportions of S-HBs, M-HBs and L-HBs. The nonglycosylated S-HBs form and
monoglycosylated M-HBs form were consistently expressed higher than their

glycosylated and biglycosylated counterparts, respectively.

Figure 29 shows that, both intracellularly and extracellularly, S-HBs constitutes the
largest proportion of HBsAg, followed by L-HBs and M-HBs. With regards to
intracellular HBsAg expression, there was a consistent pattern between all three
subgenotypes; namely that S-HBs contributes to at least 60% of HBsAg expression,
followed by L-HBs, and M-HBs expressing the least.

In comparison to intracellular S-HBs HBsAg expression, the proportion of S-HBs
appeared to increase extracellularly in all subgenotypes, consisting of at least 70% S-
HBs. A1-WT and A2-WT expressed all forms of extracellular HBsAg in similar
proportions to each other, with S-HBs constituting approximately 80% of HBsAg. D3-
WT expressed extracellular S-HBs in lower proportions compared to A1-WT and A2-
WT, but M-HBs and L-HBs expression was slightly higher, each contributing
approximately 15% to HBsAg expression; notably, extracellular expression of M-HBs

and L-HBs in D3-WT was of similar proportions.
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Intracellular and Extracellular Composition of HBsAg
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Figure 29. Comparison of intracellular and extracellular S-HBs, M-HBs and L-HBs
expression in wild type HBV subgenotypes A1, A2 and D3

Histogram representing the proportion of S-HBs, M-HBs and L-HBs expression in the membrane fraction
and PEG precipitated tissue culture supernatants harvested from Huh7 cells 5 days post-transfection
with either wild type subgenotypes A1, A2 or D3. In all three subgenotypes S-HBs was expressed in the
highest proportion, and extracellular expression was higher compared to intracellular S-HBs expression.
Intracellular L-HBs expression was similar between A1-WTand D3-WT, and both were higher than
intracellular A2-WT L-HBs expression. However, M-HBs and L-HBs expression shifted towards similar
expression between A1-WT and A2-WT when measured extracellularly; M-HBs and L-HBs were
expressed in nearly equal proportion in D3-WT extracellularly. Intracellular analysis was based on
quantification of 3 independent Western blots (n=3), and extracellular analysis was based on
quantification of 2 independent Western blots (n=2). Statistical analysis was not performed as
differences between the proportions of S-HBs, M-HBs and L-HBs appeared minor.

Figure 30 provides a further comparison of the ratio of glycosylated S-HBs to
nonglycosylated S-HBs, and biglycosylated M-HBs to nonglycosylated M-HBs, both
intracellularly and extracellularly for subgenotypes Al, A2 and D3. Intracellular
quantification was based on the expression of HBsAg in the membrane fraction of Huh7
cells harvested on day 5 post-transfection, and extracellular quantication was based on
the expression of HBsAg in PEG precipitated tissue culture supernatants harvested on
day 5 post transfection. The different forms of L-HBs was not included because of their
close co-migration on the Western blot, however when referring back to Figure 22 B
and Figure 27 B and C, it was evident that the proportion of nonglycosylated L-HBs
and glycosylated L-HBs were more or less equal. In all subgenotypes, the glycosylated
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form of S-HBs and the biglycosylated form of M-HBs was expressed lower than their
smaller nonglycosylated and monglycosylated forms, respectively. Moreover, the same
pattern of expression was noted extracellularly, but glycosylated S-HBs and
biglycosylated M-HBs were expressed much lower in subgenotypes Al and D3. The
expression of biglycosylated M-HBs in A2-WT appeared to instead increase

extracellularly.
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and monoglycosylated to biglycosylated M-HBs, in wild type HBV
subgenotypes A1, A2 and D3

Histogram illustrating the relative amount of nonglycosylated S-HBs to glycosylated
S-HBs, and the relative amount of monoglycosylated M-HBs to biglycosylated M-HBs,
within the membrane fraction and PEG precipitated tissue culture supernatants
harvested from Huh7 cells 5 days post-transfection with either wild type
subgenotypes Al (A), A2 (B) or D3 (C). Intracellular and extracellular S-HBs and M-
HBs was quantified. L-HBs was not included because of the close co-migration of its
non-glycosylated and glycosylated forms on the Western blot. The pattern observed
with all three subgenotypes was that the glycosylated S-HBs was expressed lower
than nonglycosylated S-HBs, and monoglycosylated M-HBs expression was relatively
higher than biglycosylated M-HBs expression - a trend that was amplified
extracellularly in all subgenotypes except for A2, where extracellular biglycosylation
appeared to increase slightly.



CHAPTER 4: DISCUSSION

Hepatitis B virus infection is hyperendemic to southern Africa, with genotype A and D
predominating (7. 94). The genotype or subgenotype can account for the differences in
clinical outcomes and response to treatment (7 111), with studies showing differences in
the expression of HBsAg and HBeAg between genotypes/subgenotypes (7> 87, 101),
Subgenotype A1l is the predominant HBV strain circulating in South Africa, and has
been noted to be particularly hepatocarcinogenic (7). The aim of this study was to
compare the intracellular and extracellular expression of HBV antigens HBsAg and
HBeAg between the subgenotypes circulating in South Africa, following subcellular

fractionation.

The appearance of HBsAg in serum is one of the first viral indicators of HBV infection,
and is clinically used as an indicator of viral replication(112), In the past 15 years HBsAg
seroprevalence has been used to predict and monitor outcomes in acute HBV infection,
as well as track disease progression and treatment response in chronic patients (62),
Investigating the differences in HBsAg expression between different HBV strains may

therefore have important diagnostic implications.

4.1. Optimisation of Subcellular Fractionation and PEG Precipitation
Subcellular fractionation is a useful technique allowing for the separation of complex
cells into purified compartments whose properties and constituents can be accurately
analysed and quantified. Utilising inherent qualities attributed to proteins, such as size
and density, cells are partitioned into fractions, mainly: nuclear, membrane and
cytoplasmic (113, 114). A common limitation in the acquiring of pure fractions is the
difficulty in achieving the “ideal homogenate” - a suspension enriched for its individual
cellular components and free from those of other fractions (115). This is problematic
since cellular compartments share similar properties and will generally co-fractionate

to some extent (113),

Subcellular compartments are prone to cross-contamination with the cytoskeletal
fraction, as organelles tend to remain associated with cytoskeletal elements (115). This
cross-contamination was observed in the present study, where defrosted Huh7 cell
pellets exhibited notable cross-contamination with cytoskeletal proteins, and vice
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versa, in all extracted fractions. Thus, a few modifications were tested to improve
fraction purity, with an increase in Cytoskeletal Extraction Buffer incubation time
improving the isolation of the cytoskeletal fraction. It was also observed that there was
cross-contamination of the membrane fraction within the cytoplasmic fraction, only
present in Huh7 cells that were previously frozen at -70 °C and defrosted. This
occurrence can be attributed to the freeze-thaw process, where the integrity of cellular
membranes is often compromised by the formation of ice-crystals. Maintenance of cells
under ideal culture, harvesting and fractionation conditions (i.e. gentle washing of
cells, keeping samples on ice, dexterity of technique when extracting supernatants
containing individual fractions) greatly improved the overall purity and yield of

fractions.

