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ABSTRACT 

 

Hepatitis B surface antigen (HBsAg) expression is a vital diagnostic marker in the course of 

HBV infection.  Its presence in the serum for longer than six months heralds chronic 

infection. The large, middle and small hepatitis B surface protein (LHBs, MHBs and SHBs, 

respectively), are three types of HBsAg that are expressed from the preS/S opening reading 

frame (ORF), with varying lengths since they are translated from separate in-frame initiation 

codons. LHBs comprises the preS1, the preS2, and the S domains; MHBs comprises the 

preS2 and the S domains whereas the SHBs contains the S domain. Strains of HBV, with 

deletions in the preS1 and/or preS2 regions, have been identified in HIV-infected individuals 

and are also frequent in HBV strains from hepatocellular carcinoma (HCC) patients. These 

deletions have been shown to be a risk factor for the development HCC. The objective of 

the study was to functionally characterize deletion mutants and an occult strain isolated from 

South African HIV-infected adults.  In this study, previously constructed plasmids shown to 

express HBV DNA and proteins for wild-type (A1 WT SW), occult strain (SHH193A), and 

with different HBsAg mutations: preS1 & preS2 deletion mutant (SHH011A), preS2 

deletion mutants (SHH045A and SHH167A) of subgenotype A1 were transfected in Huh7 

cells. Intracellular protein expression was determined following subcellular fractionation 

and subsequent immunoblotting. Extracellular protein expression was determined by 

ELISA. The subcellular localization, extracellular expression and the ratios of the different 

types of HBsAg was determined for the occult and preS deletion mutant strains relative to 

the wild-type strain. This study demonstrated that the ratio and subcellular localization of 

the occult and preS deletion mutant strains were affected relative to the A1 wild-type. 

Furthermore, we found that HBsAg from the occult strain aggregated primarily in the 

membrane-bound fraction, suggesting that these proteins were retained in this cellular 

compartment. The retention of HBsAgs in the ER, can result in ER stress and lead to reactive 
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oxygen species accumulation, which can trigger oxidative DNA damage and lead to 

hepatocarcinogenesis. These findings may provide a further explanation as to why the occult 

and preS deletion mutants may contribute to an increased hepatocarcinogenic potential 

and/or the HBsAg-negative phenotype. 
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CHAPTER 1: INTRODUCTION  

 

1.1 Brief History of Hepatitis B Virus 

Epidemics of hepatitis have been recognized since Hippocrates (ca 450 BC). However, in 1885, 

Lurman documented the first account of an epidemic of ‘serum hepatitis’ among 191 German 

ship workers in Bremen, who had received the small pox vaccine enriched with human lymph 

(Lurman, 1885). Later, in 1963, Baruch Blumberg, identified the Australia antigen (Au), which 

later led to the discovery of the association of the Au antigen to viral hepatitis, when the 

recognition of a laboratory technician, diagnosed with jaundice, propelled further studies by 

Blumberg (Blumberg et al., 1984). Subsequently, in 1968, Alfred Prince identified a serum 

antigen that was distinctively associated with post-transfusion hepatitis, which he termed the 

serum hepatitis (SH) antigen (Prince, 1968). Later it was found that the Au antigen and the SH 

antigen were in fact indistinguishable and the antigen was renamed as the hepatitis B surface 

antigen (HBsAg). A few years later, David Dane led an electron microscopy study that 

successfully visualized the full 42 nm particle hepatitis B virion (Dane et al., 1970).  

 

These discoveries were a significant breakthrough in progressing global health and the first step 

in the advancement of hepatitis screening assays, which furthered the generation of a blood-

screening practice that has led to a decline in the incidence of post-transfusion hepatitis (Alter 

et al., 1972, Blumberg, 1977). This further pioneered the development of an effective vaccine 

that greatly reduced the global burden of HBV infection (Buynak et al., 1976). Additional 

studies also associated the presence of HBsAg with chronic liver diseases, including cirrhosis 

and hepatocellular carcinoma (HCC) (Blumberg et al., 2000, Prince et al., 1975). 
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However, even with the implementation of an effective vaccination strategy since the 1980s 

and decades of work between the discovery of hepatitis B virus (HBV) and our present 

knowledge of the virus, HBV is still a prominent cause of end stage liver diseases. It is estimated 

that approximately a third of the world’s population has been infected with HBV at some point 

in their lifetime. This highlights the significance of a more complete understanding of HBV 

biology and pathogenesis (Kwon, 2011, Scaglione and Lok, 2012). 

 

1.2 Classification of the Hepatitis B Virus  

Distinctive structural features of the HBV separate it from other families of animal DNA viruses 

and have resulted in its categorization under the family Hepadnaviridae. The family 

Hepadnaviridae is divided into two distinct genera on the basis of their limited host range of 

infection and divergent genomic sequences. The members of the genus Orthohepadnaviridae, 

which includes HBV, the prototype and woodchuck hepatitis virus (WHV), infects mammals 

whereas the genus Avihepativiridae, which includes the duck hepatitis B virus (DHBV) and 

heron HBV, infect birds (Seeger and Mason, 2000).  

Every division of the Hepadnaviridae family is predominantly species specific. Although there 

is substantial genomic diversity, which occurs among viral species, all hepadnaviruses share 

numerous mutual traits. For instance, all have preferential tissue tropism for hepatocytes 

(hepatotropic), they have compact DNA genomes of 3.0–3.3 kb, with overlapping open reading 

frames (ORFs). Furthermore, by means of utilizing the reverse-transcriptase activity of the 

polymerase, all hepadnaviruses replicate their DNA genome by reverse transcription of an RNA 

intermediate (Seeger and Mason, 1996).  

Though several other viruses similarly employ reverse transcription for viral replication, 

hepadnaviruses can be distinguished from these groups by key distinctive characteristics 

including:  
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1) The virus has a DNA instead of an RNA genome. 

 2) The initiation of reverse transcription in HBV replication is protein-primed, which is 

fundamentally distinctive from retroviral replication though related (Beck and Nassal, 

2007a). 

These major variations led to the classification of Hepadnaviridae as an individual family of 

viruses (Marion and Robinson, 1983, Seeger and Mason, 2015). 

 

1.3 Epidemiology and Clinical Manifestation of HBV 

Although an efficient vaccine for the prevention of HBV has been implemented, resulting in 

the drastic reduction of HBV incidence, HBV infection still poses a serious public health 

concern. Globally, over 292 million individuals are chronically infected with HBV (Razavi-

Shearer et al., 2018), of which an estimated 10% are diagnosed and only 1% treated (Figure 1) 

(Debarry et al., 2017). 

 

 

Figure 1: The global rate of diagnosis and treatment of hepatitis B infection. At present it is estimated 

that only 10% of HBV-infected patients are diagnosed with a 1% treatment rate (Debarry et al., 2017). 

[Permissions license number: 4537251307696 under John Wiley & Sons, Inc]. 
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HBV infection is associated with a broad range of clinical conditions ranging from acute 

infection, fulminant hepatitis and chronic infection. Chronic infection with the virus may be 

asymptomatic but can cause chronic hepatitis B (CHB), cirrhosis, and HCC (Chen, 1993, 

Ganem and Prince, 2004). Moreover, HCC is the third major cause of cancer-associated 

mortality worldwide (El–Serag and Rudolph, 2007). Despite the fact that the mode of action of 

HBV in hepatocarcinogenesis is not fully understood, numerous viral factors have been linked 

with a greater risk for HCC development, including HBV genotype/subgenotype, viral load, 

basal core promoter and precore mutations and preS deletions, (Hsu et al., 2011, Liu et al., 

2009). 

 

1.3.1 Global HBV genotype distribution 

HBV can be divided into nine genotypes, named A to I, with a putative tenth genotype named 

J. These genotypes have been assigned on the foundation of a sequence variation larger than 

4% in the S region or 7.5% to 8% in the complete HBV genome. With a suitable bootstrap 

support, genotypes A-D, F, H and I have been further grouped into at 35 subgenotypes 

(Kramvis, 2014, Kramvis et al., 2005). Hyperendemic areas with a high prevalence of 

hepatocellular carcinoma have been identified in sub-Saharan Africa (genotype A) and East 

Asia (genotypes B and C) (Cao, 2009).  

The genotype distribution found in sub-Saharan Africa is quite distinct with genotype E 

prevailing in the western/central region and genotype A more predominantly found in the in 

eastern-southern region (aside from Madagascar) (Figure 2). Globally, the HBV genotype 

distribution displays comparable distribution amongst countries within the same world region. 

However, across diverse parts of the world it can vary considerably (Velkov et al., 2018). 
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Figure 2: A schematic of the various HBV genotype distribution in each country. The pie charts specify the relative HBV genotype distributions in the respective 

countries (Velkov et al., 2018). [No special permission/license required for the use of this figure]
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1.3.2 Global impact of the different HBV genotypes  

The total number of HBV infections within each genotype in each respective country was 

established by taking into consideration the variations of HBV-infected individuals in diverse 

regions of the world, in conjunction with the deviations in genotype occurrences (Figure 3). 

The most evident impact can be seen for genotypes with high frequencies in regions harbouring 

high HBV prevalence, such as sub-Saharan Africa (32.3% of global HBV infections, 

predominantly genotypes A or E) or Eastern and Southeast Asia (~30% mainly infected with 

genotypes B or C) (Velkov et al., 2018).  

Globally, genotypes A to E were estimated to contribute to 96.2% of global chronic HBV 

infections with the other 4 genotypes (F to I) only accounting for 1.3% of all infections with 

incidences predominantly found in Eastern Asia (genotype I) or Latin America (genotypes F to 

H) (Velkov et al., 2018).  Genotypes C, D and E infected 26.1%, 22.1% and 17.6% of all HBV 

chronic carriers worldwide, respectively. Overall, sub-Saharan Africa, with 12% of the global 

area, contributes to a third of global HBV infections. The subgenotypes primarily present in 

Africa are discussed in the next section (Figure 4).   



7 

 

 

 

Figure 3: The impact of the various HBV genotypes to global chronic HBV infections. The number of 

infections is demonstrated as percentage of global chronic HBV infections relative to each country 

(Velkov et al., 2018). [No special permission/license required for the use of this figure]   
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1.3.3 Subgenotypes of HBV in Africa 

Within genotype A, subgenotype A1, which is the most predominant in Africa (Figure 4) 

(Kimbi et al., 2004, Kramvis et al., 2002), has been associated with increased 

hepatocarcinogenic ability (Gopalakrishnan et al., 2013, Kramvis et al., 2005, Kew et al., 2005). 

Moreover, distinctive sequence alterations within subgenotype A1 result in lower HBV DNA 

levels in individuals infected with this subgenotype in comparison to subgenotype A2 and 

genotype D carriers (Kimbi et al., 2004, Kramvis et al., 1997, Kramvis et al., 1998, Sugauchi 

et al., 2004, Sugiyama et al., 2006). Furthermore, subgenotype A1 is connected to early 

seroconversion of hepatitis B e antigen (HBeAg) to antibodies against HBeAg (Kew, 1994, 

Kramvis et al., 1997, Kramvis et al., 1998, Song et al., 1984, Tanaka et al., 2004). The 

seroconversion stage from HBeAg-positive to HBeAg-negative/anti-HBeAg-positive typically 

heralds resolution of the infection. Moreover, when compared to subgenotype A2, infection 

with subgenotype A1 presents early HBeAg seroconversion, low viral loads, high 

transmissibility and higher hepatocarcinogenic potential  (Kimbi et al., 2004, Kramvis and 

Kew, 2007). The predominant HBV subgenotypes in South Africa are A1 and D3, with 

subgenotype A1 being the most prevalent and most researched in South Africa owing to its 

predominance and association with serious clinical consequences of infection (Kramvis et al., 

2008). 
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Figure 4: Overview of the geographical distribution of the HBV genotypes and subgenotypes. The 

prevalent HBV subgenotypes in South Africa are A1 and D3, with subgenotype A1 being the most 

prevalent subgenotype. The proportional size of the letter/number denotes the relative predominance of 

the genotype or subgenotype (Kramvis, 2016) [No permission/license required for the use of this figure]. 

 

1.4 Hepatitis B Virus Structure 

The HBV genome is comprised of a circular, partially double stranded DNA, approximately 

3.2 kb in size with all the coding material on the minus DNA strand. In addition, the genome is 

composed of four overlapping open reading frames (ORFs), namely: X protein (a 

transcriptional trans-activator), precore/core (e antigen, HBeAg), the core protein (HBcAg), 

polymerase regions (reverse transcriptase) and finally, the preS1/preS2/S surface proteins of 

HBsAg: large (LHBs), middle (MHBs) and small (SHBs) proteins (Figure 5) (Lee, 1997, 

Tiollais, 1985).   
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Figure 5: A schematic representation of the mature HBV virion. The virion comprises of two key 

elements: a nucleocapsid enclosing a partially double-stranded DNA genome bound to HBV DNA 

polymerase and a viral envelope comprising of the three HBV envelope proteins; large (LHBs), middle 

(MHBs) and small (SHBs) surface proteins, collectively known as the HBV surface antigen (HBsAg).  

 

1.4.1 Hepatitis B Core Antigen (HBcAg) 

The HBcAg is a 21 kDa protein that acts as the primary structural unit for HBV icosahedral 

capsid (Stannard and Hodgkiss, 1979). HBcAg is translated from the pgRNA (pregenomic 

RNA) with the first 149 amino acids responsible for the nucleocapsid assembly (Birnbaum and 

Nassal, 1990).  The residual 34–36 amino acids constitute the arginine-rich C-terminal domain 

(CTD). Studies suggest that several phases of the viral life cycle and maturation is controlled 

by the phosphorylation of numerous amino acids in the CTD (Ludgate et al., 2012, Melegari et 

al., 2005). In addition, the CTD is required for pgRNA packaging (Nassal, 1992), and HBcAg 

also acts as an essential factor in the activation of reverse transcription as well as the maturation 

of nucleocapsid envelopment (Le Pogam et al., 2005, Lewellyn and Loeb, 2011, Perlman et al., 

2005).  
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1.4.2 Hepatitis B e Antigen (HBeAg) 

The HBV precore/secretory antigen more commonly known as the e antigen (HBeAg) is 

encoded by a region that overlaps a major part of the ORF that encodes the core protein 

(HBcAg) (Seeger and Mason, 2000). Thus, HBeAg is a secretory version of HBcAg that is not 

mandatory for replication and appears to promote viral persistence by suppressing both the 

adaptive and innate host immune response; thus supporting HBV immune evasion (Chen et al., 

2004, Chen et al., 2005). It has been demonstrated that the presence of HBeAg leads to the 

disruption of signaling pathways, which in turn leads to the constraining of the intracellular 

innate immunity (Lang et al., 2011). In addition, research has shown that the precore directly 

down regulates Toll-like receptor 2 (TLR2) which is considered to be a crucial innate immune 

receptor (Lang et al., 2011, Visvanathan et al., 2007). This protein does not form part of the 

infectious virion and acts as a decoy agent (tolerogen), which may assist in reducing the 

neutralizing immune response by deterring the response away from the infectious HBV viral 

particles (Seeger and Mason, 2015, Kramvis et al., 2018).  

Over the years, HBeAg has become a fundamental marker of replication and infectivity. 

Additionally, the levels of serum HBeAg are typically expected to be consistent with viral load 

and HBeAg seroconversion is recognized as an essential characteristic of the transition to the 

inactive carrier state of infection (Liaw, 2009). In HBV chronic infection, the loss of HBeAg 

expression and the emergence of antibodies directed against it (anti-HBe) typically signals the 

termination of viral replication. HBeAg-negative chronic hepatitis B can result from mutations 

in the precore and core regions in the presence of anti-HBe, where replicative infection persists 

and HBV DNA remains at relatively high levels (Schödel et al., 1993). 
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1.4.3 Surface antigen (HBsAg) 

HBV expresses three envelope proteins that are collectively known as the HBV surface antigen 

(HBsAg). The primary role of the HBsAg proteins is to form the framework for the viral 

envelope, namely: the large (LHBs), middle (MHBs), and small (SHBs) surface antigen 

proteins (Blumberg et al., 1967). Furthermore, the envelope proteins are products of the preS/S 

ORF and share an identical C-terminal, though they have varying lengths as a result of the 

dissimilarities in their N-terminal. The LHBs protein (39 kDa) is composed of the 108/119 

amino acid preS1 domain, which is genotype-specific, the 55 amino acid preS2 domain and the 

226 amino acid S domain. The LHBs protein is translated by a separate specific mRNA 

transcript that is regulated by the preS1 promoter. The MHBs protein (31 kDa) is composed of 

the PreS2 and S domains and its expression is initiated by the S promoter. Additionally, the 

SHBs protein (24 kDa) is solely composed of the S region and its expression is also driven by 

the S promoter (Liang, 2009, Tong and Revill, 2016, Wei et al., 2010). 

Of the three S gene products, the LHBs and MHBs proteins are less predominant in comparison 

to the SHBs protein. These three varying forms of viral proteins are secreted from a HBV-

infected cell as a result of the differing expression of each of the three surface antigens. These 

HBsAg proteins are distributed in different ratios in the mature virion and subviral particles 

(Bruss, 2004, Ganem and Prince, 2004). The SHBs proteins are the most expressed of the S 

gene product. The complete infectious HBV virion also known as the Dane particle is 

comprised of the partially double stranded DNA genome, enclosed in the capsid composed of 

HBcAg and surrounded by the envelope composed of lipid bilayer in which the three envelope 

proteins are embedded (Beck and Nassal, 2007b, Seeger and Mason, 1996).   
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Figure 6: An illustration of the non-infectious subviral particles (SVP), in the form of either 25 nm 

spheres or 22 nm filaments.  

 

 

Furthermore, non-infectious subviral particles (SVP) generated from a HBV-infected cell are 

predominantly composed of SHBs proteins with very little LHBs and MHBs proteins in the 

SVPs and moderately more LHBs protein in the Dane particles (Liang, 2009, Tong and Revill, 

2016). There are two forms of SVPs, either 25 nm spheres or 22 nm filaments (Figure 6). The 

spheres are virtually completely composed of SHBs proteins while the filaments contain low 

quantities of MHBs proteins and LHBs proteins in addition to the SHBs proteins. Both of these 

SVPs are present in the serum of infected individuals in a much higher proportion than the 

mature HBV virions. In fact, the ratio of SVPs can be as high as 10,000-fold greater than that 

of the infectious virion particles (Bruss, 2004, Ganem and Prince, 2004, Hu and Liu, 2017). 