A protocol for the precipitation of HBV viral proteins from tissue culture supernatants
was also developed and optimised. Initial precipitations of supernatants harvested
from the culture of Huh7 cells transfected with A1-WT, on day 5 post-transfection,
using a 37% PEG solution yielded extractions containing high volumes of aggregated
serum proteins that interfered with the migration of the HBV proteins of interest. A
lower concentration PEG solution of 7% was then used with little success and
continued formation of serum aggregates. A PBS wash step was introduced, which
proved to remove most of the excess serum, and cleared the 37% PEG extractions
enough to proceed with optimisation. We then sought to improve the yield of the
precipitates by doubling the volume of supernatants used while maintaining the
previous volume of buffers used. This was successful, and further sonification of the
precipitated pellets thoroughly homogenised the pellet within the resuspension buffer,
providing clear and distinct bands of the similar quality expected from cell lysates. The
established PEG protocol used was cheap and efficient, and provided quality

precipitates suitable for downstream Western blotting analysis.

4.2. Subcellular Localisation of Intracellular HBsAg

Determining the subcellular localisation of HBsAg may provide insight into the factors
influencing its assembly and secretion. Previous studies show that the variable
localisation of HBV antigens within different compartments of the cell may be

indicative of the disease status. For this reason, we sought to investigate the
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distribution of HBsAg within Huh7 cells transiently transfected with one of the
following subgenotypes: A1, A2 or D3, to determine if variations in subcellular

localisation may contribute to differences in pathogenesis between subgenotypes.

Following subcellular fractionation of transiently transfected Huh7 cells, fractions
were analysed using Western blotting and HBsAg detected using a mouse monoclonal
antibody targeted towards the S-domain - hence all forms of HBsAg were collectively
targeted, with no distinction between subviral particles or virions. It was observed that
HBsAg was exclusively retained within the membrane fraction, with no detection the
cytoplasm or remaining fractions. This was expected, as HBsAg is assembled within the
ER, where subviral particles are secreted from the cell via the constitutive pathway of
vesicular transport, while virions and filamentous subviral particles are secreted via
the ESCRT endosomal pathway (47. 48), Failure to detect HBsAg in the cytoplasmic
fraction is in agreement with other studies that show cytoplasmic localisation of HBsAg
to be generally associated with chronic HBV infection (84 107-109) while the present

study can only model acute HBV infection.

The membrane fraction isolated during subcellular fractionation was expected to
contain the ER, Golgi and endosomes; however, it would have been interesting if it were
possible to further fractionate these compartments to determine the expression of the
various forms of HBsAg within the secretory pathway. It would be expected that HBV
virions and L-HBs would show expression within the endosomes, while S-HBs and M-
HBs would express higher localisation within the ER and Golgi compartments. Previous
work with immunofluorescence shows that HBsAg and L-HBs do not co-localise in

similar proportions within the ER and endosomal pathway (87).

4.3. The Composition of Intracellular and Extracellular HBsAg Differs

Between Genotypes

Western blotting analysis was performed to determine the intracellular and
extracellular expression of HBsAg between Huh7 cells transiently transfected with
either subgenotype A1-WT, A2-WT or D3-WT. Intracellular HBsAg was analysed within
the membrane fraction of transfected Huh7 cells harvested on day 5 post-transfection.

Extracellular expression of HBsAg was analysed in PEG precipitated tissue culture
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supernatants also collected on day 5 post-transfection. An ELISA was also conducted
on tissue culture supernatants to determine the change in HBsAg expression over days

1, 3 and 5 post-transfection.

Western blotting analysis provided the opportunity to determine the proportion of S-
HBs, M-HBs and L-HBs expression. There was an observed difference in HBsAg
expression between subgenotypes A1-WT, A2-WT and D3-WT, with further
distinctions in the proportions of S-HBs, M-HBs and L-HBs (7). S-HBs was always
expressed the highest as expected, as it constitutes the highest percentage in spherical
and viral particles (62 87), L-HBs was expressed the second highest, with M-HBs being
expressed the least. This pattern is expected, as both S-HBs and L-HBs play important
roles within the HBV life cycle, while M-HBs seems to be dispensable (62).

Intracellularly, A1-WT presented with the lowest HBsAg expression compared to A2-
WT and D3-WT, which was the highest. This may indicate that A1-WT replicates at a
lower rate compared to A2-WT and D3-WT, or that A1-WT possibly secretes HBsAg out
of the cell more efficiently. Additionally, A1-WT and D3-WT were found to express L-
HBs in similar proportions, although A1-WT expressed a higher proportion of S-HBs.
The ratio of S-HBs to L-HBs is important for successful virion secretion, as high L-HBs
expression seems to be associated with retention of HBsAg within the ER of infected

hepatocytes (81,

Genotype D has been noted to express HBsAg higher intracellularly (87), as well as
displaying a higher S-HBs secretion efficiency compared to genotype A; however,
increased L-HBs production in genotype D has a pronounced negative regulatory effect
on S-HBs (116), L-HBs has previously been shown to inhibit S-HBs secretion in a dose
dependent manner (117). Inhibition of S-HBs secretion may result in retention of HBsAg
intracellularly leading to an ER stress response and liver disease pathogenesis, which
may account for the increased severity and incidence of liver disease in patients

infected with genotype D (104,

Extracellularly, HBsAg ELISA and PEG precipitated supernatants reveal that A1-WT
expresses HBsAg the highest. This observation may support possibility that A1-WT
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possesses the ability to secrete HBsAg with higher efficiency(116), If HBsAg can be
equated to viral loads, the data supports that subgenotype A1-WT has higher
replicative potential compared to subgenotype A2-WT. While this may contradict
previous research describing the low replicative activity of A1-WT, high levels of
HBeAg and HBsAg secretion may confer an immune escape mechanism, allowing the
HBV infection to progress towards chronicity. Furthermore, A1-WT and A2-WT
express S-HBs, M-HBs and L-HBs at similar proportions extracellularly, and display
elevated levels of S-HBs to a final proportion of approximately 80% of HBsAg. Indeed,
M-HBs and L-HBs is expected to only represent approximately 20% of all HBsAg-

containing particles (50),

Conversely, subgenotype D3-WT was found to express HBsAg the lowest
extracellularly when measured with ELISA, and still lower than A1-WT when analysed
with Western blotting. D3-WT was also noted to have lower proportions of S-HBs
intracellularly and extracellularly, compared to A1-WT and A2-WT. As discussed
earlier, the higher proportion of L-HBs may be causing retention of HBsAg

intracellularly in subgenotype D3-WT.

4.4. Glycosylation of HBsAg Differs Between Genotypes
An interesting observation noted in the present study was the variation in the

glycosylation of S-HBs, M-HBs and L-HBs intracellularly and extracellularly, between
subgenotypes A1-WT, A2-WT and D3-WT.

The major HBV antigenic epitope, the “a” determinant, includes the N-glycosylation site
at asparagine residue 146 where all forms of HBsAg are N-glycosylated. This N-
glycosylation site is extremely conserved but only functional approximately half the
time(118), N-glycosylation is essential for numerous protein functions, including protein
folding, sorting, secretion, quality control and degradation; the surface proteins of
enveloped viruses are frequently N-glycosylated to improve stability and function in

particle assembly and viral infectivity (119),

Interestingly, many enveloped viruses heavily glycosylate their surface proteins to

mask themselves from the immune system and evade neutralising antibodies (119) -
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HBV is no exception. Elevated levels of N-glycosylation have been associated with
immune escape mutants (120-122), Mutational analysis studies show that N-glycosylation

is crucial for the secretion of HBV virions, but not subviral particles (122,123),

Although the ratio of nonglycosylated S-HBs to glycosylated S-HBs, and
monoglycosylated M-HBs to biglycosylated M-HBs is expected to be approximately 1:1
(118) 'Western blot analyses in this study show otherwise. Nonglycosylated S-HBs and
monoglycosylated M-HBs was generally higher than their further glycosylated
counterparts. There was also a visible reduction in glycosylated S-HBs and
biglycosylated M-HBs extracellularly compared to intracellularly in A1-WT and D3-
WT. Notably, A2-WT expressed increased biglycosylated M-HBs extracellularly versus
intracellularly, but also appeared to express glycosylated S-HBs and L-HBs higher
compared to A1-WT. This may confer an immune escape adaptation in subgenotype
A2-WT, especially when considering the presence of B cell and T cell epitopes on the

PreS1 and PreS2 domains.

The ratio of nonglycosylated L-HBs to glycosylated L-HBs could not be quantified due
to their close proximity and co-migration on the Western blot, thus the ratio had to be
estimated via close visual inspection of the Western blot. Throughout this study it was
observed that the ratio of nonglycosylated to glycosylated L-HBs was approximately
1:1, with the exception of A2-WT discussed earlier. The careful balance of this ratio has
two implications; firstly, it may be possible that glycosylation of L-HBs modifies its
ability to bind to endosomal components within the ESCRT secretory pathway; and
studies show that reduction in N-glycosylation inhibits virion secretion but not
subviral particle secretion(123), Secondly, hyperglycosylation of L-HBs could result in
the masking of the myristoylated domain required for binding to the NTCP, thus
reducing viral infectivity. Hyperglycosylated mutants expressing a high density of

glycans on the surface their virions show exhibited impaired infectivity (118).
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4.5. Extracellular Expression of HBeAg Differs Between Genotypes

HBeAg is clinically used as an indicator of HBV infectivity, disease severity and
treatment response (42), and is an especially important biomarker used in the
monitoring of chronic HBV infection (111). Normally, HBeAg seroconversion is a sign of
good prognosis, and is associated with clearance of HBcAg and HBV DNA from serum,
as well as establishment of normal liver histology (4. In the context of this study,

quantification of HBeAg using ELISA was used as an indicator of viral replication.

A1-WT was found to express HBeAg the highest extracellularly, in agreement with data
previously generated in the same lab(103). Subgenotype A1-WT has been described as
demonstrating low replicative potential compared to subgenotypes A2-WT and D3-WT
(101) however the high HBeAg expression observed in this study appear to indicate that
A1-WT replicates the highest compared to the other subgenotypes. However, it is
possible that HBeAg levels are not directly proportional to viral replication for

subgenotype Al.

With regards to subgenotype A2-WT, HBeAg appeared to enter the secretory pathway
earlier than A1-WT or D3-WT, as evidence by the slight expression on day 1 post
transfection. However, A2-WT continued to express HBeAg lower than A1-WT for the
remaining days. Individuals infected with subgenotype A2-WT have been shown to
remain HBeAg positive for a longer duration compared to those infected with A1-WT,
which may be a result of lower HBeAg expression levels and a reduced host immune
response to clear HBeAg. This may also account for the increased potential of A2-WT
to establish chronic infection (°6). Additionally, a reduced immune response resulting
from the lower levels of HBeAg and HBsAg expression in subgenotype A2-WT

compared to A1-WT may account for the lower hepatocarcinogenic potential of A2-WT

(96).

Subgenotype D3-WT was shown to express extracellular HBeAg lower than both
subgenotypes A1-WT and A2-WT. In vitro studies (103) as well as patient data (124
confirm HBeAg expression in genotype D to generally be low; genotype D has been

shown to have lower frequencies of HBeAg positivity as well as earlier HBeAg
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seroconversion, which generally indicates a higher risk progression towards chronic

infection (124),

4.6. ER Stress and HBV-associated Hepatocarcinogenesis

The ER is a complex tubular structure that forms an interconnected network with
almost every membrane-bound organelle, including the Golgi, endosomes,
mitochondria and the plasma membrane (125). The rough ER containing ribosomes is
involved in the production, folding and glycosylation of membrane proteins (126), while
the smooth ER lacking ribosomes plays a role in numerous metabolic processes
including the synthesis of cholesterol, carbohydrate metabolism and intracellular
calcium regulation (127). The most important function of the ER is to ensure the proper
folding and modification of proteins maintained under strict quality control processes
(128) which ensures that only correctly synthesised proteins are exported to the Golgi
(129), Viral infection results in the synthesis of immense volumes of viral proteins which
overload the ER, compromising quality control processes and resulting in the
aggregation of misfolded or unfolded proteins within the ER and induction of the ER
stress response (83), During productive HBV infection, an enormous amount of HBV
surface proteins is synthesised and processed within the ER, often resulting in
disruption of ER homeostasis and subsequent ER stress. HBV viral proteins accumulate
within the ER, causing the ER to hypertrophy and resulting the formation of the
histopathological condition termed ground-glass hepatocytes (82). Chronic ER stress
under disease states such as chronic HBV infection can induce liver necroinflammation

and cirrhosis (83).

Excess production of HBV surface antigens as well as generation of misfolded forms of
the M-HBs and L-HBs can induce ER stress pathways that initiate the unfolded protein
response and cause carcinogenic oxidative stress. A 1985 study by Chisari and
colleagues found that transgenic mice used as models for the chronic HBV carrier state
overexpressed L-HBs, resulting in abnormal liver growth and damage, accompanied by

liver repair and eventual progression towards HCC (45 130),

Previous research shows that subgenotype A1-WT induced the unfolded protein

response which was also prolonged over a greater period of time and induced higher
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levels of apoptosis compared to subgenotypes A2-WT and D3-WT (103), In the present
study, extracellular HBeAg and HBsAg expression in subgenotype A1-WT was the
highest compared to A2-WT and D3-WT, which may indicate overload of HBV viral
proteins within the ER and a subsequent stress response. Chronic infection with
subgenotype A1-WT and a resulting prolonged ER stress response with accumulating
liver injury may explain the increased hepatocarcinogenic potential of subgenotype

A1-WT compared to subgenotypes A2-WT and D3-WT.