Studies suggest that the production of excessive amounts of SVPs plays a role in deterring 

neutralizing antibodies away from infectious particles, thus leading to immune evasion 

necessary for an ongoing chronic infection (Bruns et al., 1998). 
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1.4.4 Polymerase/reverse transcriptase 

HBV polymerase (90 kDa protein), encoded by the polymerase (Pol) ORF, consists of four 

regions, namely: the terminal protein (TP), spacer, polymerase/reverse transcriptase (Pol/RT) 

and RNase H domains (Figure 7) (Bartenschlager and Schaller, 1988, Ganem and Prince, 

2004).  

 

Figure 7: Graphical representation of HBV Polymerase showing the terminal protein (TP), spacer, 

polymerase/reverse transcriptase (Pol/RT) and RNase H regions. 

 

Though several viruses utilize reverse transcription as a method of genome replication, 

hepadnaviruses employ this mode of viral replication with several distinct mechanisms. 

Interestingly, the members of the family Hepadnaviridae, encode their own polymerase. This  

is not typical in smaller viruses, which generally utilize the host polymerases to replicate their 

genome (Flint et al., 2008, Seeger and Mason, 2015). In the Hepadnaviridae, a terminal protein 

domain is responsible for the encapsidation and priming of pgRNA in order to initiate DNA 

synthesis, while the spacer domain acts as a linker between the TP and the reverse transcriptase 

(RT) domain (Clark and Hu, 2015). The Pol/RT domain lacks proofreading capacity, resulting 

in an error prone reverse transcription of the minus DNA strand from a RNA intermediate 

(Ganem and Prince, 2004, Thio and Locarnini, 2007). The RNase H domain is mandatory for 



15 

 

the removal of the template RNA and is situated at the end of the C-terminal (Clark and Hu, 

2015).  

Within the polymerase/reverse transcriptase domain of the Pol protein, a YMDD motif (Tyr–

Met–Asp–Asp) encodes amino acid positions rt203–206. Studies have shown that mutations 

within the YMDD motif may result in drug resistance. For example, mutations at position 

rtM204 are characteristic of Telbivudine (LdT) and Lamivudine (LMV) resistance (Thio and 

Locarnini, 2007), while rtN236T and/or rtA181T/V mutations can lead to Adefovir (ADV) 

resistance (Hadziyannis S et al., 2006) and the occurrence of at least three mutations: rtL180M, 

rtM204V and either rt184G/S, rtS202I or rtM250V can prompt Entecavir (ETV) resistance 

(Tenney et al., 2004).  

 

1.4.5 HBx protein 

HBx is a 17 kDa regulatory protein (154 aa in length) expressed from the X ORF with slight to 

no sequence homology to any known genes, hence the name “X” protein. It can modulate 

several hepatocyte signaling cascades and factors associated with to mechanisms that induce 

cellular transformation. HBx has been shown to regulate calcium, apoptosis and proliferation 

signals, among other pathways (Clippinger et al., 2009, Gearhart and Bouchard, 2010b, 

Gearhart and Bouchard, 2010a, Rawat and Bouchard, 2015).  

Unlike mammalian hepadnaviruses, the avian hepadnaviruses do not express the HBx protein 

(Wei et al., 2010). This knowledge has lead researchers to postulate that HBx protein may have 

oncogenic potential since hepadnavirus-associated HCC seems to be specific to mammalian 

hepadnaviruses, which all express a form of the HBx protein while, avian hepadnaviruses 

(which do not express an HBx protein or express a vastly deviating form) can cause chronic 

infection without triggering the progression of HCC (Arbuthnot et al., 2000, Bouchard and 

Schneider, 2004). Various studies have provided considerable evidence that support the role of 
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HBx as an essential factor during HBV replication. More specifically, studies have shown that 

HBx binds to cccDNA (Belloni et al., 2009) and is mandatory for transcription from cccDNA 

and thus, downstream HBx-mediated effects are a prerequisite for HBV replication (Lucifora 

et al., 2011, Seeger and Sohn, 2014). The non-existence of an established model for the study 

of HBV and HBx has created some difficulty in the understanding of the overall effects of HBx 

expression in viral replication (Slagle et al., 2015).  

 

1.5  Hepatitis B Virus Replication Cycle 

HBV is distinctive amongst other human viral pathogens, as it is a DNA virus that replicates 

by reverse transcription of a RNA intermediate, the pregenomic RNA (Figure 8). HBV initiates 

replication by binding to a HBV-preS-specific cellular entry receptor expressed on hepatocytes, 

the bile acid transporter designated sodium taurocholate cotransporting polypeptide (NTCP) 

(Yan et al., 2012). Once bound the virus is internalized by endocytosis into the cytoplasm where 

the DNA is uncoated. The DNA is transported to the nucleus where it is then converted to the 

covalently closed form (cccDNA), which serves as a template for transcription of viral RNA, 

including the pregenomic RNA. Thereafter, the RNAs are transported to the cytoplasm, where 

the proteins are translated followed by viral assembly. Then, the pregenomic RNA, which is 

packaged into subviral core particles in conjunction with a virus-encoded reverse transcriptase 

(RT), is reverse transcribed into the viral DNA. Finally, the core particles with mature DNA 

are then able to assemble with viral envelope proteins and form mature virions by budding into 

the endoplasmic reticulum, after which the virus is transported to the cell surface and released 

(Beck and Nassal, 2007b, Seeger and Mason, 1996) or recycled to the nucleus to maintain a 

reservoir of cccDNA.  

Although HBV is a DNA virus, it has a high mutation rate owing to its replicative approach, 

which employs a reverse transcriptase lacking proofreading activity, causing several variants at 
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each cycle of replication. Since HBV lacks proofreading activity, errors in HBV replication 

occur at a much greater rate than in other DNA viruses. As a result of this low reliability of the 

polymerase, the high replication rate and the overlapping reading frames, mutations emerge 

throughout the genome and they have been observed in both the non-structural and structural 

genes (Kim et al., 2014), although the overlapping reading frames, place a constraint on the 

development of mutations in all regions of the genome (Mizokami et al., 1997). 
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Figure 8: A Schematic Representation of the Hepatitis B Virus Life Cycle.
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1.6 HBsAg Deletion Mutations: PreS1 and PreS2 Deletion Mutations 

As previously mentioned, the preS1, preS2 and S ORFs encode three envelope proteins; LHBs, 

MHBs and SHBs, respectively. All three types of proteins are detected as HBsAg protein and 

are major components for viral assembly and adhesion to hepatocytes. Furthermore, this surface 

antigen, HBsAg, contains the major B cell epitope, the “a” determinant, which is situated in the 

major hydrophilic region (MHR – amino acids: 99-169) – this is a primary target for 

neutralizing antibodies (Petit et al., 1986). Additionally, the preS region includes both the B-

cell and T-cell epitopes that facilitate immune interactions, hepatocyte binding sites that assist 

in viral adhesion and other functional domains. Consequently, the preS region performs several 

critical functions in viral-host interactions, HBV replication and infection (Chen et al., 2006, 

Kuroki et al., 1990, Sobotta et al., 2000). It has been demonstrated that mutations, which result 

in a conformational change within the “a” determinant, may affect the antigenicity of HBsAg, 

which is fundamental for stimulating defense antibodies. Thus, these mutations may be 

responsible for the virus escaping vaccine initiated immunity, anti-HBV immunoglobulin 

treatment and generating false negative results in serological assays (Chisari, 1992, Echevarría 

and Avellón, 2008). 

PreS deletions, identified in the preS1 and preS2 regions, result in a decline in the synthesis and 

secretion of small surface antigen, which has a tendency to amass in the hepatocytes, 

particularly in the endoplasmic reticulum (Fan et al., 2001). This has been thought to cause 

stress in the ER, which consequently results in oxidative DNA impairment that generates 

mutagenesis and HCC (Huang et al., 2005, Hung et al., 2004, Wang et al., 2003). Furthermore, 

some mutations in the preS1/S region appear to be responsible for the inactivation of the 

preS2/S region promoter leading to an impediment of HBsAg secretion. Previous studies 

revealed that several preS1/preS2 alterations, including deletions and start codon mutations, 

occurred at a higher frequency in HBV isolates from  patients at the later stage of chronic HBV 

infection and in the course of fulminant hepatitis (Chen et al., 2006, Pollicino et al., 1997, 
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Sugauchi et al., 2003). HCC patients have a greater frequency of HBV with preS deletions 

(Chen et al., 2006) and  preS deletions have been shown to be independent risk factors for HCC 

progression (Chen et al., 2008, Yin et al., 2010).  

The current availability of information regarding the role of other HBV mutations in preS or S 

regions in HCC is inadequate. In addition, distinct clinical and virological features of the HBV 

infection have been described in varying geographical regions of the world where different 

genotypes/subgenotypes circulate and are progressively related with the genetic diversity of the 

virus (Kurbanov et al., 2010).  

 

1.7 HBV infection 

Chronic HBV infection occurs in an estimate of 5-10% of instances involving HBV-infected 

adults with a substantially higher rate in infants (Yim and Lok, 2006). HBV-infected patients 

symptomatically display liver inflammation (i.e. hepatitis) accompanied with abdominal pain, 

jaundice and nausea. In several instances of HBV infection, HBV-infected individuals are 

asymptomatic and acute infections commonly clear within six months with untraceable DNA 

viral loads and anti-HBs expression (Lamontagne et al., 2016). Thus, the onset of chronic HBV 

infection is signaled by the persistence of detectable HBsAg expression for a minimum of six 

months subsequent to early infection.  

In the immune tolerance stage, HBV infections are distinguished by the presence of high 

HBeAg and serum HBV DNA levels with minimal liver inflammation and standard ALT 

(alanine aminotransferase) levels (Takashima et al., 1992). ALT is an enzyme principally 

located in the kidney and liver cells. Increased levels of ALT have been associated with liver 

damage and this knowledge has been utilized in screening assays for the testing of liver disease 

(McPherson and Pincus, 2017). The development of HCC or cirrhosis in immune tolerance 

phase individuals are considered to be low (Shi and Shi, 2009). 
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The immune clearance phase is associated with the advancement of fibrosis and enhanced liver 

inflammation, ultimately resulting in more progressive liver disease. This phase is accompanied 

with elevated ALT, liver necroinflammation as well as low levels of serum HBV DNA, 

especially in comparison to the immune tolerant phase. The upsurge in ALT levels is thought 

to be due to the cytotoxic T-cell facilitated immune response resulting in the damage of 

hepatocytes infected with HBV (Chang and Liaw, 2014). Thus, extensive periods of this phase 

has been linked with the progression of HCC and cirrhosis (Liaw et al., 1988). A crucial 

outcome of the immune clearance phase is the seroconversion of HBeAg, along with 

untraceable levels of serum HBV and the stabilization of ALT levels. The HBeAg 

seroconversion in particular is considered to support positive long-lasting results in reducing 

the risk of liver disease progression (Liaw, 2009). 

In the inactive HBsAg carrier phase, there is a lack of HBeAg expression due to anti-HBe 

seroconversion, a decrease in serum HBV DNA and anti-HBs seroconversion from HBsAg. 

Additionally, ALT levels become regulated with little to no hepatitis and fibrosis detected 

(depending on the duration of the immune clearance phase). Though this phase could 

theoretically be sustained with desirable clinical results (Gish et al., 2015, Yim and Lok, 2006); 

some patients in this phase reach a reactivation phase with the unprompted recovery of HBV 

replication due to immune suppression. Though these patients are HBeAg negative, they exhibit 

higher ALT levels with enhanced necroinflammation (Ganem and Prince, 2004, Gish et al., 

2015, Yim and Lok, 2006).  

Additionally, more advanced detection applications, such as PCR-based approaches have 

discovered that numerous individuals considered to be HBV negative (i.e. HBV clearance 

presumed due to the lack of measureable HBsAg expression) when in reality these patients 

presented trace amounts of quantifiable serum and viral HBV DNA. These low levels of HBV 

DNA have been identified in roughly 30% of infected individuals with liver disease with 

formerly undetermined etiology (Bläckberg and Kidd-Ljunggren, 2000, Chazouilleres et al., 
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1994, Yim and Lok, 2006). This finding led to the identification of occult HBV infections (see 

later). Although the occult HBV infections are somewhat incompletely understood, research 

has shown that occult infections may be a risk factor for the persistence of chronic HBV 

infections, reactivation and the development of HCC (Pollicino et al., 2004). 

Ultimately, though anti-HBV therapies are typically successful at reducing viral loads, these 

therapies are still not curative and are essentially long term treatments, which in time result in 

the generation of resistant HBV mutants. Accordingly, explicit strategies have been put into 

motion to regulate the implementation of antiviral therapies (Gish et al., 2015). In the end, 

several HBV-infected individuals will progress HBV related liver disease. Though there are 

currently numerous sanctioned treatments for chronic HBV, there is still no definite cure with 

a lifetime danger of HCC progression (Gish et al., 2015). 

 

1.8  Occult HBV Infection 

Occult HBV infection (OBI) occurs when HBV DNA is detectable in the absence of HBsAg in 

patients with/without other serological markers of previous HBV infection (Raimondo et al., 

2008). To explain this phenotype, several mechanisms have been proposed. However, the 

modification in the steric configuration in HBsAg molecule, governed by mutations located 

within the “a” determinant is commonly present. Commercial assays cannot effectively detect 

these modified HBsAg molecules due to the weak recognition of the immune system (Chen et 

al., 2012).  

 

Furthermore, HIV infection has been associated as a risk factor for the development of occult 

HBV infection (Mphahlele et al., 2006). Since liver biopsies are not generally accessible, OBI 

is typically detected by the analysis of sera. Finally, false occult can be distinguished from true 

occult when HBV DNA levels are comparable to those detected in HBsAg positive infection 
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(overt) and are typically due to infection by HBV variants with S gene escape mutants, thus 

generating HBsAg that is not detected in various assays (Raimondo et al., 2008). To date, the 

clinical impact and repercussions of OBI are not fully understood.  

 

Members of our team have constructed a replication competent subgenotype A1 plasmid from 

a viral strain derived from a HBsAg-negative patient. This construct did not express HBsAg in 

cell culture thus mimicking the HBsAg negativity seen in vivo (Wolhuter, 2016). The HBsAg 

expression of the proteins was then further analyzed using immunofluorescence and confocal 

microscopy and revealed that although the constructs for the wild-type and deletion mutants 

expressed the envelope proteins at each time point, the occult strain (SHH193A) aggregated 

HBsAg proteins in the perinuclear region, suggesting that it may be retained in the endoplasmic 

reticulum and for that reason may not be secreted (Simelane, 2018). This finding was significant 

as it could explain the HBsAg negative result found in patient serum. Thus, there is great 

significance in studying these various strains and their role in the progression of occult HBV 

infection and development of HCC (Kim et al., 2014), especially in the context of  subgenotype 

A1, which prevails in southern-eastern Africa and has been shown to be hepatocarcinogenic 

than other subgenotypes A2 and D3. 
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2. Rationale 

HBsAg is the first serological marker to emerge in the course of acute HBV infection and is a 

key indicator of HBV infection. As a result, HBsAg expression is an essential marker for 

diagnosis analyses (Kao, 2008). The LHBs, MHBs and the SHBs are three types of HBsAg that 

are expressed from the preS/S ORF, which comprises of three in-frame initiation codons and 

one termination codon (Summers et al. 1975). The HBsAg proteins have varying sizes since 

they are translated from separate start codons. LHBs comprises of the preS1 domain, the preS2 

domain, and the S domain; MHBs comprises of the preS2 and the S domain whereas the SHBs 

encompasses the S domain (Gerlich et al, 1992; Schadler & Hildt, 2009). These three proteins 

occur in dissimilar proportions in the HBV-related particles: 

 

i. The LHBs is located in the following proportions in the various particles:  

virion > filamentous subviral particle > spherical subviral particle 

ii. The MHBs has the same relatively low distribution in all HBV-related particles. 

iii. The SHBs is the primary constituent of the viral envelope and is released from the cells 

in highest quantity in comparison to LHBs and MHBs (Heerman, et al., 1984).  

 

Our team has identified strains of HBV in HIV-infected individuals with deletions in the preS1 

and/or preS2 regions (Makondo et al, 2012). These mutants are frequent in HBV strains from 

hepatocellular carcinoma patients (Chen et al, 2006). Thus, since it is evident that preS deletion 

mutants may play a role in the rapid progression of HCC, it is essential to screen and assess the 

prevalence of these deletion-mutants, which can act as predictive tools and allow for a more 

comprehensive model of HBV. This study, which follows the expression of these mutants in 

vitro and may provide some explanation as to whether these deletion mutants and the occult 

strain may contribute to an increased hepatocarcinogenic potential and the HBsAg-negative 

phenotype, respectively. 
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3. Aims and Objectives 

The aim of the study will be to determine whether HBsAg deletion mutants and the occult strain 

of subgenotype A1 HBV affect the subcellular localization, expression and release of the 

different HBsAgs and HBeAg and their relative ratios in vitro.  

Following transfection of Huh7 cells with subgenotype A1 replication competent plasmids for 

the wild-type, occult strain, preS1 and preS2 deletion mutants, the objectives of the study were 

to: 

i. Optimize the methods necessary to follow the intracellular and extracellular expression 

of the viral proteins.   

ii. Determine the intracellular expression of LHBs, MHBs, SHBs in the nucleus, cytoplasm 

and membrane of the cell. 

iii. Determine the extracellular expression of HBV proteins (LHBs, MHBs, SHBs and 

HBeAg)  
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CHAPTER 2: MATERIALS AND METHODS 

 

2.1 Ethics 

An ethics waiver for this study was obtained the University of the Witwatersrand Human 

Research Ethics Committee (Medical), Johannesburg, South Africa (Clearance Certificate 

Number: W-CJ-170308-1) (APPENDIX A: ETHICS CLEARANCE , page 88).  

 

2.2 Materials 

The following materials were used in this study: 

 Plasmids: 

 1.28 mer replication competent plasmid for subgenotype A1 (A1-WT) 

containing an endogenous promoter previously constructed by Dr Nimisha H. 

Bhoola (Bhoola et al., 2014).  