4.7. Limitations and Future Studies

A limitation to the present study is the use of a commercial subcellular fractionation
kit. The high price of the kit as well as the propriety nature of the buffers prevented
extensive modification of the protocol and made it difficult to determine the influence
of each buffer on the proteins of interest, if any at all. Future studies of this nature
would be more practical using a manual subcellular fractionation protocol. Future
studies would also benefit from the use of freshly harvested cell pellets, as this would
more closely match in vivo conditions; also, the true extent of the influence the freeze-
thaw process has on cells is not completely known and cannot be reliably controlled

for.

During this study there was difficulty in acquiring Western blotting antibodies that
would effectively detect HBeAg, which hindered investigation into the subcellular
localisation of HBeAg within the different subgenotypes. Additionally, D3-WT (CMV+)
was intended to be used as a control throughout all parts of this study, however when
using the S-domain specific antibody (mAbHB1) there was decreased reactivity for
HBsAg from D3-WT (CMV+) transfected cells, thus this control was not included during
Western blotting analysis. Difficulty in detecting genotype D using Western blotting has
been observed elsewhere (87), and may indicate an underlying issue in the detection of

genotype D strains.

Regarding comparison of HBsAg expression intracellularly and extracellularly, it was
difficult to find a protein that could be used as a loading control both intracellularly and
extracellularly. Using a protein that is constitutively expressed at similar levels both

inside and outside the cell would have allowed for a more definitive comparison of each
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subgenotype and their secretion efficiencies of HBsAg. Also, apoptosis of cells in culture
- either as a natural consequence of HBV infection or resulting from cell culture
conditions - may provide an inaccurate representation of intracellular versus

extracellular expression of HBV viral proteins.

Comparative analysis of the different HBV genotypes is often based on data collected
from HBV-infected individuals, which presents a scenario influenced by the complex
interplay between the virus and the immune response (87). The present study uses an
in vitro approach that standardises conditions and allows for comparative analyses
between genotypes to be primarily based on the genetic differences of each genotype.
We can gain insight on the production, morphogenesis, subcellular localisation and
secretion of HBV particles, free from the influence of physiological factors associated
with a host response. Conversely, because HBV viral particles are strongly
immunogenic, it is important to correlate the differences in particle expression to the
response elicited by the immune system, as it is the immune-mediated response that is
largely responsible for liver necroinflammation and hepatocarcinogenesis (111). Thus,
future in vitro studies of this nature would benefit from an immune component, where
genotypes are compared simultaneously in an environment free from immune
mediators, as well as under conditions that mimic a host immune response. We could
then model a more realistic environment and would be able to determine whether
variations in the expression of HBeAg and HBsAg, and the relative proportions and
glycosylation patterns of S-HBs, M-HBs and L-HBs do actually confer

immunomodulatory adaptions.

Notably, there was a discrepancy in HBsAg expression of subgenotype A2-WT when
measured with ELISA compared to measurement of PEG precipitated supernatants
analysed using Western Blotting. PEG precipitated HBsAg appears to be lowest for A2-
WT, whereas ELISA measurements show A2-WT expression to be higher than that of
D3-WT. Considering that the ELISA kit is often used reliably as a diagnostic tool, the
drop in HBsAg expression most likely lies with the PEG precipitation and Western
blotting. It may be that a proportion of A2-WT HBsAg is not completely enriched during
PEG precipitation, or that A1-WT and D3-WT express HBsAg in a manner that causes

preferential enrichment when using PEG. Further investigation is required but was
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limited because of time constraints. However, the HBsAg ELISA is specific towards the
“a” determinant epitope expressed on all HBsAg particles, and therefore cannot
differentiate between virions and subviral particles, nor the proportion of S-HBs, M-
HBs and L-HBs in these particles (120). PEG precipitation accompanied by
downstream Western blotting analysis was useful with respect to a more
comprehensive characterisation of HBsAg expression. In light of this, confirmatory
experiments where various techniques are used to measure the same outcome would
also be useful. Qualitative studies such as immunofluorescence in conjunction with
quantitative techniques such as flow cytometry or even an automated Western blotting

analysis would provide more robust comparative analyses.
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CHAPTER 5: CONCLUSION

HBsAg and HBeAg are virological markers with important diagnostic and clinical
significance. HBsAg is of particular interest, as clearance of HBsAg is now considered
the goal of a functional HBV cure (131), This study contributes towards knowledge
surrounding acute HBV infection, as well as the successful establishment of productive

HBYV transfection in vitro.

The present study aimed to comparatively analyse the expression of HBsAg between
the different strains of HBV predominantly circulating in South Africa, following
subcellular fractionation. To achieve this, Huh7 cells were transiently transfected with
either subgenotypes A1-WT, A2-WT or D3-WT, and on day 5 post-transfection were
then fractionated into cytoplasmic-, membrane-, soluble-nuclear-, chromatin-bound
nuclear- and cytoskeletal- fractions. HBsAg was found to be exclusively localised within
the membrane fraction, and subgenotype D3-WT expressed HBsAg the highest,
followed by subgenotype A2-WT and lastly subgenotype A1-WT. Supernatants were
also collected from these transiently transfected Huh7 cells on days 1, 3 and 5, and
extracellular HBsAg expression was analysed using ELISA as well as Western blotting.
Subgenotype A1-WT was observed to express HBsAg the highest extracellularly.
Expression of HBeAg extracellularly was measured using ELISA, and subgenotype Al-

WT was found to also express HBeAg the highest compared to A2-WT and D3-WT.

High levels of HBeAg and HBsAg associated with infection with subgenotype A1 could
create an immunomodulatory environment which allows this HBV strain to circumvent
the host immune response and establish chronic infection. Consequently, chronic
infection could result in prolonged ER stress and hepatic injury, conferring an

increased hepatocarcinogenic potential to subgenotype A1-WT.