 1.28 mer replication competent plasmids for subgenotype A1 containing either 

deletion mutations in the PreS1/PreS2 region or occult strain of the virus. These 

plasmids were constructed by the insertion of a region overlapping the 784 bp 

fragment (nt 2687-250, when numbered from the EcoRI restriction enzyme 

recognition site) (Galibert et al, 1979) into A1-WT. These plasmids, also 

containing endogenous promoters, were generated by Ms. Suzanne Wolhuter 

(Wolhuter, 2016). The plasmid construct is illustrated in Figure 9 (page 28) 

 A1-WT SW: Wild-type subgenotype A1 (XbaI restriction enzyme recognition site 

removed from the vector backbone)  

 SHH011A: Mutant subgenotype A1 with deletion mutations in the PreS1 (nt. 2900-

2929) and PreS2 (nt. 3211-3255) regions and XbaI restriction enzyme recognition site 

removed from the vector backbone 
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 SHH045A: Mutant subgenotype A1 with a deletion mutation in the PreS2 (nt. 23-55) 

region and XbaI restriction enzyme recognition site removed from the vector backbone 

 SHH167A: Mutant subgenotype A1 with  a deletion mutation in the PreS2 (nt. 9-54) 

region and XbaI restriction enzyme recognition site removed from the vector backbone 

 SHH193A: Occult subgenotype A1 (XbaI restriction enzyme recognition site removed 

from the vector backbone) 

 eGFP, a positive control plasmid to measure transfection efficiency was kindly donated 

by Prof. Hans Will Heinrich-Pette Institute for Experimental Virology and Immunology, 

University of Hamburg, Hamburg, Germany. 

Huh7 cells (Japan Health Science Research Resources Bank, catalogue number JCRB0403) kindly 

donated by Prof. Charles M. Rice, Rockefeller University 

Subcellular Protein Fractionation Kit for Cultured Cells (Pierce Biotechnology by Thermo Fisher 

Scientific, Waltham, Massachusetts, United States of America) 

 Primary Antibodies: 

o Rabbit polyclonal antibody to Calreticulin (Abcam Inc., Cambridge, MA, United 

States of America) 

o Mouse monoclonal antibody to Cytokeratin 18 [CK-18] (Abcam Inc., Cambridge, 

MA, United States of America) 

o Mouse monoclonal antibody to Histone H3 (Abcam Inc., Cambridge, MA, 

United States of America) 

o Mouse monoclonal antibody against the S region of HBsAg (mAb HB1) (kindly 

donated by Prof. Dieter Glebe, Institute of Medical Virology, Justus-Liebig 

University, Giessen, Germany) 

o Rabbit polyclonal to GFP (ab6556) antibody (Abcam Inc., Cambridge, MA, 

United States of America) 
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Figure 9: A diagram of the HBV wild-type, occult and deletion constructs employed in this study. The 

grey dotted boxes (with numbers) represent the size and positions of the deletions in each of the deletion 

mutant constructs (image adapted from Wolhuter, 2016).   
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2.3 Overview of Methods 

Figure 10: Overview and strategy of the techniques included in the study 
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2.4 Preparation of Replication Competent Plasmids 

2.4.1 Plasmid DNA Extraction  

Plasmid DNA was extracted on a large scale using the Plasmid DNA Purification NucleoBond 

Xtra Maxi EF PC 500 (Macherey-Nagel GmbH & Co. KG, Düren, Germany) following the 

manufacturer’s protocol. A starter culture of Luria Broth (LB) medium with a single colony 

picked from a freshly streaked agar plate (i.e. from glycerol stocks) was prepared in order to 

perform the plasmid DNA extraction. Next, the bacterial cell pellet was harvested from this 

culture by centrifugation at 6000 x g for 15 minutes at 4°C. While the centrifugation was 

running, the NucleoBond® Xtra column together with the column filter was assembled and 

equilibrated with 35 ml Equilibration Buffer EQU-EF supplemented on the rim of the column 

filter and allowed to empty by gravity flow after which the flow-through was discarded. 

Subsequently, the supernatant was discarded and the cell pellet was resuspended in 12 ml 

Resuspension Buffer RES-EF supplemented with RNase A. The mixture was pipetted up and 

down until no clumps were visible.  

 

Thereafter, 12 ml Lysis Buffer LYS-EF was added to the suspension and gently mixed by 

inverting the tube five times in order to prevent the release of contaminating chromosomal DNA 

from cellular debris into the suspension. Subsequently, the sample was incubated for 5 minutes 

at room temperature and immediately after incubation an aliquot of 12 ml Neutralization Buffer 

NEU-EF was added to the suspension and mixed by gently inverting the tube (until the blue 

sample lysate turned completely colourless). The crude lysate was then incubated on ice for 5 

minutes resulting in the generation of a precipitate containing chromosomal DNA and other 

cellular components and the reversion of plasmid DNA to its native supercoiled structure that 

remains in solution, and neutralization of the lysate. Thereafter, the tube containing the bacterial 

lysate was inverted three times before the suspension was added to the equilibrated column 

filter in order to avoid the clogging of the filter. Next, the lysate was loaded onto the 
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NucleoBond® Xtra column filter placed on a 250 ml conical flask and the column was allowed 

to drain by gravity flow. This enabled the plasmid DNA to bind to the anion exchange resin, 

after which the flow-through was discarded. Thereafter, 10 ml Filtration Buffer FIL-EF was 

added to the funnel shaped rim of the NucleoBond® Xtra column filter. Subsequently, the 

NucleoBond® Xtra column filter was discarded from the NucleoBond® Xtra column. Next, 

the column was washed with 90 ml Wash Buffer ENDO-EF and allowed to drain by gravity 

flow. The column was then further washed with 45 ml Wash Buffer WASH-EF and also 

allowed to empty by gravity flow. Then, the NucleoBond® Xtra column was placed into a new 

50 ml polypropylene tube and the plasmid DNA was eluted by the addition of 15 ml Elution 

Buffer ELU-EF to the column. The buffer was allowed to drain by gravity flow after which the 

column was discarded. An aliquot of 10.5 ml 100% (v/v) isopropanol (Saarchem (Pty) Ltd. by 

Merck Chemicals & Laboratory Supplies (Pty) Ltd., Wadeville, Gauteng, South Africa) was 

then added to the eluted plasmid DNA solution in order to precipitate the plasmid DNA and the 

mixture was vortexed thoroughly. The sample was then centrifuged at 15000 x g and 4°C for 

30 minutes after which the supernatant was discarded. This was followed by the dehydration of 

the pellet by the addition of 70% (v/v) ethanol to the pellet, briefly vortexed and centrifuged at 

15000 x g for 5 minutes after which the supernatant was discarded. Thereafter, the pellet was 

allowed to dry for 12 hours at room temperature.  

 

The following day, the dried pellet was dissolved by the addition of 300 μl 10 mM Tris and 

incubated at 37°C, shaking continuously at 300 rpm for 30 minutes, after which the dissolved 

DNA was transferred to a sterile 1.5 ml microcentrifuge tube, incubated at 37°C with 

continuous shaking at 600 rpm for 30 minutes. The purity of the recovered plasmid DNA was 

determined by UV spectrophotometry using a Nanodrop 2000 UV/VIS spectrophotometer, and 

analysed using the Nanodrop 1000 UV/VIS version 3.7 software (Thermo Fisher Scientific, 

Waltham, Massachusetts, United States of America), by determining the optical density at 260 
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and 280 nm. Pure DNA has an ideal A260/A280 ratio of approximately 1.8. Once purity was 

confirmed, the plasmid DNA was stored at -20°C until further use.   

 

2.4.2 Restriction Digestion  

The presence of the correct size and orientation of the ~1.28 mer over-length HBV DNA in the 

wild-type, occult and deletion clones was confirmed by restriction digestion. Restriction 

digestion was performed using BamHI, EcoNI and Xbal (Fermentas Molecular Biology Tools 

by Thermo Fisher Scientific, Waltham, United States of America) restriction enzymes.  

 

Table 1: BamHI, EcoNI & XbaI Restriction Digestion Setup (10µl reactions) 

  Volume (µl) 

Nuclease-free 

water 

Buffer 

BamHI 

(10X) 

Buffer R 

(10X) 

Buffer Tango 

(10X) 

Restriction 

enzyme  

Plasmid 

DNA 

(1 µg) 

A1 WT SW: 10-fold dilution 

BamHI  Up to 10 µl 1.0 - - 1.0 1.0 

EcoNI Up to 10 µl - 1.0 - 1.0 1.0 

XbaI Up to 10 µl - - 1.0 1.0 1.0 

SHH011A: No dilution 

BamHI  Up to 10 µl 1.0 - - 1.0 1.0 

EcoNI Up to 10 µl - 1.0 - 1.0 1.0 

XbaI Up to 10 µl - - 1.0 1.0 1.0 

SHH045A: 10-fold dilution 

BamHI  Up to 10 µl 1.0 - - 1.0 1.0 

EcoNI Up to 10 µl - 1.0 - 1.0 1.0 

XbaI Up to 10 µl - - 1.0 1.0 1.0 

SHH167A: 10-fold dilution 

BamHI  Up to 10 µl 1.0 - - 1.0 1.0 
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The reaction tubes were prepared as shown in Table 5, for each reaction 1 µg plasmid DNA 

was calculated per sample. Thereafter, the reaction tubes were briefly vortexed and centrifuged, 

then incubated at 37°C for 3 hours. Thereafter, 3 µl Blue/Orange 6X Loading Dye was added 

to each tube to stop the reaction. The size and orientation of the 1.28 mer greater-than-genome 

length HBV DNA was then determined by agarose gel electrophoresis, using 0.1 µg/µl 

O’GeneRuler™ 1 kb DNA Ladder as reference on a 0.8% (w/v) agarose gel (APPENDIX B, 

Reagent B1.1).  

 

2.4.3 Sequencing 

The presence and orientation of the 1.28 mer replication competent plasmids was confirmed by 

sequencing. Sequencing reactions were performed by the Central Analytical Facility (CAF) at 

the University of Stellenbosch (Stellenbosch, Western Cape, South Africa). The following 

sequencing primers were used: pCR-BGH3.1R, Post-BglII, 2058F, 2497R, 2497F, 3188F, 591F 

and 1040F (APPENDIX C: Primer sequences, page 103). The integrity of the sequence results 

were analysed with the FinchTV software (version 1.4.0, Geospiza Inc). Subsequently, the 

sequences were automatically aligned using Nucleotide Basic Local Alignment Search Tool 

(blastn) (https://blast.ncbi.nlm.nih.gov/Blast.cgi), and manually aligned and edited on the 

GeneDoc, Multiple Sequence Alignment Editor and Shading Utility software version 2.6.002. 

Next, the complete genome sequences were assembled on the MEGA software version 7.0 

EcoNI Up to 10 µl - 1.0 - 1.0 1.0 

XbaI Up to 10 µl - - 1.0 1.0 1.0 

SHH193A: 10-fold dilution 

BamHI  Up to 10 µl 1.0 - - 1.0 1.0 

EcoNI Up to 10 µl - 1.0 - 1.0 1.0 

XbaI Up to 10 µl - - 1.0 1.0 1.0 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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(Kumar et al, 2016). Once the genome was sequenced, a computational plasmid construct was 

generated and used as a prediction tool (APPENDIX D, page 104). 

 

2.5 Cell Culture and Transfection 

2.5.1 Cell Culture 

Since HBV is a virus that targets the liver, Huh7, which is a hepatocellular carcinoma cell line, 

was utilized in this study to investigate the expression of HBV proteins from 1.28 mer 

replication competent plasmids containing either wild-type or mutant HBV genomes in vitro.  

A frozen stock of Huh7 cells were thawed at 37°C and maintained in 5 ml complete growth 

Dulbecco’s Modified Eagle’s Medium (DMEM) medium (APPENDIX B: Reagent B2.1) in a 

25 cm2 Corning cell culture flask (Corning Inc., Corning, New York, United States of America), 

and incubated at 37°C in a humidified incubator containing 5% (v/v) carbon dioxide (CO2). The 

medium was replaced with 5 ml complete growth DMEM medium every 2-3 days until the cells 

were at least 70-80% confluent. Once confluent, the medium was removed and the cells were 

briefly washed with 5 ml 1X phosphate buffered saline (PBS) in order to remove any residual 

serum, which could inactivate the trypsin. Thereafter, the PBS (APPENDIX B: Reagent B2.2) 

was discarded and 2 ml 0.25% trypsin-EDTA (Gibco® by Invitrogen, Life Technologies 

Corporation, Carlsbad, California, United States of America) was added to the cell culture flask, 

after which it was incubated at 37°C in a humidified incubator containing 5% (v/v) CO2 for 5 

minutes. Upon detachment of the cells, the trypsinization reaction was inactivated by the 

addition of 3 ml complete growth DMEM medium. To ensure detachment of all the cells from 

the flask surface, the medium was pipetted up and down against the flask surface six times. 

Thereafter, the medium containing the cells was transferred to a 75 cm2 cell culture flask 

(Corning Inc., Corning, New York, United States of America) containing 5 ml complete 

DMEM medium and incubated at 37°C in a humidified incubator containing 5% (v/v) CO2. 

These Huh7 cells were passaged every 2-3 days and split at a ratio of 1:1, 1:2, 1:4 or 1:5 
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depending on the confluency of the cells. As a precaution, after every tenth passage the cell 

culture supernatants were tested for Mycoplasma and Acholeplasma contamination using the 

LookOut™ Mycoplasma PCR Detection Kit (Company, City, Country) (for a detailed protocol, 

please refer to APPENDIX G.1, page 113).  

 

2.5.2 Transient transfection 

The transient transfection was carried out as previously described (Bhoola et al, 2014). Twenty 

four hours prior to transfection, 1.2 x 106 Huh7 cells were seeded into 10 cm2 Corning® non-

treated culture dishes (Corning Inc., Corning, New York, United States of America), each made 

up to a final volume of 10 ml with complete growth DMEM medium. The amount of cells 

required for each sample was determined using a haemocytometer (APPENDIX H, page 117). 

The Huh7 cells were then incubated overnight at 37°C in a humidified incubator containing 5% 

CO2. The following day, the TransIT®-LT1 Transfection Reagent (Mirus Bio Corporation, 

Madison, Wisconsin, United States of America) was warmed to room temperature and vortexed 

gently prior to use. For each transfection sample, an aliquot of 1500 μl serum-free DMEM 

medium was added to a sterile 1.5 ml microcentrifuge tube and supplemented with 45 μl of 

TransIT®-LT1 Transfection Reagent.  

The sample was then mixed by pipetting up and down after which 15 μg plasmid DNA was 

added to the mixture and further mixed in the same pipetting manner. Next, the TransIT®-LT1 

Transfection Reagent-DNA complex was incubated at room temperature for 20 minutes and 

then added drop wise to the cells. Subsequently, the culture dishes were gently rocked back and 

forth to uniformly distribute the TransIT®-LT1 Transfection Reagent-DNA complex followed 

by incubation at 37°C in a humidified incubator containing 5% CO2 for 5 days post-transfection. 

The media was replaced with complete DMEM medium on days 1 and 3 post-transfection. 

Supernatants were collected on days 1, 3 and 5 post-transfection, aliquoted into microcentrifuge 
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tubes and stored at -70 °C until further use. Transfected Huh7 cells were harvested on day 5 

post-transfection by the addition of 2 ml trypsin-EDTA to each culture dish followed by 

incubation at 37°C in a humidified incubator containing 5% CO2 for 5 minutes.  An aliquot of 

3 ml complete growth DMEM medium was added to inactivate the trypsinization reaction. The 

transfected Huh7 cells were scraped off the culture dish ensuring that all the transfected Huh7 

cells were collected, after which the medium containing transfected Huh7 cells were transferred 

to a 15 ml polypropylene tube. An aliquot of 2 ml of these medium containing transfected Huh7 

cells was transferred to a 2.0 ml microcentrifuge tube and centrifuged at 5000 x g at 4°C for 5 

minutes after which the supernatant was discarded. The above-mentioned step was repeated 

until all the medium containing transfected Huh7 cells had being collected. Thereafter, the 

transfected Huh7 cells were washed with the addition of 1 ml 1X PBS, which was briefly 

vortexed, and centrifuged at 5000 x g at 4°C for 5 minutes after which the supernatant was 

discarded. This step was repeated after which the transfected Huh7 cells were stored at -70°C 

until further use. Culture dishes containing untreated Huh7 cells and Huh7 cells treated with 

TransIT®-LT1 Transfection Reagent only, served as the negative controls while Huh7 cells 

transfected with TransIT®-LT1 Transfection Reagent-eGFP complex served as the positive 

control.  

 

2.5.3 Transfection Efficiency 

The transfection efficiency was measured 1 day post-transfection by determining the number 

of Huh7 cells that had been successfully transfected with eGFP (Green Fluorescent Protein). 

Since green fluorescent protein has the ability to fluoresce a bright green when observed under 

a fluorescence microscope GFP (due to the proteins excitation at 395 nm and emission at 509 

nm), this enabled the determination of cells that were successfully transfected. In order to 

determine the transfection efficiency, the Huh7 cells were viewed under the EVOS™ FLoid™ 
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Cell Imaging Station fluorescence microscope (Life Technologies, Thermo Fisher Scientific) 

with images captured using the FLoid Software v1.4.  

 

2.6 Preparation of Whole Cell Lysates 

The pellets of transfected Huh7 cells (stored at -70 °C), were thawed on ice for 30 minutes. 

Thereafter, to detach/separate the cells, the tubes were briskly flicked. An aliquot of 100 µl SDS 

Total Cell Lysis Buffer Working Solution (Appendix B: Reagent B3.10) was then 

supplemented to each sample, followed by gentle mixing to lyse the cells, and the samples were 

then incubated at 99 °C for 5 minutes. After incubation, the condensation was collected by 

briefly centrifuging each tube, after which the samples were sonicated three times for 5 minutes 

each at using a Bandelin Sonorex with Built-In Heating Ultrasonic Bath (Bandelin, Berlin, 

Germany). Once the whole cell lysate proteins were extracted, 25 µl of each fraction was set 

aside for protein quantification. The remaining samples were then supplemented with 25 µl 4X 

Laemmili buffer (Appendix B: Reagent B5.5), heated at 99°C for 5 minutes and then stored at 

-20°C until further use.  

 

2.7 Subcellular fractionation 

2.7.1 Commercial kit 

The harvested pellets of transfected Huh7 cells (stored at -70 °C) were thawed on ice for 30 

minutes, and the packed cell volumes were determined for each sample (see Table 2). The 

appropriate volume of Cytoplasmic Extraction Buffer (CEB) (i.e. according to the packed cell 

volume) were then added to each sample and incubated at 4 °C for 10 minutes with continuous 

gentle shaking. Thereafter, the samples were centrifuged at 500 x g for 5 minutes and the 

supernatants generated (i.e. cytoplasmic fractions) were transferred to a sterile pre-chilled 1.5 

ml microcentrifuge tube. Subsequently, the appropriate volume of ice-cold Membrane 

Extraction Buffer (MEB) were supplemented to each pellet sample, and the samples were 
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vortexed for 5 seconds at the highest setting, followed by incubation at 4 °C for 10 minutes 

with continuous gentle shaking. The samples were then centrifuged at 3000 x g for 5 minutes 

and the supernatants produced (i.e. membrane fractions) were transferred to a sterile pre-chilled 

1.5 ml microcentrifuge tube. Thereafter, the appropriate volume of ice-cold Nuclear Extraction 

Buffer (NEB) were supplemented to each pellet sample, the samples were then vortexed for 15 

seconds at the highest setting and incubated at 4 °C for 30 minutes with continuous gentle 

shaking. The samples were then centrifuged at 5000 x g for 5 minutes and the supernatants (i.e. 

soluble nuclear fractions) were transferred to a sterile pre-chilled 1.5 ml microcentrifuge tube. 