Finally, Western blotting analysis of intracellular and extracellular HBsAg revealed
notable differences in the expression of the different forms of HBsAg, namely S-HBs, M-
HBs and L-HBs. As far as we are aware, this is the first study to comparatively analyse
the proportion and glycosylation of HBsAg in subgenotypes A1, A2 and D3. Variations
in the proportion and glycosylation of S-HBs, M-HBs and L-HBs were observed, and

differences in HBsAg expression may influence the host immune response as well as

83



the progression of HBV infection from acute to chronic, towards an increased risk of
HCC. This study contributes to the body of evidence surrounding the natural history of

HBYV infection, which is essential for HBV diagnosis, disease management and the

development of therapeutics.
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APPENDIX II: REPLICATION COMPETENT CLONE PLASMID
MAPS

2113/2152
Nsil /Nsil

0/8196/8235

1.28 mer HBV DNA Plasmid

3065/3104 8.2 kb

Bglll/Bglll 7127/7166

Pstl/Nsil

PCDNA™4/TO
4.1kb

Figure 32. Schematic illustration of the 1.28 mer replication competent plasmid
containing HBV wild-type subgenotype A1, A2, or D3

Restriction site locations (in base pairs) corresponding to A1- WT and A2-WT are Romanised, and D3-
WT sites are indicated in italics.
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Pme |
Hind Il
Asp718 |
Kpn |
BamH |
Bstx |
EcoR |
Pst |
EcoR V
Bstx |
Not |
Xho |
Xba |
Eco0109 |
Apal
Pme |

Afll

Comments for pcDNA"4/TO
5078 nucleotides

CMV promoter: bases 232-958
TATAbox: bases 804-810
Tetracycline operator (2X TetO;) sequences: bases 820-859

CMV forward priming site: bases 769-789

Multiple cloning site: bases 967-1077

BGH reverse priming site: bases 1089-1106

BGH polyadenylation sequence: bases 1095-1319

f1 origin: bases 1365-1793

SV40 promoter and origin: bases 1803-2143

EM-7 promoter: bases 2183-2249

Zeocin™ resistance gene: bases 2250-2624

SWV40 early polyadenylation sequence: bases 2754-2884
pUC crigin: bases 3267-3937

bia promoter: bases 4937-5041 (complementary strand)
Ampicillin (bla) resistance gene: bases 4082-4942 (complementary strand)

Figure 33. Schematic illustration of the pCDNA 4/TO mammalian expression vector

The pCDNA™4/TO expression vector contains an ampicillin resistance ORF, allowing only bacteria
containing this vector to grow in medium containing ampicillin. The vector contains two BgllI restriction
enzyme recognition sites, one Pstl restriction enzyme recognition site which were used to generate the
1.28 mer HBV plasmidss containing an HBV authentic promoter. The vector also contains BamHI, EcoNI
and Xbal restriction enzyme recognition sites, which were used to confirm the presence, and correct
orientation of 1.28 mer HBV DNA in the plasmid DNA (Bhoola et al. 2014)

(URL:https://www.thermofisher.com/order/catalog/product/V102020)
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APPENDIX III: PROTOCOLS

A. Agarose Gel Electrophoresis

Agarose gel electrophoresis was performed to determine the integrity of extracted
plasmid DNA, as well as to analyse DNA fragments produced during restriction
digestion of the 1.28 mer HBV DNA. The 0.1 pg/pul O’GeneRuler™ 1 kb DNA Ladder
(Fermentas Molecular Biology Tools) (Appendix V, Figure 35, p107)was used as
reference on a 0.8% (w/v)agarose gel (Appendix IV, Al, p96) prepared in 1X TBE
Buffer (Appendix IV, A7, p97) containing 3 pl/100 ml ethidium bromide (Bio Basic Inc.,
Ontario, Canada). The gel was allowed to run at 70V for 30 min and then 100V until the

dye front reached 34 down the gel.

B. Mycoplasma Detection

The LookOut™ Mycoplasma PCR Detection Kit allows for the high sensitivity detection
of Mycoplasma contamination in cell cultures, with the primer set specific to a highly
conserved 16S rRNA region in the Mycoplasma genome. Reaction tubes supplied with
the kit are pre-coated with deoxyribonucleotide triphosphate (dNTPs), primers,

loading dye, as well as internal control DNA.

A 100 pl aliquot of cell culture supernatant was collected from cell culture flasks
containing ~90% confluent Huh7 cells and transferred to sterile 1.5 ml
microcentrifuge tubes. The supernatants were heated at 95 °C for 5 min and briefly
centrifuged to collect the condensation in each tube. Table 7 illustrates the reaction
set up (please refer to Appendix IV, B3, p99 for the composition of the Rehydration
Buffer). The included positive control contained internal control DNA consisting of
non-infectious DNA fragments from the Mycoplasma orale genome. The negative
control consisted of a prepared reaction tube with no additional cell culture
supernatant. Table 8 describes the PCR cycling conditions using the MyCycler Thermal
Cycler (Bio-Rad). PCR products were run on 0.8% (w/v) agarose gel (Appendix IV, Al,
p96) at 70V for 30 min then 100V until the dye front reached 34 down the gel.
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Table 7. Reaction Set Up for the Detection of Mycoplasma in Cell Culture

Reagent

Test Reaction Positive Control

Volume (ul)

Negative Control

Polymerase/Rehydration Buffer
Cell Culture Supernatant
Nuclease-Free Water

Total Volume

23.0
2.0

25.0

25.0

25.0

23.0

2.0
25.0

Table 8. Cycling Conditions for the Detection of Mycoplasma in Cell Culture

Step

Temperature (°C) Time (min) Cycle

Initial Denaturation
Denaturation
Annealing

Elongation

94
94
55
72
4

2:00
0:30
0:30
0:40

[0¢]

1

40

95



APPENDIX IV: COMPOSITION OF REAGENTS AND
SOLUTIONS

A. Plasmid Preparation

Solution Composition

0.8 g SeaKem® LE Agarose (Lonza, Basel, Switzerland)
100 ml 1X TBE Buffer (Solution: A7)
3 ul/100 ml 10 mg/ml Ethidium Bromide

Al. 0.8% Agarose Agarose powder was dissolved in 1X TBE Buffer in a microwave
and the solution allowed to cool slightly prior to the addition of
ethidium bromide. The agarose gel solution was then poured onto
a gel tray clamped on both sides, the comb added, and the agarose

gel allowed to solidify for 30 min before use.

1.0 g Ampicillin (Melford, Ipswich, UK)
10 ml SABAX Water

Ampicillin powder was dissolved in SABAX water for injection by

A2, 100 mg/ml vortexing and the solution filter-sterilised using a 0.2 um
Ampicillin
Minisart® NML single-use syringe filter (Sartorius AG, Goettingen,
Germany). 1 ml aliquots of the ampicillin solution were stored in
foil-wrapped sterile 1.5 ml tubes and stored at -20 °C until further
used.
0.5 g Kanamycin Sulphate (Melford)
10 ml SABAX Water
50 mg/ml Kanamycin powder was dissolved in SABAX water for injection by
a3 Kanamycin vortexing and the solution filter-sterilised using a 0.2 um
Minisart® NML single-use syringe filter (Sartorius AG). 1 ml
aliquots of the kanamycin solution were stored in foil-wrapped
sterile 1.5 ml tubes and stored at -20 °C until further used.
10 g Tryptone (Melford)
5 g Yeast Extract (Sigma-Aldrich)
10 g Sodium Chloride (NaCl) (Saarchem)
A4, LB Medium

Distilled water was added to a final volume of 1 L, the solution was
then autoclaved at 121 °C for 30 min and stored at 4 °C until further

used.
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AS.