Subsequently, the appropriate volume of room temperature NEB containing CaCl2 and 

microccocal nuclease were added to each pellet and the samples were vortexed at the highest 

setting for 15 seconds, and incubated at room temperature for 15 minutes. Next, the samples 

were vortexed at the highest setting for 15 seconds and then centrifuged at 16 000 x g for 5 

minutes – the supernatant produced (i.e. chromatin-bound nuclear fractions) were then 

transferred to a sterile pre-chilled 1.5 ml microcentrifuge tube. Thereafter, the appropriate 

volume of room temperature Pellet Extraction Buffer (PEB) was supplemented to each pellet 

sample, and the samples were vortexed at the highest setting for 15 seconds, followed by 

incubation at room temperature for 10 minutes. Then, the samples were centrifuged at 16,000 

x g for 5 minutes and the supernatant produced (i.e. cytoskeletal fractions) were transferred to 

a sterile pre-chilled 1.5 ml microcentrifuge tube. Once all the fractions were extracted, 25 µl of 

each fraction was set aside for protein quantification. The remaining sample of each fraction 

was then supplemented with 50 µl 4X Laemmili buffer (APPENDIX B: Reagent B5.5), heated 

at 99°C for 5 minutes and then stored at -20°C until further use. 
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Table 2: Volume of Buffer required per 10µl of Packed Cell Volume 

 

Reagent Buffer volume (µl) per 10µl packed cell volume 

CEB 100.0 

MEB 100.0 

NEB 50.0 

NEB + CaCl2 + Micrococcal Nuclease 50.0 

PEB 50.0 

 

2.7.2 Manual protocol 

Pellets, which were stored at -80°C were thawed on ice for 30 minutes prior to the subcellular 

fractionation protocol. Thereafter, 200 µl of ice cold Lysis Buffer A (APPENDIX B, Reagent 

B3.2) supplemented with 2 µl protease inhibitor cocktail was applied to each pellet and these 

samples were incubated on an end-over-end rotator for 10 minutes at 4°C. The samples were 

then centrifuged at 2000 x g for 10 minutes at 4°C. Afterwards, the supernatants of each sample 

were collected – this fraction set comprised of the cytosolic proteins. Subsequently, the pellets 

were resuspended in 200 µl of ice cold Lysis Buffer B (APPENDIX B, Reagent B3.3) 

supplemented with 2 µl of protease inhibitor cocktail, vortexed and then incubated on ice for 

30 minutes. The samples were then centrifuged at 7000 x g for 10 minutes at 4°C. Thereafter, 

the supernatants of each sample were collected – this fraction consisted of the membrane-bound 

proteins from organelles such as the, endoplasmic reticulum, Golgi, mitochondria, etc. After 

that, 200 µl of ice cold Lysis Buffer C (APPENDIX B, Reagent B3.4) supplemented with 3.5 

µL of Benzonase and 2 µl of protease inhibitor cocktail was applied to each sample pellet. 

These samples were then incubated on an end-over-end rotator for 30 minutes at 4°C to enable 

the complete solubilisation of the nuclei and digestion of the genomic DNA. Thereafter, the 

samples were centrifuged at 7800 x g for 10 minutes at 4°C. The supernatants of each sample 

were then collected – this fraction set consisted of the nuclear proteins. Once the cytosolic, 
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membrane-bound and nuclear protein fractions were extracted, 25 µl of each fraction was set 

aside for protein quantification. The remaining sample of each fraction was then supplemented 

with 50 µl 4X Laemmili buffer (APPENDIX B: Reagent B5.5), heated at 99°C for 5 minutes 

and then stored at -20°C until further use (Figure 11). For this study, control antibodies were 

selected to test the purity of each fraction. The cytosolic fractions were stained with Anti-

Cytokeratin 18, the membrane-bound fractions stained with Anti-Calreticulin and the nuclear 

fractions were stained with Anti-Histone H3. 
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Figure 11: Schematic diagram of the protocol for the manual subcellular fractionation of cultured cells, 

emphasising the key lysis buffers employed to extract the three fractions of interest namely; cytosolic, 

membrane-bound and nuclear fractions.  
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2.8 Protein Concentration Determination Assay 

 

Whole cell lysates (unfractionated) and fractionated sample treatments required protein 

quantification in order to load the exact amount of protein of each sample in the respective 

wells. This ensured that the results were consistent throughout the study. Furthermore, by 

constructing a BCA curve (APPENDIX H, page 118), the precise amount of protein was 

calculated for each sample prior to loading. 

 

2.8.1 Preparation of Protein Standards 

The Pierce® BCA Assay Kit was utilized to quantify the total protein of each sample. This was 

possible since the assay integrates the renowned biuret reduction of (Cu)+2 to Cu+1 by protein 

in an alkaline medium with high precision and the specific colorimetric detection of the cuprous 

cation (Cu+1) using a distinct reagent containing BCA. The reaction involves the formation of 

a purple-coloured reaction that develops as a result of the chelation of two BCA molecules with 

one Cu+1 resulting in the formation of a water-soluble complex that has an intense absorbance 

at 562 nm. Table 3 displays the preparation of protein standards using 2 mg/ml albumin standard 

ampules as the stock protein. 

 

Table 3: The Preparation of Protein BSA Standards 

Vial Volume (µl) BSA Concentration (µg/ml) 

PBS Source of BSA Protein 

A 0 300 of Stock 2000 

B 125 375 of Stock 1500 

C 325 325 of Stock 1000 

D 175 175 of Vial B 750 

E 325 325 of Vial C 500 

F 325 325 of Vial E 250 
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G 325 325 of Vial F 125 

H 400 100 of Vial G 25 

I 400 0 0 

 

2.8.2 Assay 

An aliquot of 25 μl of each standard and duplicate diluted unknown samples (15 μl PBS + 10 

μl unknown sample per well) were added to individual wells on a 96-well microplate. 

Thereafter, 200 μl of BCA working reagent was added to each well and homogenized 

thoroughly on an IKA-Schüttler MTS4 microplate shaker for 30 seconds. Next, the microplate 

was covered with a 96-well microplate lid and aluminium foil, then incubated at 37°C for 30 

minutes. The microplate was then removed from the incubator and allowed to stand at room 

temperature for 10 minutes. Lastly, the optical density for each well was determined at 550 nm 

by using a M640 Microplate Reader (Thermo Fisher Scientific, Waltham, Massachusetts, 

United States of America). 

 

2.9 Immunoblotting 

2.9.1 SDS-PAGE & Protein Transfer  

Using the Mini-PROTEAN® Tetra Cell System, the SDS-PAGE analysis was performed. An 

aliquot of 2 μg of protein sample was loaded onto an SDS-PAGE gel, and electrophoresed at 

80V until it reached the separating gel, thereafter it was electrophoresed at 100V until the 

loading dye reached the bottom of the gel in 1X SDS running buffer. Transfer of proteins from 

SDS-PAGE gel to nitrocellulose membrane was performed with the Mini-PROTEAN® Trans-

Blot Module System. Next, the transfer grid was assembled with sponges and Mini Trans-Blot 

filter paper being pre-soaked in 1X wet transfer buffer with the air bubbles between the SDS-

PAGE gel and the nitrocellulose membrane being removed by rolling a pipette over the filter 
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paper and sponge prior to sealing the grid. The grid was then placed into the Trans-Blot Module 

with black side of the grid facing the black side of the module, and the clear side of the grid 

facing the red side followed by the Trans-Blot Module being placed into the gel tank with the 

black side of the module being slotted with the black lead, and the red side of the module being 

slotted with the red lead. Transfer was carried out at 60 V for 75 minutes while continuously 

stirring 1X wet transfer buffer.  

 

2.9.2 Blocking of the Nitrocellulose Membrane 

The success of the transfer was determined by staining the nitrocellulose membrane with 25 ml 

Ponceau stain for 5 minutes with continuous gentle shaking. The Ponceau stain solution was 

then removed and the nitrocellulose membrane was washed with Milli-Q water for 10 minutes 

with continuous gentle shaking. Depending on the success of the transfer, the nitrocellulose 

membrane was blocked with 25 ml Blocking Solution (APPENDIX B, Reagent B5.3) for 1 

hour at room temperature with gentle continuous shaking after which the solution was 

discarded. 

 

2.9.3 Binding of Antibodies 

The nitrocellulose membrane was incubated overnight at 4°C with continuous gentle shaking 

and 25 ml primary antibody dissolved in 5% (w/v) fat-free milk powder dissolved in TBS-T 

buffer diluted as follows: 1:25000 rabbit polyclonal antibody against GFP (Abcam Inc., 

Cambridge, United States of America), 1: 1000 mouse monoclonal antibody against the S 

region of HBsAg (mAb HB1) (kindly donated by Prof. Dieter Glebe, Institute of Medical 

Virology, Justus-Liebig University, Giessen, Germany) and 1:1000 mouse monoclonal 

antibody against HBeAg (kindly donated by Dr Peter Revill, Victorian Infectious Diseases 

Reference Laboratory, Melbourne, Australia). In addition, the following antibodies were 

employed as control antibodies: 1:50000 mouse monoclonal to Cytokeratin 18 (CK-18), 
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1:25000 rabbit monoclonal to Calreticulin and 1:50000 mouse monoclonal to Histone H3 which 

bind to the cytosolic, membrane-bound and nuclear protein fractions respectively. The 

following day, the primary antibody was removed, and the nitrocellulose membrane was 

washed with the addition of 25 ml TBS-T, shaking continuously three times, at 10 minutes per 

wash, after which the TBS-T buffer was discarded. The nitrocellulose membrane was then 

incubated for 1 hour with continuous gentle shaking with 25 ml secondary antibody. The 

secondary antibody was reliant on the species of the primary antibody. Next, the secondary 

antibody was dissolved in Blocking Solution (APPENDIX B, Reagent B5.3) in combination 

with 1:50000 Precision Protein™ StrepTactin-HRP conjugate and incubated with either 1:3000 

goat anti-mouse IgG (H+L)-HRP conjugate or 1:3000 goat anti-rabbit IgG (H+L)-HRP 

conjugate (all were purchased from Bio-Rad Laboratories, Hercules, United States of America). 

Thereafter, the secondary antibody was discarded, and the nitrocellulose membrane was washed 

with the addition of 25 ml TBS-T, shaking continuously three times, at 10 minutes per wash 

after which the TBS-T was discarded. 

 

2.9.4 Development of Protein Signal of Interest 

Lastly, the nitrocellulose membrane was then placed on a clear overhead projector sheet and 

the protein signal of interest was developed using the SuperSignal® West Dura Extended 

Duration Substrate (Pierce Biotechnology). This assay involved the drop wise addition of 600 

μl SuperSignal® West Extended Duration Substrate Working Solution over the entire 

nitrocellulose membrane after which the nitrocellulose membrane was immediately viewed and 

images captured (Figure 12). 
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2.9.5 Stripping of Nitrocellulose Membrane 

The nitrocellulose membrane was then incubated for 1 hour, shaking continuously in Stripping 

Solution (APPENDIX B, Reagent B5.15) in order to remove the antibody before being reprobed 

with a new primary antibody. 

 

 

Figure 12: Schematic representation of the Immunoblotting procedure. (A) A hypothetical unstained 

immunoblot obtained once transferred from an SDS-PAGE gel. (B) The incubation of the immunoblot 

with primary antibodies directed against a band/protein of interest, followed by the binding of the 

conjugated secondary antibody to primary antibody which, (C) results in the detection of the target 

protein.  
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2.10 Enzyme-linked Immunosorbent Assay (ELISA) 

 

2.10.1 HBeAg ELISA Protocol 

The ETI-EBK PLUS (HBeAg) DiaSorin (Sallugia, Italy) commercial kit was utilized in this 

study. It is exclusively designed for the detection of HBeAg with 96 well ELISA plates (Figure 

13) coated in mouse monoclonal antibodies that are specific for the HBeAg. 

 

2.10.1.1. Reagent preparation 

Microwells were set for the calibrators, controls and test samples as follows; one blank well 

(well A1) containing only the substrate/chromogen and stop solution, the calibrator tested in 

triplicate in wells B1, C1 and D1, a negative control (well E1) and a positive control (well F1). 

For the test samples, a loading datasheet was prepared prior to initiating the protocol in order 

to minimise human error (APPENDIX G.2, page 114). Prior to the commencement of the assay, 

all reagents were brought to room temperature (20-25°C) unless specified otherwise. In 

addition, the working wash buffer and working enzyme tracer solutions were prepared 

according to the manufacturer guidelines (APPENDIX G.2, page 114). Once all the reagents 

were primed to room temperature, frozen test samples were thawed and vigorously vortexed 

before proceeding.  

 

2.10.1.2. Assay procedure 

An aliquot of 50 µl incubation buffer was added to all the wells (excluding the blank well). This 

was then followed by the addition of 100 µl of either the calibrator, controls or sample to its 

respective microwell. The incubation buffer is light blue and will turn to a green or dark blue 

on the addition of the calibrators, controls or samples. The microwell plate was then covered 

with a lid and incubated at 37°C for 2 hours (± 10 minutes). Next, the liquid from the microwells 

was removed and the plate was placed into the Wellwash™ Microplate Washer (Thermo Fisher 

Scientific, Waltham, Massachusetts, United States of America). The microwell plate washer 
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parameters were set at: delivery of 370 µl working wash buffer to each well, soak time at 30 

seconds and five wash cycles. Thereafter, residual working wash buffer was removed by 

inverting the microplate onto a paper towel. Immediately after, 100 µl working enzyme tracer 

was supplemented into each well (excluding the blank well). The microwell plate was then 

covered with a lid and the plate was gently tapped on the sides to release any trapped air bubbles 

in the liquid. The microwell plate was then incubated for 60 minutes (± 5 minutes) at 37°C – 

the timing of this incubation step is critical. The liquid from the microwells was then aspirated 

and the plate was placed into the microwell plate washer under the parameters aforementioned. 

Once more, the residual working wash buffer was removed by inverting the microplate onto a 

paper towel. Immediately after, 100 µl chromogen/substrate was added to all the microwells 

including the blank well. The microwell plate was then covered with a lid and aluminium foil, 

followed by incubation for 30 minutes (± 2 minutes) at room temperature. For this step, it is 

vital that the microwells are not exposed to direct or intense light and the time limits are not 

exceeded. Thereafter, 100 µl stop solution was supplemented into each well in the same order 

that the chromogen/substrate was added. Within 1 hour after the addition of the stop solution, 

the absorbance values were recorded at 450/630 nm on the M640 Microplate Reader (Thermo 

Fisher Scientific, Waltham, Massachusetts, United States of America). 

 

 

2.10.2 HBsAg ELISA Protocol 

The Murex® HBsAg Version 3 DiaSorin (Sallugia, Italy) commercial ELISA kit is exclusively 

designed to determine the presence of HBsAg by utilizing 96 well ELISA plates (Figure 13) 

coated in mouse monoclonal antibodies specific for various epitopes on the ‘a’ determinant of 

HBsAg, thus inducing a highly sensitive assay for both wild-type and some mutant strains of 

HBV. 
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2.10.2.1. Reagent preparation 

A sample loading datasheet was prepared prior to commencing the procedure (APPENDIX G.3, 

page 116) and all reagents were brought to room temperature (unless specified otherwise). The 

negative control duplicate samples were assigned to wells A1 and B1 and a positive control 

sample in well C1 as specified in the manufacturer guidelines.  In addition, the working wash 

buffer and substrate solution was prepared according to the kit protocol (APPENDIX G.3, page 

116). Once all the reagents were primed to room temperature, frozen test samples were thawed 

and vigorously vortexed before performing the assay.  

 

2.10.2.2. Assay procedure 

An aliquot of 25 µl sample diluent was added to each well with the exception of the blank. 

Thereafter, 75 µl of sample/control was added to its designated well, with the controls dispensed 

last. The microwell plate was then covered with a lid and incubated for 60 minutes at 37°C (± 

1°C). Next, 50 µl of conjugate was supplemented into each well. The microwell plate was then 

placed on an IKA-Schüttler MTS4 microplate shaker for 10 seconds. The plate was then 

covered with a lid and incubated for 30 minutes at 37°C (± 1°C). After incubating, the liquid 

from the microwells was removed and the plate was placed into Wellwash™ Microplate 

Washer (Thermo Fisher Scientific, Waltham, Massachusetts, United States of America). The 

microwell plate washer parameters were set at: delivery of 500 µl working wash buffer to each 

well, soak time at 30 seconds and five wash cycles. Thereafter, residual working wash buffer 

was removed by inverting the microplate onto a paper towel. Immediately after washing, 100 

µl substrate solution was added to each well. The plate was then covered with a lid and 

incubated for 30 minutes at 37°C (± 1°C). A purple colour should develop in reactive samples. 

Next, 50 µl stop solution was supplemented to each well. Within 15 minutes after the addition 

of the stop solution, the absorbance values were recorded at 450 nm using 620-690 nm as the 
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reference wavelength on the M640 Microplate Reader (Thermo Fisher Scientific, Waltham, 

Massachusetts, United States of America). 

 

 

Figure 13: A summary of the ELISA procedure. A) Capture antibodies are pre-coated in the wells of the 

microplates. B) After the target antigen has been fixed into the well by the capture monoclonal 

antibodies, a secondary conjugated antibody against a different epitope on the target is added to the 

well, and the addition of a substrate generates a colorimetric signal in reactive wells. 
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2.11 Statistics 

 

2.11.1 ANOVA Analysis 

An ANOVA (Analysis of variance) is a statistical technique that is used to examine if the means 

of two or more groups are significantly different from one other and assesses the 

influence/effect of one or more factors by comparing the means of diverse samples. Ultimately, 

the ANOVA analyses two or more groups simultaneously to determine whether there is any 

relationship among the groups of dataset or not. In this instance, an ANOVA was carried out to 

analyze the HBsAg or HBeAg levels of the wild-type, deletion mutant and occult samples at 

three time points namely; day 1, day 3 and day 5 to determine if there were any significant 

differences in their expression. The significance of the data was determined by any results with 

a p-value below 0.05 (i.e. the cut-off value for significance).  