10 mM Tris, pH 7.5

0.12 g Tris

UltraPure™ water, DNase- and RNase-free

UltraPure™ water was added to a volume of 80 ml], the solution
adjusted to pH 7.5 with hydrochloric acid, 32% (v/v) and made up
to a final volume of 100 ml with UltraPure™ water, DNase- and
RNase-free. The solution was autoclaved at 121 °C for 30 min and

stored at room temperature until further used.

Aeé.

20X TBE Buffer

212 g Tris Base (Roche Diagnostics GmbH by Roche Applied
Science, Manneheim, Germany)

110 g Boric Acid (Sigma-Aldrich)

18.6 g EDTA Disodium Salt (Sigma-Aldrich)

Distilled water was added to a final volume of 1 L, autoclaved at
121 °C for 30 min and stored at room temperature until further

used.

A7.

1X TBE Buffer

100 ml 20X TBE Buffer (Solution: A6)
1.9 L Sterile Distilled Water

20X TBE Buffer was dissolved in sterile distilled water and stored

at room temperature until further used.

AS8.

Resuspension

Buffer RES-EF

100 pg/ml RNase A

Resuspension Buffer S1-EF

Prior to first time use of the kit, 100 pg/ml RNase A was dissolved
in 1 ml Resuspension Buffer S1-EF by vortexing. The resulting
solution was mixed thoroughly with the remaining Resuspension
Buffer S1-EF. The Resuspension Buffer S1-EF containing RNase A

was stored at 4 °C until further used.

A9.

2X YT Agar Plates
Supplemented
with 100 mg/ml

Ampicillin

16 g Tryptone

10 g Yeast Extract

5 gNacCl

15 g Agar Bacteriological (Saarchem)

Distilled water was added to a final volume of 1 L, autoclaved at
121 °C for 30 min, and the solution allowed to cool at room
temperature for 1 hour. An aliquot of 1 ml 100 mg/ml ampicillin
was added, and 50 ml of this agar solution was poured into 10 cm

petri dishes and allowed to dry overnight. The next day the agar
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plates were incubated at 37 °C for 30 min and stored at 4 °C until

further used.

A10.

2X YT Agar Plates
Supplemented
with 50 mg/ml

Kanamycin

16 g Tryptone

10 g Yeast Extract

5 g NaCl

15 g Agar Bacteriological

Distilled water was added to a final volume of 1 L, autoclaved at
121 °C for 30 min, and the solution allowed to cool at room
temperature for 1 hour. An aliquot of 1 ml 50 mg/ml kanamycin
was added, and 50 ml of this agar solution was poured into 10 cm
petri dishes and allowed to dry overnight. The next day the agar
plates were incubated at 37 °C for 30 min and stored at 4 °C until

further used.

A11.

2X YT Medium

16 g Tryptone
10 g Yeast Extract
5 g NaCl

Distilled water was added to a final volume of 1 L, autoclaved at

121 °C for 30 min and stored at 4 °C until further used.

B. Cell Culture and Transient Transfection

Solution Composition
435 ml DMEM (1X) + GlutaMAX™
50 ml Foetal Bovine Serum, Certified, Heat Inactivated &
Complete Growth
B1. Gamma Irradiated, South American Origin
DMEM Medium
5 ml 100X MEM Non-Essential Amino Acids
10 ml 10000 U/ml Penicillin-Streptomycin
1 PBS Tablet (Gibco™)
500 ml UltraPure™ Water, DNase- and RNase-free (Gibco™)
Phosphate 1 PBS tablet was dissolved in UltraPure™ water, autoclaved at 121
B2. Buffered Saline °C for 30 min and stored at 4 °C until further used.

(PBS)
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B3.

Polymerase/

Rehydration Buffer

2.5 U/pl JumpStart™ Taq DNA Polymerase (Sigma-Aldrich)

Rehydration Buffer (Sigma-Aldrich)

0.5 pl 2.5 U/pl JumpStart™ Taq DNA Polymerase was added per 23

ul Rehydration Buffer.

C. Subcellular Fractionation, Whole Cell Lysis,

and Protein

Quantification
Solution Composition
1 nl 100X Halt Protease Inhibitor Cocktail
1 Cytoplasmic 100 pl CEB Stock Solution

Extraction Buffer

Buffer prepared fresh when required.

1 pl 100X Halt Protease Inhibitor Cocktail

Cocktail Stock

Solution

Membrane 100 ul MEB Stock Solution
% Extraction Buffer
Buffer prepared fresh when required.
1 pl 100X Halt Protease Inhibitor Cocktail
Nuclear Extraction | 100 pl NEB Stock Solution
3 Buffer
Buffer prepared fresh when required.
5 ul 100 mM CacCl2
3 ul Micrococcal Nuclease
Chromatin-Bound | 1 pl 100X Halt Protease Inhibitor Cocktail
4 Extraction Buffer | 100 pul NEB Stock Solution
Buffer prepared fresh when required.
1 pl 100X Halt Protease Inhibitor Cocktail
Cytoplasmic 100 pl PEB Stock Solution
e Extraction Buffer
Buffer prepared fresh when required.
25X Complete, 1 tablet Complete, EDTA-Free Protease Inhibitor Cocktail
EDTA-Free (Roche)
ce. Protease Inhibitor 2 mi Milli-Q water

1 tablet was dissolved in Milli-Q water and stored at 4 °C until

further used.

99




50 mM Tris-HCI, pH 6.8 (5 ml of 1 M Tris-HCI, pH 6.8
(Solution:D18))

SDS Total Cell
2g SDS
C7. Lysis Buffer Stock
10 ml Glycerol
Solution
The solution was made up to 100 ml with Milli-Q water and stored
at room temperature until further used.
40 pl 25X Complete, EDTA-Free Protease Inhibitor Cocktail
SDS Total Cell Stock Solution (Solution: C6)
C8. Lysis Buffer 1 ml SDS Total Cell Lysis Buffer Stock Solution (Solution: C7)
Working Solution
Buffer prepared fresh when required.
o BCA Working BCA Reagent A was added 50 parts to 1 part BCA Reagent B, and
' Reagent prepared fresh when required.

D. Western Blotting

Solution Composition
95 g Acrylamide (Sigma-Aldrich)
5 g Bis-Acrylamide (Bio-Rad)
40% (w/v)

Acrylamide-Bis-

D1. Acrylamide The solution was made up to 250 ml with sterile-distilled water and
Solution filter-sterilised with a 0.4 pm Minisart® NML single-use syringe
filter. The solution was aliquoted into 50 ml polypropylene tubes
wrapped in aluminium foil and stored at 4 °C until further used.
1 g APS (Promega Corporation)
D2. 10% (w/v) APS The solution was made up to 10 ml with sterile distilled water and
stored in aliquots of 1 ml at -20 °C for long-term, or at 4 °C for up to
2 weeks.
25g Blotting-Grade Blocker (Bio-Rad)
D3, 5% (w/v) Blocking
Buffer The solution was made up to 500 ml with TBS-T (Solution: D16) and
stored at 4 °C until further used.
250 mM Tris-HCl, pH 6.8 (12.5 ml of 1 M Tris-HC], pH 6.8
4X Laemmli Buffer | (Solution: D18))
D4 Stock Solution | 4g SDS (Roche)

20 ml Glycerol (Saarchem)
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0.01 g Bromophenol Blue Sodium Salt for Electrophoresis
(Sigma-Aldrich)

The solution was made up to a final volume of 40 ml with Milli-Q

water and stored at room temperature.