 

2.11.2 F-test Analysis 

An f-test was employed to compare the sample variances (which can be any size) to test the 

null hypothesis that the variances of two samples are equal, this test is the basis of ANOVA. In 

this study the f-test was used to individually compare the HBsAg expression of the wild-type 

backbone relative to the occult and deletion mutant constructs. The F critical values (i.e. F 

statistic) together with the p-values generated from the f-test were used to determine the overall 

significance of the results and whether or not to reject or accept the null hypothesis. 

Fundamentally, if the calculated F value was greater than the F critical value and the p-value 

was above 0.05, then the null hypothesis was rejected. 
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CHAPTER 3: RESULTS 

 

3.1 Plasmid Preparation: Sequencing & Restriction Digestion 

 

Figure 14: The previously constructed subgenotype A1 1.28 mer replication competent plasmids utilized 

in this study. The grey dotted area (with numbers) elucidates the size and positions of the deletions. The 

pink table highlights the functional domains within the PreS1 & PreS2 (image adapted from Wolhuter, 

2016). 
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Previously constructed subgenotype A1 1.28 mer replication competent plasmids, shown to 

express HBV DNA and proteins in vitro, for wild-type (A1 WT SW), occult strain (SHH193A), 

and with different HBsAg mutations: PreS1 & PreS2 deletion mutant (SHH011A), PreS2 

deletion mutants (SHH045A  and SHH167A) were utilized in this study (Figure 14) (Wolhuter, 

2016). Prior to restriction digestion, the sequences of the wild-type, deletion mutant and occult 

plasmid constructs were viewed in silico. These plasmid maps were viewed using the SnapGene 

software (APPENDIX D, page 104), which can be employed as a powerful prediction tool (see 

Table 4, page 55). For simplicity, the A12C15_OL A1WTSA1.281MER and A12C15 ALT 9.3 

plasmid constructs generated by Bhoola et al (2014) and Wolhuter (2016) were renamed A1 

WT and A1 WT SW in this study. Similarly, the test samples employed in this study, samples 

SHH011A, SHH045A, SHH167A and SHH193A are referred to as 011A, 045A, 167A and 

193A, respectively (particularly in the figures).  

As described by Wolhuter (2016), the A1 WT replication-competent construct was used as the 

backbone for the generation of the deletion-mutant constructs. Two XbaI sites extending over 

a 784 bp region within the S region were exploited for the insertion of the subgenomic deletion 

mutant fragments and the occult full-length fragment. However, the original A1 WT construct 

contained three XbaI sites and in order to successfully insert the subgenomic fragments of the 

deletion and occult strains, the third redundant XbaI site had to be removed to avoid unwanted 

cuts during cloning. The elimination of this additional XbaI site restricted from the multiple 

cloning site of the pcDNA™ 4/TO plasmid vector (functionally insignificant fragment) resulted 

in the generation of the A12C15 ALT 9.3 (A1 WT SW) backbone, which only harboured two 

XbaI sites. Figure 15 illustrates the A1 WT SW altered plasmid used as the backbone for the 

generation of all the deletion-mutants strains namely SHH011A, SHH045A and SHH167A as 

well as the occult strain (SHH193A). 
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Figure 15: An illustration of the A1 WT SW plasmid construct highlighting the 784 bp region that was 

replaced with either SHH011A, SHH045A or SHH167A subgenomic deletion fragments or the 

SHH193A occult full-length fragment. 

 

The plasmid DNA was extracted for the wild-type, occult and deletion mutants transformed 

into E. coli, and sequencing and restriction digestion analysis performed to authenticate that 

each plasmid was in fact the plasmid of interest. The predicted restriction digestion gels shown 

in Table 4 highlight the expected number of fragments and their estimated sizes when 

individually digested with BamHI, EcoNI and XbaI restriction enzymes.  
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Table 4: The predicted restriction digestions of the various plasmids used in the study 

SAMPLE PREDICTED AGAROSE GEL RESTRICTION ENZYMES 

AND FRAGMENT SIZES (BP) 

A1 WT 

 

MW: GeneRuler™ 1 kb Plus 

DNA Ladder 

 

L1:  BamHI 

       1. 8212 bp 

 

L2:  EcoNI 

       1. 4991 bp 

       2. 1238 bp 

       3. 1104 bp 

       4. 879 bp 

 

L3:  XbaI 

       1. 5769 bp 

       2. 1659 bp 

       3. 784 bp 

A1 WT SW 

 

MW: GeneRuler™ 1 kb Plus 

DNA Ladder 

 

L1:  BamHI 

       1. 8194 bp 

 

L2:  EcoNI 

       1. 4973 bp 

       2. 1238 bp 

       3. 1104 bp 

       4. 879 bp 

 

L3:  XbaI 

       1. 7410 bp 

       2. 784 bp 

011A 

 

MW: GeneRuler™ 1 kb Plus 

DNA Ladder 

 

L1: BamHI 

       1. 7261 bp 

       2. 837 bp 

 

L2:  EcoNI 

       1. 4973 bp 

       2. 1238 bp 

       3. 1104 bp 

       4. 783 bp 

 

L3:  XbaI 

       1. 7410 bp 

       2. 688 bp 
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045A 

 

MW: GeneRuler™ 1 kb Plus 

DNA Ladder 

 

L1:  BamHI 

       1. 7261 bp 

       2. 900 bp 

 

L2:   EcoNI 

       1. 4973 bp 

       2. 1238 bp 

       3. 1104 bp 

       4. 846 bp 

 

L3:   XbaI 

       1. 7410 bp 

       2. 751 bp 

 

167A 

 

MW: GeneRuler™ 1 kb Plus 

DNA Ladder 

 

L1:  BamHI 

       1. 8139 bp 

 

L2:  EcoNI 

       1. 4973 bp 

       2. 1238 bp 

       3. 1104 bp 

       4. 824 bp 

 

L3:  XbaI 

       1. 7410 bp 

       2. 729 bp 

193A 

 

MW: GeneRuler™ 1 kb Plus 

DNA Ladder 

 

L1:  BamHI 

       1. 8194 bp 

 

L2:  EcoNI 

       1. 4973 bp 

       2. 1238 bp 

       3. 1104 bp 

       4. 879 bp 

 

L3:  XbaI 

       1. 7410 bp 

       2. 784 bp 
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Figure 16 illustrates that the respective plasmids were restricted as predicted (Table 4) and this 

was confirmed by sequencing and the alignment to the A1 WT reference sequence (APPENDIX 

E, page 109), thus demonstrating the integrity of the plasmid constructs. 

 

 
 

Figure 16: Agarose gel (0.8%) electrophoresis of the plasmid restriction digestions of the wild-type, 

occult and deletion mutant strains. The lanes labelled “U” indicates the undigested  plasmids and the 

lanes labelled “B”, “E” and “X” denotes the lanes digested with the restriction enzymes BamHI, EcoNI 

and XbaI, respectively. The “MW” label represents the GeneRuler 1 kb DNA Ladder (molecular weight 

marker). 

 

3.2 Cell Culture & Transfection 

Huh7 cells were employed in this study. These cells are a well-differentiated hepatocyte derived 

carcinoma cells that adhere to the surface of plates/flasks and are known to grow as monolayers. 

The cell line was established by Nakabayashi et al (1982), who isolated cells from the hepatoma 

tissue of a 57-year-old Japanese man (Nakabayashi et al., 1982). These cells are suitable for the 

transfection assays performed in this study. 
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3.2.1 Mycoplasma detection assay 

Once Huh7 cells were revived and fully recovered from frozen stocks, they were passaged every 

two to three days and split according to the confluency of the cells. After every tenth passage 

the cell culture supernatants were tested for Mycoplasma and Acholeplasma contamination as 

a precaution. According to the protocol guidelines, a 481 bp band should be seen in every 

reaction tube (internal control), as well as the negative control to determine the success of the 

PCR reaction. The presence of a band at ~260 bp indicates the presence of mycoplasma in the 

supernatant/test sample, this band should only be present in the positive control (lane 3, Figure 

17). There was no mycoplasma contamination as shown in Figure 17.  

 

Figure 17: Agarose gel (1.2%) electrophoresis of the PCR amplicons generated from the mycoplasma 

detection assay. Lane 1: 7µl GeneRuler DNA ladder, lane 2: 8µl test sample, lane 3: 8µl positive control 

and lane 4: 8µl negative control.  

 

3.2.2 Transfection efficiency  

A GFP fluorescent tag (under the regulation of the CMV promoter) was used to measure 

transfection efficiency. The transfection efficiency was measured on day 1 post transfection by 

determining the proportion of cells that had successfully been transfected with eGFP. Since 

green fluorescent protein has the ability to fluoresce a bright green when observed under a 

fluorescence microscope, this enabled the determination of cells that were successfully 
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transfected. Based on the results displayed in Figure 18, the Huh7 cells were estimated to be 

transfected at an 80-85% transfection efficiency rate. The cells were then harvested and 

prepared for the subcellular fractionation protocol. 

 

Figure 18: A measurement of the transfection efficiency using GFP expression. Images were viewed the 

EVOS™ FLoid™ Cell Imaging Station fluorescence microscope (Life Technologies, Thermo Fisher 

Scientific) with fluorescence and greyscale images captured on the FLoid Software v1.4.  

 

3.3 Subcellular fractionation  

3.3.1 Commercial kit optimization 

A commercial kit was initially utilized to perform the subcellular fractionation. To determine 

the effectiveness of the subcellular fractionation generated by this kit, the isolated fractions 

were analyzed with an immunoblotting assay. The idea is that specific housekeeping proteins 
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should only be present in the corresponding specific subcellular fractions. Thus, a designated 

housekeeping protein antibody was assigned to a particular fraction as a marker for the fraction 

of interest and used to support the purity of the extracted fractions. Additionally, the subcellular 

fractions were compared to whole cell lysate (i.e. sample that has not been fractionated) to 

compare the separation of the proteins. 

When comparing the whole cell lysate (lane 2, Figure 19) to the isolated fractions namely; the 

cytoplasmic (CPE), membrane (ME), soluble nuclear (SNE), chromatin-bound nuclear (CBNE) 

and cytoskeletal (CSE) extracts (lanes 4-7 & lane 9 respectively, Figure 19), it appeared that 

the subcellular fractionation was successful since each fraction produced a distinctive banding 

pattern. The distinguishing banding patterns formed demonstrated that the proteins extracted 

were specific to each fraction, especially when compared to whole cell lysate, which did not 

generate any clear protein separation but rather a smear. However, as explained at a later stage, 

the subcellular fractionation results were not optimal (see Figure 20).   

 
 

Figure 19: A Ponceau stained blot comprising of whole cell lysate and the five fraction extracts of 

interest. Lane 1: Precision Plus Protein™ WesternC Standards™, lane 2: whole cell lysate (control), 

lane 4: CPE, lane 5: ME, lane 6: SNE, lane 7: CBNE and lane 9: CSE. The abbreviations denote the 

cytoplasmic (CPE), membrane (ME), soluble nuclear (SNE), chromatin-bound nuclear (CBNE) and 

cytoskeletal (CSE) extracts. 
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When an unstained blot was further examined against Anti-Cytokeratin 18, it was expected that 

a single band approximately 45 kDa would solely appear in the cytoskeletal fraction (Figure 

20). Though there was a strong band intensity in the cytoskeletal extract where the antibody 

was expected to bind, there were additional bands in the other fractions, which theoretically 

should have been absent. This indicated that the fractions were cross-contaminated with 

proteins from other subcellular fractions.  

 

 

Figure 20: Panel A represents the original Ponceau stained blot comprising of the five fraction extracts 

of interest. Lane 1: GeneRuler DNA ladder, lane 2: Cytoplasmic extract (CPE), lane 3: Membrane 

extract (ME), lane 4: Soluble nuclear extract (SNE), lane 5: Chromatin-bound nuclear extract (CBNE) 

and lane 6: Cytoskeletal extract (CSE). Panel B illustrates the corresponding immunoblot with Anti-

Cytokeratin 18 staining.  

 

When comparing the different conditions of subcellular fractionation, the chromatin-bound 

nuclear extract (CBNE) was used as point of reference in each blot because it has a clear 

distinctive banding pattern (Figure 21). Ultimately, in order for an optimization protocol to be 

deemed successful, each fraction should only generate a single band targeted by a specific 

antibody demonstrating the purity of a fraction. 
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Figure 21: An example of the possible rearrangement of the sample loading to demonstrate how blots 

can be easily distinguished based on the distinctive banding pattern of the protein migration for the 

various fractions - especially when using the chromatin-bound nuclear extract (CBNE) as point of 

reference. 

 

It is important to note that some of the blots were only prepared for the optimization of the 

subcellular fractionation protocol and thus did not require a molecular weight marker since the 

focus was purely centered on the presence of the bands in each fraction and not necessarily the 

size. This was specifically necessary for the optimization trials (see Figure 22). Since a 

molecular marker was not used in the two optimization trial immunoblots, the fractions were 

loaded in specific rearrangements/combinations to make it distinguishable once stained with 

antibodies.  

Various attempts were made to optimize the commercial kit in order to improve the isolation 

of the subcellular fractions. This was done by using freshly transfected cells, increasing 

incubation and centrifugation times as well as including wash steps with PBS after the isolation 

of each fraction. Figure 22 illustrates the results of two of the trials run (i.e. Trial 1 & Trial 2) 

with the aforementioned optimization and troubleshooting. Each of the two trials tested a lower 

amount of protein in a range between 2 µg - 4 µg, this was done in order to accommodate the 

relatively lower protein yields found in the cytoskeletal extract. 
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Based on the findings in Figure 22, it is clear that bands are still detected in the other fractions 

after staining with the primary antibody Anti-Cytokeratin 18, which should only stain the 

cytoskeletal extract (CSE). Additionally, though the results demonstrated that the kit was not 

successfully optimized, it also showed that a reduced amount of protein can be applied for the 

immunoblotting assay, eliminating concern for protein detection at lower yields. 

Ultimately, the modifications introduced to improve the overall subcellular fractionation were 

unsuccessful, as only two out of the five fractions appeared to be improving sufficiently (Figure 

22). In the end, it was decided to move forward with a different approach and to use a manual 

subcellular fractionation.  
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Figure 22: An illustration of two trials both conducted with 2µg and 4µg protein for each fraction as indicated by panels A to D.  For Trial 1: L1:CPE, L2:ME, 

L3:SNE, L4:CBNE, L5:CSE, L6:CPE, L7:ME, L8:SNE, L9:CSE, L10: CBNE. For Trial 2: L1:CPE, L2:ME, L3:SNE, L4:CBNE, L5:CSE, L6:CSE, L7:CBNE, 

L8:SNE, L9:ME, L10: CPE. The abbreviations denote the cytoplasmic (CPE), membrane (ME), soluble nuclear (SNE), chromatin-bound nuclear (CBNE) and 

cytoskeletal (CSE) extracts.   
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3.3.2 Manual Subcellular Fractionation 

Interestingly enough, Baghirova et al (2015) has noted the tendency for commercial kits to yield 

cross-contaminated fractions and as a result they designed a protocol for a manual subcellular 

fractionation. This protocol enables the extraction of purified proteins from three cellular 

fractions: the cytosolic, membrane-bound and nuclear fractions. The protocol described utilizes 

gentle buffers with increasing detergent strength that sequentially lyse the cell membrane, 

organelle membranes and finally the nuclear membrane. This approach also appeared to be 

more cost effective in comparison to purchasing a commercial kit, which could only 

accommodate a limited number of fractionations. Since a large amount of fractionations were 

required for this study, the manual approach was a suitable alternative method. For these 

reasons, it was decided to test the efficiency of this manual subcellular fractionation approach, 

which could then be implemented in the study, if proved to be effective.  

Three harvested cell pellets were tested, under three distinct treatments, to obtain the most 

optimal conditions for the manual subcellular fractionation protocol. Additionally, some of the 

pellets were divided in half for some treatments (i.e. denoted as “half” pellets) while other 

treatments tested the complete pellets harvested (i.e. denoted as “whole” pellets). Whole and 

divided pellets were tested since it was speculated that the pellets harvested at day 5 post-

transfection may have been too concentrated in some instances and thus result in cross-

contaminated fractions as the lysis buffers may not have been able to efficiently fractionate 

larger pellets.  

Figure 23 demonstrates the effectiveness of the new fractionation approach developed by 

Baghirova et al (2015). Although increasing the incubation and centrifugation duration 

produced pure fractions, the best treatment could be seen in pellet 3, which was the standard/set 

protocol without any alterations. Moreover, this treatment was selected since it was the most 

successful in extracted proteins from the nuclear fraction, which is the most challenging fraction 
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to isolate. Anti-Histone H3 (~17 kDa) and Anti-Cytokeratin 18 (~45 kDa) were utilized to 

analyze the purity of the nuclear and cytosolic fractions, respectively.  

 

 

Figure 23: Summary of the optimization for the manual subcellular fractionation. The best treatment 

could be seen in “Pellet 3” which employed the original protocol without any modifications.  
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To test the purity of the membrane-bound fraction, blots were reprobed with Anti-Calreticulin.  

It is expected that staining with Anti-Calreticulin produces two bands of approximately 50 kDa 

and 63 kDa in size (see in upcoming figures). These bands did not appear in the cytosolic or 

nuclear fractions, which supports the purity of the membrane-bound fractions (data not shown).  

 

3.4 Immunoblotting results 

Once a successful protocol was established for the subcellular fractionation, it was possible to 

continue with the immunoblotting assay. To support the identity of each fraction, the control 

housekeeping antibodies Anti-Cytokeratin 18, Anti-Calreticulin and Anti-Histone H3 were 

selected to identify the cytosolic, membrane-bound and nuclear fractions, respectively (Figures 

24-26). In addition, several controls were utilized to demonstrate that no external/alternative 

influences were a factor on the results, this included: pcDNA™4/TO expression vector, eGFP 

control, mock negative control (Huh7 cells transfected with transfection reagent and without 

plasmid DNA), negative control (Huh7 cells transfected without plasmid DNA and without 

transfection reagent) as well as the HBV positive controls subgenotype A1 wild-type (A1 WT) 

and the modified version of this A1 wild-type (A1 WT SW).  

In order to test the impact of the subcellular fractionation an additional control of unfractionated 

whole cell lysate samples were included in the study. Both the unfractionated and fractionated 

control samples (Figure 24) and test samples (Figures 25-26) were tested with the 

aforementioned housekeeping protein antibodies. In addition, the eGFP control samples were 

tested with Anti-eGFP, a single band of ~31 kDa should only be present in each of the eGFP 

fractions (Figure 24). This observation supports that no contamination occurred across the 

samples during harvesting and extraction of each fraction. 
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Figure 24: The control antibodies Anti-Cytokeratin 18, Anti-Calreticulin and Anti-Histone H3 selected 

to identify each fraction of interest as well as the Anti-eGFP utilized to detect the eGFP control plasmid.  