2 ml B-Mercaptoethanol (Sigma-Aldrich)
8 ml Laemmli Buffer Stock Solution (Solution: D4)

D5. 4X Laemmli Buffer
The solution was mixed in a 15ml polypropylene tube wrapped in
aluminium foil and stored at 4 °C until further used. 25 pl 4X Laemmli
Buffer was added per 100 ul sample.

146.1 g Sodium Chloride (Saarchem)

Dé6. 5M Nacl The solution was made up to a final volume of 500 ml with Milli-Q
water, autoclaved at 121 °C for 30 min and stored at room
temperature until further used.

20 g Sodium Hydroxide (NaOH) Pellets (Saarchem)

D7. 5M NaOH The solution was made up to a final volume of 100 ml with Milli-Q
water, autoclaved at 121 °C for 30 min and stored at room
temperature until further used.

5 g Ponceau S, practical grade (Sigma-Aldrich)
10 ml Acetic Acid, Glacial (Saarchem)

D8. Ponceau Stain
The solution was made up to a final volume of 1 L with sterile-
distilled water and stored at room temperature until further used.
1g SDS

D9. 10% (w/v) SDS
The solution was made up to 100 ml with sterile distilled water and
stored at room temperature until further used.

12% (v/v) Separating Gel:
3.4 ml Sterile Distilled Water
2.5 ml 1.5 M Tris-HCI, pH 8.8 (Solution: D20)
D10, SDS-PAGE Gel 4 ml 40% (w/v) Acrylamide/Bis-Acrylamide Solution (Solution:

D1)

100 pl 10% (w/v) SDS (Solution: D9)

160 pl 10% (w/v) APS (Solution: D2)

14 pl Tetramethyldiamine (TEMED) (Promega Corporation)
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The separating gel was pipetted into the Mini-PROTEAN® Tetra
HandCast System (Bio-Rad) until three-quarters full, immediately
overlaid with 100% (v/v) isopropanol to prevent oxidation of the gel
and allowed to solidify. Before preparing the stacking gel, the

isopropanol was completely removed.

4.5 % (v/v) Stacking Gel:

2.86 ml Sterile-Distilled Water

500 pl 1 M Tris-HCI, pH 6.8 (Solution: D18)

40 pl 10% (w/v) SDS (Solution: D9)

600 pl 40% (w/v) Acrylamide/Bis-Acrylamide Solution
(Solution: D1)

24 pl APS (Solution: D2)

24 pl TEMED

The stacking gel was pipetted into the Mini-PROTEAN® Tetra
HandCast System, the comb inserted, and allowed to solidify. The
complete gel was then wrapped in a paper towel soaked with 1X SDS

Running Buffer (Solution: D12) and stored at 4 °C until further used.

30.3 g Tris (Saarchem)
144.1 g Glycine (Sigma)

10X SDS Running | The solution was made up to 800 ml with sterile distilled water and
Pt Buffer autoclaved at 121 °C for 30 min.
10 g SDS was dissolved in the solution, sterile distilled water added
to a final volume of 1 L and stored at room temperature until further
used.
200 ml 10X SDS Running Buffer (Solution: D11)
D12, 1X SDS Running
Buffer The solution was made up to 2 L with sterile distilled water and
stored at room temperature until further used.
SuperSignal® West | 300 pl SuperSignal® West Dura Stable Peroxide
Dura Extended 300 pl SuperSignal® West Dura Luminol/Enhancer
p13. Duration Substrate
Working Solution | The solution was mixed thoroughly and prepared fresh prior to use.
25 g Blotting-Grade Blocker
D14. Stripping Buffer 1g Sodium Azide (NaNs) (D.H. Laboratory Chemicals Division, The

British Drug Houses Ltd., Poole, Dorset, England)
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The solution was made up to 500 ml with TBS-T (Solution: D16) and

stored at 4 °C until further used.

D15.

10X TBS

50 ml 1M Tris-HCI, pH 8.0 (Solution: D19)
150 ml 5 M NacCl (Solution: D6)

The solution was made up to a final volume of 1 L with Milli-Q water

and stored at room temperature until further used.

D16.

1X TBS-T

200 ml 10X TBS (Solution: D15)

2 ml Tween® 20 (Saarchem)

The solution was made up to a final volume of 2 L with Milli-Q water

and stored at room temperature until further used.

D17.

1 M Tris-HCl, pH
6.8 (Milli-Q)

12.11 g Tris

Tris was dissolved in 50 ml Milli-Q water to a final volume and
adjusted to pH 6.8 with Hydrochloric Acid, 32% (v/v). The solution
was made up to a final volume of 100 ml with Milli-Q water,
autoclaved at 121 °C for 30 min and stored at room temperature until

further used.

D18.

1 M Tris-HCl, pH
6.8

30.29 g Tris

Tris was dissolved in 150 ml sterile distilled water and adjusted to
pH 6.8 with Hydrochloric Acid, 32% (v/v). The solution was made up
to a final volume of 250 ml with sterile distilled water, autoclaved at

121 °C for 30 min and stored at room temperature until further used.

D19.

1 M Tris-HCl, pH
8.0

60.57 g Tris

Tris was dissolved in 400 ml Milli-Q water and the solution adjusted
to pH 8.0 with Hydrochloric Acid, 32% (v/v). The solution was made
up to a final volume of 500 ml with Milli-Q water, autoclaved at 121

°C for 30 min and stored at room temperature until further used.

D20.

1.5 M Tris-HCl, pH
8.8

90.86 g Tris

Tris was dissolved in 400 ml sterile distilled water and adjusted to
pH 8.8 with Hydrochloric Acid, 32% (v/v). The solution was made up
to a final volume of 500 ml with sterile distilled water, autoclaved at

121 °C for 30 min and stored at room temperature until further used.
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30.3 g Tris

144.1 g Glycine

D21 10X Wet Transfer | Tris and glycine were dissolved in 800 ml sterile distilled water and

' Buffer adjusted to pH 8.3 with Hydrochloric Acid, 32% (v/v). The solution
was made up to a final volume of 1 L with sterile distilled water,
autoclaved at 121 °C for 30 min and stored at room temperature until
further used.
200 ml 10X Wet Transfer Buffer (Solution: D21)
400 ml 100% (v/v) Ethanol (Saarchem)
1X Wet Transfer
D22.
Buffer

The solution was made up to a final volume of 2 L with sterile distilled

water and stored at room temperature until further used.