 

Unfractionated samples were stained using the mouse monoclonal antibody against the S region 

of HBsAg (Anti-HB1). The detection in the unfractionated samples is only present in the wild-

type and the shortest deletion mutant (SHH045A) with no or trace amounts of HBsAg proteins 

in the occult and other deletion mutants (SHH011A and SHH167A) strains (replicate 2, Figure 

25).  
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Figure 25: Mouse monoclonal antibody against the S region of HBsAg stained in the unfractionated 

samples of the wild-type, deletion mutant and occult strains.  
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The replicates of the whole cell lysate were not completely identical with the LHBs protein 

band not being visible in the replicate 1 blot (Figure 25). This may be due to the fact the proteins 

are not as well enriched from whole cell lysates as opposed to using a subcellular fractionation 

approach, which can enrich proteins at each subcellular level efficiently (Figure 26). Even with 

increased exposure times, the blots were unaltered and longer exposure times only increased 

the band intensities. Thus, where there were no bands detected, this was found even when 

increasing the exposure times when imaging the immunoblots.  

Interestingly, the results in Figure 25 demonstrated that the detection of HBsAg proteins in 

unfractionated whole cell lysate samples is not as efficient in comparison to that of the 

subcellular isolated fractions. Subcellular fractionation obviously enriches for the various 

proteins (Figure 26).   

A summary of the findings in Figure 26: 

 No HBsAg proteins were detected in the nuclear fraction, which further confirmed the 

purity of the subcellular fractionation.  

 SHBs was detected in the cytosolic and membrane bound fractions and was expressed 

by all constructs, which would be expected since there are no deletions present in the S 

region  

 The LHBs and MHBs proteins were not expressed by the SHH011A and SHH045A 

deletion mutants. 

 The occult strain (SHH193A) appeared to be aggregating HBsAg proteins mainly in the 

membrane-bound fraction, as there were no traces of SHBs and MHBs in the cytosolic 

fraction and only slight traces of LHBs in the cytosolic fraction.  
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Figure 26: Mouse monoclonal antibody against the S region of HBsAg stained in each fraction of 

interest, namely; the cytosolic, membrane-bound and nuclear fractions.  
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3.5 ELISA results 

Using ELISA, the extracellular expression of both HBeAg and HBsAg was followed in 

transfected Huh7 cells on days 1, 3 and 5 post-transfection. Absorbance readings above the 

calculated cut-off values were considered to be positive for protein expression, while values 

below the cut-off value represented samples that were negative for protein expression. 

Accordingly, all the controls utilized in the HBeAg and HBsAg were below the cut-off value 

and were considered to be negative for protein expression.  

 

3.5.1 HBeAg ELISA results 

A two-way ANOVA analysis was performed in order to determine if there were any significant 

differences amongst the HBeAg expression in the samples at the different time points. Figure 

27 further demonstrates that there was no background noise in the ELISA assay since levels of 

HBeAg were not detected in the control samples as all the samples absorbance readings were 

below the cut-off value of 0.068. 
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Control Groups Count Sum Average Variance 

pcDNA 3 0,0067500 0,0022500 0,0000015 

eGFP  3 0,0926000 0,0308667 0,0008970 

MOCK 3 0,0355000 0,0118333 0,0000788 

NEG 3 0,0189500 0,0063167 0,0000006 
 

Source of Variation SS df MS F P-value F crit 

Control Groups 0,001442 3 0,000481 1,966072 0,197732 4,066181 

           
 

Figure 27: The extracellular HBeAg expression in cultured Huh7 cellular supernatants. The two-way 

ANOVA statistical analysis of the negative controls. 

 

Based on the ANOVA descriptive statistics summary (generated on the Excel Data Analysis 

ToolPak) in Figure 28, there were no significant difference in the secretion of HBeAg between 

the deletion mutant and occult constructs relative to constructs A1 and SW. However, there was 

a significant difference between the the different time points with p-values lower than 0.05. 
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SUMMARY Count Sum Average Variance 

A1 WT 3 7,546200 2,515400 4,116166 

SW 3 5,958050 1,986017 2,106776 

011A 3 7,948600 2,649533 4,433269 

045A 3 7,768750 2,589583 4,338036 

167A 3 6,343250 2,114417 3,271704 

193A 3 3,574250 1,191417 0,713777 

     

Day 1 6 1,845800 0,307633 0,002572 

Day 3 6 15,393400 2,565567 0,392869 

Day 5 6 21,899900 3,649983 1,130092 
 

Source of Variation SS df MS F P-value F crit 

Samples 4,559257196 5 0,911851 2,971745 0,067157 3,325835 

Days post-transfection 34,89105193 2 17,445526 56,855381 0,000003 4,102821 

Error 3,068403649 10 0,306840    

       

Total 42,51871278 17         
 

Figure 28: The extracellular HBeAg expression in cultured Huh7 cellular supernatants of the test 

sample constructs and positive controls at day 1, 3 & 5 time points analyzed by the two-way ANOVA 

statistical analysis. 

 

3.5.2 HBsAg ELISA results 

Similarly to the HBeAg ELISA results, a two-way ANOVA analysis was used to determine if 

there were any significant variances in the HBsAg expression amongst the constructs at the 

different time points (Figure 29). 
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SUMMARY Count Sum Average Variance 

A1 WT 3 3.9533000 1.3177667 0.6653124 

SW 3 3.8558500 1.2852833 0.9750457 

011A 3 4.6180500 1.5393500 1.5714502 

045A 3 4.8551500 1.6183833 2.1869071 

167A 3 3.7343500 1.2447833 0.1210461 

193A 3 0.1881000 0.0627000 0.0013579 

     

Day 1 6 1.8973500 0.3162250 0.1594576 

Day 3 6 8.2657000 1.3776167 0.5397536 

Day 5 6 11.0417500 1.8402917 1.0062226 
 

Source of Variation SS df MS F P-value F crit 

Samples 4.811729 5 0.962346 2.590127 0.093958 3.325835 

Days post-transfection 7.326799 2 3.663400 9.859936 0.004313 4.102821 

Error 3.715439 10 0.371544    

       

Total 15.85397 17         
 

Figure 29: The extracellular HBsAg expression in cultured Huh7 cellular supernatants of the test 

sample constructs (011A, 045A, 167A, 193A) and positive controls (A1 WT and SW) at day 1, 3 & 5 time 

points analyzed by the two-way ANOVA statistical analysis. 

 

The ELISA results for HBsAg (Figure 28) were similar to that found for HBeAg expression 

(Figure 29), in that the lowest expression levels of HBsAg were found in the occult strain 

(SHH193A) and the HBsAg expression for the controls were below the cut-off value of 0.1653, 

rendering the expression in the controls negligible/insignificant.  
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Figure 30: The F-test statistical analysis employed to measure the statistical relationship/association 

of HBsAg expression between each respective sample in relation to the SW wild-type backbone. The p-

values derived from the F-test are highlighted in blue.  

 

When analysing the statistical relationship/association of HBsAg expression amongst each 

sample in relation to the wild-type backbone SW (Figure 30), the results support that there is a 

significant difference between the occult construct and the deletion mutant constructs relative 

to the wild-type SW. This is supported by the F-test results, which demonstrated a p-value well 

below the 0.05 cut-off with the F value substantially greater than the F critical value further 

demonstrating a significant difference between the SW wild-type backbone and the occult 

strain. Contrastingly, the F-test p-value results amongst the deletion mutant constructs and the 

A1 wild-type shows no significant difference when comparing both the F values and p-values 

(blue text in Figure 30).  



77 

 

CHAPTER 4: DISCUSSION 

 

Chronic hepatitis B is a global health burden, which can result in HCC and cirrhosis. The HBV 

genome evolves rapidly due to the antiviral pressure of host immunity as well as the frequent 

mutations introduced as a result of the error rate of the viral reverse transcriptase, which lacks 

proof reading ability (Günther et al., 1999, Chen, 2018). Deletions and mutations found within 

the viral protein coding regions have been shown to have various clinical repercussions (Bruss 

et al., 1996). More specific to this study, mutations occurring in the HBsAg have been reported 

to cause modifications in viral antigenicity (Chen and Oon, 1999, Fan et al., 2001, Kato et al., 

1996). The preS region encodes for numerous essential domains such as T cell or B cell epitopes 

(Chisari and Ferrari, 1995), NTCP receptor binding site (Howard and Allison, 1995) and the 

HBsAg promoter region (Melegari et al., 1997). Thus, preS deletions can modify HBsAg 

synthesis and result in intensified virulence with amplified viral replication as well as escape 

mutants resulting in host immune recognition deficiency (Chen et al., 2006), which can cause 

prolonged and persistent infection as a result of mutants successful in evading immune 

surveillance (Chen and Oon, 2002). The implication of preS/S variants has become 

progressively documented in patients with chronic HBV infection and may be important in the 

clinical manifestation of the infection.  

PreS/S deletion mutants are often recognised in HBV carriers with hepatocellular carcinoma 

and cirrhosis, suggesting that these inherently occurring variants may advance the progression 

of hepatocarcinogenesis and overall liver damage (Chen, 2018, Günther et al., 1999, Pollicino 

et al., 1997). Occult HBV infections are not detected by serological assays conventionally used 

to detect HBV infection and thus are often missed. Occult HBV infection has been shown to 

reactivate, to be a risk factor for the development of HCC (Mak et al., 2018) and can be 
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transmitted iatrogenically by blood transfusion and transplantation (Allain and Cox, 2011, 

Schmeltzer and Sherman, 2010, Squadrito et al., 2014). 

Our previous studies have demonstrated that 23.8% of HIV positive patients were co-infected 

with HBV prior to the use of anti-retroviral therapy, with approximately 9% of these patients 

demonstrating the HBsAg-positive phenotype and 15% the HBsAg-negative phenotype or 

occult infection (Bell et al., 2012). Further molecular work on HBV isolated from these co-

infected patients revealed that they were infected with subgenotype A1 and three of these 

patients were infected with preS deletion mutants and one patient with an occult HBV strain 

(Makondo et al., 2012).  HIV co-infection has been found to be positively associated with the 

prevalence of preS deletions, being found in 23% of HBV/HIV co-infected individuals 

compared to 4.9% of HBV mono-infected individuals, computing to a relative risk of 5.759 

(1.562 – 21.235) (Li et al., 2017). Moreover, these deletion mutants have been strongly 

associated with the development of HCC, with an approximately four-fold increased risk in the 

presence of the mutants (Liu et al., 2009) and these mutants can be used as predictive 

biomarkers for the development of HCC (Chen et al., 2007). Thus it was important to 

functionally characterize these mutants in vitro.  The objective of this study was to examine the 

intracellular and extracellular expression of the HBsAg and HBeAg proteins by the deletion 

mutant and occult strains in comparison to subgenotype A1 wild-type following subcellular 

fractionation.   

 

4.1 Integrity of plasmid constructs 

In order to functionally characterise the deletion mutants detected in the HIV-infected patients 

wild-type replication-competent overlength clone constructs (Bhoola et al., 2014) were 

previously modified by replacing 784 bp in the preS1/S2/S region with fragments containing 

the deletions (Figure 15) (Wolhuter, 2016). The integrity of these previously constructed 
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plasmids was confirmed by restriction digestion and sequencing analyses prior to being used in 

the transfection assay (Figure 16). 

 

4.2 Subcellular fractionation 

Subcellular fractionation was carried out using both a commercial kit and a manual approach.  

Although the commercial kit allowed for the subcellular fractionation of the cells there was 

some cross-contamination across subcellular fractions, with proteins, which are specific for one 

fraction being present in other fractions (Figure 20).  This is in agreement with Baghirova et al 

(2015), who highlight the tendency for commercial kits to yield cross-contaminated fractions 

even though their manufacturers claim that they can yield pure cellular fractions. The authors 

also noted that commercial kits do not always work efficiently and can be costly if several 

fractionations are necessary for the study (Baghirova et al., 2015).  

Using the manual approach subcellular fractions with no contamination were extracted giving 

superior result to the commercial kit (Figure 23). This may be because the manual subcellular 

fractionation protocol utilizes specialised lysis buffers to isolate and concentrate proteins at 

each particular cellular level.  The three buffers employed in the manual approach were namely; 

Lysis Buffer A, B & C (APPENDIX B, Table B3), which isolated the cytosolic, membrane-

bound and the nuclear protein fractions, respectively (Baghirova et al., 2015). The combination 

of these lysis buffers produced efficient subcellular fractionation, which enriched proteins 

isolated in each cellular compartment (Figures 23 and 26).   

Digitonin, the main component of Lysis Buffer A, is a steroidal saponin that permeabilizes the 

plasma membrane by binding with cholesterol and other b-hydroxysterols, leading to the 

formation of pores in the cell membrane and its subsequent disruption (Schulz, 1990). Digitonin 

is an invaluable reagent for the release cytosolic protein because it  has the ability to lyse cells 

without disrupting the membranes of cellular organelles since the cholesterol composition of 
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these membranes is lower (Baghirova et al., 2015, Schulz, 1990). The cytosolic fraction is 

mainly composed of the cytoskeleton, which is positively stained by anti-cytokeratin 18, one 

of the major classes of cytoskeletal intermediate filament proteins (Chu and Weiss, 2002). 

Nonidet P-40 a non-ionic, non-denaturing detergent is the main component of Lysis Buffer B, 

which was used for isolation of the membrane bound fraction. Nonidet P-40 is applied at a low 

concentration to permeabilize the membranes of the endoplasmic reticulum, Golgi and 

mitochondria, while preserving the integral structure of the nuclear membrane. This enables the 

release of proteins from all membrane bound organelles besides the nucleus (Baghirova et al., 

2015, Le et al., 2015). Furthermore, because calreticulin, as an ER luminal resident protein is 

exclusive to the ER, it is used as the control protein for the membrane-bound fractions 

(Michalak et al., 1999).  

Lysis Buffer C, which is used to extract the nuclear fraction is comprised of SDS and sodium 

deoxycholate. Sodium deoxycholate is a non-denaturing and non-ionic biological detergent 

while SDS is an anionic detergent that a powerful reagent for membrane solubilisation 

(Baghirova et al., 2015, Osteikoetxea et al., 2015). Furthermore, benzonase was included in this 

lysis buffer prior to the extraction of nuclear fractions in order to digest/degrade the DNA and 

RNA, which enables the unmitigated release of all nuclear proteins (Baghirova et al., 2015, 

Holden and Horton, 2009). Since histones localize in the nuclei of eukaryotic cells and are a 

key protein constituent of chromatin involved in the packaging of DNA into structural units 

(i.e. nucleosomes), it is selected as the control protein for the nuclear fractions (Bustin, 1976, 

Redon et al., 2002).  

 

4.3 Intracellular expression of HBsAg 

HBsAg proteins were better detected in the fractionated samples as opposed to the 

unfractionated whole cell lysate on day 5 post-transfection. This was clearly shown by the fact 
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that proteins were more evident on the immunoblots following subcellular fractionation 

(Figures 26 and 27). An efficient subcellular fractionation method results in the clear separation 

of the individual components of the cell, such that the exact localization of various cellular and 

non-cellular (e.g. viral) proteins can be elucidated. Moreover, subcellular fractionation can 

enrich the various proteins that are found in low concentrations within the whole cell as was 

evidenced by the detection of HBsAg in the cytosolic and membrane-bound fractions but not 

in the nuclear fraction nor whole lysate (Figure 26). 

The purity of the subcellular fractionation method was confirmed by the absence of HBsAg in 

the nuclear fraction (Figure 26). All protein translation of the mRNA viral transcripts occurs in 

the cytoplasm (Brinkley, 1981). SHBs was detected in the cytosolic and membrane bound 

fractions and was expressed by all constructs, which would be expected because there were no 

deletions present in the S region of all constructs tested.    

In the immunoblotting assay, the SHH011A and SHH045A deletion mutants did not express 

any LHBs or MHBs whereas SHBs was detected in both the cytosolic and membrane-bound 

fractions (Figure 26). This result supports that SHBs can be released into the cytosol without 

the LHBs and MHBs proteins. SHH011A contains a deletion (i.e. pS2del1-22) in the preS2 

domain, which completely removes the preS2 start codon (Figure 14) (Wolhuter, 2016) which 

would explain the lack of MHBs protein expression. The additional deletion in the preS1 

domain (i.e. pS1del15-25) of SHH011A accounts for the absence of LHBs protein expression. 

The lack of MHBs expression in the SHH045A construct can be explained by the fact that this 

construct has a missense mutation (i.e. pS2L1I) in the preS2 domain that removes the start 

codon for MHBs expression (Wolhuter, 2016). The deletions in the preS1 domain in the case 

of SHH011A and in the preS2 domain in SHH011A and SHH045A result in the translation of 

misfolded/mutated LHBs, which would be degraded by the proteasomal regulatory systems in 

the ER (discussed later).  
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Even though SHH167A, has a deletion within the preS2 domain, it still expressed all three 

HBsAg proteins, including LHBs in both the cytosolic and membrane-bound fractions as seen 

in the immunoblotting assay (Figure 26). This deletion, even though longer than that found in 

SHH045A was found more on the amino end of the protein and resulted in a shorter LHBs than 

that expressed by the wild-type (Figure 26). Interestingly enough, following quasispecies 

analysis, the deletion clones of strain SHH167A,were found in combination with the wild-type 

clones in the patient serum (Wolhuter, 2016). Previous studies have found similar results. 

Melegari et al (1997) demonstrated that the predominant population of preS deletion mutants 

were found in conjunction with low quantities of a wild-type population. It has been suggested 

that the presence of these wild-type populations may result in genetic trans-complementation 

(i.e. the genetic capability of two mutant strains of a species combining to regenerate the normal 

species phenotype) of the deletion mutant constructs (Yook, 2005). This may enable the 

restoration of the core population in instances where viral replication and protein expression 

are inhibited/hindered by the presence of deletion mutants (Garcia et al., 2009, Kalinina et al., 

2003, Melegari et al., 1997, Pollicino et al., 2012, Wolhuter, 2016). The deletions present in the 

SHH011A, SHH045A and SHH167A all fall within the B cell epitope domain as well as the 

neutralising antibody 1 and 2 domains (Figure 14) (Wolhuter, 2016), and this may explain the 

viral persistence of  these deletion mutants in the patients.  

The occult strain (SHH193A) appeared to be aggregating HBsAg proteins mainly in the 

membrane-bound fraction, with no traces of SHBs and MHBs and only slight traces of LHBs 

in the cytosolic fraction (Figure 26). This result is consistent with our previous findings using 

confocal immunofluorescent microscopy, where HBsAg proteins were found to aggregate in 

the perinuclear region (i.e. the region between the inner and outer membranes surrounding the 

nucleus) of cells transfected with the occult strain (Simelane, 2018). These results further 

supported that HBsAg in the occult strain is retained in the cellular compartments, preventing 
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the secretion of the surface proteins, which results in the HBsAg-negative phenotype 

characteristic of an OBI patient.  

In addition, when performing Western blotting and ELISA analyses, Lin et al (2012) established 

that intracellular accumulation of HBsAg proteins were present in all preS deletion mutant 

transfected cells, particularly with regards to S promoter deletion mutant transfected cells. 

Moreover, immunofluorescence analysis indicated that contrastingly to the wild-type LHBs 

proteins, mutant LHBs proteins presented a perinuclear staining pattern in non-S-promoter 

deletion mutants and contrastingly a granular staining in S promoter deletion mutants (Lin et 

al., 2012); similarly, this result was demonstrated in various other studies (Bock et al., 1997, 

Fan et al., 2001, Pollicino et al., 2014, Su et al., 2008, Xu and Yen, 1996). 

Additionally, Hassemer et al (2017) found that not only do HBV genotypes vary in relation to 

the expression of intracellular and extracellular HBsAg expression but also found variations in 

the ratio of LHBs, MHBs and SHBs proteins in the cellular lysates from cells infected with 

different HBV genotypes (Hassemer et al., 2017). The ratio of LHBs, MHBs and SHBs found 

in the cellular lysates of this study was similar to that found by Hassemer et al (2017) for 

genotype A, with SHBs proteins being more expressed than LHBs proteins, and MHBs proteins 

only slightly expressed in the A1 wild-type. In addition, relative to the wild-type strains, the 

preS deletions and occult strains ratio of HBsAg proteins vary considerably (Figure 26). For 

instance, both the SHH011A and SHH045A constructs did not express the A1 wild-type ratio 

of HBsAg, as there was no LHBs and MHBs protein expression. Furthermore, SHH167A 

expressed smaller LHBs proteins and more MHBs proteins relative to the A1 wild-type, occult 

and deletion mutant constructs (Figure 26). In fact, when comparing the Western blot analysis 

of the different HBV genotypes in Hassemer et al (2017), the SHH167A construct appears to 

demonstrate a similar HBsAg expression to the genotype C wild-type HBsAg expression, which 

expresses the more MHBs in comparison to the other HBV genotypes.  
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These disparities in HBsAg secretion observed in the deletion mutants and occult strain may 

intensify the accumulation and retention of HBsAg in the ER, which may ultimately lead to a 

decline in virion secretion (Bock et al., 1999, Melegari et al., 1997, Pollicino et al., 2012, Xu et 

al., 1997). Additionally, in eukaryotic cells, the ER supports sterol/lipid manufacturing, calcium 

storage, the biosynthesis and assemblage of secretory and membrane proteins and acts as a site 

for protein folding and post-translational modification (Ron and Walter, 2007). To ensure that 

only correctly folded proteins exit the ER, several stringent regulatory systems in the ER 

function to retain and degrade unfolded and/or mutant proteins. The accumulation of these 

mutant/unfolded proteins in the ER lumen can disturb ER homeostasis, thus inflicting stress to 

the organelle (Fribley et al., 2009, Schröder and Kaufman, 2005).  In order to contend with this 

stress, the cell has developed highly specific signalling pathways commonly known as the 

unfolded protein response (UPR) to restore the ER functioning and overall performance. 

Although, if an excess of these misfolded proteins in the ER is not properly managed and 

resolved, the persistent UPR will prompt stress-associated apoptosis, which will eliminate the 

impaired cells and thus safeguarding the organism (Kaufman, 2002, Mori, 2000, Ron and 

Walter, 2007, Schröder and Kaufman, 2005).  

Studies have shown that preS deletion mutants, which prompt the ER stress response, also result 

in the activation and stimulation of vascular growth factor A and Akt/mammalian target of 

rapamycin (mTOR), which signals ground glass hepatocytes (GGHs) (Yang et al., 2009). These 

GGHs are a histological indicator of chronic HBV infection and comprises of HBsAg proteins 

in the ER (Hadziyannis et al., 1973, Wang et al., 2003). Additionally, research has previously 

demonstrated that on account of ER stress, reactive oxygen species amass and induce oxidative 

DNA damage which can lead to hepatocarcinogenesis (Huang et al., 2005, Hung et al., 2004, 

Wang et al., 2003). Thus, these studies and findings indicate that preS deletion mutants may 

lead to the intracellular retention of HBsAg proteins which may be detrimental to cell survival 

and may result in the progression of HCC and cirrhosis (Huang et al., 2005). 
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4.4 Extracellular expression of HBeAg and HBsAg 

In the HBsAg and HBeAg ELISA assays, protein expression of the wild-type, deletion mutant 

and occult strains were examined at days 1, 3 and 5 post-transfection. HBeAg protein 

expression was not affected by the introduction of deletions in the preS region with no 

significant variance in the HBeAg expression levels in all the samples, though there was a 

significant difference between the various time points, increasing with time (Figure 28). The 

precore ORF was not affected by the cloning strategy employed for the construction of the 

plasmids, thus it would not be expected that the HBeAg expression would be affected. The 

ELISA results also demonstrated that the HBeAg and HBsAg are expressed at higher levels in 

the SHH011A and SHH045A deletion mutant strains in comparison to the wild-type strains 

except at day 1 post transfection where the protein expression was low and gradually increased 

in expression by day 3 and day 5 post-transfection. Contrastingly, a divergent trend was found 

in the SHH167A deletion mutant strain, which generated smaller sized LHBs compared to the 

wild-type and occult constructs. Initially, the SHH167A construct expressed the highest HBsAg 

levels at day 1 post-transfection, however, by day 3 post-transfection, it reached a plateau and 

ultimately expressed lower HBsAg levels at day 3 and day 5 post-transfection in comparison to 

the other deletion mutants and wild-type strains. It is noteworthy to mention that although the 

HBsAg ELISA is a quantitative assay, the assay alone cannot make a distinction between 

subviral particles and virion associated HBsAg.  

Contrastingly, the occult SHH193A construct demonstrated extremely low levels of HBeAg 

and particularly low HBsAg expression in comparison to both the wild-type and deletion strains 

at all three time points, which is a consistent finding with previous results (Wolhuter, 2016). 

The transfection results of the occult construct imitates the HBsAg-negative phenotype of 

occult patients in vivo (Bell et al., 2012, Raimondo et al., 2008).  
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4.5 Limitations 

The immunoblotting analysis of the intracellular expression of HBeAg was initially proposed 

for this study. However, HBeAg could not be detected - even in the positive controls. Various 

attempts were made to optimize this part of the study, including; the testing of various dilutions 

of the anti-HBeAg antibodies, alternatively testing another batch of anti-HBeAg antibodies as 

well as increasing the protein concentration of the samples loaded in the gels. The lack of 

HBeAg detection may have been due to inadequate specific binding by the anti-HBeAg 

antibodies employed. Another explanation/factor for the lack of HBeAg detection in the 

immunoblotting assays, could be that the sample extracts generated low yields of HBeAg in 

this study.  

 

4.6 Conclusion 

The high worldwide prevalence of chronic HBV infection is correspondingly associated with 

the progression of HCC (Bouchard and Navas-Martin, 2011, Neuveut et al., 2010). Though the 

relationship between chronic HBV infections and HCC has been reported and is well-known, 

inconsistencies in our understanding of how chronic HBV infection can result in the 

advancement of HCC is still a challenge. Subgenotype A1, which is the strain prevalent in 

eastern-southern Africa has been shown to be more hepatocarcinogenic than subgenotypes A2 

and D3, the other strains found in South Africa (Kew et al., 2005). The association of 

subgenotype A1 with HCC has also been shown in Indian patients (Gopalakrishnan et al., 

2013). HBV isolates from HCC patients have been shown to have deletions in the preS region, 

which have been shown to be a risk factor for the development of HCC (Chen et al., 2008, Yin 

et al., 2010). Moreover, the frequency of these deletion mutants is higher in HBV/HIV co-

infected compared to HBV mono-infected individuals (Li et al., 2017). This study describes the 

functional characterization of these deletion mutants and an occult strain isolated from HIV-

infected adults following transfection of Huh7 cells and subcellular fractionation.   
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The findings of this study demonstrate that the ratio, localization in each cellular compartment 

and expression of HBsAg proteins of the occult and preS deletion mutant strains were affected 

relative to the wild-type. The retention of HBsAg in the ER, can result in ER stress and lead to 

reactive oxygen species accumulation, which can trigger oxidative DNA damage, and 

ultimately to hepatocarcinogenesis (Huang et al., 2005, Hung et al., 2004, Wang et al., 2003).  
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Figure A2: Creative Commons Attributions Non-Commercial License agreement.  
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APPENDIX B: COMPOSITION OF REAGENTS & SOLUTIONS 

 

Table B1: Reagents composition for plasmid preparation 

 

 

Reagent/Solution Composition  

B1.1) Agarose (0.8% (w/v)) 0.8 g agarose was dissolved in 100 ml 1X TBE Buffer 

by heating in a microwave. The agarose gel solution 

was then supplemented with 3 µl/100 ml ethidium 

bromide, after which it was poured onto the gel tray 

apparatus and allowed to solidify for 30 minutes prior 

to use. 

B1.2) Ampicillin (100 mg/ml) 1.0 g Ampicillin was resuspended in 10 ml SABAX 

water and dissolved by vortexing. The solution was 

then filter sterilized using a 0.2 µm Minisart® NML 

single-use syringe filter (Sartorius AG, Goettingen, 

Germany). Thereafter, 1 ml aliquots of the solution 

were prepared and placed into sterile 1.5 ml 

microcentrifuge tubes (wrapped in foil) and stored at 

-20 °C until further use. 

B1.3) Buffer RES-EF 100 µg/ml RNase A was dissolved once off into 1 ml 

Resuspension Buffer S1-EF by vortexing. 

Subsequently, all of the resulting solution were 

supplemented to the remainder of the Resuspension 

Buffer S1-EF and thoroughly mixed. Aliquots of the 

solution was then stored at 4 °C until further use. 
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B1.4) Kanamycin (50 mg/ml) 0.5 g Kanamycin Sulfate was resuspended in 10 ml 

SABAX water and dissolved by vortexing. The 

solution was then filter sterilized using a 0.2 µm 

Minisart® NML single-use syringe filter. Thereafter, 

1 ml aliquots were prepared in sterile 1.5 ml 

microcentrifuge tubes (wrapped in foil) and stored at 

-20 °C until further use. 

B1.5) LB Medium 10 g Bacto-Tryptone 

5 g Bacto-Yeast Extract 

10 g NaCl 

Made up to 1 L of sterile distilled water.  

The solution was then autoclaved at 121°C for 30 

minutes and stored at 4 °C until further use. 

B1.6) TBE Buffer (1X) 100 ml 20X TBE Buffer was dissolved in 1.9 L sterile 

distilled water and stored at room temperature until 

further use. 

B1.7) TBE Buffer (20X) 212 g Tris Base 

110 g Boric Acid 

18.6 g EDTA Disodium Salt 

Made up to 1 L of sterile distilled water.   

The solution was then autoclaved at 121°C for 30 

minutes and stored at 4 °C until further use. 

B1.8) Tris (10 mM, pH 7.5) 0.12 g Tris 

A volume of 80 ml UltraPure™ water was added to 

the solution and was adjusted to pH 7.5 with 

Hydrochloric Acid, 32% (v/v). The solution was then 



92 

 

made up to a final volume of 100 ml with the 

UltraPure™ water and autoclaved at 121°C for 30 

minutes. The solution was then stored at 4 °C until 

further use. 

B1.9) YT Agar Plates (2X) 

Supplemented with 100 

µg/ml Ampicillin 

16 g Bacto-Tryptone 

10 g Bacto-Yeast Extract 

5 g NaCl 

15 g Agar Bacteriological 

Made up to 1 L of sterile distilled water and 

autoclaved at 121 °C for 30 minutes. Thereafter, it 

was allowed to cool for 1 hour at room temperature 

and then an aliquot of 1 ml 100 mg/ml ampicillin was 

supplemented to the solution. Subsequently, 50 ml of 

the solution was poured into 10 cm petri dishes and 

allowed to dry overnight. The following day the petri 

dishes were stored at 4 °C until further use. 

B1.10) YT Agar Plates (2X) 

Supplemented with 50 

µg/ml Kanamycin 

16 g Bacto-Tryptone 

10 g Bacto-Yeast Extract 

5 g NaCl 

15 g Agar Bacteriological 

Made up to 1 L of sterile distilled water and 

autoclaved at 121 °C for 30 minutes. Thereafter, it 

was allowed to cool for 1 hour at room temperature 

and then an aliquot of 1 ml 50 mg/ml kanamycin was 

supplemented to the solution. Subsequently, 50 ml of 

the solution was poured into 10 cm petri dishes and 
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Table B2: Reagents composition for Cell culture & Mycoplasma detection Assay 

 

 

  

allowed to dry overnight. The following day the petri 

dishes were stored at 4 °C until further use. 

B1.11) YT Medium (2X) 16 g Bacto-Tryptone 

10 g Bacto-Yeast Extract 

5 g NaCl 

Made up to 1 L of sterile distilled water, autoclaved at 

121 °C for 30 minutes then stored at 4 °C 

Reagent/Solution Composition  

B2.1) Complete Growth 

DMEM Medium 

435 ml DMEM, GlutaMax™ Supplement, Pyruvate  

50 ml Foetal Bovine Serum 

5 ml 100X MEM Non-Essential Amino Acids 

Solution 

10 ml 10 000 U/ml Penicillin-Streptomycin 

B2.2) PBS 1 PBS tablet was dissolved in 500 ml UltraPure™ 

distilled water, autoclaved at 121 °C for 30 minutes, 

then stored at 4 °C until further use. 

B2.3) Polymerase  

Rehydration 

Buffer Mixture 

An aliquot of 0.5 µl 2.5 U/µl JumpStartTM Taq DNA 

polymerase was supplemented per 23 µl Rehydration 

Buffer 
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Table B3: Reagents composition for the Subcellular Fractionation & Whole Cell Lysis 

Protocols 

 

 

Reagent/Solution Composition  

B3.1) Cytoplasmic 

Extraction Buffer 

(CEB) 

Freshly prepared when required: 1 µl 100X Halt 

Protease Inhibitor Cocktail was supplemented per 100 

µl CEB stock solution 

B3.2) Lysis Buffer A 150 mM NaCl  

50 mM HEPES (pH 7.4) 

25 mg/ml Digitonin  

1 M Hexylene glycol  

1% (v/v) Protease inhibitor cocktail 

B3.3) Lysis Buffer B 150 mM NaCl  

50 mM HEPES (pH 7.4)  

1% (v/v) Nonidet P-40 

1 M Hexylene glycol  

1% (v/v) Protease inhibitor cocktail 

B3.4) Lysis Buffer C 150 mM NaCl  

50 mM HEPES (pH 7.4)  

0.5% (w/v) Sodium deoxycholate  

0.1% (w/v) Sodium dodecyl sulfate  

1 M Hexylene glycol  

1% (v/v) Protease inhibitor cocktail 

B3.5) Membrane Extraction 

Buffer (MEB) 

Freshly prepared when required: 1 µl 100X Halt 

Protease Inhibitor Cocktail was supplemented per 100 

µl MEB stock solution 
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B3.6) NEB (containing 

CaCl2 & Micrococcal 

Nuclease) 

Freshly prepared when required: 5 µl 100 mM CaCl2, 

3 µl micrococcal nuclease and 1 µl 100X Halt 

Protease Inhibitor Cocktail was added per 100 µl NEB 

solution 

B3.7) Nuclear Extraction 

Buffer (NEB) 

Freshly prepared when required: 1 µl 100X Halt 

Protease Inhibitor Cocktail was supplemented per 100 

µl NEB stock solution 

B3.8) Pellet Extraction 

Buffer (PEB) 

Freshly prepared when required: 1 µl 100X Halt 

Protease Inhibitor Cocktail was supplemented per 100 

µl PEB stock solution 

B3.9) SDS Total Cell Lysis 

Buffer Stock Solution 

50 mM Tris-HCl, pH 6.8  

2% (w/v) SDS (2 g) 

10% (v/v) Glycerol  

The solution was made up to 100 ml with Milli-Q 

water and stored at room temperature until further use. 

B3.10) SDS Total Cell 

Lysis Buffer 

Working Solution 

40 µl 25X complete, EDTA-Free protease inhibitor 

cocktail stock solution was supplemented per ml of 

SDS Total Cell Lysis Buffer Stock Solution. 

This solution was always freshly prepared when 

required 
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Table B4: Reagents composition for the Protein Concentration Determination Assay 

Reagent/Solution Composition 

B4.1) BCA Working Reagent BCA Working Reagent was prepared by 

supplementing 50 parts of BCA Reagent A with 1 part 

of BCA Reagent B. 

 

 

Table B5: Reagents composition for the Immunoblotting Assay 

Reagent/Solution Composition  

B5.1) Acrylamide-Bis-

Acrylamide Solution 

(40% (w/v)) 

95 g Acrylamide 

5 g Bis-Acrylamide 

Made up to 250 ml with sterile distilled water, filter 

sterilized with 0.4 µm Minisart® NML single-use 

syringe filter and stored in aliquots of 50 ml in 50 ml 

polypropylene tubes (wrapped in foil) at 4 °C until 

further use. 

B5.2) APS (10% (w/v)) 1 g APS 

Made up to 10 ml with sterile distilled water, then 

stored in aliquots of 1 ml at -20 °C for long-term use 

or at 4 °C for immediate use. 

B5.3) Blocking Solution 5% (w/v) Fat-Free Milk (25 g) 

Made up to 500 ml with TBS-T and was stored at 4 

°C until further use. 

B5.4) Complete, EDTA-Free 

Protease Inhibitor 

1 tablet of complete, EDTA-Free Protease Inhibitor 

Cocktail was dissolved in 2 ml Milli-Q water and 

stored at 4 °C until further use. 
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Cocktail Stock 

Solution (25X) 

B5.5) Laemmili Buffer (4X) 1 M Tris-HCl pH 6.8 (12.5 ml) 

8% (w/v) SDS (4g) 

40% (v/v) Glycerol (20 ml) 

0.02% (w/v) Bromophenol Blue Sodium Salt for 

Electrophoresis (0.01 g) 

Made up to a final volume of 40 ml with Milli-Q water 

and stored at room temperature. 