E. ELISA and PEG Precipitation

Solution Composition

3.72 g EDTA Disodium Salt

El. 0.1M EDTA
EDTA powder was dissolved in 100 ml sterile distilled water and
stored at 4 °C until further used.
2.38 g HEPES Hemisodium Salt Dry Powder (Sigma-Aldrich)

0.1M HEPES Buffer | HEPES powder was dissolved in 80 ml sterile dissolved water. The

£z pH7.5 solution was adjusted to pH 7.5 using NaOH pellets and made up to a
final volume of 100 ml with sterile distilled water.
4 ml 5M NaCl (Solution: D6)
16 ml Sterile Distilled Water

E3. 1M NacCl
5M NaCl was added to sterile distilled water and stored at room
temperature until further used.
37 g Polyethylene Glycol (PEG) 8000 (Sigma-Aldrich)

37% (w/v) PEG 100 ml PBS (Solution: B2)

B 8000
PEG 8000 powder was dissolved in sterile PBS and stored at 4 °C until
further used.

HEPES 1 ml HEPES Buffer pH 7.5 (Solution: E2)
ES5. Resuspension 1 ml 1M NacCl (Solution: E3)
Buffer 100 pl 0.1M EDTA (Solution: E1)
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100 pl Nonidet™ P 40 Substitute (Sigma-Aldrich)

The solution was made up to a final volume of 10 ml with sterile

distilled water and prepared fresh when required.

E6.

Substrate Solution

Murex HBsAg Version 3 Substrate Diluent

Murex HBsAg Version 3 Substrate Concentrate

Immediately prior to use, one part Substrate Diluent was added to an

equal volume of Substrate Concentrate.

E7.

Wash Buffer

40 ml ETI-EBK PLUS Wash Buffer (25X)

The solution was made up to a final volume of 1 L with sterile distilled

water and prepared fresh when required.

E8.

Wash Fluid

10 ml Murex HBsAg Version 3 Wash Fluid Concentrate (20X)

Th solution was made up to a final volume of 1 L with sterile distilled

water and prepared fresh when required.

E9.

Working Enzyme

Tracer Solution

ETI-EBK PLUS Enzyme Tracer (50X Conjugate)
ETI-EBK PLUS Tracer Diluent

Immediately prior to use, the solution was prepared by mixing 1 part

Enzyme Tracer (50X conjugate) with 49 parts Tracer Diluent.
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APPENDIX V: DNA AND PROTEIN LADDERS

bp ng/0.5pg %

10000 30 6

8000 30 6
% 5000 70 14

poo o 20

4 4000 20 G
2~ 3500 30 6
— 3000 7O 14
—2500 25 5
— 2000 25 5
— 1500 25 5
— 1000 60 12
— 750 25 5
— i) 25 5
— 250 25 5

b

1% aparose

0.5 pgflane, 8 cm length gel,
1% TAE, 7 Wom, 45 min

Figure 34. O’'GeneRuler™ 1 kb DNA Ladder, Ready-to-Use

The Thermo Scientific™ O'GeneRuler™ 1 kb DNA Ladder, ready-to-use, is designed for sizing and
approximate quantification of wide range double-stranded DNA fragments on agarose gel. The ladder is
composed of fourteen chromatography-purified individual DNA (in base pairs): 10 000, 8000, 6000,
5000,4000,3500,3000, 2500, 2000, 1500, 1000, 750, 500, 250. It contains three reference bands (6000,
3000 and 1000 bp) for easy orientation. The ladder is premixed with 6X Orange DNA Loading Dye for
direct loading on gel.
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bp ng/0.5 pg %

20000 20 4
/ 10000 20 4
Y 7000 20 4
7, 5000 75 15
4000 20 4
— 3000 20 4
— 2000 20 4
—1500 80 16
—1000 25 5
—700 25 5
—500 75 15
—400 25 5
5

5

5
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0.5 pg/lane, 8 cm length gel,
1XTAE, 7 V/cm, 45 min

Figure 35. 0’GeneRuler™ 1 kb Plus DNA Ladder, Ready-to-Use

The Thermo Scientific™ O'GeneRuler™ 1 kb Plus DNA Ladder, ready-to-use, is designed for sizing and
approximate quantification of wide range double-stranded DNA fragments on agarose gel. The ladder is
composed of fourteen chromatography-purified individual DNA (in base pairs): 20000, 10000, 7000,
5000, 4000, 3000, 2000, 1500, 1000, 750, 500, 400, 300, 200, and 75. It contains three reference bands
(5000, 1500 and 500 bp) for easy orientation. The ladder is premixed with 6X Orange DNA Loading Dye
for direct loading on gel.

(URL: http://www.thermofisher.com/order/catalog/product/SM1331)
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Figure 36. Precision Plus Protein™ WesternC™ Standards

Precision Plus Protein WesternC Standards offer 10 distinct, prestained protein bands broad-range
protein standards that enable chemiluminescent detection when probed with StrepTactin-HRP
conjugates. These protein standards contain ten highly purified recombinant proteins with molecular
weights of 10, 15, 20, 25, 37, 50, 75, 100, 150 and 250 kD. Three high-intensity reference bands at 25,
50, and 75 kD bands are stained pink for easy band referencing and blot orientation.

(URL: https://www.bio-rad.com/webroot/web/pdf/lsr/literature/Bulletin_5561.pdf)
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Figure 37. Pierce™ Prestained Protein MW Marker

The Pierce™ Prestained Protein MW Marker is a ready-to-use protein molecular weight marker

containing six blue-stained natural proteins ranging from 20 kDa to 120 kDa.
(URL: https://www.thermofisher.com/order/catalog/product/26612)
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Appendix VI: ENZYME-LINKED IMMUNOSORBENT ASSAY

96-well Plate Lavout

Figure 38. ETI-EBK PLUS HBeAg ELISA plate layout

Key: BLK, Blank; CAL, Calibrator; NC, Negative Control; PC, Positive Control; S, Sample.
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sion 3 HBsAg ELISA plate layout

Figure 39. Murex HBsAg Ver

Key: NC, Negative Control; PC, Positive Control; S, Sample.
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APPENDIX VII: PLAGIARISM DECLARATION

PLAGIARISM DECLARATION TO BE SIGNED BY ALL HIGHER DEGREE STUDENTS
SENATE PLAGIARISM POLICY: APPENDIX ONE

| (Student number: ) am a student

registered for the degree of in the academic year

| hereby declare the following:

% | am aware that plagiarism (the use of someone else’s work without their permission
and/or without acknowledging the original source) is wrong.

4% | confirm that the work submitted for assessment for the above degree is my own unaided

waork except where | have explicitly indicated otherwise.

e

*

| have followed the required conventions in referencing the thoughts and ideas of others.

e

*

I understand that the University of the Witwatersrand may take disciplinary action against
me if there is a belief that this is not my own unaided work or that | have failed to
acknowledge the source of the ideas or words in my writing.

Signature: Date:
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