For every 8 ml of Laemmili buffer solution, an aliquot 

of 2 ml 20% (v/v) β-Mercaptoethanol was 

supplemented to the solution and stored in a 15 ml 

polypropylene tube and stored at 4 °C until further 

use. 

B5.6) Mouse Monoclonal 

Antibody against the S 

Region (Antigenic 

Loop) of HBsAg (mAb 

HB1) [1:1000] 

25 µl of mouse monoclonal antibody against the S 

region (antigenic loop) of HBsAg (mAg HB1) 

B5.7) NaCl (5 M) 146.1 g Sodium Chloride 

Made up to a final volume of 500 ml with Milli-Q 

water, then autoclaved at 121 °C for 30 minutes and 

stored at room temperature until further use. 

B5.8) NaOH (5 M) 20 g Sodium Hydroxide Pellets 
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Made up to a final volume of 100 ml with Milli-Q 

water, then  autoclaved at 121 °C for 30 minutes and 

stored at room temperature until further use. 

B5.9) Ponceau Stain 0.5% (w/v) Ponceau S, practical grade (5 g) 

1% (v/v) Acetic Acid, Glacial (10 ml) 

Made up to a final volume of 1 L with sterile-distilled 

water, and stored at room temperature until further 

use. 

B5.10) Rabbit Polyclonal 

Antibody against GFP 

[1:25000] 

0.5 µl of monoclonal anti-GFP antibody produced in 

rabbit was dissolved in 25 ml blocking solution and 

was stored at 4 °C until further use. 

B5.11) SDS (10% (w/v)) 10% (w/v) SDS (1 g) 

Made up to 100 ml with sterile-distilled water and 

stored at room temperature until further use. 

B5.12) SDS Running Buffer 

(10X) 

30.3 g Tris 

144.1 g Glycine 

Made up to 800 ml with sterile distilled water and 

autoclaved at 121 °C for 30 minutes. Next, 10 g SDS 

Was supplemented to the solution and it was made up 

to 1 L with sterile distilled water and stored at room 

temperature until further use. 

B5.13) SDS Running Buffer 

(1X) 

200 ml 10X SDS Running Buffer 

Made up to 2 L with sterile distilled water and stored 

at room temperature until further use. 

B5.14) SDS-PAGE Gel The SDS PAGE gel was prepared using the Mini-

PROTEAN® Tetra HandCast System. 
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12% (v/v) Separating Gel: 

4.0 ml Acrylamide/Bis-Acrylamide Solution (40% 

(w/v)) 

3.4 ml Sterile-Distilled Water 

2.5 ml Tris-HCl (1.5 M, pH 8.8) 

100 µl SDS (10% (w/v)) 

160 µl APS 

14 µl TEMED (10% (w/v)) 

The separating gel was pipetted into the Mini-

PROTEAN® Tetra HandCast System until 

approximately three-quarters full and overlaid with 

100% (v/v) isopropanol to prevent oxidation of the gel 

and it was allowed to solidify. 

 

4.5% (v/v) Stacking Gel: 

600 µl Acrylamide/Bis-Acrylamide Solution (40% 

(w/v)) 

2.86 ml Sterile-Distilled Water 

500 µl Tris-HCl (1 M, pH 6.8) 

40 µl SDS (10% (w/v)) 

24 µl APS 

24 µl TEMED (10% (w/v)) 

The 100% (v/v) isopropanol was removed using filter 

paper before pipetting the stacking gel into the Mini-

PROTEAN® Tetra HandCast System. A comb was 

then inserted and the solution was allowed to solidify.  
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B5.15) Stripping Solution 5% (w/v) Fat-Free Milk Powder (25 g) 

0.2% (w/v) NaN3 (1.0%) 

Made up to 500 ml with TBS-T and was stored at 4 

°C until further use. 

B5.16) SuperSignal® West 

Dura Extended 

Duration Substrate 

Working Solution 

200 µl SuperSignal® West Dura Stable Peroxide 

200 µl SuperSignal® West Dura Luminol/Enhancer 

The solution was thoroughly mixed and prepared 

fresh prior to use. 

B5.17) TBS (10X) 50 ml 1 M Tris-HCl, pH 8.0 

150 ml 5 M NaCl 

Made up to a final volume of 1L with Milli-Q water, 

autoclaved at 121 °C for 30 minutes, then stored at 

room temperature until further use. 

B5.18) TBS-T (1X) 200 ml 10X TBS 

2 ml Tween® 20 

Made up to a final volume of 2 L with Milli-Q water, 

then stored at room temperature until further use. 

B5.19) Tris-HCl (1.5 M, pH 

8.8) 

90.86 g Tris 

Made up to a volume of 400 ml with sterile distilled 

water. The solution was then adjusted to pH 8.8 with 

Hydrochloric Acid, 32% (v/v). Subsequently, the 

solution was made up to a final volume of 500 ml with 

sterile-distilled water and autoclaved at 121 °C for 30 

minutes. The solution was then stored at room 

temperature until further use. 
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B5.20) Tris-HCl, pH 6.8 (1 

M) 

12.11 g Tris 

Made up to a final volume of 50 ml with Milli-Q 

water. The solution was then adjusted to pH 6.8 with 

Hydrochloric Acid, 32% (v/v). Subsequently, the 

solution was made up to a final volume of 100 ml with 

Milli-Q water, autoclaved at 121 °C for 30 minutes 

and was stored at room temperature until further use. 

B5.21) Tris-HCl, pH 6.8 (1 

M) 

30.29 g Tris 

Made up to a volume of 150 ml with sterile distilled 

water and the solution was adjusted to pH 6.8 with 

Hydrochloric Acid, 32% (v/v). Subsequently, the 

solution was made up to a final volume of 250 ml with 

sterile distilled water, autoclaved at 121 °C for 30 

minutes and was stored at room temperature until 

further use. 

B5.22) Tris-HCl (1 M, pH 

8.0) 

60.57 g Tris 

Made up to a final volume of 400 ml with Milli-Q 

water and the solution was adjusted to pH 8.0 with 

Hydrochloric Acid, 32% (v/v). Subsequently, the 

solution was made up to a final volume of 500 ml with 

Milli-Q water, autoclaved at 121 °C for 30 minutes 

and was stored at room temperature until further use. 

B5.23) Wet Transfer Buffer 

(10X) 

30.3 g Tris 

144.1 g Glycine 

Made up to a volume of 800 ml with sterile distilled 

water and the solution was adjusted to pH8.3 with 
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Hydrochloric Acid, 32% (v/v). Thereafter, the 

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

sterile distilled water, autoclaved at 121 °C for 30 

minutes and was stored at room temperature until 

further use. 

B5.24) Wet Transfer Buffer 

(1X) 

200 ml 10X Wet Transfer Buffer 

400 ml 100% (v/v) Ethanol 

Made up to a final volume of 2 L with sterile distilled 

water and stored at room temperature until further use. 
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APPENDIX C: PRIMER SEQUENCES 

Table C1: List of sequencing primers utilized to determine the sequences of HBV clones 

 

Primer Primer Sequence Primer Binding 

Site (nt.) 

Binding Site Region Covered of 

HBV 

(nt.) 

Size of Sequencing 

Fragment (bp) 

1040F 5’-TGG TTA CCC TGC CTT AAT GCC TT-3’ 

 

1038–1060 HBV 1083-1783 700 

2497F 5’-TTC CTT GGA CTC ATA AGG TG-3’ 

 

2497-2516 HBV 2556-315 700 

3188F 5’-AGT CAG GAA GGC AGC CTA C-3’ 

 

3188-3206 HBV 3196-275 700 

591F 5’-ATT GCA CCT GTA TTC CCA TCC-3’ 

 

591-611 HBV 634-1334 700 

pCR-

BGH3.1R 

5’-TAG AAG GCA CAG TCG AGC-3’ 1089-1106 pcDNATM4/TO 

Expression Vector 

1064-1764 700 

Post-BglII 5’-CCG ATA CAG AGC TGA GGC-3’ 

 

2036-2042 HBV 1298-1998 700 

TO-F 5’-GGT TCC GCG CAC ATT TCC-3’ 5039-5056 pcDNATM4/TO 

Expression Vector 

1064-1864 700 
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APPENDIX D: THE GENERATION OF A COMPUTATIONAL PLASMID 

MAP FOR THE RECOMBINANT 1.28 MER HBV A1 WT PLASMID 

 

A computational plasmid map was created for the recombinant 1.28 mer overlength HBV 

Subgenotype A1 wild-type plasmid developed by Bhoola et al (2014). The accurate 

identification of restriction sites and possible start and stop codons are fundamental when 

employing any plasmid in a research study. 

 

D.1) Computational Plasmid map features 

 

 

Figure D.1: The HBV Subgenotype A1 Over-length Wild-type constructed according to Bhoola et al 

(2014) using the SnapGene software.  
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The SnapGene software (GSL Biotech, available at snapgene.com) was employed to construct 

the computational plasmid map (Figure D.1) according to the protocol performed in Bhoola et 

al (2014). Figure D. 2 illustrates the step-by-step construction of the plasmid. 

 

Figure D. 2: Step-by-step protocol of the computational construction of the plasmid map 
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D.2) Restriction digestion simulation using the computational plasmid construct 

 

 

Figure D. 3: An illustration of the SnapGene software employed to simulate the restriction digestions 

of BamHI, EcoNI, SspI and XbaI. This tool was utilized in order to confirm the integrity of the 

constructed computational plasmid construct. 

 

Assembling a computational plasmid is pivotal before a user can operate various bioinformatics 

tools much like the SnapGene software. It allows for a more convenient approach to genetic 

engineering by predicting the outcome of possible restriction digestions, identifying stop/start 

codons and its capabilities extend from aligning sequences, simulating agarose gels to primer 

designing.  
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Figure D.4: A comparison of the predicted restriction digestion contrasted with the actual restriction 

digestions produced by Bhoola et al (2014). The red box highlights an error detected. 

 

Figure D.4 demonstrates the precision of the SnapGene software tool when digesting the 1.28 

mer over-length HBV DNA with BamHI, EcoNI, SspI and XbaI respectively. A comparison of 

the fragment sizes generated is shown on Table D.1. 
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Table D.1: Restriction Digestions Comparison Summary 

 

Restriction 

enzymes 

Actual Digestion  

Estimates 

Prediction Digestion based 

on computational plasmid 

construct 

BamHI Fragment 1: 8198 bp Fragment 1: 8212 bp 

EcoNI Fragment 1: 4977 bp Fragment 1: 4991 bp 

 Fragment 2: 1238 bp Fragment 2: 1238 bp 

 Fragment 3: 1103 bp Fragment 3: 1104 bp 

 Fragment 4: 880 bp Fragment 4: 879 bp 

SspI Fragment 1: 5537 bp Fragment 1: 5548 bp 

 Fragment 2: 2015 bp Fragment 2: 2019 bp 

 Fragment 3: 646 bp Fragment 3: 645 bp 

XbaI Fragment 1: 5769 bp Fragment 1: 5769 bp 

 Fragment 2: 1644 bp Fragment 2: 1659 bp 

 Fragment 3: 785 bp Fragment 3: 784 bp 
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APPENDIX E: COMPLETE SEQUENCE OF HBV SUBGENOTYPE A1 WT 
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Figure E. 1: The Complete Sequence of the 1.28 mer Over-Length HBV Subgenotype A1 Wild-type Clone 

employed to generate the computational plasmid construct. 
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APPENDIX F: PCDNATM 4/TO EXPRESSION VECTOR 

 

 

Figure F.1: The Invitrogen Life Technologies pcDNATM 4/TO expression vector was employed as a 

negative control in this study. The diagram illustrates both the sequence information and plasmid map 

to highlight the various features of this commercial plasmid. This includes the multiple cloning site and 

possible stop codons (underlined) as a guideline when utilizing this expression vector.   
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APPENDIX G: SUPPLEMENTARY PROTOCOLS 

 

G.1) Mycoplasma Detection Assay 

Cell culture supernatant samples were prepared by aliquoting 100 μl of cell culture supernatants 

to sterile microcentrifuge tubes that were tightly sealed to prevent opening during heating. Next, 

cell culture supernatant were incubated at 95 °C for 5 minutes, and briefly centrifuged. The 

provided reaction tubes pre-coated with primers, dNTPs and gel loading buffer/dye were set up 

as described in the manufacturers guide.  Both a negative and positive control was included in 

the assay. This included: a) performing PCR in the absence of cell culture supernatant and b) 

performing PCR using an internal control DNA that consists of non-infectious DNA fragments 

of Mycoplasma orale genome, respectively. According to the protocol guidelines, a 481 bp 

band should be seen in every reaction tube (internal control), including the negative control to 

determine the success of the PCR reaction. The presence of a band at ~260 bp indicates the 

presence of mycoplasma in the supernatant/test sample, this band should only be present in the 

positive control. The PCR reaction set up was prepared as described in Table G1.1 and the PCR 

cycling parameters set as illustrated in Table G1.2 by means of using a thermal cycler. 

 

Table G1.1: PCR Reaction Set Up for the Mycoplasma Detection Assay 

Reagent Volume (µl) 

Test Reaction Positive Control Negative Control 

Polymerase/Rehydration 

Buffer Mixture 

23.0 25.0 23.0 

Cell Culture Supernatant 2.0 - - 

Nuclease-Free Water - - 2.0 

Total Volume 25.0 25.0 25.0 
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Table G1.2: PCR Cycling Parameters for the Mycoplasma Detection Assay 

Step Temperature (°C) Time (min) Cycle 

Initial Denaturation 94 2:00 1 

Denaturation 94 0:30 40 

Annealing 55 0:30 

Elongation 72 0:40 

End 4 ∞ - 

 

 

G.2) HBeAg ELISA: Manufacturer Guidelines 

 Reagent storage and handling: 

o Do not autoclave solutions containing sodium hypochlorite – rather add bleach 

to decontaminate waste. 

o Assays that have not been conducted according to the established time and 

temperature limits must be repeated. 

o If crystallization has occurred in the wash buffer concentrate – warm the buffer 

to 37°C and mix well before diluting. 

o Do not expose the test components to intense or direct sunlight or temperatures 

above 25°C. 

o Do not freeze the kit. 

o Working wash buffer containers should be thoroughly cleaned with 70% ethanol 

and thoroughly rinsed with distilled/deionized water before the preparation of 

the next batch of working wash buffer.  

o If any reagent contains visible particulate matter, it should be discarded. 

o If the chromogen/substrate turns a dark blue it may be contaminated.  
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o The volume of the microwell is ~ 400 µl, thus ensure that the volume of working 

wash buffer dispensed into each well does not exceed this volume causing the 

wells to overflow.  

o All steps must be completed within four hours. 

o Avoid handling the bottoms of the microwells since scratches/marks could affect 

the reading when analyzing the results. 

 To prepare the working enzyme tracer solution, dilute the enzyme tracer 1:50 with tracer 

diluent. 

 To prepare the wash solution, dilute the wash buffer concentrate to a 1:25 dilution with 

distilled/deionized sterile water. 

 The loading datasheet was set as follows:  

 

Figure G2.1: The HBeAg ELISA plate set up for the wild-type, deletion mutant and occult strains 

prepared in duplicate. 
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G.3) HBsAg ELISA: Manufacturer Guidelines 

 Reagent storage and handling 

o The sample diluent provided should be mixed by inversion prior to use. 

o The substrate solution should be pink, if it is purple it should be discarded. 

o Allow all reagents and samples to reach 18-30°C prior to use. 

o The sample diluent should be a green/brown in colour and the conjugate should 

be red. The substrate solution will initially be pink and become purple when in 

contact with any reactive wells, then turn orange once the stop solution is added.  

 To prepare the working substrate solution, add an equal volume of the pink substrate 

concentrate to the colourless substrate diluent. 

 To prepare the working wash solution, dilute 1 volume of the wash fluid concentrate to 19 

volumes of distilled/deionized water (i.e. 1:20 dilution). 

 The loading datasheet was set as follows:  

 

Figure G2.2: The HBsAg ELISA plate set up for the wild-type, deletion mutant and occult strains 

prepared in duplicate. 
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APPENDIX H: CALCULATIONS 

 

Transfection Preparation: Cell count & Concentration of cells 

H1.1) Cell count 

  
 

Figure H.1: An illustration of a haemocytometer used to calculate the average number of cells 

 

In order to maintain a consistent concentration of cells (per culture dish) during the transfection 

assay, a haemocytometer was employed to determine the amount of cells required for each 

culture dish: 

Average number of cells = Total number of cells/Total number of orange squares (i.e. four) 

 

H1.2) Concentration of cells 

[Huh7 cells](cells/ml) = Average number of cells x 104 x DF 

Where, [Huh7 cells] denotes the concentration of Huh7 cells per ml and DF signifies the 

Dilution Factor 
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Protein Quantification: BCA standard curves 

A protein quantification assay was performed in order to calculate the exact amount of protein 

required for each sample, prior to loading, to ensure that the results were consistent throughout 

the study. A BCA standard curve was constructed to calculate the precise amount of protein 

required for loading.  

i.e. 

 

Where,  

y  = The absorbance of the sample of interest (nanometer) 

m = The gradient (i.e. the slope of the sample of interest) 

c  = The y-intercept (i.e. the point at which the line crosses the y-axis)  

x  = The concentration of protein in the sample of interest (µg/ml) 

 

 

Once solved for x (µg/ml), this value was converted to µg/µl by simply dividing by 1000. 

  

y = mx + c 
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APPENDIX I: PROTEIN & DNA LADDERS 

 

 

 

Figure I. 1: The Thermo Scientific GeneRuler 1 kb DNA Ladder was employed for the sizing of the DNA 

during agarose gel electrophoresis. The ladder is composed of fourteen chromatography-purified 

individual DNA fragments (in base pair) and contains three reference bands of (6000, 3000 and 1000 

bp) for easy alignment and comparison when sizing the varying DNA fragments. 

 

(URL: https://www.thermofisher.com/order/catalog/product/SM0311) 

https://www.thermofisher.com/order/catalog/product/SM0311
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Figure I. 2: The Bio-Rad Laboratories Precision Plus Protein™ WesternC Standards™ were utilized 

for the sizing of various proteins during SDS-PAGE analyses.  It consists of ten unique, prestained 

protein bands with a molecular weight extending between 10 - 250 kDa. In addition, it consists of an 

integrated Streptavidin (Strep)-tag sequence to facilitate the detection of proteins of interest when 

analysing Western blots with Precision Protein StrepTactin-HRP Conjugate. 

 

(URL: http://www.bio-rad.com/webroot/web/pdf/lsr/literature/Bulletin_5561.pdf) 

  

http://www.bio-rad.com/webroot/web/pdf/lsr/literature/Bulletin_5561.pdf
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